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INTERFACE

DATABOOK

Thisisthe/nferface databookfrom National Semiconductor Corporation.

It contains complete information on all of Nationals Interface products
which are defined as special IC circuits such as Linear/Digital/Power

functions-which are used in association with standard logic or micro-

processor functions.

Product selection guides and a complete product applications section

are also included. For information on products that become available af-

ter this databook goes to print, please contact your local National office.
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MOS Memory Interface Circuits
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m
Appendices/Physical Dimensions
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DP8228 System Controller and Bus Driver 8-23

DP8228M System Controller and Bus Driver 8-23

DP8238 System Controller and Bus Driver 8-23

DP8238M System Controller and Bus Driver 8-23

DP8300 PACE Bidirectional Transceiver Element (PACE BTE/8) 8-28

DP8302 PACE System Timing Element (PACE STE) 8-35

DP8304B 8 Bit TR I -STATE * Bidirectional Transceiver 8-40

DP8305 PACE System Timing Element (PACE STE) 8-35

DP8350 Series Programmable CRT Controller 8-45

DS0025 Two Phase MOS Clock Driver 6-1

DS0025C Two Phase MOS Clock Driver 6-1
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DS0056 5 MHz Two Phase MOS Clock Driver 6-4

DS1488 Quad Line Driver 1-1

DS1489Quad Line Receiver 1-4

DS1489A Quad Line Receiver 1-4

DS1603 Dual Line Receiver 1-6

DS161 1 Dual Peripheral Driver 3-1

DS1612 Dual Peripheral Driver 3-1

DS1613 Dual Peripheral Driver 3-1

DS1614 Dual Peripheral Driver 3-1

DS1628 Octal TRI-STATE® MOS Driver 6-20

DS1630 Hex CMOS Compatible Buffer 4-1
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DS1632 CMOS Dual Peripheral Driver 3-7

DS1633 CMOS Dual Peripheral Driver 3-7

DS1634 CMOS Dual Peripheral Driver 3-7

DS1640Quad MOS TRI-SHARE™ Port Driver 6-23

DS1642 Dual Bootstrapped TTL-to-MOS Clock Driver 6-26

DS1644 Quad TTL-to-MOS Clock Driver 6 32
DS1645 Hex TRI-STATE® TTL-to-MOS Latch/Driver 6-35

DS1646 6-Bit TR I -STATE® TTL-to-MOS Refresh Counter/Driver 6-40

DS1647 Quad TRI-STATE® Memory I/O Register 6-45

DS1648 TRI-STATE'" TTL-to-MOS Multiplexer/Driver 6-51

DS1649 Hex TRI-STATE® TTL-to-MOS Driver 6-56

DS1650 Quad Differential Line Receiver 1-13

DS1651 Quad High Speed MOS Sense Amplifier 6-59

DS1652 Quad Differential Line Receiver 1-13

DS1653 Quad High Speed MOS Sense Amplifier 6-59

DS1670 Quad MOS TRI-SHARE™ Port Driver 6-23

DS1671 Bootstrapped Two Phase MOS Clock Driver 6-65

DS1672 Dual Bootstrapped TTL-to-MOS Clock Driver 6-26

DS1674 Quad TTL-to-MOS Clock Drivers 6-32

DS1675 Hex TRI-STATE' TTL-to-MOS Latch/Driver 6-35

DS1676 6-Bit TRI-STATE' 1 TTL-to-MOS Refresh Counter/Driver 6-40

DS1677 Quad TRI-STATE* MOS Memory I/O Register 6-45
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DS1678 TRI-STATE" TTL-to-MOS Multiplexer/Driver 6-51

DS1679 Hex TRI-STATE® TTL-to-MOS Driver 6 56

DS1686 Dual Positive Voltage Relay Driver 3-16

DS1687 Negative Voltage Relay Driver 3-18

DS1691 (RS-422/RS-423) Line Driver 119
DS1692 TRI-STATE" Differential Line Driver 1-19

DS16147 Quad TRI-STATE® MOS Memory I/O Register 6-45

DS16149 Hex MOS Driver 6-69

DS16177 Quad TRI-STATE* MOS Memory I/O Register 6 45
DS16179 Hex MOS Driver 6-69

DS26LS31 Quad High Speed Differential Line Driver 1-25

DS26LS31M Quad High Speed Differential Line Driver 1-25

DS26LS32 Quad Differential Line Receiver 1 28
DS26LS32M Quad Differential Line Receiver 1 28
DS26LS33 Quad Differential Line Receiver 1 28
DS26LS33M Quad Differential Line Receiver 1 28

DS26S10 Quad Bus Transceiver 2 1

DS26S1 1 Quad Bus Transceiver 2-1

DS3245 Quad MOS Clock Driver 6 73

DS3486 Quad RS-422, RS-423 Line Receiver 1 31

DS3487 Quad TRI STATE® Line Driver 1-35

DS3603 Dual Line Receiver 1-6

DS3604 Dual Line Receiver 16
DS3605 Hex TRI STATE* MOS Sense Amplifier (MOS-to-TTL Converter) 6 11

DS3606 Hex TRI STATE " MOS Sense Amplifier (MOS-to-TTL Converter) 6 11

DS3607 Hex TRI-STATE" MOS Sense Amplifier (MOS-to TTL Converter) 6 11

DS3608 Hex TRI-STATE " MOS Sense Amplifier (MOS-to-TTL Converter) 6-11

DS361 1 Dual Peripheral Driver 3-1

DS3612 Dual Peripheral Driver 3-1

DS3613 Dual Peripheral Driver 3-1

DS3614 Dual Peripheral Driver 3-1

DS3622 Dual Fail Safe TTL MOS Driver 6 76

DS3625 Dual High Speed TRI-STATE " MOS to TTL Level Converters 6 16

DS3628 Octal TRI-STATE * MOS Driver 6 20
DS3630 Hex CMOS Compatible Buffer 4 1

DS3631 CMOS Dual Peripheral Driver 3-7

DS3632 CMOS Dual Peripheral Driver 3-7

DS3633 CMOS Dual Peripheral Driver 3-7

DS3634 CMOS Dual Peripheral Driver 3-7

DS3640 Quad MOS TRI-SHARE™ Port Driver 6-23

DS3642 Dual Bootstrapped TTL-to-MOS Clock Driver 6-26

DS3643 Decoded Quad MOS Clock Driver 6-29

DS3644 Quad TTL-to-MOS Clock Driver 6-32

DS3645 Hex TRI-STATE * TTL to-MOS Latch/Driver '. 6 35
DS3646 6-Bit TRI-STATE * TTL-to-MOS Refresh Counter/Driver 6-40

DS3647 Quad TRI-STATE* MOS Memory I/O Register 6-45

DS3648 TRI-STATE "TTL-to-MOS Multiplexer/Driver 6 51

DS3649 Hex TRI STATE "
: TTL-to-MOS Driver 6-56

DS3650 Quad Differential Line Reciever 113
DS3651 Quad High Speed MOS Sense Amplifier 6 59
DS3652 Quad Differential Line Receiver 113
DS3653 Quad High Speed MOS Sense Amplifier 6-59

DS3654 Printer Solenoid Driver 3 12

DS3670 Quad MOS TRI-SHARE™ Port Driver V 6-23

DS3671 Bootstrapped Two Phase MOS Clock Driver 6-65
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DS3672 Dual Bootstrapped TTL-to-MOS Clock Driver 6-26

DS3673 Decoded Quad MOS Clock Driver 6-29

DS3674 Quad TTL to MOS Clock Driver 6-32

DS3675 Hex TRI STATE TTL to MOS Latch Driver 6-35

DS3676 6 Bit TRI STATE TTL-to-MOS Refresh Counter Driver 6-40

DS3677 Quad TRI STATE MOS Memory 10 Register 6-45

DS3678TRI STATE TTL to MOS Multiplexer Driver 6-51

DS3679 Hex TRI-STATE TTL to MOS Driver 6-56

DS3686 Dual Positive Voltage Relay Driver 3-16

DS3687 Negative Voltage Relay Driver 3-18

DS3691 (RS 422 RS 423) Line Driver 119

DS3692 TRI-STATE Differential Line Driver 119

DS36147 Quad TRI STATE MOS Memory 10 Register 6-45

DS36149 Hex MOS Driver 6-69

DS36177 Quad TRI STATE MOS Memory I/O Register 6 45

DS361 79 Hex MOS Driver 6-69

DS5520 Dual Core Memory Sense Amplifier 7-1

DS5522 Dual Core Memory Sense Amplifier 7-1

DS5524 Dual Core Memory Sense Amplifier 7-1

DS5528 Dual Core Memory Sense Amplifier 7-1

DS5534 Dual Core Memory Sense Amplifier 7-1

DS5538 Dual Core Memory Sense Amplifier 7-1

DS7520 Dual Core Memory Sense Amplifier 7 1

DS7522 Dual Core Memory Sense Amplifier 7-1

DS7524 Dual Core Memory Sense Arnplifer 7-1

DS7528 Dual Core Memory Sense Amplifier 7 1

DS7534 Dual Core Memory Sense Amplifier 7-1

DS7640 Quad NOR Unified Bus Receiver 2 6

DS7641 Quad Unified Bus Transceiver 2-8

DS7664 14-Diqit Decoder. Driver with Low Battery Indicator 5-13

DS78C20 Dual CMOS Compatible Differential Line Receiver 1-79

DS78C120 Dual CMOS Compatible Differential Line Receiver 1-97

DS78L12 Hex TTL MOS Inverter Interface Gate 4-10

DS78LS120 Dual Differential Line Receiver (Noise Filtering and Fail-Safe) 1-90

DS7800 Dual Voltage Level Translator 4-4

DS7802 Dual High Speed TRI STATE MOS to TTL Level Converter 6-16

DS7806 Dual High Speed TRI STATE MOS-to-TTL Level Converter 6-16

DS7810 Quad 2-lnput TTL-MOS Interface Gate 4-7

DS781 1 Quad 2-lnput TTL-MOS Interface Gate 4-7

DS7812 Hex TTL-MOS Inverter 4-7

DS7819 Quad 2-lnput TTL-MOS AND Gate 4-12

DS7820 Dual Line Receiver 1-72

DS7820A Dual Line Receiver 1-75

DS7830 Dual Differential Line Driver 1-82

DS7831 Dual TRI-STATE Line Driver 1-85

DS7832 Dual TRI-STATE Line Driver 1-85

DS7833 Quad TRI STATE Bus Transceiver 2-10

DS7834 Quad TRI-STATE Bus Transceiver 2-14

DS7835 Quad TRI-STATE Bus Transceiver 2-10

DS7836 Quad NOR Unified Bus Receiver 2-18

DS7837 Hex Unified Bus Receiver 2-20

DS7838 Quad Unified Bus Transceiver 2-22

DS7839 Quad TRI-STATE Bus Transceiver 2-14

DS7856 BCD-to 7 Segment LED Driver 5-32

DS7858 BCD-to-7 Segment LED Driver 5-32
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DS7880 High Voltage 7-Segment Decoder/Driver (for Driving Panaplex II™
and Sperry/Beckman Displays)

DS7889 8-Segment High Voltage Cathode Driver (Active-High Inputs)

DS7891 High Voltage Anode Driver (Active-Low Inputs)

DS7895 Quad LED Segment Driver

DS7897 8 Digit High Voltage Anode Driver (Active Low Inputs)

DS8T26A 4-Bit Bidirectional Bus Transceiver

DS8T26AM 4-Bit Bidirectional Bus Transceiver

DS8T28 4 Bit Bidirectional Bus Transceiver

DS8T28M 4-Bit Bidirectional Bus Transceiver

DS8640 Quad NOR Unified Bus Receiver

DS8641 Quad Unified Bus Transceiver

DS8642 Quad Transceiver

DS8646 Low Voltage 6-Digit LED Driver

DS8647 Low Voltage 9-Segment LED Driver

DS8648 Low Voltage 9-Segment LED Driver

DS8654 8-Output Display Driver (LED, VF, Thermal Printer)

DS8656 Diode Matrix

DS8658 Low Voltage 4-Digit LED Driver

DS8659 Low Voltage 7 Segment LED Driver

DS8664 1 4-Digit Decoder/Driver with Low Battery Indicator

DS8665 14 Digit Decoder/Driver (Hi Drive)

DS8666 14 Digit Decoder/Driver (P.O.S.)

DS8669 2-Digit BCD-to 7 Segment Decoder Driver

DS8692 Printing Calculator Interface Set

DS8693 Printing Calculator Interface Set

DS8694 Printing Calculator Interface Set

DS88C20 Dual CMOS Compatible Differential Line Receiver

DS88C120 Dual CMOS Compatible Differential Line Receiver

DS88L12 Hex TTL-MOS Inverter/Interface Gate

DS88LS120 Dual Differential Line Receiver (Noise Filtering and Fail-Safe) . .

DS8800 Dual Voltage Level Translator

DS8802 Dual High Speed TR I STATE MOS-to-TTL Level Converter

DS8806 Dual High Speed TRI-STATE MOS to TTL Level Converter

DS8810 Quad 2 Input TTL-MOS Interface Gate

DS881 1 Quad 2 Input TTL-MOS Interface Gate

DS881 2 Hex TTL-MOS Inverter

DS8819 Quad 2 Input TTL MOS AND Gate

DS8820 Dual Line Receiver

DS8820A Dual Line Receiver

DS8830 Dual Differential Line Driver

DS8831 Dual TRI-STATE Line Driver

DS8832 Dual TRI STATE' Line Driver

DS8833 Quad TRI -STATE
-

Bus Transceiver

DS8834 Quad TRI-STATE Bus Transceiver

DS8835 Quad TRI-STATE Bus Transceiver

DS8836 Quad NOR Unified Bus Receiver

DS8837 Hex Unified Bus Receiver

DS8838 Quad Unified Bus Transceiver

DS8839 Quad TRI STATE Bus Transceiver

DS8856 BCD to -7 Segment LED Driver

DS8857 BCD-to-7 Segment LED Driver

DS8858 BCD-to-7 Segment LED Driver

DS8859 Open Collector Hex Latch LED Driver

DS8861 MOS to LED 5-Segment Driver

554
565
5-69

5 73

5-65

224
2-24

2-24

224
2-6

2-8

1-69

5-1

53
53
55
55
59

5-11

5 13

5-16

5 19

5-22

5 25

525
5-25

1 79

1 97

4-10

1-90

44
6 16

6-16

4-7

4-7

4-7

4 12

1 72

1-75

1 82

1 85

1-85

2 10

2-14

2-10

2-18

2-20

2 22

2 14

5-32

5-32

5-32

5-36

539
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DS8863 MOS-to-LED 8-Digit Driver 5-39

DS8867 8-Segment Constant Current Driver 5-42

DS8868 1 2-Digit Decoder/Driver 5-44

DS8869 Open Collector Hex Latch LED Driver 5-36

DS8870 Hex LED Digit Driver 5-46

DS8871 Saturating LED Cathode Driver 5-48

DS8872 Saturating LED Cathode Driver 5-48

DS8873 Saturating LED Cathode Driver 5-48

DS8874 9-Digit Shift Input LED Driver 5-50

DS8877 6-Digit LED Driver 5-52

DS8880 High Voltage 7-Segment Decoder/Driver (for Driving Panaplex II™
and Sperry/Beckman Displays) 5-54

DS8881 Vacuum Fluorescent Display Driver 5-57

DS8884A High Voltage Cathode Decoder/Driver (for Driving Panaplex II™
and Sperry/Beckman Displays) 5-61

DS8885 MOS-to-High Voltage Cathode Buffer 5-63

DS8887 8-Digit High Voltage Anode Driver (Active-High Inputs) 5-65

DS8889 8-Segment High Voltage Cathode Driver (Active-High Inputs) 5-65

DS8891 High Voltage Anode Driver (Active-Low Inputs) 5-69

DS8892 Programmable Hex LED Digit Driver 5-71

DS8895 Quad LED Segment Driver 5-73

DS8897 8-Digit High Voltage Anode Driver (Active-Low Inputs) 5-65

DS8920 Saturating LED Cathode Driver 5-48

DS8968 1 2-Digit Decoder/Driver (Modification) 5-76

DS8963 MOS-to-LED 8-Digit Driver 5-39

DS8973 9-Digit LED Driver 5-78

DS8974 9-Digit LED Driver 5-78

DS8975 9-Digit LED Driver 5-78

DS8976 9-Digit LED Driver 5-78

DS8977 Saturating LED Cathode Driver 5-48

DS8978 9-Digit LED Driver 5-78

DS8979 Low Voltage 9-Segment LED Driver 5-3

DS8980 High Voltage 7-Segment Latch/Decoder/Driver 5-81

DS8981 High Voltage 7-Segment Latch/Decoder/Driver 5-81

DS55107 Dual Line Receiver 1-6

DS55108 Dual Line Receiver 1-6

DS55113 Dual TRI-STATE® Differential Line Driver 1-38

DS551 14 Dual Differential Line Driver 1-43

DS551 1 5 Dual Differential Line Receiver 1 -47

DS55121 Dual Line Driver 1-52

DS55122 Triple Line Receiver 1-54

DS55325 Memory Driver 7-26

DS55450 Dual Peripheral Driver 3-20

DS55451 Dual Peripheral Driver 3-20

DS55452 Dual Peripheral Driver 3-20

DS55453 Dual Peripheral Driver 3-20

DS55454 Dual Peripheral Driver 3-20

DS55460 Dual Peripheral Driver 3-31

DS55461 Dual Peripheral Driver 3-31

DS55462 Dual Peripheral Driver 3-31

DS55463 Dual Peripheral Driver 3-31

DS55464 Dual Peripheral Driver 3-31

DS55493 Quad LED Segment Driver 5-88

DS55494 Hex Digit Driver 5-90

DS75107 Dual Line Receiver 1-6

10



Alpha-Numerical Index (Continued)

DS75108 Dual Line Receiver 1-6

DS751 13 Dual TRI-STATE® Differential Line Driver 1-38

DS75114 Dual Differential Line Driver 1-43

DS751 1 5 Dual Differential Line Receiver 1-47

DS75121 Dual Line Driver 1-52

DS75122 Triple Line Receiver 1-54

DS751 23 Dual Line Driver 1-57

DS751 24 Triple Line Receiver 1-59

DS75150 Dual Line Driver 1-62

DS751 54 Quad Line Receiver 1-65

DS75207 Dual Line Receiver 1-6

DS75208 Dual Line Receiver 1-6

DS75322 Dual TTL-MOS Driver 6-76

DS75324 Memory Driver with Decode Inputs 7-20

DS75325 Memory Driver 7 26

DS75361 Dual TTL-to-MOS Driver 6-79

DS75362 Dual TTL-to-MOS Driver 6-84

DS75364 Dual MOS Clock Driver 6-89

DS75365 Quad TTL-to-MOS Driver 6-93

DS75450 Dual Peripheral Driver 3-20

DS75451 Dual Peripheral Driver 3-20

DS75452 Dual Peripheral Driver 3 20

DS75453 Dual Peripheral Driver 3-20

DS75454 Dual Peripheral Driver 3-20

DS75460 Dual Peripheral Driver 3-31

DS75461 Dual Peripheral Driver 3-31

DS75462 Dual Peripheral Driver 3-31

DS75463 Dual Peripheral Driver 3-31

DS75464 Dual Peripheral Driver 3-31

DS75491 MOS-to-LED Quad Segment Driver 5-85

DS75492 MOS-to-LED Hex Digit Driver 5-85

DS75493 Quad LED Segment Driver 5-88

DS75494 Hex Digit Driver 5-90



fpf\ National Interface Cross Reference Guide

mm Semiconductor

NATIONAL

NUMBER
REPLACEMENT

TxacT
NUMBER

REPLACEMENT

AMD SIGNETICS (con't)

AM26S10 DS26S10 8T37 DS8837

AM26S11 DS26S11 8T38 DS8838

AM26LS30 DS3691 8T51 DS8856

AM26LS31 DS26LS31 8T100 DS75114

AM26LS32 DS26LS32 8T101 DS75115

AM26LS33 DS26LS33 8T380 DS8836

FAIRCHILD TEXAS INSTRUMENTS

9614 DS75114 SN7520 DS7520

9615 DS75115 SN7522 DS7522

9640 DS26S10 SN7524 DS7524

SN7528 DS7528

SN7534 DS7534

INTEL SN7538 DS7538

SN75107 DS75107

3245 DS3245 SN75108 DS75108

8212 DP8212 SN75113 DS75113

8216 DP8216 SN75114 DS75114

8224 DP8224 SN75115 DS75115

8226 DP8226 SN75121 DS75121

8228 DP8228 SN75122 DS75122

8238 DP8238 SN75123 DS75123

SN75124 DS75124

SN75150 DS75150
MOTOROLA SN75154 DS75154

SN75180 DS8800

MC1488 DS1488 SN75182 DS8820

MC1489 DS1489 SN75183 DS8830

MC3430 DS3650 SN75188 DS1488

MC3432 DS3651 SN75189 DS1489

MC3437 DS8837 SN75207 DS75207

MC3438 DS8838 SN75208 DS75208

MC3440 DS3440 SN75322 DS75322

MC3441 DS3441 SN75324 DS75324

MC3442 DS3442 SN75325 DS75325

MC3443 DS3443 SN75361 DS75361

MC3446 DS3446 SN75362 DS75362

MC3450 DS3652 SN75364 DS75364

MC3452 DS3653 SN75365 DS75365

MC3460 DS3674 SN75369 DS75369

MC3486 DS3486 SN75450 DS75450

MC3487 DS3487 SN75451 DS75451

MMH0026C DS0026C SN75452 DS75452

MMH0056C DS0056C SN75454 DS75454

SN75460 DS75460

SN75461 DS75461

SIGNETICS SN75462 DS75462

SN75463 DS75463

8T13 DS75121 SN 75464 DS75464

8T14 DS75122 SN 75480 DS8880

8T23 DS75123 SN75484 DS8980

8T24 DS75124 SN75491 DS75491

8T25 DS3625 SN75492 DS75492
8T26A DSST26A SN75493 DS75493

8T28 DS8T28 SN75494 DS75494

8T34 DS8834

1 2



T&\ Section 1 m44 Transmission nSlM Line Drivers/Receivers

TEMPERATURE RANGE
-55°Cto+125°C 0°Cto+70°C

DESCRIPTION
PAGE

NUMBER
- DS1488 Quad Line Driver 1-1

- DS1489 Quad Line Receiver 1-4

- DS1489A Quad Line Receiver 1-4

DS1603 DS3603/04 Dual TRI-STATE® Line Receiver 1-6

DS1650 DS3650 Quad Differential Line Receiver 1-13

DS1652 DS3652 Quad Differentia! Line Receiver 1-13

DS1691 DS3691 RS422-RS423 Line Drivers 1-19

DS1692 DS3692 TRI-STATE® Differential Line Driver 1-19

DS26LS31M DS26LS31 Quad Differential Line Driver 1-25

DS26LS32M DS26LS32 Quad Differential Line Receiver 1-28

DS26LS33M DS26LS33 Quad Differential Line Receiver 1-28

- DS3486 Quad RS422-RS423 Line Receiver 1-31

- DS3487 Quad TRI-STATE® Line Driver 1-35

DS55 107/207 DS751 07/207 Duai Line Receiver 1-6

DS55 108/208 DS751 08/208 Dual Line Receiver 1-6

DS55113 DS75113 Dual TRI-STATE® Differential Line Driver 1-38

DS55114 DS75114 Dual Differential Line Driver 1-43

DS55115 DS75115 Dual Differential Line Receiver 1-47

DS55121 DS75121 Dual Line Dirver 1-52

DS55122 DS75122 Triple Line Receiver 1-54

- DS75123 Dual Line Driver 1-57

- DS75124 Triple Line Receiver 1-59

DS55150 DS75150 Dual Line Driver 1-62

- DS75154 Dual Line Receiver 1-65

- DS8642 Quad Transceiver 1-69

DS7820 DS8820 Dual Line Receiver 1-72

DS7820A DS8820A Dual Line Receiver 1-75

DS78C20 DS88C20 Dual CMOS Compatible Differential Line Receiver 1-79

DS7830 DS8830 Dual Differential Line Driver 1-82

DS7831 DS8831 Dual TRI-STATE® Line Driver 1-85

DS7832 DS8832 Dual TRI-STATE® Line Driver 1-85

DS78LS120 DS88LS120 Dual Differential Line Receiver 1-90

DS78C120 DS88C120 Dual CMOS Compatible Line Receiver 1-97

MM78C29 MM88C29 Quad Single-Ended Line Driver 9-35

MM78C30 MM88C30 Dual Differential Line Driver 9-35
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5J5I National
Semiconductor

Transmission Line
Drivers/Receivers

O
C/>

oo
00

DS1488 quad line driver

general description features

The DS1488 is a quad line driver which converts

standard DTL/TTL input logic levels through one
stage of inversion to output levels which meet EIA
Standard No. RS-232C and CCITT Recommenda-
tion V. 24.

Current limited output ±10mAtyp
Power-off source impedance 300fi min

Simple slew rate control with external capacitor

Flexible operating supply range

Inputs are DTL/TTL compatible

schematic and connection diagrams

"-*
k« y.

A.

-MM O D

>

Dual-ln-Line Package

l» ,3 |„ 11 10 1 9 S

)

yj

\°?
l

I'

2

h
4 , |. |,

Order Number DS1488J or DS148SN
See NS Package J14A or N14A

typical applications

RS232C Data Transmission

TTL/DTL 1/4 DS14U

:C>-0

x"
SIGNAL GROUND

'OptMMl fof MltM filttfMf
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absolute maximum ratings (Notei)

Supply Voltage

(/) v+ +15V
Q V~ -15V

Input Voltage (V IN ) -15V < V 1N < 7.0V
Output Voltage +15V
Operating Temperature Range 0°C to +75°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics (Notes 2, 3 and 4)

switching characteristics (vcc = gv, v EE = -9v, ta = 25°c)

PARAMETER CONDITIONS MIN TVP MAX UNITS

l,L Logical "0" Input Current Vin =ov -1.0 -1.3 mA
llH Logical "1" Input Current V, N = +5.0V 0.005 10.0 MA
VOH High Level Output Voltage R L = 3.0kfi,

V, N = 0.8V

V* =9.0V, V~ = -9.0V 6.0 7.0 V
V* = 13.2V, V~ = -13.2V 9.0 10.5 V

Vol Low Level Output Voltage R L =3.0kn,

V| N = 1.9V

V* = 9.0V, V~ = -9.0V -6.8 -6.0 V
V* = 13.2V, V" = -13.2V -10.5 -9.0 V

'os
+ High Level Output

Short-Circuit Current

V Out=0V, V, N = 0.8V -6.0 -10.0 -12.0 mA

'os~ Low Level Output

Short-Circuit Current

Vqut = 0V. V, N = 1.9V 6.0 10.0 12.0 mA

^OUT Output Resistance V +
= V" = 0V, V out =±2V 300 n

*CC
+ Positive Supply Current

(Output Open) V IN = 1.9V

v f
= g.ov, v

_
= -9.0V 15.0 20.0 mA

V* = 12V, V = -12V 19.0 25.0 mA
V+

= 15V, V~ = -15V 25.0 34.0 mA

V, N =0.8V

V +
=9.0V, V = -9.0V 4.5 6.0 mA

V* = 12V, V~ = -12V 5.5 7.0 mA
V* = 15V, V" = -IjV 8.0 12.0 mA

'cc~ Negative Supply Current

(Output Open) Vin = 1-9V

V +
= 9.0V, V" = -9.0V -13.0 -17.0 mA

V* = 12V, V~ = -12V -18.0 -23.0 mA
V* = 15V, V" = -15V -25.0 -34.0 mA

V,N = 0.8V

V +
= 9.0V, V" = -9.0V -0.001 -0.015 mA

V +
= 12V, V" = -12V -0.001 -0.015 mA

V +
= 15V, V~ = -15V -0.01 -2.5 mA

Pd Power Dissipation V' = 9.0V, V~ = -9.0V 252 333 mW
V* = 12V, V = -12V 444 576 mW

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdl Propagation Delay to a Logical "1" R L = 3.0 ki'l, C L = 15 pF, TA = 25°C 230 350 ns

tpdO Propagation Delay to a Logical "0" R L = 3.0 kS2, C L = 15 pF, T A = 25°C 70 175 ns

t r Rise Time R L = 3.0 kfi, C L
= 15 pF, T A = 25°C 75 100 ns

tf Fall Time R L = 3.0 kS2, C L = 15 pF, TA = 25°C 40 75 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics-
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +75°C temperature range for the DS1488.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted All
values shown as max or min on absolute value basis.
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applications

By connecting a capacitor to each driver output

the slew rate can be controlled utilizing the output

current limiting characteristics of the DS1488.

For a set slew rate the appropriate capacitor value

may be calculated using the following relationship

C =
l sc (AT/AV)

where C is the required capacitor, l sc is the short

circuit current value, and AV/AT is the slew rate.

RS232C specifies that the output slew rate must

not exceed 30V per microsecond. Using the worst

case output short circuit current of 12 mA in the

above equation, calculations result in a required

capacitor of 400 pF connected to each output.

o
(/)

00
00

typical applications (con't)

DTL/TTL to-MOS Translator DTL/TTL-to-HTL Translator

4 i

DTL/TTL-to-RTL Translator

-12V *30V

ac load circuit

,c—£>

*C L incmdes probe and jig capacitam

switching time waveforms

t, and tf ate measured between

10% and 90% of the outpu

waveform.

typical performance characteristics

Output Voltage and Current-Limiting Characteristics

15

1 9

5 6

£ 3

3 °

12V
I

\r --12V\
V
+
= 9V

C^V

"si
—
\

\ \
*=> ^

1 \\ 1

, \
T i., —4\M3—IHt^L

08V
»<,

-IB -12-8-4 4 .8 12

V , OUTPUT VOLTAGE (V)
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5^1 National
4lA Semiconductor

Transmission Line
Drivers/Receivers

DS1489/DS1489A quad line receiver

general description features

The DS1489/DS1489A are quad line receivers-

designed to interface data terminal equipment

with data communications equipment. They are

constructed on a single monolithic silicon chip.

These devices satisfy the specifications of EIA
standard No. RS232C. The DS1489/DS1489A
meet and exceed the specifications of MC1489/
MC1489A and are pin-for-pin replacements. The
DS1489/DS1489A are available in 14-lead cera-

mic dual-in-iine package.

Four totally separate receivers per package

Programmable threshold

Built-in input threshold hysteresis

"Fail safe" operating mode

Inputs withstand ±30V

schematic and connection diagrams

I1/4 of unit rtown)

—O GNO

ac test circuit and voltage waveforms

N * N N N

Dual-ln-Line Package

RiSPONSE RESPOHSfc

L^J 4<j

rkn H>i

Order Number DS1489J, DS1489AJ,
DS1489N or DS1489AN

See NS Package J14A or N14A

typical applications

TTL/DTl. 1/4DS14II

--o

x
"Optional for noise filtering.

1
0S14MA TTL/DTL

-bg-~t~>-

TTL/OTL-0-0=

RS232C Data Transmission

r~"

MOS to TTL/DTL Translator
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absolute maximum ratings (Notei)

The following apply for T A = 25°C unless otherwise specified.

Power Supply Voltage 10V

Input Voltage Range ±30V

Output Load Current 20 mA
Power Dissipation (Note 2) 1W

Operating Temperature Range 0°C to + 75°C

Storage Temperature Range -65°C to + 150° C

electrical characteristics (Notes 2, 3 and 4)

DS1489/DS1489A: The following apply for Vcc = 5.0V ±1%, 0°C < TA < +75°C unless otherwise specified.

PARAMETER

Input High Threshold Voltage

Vtl Input Low Threshold Voltage

Input Current

VoH Output High Voltage

Vol Output Low Voltage

Output Short Circuit Current

Supply Current

Power Dissipation

CONDITIONS

Ta =

•out

25 C, VOUT< 0.45V,

= 10 mA
DS1489

DS1489A

25°C, VOUT > 2.5V, Iqut = -0-5 mA

= +25V

= -25V

= -0.5 mA
V| N 0.75V

Input = Open

v IPJ

3.0V, Iqut = 10 mA

0.75V

= 5.0V

= 5.0V

1.0

1.75

0.75

+3.6

-3.6

+0.43

-0.43

2.6

2.6

TYP

+5.6

-5.6

+0.53

-0.53

3.8

3.8

0.33

3.0

14

70

MAX

1.5

2.25

1.25

+8.3

-8.3

5.0

5.0

0.45

26

130

UNITS

mA

mA
mA

V

mA

mA

switching characteristics (vCc = 5v, ta = 25°

o

PARAMETER CONDITIONS MIN TYP MAX UNITS

tod1 Input to Output "High"

Propagation Delay

R L =3.9k, (Figure 1) |ac Test Circuit) 28 85 ns

tpdo Input to Output "Low"

Propagation Delay

R L
= 39012, /Figure 11 (ac Test Circuit) 20 50 ns

tr
Output Rise Time R L

= 3.9k, /Figure 1) (ac Test Circuit) 110 175 ns

tf Output Fall Time R L = 39012, (Figure V (ac Test Circuit) 9 20 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2. Unless otherwise specified min/max limits apply across the 0°C to +75°C temperature range for the DS1489 and DS1489A.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: These specifications apply for response control pin = open.
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National
Semiconductor

Transmission Line
Drivers/Receivers

DS1603/DS3603, DS3604, DS55107/DS75107,

DS55108/DS75108, DS75207, DS75208 dual line receivers

general description

The nine products described herein are TTL
compatible dual high speed circuits intended for

sensing in a broad range of system applications.

While the primary usage will be for line receivers

or MOS sensing, any of the products may effec

tively be used as voltage comparators, level trans-

lators, window detectors, transducer preamplifiers,

and in other sensing applications. As digital line

receivers the products are applicable with the

DS55109/DS75109 and DS551 10/DS75T 10 com-

panion drivers, or may be used in other balanced

or unbalanced party-line data transmission systems.

The improved input sensitivity and delay specifi-

cations of the DS75207, DS75208 and DS3604
make them ideal for sensing high performance

MOS memories as well as high sensitivity line

receivers and voltage comparators. TRI-STATE®
products enhance bused organizations.

features

Diode protected input stage for power "OFF"
condition

17 nstyp high speed

TTL compatible

±10 mV or ±25 mV input sensitivity

±3V input common-mode range

High input impedance with normal Vcc , or

vcc = ov

Strobes for channel selection

TRI-STATE outputs for high speed buses

Dual circuits

Sensitivity gntd. over full common-mode range

Logic input clamp diodes—meets both "A" and

"B" version specifications

±5V standard supply voltages

connection diagrams
Dual-ln-Line Package

INPUT INPUT UUTPUT STROBE

Dual-ln-Line Package

I,. I„ I,. „ ,. 9 8

) . 1

K

! i

1 4 5 1

r

Order Number DS55107J, DS75107J,
DS55108J, DS75108J, DS75207J

or DS75208J
See NS Package .11 4A

Order Number DS75107N, DS75108N,
OS75207N or OS75208N
See NS Package IM14A

Order Number DS55107W or DSS5108W
See NS Package VVUA

product selection guide

OUTPUT STROBE

TOP VIEW

Order Number DS1603J, DS3603J
DS3604Jor DS1603W

See NS Package J14A or VV14A

Order Number DS3603J, DS3603N,
OS3604J or DS3604N
See NS Package N14A

TEMPERATURE^

PACKAGED-

INPUT SEI\SITIVITY-<-

OUTPUT LOGIC*

S5°C<TA <+125°C

CAVITY DIP

0°C<TA <+70'C

CAVITY OR MOLDED DIP

•25 mV ±.25 mV ±10 mV

TTL. Active Pull-up

TTL Oper Collector

TTL TRI-STATE

DS55107

OS55108
DS1603

DS75107

DS751Q8
DS3603

DS75207

DS75208

DS3604
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absolute maximum ratings (Notes 1,2 and 3)

Supply Voltage. Vcc
Supplv Voltage, Vcc"
Differential Input Voltage

Common Mode Input Voltage

operating conditions

7V
7V

= 6V
•5V

Strobe Input Voltage 5 5V

Storage Temperature Range -65^C to +150 C

Power Dissipation 600 mW
Lead Temperature (Soldering, 10 sec) 300°C

Supplv Voltage Vr^c

Supply Voltage Vr^c

Operating Terr.perature Range

DS55107,

DS55108,

DS1603

55 C

NOM MAX

5 5V

-5.5V

+ 125 C

DS75107, DS75207

DS75108, DS75208

DS3603, DS3604

MIN

4 75V

4 75V

0"C

NOM

5V

Note 1: -Absolute Maximum Ratings" are those values beyond which the safety of the ^'«^"^^^;^ r^^;^
Temperature Range" they are not meant to imply that the deyices should be operated at these limits. The table of Electrical Characterises

provides conditions for actual device operation. ^^^, n -, Jf,cccino
Note 2: Unless otherwise specified min/max limits apply across the -55°C ,o +125°C temperature range for the OS1603 DSS5107^and DS55108

and across the 0°C to +70° C range for the DS3603, DS3604. DS75107, DS75108. All typical values are for TA - 25 C and VCC &V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherw.se noted. All

values shown as max or min on absolute value basis.

typical applications
Line Receiver Used in a

Party Line or Data-Bus Systerr

Line Receiver Used in MOS Memory System

THRESHOLD STROBE

oo
(/)(/)

16/3
55/7

<2§
ow
or
^ O
OO)
C/)W
->IO>
UlO
ro-u0~
-JO
-

c/>

Qui
C/)Ol

s3
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schematic diagrams

DS55107/DS75107, DS75207
DS55108/DS75108, DS75208

*'o f

<

<

"Oi

I-

< *.5k

±=tti

j?77

•*!

-U_,^
Notel

Note 2:

Note 3:

1/2 o' the dual circuit is shown.

"Indicates connections common to second half of dual circuit.

Comfonents shown with dash lines ate applicable to the OS55107, DS75107 and DS752Q7 only.

DS1603/DS3603, DS3604

Note 1 : 1 /2 of the dual circuit is shown.

Note 2. "Indicates connections common to second half of dual circuit.
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DS55107/DS75107, DS55108/DS75108

electrical characteristics (tmin <ta <tmax )

PARAMETER CONDITIONS MIN TYP MAX UNITS

llH High Level Input Current

Into A1, B1, A2or B2

Vcc+ = Max, Vcc- = Max,

V| D = 0.5V, V IC =-3Vto3V
30 75 MA

IlL Low Level Input Current

Into A1, B1, A2 or B2

Vcc+ = Max, Vcc_ = Max,

V, D =-2V, V,c =-3V to3V
-10 MA

l|H High Level Input Current

Into G1 or G2

Vcc+ = Max,

V cc-
= Max

V,H(S) = 2.4V 40 HA

V,H (si
= Max Vcct 1 mA

"|L Low Level Input Current

Into G1 or G2

Vcc+ = Max, Vcc- = Max,

V, L (S)=0.4V

-1.6 mA

l|H High Level Input Current Into S Vcc* = Max,

Vcc- ~ Max

V,h
(s)

= 2.4V 80 MA

Vih(s) = Max Vcc * 2 mA

ML Low Level Input Current Into S Vcc+ ~ Max, Vcc- = Max

V, US1 =0.4V
-3.2 mA

VoH

I

High Level Output Voltage V Cc+
= Min, Vcc_ = Min,

Iload = -400,uA, V ID = 25 mV,

V,c =-3V to 3V, (Note 3)

2.4 V

Vol Low Level Output Voltage VCc+ = Min, Vcc- = Min
'

IS)NK = 16 mA, V,D =-25mV,

V IC =-3Vto3V

0.4 V

'oh High Level Output Current V C c+
= Min, Vcc_ = Min

VOH = Max Vcct . (Note 4)

250 MA

los Short Circuit Output Current V_c* = Max, Vcc- = Max,

(Notes 2 and 3)

-18 -70 mA

'cCH + High Logic Level Supply

Current From VC c

Vcc ,
= Max, Vcc- ~ Max '

V| D =25mV,TA = 25°C
18 30 mA

'cCH- High Logic Level Supply

Current From Vcc

Vcc* = Max, Vcc_ = Max,

V ID = 25mV,TA = 25°C
-8.4 -15 mA

V| Input Clamp Voltage on G or S VC c> = Min, Vcc- = Min,

l, N = -12mA, TA = 25°C
-1 -1.5 V

DO
C/></>

Olg
ow
S°"

D(/>
C/)C0
>IO)
OlO

o-
«*io

«wOOl
C/)Ot

So00 Jg

switching characteristics (vcc+ = 5V, Vcc- = -5V, TA = 25 C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

tp LH(D) Propagation Delay Time, Low to
R L =390f2, C L =50pF,

(Note 1)

(Note 3) 17 25 ns

High Level, From Differential

Inputs A and B to Output
(Note 4) 19 25 ns

tpHL(D) Propagation Delay Time, High to
R L = 390i2, C L = 50pF,

(Note 1)

(Note 3) 17 25 ns

Low Level, From Differential

Inputs A and B to Output
(Note 4) 19 25 ns

tp LH(SJ Propagation Delay Time, Low to

R L = 390^, C L = 50 pF
(Note 3) 10 15 ns

High Level, From Strobe Input G

or S to Output
(Note 4) 13 20 ns

_____— . . -

tpHL(s) Propagation Delay Time, High to

R L = 390S2, CL = 50 pF
(Note 3) 8 15 ns

Low Level, From Strobe Input G

or S to Output
(Note 4) 13 20 ns

Note 1: Differential input is +100 mV to -100 mV pi

Note 2: Only one output at a time should be shorted

Note 3: DS55107/DS75107 only.

Note 4: DS55108/DS75108 only.

Ise. Delays read from m V on input to 1 .5V on output.
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DS75207, DS75208

electrical characteristics (o°c< TA < +70 C)

switching characteristics (vcc+ = 5V, Vcc_ = -5V, TA = 25°C)

PARAMETER

tpLH(D) Propagation Delay Time, Low-to-

High Level, From Differential

Inputs A and B to Output

tpHL(o) Propagation Delay Time, High-to-

Low Level, From Differential

Inputs A and B to Output

Propagation Delay Time, Low-to-

High Level, From Strobe Input G

or S to Output

Propagation Delay Time, High-to-

Low Level, From Strobe Input G

or S to Output

CONDITIONS

R L - 470J2, C L = 15 pF, (Note 1)

R L = 4700, C L = 15 pF, (Note 1)

R L = 47012, C L = 15 pF

R L = 470£i, C L = 15 pF

MIN TYP MAX

35

20

17

17

Note 1: Differential input is +10 mV to -30 mV pulse.

Note 2: Only one output at a time should be shorted.

Note 3: DS75207 only.

Note 4: DS75208only.

Delays read from mV on input to 1.5V on output.

PARAMETER CONDITIONS MIN TYP MAX UNITS

l|H High Level Input Current

Into A1, B1, A2or B2

Vcc+ = Max, Vcc_ = Max,

V, D = 0.5V, V|C = -3V to 3V
30 75 MA

li L Low Level Input Current

Into A1, B1, A2or B2

Vcc+ = Max, Vcc_ = Max

V 1D = -2V, V 1C
= -3V to 3V

-10 MA

Iih High Level Input Current Vcc+ = Max,

Vcc_ = Max

V IH(S ,
= 2.4V 40 MA

Into G1 or G2 V|H(S) =Max vcc+ 1 mA

li L Low Level Input Current

Into G1 or G2

Vcc+ = Max, Vcc_ = Max,

Vil(s) = 0.4V
-1.6 mA

I ih High Level Input Current Into S Vcc+ = Max,

Vcc- = Max

V,h(s) = 2.4V 80 MA
v ih(s) = Max vcc+ 2 mA

li L Low Level Input Current Into S Vcc+ = Max, Vcc_ = Max,

Vius)=0.4V
-3.2 mA

VOH High Level Output Voltage Vcc+ = Min, Vcc_ = Min,

Iload = -400/jA, V, d = 10 mV,

V|C = -3Vto3V, (Note 3)

2.4 V

VOL Low Level Output Voltage VCc+ = Min, Vcc_ = Min,

ls!NK = 16 mA, V, D =-10 mV,

V IC
= -3V to 3V

0.4 V

l OH High Level Output Current Vcc+ = Min, VCC- = Min,

VOH = Max Vcc+ , (Note 4)
250 MA

Iqs Short Circuit Output Current Vcc+ = Max, Vcc .
= Max

(Notes 2, 3 and 4)
-18 -70 mA

'cch+ High Logic Level Supply

Current From Vcc

Vcc+ = Max, Vcc_ = Max,

V|D = 10 mV, TA = 25°C
18 30 mA

'cch- High Logic Level Supply

Current From Vcc

Vcc+ = Max, Vcc_ = Max,

V| D = 10mV,TA =25°C
-8.4 -15 mA

V, Input Clamp Voltage on G or S Vcc+ = Min, Vcc_ = Min,

l IN --12 mA, TA =25°C
-1 -1.5 V
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DS1603/DS3603
electrical characteristics (tw < TA < T.,

PARAMETER CONDITIONS MIN TYP MAX UNITS

l,H High Level Input Current

Into A1, B1, A2or B2

VCc+ = Max, VCc- = Max,

V 1D =0.5V, V|C =-3Vto3V
30 75 MA

<IL Low Level Input Current

Into AT, B1, A2or B2

VCc+ = Max, VCc- = Max,

V, D =-2V, V,c =-3V to3V
-10 MA

l|H High Level Input Current

Into G1, G2 or D

Vcc+ = Max,

VCc- = Max

V,H(SI=2.4V 40 MA

V|H(S) = Max VCC+ 1 mA

IlL Low Level Input Current Into D Vcc+ = Max, Vcc- ~ Max,

V, L(D)=0.4V
-1.6 mA

l|L Low Level Input Current

IntoGI orG2

Vcc+ - Max,

Vcc_ = Max,

V|L(G)=0.4V

V,„,di=2V -40 MA

V,UD1 =0.8V -1.6 mA

VOH High Level Output Voltage V cct = Min, Vcc_ = Min.

Iload = ~2 mA, V, D = 25 mV

Vil(d!
= 0.8V, V,c = -3V to 3V

2.4 V

Vol Low Level Output Voltage Vcc+ = ^' n
' Vcc- = M' n

-

l slNK = 16 mA, V, D = -25mV,

V| L(D I

=0.8V, V,c =-3Vto3V

0.4 V

'OD Output Disable Current VCc+
= Max,

V Cc- = Max

V|H(DI=2V

VOUT = 2.4V 40 MA

VOUT =0.4V -40 MA

IOS Short Circuit Output Current Vcc , = Max, V, L(D) = 0.8V,

Vcc^ = Max, (Note 2)

-18 -70 mA

'CCH+ High Logic Level Supply

Current From VCc+

Vcc+ = Max, V cc_ = Max,

V ID = 25 mV,TA =25°C
28 40 mA

'cCH- High Logic Level Supply

Current From VCc-

Vcc+ = Max, VCc- = Max,

V, D = 25 mV, TA = 25°C
-8.4 -15 mA

v, Input Clamp Voltage on G or D Vcc+ = Min, V cc- - Min,

l, N = -12mA, TA =25°C
-1 -1.5 V

switching characteristics (vcc+ = 5V, Vcc_ = -5V, TA = 25°C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpLHlD) Propagation Delay Time, Low-to-

High Level, From Differential

Inputs A and B to Output

R L = 390S2, C L = 50 pF, (Note 1) 17 25 ns

tpHL(D) Propagation Delay Time, High-to-

Low Level, From Differential

Inputs A and B to Output

R L =39012, C L = 50pF, (Note 1) 17 25 ns

VLHIS) Propagation Oelay Time, Low-to-

High Level, From Strobe Input G

to Output

R L = 390J2, C L = 50 pF 10 15 ns

tpHL(S) Propagation Delay Time, High-to-

Low Level, From Strobe Input G

to Output

R L = 390S2, C L = 50 pF 8 15 ns

t1H Disable Low-to-High to Output

High to Off
R L

= 390S2, C L = 5 pF 20 ns

tOH Disable Low-to-High to Output

Low to Off
R L

= 390£2,C L =5pF 30 ns

tm Disable High-to-Low to Output

Off to High
R L = Ik toOV, C L = 50 pF 25 ns

tHO Disable High-to-Low to Output

Off to Low
R L = 390J2, C L = 50 pF 25 ns

Note 1: Differential input is +100 mV to -100 mV pulse. Delays read from mV on input to 1.5V on output.

Note 2: Only one output at a time should be shorted. ^____



DS3604
electrical characteristics (o°c<ta <+7o°o

PARAMETER CONDITIONS MIN TYP MAX UNITS

l,H High Level Input Current

Into A1, B1, A2or B2

VCc+ = Max, VCc- = Max,

V ID =0.5V, V (C =-3V to3V
30 75 MA

l| L Low Level Input Current

Into A1, B1, A2or B2

VCc = Max, Vcc- = Max,

V ID =-2V, Vic =~3V to3V
-10 MA

l )H High Level Input Current

Into G1, G2or D

Vcc+ = Max,

VCc- = Max

V,h(si=2.4V 40 MA

V IHIS1 = Max VCC+ 1 mA

l| L Low Level Input Current into D VCc+ = Max, Vcc _ = Max,

V,lid)=0.4V
-1.6 mA

Iil Low Level Input Current Into

G1 orG2

VCc+
= Max,

Vcc = Max,

V 1UG)=0.4V

V,h,d) = 2V -40 MA

V| L|D)=0.8V -1.6 mA

Vqh High Level Output Voltage VCC4 = Min, Vcc -. - Min,

'load = ~2 mA, V, D - 10 mV

V,l(dj = 0.8V, V,c - -3V to 3V

2.4 V

Vql Low Level Output Voltage Vcc+ = Min, Vcc,_ = Min,

'sink = 16mA, V ID = ~10mV,

Vil(d) = 0.8V, V IC = -3V to 3V

0.4 V

Iod Output Disable Current VCCl = Max,

Vcc - Max,

V, H (Dl=2V

VOUT =2.4V 40 MA

VOUT =,0.4V -40 ma

los Short Circuit Output Current VCC) = Max, V| UD ,
= 0.8V,

Vcc_ = Max, (Note 2)

-18 -70 mA

I Cch+ High Logic Level Supply

Current From Vcc +

Vcc+ = Max, Vcc_ = Max,

V, D = 10mV,TA =25°C
28 40 mA

'cch- High Logic Level Supply

Current From Vcc-

Vcc+ = Max, Vcc_ = Max,

V, D = 10mV,TA = 25°C
-8.4 -15 mA

V, input Clamp Voltage on G or D Vcc+ = Min, Vcc_ = Min,

l, N =-12 mA, TA = 25°C
-1 -1.5 V

switching characteristics <vcc+ = 5v, vcc- = -5v,ta -25°o

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpLHiD) Propagation Delay Time, Low-to-

High Level, From Differential

Inputs A and B to Output

R L
= 470f2. C L = 15 pF, (Note 1) 35 ns

tpHL(D) Propagation Delay Time, High-to-

Low Level, From Differential

Inputs A and B to Output

R L = 470S2, C L = 15 pF, (Note 1) 20 ns

tpLHfs) Propagation Delay Time, Low-to-

High Level, From Strobe Input G

to Output

R L =470J2, C L = 15 pF 17 ns

tpHL(s) Propagation Delay Time, High-to-

Low Level, From Strobe Input G

to Output

R L =4700, CL = 15 pF 17 ns

t1H Disable Low-to-High to Output

High to Off
R L = 470f2, C L =5pF 20 ns

ton Disable Low-to-High to Output

Low to Off
R L =47042, CL = 5pF 30 ns

tH] Disable High-to Low to Output

Off to High
R L = 1k toOV,C L = 15 pF 25 ns

tH0 Disable High-to-Low to Output

Off to Low
R L = 47052, C L = 15 pF 25 ns

Note 1: Differential input is +10 mV to -30 mV pulse. Delays read from mV on input to 1.5V on output.

Note 2: Only one output at a time should be shorted.
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DS1650/DS3650, DS1652/DS3652
Quad Differential Line Receivers
General Description

Transmission Line
Drivers/Receivers

The DS1650/DS3650 and DS1652/DS3652 are TTL
compatible quad high speed circuits intended primarily

for line receiver applications. Switching speeds have

been enhanced over conventional line receivers by the

use of Schottky technology, and TRI-STATE® strobing

is incorporated offering a high impedance output state

for bussed organizations.

The DS1650/DS3650 has active pull-up outputs and

offers a TRI-STATE strobe, while the DS1652/DS3652
offers open collector outputs providing implied "AND"
operation.

The DS1652/DS3652 can be used for address decoding

as illustrated below. All outputs of the DS1652/DS3652
are tied together through a common resistor to 5V. In

this configuration the DS1652/DS3652 provides the

"AND" function. All addresses have to be true before

the output will go high. This scheme eliminates the need

for an "AND" gate and enhances speed throughput for

address decoding.

Features
High speed

TTL compatible

Input sensitivity ±25 mV
TRI-STATE outputs for high speed busses

Standard supply voltages ±5V

Pin and function compatible with MC3450 and

MC3452

Connection Diagram Truth Table
Dual-ln-Line Package

VCC -IN B +INB OUTB V EE OUTO +IN -IN D

Y^Ay
iwi

INPUT STROBE
OUTPUT

DS1650/ DS1652/

DS3650 DS3652

V|D >25mV L H Open

H Open Open

-25mV< V| D < 25 mV L X X

H Open Open

V|D< -25 mV L L L

H Open Open

-IN A +INA OUT A STB OUT C +IN C -INC GND

TOP VIEW

Order Number DS1650J, DS1652J,
DS3650J, DS3652J,

DS3650N or DS3652N
See NS Package J16A or N16A

Typical Applications
Implied "AND" Gating

L = Low Logic State Open = TRI-STATE
H = High Logic State X = Indeterminate State

Wired "OR" Data Selecting Using TRI-STATE Logic

2C_rp-[_>-r

DS1652/L
DS3652

DATA
LINES

O OUTPUT

6 6 6 STROBE
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Absolute Maximum Ratings (NoteD Operating Conditions

Power Supply Voltages

vCc
Vee

Differential-Mode input Signal Voltage

Range, V|qr
Common-Mode Input Voltage Range, V|cfl

Strobe Input Voltage, V|(s)

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

Supply Voltage, Vrjc

DS1650, DS1652

DS3650, DS3652

Supply Voltage, Vr£E

DS1650, DS1652

DS3650, DS3652

Operating Temperature, T^
DS1650, DS1652

DS3650, DS3652

Output Load Current, Iq[_

Differential-Mode Input

Voltage Range, V|qr

Common-Mode Input

Voltage Range, Vjcr

Input Voltage Range (Any

Electrical Characteristics mPuttoGND),V| R

(VCC = 5.0 Vrjc. Vee = -5.0 Vdc. Min < TA < Max, unless otherwise noted) (Notes 2 and 3)

+7.0 VDC
-7.0 VDC

±6.0 V DC
±5.0 V DC
5.5 V DC

-65°C to+150°C

300° C

4.5

4.75

^t.75

-55

-5.0

-3.0

-5.0

5.5

5.25

-5.5

-5.25

+ 125

+70

16

+5.0

+3.0

+3.0

VDC
VDC

VDC
VDC

°c

°C

mA

VDC

VDC

VDC

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|S Input Sensitivity, (Note 5)

(Common-Mode Voltage Range -

-3V< V| N <3V)

Min < Vrjc < Max

Min > Vee > Max

+25.0 mV

l|H(l) High Level Input Current to

Receiver Input
(Figure 5) 75 HA

l|L(|) Low Level Input Current to

Receiver Input
(Figure 6) -10 HA

'lH(S) High Level Input Current to

Strobe Input

(Figure 3)

V|H(S)=2.4V,

DS165Q, DS1652
100 HA

V|H(S) = 2.4V,

DS3650, DS3652
40 MA

V IH(S) = VCC 1 mA

'lL(S) Low Level Input Current to Strobe

Input
V|H(S) = 0.4V -1.6 mA

VOH High Level Output Voltage

(Figure 1)

DS1650, DS3650 2.4 VDC

'CEX High Level Output Leakage

Current
DS1652, DS3652 250 ma

Vol Low Level Output Voltage
(Figure 1)

DS3650, DS3652 0.45
vDcDS1650, DS1652 0.50

Igs Short-Circuit Output Current (Note 4) (Figure 4) DS1650/DS3650 -18 -70 mA

lOFF Output Disable Leakage Current
(Figure 7)

DS1650 100 MA

DS3650 40 ma

'CCH High Logic Level Supply Current

from Vcc
(Figure 21 45 60 mA

lEEH High Logic Level Supply Current

from Vee
(Figure 2) -17 -30 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range for the DS3650, DS3652 and the -55°C to +125°C
range for the DS1650, DS1652. All typical values are for Ta = 25° C, Vcc = 5V and Vee = -5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: A parameter which is of primary concern when designing with line receivers is, what is the minimum differential input voltage required

as the receiver input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well

known that design considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage

gain. As a design convenience, the DS1650, DS1652 and the DS3650, DS3652 are specified to a parameter called input sensitivity (Vjs)- This

parameter takes into consideration input: offset currents and bias currents and guarantees a minimum input differential voltage to cause a given

output logic state with respect to a maximum source impedance of 200S2 at each input.

1-14



Switching Characteristics (VCC = 5 VD C, Vee = -5 Vpc- Ta = 25°C unless otherwise noted)

PARAMETER CONDITIONS MIN TYP MAX UNITS

tPHL(D) High-to-Low Logic Level Propagation

Delay Time (Differential Inputs)

tPLH(D) Low-to-High Logic Level Propagation

Delay Time (Differential Inputs)

(Figure 8)

DS1650/DS3650

DS1652/DS3652

DS1650/DS3650

DS1652/DS3652

21

20

20

22

25

25

25

25

tPOH(S) TRI-STATE to High Logic Level

Propagation Delay Time (Strobe)
DS1650/DS3650

tPHO(S) Hi 9n L°9' c Level ,0 TRI-STATE

Propagation Delay Time (Strobe)
DS1650/DS3650

tpoL(S) TRI-STATE to Low Logic Level

Propagation Delay Time (Strobe)

(Figure 91

DS1650/DS3650

tPLO(S) Low Logic Level to TRI-STATE

Propagation Delay Time (Strobe)
DS1650/DS3650

16

19

14

21

27

29

tPHL(S) High-to-Low Logic Level Propagation

Delay Time (Strobe)
DS1652/DS3652

tPLH(S) Low-to-High Logic Level Propagation

Delay Time (Strobe)

(Figure 10)

DS1652/DS3652

16

13

25

25

Electrical Characteristic Test Circuits

0.8VO

vcc' -0-°

OMINVCC

OMIN V EE

V1 V2 V3 V4

"1DS1650/

OS3650
DS1652/

DS3652

DS1650/

DS3650
DS1652/

DS1652

DS1650/

DS1650

DS1652/

DS1652

DS1650/

DS1650
DS1652/

DS1652

VOH +2.975V

-3.0V

+3.0V

-2.975V

+3.0V

GND

GND
-3.0V

+0.4 mA
+0.4 mA

ICEX +2.975V

-3.0V

+3.0V

-2975V

+3.0V

GND

GND
-3.0V

vol +3 ,0V

-2,975V

+3.0V

-2.975V

+2.975V

-3.0V

+2975V

-3.0V

GIMD

-3.0V

GND
-3.0V

+3.0V

GND
+3.0V

GND

-16 mA
-16 mA

Channel A shown under test. Other channels are tested similarly.

FIGURE 1. ICEX. VOH and VOL

115



Electrical Characteristic Test Circuits (continued)

3VQ-

DS1650/

DS3650,

DS165Z/

DS3652

>CCH

{a) O MAX Vcc

0-°'

FIGURE 2. IcCH and l EEH FIGURES. l| H (S)and 'lL(S)

25inVO

Note. Channel A shown under test, other channels are tested

similarly. Only one output shorted at a time.

Note. Channel Ai— ) shown under test, other channels are

tested similarly. Devices are tested with V1 from 3V to —3V.

FIGURE 4. IQS FIGURE 5. 1

1

H

3VO

Note. Channel A(— } shown under test, other channels are tested

similarly. Devices are tested with V1 from 3V to —3V.
Note. Output of Channel A shown under test, other outputs
are tested similarly for V1 ^ 0.4V and 2.4V.

FIGURE 6. I|L FIGURE 7. IQFF

1-16



AC Test Circuits and Switching Time Waveforms

jF" \
'PLH(D)-

:: vol-
7" \_

Output of Channel B shown under test, other channels are tested similarly.

S1 at "A" for DS1652/DS3652
S1 at "B" for DS165C/DS3650

Cl - 15 pF total for DS1652/DS3652

Cl = 50 pF total for DS1650/DS36E0

E| [\j waveform characteristics:

tjLH ancl tTHL < 10 ns measured 10% to 90%

PRR = 1 MHz
Duty Cycle = 500 ns

FIGURE 8. Receiver Propagation Delay tp|_H(D) and tPHL(D)

E 1N

tPLO(S)

VOL 0.5V

tPHO(S)

Note. Output of Channel B shown under test, other channels are tested similarly.

tPOL(S)

V1 V2 S1 S2 cl

tPLO(S) 100 mV GND Closed Closed 15pF

tPOL(S) 100 mV GND Closed Open 50 pF

tPHO(S) GND 100 mV Closed Closed 15 pF

tPOH(S) GND 100 mV Open Closed 50 pF

E|N

-'POL(S)

VfjL-

\l.5V

C|_ includes jig and probe capacitance.

E (N waveform characteristics: tTl_H 3nd lTHL H 10 ns measured

10% to 90%

PRR = 1 MHz

Duty Cycle = 50%

tPOH(S)

!3:

7-
FIGURE 9. Strobe Propagation Delay tp|_0(S). tPOL(S). tPHOIS) and 'POHIS)

o
if)

en
O
O
if)

w
Ol
o
o
if)

o>
Ol
IO

o
if)

CO
O)
Ol
ro

-v „-o.sv

- = 1.5V
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AC Test Circuits and Switching Time Waveforms (Continued)

ff
[IS1652/

[IS3B52

X
E|N /Sll%

V0H

EO

"Of
7^"^

Note. E|f\j waveform characteristics:

tTLH and tTHL < 10 ns measured 10% to 90%
PRR = 1 MHz

Note. Output of Channel B shown under test, other channels are tested similarly. Duty Cycle = 500 ns

FIGURE 10. Strobe Propagation Delay tp|_H{S) and lPHL(S)

Schematic Diagrams
vcc o-

-f
o STROBE

1/4 of circuit shown

DS1652/DS3652
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Transmission Line
Drivers/Receivers

o
(/>

0)
(O

DS1691/DS3691(RS-422/RS-423) Line Drivers
DS1692/DS3692 TRI-STATE® Differential Line Drivers

General Description

The DS1691/DS3691 are low power Schottky TTL
line drivers designed to meet the requirements of ElA
standards RS-422 and RS-423. They feature 4 buffered

outputs with high source and sink current capability

with internal short circuit protection. A mode control

input provides a choice of operation either as 4 indepen-

dent line drivers or 2 differential line drivers. A rise time

control pin allows the use of an external capacitor to

reduce rise time for suppression of near end crosstalk

to other receivers in the cable.

The DS1692/DS3692 are dual differential line drivers

with TRI-STATE outputs. They feature ±10V output

common-mode range in TRI-STATE and OV output

unbalance when operated with ±5V supply.

Features

Dual RS-422 line driver or quad RS-423 line driver

in DS1691/DS3691

Individually TRI-STATEable differential drivers in

the DS1692/DS3692meetsMIL-STD-188-114

Short circuit protection for both source and sink

outputs

Individual rise time control for each output

100ii transmission line drive capability

Low Ice ar| d lEE Power consumption

RS-422 35mW/drivertyp
RS-423 26 mW/driver typ

Low current PNP inputs compatible with TTL, MOS
and CMOS

o
C/>

C*>

0>
(0

o
c/>

o>
CO
ro

O
c/>W
O)
(0
ro

Logic Diagram (1/2 circuit shown)

INPUTS (CI

Tfll STATE* CD-
DISABLE

-£>-

£c»

D£=
t>

:=o

-OCEXT.«l°)

-O OUTPUT A (Dl

lO-fc^ —

;

-OCext.bici

Connection Diagram

Dual-ln-Line Package

Truth Table

vec — u 16— RISE TIME CONTROL A

2
INPUT A — — OUTPUT A

INPUTS/DISABLE
14— OUTPUT B

MODE SELECT— — RISE TIME CONTROL B

GND

—

12— RISE TIME CONTROL C

6
INPUT C/DISABLE — OUTPUT

C

7

INPUT

D

— OUTPUT

v EE
-i 9— RISE TIME CONTROL D

TOP VIEW

Order Number DS1691J. DS1691W, DS3691J. DS3691N.
DS1692J, DS1692W. OS3692J or DS3692N

See NS Package J16A. N16A or W16A

INPUTS OUTPUTS

MODE A ID) BICI AID) BICI

1

1 TRI-STATE TRI-STATE

1 1

1 1 TRI-STATE TRI STATE

1

1

1

1

1

1

1

1

1

1

1

1
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Absolute Maximum Ratings (NoteD Operating Conditions

MIN MAX UNITS

Supply Voltage Supply Voltage

Vcc 7V DS1691, DS1692
V EE -7V VCC 4.5 5.5 V

Power Dissipation 600 mW Vee -4.5 -5.5 V
Input Voltage 15V DS3691, DS3692
Output Voltage (Power OFF) -15V Vcc 4-7 5 5-25 V
Storage Temperature -65'C to +150°C Vee -4.75 -5.25 V
Lead Temperature (Soldering, 10 seconds) 300

U
C Temperature (Ta)

DS1691, DS1692 -55 +125 "C

DS3691, DS3692 +70 "C

Electrical Characteristics dsi69i/ds369i (Notes 2, 3, 4 and 5)

PARAMETER CONDITIONS MIN TYP MAX UNITS

RS-422 Connection, VgE Connection to Ground, Mode Select < 0.8V

Vo

Vo

Differential Output Voltage

VA,B

R|_-co
V|N = 2V 3.6 6.0 V

V|N = 0.8V -3.6 -6.0 V

vt

Differential Output Voltage

VA,B
R L = 1 OOfi

V| N = 2V 2 2.4 V

V| N = 0.8V -2 -2.4 V

vos. vos
Common-Mode Offset

Voltage
R L = 1 0OH 2.5 3 V

IVtI-IVtI
Difference in Differential

Output Voltage
R L = 1 OOSi 0.05 0.4 V

|vosi-lvosi Difference in Common-

Mode Offset Voltage
Rl= 100a 0.05 0.4 V

vSs IVt-VtI R L = 1 00fi 4.0 4.8 V

ISA

Output Short Circuit Current

V|N = 2.4V
VoA = 6V 80 150 mA

VoB = 0V -80 -150 mA

'SB V|N = 0.4V
VqA = 0V 80 -150 mA

VoB = 6V 80 150 mA

ice Supply Current 18 30 mA

RS-423 Connection, |Vcci =
l

v EEi. Mode Select > 2V

Vo

V
Output Voltage

R|_ = ».

Vcc > 4.75V

V| N = 2.4V 4.0 4.4 6.0 V

V| N = 0.4V -4.0 -4.4 -6.0 V

vT
vt

Output Voltage
R|_ = 45CLQ,

Vcc > 4.75V

V| N = 2.4V 3.6 4.1 V

V| N = 0.4V -3.6 -4.1 V

ix
+

Output Leakage Power OFF Vcc = v E e = ov
V - 6V 2 100 uA

ix~ V = -6V -2 -100 MA

is
+

Output Short Circuit Current V o = 0V
V| N = 2.4V -80 -150 mA

is" Vin = 0.4V 80 150 mA

'SLEW Slew Control Current ±140 uA

ice Positive Supply Current V|N = 0.4V, R[_ = °° 18 30 mA

lEE Negative Supply Current V|N = 0.4V, R L = ~ -10 -22 mA

Note 1
:
"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply

that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation.

Note 2: Unless otherwise specified, m in/max limits apply across the -55° C to +1 25° C temperature range for tht: OS 1691, DS1692 and across the

0°C to +7CTC range for the DS3691, DS3692. All typicals are given for Vcc = 5V and TA = 25°C. Vcc and V£ E as listed in operating conditions.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. Ail voltages are referenced to ground unless otherwise

specified.

Note 4: Only one output at a time should be shorted.

Note 5: Symbols and definitions correspond to EIA RS-422 and/or RS-423 where applicable.



Electrical Characteristics DS1692/DS3692 (Notes 2, 3 and 4)

O
CO

PARAMETER CONDITIONS MIN TYP MAX UNITS

DS1692, Vcc = 5V J-10%. DS3692, VqC = 5V ±5%, VeE Connection to Ground, Mode Select < 0.8V "•>.

V Differentia! Output Voltage
Rl = °°

V |N
= 2V 2.5 3.6 V u

CO
COV V A ,B

V| N = 0.8V -2.5 -3.6 V

Vt Differential Output Voltage R |_
= 1 0OP. V| N = 2V 2 2.6 V

VT VAB V| N = 0.8V -2 -2.6 V

Common-Mode Offset
Vns, VnsUb us

Voltage
R L = 1 0OP. 2.5 3 V

CO
Difference in Differential

IVtHVtI
'

' Output Voltage
R|_= 100P 0.05 0.4 V

Difference in Common-
Ub Ub

Mode Offset Voltage
R L

= 100P. 0.05 0.4 V ^.

CO
COV SS 'iV T -Vyl R|_ = 100P- 4.0 4.8 V

IXA Output Leakage Current
vcc = o

V = 15V 0.01 0.15 mA 0>

10IXg Power OFF V = -15V -0.01 -0.15 mA

V > -10V -0.002 -0.15 mA
IgX 1 KI-S 1 A 1 t uutput uurrent

V < 15V 0.002 0.15 mA

V| N = 2.4V
VoA = 6V 80 150 mA

QISA VoB -0V -80 -150 mA
Output Short-Circuit Current

V|N = 0.4V
VoA = 0V -80 -150 mA

'SB VoB = 6V 80 150 mA

\qq Supply Current 18 30 mA

DS1692, Vcc = 5V ±10%, V£E = -5V ±10%, DS3692, V CC = 5V '.5%, VeE = -5 15%
.
Mode Select < °-8v

V„ Differential Output Voltage
R|_ = °°

V| N = 2.4V 7 | 8.5 12 V

i

V V A ,B
V| N = 0.4V -7 8.5 -12 V

Vt Differential Output Voltage

V~T VA , b

R L
= 200P

V| N = 2.4V 6 7.3 V

V| N = 0.4V -6 -7.3 V

VtI — |Vj Output Unbalance :vcci = iveeI. Rl= 20012 0.02 0.4 V

l x TRI-STATE Output Current
V = 10V 0.002 0.15 mA

V = -10V -0.002 -0.15 mA

Output Short-Circuit Current
is
- V = OV

V| N = 2.4V -80 150 mA
V| N = 0.4V 80 150 mA

'SLEW Slew Control Current ±140 i"A

\qq Positive Supply Current V|N = 0.4V, R L = ~ 18 30 mA

IgE Negative Supply Current Vin = 04V, R L = ~ -10 -22 mA

Electrical Characteristics (Notes 2 and 3) v EE <ov

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|H High Level Input Voltage 2 V

V|L Low Level Input Voltage 0.8 V

l|H Hiqh Level Input Current V| N = 2.4V 1 40 HA

V|N< 15V 10 100 MA

l|L Low Level Input Current V| N = 0.4V -200 -30 -200 HA

V| Input Clamp Voltage l||\j = -12 mA -1.5 -1.5 V
1
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Switching Characteristics DS1691/DS3691 ta = 25°c, (Note 5)

PARAMETER | CONDITIONS | MIN
| TYP | MAX | UNITS

RS-422 Connection, Vcc = 5V, Mode Select = 0.8V

tr Output Rise Time R|_ = 1000, C[_ = 500 pF, (Figure 1) 120 200 ns

tf Output Fall Time R|_ = 100O, C|_ = 500 pF, (Figure 1) 120 200 ns

tPDH Output Propagation Delay R[_ = 1000, C|_ = 500 pF, (Figure 1) 120 200 ns

tPDL Output Propagation Delay R|_ = 100n, C[_ = 500 pF, (Figure 1) 120 200 ns

RS-423 Connection, Vcc = 5V, Vee =-5V, Mode Select = 2.4V

Rise Time RL = 450S2, Cl = 500 pF, Cc = 0, (Figure 2) 120 300 ns

Fall Time R|_ = 450J2, Cl = 500 pF, Cc = 0, (Figure 2) 120 300 ns

Rise Time R l = 45052, Cl = 500 pF, Cc = 50 pF, (Figure 3) 3.0 A<s

Fall Time RL = 4500, Cl = 500 pF, Cc = 50 pF, (Figure 3) 3.0 MS

trc Rise Time Coefficient RL = 450n, Cl= 500 pF, Cc = 50 pF, (Figure 3) 0.06 us/pF

tPDH Output Propagation Delay RL = 450J2, Cl = 500 pF, Cc = 0, (Figure 2} 180 300 ns

tPDL Output Propagation Delay R l = 450n, C L = 500 pF, Cc = 0, (Figure 2} 180 300 ns

Switching Characteristics dsi692/ds3692 ta = 25°c

PARAMETER | CONDITIONS | MIN | TYP | MAX | UNITS

Vcc = 5V, Mode Select = 0.8V

tr

Differential Output Rise

Time
RL = 10012, Cl = 500 pF, (Figure 1) 120 200 ns

tf

Differential Output Fall

Time
RL = 100n, Cl = 500 pF, (Figure 1) 120 200 ns

tPDH Output Propagation Delay RL = 100H, Cl = 500 pF, (Figure 1) 120 200 ns

tPDL Output Propagation Delay RL = 10012, Cl = 500 pF, (Figure 1) 120 200 ns

tPZL TRI-STATE® Delay RL = 100J2, Cl = 500 pF, (Figure 4) 180 250 ns

tPZH TRI-STATE Delay RL = 100S2, Cl = 500 pF, (Figure 4) 180 250 ns

tPLZ TRI-STATE Delay RL = 100H, Cl = 500 pF, (Figure 4) 80 150 ns

tPHZ TRI-STATE Delay RL = 100J2, Cl = 500 pF, (Figure 4) 80 150 ns

Vcc = 5V . VEE = -BV, Mode Select = 0.8V

tr

Differential Output Rise

Time
RL = 200n, Cl = 500 pF, (Figure 1) 190 300 ns

tf

Differential Output Fall

Time
RL = 200O, Cl = 500 pF, (Figure 1) 190 300 ns

tPDL Output Propagation Delay RL = 20052, Cl = 500 pF, (Figure 1) 190 300 ns

tPDH Output Propagation Delay RL = 200f2, Cl = 500 pF, (Figure 11 190 300 ns

tPZL TRI-STATE Delay RL = 2000, Cl = 500 pF, (Figure 4) 180 250 ns

tPZH TRI-STATE Delay RL = 20012, Cl = 500 pF, (Figure 41 180 250 ns

tPLZ TRI-STATE Delay RL = 200H, Cl = 500 pF, (Figure 4) 80 150 ns

tPHZ TRI-STATE Delay RL = 200f2, Cl = 500 pF, (Figure 4) 80 150 ns
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AC Test Circuits and Switching Time Waveforms
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Switching Waveforms
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Typical Rise Time Control Characteristics

Rise Time vs External Capacitor
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ZVi National
£A Semiconductor
DS26LS31/DS26LS31M Quad High Speed
Differential Line Driver

General Description

Transmission Line
Drivers/Receivers

The DS26LS31 is a quad differential line driver designed

for digital data transmission over balanced lines. The

DS26LS31 meets all the requirements of EIA Standard

RS-422 and Federal Standard 1020. It is designed to

provide unipolar differential drive to twisted-pair or

parallel-wire transmission lines.

The circuit provides an enable and disable function

common to all four drivers. The DS26LS31 features

TRI-STATE® outputs and logically ANDed comple-

mentary outputs. The inputs are all LS compatible and

are all one unit load.

The DS26LS31 is constructed using advanced low power

Schottky processing.

Features
Output skew — 2.0 ns typical

Input to output delay — 12 ns

Operation from single 5V supply

16-pin hermetic and molded DIP package

Outputs won't load line when V^C ~

Four line drivers in one package for maximum
package density

Output short-circuit protection

Complementary outputs

Meets the requirements of EIA Standard RS-422

Pin compatible with AM26LS31

Available in military and commercial temperature

range

Advanced low power Schottky processing

o
ro

r-
c/>

CO

a
CO
ro
o>
r~
c/>w

Logic Diagram

ENABLE ENABLE INPUT D INPUT C INPUT B INPUT Ao f } f T

v in fn irS <n
A i
GND VCC OUTPUT

D2

OUTPUT
01

O
OUTPUT OUTPUT

C2 C1

o
OUTPUT

B2

o o
OUTPUT OUTPUT

B1 A2

6
OUTPUT

A1

Connection Diagram
Dual-ln-Line Package

INPUT A

-

CHANNEL A
OUTPUTS

ENABLE

-

CHANNELS
OUTPUTS

INPUT B-

GND-

T&

5V

15
INPUT

D

CHANNEL
OUTPUTS

ENABLE

CHANNEL

C

OUTPUTS

INPUT

C

TOP VIEW

Order Number DS26LS31CJ. DS26LS31CN,
DS26LS31MJ or DS26LS31MW

Sea NS Package J16A, N16A or W16A
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Absolute Maximum Ratings (Noteu Operating Conditions

Supply Voltage

Input Voltage

Output Voltage

Output Voltage (Power OFF)

7V Supply Voltage, VCC
7V DS26LS31M 4.5 5.5 V
5V DS26LS31 4.75 5.25 V

-0.25V to 6V Temperature, T/^

DS26LS31M -55 +125 °C

DS26LS31 +70 °C

Electrical Characteristics (Notes 2, 3 and 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

VOH Output High Voltage lOH = -20 mA 2.5 V

vol Output Low Voltage IOL = 20 mA 0.5 V

V|H Input High Voltage 2.0 V

V|L Input Low Voltage 0.8 V

l|L Input Low Current V|N = 0.4V -0.36 mA

l|H Input High Current V|N = 2.7V 20 AiA

|| Input Reverse Current V| N = 7V 0.1 mA

io TRI-STATE Output Current Vo = 2.5V 20 i"A

Vq = 0.5V -20 HA

VCL Input Clamp Voltage
I tl\t

= -18 mA -1.5 V

'sc Output Short-Circuit Current -30 -150 mA

ice Power Supply Current All Outputs Disabled 80 mA

Switching Characteristics vCc -5V,TA = 25°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

tp|_H Input to Output C|_ = 30pF 8 20 ns

tpHL Input to Output C L = 30pF 8 20 ns

Skew Output to Output C|_ = 30pF 2.0 6.0 ns

t[_z Enable to Output C[_= 10 pF, S2 0pen 15 35 ns

tHZ Enable to Output C|_ = 10pF,S1 Open 12 30 ns

t2L Enable to Output C|_ = 30pF,S2 0pen 14 45 ns

tzH Enable to Output C[_ = 30 pF, S1 Open 13 40 ns

Note 1 : "Absolute Maximum Ratings" eire those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply

that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the —55° C to +125°C temperature range for the DS26LS31M and across the

0°C to+70°C range for the DS26LS31. All typicals are given for Vcc = 5V and TA » 25°C.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise

specified.

Note 4: Only one output at a time should be shorted.
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AC Test Circuit and Switching Time Waveforms

TEST
POINT

FROM OUTPUT

VCC

cr^To—Wv—

•

Note. S1 and S2 of load circuit are closed except where shown.

FIGURE 1. AC Test Circuit
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w
o
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r-
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INPUT

f= 1 MHz, t,< 15 ns,

t( < 6 ns

3V -

0V-

OUTPUT

«PHL-

1.3V

--<PLH
\

<PHl

'PLH

ENABLE INPUT
'

f=1 MHz,t,<15ns,
t( < 6 ns

1.3V

— 'PZL

OUTPUT
S2 OPEN

VOL-

VOH-

\wi^

OUTPUT
S1 OPEN

1.3V

'PZH

DISABLE

JF V

tpHZ

^
FIGURE 2. Propagation Delays FIGURE 3. Enable and Disable Times

Typical Applications

Two-Wire Balanced System, RS-422

! n

1/4 DS26LS32

-sr^1
OUTPUT

Single Wire with Common Ground Unbalanced System, RS-423

iw 1/4 DS369

K *o

1/4 0S26LS32

5~ DATA
OUTPUT

GROUND RETURN COMMON
" TO SEVERAL SIGNAL WIRES
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National
Semiconductor

Transmission Line
Drivers/Receivers

DS26LS32/DS26LS32M, DS26LS33/DS26LS33M
Quad Differential Line Receivers

General Description Features

The DS26LS32 is a quad line receiver designed to meet

the requirements of RS-422 and RS-423 and Federal

Standards 1020 and 1030 for balanced and unbalanced

digital data transmission.

The DS26LS32 features an input sensitivity of 200 mV
over the input voltage range of ±7V.

The DS26LS33 features an input sensitivity of 500 mV
over the input voltage range of ±15V.

The DS26LS32 and DS22LS33 provide an enable and

disable function common to all four receivers. Both

parts feature TRI-STATE® outputs with 8 mA sink

capability.

The DS26LS32 and DS26LS33 are constructed using

advanced low power Schottky processing.

Input voltage range of 15V (differential or common-

mode) on DS26LS33, 7V (differential or common-
mode) on DS26LS32

±0.2V sensitivity over the input voltage range on

DS26LS32, ±0.5V sensitivity on DS26LS33

DS26LS32 meets all the requirements of RS-422 and

RS-423

6k minimum input impedance

140 mV input hysteresis, DS26LS32; 280 mV input

hysteresis, DS26LS33

Operation from single 5V supply

16-pin hermetic and molded DIP package

TRI-STATE drive, with choice of complementary

output enables for receiving directly onto a data bus

Propagation delay 17 ns (typ)

Available in military and commercial temperature

range

Advanced low power Schottky processing

Pin replacement for Advanced Micro Devices

AM26LS32 and AM26LS33

Logic Diagram
ENABLE ENABLE IN D2 IN D1 IN C2 IN CI IN B2 IN B1 IN A2 IN A]

J u u n n

Connection Diagram Dual-ln-Line Package

T7~
INPUTS A

OUTPUT A-

ENABLE -

OUTPUT C -

INPUTS C

T^\
p^^ INPUTS B

tt^:

U>L^i

•V(X

TOP VIEW

Order Number DS26LS32CJ, DS26LS32CN, DS26LS32MJ,
DS26LS32MW, DS26LS33CJ, DS26LS33CN,

DS26LS33MJ or DS26LS33MW
See NS Package J16A, N16A or W16A
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Absolute Maximum Ratings

Supply Voltage

Common-Mode Range

Differential Input Voltage

Enable Voltage

Output Sink Current

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds!

Operating Conditions

7V Supply Voltage (Vqq)

:25V DS26LS32M, DS26LS33M
:25 V (MIL!

7 V DS26LS32C, DS26LS33C
50 mA (COML)

'C to + 165 C Temperature (T^l
300' C DS26LS32M, DS26LS33M

(MIL)

DS26LS32C, DS26LS33C
(COML)

MIN MAX UNITS

5:10 V

5 --5 V

-55 +125 "C

+70 "C

Electrical Characteristics

Over the operating temperature range unless otherwise speci ied

PARAMETER CONDITIONS MIN TYP MAX UNITS

VTH Differential Input Voltage
VOUT = VOL or VoH

DS26LS32, -7V < Vqm < +7V -0.2 ±0.07 0.2 V

DS26LS33, -15V < VCM <+15V -0.5 +0.14 0.5 V

Rin Input Resistance -15V < Vqm < +15V (One Input AC Ground) 6.0 8.5 kJJ

I IN Input Current (Under Test) V|N = 15V, Other Input -15V < V|N < +15V 2.3 mA
V|M = -15V, Other Input -15V < V|M < +15V -2.8 mA

VOH Output High Voltage Vcc= Min, AV|n = IV,

= -440 uA

Commercial 2.7 4.2 V

VENABLE = 0.BV, loH Military 2.5 4.2 V

vol Output Low Voltage VCC= Min, AV| N = -1\/, lOL = 4 mA 0.4 V

VENABLE = U.BV Iql = 8 mA 0.45 V

V|L Enable Low Voltage 0.8 V

V(H Enable High Voltage 2.0 V

V| Enable Clamp Voltage VCC= Min, I in = -18 mA -1.5 V

io OFF-State (High Impedance)

Output Current

VcC ^ Max Vo = 2.4V 20 uA

Vq = 0.4V -20 MA

Ml Enable Low Current V|N = 0.4V -0.36 mA

l|H Enable High Current V|N = 2.7V 20 uA

isc Output Short-Circuit

Current
Vo = 0V, Vcc = Max, AV|N = 1

V

-15 -85 mA

ice Power Supply Current VcC= Max, All V| N = Gnd,

Outputs Disabled

DS26LS32 52 70 mA
DS26LS33 57 80 mA

rf input High Current V|M = 5.5V 100 UA

VHYST Input Hysteresis TA = 25°C, VCC=5V,

VCM = 0V

DS26LS32 ±140 mV
DS26LS33 ±280 mV

tPLH Input to Output

Ta = 25°C, Vqc= 5V, Cl= 15 pF, See Test Conditions

17 25 ns

tPHL Input to Output 17 25 ns

tLZ Enable to Output

TA = 25°C, Vqc^ 5V,Cl= 15 pF, See Test Conditions

20 30 ns

tHZ Enable to Output 15 22 ns

»ZL Enable to Output 15 22 ns

tZH Enable to Output 15 22 ns

Note 1 : All typical values are VqC " 5V, TA = 25°C
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AC Test Circuit and Switching Time Waveforms

Load Test Circuit for TRI-STATE Outputs

TEST

FROM OUTPUT
UNDER TEST

C L INCLUDES
PROBE AND JIG

CAPACITANCE

V CC

<f%\ o—vw—

'

Propagation Delay (Notes 1 and 3) Enable and Disable Times (Notes 2 and 3)

OUTPUT

OPPOSITE PHASE
INPUT TRANSITION

VOH-

V L-

2.5V-

-2.5V

-J^W V ENABLE /^ V
] \— 'NPUT mJ \

-«PLH~
V /

'PHL

OUTPUT
NORMALLY

LOW

OUTPUT
NORMALLY

HIGH

OV-

-4.5V -

VOL

VOH

S2 OPEN

~0V
Note 1 : Diagram shown for Enable Low.

Note 2: S1 and S2 of Load Circuit are closed except where shown.

Note 3: Pulse Generator for All Pulses: Rate < 1.0 MHz; H = 50H; t
r
< 15 ns; tf < 6.0 ns.

tZL

Vl.3V
—A (»_

'ZH 'HZ-

U

<LZ

0.5V

J--1.5V

1^-,,
^P
— -1.5V

0.5V

Typical Applications

Two-Wire Balanced System, RS-422

ENABLE

Z„—H K :

1/4 DS26LS32

Single Wire with Common Ground Unbalanced System, RS-423

£= DATA
OUTPUT

DATA<

1/4 0S3691 |

Z„^ h^.
1/4 DS26LS32

DATA
OUTPUT

GROUND RETURN COMMON
'TO SEVERAL SIGNAL WIRES
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GJj National
Jul Semiconductor
DS3486 Quad RS-422, RS-423 Line Receiver
General Description

Transmission Line
Drivers/Receivers

O
(/)

CO

National's quad RS-422, RS-423 receiver features four

independent receiver chains which comply with EIA

Standards for the electrical characteristics of balanced/

unbalanced voltage digital interface circuits. Receiver

outputs are 74LS compatible, TRI-STATE® structures

which are forced to a high impedance state when the

appropriate output control pin reaches a logic zero

condition. A PNP device buffers each output control pin

to assure minimum loading for either logic one or logic

zero inputs. In addition, each receiver chain has internal

hysteresis circuitry to improve noise margin and dis-

courage output instability for slowly changing input

waveforms.

Features
Four independent receiver chains

TRI-STATE outputs

High impedance output control inputs (PIA compa-

tible)

Internal hysteresis — 140 mV (typ)

Fast propagation times — 18 ns (typ)

TTL compatible

Single 5V supply voltage

Pin compatible and interchangeable with MC3486

Block Diagram
DIFFERENTIAL

INPUTS

INPUT

NETWORK

\w
zAMPLIFIER

LEVEL
TRANSLATOR

OUTPUT

O

HYSTERESIS
LEVEL

TRANSLATOR

AMPLIFIER

Connection Diagram

INPUTS A i$h
OUTPUT A-

TRI-STATE _!
CONTROL A/C

5
OUTPUT C-

INPUTS C

GND-

Dual-ln-Line Package

w

P-Ou

fc<i

INPUTS

B

OUTPUT

B

12. TRI-STATE
CONTROL B/D

11
OUTPUT

D

10

INPUTS

D

TOP VIEW

Order Number DS3486J or DS3486N
See NS Package J16A or N16A
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Absolute Maximum Ratings (Note 1)

Power Supply Voltage, Vqq
Input Common-Mode Voltage, \/\cw\
Input Differential Voltage, V|q
TRI-STATE Control Input Voltage, V|

Output Sink Current, Iq

Storage Temperature, TsTG

8 V
= 15 V
•15 V
8 V

50 mA
-65C

C to +150°C

Operating Conditions

MIN MAX UNITS
Power Supply Voltage, Vqq 4.75 5.25 V
Operating Temperature, Ta 70 °c

Input Common-Mode Voltage -7.0 7.0 V
Range, V| CR

Input Differential Voltage 6.0 6.0 V
Range, V| DR

Electrical Characteristics

(Unless otherwise noted, minimum and maximum limits apply oyer recommended temperature
Typical values are for Ta = 25°C, Vqc = 5V and V|c = 0V. See Note 2.)

and power supply voltage ranges.

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|H Input Voltage - High Logic State

(TRI-STATE Control)

2.0 V

V|L Input Voltage — Low Logic State

(TRI-STATE Control)

0.8 V

VTH(DI Differential Input Threshold Voltage -7V<V|C<7V,V|H TRI-STATE- 2V

10= 0.4 mA, V H> 2.7V 0.070 0.2 V
10= 8 mA, Vol > 0.5V 0.070 -0.2 V

Mbidi Input Bias Current Vqc = 0V or 5.25V, Other Inputs at 0V

V| = -10V -3.25 mA
V| = -3V -1.50 mA
V| = 3V 1.50 mA
V

|

= 1 0V 3.25 mA
Input Balance -7V<V| C <7V, V|H(3C) = 2V,

(Note 4)

lO = 0.4 mA, V|D = 0.4V 2.7 V
IO = 8 mA, V| D = -0.4V 0.5 V

ioz Output TRI-STATE Leakage Current V|(0) = 3V. V| L = 0.8V, V L = 0-5V -40 *<A

V|( D )

= -3V, V| L
= 0.8V, V H = 2.7V 40 uA

ios Output Short-Circuit Current V|(D) = 3V, V| H TRI-STATE = 2V,

Vo«0, (Note 3)

-15 -100 mA

IlL Input Current - Low Logic State

(TRI-STATE Control)

V|L = 0.5V -100 uA

l|H Input Current - High Logic State

(TRI-STATE Control)

V| H = 2.7V 20 uA
V|L= 5.25V 100 AtA

VlC Input Clamp Diode Voltage

(TRI-STATE Control)

1
1 |M

= —10 mA -1.5 V

ice Power Supply Current All Inputs V||_= 0V 85 mA
Note 1

:

that the

Note 2:

noted.

Note 3:

Note 4:

"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be gu
devices should be operated at these imits. The table of "Electrical Characteristics" provides conditk
All currents into device pins are shown as positive, out of device pins are negative. All voltages

Only one output at a time should be shorted.

Refer to EIA RS-422/3 for exact conditions.

aranteed They are not mean
ns for actual device operatio

eferenced to ground unless

to imply

n.

otherwise
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Switching Characteristics {Unless otherwise noted, Vqc = 5V and Ta = 25°C.)

PARAMETER MIN TYP MAX UNITS

Propagation Delay Time — Differential Inputs to Output

tPHL(D) Output High to Low 19 35 ns

tPLH(D) Output Low to High 19 30 ns

Propagation Delay Time - TRI-STATE Control to

Output

tPLZ Output Low to TRI-STATE 23 35 ns

tPHZ Output High to TRI-STATE 25 35 ns

tPZH Output TRI-STATE to High 18 30 ns

tpZL Output TRI-STATE to Low 20 30 ns

AC Test Circuits and Switching Time Waveforms

PULSE
GENERATOR

C L
= 15 pF

NCLUDES PROBE
AND STRAY
CAPACITANCE

TRI-STATEa CONTROL

o
CO

00

INPUT

OUTPUT

'PLrKDi

Input pulse characteristics:

tTLH = tT HL = 6 ns (10% to 90%)
PRR = 1 MHz, 50% dutv cycle

FIGURE 1. Propagation Delay Differential Input to Output
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AC Test Circuits and Switching Time Waveforms (Continued)

TO SCOPE
(INPUT) TRI-STATE

CONTROLOn
PULSE/

generatorV

DIFFERENTIAL
7 INPUTS

TO SCOPE
(OUTPUT)

XT

C L = 15 pF INCLUDES.
PROBE AND STRAY .

CAPACITANCE

1 .5V for tpHZ an(^ tPLZ
—1 -5V for tp[_z and tpz|_

Input pulse characteristics:

'TLH " <THL = 6 ns (10% to 90%)
PRR = 1 MHz, 50% duty cycle

VW—Cr ivvv w
SW1
O— 5V

ALL DIODES 1N916 OR
EQUIVALENT

lPLZ

INPUT

OUTPUT

3V

0V-

»1.3V-

VOL-
ov-

~\lf
-'PLZ

/ °-5V

SW1 CLOSED
SW2 CLOSED

tOUT

lPHZ

~Vv
jF

OV -' •

"OH-

«PHZ

*1.3V-

OV-

SW1 CLOSED
SW2 CLOSED

\ 0.5V /

tPZH

INPUT

3V

OVZ^lJ
VOH-

OV- \-J

SW1 OPEN
SW2 CLOSED

" lPZH

K 5V

INPUT

*PZL

3V

OV^Zjf
~5V -Vi

OUTPUT izr^kv

OV

SW1 CLOSED
SW2 OPEN

-*PZL

FIGURE 2. Propagation Delay TRI-STATE Control Input to Output
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OT National
Semiconductor

DS3487 Quad TRI-STATE® Line Driver

General Description Features

Transmission Line
Drivers/Receivers
Advance Information

National's quad RS-422 driver features four indepen-

dent driver chains which comply with EIA Standards

for the electrical characteristics of balanced voltage

digital interface circuits. The outputs are TRI-STATE®

structures which are forced to a high impedance state

when the appropriate output control pin reaches a logic

zero condition. All input pins are PNP buffered to

minimize input loading for either logic one or logic zero

inputs. In addition, internal circuitry assures a high

impedance output state during the transition between

power up and power down.

Four independent driver chains

TRI-STATE outputs

PNP high impedance inputs (PIA compatible)

Power up/down protection

Fast propagation times (typ 15 ns)

TTL compatible

Single 5V supply voltage

Output rise and fall times less than 20 ns

Pin compatible with MC3487

Block Diagram

O
C/>

W
00
-«4

INPUT

NON-INVERTING

OUTPUTS

INVERTING

Connection Diagram
Dual-ln-Line Package

~o

—

INPUT A |
|

OUTPUTS A

A/B CONTROL-

OUTPUTS B

INPUT B-

GND-

-i-O
<o-

"cc

15
INPUT

D

OUTPUTS

C/D CONTROL

OUTPUTS

C

INPUT

C

TOP VIEW

Order Number DS3487J or DS3487N
See NS Package J16A or N16A

Truth Table

INPUT
CONTROL
INPUT

NON-INVERTER
OUTPUT

INVERTER
OUTPUT

H

L

X

H

H

L

H

L

Z

L

H

Z

L = Low logic state

H = High logic state

X = Irrelevant

2 = TRI-STATE (high impedance)
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Absolute Maximum Ratings (NoteD Operating Conditions

MIN MAX UNITS

Supply Voltage 8V Supply Voltage (Vcc ) 4.75 5.25 V
Input Voltage 5.5V Temperature (TA ) +70 °C
Storage Temperature -65°C to +150"C
Lead Temperature (Soldering, 10 seconds} 300°

C

Electrical Characteristics (Notes 2 ,3, 4 and 5)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V
f |_ Input Low Voltage 0.8 V

V|H Input High Voltage 2.0 V

l|L Input Low Current V|l = 0.5V 200 KA

llH Input High Current V| H = 2.7V 50 pA

V| H - 5.5V 100 HA

Vcl Input Clamp Voltage ICL= -18 rnA -1.5 V

Vol Output Low Voltage IrjL = 4 ^ mA 0.5 V

Vqh Output High Voltage lOH = -20 mA 2.5 V

IfJS Output Short-Circuit Current -40 -140 mA

lOZ Output Leakage Current (TRI-STATE) V = 0.5V -100 MA

Vo = 5.5V 100 pA

lOFF Output Leakage Current Power OFF
Vcc = o

Vo = 6V

Vq = -0.25V

100

-100

MA

MA

|Vos _ Vosi Difference in Output Offset Voltage 0.4 V

Vt Differential Output Voltage 2.0 V

|Vjj — Vji Difference in Differential Output

Voltage

0.4 V

ICC Power Supply Current Active 85 mA
TR I STATE 105 mA

Switching Characteristics vCc = 5v,ta = 25 c

parameter CONDITIONS MIN TYP MAX UNITS

tpHL Input to Output 20 ns

tp[_h| Input to Output 20 ns

*PDHL Differential Fall Time 20 ns

tPDLH Differential Rise Time 20 ns

tpHZ Enable to Output R L = 200_Q, C L - 50 pF 25 ns

tpi_z Enable to Output R|_= 200ft, C L - 50 pF 25 ns

tpzH Enable to Output r l = oo, C|_ = 50 pF, S1 Open 30 ns

tpzL Enable to Output R|_ = 200ft, C[_ = 50 pF, S2 Open 30 ns

Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the
Q
C to +70° C range for the DS3487. All typicals are given for Vcc = 5V anc'

TA = 25°C.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise
specified.

Note 4: Only one output at a time should be shorted.

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable.
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AC Test Circuits and Switching Time Waveforms

1/4 DS3487

C L
= 50pF

INCLUDES PROBE

'

AND JIG CAPACITANCE'

3V-

INPUT

OUTPUT

OUTPUT

J

<PDL-

\
•PDH

tpDL-

tPDH-

fc

7
Input pulse: f = 1 MHz, 50%; t r

= tf < 1 5 ns.

3V0R
f

0V
V

CONTROL
INPUT

FIGURE 1. Propagation Delays

S1 and S2 closed except as noted.

C[_ includes probe and jig capacitance.

CONTROL
INPUT

OUTPUT

\
3V-

'PH2-

0V-

V H-

r

7 °-6v «* 1- V0L~

1.5V

-<PZH

7-

tpZL

Input pulse: f = 1 MHz, 50%; t r
= tf < 1 5 ns.

FIGURE 2. TRI-STATE Enable and Disable Delays

Rl
OUTPUT 100

tAVV-i

1/4 DS3487

CTECU
OR

TEMCT2
RRENT TRANSFORMER

R EQUIVALENT

7 V

c L
16 pF

• INCLUDING PROBE
AND JIG CAPACITANCE

OUTPUT
(DIFFERENTIAL)

90%

I—-'TLH 'THL-

Input pulse: f = 1 MHz, 50%; tr
= tf < 15 ns.

FIGURE 3. Differential Rise and Fall Times
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DS55113/DS75113 Dual TRI-STATE®
Differential Line Driver

Transmission Line
Drivers/Receivers

General Description

The DS55113/DS75113 dual differential line drivers

with TRI-STATE outputs are designed to provide all the

features of the DS551 14/DS751 14 line drivers with the

added feature of driver output controls. There are

individual controls for each output pair, as well as a

common control for both output pairs. When an output

control is low, the associated output is in a high-

impedance state and the output can neither drive nor

load the bus. This permits many devices to be connected

together on the same transmission line for party-line

applications.

The output stages are similar to TTL totem-pole outputs,

but with the sink outputs, YS and ZS, and the corres-

ponding active pull-up terminals, YP and ZP, available

on adjacent package pins.

Features

Each circuit offers choice of open-collector or active

pull-up (totem-pole) outputs

Single 5V supply

Differential line operation

Dual channels

TTL/DTL compatibility

High-impedance output state for party-line applica-

tions

Short-circuit protection

High current outputs

Single-ended or differential AND/NAND outputs

Common and individual output controls

Clamp diodes at inputs

Easily adaptable to DS551 14/DS75114 applications

Connection Diagram
Dual-ln-Line Package

Vrjc 2ZP 2ZS 2YS 2YP 2A 2C CC

Truth Table

Order Number DS55113J, DS75113J, or DS75113N
See NS Package J16A or N16A

INPUTS OUTPUTS
OUTPUT CONTROL DATA AND NAND

C CC A B* Y Z

L X X X Z Z

X L X X z z

H H L X L H

H H X L L H

H H H H H L

Positive logic: Y = AB
Z = AB

Output is OFF when
Cor CC is low

H = high level

L = low level

X = irrelevant

Z = high impedance (OFF!

B input and 4th line of truth

table applicable only to

driver number 1
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Absolute Maximum Ratings (Noten Operating Conditions

Supply Voltage (Vcc' (Note 1)

Input Voltage

OFF-State Voltage Applied to

Open-Collector Outputs

Continuous Total Dissipation at (or Below)

25° C Free-Air Temperature (Note 2)

Operating Free-Air Temperature Range

DS55113
DS75113

Storage Temperature Range

Lead Temperature (1/16" from case for

60 seconds): J Package

Lead Temperature 11/16" from case for

10 seconds): N Package

-55 C to +

0°C to

-65c C to +

7V
5.5V

12V

1W

125°C
+70" C
150' C

300'

C

260° C

Supply Voltage (Vcc)
DS55113
DS75113

High Level Output Current Ooh'

Low Level Output Current Ool'

Operating Free-Air Tempera-

ture (TA )

DS55113
DS75113

4.5 5.5 V
4.75 5.25 V

-40 mA
40 mA

-55 125 °C

70 °C

Electrical Characteristics Over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER

V[H High Level Input Voltage

V|L Low Level Input Voltage

V|K Input Clamp Voltage

Vqh H '9h Level Output Voltage

Vql Low Level Output Voltage

Vqk Output Clamp Voltage

! 0(off)

OFF-State Open-Cotlector

Output Current

CONDITIONS (Note 3) TYP
[Note 4)

Vcc = Min
' M

= ~ 12 mA

VCC = Mm, V| H = 2V,

V !L -0.8V

Iqh = -10 mA

IQH = -4° mA

Vcc = Min, V|H = 2V, V||_ = 0.8V, Iql = 40 mA

VqC " Max, 'O ~ ~40 mA

VCC" M ax

'OZ
OFF-State (High-Impedance-

State) Output Current

Input Current at

l| Maximum Input

Voltage

IH
High Level

Input Current

IlL
Low Level

Input Current

Short-Circuit Output

Current (Note 5)

ICC
Supply Current (Both

Drivers)

VCC = Wax.

Output Controls

at 0.8V

V H= 12V

V H- 5.25V

Ta = 25 C

TA » 125 C

TA » 25 C

Ta = 70 C

TA-25'-C,Vo = 0toVcc

Ta = Max

V =

Vq - 0.4V

Vq = 2.4V

Vq - Vcc

Vcc= Max. V| = 5.5V

Vcc= Max, V| = 2.4V

Vcc= Max, V| = 0.4V

Vcc = Max.Vo =

All Inputs at OV, No Load,

TA " 25°C

Vcc= Max

VCC -7V

TYP
(Note 4)

65 86 65

yA

MA

uA

Note 1: All voltage values are with respect to network ground terminal.

Note 2: For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in the Thermal information section. In the J package,

DS55113 chips are alloy-mounted, DS75113 chips are glass-mounted.

Note 3: All parameters with the exception of OFF-state open-collector output current are measured with the active pull-up connected to the sink

output.

Note 4: All typical values are at Ta - 25°Cand Vcc = 5V, with the exception of lcc at 7V '

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
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Switching Characteristics vcc = 5v, c l = 3o p f, ta = 25°c

PARAMETER CONDITIONS DS55113 DS75113
UNIT

MIN TYP MAX MIN TYP MAX

Propagation Delay Time, Low-to-

High-Leve! Output
(Figure 1

1

13 20 13 30 ns

Propagation Delay Time, High-to-
tpH L

,
,Low-Level Output

12 20 12 30 ns

1PZH Output Enable Time to High Leyel RL J 180P-, (Figure 2) 7 15 7 20 ns

tpzL Output Enable Time to Low Leve RL - 250S>, (Figure 3) 14 30 14 40 ns

Output Disable Time from High
tPHZ , .

Level
RL = 180S2, (Figure 2) 10 20 10 30 ns

Output Disable Time from Low
tPLZ . .

Level
RL = 250S7, (Figure 31 17 35 17 35 ns

Schematic Diagram (on e side shown only)

COMMON OUTPUT
CONTROL CC

(COMMON TO 80TH SIDES)

<^W

* These components common to both drivers.

Resistor values shown are typical and in ohms.
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AC Test Circuits and Switching Time Waveforms

sv—^/V\>—•
r

PULSE
GENERATOR
(NOTE 1)

D-irfFRx NAND
" OUTPUT

—I |— 1 5 ns —H [*-:5n

_. 30 pF

*_P* (NOTE 2)

L L J
WFh:

FIGURE 1. tp|_H and tpHL

PULSE
GENERATOR
(NOTE I) r^r^Fb

or
30 pF I NAND
INDTEZ] J*) OUTPUT

~
. t OUTPUT O

/vv—o-t—

1

"J^ IN0TE a

I I

90% 90'

1 5V ^l
, ^

U —f-tp LH

FIGURE 2. tpzH and tPHZ

PULSE

GENERATOR
(NOTED

f
5V—^^-

rtf

„ ,
1_ 1 ^ ^ (Nt

1
i

i

I

V ^T 90% 90%\ !

i/1.5V 1.5V\.

I— —*-
>PZL 1

V i sv

FIGURE 3. tpzL and lPLZ

Note 1 : The pulse generator has the following characteristics: Zqut = 5011, PRR = 500 kHz, tw = 100 ns.

Note 2: C|_ includes probe and jig capacitance.

Typical Performance Characteristics*

Output Voltage vs Data

Input Voltage

Output Voltage vs Data

Input Voltage

Output Voltage vs Output
Control Voltage

NO LOAD

TA = 25

! I

\

'

'

/| VCC .5.5V

! : tt
n

\
i

!

u C
= 4 5V

id

'

NO LOAD

V CC = 5V—
-/

/-
1 -r

—

TA - 125 C

J

/>

|

-T
ft
--55C'

_..

__

L0AD = 500ii TO GROUND

%
V CC = 5.5V_

Vi - DATA INPUT VOLTAGE (V) V| - DATA INPUT VOLTAGE (V) V. - INPUT VOLTAGE (OUTPUT CONTROL) (V)

Data

circu

for temperatures below 0"C and above 70" C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113
its only. These parameters were measured with the active pull-up connected to the sink output.



Typical Performance Characteristics* (cContinued)

Output Voltage vs Output

Control Voltage

LOAD = 500H TOG
.V CC = 5V

ROU

TA =

W

/
25 C

1

DISA BLED

"
1

T

(TTUH
\ = - 5 C

__- d -12 3 4

I

- INPUT VOLTAGE (OUTPUT CONTROL) (V)

Output Voltage vs Output
Control Voltage

>-j-Vcc-5.SV

-Lvcr = 5V

1— VCC-4.5V
-

DISABLED LOW

Ta -25 C

1—112 3 4

- INPUT VOLTAGE (OUTPUT CONTROL) (V)

Output Voltage vs Output
Control Voltage

LOAD = 500!

Vcc " 5V

-TOVCC

I

3

1—

T

fl
- 125 C

1

-TA = 25C

1

T,.-55C

DISABLED LOW

V| - INPUT VOLTAGE (OUTPUT CONTROL) (V)

4

3.6

3.2

2.8

2.4

2

1.6

Output Voltage

Temperature

vs Free-Air

!
I i

V CC = 4.5V

I ! I

VOH^OH--

40 m

—

—

-—

'

Hr -—

-

—

—

j—i

—

r^
A

0.8

04 -"0 »0 = 4 mAl

I I I I

-75 -50 -25 25 50 75 100 125

TA - FREE-AIR TEMPERATURE ( C)

High Level Output
Voltage vs Output
Current

!

TA -25C

,V™ = 5V

t*"S i

Vcc-4- v"^

| 1
-20 -40 -60 -80 -100 -120

IqH - OUTPUT CURRENT ImAI

Low Level Output
Voltage vs Output
Current

0.6

S 0.6

2 0.4

o
>

2
° 3

o 0.2

TA -25"C

1 A

'cc-^T
'\

20 40 50 80 100 120

Iql - OUTPUT CURRENT (mAJ

Supply Current (Both

Drivers) vs Supply Voltage

'0

60

50

40

30

NO LOAD

IN 'UTS GRO UNO :o^

MNP UTS )PEN

10

12 3 4 5 6 7

VCC - SUPPLY VOLTAGE IVI

Supply Current (Both

Drivers) vs Free-Air

Temperature

54

52

50

48

46

vcc = sv

INPUTS GROUNDED

42

38

-75 -50 -25 25 50 75 100 125

TA - FREE-AIR TEMPERATURE (°C)

Supply Current (Both

Drivers) vs Frequency

vcc = 5V
II

R L = -

VE-

/
*\\

_T A --25C

111 l(ttY
iir l

i

i I

i ill j

0.4 1 4 10 40 100

f- FREQUENCY {MHz)

Propagation Delay Times

from Data Inputs vs Free-Air

Temperature

<t o
O U.

vcc = 5V

6

C L = 30pF

PLH —

—

rPHL

6

2

-75 -50 -25 25 50 75 100 125

TA - FREE-AIR TEMPERATURE f'C)

Output Enable and Disable

Times vs Free-Air Temperature

V CC = 5V

(FIGURES2 AND 3)

J>*
'PZL^

lPHZ^.

rPZH

-75 -50 -Z5 25 50 75 100 125

TA - FREE-AIR TEMPERATURE ( C)

Data

circui

for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113
ts only. These parameters were measured with the active pull-up connected to the sink output.
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DS55114/DS75114 Dual Differential Line Drivers

General Description
The DS55114/DS75114 dual differential line drivers are

designed to provide differential output signals with high

current capability for driving balanced lines, such as

twisted pair at normal line impedances, without high

power dissipation. The output stages are similar to TTL
totem-pole outputs, but with the sink outputs, YS and
ZS, and the corresponding active pull-up terminals, YP
and ZP, available on adjacent package pins. Since the

output stages provide TTL compatible output levels,

these devices may also be used as TTL expanders or

phase splitters.

Features
Each circuit offers choice of open-collector or active

pull-up (totem-pole) outputs

Single 5V supply

Differentia) line operation

Dual channels

TTL/DTL compatibility

Design to be interchangeable with Fairchild 9614
line drivers

Short-circuit protection of outputs

High current outputs

Clamp diodes at inputs and outputs to terminate

line transients

Single-ended or differential AND/NAND outputs

Triple inputs

Connection Diagram Truth Table
Dual-ln-Line Package

„ 15 14 13 12 11 10 9

)

I

^~

l*P*l1 2 ' 4 IS G 7 B

INPUTS OUTPUTSABC Y Z

H H H

All Other Input Combinations

H L

L H

H = high level

L = low level

TOP VIEW

Positive logic: Y = ABC
Z = ABC

Order Number DS55114J, DS751 14J, or DS751 14N
See NS Package J16A or N16A

Schematic Diagram (Each Driver)

F-W7

Resistor values shown are typical and in ohms.
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Absolute Maximum Ratings (NoteD Operating Conditions

MIN MAX UNITS

Supply Voltage (Vqq) 7V Supply Voltage (Vqq)

Input Voltage 5.5V DS55114 4.5 5 5 V

OFF-State Voltage Applied to Open-Collector Outputs 12V DS75114 4.75 5 25 V
Continuous Total Dissipation at (or Below) 25 C High Level Output Current (l0H ) 40 mA

Free-Air Temperature (Note 2} 1W ,
, ^ ^ . ^ , M . „ n ALow Level Output Current IIql) 40 mA

Operating Free-Air Temperature Range

DS55114 -55
6 Cto+125°C

Operating Free-Air Tempera-

DS75114 0°Cto+70°C
ture (TA )

DS551 14 -55 1 25 C
Storage Temperature Range - -65° C to +150°C __ _
i _j -t- * i.,^,,, DS75114 70 C
Lead Temperature (1/16 from case

for 60 seconds): J Package 300"C

Lead Temperature (1/16" from case

for 10 seconds): N Package 260°

C

Cl6CtriC3l OnSrSCtSriStlCS Over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER CONDITIONS (Note 3)

DS55114 DS75114

MIN
TYP

(Note 4)
MAX MIN

TYP
(Note 4)

MAX
UNITS

V|H High Level Input Voltage 2 2

V| |_ Low Level Input Voltage 0.8 0.8

V(K Input Clamp Voltage Vcc= Min
. Il = -12 mA -0.9 -1.5 0.9 -1.5 V

Voh High Level Output Voltage
VCC= Min, V|H = 2V, lOH = -10 mA 2.4 3.4 2.4 3.4

V
V| L =0.8V |QH = -40 mA 2 3.0 2 3.0

Vol Low Level Output Voltage
Vcc Min, V|H = 2V, V| L = 0.8V,

lOL - 40 mA
0.2 0.4 0.2 0.45 V

V0K Output Clamp Voltage
Vcc = 5V

- lo = 40 mA, TA » 25X 6.1 6.5 6.1 6.5
V

Vcc = Max, lo = -40 mA, Ta = 25"C 1.1 -1.5 -1.1 1.5

OFF-State Open-Collector
' 0,off

> Output Current
Vcc = Max

V0H -12V
TA = 25° C 1 100

TA = 125°C 200
MA

Voh = 5 -26v
TA = 25'

C

1 100

TA = 70'

C

200

Input Current at Maximum
l|

Input Voltage
Vcc = Max, V| = 5.5V 1 1 mA

||H High Level Input Current Vcc = Max. V| = 2,4V 40 40 HA

l|L Low Level Input Current Vcc = Max
.
V| = 0.4V - 1.1 -1.6 -1.1 -1.6 mA

Short-Circuit Output
insUD

Current (Note 5)
Vcc = Max, Vo = -40 90 --120 -40 -90 -120 mA

Supply Current (Both

OU
Drivers)

Inpjts Grounded, No Load,

TA " 25"C

Vcc = Max 37 50 37 50
mA

V CC = 7V 47 65 47 70

Note 1 : All voitage values are with respect to network ground terminal.

Note 2: For operation above 25
U
C free-air temperature, refer to Dissipation Derating Curves in the Thermal Information section. In the J package,

DS551 14 chips are alloy-mounted; DS751 14 chips are glass-mounted.

Note 3: All parameters, with the exception of OFF-state open-cotlector output current, are measured with the active pull-up connected to the

sink output.

Note 4: All typical values are at TA = 25 C and V^c = 5V, with the exception of \qq at 7V.

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

Switching Characteristics vcc = 5v,ta = 25°c

PARAMETER CONDITIONS
DS55114 DS75114

UNITS
MIN TYP MAX MIN TYP MAX

tpi_H Propagation Delay Time,

Low-to-High-Level Output
15 20 15 30 ns

Propagation Delay Time,
tPHI

High-to-Low-Level Output
11 20 11 30 ns



AC Test Circuit and Switching Time Waveforms

^^ OUTPUT

PULSE
GENERATOR
(NOTE I)

i-
Z NflNO

~~V OUTPUT

I i
1*SJ

VOH-

— 'PHL-—

Note 1 : The pulse generator has the following characteristics: Zqijt = 50£7, tw =10Ons,PRR= 500 kHz

Note 2: C\_ includes probe and jig capacitance.

Typical Performance Characteristics*

90%

1.5V

Output Vottage vs Data

Input Voltage

1 1

NO LOAD

«cc -5 V
v cc-

1

5V

1

»cc = 4. V

Output Voltage vs Data

Input Voltage

1
1

NO LOAD

4
T *-' 25C T »"2 "C

I

f

~JZ

A'

i

1

V| - DATA INPUT VOLTAGE (V)

12 3

V| - DATA iNPUT VOLTAGE (V)

High Level Output Voltage

vs Output Current

Ta^ 25 C

I

/ ua jU

vc c -4.b

-20 -40 -60 -80 -100 -120

'OH
~ OUTPUT CURRENT (mA)

Low Level Output Voltage

vs Output Current

0.3

0.2

0.1

TA = 25 C

> V CC - 5-5^

<
1.5V

>

2

o

o

10 20 30 40 50 60 70 B0

IrjL -OUTPUT CURRENT (mA)

Output Voltage vs Free-Air

Temperature

"r C-4.5V

> 3.2

!

V

1

]H< 0H- -10 rnAlJ-—*

S !B

h-H-o 2i
» 2 0H = -40 mA)

=

I

>
0.4 V 0L« DL" 40 m ft)

1 ! 1

-75 -50 -25 25 50 75 100 125

TA - FREE AIR TEMPERATURE f

Propagation Delay Times vs

Free-Air Temperature

-s

30

20

10

V CC = 5V

i

<

§ lPLH

<
f

<
<PHL

|

-75 -50 -25 25 50 75 100 125

TA - FREE-AIR TEMPERATURE (C)

Data for temperatures below
C
C and above 70° C and for supply voltages below 4.75V and above 5.25V are applicable to DS551 14 circuits only.

These parameters were measured with the active pull-up connected to the sink output.
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Typical Performance Characteristics* (Continued)

Supply Current (Both Drivers}

vs Supply Voltage

70

60

50

40

30

NO LOAD
~

TA -o

INPUTS GROUNDED^

OPEN—

10

Supply Current (Both Drivers)

vs Free-Air Temperature

1111
Vcc = 5v

OUTPUTS OPEN

VcC - SUPPLY VOLTAGE (V)

-75 -50 -25 Z5 50 75 100 125

T
fl
- FREE-AIR TEMPERATURE CO

Supply Current (Both Drivers)

vs Frequency

.v C c 5V
' nil

III!
R L

...

C L
= 30pF

INPUTS =3V SQUARE WAVE
Ta " lb C

|||
111

/
/

1

S

I

1 lllll

1.4 1 4 10 40 100

f - FREQUENCY (MHz)

Data for temperatures below (fC and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55114
circuits only. These parameters were measured with the active pull-up connected to the sink output.
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General Description

The DS55115/DS75115 is a dual differential line receiver

designed to sense differential signals from data trans-

mission lines. Designed for operation over military and

commercial temperature ranges, the DS551 1 5/DS751 15

can typically receive ±500 mV differential data with

±15V common-mode noise. Outputs are open-collector

and give TTL compatible signals which are a function of

the polarity of the differential input signal. Active

output pull-ups are also available, offering the option of

an active TTL pull-up through an external connection.

Response time may be controlled with the use of an

external capacitor. Each channel may be independently

controlled and optional input termination resistors

are also available.

Features

Single 5V supply

High common-mode voltage range

Each channel individually strobed

Independent response time control

Uncommitted collector or active pull-up option

TTL compatible output

Optional 130H termination resistors

Direct replacement for 9615

Connection Diagram Function Table

Dual-ln-Line Package

2 2 RESP
VCC 2YS 2YP STRB TIME CONT B2 2nT A2

STROBE
DIFF.

INPUT
OUTPUT

L

H

H

X

L

H

H

H

L

1YS 1YP 1 1 RESP Bl 1RT Al GND
STRB TIME CONT

H = V| > V||_) min or V|q more posi-

tive than Vj|-| max

L = V| < V|i_ max or V|jj more nega

tive than Vjl max

X = irrelevant

Pin 8 of the W package is in electrical contact with the metal base.

Order Number DS551 1 5J, DS751 1 5J,

DS75115N or DS55115W
See NS Package J16A, N16A or W16A
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Absolute Maximum Ratings (Noteii

Supply Voltage, Vcc (Note 1)

Input Voltage at A, B and Rj Inputs

Input Voltage at Strobe Input

Off-State Voltage Applied to Open-Collector Outputs

Continuous Total Dissipation at [or below 70'J

C
free-air temperature (Note 2)]

Operating Free-Air Temperature Range

DS55115
DS75115

Storage Temperature Range

Lead Temperature (1/16 inch from case

for 10 seconds)

Operating Conditions

7V
±25V

5.5V

tputs 14V

600 mW

-55°Cto+125°C
0°C to+70°C

-65°Cto+150°C

Supply Voltage, (Vcc)
DS55115 4.5 5.5 V
DS75115 4.75 5.25 V

High Level Output Current, (loH* -5 mA
Low Level Output Current, Hol' 15 mA
Operating Temperature, (TA )

DS55115 -55 125 °C
DS75115 70 °C

Electrical Characteristics

300° C

(Notes 2, 3 and 5)

PARAMETER DS55115 DS75115
UNITS

MIN TYP MAX MIN TYP MAX

Differential Input High-
VTH

Threshold Voltage
Vo = 0.4V, loL" 15 mA, V|C - 200 500 200 500 mV

Differential Input
Vjl

Low-Threshold Voltage
Vo - 2.4V, Ioh = -5 mA, V|c - -200 -500 -200 -500 mV

Common-Mode Input
V 'CR w ,Voltage Range

V| D = ±1V

15

to

-15

24

to

-19

15

to

-15

24

to

-19

V

High-Level Strobe
V|H(STROBE)

,Input Voltage
2.4 2.4 V

Low-Level Strobe
VlL(STROBE)

,
...

Input Voltage
0.4 0.4 V

Vcc= Min, V|D- -0.5V,

lOH " -5 mA

TA = Min 2.2 2.4

Vqh High Level Output Voltage TA = 25°C 2.4 3.4 2.4 3.4 V
TA = Max 2.4 2.4

Vol Low Level Output Voltage Vcc = Min, V|Q = 0.5V, lOL = 15 mA 0.22 0.4 0.22 0.45 V

Vcc= Max, V| -0.4V,

Other Input at 5.5V

TA - Min -0.9 -0.9

l|L Low Level Input Current TA = 25°C -0.5 -0.7 -0.5 -0.7 mA
TA - Max -0.7 -0.7

lSH High Level Strobe Current
VCC = Min, V|D" -0.5V,

vSTROBE = 4.5V

TA = 25°C 0.5 2 0.5 5
uA

TA - Max 5 10

l$L Low Level Strobe Current
VCC = Max, V|D -0.5V,

VSTROBE-0.4V
TA =25°C -1.15 -2.4 -1.15 -2.4 mA

Response Time Control
U> '12'* Current (Pin 4 or Pin 12)

Vcc= Max, V|D = 0.5V,

Vrc-o
TA = 25°C -1.2 -3.4 -1.2 -3.4 mA

Vcc-Min, V H = 12V,

V|D = -4.5V

TA - 25°C 100

Off-State Open-Collector
'0(0FFI

Output Current

TA - Max 200
MA

Vcc-Min, V H = 5.25V,

V| D = -4.75V

TA = 25° C 100

TA - Max 200

Line Terminating
"T

Resistance
Vcc = 5V TA - 25°C 77 130 167 74 130 179 n

Short-Circuit Output
'OS _

Current

Vcc = Max, Vo - 0V,

V|D = -0.5V, (Mote 4)
TA - 25°C -15 -40 -80 -14 -40 -100 mA

Supply Current {Both
'cc

Receivers)

Vcc= Max, V|D -0.5V,

V|C-0V
TA -25°C 32 50 32 50 mA

Note 1: "Absolute Maximum Ratings' are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55° C to + 125°C temperature range for the DS55115and across the 0°C to
+70°C range for the DS75115. All typical values are for Ta = 25°C, Vcc = 5V and VCM = ov -

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.
All values shown as max or min on absolute value basis.

Note 4. Only one output at a time should be shorted.

Note 5: Unless otherwise noted, VsTROBE = 2AM. All parameters with the exception of off-state open-collector output current are measured
with the active pull-up connected to the sink output.
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Switching Characteristics vCc = 5v, c l = 30 Pf,ta = 25
o
c

PARAMETER CONDITIONS
DS55115 DS75115

UNITS
MIN TYP MAX MIN TYP MAX

Propagation Delay Time, Low-
tPLH

to-High Level Output
R|_- 3.9 kn, (Figure 11 18 50 18 75 ns

Propagation Delay Time, High-

tpHL
to-Low Level Output

R L = 390Si, (Figure 1) 20 50 20 75 ns

Schematic Diagram

INPUTAo-^VW-
8k

RESPONSE
TIME

VCC STROBE CONTROL
9 9

POLL-UP
' VP

i

SINK

00TPUT
YS

Typical Application

COMMON TO
BOTH RECEIVERS

Basic Party-Line or Data-Bus Differential Data Transmission

\-ji i i i

^grm~YTfyrrR^-
I ?- I I £_ I

LOCATION 2 LOCATION 4

3>"DS75113 DRIVER DS75115 RECEIVER

Zq is internal to the DS551 1 5/DS751 1

5

A capacitor may be connected in series with Zq to reduce power dissipation.
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Typical Performance Characteristics (Note 3)

Input Current vs Input

Voltage

b

4

VCC = 5V
|

] | | | |

INPUT NOT UNDER TEST AT 0V_/

T
fl

= 25'C

2
-

-2

-4

-25-20-15-10-5 5 10 15 20 25

V| -INPUT VOLTAGE (V)

Output Voltage

Temperature

vs

3.4

3.2

2.8

2.4

2

1.B

1.2

0.8

0.4

V CC = 4.5V

H<V| >"- 1.5V IQH = -5 mA)-

V0l(V|D = 0.5V ini = 15mA)

1 1 1 1 1 1

-75 -50 -25 25 50 75 100 125

Ta - AMBIENT TEMPERATURE CO

Output Voltage vs Common-Mode
Input Voltage

NO LOAD

T
fl
<25C

Vcr.-5.5V

y
/

VCC -5V

-V| D—IV

1 1

V|„ = 1V

-25-20-15-10-5 5 10 15 20 25

V| C
- COMMON-MODE INPUT VOLTAGE (V)

High Level Output Voltage

vs Output Current

1
1 1

V|D = -0.5V

4
^VCC .5.5V T ,-25°C

*s
^V CC -5V

3 V.

vcc- SV^5"

2

'

-10 -20 -30 -40 -50

l0H - HIGH LEVEL OUTPUT CURRENT (mA)

Low Level Output Voltage

vs Output Current

V|0

Ta =

0.6V

25" C
V

1

CC =«^
Vcc 5.5V

5 10 15 20 25 30

l0L - LOW LEVEL OUTPUT CURRENT (mA)

Output Voltage vs

Differential Input Voltage

5

4

3

2

1

VCC = 5V

LOAD = 2k to Vcc

ta I
1

a Ifi,- 125"cl

3

1

TA = 25 C-t Ta--55"C

a

Hi!
-0.2 -0.1 0.1 0.2

Vm - DIFFERENTIAL INPUT VOLTAGE (V)

Output Voltage vs

Differential Input Voltage

vrr -5.5V

I 1 1

-VCC =5V
"
j^.

Vcc-« .5V \

LOA

Ta-

U-2
25° C

k IU «cc

1

-0.2 -0.1 0.1 0.2

V|D - DIFFERENTIAL INPUT VOLTAGE (VI

Output Voltage vs

Strobe Input Voltage

i- 3

1 1

NO LOAD

VCC -5- V
Tj = 25"C

V
lA

'cc-O
vcc = 4.5 v\

__
1 2 3

VS - STROBE INPUT VOLTAGE (V)

Output Voltage vs Strobe

Input Voltage

< 4

o
K 3

1 1

VCC - 0.5V

ta = 125C

k
V|D -0.5V

^>
r

\

I

-TA -25 C

1 i12 3

Vs - STROBE INPUT VOLTAGE (V)

Supply Current (Both Receivers)

vs Supply Voltage

1 1

NO LOAD

B NPU

INPU

TAT
TAT

vcc
0V 2

!!bi

A

»PUT

NPU1

AT

AT

V .

»CC

12 3 4 5 6 7

Vcc ~ SUPPLY VOLTAGE (V)

Supply Current {Both Receivers)

vs Temperature

B input at s 5V

AlNPUT AT V

-75 -50 -25 25 50 75 100 125

TA - AMBIENT TEMPERATURE CO

Propagation Delay Times
vs Temperature

S 15

z
o

o
<
a 5

Vcc = 5v

(FIGURE 281

1

'PHL II L " 390S2)

.-» 9k|-"'PL Hi"

-75 -50 -25 25 50 75 100 125

Ts - AMBIENT TEMPERATURE f
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Frequency Response Control

STROBE

Note. Cr (response control) > 0.01 mF may
cause slowing of rise and fall times of the output

Frequency Response as a Function of

Capacitance

10M

1M

> 100k

10k

100

.._VrP = sv

::.Ta = 25°c

0.001 0.01 0.1 1 10

C R
- CAPACITANCE (nF)

AC Test Circuit and Switching Time Waveforms

OPEN

INPUT I

PULSE
GENERATOR
(NOTE 1)

RESPONSE
O TIME CONTROL —

OPEN

Note 1
: The pulse generator has the following characteristics: ZquT = 50S7, PRR = 500 kHz/tw - 1 00 ns.

Note 2: C[_ includes probe and test fixture capacitance.

DIFFERENTIAL
INPUT

OUTPUT

"Oh"

- t r < 5 ns

T m% 90% \
/ov ov\

_,u arm io%\

tf < 5 ns

-I tPHL -J ~*-tPLH

"0L-

i.5v y

FIGURE 1. Propagation Delay Times
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£JH National
Semiconductor

Transmission Line
Drivers/Receivers

DS55121/DS75121 dual line drivers

general description

The DS55121/DS75121 are monolithic dual line

drivers designed to drive long lengths of coaxial

cable, strip line, or twisted pair transmission lines

having impedances from 50 to 500 ohms. Both

are compatible with standard TTL logic and

supply voltage levels.

The DS55121/DS75121 will drive terminated low
impedance lines due to the low-impedance emitter-

follower outputs. In addition the outputs are

uncommitted allowing two or more drivers to

drive the same line.

Output short-circuit protection is incorporated

to turn off the output when the output voltage

drops below approximately 1.5V.

features

Designed for digital data transmission over 50
to 500 ohms coaxial cable, strip line, or

twisted pair transmission lines

TTL compatible

Open emitter-follower output structure for

party-line operation

Short-circuit protection

AND-OR logic configuration

High speed (max propagation delay time 20 ns)

Plug-in replacement for the SN55121/SN75121
and the8T13

connection diagram

Dual-ln-Ltne Package

VCc F2 E2 D2 C2 B2 A2 V2

l» IS 14 13 12 11 10 9

l~r
!—

'

^K^
)l

—

'

1

1 2 3 4 1 5 6 7 [ 8

M B1 CI 01 El Fl VI GND

TOP VIEW

Order Number DS55121J, DS75121J, DS75121N
or DS55121W

See NS Package J16A, N16A or W16A

typical performance
characteristics

Output Current vs Output Voltage

-300

a -250

I

Vcc
I

5.0V

Ta 25*C

\

\|

0.5 1.0 1.5 2.0 Z.5 3.0 3.5 4.0 4.5 5.0

V -OUTPUT VOLTAGE (V)

truth table

INPUTS OUTPUT

A B C D E F

H H H H X X H

X X X X H H H

All Other nputComb latio s L

H = high level, L = low level, X = irrelevant

ac test circuit and switching time waveforms

» O0I

? \:
Not! 1 : Th» pulu genantori h«t the following dwaciariftict:

Zqut =* MSI, Iw - 200 m, duty cyclt = SOS. I, = t, - 5.0 nL

Not! 2: CL indudn probt and ji| uptciuna.
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absolute maximum ratings (Note u operating conditions

Supply Voltage, Vcc
Input Voltage

Output Voltage

Output Current

Power Dissipation

Lead Temperature (Soldering, 10 seconds)

6.0V

6.0V

6.0V

-75 mA
600 mW
300°C

MIN MAX UNITS

Supply Voltage, Vcc 4.75 5.25 V
Temperature, T^

DS55121 -55 + 125 °c
DS75121 +75 °c

electrical Characteristics Vcc = 4.75V to 5.25V (unless otherwise noted) (Notes 2 and 3)

PARAMETER

V|H High Level Input Voltage

Low Level Input Voltage

Input Clamp Voltage

Input Current at Max Input Voltage

High Level Output Voltage

High Level Output Current

Low Level Output Current

Off State Output Current

High Level Input Current

Low Level Input Current

Short Circuit Output Current

Supply Current, Outputs High

Supply Current, Outputs Low

CONDITIONS

Vcc =5.0V, I, = -12mA

Vcc = 5.25V, V IN
= 5.5V

V IH = 2.0V, l OH = -75 mA (Note 4)

Vcc = 5.0V, V,h = 4.75V, VOH = 2.0V,

TA = 25°C(Note4)

V IL
= 0.8V, VOL = 0.4V (Note 4)

Vcc = OV, V = 3.0V

= 4.5V

= 0.4V

;

= 5.0V, TA = 25°C

Vcc = 5.25V, All Inputs at 2.0V,

Outputs Open

Vcc = 5.25V, All Inputs at 0.8V,

Outputs Open

MIN

2.0

-100

-0.1

TYP

switching characteristics vcc = 5.ov, ta = 25°c

0.8

-1.5

-250

-800

500

28

60

UNITS

mA

MA

MA

MA

mA

mA

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpLH Propagation Delay Time, Low-

to-High Level Output

R L = 37fi, (See ac Test Circuit

and Switching Time Waveforms)

CL = 15 pF 11 20 ns

C L = 1000 pF 22 50 ns

tpHL Propagation Delay Time, High-

to-Low Level Output

R L = 37fi, (See ac Test Circuit

and Switching Time Waveforms)

C L = 15 pF 8.0 20 ns

CL = 1000 pF 20 50 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55° C to + 125°C temperature range for the DS55121 and across the 0°C to
+70°C range for the DS75121. All typical values are for TA = 25° C and V cc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table
for the desired output.
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fjWX National
mZA Semiconductor

Transmission Line
Drivers/Receivers

DS55122/DS75122 triple line receivers

general description
The DS55122/DS75122 are triple line receivers

designed for digital data transmission with line

impedances from 50Si to 50012. Each receiver has

one input with built-in hysteresis which provides a

large noise margin. The other inputs on each

receiver are in a standard TTL configuration. The

DS55122/DS75122 are compatible with standard

TTL logic and supply voltage levels.

features
Built-in input threshold hysteresis

High speed . . . typical propagation delay time

20 ns

Independent channel strobes

Input gating increases application flexibility

Single 5.0V supply operation

Fanout to 10 series 54/74 standard loads

Plug-in replacement for the SN55122/SN75122
and the8T14

connection diagram truth table

Dual-ln-Line Package

Vcc SI R1 Y1 A3 S3 B3 Y3

|l6 1 15 14 -3

J

12 11 10 9

z>°-
h&

1—

i

pdJ

prnn* 3 r4 5
J6 J7

8

A1 B1 RZ S2 AZ B2 Y2 GND

TOP VIEW

Order Number DS55122J, DS75122J, DS75122N
or DS55122W

See NS Package J16A, N16A or W16A

INPUTS OUTPUT
A Bt R S Y

H H X X L

X X L H L

L X H X H

L X X L H

X L H X H

X L X L H

H = high level, L = low level, X = irrelevant

T B input and last two lines of the truth table

are applicable to receivers 1 and 1 only.

ac test circuit and switching time waveforms

PULSE
GENERATOR
(NOTE 11

Vcc 2.6V

|

*

1

|" s

=P>0-L:£>
.j

T
(NOTE 2) "T

7 V
Note 1: The pulse generator has the following characteristic

ZoUT * 50SJ, tw = 200 ns. duty cycle = 50%, 1, = t, = 5.0 i

Note 2: C L includes probe and jig capacitance.
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typical performance characteristics

Output Voltage vs Receiver Input Voltage

_ 3.5

<
5 25
a
i 2.0

= 1-5

o
;

1.0
o>

0.5

V

c

1

NOL0AC

»T- " Vt. i k

—1>—
i

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

V, -INPUT VOLTAGE (VI

typical applications

I

""I

m

I 1/3 DS75122
|

75 COAXIAL CABLE 75 COAXIAL CABLE I

r__cT7 g—

g

i-g

, 1/2DS75121 J

r

|_ "1/2 DS75121 J

75 COAXIAL CABLE

f^TO^
|

1/2PS75121
|

*±

I 1/3 0S75122 I

r

:»
i

l

, 1/2 0S75121
,

Single-Ended Party Line Circuits

~i

j

i_
The high 9am and built in hyste.esis of the DS55122/DS75122

line (eceweis enable !tiem in be used as Sthrnin tnygm in

squaring up pulses

Pulse Squaring
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National
Semiconductor

Transmission Line
Drivers/Receivers

DS75123 dual line driver

general description
The DS75123 is a monolithic dual line driver

designed specifically to meet the I/O interface

specifications for IBM System 360. It is com-

patible with standard TTL logic and supply voltage

levels.

The low-impedance emitter-follower outputs of

the DS75123 enable driving terminated low im-

pedance lines. In addition the outputs are un-

commited allowing two or more drivers to drive

the same line.

Output short-circuit protection is incorporated

to turn off the output when the output voltage

drops below approximately 1.5V.

features
Meet IBM System 360 I/O interface specifica-

tions for digital data transmission over 50£l to

500£2 coaxial cable, strip line, or terminated

pair transmission lines

TTL compatible with single 5.0V supply

3.11V output at Iqh = -59.3 mA

Open emitter-follower output structure for

party-line operation

Short circuit protection

AND-OR logic configuration

Plug-in replacement for the SN75123 and the

8T23

connection diagram

Dual-ln-Line Package

F2 E2 D2 C2 B2 A2 Y2

15 14 3 1,2 |„ ,0

,
1

J

—v_^n-.^
,—. )

>—

'

c
=!

typical performance
characteristics

Output Current vs Output Voltage

!
'

!
i

i :

i I Vcc - 5.0V

< -Z50

* '

T«" 25c

5 -ZOO —I - V ;
•

-- —
3 -iso

| -101

o -50

-
' • \ - 4

1 '

i : i li 1 .

5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

V -OUTPUtVOLtAGEIVI

Order Number DS75123J or DS75123N
See NS Package J16A or N16A truth table

INPUTS OUTPUT

A B C D E F

H H H H X X H

X X X X H H H

All Other nput Combinations L

H = high level, L = low level, X = irrelevant

ac test circuit and switching time waveforms
3.0V Vcc

o

I 1

PULSE
GENERATOR
(NOTE 1) £^

L__±__J

t • O OUTPUT

» 50 ST>* (MOTE 2)

Nol. 1; THE PULSE GENERATORS HAVE THE FOLLOWING CHARACTERISTICS: Zqut = S0n.

t* - ZOO m, DUTY CYCLE * 50%.

Not* 2: CL INCLUDES PROBE AND JIG CAPACITANCE.
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absolute maximum ratings (NoteD operating conditions

MIN MAX UNITS

Supply Voltage, Vcc 7.0V Supply Voltage, Vcc 4.75 5.25 V
Input Voltage 5.5V High Level Output Current, -100 mA
Output Voltage 7.0V lOH
Power Dissipation 600 mW Temperature, T~a +75 °C

Operating Free-Air Temperature Range
C
C to +75°C

Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V| H High Level Input Voltage 2.0 V

V| L Low Level Input Voltage 0.8 V

V, Input Clamp Voltage Vcc = 5.0V, I, =-12 mA -1.5 V

I, Input Current at Max Input Voltage Vcc = 6.25V, V IN = 5.5V 1 mA

VOH High Level Output Voltage Vcc =5.0V, V IH = 2.0V,

l OH =-59.3 mA, (Note 4)

TA = 25°C 3.11 V

TA = 0°C to +75°C 2.9 V

l OH High Level Output Current V cc = 5.0V, V,H = 4.5V, TA = 25°C,

VOH = 2.0V, (Note 4)

-100 -250 mA

VOL Low Level Output Voltage V IL
= 0.8V, l OL = -240uA, (Note 4) 0.15 V

'o(OFF) CW State Output Current Vcc = 0. Vo = 3.0V 40 uA

l, H High Level Input Current V, =4.5V 40 MA

l, L Low Level Input Current V, =0.4V -0.1 -1.6 mA

los Short Circuit Output Current V cc = 5.0V,T A =25°C -30 mA

l CCH Supply Current, Outputs High Vcc = 5.25V, All Inputs at 2.0V, Outputs Open 28 mA

l CCL Supply Current, Outputs Low Vcc = 5.25V, All Inputs at 0.8V, Outputs Open 60 mA

switching characteristics vcc = 5.ov, ta = 25°c

PARAMETER CONDITIONS MIN TYP MAX UNITS

tPLH Propagation Delay Time, Low-

to-High Level Output

R L = 50n, (See ac Test Circuit

and Switching Time Waveforms

C L = 15 pF 12 20 ns

C L = 100 pF 20 35 ns

tPHL Propagation Delay Time, High-

to-Low Level Output

R L = 500, (See ac Test Circuit

and Switching Time Waveforms

C L = 15 pF 12 20 ns

C L = 100 pF 15 25 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with

respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis.

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to +75°C for DS75123, unless otherwise specified. Typi-

cals are for Vcc = 5 -0V, T^ = 25°C. Positive current is defined as current into the referenced pin.

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table

for the desired output.
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O
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ro

DS75124 triple line receiver

general description

The DS75124 is designed to meet the input/

output interface specifications for IBM System

360. It has built-in hysteresis on one input on

each of the three receivers to provide large noise

margin. The other inputs on each receiver are in

a standard TTL configuration. The DS75124 is

compatible with standard TTL logic and supply

voltage levels.

features

Built-in input threshold hysteresis

High speed . . typ propagation delay time 20 ns

Independent channel strobes

Input gating increases application flexibility

Single 5.0V supply operation

Plug-in replacement for the SN75124 and the

8T24

connection diagram and truth table

Dual-ln-Line Package

Vcc SI R1 VI A3 S3 R3 Y3

16 15 14 13 1 1

2

11 10 9a

r^
n- r

<H INPUTS OUTPUT
YA B f R S

H H X X L

X X L H L

L X H X H

L X X L H

X L H X H

X L X L H

Bl R2 S2 A2 B2 Y2 GND

H = high level, L = low level, X = irrelevant

*B input and last two lines of the truth table

are applicable to receivers 1 and 2 only.

Order Number DS75124J or DS75124N
See NS Package J16A or N^6A

typical application

i ML Ui/atiJ
i

95 COAXIAL CABLE
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absolute maximum ratings (Notei)

Supply Voltage, Vqq 7.0V

Input Voltage

R Input with Vqq Applied 7.0V

R Input with Vcc n°t Applied 6.0V
A, B, or S Input 5.5V

Output Voltage 7.0V

Output Current ±100 mA
Power Dissipation 600 mW
Operating Temperature Range

C
C to +75°C

Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2 and 3}

operating conditions

MIN MAX UNI1

Supply Voltage, VqC
High Level Output Current,

4.75 5.25

-800
V

"OH
Low Level Output Current, 16 mA

lOL
Operating Temperature, T"a +75 °C

PARAMETER CONDITIONS

High Level Input Voltage

V,l Low Level Input Voltage A, B, orS

Hysteresis Vcc = 5.0V, TA = 25 C, R, (Note 6)

Input Clamp Voltage = 5.0V, I,
= -12 mA, A, B, or S

Input Current at Maximum

Input Voltage

Vcc = 5.25V, V IN = 5.5V, A, B, or S

7.0V
= 6.0V, Vcc = 5.0 mA

VVoh High Level Output Voltage Vih ' V,HMi N , V IL = V,LMAX ,
l OH = -800mA,

(Note 4)

Low Level Output Voltage Vih = V 1NM1N , V, L - VILMAX ,l OL = 16 mA, (Note 4)

High Level Input Current V, = 4.5V, A, B, or S

V, =3. 11V, R 170

Low Level Input Current V, = 0.4V, A, B, or S

JJA

/UA

mA

mAShort Circuit Output Current Vcc = 5.0V, TA = 25 C, (Note 5)

Supply Current Vcc = 5.25V

Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpLH Propagation Delay Time, Low-to-High

Level Output from R Input

(See ac Test Circuit and Switching

Time Waveforms)

20 30 ns

Vhl Propagation Delay Time, High-to-Low

Level Output from R Input

{See ac Test Circuit and Switching

Time Waveforms)

20 30 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis.

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to +75°C for DS75124, unless otherwise specified. Typi-
cals are for \ZqC = 5.0V, T^ = 25°C. Positive current is defined as current into the referenced pin.

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table
for the desired output.

Note 5: Not more than one output should be shorted at a time.

Note 6: Hysteresis is the difference between the positive going input threshold voltage, Vj+, and the negative going input threshold voltage, V-r_-
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ac test circuit and switching time waveforms

PULSE
GENERATOR

r33d___

in
i

~i

r

o
-J
01

1N3064

— OUTPUT

1 T!li
I (NOTE 2)

J__

Nolef: THE PULSE GENERATOR HAS THE FOLLOWING CHARACTERISTICS;; ZOUt * 50<-\ tw = 200 ns,

DUTY CYCLE- 50%.

Note 2: CL INCLUDES PROBE AND JIG CAPACITANCE.

7 V

typical performance characteristics

Output Voltage vs

Receiver Input Voltage

Vcc

1

5.0V

i 1

NO LOAD
- T„.25"C 4-

" !
"'

Vt- 'h i *!•

'

!
1 iT 4".

*-
-

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.S 2.0

V, -INPUT VOLTAGE (VI
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DS75150 dual line driver

general description

The DS75150 is a dual monolithic line driver designed

to satisfy the requirements of the standard interface

between data terminal equipment and data communica-
tion equipment as defined by EIA Standard RS-232-C.

A rate of 20,000 bits per second can be transmitted with

a full 2500 pF load. Other applications are in data-

transmission systems using relatively short single lines,

in level translators, and for driving MOS devices. The

logic input is compatible with most TTL and DTL
families. Operation is from -12V and +12V power

supplies.

features

Withstands sustained output short-circuit to any

low impedance voltage between -25V and +25V

2(js max transition time through the —3V to +3V
transition region under full 2500 pF load

Inputs compatible with most TTL and DTL families

Common strobe input

Inverting output

Slew rate can be controlled with an external capacitor

at the output

Standard supply voltages ±12V

schematic and connection diagrams

INPUT A O |»i|— -

STROBE S O | H ' H ! f L
ro OTHER ^J

THER -_^
UVER I

Vcc O-

-*tr

Dual-ln-Line Package

1Y ZY -Vcc

STROBE INPUT INPUT GND
S 1A ZA

TOP VIEW

Positive Loaic Y = A~S

Order Number DS75150N-8 or DS75150J-8
See NS Package J08A or N08A

Componenl values shown are nominal.
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absolute maximum ratings (NoteD operating conditions

MIN MAX UNITS

Supply Voltage +Vcc 15V Supply Voltage (+VCC ) 10.8 13.2 V

Supply Voltage -Vcc -15V Supply Voltage l-Vcc ) -10.8 -13.2 V
Input Voltage 15V

|nput Vo|tag(j ( , „ +g g v
Applied Output Voltage ±25V

Storage Temperature Range -65°C to +150
C
C Output Voltage (V

) ±15 V

Lead Temperature (Soldering, 10 seconds) 300°C Operating Ambient Temperature +70 "C

Range (TA )

dc electrical characteristics (Notes 2, 3, 4 and 5)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V| H High-Level Input Voltage (Figure 1) 2 V

V| L Low- Level Input Voltage (Figure 2) 0.8 V

VOH High-Level Output Voltage +VCC = 10.8V, -Vcc = -13.2V, V lL = 0.8V,

R L = 3 kfi to 7 kfi, (Figure 2,

5 8 V

VOL Low- Level Output Voltage +VCC = 10.8V, -Vcc = -10.8V, V, H = 2V,

R L = 3 kfi to 7 kfi, (Figure 1)

-8 -5 V

Iih High-Level Input Current +VCC = 13.2V, -Vcc =-13.2V, Data Input

V, = 2.4V, (Figure 3)

1 10 uA

+VCC = 13.2V,-VCC = -13.2V, Strobe Input

V, =2.4V, (Figure 3)

2 20 MA

l )L Low-Level Input Current +VCC = 13.2V,-VCC =-13.2V, Data Input

V, =0.4V, (Figure 3)

-1 -1.6 mA

+VCC = 13.2V, -Vcc =-13.2V, Strobe Input

V, = 0.4V, (Figure 3)

-2 -3.2 mA

l os Short-Circuit Output Current
+VCC = 13.2V,-VCC = -13.2V,

(Figure 4), Note 4

V = 25V 2 5 mA
V = -25V -3 -6 mA

V = 0V, V, = 3V 15 30 mA

V =0V, V, =0V -15 -30 mA

+ICCH Supply Current From +VCC ,

High- Level Output

+VCC = 13.2V, -Vcc = -13.2V, V, = 0V,

R L = 3 kfi, TA = 25°C, (Figure 5)

10 22 mA

~'cch Supply Current From -Vcc ,

High-Level Output

+VCC = 13.2V, -Vcc = -13.2V, V, = 0V,

R L
= 3 kfi, TA = 25° C, (Figure 5)

-1 -10 mA

+I CCL Supply Current From +VCC ,

Low-Level Output

+VCC = 13.2V, -Vcc = -13.2V, V, = 3V,

R L = 3 kf2, TA = 25°C, (Figure 5)

8 17 mA

-l CCL Supply Current From -Vcc ,

Low- Level Output

+VCC = 13.2V, -Vcc = -13.2V, V, = 3V,

R L = 3 kJ2, TA = 25°C, (Figure 51

-9 -20 mA

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2; Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75150. All typical values are for TA = 25"C

and +VCC = 12V, -Vcc - -12V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: The algebraic convention where the most-positive (least-negativel limit is designated as maximum is used in this data sheet for logic levels

only, e.g., when -5V is the maximum, the typical value is a more-negative voltage.
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o
ac electrical characteristics (+vcc = i2v,-vcc = -i2v,TA =25°o

PARAMETER

tlh Transition Time, Low-to-High

Level Output

THL Transition Time, High-to-Low

Level Output

TLH Transition Time, Low-to-High

Level Output

THL Transition Time, High-to-Low

Level Output

PLH Propagation Delay Time,

Low-to-High Level Output

phl Propagation Delay Time,

High-to-Low Level Output

CONDITIONS

C L = 2500 pF, R L = 3 kQ, to 7 kfi,

(Figure 61

C L = 2500 pF, R L = 3 kfi to 7 kJ2,

(Figure 6)

C L = 15 pF, R L = 7 kn, (Figure 6)

C L = 15 pF, R L = 7 kO, (Figure 6)

C L = 15 pF, R L = 7 kn, (Figure 61

C L = 15 pF, R L = 7 kn, (Figure 6)

dc test circuits

l_

_/>-tp-r-» 9 v 1L ^ZdZ>-t>-r-r 9

111 III1
FIGURE 1. V| H , VOL

EkIi input is tested wparitdy.

FIGURE 2. V| L , Vqh

MIN

0.2

0.2

TYP

1.4

1.5

40

20

60

45

MAX UNITS

T E ~r[3>
~r>4~o ° 1'"

L
-i-

J

FIGURE 3- I(H. 1||_

3V *VCC -Vcc
+Vcc " vcc

i
L j-

FIGURE 4. Ir

ac test circuit and
switching time waveforms

PULSE

GENERATOR
(SEE NOTED

3V

L

vcc -vcc

r
1—

4

I 1 T'SE

^10m—-, _| [— < 10 nt

INPUT ^ !^r bos m% *V_
VSV 1.5V>iLllW
<ML

^SL -3V

1M.M ~
s <.3V

OUTPUT "TH- — t

Not* 1: TheputogernitoihiithtfollomngchwKtvriittic): duty cydt <; 50V Zout *S0fJ.

Nott 2: C L indud« prob* ind ji| capKitanct.

FIGURE 5. 1CCH+. 'CCH— "CCL+- 'CCL-

typical performance characteristics

Output Current vs

Applied Output Voltage

20

_ 15
<

£ -S

= -10

o~ -15

-20

Vcc- 12V V, '2.4V

TA - 25*C /

-fl L = "<

/

"l
' 1.4V

5 -15 -5 5 15 25

V„ - APPLIED OUTPUT VOLTAGE (V)
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DS75154 quad line receiver

general description

The DS75154 is a quad monolithic line receiver

designed to satisfy the requirements of the standard

interface between data terminal equipment and data

communication equipment as defined by El A Standard

RS-232C. Other applications are in relatively short,

single-line, point-to-point data transmission systems and

for level translators. Operation is normally from a single

5V supply; however, a built-in option allows operation

from a 12V supply without the use of additional com-

ponents. The output is compatible with most TTL and

DTL circuits when either supply voltage is used.

In normal operation, the threshold-control terminals are

connected to the Vcc1 terminal, pin 15, even if power is

being supplied via the alternate Vcc2 terminal, pin 16.

This provides a wide hysteresis loop which is the differ-

ence between the positive-going and negative-going

threshold voltages. In this mode, if the input voltage

goes to zero, the output voltage will remain at the low or

high level as determined by the previous input.

For fail-safe operation, the threshold-control terminals

are open. This reduces the hysteresis loop by causing

the negative-going threshold voltage to be above zero.

The positive-going threshold voltage remains above zero

as it is unaffected by the disposition of the threshold

terminals. In the fail-safe mode, if the input voltage goes

to zero or an open-circuit condition, the output will go

to the high level regardless of the previous input condi-

tion.

features

Input resistance, 3 kfi to 7 kfi over full RS-232C
voltage range

Input threshold adjustable to meet "fail-safe" require-

ments without using external components

Inverting output compatible with DTL or TTL

Built-in hysteresis for increased noise immunity

Output with active pull-up for symmetrical switching

speeds

Standard supply voltage-5V or 12V

schematic and connection diagrams
COMMON TO 4 CIRCUITS

(UflTCI V I

Dual-ln-Line Package

THRESHOLD OUTPUTS

ALT NORM CDNT
4T IV 2Y 3Y 4Y R1

I 16 15 14 13 U 11 10 Is

I

3T 2T 1T 1A 2A 3A 4fl GND

Order Number DS75154J or DS75154N
See NS Package J16A or N16A

Note; When using VCC1 (pin 15), VCC2 (pin 16) may be left open or shorted to Vcc ,

When using V CC2 , VCc , must be left open or connected to the threshold control pins.
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absolute maximum ratings (Note 11

Normal Supply Voltage (Pin 15),(Vcci) 7V
Alternate Supply Voltage (Pin 16),(VCC2 ) 14V
Input Voltage ±25V
Storage Temperature Range -65 C C to +1 50°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2, 3 and 4)

operating conditions

MIN MAX UNIT

Supply Voltage (Pin 15l,(Vcci) 4.5 5.5 V

Alternate Supply Voltage (Pin 161 10.8 13.2 V
(VCC2 )

Input Voltage + 15 V

Temperature, (T/\) +70 °c

PARAMETER CONDITIONS MIN TYP MAX UNITS

V,H High-Level Input Voltage (Figure J) 3 V

V|L Low-Level Input Voltage (Figure 1) -3 V

vT+ Positive-Going Threshold Voltage
(Figure 1)

Normal Operation 0.8 2.2 3 V

Fail-Safe Operation 0.8 2.2 3 V

V-r- Negative-Going Threshold Voltage
(Figure 1/

Normal Operation -3 -1.1 V

Fail-Safe Operation 0.8 1.4 3 V

vT+-vT_ Hysteresis
(Figure 1)

Normal Operation 0.8 3.3 6 V

Fail-Safe Operation 0.8 2.2 V

Voh High-Level Output Voltage Ioh = -400,uA, (Figure 11 2.4 3.5 V

Vol Low-Level Output Voltage l OL = 16 mA, (Figure 1) 0.23 0.4 V

r. Input Resistance

(Figure 2)

AV, = -25V to -14V 3 5 7 kn

AV, = -14V to -3

V

3 5 7 kfi

AV, = -3V to +3V 3 6 kS2

AV, = 3V to 14V 3 5 7 kfi

AV, = 14V to 25V 3 5 7 k£2

Vl(OPEN> Open-Circuit Input Voltage
1

1 =0, (Figure 3} 0.2 2 V

'os Short-Circuit Output Current

(Note 5)

VCC1 = 5.5V, V, =-5V, (Figure 4) -10 -20 -40 mA

'cci Supply Current From V ccl VCC1 = 5.5V, TA = 25° C, (Figure 5) 20 35 mA

'cC2 Supply Current From Vcc2 VCC2 = 13.2V, TA = 25°C, (Figure 5) 23 40 mA

switching characteristics (vcc1 =5v, ta = 25°c>

PARAMETER CONDITIONS TYP UNITS

Propagation Delay Time, Low-to-High

Level Output

C L = 50 pF, R L = 390n, (Figure 6)

tPHL Propagation Delay Time, High-to-Low

Level Output

C L = 50 pF, R L = 390J2, (Figure 6) 20

tTLH Transition Time, Low-to-High Level

Output

C L = 50 pF, R L = 390J2 (Figure 61

t-THL Transition Time, High-to-Low Level

Output

C L = 50 pF, R L = 390J2, (Figure 6)

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75154. All typical values are for T/\ = 25°C and

Vcci =5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: The algebraic convention where the most-positive {least-negativel limit is designated as maximum is used in this data sheet for logic and
threshold levels only, e.g., when -3V is the maximum, the minimum limit is a more-negative voltage.

Note 5: Only one output at a time should be shorted.
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dc test circuits and truth tables

TEST MEASURE A T Y Vcci
(PIN 15)

VCC2
(PIN 16)

Open-Circuit Input VOH Open Open oh 4.5V Open

(fail-safe i V H Open Open I OH Open 10.8V

V T+ min, VOH 0.8V Open *OH 5.5V Open

V T (fail-safe) Vqh 0,8V Open IoH Open 13.2V

V T+ min (Normal)
VoH

Voh

Note 1

Note 1

Pin 15

Pin 15 loH

5,5V and T

T

Open

13.2V

V, L max. VoH -3V Pin 15 'OH 5.5V and! Open

V T_ min (Normal) Voh -3V Pin 15 'oh T 13.2V

V (H min, V T , max. VOL 3V Open 'ol 4.5V Open

VT max (fail-safe) Vol 3V Open 'OL Open 10.8V

V, H min, VT+ max Vol 3V Pin 15 'OL 4,5V and T Open

(Normal' Vol 3V Pin 15 'oL T 10.8V

V T _. max (Normal)
Vol

Vol

Note 2

Note 2

Pin 15

Pin 15

'OL

'oL

5,5V andT

T

Open

13.2V

Note

Note

1 : Momentarily apply -5V, then 0.8V.

2: Momentarily apply 5V, then ground.

FIGURE 1. V| H , V| L , VT+ , VT_, V0H , V0L

5,5VO—<A O CA

FIGURE 2. r|

T
Vcci VCC2

(Pin 15) (Pin 16)

Open 5V Open

Open Gnd Open

Open Open Open

Pin 15 Tand5V Open

Gnd Gnd Open

Open Open 12V

Open Open Gnd

Pin 15 T 12V

Pin 15 T Gnd

Pin 15 T Open

T
Vcci VcC2

(Pin 151 (Pin 161

Open 5.5V Open

Pin 15 5.5V Open

Open Open 13.2V

Pin 15 T 13.2V

FIGURE 3. V,(0PEN)
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dc test circuits (con't)

5.5V
OPEN q OPEN OPEN

J---.Ll_ Ji«_Lr
^°—fM>

5.SVO—OV O OV c

Ice, <? 9 Ice

I I

O-
L—I— J

E>ch output n toted separttely.

5VO—

^

OPEN

15-
i

is «

H
T^Xa

y

I
o open

I

All tour lina rmrntt ara teitad limulUnaously.

FIGURE 5. I CC

ac test circuit and switching time waveforms

PULSE
GENERATOR
(NOTE 1)

YPUT
o

5

c

V

3
OUTPUT
o

«c

is

CI

OPEN OPEN

. Jb°_ _L _,
Vcci m

J

INo Y
l .

>R L =390

1^ 1 kl kwl k.1
1 l^
1

l^° 1
' i^ • w\ w\ w\

1 ALL DIODES ARE 1N3064

—1— CL 50 pF

•*T^ (NOTE 2)

INPUT 0V -

90% 90%

3 D.BV O.BVj

Note 1
:
The pulse generator has the following characteristics: ZOUT = 50n, tw = 200 ns, duty cycle < 20%.

Note J: C L includes probe and jig capacitance

typical performance characteristics

Output Voltage vs

Input Voltage

OPERATION

(NOT E3) - Vt- -Vji . 'vT
-

^NO MAL
i —

-3-2-10 1 2 3

INPUT VOLTAGE (V)
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DS8642 quad transceiver

general description features

The DS8642 is a quad transceiver designed for bus
organized data transmission systems terminated by 50ft
impedance. The bus can be terminated at one or both
ends. It has four bus drivers with a common strobe

gate and four bus receivers. Bus driver outputs can be
"OR-tied" with up to 19 other drivers and with up to

20 bus receiver loads. The bus loading is 2k when
Vcc = 0V.

100 mA Drive Capability

Four separate driver/receiver pairs

Open collector driver output allows wire-OR con-

nection

50ft line termination

Completely TTL compatible on driver and disable

inputs, and receiver outputs

connection diagram

Duai-ln-Line Package

Vcc STROBE 0UTD |ND 0UTc INC BUSc BUS„

15] 14 13 12 I 11 10

a

0UTA INA 0UTB INe BUSB BUS* GND GND

TOP VIEW

Order Number DS8642J
or OS8642N

See NS Package J16A or N16A
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absolute maximum ratings (Note d

Supply Voltage 7V
Input Voltage 5.5V

Output Voltage 5.5V

Storage Temperature Range -65°C to +150°C
Power Dissipation 600 mW
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2 and 3)

operating conditions

MIN MAX UNITS

Supply Voltage, VqC 4.75 5.25 V

Temperature, Ta +70 °c

PARAMETER CONDITIONS MIN TYP MAX UNITS

DISABLE/DRIVER INPUT

V, H Logical "1" Input Voltage Vcc = Min 2 V

V| L Logical "0" Input Voltage Vcc = Min 0.8 V

1 1|_ Logical "0" Input Current Vcc = Max, Vm = 0.4V -0.9 -1.6 mA

l| H Logical "1" Input Current
Vcc Max

V,n =2.4V 40 MA

Vin =5.5V 1 mA

VCD Input Clamp Voltage l, N =-12mA -0.8 -1.5 V

RECEIVER INPUT/BUS OUTPUT

V| HB Logical "1" Input Voltage Vcc = Max 3.1 V

V ILB Logical "0" Input Voltage Vcc = Min 1.4 V

Vcdb Input Clamp Diode l IN =-50mA -1.0 -1.5 V

I|hb Logical "1" Input Current Vcc = Max, V INB = Vcc 180 450 MA

li LB Logical "0" Input Current Vcc = Max, V,N = 0.4V -40 MA

VOLB Logical "0" Output Voltage Vcc = Min, l OUT = 100 mA 0.4 0.8 V

l OL Logical "0" Output Current Vcc = Min, VOL = 0.8V 100 mA

lOHB Power "OFF" Bus Current Vcc =0V, V IN1B = 5.25V 1.7 2.65 mA

RECEIVER OUTPUT

VOH Logical "1" Output Voltage Vcc = Min, lOUT = -1 mA 2.4 3.2 V

lOH Logical "1" Output Current Vcc = Min, V0UT = 5.5V 100 (JA

l os Output Short Circuit Current Vcc = Min
.
vout = 0V, (Note A. -10 -28 -55 mA

VOL Logical "0" Output Voltage Vcc =Min, Iqut = 16 mA 0.3 0.45 V

lcc Supply Current Vcc = Max 49 64 mA

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8642. All typicals are given for V^c = 5V and
TA = 25° C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.
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Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted

PARAMETER

Propagation Delay to a Logical "0"

From Data Input to Receiver Output

Propagation Delay to a Logical "1"

From Data Input to Receiver Output

Propagation Delay to a Logical "0"

From Strobe Input to Receiver

Output

Propagation Delay to a Logical "1"

From Strobe Input to Receiver

Output

CONDITIONS

(Figure 1)

MIN TYP

34

(Figure 1)

(Figure t)

(Figure 1)

25

38

25

MAX

50

50

55

55

typical performance characteristics

Receiver ON Impedance Receiver OFF Impedance

V

—

1

5V

T. " 25°C

\J00

\

IM

'

i«o
h
*

Vrr" DV

T, ' S°C

1.0

12 3 4 5

Vbus (V)

12 3 4 5

V,us (V)

ac test circuit and switching time waveforms

DATAINPUTO
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DATS INPUT '-5V
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RECEIVER
OUTPUT

UNITS

STROBE i 5V
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o
(/)
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f = 5MHz
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yg\ National
Jul Semiconductor

DS7820/DS8820 dual line receiver

general description

The DS7820, specified from -55°Cto+125°C, and

the DS8820, specified from 0°C to +70°C, are

digital line receivers with two completely indepen-

dent units fabricated on a single silicon chip.

Intended for use with digital systems connected

by twisted pair lines, they have a differential input

designed to reject large common mode signals while

responding to small differential signals. The output

is directly compatible with RTL, DTL or TTL
integrated circuits.

features

Operation from a single +5V logic supply

Input voltage range of ± 15V

Transmission Line
Drivers/Receivers

Each channel can be strobed independently

High input resistance

Fanout of two with either DTL or TTL
integrated circuits

The response time can be controlled with an ex-

ternal capacitor to eliminate noise spikes, and the

output state is determined for open inputs. Ter-

mination resistors for the twisted pair line are

also included in the circuit. Both the DS7820 and
the DS8820 are specified, worst case, over their

full operating temperature range, for ±10-percent

supply voltage variations and over the entire input

voltage range.

schematic and connection diagrams

MOHHN VERTING

TERMINATION

Dual-ln-Line Package

v-y
,.

u

12

)

^
-/

,,

\ / t

,

\ \- V 10

s \
( ,

, ,

IERMINMION

RtS'OWSf TIMt

Order Number DS7820J or DS8820J
Order Number DS8820N

Order Number DS7820W or DS8820W
See NS Package J14A. N14A or W14A

typical application

I nt l.rvt nd Rtctnw

Ml OS7B30

' >
\

>

>
J

HH
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absolute maximum ratings (Notei) operating conditions

MIN MAX UNITS

Supply Voltage 8.0V Supply Voltage (Vfx)
Input Voltage 420V DS7820 4.5 5.5 V
Differential Input Voltage 420V DS8820 4.75 5.25 V
Strobe Voltage 8.0V Temperature (TA )

Output Sink Current 25 mA DS7820 -55 +125 °C
Power Dissipation 600 mW DS8820 +70 °C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

VTH Input Threshold Voltage VCm =0 -0.5 0.5 V

-15V<VCM <15V -1.0 1.0 V

VOH High Output Level 'out <0.2 mA 2.5 5.5 V

VOL Low Output Level 'sink <3.5 mA 0.4 V

Ri~ Inverting Input Resistance 3.6 5.0 kU.

R, + Non-Inverting Input Resistance 1.8 2.5 kn

RT Line Termination Resistance TA = 25°C 120 170 250 n

t r
Response Time Cdelay = 40 ns

Cdelay =100pF 150 ns

l ST Strobe Current VSTROBE=0.4V 1.0 1.4 mA
VSTROBE = 5.5V -5.0 HA

lcc Power Supply Current V IN = 15V 3.2 6.0 mA
Vim =0 5.8 10.2 mA
V, N =-15V 8.3 15.0 mA

li N
+ Non-Inverting Input Current Vim = 15V 5.0 7.0 mA

Vim =0 -1.6 -1.0 mA
V| N =-15V -9.8 -7.0 mA

l !N
- Inverting Input Current V,m = 15V 3.0 4.2 mA

V IN =0 -0.5 mA
Vim =-15V -4.2 -3.0 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: These specifications apply for 4.5V < Vfx < 5.5V, -15V < Vgyi < 15V and -55°C < Ta < +125°C for the DS7820 or 0°C < TA <
+70°C for the DS8820 unless otherwise specified; typical values given are for V^c = 5.0V, T^ = 25°C and Vqvi = unless stated differently.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the

values given when both receivers are operated under identical conditions.
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typical performance characteristics (Note 3)
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J5WJ National
Semiconductor

Transmission Line
Drivers/Receivers

DS7820A/DS8820A dual line receiver

general description

The DS7820A and the DS8820A are improved

performance digital line receivers with two com-

pletely independent units fabricated on a single

silicon chip. Intended for use with digital systems

connected by twisted pair lines, they have a differ-

ential input designed to reject large common mode
signals while responding to small differential sig-

nals. The output is directly compatible with RTL,

DTL or TTL integrated circuits. Some important

design features include:

Operation from a single +5V logic supply

Input voltage range of ±15V

Strobe low forces output to "1" state

High input resistance

Fanout of ten with either DTL or TTL inte-

grated circuits

Outputs can be wire OR'ed

Series 54/74 compatible

The response time can be controlled with an ex-

ternal capacitor to reject input noise spikes. The

output state is a logic "1" for both inputs open.

Termination resistors for the twisted pair line are

also included in the circuit. Both the DS7820A
and the. DS8820A are specified, worst case, over

their full operating temperature range (-55
U
C

to 125°C and 0°C to 70°C respectively), over the

entire input voltage range, for ±10% supply volt-

age variations.

schematic and connection diagrams

"? "q
•>

4
i»^yi<AMi

Dual- n-L ine Package

<S_^ 1<

15

12

"/

t

Y V V 10

UIPUT J \/

!

....

Note: Pin 7 connected to bottom of cavity package.

Order Number DS7820AJ or DS8820AJ
Order Number DS8820AN

Order Number DS7820AW or DS8820AW
See NS Package J14A, N14A or W14A

Note: Schematic shows one-halt ot onit

typical applications

Differential Line Driver and Receiver

Single Ended (EIA RS232C) Receiver with Hysteresis

KXZ
|

INPUT
L

1 s (OUTflf

'Optional to control response time.
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absolute maximum ratings (Noten operating conditions

Supply Voltage

Common-Mode Voltage

Differential Input Voltage

Strobe Voltage

Output Sink Current

Power Dissipation

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

8.0V

±20V

±20V
8.0V

50 mA
600 mW

-65°Cto 150°C
300°C

Supply Voltage (Vqc)
DS7820A
DS8820A

4.5

4.75

5.5

5.25

V
V

Temperature (TA )

DS7820A
DS8820A

-55 +125

+70
°C

°C

electrical characteristics (Notes 2, 3, 4 and >.

PARAMETER

Differential Threshold Voltage

Inverting input Resistance

Non-Inverting Input Resistance

Rt Line Termination Resistance

Inverting input Current

Non-Inverting Input Current

Power Supply Current

Logical "1" Output Voltage

Vol Logical "0" Output Voltage

Logical "1" Strobe Input Voltage

Logical "0" Strobe Input Voltage

Logical "1" Strobe Input Current

Logical "0" Strobe Input Current

Output Short Circuit Current

CONDITIONS

l OUT =-400uA,

VOUT >2.5V

'out - +16 mA,

VOUT <0.4V

-3V< VCM <+3V
-15V < VCM <+15V
~3V<VCM <+3V
"15V<VCM <+15V

-15V < VCM <+15V

-15V < VCM <+15V

= Logical "0"

= 0V

= -400uA, V D

Iout = +16mA, V DIF

Iout =+16mA. VOUT <0.4V, V D(FF = -3V

Iout = -400uA, VOUT > 2.5V, V D -3V

robe " 5.5V, V DI ,
= 3V

Vstrobe =0.4V, V DIFF =-3V

Iout = 0V, Vcc = 5.5V, VSTROaE = 0V

Switching Characteristics TA = 25°C, Vcc = 5V, unless otherwise noted

PARAMETER

tpdo Propagation Delay, Differential

Input to "0" Output

tpdi Propagation Delay, Differential

Input to "1" Output

Propagation Delay, Strobe

Input to "0" Output

tpdi Propagation Delay, Strobe

input to "1" Output

CONDITIONS

UNITS

kS2

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2:These specifications apply for 4.5V < Vcc < 5.5V, -15V < VCM < 15V and -55°C < TA < +125°C for the DS7820A or 0°C < TA <
+70°C for the DS8820A unless otherwise spedified. Typical values given are for Vcc " 5 -0v . TA = 25°C and VCM - 0V unless stated differently.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the
values given when both receivers are operated under identical conditions.
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typical performance characteristics (Note 3

1

Supply Voltage Sensitivity
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ac test circuit and waveforms

OVcc-5V

'Includes Jig and Probe

OIFF

INPUT

-2.5V -

2,6V-

r^.j'
STROBE
INPUT 7

V
VuT^l

\Wl.3V-— B /- »- CV-*— 1.3V—H D JU—

A = Differential Input to "0" Output

B = Differential Input to "1" Output

C = Strobe Input to "0" Output

D = Strobe Input to "1" Output
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Transmission Line
Drivers/Receivers

£M National
mjm Semiconductor

DS78C20/DS88C20
Dual CMOS Compatible Differential Line Receiver

General Description

The DS78C20 and DS88C20 are high performance,
dual differential, CMOS compatible line receivers for

both balanced and unbalanced digital data transmission.

The inputs are compatible with EIA and Federal

Standards.

Input specifications meet or exceed those of the popular

DS7820/DS8820 line receiver, and the pinout is identical.

A response pin is provided for controlling sensitivity to

input noise spikes with an external capacitor. Each
receiver includes a 180S7 terminating resistor, which may
be used optionally on twisted pair lines. The DS78C20
is specified over a -55°C to +125°C operating tempera-

ture range, and the DS88C20 over a 0°C to +70°C range.

Features

Meets requirements of EIA Standards RS-232-C
RS-422 and RS-423, and Federal Standards 1020 and

1030

Input voltage range of +15V (differential or common-
mode)

Separate strobe input for each receiver

1/2 V(x strobe threshold for CMOS compatibility

5k input impedance

50 mV input hysteresis

200 mV input threshold

Operation voltage range = 4.5V to 15V

DS7830/DS8830 or MM78C30/MM88C30 recom-

mended driver

o
(/)

Nl
00
o

o
(/>

00
00
o
IO
O

Connection Diagram Dual-ln-Line Package

_L_

)

t5>^E>-i

TEHMI INPUT STROBE RESPONSE
NATION

TOP VIEW

TIME

Typical Applications

RS-422/RS-423 Application

Order Number DS78C20J, OS88C20J or DS78C20N
See NS Package J14A or N14A

JL
1/2 MM7BC30/
UMSSC30
0SB83D

"X"

LIKE DRIVER AND RECEIVER (NOTE 3)

AND
OUTPUT
—Q TWISTED PAIR LINE

NAND
OUTPUT

RS-232-C Application with Hysteresis

vccO

Note 1: (Optional internal termination resistor).

a) Capacitor in series with internal line termination resistor, terminates the
line and saves termination power. Exact value depends on line length.

b) Pin 1 connected to pin 2; terminates the fine.

c) Pin 2 open; no internal line termination.

d) Transmission line may be terminated elsewhere or not at all.

Note 2: Optional to control response time.

Note 3: Vqc 4.5V to 15V for the DS78C20. For further information on line

drivers and line receivers, refer to application notes AN-22, AN-83 and AN-108.

For signals which require fail-safe or have slow rise

and fall times, use R1 and D1 as shown above.

Otherwise, the positive input (pin 3 or 1 1 ) may be
connected to ground.

V H

vcc R1 ±5%

5V

10V

15V

4.3 kf!

15 kn

24kf2

I 1 (OUTPUT'
k V'vfor
1 lOPENINPU

1-79



Absolute Maximum Ratings <Noten Operating Conditions
MIN MAX UNITS

Supply Voltage 18V Supply Voltage (Vcc> 4 -5 15 v
Common-Mode Voltage ±25V Temperature (TA J

Differential Input Voltage ±25V DS78C20 -55 +125 °C
Strobe Voltage 18V DS88C20 +70 °C
Output Sink Current 50 mA Common-Mode Voltage {VCM ) -15 +15 V
Power Dissipation 600 mW

D ccVt iicnv Differential Input Voltage V D i FF <6 V
Storage Temperature Range -65 C to +150 C uirr —
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Vjh Differential Threshold Voltage IOUT = -200mA.

V0UT>VCC-1-2V

-10V < VCM< 10V 0.06 0.2 V

-15V < VCM< 15V 0.06 0.3 V

IOUT= 1.6 mA, V0UT< 0.5V
-10V < VCM< 10V -0.08 -0.2 V

-15V< VCM< 15V -0.08 -0.3 V

R|[\j Input Resistance -15V < VCM< 15V 5 kfi

Rf Line Termination Resistance TA = 25°C 100 180 300 n

l||\JD Data Input Current (Unterminated) VCM=10V 2 3.1 mA

VCM = 0V -0.5 mA
VCM = -10V -2 -3.1 mA

VthB |n Put Balance l UT = 200 /uA, V UT>
VCC - 1 2V, Rs = 500H, (Note 5)

-7V < VCW| < 7V 0.1 0.4 V

l UT-16mA, VOUT<0.5V,
RS= 50012, (Note 5)

-7V < VCM < 7V -0.1 -0.4 V

Voh Logical "1
" Output Voltage IOUT = -200uA, V D |FF= 1V VcC-1-2 Vcc-0.75 V

VOL Logical "0" Output Voltage lOUT 2 1.6 mA, V D | F F = -1V 0.25 0.5 V

Iqc Power Supply Current 15V< VCM<-15V,
VrjiFF = -0.5V (Both Receivers)

VCC =5.5V 8 15 mA

VCC =15V 15 30 mA

l|N{1 } Logical "1
" Strobe Input Current VSTROBE= 15V,V D | FF = 3V 16 100 uA

'lN(O) Logical "0" Strobe Input Current VSTROBE = OV,VD |FF = -3V -0.5 -100 uA

V|H Logical "1" Strobe Input Voltage

IOUT= 1.6 mA, Vol < 0.5V

VCC=5V 3.5 2.5 V

VCC= 10V 8.0 5.0 V

VCC" 15V 12.5 7.5 V

V||_ Logical "0" Strobe Input Voltage
I OUT = -200mA,

V0H = VCC-12V

VCC=5V 2.5 1.5 V

VCC= 10V 5.0 2.0 V

VCC = 15V 7.5 2.5 V

'OS Output Short-Circuit Current VQUT = 0V, VCC = 16V, VsTROBE = 0V, (Note 4) -5 -20 -40 mA

Switching Characteristics vCc = 5v,ta = 25 c

PARAMETER CONDITIONS MIN TYP MAX UNITS

1pd0(D) Differential Input to "0" Output C|_= 50 pF 60 100 ns

tpdl (D) Differential Input to "1
" Output Cl = 50 pF 100 150 ns

tpd0(S) Strobe Input to "0" Output Cl= 50 pF 30 70 ns

tpdHS) Strobe Input to "1" Output C L = 50 pF 100 150 ns

Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125° C temperature range for the DS78C20 and across the 0°C to

+70°C range for the DS88C20. All typical values are for T^ = 25°C. Vqc = 5V and VCM = 0V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: Refer to EIA-RS-422 for exact conditions.
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AC Test Circuit and Switching Time Waveforms

DIFF INPUT V cc

o

50 pF*

tr = tf < 10 ns

PRR = 1 MHz

Includes probe and jig capacitance

DIFF

INPUT
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OT National
Jum Semiconductor

Transmission Line
Drivers/Receivers

DS7830/DS8830 dual differential line driver

general description

The DS7830/DS8830 is a dual differential line

driver that also performs the dual four-input NAND
or dual four-input AND function.

TTL (Transistor-Transistor- Logic) multiple emitter

inputs allow this line driver to interface with stan-

dard TTL or DTL systems. The differential outputs

are balanced and are designed to drive long lengths

of coaxial cable, strip line, or twisted pair trans-

mission lines with characteristic impedances of

50f2 to 50012. The differential feature of the

output eliminates troublesome ground-loop errors

normally associated with single-wire transmissions.

features

Single 5 volt power supply

Diode protected outputs for termination of

positive and negative voltage transients

Diode protected inputs to prevent line ringing

High speed

Short circuit protection

schematic'and connection diagrams

Dual-ln-Line and Flat Package

,. !3 n 11 10 9 .

)

<

_j =| °1
>

1

1 2 3 4 5 ' '

Order Number DS7830J or DS8830J
Order Number OS8830N

Order Number DS7830W or DS8830W
See NS Package J14A, N14A orWUA

*Z PER PACKAGE.

typical application

Digital Data Transmission

•
—•

—

4 V4

Hh
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absolute maximum ratings (Noteu operating conditions

Vcc 7.0V Supply Voltage (Vqq)

Input Voltage 5.5V DS7830 4.5 5.5 V

Storage Temperature -65°C to +150°C DS8830 4.75 5.25 V

Lead Temperature (Soldering, 10 sec) 300°C Temperature (TA )

Output Short Circuit Duration (125°C) 1 second DS7830 -55 +125 °C

DS8830 +70 °C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V,H Logical "1" Input Voltage 2.0 V

V,L Logical "0" Input Voltage 0.8 V

Voh Logical "1" Output Voltage
V IN =0.8V

Iqut = ~°-8 mA 2.4 V

lOUT = -40 mA 1.8 3.3 V

Vol Logical "0" Output Voltage
V, N =2.0V

Iout = 32 mA 0.2 0.4 V

'out = 40 mA 0.22 0.5 V

Iih Logical "1" Input Current V,N = 2.4V 120 MA

V| N =5.5V 2 mA

"il Logical "0" Input Current V IN =0.4V 4.8 mA

'sc Output Short Circuit Current Vcc = 5.0V, TA = 125°C, (Note 4) 40 100 120 mA

'cc Supply Current V, N =5.0V, (Each Driver) 11 18 mA

Switching Characteristics TA = 25°C, Vcc = 5V, unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdl Propagation Delay AND Gate TA =25°C,

C L = 15 pF, (Figure 1)

8 12 ns

*pd0 11 18 ns

*Rd1 Propagation Delay NAND Gate TA = 25°C,

C L = 15 pF, 1Figure 1)

8 12 ns

'pdO 5 8 ns

*1 Differential Delay Load, 100n and 5000 pF,

(Figure 2)

12 16 ns

«2 Differential Delay Load, 100f2 and 5000 pF,

(Figure 2)

12 16 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7830 and across the 0°C to

+70°C range for the DS8830. Typical values are for TA = 25° C and Vcc = 5.0V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, alt voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

> j_ N * N N N
c,X 1

\ ov
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typical performance characteristics

Output High Voltage (Logical "1")

Vs Output Current
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ac test circuit

Vcc I 1/7 DS7U0/OSM3S < I •

switching time waveforms
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NAND OUTPUT yr / V
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553 National
Jut Semiconductor

Transmission Line
Drivers/Receivers

DS7831/DS8831, DS7832/DS8832 dual TRI-STATE® line driver

general description

Through simple logic control, the DS7831/

DS883I, DS7832/DS8832 can be used as either

a quad single-ended line driver or a dual differential

line driver. They are specifically designed for

party line (bus-organized) systems. The DS7832/

DS8832 does not have the Vcc clamp diodes

found on the DS7831/DS8831.

The DS7831 and DS7832 are specified for opera-

tion over the -55°C to +125°C military tempera-

ture range. The DS8831 and DS8832 are specified

for operation over the 0°C to +70°C temperature

range.

features

Series 54/74 compatible

17 ns propagation delay

Very low output impedance— high drive

capability

40 mA sink and source currents

Gating control to allow either single-ended or

differential operation

High impedance output state which allows

many outputs to be connected to a common
bus line.

mode of operation

To operate as a quad single-ended line driver apply

logical "0"s to the Output Disable pins (to keep

the outputs in the normal low impedance mode)

and apply logical "0"'s to both Differential/

Single ended Mode Control inputs. Ail four

channels will then operate independently and no

signal inversion will occur between inputs and

outputs.

To operate as a dual differential line driver apply

logical "0"s to the Output Disable pins and apply

at least one logical "1" to the Differential/Single-

ended Mode Control inputs. The inputs to the A
channels should be connected together and the

inputs to the B channels should be connected to-

gether.

In this mode the signals applied to the resulting

inputs will pass non-inverted on the A 2 and B 2 out-

puts and inverted on the A, and B| outputs.

When operating in a bus-organized system with

outputs tied directly to outputs of other

(continued)

connection and logic diagram
Dual-ln-Line Package

DIFFERENTIAL/
SINGLE ENDED
MODE CONTROL

Order Number DS7831J, DS8831J,
DS7832J, DS8832J, DS8831N,

DS8832N, DS7831W,
or DS7832W

See NS Package J16A, N16A or W16A

OUTPUT INPUT OUTPUT INPUT Olf f ERENTIAL'

B2 BZ B1 B1 SINGLE ENDED
MODE CONTROL

truth table (Shown for A Channels Only)

"A' OUTPUT DISABLE
DIFFERENTIAL/
SINGLE ENDED
MODE CONTROL

INPUT A1 OUTPUT A1 INPUT A2 OUTPUT A2

Logical "1" or

Logical
"0"

Same as

Input Al

Logical "1" or

Logical
"0"

Same as

Input A2

X 1

1 X

Logical "1" or

Logical
"0"

Opposite of

Input Al

Logical "1 " or

Logical
"0"

Same as

Input A2

1 X

X J

X X X

High

state

X

High

impedance

state
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absolute maximum ratings (Notei)

Supply Voltage

Input Voltage

Output Voltage

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

Time that 2 bus-connected devices may
be in opposite low impedance states

simultaneously

electrical characteristics (Notes 2 and 3)

operating conditions

7V
5.5V

Supply Voltage (Vcc)
DS7831, DS7832 4.5 5.5 V

5.5V

65°Cto +150°C

300°C

DS8831, DS8832

Temperature (T^)

DS7831, DS7832

4.75

-55

5.25

+125

V

°C
DS8831, DS8832 +70 °C

PARAMETER

V,H Logical "1" Input Voltage

V,l Logical "0" Input Voltage

Logical "1" Output Voltage

Logical "0" Output Voltage

Logical "V Input Current

Logical "0" Input Current

Output Disable Current

Output Short Circuit Current

Supply Current

Input Diode Clamp Voltage

Output Diode Clamp Voltage

CONDITIONS

Vcc - Min

= Min

DS7831.DS7832

DS8831,DS8832

DS7831,DS7832

DS8831, DS8832

Vcc = Mi"

DS7831, DS7832, V

DS8831, DS8832, V IN = 2.4V

Vcc =Max, V, N =0.4V

Vcc = Max, V = 2.4V or 0.4V

Vcc = Max, (Note 4)

- = Max in TRI-STATE

= 5.0V,TA = 25 C.

= 5.0V,

:25°C
l OUT = 12 mA

DS7831/DS8831

DS7832/DS8832

DS7831/DS8831

Switching Characteristics TA = 25°C, Vcc = 5V, unless otherwise noted

PARAMETER

Propagation Delay to a Logical "0"

from Inputs A1, A2, B1, B2

Differentia! Single-ended Mode

Control to Outputs

Propagation Delay to a Logical "1"

from Inputs A1, A2, Bl, B2

Differential Single-ended Mode

Control to Outputs

Delay from Disable Inputs to High

Impedance State (from Logical "1"

Level)

tg H Delay from Disable Inputs to High

Impedance State (from Logical "0"

Level)

Propagation Delay from Disable Inputs

to Logical "1" Level (from High

Impedance State)

Propagation Delay from Disable Inputs

to Logical "0" Level (from High

Impedance State)

CONDITIONS

Note 1: "Absolute Maximum Ratings" Eire those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified m in/max limits apply across the -55°C to +125°C temperature range for the DS7831 and DS7832 and across
the 0°C to +70°C range for the DS8831 and DS8832. All typical values are for TA = 25° C and Vcc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.

Note 4: Applies for TA = 125°C only. Only one output should be shorted at a time._



mode of operation (cont.)

DS7831/DS8831's, DS7832/DS8832's (Figure

1), all devices except one must be placed in the

"high impedance" state. This is accomplished by

ensuring that a logical "1" is applied to at least

one of the Output Disable pins of each device

which is to be in the "high impedance" state. A
NOR gate was purposely chosen for this function

since it is possible with only two DM5442/
DM7442, BCD-to-decimal decoders, to decode as

many as 100 DS7831/DS8831's, DS7832/
DS8832's (Figure 2).

The unique device whose Disable inputs receive

two logical "0" levels assumes the normal low

impedance output state, providing good capacitive

drive capability and waveform integrity especially

during the transition from the logical "0" to

logical "1"
state. The other outputs-in the high

impedance state— take only a small amount of

leakage current from the low impedance outputs.

Since the logical "1" output current from the

selected device is 100 times that of a conventional

Series 54/74 device (40 mA vs. 400 uA), the

output is easily able to supply that leakage current

for several hundred other DS7831/DS8831's,

DS7832/DS8832's and still have available drive

for the bus line (Figure 3).

SELECTED AS

DRIVING -

DEVICE

GATED INTO
THIR0 STATE

"

GATED INTO

THIRD STATE
'

D D
S S

s

> a

3 3

1 2

D D

S S

a a

a a

3 3

1 2

D
S S
a a

a a

3 3

1 2

Figure 1

Figure 2

FOR DRIVING OTHER TTL INPUTS

ONE OF FOUR

OUTPUTS
1

'l

D D
S S

a a

a 8

3 3

1 2

1
i

DRIVING DEVICE

40

1

1

D D
s s

a a

a a

3 3

1 2

GATED INTO
HI IMPEDANCE

STATE
40 pA

LEAKAGE
CURRENT
PER CONN

D
S S
a a

a a

3 3

1 2

GATED INTO

HI IMPEDANCE
STATE

-4

1
40

J

Figure 3
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typical performance characteristics

Propagation Delay from Input

to Output (Channel 1)

DIF

CON

ERE

TRO

NTIA

LINP

L/sir

UTS

CLE

Vc

END

GIC

c 5.0V

ED MODE
>L

"0"

W

Propagation Delay from Input

to Output (Channel 1)

11[||| Vcc-S-OV

DIFFERENTIAL/SINGLE ENDED MODE
CONTROL INPUTS AT LOGICAL "1"

_j 1 ..1 1^-
'pdi rr

^

dO

Propagation Oelay from Input

to Output (Channel 2)

-75 -50 -25 25 50 75 100 125

TEMPERATURE (CI

-75 -50 -25 25 60 75 100 125

TEMPERATURE (°C)

25

20

Vc
!

c = 50V

, <JO_

10

tpdi

-75 -50 -25 25 50 75 100 125

TEMPERATURE (C)

Delay from Disable to High

Impedance State

Vcc'5 0V

—

;

IH

!
1

Delay from Disable to Low
Impedance State

-75 -50 -25 25 50 75 100 125

TEMPERATURE ( C)

Vc c

1

50V

4^"° ~j -
i

'hi

i

i

i

Propagation Delay vs Load
Capacitance

1 1

1

Vcc 5.0V

25C

1
I

T 1

1

if !

<»dO

1

|

II

-75 -60 -25 25 50 75 100 125

TEMPERATURE I CI

1000 10.000

Total Supply Current vs

Frequency

V

TA

c = 5.0V

= 25^C

|
1

III

1 !

II j

1

1

i

!

nmii

Logical "1" Output Voltage vs

Source Current

V cc = .0V

5 C
1

**?

- -55"C

125 C- ""N

I

80 120

(out (wA)

Logical "0" Output Voltage vs

Sink Current

50V /VaZS
1 - '^yikr

125 C
\ /Jis\
^p^s

—

55
°
c

0.2

0.1

—

40 60 80 100

Iout (iiA)

'OUT vs ^OUT High Impedance
Output State

40
^ r

~i
DS7831

1

20
125C-V|

5°C

ss c

II
_ ^l

r2
r_ ^ DS7I32

M »5"C 1

-20 l&—- 25"C
| ,

-40
HI— 125-C

1ail
2 4

Vout IVI

Propagation Delay in Differen-

tial Mode
30

25

_ 20

I '

5

10

1

«cc 6.0V 1

*L

—iT
1

T

-3^

\
TEMPERATURE TCI

J^
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switching time waveforms

tpdl & tpdO lOH

Amplitude = 3.0V

Frequency = 1 .0 MHz. 50% duty cycle

l
r

= i, < JO ib (W% ta 90%)

tHO

ACTUAL
LOGICAL "0"

VOLTAGE

*1H

ACTUAL
LOGICAL "I

VOLTAGE
_i

'H1

ac load circuit

-N-

h

Switch SI Switch S2 cL

.„. «««< Closed 50 pF

.„. c,o«d del 50 pF

..„ «- d.« *5pF

..m »•" O0»d *S pF

-0 do-1 open 50 pF

.., ""'" cl.»d 50 pF

•Jig capacitance.
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jPJH National
Semiconductor

Transmission Line
Drivers/Receivers

DS78LS120/DS88LS120 Dual Differential

Line Receiver (Noise Filtering and Fail-Safe)

General Description

The DS78LS120 and DS88LS120are high performance,

dual differential, TTL compatible line receivers for both

balanced and unbalanced digital data transmission. The
inputs are compatible with EIA, Federal and MIL
standards.

The line receiver will discriminate a ±200 mV input

signal over a common-mode range of ±10V and a

±300 mV signal over a range of ±15V.

Circuit features include hysteresis and response control

for applications where controlled rise and fall times and/

or high frequency noise rejection are desirable. Thres-

hold offset control is provided for fail-safe detection,

should the input be open or short. Each receiver includes

an optional 1 80S2 terminating resistor and the output gate

contains a logic strobe for time discrimination. The
DS78LS120 is specified over a -55° C to +125°C temper-

ature range and the DS88LS120 from 0°C to +70°C.

Input specifications meet or exceed those of the popular

DS7820/DS8820 line receiver.

Features

Meets EIA Standards RS232-C, RS422 and RS423,

Federal Standards 1020, 1030 and Ml L-1 88-1 14

Input voltage range of ±15V (differential or common-
mode)

Separate strobe input for each receiver

5k input impedance

Optional 180^2 termination resistor

50 mV input hysteresis

200 mV input threshold

Separate fail-safe mode

Connection Diagram

Dual-1n-Line Package

FAIL-SAFE TERMI- RESPONSE
VCC OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT

,. 15 14 13 12 11 10 9

J>4 —f—
1

*vZj^)°-^***-• *

) 1^
><>hPto-n

l>[ LZ

1 2 3 4 5 6 ' '

FAIL-SAFE -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND
OFFSET NATION TIME

TOP VIEW

Order Number DS78LS120J. DS88LS120J.
DS88LS120N or DS78LS120W

See NS Package J16A, N16A or W16A
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Absolute Maximum Ratings (NoteD

Supply Voltage 7V
Input Voltage +25V
Strobe Voltage 7V
Output Sink Current 50 mA
Power Dissipation 600 mW
Storage Temperature Range —65° C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Operating Conditions

MIN MAX UNITS

Supply Voltage (V^c 4.5 5.5 V

Temperature (TA )

DS78LS120 -55 +125 °c

DS88LS120 +70 °c

Common-Mode Voltage (V^m) -15 + 15 V

Differential Input Vo tage (V D | FF ) <6 V

Electrical Characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Vjh Differential Threshold Voltage IOUT = -400^A, -7V< VCM<?V 0.06 0.2 V

V UT>2.5V -15V < V CM< 15V 0.06 0.3 V

l 0UT = 4mA, VOUT<0.5V
-7V< VCM<7V -0.08 -0.2 V

-15V < V CM< 15V -0.08 -0.3 V

VthO Differential Threshold Voltage l UT= -400 fjA,V UT> 2.5V -7V< V CM<7V 0.47 0.7 V

V FS Fail Safe Offset lOUT = 4 m A, VoUT < 0-5 -7V< VCM<7V -0.2 -0.42 V

RjN Input Resistance -15V < Vqm< 15v
.
0V< Vcc<7V 4 5 k.Q

Rj Line Termination Resistance TA = 25°C 100 180 300 n

Rq Offset Control Resistance TA = 25°C 42 56 70 k£2

hND Data l nPut Current (Unterminated) V CM=10V
0V< VCC<7V

2

-2

3.1

-0.5

-3.1

mA
VCM = 0V mA

VCM=-10V mA

Vjhb Input Balance l OUT = -"00/iA, V UT>2.5V,

RS = 500S2, (Note 5)
-7V< VCM< 7V 0.1 0.4 V

IOUT = 4mA. VOUT<0-5V,

RS= 5000, (Note 5)
-7V< V CM<^V -0.1 -0.4 V

VoH Logical "1" Output Voltage IOUT = -400fjA, V D | FF = 1V, VCC = 45V 2.5 3 V

Vol Logicar'0" Output Voltage I OUT = 4 mA .
V DIFF = -1V, Vcc = 4.5V 0.35 0.5 V

ICC Power Supply Current VcC=55V.

VDIFF = -0.5V. (Both Receivers)

VCM=15V 9 12 mA

VCM = -15V 10 16 mA

l|N(1) Logical "1" Strobe Input Current VSTR0BE = 5.5V, VD | FF = 3V 1 100 MA

l|N(0) Logical "0" Strobe Input Current VSTROBE = OV, VD | FF = -3V -290 -400 ma

V|H Logical "1" Strobe Input Voltage vOL < °- 5
- 'OUT = 4 mA 2.0 1.12 V

V|L Logical "0" Strobe Input Voltage V H>2.5V, l OUT =-400uA 1.12 0.8 V

|QS Output Short-Circuit Current VQUT = 0V, VcC = 5.5V, VSTROBE = OV, (Note 41 -30 -100 -170 mA

Switching Characteristics vCc = 5v,ta = 25°c

PARAMETER CONDITIONS TYP UNITS

tpcj0{D) Differential Input to "0" Output

tpdi{D) Differential Inputto "1" Output

60

tpd0{S) Strobe Input to "0" Output

Response Pin Open, C|_= 15 pF, R|_ = 2 kH

tpd1(S) Strobe Input to "1" Output 12 25

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS78LS120 and across the 0°C to

+70°Cforthe DS88LS120. All typical values are for TA = 25°C, Vqc = 5V and VCM = 0V.

Note 3: All currents into device oins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: Refer to EIA-RS422 for exact conditions.
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Schematic Diagram
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AC Test Circuit and Switching Time Waveforms
Differential and Strobe Input Signal

Includes probe and test fixture capacitance

DIFF

INPUT

-2.5V

STROBE
INPUT

tr
= tf < 10 ns

PRR = 1 MHz
'pdO(D)- 'pdl(O) <pdO(S) <pdUS)

Note. Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection).

Application Hints
Balanced Data Transmission

DS1691/DS3691

LINE DRIVER

Unbalanced Data Transmission

1/4 DS1488 OR
1/4 DS1691/DS3691

r
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Application Hints (Continued)

VOH

Logic Level Translator

ECL GATE ? .L
1/2 DS78LS120
LINE RECEIVER

ECL THRESHOLD

(

VOL

V|L VT V, H

INPUT VOLTAGE

OUTPUT

The DS78LS120/DS88LS120 may be used as a level translator to interface between ±12V MOS, ECL, TTL and CMOS. To configure,
bias either input to a voltage equal to 1/2 the voltage of the input signal, and the other input to the driving gate.

LINE DRIVERS

Line drivers which will interface with the DS78LS120/
DS88LS120are listed below.

Balanced Drivers

DS26LS31
MM87C30, MM88C30
DS7830, DS8830
DS7831, DS8831
DS7832, DS8832
DS1691, DS3691
DS1692, DS3692

DS3487

Unbalanced Drivers

DS1488
DS75150

Quad RS422 Line Driver

Dual CMOS
Dual TTL
Dual TR I -STATE® TTL
Dual TRI-STATE TTL
Quad RS423/Dual RS422 TTL
Quad RS423/Dual TRI-STATE
RS422 TTL
QuadTRI-STATE RS422

Quad RS232
Dual RS232

RESPONSE CONTROL AND HYSTERESIS

In unbalanced (RS232/RS423) applications it is

recommended that the rise time and fall time of the line

driver be controlled to reduce cross-talk. Elimination

of switching noise is accomplished in the DS78LS1207
DS88LS120 by the 50 mV of hysteresis incorporated

in the output gate. This eliminates the oscillations which
may appear in a line receiver due to the input signal

slowly varying about the threshold level for extended
periods of time.

High frequency noise which is superimposed on the

input signal which may exceed 50 mV can be reduced

in amplitude by filtering the device input. On the

DS78LS120/DS88LS120, a high impedance response

control pin in the input amplifier is available to filter

the input signal without affecting the termination

impedance of the transmission line. Noise pulse width
rejection vs the value of the response control capacitor
is shown in Figures 1 and 2. This combination of filters

followed by hysteresis will optimize performance in a

worse case noise environment.

10k

1%

100

4
j)

1J
-1-41HI
positive input;

-1l Ffi VTIVE INPUTS

u 1

10 100 Ik 10k

RESPONSE CONTROL CAPACITOR (pF)

FIGURE 1. Noise Pulse Width vs

Response Control Capacitor

OUTPUT

•RESPONSE CONTROL
CAPACITOR

NEGATIVE INPUT
NOISE PULSE

POSITIVE INPUT

NOISE PULSE

• 0.5V

-

-2V

NOISE PULSE WIDTH

2V

-0.5V

FIGURE 2
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Application Hints (Continued)

TRANSMISSION LINE TERMINATION

On a transmission line which is electrically long, it is

advisable to terminate the line in its characteristic

impedance to prevent signal reflection and its associated

noise/cross-talk. A 180H termination resistor is provided

in the DS78LS120/DS88LS120 line receiver. To use the

termination resistor, connect pins 2 and 3 together and

pins 13 and 14 together. The 180fi resistor provides a

good compromise between line reflections, power dissi-

pation in the driver, and IR drop in the transmission

line. If power dissipation and IR drop are still a concern,

a capacitor may be connected in series with the resistor

to minimize power loss.

The value of the capacitor is recommended to be the line

length (time) divided by 3 times the resistor value.

Example: if the transmission line is 1,000 feet long,

(approximately 1000 ns), and the termination resistor

value is 180O, the capacitor value should be 1852 pF.

For additional application details, refer to application

notes AN-22 and AN-108 in the National Semiconductor

Interface Data Book.

FAIL-SAFE OPERATION

Communication systems require elements of a system to

detect the presence of signals in the transmission lines,

and it is desirable to have the system shut-down in a

fail-safe mode if the transmission line is open or short. To
facilitate the detection of input opens or shorts, the

DS78LS120/DS88LS120 incorporates an input threshold

voltage offset. This feature will force the line receiver

to a specific logic state if presence of either fault is a

condition.

Given that the receiver input threshold is ±200 mV,
an input signal greater than ±200 mV insures the receiver

will be in a specific logic state. When the offset control

input (pins 1 and 15) is connected to Vcc = 5V, the

input thresholds are offset from 200 mV to 700 mV,
referred to the non-inverting input, or —200 mV to

—700 mV, referred to the inverting input. Therefore,

if the input is open or short, the input will be greater

than the input threshold and the receiver will remain in

a specified logic state.

The input circuit of the receiver consists of a 5k resistor

terminated to ground through 120fi on both inputs.

This network acts as an attenuator, and permits opera-

tion with common-mode input voltages greater than

±15V. The offset control input is actually another input

to the attenuator, but its resistor value is 56k. The off-

set control input is connected to the inverting input

side of the attenuator, and the input voltage to the

amplifier is the sum of the inverting input plus 0.09

times the voltage on the offset control input. When the

offset control input is connected to 5V the input ampli-

fier will see ViN(ilWERTING) + °-45v or V IN(IN-

VERTING) + 0.9V when the control input is connected

to 10V. The offset control input will not significantly

affect the differential performance of the receiver over

its common-mode operating range, and will not change

the input impedance balance of the receiver.

It is recommended that the receiver be terminated

(500S2 or less) to insure it will detect an open circuit in

the presence of noise.

The offset control can be used to insure fail-safe opera-

tion for unbalanced interface (RS423) or for balanced

interface (RS422) operation.

For unbalanced operation, the receiver would be in an

indeterminate logic state if the offset control input was

open. Connecting the offset to 5V offsets the receiver

threshold 0.45V. The output is forced to a logic zero

state if the input is open or short.

Unbalanced RS423 and RS232 Fail-Safe

LINE RECEIVER
1/2 DS7BLS120

(OFFSET CONTROL
INPUT OPEN)

(OFFSET CONTROL
INPUT = 5V)

INPUT VOLTAGE

0.48V

INPUT VOLTAGE
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Application Hints (continued)

Balanced RS422 Fail-Safe

BALANCED
LINE DRIVER

X>^

INPUT VOLTAGE INPUT VOLTAGE INPUT VOLTAGE

For balanced operation with inputs short or open,

receiver C will be in an indeterminate logic state.

Receivers A and B will be in a logic zero state allowing

the NOR gate to detect the short or open condition.

The strobe will disable receivers A and B and may
therefore be used to sample the fail-safe detector.

Another method of fail-safe detection consists of filter-

ing the output of the NOR gate D so it would not

indicate a fault condition when receiver inputs pass

through the threshold region, generating an output

transient.

In a communications system, only the control signals

are required to detect input fault conditions. Advantages

of a balanced data transmission system over an unbal-

anced transmission system are:

1. High noise immunity

2. High data ratio

3 Long line lengths

Trilth Table (For Balanced Fail-Safe)

INPUT STROBE A-OUT BOUT C-OUT D-OUT

1

1

1 1

1

1

X 1 X 1

1 1

1 1 1

X 1 1
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National
Semiconductor

Transmission Line
Drivers/Receivers

DS78C120/DS88C120 Dual CMOS Compatible
Differential Line Receiver

General Description

The DS78C120 and DS88C120 are high performance,

dual differential, CMOS compatible line receivers for

both balanced and unbalanced digital data transmission.

The inputs are compatible with EIA, Federal and MIL
standards.

Input specifications meet or exceed those of the popular

DS7820/DS8820 line receiver.

Features

Full compatibility with EIA Standards RS232-C,

RS422 and RS423, Federal Standards 1020, 1030

and MIL-188-114

Input voltage range of ±15V (differential or common-
mode)

Separate strobe input for each receiver

1/2 VqC strobe threshold for CMOS compatibility

5k input impedance

50 mV input hysteresis

200 mV input threshold

Operation voltage range = 4.5V to 15V

Separate fail-safe mode

Functional Description

The line receiver will discriminate a ±200 mV input

signal over a common-mode range of ±10V and a

±300 mV signal over a range of ±1 5V.

Circuit features include hysteresis and response control

for applications where controlled rise and fall times and/

or high frequency noise rejection are desirable. Thres-

hold offset control is provided for fail-safe detection,

should the input be open or short. Each receiver includes

a 180f2 terminating resistor and the output gate con-

tains a logic strobe for time discrimination. The

DS78C1 20 is specified over a -55°C to +1 25° C tempera-

ture range and the DS88C120 from 0°C to +70°C.
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o
ro
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ro
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Connection Diagram
Dual-ln-Line Package

FAIL-SAFE TERMI- RESPONSE
VCC OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT

OFFSET -INPUT TERMI +INPUT STROBE RESPONSE OUTPUT
FAIL-SAFE NATION TIME

TOP VIEW

Order Number DS78C120J, DS8SC120J,
DS88C120N or DS78C120W

See NS Package J16A, N16A or W16A
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Absolute Maximum Ratings (Noteu

Supply Voltage 18V

Input Voltage ±25V
Strobe Voltage 18V

Output Sink Current 50 mA
Power Dissipation 600 mW
Storage Temperature Range -65° C to+150°C
Lead Temperature {Soldering, 10 seconds) 300°C

Operating Conditions

Supply Voltage (V(;c)

Temperature (T^l

DS78C120
DS88C120

Common-Mode Voltage (V^m)

Differential Input Voltage (Vrjipp)

MIN MAX UNITS

4.5 15 V

-55 +125 °c
+70 °c

-15 +15 V

<6 V

Electrical Characteristics in otes 2 and 3)

PARAMETER

Vth Differential Threshold Voltage

Vjho Differential Threshold Voltage

Offset

VFS Fail-Safe Offset

R|N Input Resistance

RT Line Termination Resistance

Ro Offset Control Resistance

l|ND Data Input Current (Unterminated)

VTHB Input Balance

VOH Logical "1" Output Voltage

VOL Logical "0" Output Voltage

ICC Power Supply Current

l|N(1) Logical "1" Strobe Input Current

MNIO) Logical "0" Strobe Input Current

V|H Logical "1" Strobe Input Voltage

V|L Logical "0" Strobe Input Voltage

IqS Output Short Circuit Current

CONDITIONS

lOUT --200uA,

VpuT>Vcc-1-2V

l UT= 1.6 mA, V UT< 0.5V

IOUT"-200uA,

V0UT>VCC- 1-2V

lOUT = 1 6 mA, VquT < 0.5V

-7V< VCM< 7V

-15V<VcM<15V
-7V < VCM < 7V

-15V < VcM< 15V

-7V < VCM < 7V

-7V<VCM <7V

-15V<VCM< 15V, 0V<VCc< 15V

Ta ' 25 C

Ta - 25 C

0V< Vcc< 15V

VCM=10V
VCM = 0V

VCM"

,OUT-200 UA,VOUT> _7V < VCM < ™
VCC- 12V, Rs=500n, (Note 51

- uw -

lOUT = 1.6 mA, VoUT < 0.5V,

Rs =500n, (Note 5)

-7V < VCM < 7V

lOUT = -200uA, VoiFF - W
lOUT" 1 6 mA, Vdiff ' -IV

15V<VCM<-15V,
VDIFF = -0.5V (Both Receivers)

VCC - 5.5V

VCC" 15V

vstrobe- 15V, v D iff = 3v

vstrobe = ov, vdiff = -3v

VqL < 0.5V, l0UT= 1.6 mA

V H = VCC -1.2V,

lOUT" -200 uA

VCC ° 5V

VCC" 10V

Vcc- 15V

VCC-5V
VCC" 10V

VCC = 15V

vqut = ov, vcc= 15V. vstrobe - ov, (Note 4]

Vcc-1-2 Vcc-0.75

0.25

-05

2.5

7.5

2.5

7.5

-20

-0.3

0.7

uA

Switching Characteristics v Cc = sv, ta = 25°c

PARAMETER

lpd0(D) Differential Input to "0" Output

CONDITIONS

Cl= 50 pF

TYP

60

tpdKD) Differential Input to "1" Output C L « 50 pF

tpd0(Sl Strobe Input to "0" Output C|_= 50 pF

tpdl(S) Strobe Input to "1" Output C L = 50 pF 150

Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS78C120 and across the 0°C to
+70°C range for the DS88C120. All typical values are for Ta = 25°C, VCc = 5V and VCm = 0V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.
All values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

NoteS: Refer to EIA-RS422 for exact conditions.
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Schematic Diagram 0/2 circuit shown)
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AC Test Circuit and Switching Time Waveforms
Differential and Strobe Input Signal

DIFF

INPUT

-2.5V

vcc

STROBE
INPUT

tr
= tf < 10 ns

PRR - 1 MHz

DIFF. INPUT <

OPEN I

OPEN
STROBE "X

OUTPUT

50 pF*

INPUT

Includes probe and test fixture capacitance

i
7

— 'pdOIDl— --tpdKD)-- ipdO(S) - — 'pdl(S)-

Note. Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection).

Application Hints

1/2 MM78C30
LINE DRIVER

1/4 DS1488
OR 1/4 DS3691

Balanced Data Transmission

TWISTEDPAIR

XXXX^'

Unbalanced Data Transmission
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Application Hints (continued)

Logic Level Translator

VfjH

vol 5

V|L VT V, H

INPUT VOLTAGE

OUTPUT

o
</>

^1
00

g
ro
o-^
o
c/>

00
00
o
-A
IO
o

The DS78C120/DS88C120 may be used as a level translator to interface between ±12V MOS, ECL, TTL and CMOS. To configure,

bias either input to a voltage equal to 1 12 the voltage of the input signal, and the other input to the driving gate.

LINE DRIVERS

Line drivers which will interface with the DS78C1 20/

DS88C120 are listed below.

Balanced Drivers

DS26LS31
MM87C30, MM88C30
DS7830, DS8830
DS7831, DS8831

DS7832, DS8832
DS1691, DS3691

DS1692, DS3692

DS3587, DS3487

Unbalanced Drivers

DS1488
DS75150

Quad RS422 Line Driver

Dual CMOS
Dual TTL
Dual TRI-STATE®TTL
Dual TRI-STATE TTL
Quad RS423/Dual RS422TTL
Quad RS423/Dual TRI-STATE
RS422TTL
Quad TRI-STATE RS422

Quad RS232
Dual RS232

RESPONSE CONTROL AND HYSTERESIS

In unbalanced (RS232/RS423) applications it is

recommended that the rise time and fall time of the line

driver be controlled to reduce cross-talk. Elimination

of switching noise is accomplished in the DS78C1207

DS88C120 by the 50 mV of hysteresis incorporated

in the output gate. This eliminates the oscillations which

may appear in a line receiver due to the input signal

slowly varying about the threshold level for extended

periods of time.

High frequency noise which is superimposed on the

input signal which may exceed 50 mV can be reduced

in amplitude by filtering the device input. On the

DS78C120/DS88C120, a high impedance response

control pin in the input amplifier is available to filter

the input signal without affecting the termination

impedance of the transmission line. Noise pulse width

rejection vs the value of the response control capacitor

is shown in Figures 1 and 2. This combination of filters

followed by hysteresis will optimize performance in a

worse case noise environment.

:-UM - JgVr

NPUT;

Tf \y
=

-U
1

'negative input

10 100 1k 10k

RESPONSE CONTROL CAPACITOR (pF)

FIGURE 1. Noise Pulse Width vs Response

Control Capacitor

INPUT

OUTPUT

RESPONSE CONTROL
•CAPACITOR

0.5V

NEGATIVE INPUT
NOISE PULSE

-2V

-« fc- - NOISE PULSE WIDTH

POSITIVE INPUT
NOISE PULSE „

Fl<SURE 2
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Application HintS (Continued)

TRANSMISSION LINE TERMINATION

On a transmission line which is electrically long, it is

advisable to terminate the line in its characteristic

impedance to prevent signal reflection and its associated

noise/cross- talk. A 180fi termination resistor is provided
in the DS78C120/DS88C120 line receiver. To use the

termination resistor, connect pins 2 and 3 together and
pins 13 and 14 together. The 18012 resistor provides a

good compromise between line reflections, power dissi-

pation in the driver, and IR drop in the transmission

line. If power dissipation and I R drop are still a concern,

a capacitor may be connected in series with the resistor

to minimize power loss.

The value of the capacitor is recommended to be the line

length (time) divided by 3 times the resistor value.

Example: if the transmission line is 1,000 feet long,

(approximately 1000 ns) the capacitor value should be

1852 pF. For additional application details, refer to

application notes AN-22 and AN-108 in the National

Semiconductor Interface Data Book.

FAILSAFE OPERATION

Communication systems require elements of a system to

detect the presence of signals in the transmission lines,

and it is desirable to have the system shut-down in a

fail-safe mode if the transmission line is open or short. To
facilitate the detection of input opens or shorts, the

DS78C120/DS88C120 incorporates an input threshold

voltage offset. This feature will force the line receiver

to a specific logic state if presence of either fault is a

condition.

Given that the receiver input threshold is ±200 mV,
an input signal greater than ±200 mV insures the receiver

will be in a specific logic state. When the offset control

input (pins 1 and 15) is connected to Vrx = 5V, the

input thresholds are offset from 200 mV to 700 mV,
referred to the non-inverting input, or -200 mV to

-700 mV, referred to the inverting input. Therefore,

if the input is open or short, the input will be greater

than the input threshold and the receiver will remain in

a specified logic state.

The input circuit of the receiver consists of a 5k resistor

terminated to ground through 120H on both inputs.

This network acts as an attenuator, and permits opera-

tion with common-mode input voltages greater than

±15V. The offset control input is actually another input

to the attenuator, but its resistor value is 56k. The off-

set control input is connected to the inverting input

side of the attenuator, and the input voltage to the

amplifier is the sum of the inverting input plus 0.09
times the voltage on the offset control input. When the

offset control input is connected to 5V the input ampli-

fier will see ViM(iNVERTING) + 0-45V or V|N(|N-
VERTING) + 0.9V when the control input is connected
to 10V. The offset control input will not significantly

affect the differential performance of the receiver over
its common-mode operating range, and will not change
the input impedance balance of the receiver.

It is recommended that the receiver be terminated

(500J2 or less) to insure it will detect an open circuit in

the presence of noise.

The offset control can be used to insure fail-safe opera-

tion for unbalanced interface (RS423) or for balanced
interface (RS422) operation.

For unbalanced operation, the receiver would be in an

indeterminate logic state if the offset control input was
open. Connecting the offset to 5V offsets the receiver

threshold 0.45V. The output is forced to a logic zero

state if the input is open or short.

Unbalanced RS423 and RS232 Fail-Safe

LINE RECEIVER
1/2 DS78C120

(OFFSET CONTROL
INPUT OPEN)

(OFFSET CONTROL
INPUT = 5V)

INPUT VOLTAGE

0.45V

INPUT VOLTAGE
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Application Hints (Continued)

Balanced RS422 Fail-Safe

NOR
GATE

o
(/)

00

Q
o
o
C/>

00
00
o
rO
O

X>^

INPUT VOLTAGE INPUT VOLTAGE INPUT VOLTAGE

For balanced operation with inputs short or open,

receiver C will be in an indeterminate logic state.

Receivers A and B will be in a logic zero state allowing

the NOR gate to detect the short or open condition.

The strobe will disable receivers A and B and may
therefore be used to sample the fail-safe detector.

Another method of fail-safe detection consists of filter-

ing the output of the NOR gate D so it would not

indicate a fault condition when receiver inputs pass

through the threshold region, generating an output

transient.

In a communications system, only the control signals

are required to detect input fault conditions. Advantages

of a balanced data transmission system over an unbal-

anced transmission system are:

1. High noise immunity

2. High data ratio

3 Long line lengths

Trilth Table (For Balanced Fail-Safe)

INPUT STROBE A-OUT BOUT C-OUT D-OUT

1 1

1 1 1 1

X 1 X 1

1 1

1 1 1

X 1 1
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Section 2

Bus Transceivers

TEMPERATU

-55°Cto+125°C

DS26S10M

DS26S11M

DS7640

DS7641

DS7833

DS7834

DS7835

DS7836

DS7837

DS7838

DS7839

DS8T26M

DS8T28M

DM54S240

DM54S241

RE RANGE
0°C to +70°C

DS26S10C

DS26S11C

DS8640

DS8641

DS8833

DS8834

DS8835

DS8836

DS8837

DS8838

DS8839

DS8T26

DS8T28

DM74S240

DM74S241

DESCRIPTION

Quad Bus Transceiver

Quad Bus Transceiver

Quad NOR Unified Bus Receiver

Quad Unified Bus Transceiver

Quad TRI-STATE® Bus Transceiver

Quad TRI-STATE® Bus Transceiver

Quad TRI-STATE® Bus Transceiver

Quad NOR Unified Bus Transceiver

Hex Unified Bus Receiver

Quad Unified Bus Transceiver

Quad TRI-STATE® Bus Transceiver

4-Bit Bidirectional Bus Transceiver

4-Bit Bidirectional Bus Transceiver

Octal TRI-STATE® Line Driver/Receiver

Octal TRI-STATE® Line Driver/Receiver

PAGE

NUMBER
2-1

2-1

2-6

2-8

2-10

2-14

2-10

2-18

2-20

2-22

2-14

2-24

2-24

9-5

9-5
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OT National
KA Semiconductor

DS26S10, DS26S11 Quad Bus Transceivers

Bus Transceivers

General Description

The DS26S10 and OS26S11 are quad Bus Transceivers

consisting of 4 high speed bus drivers with open-collector

outputs capable of sinking 100 mA at 0.8V and 4 high

speed bus receivers. Each driver output is connected

internally to the high speed bus receiver in addition to

being connected to the package pin. The receiver has a

Schottky TTL output capable of driving 10 Schottky

TTL unit loads.

An active low enable gate controls the 4 drivers so that

outputs of different device drivers can be connected

together for party-line operation.

The bus output high-drive capability in the low state

allows party-line operation with a line impedance as low

as 1000. The line can be terminated at both ends,

and still give considerable noise margin at the receiver.

The receiver typical switching point is 2V.

Logic and Connection Diagrams

DS26S10

20 Z1 Z2

Dual-ln-Line Package

Z3 IJ E IJ

|l6 |l6 |n |l3 |l2 |ll |l0 |3

}

in

Order Number DS26S10J. DS26S10MJ,

DS26S10N or DS26S10MW
See NS Package J16A. N16A or W16A

The DS26S10 and DS26S11 feature advanced Schottky

processing to minimize propagation delay. The device

package also has 2 ground pins to improve ground cur-

rent handling and allow close decoupling between V<x
and ground at the package. Both GND 1 and GND 2

should be tied to the ground bus external to the device

package.

Features

Input to bus is inverting on DS26S10

Input to bus is non-inverting on DS26S1

1

Quad high speed open-collector bus transceivers

Driver outputs can sink 100 mA at 0.8V maximum

Advanced Schottky processing

PNP inputs to reduce input loading

o
ro

O
(/>

ro

c/>

DS26S11

E Id h '2 '3

\
f j j

V

vcc

I,

Dual-ln-Line Package

Z3 l 3
E l 2

13 12 Ml

)

FTTTTTT
fD id H

TOP VIEW

Order Number DS26S11J, DS26S11MJ,
DS26S11N or DS26S11MW

See NS Package J16A, N16A or W16A
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Absolute Maximum Ratings

Storage Temperature

Temperature (Ambient) Under Bias

Supply Voltage to Ground Potential

DC Voltage Applied to Outputs for

High Output State

DC Input Voltage

Output Current, Into Bus

Output Current, Into Outputs (Except Bus)

DC Input Current

--65° C to+150°C

-55°Cto+125°C
-0.5V to +7V

-0.5V to +Vcc Max

-0.5V to +5.5V

200 mA
30 mA

-30 mA to +5 mA

Operating Conditions

Supply Voltage (Vcc)
DS26S10XC, DS26S11XC
DS26S10XM, DS26S11XM

Temperature (T^)

DS26S10XC, DS26S11XC
DS26S10XM, DS26S11XM

UNITS

4.75 5.25 V
4.5 5.5 V

+70 °C
55 +125 °c

Electrical Characteristics tun less otherwise noted)

PARAMETER

VOH Output High Voltage

(Receiver Outputs)

VOL Output Low Voltage

(Receiver Outputs)

V(H Input High Level

(Except Bus)

V|L Input Low Level

{Except Bus)

V| Input Clamp Voltage

(Except Bus)

Input Low Current

(Except Bus)

l|H Input High Current

(Except Bus)

Input High Current

(Except Bus)

'SC Output Short-Circuit Current

(Except Bus)

'CCL Power Supply Current

(All Bus Outputs Low)

CONDITIONS
(Note 1)

VcC = Win, IfjH = -1 mA,

V|N = V| L or V|H

Military

Commercial

VCC = Min, 'OL
= 20 mA,

V|M = V||_or V|H

Guaranteed input Logical High for

All Inputs

Guaranteed Input Logical Low for

Ail Inputs

VCC = Min
. 'IN = -18 mA

Vcc= M ax. V||\j = 0.4V

VCC = Max, V|M = 2.7V

Data

Vcc= Max, V|N = 5.5V

Vcc = Max, (Note 3)

VcC = Max, Enable = Gnd

Military

Commercial

DS26S10

2.5

2.7

2.0

-20

TVP
(Note 2)

MAX

0.5

UNITS

-0.36

-0.54

30

-55

-60

70

mA

_uA_

uA

MA

mA
mA

mA

Bus Input/Output Characteristics

PARAMETER

Vq[_ Output Low Voltage

Iq Bus Leakage Current

IQFF Bus Leakage Current (Power OFF)

Vth Receiver Input High Threshold

Vjl Receiver Input Low Threshold

CONDITIONS
(Note 1)

Vcc= Min

Military

Commercial

VCC = Max Military

Commercial

'OL = 40 mA
Iql = 70 mA
IqL = 100 mA

lOL = 4 mA

Iql= 70 mA
Iql = 100 mA

Vq = 0.8V

Vq = 4.5V

Vq = 4.5V

Vq = 4.5V

Bus Enable =

VCC = Max

2.4V,

Bus Enable =

Vcc= Min

Military

Coimmercial

Military

Commercial

2.25

TYP
(Note 2)

0.33

0.33

2.0

0.8

0.7

0.8

-50

100

UNITS

MA

ma

Note 1 :
For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable device type.

Note 2: Typical limits are at VCc " 5V, 25°C ambient and maximum loading.

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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Switching Characteristics <ta = 25°c, vCc = svi

PARAMETER

tPLH Data Input to Bus

tPHL Data Input to Bus

tPLH Data Input to Bus

tPHL Data Input to Bus

tp|_H Enable Input to Bus

tPHL Enable Input to Bus

tPLH Enable Input to Bus

tPHL Enable Input to Bus

tPLH Bus to Receiver Out

tPHL Bus to Receiver Out

Bus

Bus

CONDITIONS

R B = 50fi, Cb = 50 pF (Note 1)

DS26S10

DS26SI1

DS26S10

DS26S11

RB = 50O, R L = 280H, Cb = 50 pF (Note II,

C|_ = 15pF

R B = 500, CB = 50 pF (Note 1)

MIN

4.0

2.0

TYP

10

10

12

12

14

13

15

14

10

10

10

4.0

MAX

15

15

19

19

18

18

20

20

15

15

UNITS

o
rO
O)

O
C/>

to

Note 1 : Includes probe and jig capacitance

Truth Tables

DS26S10 DS26S11

INPUTS OUTPUTS

E I B Z

L

L

H

L

H

X

H

L

Y

L

H

Y

INPUTS OUTPUTS

E T B Z

L

L

H

L

H

X

L

H

Y

H

L

Y

Typical Application

H = High voltage level

L = Low voltage level

X = Don't care

Y = Voltage level of bus (assumes control by another bus transceiver!

STROBE

O

5V

100

n-WNr-
100

o-MAr-
100

>0 '1 '2 '3

E 20

Z1

Z2

23

B1 B2 B3

DS26S10

f)0?

STROBE

O

RECEIVER
OUTPUTS

4-W\r-
100

l—wsr-
100 PARTY-LINE OPERATION

I I

>0 '1 '2 '3

E 20

21

22

23

B1 B2 B3

DS26S10

WT?

RECEIVER
OUTPUTS

0006
lg I, l 2 1]

DS26S11

ZO

21

Z2

Z3

B1 B2 B3

o o

RECEIVER
OUTPUTS

Aooo
i D ii i

2 13

B1 B2 B3

600

RECEIVER
OUTPUTS

5V

100

-W\HI
100

-VSAi—11

100WHi
100
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AC Test Circuit and Switching Time Waveforms

ZTEST
VCC POINT

Q

PULSE
GENERATOR

HO. 1

I INPUT t»^—„X>-
DS26S11

ONLY
S>

PULSE
GENERATOR

NO. 2 -o-1 BTEST
POINT

Note 1 : Includes probe and jig capacitance.

DS26S11

I INPUT

DS26S10

I INPUT

OV '

3V

OV

3V

T

OV

VOH "

r

Vol-

voh-

r

vol -

K \

'PLH-

\ /

-7

<PHL
"

•PHL" —— -— 'PLH
—

-

'PHL

'PLH

i /\_^



Typical Performance Characteristics

Typical Bus Output Low Volt-

age vs Ambient Temperature

v cc* 5V

'BUS" 100 mA

.
l BUS -70mA

] 1 1 1

l BUS «40mA

-55-35-15 5 25 45 65 85 105 125

TA - AMBIENT TEMPERATURE ("0

Receiver Threshold Variation

vs Ambient Temperature

VCC -6.5V

' Vcc = 5.25V

/
-MIL-

I \

VCC - 4.75V

£^
COM'l-

1 \ |

'

«CC
= 4.5V

l

-55 -35 -15 5 25 45 65 85 105 125

TA - AMBIENT TEMPERATURE (°C)

o

o
(/>

IS)

C/)

Schematic Diagram

O 2, (7), (9), (15)

»i I I—

•

T
*f

4*-

TO ONE
OTHER
DRIVER

"!

^ 3.(6),

110), (14)

A—oz

Vcc * Pin 16

GND 1 = Pin 1

GND2 = Pin8

Connect for DS26S10
* Remove R 1 , Q1 , 01 for DS26S1
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£K| National
MjA Semiconductor

Bus Transceivers

DS7640/DS8640 quad NOR unified bus receiver

general description

The DS7640 and DS8640 are quad 2-input receivers

designed for use in bus organized data transmission

systems interconnected by terminated 120£2 impedance

lines. The external termination is intended to be 18W2
resistor from the bus to the +5V logic supply together

with a 390J2 resistor from the bus to ground. The design

employs a built-in input threshold providing substantial

noise immunity. Low input current allows up to 27

driver/receiver pairs to utilize a common bus. This

receiver has been specifically configured to replace the

SP380 gate pin-for-pin.

features

Plug-in replacement for SP380 gate

Low input current with normal Vcc or Vcc = OV
(30/iA typ)

High noise immunity (1.1V typ}

Temperature-insensitive input thresholds track bus

logic levels

DTL/TTL compatible output

Matched, optimized noise immunity for "1" and "0"

levels

High speed (19 ns typ)

connection diagram

Dual-ln-Line Package

OUT 3 OUT 4 IN4A IN 4B IN 3A IN 3B V ri

14 13 12 11

r

10

5

5]
6 7

)

1'
2 3

h
t

3N0 OUT 2 OUT 1 IN 1A

TOP VIEW

IN2A IN2B

typical application

Order Number OS7640J, DS8640J
DS8640IM or DS7640W

See NS Package J14A, N14A or W14A

120U Unified Data Bus
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absolute maximum ratings (Note 1)

Supply Voltage 7.0V

Input Voltage 5.5V

Power Dissipation 600 mW
Storage Temperature Range —65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300° C

operating conditions

Supply Voltage (Vqq)

DS7640

DS8640

Temperature (TA )

DS7640
DS8640

4.5 5.5 V
4.75 5.25 V

-55 + 125 °C

+70 °C

electrical characteristics

The following apply for VM!N < Vcc < VMAX , TM!N < TA < TMAX , unless otherwise specified (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V| H High Level Input Threshold
Vout=Vol

DS7640 1.80 1.50 V

DS8640 1.70 1.50 V

V| L Low Level Input Threshold
Vout = VOH

DS7640 1.50 1.20 V

DS8640 1.50 1.30 V

l| H Maximum Input Current
V, N =4V

Vcc = VMAX 30 80 MA

VCc = OV 1.0 50 ma

l| L Maximum Input Current V 1N
= 0.4V, VCC =VMAX 1.0 50 HA

VOH Output Voltage l OH = -400uA, V IN = V IL 2.4 V

V l Output Voltage lOL = 16mA. V IN =V IH
0.25 0.4 V

los Output Short Circuit Current V IN » 0.5V, V os = 0V, V cc = VMAX , (Note 4) -18 -55 mA

l cc Power Supply Current V, N = 4V, (Per Package) 25 40 mA

Switching Characteristics TA = 25°C, nominal power supplies unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpd Propagation Delays
(Notes 5 and 6)

Input to Logic "1" Output 10 23 35 ns

Input to Logic "0" Output 10 15 30 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125
13

C temperature range for the DS7640 and across the 0°Cto

+70°C range for the DS8640. All typical values are for T^ = 25°C and Vqq = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: Fan-out of 10 load, C[_oAD = 15 P F total < measured from V| N = 1.5V to Vqut =
1 -5V

<
V IN

= ov t0 3V Pulse.

Note 6: Apply for Vcc = 5V, TA = 25°C.
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Semiconductor

DS7641/DS8641 quad unified bus transceiver

Bus Transceivers

general description

The DS7641 and DS8641 are quad high speed drivers/

receivers designed for use in bus organized data trans-

mission systems interconnected by terminated 120£2

impedance lines. The external termination is intended to

be a 180S7 resistor from the bus to the +5V logic supply

together with a 390ft resistor from the bus to ground.

The bus can be terminated at one or both ends. Low bus

pin current allows up to 27 driver/receiver pairs to

utilize a common bus. The bus loading is unchanged

when Vcc = 0V. The receivers incorporate tight thresh-

olds for better bus noise immunity. One two-input NOR
gate is included to disable all drivers in a package

simultaneously.

features

4 separate driver/receiver pairs per package

Guaranteed minimum bus noise immunity of 0.6V,

1.1V typ

Temperature insensitive receiver thresholds track bus

logic levels

30/jA typical bus terminal current with normal Vcc
or with Vcc = 0V

Open collector driver output allows wire-OR

connection

High speed

Series 74 TTL compatible driver and disable inputs

and receiver outputs

connection diagram

typical application

Oual'ln-Line Package

vcc BUSt INI 0UT1 BUS 2 IN 2 OUT 2 DISABLE A

16 15 14 13 1 12 11 10 9

d 1

<*j tk^ ft

raPrWl
=\

3 IN 3 OUT 3 BUS 4 IN 4 OUT 4 DISABLE B GND

TOP VIEW

Order Number DS7641J, DS8641J, DS8641N
or DS7641W

See NS Package J16A. N16A or W16A

120a Unified Data Bus
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absolute maximum ratings (Noteu

Supply Voltage 7V

Input and Output Voltage 5.5V

Power Dissipation 600 mW
Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

operating conditions

Supply Voltage, (V^c)

DS7641

DS8641

Temperature Range, (TA )

DS7641

DS8641

4.5 5.5

4.75 5.25

-55 +125

+70

electrical characteristics

The following apply for VM ,N < Vcc < VMAX , TM , N < TA <TMAX unless otherwise specified (Notes 2 and 3)

PARAMETER CONDITIONS

DRIVER AND DISABLE INPUTS

DRIVER OUTPUT/RECEIVER INPUT

switching characteristics : 25°C, Vcc = 5V, unless otherwise noted

PARAMETER

Propagation Delays (Note 7)

Disable to Bus "1"

Disable to Bus "0"

Driver Input to Bus "1"

Driver Input to Bus "0"

Bus to Logical "1" Receiver

Output

Bus to Logical "0" Receiver

Output

CONDITIONS

19 30

15 30

17 25

9 15

o

-X.

o
00

V,H Logical "1" Input Voltage 2.0 V

V|L Logical "0" Input Voltage 0.8 V

1, Logical "1" Input Current Vin ' 5-5V 1 mA

Iih Logical "1" Input Current V,N - 2-4V 40 MA

li L Logical "0" Input Current V, N = 0.4V -1.6 mA

VCL Input Diode Clamp Voltage l D , s =-12mA, l IN =-12mA, l BUS =-12mA,

TA = 25°C

-1 -1.5 V

VOLB Low Level Bus Voltage V DIS = 0.8V, V,„ = 2V, l BUS = 50 mA 0.4 0.7 V

l,HB Maximum Bus Current V,N = 0.8V, V BUS = 4V, V cc = VMAX 30 100 MA

li LB Maximum Bus Current V,N =0.8V, V BUS = 4V, Vcc =0V 2 100 MA

V,h High Level Receiver Threshold
V,ND =0.8V, V OL = 16 mA

DS7641 1.80 1.50 V

DS8641 1.70 1.50 V

V IND -0.8V, VOH - 400uA
DS7641 1.50 1.20 V

DS8641 1.50 1.30 V

RECEIVER OUTPUT

VOH Logical "1" Output Voltage V IN -0.8V, V aLls = 0.5V, IOH --400(JA 2.4 V

Vol Logical "0" Output Voltage V IN
= 0.8V, V BUS - 4V, l OL = 16 mA 0.25 0.4 V

l os Output Short Circuit Current V DIS -0.8V, V IN =0.8V, V BUS =0.5V, V os «0V,

Vcc = vmax. (Note 4)

-18 -55 mA

lcc Supply Current Vdis = ov .
v in " 2V

< (
per Package) 50 70 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply

that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7641 and across the 0°C to

+70Q C range for the DS8641. All typical values are for TA = 25°C and Vcc =5V -

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or mtn on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: 9in from bus pin to Vcc and 200H from bus pin to ground. Cloa d = 15 P F total - Measured from V|n = 1.5V to V BUS- 1.5V,

V| N =0V to 3V pulse.

Note 6: Fan-out of 10 load, C L0AD = 15pF total. Measured from V| N - 1.5V to V0UT = 1.5V, V !N = 0V to 3V pulse.

Note 7: The following apply for Vcc = 5V - TA = 25°C unless otherwise specified.
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££] National
MM Semiconductor

Bus Transceivers

DS7833/DS8833, DS7835/DS8835
quad TRI-STATE® bus transceivers

general description features

This family of TRI-STATE bus transceivers

offer extreme versatility in bus organized data

transmission systems. The data bus may be unter-

minated, or terminated dc or ac, at one or both

ends. Drivers in the third (high impedance) state

load the data bus with a negligible leakage current.

The receiver input current is low allowing at least

100 driver/receiver pairs to utilize a single bus.

The bus loading is unchanged when Vcc = 0V.

The receiver incorporates hysteresis to provide

greater noise immunity. All devices utilize a high

current TRI-STATE output driver. The DS7833/

DS8833 and DS7835/DS8835 employ TRI-STATE
outputs on the receiver also.

The DS7833/DS8833 are non-inverting quad

transceivers with a common inverter driver disable

control and a common inverter receiver disable

control.

The DS7835/DS8835 are inverting quad trans-

ceivers with a common inverter driver disable

control and a common inverter receiver disable

control.

Receiver hysteresis

Receiver noise immunity

Bus terminal current for

normal Vcc or Vcc = OV

400 mV typ

1.4V typ

80mA max

Receivers

Sink 16 mA at 0.4V max
Source 2.0 mA (Mil) at 2.4V min

5.2 mA (Com) at 2.4V min

Drivers

Sink 50 mA at 0.5V max
32 mA at 0.4V max

Source 10.4 mA (Com) at 2.4V min

5.2 mA (Mil) at 2.4V min

Drivers have TRI-STATE outputs

DS7833/DS8833, DS7835/DS8835 receivers

have TRI-STATE outputs

Capable of driving 100S7 dc—terminated buses

Compatible with Series 54/74

connection diagrams

Dual-ln-Line Package Dual- In- Line Package

J- 1- >J&mo
u16 15 J3 1 12 11 10 9

^itra

Order Number DS7833J, DS8833J,
DS8S33N or DS7S33W

See NS Package J16A, IM16A or W16A

Order Number OS7835J, DS8835J,
DS8835N or DS7835W

See NS Package J16A, N16A or W16A
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absolute maximum ratings (Notei) operating conditions

Supply Voltage 7.0V

Input Voltage 5.5V

Output Voltage 5.5V

Storage Temperature -65 C to +150
L

C

Lead Temperature (Soldering, 10 s iconds! 300 C

Supply Voltage (Vqq)

DS7833, DS7835

DS8833, DS883S

Temperature (TA I

DS7833, DS7835
DS8833, DS8835

4.5

4.75

5.5

525

-55 t125

t70

electrical characteristics (Notes 2 and 3)

PARAMETER
1

CONDITIONS
|

MIN I TVP MAX UNITS

DIPABtL ARARH
I
V!Jt

I...,- :_...• Pp.. A V .:.,„. v. , '

• 2
1

V

V 1 ovj PA^P !',..! V; ::— _ Vcc = Mm DS7835
' " 1"

0~

~0
8

;

X

Others

-1 .;
1
.-• -Put '.

1

v. :>4<. an j A

.-'-—1—-
1

i, 'A

I ., L-. ,:-C .,....• — It: m.A

p. .tr,.,..... n,..u.
18 1

:-,

lv,...i.... ,. .. :>...,. 2 UP . p : .

'

"

RECEIVER AIAPI pp.8 AIAA'a I

H;.r A .-! -.•

- —

—

— .

1 I t A3 V 1

IP 1 / P

A3G v

UP I 3b i r. v

1 A.AP.M.. O P. ———
"
()V

'

— 23 RC ..A

|. ;,
3 80 .-iA

.;v 2 10 "
l..r,„ 1 0. •:).:: '•""<•• 3 2-

I

' "V.. AA8P3 2 4 2 A3 V

2 4 2 /5 V

Loa.r -0-- 0-.ri...t '"' J '"

v-
l,:..i 50 '::A 28 0.5 V

I ... »?
''•' 0.4 V

0: iiiul S";.rl Ci'c ;, .i to G2 '20 mA

RECEIVER OUTPUT

V,,. Pop, ! 0..,,.,.: Vult.AA 2.0 .-.--
! ca-p a .p,;»p= 2 4 3 V

l i: ,

- b!v |V A3, 2 A38B33 2 4 2 9 V

V,. Lope "0" Output Volt.Klc V.;-.; "' -
' .,- H) r.':A 22 [) 4 V

l ()T OutULit IP stPPPi C.um"t v
;
,B» VP U - - 2 4 V 40 ^A

A ,.- G4V 40 A A

'- 0...,pu,5,o„CpcuuC „ RS7S33 DS/833 28 40 /() riA

DS8333 R88833 30 70 mA

'" s " iJI " vc " :)S/838 IP88333 84 1 16 mA

233885 DS8838 38 9 b mA

Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except

for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The

table of "Electrical Characteristics" provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55
:

C to <125°C temperature range for the DS7833,

DS7835 and across the 0°C to + 70
(

'C range for the DS8833, DS8835. All typical* are given for VCC = 5.0V and TA ~ 25 C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless

otherwise noted. All values shown as max or mm on absolute value basis.

Note 4: Only one output at a time should be shorted.
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switching characteristics vcc = 5 0v,ta = 25°c

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpao Propagation Delay to a

Logic "0" From Input

to Bus

(Figure It

DS7833/DS8833 14 30 ns

DS7835/DS8835 10 20 ns

tpdi Propagation Delay to a

Logic "1" From Input

to Bus

(Figure 11
DS7833/DS8833 14 30 ns

DS7835/DS8835 11 30 ns

tpoo Propagation Delay to a

Logic "0" From Bus

to Output

(Figure 2)
DS7833/DS8833 24 45 ns

DS7835/DS8835 16 35 ns

tpdi Propagation Delay to a

Logic "1" From Bus

to Output

(Figure 2)
DS7833/DS8833 12 30 ns

DS7835/DS8836 18 30 ns

tPHZ Delay From Disable

Input to High Impedance

State (From Logic "1" Level)

C L - 5.0 pF, (Figures 1 and 21
Driver

N 8.0 20 ns

Receiver 6.0 15 ns

tPLZ Delay From Disable Input to

High Impedance State (From

Logic "0" Level)

C L = 5.0 pF, (Figures 1 and 2)
Driver 20 35 ns

Receiver 13 25 ns

tPZH Delay From Disable Input to

Logic "1" Level (From High

Impedance State)

C L - 50 pF, (Figures 1 and 2)
Driver 24 40 ns

Receiver 16 35 ns

tPZL Delay From Disable Input to

Logic "0" Level (From High
C L - 50 pF, (Figures 1 and 2)

Driver 19 35 ns

Receiver DS7833/DS8833 15 30 ns

Impedance State) Receiver DS7835/DS8835 33 50 ns

*max Maximum Clock Frequency

ac test circuits

Vcc

>100

Vcc

> 400

50pF—p <'°k

FIGURE 1. C

switching time w

river Output Load

aveforms

-si f*

FIGURE 2. Receiver O jtput Loac

tpdi & tpdo 'OH

3.0V-

INPUT \isv

l\

f = 1 MHz
t, = t,^10n«(10%to90%)

DUTY CYCLE - 50%

3.0V -

INPUT

"T
0.5V
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switching time waveforms (con't)

t1H

ACTUAL LOGICAL "1"
,

VOLTAGE

/
"^

'HO

\
S"

\ 0.5V

4x actual iogicm.1
"voltage

«H1

V
I i_.

0.5V

T
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HH National
Semiconductor

Bus Transceivers

DS7834/DS8834, DS7839/DS8839
quad TRI-STATE® bus transceivers

general description features

This family of TRI-STATE bus transceivers offer extreme

versatility in bus organized data transmission systems.

The data bus may be unterminated, or terminated dc or

ac, at one or both ends. Drivers in the third (high

impedance) state load the data bus with a negligible

leakage current. The receiver input current is low, allow-

ing at least 100 driver/receiver pairs to utilize a single

bus. The bus loading is unchanged when Vcc = 0V. The
receiver incorporates hysteresis to provide greater noise

immunity. Both devices utilize a high current TRI-
STATE output driver. The DS7834/DS8834 and DS7839/
DS8839 employ TTL outputs on the receiver.

The DS7839/DS8839 are non-inverting quad transceivers

with two common inverter driver disable controls.

The DS7834/DS8834 are inverting quad transceivers

with two common inverter driver disable controls.

Receiver hysteresis

Receiver noise immunity

Bus terminal current for

normal Vcc or Vcc = OV

Receivers

Sink

Source

400 mV typ

1.4V typ

80/jA max

16 mA at 0.4V max
2.0 mA (Mil) at 2.4V min

5.2 mA (Com) at 2.4V min

Drivers

Sink 50 mA at 0.5V max
32 mA at 0.4V max

Source 10.4 mA (Com) at 2.4V min

5.2 mA (Mil) at 2.4V min

Drivers have TRI-STATE outputs

Receivers have TRI-STATE outputs

Capable of driving 100S2 dc—terminated buses

Compatible with Series 54/74

connection diagrams

Dual-ln-Line Package DuaMn-Line Package

&\&
&}^}

BUSA IN A 0UTA BUSB IN b 0UTb DRIVER GND
DISABLE

DRIVER
BUSD IND 0UTo BUSC INC 0UTc DISABLE

4 4

BUSA IN A 0UTA Bt)SB IN B 0UTB DRIVER GND
DISABLE

TOP VIEW

Order Number DS7834J, OS8834J
DS8843N or DS7334W

See NS Package J16A, N16A or W16A

Order Number DS7839J, DS8839J,
DS8839N or DS7839W

See NS Package J16A, N16A or W16A
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absolute maximum ratings (Noteii

Supply Voltage 7.0V

Input Voltage 5.5V

Output Voltage 5.5V

Storage Temperature -65°C to +150°C
Lead Temperature (Soldering, 10 Seconds) 300°C

operating conditions
MAX UNITS

Supply Voltage (V^q)

DS7834, DS7839 4.5 5.5 V
DS8834, DS8839 4.75 5.25 V

Temperature (T^i

DS7834, DS7839 -55 + 125 "C

DS8834, DS8839 +70 "C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS

DISABLE/DRIVER INPUT

V,H High Level Input Voltage Vcc = Min 2.0 V

V,L Low Level Input Voltage V cc - Min 0.8 V

'lH High Level Input Current
Vcc - Max

Vin =2,4V 40 HA

V IN =5.5V 1.0 mA

I.L Low Level Input Current Vcc = Max, V, N = 0.4V -1.0 -1,6 mA

'iND Driver Disabled Input Low

Current

Driver Disable Input = 2.0V, V, N = 0.4V -40 uA

VC L Input Clamp Diode Vcc = 5.0V, l IN
= -12 mA, TA == 25°C -0.8 -1.5 V

RECEIVER INPUT/BUS OUTPUT

V-th High Level Threshold Voltage
Vcc " Max

DS7834, DS7839 1.4 1.75 2.1 V

DS8834, DS8B39 1.5 1.75 2.0 V

Vtl Low Level Threshold Voltage
Vcc - Min

DS7834, DS7839 0.8 1.35 1.6 V

DS8834, DS8839 0.8 1.35 1.5 V

'sH Bus Current, Output Disabled or

High VBUS = 4.0V

V cc = Max,

Disable Input = 2.0V
25 80 uA

Vcc = 0V 5.0 80 jiA

V cc - Max, V BUS - 0.4V, Disable In jut = 2.0V -40 MA

Vqh Logic "1" Output Voltage
V cc - Min

lOU T
= -5.2 mA DS7834, DS7839 2.4 2.75 V

Iout = "10.4 mA DS7834, DS8839 2.4 2.75 V

Vol Logic "0" Output Voltage
V cc = Min

l OUT = 50 mA 0.28 0.5 V

Iout = 32 mA 0.4 V

Iqs Output Short Circuit Current Vcc " Max, (Note 4) -40 -62 -120 mA

RECEIVER OUTPUT

V H Logic "1" Output Voltage
Vcc = Min

'out
= -2.0 mA DS7834, DS7839 2.4 3.0 V

lOUT = -5.2 mA DS8834, DS8839 2.4 2.9 V

Vol Logic "0" Output Voltage V Cc =Min, lOUT = 16 mA 0.22 0.4 V

Output Short Circuit Current
Vcc = Max, (Note 4)

DS7834, DS7839 -28 -40 -70 mA

DS8834, DS8839 -30 -70 mA

Ice Supply Current Vcc = Max 75 95 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation,

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7834, DS7839 and across

the 0°C to +70°C range for the DS8834, DS8839. All typicals are given for Vcc = 5.0V and Ta = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: Only one Output at a time should be shorted.
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switching characteristics vcc = 5.ov, ta = 25°c

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdO Propagation Delay to a Logic "0"
(Figure 11

DS7839/DS8839 14 30 ns

from Input to Bus DS7834/OS8834 10 20 ns

tM1 Propagation Delay to a Logic "1"
(Figure 1)

DS7839/DS8839 14 30 ns

from Input to Bus OS7834/DS8834 11 30 ns

tpdo Propagation Delay to a Logic "0"
(Figure 2)

DS7839/DS8839 24 45 ns

from Bus to Output DS7834/DS8834 16 35 ns

tM i
Propagation Delay to a Logic "1"

(Figure 21
DS7839/DS8839 12 30 ns

from Bus to Output DS7834/DS8834 18 30 ns

*PHZ Delay from Disable Input to High

Impedance State (from Logic "1"

Level)

C L = 5.0pF, (Figures 1 and 21 Driver Only 8 20 ns

tPLZ Delay from Disable Input to High

Impedance State (from Logic "0"

Level)

C L = 5.0 pF, (Figures 1 and 2) Driver Only 20 35 ns

tpzH Delay from Disable Input to Logic

"1" Level (from High Impedance

State)

C L = 50 pF, (Figures 1 and 2) Driver Only 24 40 ns

fPZL Delay from Disable Input to Logic

"0" Level (from High Impedance

State)

C L =50pF, (Figures 1 and 2) Driver Only 19 35 ns

ac test circuits

S0fF—p 5'

H I
! H !

C L

50 pFT
N * ! ! N

FIGURE 1. Driver Output Load

switching time waveforms

tpdl a"d tpdO

FIGURE 2. Receiver Output Load

<0H

INPUT JM.5V V 3.0V

—"ii„i,!—
INPUT

OUTPUT
(INVERTED)

- v |

^,,y
1

'• —i 'pdO ^"

—

. 1

ov

OUTPUT

OUTPUT
(N0NINVERTED)

/isv ^_ ACTUAL LOGICAL "0"

VOLTAGE

f = 1 MHz

t, = lf <1DM(10Mi
Duty Cycle = 60%

d90%)

XL
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switching time waveforms (con't)

«1H 'HO

J.INPUT
7T

1 '5V
INPUT">

/
o.sv

•

i

\ 0.5V

Imo *-J\ * ACTUAL LOGICAL "0"

. | VOLTAGE

VOLTAGE

OUTPUT V
'HI

INPUT \isv

j

tHI

OUTPUT

anuAi lOfiir AL "1"

/_j._
VOLTAGE

/ °-5v

truth table

DISABLE
INPUT

DRIVER
INPUT

(INX )

RECEIVER INPUT/

BUS OUTPUT
(BUSX )

RECEIVER
OUTPUT
(OUTx )

MODE OF
OPERATION

DS7834/DS8834

1 X BUS Receive bus

signal

1 1 Drive bus

1 Drive bus

DS7839/DS8839

1 X BUS Receive bus

signal

1 1 1 Drive bus

Drive bus

X = Don't care
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5JH National Bus Transceivers

Semiconductor

DS7836/DS8836 quad NOR unified bus receiver

general description

The DS7836/DS8836 are quad 2-input receivers

designed for use in bus organized data transmission

systems interconnected by terminated 1 20£2 im-

pedance lines. The external termination is intend-

ed to be 180S2 resistor from the bus to the +5V
logic supply together with a 390A2 resistor from

the bus to ground. The design employs a built-in

input hysteresis providing substantial noise im-

munity. Low input current allows up to 27 driver/

receiver pairs to utilize a common bus. This re-

ceiver has been specifically configured to replace

the SP380 gate pin-forpin to provide the distinct

advantages of the DS7837 receiver with built-in

hysteresis in existing systems. Performance is

optimized for systems with bus rise and fall times

<1.0ms/V.

features

Low input current with normal Vcc or

Vcc = OV (15 ,uA typ)

Built-in input hysteresis (1V typ)

High noise immunity (2V typ)

Temperature-insensitive input thresholds track

bus logic levels

DTL/TTL compatible output

Matched, optimized noise immunity for "1"

and "0" levels

High speed (18 ns typ)

typical application

120« Unified Data Bus

—t s>

[7/4 1 fill
1 OS7838 ' ' DS7B38

i 1 u

i n
1

1

1

1

1

1

I l,/G

|
J_DS7B37

|
|J)S7836 I

~i n
i i

i i

i i, tn

connection diagram

Dual-ln-Line Package

IN4A IN4B IM 3A IN 3B

14

V

13

-<

12 11 10

5

9 |8

51
6 7

r
2 3 4

GNO OUT 2 OUT 1 IN 1A IN2A

TOP VIEW
Order Number DS7836J Order Number DS8836N Order Number DS7836W

or OS8836J See NS Package N14A See NS Package W14A
See NS Package J14A
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absolute maximum ratings

Supply Voltage 7.0V

Current Voltage 5.5V

Power Dissipation 600 mW
Storage Temperature Range -65°Cto + 150° C

Lead Temperature (Soldering, 10 seconds) 300°C

operating conditions

Supply Voltage {Vqq)

DS7836
DS8836

Temperature (TA )

DS7836
DS8836

4.5 5.5

4.75 5.25

-55 +125

+70

electrical characteristics

The following apply for VM IN < Vcc < VMAx , TMIN < TA < TMAX . unless otherwise specified (Notes 2 and 3)

PARAMETER

High Level Input Threshold

Low Level Input Threshold

Maximum Input Current

Logical "1" Output Voltage

Vol Logical "0" Output Voltage

Output Short Circuit Current

Power Supply Current

Input Clamp Diode Voltage

CONDITIONS

OS7836

DS8836

DS7836

DS8836

V,n
= ov

V,N = 0.5V, l OUT =-400uA

= 4V, l OUT = 16 mA

V| N = 0.5V, V 0UT = 0V, Vcc = Max, (Note 4)

= 4V, (Per Package)

l, N =-12 mA, T» ^25 C

1.65

1.80

0.97

1.05

2.4

TYP

2.25

2.25

1.30

0.25

MAX

2.65

2.50

1.63

1.55

50

50

0.4

-55

40

-1.5

switching characteristics

Vcc = 5V, TA = 25°C unless otherwise specified.

UNITS

/lA

mA

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpd Propagation Delays
(Notes 4 and 5|

Input to Logical "1" Output 20 30 ns

Input to Logical "0" Output 18 30 ns

Not. 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "OP"«»\«

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of Electrical Characteristics

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7836 and across the C to

+70°C range for the DS8836. All typical values are for TA = 25°C and VfX = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Fan-out of 10 load, C L0AD - 1 5 pF total, measured from V, N - 1.3V to V IJT ' 1 -5V, V| N - 0V to 3V pulse.

Note 5: Fan-out of 10 load, C L0AD = 15 pF total, measured from V, N = 2.3V to V0UT - 1 ,5V, V| N = 0V to 3V pulse.
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5gl National
SlA Semiconductor

DS7837/DS8837 hex unified bus receiver

Bus Transceivers

general description

The DS7837/DS8837 are high speed receivers de-

signed for use in bus organized data transmission

systems interconnected by terminated 1 20H im-

pedance lines. The external termination is intend-

ed to be 180S2 resistor from the bus to the +5V
logic supply together with a 390S2 resistor from
the bus to ground. The receiver design employs a

built-in input hysteresis providing substantial noise

immunity. Low input current allows up to 27 driv-

er/receiver pairs to utilize a common bus. Disable

inputs provide time discrimination. Disable inputs

and receiver outputs are DTL/TTL compatible.
Performance is optimized for systems with bus
rise and fall times < 1.0/is/V.

features

Low receiver input current for normal Vcc or

Vcc = 0V (15/uAtyp)

Six separate receivers per package

Built-in receiver input hysteresis (1V typ)

High receiver noise immunity (2V typ)

Temperature insensitive receiver input thres-

holds track bus logic levels

DTL/TTL compatible disable and output

Molded or cavity dual-in-line or flat package

High speed

typical application

120S2 Unified Data Bus

-• ss—

I 1 I

connection diagram

Dual-ln-Line Package

0UT1 IN2 0UT2 IN OUt 3 DISABLE A

OUT 5

TOP VIEW

l„ 15 14 13 1Z tl io g

hkk=^hb

'p
?IfP Fp

1 2 3 4 5 6

i-
0UT6 OISABLE 8 GNU

Order Number DS7837J
or DS8837J

See NS Package J16A

Order Number DS8837N
See NS Package N16A

Order Number DS7837W
See NS Package W16A
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absolute maximum ratings

Supply Voltage 7V

Input Voltage 5.5V

Power Dissipation 600 mW
Operating Temperature Range

DS7837 -55°Cto+125°C

DS8837 0°C to +70° C

Storage Temperature Range -65°Cto+150°C

Lead Temperature (Soldering, 10 secc nds) 300° C

operating conditions

Supply Voltage (Vqq)

DS7837 4.5 5.5

DS8837 4.75 5.25

Temperature (Ta>

DS7837 -55 +125

DS8837 +70

electrical characteristics

The following apply for V^ < Vcc < V,MAX' ' WIN <TA <TW , unless otherwise specified (Notes 2 and 31

PARAMETER

Vth High Level Receiver Threshold

Vtl Low Level Receiver Threshold

Maximum Receiver Input Current

Logical "0" Receiver Input Current

Logical "1" Input Voltage

Vil Logical "0" Input Voltage

Logical "1" Input Current

Logical "0" Input Current

Logical "1" Output Voltage

Logical "0" Output Voltage

Output Short Circuit Current

CONDITIONS

DS8837

V, N =0.4V, Vcc =

Disable Input

" 4V, V,ND - 0.4V, Disable Input

V,N = 0.5V. V 1ND = 0.8V, l OH = -400(JA

1.05

TYP

2.25

1.30

1.63

V, N =4V, V„ = 0.8V,

Power Supply Current

VC L Input Clamp Diode

V IN
» 0.5V, V lfgD = 0V, V os - OV, V c

(Note 4)

• 4V, V,ND = 0V, (Per Package)

V IN
= -12 mA, V IND = -12 tnA, TA = 25 C

0.25

Switching Characteristics TA = 25°C, nominal power supplies unless otherwise noted

PARAMETER

Propagation Delays

CONDITIONS

Receiver

Input = 0V,

Disable,

(Note 7)

Input to Logical "1" Output, (Note 5)

Input to Logical "0" Output, (Note 6)

Input to Logical "1" Output

Input to Logical "0" Output

o
C/>
-4

UNITS 00
CO

V -si
-^
o
(/>

°c GO
00O
-s|

UNITS

V

uA

MA

uA

mA

V

Note V "Absolute Max.mum Ratings" are those values beyond wh,ch the safety of the device cannot be guaranteed Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of Electrical Charactenst.es

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7837 and across the 0°C to

+70°C range for the DS8837. All typicals values are for TA = 25°C and Vcc - 5V.

Note 3: All currents into device pins shown as positve, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5. Fanout of 10 load, CL0AD ' 15 P F ">«' Measured from V lN = 1 .3V to V0UT - 1.5V, V, N - 0V to 3V pulse.

Note 6: Fan-out of 10 load, C LOAD -15 PF '°tal - Measured from V, N = 2.3V to V UT " 1-5V, V| N - 0V to 3V pulse.

Note 7: Fan-out of 10 load, C L0AD = 15 pF total. Measured from V| N = 1.5V to V UT = 1 5V -
V, N = 0V to 3V pulse.
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CT1 National
AA Semiconductor

Bus Transceivers

DS7838/DS8838 quad unified bus transceiver

general description

The DS7838/DS8838 are quad high speed drivers/

receivers designed for use in bus organized data

transmission systems interconnected by termi-

nated 120J2 impedance lines. The external termi-

nation is intended to be a 180J2 resistor from the

bus to the +5V logic supply together with a 390fi
resistor from the bus to ground. The bus can be

terminated at one or both ends. Low bus pin cur-

rent allows up to 27 driver/receiver pairs to utilize

a common bus. The bus loading is unchanged
when Vcc = OV. The receivers incorporate hystere

sis to greatly enhance bus noise immunity. One
two-input NOR gate is included to disable all

drivers in a package simultaneously. Receiver per-

formance is optimized for systems with bus rise

and fall'times< 1.0(js/V.

features

4 totally separate driver/receiver pairs per

package

IV typical receiver input hysteresis

Receiver hysteresis independent of receiver

output load

Guaranteed minimum bus noise immunity of

1.3V, 2Vtyp.

Temperature-insensitive receiver thresholds

track bus logic levels

20/jA typical bus terminal current with normal

Vcc or with V
cc

= OV

Open collector driver output allows wire-OR

connection

High speed

Series 74 TTL compatible driver and disable

inputs and receiver outputs

typical application

connection diagram
Dual-ln-Line Package

li-

IN 1 OUT 1 BUS 2 mi OUT 2 DISABLES

d"

^
OUT 3 BUS 4 OUT 4 DISABLE B GNC

Order Number DS7838J
or DS88318J

See IMS Package J16A

TOP VIEW

Order Number DS8838M Order Number DS7838W
See NS Package N16A See NS Package W16A
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absolute maximum ratings (Noteu

Supply Voltage

Input and Output Voltage

Power Dissipation

7V

5.5V
600 mW

Operating Temperature Range

DS7838
DS8838

Storage Temperature Range

Lead Temperature, (Soldering, 10 sec)

-55° C to+125°C

0°C to+70°C
~65°Cto+150°C

300° C

electrical characteristics

DS7838/DS8838: The following apply for VM , N < Vcc <VMAX ,TM , N < TA <TMAX unless otherwise specified

(Notes 2 and 3)

PARAMETER CONDITIONS MAX

DRIVER AND DISABLE INPUTS

DRIVER OUTPUT/RECEIVER INPUT

UNITS

V,H Logical "1" Input Voltage 2.0 V

V,L Logical "0" Input Voltage 0.8 V

ll Logical "1" Input Current Vin =55V 1 mA

Iih Logical "1" Input Current V IN =2.4V 40 MA

IlL Logical "0" Input Current V, N =0.4V -1.6 mA

Vcl Input Diode Clamp Voltage Idis
=" 12 mA

. 'in

TA = 2S°C

= -T2mA, l BUS =-12 mA, -1 -1.5 V

Voles Low Level Bus Voltage Vms = 0.8V, V, N = 2V, l BUS = 50 mA 0.4 0.7 V

Iihb Maximum Bus Current V, N = 0.8V, V BUS = 4V, Vcc = VMAX 20 100 M
IlLB Maximum Bus Current V IN

= 0.8V, V BUS = 4V, Vcc =0V 2 100 uA

V| H High Level Receiver Threshold V IND 0.8V, V 0L = 16 mA

Vcc = Max

DS7838 1.65 2.25 2.65 V

DS8838 1.80 225 2.50 V

Vil Low Level Receiver Threshold V IND = 0.8V, V OH =-400uA

Vcc = Min

DS7838 0.97 1.30 1.63 V

DS8838 1.05 1.30 1.55 V

RECEIVER OUTPUT

VOH Logical "1" Output Voltage V, N = 0.8V, VBUS = 0.5V, l OH = -400uA 2.4 V

Vol Logical "0" Output Voltage V, N = 0.8V, VBUS = 4V, l OL = 16 mA 0.25 0.4 V

'os Output Short Circuit Current V DIS = 0.8V, V, N = 0.8V, VBUS = 0.5V,

Vos=0V,Vcc = VMAX ,(Note4)

-18 -55 mA

Ice Supply Current V D |S = 0V, V, N = 2V, (Per Package) 50 70 mA

tpd Propagation Delays (Note 8)

Disable to Bus "1" (Note 5) 19 30 ns

Disable to Bus "0" (Note 5) 15 23 ns

Driver Input to Bus "1" (Note 5) 17 25 ns

Driver Input to Bus "0" (Note 5) 9 15 ns

Bus to Logical "1" Reciever Output (Note 6) 20 30 ns

Bus to Logical "0" Receiver Output (Note 7) 18 30 ns

Note 1: "Absolute Maximum Ratings" are those

Temperature Range" they are not meant to imp

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limit

values beyond which the safety of

y that the devices should be operate

s apply across the -55°C to +125°C

the device car

d at these limi

temperature ra

not be gua

s. The tabl

nge for the

ranteed. E>

i of "Elect

DS7838 an

cept for "C

ical Charac

d across th

Operating

teristics"

e 0°C to

+70°C range for the DS8838. All tyoical values are for TA = 25°C and Vcc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note S: 91 n from bus pin to VCC and 200S2 from bus pin to ground, CL0AD = 15pF total. Measured from V, N = 1 .5V to V BUS = 1.5V, V| N =

0V to 3.0V pulse.

Note 6: Fan-out of 10 load, C L0AD = 15 pF total. Measured from V| N = 1.3V to VouT =
1 -5V

. V|N = 0V to 3.0V pulse.

Note 7: Fan-out of 10 load,C LOAD = 15 pF total. Measured from V, N - 2.3V to V UT " 1

-

5V V| N = 0V to 3.0V pulse.

Note 8: These apply for Vrjc = 5V, Ta = 25"C unless otherwise specified.

o
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yg\ National Bus Transceivers

mSm Semiconductor

DS8T26A, DS8T26AM, DS8T28, DS8T28M
4-Bit Bidirectional Bus Transceivers
General Description Features
The DS8T26A, DS8T28 consists of 4 pairs of TRI-

STATE® logic elements configured as quad bus drivers/

receivers along with separate buffered receiver enable

and driver enable lines. This single IC quad transceiver

design distinguishes the DS8T26A, DS8T28 from
conventional multi-IC implementations. In addition,

the DS8T26A, DS8T28's ultra high speed while driving

heavy bus capacitance (300 pF) makes these devices

particularly suitable for memory systems and bidirec-

tional data buses.

Inverting outputs in the DS8T26A

Non-inverting outputs in the DS8T28

TRI-STATE outputs

Low current PNP inputs

Fast switching times (20 ns)

Advanced Schottky processing

Driver glitch free power up/down

Non-overlapping TRI-STATE

Both the driver and receiver gates have TRI-STATE
outputs and low current PNP inputs. PNP inputs reduce

input loading to 200 fiA maximum.

Logic and Connection Diagrams
DS8T26A

' J\ DS8T28

< is

wo--o|^

i. S

S

. S_JLu <—~O0/t h

i

14

O"oor°out o—*-o<r ^ 14——O"our "ootO—* tC' [i

D O
4

r>
—*—ODouT

in

_>0—•—ODqut

»outO——<^ k>—
|

1

1 1

u
R 0UT O <^ T

12

" ORpUT ORqut

7

X
—

o

*
7

s*

ri

-{ ^
—*—ODqUT

"
g

Dilal-ln Line Package

——OD, N

R/E— u ^vct

2

"OUT — ±M
3

DOUT- 14— "out

IN—
R0UT"~

6
D0UT

7

— Dout

12 Orde— IN

11— R 0UT

ID

Number DS8T26AJ, DS8T26AMJ, DS8T
DS8T28MJ, DS8T26AN or DS8T28N

See NS Package J16A or N16A

28J,

8
GND— 9

IN

TOP VIEW



Absolute Maximum Ratings (Noteu Recommended Operating Conditions

All Output and Supply Voltages

All Input Voltages

Output Currents

Storage Temperature

Lead Temperature (Soldering, 10 seconds)

-0.5V to +7V
-1V to+5.5V

Supply Voltage (Vcc*
DS8T26A, DS8T28 4.75 5.25 V

±150 mA DS8T26AM, DS8T28M 4.5 5.5 V

-65°Cto+150°C
300° C

Temperature (T^)

DS8T26A, DS8T28 70 °C

DS8T26AM, DS8T28M -55 +125 °C

Electrical Characteristics (Notes 2. 3 and 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

DRIVER

Ill- Low Level Input Current

IlL Low Level Input Current (Disabled)

V|N = 0.4V

V| N = 0.4V

-200

-25

HA

MA

1|H High Level Input Current (D|N, De) V|N = VccMax

Vol Low Level Output Voltage,

(Pins 3, 6, 10, 13)

IQUT " 48 mA

VoH High Level Output Voltage,

(Pins 3, 6, 10, 13)

IOUT = -10mA 2.4

Iqs Short-Circuit Output Current,

(Pins 3, 6, 10, 13)

VOUT = 0V,Vcc =

Vcc Max

-50

RECEIVER

IlL Low Level Input Current

l|H High Level Input Current (Re)

vol Low Level Output Voltage

VOH H 'gh Level Output Voltage,

(Pins 2, 5, 11, 14)

'OS Short-Circuit Output Current,

(Pins 2, 5, 11, 14)

BOTH DRIVER AND RECEIVER

V|N = 0.4V

V IN = VCC Max

l OUT = 20mA

IqUT=-100,uA

'OUT 3 -2 mA

V UT = OV, VCC =

Vqc Max

3.5

2.4

-30

VTL Low Level Input Threshold Voltage

VTH High Level Input Threshold Voltage

lOZ Low Level Output OFF Leakage

Current

Iqz High Level Output OFF Leakage

Current

V| Input Clamp Voltage

ICC Power Supply Current

DS8T26A

DST28

Vcc = Min, V|N = 0.8V,

Iql = -400 /^A

Vcc= Max, V|N = 0.8V,

'OH = '6 mA

V UT=°-5V

VquT = 2.4V

l|N = -12mA

VCC = V CC Max

VCC = VCC Max

0.85

25

0.5

-150

-200

25

0.5

-75

-100

100

-1.0

87

110

uA

mA

MA

MA

mA

HA

MA

mA
mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply

that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation.

Note 2; Unless otherwise specified, min/max limits apply across the -55°C to +125°C temperature range for the DS8T26AM, DS8T28M and

across the 0°C to +70° C range for the DS8T26A, DS8T28. AM typicals are given for Vcc = 5V and T^ = 25°C.

Note 3; All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise

specified.

Note 4: Only one output at a time should be shorted.
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Switching Characteristics

PARAMETER CONDITIONS
DS8T26A
MAX

DS8T28

MAX
UNITS

Propagation Delay

tON DOUT to ROUT. (Figure 1) Ci_ = 30pF 14 17 ns

tOFF DOUT to ROUT. (Figure 1) 14 17 ns

tON D|N to DOUT. (Figure 21 C L = 300 pF 14 17 ns

tO F F D
1 N to DquT. (Figure 2) 14 17 ns

Data Enable to Data Output

tPZL High 2 to 0, (Figure 3) C|_ = 300pF 25 28 ns

tpLZ to High Z, (Figure 3) 20 23 ns

Receiver Enable to Receiver Output

tPZL High Z to 0, (Figure 4) C|_ = 30pF 20 23 ns

tPLZ to High Z, (Figure 41 15 18 ns

AC Test Circuits and Switching Time Waveforms

">IN3

"INI

t>QUT1

1>0UT2

D 0UT3

D 0UT4

R0UT1

Roim

R 0UT3

«0UT4

H w»-o;

r

FIGURE 1. Propagation Delay (DquT to ROUT'

H VSA^-Oz

ir

FIGURE 2. Propagation Delay (D| N to Dqut'

2-26

Input pulse:

tr = tf = 5 ns (10% to 90%)
Freq = 10 MHz (50% duty cyclel

Amplitude = 2.6V

Input pulse:

t r = tf = 5 ns (10% to 90%)
Freq = 10 MHz (50% duty cycle)

Amplitude = 2.6V



AC Test Circuits and Switching Time Waveforms (Comin ued)

2.6V »CC-«

p 1

D|N2

0|N3

0|N4

D 0UT1

D 0UTZ

D 0UT3

D 0UT4

R0UT1

R 0UT2

R0UT3

R0UT4

"X

1

> 300pF^

-N-
_J

Input pulse:

tr
= tf

= 5 ns (10% to 90%)

Freq = 5 MHz (50% duty cycle)

Amplitude = 2.6V

</></>
00 00
H-H
roro
00 O)

C/)D
00 c/>

H00MH
00 IO

PULSE
GENERATOR

FIGURE 3. Propagation Delay (Data Enable to Data Output)

VCc = 5V 2.6V SV

D|M1

0|N2

°IN4

D 0UT1

°aim

D DUT3

D 0UT4

R 0UT1

R 0UT2

R0U13

R 0UT4
Input puise:

t r
= tf

= 5 ns (10% to 90%)

Freq = 5 MHz (50% duty cycle

Amplitude = 2.6V

FIGURE 4. Propagation Delay (Receive/Enable to Receiver Output)
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T*WA Section 3 ev44 Peripheral/Power£M Drivers EM

TEMPERATURE RANGE PAGE
DESCRIPTION

-55°Cto+125°C 0°C to+70°C NUMBER

DS1611 DS3611 Dual AND Peripheral Driver 3-1

DS1612 DS3612 Dual NAND Peripheral Driver 3-1

DS1613 DS3613 Dual OR Peripheral Driver 3-1

DS1614 DS3614 Dual NOR Peripheral Driver 3-1

DS1631 DS3631 Dual AND CMOS Peripheral Driver 3-7

DS1632 DS3632 Dual NAND CMOS Peripheral Driver 3-7

DS1633 DS3633 Dual OR CMOS Peripheral Driver 3-7

DS1634 DS3634 Dual NOR CMOS Peripheral Driver 3-7

- DS3654 Serial Input, 10-Bit Driver 3-12

DS1686 DS3686 Dual Positive Relay Driver 3-16

DS1687 DS3687 Dual Negative Relay Driver 3-18

DS55450 DS75450 Dual AND Peripheral Driver 3-20

DS55451 DS75451 Dual AND Peripheral Driver 3-20

DS55452 DS75452 Dual NAND Peripheral Driver 3-20

DS55453 DS75453 Dual OR Peripheral Driver 3-20

DS55454 DS75454 Dual NOR Peripheral Driver 3-20

DS55460 DS75460 Dual AND Peripheral Driver 3-31

DS55461 DS75461 Dual AND Peripheral Driver 3-31

DS55462 DS75462 Dual NAND Peripheral Driver 3-31

DS55463 DS75463 Dual OR Peripheral Driver 3-31

DS55464 DS75464 Dual NOR Peripheral Driver 3-31

- MM74C908 Dual CMOS 30V Driver 9-25

MM74C918 Dual CMOS 30V Driver 9-25
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a National
Semiconductor

Peripheral/Power Drivers

DS1611/DS3611, DS1612/DS3612, DS1613/DS3613,
DS1614/DS3614 dual peripheral drivers

general description

The DS1611 series of dual peripheral drivers was de-

signed for those applications where a higher breakdown

voltage is required than that provided by the DS75451

series. The pin outs for the circuits are identical to those

of the DS75451 through DS75454. The DS1611 series

parts feature high voltage outputs (80V breakdown in

the "OFF" state) as well as high current (300 mA in

the "ON" state). Typical applications include power

drivers, relay drivers, lamp drivers, MOS drivers, and

memory drivers.

features

300 mA output current capability per driver

High voltage outputs (80V)

TTL \ LS compatible

Input clamping diodes

Choice of logic function

Connection diagrams (Dual-ln-Line and Metal Can Packages)

yB2 A2 Y2 Vcc B2 A2 V2 B2 A2 11 %l A2 Y2

LEW
y
L55-<

)

LS-<

Order Number DS1611J-8,

DS3611J-8or
DS3611N-8

Order Number DS1612J-8,

DS3612J-8or
DS3612N-8

Order Number DS1613J-!

DS3613J 8 or

DS3613N-8

See NS Package J08A or N08A

Order Number DS1614J-8,

DS3614J-8 or

DS3614N-B

Order Number
DS1611H or DS3611H

Order Number
OS1612H or DS3612H

Order Number
DS1613H or DS3613H

See NS Package H08C

Order Number
DS1614H orDS3614H
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absolute maximum ratings (Note d operating conditions
MIN MAX UNITS

Supply Voltage, Vcc 7.0V Supply Voltage (Vcc)
Input Voltage 5.5V DS161X 4.5 5.5 V
Output Voltage (Note 5) 80V DS361X 4.75 5.25 V
Continuous Output Current 300 mA _ ,T ,

„ T . « ~ , i
Temperature (Ta)

Continuous Total Power Dissipation (Note 4) 800 mW „,,.,„ __ ,,_.. o„
„ .^ _ o o ualbl a —bb +ljib C
Storage Temperature Range -65 C to +150 C DS361X +70 °C
Lead Temperature (Soldering, 10 seconds] 300°C

electrical characteristics

DS1611/DS3611, DS1612/DS3612, OS1613/DS3613, DS1614/DS3614 (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V,H High Level Input Voltage (Figure V 2 V

V, L Low Level Input Voltage (Figure 2) 0.8 V

V, Input Clamp Voltage Vcc = Min, 1 1

= -1 2 mA
,
(Figure 31 -1.2 -1.5 V

VOL Low Level Output Voltage

Vcc = Min, (Figure 1)

DS1611, V, L =0.8V
lOL = 100 mA 0.2 0.5 V

l OL = 300 mA 0.45 0.8 V

DS1612, VIH =2V
l OL = 100 mA 0.2 0.5 V

lOL - 300 mA 0.45 0.8 V

DS1613, VIL =0.8V
l OL - 100 mA 0.2 0.5 V

l OL = 300 mA 0.45 0.8 V

DS1614, V IH =2V
l OL = 100mA 0.2 0.5 V

l OL = 300 mA 0.45 0.8 V

DS3611, V| L =0.8V
l OL = 100 mA 0.2 0.4 V

l OL = 300 mA 0.45 0.7 V

DS3612, V IH -2V
l OL = 100 mA 0.2 0.4 V

lOL = 300 mA 0.45 0.7 V

DS3613, V, L =0.8V
l OL = 100 mA 0.2 0.4 V

l OL = 300 mA 0.45 0.7 V

DS3614, V, H =2V
l OL = 100 mA 0.2 0.4 V

l OL " 300 mA 0.45 0.7 V

VOH Output Breakdown Voltage

Vcc = Min, (Figure 1)

V,h "2V,

l OH = 300 uA

DS1611,

DS1613
80 V

V, H =2V,

l OH = 100 uA

DS3611,

DS3613
80 V

V, L
= 0.8V,

l OH = 300 MA

DS1612,

DS1614
80 V

V| L
- 0.8V,

l OH = 100 (iA

DS3612,

DS3614
80 V

1, Input Current at Maximum

Input Voltage

Vcc = Max, V, = 5.5V, (Figure 2) 1 mA

l,H High Level Input Current Vcc = Max, V, = 2.4V, (Figure 2) 40 WA

li L Low Level Input Current Vcc " Max, V, = 0.4V, (Figure 3) -1 -1.6 mA

lCCH Supply Current

Vcc = Max, Outputs

H igh, (Figures 4 and 5)

V, =BV

DS1611/

DS361

1

11 mA

DS1613/

DS3613
14 mA

V, = OV

DS1612/

DS3612
14 mA

DS1614/

DS3614
17 mA

'ccl Supply Current

Vcc
= Max, Outputs

Low, (Figures 4 and 5)

V, - OV

DS1611/

DS361

1

69 mA

DS1613/

DS3613 73 mA

V, =5V

DS1612/

DS3612 71 mA

DS1614/

DS3614 79 mA
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switching characteristics vcc = 5.ov, ta = 25°c

DS1611/DS3611, DS1612/DS3612, DS1613/DS3613, DS1614/DS3614

PARAMETER CONDITIONS MIN TYP MAX UNITS

lPDl Propagation Delay Time,

Low-To-High Level Output

l « 200 mA, C L
- 15 pF, R L

- 50S2,

(Figure 6)

DS1611/

DS3611 130 ns

DS1612/

DS3612 no ns

DS1613/

DS3613 125 ns

DS1614/

DS3614 220 ns

tpDO Propagation Delay Time,

High-To-Low Level Output

l o «200mA, C L «15pF. R L -50$2.

{Figurv 6)

DS1611/

DS3611
125 ns

DS1612/

DS3612
110 ns

DS1613/

DS3613
125 ns

DS1614/

DS3614
150 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C temperature range for the DS361 1, DS3612, DS3613, DS3614,

and -55°C to +125°C temperature range for the DS1611, DS1612, DS1613 and DS1614. All typical values are for TA = 25°C and VqC = 5V.

Note 3: AM currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Maximum junction temperature is 150°C. For operating at elevated temperatures, the package must be derated based on a thermal resis-

tance, 0ja, of 110°C/W.

Note 5: Maximum voltage to be applied to either output in the "OFF" state.

Note 6: Delay is measured with a 50£2 load to 10V, 15 pF load capacitance, measured from 1 .5V input to 50% point on output.
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schematic diagrams (each driver)

DS3611 Dual AND Peripheral Driver

»o—

t

-O Vce

CI
-o*

-O GND

Note: 1/2 of unit shown.

DS3612 Dual NAND Peripheral Driver

BO-

-Ov„

<
<

-f O x

-O GND

Note: t/2 of unit shown.

DS3613 Dual OR Peripheral Driver

AO-

CT
-O x

9 m — # # o gno

Note: 1/2 of unit thown.
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schematic diagrams (con't)

DS3614 Dual NOR Peripheral Driver

test circuits

CT^
V,H C

v,L C
TEST

TABLE

« d> --—OCHD
Note: 1/2 of unit thown.

V

B

CIRCUIT

UNDER
TEST

TEST

TABLE

^O V„

-TIT

vo

JLX

INPUT

UNDER
OTHER

OUTPUT

INPUT
TEST APPLY MEASURE

DS3611 V, H V| H 'oh VqH
V| L Vcc 'OL Vol

DS3612 V|„ V, M 'oL Vol
VlL Vcc 'OH Voh

DS3613 V|H GND 'OH Voh
VlL V IL !ol vol

DS3614 V,H GND !ol Vol
V IL V, L 'oh Vqh

NOTE: Each input is tested separately.

FIGURE 1.V|H ,V, L ,V H.V0L

I.H

A. B ?

CIRCUIT

UNDER
TESTB. A

IT
Etch input » okohI Mparaony

46VO—T see

~
[ A,» r

NOTES

X
CIRCUIT

UNOER
TEST

Note 1 : Each input a tatted leparatary.

Nov 2: Whin ttftina DS3613 and DS3614 input not under tett n grounded. For al

othar titwiitt it * it 4.5V.

FIGURE 2. 1|.1|h FIGURE 3. V|,I|L

Both gate* ara tatted wnttltanaouriy, B«h jatw are ttfotd cinwhanaously.

FIGURE 4. ICCH* 'CCL for AND - NAND Circuits FIGURE 5. IqCH- >CCL for OR - NOR Circuits
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test circuit and switching time waveforms

PULSE

GENERATOR
(MOTE 1}

r-L.

CIRCUIT
UNDER
TEST

053613

OS3614

I 1

<

,-«_i.-. - < 5.0 nt

INPUT \
DS3B11 1.5V J

DS3B13

INPUT
DS3B11

DS3B14

r

Nott 1 : TIN |Mta pmratH h« th* foUowitii dMiwMrixici: PRR - 1.0 MHi, Zout * S0S1

Howl: C L inclMlMFrobamdji|apaatMcr

FIGURE 6. Switching Times of Complete Drivers
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HH National
4um Semiconductor
DS1631/DS3631, DS1632/DS3632
CMOS dual peripheral drivers

general description

The DS1631 series of dual peripheral drivers was

designed to be a universal set of interface components

for CMOS circuits.

Each circuit has CMOS compatible inputs with thresholds

thattrack as afunction of Vcc (approximately 1/2 Vcc ).

The inputs are PNPs providing the high impedance

necessary for interfacing with CMOS.

Outputs have high voltage capability, minimum break-

down voltage is 56V at 250^A.

The outputs are Darlington connected transistors. This

allows high current operation (300 mA max) at low

internal Vcc current levels since base drive for the

output transistor is obtained from the load in propor-

tion to the required loading conditions. This is essential

in order to minimize loading on the CMOS logic supply.

Typical Vcc = 5V power is 28 mW with both outputs

ON. Vcc operating range is 4.5V to 15V.

The circuit also features output transistor protection if

the Vcc supply is lost by forcing the output into the

Peripheral/Power Drivers

DS1633/DS3633, DS1634/DS3634

high impedance OFF state with the same breakdown

levels as when Vcc was applied.

Pin-outs are the same as the respective logic functions

found in the following popular series of circuits:

DS75451, DS75461, DS3611. This feature allows direct

conversion of present systems to the MM74C CMOS
family and DS1631 series circuits with great power

savings.

The DS1631 series is also TTL/LS compatible at V (( ^

5V.

features

CMOS compatible inputs

TTL/DTL compatible inputs

High impedance inputs PNP's

High output voltage breakdown 56V min

High output current capability 300 mA max

Same pin-outs and logic functions as DS75451,

DS75461 and DS3611 series circuits

Low Vcc power dissipation (28 mW both outputs

"ON" at 5V)

Connection diagrams (Dual-ln-Line and Metal Can Package

A
Vcc B2 A2 X2 BZ AZ X2 Vcc B2 A2 X2

S 7 G Is

Vcc B2 AZ X2

Order Number DS1631J 8,

DS3631J-8or
DS3631N-8

TOP VIEW

Order Number DS1632J-8,

DS3632J 8 or

DS3632N-8

Order Number DS1633J-8,

DS3633J-8 or

DS3633N-8

Order Number DS1634J-8,

DS3634J-8 or

DS3634N-8

See NS Package J08A or N08A

GND

TOP VIEW

(Pin 4 is electrically connected to the case.)

Order Number
DS1631H or DS3631 H

|p.

GND

TOP VIEW

ically connected 10 the use.

I

Order Number
DS1632H or DS3632H

GND

TOP VIEW

(Pin 4 is electrically connected tn the case

Order Number
DS1633H or DS3633H

GND

TOP VIEW

(Pin 4 ( s electrically connected 10 the case.)

Order Number
DS1634Hor DS3634H

See NS Package H08C
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absolute maximum ratings (Noten

Supply Voltage 16V
Voltage at Inputs -0.3V to Vcc +0.3V

Output Voltage 56V
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds] 300°C

electrical characteristics (Notes 2 and 3)

operating conditions
MIN MAX UNITS

Supply Voltage, Vqc
DS1631/DS1632/ 4.5 15 V
DS1633/DS1634

DS3631 /DS3632/ 4.75 15 V
DS3633/DS3634

Temperature, TA
DS1631/DS1632/ -55 +125 °C

DS1633/DS1634

DS3631/DS3632/ +70 °C

DS3633/DS3634

PARAMETER CONDITIONS I MIN I TYP MAX UNITS

ALL CIRCUITS

V|n Logical "1" Input Voltage

{Figure 1)

VCC " 5V 3.5 2.5 V

VCC= 10V 8.0 5 V

VCC = 15V 12.5 7.5 V

V|L Logical "0" Input Voltage

(Figure 1)

VCC = 5V 2.5 1.5 V

VCC= 10V 5.5 2.0 V
VCC = 15V 7.5 2.5 V

l|H Logical "1" Input Current VCC " 15V, V|N = 16V, (Figure 2) 0.1 10 MA

l|L Logical "0" Input Current
V|M = 0.4V, (Figure3)

VCC = 5V -50 -120 fiA

VCC = 15V -200 -360 "A

Voh Output Breakdown Voltage Vcc= 15V, Ioh = 250 uA, (Figure 1) 56 66 V

Vol Output Low Voltage VcC = M' n .
(Figure 1),

DS1631.DS1632,

DS1633, DS1634

IOL = 100 mA 0.85 1.1 V

IOL= 300 mA 1.1 1.4 V

Vcc = Win, (Figure 1),

DS3631, DS3632,

DS3633, DS3634

Iql = 100 mA 0.85 1.0 V

|QL = 300 mA 1.1 1.3 V

DS1631/DS3631

'CC(O) Supply Currents
V|M = 0V, (Figure 4)

VCC =5V Output Low

Both Drivers

7 11 mA
VCC= 15V 14 20 mA

<CC(1)
(Figure 4)

VCC =5V,V|M = 5V Output High

Both Drivers

2 3 mA
VCC 15V, V, N= 15V 7.5 10 mA

tPD1 Propagation to "1" VCC = 5V, TA = 25°C, C|_ = 15 pF, R L =

(Figure 51

50J2, V L
= 10V,

200 ns

tPDO Propagation to "0" VCC" 6V, TA = 25°C, C L = 15 pF, R L =

(Figure 5)

50S2, Vl= 10V,
150 ns

DS1632/DS3632

'CC(O) Supply Currents
(Figure 4)

VCC=5V, V| N = 5V
Output Low

8 12 mA
VCC" 15V, Vin- 15V 18 23 mA

iccm
V|M = 0V, (Figure 4)

V CC=5V
Output High

2.5 3.5 mA
VCC= 15V 9 14 mA

tPD1 Propagation to "1" VCC ' 5V, TA = 26°C, C L = 15 pF, R L -

(Figure 5}

5012, V L
= 10V,

150 ns

tPDO Propagation to "0" VCC = 5V, TA = 25°C, C L - 15 pF, R L =

(Figure 5)

50SJ, V L
- 10V,

150 ns

DS1633/DS3633

'CC(O) Supply Currents
V|N-0V, (Figure 4)

VCC=5V
Output Low

7.5 12 mA
Vcc= 15V 16 23 mA

ICC(l)
(Figure 41

VCC-5V,V| N -5V
Output High

2 4 mA
VCC= 15V, V| N = 15V 7.2 15 mA

tPDl Propagation to "1" VCC = 5V TA = 25°C, C L = 15 pF, R L =

(Figure 5)

son, V|_= iov.
200 ns

tPDO Propagation to "0' VCC = 5V. TA = 25°c
. Cl = 15 pF, R L =

(Figure 51

son, V|_= iov,
150 ns
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electrical characteristics (con't)

PARAMETER CONDITIONS MIN TYP UNITS

DS1634/DS3634

'CCIO) Supply Currents
(Figure 4)

VCC = 5V, V| N = 5V
Output Low

7.5 12 mA

VCC= 15V, V|N= 15V 18 23 mA

'ccm
V|N = 0V, (Figure 4)

VCC=5V Output High
3 5 mA

VCC= 15V 11 18 mA

tPD1 Propagation to "1

"

VCC = 5V, Ta = 25°C, C|_ = 15 pF, R L = 5012, V L = 10V,

(Figure 5)

150 ns

tPDO Propagation to "0" Vcc= 5V,Ta= 25°C, C l = 15 pF, R|_= 50f2, V|_ = 10V,

(Figure 5)

150 ns

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1631, DS1632, DS1633 and

DS1634 and across the 0°C to +70°C range for the DS3631, DS3632, DS3633 and DS3634. All typical values are for TA - 25° C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

test circuits

ET^
SEE

TEST
TABLE

Y

B

CIRCUIT
UNDER
TEST

SEE

TEST
TABLE

-Li

CIRCUIT

INPUT

UNDER
TEST

OTHER
INPUT

OUTPUT

APPLY MEASURE

DS3631

DS3632

DS3633

DS3634

V|H

VlL

V|H

VlL

V|H

VlL

V|H

VlL

V|H

VCC

V|H

VCC

GND

VlL

GND

VlL

lOH

IOL

IOL

lOH

lOH

IOL

IOL

lOH

VOH
vol

vol
VOH

VOH

vol

vol
VOH

Note: Each inpui

FIGURE 1. V|H,V,L,VOH ,VOL

<>H

A, B ?— *
CIRCUIT
UNDER
TESTB. A

T
Each input is tested separately.

FIGURE 2. I,h
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test circuits (con't) and switching time waveforms

O T SEE ~|_
I notes r

V, l O-

CIRCUIT
UNDER
TEST

It.A
<~a:

i .

i

Note A: Each input is tested separately.

Note B: When testing DS1633 and DS1E34 input not under test is grounded. Fur all

Both gates are tested simultaneously.

FIGURE 3. I| L

PULSE
GENERATOR
(NOTED

INPUT 5.0V

9 9

DS3G31,

OS3632

DS3B33,

DS3634

I , 1

CIRCUIT

UNDER
TEST

- C L - t5pF
«• (NOTE 2)

INPUT

DS1631 1.5V

DS1633

INPUT

DS1632

DS1634

l~ :

90%

1.5V

- O.Sjis--—

Tf90%

M.SV

-3

Note 1 : The puke generator has the foH owing characteristics: PRR - 5D0 kHz, ZOUT =-- 50Si

Note 2; CL includes probe and jig capacitance.

FIGURE 5. Switching Times.
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schematic diagram (Equivalent circuit)

I 1

LOGIC I

AND LEVE
TRANSLATII

ELEMENTS
ONI ^

I I

OOOO

©5
O) CO
GO -fc

CO co

co«
OO-T*

83
CO

o
00
CO
0>
CO

CO

—

D
00
CO
O)
CO
ro
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££] National
4lA Semiconductor

Peripheral/Power Drivers

DS3654 Printer Solenoid Driver

General Description

The DS3654 is a serial-to-parallel 10-bit shift register

with a clock and data input, a data output from the

tenth bit, and 10 open-collector clamped relay driver

outputs suitable for driving printer solenoids.

Timing for the circuit is shown in Figure 1 . Data input is

sampled on the positive clock edge. Data output changes

on the negative clock edge, and is always active. Enable

transfers data from the shift register to the open-collector

outputs. Internal circuitry inhibits output enable for

power supply voltage less than 6V.

Each output sinks 250 mA and is internally clamped to

ground at 50V to dissipate energy stored in inductive

loads.

Connection Diagram

Dual-ln-Line Package

OUTPUT ENABLE -i» U
0UTPUT6—
OUTPUT 7—

4
OUTPUTS

OUTPUT 9—
6

OUTPUT ID

DATA OUTPUT

S
GMD

" V CC

-OUTPUT 5

-OUTPUT 4

-OUTPUT 3

-OUTPUT 2

- OUTPUT 1

- DATA INPUT

CLOCK

Order Number DS3654J or DS3654N
See NS Package J16A or N16A

Pin Descriptions

Pin No. Function

1 Output Enable

2 Output 6

3 Output?
4 Output 8

5 Output 9

6 Output 10

7 Data Output

8 Ground

9 Clock Input

10 Data Input

11 Output 1

12 Output 2

13 Output 3

14 Output 4

15 Output 5

16 vCc

Logic Diagram

2 3 4 5 6 7

iiTuT1 3 T"T' 5T2 IIWWW10

o

3-12



Absolute Maximum Ratings (Noteii Operating Conditions
MIN MAX U

Supply Voltage, VqC 9.5V max Supply Voltage (V cc ) 7.5 9.5

Input Voltage --0.5V min. 9.SV max Temperature (T^) +70

Output Supply, Vp-p 45V max Output Supply (Vp-p) 40
Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300° C

Output Current (Single Output) 0.4A

Ground Current 4.0A

Average Power Dissipation, T& = 7CTC 675 mW Max

Peak Power Dissipation t < 10 ms. 4.5W Max

Duty Cycle <5%

Electrical Characteristics (Notes 2, 3 and 4) Vp-p = 30V unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX

UNITS

V

C

V

UNITS

Logical "1" Input Voltage

Logical "0" Input Voltage

Logical "1" Output Voltage Clamp

Logical "1" Output Current

Logical "0" Output Voltage

Logical "1" Input Current

Clock

Enable

Data

Clock

Enable

Data

Logical "0" Input Current

Clock

Enable

Data

Input Pull-Down Resistance

Clock

Enable

Data

Supply Current dec)

Outputs Disabled

Outputs Enabled

Data Output Low (Vqol)

Data Output High (VpOH>

Data Output Pull-Down Resistance

2.6

ICLAMP = 0.3A, V EN = 0V

VOH = 40V, V£N =

IOL= 250 mA, V EN = 2.6V

TA = 70°C, V C L = 2.6V

TA = 70°C, Ven = 2.6V

TA = 70°C, Vp = 2.6V

TA = 0°C, V C L= 2.6V

TA = 0°C, V EN = 2.6V

TA = 0°C, V D = 2.6V

TA = 7CTC, VC L= IV

TA = 70°C, Ve N = IV

TA = 70°C, Vq = 1V

TA = 25°C, V CL<V CC

TA = 25
3

C,V EN <Vcc
TA = 25°C, V D <V CC

TA >25°C, V EN = 0, VDO = 0.

VCC = 9 5V

TA > 25°C, V'en = 2.6, lOL = 250 mA
Each Bit

V o ==0, l 0L =0

Vp = 2.6, Ioh = -0 75 mA

Vd = 0, VD0 = 1V

0.2

2

0.3

2.6

50

0.33

0.33

0.57

0.33

0.33

0.57

125

125

220

4.5

0.01

3.4

14

0.8

65

1.0

1.6

0.5

0.5

0.75

40

70

0.5

V

V

V

mA

V

mA
mA
mA
mA
mA
mA

uA

"A

uA

kn

kO

kn

mA

V

V

kn

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply

that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 7.5V to 9.5V power supply range.

All typical values given are for Vqq = 8.5V and TA ~ 25°C.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise

specified.

Note 4: Only one output at a time should be shorted.
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Switching Characteristics 0°C to +70°C, Ta = 25°C, nominal power supplies unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS

Clk, Data and Enable Inputs

tFC

tRC

tCLK

1CLK

»HOLD

tSET-UP

tRE. tRDIN

tFE. 'FD IN

Output 1-10

tRO

tFO

tPDEH

tPDEL

Data Output

tPDH. tPDL

tRD

tFD

Clock to Enable Delay

«CE

Enable to Clock Delay

(Figure 1)

teiT> 10 ajs

Vp-p = 20V

R|_= 100£2,C|_< 100 pF

Rl= ioon, Cl< 100 pF

R[_ = 5kH,CL< lOpF

2

3.5

2tB IT

tBIT

1.2

1.2

3.5

3.0

0.8

0.4

0.4

2.0

2.0

1.0

1.0

1.0

5.0

2.5

MS

11%

MS

MS

MS

MS

MS

MS

MS

MS

MS

MS

MS

MS

MS

MS

MS

Switching Time Waveforms

OUTPUT ~~|

ENABLE |

l E CLK - —
" *CLK EN~"~|

1

r
h-" lBITMIN - -'BIT- *" --2

BIT MIN -—I

CLOCK

—~\ |— tpDL
—

"1 |-"-<PDH

FIGURE 1. Shift Timing
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Definition of Terms

Vp-p: Output power supply voltage. The return for tCLK : The portion of tBIT when Vci_K < °-8v

open-collector relay driver outputs. tsET-UP : Tne ,ime Prior t0 tne end of *CLK required

tB |T : Period of the incoming clock. to insure valid data at the shift register input for sub-

sequent clock transitions.

VcLIO The voltage at the clock input. ^^ The time fol | owing tne start of tCLK required

tCLK^ Tne portion of tBIT wnerl VcLK > 2.6V. to transfer data within the shift register.

o
W
Ol
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gg National Peripheral/Power Drivers

Semiconductor

DS1686/DS3686 dual positive voltage relay driver

general description
The DS1686/DS3686 is a high voltage/current positive

voltage relay driver having many features not available

in present relay drivers.

PNP inputs provide both TTL/LS compatibility and
high input impedance for low input loading.

Output leakage is specified over temperature at an out

put voltage of 54V. Minimum output breakdown (ac.

latch breakdown) is specified over temperature at 5 niA.

This clearly defines the actual breakdown of the device

since the circuit has incorporated in it an internal

reference which does not allow output breakdown
latching found in existing relay drivers. Additionally,

this internal reference circuit feature will eliminate the

need in most cases of an external clamping {inductive

transient voltage protection) diode. When the output is

turned "OFF" by input logic conditions the resulting

inductive voltage transient seen at the output is detected

by an internal zener reference. The reference then

momentarily activates the output transistor long enough
so that the relay energy is discharged. This feature

eliminates the need of external circuit protection com-
ponents and insures output transistor protection.

The outputs are Darlington connected transistors, which
allow high current operation at low internal V^CI

current levels- base drive for the output transistor is

obtained from the load in proportion to the required

loading conditions. Typical V^q power with both

outputs "ON" is 90 mW.

The circuit also features output transistor protection if

the Vcc supply is lost by forcing the output into the

high impedance "OFF" state with the same breakdown
levels as when V^C was applied.

features

TTL/LS CMOS compatible inputs

High impedance inputs {PNP's)

High output voltage breakdown (65V typf

High output current capability (300 mA max!

Internal protection circuit eliminates need for' output

protection diode

Output breakdown protection if V^C supply is lost

Low Vqc power dissipation (90 mW (typ) both

outputs "ON")

Voltage and current levels compatible for use in

telephone relay applications

connection diagrams
Metal Can Package Dual-ln-Line Package

^3
'—i < >—

J

Pin 4 is in electrical contact w th the case

Order Number DS1686H or DS3686H
See NS Package HOSC

schematic diagram

Order Number DS1686J-8,
DS3686J-8 or DS3686N 8

See NS Package J08A or N08A
truth table

'ositive logi :: AB => X

A B OUTPUT X

1

1

1

1

1

1

Logic "0" output "ON"
Logic "t" output "OFF"
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absolute maximum ratings (NoteD

Supply Voltage 7V

Input Voltage 15V

Output Voltage 56V

Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300" C

electrical characteristics (Notes 2 and 3)

operating conditions

MIN

Supply Voltage, Vqq
DS1 685

DS3686

Temperature, Ta
DS1686
DS3686

4.5 5.5

4.75 5.25

55 +125

+70

PARAMETER

V|H Logical "1" Input Voltage

l|H Logical "1" Input Current

V|l Logical "0" Input Voltage

ML Logical "0" Input Current

Vcd Input Clamp Voltage

Vqh Output Breakdown

Iqh Output Leakage

Vql Output ON Voltage

'CC(D Supply Current (Both Drivers)

'CC(O) Supply Current (Both Drivers)

1PD0 Propagation Delay to a Logical "0"

(Output Turn ON)

tpoi Propagation Delay to a Logical "1"

(Output Turn OFF)

CONDITIONS

VCC = Max, V|f\] = 5.5V

Vcc = Max, V|N = 0.4V

VCC = 5V, ICLAMP = -12 mA, TA = 25°C

Vqc = Max, V|N = 0V, IrjUT = 5 mA

Vqc = Max. V IN = 0V, VquT = 54V

V"CC = Min,

V|N = 2V

DS1686

DS3686

|QL = 100 mA

|QL = 300 mA

IqL = 10° mA

IqL = 3°0 mA

Vcc = Max, V|N = 0V, Outputs Open

MIN

2.0

56

Vcc = Max V IN = 3V
.
Outputs Open

Cl= 15 pF, V L = 10V, R L = 50n,

TA = 25°C, V CC = 5V

CL=15pF,V L =10V,R L
= 5012,

TA = 25°C, VCC = 5V

TYP

0.01

-150

-1.0

65

0.5

0.85

1.0

0.85

1.0

18

MAX

40

-250

-1.5

250

1.1

1.3

1.0

1.2

28

50

o
c/>
_^

O)
00
0>

o
in
w
o>
00
0>

UNITS

V

KA

ma

ma

V

~~v~

mA

mA

ns

A»s

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operatir

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristic:

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1686 and i

+70°C range for the DS3686. All typicals are given for Vcc = 5V and TA - 25°C.

i across the 0° C to

C range for the DS3686. All typicals are given tor Vcc = SV ana I A - zv L-.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

ac test circuit and switching time waveforms

PULSE

GENERATOR
<N0Tt 1) CIRCUIT

UNDER
TEST

T
Note 1 : The pulse generator has the following characteristics:

PRR = 100 kHz, 50% duty cycle, Z UT- 50fl,t r = tf < 10 ns.

Note 2: C[_ includes probe and jig capacitance.

+-1.SV 1.5V -V
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National
Semiconductor

Peripheral/Power Drivers

DS1687/DS3687 dual negative voltage relay driver

general description

The DS1687/DS3687 is a high voltage/current negative

voltage relay driver having many features not available

in present relay drivers.

PNP inputs provide both TTL/DTL compatibility and

high input impedance for low input loading.

Output leakage is specified over temperature at an out-

put voltage of -54V. Minimum output breakdown (ac/

latch breakdown) is specified over temperature at -5 m A.

This clearly defines the actual breakdown of the device

since the circuit has incorporated in it an internal

reference which does not allow output breakdown
latching found in existing relay drivers. Additionally,

this internal reference circuit feature will eliminate the

need in most cases of an external clamping (inductive

transient voltage protection) diode. When the output is

turned "OFF" by input logic conditions the resulting

inductive voltage transient seen at the output is detected

by an internal zener reference. The reference then

momentarily activates the output transistor long enough

so that the relay energy is discharged. This feature

eliminates the need of external circuit protection com-

ponents and insures output transistor protection.

The outputs are Darlington connected transistors, which

allow high current operation at low internal V cc
current levels— base drive for the output transistor is

obtained from the load in proportion to the required

loading conditions. Typical Vcc power with both

outputs "ON" is 90 mW.

The circuit also features output transistor protection if

the Vcc supply is lost by forcing the output into the

high impedance "OFF" state with the same breakdown
levels as when Vcc was applied.

features

TTL/LS/CMOS compatible inputs

High impedance inputs (PNP's)

High output voltage breakdown ( 65V typ}

High output current capability (300 mA max)

Internal protection circuit eliminates need for output

protection diode

Output breakdown protection if Vcc supply is lost

Low Vcc Power dissipation (90 mW (typ) both

outputs "ON")

Voltage and current levels compatible for use in

telephone relay applications

connection diagrams

Metal Can Package

Vcc

Pin 4 is in electrical contact with the case

Order Number DS1687H
or DS3687H

See NS Package H08C

schematic diagram

Dual-In Line Package
V :C BZ V *2

Order Number DS1687J-8,
DS3687J-8 or DS3687N-8

See NS Package J08A or N08A

truth table

Positive logic: AB = X

A B OUTPUT X

1 1

1

1

1

1

Logic "0" output "ON"
Logic "1" output "OFF"
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absolute maximum ratings (NoteD

Supply Voltage

Input Voltage

Output Voltage

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

7V
15V

56V

-65°C to +15CTC
300" C

operating conditions

MIN

Supply Voltage, V^c
DS1687

DS3687

Temperature, T^,

DS1687

DS3687

4.5 5.5 V

4.75 5.25 V

-55 +125 °C

+70 °C

a
c/)

O)
00

o
(/>W
O)
00
>!

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS

V|H Logical '1" Input Voltage

l|H Logical "1" Input Current

V|L Logical "0" Input Voltage

Ill- Logical "0" Input Current

VCD Input Clamp Voltage

VOH Output Breakdown

'OH Output Leakage

VOL Output ON Voltage

lcc(1) Supply Current (Both Drivers)

Iqq(O) Supply Current (Both Drivers)

VCC = Max
.
V IN = 5.5V

VCC = Max
.
V |N = 0.4V

VCC = 5V, IcLAMP = -12 mA, TA = 25 C

VCC = Max
>
V|[s| = 0V, IQUT = - 5 mA

VCC = Max
. V|N = 0V, VquT = -54V

VCC = Min,

V| N = 2V

DS1687

DS3687

IqL = -1°° mA

|QL= -300 mA

|QL = -100 mA

|QL = -300 mA

MIN

2.0

-56

TYP

1.0

-150

-1.0

-65

MAX

0.8

-250

-1.5

-0.5

-0.9

-1.0

Vcc = Max
.
V IN = 0V, Outputs Open

tPD(ON) Propagation Delay to a Logical "0"

(Output Turn ON)

tpo(OFF) Propagation Delay to a Logical "1"

(Output Turn OFF)

VCC = Max . V|N = 3V, Outputs Open

Cl= 15 pF, V L = -10V, R L = 50C2,

TA = 25°C, V CC = 5V

Cl= 15 pF, V L = -10V, Rl= 50f2,

TA = 25
C
C, V CC= 5V

-1.0

50

-250

-1.1

-1.3

UNITS

KA

ma

UA

-1.0

-1.2

28

1.0

V

mA

mA

ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed Except for "°P«a*"9

Temperature Range" they are not mean, ,0 imply that the devices should be operated at these hrmts. The table of Electrical Charactenst.es

provides conditions for actual device operation.

Note 2: Unless otherwise soecihed min/max limits apply across the -55°C to +125°C temperature range for the DS1687 and across the C to

+70°C range for the DS3687. AM typicals are given for VCC - 5V and TA - 25 C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless other«,se noted.

All values shown as max or min on absolute value basis.

ac test circuit and switching time waveforms

PULSt

GENERATOR
(MOTE

T
Note 1: The pulse generator has the following characteristics:

PRR = 1 MHz, 50% duty cycle, Zqut = 50n
- *r

= l f ^ 10ns -

Note 2: C[_ includes probe and jig capacitance.
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National
Semiconductor

Peripheral/Power Drivers

DS55450/DS75450 series dual peripheral drivers

general description

The DS55450/DS75450 series of dual peripheral drivers

are a familv of versatile devices designed for use in

systems that use TTL or LS logic. Typical applicatioa

include high speed logic buffers, power drivers, relay

drivers, lamp drivers, MOS drivers, bus drivers and
memory drivers.

The DS55450/DS75450 series are unique general purpose
devices each featuring two standard Series 54/74 TTL
gates and two uncommitted, high current, high voltage

NPN transistors. These devices offer the system designer

the flexibility of tailoring the circuit to the application.

The DS55451/DS75451, DS55452/DS75452, DS55453/
DS75453 and DS55454/DS75454 are dual peripheral

AND, NAND, OR and NOR drivers, respectively, (posi-

tive logic) with the output of the logic gates internally

connected to the bases of the NPN output transistors.

features

300 mA output current capability

High voltage outputs

No output latch-up at 20V

High speed switching

Choice of logic function

TTL or LS compatible diode-clamped inputs

Standard supply voltages

Replaces Tl "A" and "B" series

Connection diagrams (Dual In-Line and Metal Can Packages

E2 sua

)r

4
I.

4 5 . 1,

TOP VIEW

Order Number
DS55450J, DS75450J, or DS75450N

See NS Package J14A or N14A
B2 AZ V2 Vcc B ; fl

Order Number DS55451J-8,
DS75451J-8 or DS75451N8

Order Number DS55452J-8, Order Number DS55453J-8,
DS75452J 8 or DS75452N-8 DS75453J 8 or DS75453NB

See NS Package J08A or N08A

Order Number DS55454J-8,
DS7B454J-8 or DS75454N-8

TOP VIEW

Pin 4 <t « *«»<r! conltet with Mw ate

Order Number
DS55451H or DS75451H

Order Number
DS55452H or DS7S4S2H DS55453H or DS75453H

See NS Package H08C
DS55454H or DS75454H
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absolute maximum ratings (NoteD

Supply Voltage, (Vcc ) (Note 21 7.0V

Input Voltage 5.5V

Inter-emitter Voltage (Note 3) 5.5V

Vrjc-to-Substrate Voltage

DS55450/DS75450 35V

Collector-to-Substrate Voltage

DS55450/DS75450 35V

Collector-Base Voltage

DS55450/DS75450 35V

Collector-Emitter Voltage (Note 4)

DS55450/DS75450 30V

Emitter-Base Voitage

DS55450/DS75450 5.0V

Output Voltage (Note 5)

DS55451/DS75451, DS55452/DS75452, 30V

DS55453/DS75453, DS55454/DS75454

Collector Current (Note 6)

DS55450mS75450 300 mA
Output Current (Note 6)

DS55451/DS75451, DS55452/DS75452, 300 mA
DS55453/DS75453, DS55454/DS75454

Continuous Total Dissipation 800 mW
Storage Temperature Range -65°Cto+150 C

Lead Temperature (Soldering, 10 seconds) 260
t;

C

electrical Characteristics DS55450/DS75450 (Notes 8 and 9)

operating conditions (Note 7)

MIN MAX

Supply Voltage ,(Vcct

DS5545X
DS7545X

Temperature, (T^t

DS5545X
DS7545X

PARAMETER CONDITIONS

4.5 5.5

4.75 5.25

-55 + 125

+70

o
c/>

en
01
-Ft

en
O
o
(/)
-4
OH

Ol
O
(/>

^
<D"
to

TTL GATES

Vm High Level Input Voltage (Figure 1}
2 V

V (L Low Level Input Voltage (Figure 2)
0.8 V

V, Input Clamp Voltage Vcc = Min, I,
= -12mA, (Figure3> -1.5 V

Voh Hi9n Level Output Voltage Vcc = Min, V 1L =0.8V, l o „=-400/jA. (Figure 2) 2.4 3.3 V

VVcc - Min, V IH - 2V, l OL 16 mA

(Figure 11

DS55450 0.22 0.5

DS75450 0.22 0.4 V

1, Input Current at Maximum Input

Voltage

Vcc = Max. V, = 5.5V, (Figure 41 Input A 1 mA

Input G 2 mA

l IH High Level Input Current Vcc = Max, V, = 2.4V, (Figure 4) Input A 40 uA

Input

G

80 uA

l IL Low Level Input Current VCc = Max, V, - 0.4V, (Figure 3) Input A -1.6 mA

Input G -3.2 mA

l QS Short Circuit Output Current V Cc " Max, (Figure 5), (Note 101
-18 -55 mA

l CCH Supply Current V Cc
" Max, V,-0V, Outputs High, (Figured) 2 4 mA

'ccl Supply Current Vcc = Max, V, = 5V, Outputs Low. (Figure 6J 6 11 mA

OUTPUT TRANSISTORS

V(br)cbo Collector-Base Breakdown Voltage l c = 100/iA, l E -0 35 V

V(br)cer Collector-Emitter Breakdown

Voltage

l c - IOOuA, R BE = 500.Q 30 V

V(bR)E8o Emitter-Base Breakdown Voltage l E - 100uA. lc = 5 V

hFE Static Forward Current Transfer

Ratio

V CE =3V, INote 11)

DS55450, TA = +25°C
l c = 100 mA 25 V

l c
= 300 mA 30 V

DS55450, TA - -65°C
l c = 100 mA 10 V

l c
- 300 mA 15 V

DS75450, TA - +25°C
l c = 100 mA 25

l c = 300 mA 30 V

DS75450, TA - 0°C
l c = 100 mA 20 V

l c = 300 mA 25 V

V BE Base-Emitter Voltage

(Note 1 1

1

DS55450
l B

= 10 mA, l c
. 100 mA 0.85 1.2 V

l B
-30 mA, l c = 300 mA 1.05 1.4 V

DS75450
l B

= 10 mA, l c = 100 mA 0.85 1 V

l B = 30 mA, l c
- 300 mA 1.05 1.2 V

Vceisat) Collector-Emitter Saturation

Voltage
INote 11)

DS55450
l B = 10 mA, l c

= 100 mA 0.25 0.5 V

l B
- 30 mA, l c = 300 mA 0.5 0.8 V

DS75450
l B

- 10 mA, l c
= 100 mA 0.25 0.4 V

l B = 30 mA, lc = 300 mA |
0.5 0.7 V
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electrical characteristics (con't)

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 8 and 9)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V, H High-Level Input Voltage

(Figure 7}

2 V

V ]L Low-Level Input Voltage 0,8 V

V, Input Clamp Voltage Vcc - Mm, 1, - -12 mA -1.5 V

VOL .
Low-Level Output Voltage

Vcc =Min,

(Figure 7)

V IL = 0.8V

l OL = 100 mA
DS55451, DS55453 0.25 0.5 V

DS75451, DS75453 0.25 0.4 V

l OL ' 300 mA
DS55451, DS55453 0.5 0.8 V

DS75451, DS75453 0.5 0.7 V

V| H = 2V

l OL - 100 mA
DS55452, DS55454 0.25 0.5 V

DS75452, DS75454 0.25 0.4 V

l OL " 300 mA
DS55452, DS55454 0.5 0.8 V

DS75452, DS75454 0.5 0.7 V

l OH High-Level Output Current

V cc =Min,

(Figure 7)
Vqh - 30V

V| H 2V
DS55451, DS55453 300 HA

DS75451, DS75453 100 MA

V IL
= 0,8V

DS55452, DS55454 300 MA

DS75452, DS75454 100 PA

1, Input Current at Maximum Input Voltage Vcc = Max, V, -- 5.5V, (Figure 91 1 mA

l| H High-Level Input Current Vcc « Max, V, = 2.4V, (Figure 9) 40 HA

l )L Low-Level Input Current Vcc =Max, V, = 0.4V, (Figure 8) -1 -1.6 mA

•cch Supply Current, Outputs High

Vcc = Max,

(Figure 101

V, = 5V DS55451/DS75451 7 11 mA
V, =0V DS55452/DS75452 11 14 mA
V, = 5V DS55453/DS75453 8 11 mA
V, = OV DS55454/DS75454 13 17 mA

'ccl Supply Current, Outputs Low

Vcc = Max,

(Figure 10)

V, = OV DS55451/DS75451 52 65 mA
V, = 5V DS55452/DS75452 56 71 mA
V, = OV DS55453/DS75453 64 68 mA
V, = 5V DS55454/DS76454 61 79 mA

switching characteristic:

DS55450/DS75450 (Vcc = 5V, TA = 25 C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Tp LH Propagation Delay Time,

C L = 15pF

R L - 400S2, TTL Gates, (Figure 12) 12 22 ns

Low-To-High Level Output R L = 50S2, l c =» 200 mA, Gates and Transistors

Combined, (Figure 14)
20 30 ns

tpHu Propagation Delay Time,

C L
- 15pF

R L = 400fi, TTL Gates, (Figure 12) 8 15 ns

High-To-Low Level Output R L = 5012, l c ^ 200 mA, Gates and Transistors

Combined, (Figure 14)
20 30 ns

Itlh Transition Time, Low-To-High

Level Output

C L
= 15pF, R L = 50S2, l c ^ 200 mA, Gates and Transistors Combined,

(Figure 14)
7 12 ns

t-THL Transition Time, High-To- Low

Level Output

C L = 15pF, R L = 505i, l c - 200 mA, Gates and Transistors Combined,

(Figure 14)
9 15 ns

VOH High-Level Output Voltage After

Switching

V s
= 20V, l c « 300 mA, R BE = 500S2, (Figure 15)

V s -6.5 mV

t D Delay Time l c -- 200 mA, l B(ll = 20 mA, l B = -40 mA, V BE(OFF) = TV,

C L
= 15 pF, R L

= 50S2. (Figure 13). (Note 12)
8 15 ns

t R Rise Time l c - 200 mA, l BI1 ,
- 20 mA, l B = -40 mA, V BEIOFF i

= -IV,

C L
- 15 pF, R L - 50fl, (Figure 131, (Note 12)

12 20 ns

ts Storage Time l c = 200 mA, l BII ,
= 20 mA, l B

--40 mA, V BE(OFF) --1V,

C L = 15 pF, R L - 5012, (Figure 13), (Note 12)
7 15 ns

t F Fall Time l c - 200 mA, l B,,,-20mA, I, - -40 mA, V BE(OFF1 - -1 V,

C L = 15 pF, R L = 50n; (Figure 13), (Note 12)
6 15 ns
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switching characteristics (con't)

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (V cc = 5V, TA = 25°C)

PARAMETER

tPLH Propagation Delay Time, Low-To-High

Level Output

Propagation Delay

Level Output

,
High-To-Low

Transition Time, Low-To High Levi

Output

Transition T

Output

ne, High-Tc-Low Leve

High-Level Output Voltage After

Switching

CONDITIONS

C, 15 pF, R. 50S2.

l
~ 200 mA /Figure 14)

C, = 15 pF F

U = 200 mA
,

- 50<2,

/Figure 141

DS55451 DS75451

DS55452 DS75452

DS65453 DS75453

DSS5454 DS75454

DS55451 DS75451

DS55452 DS75452

DS55453 DS75453

DS55454 DS75454

C L
= 15 pF R

L 50S2, l
~ 200 mA, /Figure 14)

C L
= 15pF. R L

= 50.Q, l
= 200 mA, /Figure 141

V s
= 20V l Q - 300 mA, (Figure 15) V s

-6.5

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified.

Note 3: The voltage between two emitters of a multiple-emitter transistor.

Note 4: Value applies when the base-emitter resistance (RgE 1 ls e9 ual t0 or less ,han 500P-.

Note 5: The maximum voltage which should be applied to any output when it is in the "OFF" state.

Note 6: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time

interval must fall within the continuous dissipation rating.

Note 7: For the DS55450/DS75450 only, the substrate (pin 8) must always be at the most-negative device voltage for proper operation.

Note 8: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS55450 series and across the

0°C to +70°C range for the DS75450 series. All typicals are given for Vcc = +5V and TA = 25°C.

Note 9: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or mm on absolute value basis.

Note 10:

Note 11

Note 12

Only one output at a time should be shorted.

These parameters must be measured using pulse techniques, tw = 300ms, duty cycle < 2%.

Applies to output transistors only.

schematic diagrams

DS55450/DS75450

DS55451/DS75451

Resistor values shown lit nominal
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schematic diagrams (con't)

DS55453/DS754S3 DS55454/DS75454

>4k 4k £13G

BO . 1

'"FtC

1
Resistor values shown are nominal.

truth tables (H = high level, L = low level)

DSS54S1/DS75451 DS55452/DS75452

A B Y

L L L (ON State)

L H L (ON State)

H L l. (ON State)

H H H (OFF State)

A B Y

L L H (OFF State)

L H H (OFF State)

H L H (OFF State)

H H L (ON State)

DS55453/DS75453 DS55454/DS75454

A B Y

L L L (ON State)

L H H (OFF State)

H L H (OFF State)

H H H (OFF State)

dc test circuits

it
Both inputs art tested simultaneously

FIGURE 1. V|H. Vql

A B Y

L L H (OFF State)

L H L (ON State)

H L L (ON State)

H H L (ON State)

Each input is tested separately

FIGURE 2. V| L , Vqh

Ifl
SUB I IGND

X
Etch input a testes! separately.

FIGURE 3. V|,l lL

Each input is tested separately.

FIGURE 4. I(. I|H

SUB
| jgno I

Each gate is tasted separately

FIGURE 5. lOS

Both gates are tested simultaneously

FIGURE 6. IcCH. !CCL
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dc test circuits (con't)

LTn
Y

B

CIRCUIT
UNDER
TEST

J_i

CIRCUIT

INPUT

UNDER
TEST

OTHER
INPUT

OUTPUT

APPLY MEASURE

DS54451

DS54452

OS54453

DS54454

V|H

V,L

V,H

V IL

V,H

V IL

Vcc

V,H

Vcc

Gnd

V,l

Gnd

V,l

V H

Vqh

V H

V H

'oh

Vol

Vol

'OH

•oh

Vol

Vol

IoH

FIGURE 7. V,h,V, L , IqH-Vol

4.5V O T~ SEE

~
]

A. B

NOTES I

l5~T

JL
CIRCUIT

UNDER
TEST

± 4
FIGURE 8. V|,I| L

No(e Aj Each inpul is tested separately

Note B: When testing DS5MS3/US7H53, OS5H54/

0S75454. input not unde> test is pounded.

r

CIRCUIT
UNDER
TEST

"X
Each input is tested separately.

FIGURE 9. I|, l|H

Vcc OPEN

-IB- '

Both gates are tested iimultirwously

FIGURE 10. IcCH' 'CCL for AN D. NAND Circuits

\lcc OPEN

9, 9

Both gates are tested simultaneouslv

FIGURE 11. IqcH- ICGL forOR
-
NOR Circui,s

ac test circuits and switching time waveforms

INPUT 2.4V Vcc OUTPUT 5V

^v
< 'All diodes ate 1N 3064

PULSE
GENERATOR
(NOTE 1)

-* ' SI Lfcl Lfcl

-r~Tgnd_

1 1^ • w\ w\ w\
SUB~£

^ (NOTE 2} 1

PULSE
GENERATOR
(NOTE If

Note 1 : Tne pulse generator hw the following charactetistics" PRR - 1 MHz, ZOUT = 50a

Note 2: C t include probe and jig capacitance

FIGURE 12. Propagation Delay Times, Each Gate {DS55450/DS75450 Only}

h "^

B L = 50

———-OUTPUT

Note 1 ; The putse generator hat the following chniacteristict: duty cydi < 1K. ZoUT = S0S1.

Note I: C u includes probe and jig capacitance.

FIGURE 13. Switching Times, Each Transistor (DS55450/DS75450 Only)
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ac test circuits and switching time waveforms (con't)

h*-4— <J»m

PULSE

GENERATOR
[NOTE 1)

1 DS54A5B '

DS64451

DS5445Z
—•—OOUTPUT

UNDER Y
TEST ~~

—
L

(NOTE 3) *.

DS54453

OS55454
1 . I

GND i SUB

0.4V

Note 1 : The pulse generator has the foil

F'RR = 1.0 MHi. ZOUT « 50Si.

Note 2: C L includes piobe and

Note 3: When testing DS5545Q/DS75450. i

output V to transistor base and giound the

FIGURE 14. Switching Times of Comptete Drivers

INPUT 90%i
DS 54450

0S54451

DS54453

INPUT

DS54452

DS 54454

Note 1: The pulse generator has the following characteiisi

Mole 2: When testing DS5545O/DS75450. connect output

and ground the substrate terminal.

Note 3: C L includes probe and jig capacitance.

- t—

"

I
/ 90%

/1.5V

sZ

R - 12.5 kHz, ZOUT = 5Q1>.

ntsistor base with a 50011 resistoi fiom (here to ground.

FIGURE 15. Latch-Up Test of Complete Drivers

typical performance characteristics

>

3.D

2.0

1.0

(F

j = 5V

- 25 C

o
GUR E2]

=

^

>

± \
5 \

s

HIGH-LEVEL OUTPUT CURRENT (mA)

FIGURE 16. DS55450/DS75450TTL Gate

High-Level Output Voltage vs High-Level

Output Current

VCE -~ 3V

(NOTE B|
TA - + 70 C

*~ ^,
4b ^

P 10 20 40 70 100 200 400

£ COLLECTOR CURRENT (mA)

FIGURE 17. DS55450/DS75450 Transistor Static

Forward Current Transfer Ratio vs Collector

Current
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typical performance characteristics (con't)

l c

5 1.0
r = 10

(NOTE 8)

^A
W^S

£ 0.8 A

>
k 0.6

r
j

j |

^T fl
= +25 C

E 0.1

1 0.2
|

I

]

< »»

o
> 0.5

z

< 0.4

S 0.3

t- 0.2

£ 01

'c

(NOTE 8)

T 70 C/

\

A - +25 C

"M A=0'C
1 1 II

20 40 70 100 ZOO 400

COLLECTOR CURRENT 1mA)

FIGURE 18. DS55450/DS75450 Transistor

Base-Emitter Voltage vs Collector Current

10 20 40 70 100 200

COLLECTOR CURRENT (mft)

FIGURE 19. Transistor Collector-Emitter

Saturation Voltage vs Collector Current

O
(/)

Ol
Ol
*»
Ol
o
o
c/>

Ol
o
(/)

<5"

typical applications

A2o 1

5VO
1

|l4 13 12 ,, 10 b ra

Jl -C

SUB

j
. 1 DS7645D li—I—

c

5 i-C
GNO

G O
i 2 3 4 5

±'

A1 O

Y G + A1 A2 + A1 - 2

FIGURE 20. Gated Comparator FIGURE 21. 500 mA Sink

O GUT OF PHASE OUTPUT

N PHASE OUTPUT

FIGURE 22. Floating Switch FIGURE 23. Square-Wave Generator
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typical applications (con't)

I SOURCE

6 6 6f CURRENT

Source and sink controls ate activated by high-level input voltages (V|H > 2V)

FIGURE 24. Core Memory Driver

FIGURE 25. Dual TTL-to-MOS Driver

FIGURE 26. Dual MOS-to TTL Driver
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typical applications (con't)

TTL Termination it made at the receiving end as Inllow

Line 1 is terminated to ground through ZQ /2;

Line 2 is terminated to +5V through Z /2.

where Z is the line impedance.

FIGURE 27. Balanced Line Driver

INPUT AC

STROBE C

E>—

<

2?"~S

B

>—\\\-n

?s>

FIGURE 28. Dual Lamp or Relay Driver

Ik

..„.,T„

8 7 6 5

F>~<
DMJ4w\ / DS7M51

Y
r±
>—

c

' 2 3 4

__

|
COMPLEMENTARY OUTPUTS F0H:

I GO/NO GO INDICATORS

j MOS CLOCK DRIVERS
f BIPOLAR RELAYS

FIGURE 29. Complementary Driver

5VO ,

i —

6 5

S>
"0"

0=

.TEST

s >

390

4 >
INPUT0—C4- 0S75452

..TEST

;390

r±
D-h!

1 i 3 4

L

__

30k" >

INPUTO 1

2N5W9

470 <

p—

r

FIGURE 30. TTL or DTL Positive Logic-Level Detector

"The two input leintois mud tie adjusted tat (he lew' ut M0S input.

FIGURE 31. MOS Negative Logic-Level Detector
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typical applications (con't)

INPUT A C

STROKE C

INPUT B C

5>~<

FIGURE 32. Logic Signal Comparator

""Lnrinru
-

;

=inrinnnr;
"iruu ;

1 unused, they should be connected to f5V through a 1 k

FIGURE 33. IrvPhase Detector

5V O—

INPUT A C—

INPUT B C—

INPUT C O-

1

5>-<

5^
V2- vi,c = (A t 6) C

FIGURE 34. Multifunction Logic-Signal Comparator

J ALARM

J^ J ALLAY

< i 1 ,

5>—

c

p-<

FIGURE 35. Alarm Detector
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CTl National
jlA Semiconductor
DS55460/DS75460 series dual peripheral drivers

general description

The DS55460/DS75460 series of dual peripheral drivers

are functionally interchangeable with DS55450/

DS75450 series peripheral drivers, but are designed for

use in systems that require higher breakdown voltages

than DS55450/DS75450 series can provide at the ex-

pense of slightly slower switching speeds. Typical appli-

cations include power drivers, logic buffers, lamp drivers,

relay drivers, MOS drivers, line drivers and memory

drivers.

Peripheral/Power Drivers

The DS55460 and DS75460 are unique general-purpose

devices each featuring two standard 54/74 series TTL

gates and two uncommitted, high current, high voltage,

NPN transistors. These devices offer the system designer

the flexibility of tailoring the circuit to the application.

The DS55461/DS75461, DS55462/DS75462, DS55463/

DS75463 and DS55464/DS75464 are dual peripheral

AND, NAND, OR and NOR drivers, respectively, (posi-

tive logicl with the output of the logic gates internally

connected to the bases of the NPN output transistors.

features
300 mA output current capability

High voltage outputs

No output latch-up at 30V

Medium speed switching

Circuit flexibility for varied applications and choice

of logic function

TTL or LS compatible diode-clamped inputs

Standard supply voltages

Connection diagrams (Dual-ln-Line and Metal Can Packages)

11 10 9 |b

r<
1

1'

o
(/>

Ol
Ol

o
o
(/)

o
</>

-I

o

Order Number
DS55460J, DS75460J, or DS75460N

See NS Package J14A or N14A
2 A? Y2 «i.:c 62 »2 V2

Lt>-<

iyt

V-.,- tiZ A! ¥2

i. I, . ,

,

I

L5>-^

^r7
Order Number DS55461J-8,

DS75461J 8 or DS75461N-8
Order Number DS55462J-8,

DS75462J-8 or DS75462N-8
Order Number DS55463J-8,

DS75463J-8 or DS75463N-8
Order Number DS55464J-8,

DS75464J-8 or DS75464N-8

See NS Package J08A or N08A

Order Number
DS55461H or DS75461H

TOP VIEW tOPYKV*

"brder Number Order Number

DS55462H or DS75462H DS55463H or DS75463H
See NS Package H08C
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absolute maximum ratings (Note 1) operating conditions (Note 7)

MIN MAX UNITS

Supply Voltage {Note 2) 7V Supply Voltage Nqq)
Input Voltage 5.5V DS5546X 4.5 5.5 V
Inter-emitter Voltage (Note 3) 5.5V DS7546X 4.75 5.25 V
VQc-to-Substrate Voltage

DS55460/DS75460

Collector-to-Substrate Voltage

DS55460/DS75460

40V

40V

Temperature (T^)

DS5546X
DS7546X

-55 +125

+70

°c

°c

Collector-Base Voltage

DS55460/DS75460 40V
Collector-Emitter Voltage

DS55460/DS75460 (Note 4) 40V
DS55460/DS75460 (Note 5) 25V

Emitter-Base Voltage

DS55460/DS75460 5V
Output Voltage (Note 61

DS55461/DS75461, DS55462/DS75462, 35V
DS55463/DS75463, DS55464/DS75464

Collector Current (Note 7)

DS55460/DS75460 300 mA
Output Current (Note 7)

DS55461/DS75461, DS55462/DS75462, 300 mA
DS55463/DS75463, DS55464/DS75464

Continuous Total Dissipation

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

DS55460/DS75460 (Notes 8 and 9)

800 mW
:to+150°C

260° C

PARAMETER CONDITIONS
TTL GATES

V,„ High Level Input Voltage (Figure 1)

V,L Low Level Input Voltage (Figure 2)

Input Clamp Voltage V cc = Min, I, =-12mA, (Figure 3)

Voh High Level Output Voltage Vcc = Min, V, L -0.8V, lOH =-400(iA, (Figure 2}

Vol Low Level Output Voltage Vcc = Min, V, H -

2V, l OL = 16 mA,

(Figure 1)

Input Current at Maximum

Input Voltage

Vcc =Max, V, =

5.5V, (Figure 4)

High Level Input Current Vcc = Max. V, =

2.4V, (Figure 4)

I,l Low Level Input Current Vcc = Max, V, =

0.4V, (Figure 3)

Input A
Input G

Input A

Input G

Input G

Short Circuit Output Current Vcc = Max, (Note 10), (Figure 5/

Supply Current Vcc = Max, V, = OV, Outputs High, (Figure 6}

Supply Current Vcc = Max, V, = 5V, Outputs Low, (Figure 6)

MA

HA

OUTPUT TRANSISTORS

V{br)cbo Collector-Base Breakdown

Voltage

l c = 100uA, l E = 40 V

V<br)cer Collector-Emitter Breakdown lc - 100(iA, R BE =50012 40 V

V(BRICEO Voltage
l c = 10 mA. I B =0 (Note 12) 25 V

V(BR)EBO Emitter-Base Breakdown

Voltage

l E = 100uA, lc = 5 V

h FE Static Forward Current

VCE " 3V,

(Note 12)

DS55460, TA = 25°C
l c = 100 mA 25

Transfer Ratio
l c = 300 mA 30

DS55460, TA=-55°C
lc = 100 mA 10

lc '300 mA 15

DS75460, T4-25°C
lc = 100 mA 25

lc = 300 mA 30

OS75460,TA =0°C
lc = 100 mA 20

l c = 300 mA 25
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electrical characteristics (con't)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Vbe Base-Emitter Voltage

(Mote 121

DS55460

l B
= 10mA,

l c =- 100 mA
0.85 1.2 V

l 8 = 30 mA,

l c = 300 mA
1 1.4 V

DS75460

l B
= 10 mA,

l c - 100 mA
0.85 1 V

l B = 30mA,

l c = 300 mA
1 1.2 V

VcEtSAT) Collector- Emitter Saturation

Voltage

(Note 12)

DS55460

l B = 10 mA,

l c = 100 mA
0.25 0.5 V

l B -30 mA,

l c = 300 mA
0.45 0.8 V

DS75460

l B -10mA,

l c = 100 mA
0.25 0.4 V

l B = 30 mA,

l c = 300 mA
0.45 0.7 V

switching characteristics

DS55460/DS75460 Vcc = 5V, TA = 25°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

Propagation Delay Time, Low-

To-High Level Output C L
= 15pF

R L
- 400S2, TTL Gates Only, (Figure 12) 22 ns

R L
» 500, l c = 200 mA, Gates and

Transistors Combined, (Figure 14)
46 65 ns

Propagation Delay Time. High-

To-Low Level Output C L
= 15pF

R, - 400f2, TTL Gates Only, (Figure 12) 8 ns

R L
= 50ft, l c ^ 200 mA, Gates and

Transistors Combined, (Figure 14)
35 50 ns

t-TLH Transition Time, Low-To-High

Level Output

C L
= 15pF, R L

= 50£2, l c
^ 200 mA, Gates and Transistors

Combined, (Figure 14)

10 20 ns

l-THL Transition Time, High-To-Low

Level Output

C L
= 15pF, R L

= 50n, l c
* 200 mA, Gates and Transistors

Combined, (Figure 14)

10 20 ns

VOH High Level Output Voltage

After Switching

Vs
= 30V, l c = 300 mA, R BE = 50012, (Figure 15) V s

-10 mV

t d
Delay Time l c

- 200 mA, l B(11
= 20mA, l BI2l --40mA,

Vbeioffi --1V, C L -15pF, R L -5012, (Note 13),

(Figure 13)

10 ns

t
r

Rise Time | c
= 200 mA, l B,„-20mA, l B(2l

= -40mA,

Vbetoff) = -IV, C L -15pF, R L = 5012. (Note 13),

(Figure 13)

16 ns

ts
Storage Time l c

= 200 mA, l Bll ,

= 20mA, l B(2l =-40mA,

V be(qffi=- 1 V, C L -15pF, R L = 50I2, (Note 13),

(Figure 13)

23 ns

t (
Fall Time l c

= 200 mA, l Bnl -20mA, l B(2l
=-40mA,

Vbeioffi = ~1V. C l = 15 pF, R L - 50S2. (Note 13),

(Figure 13)

14 ns

o
(/)

oi

o
o
c/>

01

o
c/>

(D

<5"
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electrical characteristics

DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 (Notes 8 and 9)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V,H Higih Level Input Voltage (Figure 7) 2 V

V, L Low Level Input Voltage (Figure 7) 0.8 V

V, Input Clamp Voltage Vcc = Min, 1, = -12mA -1.2 -1.5 V

VOL Low Level Output Voltage

Vcc = Min, (Figure 7)

DS55461, V IL =0.8V
l OL - 100 mA 0.15 0.5 V

l OL -300 mA 0.36 0.8 V

DS55462, V IH
= 2V

lOL = ?00mA 0.16 0.5 V

l OL = 300 mA 0.35 0.8 V

DS55463, V ]L -0.8V
l OL = 100 mA 0.18 0.5 V

l OL - 300 mA 0.39 0.8 V

DS55464, V lH
= 2V

l OL = 100 mA 0.17 0.5 V

l OL = 300 mA 0.38 0.8 V

DS75461, V1L =0.8V
l OL - 100 mA 0.15 0.4 V

l OL = 300 mA 0.36 0.7 V

DS75462, V (H =2V
l OL - 100 mA 0.16 0.4 V

l OL = 300 mA 0.35 0.7 V

DS75463, V IL
= 0.8V

l OL - 100 mA 0.18 0.4 V

l OL = 300 mA 0.39 0.7 V

DS75464, V IH .2V
l OL = 100 mA 0.17 0.4 V

iOL = 300 mA 0.38 0.7 V

lOH High Level Output Current

Vcc = Min, VOH -

35V, (Figure 7)

Vih = 2V

DS55461,

DS55463
300 UA

DS75461,

DS75463
100 uA

V IL = 0.8V

DS55462,

DS55464
300 uA

DS75462,

DS75464
100 MA

l> Input Current at Maximum

Input Voltage

V cc = Max, V, = 5.5V, (Figure 9) 1 mA

l !H High Level Input Current Vcc = Max, V, - 2.4V, (Figure 9) 40 uA

I| L Low Level Input Current Vcc - Max, V| = 0.4V, (Figure 8} -1 -1.6 mA

l CCH Supply Current

Vcc " Max, Outputs

High, (Figure 11)

V, » 5V

DS55461/

DS75461.

DS55463/

DS75463

8 11 mA

V, - OV

DS55462/

DS75462
13 17 mA

DS55464/

DS75464
14 19 mA

'ccl Supply Current

Vcc - Max, Outputs

Low, (Figure 11)

V, -OV

DS55461/

DS75461
61 76 mA

DS55463/

DS75463
63 76 mA

V, = 5V

DS55462/

DS75462
65 76 mA

DS55464/

DS75464
72 85 mA
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switching characteristics

DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 Vcc = 5V, TA = 25°C

PARAMETER

Propagation Delay Time,

Low-To-High Level Output

Propagation Delay Time,

High-To-Low Level Output

Transition Time, Low-Tc-

High Level Output

Transition Time, High-To-

Low Level Output

High-Level Output Voltage

After Switching

CONDITIONS

l
= 200 mA, C L - 15 pF, R L = 50n,

(Figure 14)

l
= 200 mA, C L

= 15pF, R L = 50SJ,

(Figure 14)

l = 200 mA, C L
= 15 pF, R L = 50H,

(Figure 14)

l
as 200 mA, C L

= 15pF, R L
= 50S2,

(Figure 14)

V s
- 30V, l

~ 300 mA, (Figure 15)

DS55461/

DS75461,

DSB6463/

DS75463

DS55462'

DS75462,

DS55464/

DS75464

DS55461/

DS75461,

DS55463/

DS75463

DS55462/

DS76462,

OS55464/'

DS75464

DS55461,

DS75461

DS55462,

DS75462

DS55463,

DS75463

DS55464,"

DS75464

DS55461/

DS75461

DS56462/

OS75462,

DS55464/

DS75464

DS5B463/

DS75463

o
c/>

oi

o
o
(/>
-4
en

o
</>

o

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot:te
t^f

ra"'e
fF

d
, f^c'hararterTs^cs"

Temperature Range" they are not meant to imply that the devices should be operated at these hm.ts. The table of Electncal CharaUenstrcs

provides conditions for actual device operation.

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified.

Note 3: This is the voltage between two emitters of a multiple-emitter transistor.

Note 4: This value applies when the base-emitter resistance (R B e) is «l ual t0 or less than 500 n -

Note 5: This value applies between and 1 mA collector current when the base-emitter diode is open circuited.

Note 6- This is the maximum voltage which should be applied to any output when it is in the "OFF" state.

Note 7: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short t,me mter-

val must fall within the continuous dissipation rating.

Note 8: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS55460 ser.es and across the C

to +70°C range for the DS75460 series. All typicals are given for VCC = +5V and TA - 25 ^

Note 9: All currents into device pins shown as positive, out of dev.ce pins as negative, all voltages referenced to ground unless otherw.se noted. All

values shown as max or min on absolute value basis.

Note 10: Only one output at a time should be shorted.

Note 11: For the DS55460/DS75460 only, the substrate (pin 8) must always be at the most negative device voltage for proper operation.

Note 12: These parameters must be measured using pulse techniques. tw = 30Qms, duty < 2%.

Note 13: Applies to output transistors only.
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schematic diagrams

DS55460/DS75460 DS55461/DS75461

Rwiitoi values ihi

DS55462/DS75462

Rnjftoi value shown ara nominal

DS55463/DS75463 DS55464/DS75464

M* <l.6k < 4k XIIO

6 f 1

Ftatittoi valuet shown at* nominal. Rasistoi valuai shown ara nominal.

truth tables (H = high level, L= low level)

DS55461/DS75461 DS5B462/DS75462 DS55463/DS75463

A B Y

L

L

H

H

L

H

L

H

L (ON State)

L (ON State)

L (ON State)

H (CFF State)

A B Y

L

L

H

H

L

H

L

H

H (OFF State)

H (OFF State)

H (OFF State)

L (ON State)

A B Y

L L L (ON State)

L H H (OFF State)

H L H (OFF State)

H H H (OFF State)

DS55464/DS75464

A B Y

L

L

H

H

L

H

L

H

H (OFF State)

L (ON State)

L (ON State)

L (ON State)
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dc test circuits

Both inputs are Wsted simultaneously

figure 1. vm ,
v l

Each input is tested »parately,

FIGURE 4. I|. I| H

Each input is tested separately.

FIGURE 2. V| L , VOH

Each g»le is tested separately

FIGURE 5. I S

Each input i,s tested sepaiitely

.

FIGURE 3. V|,1| L

Both gates are tested simultaneously

FIGURE 6. ICCH , IcCL

o
(/>

en

o
o
(/)

-n|

U1

o
(A
(0

5"

(A

V

B

CIRCUIT

UNDER
TEST

XX

CIRCUIT

INPUT
UNDER
TEST

OTHER
INPUT

OUTPUT

APPLY MEASURE

DS55461

DS55462

DS55463

DS55464

V, L

V|H

V,L

V,H

V,L

V,H

V|L

V| H

Vcc

V, H

Vcc

Gnd

Vil

Gnd

V,t

vOH

V H

VOH

l0L

VqH

'OH

Vol

Vol

Ioh

Ioh

Vol

Vol

'oh

Each input is tested separately.

FIGURE 7. V|H.V, L ,
l H. vOL

o—r see

~
i «'i

. I NOTESJ

IfTXXX

CIRCUIT

UNDER
TEST

Note 1 Each input is tested separately.

Note 2: When testing DS554G3/OS7W63 and DS7B464,

input not unrtei testis orounDWl.

For all other circuits it ii at 4.6V.

FIGURE 8. V|,»||_

ll >l

A, B T

CIRCUIT
UNDER
TESTB. A

T"
Each input is tested separately.

FIGURE 9. I|, l|H

11"

Both gates are tested simultaneously.

FIGURE 10. ICCH. >CCL for

AND, NAN D Circuits

l ' tj

FIGURE 11. ICCH. lcCL*" r

OR, NOR Circuits

3-37



switching characteristics

INPUT Z.4V Vcc OUTPUT SV

9 9 9 <?

\.10X '0%jjc

Note 1 : The pulse generator has the following characteristics: PRR = 1 MHi, Zout *= sosi -

Note 2: C L include probe end jig capacitance

FIGURE 12. Propagation Delay Times, Each Gate (DS55460and DS75460Only)

) jKms 90S"t
I

90S\,

-.-I

Note 1 : The pulse generator ties the following characteristics: duty cycle < 1%, ZoltT ~ 5DJ1.

Note 2; C L includes piabe end jig capieiunce.

FIGURE 13. Switching Times, Each Transistor (DS55460 and DS75460 Only)

INPUT 2.4V

PULSE
GENERATOR
(NOTED

1 DS5M6D '

DS55461

. DS55462
,

CIRCUIT

UNDER
TEST

(NOTE 2) S
0S55463

DS5H64

r±
GND I SUB

I

INPUT

DSS5460 1.5V

DS55461

DSS5463

Hotel: The pulse generator has the following characteristics: PRR = 1 MHz, ZOUT * 50f2.

Note 2. When testing DSSW60 or DS7H60, connect output V to transistor base and ground the substrate terminal.

Note 3: C L includes probe and jig capacitance.

FIGURE 14. Switching Times of Complete Drivers

Noti 1 : The pulse generator has the following characteristics: PRR = 12.5 kHz. lOUT = Sufi.

Note 2: When testing DS6546 or DS75460, connect output V to transistor base with a 500S2 resistor from there to ground,

and ground the substrate tern'

Note 3: C L includes probe and jig capacitance.

3-38



a Section 4

Level
Translators/Buffers

TEMPE

-55°Cto+125°C

DS1630

DS7800

DS7810

DS7811

DS7812

DS78L12

DS7819

MM54C901

MM54C902

MM54C903

MM54C904

MM54C906

MM54C907

RATURE RANGE

0°C to +70°C

DS3630

DS8800

DS8810

DS8811

DS8812

DS88L12

DS8819

MM74C901

MM74C902

MM74C903

MM74C904

MM74C906

MM74C907

DESCRIPTION

Hex CMOS Compatible Buffer

Dual Voltage Level Translator

Quad 2-lnput TTL-to-MOS Gate

Quad 2-lnput TTL-to-MOS Gate

Hex TTL-to-MOS Inverter

Hex TTL-to-MOS Inverter

Quad 2-lnput TTL-to-MOS Gate

Hex Inverting TTL Buffer

Hex Non-lnvertingTTL Buffer

Hex Inverting PMOS Buffer

Hex Non-Inverting PMOS Buffer

Hex Open Drain N-Channel Buffer

Hex Open Drain P-Channel Buffer

PAGE

NUMBER
4-1

4-4

4-7

4-7

4-7

4-10

4-12

9-18

9-18

9-18

9-18

9-22

9-22
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Dual

2-lnput

Gate

Quad

2-lnput

Gate

Quad

2-lnput

Gate

Hex

Inverter

Hex

Inverter

Quad

2-lnput

Gate

Hex

Inverter

Hex

Buffer

Hex

Inverter

Hex

Buffer

Hex

Buffer

Hex

Buffer

VI
u
1-
vt

cc
LU
H
O
<
CC

<
I
o
1-

3
a.
1-

3
O 50

ns

Prop.

Delay

at

500

pF

Open-Collector

-30V

to

30V

Open-Collector

0.4V

to

14V

Open-Collector

0.4V

to

14V

Open-Collector

0.4V

to

14V

Active

Pull-Up

0.4V

to

14V

Open-Collector

0.4V

to

14V

Active

Pull-Up

0.4V

@
2.6

mA

Active

Pull-Up

0.4V

<§>

3.2

mA

Active

Pull-Up

0V

to

15V

Active

Pull-Up

0V

to

15V

Open

Drain

0V

to

15V

Open

Drain

Vqc

to

Vcc

~

15V

3
a.
1-

O
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a.
z
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VWA National
SlA Semiconductor

Level Translators/Buffers

DS1630/DS3630 hex CMOS compatible buffer

features
High-speed capacitive driver

Wide supply voltage range

general description

The DS1630/DS3630 is a high current buffer intended

for use with CMOS circuits interfacing with peripherals

requiring high drive currents. The DS1630/DS3630

features low quiescent power consumption (typically

50/uW) as well as high-speed driving of capacitive loads

such as large MOS memories. The design of the DS1 630/

DS3630 is such that V cc current spikes commonly

found in standard CMOS circuits cannot occur, thereby,

reducing the total transient and average power when

operating at high frequencies.

Input/output may interface to TTL

Input/output CMOS compatibility

No internal transient Vcc current spikes

50/jW typical standby power

Fan out of 1 standard TTL loads

equivalent schematic and connection diagrams
Dual-ln-Line Package

IN 6 OUT 5 IN 5 OUT 4

I,. 13 12 11 10 9

<- kr- <-
)

r<h r<h r^
i 2 3 4 5 6

typical applications

OUT 1 IS 1 OUT 2 III" I OUT 3 Mi 3 GND

TOP VIEW

Order Number DS1630J, OS3630J
or OS3630N

See NS Package J14A or N14A

CMOS to TTL interface CMOS To Transmission Line Interface

CMOS
FAMILY OS3G30

-O
FAMILY DS3630

CM>

CMOS To CMOS Interface LED Driver

O
C/5

C>
CO
O
*>»

o
(/)

CO
0>
CO
o
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absolute maximum ratings (Notei) operating conditions

Supply Voltage

Input Voltage

Output Voltage

Lead Temperature (Soldering, 10 seconds)

16V

16V

16V
300° C

MIN MAX UNI1

Supply Voltage (Vcc' 3 15 V

Temperature (T^)

DS1630 -65 +125 °c
DS3630 +70 °c

electrical characteristic S (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

l|NH Logical "1" Input Current
Vin =VCC , l OUT =-400mA

DS1630 90 200 ma
DS3630 90 200 ma

V,n =VCC -2.0V, l OUT = 16mA
DS1630 0.5 3.2 mA
DS3630 0.5 1.5 mA

\ tNL Logical "0" Input Current
V IN =0.4V, lOUT = 16mA

DS1630 -0.15 -1 mA
DS3630 Vcc-1 50 -800 MA

VOH Logical "1" Output Voltage
V,n =VCC , l OUT = -400M

DS1630 Vcc-1 Vcc-0.75 V

DS3630 Vcc-0.9 Vcc-0.75 V

V,n =VCC -0.4V. l OU T = 16mA
DS1630 Vcc-2.5 Vcc -2.0 V
DS3630 Vcc-2.5 Vcc-20 V

VOL Logical "0" Output Voltage
Vin = 0V, lour = 400mA

DS1630 0.75 1 V

DS3630 0.75 0.9 V

V|N =0V, l OUT = 16 mA
DS1630 0.95 1.3 V

DS3630 0.95 1.3 V

V IN =0.4V, lOUT = 16 mA
DS1630 1.2 1.6 V

DS3630 1.2 1.5 V

Switching Characteristics Vcc = 5.0V, TA = 25°C unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpd0 Propagation Delay to a Logical "0" C L
= 50pF 30 45 ns

C L = 250 pF 40 60 ns

C L
= 500 pF 50 75 ns

tpd1 Propagation Delay to a Logical "1" CL = 50 pF 15 25 ns

C L
= 250 pF 35 50 ns

C L
= 500 pF 50 75 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1630 and across the 0°C to
+70°C range for the DS3630. AN typicals are given for Vcc = 5.0V and TA = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.
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typical performance characteristics

Vqh Active vs Temperature
Vqh vs Temperature,

V|N =VcC

0.4

0.5

0.6

0.7

0.B

0.9

1.0

n

lOUT = -400a/J

_
8

:

s

i
UJ

r-

a

z

>

fZ

-55 -35 -15 5 25 45 65 B5 105 125

TEMPERATURE (°C>

t.6

1.7

1.8

1.9

2.0

2.1

2.2

2.3

1

'in = Vcc - 0.4

—
.u

*a
LU

fn
r-

O
>

A

-55-35-15 5 25 45 65 85 105 125

TEMPERATURE (°C)

Vql v$ Temperature

- 760

£~ 720

Vin - ov

-55-35-15 5 25 45 65 B5 105 125

TEMPERATURE TCI

VqL vs Te mperature

1.6 ;v1N -ov

1.6
TlA

1.4

1.3

1.2

1.1

1.0

0.9

tpd vs Load Capacitance Propagation Delay vs V££

-65 -35 -15 5 25 45 65 !5 106 125

TEMPERATURE CO

V<T- 5.QV

TA =25 ;

C

100 200 300 400 500

LOAD CAPACITANCE (pF)

= 250pF

I

\
J*H

3 5 7 9 11 13 15

tpd1 vs Load Capacitance

50

_ 40

•* 30

20

V cc 5.0V

TA
= 25"

100 200 300 400 500

L0A0 CAPACITANCE IpF)

Propagation Delay

vs Temperature

„ rw

"

Wo^
-T
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-55-35 -15 5 25 45 65 85 105 125

TEMPERATURE ("O

ac test circuit and switching time waveforms

C|_ include* probe and jig capacitance

3
E 5fW 50% 3

r

J-so* \so*

Puto Gtntrltor duncttrrttia: PRR = 1.0 MHl, PW = 500 m. t, = t, < 10 m.

V,»-0t.Vcc
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5g| National
4lA Semiconductor

Level Translators/Buffers

DS7800/DS8800 dual voltage level translator

general description

The DS78007DS8800 are dual voltage translators

designed for interfacing between conventional TTL
or DTL voltage levels and those levels associated

with high impedance junction or MOS FET-type

devices. The design allows the user a wide latitude

in his selection of power supply voltages, thus pro-

viding custom control of the output swing. The
translator is especially useful in ainalog switching;

and since low power dissipation occurs in the "off"

state, minimum system power is required.

features

31 volt (max) output swing

1 mW power dissipation in normal state

Standard 5V power supply

Temperature range:

DS7800
DS8800

-55 C to +125 C
0°Cto+70°C

Compatible with all MOS devices

schematic and connection diagrams

k.

-— output x

Metal Can Package

Order Number DS7800H
or DS8800H

See NS Package H10C

typical applications

4-Channel Analog Switch Bipolar to MOS Interfacing

I I
I i—

r..l___.l |

-i-Q k, h if-~
"' ioc '"'""

, DS7H> . I

i j

—

r

- ANALOG INPUT 3

• ANALOG INPUT 4

I

i

—

-i

I DS7IN

S

j
I )"y>°"~f""|

Ster
j

'Analog signals within the range of +S k to -8V
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absolute maximum ratings (NoteD

Vqc Supply Voltage 7.0V

V2 Supply Voltage -30V

V3 Supply Voltage 30V

V3-V2 Voltage Differential 40V

Input Voltage 5.5V

Storage Temperature Range -65° C to +150 C

Lead Temperature (Soldering, 10 seconds) 300° C

electrical characteristics (Notes 2 and 3)

PARAMETER

Logical "1" Input Voltage

CONDITIONS

V,L Logical "0" Input Voltage

Logical "1" Input Current

l,L Logical "0" Input Current

Output Sink Current

Output Leakage Current

Output Collector Resistor

Vol Logical "0" Output Voltage

'ccimaxi Power Supply Current

Output "ON"

Vcc = Max
Vin = 2.4V

V,N = 5.5V

Vcc = Max, V lN = 0.4V

Vcc = Min, V lN = 2V,

V3 Open

DS7800

DS8800

= Max, V, N = 0.8V (Notes 4 and 7)

T, = 25 C

TYP
(NOTE 6)

Vcc =Min,V IN = 2.0V (Note 7)

Vcc = Max, V lN =4.5V (Note 5)

Power Supply Current

Output "OFF"
V cc = Max, V, N =0V (Note 5)

-0.4

16.0

0.85

0.22

V 2 + 2.0

1.6

Switching Characteristics TA = 25°C, nominal power supplies unless otherwise noted

PARAMETER

Transition Time to Logical

"0" Output

Transition Time to Logical

"1" Output

CONDITIONS

TA =25 C,C= 15 pF (Note 8)

TA =25°C,C= 15 pF (Note 9)

25

62

MAX

o
operating conditions

MIN MAX UNITS 00
Supply Voltage (Vcc) ooDS7800 4.5 5.5 V

DS8800 4.75 5.25 V o
Temperature (T^)

00
DS7800 -55 +125 °c

DS8800 +70 °c

00

8

uA

uA

kQ.

mA

UNITS

Note V "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed Except for 'Operating

Temperature Range" they are no. mean, to imply that the devices should be operated a, these limits. The table of "Electncal Character„„cs

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55° C to + 125°C temperature range for the DS7800 and across the C to

+70°C range for the DS8800.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Current measured is drawn from V3 supply.

Note 5: Current measured is drawn from Vcc supply.

Note 6: All typical values are measured at TA = 25°C with VCC = 50v .
v2 = -22V, V 3 = +8V.

Note 7: Specification applies for all allowable values of V2 and V3.

Note 8: Measured from 1 .5V on input to 50% level on output.

Note 9: Measured from 1.5V on input to logic "0" voltage, plus 1V.

4-5



8
00
00
C/>

Q
oo
CO
r>.

(/)

Q

theory of operation

The two input diodes perform the AND function

on TTL or DTL input voltage levels. When at least

one input voltage is a logical "0", current from V cc
(nominally 5.0V) passes through R, and out the

input(s) which is at the low voltage. Other than

small leakage currents, -this current drawn from Vcc
through the 20 kJ2 resistor is the only source of

power dissipation in the logical "1" output state.

When both inputs are at logical "1"
levels, current

passes through R, and diverts to transistor Q,, turn-

ing it on and thus pulling current through R 2 . Cur-

rent is then supplied to the PNP transistor, Q2 . The
voltage losses caused by current through Q,, D 3 ,

and Q2 necessitate that node P reeich a voltage suf-

ficient to overcome these losses before current be-

gins to flow. To achieve thisvoltage at node P, the

inputs must be raised to a voltage level which is one
diode potential lower than node P. Since these levels

are exactly the same as those experienced with con-

ventional TTL and DTL, the interfacing with these

types of circuits is achieved.

Transistor Q 2 provides "constant current switch-

ing" to the output due to the common base con-

nection of Q 2 . When at least one input is at the

logical "0" level, no current is delivered to Q2 ; so
that its collector supplies essentially zero current
to the output stage. But when both inputs are raised

to a logical "1" level current is supplied to Q2 .

Since this current is relatively constant, the collec-

tor of Q2 acts as a constant current source for the

output stage. Logic inversion is performed since

logical "1" input voltages cause current to be sup-

plied to Q 2 and to Q 3 . And when Q 3 turns on the

output voltage drops to the logical "0"
level.

The reason for the PNP current source, Q2 , is so

that the output stage can be driven from a high

impedance. This allows voltage V 2 to be adjusted

in accordance with the application. Negative volt-

ages to -25V can be applied to V 2 . Since the out-

put will neither source nor sink large amounts of

current, the output voltage range is almost exclu-

sively dependent upon the values selected for V 2
and V 3 .

Maximum leakage current through the output tran-

sistor Q 3 is specified at 10 uA under worst-case

voltage between V 2 and V 3 . This will result in a

logical "1" output voltage which is 0.2V below V 3 .

Likewise the clamping action of diodes D 4 , D 5 , and
D 6 ,

prevents the logical "0" output voltage from
falling lower than 2V above V,, thus establishing

the output voltage swing at typically 2 volts less

than the voltage separation between V 2 and V,.

selecting power supply voltage

The graph shows the boundary conditions which
must be used for proper operation of the unit. The
range of operation for power supply V 2 is shown
on the X axis. It must be between -25V and -8V.
The allowable range for power supply V 3 is gov-

erned by supply V 2 . With a value chosen for V2 , V 3

may be selected as any value along a vertical line

passing through the V 2 value and terminated by
the boundaries of the operating region. A voltage

difference between power supplies of at least 5V
should be maintained for adequate signal swing.

v 3 - 25

/ 2D

/ ID

[operating 5

-25 -15 -5 _ -5

REGION J -10

/ -15/ -20

v -25

switching time waveforms

INPUT-

OUTPUT—

,.>
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VWA National
jlA Semiconductor

Level Translators/Buffers

DS7810/DS8810 quad 2-input TTL-MOS interface gate

DS7811/DS8811 quad 2-input TTL-MOS interface gate

DS7812/DS8812 hex TTL-MOS inverter

general description

These Series 54/74 compatible gates are high out-

put voltage versions of the DM5401 /DM7401

(SN5401 /SN7401 ), D M 5403 /D M7403
(SN5403/SN7403), and DM5405/DM7405
(SN5405/SN7405). Their open-collector outputs

may be "pulled-up" to +14 volts in the logical "1"

state thus providing guaranteed interface between

TTL and MOS logic levels.

In addition the devices may be used in applications

where it is desirable to drive low current relays or

lamps that require up to 14 volts.

schematic and connection diagrams

DS7810/DS8810, DS7811/DS8811

Dual-ln-Line Package

DS7812/DS8812

Dual-ln-Line Package

o
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O
</>

00
00

a
CO

00
_t
ro

O
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03
00

Vcc

)

13 11 11 10 t >

1

r^3
2 3 4

r1^
S S 1 I

1

)

1* H 12 11 H
il

I

i 2 3 4

I

s 6

G

1'

NO

Order Number DS7810J, DS8810J.

or DS8810N
See NS Package J14A or N14A

Dual-ln-Line Package

TOP VIEW

Order Number DS7811J, DS8811J.

DS7811W or DS8811N
See NS Package J14A, N14A orW14A

l« 13 n 11 10 9 1

)

rl>i

->-

rO-

-0-

rt>-

-£>J

1 2 3 * &
' 1'

GND

Order Number DS7812J, DS8812J,

DS7812Wor DS8812N
See NS Package J14A, N14AorW14A
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absolute maximum ratings (Note n

Vcc 7V
Input Voltage 5,5V
Output Voltage 14V
Storage Temperature Range -65°C to +150°C
Lead Temperature {Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2 and 3)

operating conditions

MIN

Supply Voltage (Vrjc)

DS78XX 4.5 5.5 V
DS88XX 4.75 5.25 V

Temperature (T^)

DS78XX -55 +125 °C
DS88XX +70 °C

PARAMETER CONDITIONS MIN TYP MAX UNITS

Vclamp Input Diode Clamp Voltage V cc =5.0V, TA =25°C, l, N =-12mA -1.5 V

V| H Logical "1" Input Voltage Vcc = Mi" 2.0 V

V )L Logical "0" Input Voltage VCc = Min 0.8 V

loH Logical "1" Output Current V Cc = Mir|
.

Vqut = 10V

V, N = 0.8V 250 MA
V, N =0.0V 40 MA

Iol Logical "0" Output Current Vcc = Min, V, N = 2.0V, VOUT = 0.4V 16 mA

VOH Logical "1" Output Breakdown Voltage Vcc = Min, V, w = 0V, lOUT = 1 mA 14 V

VOL Logical "0" Output Voltage Vcc = Min, V, N = 2.0V, l OOT = 16 mA 0.4 V

Iih Logical "1" Input Current
Vcc ~ Max

V, N =2.4V 40 MA
V, N = 5.5V 1 mA

lii_ Logical "0" Input Current Vcc = Max, V, N = 0.4V -1.6 mA

'ccimaxi Logical "0" Supply Current

{Each Gate)
Vcc = Max, V| N = 5.0V 3.0 5.1 mA

'ccimini Logical "1" Supply Current

(Each Gate)
Vcc = Max, V, N = 0V 1.0 1.8 mA

Switching Characteristics TA = 25°C, nominal power supplies unless otherwise noted

PARAMETER

Propagation Delay Time to i

Logical "0"

CONDITIONS

Vcc = 5.0V, TA = 25 C,

COUT = 15 pF, R L = 1k
18

UNITS

Propagation Delay Time to a

Logical "1"
Vcc = 5.0V, Ta = 25"C,

COUT = 15 pF, R L
= 1k

Note 1: "Absolute Maximum Ratings" ate those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified m in/max limits apply across the -55° C to +125°C temperature range for the DS7810, DS7811 and DS7812 and
across the 0°C to +70°C range for the DS7810, DS781 1 and DS7812.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.

typical applications

DS8B10, DS8B11.DSBB12

Note: Noirnal voltages applied lo M0S shift

registers tuve been shifted by +10V tor this +10V

application.

^
DS8810, DSMI1.DSBB12
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ac test circuit and switching time waveforms
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National
Semiconductor

Level Translators/Buffers

DS78L12/DS88L12 hex TTL-MOS inverter/interface gate

general description

The DS78L12/DS88L12 is a low power TTL to

MOS hex inverter element. The outputs may be

"pulled up" to +14V in the logical "1" state, thus

providing guaranteed interface between TTL and
MOS logic levels. The gate may also be operated

with V cc levels up to +14V without resistive

pull-ups at the outputs and still providing a guar-

anteed logical "1" level of V cc - 2.2V with an

output current of -200/uA.

schematic and connection diagrams Dual-ln-Line Package

Order Number DS78L12J, DS88L12J
Order Number DS88L12N
Order Number DS78L12W

See NS Package J14A, N14A or W14A

typical applications

TTL Interface to MOS ROM
Without Resistive Pull-Up

TTL Interface to MOS ROM
With Resistive Pull-Up

^
ac test circuits

'

I"'

Figure 1 Figure 2

switching time waveforms
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absolute maximum ratings (Note d operating conditions

Supply Voltage

Input Voltage

Output Voltage

Storage Temperature Range

Lead Temperature (Soldering, 10 seel

-65°C to

15V
5.5V

15V
H50°C
300° C

Supply Voltage (Vfx)
DS78L12
DS88L12

Temperature (T/\)

DS78L12
DS88L12

4.5

4.75

-55

5.5

5.25

125

70

electrical characteristics (Notes 2 and 3)

PARAMETER

V,„ Logical "1" Input Voltage

V,L Logical "0" Input Voltage

Logical "1" Output Voltage

Logical "0" Output Voltage

Logical "1" Input Current

Logical "0" Input Current

CONDITIONS

Vnr = 14.0V, lOUT -200uA

= Min, = 200/jA

-S.OuA (Note 6)

Output Short Circuit Current

Supply Current - Logical "1"

(Each Inverter)

Supply Current

(Each Inverter)

Logical "0"

(Note 4)

• 12 rtiA

-25

0.32

Switching Characteristics TA = 25°C, nominal power supplies unless otherwise noted

PARAMETER

Propagation Delay to a Logical "0"

from Input to Output

tpdi Propagation Delay to a Logical "1

from Input to Output

CONDITIONS

= 5.0V IFigure 2)

; 14.0V (Figure V

= 5.0V (Figure 2)ANote5)

- 14.0V (Figure V

M1N

UNITS

V

mA

MA

uA

MA

UNITS

Note 1: "Absolute Maximum Ratings" are those values beyond which the safet,' of the device cannot be gua 'm^:**^£"°*°'*"l?.
Temperature Range" they are not mean, to imply that the devices should be operated a, these hm.ts. The table of Electncal Charactenst.es

provides conditions for actual device operation. «,t,„n°rtr.
Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DS78L12 and across the C to

+70°C range for the DS88L12.

Note 3: All currents into d.vice pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: t p(j1 for VqC = 50v ls dependent upon the resistance and capacitance used.

Note 6: VOL « VCC - 1.1V for the DS88L1 2 and VCC -1.4V for the DS78L12.
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National
Semiconductor

Level Translators/Buffers

DS7819/DS8819 quad 2-input TTL-MOS AND gate

general description

The DS7819/DS8819 is the high output voltage

version of the SN5409. Its open-collector outputs

may be "pulled-up" to 14V in the logical "1"

state thus providing guaranteed interface between
TTLand MOS logic levels.

schematic and connection diagrams

Dual-ln-Line Package

Order Number DS7819J or DS8819J
Order Number DS8819N
Order Number OS7819W

See NS Package J14A. N14A orW14A
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absolute maximum ratings (NoteD operating conditions

Supply Voltage

Input Voltage

Output Voltage

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

7.0V

5.5V

5.5V

-65°C to 150°C
300° C

Supply Voltage (Vcc'

DS7819
DS8819

Temperature (T^)

DS7819
DS8819

4.5

4.75

-55

5.5

5.25

+ 125
70

electrical characteristics (Notes 2 and 3)

switching characteristics 25°C, nominal power supplies unless otherwise noted.

PARAMETER

Propagation Delay to a Logical "0"

Propagation Delay to a Logical "1"

CONDITIONS

;5.0V,TA =25 C

= 5.0V, TA = 25 C

TYP

16.0

16.0

MAX

24.0

32.0

UNITS

PARAMETER CONDITIONS MIN TYP MAX UNITS

V| H Logical "1" Input Voltage Vcc = Min 2.0 V

V, L Logical "0" Input Voltage Vcc = Min 0.8 V

Ioh Logical "1" Output Current
Vcc " Mln

V, N = 2.0V, VOUT = 10V 40.0 uA

V,N =4.5V,V OUT = 14V 1.0 mA

V0L Logical "0" Output Voltage Vcc = Min, V| N = 0.8V, 1 OU t = 16 mA 0.4 V

t, H Logical "1" Input Current
Vcc = Max

V 1N = 2.4V 40.0 uA

V INl
= 5.5V 1.0 mA

l lL
Logical "0" Input Current Vcc = Max, V, N = 0.4V -1.6 mA

Icch Logical "1" Supply Current Vcc = Max, V IN =5V 11.0 21.0 mA

'ccl Logical "0" Supply Current Vcc =Max, V IN =0V 20.0 33.0 mA

VCL Input Clamp Voltage Vcc = 5.0V, TA = 25°C, l| N = -12 mA -1.5 V

UNITS

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of Electrical Charactenst.es

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7819 and across the C to

+70°C range for the DS8819.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

ac test circuit and switching time waveforms
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R3 Section 5 Elk4 Display Drivers El
TEMPERATURE RANGE PAGE

-55"Cto+125°C 0°Cto+70°C DESCRIPTION NUMBER
- DS8646 Low Voltage, 6-Digit LED Driver 5-1

- DS8647 Low Voltage, 9-Segment LED Driver (InV) 5-3

- DS8648 Low Voltage, 9-Segment LED Driver 53

- DS8654 8-Output Display Driver 5-5

- DS8656 Print Head Diode Array 55

- DS8658 Low Voltage, 4-Digit LED Driver 59

- DS8659 Low Voltage, 7-Segment LED Driver 5-11

DS7664 DS8664 14-Digit Decoder/Driver 5-13

- DS8665 14-Dtgit Decoder/Driver (High Drive) 5-16

- DS8666 14-Digit Decoder/Driver (POS Systems) 5 19

- DS8669 Duai Digit, BCD-to-7-Segment LED Decoder/Driver 522

- DS8692 8-Output, 350 mA, Transistor Array 5-25

- DS8693 Printing Calculator Solenoid Driver 5-25

- DS8694 Printing Calculator Solenoid Driver with Clock 5-25

DS785E DS8856 BCD-to-7-Segment LED Driver, Common Anode 532

- DS8857 BCD-to-7-Segment LED Driver, Common Cathode 532

DS785F DS8858 BCD-to-7-Segment LED Driver, Common Cathode 5-32

- DS8859 Serial Input Hex Latch LED Driver (High Level) 5-36

- DS8861 MOS, LED 5-Segment Driver 5-39

- DS8863 MOS, LED 8-Digit Driver 539

- DS8867 8-Segment LED Constant Current Driver 5-42

- DS8868 12-Digit LED Decoder/Driver 5-44

- DS8869 Serial Input, Hex Latch LED Driver (Low Level) 5-36

- DS8870 Hex LED Digit Driver 5-46

- DS8871 8-Digit LED Driver 548

- DS8872 9-Digit LED Driver 5-48

- DS8873 9-Digit LED Driver, Low Battery Indicator 5-48

- DS8874 9-Digtt, Shift Input, LED Driver 5-50

- DS8877 6-Digit LED Driver 552

DS788C DS8880 Beckman/Panaplex 7-Segment Decoder/Driver 5-54

- DS8881 1 6-Digit Vacuum Fluorescent Grid Driver 5-57

- DS8884A Beckman/Panaplex 7-Segment Decoder/Driver 5-61

- DS8885 MOS-to-High Voltage Cathode Buffer 5-63

- DS8887 8-Digit High Voltage Anode Driver 565

DS788E DS8889 8-Segment High Voltage Cathode Driver 565

DS789 DS8891 6-Digit High Voltage Anode Driver 569

- DS8892 Hex LED Programmable Current LED Driver 671

DS789 > DS8895 Quad LED Segment Driver 5-73

DS789 DS8897 8-Digit High Voltage Anode Driver (Low Level) 5-65

- DS8920 DS8872 in 20-Pin Package 5-48

- DS8963 18V DS8863 5-39

- DS8968 12-Digit LED Driver 5-76

- DS8973 9-Digit LED Driver, 5.5V, V CC 5 78

- DS8974 9-Digit LED Driver, 7.5V, VcC B-78

- DS8975 9-Digit LED Driver with Low Battery Indicator 5 78

- DS8976 9-Digit LED Driver, 9.5V, Vqc 5 78

- DS8977 7 -Digit Version of DS8873 548

- DS8979 DS8648 in 20-Pin Package 53

- DS8980 Beckman Decoder/Driver/Latch (High Level) 5-81

- DS8981 Beckman Decoder/Driver/Latch (Low Level) 5-81

- DS75491 Quad Segment Driver 5-85

- DS75492 Hex Digit Driver 5-85

DS554 33 DS75493 Programmable Quad Segment Driver 5-88

DS554 34 DS75494 Saturating Hex Digit Driver 590
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GAS DISCHARGE DISPLAY DRIVERS

Device

Type

Drivers/

Package
Comments

Device Number

0°C to +70°C -55°Cto+125°C

Cathode drivers 7 BCD to 7-segment DS8880 DS7880

7 BCD to 7-segment with comma
and DP

DS8884A

7 MOS to high voltage cathode buffer DS8885 DS7885

7 + DP BCD to 7-segment with latch DS8980

7 + DP DS8980 except active low enable DS8981

8 Active high inputs DS8889 DS7889

Anode drivers 6 Active low inputs DS8891 DS7891

8 Active high inputs DS8887

8 Active low inputs DS8897

VACUUM FLUORESCENT DISPLAY DRIVERS

Device

Type

Drivers/

Package
Comments

Device Number

0°C to +70
C
C -55°Cto+125°C

Ground driver

(segments)

Anode driver

(digit)

8

8

16

7-segment plus DP

4 line BCD input

DS8654

DS8654

DS8881

PRINTER DRIVERS

Device

Type

Drivers/

Package
Description

Device Number

0°C to +70°C -55°Cto+125°C
Mechanical Relay driver DS3680
printer 10 hammer serial input driver

Seiko model 310 print head,

interface set

DS3654

DS8692,

DS8693,

DS8694

Thermal 8-digit driver DS8654
printer Diode matrix DS8656

9-segment driver DS8978
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Display Drivers
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DS8646 low voltage 6-digit LED driver

general description

The DS8646 is a 6-digit LED display driver designed

specifically for electronic watches. Its inputs interface

directly with CMOS watch circuits such as the MM5882,

and its outputs sink typically 100 mA from a common
cathode LED watch display.

The DS8646 is supplied in dice form.

schematic diagram

INPUT PAD

(1.2,3.4,5.61

features

Direct interface with CMOS watch circuits

Grouped inputs and outputs

Low voltage operation

Packaged devices available for evaluation

OUTPUT
PAD (12, 11, 10, 8,8. 7)

connection diagram and chip pad layout

Dual-ln-Line Package

NC 0UT1 OUT 2 OUT 3 OUT 4 OUT 5 OUT 6

GND IN 1 IN 3 IN 4 INS IN 6

TOP VIEW

Order Number DS8646N
See NS Package N14A

10.6

-*&

^BG

IN 2

IN 3

IN 4

*&

a
a
•a

a

Note 1: All dimensions in millinches.

Note 2: Die size 33 mils x 51 mils.

Note 3: Pads 4.0 mils square clear area.
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absolute maximum ratings

Applied Voltage 1.5V

= 5V

electrical characteristics (Notei)

2.7V < Vcc < 2.9V; -5°C < TA < +70°C, unless otherwise specified.

PARAMETER CONDITION MIN TYP MAX UNITS

l|H Input "ON" Current V 1N = 1.0V, lOUT = 56mA 0.84 4.5 mA

l,L Input "OFF" Current V IN =0.2V, VOUT = 5.0V -0.01 -20 HA

Vol Output "ON" Voltage l OL =56mA, l IN =840/iA 0.40 V

l OL = 84 mA, l 1N = 1.3 mA 0.55 V

IcEX Output Leakage Current (6 Outputs

Tied Togetherl

V 1N =0.2V, VOUT = 5V 0.07 1.0 uA

l0L Output Sink Current VOL = 0.55V, l IN = 1.3 mA 84 100 mA

Note 1: A(f references to Vqq apply on a system basis since the DS8646 has no Vqq connection.
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kA Semiconductor

Display Drivers

DS8647, DS8648, DS8979 low voltage 9-segment LED drivers

general description

The DS8647 and DS8648 are 9-segment LED display

drivers specifically designed for electronic watches. Their

inputs interface directly with CMOS watch circuits and

their outputs provide a constant current drive for

common cathode LED watch displays. External resistors

are not required. The DS8647 is an inverting driver, and

the DS8648 is a non-inverting driver. Both circuits are

supplied in dice form. The DS8979 is the DS8648 in a

20-pin package.

features

DS8647 is an inverting driver

DS8648 and DS8979 are non-inverting drivers

Direct interface with CMOS watch circuit

Internally set constant current drive

Grouped inputs and outputs

Packaged devices available for evaluation

Low voltage operation

o
to
00

-a

O
to
00

00

o
to
00

^1
<0

schematic diagrams
DS8647 DS8648

O V CC PA0 2(I

OUTPUT PADS
(11, 12,13. 14,

15,16,17, 18, 191

-O V CC PAD 20

OUTPUT PADS

-O 111.12,13,14,

15.16. 17.18,19)

connection diagram and chip pad layout

Dual-ln-Line Package

VCC NC 0UT1 0UT2 0UT3 0UT4 OUTS 0UT6 OUT 7 OUT80UT9

1 22 1 21 IzO Il5 |l6 |l7 |l6 |l5 |l4 |l3 |l2

TTT r T P r I' I

s

I" I"
NC INI IN 2 IN 3 IN 4 IN 6 IN 6 IN 7 IN 8 IN 9 GND

TOP VIEW

Order Number DS8647N, DS8648N
or DS8979N

See NS Package N22A

&

=£1

&«

B

OUT 4

OUT 6

OUT 6

0UT7-

0UTB-]

OUT 9 J

B

£3,

B
B

=£'

Note 1 : All dimensions in millinches.

Note 2: Die size 56 mils x 87 mils.

Note 3: Pad 4.1 mils square clear area.
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absolute maximum ratings (Note D operating conditions
Supply Voltage 5V
Storage Temperature Range -65°C to +150°C Supply Voltage (Vcc)
Lead Temperature (Soldering, 10 seconds) 300°C

Temperature (T^)

electrical characteristics (Notes 2 and 3)

MIN MAX UNITS

2.4 2.9 V

+70 °C

PARAMETER CONDITIONS
|

MIN TYP MAX UNITS

DS8647

V|H Logical "1" Input Voltage VCC-0-4V V

V|L Logical "0" Input Voltacie Vcc"' -9 V

IlL Input Current Vcc = Max, V| N = V CC-2V -230 -300 uA

l|H Input "OFF" Current Vcc = Max, V|N = Vcc 200 i nA

lOFF Output Leakage VCC = Max, V|N = Vcc. VOUT = 0V -0.01 -10 uA

'OUT Output Current VCC = 2.7V, V| N • 0.5V, V UT = 2.15V -7 -10 -14 mA

'CCION) Supply Current (Only One

Output "ON")

Vcc = 2.7V, V|N =0.5V, VouT = 2.15V 12.0 17 mA

'CCIOFFI Supply Current Vcc = M ax, Vim - Vcc. VOUT = Open 0.03 1 uA

lOUT Output Current Match Vcc - 2.7V, V| N 0.5V, V UT = 2.1 5V lOUTSi! mA

DS8648, DS8979

V|H Logical "1" Input Voltage 1.9 V

V|L Logical "0" Input Voltacie 0.4 V

l|H Input Current VCc= Max, V|N = 2V 40 150 uA

ML Input "OFF" Current Vcc= Max, V| N = 0V -200 nA

lOFF Output Leakage Vcc = "ax, V| N = OV, V UT = OV -0.01 -10 UA

'OUT Output Current VCC = 2.7V, V| N - 2V, VouT = 2.15V -7 -10 -14 mA

'CCION) Supply Current {Only One

Output "OM")

Vcc " 2 -7V, V| N - 2V. V UT - 2.15V 12 17 mA

'CCIOFFI Supply Current Vcc = Max, V||\j = OV, VoUT = Open 0.03 1 uA

'OUT Output Current Match Vcc = 2.7V, V|N = 2V, Vout ' 2.15V lOUTS*' mA

Note 1: "Absok te Maximum Ratings" are those values beyond which the safety c f the device cannot 3e guarantee d. Except for
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical
Characteristics" provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8647, DS8648 and DS8979 All
typicals are given for Vcc = 2.7V and Ta = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenceo to ground unless otherwise
noted. All values shown as max or min on absolute value basis.
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£A Semiconductor

DS8654 8-output display driver (LED, VF,

DS8656 diode matrix

Display Drivers

thermal printer)

general description

DS8654 is an 8-digit driver with emitter/follower out-

puts. It can source up to 50 mA at a low impedance, and

operates with a constant internal drive current over a

wide range of power supply—from 4.5V to 33V. The

DS8654 can be used to drive electrical or mechanical,

multiplexed or unmultiplexed display systems. It can be

used as a segment driver for common cathode displays

with external current limiting resistors or can drive

incandescent or fluorescent displays directly, both digits

(anodes) and segments (grids). It will be necessary to run

the device at a lower duty cycle, to keep the maximum

package dc power dissipation less than 600 mW while

operating all 8 outputs at high supply voltage and large

source current. The inputs are MOS compatible and

eliminate the need for level shifting since inputs are

referenced to the most negative supply of system.

system description

The DS8654 and DS8656 are specifically designed to

operate a thermal printing head for calculator or other

uses. In this application the same segment in each digit

is selected at the same time, reducing the overall time

for a complete print cycle. The DS8654 is an 8-digit

driver. With a 15-digit print head, two of the DS8654

are required.

The DS8656 diode arrays are used to prevent "sneak"

currents in the resistive print head. In a 15-digit print

head with one alphanumeric digit there are 119 resistor

segments requiring 1 19 diodes. For ease of assembly, the

DS8656 is configured in four groups of three common
cathode diodes in each group. In the system, ten parts

of DS8656 are required.

The whole system is designed to operate from a +19V

supply for the print head and an 8-cell nickle-cadmium

battery supplying 8V to -11.6V for the rest of the

electronics. The 8-segment drive transistors require

LVCER 's of 33V min, B of > 100 at l c = 500 mA, and

Vsat ^ 1 0V at 800 mA with 1

5

mA drive '

connection diagrams

DuaMn-Line Package

0UT6 0UT6 OUT? 0UT8 GND IN 8 IN 7 IN 6 IN 5

|lS ||7 1 16 Il5 Il4 13 12 11 10

Dual-ln-Line Package

jl |2 |3 |4 15 16 17 IS |9

OUT 4 OUT 3 OUT 2 OUT 1 Vcc INI IN 2 IN 3 IN 4

Order Number DS8654N
See NS Package N18A

IB 15 ,4 Hr 11 | 10 9

)

<

i

1

>. v
1

a <:

2 3 4 5 6 7 8

Order Number DSS656N
See NS Package N16A
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absolute maximum ratings DS8654 (Note d

Supply Voltage 36V
Input Voltage 36V
Output Voltage V(;c — 36V
Storage Temperature Range -65°C to +150°C
Maximum Package Power 600 mW
Lead Temperature {Soldering, 10 seconds) 300°C

electrical characteristics DS8654 (Notes 2 and 3)

operating conditions DS8654

MIN MAX UNITS

Supply Voltage (Vcc) 4.5 33 V

Temperature (T^) +70 °C

PARAMETER CONDITIONS MAX

l,H Logical "1" Input Current - Max, V, N = 6.5V HA

Iil Logical "0" Input Current Vcc = Max, V, N = 0.4V 40 UA

Logical "1 " Output Current -33V -100 HA

Logical "0" Output Voltage Vcc = Max, l, N = 500mA,

Ioh = "50 mA

'ccioff) Supply Current Vcc - Max, V,
r 0.01 1.0

Iccion] Supply Current

(All Outputs "ON"

V cc = Max, V, N = 6.5V,

'out = mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8654. All typicals are given for Vqq = 30V
andTA - 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

electrical characteristics DS8656 <ta = o°c to +70°o

PARAMETER CONDITIONS MIN TYP MAX UNITS'

Vr Peak Inverse Voltage l H = 0.1 mA 35 V

Vf Forward Voltage l F = 50 mA 1.5 V

t
r

Reverse Recov. Time l F = 50 mA to l n = 0.1 mAat V R == 30V 1.0 MS

schematic diagram
DS8654
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typical applications

Thermal Printer

MOS CALCULATOR
CHIP

MM5786

bWVN^

[
«V>A-

r
T ,

1

DS8978

SEGMENT DRIVERS

o
(/>

00
0>
01
4*

O
C/)

00
O)
01
0>

LED Display-0 mA to 50 mA Peak Segment Current

SEGMENT INPUTS

Xt

' I
1

I I
1

I

|—Vcc

1, |b |i lii l« M li i<"

XL

o o a o o o
u.u.u.u. u.u.

i i i i i i i r
DSS863

I I I I I I I
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typical applications (con't)

LED Display—50 mA to 100 mA Peak Segment Current

XI

SEGMENT INPUTS SEGMENT INPUTS

XI

i_L
DS8654 —

V

CC XI

o o o o o o o o
/_/ /_/ /_/ /_/ o o o o

DIGIT INPUTS

VF Display

?

TOOTHER
DIGITS

All resistors are 100k
For other applications, see DS8881 data sheet

XI

.ffffffff

60666600

"i—i—i—

r

1—

r

DIGIT INPUTS
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DS8658 low voltage 4-digit LED driver

general description

The DS8658 is a 4-digit LED display driver designed

specifically for electronic watches. Its inputs interface

directly with CMOS watch circuits such as the MM5829,

and its outputs sink typically 100 mA from a common

cathode LED watch display.

The DS8658 is supplied in dice form. Plastic DIP parts

are available for device evaluation.

features

Direct interface with CMOS watch circuits

Grouped inputs and outputs

Low voltage operation

Packaged devices available for evaluation

schematic diagram

PAD 18. 7.6,

I
son yr

QH.2,3,4|0—V\A* f

6 PA

connection diagram and chip pad layout

Dual-ln-Line Package

NC OUT 1 01)7 2 OUT 3 OUT 4 NC

_L_

V l>
|3 |. |.

I

s

GN0 IN 1 IN 2 IN 3 IN 4

TOP VIEW

Order Number DS8658N
See NS Package N14A

NC t

-E3f,

Bf~,

t JiN3 3^

Hotel: All dimensions in millineries.

Note 2: Die size 33 mils x 36 mils.

Note 3: Peos 4.0 mils square dear ares
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absolute maximum ratings

Applied Voltage V IN = 1-5V

Vqut = 5V

electrical characteristics (Note d
2.7V < Vcc < 2.9V; -5°C < TA < +70°C, unless otherwise specified.

PARAMETER CONDITION TYP UNITS

mAl,H Input 'ON" Current V| N = 1.1V, Iqut = 56 mA 0.84

Input "OFF" Current V, N = 0.2V, VOUT = 5V -20 MA

v~Output "ON" Voltage lOL = 56 mA, l, N = 840/uA, Vcc = 2.4V 0.40

lOL = 84 mA, l IN = 1.3 mA, Vcc = 2.7V 0.55

Output Leakage Current

(4 Outputs Tied Together)

V IN = 0.2V, Vqut - 5V 1.0 MA

Output Sink Current 100

Note 1: All references to Vfjc apply on a system basis since the DS8658 has no Vcc connection.
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Semiconductor

Display Drivers

DS8659 low voltage 7-segment LED driver

general description

The DS8659 is a 7-segment LED display driver speci-

fically designed for electronic watches. Inputs interface

directly with CMOS watch circuits such as the MM5829
and outputs provide a constant current drive for com-

mon cathode LED watch displays. The DS8659 provides

10 mA output current drive typically, thus no external

resistors are needed.

The circuit is supplied in dice form. Plastic DIP parts are

available for device evaluation.

features

Direct interface with CMOS watch circuit

Internally set constant current drive

Grouped inputs and outputs

Packaged devices available for evaluation

Low voltage operation

schematic diagram

INPUT PAD (1,2,3,4,5.6.7)

OUTPUT PftD (15. 14, 13, 12. 11. 10. 9

R1 =3k, R2 = 0.75k

connection diagram and chip pad layout

Dual-ln-Line Package

V CC NC OUT! 0UT2 OUT 3 0UT4 OUT 5 OUT 6 OUT 7

1
I" I' 8 I" I" I' 3 I" Ll!_

IN 5 IN 6

TOP VIEW

Order Number DS8659N
See NS Package N18A

^QlNl

i£]lN2

1Q,N3

-if£],».

-U-TJ,N«

-Tj-rjiN,

-ccEF

OUTlQJ^

00T2[-J!i

0U13GF

0UT4[|j!i

U0T5

OUT 6

OUT 7

EF
EF
E?

Note 1: All dimensions in millinches.

Note 2: Die size 51 mils x 69 mils.

Note 3: Pads 4.5 mils square clear typically.
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absolute maximum ratings (Noten

Maximum Applied Voltage

Minimum Applied Voltage

VCC = 5V
VCC = -0.3V

electrical characteristics (Notes 2 and 3)

2.4V < Vqc < 2.9V; -5°C < Ta < +70° C, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

hH Input Current V| N = 0.8V, VCC=2.7V -150 -300 /JA

l|L Input OFF Current V|N = V CC~0-2V -200 nA

ICEX Output OFF Current V| N = 2.9V, V CC = 3.5V, V UT= 1-3V 0.06 2 MA

lOH Output ON Current V| N = 0.5, VCC= 2.4, V UT= 2.15 -3.5 mA

V| N = 0.5, VoUT- 2.15
VCC=2.7 -7 -10 mA

Vcc-2.4 -4.5 mA

ice Supply Current VCC= 2.7V, V|N = 0.5V, VouT = 2.15V,

One Input—Output Pair ON at a Time
12 15 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for

"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Elec-

trical Characteristics" provides condition;; for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -5'X to +70°C range for the DS86?>9. All typical values are for

TA = 25" C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise

noted. All values shown as max or min on absolute value basis.
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Semiconductor

Display Drivers

DS7664/DS8664 14-digit decoder/driver with low battery indicator

general description features

The OS7664/DS8664 circuit is a 14-digit decoder/driver

with an 80 mA sink capability. The circuit has current

threshold inputs, and is designed to be driven by

P-channel MOS. The enable input permits interdigit

blanking of the decoded outputs. An open-collector

output oscillator is provided for system timing (two

passive external components are required), A low-

battery indicator is provided at the "C" input with a

nominal trip point of 3.25V at 25
C
C.

Oscillator frequency accuracy allows maximum
system speed

Inter-digit blanking with the enable input provides

ghost-free display operation

L_ow-battery indicator accuracy provides consistent

low-battery indication

logic and connection diagrams

VccO—'

CinO

TJC^:

BinO-

ft|NO-

DlllO-

Ci-o-

Hl

V
OSCILLATOR
OUTPUT

Dual-ln-Line Package

-^O ENABLE

Ck>-

Lo-L

Order Number DS7664N
or DS8664N

See NS Package N24A

ONE TYPICAL OUTPUT SHOWN
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absolute maximum ratings (Note i) operating conditions
MIN MAX UNITS

Supply Voltage 10V Supply Voltage I

V

cc )

Input Voltage ±10V DS8664 2.9 9.5 V

Input Current ±1.5 mA DS7664 3.5 9.5 V

Output Voltage 10V
Temperature <TA )

Storage Temperature Range -65 C to +150 C DS8664 +70 °C
Lead Temperature {Soldering, 10 second:.} 300°C DS7664 —55 +125 °C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|H Logical "V Input Voltage

Decoder Inputs
Vcc - Ma*. venable 49V

I IN = 260uA 0.50 V

l|N= 1400^A 1.50 V

V|H Enable Input VCC = Max, 'ENABLE = 260mA, TA = 25°C 3.0 4.2 5.1 V

l|H Logical "1" Input Current

Decoder Inputs

VCC = Max. VENABLE = 4.9V 260 uA

l|H Enable Input VcC = Max 260 UA

V|[_ Logical "0" Input Voltage Vcc = Max, VENABLE = 4.9V,

1
1
1_
= 25uA

A|N.B|N.D|N 0.30 V

ClN 0.50 V

l|[_ Logical "0" Input Current VCC = Max, VENABLE = 4.9V 25 uA

VoH C Input (Low-Battery Output)
VCC = 3.1V, TA = 25°C

l|N = 300uA 4.9 7.3 V

l|N =400/LlA 6.5 10.0 V

Vol C Input (Low-Battery Output) Vcc = 3.4V, l
( N = 1300uA, TA = 25°C 1.0 3.0 V

lOH Logical "1" Output Current

Except Pin R

VCC = Max, V H = 10.0V, V ENABLE = 4.9V

Vrc = 0.6V

50 uA

lOS Output Short Circuit Current

Pin R Only

Vcc = Max, Vrc = 0.6V -0.15 -0.28 -0.45 mA

Vol Logical "0" Output Voltage

Digit Outputs

VCC = Min, l L = 80 mA, V ENABLE = 4.9V 0.35 0.55 V

VoL(OSC) Oscillator Output VCC = Min, Iol = 6 mA, Vrc = 1.5V 0.20 0.55 V

vol p '" R Vcc = Mi". 'OL = 60uA, Vrc = 1.5V 0.10 0.25 V

ICC Supply Current-Enabled VCC = Max . VENABLE = 4.9V 15.0 22.0 mA

ICC Supply Current— Disabled VCC = Max, VENABLE = 1 0V 6.0 12.0 mA

fOSC Oscillator Frequency
I Rt = 35k +2%, Ct = 100 pF +5%, Vcc = Min to 4.5V 300 350 400 kHz

RT = 33k +2%, Cj = 100 pF ±5%, Vcc = 7 9V to Max 320 360 400 kHz

D.C. Duty Cycle (tpwh|/T ) R T = 35k ±2%, CT - 100 pF +5%, VCC = Min to 4.5V 0.46 0.56 0.66

R T - 33k ±2%, CT = 100 pF ±5%, VCC = 7.9V to Max 0.46 0.56 0.66

Switching Characteristics Vcc = 4.0V, TA = 25°C unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdl or tpdO Propagation Delay From A, B, C, D

Inputs to Digit Outputs

R| N = 8.2k, VENAgLE JACK = 10V,

R L
= 10012, Cl= 50 pF

500 ns

tpdQ Propagation Delay to a Logical "0"

From Enable Input to Digit Outputs

R|N = 8.2k, R L = 100«, C L = 50 pF 30 80 200 ns

tpdi Propagation Delay to a Logical "1"

From Enable Input to Digit Outputs

R|N = 8.2k, R L.= 100n,CL= 50 pF 100 250 500 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the -55°C to +125°C temperature range for the DS7664 and across the 0°C to

+70°C range for the DS8664; all typical values are given for Vcc = 4.0V and TA = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.
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ac test circuits and switching time waveforms

TO
POWER y-
CIIDDI V '

TO PULSE

vcc GENERATOR
PIN AND SCOPE

PROBE

X
A a ~ INPUT PIN**™ ° UNDER TEST
"IN

SINKING OUTPUT
PIN UNDER TEST

o
-g
0)
O)

6
(/)

00
0>

OSCILLATOR I / TO

OUTPUT O f < SCOPE

PIN PROBE

10V
ENABLE
INPUT 1

JACK /
F5V 5V^

K-

A.B, C.D

INPUT

JACKS __i*L >
^2V

— 'pdO — —j <pd1 — * <pdO — — tpdl

OUTPUTS •NL_> V /
Y

Note: Input voltage rise and fall times are 120 ns from 10% to 90% points.

truth table

Ain B IN C|N Din DIG. OUT ON I

NONE

1

2

1

1

1

1

3

4

5

6

7

8

9

10

1

11

12

1 13

1

1

,4

NONE
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Gjg National
Semiconductor

Display Drivers

DS8665 14-digit decoder/driver (hi-drive)

general description features

The DS8665 circuit is a 14-digit decoder/driver with

13 mA nominal source current capable of driving exter-

nal grounded-emitter transistor bases. The circuit has

current threshold inputs, and is designed to be driven

by P-channel MOS. An enable input is provided to

allow for inter-digit blanking of the decoded outputs.

An open-collector output oscillator is provided for

system timing (two passive external components are

required).

Oscillator frequency accuracy allows maximum
system speed

Inter-digit blanking with the enable input provides

ghost-free display operation

logic and connection diagrams

vCCO-

cINO-

;L]
C^

B|nO-

<MnO-

°inO-

GNO O-

C^
c^

n

Dual-ln-Line Package

;hn —^^\, O ENABLE

— v C c

22
-RC

21
OSC OUT

20
DIGIT 1 OUT

19
DIGIT20UT

18— DIGIT 3 OUT

17— CIIGIT40UT

16
DIGIT50UT

DIGIT60UT

DIGIT 7 OUT

DIGIT 8 OUT

Order Number DS8665N
See NS Package N24A

ONE TYPICAL OUTPUT SHOWN
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absolute maximum ratings (NoteD

Supply Voltage 10V

Input Voltage +10V

Input Current ±1.5 mA
Output Voltage 10V

Storage Temperature Range -65°Cto+150 C

Lead Temperature (Soldering, 10 seconds) 300°C

operating conditions

Supply Voltage (V^c)

Temperature (TA )

MIN

7.9

MAX UNITS

9.5 V

+ 70 °C

o
C/)

00

electrical characteristics (Notes 2 and 3)

PARAMETER

Logical "1" Input Voltage

Decoder Inputs

Logical "1 " Input Current

Decoder Inputs

Enable Input

Logical "0" Input Voltage

Logical "0" Input Current

Oscillator Output

Logical "1 " Output Current

Digit Outputs

Output Short Circuit Current

(Pin R Only)

Logical "0" Output Voltage

Digit Outputs

Oscillator Output

Supply Current-Erabled

CONDITIONS

Vcc = Max,V e -, ABLE -6.7V
l m = 390iiA

-- 1400UA

140uA

V cc - Max, V E ., A3LE = 6.7V

Max, V ES|AS1 E
'- 6.7V, l IL = 25/uA

V cc = Max, V ENABLE = 6.7V

V cc = Max, V c 10.0V, V RC =0.6V

V cc = Max, V OH = 1 ,00V, V ENABLE = 6.7V

= Max, V RC - 0.6V

3L = 40JJA, V EfJABLE =6.7V

6 mA, V RC = 1.5V

= M'n, l ._
= 60(iA, V RC - 1.6V

V cc = Max, V E -, ABLE = 6.7V, V OH = 1.00V

Supply Current-Disabled

Oscillator Frequency

• Max, V e ., ablE = 1.0V

R T = 33k »2%, C T = 100 pF ±5°/

= 33k = 2%, C T « 100 pF ±5%

Vcc = Mm
V cc = Max

Vcc -Min

V rr = Max

HA

mA

mA

mA

Switching Characteristics Vcc = 8.4V, TA = 25°C unless otherwise specified

PARAMETER

tod1 or Propagation Delay From A, B

tp,,,, C, D Inputs to Digit Outputs

tpao Propagation Delay to a Logical "0"

From Enable input to Digit Outputs

Propagation Delay to a Logical "1"

From Enable Input to Digit Outputs

CONDITIONS

Rin -8,2k,V ENABLE JACK - 10V,

C L = 50 pF

i.2k,C L - 50 pF

32k. C L = 50 pF

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS8665; all typicals are given lor

Vcc = 8.4V and TA - 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.
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ac test circuits and switching time waveforms

TO.
POWER >-
SUPPLY

' ^-"PIN

TO PULSE
GENERATOR
AND SCOPE

PROBE1
R|N

8.2k

X
F

<
TO
SCOPE
PROBE

' 1N914

.DIODE

ENABLE
INPUT

JACK

A, B, C,

INPUT

JACKS

4\6.5'

~jCD(
lpd1 — — 'pdO >pd1PU \

.5v\

Note: Input rise and fall times are 120 ns between 10% and 90% points.

truth table

A|N B IN C IN Din DIG OUT ON

NONE

1

2

3

1 4

1 5

1

1

6

7

8

9

1

1

1

1

10

11

12

13

14

NONE
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DS8666 14-digit decoder/driver (P.O.S.)

general description

The DS8666 circuit is a 14-digit decoder/driver. Six

outputs have an 80 mA sink capability, and eight of the

outputs have a 13 mA nominal source drive capability to

drive external grounded-emitter transistor bases. The

circuit has current threshold inputs, and is designed to

be driven by P-channel MOS. An enable input is pro-

vided to allow for inter-digit blanking of the decoded

outputs. An open-collector output oscillator is provided

for system timing (two passive external components

are required).

features

Oscillator frequency accuracy allows maximum
system speed

Inter-digit blanking with the enable input provides

ghost-free display operation

logic and connection diagrams

»ccO-

prH

V
OSCILLATOR

OSCILLATOR
OUTPUT

>=£ -WV—O ENABLE

C|N O

BinO

»IN O

SOURCING
OUTPUT DIGIT 9 OUT

ONE TYPICAL OUTPUT SHOWN
OF EACH TYPE

SINKING
OUTPUT

Order Number DS8666N
See NS Package N24A
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absolute maximum ratings (Notei)

Supply Voltage 10V
Input Voltage 10V

Input Current ±1 .5 mA
Output Voltage 10V
Storage Temperature Range 65 C to +150°C
Lead Temperature (Soldering, 10 seconds! 300" C

electrical characteristics (Notes 2 and 3)

operating conditions

MIN MAX UNITS

Supply Voltage (Vqq) 7.9 9.5 V

Temperature (T^) +70 °c

PARAMETER CONDITIONS

V|H Logical "1" Input Voltage

Decoder input:

Enable Input

VCC=Max, V E NABL.E = 6 7V
l|N l?^2_/f

a
L.

I

| N - 1400 ,uA

l|H Logical "1" input Current

Decoder Inputs

Enable Input

Logical "0" Input Voltage

Logical "0" Input Current

V'CC" Max. 'ENABLE " !40uA

Vcc = Max, VENABLE " 6.7V

VcC ~ Max

Vcc = Max. VENABLE = 6.7V, I|l = 25 uA

V'cc = Max, VENABLE' 6.7V

lOH(OSC) Oscillator Output Vcc = Max, Vqh ~- 10.0V, V RC = 0.6V 50

Digit 1---S Outputs Vcc" Max, V H = U10V, V E NABLE " 6.7V

lOH Logical "1 " Output Current

Digit 9-14 Outputs

VCC = Max, V'QH " 10-QV, V'ENABLE " 6.7V

'OS Oftput Short-Circuit Current

Pin R Cnly

VOL(OSC) Osci-ldlur Output

Vql Lociical "0" Output Voltage

!'igit 1 8 Outputs

Digit 9-14 Outputs

Pin R

l(X Supply Current - Enabled

ICC Supply Current -Disabled

fOSC Oscillator Frequency

Duty Cycle (tpwH'T)

Vcc Max, Vrc ' 0.6V

V'CC ' Miri
. lOL "" E i"1 '"'- Vrc - 1 <5V

V CC " Min, VENABI E ' c" 1
'

L!
:',)L._80 mA_

i'Ol 6P;rA,

__ jV RC°1-5V

C IE 30

u

V CC= Max, VenABLF = 6.7V, Voh = 100V,

(Sourcing Output "ON"}

V CC = Max, VENABLE = 1-0V

RT ' 33k ±2%, Ct - '00 pF ±5%

Ry = 33k +2%, Ct ' 100 pF +5%

Vcc " Min

Vcc ~ Max

VCC ^ Min

Vcc ^ Max

0.40

320

.35

0.10 0.20

360

switching characteristics vcc - s.4v, ta 25"c

PARAMETER CONDITIONS MIN TYP MAX UNITS

'pdO or Propagation Delay From A, R|N = 8.2k, Vem AB (e JACK ~ 10V 500 ns

tpdl B, C, D Inputs to Digit CL-50pF

tpdO o r

Outputs

Propagation Drvyy From RlM = 8.2k, C[ « 50 pF 500 ns

tpd ' Enable Input ro Digit

Outputs
L

I

Note 1- "Absolute Maximum Rgtinqs" a-e those values beyond "vhxh the safety of the device cannot be ya-.irapteed. Except for "Operating
Temperature Rarpe" they are not meant xo imply that the device? sho'jH I?, operate .=3+ these limits. The table of "Electrical Characteristics"
provides conditions for actual device operat on..

Note 2: Unless otherwise specified mln/max limits apply across the 0°C to ^-70° C for the DSB666 AM typical an; givnn for Vrp = 8 4V and
TA = 25°C.

Note 3: AM currents into device pins shown as positive, out of device pins as negative, aM voltages referenced to ground unless otherwise noted. AM
values shown as max or min on absolute value basis

.
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ac test circuits and switching time waveforms

TO
POWER V
CIIDDI V *

^ PIN

X
TO PUISE .

GENERATOR \- —^^V-—O
i

SINKING OUTPUT
PIN UNDER TEST

! O
i

<f>

! 03
! O)
! 01
0)

PIN RC O

SOURCING OUTPUT
PIN UNDER TEST

ENABLE
INPUT

JACK

t^j v
Note. Input rise and fail times aie ! 20 ns between 1 0% and 90% points.

truth table

A|N bin C|N D|N DIG. OUT ON

NONE

1 1

1 2

1
3

1
4

1 1 5

1

1

!

1

1

6

7

8

1 9

1

10

11

1

1

1

12

13

I 1 14

1 1 1

1 ....

NONE
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National
Semiconductor

Display Drivers

DS8669 2-Digit BCD to 7-Segment Decoder/Driver

General Description

The DS8669 is a 2-digit BCD to 7-segment decoder/

driver for use with common anode LED displays. The
DS8669 drives 2 7-segment LED displays without

multiplexing. Outputs are open-collector, and capable

of sinking 25 mA/segment. Applications consist of TV
and CB channel displays.

Features

Direct 7-segment drive

25 mA/segment current sink capability

Low power requirement— 16 mA typ

Very low input currents— 2 jUA typ

Input clamp diodes to both Vfx ar| d ground

No multiplexing oscillator noise

Logic and Connection Diagrams
Dual-ln-Line Package

BCD
,

INPUTS
'

BCD
<

INPUTS

GND

A1 a1~

b1
A1

B1

DECODER DRIVERS

d

dl
7-SEGMENT

' OUTPUTS

B1

C1 e1

f1

CI

D1V

A2 —
9\

a2

D1

a1

— b2
b1

B2 — c2

C2

DECODER DRIVERS d2

e2

f2

7SEGMENT
' OUTPUTS d

d1

D2 — B2_

e1

TOPVIEW

Order Number DS8669N
See NS Package N24A
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Absolute Maximum Ratings (Notei)

Supply Voltage 7V

Input Current 20 mA
Output Voltage 12V

Storage Temperature Range -65 C to +150 C

Lead Temperature (Soldering, 10 seconds) 300° C

Operating Conditions

Supply Voltage (Vcc>

Temperature (T^t

MIN MAX
4.5 6.0

+70

UNITS

V

°c

o
c/)

00

(O

Electrical Characteristics VCC = 5.25V, TA = 25°C unless otherwise specified (Note 2)

PARAMETER

Logical "1" Input Voltage

Logical "0" Input Voltage

Logical "1" Output

Leakage Current

Logical "0" Output Voltage

Logical "1" Input Current

Logical "0" Input Current

Supply Current

Input Clamp Voltage

tpdO Propagation Delay to a Logical "0" From

Any Input to Any Output

tpdl Propagation Delay to a Logical "1" From

Any Input to Any Output

CONDITIONS

VOUT=10V

l0L = 25 mA

V|N = VCC

V|N = 0V

All Outputs Low

1
1 (vi

= 10 mA
1

1 (vi
= -10 mA

MIN

2.0

-0.3

TYP

0.4

2.0

-0.1

16

MAX

VcC+0.6

0.8

50

0.8

10

-10

25

VCC+1-5V

-1.5

10

10

UNITS

V

V

MA

V

"A

MA

mA

V

V

MS

Note V "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics-

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8669. All typicals are given for Vcc = 5.25V

and Ta = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.
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Truth Table

INPUT LEVELS SEGMENT OUTPUTS

62 g2Dm C|\j Bm Am a1 b1 cl d1 el fl gl a2 b2 c2 e2 f2 DISPLAY 1 DISPLAY 2

0100 n
/~7

1 1 1 1 1110 1 1 1
/

10 1 i G 1
1 P /":'

11 1 1 C 1
1 o IT/ ~i

10 1 1 1 10 1 i u /_/

10 1 1 1 1 1 n /- lz
i110 1 1 F i~111 1 1 110 1 i 1 1

IZl
i i10 1 1 1 1 o

1 y 1 o 1 1 110 1
I

u
1 110 11 1 1 1 1

O
1 1

1 10 1 1 11 1 1 P 1

1 ! 11110 1

1

1 1 1 1

1

10 11 1

1

1 1

i~ l~
1'

i ; i 1 1 1 1 : 1111 '•

1 1 1 (Blank) (Blank)

"0" = Segment ON
"1 " = Segment OFF Display Segment Notation

7_/ c e/_/ c

AC Test Circuit

vce

TO OUTPUT
UNDER TEST

400 ,

O-""
™-

"< •

5li pi _.

r
Switching Time Waveforms

IMPUT 1.6V

ov V
-~-

'pill)
~"

IN-PHASE OUTPUT

OV

OUT OF PHASE OUTPUT

OV

t
f < ,!i "s t

r
< 1 5 m

J'

1.5V

'pd1

1 5V

'lid!

/ 1.W

/

-*" l |id0

1 5V\



J5J1 National
SJk Semiconductor

Display Drivers

DS8692, DS8693, DS8694
Printing Calculator Interface Set

General Description

Two DS8692 IC's and one each of the DS8693 and

DS8694 provide the complete interface necessary

between the MM5787 calculator chip and the Seiko

Model 310 printing head. The DS8692 is an array of

eight common emitter output transistors each capable

of sinking 350 mA, with open collector saturating

outputs. The DS8693 contains the interface iojic for

the color solenoid driver, motor driver, a- J .'-c..iu-,,,i

character select solenoid drivers. The DS8694 re ritdins

the interface logic for 8-column solenoid drivers plus

the clock oscillator and timing signal buffer. Trie color

and character select solenoid latch outputs of corh are

Connection Diagrams

Dual-lrvLine Package
E C8 B8 B7 C7 f*C C6

22 21 n 19 18 | 17 16 15 11 U 12

r
< y K

> h y
5 10 11

1 i a 5 le 7 8

B2 C2 NC CJ 83 83 C3 E

TOP VIEW

Order Number DS8692N
See NS Package N22A

constant current outputs supplying the base current

for the DoSt92 arrays. These outputs also feature active

pull-down. The motor drive latch output is an open

collector capable cf sinking 20 mA

Features

Prov.de! comp.ete inter-ace package for printing

calculators with minimum number of packages and

minimum number of external components

350 mA sink capability

Dual-In Line Package

^CC OUT 1 OUT 2 OUi .1 OUT! PUTS 0IJT6 OUT? OUT OUT

\?l n 2D 19 IB V 16 16 14 \2 1?

fo> I

rCF
^rTH

H? Q

rP
1 v-
r^

D

[L i f̂

1 2 2 4 5 6 7
"

I'

io In

Dual In-Line Package

COLUMN LATCH

TOP Vi£W

Order Number DS8693N
See NS Package N22A

v cc OUT 1 OUT 2 OUT 3 OUT 4 Oil 15 OUT 6 0U t ; oi Tfl I OS C USC H

l» 23 22 21 20 13 IB 17 16 IS 15 13

}
"V

rCJ

rC]

P-TT ^ t- 1

riy

/f i?"-i-*1
2 3 4 5 s 7 B 9 1G 11

J12

iOC VIEW

Older Number DS8694N
See NS Package N24A
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Absolute Maximum Ratings DS8692-Transistor An

Collector to Base Voltage

Collector to Emitter Voltage

Collector to Emitter Voltage (Note 4)

Emitter to Base Voltage

Collector Current (Continuous)

25V

25V
15V

6V
0.4A

ray (Note 1)

Power Dissipation (T^ = 25°C) 650 mW
Operating Junction Temperature 150°C max
Operating Temperature Range 0°C to +70° C
Storage Temperature Range -65° C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics dss692(notes 2 and 3)

PARAMETER

VcEO Collector to Emitter Breakdown

Voltage

CONDITIONS

IC= 500 mA, Ib =

VcES Collector to Emitter Breakdown

Voltage
IC= 1 mA, Vbe =

VCBO Collector to Base Breakdown

Voltage
IC = 1 mA, Ie =

VCE(SAT) Collector to Emitter Saturation Voltage IC= 350 mA, Ib = 7.0 mA,

(Note 7)

VBE(SAT) E'ase to Emitter Saturation Voltage IC= 350 mA, Ib= 7.0 mA,

(Note 7)

Absolute Maximum Ratings DS8693(Note d Operating Conditions DS8693

Supply Voltage 12V
Input Voltage 12V
Output Voltage

All Pins Except Pin 13 12V
Pin 13 19V

Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Supply Voltage <Vrjc)

Temperature (T^)

MIN MAX UNITS

8.5 11.0 V

+70 °C

Electrical Characteristics dss693(n otes 2 and 3)

PARAMETER CONDITIONS MAX

COLUMN DRIVERS

l|N Input Current V|N = 2.7V 50 MA
V|N = 9.5V 250 CA

Vol Output OFF Voltage VCC ' Min. V| N = 2.7V, VC LOCK = 3.5V,

IrjUT- 1 mA 0.4 V

lOH Output ON Current VCC = Min, V, N = 7.0V, VCLOCK = 3.5V,

VOUT=1.0V
-7 -17 mA

IrjS Output Short Circuit Current VCC = Max, V| N = 2.7V, V C LOCK = 3.5V,

VOUT = 0V
-1.2 mA

CLOCK INPUT

l|N Input Current V| N = 3.5V 300 MA
V|N = 1.6V 50 MA

V|H Logical "1" Input High Voltage 3.5 V

V|[_ Logical "0" Input Low Voltage 1.6 V

MOTOR DRIVER

llN(PRINT) Input Current V|N = 2.3V 50 MA
V| N = 9.5V 250 MA

'IL(STOP) Input Low Current (Stop) Vec = Min
. V|N(STOP) = 0.4V,

(Stop Switch Closed)

-700 MA

V|H(ST0P) Input High Voltage (Stop) Vcc = Max, l|N(STOP) = -10>A.

(Stop Switch Open)
2.5 V

vol Output Low Voltage VCC = Min, Vp R | NT = 7V, lQUT= 15 mA 0.5 V
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Electrical Characteristics (continued) DS8693

PARAMETER CONDITIONS

COLOR DRIVER

Input Current

vol Output OFF Voltage

IQH Output ON Current

'CC(SB) Stand-by Supply Current,

(Note 6)

V|N = 3.5V

V|N = 1-7V

VCC = Min, V|N = 1.7V, loi_IT = 1 mA

Vcc= Min, V|N = 3.5V, VquT = 1 -ov

Vcc = Max, vCOLUMN IN/VpRINT = OV,

VCOLOR = OV, VcLOCK = 3-5V

Absolute Maximum Ratings DS8694 (Note d

Supply Voltage 12V

Input Voltage

All Pins Except Pin 15 12V

Pin 15 19V

Output Voltage 12V

Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering 10 seconds) 300°C

Electrical Characteristics ds8694 (Notes 2 and 3)

PARAMETER CONDITIONS MAX

COLUMN DRIVER

l|N Input Cu rrent

VOL Output OFF Voltage

lOH Output ON Current

lOS Output Short-Circuit Current

V|N° 2-7V

V|N = 9-5V

VCc = Min, V|N = 2.7V, VC LOCK = 3.5V,

|QUT= 1 mA

Vcc - Min, V|N = 7.0V, VCLOCK = 3.5V,

V UT= 10V

VCC = Max, V| N = 2.7V, VCLOCK = 3,5V,

VOUT = 0V

50

0.4

-1.2

CLOCK INPUT

l|N Input Current

l|H Logical 'T" Input High Voltage

Logical "0" Input Low Voltage

V|N = 3.5V

V|N= 2.7V

300

1.6

TIMING BUFFER

I IIM
Input Current

VOL Output Low Volt;

VOH Output High Voltage

V, N = 2V

V|N = 17V

i Out = 50ma, V| N = iov

I UT=-50mA, V| N = 7V vcc-i-0

-50

880

0.5

OSCILLATOR

fosc Frequency

vol Output Low Voltage

VOH Output High Voltage

Duty Cycle

VOSC 0sc VCC Tur n ON Voltage

'CC(SB) Stand-by Supply Current

VCC = Ma><
.
R =

1 8k .
c = 0.0015uFd,

(Note 5)

VcC = Mln
. iOUT= 50 (JA

l UT= -50 uA

VCC = Ma

Vcc = Max, VCOLUMN IN/

VpRINT = 0V, lCLOCK-300uA

5-27

Vcc-1

40

0.5

60

UNITS

MOTOR DRIVER (Continued) -

IqX Output Leakage Current VCC = Max, Vp R | NT = 2.3V,

VSTOP=0.8V,VoUT= 15V
100 MA

'lH(STOP) Logical "1" Input High Current
-10 ma

ma

ma

Operating Conditions DS8694

MIN MAX UNITS

Supply Voltage (V cc ) 8.5 11.0 V

Temperature (T^) +70 C

uA

uA

o
(/>

00
o>
CO
JO

o
CO
03
O)
(DW
o
en
03
O)
(O

ma

HA

uA

uA



Switching Characteristics DS8694

VfjC = 5V, Ta = 25° C (unless otherwise specified)

PARAMETER CONDITIONS

COLUMN DRIVERS (DS8693, DS8694) (Figure 3}

COLOR DRIVER (DS8693I (Figure 4)

MOTOR DRIVER (DS8693) (Figure 6)

TIMING SIGNAL BUFFER (DS8694) (Figure 5)

CLOCK OSCILLATOR (DS8694) (Figure 71

PWCOLUMN Column In Pulse Width 1.1 Ms

PWCLOCK Clock Pulse Width 1.0 Ms

td Delay of Column In Pulse After

Clock Transitions to Low State

for Output to Latch

0.1 MS

tPDO Propagation Delay to a Logical

"0" From Clock to Column Out

Output

Column In = 0V 10.0 MS

tPDI Propagation Delay to a Logical

"1 " From Clock to Column

Output

Column In = 7V 1300 MS

tPDO Propagation Delay to a Logical

"0" From Column In to Column

Out

Clock = 7V 10 us

tPD1 Propagation Delay to a Logical

"1" From Column In to Column

Out

Clock = 7V 1300 MS

tpoo Propagation Delay to a Logical

"0" From Color In to Color Out
10.0 MS

tpoi Propagation Delay to a Logical

"1 " From Color In to Color Out
10.0 MS

PWpRlNT Print Signal Pulse Width 1 MS

PWsTOP Stop Signal Pulse Width 1 Ms

PWCLOCK Clock Pulse Width 1 Ms

tPDO Propagation Delay to a Logical

"0" From Print to Motor Drive

Out

10 MS

tPD1 Propagation Delay to a Logical

"1 " From Motor Stop (High-to-

Low Transition) to Motor Drive
Print = 0V, Clock" 7.0V 10 MS

Out

pwtiming Timing Signal Pulse Width 1 1000 ms

t r Rise Time CLOAD = 35 PF 500 ns

tf Fall Time CLOAD = 35 pF 500 ns

tPDO Propagation Delay to a Logical

"0" From Timing In to Timing

Out

10 MS

tPDI Propagation Delay to a Logical

"1" From Timing In to Timing

Out

10 Ms

fosc Oscillator Frequency (Note 5) 85 100 115 kHz

d Duty Cycle 40 50 60 %

tr Rise Time CLOAD = 70P F 500 ns

t r Fall Time CLOAD = 70 pF 500 ns
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Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the
?

C to +70°C range for the DS8692, DS8693, DS8694. All typicals are given

for VCC = 10V and TA = 25
L

C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise rioted.

All values shown as max or min on absolute basis.

Note 4: Ratings refer to a high current point where collector-emitter voltage is lowest.

Note 5: Oscillator frequency is determined by external R between "Osc R" and "Osc C" and external C from "Osc C" to ground. 2k > R > 20k.

Note 6: Column outputs operate on approximately 1/16 duty cycle in normal operation.

Note 7: Measured with one output on at a time.

System Connection Diagram

Vss = 10V (typical)

Vp = 17V (typical)

V DD = GND

o
(/>

00
<J>

<0
1°

a
00
o>
COw
a
c/>

00
o>
CO

FIGURE 1
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Logic and Timing Diagrams

r-^>

KEYBOARD SCAN PULSES

k>J3>-

ji n n n a
-i

N,N

J_fL
r-
COLUMN
INFORMATION
PULSE

I --JU- DIGIT TIME ____] |^_ p
-*H [—— WORD TIME

Switching Time Waveforms

COLUMN OUTPUT
/so-

+50% / \;

\ 50%

k
\

\ 50% J r 50% 50%

FIGURE 3. DS8693, DS8694 Column Latch

TIMING IN, V

TIMING OUT. V

> -O COLOR OUT

{>
-"-| s»timing h—

J V

FIGURE 4. DS8693 Color Driver

FIGURE 5. DS8694 Timing Signal Buffer
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Logic and Timing Diagrams

-""j |""-"«PRINi

PRINT

JIMMMJUUIJUUUL

i 1 1 i
i i i i

MOTOR STOP |
| j | | J | |

'

' M ill
I I I I I I

MOTOR DRIVE OUT

Switching Time Waveforms

I
-~\ ""CLOCK r— —

-

\
FIGURE 6. DS8693 Motor Drive Latch

OSC RISE TIME

-

vcc \9oy.

, \JJ5 /

85 kHz < 1/tn<!r < 115 kHz

d = duty cycle -

40% < d < 60%

OSCpwH

OSCpwH + OSCpwL

FIGURE 7. DS8694 Oscillator Diagram
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g3 National Display Drivers

Semiconductor

DS7856/DS8856, DS8857. DS7858/DS8858
BCD-to-7-segment LIED drivers

general description

This series of 7-segment display drivers fulfills a

wide variety of requirements for most active high

(common cathode) Light Emitting Diodes (LEDs).

Each device fully decodes a 4 bit BCD input into

a number from through 9 in the standard 7-

segment display format and BCD numbers above

9 into unique patterns that verify operation. All

circuits operate off of a single 5.0V supply.

The DS7856/DS8856 has active-high, passive pull-

up outputs which provide a typical source current

of 6.0 mA at an output voltage of 1.7V. The
applications are the same as for the DM5448/
DM7448 except that more design freedom is

allowed with higher source current levels. This

circuit was designed to drive the MAN-4 or equiv-

alent type display directly without the use of

external current limit resistors, and replaces the

MSD101.

The DS8857 has active-high outputs and is de-

signed to be used with common cathode LED's
in the multiplex mode. It provides a typical source

current of 50 mA at an output voltage of 2.3V.

In addition, with the use of an external current

limit resistor per segment, this circuit can be used

in higher current non-multiplex LED applications.

It replaces the MSD102.

The DS7858/DS8858 has active high outputs

with source current adjustable with the use of

external current limit resistors, one per segment.

This feature aliows extreme flexibility in source

current value selection for either multiplex or

non-multiplex common cathode LED drive applica-

tions. It allows the system designer freedom to tailor

the drive current for his particular applications.

features

Lamp-test input

Leading/trailing zero suppression (RBI and

RBO)

Blanking input that may be used to modulate

lamp intensity or inhibit output

TTL and LS compatible

Input clamping diodes

connection diagram
Dual-ln-Lina Package

OUTPUTS

Order Number DS78S6J, DS8856J,
DS8857J, DS7858J, DS8858J

See NS Package J16A

Order Number DS8S56N
or DS8858N

See NS Package N16A

Order Number DS7866W
or DS78S8W

See NS Package WI16A

output display

HI'

SEGMENT IDENTIFICATION

aVEBHBh IBHh -.,/UC/iLr /r
II 13 14

NUMERICAL DESIGNATIONS - RESULTANT CHSPIAYS
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absolute maximum ratings <i\ioteii

Supply Voltage 7.0V

Input Voltage 5.5V

Storage Temperature Range —65" C to +1 50" C

Lead Temperature (Soldering, 10 seconds) 300" C

Power Dissipation 600 mW

operating conditions
MIN

Suppiy Voltage !V(x'

DS7856. DS7858 4.5 5.5 V

DS8856, DS8857 4.75 525 V

DS8858
Temperature (T^)

DS7856, DS7858 -55 *125 'C

DS8856, DS8857 t70 C

DS8858

Output Voltage

AN Circuits 5 5 V

Output Sink Current {per Segment)

DS7856, DS8856 64 mA
Output Source Current (per Segment)

DS8857 60 mA
DS7858, DS8858 50 mA

electrical Characteristics (Note 2) The following is applicable to all parts.

output characteristics and supply current

DS7856/DS8856 (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V,H Logical "1" Input Voltage 2.0 V

V|L Logical "0" Input Voltage 0.8 V

VOH Logical "1" Output Voltage Vcc = Min, l OUT = -200uA, BI/RBO Node 2.4 3.7 V

Vol Logical "0" Output Voltage Vcc = Min, l IN = 8.0 mA. BI/RBO Node 0.3 0.4 V

Iih Logical "1" Input Current
Vcc 'Max, Except BI/RBO Node

Vin '2.4V 40 u.A

V, N = 5.5V 1.0 mA

l|L Logical "0"
I nput Current

Vcc = Max, V, N = 0.4V
Except BI/RBO Node -1.6 mA

BI/RBO Node -4 2 mA

Isc Output Short Circuit Current Vcc = Max, BI/RBO Node -4.0 mA

VC D Input Clamp Voltage Vcc = 5.0V, T A = 25"C, l, N = -12 mA -1.5 V

PARAMETER CONDITIONS MIN TYP MAX UNITS

VOL Logical "0" Output VoLage

Outputs a through g

Vcc ~ M' n
' Iout ~ 6.4 mA 0.25 0.4 V

l OL Logical "1" Load Current Available,

Outputs a through g

Vcc "= 5.0V, V OUT = 1,7V -4.7 -6.0 -7.5 mA

l sc Output Short Circuit Current

Outputs a through g

Vcc = Max, (Note 3) -12 -15 mA

l cc Supply Current
Vcc = Max

DS7856 90 120 mA

DS8856 90 130 mA
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output characteristics and supply current (con't)

DS8857, DS7858/DS8858 (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

l0L Logical "1" Load Current Available,

Outputs a through g

Vcc = 5.0V, VOUT = 2.3V, DS8857 -40 -60 mA

V H Logical "1" Output Voltage,

Outputs a through g
Vcc = 5.0V, l OUT = -50 mA, (Note 4)

DS7858 2.7 3.2 V

DS8858 2.9 3.2 V

'cc Supply Current Vcc = Max 60 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/rrax limits apply across the -55C to -H25"C temperature range for DS7856, and DS7858 and across the

0°C to +70°C range for DS8856, DS8857 and DS8858. All typicals are given for V cc = 5.0V and TA == 25'C.

Note 3: Care must be taken in not shorting the outputs to ground while they are in the "1" state because excessive current flow would result from
the Darlington upper stages.

Note 4: Special care must be tken in the use of the DS7858 ceramic (J) and the DS8858 plastic {N) DIP's with regard to not exceeding the maxi-

mum operating junction temperature of the devices. The maximum junction temperature of the DS7858J is 1 75°C and must be derated based on
a thermal resistance of QQ^C/watt, junction to ambient. The maximum junction temperature for the DS8858N is 150"C and must be derated based

on a thermal resistance of 1 20°C/watt junction to ambient.

truth table

DECIMAL
OR

FUNCTION

12

13

14

15

Bl

RBI

LT

1

1

1

1

1

1 1

1

1

ipple-blanking output (RBO). The blanking input (Bl) must be open or

e-bianking input (RBI) must be open or at a logical '"!"
if blanking of a

regardless of the

all segment out-

Note 1: BI/RBO is wire-AND logic serving as blanking input (Bl) and/oi

held at a logical "1 " when output functions 0—1 5 are desired, and the rippl

decimal is not desired. X = input may be high or low.

Note 2: When a logical "0" is applied directly to the blanking input (forced condition) all segment outputs go to a logical "1

state of any other input condition.

Note 3: When the ripple-blanking input (RBI) and inputs A, B, C and D are at logical "0," with the lamp test input at logical "1

puts go to a logical "1" and the ripple-blanking output (RBO) goes to a logical "0" (response condition).

Note 4: When the blanking input/ripple-blanking output (BI/RBO) is open or held at a logical "1 ," and a logical "0"
is applied to the lamp-test

input, all segment outputs go to a logical "0."
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output stage schematics

DS7856/DS8856 DS7858/DS8858
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HH National
Jut Semiconductor

Display Drivers

DS8859, DS8869 open collector hex latch LED drivers

general description

The DS8859, DS8869 are TTL compatible open collector

hex latch LEID drivers with programmable current sink

outputs. The current sinks are nominally set at 20 mA
but may be adjusted by external resistors for any value

between 0—40 mA. Each device contains six latches

which may be set by input data terminals. An active

low strobe common to all six latches enables the data

input terminals. The DS8859 current sink outputs are

switched on by entering a high level into the latches and

the DS8869 current sink outputs are switched on by

entering a low level into the latches.

The devices are available in either a molded or cavity

package. In order not to damage the devices there is a

limit placed on the power dissipation allowable for each

package type. This information is shown in the graph

included in this data sheet.

features
Built-in latch

Programmable output current

TTL compatible inputs

40 mA output sink

logic diagram output circuit

^^>

P~
:=D

t>-0Ji '

connection diagram truth table

Dual-ln-LJne Package

INPUT 1 OUTPUT! INPUT 2 OUTPUT 2 INPUT 3 OUTPUT 3

| '6 | 15 | 14 | 13 \ U | 11 | ID
|

I

4

I

s

I

6

I' l»
STROBE INPUTS 0UTPUT6 INPUT 5 0UTPUT5 INPUT'! OUTPUT-! GND

TOP VIEW

Order Number DS8859J, DS8869J
or DS8859N, DS8869N

See NS Package J16A or N16A

COMMON
STROBE

INPUT
DATA

DS8859

OUTPUT
(t+1)

DS8869

OUTPUT
(t+1)

1

1

X

OFF

ON
OUTPUT (t)

ON
OFF

OUTPUT (t)
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absolute maximum ratings (Note u

Supply Voltage 7V

Input Voltage 5.5V

Output Voltage 5.5V

Storage Temperature Range -65° C to +150C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics {Notes 2 and 3)

operating conditions

Supply Voltage, Vqq

Temperature, T^

MIN MAX UNITS

4.75 5.25 V

+70 °c

PARAMETER CONDITIONS

Logical "1" Input Voltage

Logical "1" Input Current V cc = Max, V iN ,
- 2.4V

V,
L

Logical "0" Input Voltage

Logical "0" Input Cu

Input Clamp Voltage

Logical "1" Outpu 0.8V V..,„ = 5.5V, V„

Logical "0" Output Voltage :
= Min, V, L

= 0.8V, I.-,, 16 mA,

I

= 2V. V ij;j
- V^- ,_-.., u

Supply Cu
:

Max, Cu-rent Sources "OFF,"

; Truth Table), (Mote 4)

5.0V V n , T 2.0V,

' 25X, (Note 4 Udj = Open

Switching characteristics TA = 25°C, nominal power supplies unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS

, Propagation Delay to a Logical "0" V c c

R t
-

- 5.0V, T A - 25"C. C,u, = 15 pF,

39012, (Note 5)

Data tc Output 36 ns

Strobe to Output 50 ns

t [Jd1 Propagation Deiay to a Logical "1" Vcc

R,_ -

= 5 0V, T_ = 25 C, Cci.jt = 15 pF,

390S2, (Note 5!

Data to Output 150 ns

Strobe to Output 150 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2. Unless otherwise specified min/max limits apply across the 0°C to +70° C temperature range. Ali typicals are given for Vcc - 5.0V and

TA = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

Ail values shown as max or min on absolute value basis.

Note 4: See graphs for changes in Isink versus changes in temperature and V^q.

Note 5: CquT includes device output capacitance of approximately 8.5 pF and wiring capacitance
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typical performance characteristics

SO

45

40

35

30

25

20

15

10

5

Wax Power )iiisipation Curves

\
CAVITY

PACKAGE (N)

|

Vcc = 6V ^S^
CURVE ASSUMES ALL OUTPUTS ^^
BEING 0NATTA - 70C ~ill

1.0 2.0 3.0 4.0

VOLTS ACROSS OUTPUT

'SINK vsVIADJ (See Figure 1)

Ta- 25" C

3.0 4.0 5.0

Viadj (VOLTS)

A 'SINK vs Temperature A !SINK/VCC
3U

II ! 1 1 II
40 1 1 1 1 1 1

. Vcc = 5.0V

20
•EN

a 10

i o

« -10

-20

-30

-40

-60 -30 30 60 90 120

TEMPERATURE ("O

-15

-20

-25

-30

III'
-T,=25'C
- VOUT -2.0V

4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5

Vcc (VDLTS)

'SINK adjustment circuit

L-'
'ADJ maV be programmed by a

voltage source or by resistors.
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533 National
jlm Semiconductor

Display Drivers

DS8861 MOS-to-LED 5-segment driver

DS8863 MOS-to-LED 8-digit driver

DS8963 MOS-to-LED 8-digit driver

general description

The DS8861, DS8863 and DS8963 are designed

to be used in conjunction with MOS integrated

circuits and common-cathode LED's in serially

addressed multi-digit displays.

The DS8861 is a 5-segment driver capable of

sinking or sourcing up to 50 mA from each driver.

The DS8863 is an 8-digit driver. Each driver is

capable of sinking up to 500 mA.

the DS8963 is identical to the DS8863 except

it is intended for operation at up to 18V.

features
50 mA source or sink capability

per driver, DS8861

500 mA sink capability

per driver, DS8863, DS8963

MOS compatibility (low input current)

Low standby power

High gain Darlington circuits

schematic and connection diagrams

DS8863/DS8963

14,6, 12, 13,161

-**** *

Dual-ln-Line Package

E5 INS C4 E4 IN4 IN3 E3 CI

|l8 17

EP1

16 15 14 13 12 11 10

)

J*
i i 3

!•
G

SUBS

7 8 |9

C5 CI E1 INI NC IN2 E2 £2 Voc

TOP VIEW

Dual-ln-Line Package

\Ht 0UT8 IN7 0UT7 ING 0UT6 lf*5 OUTS

1,. „
EP1

\

16 IS 14

Mi
13 12 11 110

4rtf
3 4 5

f
6 7

SUBS

8
J9

QUTl INI IN2 0UT2 0UT3 IN3 0UT4

TOP VIEW

Order Numbers DS8861N, DS8863N or DS8963N
See NS Package N18A
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absolute maximum ratings

Input Voltage Range (Note 1

1

Collector (Output) Voltage (Note 21

Collector (Output)-to-lnput Voltage

Emitter-to-Gr ound Voltage (V, > 5V )

Emitter-to-lnput Voltage

Voltage at V ss Terminal With Respect to

Any Other Device Terminal

Collector (Output) Current

Each Collector (Output)

Ah Collectors (Output)

Continuous Total Dissipation

Operating Temperature Range

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

DS8861

-5V to V ss

10V

10V

10V

5V

10V

50 inA

200 mA
800 mW

O'C to + 70°C

-65°C to +150°C
300°C

DS8863

-5V to V ss

10V

10V

10V

500 mA
600 mA
800 mW

0°C to t-70°C

65"C to H50°C
300° C

DS8963

-5V to V ss

18V

18V

18V

500 mA
600 mA
800 mW

0°C to +70°

C

-65° C to +150'"C

300°C

electrical characteristics

DS8861 (Vss = 10V, TA = 0°C to +70°C unless otherwise noted)

PARAMETER CONDITIONS MIN TYP MAX UNITS

vceon "ON" State Collector Emitter Voltage Input = 8V through 1

l c = 50 mA
k£2. V E =BV,

[
TA <= 25°C 0.9 1.2 V

1.5 V

Icoff "OFF" State Collector Current
Vc = 10V, V e =0

Iin =40mA 100 fA
V, N =0.7V 100 HA

l| Input Current at Maximum Input Voltage V, N = 10V, V E =0, l c =20mA 2.2 3.3 mA

l E Emitter Reverse Current V iN »0, V E =5V, l c =0 100 MA

l ss Current Into Vss Terminal 1 mA

DS8863/DS8963 (Vss = 10V, TA = 0°C to +70°C unless otherwise noted)

PARAMETER CONDITIONS MIN TYP MAX UNITS

VOL Low Level Output Voltage
Vim =7V, l OUT = 50C

|
TA = 25°C 1.5 V

1.6 V

l OH High Level Output Current
VOH =10V*

liN "40uA 250 uA

V, N >0 5V 250 uA

l| Input Current at Maximum Input Voltage V IN = 10V, l OL =20 mA 2 mA

l ss Current Into Vss Terminal 1 mA

* 18V for the DS8963

switching characteristics

DS8861 (Vss = 7.5V, TA = 25°C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Iplh Propagation Delay Time, Low-to-High Level Output (Collector) V| H = 4.5V, V E =0 100 ns

tPHL Propagation Delay Time, High-to-Low Level Output (Collector) Rl = 200a, C L = 15 pF 20 ns

DS8863/DS8963 (Vss = 7.5V, TA = 25°C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

tPLH Propagation Delay Time, Low-to-High Level Output V| H = 8V. R L -21f2, 300 ns

tPHL Propagation Delay Time, High-to-Low Level Output C L = 15 pF 30 ns

Note 1 : The input is the only device terminal which may be negative with respect to ground.

Note 2: Vollage values are with respect to network ground terminal unless otherwise noted.
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ac test circuits and waveforms

IK:.

IN

\ t

:».

PULSE
GENERATOR j_
(NOTE 1 i

j/l 1

GND

— c

\k
Rl 20

PULSE

GENERATOR
iluOTE ' IfJ

(lioTE

NOTE 1: THE PULSE GENERATOR HAS THE FOLLOWING CHARACTERISTICS: Z 0l, r
=50:;

PRR= 100 KHi. l rt
= l.s.

NOTE Z: C
L
INCLUDES PROBE AND JIG CAPACITANCE.
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National
Semiconductor

DS8867 8-segment constant current driver

general description features

Display Drivers

The DS8867 is an 8-segment driver designed to be driven

from MOS circuits operating at 8V ±10% minimum
Vss supply and will supply 14 mA typically to an LED
display. The output current is insensitive to Vcc varia-

tions.

Internal current control—no external resistors

100% efficient, no standby power

Operates in three and four cell battery systems

Inputs and outputs grouped for easy PC layout

schematic and connection diagrams

typical application

Dual-ln-Line Package

Vcc OUT 1 OUT 2 OUT 3 OUT 4 OUT 5 OUT 6 OUT 7 OUT B

17 16 15 14 13 17 11

)ri>
J r^

-rr-rr-rr-rr-p a n
IN 1 IN 2 IN 3 IN 4 IN 5 IN 6 IN 7 IN B GND

TOP VIEW

Order Number DS8667N
See NS Package N18A

Typical 3 Cell Scientific Calculator Circuit

SEGMENT DRIVE (8)

MMK758
SCIENTIFIC

CALCULATOR

^> DS8867 SEGMENT DRIVER

NSA51Q1 LED DISPLAY

^aaaaaaaa-BB

DIGIT DRIVE (4)
^ DS8868 DIGIT DRIVER
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absolute maximum ratings (Note d operating conditions

Supply Voltage 7V

Input Voltage 10V

Output Voltage 10V

Storage Temperature Range -65°C to+150°C

Lead Temperature (Soldering, 10 seconds) 300°C

MIN MAX UNITS

Supply Voltage, Vcc 3.3 6.0 V

Temperature, T^ +70 °c

electrical characteristics (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V, H Logical "V Input Voltage Vcc = Mm, VOH = 2.3V, l, H = 500mA 4.9 5.4 V

ML Logical "0' Input Current Vcc = Max, VOL = 1 .8V, V IL = 2.0V 0.1 10 uA

'OH Logical "T Output Current Vcc = Min, VOH = 2.3V, l, H = 500uA -8 -14 -18 mA

'OL Logical "0' Output Current Vcc = Max, Vql = 1-0V, V IL = 1.3V -0.5 -10 A*A

'CC OFF Supply Current
Vcc = Max

All V OL = 1.0V, V, L
= 1.3V, (Standby! 4 50 ma

'CC ON All V OH = 2.3V, V IH
= 7.8V 112 150 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" :hey are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions foi actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C

O
(/)

00
00
CD
-J
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National
Semiconductor

Display Drivers

DS8868 12 -digit decoder/driver

general description

The DS8868 is a 12-digit decoder/driver designed to

drive LED displays like the NSA5101 from the MM5758
calculator chip or equivalent which supplies a 4-line

coded input (see truth table). It is designed to operate

from a 3 cell battery (3.3V to 4.5V) and features a

low battery indicator. The DS8868 can sink up to

80 mA min on each output. For applications requiring

more output drive, use the DS8968.

features

Direct interface with MM5758 calculator

Low battery indicator

80 mA sink capability

Low voltage operation

connection diagram equivalent schematic

0UT2 OUT, Vcc INA IN,

111 Il7 llS

Dual-ln-Line Package

IN
(

IN D GND 0UT 13

I" I" I" I" I'

OUT:, DUT9 0UT,o

Order Number DS8868N
See NS Package N18A

truth table

INPUTS OUTPUTS"

INA IN B INc IN D 01 02 03 04 05 06 07 08 09 010 Oil 012

L L L H L

H L l_ L L

H H L L L

L H H L L

H L H H L

L H L H L

H L H L L

H H L H L

H H H L L

H H H H L

L L H H L

L H H H L

*A blank implies an H
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absolute maximum ratings (Note u

Supply Voltage 6V

Input Current 10 mA
Output Voltage 9V

Storage Temperature Range -65 to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

operating conditions

MIN MAX UNITS

Supply Voltage, V^c 3.3 4.5 V

Temperature, T^ +70 °c

electrical characteristics (Notes 2 anid 3)

'oh

Ice

PARAMETER

Logical "1" nput Current

V| Lv Low Voltage Indicator (Measured

on Pin 15;

li L Logical "Cl" input Current

Logical "V Output Current

Logical "0" Output Voltage

Supply Current "OFF"

Supply Current "ON"

CONDITIONS

= Min, Selected Output VOL < 0.4V

= 3.1V, TA = 25°C, ND =450uA

= Min, Selected Output I qm < 50fA

, VOH = 6.3V, All Outputs "OFF"

V cc = Min, l OL = 80 mA

= Max, All Outputs "OFF", VOH - 5V

= Max, One Output Selected

300

MAX

8.0

UNITS

/JA

ka

"Ta"

mA

mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Conditions" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides

conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for Vcc = 4.0V and TA = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

typical application

Typical 3-Cell Scientific Calculator Circuit

Vss

—

<

SEGMENT DRIVE (8) .

DS8867 SEGMENT DRIVERA GND
1 S

MM57E8
SCIENTIFIC

CALCULATOR

<4]

NSA5101 L ED DISPLAY

dc-di:

converter
- B.B.B.B.B.B.B.B.- B BBV

«
\

1

T _1
* ln) ^

KEYB 1ARD \,

DSB66I DIGIT DRIVER
Vcc

DIGIT DRIVE (4)
?

GND

—

*
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Display Drivers

DS8870 hex LED digit driver

general description

The DS8870 is an interface circuit designed to be used in

conjunction with MOS integrated circuits and common-
cathode LED's in serially addressed multi-digit displays.

The number of drivers required for this time-multiplexed

system is minimized as a result of the segment-address-

and-digit-scan method of LED drive.

features

Sink capability per driver-350 mA

MOS compatibility (low input current)

Low standby power

High-gain Darlington circuits

schematic and connection diagrams

DS8870 (Each Driver) Dual-ln-Line Package

(14.3.5,8,10,12)

1A 6V BA Vss SA SY 4A

14 13 12 |l1 10 9 B

4

f
7

F

A

v
i

B 7

1Y 2Y 2A GND 3A 3Y 4Y

Order Number DS8870J or DS8870N
See NS Package J14A or N14A
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absolute maximum ratings (Note d

Input Voltage Range (Note 4) -5V to Vss
Collector Output Voltage 10V

Collector Output to Irput Voltage 10V

Voltage at Vss Terminal with Respect to

Any Other Device Terminal 10V

Collector Output Current

Each Collector Output 350 mA
All Collector Outputs 600 mA

Continuous Total Dissipation 800 mW
Operating Temperature Range C to +70 C

Storage Temperature Range -65 C to +150 C

Lead Temperature (Soldering, 10 seconds) 300 C

o
</>

00
00

o

electrical characteristics (v ss
= iov, t a = o°cto+7o°c) (Notes 2 and 3)

PARAMETER

Low Level Output Voltage

VOL Low Level Output Voltage

High Level Output Current

High Level Output Current

Input Current at Maximum Input Voltage

Current Into V ss Terminal

CONDITIONS

Input = 6.5V through 1 kfi,

l OUT = 350 mA, TA » 25°C

Input = 6.5V through 1 kf>,

l OUT = 350 mA

VOH = 10V, l IN
= 40uA

V, 10V, V„ - 0.5V

10V, l OL = 20 mA

TYP

1.2

2.2

MAX

1.6

200

200

3.3

UNITS

MA

ma

mA

switching characteristics (vss = 7 sv t a = 25O

PARAMETER CONDITIONS MIN TYP MAX UNITS

lPLH Propagation Delay Time, Low-to-High Level Output V ]H = 7.5V, R L -39J2,

C L
= 15 pF

300 ns

tPHL Propagation Delay Time, High-to-Low Level Output V IH
= 7.5V, R L = 39-Q,

C L = 15 pF

30 ns

Note 1- "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or rnin on absolute value basis.

Note 4: The input is tie only device terminal which may be negative with respect to ground.
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JlM Semiconductor
DS8871, DS8872, DS8873, DS8920,
saturating LED cathode drivers

general description

The DS8871, DS8872, DS8873, DS8920 and DS8977
are bipolar integrated circuits designed to interface

between MOS calculator circuits and common cathode

LED displays operating in the multiplexed mode with a

digit current of up to 40 mA. The DS8871 is an 8-digit

driver; the DS8920 and the DS8872 are 9-digit drivers;

and the DS8873 is a 9-digit driver with a built-in battery

condition indicator that turns on the digit 9 decimal

point when the battery voltage drops to 6.5V (typical).

The DS8977 is a 7-digit version of the DS8873. In a

typical calculator system operatinci on a 9V battery,

the low battery indicator comes on as a warning that

Display Drivers

DS8977

the battery should be replaced. But the calculator

(MM5737 or equivalent) will still function properly for

awhile. The DS8920 is identical to the DS8872 in a

20-pin package.

features
Single saturating transistor output

Low battery indicator

MOS compatible inputs

Inputs and outputs clustered for easy wiring

Drivers consume no standby power

schematic diagram

Connection diagrams (Dual-ln-Line Packages, Top Views)

INPUTS

Order Number DS8977N
See NS Package N18A

1 22 j Z1 20 19 18

MAAAAAAA

NC" 9 8 ? 6 5 4 3 2

10 111

GND

INPUTS

Order Number DS8372N
See NS Package N22A

VCC 8 7 6 6 4 3 2 1

18 17 16 15 14 13 12 11 10

rki
AAA AAA

8 [7

INPUTS

Order Number DS8871N
See NS Package N18A

OUTPUTS

8 7 6 5 4 3

I" 21 2D 19 IS 17 16 15 14 13 12

rl

iHy ilwwuw4
* 2 3 4 5 6 7 a 9 ,.

i„
9 8 7 6 5 4 3 2 1 GNCI

INPUTS

Order Number DS8873N
See NS Package N22A
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absolute maximum ratings (Noten

Supply Voltages

Supply Voltage (Note 4)

Input Voltage

Output Voltage

Storage Temperature Range

Lead Temperature (Soldering, 1 seconds)

VCC1 = 11V

V CC2 = 1W
11V

8V
-65°C to +125°C

300°C

operating conditions

Supply Voltage, Vqqi

Supply Voltage, Vqc2 *Note 4)

Temperature, T^

MIN MAX UNITS

4.0 9.5 V

4.0 9.5 V

+ 70 °c

electrical characteristics (Notes 2 and 3)

PARAMETER

III. Logical "0" Input Current

l|H Logical "1 " Input Current

vol Logical "0" Output Voltage

"OL Logical "0" Output Current

!CEX Output Leakage Current

'DP(ON) Decimal Point Output Current

'DP(OFF) Decimal Point Output Current

icci Supply Current, Vcci

ICC2 Supply Current, VcC2

CONDITIONS

Vim = 0.4V

Vim = 4.5V

V|N = 3.2V, loL = 4 mA

Vin = 3.2V, Vql = 0.5V

V0H = 6V, I| N = 25mA

VcC2 = 6.25V, VDp = 2.5V, V|Ng = 3.2V,

(Note 4)

VCC2 = 7V, V|Ng = 3.2V, V D P = IV,

(Note 4)

VCCI =6.5V, V|N = 0V

VCC2 = 1 1 -3V
.
V IN9

= 45V
- < Note 4 >

MIN

40

-5.0

TYP

28

1.7

0.35

-7.0

0.9

MAX

45

2.5

0.5

40

-100

100

1.2

UNITS

KA

mA

uA

mA

uA

MA

mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for

"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical

Characteristics" provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise

noted. All values shown as max or min on absolute value basis.

Note4: Applies to DS8873 only.
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typical applications

KEYBOARD \
>\

1yV '
I

0)

n.

0]
'K1 K2 K3

SS

; MM5738
CALCULATOR CHIP

A B C D E F G D.P.
v D0

DC-DC

CONVERTER

+

<

Vss-S.5V

-

NSA1298 90IGIT

LED DISPLAY

*

1 k

i—vw—

<

i

O.i^F

F
9 8 7 6 5^321

OUTPUTS d.P.

S8873 9-DIG1T
V CC1

DRIVER V CC2

INPUTS
GN °

1

w\
f

L—J 9-DIGIT LINES

' V BAT
4CELLS

' @ 1.5V EACH

FIGURE 1. 4-Cell System

KEYBOARD >1^—

™\ L D1

CURRENT
LIMIT

RESISTOR
ARRAY

C D E F G D.P TTL

9B7G54321
OUTPUTS O.p.

DS8873 9DIGIT Vccl

DRIVER Vcc;

GND

1

FIGURE 2. 9V System
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Display Drivers

DS8874 9-digit shift input LED digit driver

general description

The DS8874 is a 9-digit LED driver which incorporates

a shift register input decoding circuit and a low battery

indicator. The outputs will sink 50 mA at less than 0.5V

drop when E;equentially selected. The DS8874 outputs

are collectors pulled up to VfjC with internal 20k resis-

tors. When the Vcc supply falls below 6.5V typical on

the DS8874, pin 13 will supply segment current at

digit 9 time to indicate a low battery condition. This pin

is generally connected to the decimal point segment on

the display so that when a low battery condition exists,

the left-most decimal point lights up. The digit driver

is intended to be used with the MM5784N 5-function,

9-digit accumulating memory calculator circuit, or any

other circuit which supplies the 9-digit information in a

similar serial format.

features

50 mA digit sink

Low battery indicator

Minimum number of connections

MOS compatible inputs

connection diagram
Dual-In- Line Package

LOW
BATT

Vcc OUT OUT 9

14 13 12 11 10 9 B^ i

CP S/R

D

1 2 3 4 5 , |,

0UT2 0UT3 OUTfl

TOP VIEW

Order Number DS8874J or DS8374N
See NS Package J14A or N14A

equivalent schematic

INPUT O—-VW

typical application
Typical Application of the DS8874 Digit Driver with the MM5784 5-Function

Calculator Circuit, NSA1298 9-Digit LED Display and a 9V Battery

aaaaaaaaa 9 DIGIT LINES

4 DIGIT

LINES

V
TO KEYBOARD

P-

LOW BATT.
|

CLOCK
3Z

T
'Specifications may change
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absolute maximum ratings (Note d

Input Current 2 mA
Supply Voltage 10V

Input Voltage V^c
Output Voltage 10V

Storage Temperature Range -65° C to +1 50° C

Lead Temperature (Soldering, 10 seconds) 300"C

electrical characteristics

operating conditions

MIN MAX UNITS

Supply Voltage (Vrjc' 6.0 9.5 V

Temperature (T^) +70 °c

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|H Logical "1" Input Voltage VCC= Max 3.0 V

l|H Logical "1" Input Current Vcc= Max, V|N = 6.5V 0.35 0.6 1.0 mA

V|L Logical "0" Input Voltage VCC = Max 0.8 V

1
1 1_

Logical "0" Input Current Vcc = Max, V|N = 0.8V 0.05 0.1 mA

VCCL Decimal Point ON Vpp = 2.3V, Ipp = -4 mA, Output 9 = Vol 6.0 V

VcCH Decimal Point OF- VqP = 1V, Idp = -10^A, Output 9 = Vol 7.0 6.5 V

VOH Logical "1" Output Voltage VCC = Max, Output Not Selected 9.0 V

vol Logical "0" Output Voltage VCC = Min, Output Selected, loi = 50 mA 0.5 V

lOL Logical "0" Output Current VCC = Min, Output Selected, Vol = 0.5V 50 mA

ice Supply Current VCC " Max, One Output Selected 6.2 9.0 mA

Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. AM typicals are given for Ta = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

timing diagram (Upper Level More Positive)

>"L_r

<"LT

u
u

u

u
u

u u
"LT
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Semiconductor

DS8877 6-digit LED driver

general description features

The DS8877 is a 6-digit LED driver designed as a pin-

for-pin replacement for the DS75492 in applications

where digit current is in the 5 to 50 mA range. Since the

outputs saturate to less than 0.6V, the DS8877 will

work on lower battery voltages than most digit drivers.

The DS8877 draws no standby power.

No standby power

No supply connection

Operates in 4.5V, 6V or 9V systems

Pin-for-pin replacement for DS75492 in low current

applications

logic and connection diagrams

Dual-ln-Line Package

N, 0UT6 IN 6 NC lftl 5 0UT5 IN 4

14 13 12 11 10 9

y t

K
OUT, OUT, l»2 GND IN 3 0UT3 0UT4

TOP VIEW

Order Number DS8877N
See NS Package N14A
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absolute maximum ratings (Noten

Supply Voltage None Required

Input Voltage 10V

Output Voltage 10V

Operating Temperature Range to +70°C

Storage Temperature Range -65°C to +1 50°

C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V, H Logical "1" Input Voltage 5.0 V

l|H Logical "1" Input Current V IH =5.0V 1.2 mA

V |L Logical "0" Input Voltage 0.35 V

l L Logical "0" Input Current V, L
= 0.35V 20 MA

'cEX Logical "1" Output Current Vc = 8.0V, V| N = 0.35V 100 HA

Vol Logical "0" Output Voltage l OL =35mA, V| N = 5.0V 0.5 V

Iol Logical "0" Output Current V OL =0.5V, V, N =5.0V 35 50 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for T^ = 25
C

'C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

typical application

-^>

-^».

-^

^^ -^

Sg Sf Se Sd Si Sh Sa

MM5736

Dl D2 D3 D4 05 05

-^»-

-^»-

-^»-

-^*-

MALL0RV--
MMfiMnn — 9.0V

EOUIV -|"_

Sa Sh Sc Sit Se Sf Sg

^^ O O O /_/. O /_/

A

Calculator Configuration with MM5736 6 Digit Calculator
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Semiconductor

DS7880/DS8880 high voltage 7-segment decoder/driver

(for driving Panaplex II™ and Sperry/Beckman displays)

general description

The DS7880/DS8880 is custom designed to de-

code four lines of BCD and drive a gas-filled

seven-segment display tube.

Each output constitutes a switchabte, adjustable

current sink which provides constant current

to the tube segment, even with high tube anode

supply tolerance or fluctuation. These current

sinks have a voltage compliance from 3V to

at least 80V; typically the output current varies

1% for output voltage changes of 3 to 50V. Each

bit line of the decoder switches a current sink on

or off as prescribed by the input code. Each

current sink is ratioed to the b-output current

as required for even illumination of all segments.

Output currents may be varied over the 0.2 to 1 5

mA range for driving various tube types or

multiplex operation. The outpu: current is ad

justed by connecting an external program resistor

<Rc from Vqq to the Program input in accor

dance with the programming curve. The circuit

design provides a one-to-one correlation between

program input current and b- segment output

current.

The Blanking Input provides unconditional blank-

ing of any output display, while the Ripple Blank-

ing pins allow simple leading- or trailmg-zero

blanking.

features

Current sink outputs

Adjustable output current - 0.2 to 1.5 mA
High output breakdown voltage - 110V typ

Suitable for multiplex operation

Blanking and Ripple Blanking provisions

Low fan-in and low power

logic and connection diagrams

,,uTiHZ>fO^
T"KZ>fO-
-|{>H>

pi"uTj-Dc>fP^
RIPPLE I

BLANKING -t—

M
i

je:

*;
J&:

*:
CURRENT

- PROGRAMMING
INPUT

Dual-ln-Line F'ackage

OUTPUTS

r~r~F
C PROGRAM. BI/RB0 RBI

Order Number DS7880J or DS8880J
Order Number DS8880N

See NS Package J16A or N16A



absolute maximum ratings (Notei) operating conditions

MIN MAX UNITS

mput Voltage (Except Bl> 6V
Supply Voltage (VCC I

Input Voltage IBM V rr
DS788° 4 5 55 V

Segment Output Voltage 8§V DS8880 4 75 5 2b V

Power Dissipation 600 mW Temperature (T^l

Transient Segment Output Current (Note 4) 50 mA DS7880 -55 -125 "C
Storage Temperature Range 65° C to 150 C DS8880 '70 C
Lead Temperature (Soldering, 10 seel 300 C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V (H Logical "1" Input Voltage Vcc =Min 2.0 V

V, L Logical "0" Input Voltage Vcc = Mm 0.8 V

VOH Logical "1" Output Voltage V cc = Mm, l 0uT = -200+tA, RBO 2.4 3.7 V

VOL Logical "0" Output Voltage Vcc = Min, l DuT = 8 mA, RBO 0.13 0.4 V

li H Logical "1" Input Current
V cc = Max, Except Bl

V,n =2.4V 2 15 HA

V| N = 5.5V 4 400 uA

li L Logical "0" Input Current
Vcc = Max, V IN = 0.4V

Except Bl -300 -600 MA

Bl -1.2 -2.0 mA

'cc Power Supply Current V cc = Max, R P = 2.2k, All Inputs = 0V 27 43 mA

VCD Input Diode Clamp Voltage V cc =- Max, T A = 25C, l tN = -12 mA -0.9 -1.5 V

>M SEGMENT OUTPUTS

"ON" Current Ratio All Outputs' 50V,

l OUT b= Ref.

Outputs a, f, and g 0.84 0.93 1.02

Output c 1.12 1.25 1.38

Output d 0.90 1.00 1.10

Output e 0.99 1.10 1.21

l b on Output b "ON" Current
Vcc = 5V, V OUT b = 50V,

Ail Other Outputs > 5V,

T A = 25°C

R P
= 18.1k 0.15 0.20 0.25 mA

R P
= 7.03k 0.45 0.50 0.55 mA

R P = 3.40k 0.90 1.00 1.10 mA
R P

= 2.20k 1.35 1.50 1.65 mA

VSAT Output Saturation Voltage Vcc = Mm, R P = 1k±5%, lOUT b = 2 mA, (Note 51 0.8 2.5 V

I Cex Output Leakage Current V 0UT = 75V, Bl - 0V, R P =- 2.2k 0.003 3 uA

V BR Output Breakdown Voltage Iout ' 250uA, Bl =0V, R P = 2.2k 80 110 V

tpd Propagation Delays

BCD Inpjt to Segment Output

V cc = 5V, T A = 25'C

0.4 10 PS

Bl to Secment Output 0.4 10 Ms

RBI to Segment Output 0.7 10 MS

RBI to RBO 0.4 10 Ms

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55C
C to +125°C temperature range for the DS7880 and across the 0°C to

+70°C range for the DS8880. All typical values are for TA = 25°C and Vcc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting

a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications.

Note 5: For saturation mode the segment output currents are externally limited and ratioed.
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typical performance characteristics

Output Current Programming

10.0

On Currents vs Temperature Output Characteristic

„ _.

VOUT = sov

N
V
\

\
3 10 30 100

R, (k!>>

1.06

1.04

1.02

100

0.9S

0.96

0.94

0.92

0.90

ON CURRENTS

ON CURRENT RATIOS [~~^

\

^ '/
/\
Y 1

VCC =5V

Rp-0TEMPC0EFF
0.2mA<l OUT' 1.5 nA

Vcc 5V

T A = 25 C

OUTPUT ON-/-

\

TYPICAL OPERATING POINTS

i i i4-
a_

OUTPUT OFF' ^

T
fl f

30 60 90 120

OUTPUT VOLTAGE (V)

typical application

ffiffff
).

,x

truth table

DECIMAL
OR RBI 1

"

D C B A BI/RBO a b c d e f g DISPLAY
FUNCTION

1

1

X

O

1 1 1 1

i

1

/_/

/

2 X 1 O 1 1

l~'

3 X 1 1 1

4 X 1 1 1 1 u
5 X 1 1 1 IZ

6 X 1 1 1
1 1

7 X 1 1 1 1 1 1

8 X iZl

9 X 1
IZ!

10 X 1 1
IZ1

11 X 1 1

i

12 X 1 1 1
l~
/_

13 X 1 1 1 n
14 X 1 1 1 E
15 X 1 1 1 1

i

i

Bl* X X X X 0*
1 1 1 1 1 1

RBI 1 1 1 1 1 1

*BI/RBO used as inpu only fX - D Dil't care

777-
/_/<

SEGMENT
IDENTIFICATION
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DS8881 vacuum fluorescent display driver

Display Drivers

general description

The DS8881 vacuum fluorescent display driver will

drive 16-digit grids of a vacuum fluorescent display.

The decode inputs select one of the sixteen outputs to

be pulled high. The device contains an oscillator for

supplying clock signals to the MOS circuit, the filament

bias zener and 50 k\l pull-down resistors for each grid.

Outputs will source up to 7 mA. The DS8881 is designed

for 9V operation. If the enable input is pulled low, all

outputs are disabled.

features

Oscillator frequency accuracy and stability allows

maximum system speed

Interdigit blanking with the enable input provides

ghost-free display operation

50 kH pull-down resistors for each grid

7V filament bias zener

O
</>

00
00
00

connection diagram
Dual-ln-Line Package

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14

28 27 26 25 24 23 22 21 20 19 18 17 16 15

112 3 4 5

DO V
Ss EN C

7 8 19 10 11 |12 13 114

A 0SC GND RC R V R Vrr 015

&
Order Number DS8881N
See NS Package N28A

truth table All outputs not shown high are off (low)

INPUTS DIGIT OUTPUTS

en D c B A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

H L L L L H

H L L L H H
H L L H L H

H L L H H H

H L H L L H
H L H L H H

H L H H L H

H L H H H H

H H L L L H

H H L L H H
H H L H L H
H H L H H H

H H H L L H

H H H L H H

H H H H L H

H H H H H H
L X X X X L L L L L L L L L L L L L L L L
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absolute maximum ratings (Notei)

Supply Voltage (Vss - VBB ) 38V

Input Current 10 mA
Output Current -20 mA
Storage Temperature Range —65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2 and 3)

operating conditions

Supply Voltage

vss
V B B

Temperature (T^l

5.0 9.5 V
Gnd -26 V

+70 °C

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|n Logical "1" Input Voltage
Vgs = Max

Enable | l|fg = 260 (iA 5.1 V

A, B.C. D 1 lis;
= 1400 uA 1.5 V

l|H Logical "1" Input Current VsS ~ Max Enable A, B, C, D 260 uA

V|L Logical "0" Input Voltage
Vss = Max

Enable 1.0 V

A, B, C, D 0.3 V

1 1 1_ Logical "0" Input Current
Vss = Max

Enable V|N = 0V -1.0 MA
A, B, C, D V IN = V|L(MAX) 25 ma

VoH Logical "1
" Output Voltage Digit Output, lOH = ~7 m& V SS-2.5 V

'OH Logical "1" Output Current VSS = Max
.
0sc - Output, Vrc = 0.6V, VOH = 10V 50 M

lOS Output Short-Circuit Current VSs = Min, Pin R, Vrc = 0.6V, Vr = 0V • 150 -450 uA

ROUT Output Pull-Down Resistor Vss = Min, Digit Output 30 50 85 kn

Vol Logical "0" Output Voltage
Vss ' Min

Osc.

Pin R
Vrc= 1.6V

lOL = 6 mA 0.5 V

l O L = 60uA 0.2 V

Vss = Max Digit Output VENABLE = 1V Iql = 10mA Vbb+14 V

'SS Supply Current
VSS = 9-5V IOH=0

VENABLE = 5.1V 9.0 -12.5 mA
VENABLE = ,v 5.0 -9.0 mA

IBB Supply Current V SS = 9-5V,

V B B = -26V

lB = °.

I|M = 300 uA,

(Note 4|

VENABLE = IV -0.8 -1.5 mA

VENABLE = 5.1V -3.0 -5.0 mA

Vb Filament Bias Voltage B = 10 mA Vbb+64 V B B+6.9 Vbb+7.4 V

Switching Characteristics Ta = 25°C unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdO Propagation Delay to a Logical "0"

From Enable Input to Digit Output

R'L = 4.7 kfi, CJ_ = 50 pF, V B B = -23V, V SS = 8V

1 m

tpdO Propagation Delay to a Logical "0"

A, B, C, D to Digit Output

1 MS

tpdl Propagation Delay to a Logical "1"

From Enable Input to Digit Output

300 ns

tpdl Propagation Delay to a Logical "1"

From A, B, C, D to Digit Output

500 ns

'FALL Oscillator Output Transition Time

From 1 to

Vss = 9.5V, R L = 6k to Vss, C L = 25 pF 50 ns

*OSC Oscillator Frequency 7V < Vss < 9.5V, Rt = 27 kH,±2%, R|_ = 1.3k,

Ct = 100 pF ±5%, C|_ = 50 pF

320 360 400 kHz

dc Oscillator Duty Cycle 46 56 66 %

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C for the DS8881. All typicals are given for Vrjc ~ 5V and

Ta = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: Approximately 50% of input currant on pins 4, 5, 6, 7 is shunted to Vgg. If minimum Igg is desired, then l||\j should be minimized by
using resistors in series with the inputs.
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ac test circuit
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switching time waveforms
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OUTPUT
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input-output schematics
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DS8884A high voltage cathode decoder/driver

(for driving Panaplex ll™and Sperry/Beckman displays)

general description

The DS8884A is designed to decode four lines of

BCD input and drive seven-segment digits of gas-

filled readout displays.

All outputs consist of switchable and program-

able current sinks which provide constant current

to the tube cathodes, even with high tube anode

supply tolerance. Output currents may be varied

over the 0.2 to 1.2 mA range for multiplex opera-

tion. The output current is adjusted by connecting

an external program resistor (RP ) from V cc to the

program input in accordance with the programming

curve. Unused outputs must be tied to Vcc .

features

Usable with AC or DC input coupling

Current sink outputs

High output breakdown voltage

Low input load current

Intended for multiplex operation.

Input pullups increase noise immunity

Comma/d.pt. drive

o
(/>

00
03
00

>

logic and connection diagrams

r
„i_.

140k

|-VW-Ov CI I

1 40k

r^Ar-Ov :c
'

40k I

HVW-O

1411k

140k

Dual-ln-Line Package

n. ! i» i- i» i" i" I-

Order Number DS8884AN
SeeNS Package N18A
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absolute maximum ratings (Notei) operating conditions

Vcc
Input Voltage (Note 4)

Segment Output Voltage

Power Dissipation

Transient Segment Output Current (Note 5)

Storage Temperature Range

7V
VCC
80V

600 mW
50 mA

-65°Cto+150°C

MIN MAX UNITS

Supply Voltage (V^c) 4.75 5.25 V

Temperature (TA ) +70 °c

electrical Characteristics (0°C<TA <70°C- Unless otherwise noted) (Notes 2 and 3)

PARAMETER

Logical "1" Input Voltage

V IL Logical "0" Input Voltage

Logical "1" Input Current

CONDITIONS

= 4.75V

V C c = 4.75V

Vcc = 5.25V, V IN =2.4V

MIN

2.0

Logical "0" Input Current

Power Supply Current

V,+ Positive Input Clamp Voltage

Negative Input Clamp Voltage

SEGMENT OUTPUTS
"ON" Current Ratio

Output b "ON" Current

l CE x Output Leakage Current

VBR Output Breakdown Voltage

tDd Propagation Delay of Any

Input to Segment Output

Vcc = 5.25V, V IN =0.4V

Vcc = 5.25V, R P = 2.8k, All Inputs = 5V

Vcc = 4.75V, l IN - 1 mA

V r = 5V, l IN =-12 mA, TA = 25°C

All Outputs = 50V, l OUT b = Ref.,AII Outputs

Vcc =5V, VOUT b = 50V,

TA = 25°C

18.1k

R P
= 7.03k

R P 3.40k

= 2.80k

VOUT = 75V

Iout = 250mA

MAX

1.0

UNITS

15

5.0

0.9

0.15

0.45

0.90

1.08

5V,TA = 25°C

80

-250

40

-1.5

1.1

0.25

0.55

1.10

1.32

M
uA

mA

mA
mA
mA
mA

uA

10

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS8884A All typical values are for
TA = 25 C and Vcc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted All
values shown as max or min on absolute value basis.

Note 4: This limit can be higher for a current limiting voltage source.

Note 5: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications.

truth table typical application

FUNCTION
|
DPT COMMA D C 8

I

./r/>

•Decimal point and comma can be displayed with or without any numeral.

typical performance characteristics (see DS7880 data sheet)
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DS8885 MOS to high voltage cathode buffer

general discription

The DS8885 interfaces MOS calculator or counter-

latch-decoder-driver circuits directly to 7-segment,

high-voltage, gas-filled displays. The six inputs A,

B, D, E, F, G are decoded to drive the 7-segment

of the tube.

Each output constitutes a switchable, adjustable

current source which provides constant current to

the tube segment, even with high tube anode supply

tolerance or fluctuation. These current sources have

a voltage compliance from 3V to at least 80V. Each

current source is ratioed to the b-output current

as required for even illumination of all segments.

Output currents may be varied over the 2 to

1.5 mA range for driving various tube types or

multiplex operation. The output current is adjusted

by connecting a program resistor (R P ) from V cc to

the program input

features

Current source outputs

Adjustable output currents 2 to 1 5 mA
High output breakdown voltage 80V mm
Suitable for multiplex operation

Low fan-in and low power

Blanking via program input

Also drives overrange, polarity, decimal point

cathodes

connection diagram

Dual In Line Package

truth tables

A B D E F G DISPLAY

1 1 1 1 1

'-:

1

1

1

1

1

t,

1

1

1

1

1

9

1

1

1

1 R
1 1 /-,'

1 1 1 / /

1
—

INPUT* OUTPUT'

1

1 iof-fi

(ON)

o

Order Number DS8885J or DS8885N
See NS Package J16A or N16A

typical applications

-I-

<

I

3-L

w
LDSBB85 INPUT— _

Open-Drain MOS Output

I

Push-Pull MOS Output
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absolute maximum ratings (Note d

VCC 7V
Input Voltage 6V
Segment Output Voltage 80V
Power Dissipation 600 mW
Transient Segment Output Current (Note 4) 50 mA
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

operating conditions

Supply Voltage (Vcc'

Temperature (T^)

MIN

4.75

MAX UNITS

5.25 V

+70 °C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS UNITS

Logical "1" Input Voltage Vcc = Min

V JL Logical "0" Input Voltage Vc-t- = Min

li H Logical "1" Input Current
:

= Max
= 2.4V

Logical "0" Input Current V cc = Max, V| N = 0.4V

0.8

15

-600

M
M
uA

Power Supply Current Vcc = Max, All Inputs = 0V, R p
= 2.2k

Input Diode Clamp Voltage
:
=5V, l„ -12 mA, TA = 25°C

SEGMENT OUTPUTS

-"'In "ON" Current Ratio

All Outputs = 50V,

l OUT b= Ref.

Outputs a, f, and g 0.93

Output c 1.25

Output d 0.90

Output e .10

1.10

1.21

'b ON Output b "ON" Current

VCC =5V, VOUT b = 50V,

TA = 25°C

0.20

0.50

= 3.40k

R P = 2.20k

mA

VSAT Output Saturation Voltage Vcc = Min, l OUT b = 2 mA, R p = 1k ±5%, (Note 5)

Icex Output Leakage Current VOUT = 75V, V, N = 0.8V, R P = 1k 0.003 M
Output Breakdown Voltage = 250aiA, V, N = 0.8V 80 110

Propagation Delay of Input

to Segment Output

= 5V, TA = 25 C 0.4

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70"C range for the DS8885. All typical values are for Ta = 25°C
and Vcc - 5V.
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode drive in multiplex applications.
Note 5: For saturation mode the segment output currents are externally limited and ratioed.

typical performance characteristics

Output Current Programming On Currents vs Temperature Output CharactenstK

Vcc

Vour SOV

Ta-25'C
3 30

\

§ 1.0
\

*
1

f" H

o-
', T

I 0.3
> T

s
t
N
s

1.06

1.04

102

1.00

0.98

0.96

0.94

0.92

ON CURRENTS
\ ]^

ON CURRENT RATIOS \*jr\
lA ; y\

/\
/ '

i

/ Vcc = 5V

R P = OTEMPCOEFF
).2mAcl out- 1.6 TlA

3 10 30

RpHH)

30 60 90

OUtPlit VOLtAGE (V)
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DS8887 8-digit high voltage anode driver

(active-high inputs)

DS7889/DS8889 8-segment high voltage cathode driver

(active-high inputs)

DS7897/DS8897 8-digit high voltage anode driver

(active-low inputs)

general description
The DS8887 and DS7897/DS8897 are designed

to drive the individual anodes of a 7-segment

(cathodes) high-voltage gas discharge panel in a

time multiplexed fashion.

When driven with appropriate input signals, the

driver will switch voltage and impedance levels at

the anode. This will allow or prevent ionization

of gas around selected cathode in order to form a

numeric display. This main application is to inter-

face with MOS outputs (fully-decoded) and the

anodes of a gas-discharge panel, since the devices

can source up to 16 mA at a low impedance and

can tolerate more than 55V in the "OFF" state.

DS7889/DS8889 is capable of driving 8 segments

of a high-voltage display tube with a constant

output sink current, which can be adjusted by

external program resistor, R P . The program cur-

rent is half that of output "ON" current. In the

"OFF" state the outputs can tolerate more than

80V. The ratio of "ON" output currents is within

±10%. Inputs have negative clamp diodes. Active

high input logic. The main application of the

device is to interface MOS circuits to high-voltage

displays. Unused outputs should have correspond-

ing inputs connected to V EE .

features
Versatile circuits for a wide range of display

applications

High breakdown voltages

Low power dissipation

o
</>
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Connection diagrams (dual in line packages)

DS8887, DS7897/DS8897

01 02 03 D4 D5 D§ 0'

|„ |„ |
1S |„ 1,3 h I"

DS7889/DS8889

OUTPUTS

b> " >s « » " \' 2 " Li

|, |, |, |.
|S

|. |, |.

01 02 03 D4 05 0B D7 DB

OUTPUTS

TOP VIEW

INPUTS

TOP VIEW

Order Number DS7897J, DS8887J,

DS8887N, DS8897J or DS8897N
See IMS Package J18A or N18A

Order Number DS7889J, DS8889J
or DS8889N

See IMS Package J18A or N18A
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absolute maximum ratings (Notei) operating conditions

MIN MAX UNITS
Supply Voltage (Vcc - V B | AS ) (Note 21 Supply Voltage (Vcc - v BIAs'

DS8887, DS7897/DS8897 -60V DS8887, DS7897/DS8897 -40 -60 V
Package Power

Temperature (TA I

DS7889/DS8889 600 mW DS7889, DS7897 -55 +125 °C
Input Voltage DS8897, DS8889, DS8897 +70 °C

DS8887, DS7897/DS8897 -20V
DS7899/DS8889 (Note 3) 35V

Output Voltage

DS8887, DS7897/DS8897 -65V
DS7889/DS8889 85V

Storage Temperature Range -65°C to + 150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2, 3 and 4)

PARAMETER
| CONDITIONS | MIN

I TYP I MAX I UNITS
DS8887, DS8897

'

V| H Logical "1" Input Voltage Vout =-1.4V, l OUT = -16mA, DS8887 -2.0 V

V| L Logical "0" Input Voltage Vout = -60V, l OUT = -100M. DS8887 -5.5 V

l|H Logical "1" Input Current vout = -14V, l OUT = -16 mA, DS8897 -300 HA

l|L Logical "0" Input Current Vout = -60V, I OU t
= -100mA, DS8897 -10 MA

1 1
Input Current

DS8887

V| N =-1.0V 335 550 MA
V, N =-6.0V -0.2 -25 ma
V| N =-12V -0.10 -0.65 mA

DS8897, V| N = -12V -0.45 -1.5 mA
VOUT off Output "OFF" Voltage

l OUT ="100mA, I, n = 0uA -130 -77 V

'out off Output "OFF" Current VOUT = -55V, l IN = 0/uA -0.03 -5.0 MA
vout on Output "ON" Voltage

Iout =-16mA
V| N =-2.0V, DS8887 -1.0 -1.4 V
Iin =-300mA, DS8897 -1.4 V

'BIAS V 8IAS Current

'out =-16 mA,

V BIAS =-60V

V, N =-1.0V,DS8887, (Note 5) -2.2 -4.0 mA
I,m =-300fiA, DS8897,

(One Driuer Only)
-100 MA

DS7889/DS8889

l| Input Current V iN = 6.0V 160 250 350 MA

Ijl Logical "0" Input Current Iout = 5.0uA, VOUT = 75V 7.0 ma

Iih Logical "1" Input Current Iout = 1-4 mA, l,P = 850jiA, VOU t = 50V SO ma
V, Input Clamp Voltage l| N = -1.0 mA, TA =25°C -0.68 -0.85 V

V h Output Breakdown Voltage lOUT = 100uA. l IN = OuA 80 V

'cex Output Leakage Current Vout = 75V. -0.1 mA<l IN < 7.0mA 0.02 5.0 MA

'prog Prog. Input Voltage I,p = 150uA 1.8 2.3 V
l,P = 850uA 4.0 4.5 V

'ol Logical "0" Output Current

VOUT = 50V,

80mA< I in < l| P

l IP
= 150mA

DS7889 210 300 390 MA
DS8889 240 300 360 ma

I ip
= 400(iiA

DS7889 660 800 940 ma
DS8889 680 800 920 ma

I ip
= 850uA

DS7889 1.45 1.7 1.95 mA
DS8889 1.53 1.7 1.87 mA

^lo Output Current Ratio Iout ° Ref = 1.7 mA, VOUT = 50V 0.9 1.0 1.1
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Switching Characteristics TA = 25°C unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

DS8887

tON Propagation Delay from Input

to Output "ON"

(See ac Test Circuit and Switching Time

Waveforms)

5.0 MS

tmsE Propagation Delay from Input

to Output "ON"

(See ac Test Circuit and Switching Time

Waveforms)

1.0 Ms

DS7889/DS8889

fpdo Propagation Delay to a Logical

"0" from input to Output

6.0k to 6.0V, R c 1.0k to 6.0V 37 100

tpd1 Propagation Delay to a Logical

"1" from Input to Output

Input Ramp Rate < 15 ns, Freq = 1.0 MHz

dc= 50%, Amplitude = 6.0V

92 200

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety, of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: All voltage shown for DS8887, DS7897/DS8897 W.R.T. Vfjc = ov All currents into device pins shown as positive, out of device pins as

negative. All values shown as max or min on absolute basis.

Note 3: AM voltages for DS7889/DS8889 with respect to V E e ' 0V.

Note 4: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7889 and across the 0°C to

+70°C range for the DS8887, DS8889 and DS8897. All typicals are given for Ta = 25°C.

Note 5: Supply currents specified for any one input = -1.0V. All other inputs = -5.5V and selected output having 16 mA load.

typical application typical performance
characteristics

'IN vs V| N

TA = 25 C MAX POINT

400
V EE = -60V

OS88B7

200
I

\S

V
ZOO /

;
'

-400
J
T^

f

-12 -10 -8.0 -6.0 -4.0 -2.0

V,N (V)

Note 1: All outputs of both cathode and anode driver have loads as shown for output a and digit 1.

Note 2: Us.! OSBB87 for active-high inputs and DSB897 for active-low inputs.

ac test circuit and switching time waveforms

\
OUTPUT

L0AD

INPUT

DS3887

h

-MM -60V

OUTPU

A

:rr^^^

j v
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logic diagrams

DS7889/DS8889

DS7897/DS8897
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DS7891/DS8891 high voltage anode drivers (active low inputs)
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general description

The DS7891/DS8891 is a 6 digit anode driver intended

for use with seven segment, common anode, high voltage,

gas discharge display panels operating in a multiplexed

mode. The driver switches voltage and impedance levels

at the display's anode allowing or preventing ionization

of gas around selected cathodes, forming a numeric dis-

play. The devices acts as a buffer between MOS outputs

(fully decoded) and the anodes of a gas-discharge panel.

and it can source up to 16 mA at a low impedance and

can stand off more than 55V in the off state.

features

High breakdown voltage

Low power dissipation

Easy interface to clock and calculator circuits

schematic and connection diagrams

TYPICAL DRIVER SHOWN

Dual-ln-Line Package

cc INI INZ IN 3 IN 4 IN 5

14 13 112 I 11 10 |9

|, |> |3 |, |. |.

0UT1 OUT 2 OUT 3 OUT a OUT 5 OUT 6

TOP VIEW

Order Number DS7891J, DS8891J
or DS8891N

See NS Package J14A or N14A

Vwos I

1 v« l

/ INPUT

Y 100k

* VA
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absolute maximum ratings (n ote 1)

Supply Voltage (Vcc - V B | AS ) -60V
Input Voltage -20V
Output Voltage -65V
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds} 300°C

electrical characteristics (Notes 2 and 3)

operating conditions

Supply Voltage, VCc - V B | AS

Temperature, TA
DS8891

DS7891

MIN

^15

-55

MAX UNITS

-55 V

+70

+125

°C

°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

'in Input Current V BIAS =Min, V IN =-12V -0.6 -1.5 mA

llH Logical "V Input Current V BIAS = Min, VOL =-2.0V -300 uA

'lL Logical "0" Input Current VB iAS = M 'n. VOUT =-60V, lOUT =-100/JA -10 flA

'oh Logical "1" Output Current V B iAS = Max, l IN =0/JA, VOH =-55V -5 AlA

Vol Logical "0" Output Voltage l OL =-16mA, I,h=-300uA -2.0 V

Vbd Output Breakdown Voltage V B iAS=Max, l| N =0uA, Iout =-100mA -60 V

'bias Supply Current (Substrate) Vbias = Max, I ih =-300aiA, l OL =-16mA,

(One Driver Only)

-100 «A

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for

"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electri-

cal Characteristics" provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7891 and across

the 0°C to +70° C range for the DS8891.

Note 3: AM currents into device pins shown as positive, out of device pins as negative, all voltages referenced to Vqq = 0V, unless

otherwise noted. All values shown as max or min on absolute value basis.
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DS8892 programmable hex LED digit driver

general description

The DS8892 is a hex LED digit driver similar to the

DS75494, except that the DS8892 is programmable.

The DS8892 will sink up to 200 mA per output, and the

open collector outputs withstand a minimum of 8.8V

in the off state. The main application of the DS8892
is to interface between MOS circuits and common
cathode LED displays in systems where low battery

drain is important. The DS8892, through the use of a

single external resistor, allows the base drive to the out-

put transistors to be programmed to the desired amount,

thus saving battery current.

features

Presettable current drain

200 mA sink capability

MOS compatible inputs

Low voltage operation

schematic and connection diagrams

input o ^AA< y

ONE OF SIX DRIVER SHOWN

typical application

Dual-ln-Line Package

v B
" v in6 vOUT6 vout5 v,N5 vOUT4 v,n4 v r

*

l„
IS 14 13 12 11 10 |s

)

6

[*1

1'
2 3 4 5 6

'
I"

NC V, N1 VOUT , VOUT2 V,N2 V ut3 V,N3 V
,

TOP VIEW

•Pins 9 and 16 tied together internally.

Order Number DS8892N
See NS Package N16A

>R I

Vss - VDD - V,



absolute maximum ratings (Note d

Supply Voltage, Vss (Note 2) 8.8V

Input Voltage 8.8V

Output Voltage 8.8V

Storage Temperature Range -65°C to +150°C

Operating Temperature Range C to +70°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Notes 2 and 3) vDD = ov

PARAMETER CONDITIONS MIN TYP MAX UNITS

IlL Logical "0" Input Current Vss = 8.8V, R1=300S2, l OUT =400+iA 50 VA

l m Logical "1" Input Current Vss = 8.8V, R, N =45£2, l R =6mA,

'out
= 80 mA

2.7 mA

v„ Logical "0" Phase-Splitter Voltage VSS = 6.0V, R IN =45£2, l R =6mA,

'out = 80 mA
0.9 1.4 V

'oh Logical "1" Output Current VSS =8.8V, l IN =50nA, R1=300f2,

VOUT = 8.5V

400 MA

Vol Logical "0" Output Voltage

R,N = 140fi

Vss =3.0V, l R =2mA,

lour = 25 mA
0.35 V

Vss =3.8V, l B = 5.7 mA,

'out
= 50 mA

0.35 V

Vss =4.5V, l R = 7.7 mA,

Iout = 100 mA
0.40 V

Vss =6.0V, l„ = 12 mA,

Iout = 200 mA
0.50 V

Switching Characteristics TA = 25°C, nominal power supplies unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS

tPiON) Propagation Delay to a Logical "0" (See AC Test Circuit), Vss = 6.0V 800 ns

tp(OFF) Propagation Delay to a Logical "1" (See AC Test Circuit), Vss = 6.0V 1.2 MS

Note!: "Absolute Maximum Ratings" are these values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Vgs IS a n external system supply, used as shown in the dc test circuit (Vdd = 0V).

Note 3: All currents into device pins shown as positive, out of device pins as negative. All voltages referenced to ground unless otherwise noted.

All values shown as maximum or minimum on absolute value basis.

ac test circuit switching time waveforms

dc test circuit

VquT

5-72



OT National
Km Semiconductor

Display Drivers

DS7895/DS8895 quad LED segment driver

general description

The DS7895/DS8895 is a quad LED segment driver

designed to interface between MOS IC's and LED
displays. It provides a relatively constant output current

-typically 17 mA-independent of the supply voltage.

The DS8895 is similar to the DS75493 except on the

DS8895 the output current is internally set— no external

components are required for current limiting. Blanking

can be achieved by taking the Chip Enable (CE) to a

logic "1" 'evel.

features

Internally set output current

Low voltage operation

MOS compatible inputs

Low standby power

Blanking capability

schematic and connection diagrams

(4,5,12,131

INPUT O -W\r

(9) SSk

ce O—WV-

Dual-ln-Line Package
CHIP

NC OUT fl IN 4 IN 3 OUT 3 NC ENABLE

3 n II

=ad

« F^
2 6 7

NC OUT I INI IN 2 OUT 2 NC V D(

TOP VIEW

Order Number DS7895J, DS8895J,
or OS8895N

See NS Package J16A or N16A
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absolute maximum ratings (NoteD operating conditions

Supply Voltage 10V MIN MAX UNITS
Input Voltage 10V

Supply Voltage. Vcc
Output Voltage ^ VfjC Vcc 32 8g y
Storage Temperature Range -65°C to +150°C w cc go y
Lead Temperature (Soldering, 10 seconds) 300°C

Temperature, J/\

DS8895 +70 °C

DS7895 -55 +125 °C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS {See Figure 1) MIN TYP MAX UNITS

V| H Logical "1" Input Voltage Vcc = 3.2V, Vss = 8.8V, l IN = 2.0 mA, VOUT = 1 -75V 6.5 V

V IHCE Chip Enable Vcc = 3.2V, Vss = 8.8V, l IN = 1.0 mA, VOUT = 0V 3.5 V

l| H Logical "1" Input Current Vcc = 3.2V, Vss = 8.8V, V IN
= 8.8V, R = 0.1k,

VOUT = 1.75V

2.0 mA

V (L Logical "0" Input Voltage Vcc =8.8V, Vss =8.8V, VOUT = 0V, l IN =0.1 mA 1.3 V

V, LCE Chip Enable Vcc =8.8V, Vss =8.8V, VOUT = 1.75V, R = 0.1k 1.0 V

'out min Output Current V cc = 3.2V, Vss = 6.5V, VOUT = 2.15V,

R = 1k, TA =25°C

12.5 16.5 mA

'out max Output Current Vcc =8.8V, Vss =8.8V, VOUT = 1.75V,

R = 0.1k, TA =25°C

18.6 22 mA

'out tvp Output Current V cc = 3.6V, V ss = 7.2V, VOUT = 2.0V,

TA = 25°C, R = 500S2

DS7895 15.5 17 18.5 mA
DS8895 14.5 17 19.5 mA

I OU t Output Current Vcc = 3.6V, Vss = 7.2V, VOUT = 2.0V,

R L
= 50012, Full Temperature Range

DS7895 10.5 23.0 mA
DS8895 13.5 20.5 mA

'out off Output Current Vcc =8.8V,

Vout=0V,
(All Drivers "OFF")

Vss =8.8V, R = 100k 100 M
Vss = 6.5V, R = 0.1k,

Rce = 1k
200 uA

lss Supply Current

lcc Supply Current
V, N =6.5V

V cc = 1.0V, Vss =8.8V

(Outputs Open)

8 mA

Vcc = 3.2V Vss - 8.8V,

VOUT = 1.75V

DS7895 5 mA
DS8895 4 mA

tpd off Propagation Delay to a Logical

"0" from Input to Output

tr
= t f

= 10 ns, (See Figures 2 and 3) 170 300 ns

tPd on Propagation Delay to a Logical

"1" from Input to Output

X, = t, = 10 ns, (See Figures 2 and 3) 11 100 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7895 and across the 0°C to

+70°C range for the DS8895. All typicals are given for Vcc = 50v and TA = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.
All values shown as maximum or minimum on absolute value basis.
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truth table

CE V|N •out

1

1

X

ON

OFF

OFF

X = Don't care

Vss VK

FIGURE 1.

ac test circuit and switching time waveforms

DIODES
1N914

V_jf
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DS8968 12-Digit Decoder/Driver(Modification)

General Description

The DS8968 is a 12-digit decoder/driver designed to

drive LED displays like the NSA51CI1 from the MM5758
calculator chip or equivalent which supplies a 4-line

coded input (see truth table). It is designed to operate

from 4.5V to 9.5V.

The DS8968 can sink up to 200 mA min on each output.

Features

Direct interface with MM5758 calculator

Pin compatible with DS8868

200 mA sink capability

Low voltage operation

Connection Diagram

Dual-ln-Line Package

OUT 2 0UT1 vcc IN A IN B INC IN D GND OUT 12

|l8 jlJ
1
16

|
IS |l4 1 13

J
12 |n ||Q

Equivalent Schematic

0UT3 0UT4 0UT5 0UT6 0UT7 OUT 8 0UT9 OUT 10 0UT1I

TOP VIEW

Order Number DS8968J or DS8968N
See NS Package J18A or N18A

Truth Table

INPUTS OUTPUTS"

INa IN B INC IND Ol 02 03 04 05 06 07 08 09 O10 011 012

L L L H L

H L L L L

H H L L L

L H H L L

H L H H L

L H L H L

H L H L L

H H L H L

H H H L L

H H H H L

L L H H L

L H H H L

*A blank implies an H
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Absolute Maximum Ratings (Note n Operating Conditions

Supply Voltage

Input Current

Output Voltage

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

Electrical Characteristics

10V

10 mA
9V

-65to+150°C
300° C

Supply Voltage, Vcc

Temperature, T^

MIN MAX UNITS

4.5 9.5 V

+70 °c

PARAMETER CONDITIONS MIN TYP MAX UNITS

l|H Logical "1" tput Current VCC = Mir>. Selected Output Vol < 4V 300 450 MA

l|L Logical "0" Input Current VCC ^ Min
.
Selected Output Ioh < 50 ^A 100 300 HA

lOH Logical "1" Output Current Vcc = Max
.
vOH = 7 -0V, All Outputs "OFF" 100 uA

vol Logical "0" Output Voltage Vqc= Min, lOL = 200 mA 0.6 0.9 V

ice Supply Current "ON" VCC ^ Max, One Output Selected 17 35 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Conditions" they are not meant :o imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides

conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C range. All typicats are given for Vcc = ^V anc' ^A = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Typical Application

Typical 3-Cell Scientific Calculator Circuit

SEGMENt DRIVE (8)

9

MM5799
SCIENTIFIC

CALCULATOR

DS8B67 SEGMENT DRIVF.R

NSA5101 LED DISPLAY

j. a a ci ci ci a a ci _ a ci
u.u , u. u. u. u. u. u. u u

^
DIGIT DRIVE (4)

QS8968 DIGIT DRIVER
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DS8973. DS8974, DS8975. DS8976. DS8978 9-digit LED drivers

general description
The DS8973, DS8974 and DS8976 are 9-digit drivers

designed to operate from 3-cell (DS8973) or 4-cell

(DS8974) or 6-cell (DS8976) battery supplies. Each

driver will sink 100 mA to less than 0.7V when driven

by only 0.1 mA. Each input is blocked by diodes so that

the input can be driven below ground with virtually no

current drain. This is especially important in calculator

systems employing a dc-to-dc converter on the negative

side of the battery. If the converter were on the positive

side of the battery, the converter would have to handle

all of the display current, as well as the MOS calculator

chip current. But if it is on the negative side, it only has

to handle the MOS current. The DS8973 and DS8974

are designed for the more efficient operating mode.

The DS8975 is identical to the DS8973, DS8974 and

DS8976 but does not specify the low battery indicator.

DS8978 is identical to the DS8975 but is in a 20-pin

package without low battery pins.

features

Nine complete digit drivers

Built-in low battery indicator

High current outputs— 100 mA
Choice of 3 or 4-cell operation

Straight through pin out for easy board layout

equivalent circuit diagrams

Typical Driver Circuit

VCC1

10k

INPUT O—-VW

Typical D.P. Out Circuit

O VCC2

O GROUND

connection diagram
Dual-ln-Line Package

OUTPUTS;

Dual-ln-Line Package

OUTPUTS

VqCI V, 9 8 7 6 5 4 3 2 1 vcc1 V B 9 8 7 8 S 4 3 2

12 120

rlmix
AAAAA

LOW 9 8

VOLT *

IND

7 8 9 10 11

5 4 3 2 1 GND

M AAAAAAA

FT
INPUTS

TOP VIEW

Order Number DS8973N, DS8974N,
DS8975N or DS8976N
See NS Package N22A

INPUTS

TOP VIEW

Order Number DS8978N
See NS Package N20A
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absolute maximum ratings (NoteU operating conditions

electrical characteristics

UNITS

Supply Voltage 10V Supply Voltage (Vg)

Input Voltage 10V DS8973 3.0 5.5 V

Output Voltage 10V DS8974 3.0 7.5 V

Storage Temperature Range -65°C to+150°C DS8976 3.0 9.5 V

Lead Temperature (Soldering, 10 seconds) 300° C Supply Voltage (Vrjci^ 3.0 9.5 V

Temperature (TA )
+70 °C

PARAMETER

V|H Logical "1" Input Voltage

CONDITIONS

VcC = Max 3.9

TYP MAX UNITS

V

l|H Logical "1" Input Current Vcc = Max
.
V IH = 3.9V 0.1

V|L Logical "0" Input Voltage Vcc = Max

0.3

0.5

mA

V

MA
IlL

IB

Logical "0" Input Current

Vbh H'9n Battel/ Threshold

Vbl Low Battery Threshold

'CEX Logical "1" Output Current

Vql Logical "0" Output Voltage

'CC1 Supply Cur-ent

Pin 21 (High Battery Supply)

Vcc = Max, V|L = 0.5V

VoT(Pin 1) = IV. lOT <-50uA,

TA = 25°C, V| H (Pin 2) = 3.9V

VoT(P'n D = 2.1V, l T>-6mA,
TA = 25°C, V| H (Pin 2) = 3.9V

DS8973 3.6

DS8974 4.8

DS8976 7.3

DS8973

DS8974

DS8976

VcC = Mi". Vqh = 9-5V, V| L = 0.5V

Vcc = Min
' 'OL = 1 00 mA, V|H = 3.9V

Vcc = M ax - One Input "ON"

Vcc = Max
'
VB = Max

3.2

4.2

6.5

50

1.2

V

V

uA

V

mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operations.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range. All typicals are given for TA = 25°C.

Note 3: All current:, into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.
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typical applications

CALCULATOR

I

/
4X9
DATA

KEYBOARD
AND
1 X4

PROGRAMMER
CONTROL
KEYBOARD

SEGMENT
OUTPUTS

MM5762

MM576S

ALARM

S.RUIph°- v\run
MODE x

SWITCH

DECIMAL POINT

O O O O O CI o CI o
/_/. /_/. /_/. /_/. /_/. u. /_/. /_/. /_/.

_n
OUTPUT VC:l V B

DS8974

-tS^

FIGURE 1. 6V Programmable Statistical Calculator

LOAN*

AMT

READY

K1 Sa Sh Sc Sd S e S< !

K2

K3
MM57GZ

K4 D1_D2D304 DB D6 07 t

-^»4

O CI CI CI CI CI O CI CI
/_/. /_/. /_/. /_/. U. /_/. /_/. /_/. /_/.
09 06 07 DG DS D4 03 02 01

LV GND Vcc
'

*Du«l fundian keys,

FIGURE 2. Complete Calculator Schematic For 3-Cell System
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DS8980, DS8981 High Voltage 7-Segment
Latches/Decoders/Drivers

General Description

The DS8980, DS8981 circuits are current-programmable

segment-ratioed, 7-segment gas discharge tube display

decoder/drivers with input latches. The devices also

contain a 25 mA high-voltage saturating switch output

with an input latch. All outputs may be unconditionally

blanked :>y use of the blanking input. The devices will

operate with a VrjC range of from 4.75V to 15.00V,

and the current programming is independent of the

V, , voltage. The inputs are TTL LS/'MOS compatible.

The input fall-through latches are enabled by a high

logic level at the ENB/STB input for the DS8980, and

by a low logic level for the DS8981.

Features

Current sink outputs

Adjustable output current

High output breakdown voltage

Suitable for multiplex operation

Blanking provision

Low fan-in and low power

Fall-through latch design

TTL LS and MOS compatible

Vcc ran 9e of 4.75V to 15V

Connection Diagram Dual In Line Package

t

INPUT DP— u 18— V cc (SUPPLY VOLTAGE

, 2

INPUT B (2 1
!
— 17

i— OUTPUT DP

, 3

INPUT C (2
Z

)
— 16— OUTPUT (

4

PROGRAMMING INPUT — 15— OUTPUT

g

Bl (BLANKING INPUT) — — OUTPUT a DS898

6

ENABLE/STROBE — -outputs see IMS

i 1

INPUT D<2 3
)
— — OUTPUT

c

INPUT A (2°)
— — OUTPUT

d

9

GND —J — OUTPUT

«

Order Number
DS8980J, DS8981J, DS8980N

or DS8981N
See NS Package J18A or N18A

o
(/>

00
CO
00

p
o
CO
00
CO
00

Logic Diagram
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Absolute Maximum Ratings (Note d Operating Conditions

Supply Voltage 18V Supply Voltage (Vcc
Input Voltage Vpp T ._ .K y ^u Temperature (Ta)
Output Voltage 80V
Storage Temperature Range -65° C to +150°C

Power Dissipation (Note 4) 650 mW
Lead Temperature (Soldering, 10 seconds! 300°C

MIN MAX UNITS

4.75 15.00 V

+70 °C

Electrical Characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|H Logical "1" Input Voltage VCC = Min 2.0 V

l||-| Logical "1" Input Current Vcc = Max, V|N = 15.00V 1 uA

V|L Logical "0" Input Voltage Vcc ~ Min 0.8 V

l|L Logical "0" Input Current Vcc = Max, V IN - 0-4V 50 MA

IlLrjic Logical "0" Input Current,

Inputs Disabled

A, B, C, D, DP Inputs

VCC = Max, V|N = 0.4V

ENB/STB = 0V, DS8980

ENB/STB = 3V, DS8981

-1 uA

VCD Input Clamp Voltage Vcc = Min
. 'IN

= -12 mA -1.5 V

BVCEX Output Breakdown Voltage Vcc = Min, Bl = 0V, IfjUT = 250 /uA,

(Note 5)

80 V

lOH Logical "1 " Output Current Vcc = M 'n, VOUT = 75V, Bl = 0V 3 MA

'RANGE(b) Programming Current Range Vcc = Min-Max, Ta = 25°C 0.10 4.00 mA

lOB Output b on Current Compliance VCC = Min-Max, VOUT = 50V,

Rp= 7.03 kfi

0.40 0.60 mA

IrjB Output b on Current Compliance VCC = 5V, TA = 25°C, VOUT = 50V,

Rp = 18.1 kfj

0.18 0.22 mA

lOB Output b on Current Compliance VCC = 5V, TA = 25°C, VOUT = 50V,

Rp= 7.03 kfl

0.45 0.55 mA

lOB Output b on Current Compliance VCC = 5V, TA = 25°C, VOUT = 50V,

Rp= 2.20 kfi

1.30 1.70 mA

lOB Output b on Current Compliance VCC = 5V, Ta = 25° C, VOUT = 50V,

Rp= 1.05 kfi

2.70 3.30 mA

ka'M'kg Outputs a, f and g on Current Ratio VCC ^ Min— Max,

Output b on Current = Reference

0.84 0.93 1.02

kc Output c on Current Ratio VCC = Min-Max,

Output b on Current - Reference

1.12 1.25 1.38

kd Output d on Current Ratio VCC ^ Min-Max,

Output b on Current = Reference

0.90 1.00 1.10

k e Output e on Current Ratio VCC ^ Min-Max,

Output b on Current = Reference

0.99 1.10 1,21

VSAT Output Saturation Voltage

(Except DP Output)

Vcc= M 'n. Ip = -2.0 mA,

IOUT = kx • 4 mA
4.0 V

VSATDP Output Saturation Voltage

(@ DP Output)

VCC ^ Min, l0UT ^ 25 mA 3.0 V

IqC Supply Current A, B, C, Bl Inputs' 0V, D, DP

Inputs = 5V, Latches Enabled,

Rp= 1.06k, VoilT= 5V

VCC = 5V

Vcc = Max

16

20

mA
mA

5-82



Switching Characteristics vCc = 5v,ta = 25°c

PARAMETER CONDITIONS UNITS

tPDO or tPD1 P'Opagation Delay From Input A,

B, C, D, DP or Bl to Any Output

tSET-UPtMin) Minimum Set-Up Time From Input

A, B, C, D or DP to ENB/STB Input

^HOLDfMin) ^ old Time t0 ln Put A .
B

-
c

.
D

or DP from ENB/STB Input

tW(Min) Minimum Enable Pulse Width

10.0

1.0

1.0

1.0

lis

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8980, DS8981 . All typicals are given for Vqc =

5Var,dTA = 25°C.

Note 3: AM current;; into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as fax or min on absolute value basis.

Note 4: Power dissipated in the package must be held to 650 mW or less on a DC basis. Since most of the power dissipation is due to output

currents, duty cycle limiting via the use of the blanking input can provide the necessary power dissipation limiting. In order to provide minimal

thermal cycling effects to both die and package, a blanking frequency of more than 1 kHz is recommended.

Note 5: In all appl cations transient segment output current must be limited to 50 mA. This may be accomplished in DC applications by con-

necting a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications.

AC Test Circuit

TO PIN TESTED— (OTHER OUTPUTS AT V CC >

Switching Time Waveforms

j— <(Mf-~

\
T-

X 1

tRISE = t|=A1_L = 50ns,

10% to 90% points

tpWH = tPWL = 1 °ms

DATA INPUT

tPWH* 'IWL*' ^

i

"f

Set-Up and Hold Times and Pulse Width

jpr\

)-— tpw—

-

r%
i

x

'RISE = <FALL = 5° ns -

10% to 90% points

X z
5-83



Truth Table

DECIMAL
OR

INPUT OUTPUT
DISPLAY

FUNCTION DP D c B A Bl a b c d e f 9 DP

1

X

X 1 1 1 1

1

1

X

X

2 X 1 1 X ~l

3 X 1 X ~l

4 X 1 1 1 X /_/

5 X 1 1 X l~

6 X 1 1 X I-,
i—l

7 X 1 1 1 1 X

8 X X /_'

9 X X
D
_/

10 X 1 X

11 X 1 X

12 X 1 1 X

13 X 1 1 X

14 X 1 1 X

15 X 1 1 X

Bl X X X X X 1 1

DP 1 X X X X X X X X X X X

DP X X X X X X X X X X X 1
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CO

DS75491 MOS-to-LED quad segment driver

DS75492 MOS-to-LED hex digit driver

general description

The DS75491 and DS75492 are interface circuits

designed to be used in conjunction with MOS
integrated circuits and common-cathode LED's in

serially addressed multi-digit displays. The num-

ber of drivers required for this time-multiplexed

system is minimized as a result of the segment-

address-and-digit-scan method of LED drive.

features

50 mA source or sink capability

per driver (DS75491)

250 mA sink capability

per driver (DS75492)

MOS compatability (low input current)

Low standby power

High-gain Darlington circuits

o
(/>

01

IO

schematic and connection diagrams

DS75491 (each driver) DS75492 (each driver)

DS75491 Dual-ln-Line Package

4E 4C Vjs 3C 3E 3A

14 13 U |_11 to

DS75492 Dual-ln-Line Package

1ft 6V 6A Vss 5A 5V 4A

IA IE 1C GNO 2C 21 2A

TOP VIEW

Order Number DS75491N
or DS75492N

See NS Package N14A
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absolute maximum ratings (Note d

Input Voltage Range (Note 4)

Collector Output Voltage (Note 5)

Collector Output to Input Voltage

Emitter to Ground Voltage (V, > 5V|

Emitter to Input Voltage

Voltage at Vss Terminal With Respect to

Any Other Device Terminal

Collector Output Current

Each Collector Output 50 mA
All Collector Outputs 200 mA

Continuous Total Dissipation 600 mW
Operating Temperature Range C to +70 C

Storage Temperature Range —65 C to +150 C

Lead Temperature (Soldering, 10 sec) 300 C

DS75491 DS75492

5V to V ss -5V to Vss
10V 10V

10V 10V

10V

5V

10V 10V

250 mA
600 mA
600 mW

0°C to +70°C

-65°Cto+150°C
300°C

electrical characteristics

DS75491 (Vss = 10V, TA = 0°C to +70°C unless otherwise noted) (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

vce on "ON" State Collector Emitter Voltage Input = 8.5V through 1 kI2, T fl
= 25°C 0.9 1.2 V

V E =5V, l c = 50mA 1.5 V

'c off "OFF" State Collector Current Vc - 10V,

V E
= 0V

I in -40uA 100 M
V, N =0.7V 100 uA

li Input Current at Maximum Input Voltage V, N = 10V, V E =0, l c = 20mA 2.2 3.3 mA

l E Emitter Reverse Current V IN = 0, V E
= 5V, l c =0 100 HA

l ss Current Into Vss Terminal 1 mA

DS75492 (Vss = 10V, TA = 0°C to +70°C unless otherwise noted) (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

VOL Low Level Output Voltage Input = 6.5V through 1 kI2, TA = 25°C 0.9 1.2 V

Iout = 250 mA 1.5 V

lOH High Level Output Current
VOH = 10V

I in =40mA 200 MA

V IN =0.5V 200 MA

li Input Current at Maximum Input Voltage Vin = 10V. Iql =20mA 2.2 3.3 mA

l ss Current Into Vss Terminal 1 mA

switching characteristics

DS75491 (V ss = 7.5V, TA = 25°C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

tPLH Propagation Delay Time, Low-to-High Level Output (Collector) Vm =4.5V, V E =0, 100 ns

tPHL Propagation Delay Time, High-to-Low Level Output (Collector) R L =200i2,C L = 15 pF 20 ns

DS75492 (V ss = 7.5V, TA = 25°C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

tPLH Propagation Delay Time Low-to-High Level Output V IH = 7.5V, R L = 39fi, 300 ns

tpHL Propagation Delay Time, High-to-Low Level Output C L
- 15 pF 30 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C temperature range for the DS75491 and DS75492.

Note 3: AH currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: The input is the only device terminal which may be negative with respect to ground.

Note 5: Voltage values are with respect to network ground terminal unless otherwise noted.
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ac test circuits and switching time waveforms

o

01

2

PULSE
GENERATOR
(NOTE II

PULSE
GENERATOR
(NOTE II

7 V

-HI

o
0>
-J
01

|-"-tPLH-^-j

Note 1 : The pulse generator has the following characteristics: Zqut = 50li,

PRR = 100 kHz, tw = Vs.

Note 2: C L includes probe and jig capacitance.
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National
Semiconductor

Display Drivers

DS55493/DS75493 quad LED segment driver

general description features

The DS55493/DS75493 is a quad LED segment driver.

It is designed to interface between MOS IC's and LED's.

An external resistor is required for each segment to

drive the output current which is approximately equal

to 0.7V/R L and is relatively constant, independent of

supply variations. Blanking can be achieved by taking

the chip enable (CE) to a logical "1" level.

Low voltage operation

Low input current for MOS compatibility

Low standby power

Display blanking capability

Output current regulation

Quad high gain circuits

schematic and connection diagrams

14.5,12,13)

INPUT O

Dual-ln-Line Packa

EXTERNAL
CURRENT SET
RESISTOR

Order Number DSS5493J, DS75493J
or DS75493N

See NS Package J16A or N16A

typical application truth table

CALCULATOR
OR OTHER
CURRENT -
SOURCE
OUTPUT

•-0-— f~"A '«"

I PS 75493_

CE V|N 'OUT

1

1

X

ON

OFF

OFF

X - Don't care

DS75494 DIGIT DRIVER



absolute maximum ratings (Notei) operating conditions

, ,, ,
MIN MAX UNITS

Supply Voltage 10v Supply Voltage
Input Voltage 10v Vcc 32 8g y
Output Voltage Vcc Vss 6.5 8.8 V
Storage Temperature Range +65° C to + 1

50° C
Lead Temperature (Soldering, 10 seconds) 300°C

Temperature, TA °C

Output Current (Iout) -25mA
DS75493

+70 °C
DS55493 -55 +125 °C

electrical characteristics (vss >vcc ) ta =25°c (Notes2and3i

PARAMETER CONDITIONS MIN TYP MAX UNITS

Ii N Input Current Vss = Max, V IN = 8.8V, Vcc - Open, VCE = 0V 3.2 mA
'out = FiSET @0V, VCE -8.8V 3.6 mA

l CE Chip Enable Input Current Vcc = Max, Vss - Max, VCE - 8.8V, All Other Pins

to Gnd
2.1 mA

'out Output Current

Iout 9 2.15V, R L - 50J2

Vcc - Min, Vss = 6.5V,

l CE = 80fiA, V tN = 6.5V

Through 1.0 kn

-8 -13 mA

VCE = 0V, V, N = 8.8V -16 -20 mA

lor. Output Leakage Current

'OUT = R S ET &0>J,

Measure Current to Gnd,

V ss - 8.8V

Vcc = Min, VCE =0V
V, N - 8.8V Through

100 kS2

-100 uA

VCE -6.5V Through

1.0 k£2, V, N = 8.8V

-200 uA

l cc Supply Current, Vcc Vcc = Max, Vss = Max, All Other Pins to Gnd 40 uA

Iss Supply Current Vcc - 0V, All Other Pins to Gnd 40 uA

Vcc - Min, V ss = 8.8V

lOUT 13 2.15V, VCE =8.8V

Through 100 k£2,

R L = son

0.5 1.5 mA

'out ~ Open, R^-,- = Open,

VCE - ov

1.4 mA

Switching Characteristics TA = 25" C, nominal power supplies unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS

Woff} Propagation Delay to a Logical "0"

From Input to Output

(See AC Test Circuit) 170 300 ns

Won) Propagation Delay to a Logical "1"

From Input to Output

(See AC Test Circuit) 11 100 ns

Note II: "Absolute Maximum Ratings" are those yalues beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2:: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75493 and across the -55°C to +125°C range
for the DS55493.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.
All values shown as max or min on absolute value basis.

ac test circuit switching time waveforms

j-*>^9»

5-89



jpgl National
sit Semiconductor

Display Drivers

DS55494/DS75494 hex digit driver

general description

The DS55494/DS75494 is a hex digit driver

designed to interface between most MOS devices

and common cathodes configured LED's with a

low output voltage at high operating currents.

The enable input disables all the outputs when
taken high.

features

150 mA sink capability

Low voltage operation

Low input current for MOS compatibility

Low standby power

Display blanking capability

Low voltage saturating outputs

Hex high gain circuits

schematic and connection diagrams

CHIP ENABLE

o-W-

«cc I

J " ttM.ll.11.

Dual-ln-Line Package

Vcc IN 6 OUT 6 OUT 5 IN 5 OUT 4 IN 4 CE

15 14 13 12 11 10 9WW W
-<<H

LPIM^
NC m 1 OUT I OUT 2 IN 2 OUT 3 IN 3 GNO

TOP VIEW

Order Number DS55494J, DS75494J
or DS75494N

See NS Package J16A or N16A

truth table

ENABLE V|N VOUT

1

1

X

1

1

X = don't care
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absolute maximum ratings (Notei) operating conditions

Supply Voltage

Input Voltage

Output Voltage

StorEige Temperature Range

10V
10V
10V

-65°Cto+150°C

Lead Temperature (Soldering, 10 seconds) 300°C

Supply Voltage, Vqq

Temperature, T^
DS75494

DS55494

MIN

3.2

-55

+70

+125

electrical characteristics (Notes 2 and 3)

PARAMETER

Logical "1" Input Current

Logical "0" Input Current

Logical "1" Output Current

Logical "0" Output Voltage

Supply Current

tOFF Output "OFF" Time

Output "ON" Time

CONDITIONS

Min, V IN = 8.8V
VC e " 8.8V through 100k

= 8.8V

= Max, V, N =-5.5V

8.8V through 100k, V CE = 0V

= 8.8V, Vce = 6.5V through 1 ,0k

= Min, l OL = 150 mA, V„

= 8.8V through 100k

>.5V through 1.0k,

One Driver "ON", V, N = 8.8V

All Other Pins to GND

DS75494

= 6.5V through 1.0k

S.8V through 100k

All Other Pins to GND

C L
= 20 pF, R L

= 24H, V cc = 4.0V, See ac Test Circuits

C L
= 20 pF, R L

= 240, V cc = 4.0V, See ac Test Circuits 100

UNITS

V

M
uA

uA

uA

uA

Notis 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range " they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75494 and across the -55°C to +125°C range

for the DS55494.

Nota 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

ac test circuit and switching time waveforms

o
C/>

01
Ol

CD

o
</>

>i
Ol

CO
-ft

T F = 10 m
Tn = 10 m

Vout 2.2V, 50%
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a Section 6 P9
MOS Memory
Interface Circuits El

TEMPERATURE RANGE
-55°Cto+12!5°C 0°Cto+70°C

DESCRIPTION
PAGE

NUMBER

DS0025 DS0025C 2-Phase PMOS Clock Driver 6-1

DS0026 DS0026C 2-Phase PMOS Clock Driver 6-4

DS0056 DS0056C 2-Phase PMOS Clock Driver 6-4

DS1605, 06,07, 38 DS3605, 06, 07, 08 Hex MOS Sense Amps/MOS-to-TTL Converters 6-11

- DS3625 Pin-for-Pin Replacement for 8T25 6-16

DS1628 DS3628 Octal TRI-STATE® MOS Driver 6-20

DS 1640, 70 DS3640, 70 Quad MOSTRI-SHARE™ Port Drivers 6-23

DS1642, 72 DS3642, 72 Dual Bootstrapped TTL-to-MOS Clock Driver 6-26

- DS3643, 73 Decoded Quad MOS Clock Drivers 6-29

DS1644, 74 DS3644, 74 Quad TTL-to-MOS Clock Drivers 6-32

DS1645, 75 DS3645, 75 Hex TRI-STATE® TTL-to-MOS Latch/Drivers 6-35

DS1646, 76 DS3646, 76 6-Bit TRI-STATE® TTL-to-MOS Refresh Counter/Driver 6-40

DS1647.77, 14"
, 177 DS3647.77, 147, 177 Quad TRI-STATE® I/O Registers 6-45

DS1648, 78 DS3648, 78 TRI-STATE® TTL-to-MOS Multiplexer/Driver 6-51

DS1649, 79 DS3649, 79 Hex TRI-STATE® TTL-to-MOS Driver 6-56

DS1651, 53 DS3651.53 Quad High Speed MOS Sense Amplifiers 6-59

DS1671 DS3671 Dual Bootstrapped 2-Phase PMOS Clock Driver 6-65

DS16149, 179 DS36149, 179 Hex MOS Drivers 6-69

- DS3245C Quad MOS Clock Driver 6-73

DS7802, 06 DS8802, 06 MOS-to-TTL Level Converters 6-16

- DS75322 Dual TTL-to-MOS Driver (Fail-Safe) 6-76

- DS3622 Dual TTL-to-MOS Driver (Fail-Safe) 6-76

- DS75361 Dual TTL-to-MOS Driver 6-79

- DS75362 Dual TTL-to-MOS Driver 6-84

- DS75364 Dual TTL-to-MOS Driver 6-89

DS75365 Quad TTL-to-MOS Driver 6-93



4k & 16k IN-CHANNEL MOS MEMORY INTERFACE CIRCUITS

Page No. Device Number and Name

5V

Clock

Drivers

12V

Clock

Drivers

4k

RAM
Address

Drivers

16k

RAM
Address

Drivers

Data

I/O

Timing

&
Control

Drivers

623 DS3628

Octal TRI-STATE® MOS Driver
• • •

6-26 DS3640, DS3670

Quad TRI-SHARE® Port Driver
•

6-29 DS3642, DS3672

Dual Bootstrapped MOS Clock Driver
•

6-32 DS3643, DS3673

Quad Decoded MOS Clock Driver
•

6-35 DS3644, DS3674 (3235, MC3460)
•

Quad MOS Clock Driver

6-76 DS3245

Quad MOS Clock Driver
•

6-38 DS3645, DS3675

Hex TRI-STATE MOS Driver Latch
•

6-43 DS3646, DS3676

6-Bit TRI-STATE MOS Refresh Counter/Driver
•

6-48 DS3647, DS3677, DS3S147, DS36177

Quad TRI-STATE MOS Memory I/O Register
•

6-54 DS3648, DS3678

TRI-STATE MOS Multiplexer/Driver
• • • •

6-59 DS3649, DS3679

Hex TRI-STATE MOS Driver
• • •

6-72 DS36149, DS36179

Hex MOS Driver
• • •

6-79 DS75322, DS3622

Dual TTL-to-MOS Driver

6-82 DS75361

Dual TTL-to-MOS Driver

6-87 DS75362

Dual TTL-to-MOS Driver

6-92 DS75364

Dual TTL-to-MOS Driver

6-96 DS75365

Quad TTL-to-MOS Driver

8-40 DP8304B

8-Bit Bidirectional Transceiver
•

8-12 DP8216, DP8226

4-Bit Bidirectional Transceiver
•

2-24 DS8T26, DS8T28
Quad TRI-STATE Bus Driver

•

8-5 DP8212

8-Bit Input/Output Port
•
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P-CHANNEL MOS INTERFACE CIRCUITS

FUNCTION

Clock Driver

Clock Driver

Clock Driver

Clock Driver

Current Sense Amplifier

Current Sense Amplifier

Current Sense Amplifier

Current Sense Amplifier

Current Sense Amplifier

Current Sense Amplifier

Differential Sense Amplifier

Differential Sense Amplifier

CHARACTERISTICS

Dual, 30V, Drive 1000 pF @ 1 MHz

Dual, 20V, Drive 1000 pF @ 5 MHz

Same as DS0026, May Use Pull-Up Resistor

Same as DS0026, May Be Bootstrapped

Hex, Non-Inverting, TRI-STATE® Output

Hex, Inverting, TRI-STATE Output

Hex, Non-Inverting, TRI-STATE Input and

Output

Hex, Inverting, TRI-STATE Input and

Output

Dual Latching, TRI-STATE Output

Dual Latching, TRI-STATE Output

Quad TRI-STATE ±7 mV Sensitivity

Quad Open-Collector +7 mV Sensitivity

Note. Refer to Application Note 76 for additional information on clock dri

TEMPERATURE
C to +70 C

DS0025C

DS0026C

DS0056C

DS3671

DS3605

DS3606

DS3607

DS3608

DS8802

DS8806

DS3651

DS3653

-55°Cto+125 C

DS0025

DS0026

DS0056

DS1671

DS7802

DS7806

DS1651

DS1653

PAGE NO.

6-1

6-7

6-7

6-68

• 6-14

6-19

6-19

6-62

6-62

(/>
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o
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o
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Memory Support Circuits National Semiconductor
Memory Application

February 1978 a
National offers a selection of memory support circuits

to facilitate the interface of memory components in

systems architecture. The memory support circuits were

developed specifically to accommodate the addressing,

clocking, data I/O, and control signals associated with

memory systems application as shown in figure 1.

Additional circuits are available to interface with data

bus structured computers and microprocessors. For

additional information contact National's Interface

Product Marketing Manager.

FEATURES OF THE TTL LEVEL MOS DRIVERS

Figure 2 compares the switching response of the DS3628
with a 74S TTL gate. Two features can be observed from

the switching waveforms: 1) the DS3628 is as fast as

the 74S TTL driving TTL loads, and 2) the output high

level (Voh) of the DS3628 is higher than that of the

74S TTL.

In a memory system composed of MOS RAMs the load

is capacitive and not resistive. Figure 3 compares the

switching response of the DS3628 with a 74S TTL
gate driving capacitive loads of 50 pF, 150pF, and

300 pF. The switching waveforms show that the fall

time of the DS3628 is as fast as or faster than those

of the 74S TTL, but most obvious is the rise time of

the DS3628 - much faster than that of the 74S TTL.
In addition, the 74S has an objectionable glitch in its

rise time. The output high (Voh) ' eve ' °f the DS3628 is

higher driving capacitance due to a bootstrap effect in

the circuit.

The switching response of the circuits interfacing with a

memory array is important since any delay subtracts

from the overall memory access time. The switching

response driving a capacitive load is more important;

as an example, the address drivers might be expected to

drive 420 pF in a memory containing 64 MOS RAMs
with 5pF input capacitance each plus 100pF of board

capacitance. The same is typical of clock signals, select

signals, and read/write signals.

The input logic levels of MOS RAMs are generally higher

than TTL gate levels (typically 400 mV higher). There-

fore, the higher output high level (Voh) of the DS3628
is preferable for noise immunity and switching overdrive.

The features of the DS3628 are typical of the other

TTL level memory support circuits shown in the Selection

Guide.

REFRESH
COUNTER

ADDRESS
DRIVER

MOS
RAM MATRIX

I
1/0

REGISTER

ADDRESS
DRIVER

rn

Figure 1. Memory System Block Diagram
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DAMPING RINGING OF CLOCK SIGNALS

Ringing of clock signals in a system where the logic

fan-out is less than 10 is not generally a big problem,

but with higher fan-out the increased capacitive load

associated wi"h even a small amount of wiring inductance

is a problem. When the capacitance is small the switching

currents are small, but as the load increases the increased

current through the inductance makes the effect of the

inductance increase.

To reduce the associated ringing on the clock signals a

resistor may be placed n series with the output of the

clock driver to critically dampen the signal response.

Many of the memory support circuits are available with

this resistor It the output, such as the DS3649 which

has a 15fi dampening resistor, or the DS3679 which is

functionally the same without a dampening resistor.

FALL-THROUGH LATCH

In many memory applications a holding register is

required either for address or data I/O. Most commer-
cially available registers have an objectionable propaga-

tion delay since the circuit's response is the sum of many
gate delays. The address and data I/O paths are critical

to the memory system access time and a faster register

is preferred. The memory support circuits provide a

selection of faster latches. These circuits are the

DS3645/75 and the DS3647/77/147/177 series. These

registers are faster since the latch function is in parallel

instead of series with the signal path.

(D

3
o
«<

0)
c
oo
o

o
o
c_

0)

DS3628 OUTPUT

Figure 2. Switching Response with TTL Load



H 1 h -I 1 1 1 h

OUTPUT 50pF LOAD

-i 1 1 1 i

bns/DIV

^ 1 1 1 h

DS3628

1 1 h

DM74S20

DS3628

OUTPUT 150pF LOAD

H 1 1 h

DS362S

OUTPUT 300pF LOAD

V>-^+ H 1 K

DM74S20

.--t"

\K

Figure 3. Switching Response with Capacitive Load
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JSJ1 National MOS Memory Interface Circuits

dm Semiconductor

DS0025/DS0025C two phase MOS clock driver

general description

The DS0025/DS0025C is monolithic, low cost,

two phase MOS clock driver that is designed to be

driven by TTL/DTL line drivers or buffers such as

the DM932, DS8830 or DM7440. Two input

coupling capacitors are used to perform the level

shif : from TTL/DTL to MOS logic levels. Optimum
performance in turn-off delay and fall time are

obtained when the output pulse is logically con-

trolled by the input. However, output pulse widths

may be set by selection of the input capacitors

eliminating the need for tight input pulse control.

features

8-lead TO-5 or 8--lead dual-in-line package

High Output Voltage Swings— up to 30V

High Output Current Drive Capability -up to

1.5A

Rep Rate: 1.0 MHz into > 1000 pF

Driven by DM932, DS8830, DM7440 (SN7440)

"Zero Quiescent Power

connection diagrams
Metal Can Package Dual-ln-Line Package

Note: Pin 4 connected to case

TOP VIEW

Order Number DS0025H or DS0025CH
See NS Package H08C

5 OUTPUT B

Order Number DS002SCN-8
See NS Package N08A

typical application

timing diagram

ac test circuit

BOpF V

o-»-vw • r qi c lh! 9
v

11 I"! 1000 pF I

f

JT

^T^ IDOOpI

—1-Otr

1000 pF

*Q1 is selected high speed NPN snitching transistor.

6-1



absolute maximum ratings (NoteU

(V
+
- V ) Voltage Differential 30V

Input Current 100 mA
Peak Output Current 1 .5A

Storage Temperature -65 C to + 15CTC
Operating Temperature DS0025 -55C to +125°C

DS0025C 0°C to +85°C
Lead Temperature (Soldering, 10 sec) 300"C

eleCtrica I Cha raCterJStiCS (Notes 2 and 3) See test circuit.

PARAMETER CONDITIONS MIN TYP MAX UNITS

tdON Turn-On Delay Time c, N = o.ooimf. R| N = on, c L = o.ooimf 15 30 ns

t R , SE Rise Time C IN = 0.001MF, R, N = Oii, C L = O.OOIMF 25 50 ns

tdopF Turn-Off Delay Time C, N = O.OOIMF, Rin = Oil, CL = 0.001/jF,

(Note 4)

30 60 ns

tFALL Fall Time cm =o.doimf, Rin =on,

C L = 0.001uF

(Note 4) 60 90 120 ns

(Note 5) 100 150 250 ns

PW Pulse Width (50% to 50%) c, N =o.ooimf, r, n =on,

C L =0.001/jF (Note 5)

500 ns

V0+ Positive Output Voltage Swing V IN =0V, l OUT =-1 mA V + -1.0 V 4
-0.7V V

Vq- Negative Output Voltage Swing l, N = 10 mA, l OUT = 1 mA V~+0.7V V~+1.5V V

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS0025 and across the 0°C to
+70° C range for the DS0025C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Parameter values apply for clock pulse width determined by input pulse width.

Note 5: Parameter values for input pulse width greater than output clock pulse width.

typical performance
Transient Power vs Rep. Rate

C, 7

!

1)00 D F 1

g / /
/r V7

a iX.L
5o y

C, 250 pf
z

y*i ,

z

u^-**
-^-s=F

•~ =f 200 pF

V -V" 16V

160

140

£
-^ 120

o
i= 100
<t

1 80

o
tc 60

I 4°

D 20

DC Power (PDC )vs Duty Cycle

V - J' -*20v/[

V" -V = 16V

/ ' /

f V-- -V = 12V—

—\

.5 10 1.5 2.0

PULSE REPETITION RATE (MHz)

pAc = (v*-\n"fc L

Maximum Load Capacitance

10 20 30 40 SO 60 70 85
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(V
+
-V-)'f[)C)

H°c " ll

1100

900

700

500

300

100

o IPUt PWC ontro Hedby C|N
OUTPUT f>ULSf WI0TH VS C,„FDRL0NG

INPUT PULSES

FOR INPUT PULSE *S • R„C 1N In'-**4*

OUTPUT PUISE WIDTH = INPUT PULSE WIDTH

44-1-
a r t^ 1

"0*153; OBIVER DMMM
DRIVER

*

3 4^:
- MifPU LUP

0.2 04 0.6 0.8 2 1.4 1.6 1.8 2.0
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+
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(f)(1k)(V -V) 2 "
V*-V"

200 600 1000 1400 1800 2200

C, N (PFI

•max - peal< cu rent delivered by drivet
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applications information

Circuit Operation

Input current forced into the base of 0-\ through the

coupling capacitor C| N causes Q-| to be driven into

saturation, swinging the output to V~ + VCE (sat) +

^Diode-

When the input current has decayed, or has been

switched, such that Q-| turns off, Q2 receives base

drive through R 2 , turning Q2 on. This supplies

current to the load and the output swings positive

to V f
- V BE .

It may be noted that Q, must switch off before

Q2 aegins to supply current, hence high internal

transients currents from V
-

to V+ cannot occur.

FIGURE 1. DS0025 Schematic (One-Half Circuit!

Fan-Out Calculation

The drive capability of the DS0025 is a function

of system requirements, i.e. speed, ambient tem-

perature, voltage swing, drive circuitry, and stray

wiring capacity.

The following equations cover the necessary cal-

culations to enable the fan-out to be calculated

for any system condition.

Transient Current

The maximum peak output current of the DS0025

is given as 1 .5A. Average transient current required

from the driver can be calculated from:

C L (V
+
-V")

I = — (1)
t
r

Typical rise times into 1000 pF load is 25 ns

For V* - V" = 20V, I
= 0.8A.

Transient Output Power

The average transient power (Pac ) dissipated, is

equal to the energy needed to charge and discharge

the output capacitive load (C L ) multiplied by the

frequency of operation (f).

Pac = C L x (V
+
- V ) x f (21

For V
+
- V" = 20V, f = 1.0 MHz, C L = 1000 pF,

Pac = 400 mW.

Internal Power

"0" State Negligible (<3 mW)
"1" State

P •„,
= ^ x Duty Cycle (3)

R 2

= 80 mW for V
4
- V" = 20V, DC = 20%

Package Power Dissipation

Total average power = transient output power +

internal power

example calculation

How many MM506 shift registers can be driven by

a DS0025CN driver at 1 MHz using a clock pulse

width of 200 ns, rise time 30-50 ns and 16V am-

plitude over the temperature range 0-70
J

C?

Power Dissipation:

At 70° C the DS0025CN can dissipate 870 mW
when soldered into printed circuit board.

Transient Peak Current Limitation:

From equation ( 1 ), it can be seen that at 16V and

30 ns, the maximum load that can be driven is

limited to 2800 pF.

For one-half of the DS0025C, 870 mW 4- 2 can be

dissipated.

435 mW = 50 mW + transient output power

385 mW = transient output power

Using equation (2) at 16V, 1 MHz and 350 mW,
each half of the DS0025CN can drive a 1367 pF

load. This is less than the load imposed by the

transient current limitation of equation (1) and

so a maximum load of 1367 pF would prevail.

Average Internal Power:

Equation (3), gives an average power of 50 mW at

16V and a 20% duty cycle.

From the data sheet for the MM506, the average

clock pulse load is 80 pF. Therefore the number

of devices driven is 1367/80 or 17 registers.
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MOS Memory Interface Circuits

DS0026, DS0056 5 MHz two phase MOS clock drivers

general description

DS0026/DS0056 are low cost monolithic high speed
two phase MOS clock drivers and interface circuits.

Unique circuit design provides both very high speed
operation and the ability to drive large capacitive loads.

The device accepts standard TTL/DTL outputs and
converts them to MOS logic levels. They may be driven

from standard 54/74 series and 54S/74S series gates

and flip-flops or from drivers such as the DS8830 or

DM7440. The DS0026 and DS0056 are intended for

applications in which the output pulse width is logically

controlled; i.e., the output pulse width is equal to the
input pulse width.

The DS0026/DS0056 are designed to fulfill a wide
variety of MOS interface requirements. As a MOS clock
driver for long silicon-gate shift registers, a single device

can drive over 10k bits at 5 MHz. Six devices provide
input address and precharge drive for a 8k by 16-bit

1103 RAM memory system. Information on the correct

usage of the DS0026 in these as well as other systems is

included in the application note AN-76A.

The DS0026 and DS0056 are identical except each
driver in the DS0056 is provided with a VBB connection
to supply a higher voltage to the output stage. This aids

in pulling up the output when it is in the high state. An
external resistor tied between these extra pins and a

supply higher than V+ will cause the output to pull up
to (V

+ -0.1V) in the off state.

For DS0056 applications, it is required that an external

resistor be used to prevent damage to the device when
the driver switches'- low. A typical VBB connection is

shown on the next page.

These devices are available in 8-lead TO-5, one watt
copper lead frame 8-pin mini-DIP, and one and a half

watt ceramic DIP, and TO-8 packages.

features

Fast rise and fall times-20 ns with 1000 pF load

High output swing-20V

High output current drive-±1.5 amps

TTL/DTL compatible inputs

High rep rate-5 to 10 MHz depending on power
dissipation

Low power consumption in MOS "0" state-2 mW
Drives to 0.4V of GND tor RAM address drive

connection diagrams (Top views)

TO-5 Package Dual-ln-Line Package

NC OUT A V* OUT B

TO-8 Package

Note: Pin 4 connected to case.

Order Number DS0026H
or DS0026CH

See NS Package H08C

TO-5 Package

L

7 \S 5

I'
2 h 4

NC IN A V~ IN B

Order Number
DS0Q26CJ-8,
DS0026CN-8
or DS0026J-8

See NS Package J08A or N08A
Dual-ln-Line Package

OUT A V"
1

VBBB OUT B

Flat Package

V* NC DUTB NC in B N NC

l» 1-3 ,2 |„ " 9 |b

L<p
)

r^n
1' l«

3 |, 5

1

' 1'

Order Number DS0026G
or DS0026CG

See NS Package HI 2C

NC OUT A NC IN A NC

Order Number OS0026W
See NS Package W14A

Note: Pin 4 connected lo else.

Order Number DS0056H
or DS0056CH

See NS Package H08C

8 ' 6 5

wL

\
1 ' 3 4

Order Number
DS0056J-8, DS0056CJ-8

or DS0O56CN-8
See NS Package J08A or N08A

Order Number DS0056G
or DS0056CG

SeeNS Package H12C

6-4



absolute maximum ratings (NoteD

V+ -V" Differential Voltage 22V

Input Current 100 mA
Input Voltage (V„, -V") 5.5V

Peak Output Current 1.5A

electrical characteristics (Notes 2 and 3)

Operating Temperature Range

DS0026, DS0056 -55°C to +125°C

DS0026C, DS0056C 0°C to +70°C

Storage Temperature Range -65 C to +150 C

Lead Temperature (Soldering, 10 seconds) 300 C

PARAMETER

Logic "1" Input Voltage

Logic "1" Input Current

Logic "0" Input Voltage

Logic "0" Input Current

Logic "1" Output Voltage

Logic "0" Output Voltage

"ON" Supply Current

"OFF" Supply Current

CONDITIONS

= 0.4V, V BB > V + 1.0V

V + - V" =

(Note 6)

V| N - V" = 2.4V

(one side on)

V+ - V" =

Vin-V-

20V,

= 0V

V+-1.0

V +-0.3

V+0.7

V+-0.7

V+1.0

UNITS

V

uA

uA

uA

switching characteristics (TA = 25°o (Notes5and 7)

PARAMETER CONDITIONS MIN TYP MAX UNITS

tON Turn-on Delay IFigure 1) 5 7.5 12 ns

IFigure 2) 11 ns

toFf: Turn-off Delay IFigure 11 12 15 ns

IFigure 2) 13 ns

t
r

Rise Time (Figure 11,

(Note 5)

C L = 500 pF 15 18 ns

C L
= 1000 pF 20 35 ns

(Figure 21,

(Note 5)

C L = 500 pF 30 40 ns

C L
= 1000 pF 36 50 ns

tf Fall Time (Figure 11,

(Note 5)

C L =500pF 12 16 ns

C L
= 1000 pF 17 25 ns

IFigure 2),

(Note S)

C L
= 500 pF 28 35 ns

C L = 1000 pF 31 40 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions For actual device operation.

Note 2: These specifications apply for V
+ - V~ = 10V to 20V, C L = 1000 pF, over the temperature range of -55°C to +125°C for the DS0026,

DS0056 and 0°C to +70°C for the DS0026C, DS0056C.

Note 3: All curren ::; into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: All typical values for the T^ = 25°C.

Note 5: Rise and fall time are given for MOS logic levels; i.e., rise time is transition from logic "0" to logic "1" which is voltage fall.

Note 6: l BB for DS0056 is approximately (VBB - V
_

)/1 kn (for one side) when output is low.

Note 7: The high current transient (as high as 1.5A) through the resistance of the external interconnecting V lead during the output transition

from the high state to the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to

V~ is electrically long, or has significant dc resistance, it can subtract from the switching response.

typical VBB connection DS0056

1~
h5=

6-5



CO
in

8
(V)

Q
to"
CM
OO
C/>

a

typical performance characteristics

Input Current vs Input Voltage

i
-1.0 -0.5 0.5 1.0 1.5 2.0 2.5

INPUT VOLTAGE (V)

Supply Current vs Temperature

» 6.5

DUTY CYCLE -20%

1=1 MHl

V*-V".20V

V*-V".17V

1 1

-75 -50 -25 25 50 75 100 125

TEMPERATURE ("0

Turn-On and Turn-Off Delay

vs Temperature

""

16 tON

to

^-—
10

8

6

4

2

FF

Vcc - 20V

l
1

-50 -25 25 50 75 100 125

TEMPERATURE CO

Rise Time vs Load
Capacitance

P 20

200 400 600 800 1000 1200

LOAD CAPACITANCE (pF)

Fall Time vs Load
Capacitance

200 400 600 800 1000 1200

LOAD CAPACITANCE IpFI

Recommended Input Coupling

Capacitance

100 200 300 400 500 EDO 700 I

OUTPUT PULSE WIDTH (nsl

DC Power IPqcI vs

Duty Cycle

400

360

320

280

240

200

160

120

Ta -25*C /
'

/
V* - V" - 20V V
V* -V"= 17V \/ /
V

iX
yf

Pdc '•
~

0.61
— UCI

10 20 30 40 50 60 70

DUTY CYCLE (%)
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schematic diagrams
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ac test circuits and switching time waveforms
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typical applications

AC Coupled MOS Clock Driver

1
1000 pF

£=0

a>
T"

TWO PHASE CLK
TO SHIFT

REGISTERS OR RAMS

DC Coupled RAM Memory Address or Precharge

Driver (Positive Supply Only)

s=t>

100 pF

-A-A/w-*—

-

rzD—hP-1

JL

T

TO ADDRESS
LINES ON
MEMORY SYSTEM



application hints

DRIVING THE MM5262 WITH THE
DS0056 CLOCK DRIVER

The clock signals for the MM5262 have three require-

ments which have the potential of generating problems

for the user. These requirements, high speed, large

VDltage swing and large capacitive loads, combine to

provide ample opportunity for inductive ringing on clock

lines, couplinc clock signals to other clocks and/or

inputs and outputs and generating noise on the power
supplies. All of these problems have the potential of

causing the memory system to malfunction. Recognizing

the source and potential of these problems early in the

design of a memory system is the most critical step.

The object hEre is to point out the source of these

problems and give a quantitative feel for their magnitude.

Line ringing comes from the fact that at a high enough
f-equency any line must be considered as a transmission

I ne with distributed inductance and capacitance. To
see how much ringing can be tolerated we must examine

the clock voltage specification. Figure 6 shows the clock

'Vtimini = Minimum threshold voltage

FIGURE 6. Clock Waveform

specification, in diagram form, with idealized ringing

sketched in. The ringing of the clock about the V ss level

i;. particularly critical. If the Vss - 1 VOH is not main-

tained, at all times, the information stored in the memory
could be altered. Referring to Figure 1 , if the threshold

voltage of a transistor were -1.3V, the clock going to

Vss — 1 would mean that all the devices, whose gates

are tied to that clock, would be only 300 mV from
turning on. The internal circuitry needs this noise

margin and from the functional description of the RAM
it is easy to see that turning a clock on at the wrong
tme can have disastrous results.

Controlling the clock ringing is particulary difficult

because of the relative magnitude of the allowable

r nging, compared to the magnitude of the transition.

It this case h is 1V out of 20V or only 5%. Ringing

can be controlled by damping the clock driver and
minimizing the line inductance.

Damping the clock driver by placing a resistance in

series with its output is effective, but there is a limit

snce it also slows down the rise and fall time of the

clock signal. Eiecause the typical clock driver can be

much faster than the worst case driver, the damping
resistor serves the useful function of limiting the

minimum rise and fall time. This is very important
because the feister the rise and fall times, the worse the

ringing problem becomes. The size of the damping
resistor varies because it is dependent on the details of

tie actual application. It must be determined empirically.

In practice a resistance of 10 ohms to 20 ohms is usually

optimum.

Limiting the inductance of the clock lines can be

accomplished by minimizing their length and by laying

out the lines such that the return current is closely

coupled to the clock lines. When minimizing the length

of clock lines it is important to minimize the distance

from the clock driver output to the furthest point

being driven. Because of this, memory boards are

usually designed with clock drivers in the center of

the memory array, rather than on one side, reducing the

maximum distance by a factor of 2.

Using multilayer printed circuit boards with clock lines

sandwiched between the VDD and Vss power plains

minimizes the inductance of the clock lines. It also

serves the function of preventing the clocks from coupling

noise into input and output lines. Unfortunately multi-

layer printed circuit boards are more expensive than

two sided boards. The user must make the decision as

to the necessity of multilayer boards. Suffice it to say

here, that reliable memory boards can be designed using

two sided printed circuit boards.

The recommended clock driver for use with the MM4262/
MM5262 is the DS0056/DS0056C dual clock driver.

This device is designed specifically for use with dynamic
circuits using a substrate, V BB , supply. Typically it will

drive a 1000 pF load with 20 ns rise and fall times.

Figure 7 shows a schematic of a single driver.

I INF

FIGURE 7. Schematic of 1/2 DS0056

In the case of the MM5262, V+ is a +5V and V BB is

+8.5V. VBB should be connected to the V BB pin

shown in Figure 7 through a 1 kfi resistor. This allows

transistor Q4 to saturate, pulling the output to within a

Vceisat) of *ne V supply. This is critical because as

was shown before, the Vss — 1.0V clock level must not

be exceeded at any time. Without the VBB pull up on

the base of Q4 the output at best will be 0.6V below
the V+ supply and can be IV below the V+ supply

reducing the noise margin or this line to zero.
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application hints (conf

Because of the amount of current that the clock driver

must supply to its capacitive load, the distribution of

power to the clock driver must be considered. Figure 8
gives the idealized voltage and current waveforms for a

clock driver driving a 1000 pF capacitor with 20 ns

rise and fall time.

inductance, L, is also shown. Let us assume, for the sake

of argument, that Cc is 1 pF and that the rise time of

the clock is high enough to completely isolate the clock

tranisent from the 7404 because of the inductance, L.

20 » 1D'
9 ibc

FIGURE 8. Clock Waveforms (Voltage and Current)

As can be seen the current is significant. This current

flows in the VDD and Vss power lines. Any significant

inductance in the lines will produce large voltage

transients on the power supplies, A bypass capacitor,

as close as possible to the clock driver, is helpful in

minimizing this problem. This bypass is most effective

when connected between the Vss and VDD supplies. A
bypass capacitor for each DS0056 is recommended.

The size of the bypass capacitor depends on the amount
of capacitance being driven. Using a low inductance

capacitor, such as a ceramic or silver mica, is most

effective. Another helpful technique is to run the VOD
and Vss lines, to the clock driver, adjacent to each

other. This tends to reduce the lines inductance and

therefore the magnitude of the voltage transients.

While discussing the clock driver, it should be pointed

out that the DS0056 is a relatively low input impedance

device. It is possible to couple current noise into the

input without seeing a significant voltage. Since this

noise is difficult to detect with an oscilloscope it is

often overlooked.

Lastly, the clock lines must be considered as noise

generators. Figure 9 shows a clock coupled through a

parasitic coupling capacitor, Cc , to eight data input

lines being driven by a 7404. A parasitic lumped line

FIGURE 9. Clock Coupling

With a clock transition of 20V the ma
voltage generated across C L is:

initude of the

V = 20V x
Cc / 1 \

= 20V x
C L+CC \56+1/

0.35V

This has been a hypothetical example to emphasize

that with 20V low rise/fall time transitions, parasitic

elements can not be neglected. In this example, 1 pF
of parasitic capacitance could cause system malfunction,

because a 7404 without a pull up resistor has typically

only 0.3V of noise margin in the "1" state at 25 C.

Of course it is stretching things to assume that the

inductance, L, completely isolates the clock transient

from the 7404. However, it does point out the need

to minimize inductance in input/output as well as

clock lines.

The output is current, so it is more meaningful to

examine the current that is coupled through a 1 pF

parasitic capacitance. The current would be:

AV 1x10""x20
Cc x — = — = 1 mA

At 20x10"9

This exceeds the total output current swing so it is

obviously significant.

Clock coupling to inputs and outputs can be minimized

by using multilayer printed circuit boards, as mentioned

previously, physically isolating clock lines and/or run-

ning clock lines at right angles to input/output lines.

All of these techniques tend to minimize parasitic

coupling capacitance from the clocks to the signals in

question.

In considering clock coupling it is also important to

have a detailed knowledge of the functional characteristics

of the device being used. As an example, for the MM5262,
coupling noise from the 4>2 clock to the address lines

is of no particular consequence. On the other hand the

address inputs will be sensitive to noise coupled from

01 clock.

6 10
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MOS Memory Interface Circuits

DS3605, DS3606, DS3607, DS3608 hex TRI-STATE*
MOS sense amplifiers (MOS to TTL converters)

general description

The DS3605 series are programmable hex MOS sense

amplifier;; featuring high speed direct MOS sense capa-

bility with high impedance states to allow use of a

common bus line. The DS3605 and DS3606 have

TRI-STATE outputs. The OS3607 and DS3608 have

both TRI-STATE inputs and outputs. High impedance

states are controlled by an enable input.

Input current threshold (the level at which the output

changes state) is determined by the current at the

programming pin. The current threshold is IOOuA with

the programming pin grounded and 250;uA with the pin

unconnected. The threshold can be set from 100juA to

300/jA by connecting a resistor from the pin to ground,

and set above 300uA by connecting a resistor from the

pin to the positive supply.

Outputs are high current drivers capable of sinking

50 mA in the low state and sourcing 5 mA in the high

state.

features

Non-inverting inputs (DS3605, DS3607)

Inverting inputs (DS3606, DS3608)

No external components required (direct MOS sensing)

Programmable input thresholds

Current sensing—100uA minimum

50 mA drive capability

TRI-STATE control

Single 5V supply

15 ns typical propagation delay (DS3605)

connection diagram typical application

Dual-ln-Line Package

VC(: DISABLE IN 6 0UT 6 !N 5 0UT 6 IN 4 0UT a

15 14 13 12

PACE Interface

ordering information

tyy*
nc.i,' IN, OUT, IN 2 OUT; IN, OUT] GND

TOP VIEW

ORDER NUMBERS PACKAGE

DS36C5J, DS3606J, DS3607J, DS3608J

DS36QSN, DS3606N, DS3607N, DS3608N

Canity DIP (J)

Molded DIP (N)

See NS Package J16A or N16A

XT

iz.

7\
>^:£3
-S-<

>->- i>

<=
INTERRUPT ANO JUMP CONDITION INPUTS

DS360B shown as an interface between the PACE
microprocessor and TTL data bus and I/O bus.
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absolute maximum ratings (NoteD operating conditions
MIN MAX UNITS

Supply Voltage 7V Supply Voltage, Vqc
Input Voltage 5.5V DS3605/DS3606, 4.75 5.25 V
Output Voltage 5.5V DS3607/DS3608

Input Drive Current per Input 25 mA
-T- r, r-^c^ ,1-nvr- Temperature, Ta

Storage Temperature Range -65 C to 150 C
DS3605/DS3606, +70 °C

Lead Temperature (Soldering, 10 seconds! 300 C
DS3607/DS3608

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V IH Logical "1" Input Voltage Discible Vcc = Min 2 V

l, H Logical "1 " Input Current Disable Vcc = Max, V IN =2.4V 40 uA

V| L Logical "0" Input Voltage Disable V cc =Mm 0.8 V

l, L Logical "0" Input Current Discible V IN
= 0.4V -1.6 mA

VCD Input Clamp Voltage Disable Vcc = Min, l IN
=-12 mA -1 -1.5V V

VOH Logical "1" Output Voltage Vcc = Min, l OUT = -5 mA 2.4 V

l os Output Short Circuit Current Vcc = Max, Vqut = 0V (Note 4) -20 -50 -90 mA

VOL Logical "0" Output Voltage Vcc = Min, l OUT = 50 mA 0.3 0.4 V

lOL Logical "0" Output Current Vcc = Min, VOL = 0.4 50 mA

l 01JT TRI STATE Output Current V cc = Max, 0.4V < V OUT < 2.4V -40 40 uA

l IN TRI-STATE Input Current Vcc = Max, 0.4V < V, N < 5V -40 40 uA

l TH Input Threshold Current Vcc = 5V, TA = 25°C, l P = OuA 100 250 400 uA
Vcc = 5V, TA = 25°C, l P = 1 mA 1000 1250 1500 uA

Wax Maximum Input Driver Per input Vcc = Max 15 8 mA

l cc Supply Current

Vcc = Max
DS3605 80 115 mA
DS3606/DS3607 90 130 mA
DS3608 80 115 mA

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" pro-

vides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3605, DS3606, DS3607 and DS3608. All

typicals are given for Vqq = 5.0V and Ta. = 25° C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.
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Switching Characteristics Unless otherwise specified, TA = 25°C, Vcc = 5V

PARAMETER CONDITIONS MIN TYP MAX UNITS

t PDC Propagation Delay

C L
= 50 pF, R L

= 800,

l P
- 750/jA, l r„

-- 2 mA

DS3605 15 22 ns

DS3606 26 39 ns

DS3607 24 35 ns

DS3608 20 30 ns

t PD1 Propagation Delay

C L - 50 pF, R L - 80S2,

Ip = 750nA, l, N - 2 mA

DS3605 15 22 ns

DS3606 19 29 ns

DS3607 19 29 ns

DS3608 14 21 ns

t0H TRI-STATE Delays (Input/Output)

C L
= 5 pF, R L

- 80-Q,

l P
= 750^A, I in

= 2mA

DS3605 18 32 ns

DS3606 18 32 ns

DS3607 20 35 ns

DS3608 20 35 ns

t 1H TRI-STATE Delays (Input/Output)

C L
= 5 pF, R L = 80S2,

l p = 750/jA, l| N - 2 mA

DS3605 8 14 ns

DS3606 8 14 ns

DS3607 10 18 ns

DS3608 10 18 ns

t H0 . TRI-STATE Delays (Input/Outputl

C L
= 50 pF, R, = 80S2,

l P
= 750/jA, I, n ^ 2 mA

DS3605 22 40 ns

DS3606 20 35 ns

DS3607 45 80 ns

DS3608 45 80 ns

tm - TRI-STATE Delays (Input/Output)

C L = 50 pF, R L
= 8012,

l P
= 750/uA, l IN

= 2 mA

DS3605 25 45 ns

DS3606 26 45 ns

DS3607 35 60 ns

DS3608 35 60 ns

*Data valid only after this delay.

truth tables

DS3605 (Note 1) DS3606 (Note 2)

l|N DIS OUT

X H

L

L

Hi-Z

H

L

'in DIS OUT

X

>1t

<It

H

L

L

Hi-Z

L

H

DS3607 (Note 1) DS3608 (Note 21

'|N DIS OUT

X

>I T

<It

H

L

L

Hi Z

L

H

*IN DIS OUT

X

>It

<It

H

L

L

Hi-Z

H

L

Note 1: Non-inverting inputs

Note 2: Inverting inputs



typical performance characteristics

Typical Input Threshold vs

Voltage at Programming Pin

Input Threshold vs Power Supply
Variation

Input Threshold vs

Temperature

~vcc
TA "

1400
= SV

""

25°C
"~

'

J 1200

£ 1000
1

/
" 800

£ 600

z 400 //
200 *£

EQUIVALENT TO PIN

BEING PEN

1

TA =25°C
l P -OPEN

Vcc = 5V

lp- OPEN

1 2 3 4 5

VOLTAGE AT PROGRAMMING PIN (V)

Typical Input Threshold Current vs

Program Resistor DS3605 Series

POWER SUPPLY (V)

Typical Propagation Delay vs Input

Capacitance DS3605

75 -50 25 25 50 75 100 125 150

TA -AMBIENT TEMPERATURE ("CI-

Typical Propagation Delay vs Input

Capacitance DS3606

1

40
in id - 2 mA
Vcc

30 •i.

Wi

20

10

10

tpdO

30 1

20

10
'in (i)"2"iA

C-5V

5 10 15 20 25 30

PROGRAM RESISTOR (knl

50 100 150 200

INPUT CAPACITANCE (pF!

50 100 150 200 250

INPUT CAPACITANCE (pf

)

Typical Propagation Delay vs Input

Capacitance DS3607
Typical Propagation Delay vs Input

Capacitance DS3608

—

1

1

1

1 1 1

50uA

I 40
>

liN m -2 mA
rpd1

' XIO

s 30
z

2 20

<
a
E io

*\H«1

1

1

. I, = 75

Iin id - 2 rnA

Vcc " 5V

1 ! !

50 100 150 200

INPUT CAPACITANCE (pF)

50 100 150 200 250

INPUT CAPACITANCE (pF)
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ac test circuit

DEVICE ,
OUTPUT L -H-

i
ALLDIODES ARE 1N3064

switching time waveforms

INPUT
WAVEFORM

OUTPUT
OS1605/DS160S

OUTPUT
DS1606/OS1607

^V

o
(/)

w
o>o

o
C/>

w
o
p>

D
CO
CO
0)o

o
CO
CO
O)o
00

-Xl.5V 1.5V-V -y'

0.5V

r

1.5V 1.5V-

J

SIC "0" / 0.5V \ t

equivalent circuit

PROGRAMMING

Li *_J
TVPICAL CIRCUIT;

ONE OF SIX SHOWN

Note 1: On the DS36D5 and OS3606, the disable is only connected to the output stage. On the

S3607 and DS3608, it is connected to both the input and output.

Note 2: Diode 03 is used in the DS3607 and 0S360B only. In the OS3605 and OS3606, the

emitter of Q4 is connected directly to around.
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5?51 National MOS Memory Interface Circuits

Jui Semiconductor

DS3625, DS7802/DS8802, DS7806/DS8806
dual high speed TRI-STATE® MOS to TTL level converters

general description

The DS3625, DS7802/DS8802, DS7806/DS8806
are high speed MOS to TTL level converters. These

circuits act as an interface level converter between

MOS and TTL logic devices. It consists of two
1-input converters with common strobe input to

inhibit "0" entry when strobe is high. It allows

parallel entry when strobe is low and the internal

latch is preset by the common preset input. TRI-

STATE output logic is implemented in this circuit

to facilitate high spe:ed time sharing of decoder-

drivers, fast random-access (or sequential) memory
arrays, etc.

features

Very low output impedance — high drive

ability

High impedance output state which allows

many outputs to be connected to a common
bus line

Average power dissipation 110 mW per con-

verter

DS3625 is pin-for-pin replacement for the

Signetics 8T25

logic and connection diagrams

DS7802/DSB802,

DS7806/DS8806

T>-t>
(CURRENT INPUT)

(CURRENT INPUT)

|

\>J f-H -V (CURRENT INPUT) *—

|

YJ H -t

PUT)
(| \ JO-*

^
i> (CURRENT INPUT)

, \ JO-
1 ^ >

H>c-I

PRESET

STROBE

Dual-ln-Line Package

GND

INPUT A

NC

GND

INPUT B

GND

OUTPUT A

PRESET

Dual-ln-Line Package

Vcc

Dual-ln-Line Package

V^
14

_1
STROBE —

1

w
8

— OUTPUT B

— DISABLE OUTPUT A —

-

DUTPUTB

— DS7806/DS8H06 1L NC

— in
GNU INPUT A —— DISABLE/PRESET

; I
INPUT B

GN[)

GND —

i

INPUT

B

Order Number DS7802J, DS8802J
or DS8802N

See NS Package J16A or N16A

Order Number DS7806J, DS8806J,
OS8806N or DS7806W

See NS Package J14A, N14A orW14A

Order Number DS3625N
See NS Package N08A
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absolute maximum ratings (Note d operating conditions

Supply Voltage

input Voltage

Output Voltage

Storage Temperature Range

70V
5 5V

5.5V

-65° C to 150'C

Lead'Temperature (Soldering, 10 seconds) 300 C

electrical characteristics (Notes 2 and 3)

Supply Voltage (V^q)

DS7802, DS7806
DS8802, DS8806, DS3625

Temperature (T^)

DS7802, DS7806
DS8802, DS8806, DS3625

4.5

4 75

-55

55
5.25

+ 125
+ 70

PARAMETER

UNA -
Logical "1" Input Current

'ina . 'if

Vih

Vil

Logical "0" Input Current

Logical "1" Input Voltage

Logical "0" Input Voltage

Logical "1" Output Voltage

Logical "0" Output Voltage

TRI-STATE Output Current

CONDITIONS

DS7802, DS7806

DS3625

Strobe, Preset, Disable, V cc = Min

Strobe, Preset, Disable, V cc = Min

; Min, l OUT = -1.5 mA
DS7802, DS7806

DS3625

.
= Min, l OUT = 16 mA

Logical "1" Input Current

Logical "0" Input Current

Supply Current

Input Clamp Voltage

Output Short Circuit Current

DS7802,

DS7806 V =0.4V

V cc = Max, V IN
= 0.4V

^CC " ^aX, ^IN(DISABLE) " 2V, V| N f STROBE>

and V 1N(PRESET )

= 0V

• -12mA

V cc ' Max

(Note 4)

DS7802, DS7806

DS8802, DS8806

-20

-70

switching characteristics

ma

uA

uA

uA

MA
uA

uA

uA

PARAMETER CONDITIONS MIN TYP MAX UNITS

*d> Propagation Delav to a Logical "0" From

Strobe to Output

V cc = 5.0V (See Waveforms), T A = 25°C 17 25 ns

*dp Propagation Delay to a Logical "1" From

Preset to Output (DS7802, DS7806)

Vcc = 5.0V (See Waveforms), TA = 25°C 22 32 ns

tlH Delay From Disable Input to High Impedance

State (From Logical "1" Level)

V cc = 5.0V (See ac Test Circuit), TA = 25°C 7.0 11 ns

toH Delay From Disable Input to High Impedance

State (From Logical "0" Level)

Vcc = 5.0V (See ac Test Circuit), T A = 25°C 17 25 ns

«H1 Delay From Disable Input to Logical "1"

Level (From High Impedance State)

Vcc = 5.0V (See ac Test Circuit), T A = 25°C 9.0 14 ns

tHO Delay From Disable Input to Logical "0"

Level (From High Impedance State)

V cc = 5.0V (See ac Test Circuit), T A = 25°C 13.5 16 ns

NotB 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics'

provides conditions for actual device operation.

Nota 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7802, DS7806 and across the

0°C to +70°C range for the DS8802, DS8806. All typicalsare given for Vcc = 5.0V, Ta - 25
C
C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.
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typical input circuit truth table

u IN A OR B ST p D C1A OR QB

1

1

1

1

1

1

1

1

1

1 1

X X X 1 Hi-Z

X = Don't care

ac test circuits

A
I

SWITCH S, SWITCH S2 c L

'dp Closed Closed 50 pF

tds Closed Closed 50 pF

lOH Closed Closed "5pF

'1H Closed Closed "5pF

thlO Closed Open 50 pF

^H1 Open Closed 50 pF

Jig capacitance

PULSE GEN. NO. 2

1 = 1 MHi
ir - 1, <: 5 ns

RD = 51 forPG 1 &2
W = ts„ = 20 ns ma*

Is = 20 ns, max

r«i

T t
r
= t, < 5 II:

R = 51

r~
T

f = 1 MHz
I, = t, < 5 n:

R = 51

T
(d)

Test Circuit 20
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switching time waveforms

*0H

/"
ov /

1.5V

D

ACTUAL
"""' /i

VOITAGE

(a)

tHO

PRESET .14V

\
-t-

<1H

(b)

'H1

(d)

(e)
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5J| National
AA Semiconductor

MOS Memory Interface Circuits

DS1628/DS3628 Octal TRI-STATE® MOS Drivers
General Description Features
The DS1628/DS3628 are octal Schottky memory drivers

with TRI-STATE® outputs designed to drive high

capacitive loads associated with MOS memory systems.

The drivers' output (Voh> is specified at 3.4V to

provide additional noise immunity required by MOS
inputs. A PNP input structure is employed to minimize

input currents. The circuit employs Schottky-clamped

transistors for high speed. A NOR gate of two inputs,

DIS1 and DIS2, controls the TRI-STATE mode.

High speed capabilities

- typ 5 ns driving 50 pF & 8 ns driving 500 pF

TRI-STATE outputs

High Voh (3.4 V min)

High density

— eight drivers and two disable controls for TRI-
STATE in a 20-pin package

PNP inputs reduce DC loading on bus lines

Glitch-free power up/down

Schematic and Connection Diagrams

EQUIVALENT INPUT EQUIVALENT OUTPUT

TM<

Truth Table

(ONE INVERTER SHOWN ONLY)

Ovcc

Duai-ln-Line F*ackage

;:a

< i—QOUTPUT

IN 3

0UT4

IN E

0UT6

IN 7-

0UT8-

GN0-

IAs-3=;

~\y-

V
;=^-

M?=;
M^ ;

\^^^

V~-

-V~
£-

• vcc

- DIS2

- OUT I

TOP VIEW

Order Number
DS1628J, DS3628J, DS3628N
See NS Package J20A or N20A

Typical Application

Disable Input
Input Output

DIS 1 DIS2

H H X Z

H X X z

X H X z

L L H L

L L L H

H = high level

L = low level

X = don't care

2 = high impedance (off)

MNI529G
16k DYNAMIC

RAM
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Absolute Maximum Ratings (Note 1

1

Operating Conditions

Supply Voltage

Logical "1" Input Vol "age

Logical "0" Input Voyage
Storage Temperature -fange

Power Dissipation*

Cavity Package

Molded Package

Lead Temperature (So dering, 1 seconds)

7.0V

7.0V

-1.5V
-65° C to +150 C

1160 mW
1000 mW

300 C

MIN

Supply Voltage (Vqq) 4.5

Temperature (T^)

DS1628 65

DS3628

MAX
5.5

UNITS

+125 °C

+70 °C

"Derate cavity package at 80"C/W above 70"C; derate molded

package at 90"C/W above 70"C

Electrical Characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|r\i(i) Logical "1 " Input Voltage 2.0 V

V|N(0) Logical "0" Input Voltage 0.8 V

l|N(1) Logical "1 " Input Current VCC = 5 5V V| N = 5.5V 0.1 40 wA

llNiQ) Logical "0" Input Current VCC= 5-5V V| N -0.5V -180 -400 mA

VcLAMP Input Clamp Voltage Vcc = 45V 1
1 fsj

= -18mA -0.7 -12 V

Logical "1" Output Voltage
Vcc - 4.5V l OH--10nA

DS1628 3.4 4.3 V
V° H (No Load) DS3628 3.5 4.3 V

Logical "0" Output Voltage
Vcc = 4.5V Iql " 10nA

DS1628 0.25 0.4 V

0L (No Load) DS3628 25 0.35 V

Logical "1" Output Voltage
Vcc = 4 -5V l H = -10mA

DS1628 2.5 3.9 V
V°H (With Load) DS3628 2.7 3.9 V

Logical "0" Output Voltage
OL (With Load)

Vcc -- 4.5V Iol 20mA DS1628/DS3628 0.35 0.5 V

l| D Logical "1" Drive Current Vcc" 4 -5V V OuT = 0V (Note S) -150 mA

Iqd Logical "0" Drive Current V(;C »4.5V V0UT = 4.5V (Note 6) 150 mA

Hi-Z TRI-STATE Output Current Vouj = 0.4 V to 2.4 V DIS1 or DIS2 = 2.0V -40 0.1 40 nA

Vcc - 5.5V

One DIS Input = 3.0V

All other Inputs - X, Outputs at Hi-2
90 120 mA

Iqq Power Supply Current DIS1, DIS2 - 0V. others = 3V
Outputs on

70 100 mA

All Inputs = 0V, Outputs off 25 50 mA

Switching Characteristics <v Cc = 5v, ta - 250 (Note 6)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Storage Delay Negative Edge (Figure 1 i

C L
= 50pF 4.0 5.0 ns

ts+-
C L = 500pF 6.5 8.0 ns

Storage Delay Positive Edge (Figure 1 )

C L = 50pF 4.2 5.0 ns

<S- +
C L = 500pF 6.5 8.0 ns

Fall Time (Figure 1)

C L
- 50pF 4.2 6.0 ns

<F
C L = 500pF 19 22 ns

Rise Time (Figure 1)

C L - 50pF 5.2 7.0 ns

tR
C L

- 500pF 20 24 ns

tZL
Delay from Disable Input to Logical "0"

Level (from High Impedance State)

C L = 50pF

to GND
R L - 2kn to V CC
(Figure 2)

19 25 ns

«ZH
Delay from Disable Input to Logical "1"

Level (from High Impedance State)

C L
- 50pF

to GND
R L

- 2kn to GND
(Figure 2)

13 20 ns

<LZ
Delay from Disable Input to High Impedance

State (from ^ogical "0" Level)

C L
- 50pF

to GND
R|_- 400n to Vct
(Figure 3)

18 25 ns

«HZ
Delay from Disable Input to High Impedance

State (from Logical "1" Level)

C L
- 50pF

to GND
R L = 400n to GND
(Figure 3)

8.5 15 ns

(/)—

L

0)
IO
00

—

O
c/>

CO
O)
ro
00
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AC Test Circuits and Switching Time Waveforms

ts+-. ts-+, tr , tf

PULSE
GENERATOR
(NOTE 4)

r

Hi

T

INPUT / BV V V

-I A

10%;

- IS-*

OUTPUT
V r 90%

Vs

^90%

|L — <R

PULSE
GENERATOR
(NOTE 4)

*ZH

vcc

O

1.

T

OUT --^^—
(NOTE 6)

50 pF;

(NOTE 5)

-Ovou
PULSE

GENERATOR
{NOTE 4)

«ZL

p

k-o-T^r

1

T

OUT —WV—f—OVOUT
(NOTE 6)

^ 50 pF

(NOTE 5)

*ANY ONE OF EIGHT OUTPUTS

PULSE
GENERATOR
(NOTE 4)

*HZ

v C c

Q

i

T

15 n

(NOTE 6)

SOpF;

(NOTE 5)

-OVQUT
PULSE

GENERATOR
(NOTE 4)

t|_Z

vcc

I
'^

°^o-N I

T

0.1„F

Hfr-
_L

out -Wy—1 1—ovou
-

(NOTE 6)

50pF

(NOTE 5)

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the -55°C to +125°C temperature range for the DS1628 and across theO°Cto
+70°C range for the DS3628. All typical values are for TA = 25°C and Vcc - 5 V.

Note 3: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages references to ground unless
otherwise noted All values shown as max cr min on absolute value basis.

Note 4: The pulse generator has the following characteristics: Z UT = 50 12 and PRR < 1 MHz. Rise and fall times between 10% and 90% points
< 5 ns.

Note 5: C|_ includes probe and jig capacitance.

Note 6: When measuring output drive current and switching response for the DS1628and DS3628 a 15S2 resistor should be placed in series with
each output.
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CTj National
jlA Semiconductor

MOS Memory Interface Circuits

DS1640/DS3640, DS1670/DS3670
general description

The DS1640/DS3640 and DS1670/DS3670 are quad

MOS TRI-SHARE port drivers with outputs designed to

drive large capacitive loads up to 500 pF associated

with MOS memory systems. PNP input transistors are

employed to reduce input current, allowing the large

fan-out to these drivers needed in memory systems.

The circuit has Schottky-clamped transistor logic for

minimum propagation delay.

The DS1640/DS3640 has a 15 £7 resistor in series

with the outputs to dampen transients caused by the

fast switching output circuit. The DS1670/DS3670 has

a direct, low impedance output source for use with or

without an external resistor.

The DS1640/DS1670 has two address inputs which

decode 10 one-of-four-high outputs. Provisions are made

quad MOS TRI-SHARE™ port drivers

for address expansion. For example, two packages may

be used to implement a three-input, eight-output decoder.

Also included is a refresh control, read/write, and strobe

input. These functions are required by the MM5270
4k TRI-SHARE MOS RAM.

features

TRI-SHARE port driver for MM5270 RAM

TTL/DTL compatible inputs

PNP inputs minimize loading

Capacitance-driving outputs

Built-in damping resistor (DS1640/DS3640)

logic and connection diagrams

-t>-

"^>o-o D

^V_« OUTPUT^/J-~V AB

"V.^ 0UTP1^/V-^ ab

&P J>o-o c

Dual-ln-Line Package

OUT
EXPN ADDA A-B R/W

;—|, |. |. p f~t
ADD ADO B OUT EXPN REFSH OUT GNO

OIS A-B AB

TOP VIEW

Order Number DS1640J, DS3640J, DS3640N,
DS1670J, DS3670J or DS3670N
See NS Package J14A or N14A

O
(/>
_l

o
o
(/)

w
O)

p
o
(/)

o>

o
o
CO
O)
>!

o

schematic diagram
EQUIVALENT INPUT

-M-

<

EQUIVALENT OUTPUT

> <-^ASv—0 OUTPUT

*DS1640/DS3640only
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absolute maximum ratings (Note d operating conditions
Supply Voltage, VCC 7V M |N MAX UNITS
Logical "1" Input Voltage 7V Supply Voltage (Vcc ) 4.5 5.5 V
Logical "0" Input Voltage -1.5V
Storage Temperature Range -65°C to +150°C

Temperature (TA )

_. . . , DS1640, DS1670 -55 +125 °C
rower Dissipation* „„„„..„ „„,* .„

Canity Package 1160 mW DS364°< DS367° °
+7° C

Molded Package 1000 mW *
Dergte cayjty package at 80

„ c/w aboye 7tf
,

dgrate mQ|ded
Lead Temperature (Solder.ng, 10 seconds) 300 C package at 90°C/W above 70°C.

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|N(i) Logical "1" Input Voltage 2.0 V

v IN(0) Logical "0" Input Voltage 0.8 V

l|N(1) Logical "1" Input Current

VCC = 5.5V,

V|N = 5.5V

Expansion 0.1 40 ma
Address Disable 0.2 80 ma
Address A, Address B 0.3 120 ma
Refresh, Ex mansion, Strobe

0.4 160 HARead /Write

l|fS|(0) Logical "0" Input Current

Vcc = 5.5V,

Vin = 0.5V

Expansion -50 -250 MA
Address Disable -100 -500 ma
Address A, Address B -150 -750 ma
Refresh, Exp ansion, Strobe

-0.2 -1.0 mA
Read/Write

VCLAMP input Clamp Voltage Vcc = 4 -5V, l|N = -18 mA -0.75 -1.2 V

Voh Logical "1" Output Voltage

(No Load)
Vcc = 4.5V, l0H = -10uA

DS1640, DS1670 3.4 4 3 V
DS3640, DS3670 3.5 4.3 V

Vo(_ Logical "0" Output Voltage

(No Load)
VCC = 4.5V, l L= 10 MA

DS1640, DS1670 0.25 0.40 V

DS3640, DS3670 0.25 0.35 V

Vqh Logical "1 " Output Voltage

(With Load)
VCC = 4.5V, l H = -1.0 mA

DS1640 2.4 3.5 V
DS1670 2.5 3.5 V

DS3640 2.6 3.5 V
DS3670 2.7 3.5 V

Vol Logical "0" Output Voltage

(With Load)
VCC = 4.5V, IOL = 20 mA

DS1640 0.6 1.1 V
DS1670 0.4 0.5 V

DS3640 0.6 1.0 V
DS3670 0.4 0.5 V

l|D Logical "1" Drive Current VCC ' 4.5V, VfjUT = 0V, (Note 4) -250 mA

lOD Logical "0" Drive Current VCC =' 4.5V, VOUT = 4.5V, (Note 4) 150 mA

ICC Power Supply Current

VCC = 5.5V

Expansion = 0V

All Other Inputs- 3V
60 85 mA

All Inputs = 3V 45 75 mA

switching characteristics (vCc = 5v, ta = 25°o (Note 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

t$+_ Storage Delay Negative Edge

Address Inputs, Expan
{Figure V

C|_= 50 pF 10 14 ns

C|_= 250 pF 15 20 ns

ts~+ Storage Delay Positive Edge

Address Inputs, Expan
(Figure 1)

C|_- 50 pF 10 14 ns

C|_- 250 pF 15 20 ns

ts+— Storage Delay Megative Edge

Ref, Read/Write, Strobe, Expan
(Figure 1)

Cl = 50 pF 7 11 ns

C L - 250 pF 11 15 ns

t$—+ Storage Delay Positive Edge

n
(Figure 11

C L = 50 pF 8 12 ns

Ref, Read/Write, Strobe, Expa Cl = 250 pF 12 16 ns

tF Fall Time
(Figure 1)

C L = 50 pF 6 9 ns

C|_ = 250 pF 15 25 ns

tR Rise Time C|_ = 50 pF 8 11 ns

C L
« 250 pF 25 35 ns
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notes

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions 1or actual device operation.

Note 2: Unless otherwise specified min/max limits apply across The -55° C to +125°C temperature range for the DS1640 and DS1670 and across

theO°C to+70°C range for the DS3640 and DS3670. All typical values are for TA =25°C and Vqc = 5V -

Note 3: AH currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: When measuring output drive current and switching response for the DS1670 and DS3670 a 15 S~2 resistor should be placed in series with

each output. This resistor is internal to the DS1640/DS3640, and need not be added.

truth table

ADD
A

ADD
B

ADD
DSBL

EXPAN EXPAN RFSH R/W STB
OUT
A- B

OUT
A • B

OUT
A • B

OUT
A- B

• •
1

1

* *
1

1
* *

1

1 1

* *
1

1

* *
1 1 1 1

X X X 1 X X X X

X X X X X X X

X X X X X 1 X X

X X X X X X 1 1

X = Don't Care; * = read/write and strobe not both high at same time.

ac test circuit and switching time waveforms

O 0.1 l;F

1
I _I_ INPU

PULSE
GENERATOR
(NOTED

T

f'
-H |— <s*-

10% 10%/

O
</>—l

o
o
c/>w

o
o
0)

-J
o
*-,

D
O)O
•"J

o

Internal on DS1640 and DS3640

Note 1: The pulse generator has the following characteristics: ZouT = 50 si and PRR ^ 1 MHz. Rise and fall times between 10% and 90% points;

< 5 ns.

NotB 2: C[_ include:* probe and jig capacitance.

FIGURE 1

typical application

The DS3640/DS3670 driver is intended for use in RAM. Its address inputs facilitate decoding, and its

driving the TRI-SHARE port of the MM5270 4k MOS direct controls simplify the refresh cycle.

053640
OS3670
DRIVER

A 1 2

MM5270

16

ADDRESS A

B

16x4 RAW ARRAY
(64k BITS)

C
ADDRESS B

—

pF*

D

ONE
OF

RIVER
OUR IS

1UTPUT
HIGH

SpF
EACH RAM

"50 pF for wiring capacitance included
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MOS Memory Interface Circuits

DS1642/DS3642, DS1672/DS3672
dual bootstrapped TTL to MOS clock drivers

general description

The DS1672 is a dual bipolar-to MOS clock driver

designed to provide high output current and voltage

capabilities necessary for driving high capacitance (up

to 500 pF) MOS memory systems. The circuit needs

only one power supply, (12V typical). This feature

greatly reduces high stand-by power levels and at the

same time simplifies system deisgn.

The circuit also features output bootstrapping, elimin-

ating the need for an additional supply to provide a

higher voltage to the output stage. The function is

accomplished by connecting a small value capacitor

(typically 200 pF) from the output to the bootstrap

pin on each driver.

The circuit has Schottky-clamped transistor logic for

minimum propagation delay. Typical stand-by power

(output low) is 48 mW per driver. A fail-safe condition

is provided in the circuit, so if the input is opened the

output assumes the logic "0" state.

The DS1642/DS3642 has a 10 Q. resistor in series with

each output to dampen transients caused by the fast-

switching output. The DS1672/DS3672 has a direct

low impedance output for use with or without an

external resistor.

features

High output voltage capability 13.2V

TTL/LS compatible inputs

High speed operation

Bootstrapping eliminates extra supplies—reduces

power

Low stand-by power 48 mW/driver

Built-in 10 a damping resistor (DS1642/DS3642)

schematic and connection diagrams Metal Can Package

BOOTSTRAP
PIN

Order Number DS1642H, OS1672H,
DS3642H or DS3672H
See NS Package H08C

Dual-ln-Line Package

IN 2 82

)

t>

l>

Order Number DS1642J 8, DS1672J-8,
DS3642J-8, DS3672J 8, DS3642N-8

or DS3672N-8
See NS Package J08A or N08A
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absolute maximum ratings (Note n

Supply Voltage 15V

Bootstrap-Vcc Differential 15V

Bootstrap Pin Voltage 30V

Input Voltage 5.5V

Input Current 10 mA
Output Voltage -1.0V to+15V

Storage Temperatun; Range -65~C

Power Dissipation*

Cavity Package 1 1 60 mW
Molded Package 890 mW
Metal Can 525 mW

Lead Temperature {Soldering, 10 seconds) 300" C

operating conditions

Supply Voltage (Vqc'

DS1642, DS1672

DS3642, DS3672

Bootstrap—Vcc Differential

Voltage (V B-VCC )

DS1642, DS1672
DS3642, DS3672

Temperature (T^)

DS1642, DS1672

DS3842, DS3672

10.8 13.2

11.4 12.6

10.8 13.2

11.4 12.6

55 + 125

+70

*Derate cavity package at 80' C/W above 70°C; derate molded

package at 90° C/W above 70° C; derate metal can package at

200° C/W above 70° C.

dc electrical characteristics (Notes 2 and 3)

DS1642, DS1672 Vcc = 12V ±10%, -55°C < Ta < +125°C, unless otherwise noted.

DS3642, DS3672 Vqc = 12V ±5%, 0°C < Ta < +70°C, unless otherwise noted.

1

PARAMETER CONDITIONS

MT Logical "1" Input Current

V|(_ Logical "0" Input Voltage

uA

l|H Logical "1" Input Current

(Note 5)

V| N = 2.4V

V| N = 5.5V

l|j_ Logical "0" Input Current V| N = 0V

VCD Input Clamp Voltage -5 mA -0.9 -1.5

MA

Vqh Logical "1" Output Voltage Vf3>VcC + 2V, lQUT= -400 uA VcC-05 VCC-08

Vol Logical "0" Output Voltage 'OUT = 5 mA ' Bootstrap Pin (Vg) Open, (Note 6) 0.3 0.5

RB Bootstrap Resistor

'CCUI Supply Current V|N = 0V, (Both Drivers "OFF"),

Outputs Open

Bootstrap Pin (Vb) Open

Vb = VCC + 7V

lB(1) Bootstrap Current

'CC(O) Supply Currsnt

(Both Driversl, V|N = 0V, V B = VCC + ™
V|N = 2.4V, Bootstrap Pin (Vb)

Open

(Both Drivers "ON")

Outputs Open

kfl

Switching Characteristics (Note 4) (Vcc = 12V,TA = 25°C) (Figures 1 and 21

PARAMETER CONDITIONS MIN TYP MAX UNITS

ts+- Storage Delay Negative Edge
Rp = 10 £2

Cl = 50 pF 8 12 ns

C L = 500 pF 13 18 ns

ts-+ Storage Delay Positive Edge
Rp - 10 £2

Cl = 50 pF 8 12 ns

C|_ = 500 pF 13 18 ns

tF Fall Time
Rq = 10 n

C|_ = 50 pF 6 9 ns

C|_ = 500 pF 15 22 ns

tR Rise Time
r d = ion

C L = 50 pF 6 9 ns

C L - 500 pF 15 22 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1642, DS1672and across

the0°Cto +70°C range for the DS3642, DS3672. All typicals are given for Vcc = 12V and TA = 25°C.

Note 3: All currerts*into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: When measuring output drive current and switching response for the DS1672 and DS3672, a 10 n resistor should be placed in series with

each output. This resistor is internal to the DS1642/DS3642 and need not be added.

Note 5: The value of I m and
1

1
1_
given is intended to be a measure of input impedance and does not reflect the input threshold.

Note 6: Vql also applies to the fail-safe condition when the input is open.

6-27



CM

to
CO
</>

Q—
CM

CO

Ui
a
CN*
(O
CO
(/)

Q
-«v
CM
<*
to

(/)

a

ac test circuit

PULSE

GENERATOR
[NOTE l|

Internal on DS1642/DS3642

Note 1: The pulse generator has the following characteristics:

PRR = 1 MHz, 50% Duty Cycle, ZrjUT = 50fZ
' tR =

*F ^ 10 ns

Note 2: C[_ includes probe and jig capacitance.

Note 3: The high current transient (as high as 0.5A) through the

resistance of the external interconnecting ground lead during the

output transition from the high state to the low state can appear as

negative feedback to the input. If the external interconnecting load

from the driving circuit to ground is electrically long, or has signifi-

cant dc resistance, it can subtract from the switching response.

FIGURE 1

switching time waveforms node voltage waveforms

BOOTSTRAP PIN

Note 1 : The pulse generator has the following characteristics:

PRR = 1 MHz, tp < 10 ns, tf: < 10 ns, ZquT = 50Ii -

Note 2: C\_ includes probe and jig capacitance.

FIGURE 2 Note 1: The fall time has an exponential decay with the following

time constant: tfj = Cg Rg. The typical value for Rg can be found
in the table of electrical characteristics.

typical applications

DS3672 Operating with Extra Supply
to Enhance Output Voltage Level

DS3672 in Non-Bootstrap Application
with Single Supply—When Output
High Level is Non-Critical.

DS3672 Bootstrap Mode of Application
with Capacitively Coupled Input and
Negative Supply

With vj - V|^ +3V

Hh
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MOS Memory Interface Circuits

DS3643, DS3673 decoded quad MOS clock drivers

general description

The DS3643 and DS3673 are quad bipolar-to-MOS

decoder/clock drivers with TTL/DTL compatible inputs.

They are designed to provide high output current and

voltage capabilities necessary for optimum driving of

high capacitance N-channel MOS memory systems.

The device features full decoding of input address lines

from two inputs to one of four outputs. Also featured is

the capability of expanding to three inputs to one of

eight ou -iputs with the use of the Expansion and

Expansion inputs. Also included are clock and refresh

inputs.

The circuit was designed for driving large capacitive

loads at high speeds and uses Schottky-clamped transis-

tors. PNF' transistors are used on all inputs, thereby

minimizing input loading.

The DS3B43 has a 10 £2 damping resistor in series with

each output to dampen transients caused by the fast

switching output, while the DS3673 has a direct, low

impedance output, for use with or without an external

resistor.

features

TTL/LS compatible inputs

Operates from standard bipolar and MOS supplies

PNP inputs minimize input loading

Full logic decoding for either two inputs to one of

four outputs or three inputs to one of eight outputs

High voltage/current outputs

Input and output clamping diodes

Control logic optimized for use with MOS memory
systems

Built-in damping resistors (DS3643)

o
(/)

CO

w
D
en
CO

>i
CO

logic and connection diagrams

^>T~=0

l->>

EXPANSION ^
c--—^>>-
EXPANSION

o
REFRESH

o C*>-

;^>;

zza—. our i

3

Dual-ln-Line Package

OUT 4 CLK RFSH EXPN OUT 3 V CC3

EXPM OUT 2

TOP VIEW

Order Number DS3643J, DS3673J,
DS3643N or DS3673N

See NS Package J14A or N14A

truth table

INPUTS OUTPUTS

CLOCK REFRESH EXPANSION EXPANSION A2 Ai OUT 1 OUT 2 OUT 3 OUT 4

1 X X X X X

1 X X X X 1 1 1 1

1

1 J

1 1

] 1 1

1 X X

? X X

X X

X = don't care state
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absolute maximum ratings (NoteD operating conditions

Supply Voltage MIN MAX UNITS
VCC1 7V Supply Voltage, VCC
VCC2 13V VCC1 4.75 5.25 V
VcC3 16V VCC2 1 1.4 12.6 V

Input Voltage -1 .OV to 7V Vcc3 VCC2 15 -75 v
Output Voltage -1.0V to 16V

Temperature, TA +70 °C
Storage Temperature Range —65 C to +150 C

Power Dissipation* (Prj) *Derate cayity package at 80°C/W above 70°C; derate molded
Cavity Package 1160mW package at 90° C/W above 70°C.

Molded Package 1000 mW
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics

Ta = 0°C to +70°C, Vcci = 5V ±5%, VrjC2 = 12v ±5% ' VCC3 = VCC2 +
<3V ±5% > unless otherwise noted. (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V||-) Logical "1 " Input Voltage 2 V

V|(_ Logical "0" Input Voltage 0.8 V

l|H Logical "1 " Input Current
V|N = 5.5V

Refresh, Exp. 0.01 10 "A

A1, A2, Clock, Exp. 0.04 40 wA

l|[_ Logical "0" Input Current
V|N = 0.4V

Refresh, Exp. -40 -250 uA

A1, A2, Clock, Exp. -0.16 -1.0 mA

VcD Input Clamp Voltage l| =-12 mA -0.8 -1.5 V

VfjH Logical "1" Output Voltage IfjH = -1 mA, V|L = 0.8V VCC2-05 VCC2-02 V

Vol Logical "0" Output Voltage IOL= 5mA, V|H = 2V 0.3 0.5 V

Voc Output Clamp Voltage IOC= 5 mA, V|L = 0.8V VCC2+0.8 VCC2+15 V

'CCH Supply Current Outputs High

ICC1 Refresh = 5V,

All Other Inputs = 0V

Vcci = 5.25V 26 45 mA

ICC2 VCC2= 12.6V -2 -4 mA

ICC3 V CC3 = 15.75V 2 5 mA

'CCL Supply Currents Outputs Low

'CC1
All Inputs = 5V

VCC1 = 5.25V 30 55 mA

iCC2 VCC2 = 12.6V 3 mA

ICC3 VCC3= 15.75V 15 25 mA

switching characteristics vCci = sv, vCc2 = 12V, Vcc3 = 15V, ta = 25°c, (Note 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

ts+— Storage Delay Negative-Edge from

A1 , A2, Clock, Exp. to Out 1

Rd = 10 fi
Cl= 100 pF 8 11 ns

CL=400pF 13 16.5 ns

tS—+ Storage Delay Positive-Edge from

A1, A2, Clock, "Exp. to Out 1

Rd = ion
Cl= 100 pF 9.5 12 ns

Cl = 400 pF 13 16.5 ns

ts+_ Storage Delay Negatii/e-Edge from

Refresh, Exp. to Out 1

Rd = 10 n
Cl= 100 pF 14.5 18 ns

C L = 400 pF 17.5 21 ns

ts_+ Storage Delay Positve-Edge from

Refresh, Exp. to Out 1

Rd= ion Cl= 100 pF 15 18 ns

Cl = 400 pF 18 21 ns

tR Output Rise Time
Rd= 10 a Cl= 100 pF 9 16 ns

C L = 400 pF 15 22 ns

tF Output Fall Time
Rd = ion

C[_= 100 pF 11 18 ns

Cl = 400 pF 20 27 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3673. All typicals are given for Vcqi = 5.0V,

VCC2 = 12V, VCC3 = 15V, and TA = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: For ac measurements, a 10 S2 resistor must be placed in series with the output of the DS3673. This resistor is internal to the DS3643,
however, and need not be added.
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schematic diagram

EQUIVALENT INPUT

-M-

<

V CC1

p

INTERNAL
LOGIC

CIRCUITRY

L -—h—

I

J

EQUIVALENT OUTPUT

*<

-O v CC2

f • WA>—O OUTPUT

10

ac test circuit and switching time waveforms

+5V +12V +15V

PULSE
GENERATOR
(NOTE 1)

SELECT

INPUT

V CC1 V CC2 V CC3

INPUT
UNDER OU

TEST

GND

T T
"out

(NOTE 2)

Internal to DS3643

typical application

INPUT

0V-

VOH-
VCC2-ZV- VCC2-2U

«OL-

Note 1 : The pu-ise generator has the following characteristics:

PRR = 1 MHz, tR < 10 ns, tp < 10 ns, ZquT = 50 n.

Note 2: C\_ includes probe and jig capacitance.

0S3673

At 0UT1

A2 OUT 2

EXPANSION OUT 3ADDRESS 3 —X EXPANSION OUT 4

LOGIC "1" _l

DS3673

- Al 0UT1

A2 OUT 2

EXPANSION OUT 3

EXPANSION OUT 4

CE1

CE2

CE3

CE4

MM5270 OR
MMS280
MOS RAM
ARRAY

CE5

CE6

CE7

CE8
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DS1644/DS3644, DS1674/DS3674
general description

The DS1644/DS3644 and DS1674/DS3674 are quad

bipolar-to-MOS clock drivers with TTL/DTL compatible

inputs. They are designed to provide high output current

and voltage capabilities necessary for optimum driving

of high capacitance N-channel MOS memory systems.

The device features two common enable inputs, a

refresh input, and a clock control input for simplified

system designs. The circuit was designed for driving

highly capacitive loads at high speeds and uses Schottky-

clamped transistors. PNP transistors are used on all

inputs thereby minimizing input loading.

The circuit may be connected to provide a 12V clock

output amplitude as required by 4k RAMs or a 5V clock

output amplitude as required by 16k RAMs.

The DS1644/DS3644 contains a 10f2 resistor in series

with each output to dampen the transients caused by

the fast-switching output, while the DS1674/DS3674

quad TTL to MOS clock drivers

has a direct, low impedance output for use with or

without an external damping resistor.

features

TTL/LS compatible inputs

12V clock or 5V clock driver

Operates from standard bipolar and MOS supplies

PNP inputs minimize loading

High voltage/current outputs

Input and output clamping diodes

Control logic optimized for use with MOS memory
systems

Pin and function compatible with MC3460 and

3235

-* Built-in damping resistors (DS1644/DS3644)

schematic and connection diagrams

EQUIVALENT INPUT

VCC1

o EQUIVALENT OUTPUT

—OV„

T<
INTERNAL
LOGIC

CIRCUITRY

h

*F»
<

- •—•—WV-O output

<

J

*DS1644/DS3644only
Dual-ln-Line Package

VCC1 OUTD SELD EN 1 EN 2 SEL C OUT C VCC3

OUT A SE OUTB

TOP VIEW

Order Number OS3644J, DS3674J,
DS3644N or DS3674N

See NS Package J16A or N16A
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-1absolute maximum ratings (Note D operating conditions
MIN MAX UNITS

O)Supply Voltage
Vq|

VCC1 7V
vrn 4*

VCC2 IJ - 0V
DS1644, DS1674 4.5 5.5 V 4*

VCC3 16V
DS3644, DS3674 4.75 5.25 V

Input Voltage 1.0Vto+7V

Output Voltage 1.0Vto+16V
DS1644DS1674 4.5 13.2 V c/>

Storage Temperature Range -65 C to +150 C
DS3644, DS3674 4.75 12.6 V CO

Power Dissipation* VrrT 0>
Cavity Package 1160mW DS1644, DS1674 VCC2 16 5 V £>
Molded Package 1000mW DS3644, DS3674 VCC2 15 -75 V *

Lead Temperature (Soldering, 1 seconds) 300 C
Temperature, TA

DS1644, DS1674 -55 +125
J
c o

DS3644, DS3674 +70 °c

*Derate cavity package at 80°C/W above 70°C; derate molded

electrical characteristics package at so c/w above 70c o
5V operation, (V CC1 = V CC? = 5V. VCC3 = 12V); 12V operation, (VCC 1

= 5V, V CC2 = 12V, VCC3 = VCC2 + <3V ±1U%)).

DS1644, DS1674, + 10% power supply tolerances; DS3644, DS3674, ±5% power supply tolerances, unless otherwise noted.
-J
4*

(Notes 2, 3 and 4). O
COPARAMETER CONDITIONS MIN TYP MAX UNITS

2 V CO
V|H Logical "1" Input Voltage

V|L Logical "0" Input Voltage
0.8 V

l|l_l Logical "1 " Input Current
V|N - 5.5V

Select Inputs 0.01 10 MA F*

All Other Inputs 0.04 40 uA

1
1
1_ Logical "0" Input Current

V|N = 0.4V
Select Inputs -40 -250 HA

All Other Inputs -0.16 -1.0 mA

Vcd Input CUmp Voltage l| = -12 mA -0.8 -1.5 V

VotH Logical "1" Output Voltage l0H = -1 mA, V| L = 0.8V VCC2-0.5 VCC2-0-2 V

Vol Logical "0" Output Voltage l L=5mA r V|H = 2.0V 0.3 0.5 V

Voc Output Clamp Voltage l0C = 5mA, V|L = 0.8V VCC2+0-8 VCC2+1-5 V

ICCH Supply C-irrent Output High

icci

All Inputs V|N = 0V

Outputs Open

VfJC1 = M ax 18 27 mA

'CC2 12V Operation
-2 -4 mA

iCC3
2 4 mA

'CC2 5V Operation

-8 -16 mA
16 mA

ICC3

'CCL Supply Currents Outputs Low

All Inputs V !N
- 5V

Outputs Open

VCC1 = 525V 25 40 mA

! CC2 VCC2= 126V 3 mA
Li

ICC3 VCC3= 15.75V 16 25 mA

Switching Characteristics TA = 25°C unless otherwise noted, (Note 4), (Figures 1,2,3 and 4)

PARAMETER |
CONDITIONS MIN TYP MAX UNITS

ts+_ Storage Delay Negative Edge
Rp = ion

Cl= 100 pF 8 11 ns

Cl = 400 pF 12 16 ns

ts_+ Storage Delay Positive Edge
r d = ion

Cl = 100 pF 10 13 ns

Cl = 400 pF 13 16 ns

tp Fall Time
r d = ion

Cl - 100 pF 9 16 ns

Cl = 400 pF 17 24 ns

tp Rise Time
rd = ion

Cl = 100 pF 8 12 ns

Cl= 400 pF 13 19 ns

tpdO Propagation Delay to a

Logical
"0"

rd= ion
Cl= 100 pF 17 27 ns

Cl = 400 pF 29 40 ns

tpdl Propagation Delay to a

Logical '1"
rd= ion

Cl = 100 pF 18 25 ns

Cl = 400 pF 26 35 ns
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notes
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS1644, DS1674 and across the
0°C to +70°C range for the DS3644, DS3674. All typicals are given for TA - 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All
values shown as max or min on absolute value basis.

Note 4: For AC measurements, a 10U resistor must be placed in series with the output of the DS1674/DS3674. This resistor is internal to the
DS1644/DS3644 and need not be added.

ac test circuits and switching time waveforms

5V 12V 15V

PULSE
GENERATOR
(NOTED

V CC1 V CC2 VCC3

REFRESH INPUT = 2.4V

ALL OTHER INPUTS ==QVn
{INTERNAL ON

'° DS1644/DS3644)
OUT-WV-1

D
—'— C L

T
FIGURE 1. 12V Operation

FIGURE 2. 12V Operation

5V 5V 12V

PULSE

GENERATOR
(NOTED

V CC1 VCC2 VCC3

IN OUT

GNO

REFRESH INPUTS 2.4V

ALL OTHER INPUTS- OV
rr

(INTERNAL ON
10 QS1644/DS3644)

T
FIGURE 3. 5V Operation

"OH"

\

FIGURE 4. 5V Operation

Note 1: The pulse generator has the following characteristics. PPR = 1 MHz, tR < 10 ns, Zq UT " 50f2 -

Note 2: C(_ includes probe and jig capacitance.

truth table

INPUT

OUTPUTenable; ENABLE SELECT CLOCK REFRESH
1 2 INPUT INPUT INPUT

1 X X X X
X 1 X X X

X X X 1 X

X X 1 X 1

X 1

X 1
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DS1645/DS3645, DS1675/DS3675

hex TRI-STATE®TTL to MOS latches/drivers

general description

The DS1645/DS3645 and DS1675/DS3675 are hex

MOS latches/drivers with outputs designed to drive large

capacitive loads up to 500 pF associated with MOS
memory systems. PNP input transistors are used to

reduce input currents, allowing the large fan-out to

these drivers needed in memory systems. The circuit

has Schottky-clamped transistor logic for minimum

propagation delay, and TRI-STATE® outputs which

allow bus operation.

The DS1645/DS3645 has a 1 5 12 resistor in series

with the outputs to dampen transients caused by the

fast switching output circuit. The DS1675/DS3675

has a direct, low impedance output for use with or

without an external resistor.

The circuit employs a fall-through-latch which capture:;

the data in parallel with the output, thereby eliminating

the delay normally encountered in other latch circuits

The DS1645/DS3645 and DS1675/DS3675 may be

used for input address lines or input/output data lines

of a MOS memory system.

features

'TTL/-LS compatible inputs

F?NP inputs minimize loading

Capacitance-driving outputs

TRI-STATE outputs

Built-in damping resistor (DS1645/DS3645)

o
en
_l
O)

o
0)
CO

O
en

Ol

o
enw
0>

01

logic and connection diagrams

truth table

Dual-ln-Line Package

°E

DATA A aA DATA B BB DATA C

TOP VIEW

Order Number DS164BJ, DS1675J, DS3645J.

DS367BJ, DS364SN or DS3675N
See NS Package J16A or N16A

INPUT

ENABLE
OUTPUT
DISABLE

DATA OUTPUT OPERATION

1 1
' Data Feed-Through

1 1 Data Feed-Through

X Q Latched to Data Present

when Enable Went Low

X 1 X Hi-Z High Impedance Output

X = Don't care

Hi-Z "TRI-STATE mode
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absolute maximum ratings (Notei)

Supply Voltage, Vqc
Logical "1" Input Voltage

Logical "0" Input Voltage

Storage Temperature Range

Power Dissipation* (Pp)

Cavity Package

Molded Package

Lead Temperature (Soldering, 10 seconds)

7V
7V

-1.5V

-65'Cto 150°C

1160 mW
1000 mW

300° C

operating conditions

Supply Voltage (Vcc)

Temperature iT/\)

DS1645, DS1675
DS3645, DS3675

'Derate cavity package at 80°C/W above 70°C; derate molded
package at 90°C/W above 70°C.

MIN MAX UNITS

4.5 5.5 V

55 +125 °c

+70 °c

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|N(1)

V|N(0)

Logical "1" Input Voltage 2.0 V

Logical "0" Input Voltage 0.8 V

•lN(1) Logical "1" Input Current V| N = 5.5V

VCC = 5.5V

Enable Inputs 0.1 40 uA
Data Inputs 0.2 80 "A

|N(0) Logical "0" Input Current V| N =0.5V

VCC = 5.5V

Enable Inputs -50 -250 uA
Data Inputs -100 -500 uA

VCLAMP Input Clamp Voltage VCC = 4.5V, l !N = -18 mA -0.75 -1.2 V

VOH Logical "1" Output Voltage

(No Load)
VCC = 4.5V, l0H = -10 uA

DS1645, DS1675 2.7 3.6 V

DS3645, DS3675 2.8 3.6 V

vol Logical "0" Output Voltage

(No Load)
VCC = 4.5V, Iol= 10uA

DS1645, DS1675 0.25 0.4 V

DS3645, DS3675 0.25 0.35 V

VOH Logical "1" Output Voltage

(With Load)
VCC = 4.5V, Ioh = -1-0 mA

DS1645 2.4 3.5 V

DS1675 2.5 3.5 V

DS3645 2.6 3.5 V

DS3675 2.7 3.5 V

vol Logical "0" Output Voltage

(With Load)
VCC = 4.5V, lO L = 20mA

DS1645 0.6 1.1 V

DS1675 0.4 0.5 V

DS3645 0.6 1.0 V

DS3675 0.4 0.5 V

l|D Logical "1" Drive Current VCC = 4.5V, Vout = 0V, (Note 4) -250 mA

!OD Logical "0" Drive Current VCC = 4.5V, VoUT = 4.5V, (Note 4) 150 mA

IHZ TRI-STATE Output Current vOUT = 0.4V to 2.4V, Output Disable = 2.0V 40 40 uA

ice Power Supply Current

VCC = 5.5V

Output Disable = 3V

All Other Inputs = 0V
60 100 mA

Input Enable = 3V

All Other Inputs = 0V
40 80 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot
Temperature Range" they are not meant to imply that the devices should be operated at these limits. T
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature ra

across the 0°C to +70°C range for the DS3645 and DS3675. All typical values are for TA = 25°C an

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages refere
All values shown as max or min on absolute value basis.

Note 4: When measuring output drive current and switching response for the DS1675 and DS3675 a 15
with each output. This resistor is internal to the DS1645/DS3645, and need not be added.
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Switching Characteristics Vcc = 5V, Ta = 25°C, unless otherwise noted. (Note 4)

PARAMETER

tS+ Storage Delay Negative Edge

»S- Storage Delay Positive Edge

<F Fall Time

tR Rise Tine

^SET-UP Set-Up Time on Data Input

Before Input Enables Goes

Low

'HOLD Hold Time on Data Input

After Irput Enable Goes

Low

CONDITIONS

(Figure 1)

(Figure V

(Figure 7 )

(Figure 1

)

C(_ = 50 pF

Cl = 500 pF

C|_ = 50 pF

Cl = 500 pF

Cl = 50 pF

Cl = 500 pF

Cl = 50 pF

Cl = 500 pF

MIN

10

tyy Minimum Width of

Enable Pulse to

Latch Data

t£L Delay from Disable Input to

Logical "0" Level (from High

Impedance State)

t^H Delay from Disable Input to

Logical "1" Level Ifrom High

Impedance State)

tLz Delay from Disable Input to

High Impedance State (from

Logical "0" Level)

t|_|z Delay from Disable Input to

High Impedance State (from

Logical "1" Level)

Cl = 50 pF, Rl = 2 kfi to Vcc. (Figure 2)

Cl = 50 pF, Rl = 2 kH to Ground, (Figure 2)

Cl = 50 pF, R L = 400H to Vcc. IFigure 3)

Cl = 50 pF, Rl = 400H to Ground, (Figure 31

15

TYP

21

22

MAX

20

10

10

16

16

schematic diagram
EQUIVALENT INPUT EQUIVALENT OUTPUT

<

+--J I

£
INTERNAL
LOGIC

CIRCUITRY

-&

-Ov„

<

12

13

35

35

15

15

25

25

I i—WV-O OUTPUT

h-i

.

L—H—^h ..

UNITS

o
to

o
to
w
p>
Ol

o
to

a
Ol

o
tow

Ol

•DS1645/DS3645 only

-O GN0
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ac test circuits and switching time waveforms

'St— lS-+. *R. «F

PULSE

GENERATOR
(NOTED

id
DUT

IN OUT

T

T.

S^OUT

jF V
90°/

Sr10% 10*

Note 1: The pulse generator has the following characteristics: ZquT = 5" !2 a"d PR R < 1 MHz. Rise

and fall times between 10% and 90% points < 5 ns.

Note 2: C[_ includes probe and jig capacitance.

FIGURE 1

•ZH

T

—VVV-f- -O uout

<ZL

VinO-

T

ne1
2k —

v 0UT

"50pF

DISABLE
INPUT

OUTPUT

*0V -

L

Internal on DS1645 and DS3645
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ac test circuits and switching time waveforms (Continued)

'HZ 'LZ

wi:c «cc

VinO-

Uh k

—v*v-t O v0UT "inO—

T

1
400 —

"OUT

~
50 pF

VOL-

*lnternal on DS1645 and DS3645

FIGURE 3

operating waveforms
Using TRI-STATE TRI-STATE Disabled

DISABLE
INPUT 7l

M.5V

-**
1

0.5V

IV_L.
— 'LZ

-INPUT DATA VALID

DATA
INPUTZXl^LTT.
INPUT

ENABLE \
OUTPUT
DISABLE

OUTPUT.-.-mi—m.

OUTPUT
TRI-STATE

DATA
LATCHED

— -INPUT DATA VALID

1.5VjT \l.5V
L ty, -> —

*

V-
DATA

j

FEED-

THROUGH

DATA
LATCHED

-OUTPUT ACTIVE-

o
(/)

O
(/>

W
^
Ol

o
0)

O)
Nl
Ol

o
C/>w
O)

Ol

*When the Input Enable makes a positive transition the output will be indeterminate for a short duration.

The positive transition of the Input Enable normally occurs during a don't-care timing state at the output.

typical applications

The DS3645 and DS3675 latch/driver has TRI-STATE

outputs, which allows the outputs to be tied with those

of another TRI-STATE driver, such as the DS3646 and

DS3676 refresh counter. The DS3645 and DS3675 can

be disabled while the alternate driver controls the address

lines into the memory system.

DS3645/

DS3675

DRIVER
LATCH

M
*

DATA,
INPUTS ~

'

,

REFRESH
CONTROL

V
OUTPUT
DISABLE

DS3646/

DS3676

REFRESH
COUNTERENABLE

MOS MEMORY
SYSTEM
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National
Semiconductor

MOS Memory Interface Circuits

DS1646/DS3646, DS1676/DS3676 6-Bit TRI-STATE
TTL-to-MOS Refresh Counter/Driver
General Description

®

The DS1646/DS3646 and DS1676/DS3676 are 6-bit

refresh counters with outputs designed to drive large

capacitive loads up to 500 pF associated with MOS
memory systems. PNP input transistors are employed
to reduce input currents. The circuit has Schottky-
clamped transistor logic for minimum propagation delay,

and TRI STATE® outputs allow it to be used on com-
mon data buses.

The DS1646/DS3646 has a 15J2 resistor in series with

the outputs to dampen transients caused by the fast

switching output circuit. The DS1676/DS3676 has a

direct, low impedance output, for use with or without
an external resistor.

The counter uses as its input the RAM clock signal, and
with each clock input, it advances the count by one,

generating a new refresh address. It also contains an

initialize input to preset counter outputs to logic "0".

Uncommitted pins in the package are used for a 2-input

NAND gate and an inverter gate, both of which have

capacitive drive outputs.

Features
4k RAM dynamic refresh counter

TRI-STATE outputs

" TTL'LS compatible inputs

PNP inputs minimize loading

Capacitance-driver outputs (500 pF)

Built-in damping resistor (DS1646, DS3676)

Extra gates provided

Initialize input clears counters

Positive edge clock

Connection Diagram Dual-ln-Line Package

Logic Diagram

V CC ENBL OUT 6 OUTS OUT 4 D

[
16 | 15 1 11 | 1 3 | 12 |11

A^S end

|1 |2 |3 |4 |5

CLK 0UT1 0UT2 OUT 3 A

TOP VIEW

Order Number DS1646J, DS1676J, DS3646J,
DS3676J, DS3646N, DS3676N, DS1646W

or DS1676W
See NS Package J16A, N16A or W16A

0UT1 OUT 2 OUT 3 OUT 4 OUT 5 OUT B
~>2 03 Q4 Ol2 Ol3 Ol4

ftO-i

oo-£>ooD _
j y>-o~>

BO-I
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Absolute Maximum Ratings Note n Operating Conditions

Supply Voltage 7V MIN MAX UNITS
Logical "1" Input Voltage 7V Supply Voltage I

V

cc> 4.5 5.5 V
Logical "0" Input Voltage -1.5V

Temperature (TA I

Storage Temperature Range -65Cto+150C
DS1646, DS1676 -55 +125 °C

Power Dissipation-
DS3646, DS3676 +70 °C

Cavity Package 1160mW
Molded Package lOOOmW

Lead Temperature (Soldering, 10 seconds) 300°C

Derate cavity package at 80
C
C/W above 70°C; derate molded

package at 90°C/W above 70°C.

Electrical Characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|N(1) Logic: "1" Input Voltage 2.0 V

V|N(0) Logic: "0" Input Voltage 0.8 V

l(N(1) Logic: "1" Input Voltage Vcc = 5.5V, V|N = 5.5V 0.1 40 uA

' IN(0) Logic: "0" Input Voltage Vcc = 5.5V, V|N = 0.5V -50 -250 uA

VCLAMP Input Clamp Voltage Vcc = 4.5V, l|M = -18mA -0.75 -1.2 V

Logic: "1" Output Voltage
V°H

ID. ATI)
VCC = 4.5V, Ioh = _1 mA 2.5 3.5 V

Logic: "0" Output Voltage
Vol —

(D, A B)
VCC = 4 -5V, IOL = 20mA 0.4 0.5 V

Logic: "1" Output Voltage
vOH

(No Loadl.Outputs 1-6
VCC = 4.5V, I O h = -10mA

DS1646, DS1676 2.7 3.6 V

DS3646, DS3676 2.8 3.6 V

Logic: "0" Output Voltage
vOL

(No Loadl.Outputs 1-6
VCC = 4 -5V, IOL= 10mA

DS1646, DS1676 0.25 0.4 V

DS3646, DS3676 0.25 0.35 V

Logic: "1" Output Voltage
vOH

(With Load), Outputs 1-6
vec = 4 -5v, ioh = — i

mA

DS1646 2.4 3.5 V

DS1676 2.5 3.5 V

DS3646 2.6 3.5 V

DS3676 2.7 3.5 V

Logic: "0" Output Voltage
vOL

(With Load), Outputs 1-6
Vcc = 4.5V, Iol = 20 mA

DS1646 0.6 1.1 V

DS1676 0.4 0.5 V

DS3646 0.6 1.0 V

DS3676 0.4 0.5 V

Logic: "1" Drive Current,
I id

Outputs 1-6
Vcc = 4.5V, VouT = 0V, (Note 4) -250 mA

Logic: "0" Drive Current,
'ODu

Outputs 1-6
Vcc = 4.5V, VouT = 4.5V. (Note 4) 150 mA

Output Short-Circuit
los —

Current (D, A • B)
Vcc = 5.5V, VouT = 0V, (Note 5) -60 -170 mA.

TRI STATE Output
'Hl-Z

Current, Outputs 1—6
vOUT = 0-4V to 2.4V, Output Enable = 0V -40 40 Ufi

ICC Power Supply 75 100 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteeed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristic;"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the —55° C to +125°C temperature range for the DS1646 and DS1676 and across

the 0°C to +70"C range for the DS3646 and DS3676. All typical values are forTA = 25°C and VCc - 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: When measuring output drive current and switching response for the DS1676 and DS3676, a 1512 resistor should be placed in series with

each output. This resistor is internal to the DS1646/DS3646 and need not be added.

Note 5: Not more than one output should be shorted at a time.
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Switching Characteristics ivCc = 5v, ta = 25°o (Note 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Storage Delay Clock Edge to R D
= 1512, C L = 500 pF,

(Figures 1 and 2)

ts+- 17 22

tS1
Ou, 1 ts-+ 38 54

Storage Delay Clock Edge to R D = 1512, C|_ = 500 pF,

(Figures 1 and 2)

ts+- 27 40

,S2 Ou, 2 ts-+ 45 66

Storage Delay Clock Edge to R D = 1512, C|_ = 500 pF,

(Figures 1 and 21

ts+- 39 58

tS3
Out 3 ts-+ 56 86

Storage Delay Clock Edge to R D = 1512, C L = 500 pF,

(Figures 1 and 2)

ts+- 52 76
*S4 Out 4 ts-+ 70 100

Storage Delay Clock Edge to R D = 1512, C|_ = 500 pF,

(Figures 1 and 2)

ts+- 62 93
nstS5

Out 5 ts-+ 80 120

Storage Delay Clock Edge to R D = 1512, C[_ = 500 pF,

(Figures 7 and 2)

ts+- 75 110

Out 6 ts-+ 90 140

Storage Delay Initialize Input to
Rq = 1 512, (Figures 2 and 3)

C|_ = 50 pF 25 38
ns

° Outputs 1-6 C L = 500 pF 28 42

t r Rise Time, Outputs 1—6 Rq = 1 512, (Figures 7 and 2)
C L = 50 pF 4 7

Cl = 500 pF 18 27

tf Fall Time, Outputs 1-6 R D = 1 512, (Figures 1 and 2)
C|_ = 50 pF 5 8

Cl = 500 pF 25 38

Delay from Enable Input to
tZL

Logic "0" Level
R|_ = 2k,C|_ = 50pF, (Figure 6) 11 17 ns

Delay from Enable Input to

*ZH
, ,„„,

,Logic 1 Level
R l = 2k, C|_ = 50 pF, (Figure 6) 25 38 ns

Delay from Enable Input to

*LZ
High Impedance State

R L = 40012, C L = 50 pF, (Figure 7} 15 23 ns

Delay from Enable Input to
*HZ

High Impedance State
H\_ = 40012, C|_ = 50 pF, (Figure 7) 10 15 ns

Propagation Delay Time High-
*PHL

to-Low Level Outputs D and A-B
R |_

= 28012, C|_ = 1 5 pF, (Figures 4 and 5) 9 12 ns

Propagation Delay Time High-
*PHL -

to-Low Level Outputs D and A-B
R|_ = 28012, C|_ = 50 pF, (Figures 4 and 5) 10 ns

Propagation Delay Time Low-
tPLH —

to-High Level Outputs D and A-B
R|_ = 28012, C L = 15 pF, (Figures 4 and 5) 5 8 ns

Propagation Delay Time Low-
tDI LJ —

to-High Level Outputs D and A-B
R [_

= 28012, C|_ = 50 pF, (Figures 4 and 5) 6 ns

Truth Table

INITIALIZE
OUTPUT
ENABLE

CLK OUT 1 OUT 2 OUT 3 OUT 4 OUT 5 OUT 6

I

X
1

1

X

X

X'

Hi-Z

Active

Hi-Z

Active

Hi-Z

Active

Hi-Z

Active

Hi-Z

Active

Hi-Z

Active

*Counter is advanced one count on the positive edge of the CLK input
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Typical Application

The DS1646/DS3646 and DS1676/DS3676 have TRI-

STATE cutputs which can be tied to the outputs of

another TRI-STATE driver. The refresh counter can

control the address lines into a memory array during a

short refresh cycle, and then return to the high-

impedance state to allow the primary driver to control

the address lines.

OS3645/

DS3675

DRIVER
LATCH

ADDRESS,

REFRESH
CONTROL

V
OUTPUT
OISABLE

DS3646/

DS3G76

REFRESH
COUNTER

OUTPUT

CLOCK '

TO MOS
MEMORY ARRAY
ADDRESSES

AC Test Circuits and Switching Time Waveforms

CLK
INPUT

/
-15V

's*-
—

I

OUTPUTS sro\l

1T0 6 10%V
s—

—

_^ U 0L

— p R

OUTPUTS fcr v °«

1 TO 6

vol __7
Ao-,

FIGURE 1

PULSE

GENERATOR
(NOTE n

tsi - *S2 & lSI

yl ^F

DUT

IN OUT

T
Internal on DS1646 and DS3646

FIGURE 2

INITIALIZE

INPUT

OUTPUTS
1 TO 6

7

tPHL <PLH

INPUTS
A, B, & D /^ \

.5V

K5V

[—-tPHL-*-

\

— 'PLH--

1

OUTPUTS
D & A B

s v»

TEST

POINT VCC

<? 9

FROM OUTPUT.
UNDER TEST K-:
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AC Test Circuits and Switching Time Waveforms (Continued)

'ZH

OV UT

<ZL

vcc

ne

PULSE

GENERATOR
(NOTE 1)

OUT

IN OUT

T

i
*«D

• 50 pF

. (NOTE 21

FIGURE 61a) FIGURE 6(b)

FIGURE 61c)

'HZ

"cc

PULSE
GENERATOR
(NOTE 1)

T

OUT

in out|—VW-

50 pF-

INOTE2)/

-O'OUI

VCC

PULSE

GENERATOR
(NOTED

DUT

IN OUT

T

o.i ^f

nei

>V UT

. 50 pF

* (NOTE 21

FIGURE 7(al FIGURE 71b)

ENABLE
INPUT

^^5V

—
r ,Hz

i

OUTPUT
0.5V

S—j_
— ^'LZ

y T
/ 0.5V

FIGURE 7(c)

Internal on DS1646 and DS3646

Note 1 : The pulse generator has the following characteristics:

ZouT = 5012 and PRR = 1 MHz, Rise and Fali times between

10% and 90% points < 5 ns.

Note 2: C[_ includes probe and jig capacitance.

Note 3: All diodes are 1N916or 1N3064.
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Vg\ National
JLd Semiconductor

MOS Memory Interface Circuits

DS1647/DS3647, DS1677/DS3677, DS16147/DS36147, DS16177/DS36177

quad TRI-STATE® MOS memory I/O registers

general description

The DSK547/DS3647 series are 4-bit I/O buffer registers

intended for use in MOS memory systems. The circuits

employ a fall-through latch for data storage. This method

of latching captures the data in parallel with the output,

thus eliminating the delays encountered in other designs.

The circuits use Schottky-clamped transistor logic for

minimum propagation delay and employ PNP input

transistors-so that input currents are low, allowing large

fan-out to these circuits needed in a memory system.

Two pins per bit are provided, and data transfer is bi-

directional so that the register can handle both input and

output data. The direction of data flow is controlled

through the input enables. The latch control, when

taken low, will cause the register to hold the data present

at that time and display it at the outputs. Data can be

latched into the register independent of the output

disables or EXPANSION input. Either or both of the

outputs may be taken to the high-impedance state with

the output disables. The EXPANSION pin disables both

outputs to facilitate multiplexing with other I/O regis-

ters on the same data lines.

The "B" port outputs in the DS16147/DS36147 and

DS16177/DS36177 are open collectors, and in the

DS1647/DS3647 and DS1677/DS3677 they are TRI-

STATE. The "B" port outputs are also designed for use

in bus organized data transmission systems and can sink

80 mA and source -5.2 mA. The "A" port outputs in

all four types are TRI-STATE.

Data going from port "A" to port "B" is inverted in the

DS1647/DS3647 and DS16147/DS36147 and is not

inverted in the DS1677/DS3677 and DS16177/DS36177.

Data going from port "B" to port "A" is inverted n

all four types.

features

PNP inputs minimize loading

Fall-through latch design

Propagation delay of only 15 ns

TRI-STATE outputs

EXPANSION control

Bi-directional data flow

TTL/LS compatible

Transmission line driver output

logic and connection diagrams

TOP VIEW

Order Number DS1647J, DS3647J, DS1677J.

DS3677J, DS16147J. DS36147J, DS16177J,

DS36177J, DS3647N, DS3677N, DS36147M
or OS36177N

See NS Package J16A or N16A

23

Inverting DS1647/DS3647 and DS16147/DS36147 only
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absolute maximum ratings (Note n operating conditions

Supply Vpltage 7V MIN MAX UNITS
Input Voltage -1 .5V to +7V Supply Voltage |VCC ) 4.5 5.5 V
Storage Temperature Range -65° C to +150°C T ,- ,„..._, Temperature (Ta)
Power D.ss.pat.on (PD ) DS1647. DS1677, DS16147. -B5 +125 "C

Ceramic Package 1160 mW DS16177
Molded Package 1000 mW

Lead Temperature (Soldering, 10 seconds! 300° C
DS3647. DS3677. DS3S147. +70 "C

DS36177
Derate ceramic package at 80°C/W above 70° C; derate molded
package at 90°C/W above 70°C.

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|N(1) Logic "1" Input Voltage 2.0 V

V|N(0) Logic "0" Input Voltage 0.8 V

'|N(D Logic "1" Input Current

VCC = 5.5V, V| N = 5.5V

Latch, Disable Inputs 0.1 40 uA

Expansion 0.2 80 uA

A Ports, B Ports 0.2 100 uA

Enable Inputs 0.4 200 MA

l|N(0) Logic "0" Input Current

VCc = 5.5V, V| N = 0.5V

Latch, Disable Inputs -25 -250 uA

Expansion -50 -500 MA
A Ports, B Ports -50 -500 uA

Enable, Inputs -0.1 -1.25 mA

VCLAMP Input Clamp Voltage VCC = 4.5V, l| N = -18 mA -0.6 -1.2 V

vOL(A) Logic "0" Output Voltage

A Ports

VCC = 4.5V, lo L = 20mA 0.4 0.5 V

vOL(B) Logic "0" Output Voltage

B Ports
VCC = 4.5V

lOL = 30 mA 0.3 0.4 V

lOL = 50 mA 0.4 0.5 V

VoH(A) Logic "1" Output Voltage

A Ports
lOH = -1 mA

VCC = 5V 3.0 3.4 V

VCC = 4.5V 2.5 3.4 V

vOH(B) Logic "1" Output Voltage

B Ports
'OH = -5.2 mA, (Note 4)

VCC = 5V 2.9 3.3 V

VCC = 4.5V 2.4 3.3 V

'OS(A) Output Short-Circuit Current

A Port

VCC = 4.5V to 5.5V, VfjUT = ov
. (Note 51 -30 -50 -100 mA

lOS(B) Output Short-Circuit Current

B Port

VCC = 4.5V to 5.5V, VrJUT = 0V, (Notes 4 and 5) -30 -60 -100 mA

ICC Power Supply Current Exp = 3V, A Ports = 0V,

B Ports Open, All Other Pins = 0V

DS1647, DS16147 100 110 mA

DS3647, DS36147 100 140 mA
Enable A, Latch = 3V, A Ports =

0V, B Ports Open, All Other

Pms = 0V

DS1647, DS16147 70 80 mA
DS3647, DS36147 70 105 mA

Exp = 3V, APorts = 0V,

B Ports Open, All Other Pins = 0V

DS1677, DS16177 105 115 mA

DS3677, DS36177 105 145 mA

Enable A, Latch, A Ports = 3V,

B Ports Open, All Other Pins = OV

DS1677, DS16177 75 85 mA
DS3677, DS36177 75 110 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot b€^ guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2 Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1647, DS1677, DS16147,
DS16177 and across the 0°C to +70°C range for the DS3647, DS3677, DS36147, DS36177. All typicals are given for Vcc = 5V and TA = 25°C.

Note 3: All currents into device pins shown as ppsitive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

Note 4: Not applicable to DS16147/DS36147 or DS16177/DS36177.

Note 5: Only one output at a time should be shorted.
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switching characteristics (vCc = 5v,ta = 25°o

PARAMETER CONDITIONS MIN TYP MAX

DATA TRANSFER B PORT TO A PORT, ALL DEVICES

t pcjo Propagation Delay to a Logic "0"

tpdl Propagation Delay to a Logic "1"

Cl = 50 pF, Rl= 280 O,

(Figures 1 and 4)

Cl = 50 pF, R L = 280 n,

(Figures 1 and 4}

6.0

A PORT CONTROL FROM OUTPUT DISABLE A INPUT, ALL DEVICES

t^z Delay to High Impedance from

Logic "0"

tHZ Delay to High Imoedance from

Logic "1"

t£L Delay to Logic "0" from High

Impedance

tzH Delay to Logic from High

Impedance

(Figures 1 and 5)

(Figures 1 and 6)

(Figures 1 and 7)

(Figures 1 and 8)

13

10

25

DATA TRANSFER A PORT TO B PORT DS16147/DS36147

tpdo Propagation Delay to a Logic "0"

tpdl Propagation Delay to a Logic "1

"

Cl = 50 pF, (Figures 3 and 4)

C|_ = 50 pF, (Figures 3 and 41 7.0

DATA TRANSFER A PORT TO B PORT, DS16177/DS36177

tpdO Propagation Delay to a Logic "0" Cl = 50 pF
,
(Figures 3 and 4)

C\_ ' 50 pF, (Figures 3 and 41

13.5

*pd1 propagation ueiay to a Logic i ^\_ ~ ou P~< figures j auu *>

B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS1647/DS3647, DS1677/DS3677

tLZ Delay to High Impedance from

Logic: "0"

tHZ Delay to High Impedance from

Logic: "1

"

tzL Delav to Logic "0" from High

Impedance

tzH Delav to Logic "1 " from High

Impedance

(Figures 2 and 5)

(Figures 2 and 67

(Figures 2 and 7)

(Figures 2 and 8)

15

14

10

25

B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS16147/DS36147, DS16177/DS36177

ti -7 Dpi;:'./ m Hinh ImneHanrp frnm (Fioures 3 and 51 15tLZ Deify to High Impedance from

Log c "0"

tzL Delay to Logic "0" from High

Impedance

(Figures 3 and 7)

LATCH SET UP AND HOLD TIMES, ALL DEVICES

'SET-UP Set- Up Time of Data Input Before

Latcn Goes Low

'HOLD Holri Time of Data Input After

Latcn Goes Low

10

6 47

15

12

20

20

15

35

25

15

21

25

25

20

16

35

25

17

UNITS

DATA TRANSFER A PORT TO B PORT, DS1647/DS3647

tpdO Propagation Delay to a Logic "0" Cl= 50 pF, R L
= 100 £2,

(Figures 2 and 4)

6.5 12 ns

tpdl Propagation Delay to a Logic "1

"

Cl = 50 pF, Rl= 100 n,

(Figures 2 and 4)

8.0 15 ns

eg o)

ou
</)0)

0)-vJ

^1

DATA TRANSFER A PORT TO B PORT, DS1677/DS3677

fpdO Propagation Delay to a Logic "0" C L = 50pF, R L
= 100 n,

(Figures 2 and 4)

12.5 20 ns

tpdl Propagation Delay to a Logic "1" Cl = 50 pF, Rl= 100 n,

(Figures 2 and 4)

8.5 15 ns



product description

DEVICE NUMBER B PORT TO A PORT
FUNCTION

A PORT TO B PORT
FUNCTION

A PORT OUTPUTS B PORT OUTPUTS

DS1647/DS3647 nverting Inverting TRI STATE TRI-STATE

DS1677/DS3S77 'nverting Non-Inverting TRI-STATE TRI-STATE

DS16147/DS36147 Inverting Inverting TRI-STATE Open-Collector

DS16177/DS36177 nverting Non-Inverting TRI-STATE Open-Collector

truth table

INPUT ENABLES

LATCH
OUTPUT DISABLES

EXPANSION
A PORTS
A1-A4

ALL DEVICES

B PORTS
B1-B4

DS1647, DS16147
DS3647, DS36147

B PORTS
B1-B4

DS1677.DS16177
DS3677, DS36177

A B A B

1 1 Hi-Z A A Data In on A, output to B

1 1 B Hi-Z Hi-Z Data In on B, output to A

1 Hi-Z A A Data stored which is present

when latch goes low

1 Q B Hi-Z Hi-Z Data stored which is present

when latch goes low

1 X 1 Hi-Z Hi-Z Hi-Z Both A and B in Hi-Z state.

Data In on A, mav be latched

1 X 1 Hi-Z Hi-Z Hi-Z Both A and B in Hi-Z state.

Data In on B, may be latched

X X X X X 1 Hi-Z Hi-Z Hi-Z Both A and B in Hi-Z state

ac test circuits

V CC «SV

FIGURE 1. A Port Load. All Circuits

TEST
POINT

o

OUTPUT O-

FIGURE 2. B Port Load, DS3647, DS3677

Vcc-w

' 100

50 pF__ > 200
(NOTE II

T
FIGURE 3. B Port Load, DS36147, DS36177

Note 1 : C|_ includes probe and jig capacitance.
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operating waveforms

Using TRI-STATE®

— INPUT DATA VALID —

DATA
INPUT

TRI STATE* Disabled

— INPUT DATA VALID -

r JCI^T. IZTX IZ
INPUT

enable: y X r
OUTPUT
DISABLE

^m mr
U.UM.M JJ-UJJ ^nSX—f \

OUTPUT
TRI-STATE

DATA I

LATCHED~

_ OUTPUT _^j^_ OUTPUT
ACTIVE

~~1 TRI-STATE

\_.
DATA

FEEO-THROUGH
-*

-OUTPUT ACTIVE-

DATA
LATCHED

*When the Input Enable makes a negative transition, the output will be indeterminate for a short duration. The negative transition of

the Input Enable normally occurs during a don't-care timing state at the output.

switching time waveforms

tpdO and «pdl

/15V I 5v\

OUTPUT
(INVERTED)

OUTPUT
(NON INVERTED)

\
<pd1 <pdO

jF 1.5V 1.5V It

Input Characteristics: f = 1 MHz, tR = tp < 5 ns (10% to 90% points), duty cycle = 50%, ZqlJT = 5 ^

FIGURE 4

»LZ »HZ

f1.5V

— i

I— 'LZ

LOGIC "0"_

VOLTAGE
-nT

0.5V

FIGURE 5

'ZL

nv ^-

/ 5V

ov- J
r

-HZ j

VOLTAGE V
0.5V

FIGURE 6

tZH

LOGIC "0"_

VOLTAGE
5

LOGIC "1"_

VOLTAGE z
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schematic diagram typical applications

The diagram below shows how the DS3677 can be used

as a register capable of multiplexing data lines.

EQUIVALENT INPUT

<~H

—I—
1

pJ

EQUiVAlENTOUTPUT

tC h INTERNAL
LOGIC

CIRCUITRY

—1—
— ONI75T5B O

Note. Data pins A1—A4 and B1—B4 consist of

an input and an output tied together.

A1 B1

A3 B2
DS3677

A3 83

DATA LINES

TOMOS
MEMORY
ARRAY

DATA
TO/FROM

-

ARRAY

T0 0S3677 INPUT ENABLES

-O- U
TO DS3677 LATCH INPUTS
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National
Semiconductor

MOS Memory Interface Circuits

DS1648/DS3648, DS1678/DS3678
TRI-STATE® TTL to MOS multiplexers/drivers

general description

The DS1648/DS3648 and DS1678/DS3678 are quad

2-input multiplexers with TRI-STATE outputs designed

to drive the large capacitive loads (up to 500 pF)

associated with MOS memory systems. A PNP input

structure is employed to minimize input currents so that

driver loading in large memory systems is reduced. The

circuit employs Schottky-clamped transistors for high

speed end TRI-STATE outputs for bus operation.

The DS1648/DS3648 has a 15 £2 resistor in series with

the outputs to dampen transients caused by the fast-

switching output. The DS1678/DS3678 has a direct,

low impedance output

external resistor.

for use with or without an

features

TRI-STATE outputs interface directly with system

bus

Schotttcy-clamped for better ac performance

PNP inputs to minimize input loading

LS and TTL compatible

High-speed capacitive load drivers

Built-in damping resistor (DS1648/DS3648 only)

o
CO

00—
o
(/)

CO

u
00

o
CO

0)
-J
00

o
CO
CO
O)
->l

00
logic and connection diagrams

OUTPUT n'^JS i

coarROl M/
171 ^

Dual-ln-Line Package

INPUTS INPUTS

VCC CONTROL A4

I" I" 1" I" I" I'

}

I' V I

3

I* I

s

I

6

I'
SELECT A1

INPUTS INPUTS

TOP VIEW

Order Number DS1648J, DS3648J, DS1678J,
DS3678J, DS3648N or DS3678N
See NS Package J16A or N16A

schematic diagram

EQUIVALENT INPUT EQUIVALENT OUTPUT

-M-

<

<
15*'

, I—VVV—O OUTPUT

-O GN0

"DS1648/DS3648 only
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absolute maximum ratings (Note d operating conditions
Supply Voltage 7V MIN MAX UNITS
Logical "1" Input Voltage 7V c . w u ,., , . ,. _. c

„
a Supply Voltage (Vpr 4.5 5.5 V

Logical "0" Input Voltage -1.5V ^
Storage Temperature Range -65°C to +150° C Temperature (Ta)

Power Dissipation* DS1648, DS1678 -55 +125 °C

Cavity Package 1160 mW DS3648, DS3678 +70 °C

Molded Package 1000 mW
Lead Temperature (Soldering, 10 seconds) 300°C "Derate cavity package at 80°C/W above 70°C; derate molded

package at 90°C/W above: 70°C.

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|N(1) Logical "1" Input Voltage 2.0 V

v IN(0) Logical "0" Input Voltage 0.8 V

l|fsj(1) Logical "1" Input Current Vcc = 5.5V, V| N = 5.5V 0.1 40 i"A

'lN(O) Logical "0" Input Current Vqc = 5.5V, V| N = 0.5V -50 -250 PA

VCLAMP Input Clamp Voltage Vcc = 4.5V, hN = -18 mA -0.75 -1.2 V

Voh Logical "1 " Output Voltage

(No Load)
VCC -4.5V, IOH--10/JA

DS1648/DS1678 2.7 3.6 V

DS3648/DS3678 2.8 3.6 V

Vol Logical "0" Output Voltage

(No Load)
Vcc = 4.5V, >0L

= 10 ^A
DS1648/DS1678 0.25 0.4 V

DS3648/DS3678 0.25 0.35 V

Voh Logical "1" Output Voltage

(With Load)
Vcc = 4 -5V, Ioh = -10 mA

DS1648 2.4 3.5 V

DS1678 2.5 3.5 V

DS3648 2.6 3.5 V

DS3678 2.7 3.5 V

Vol Logical "0" Output Voltage

(With Load)
Vqc = 4.5V, IOL = 20mA

DS1648 0.6 1.1 V

DS1678 0.4 0.5 V

DS3648 0.6 1.0 V

DS3678 0.4 0.5 V

1 1 D Logical "1" Drive Current Vcc = 4 -5V, VouT = 0V, (Note 4) -250 mA

lOD Logical "0" Drive Current Vcc = 4 -5V, VouT = 4.5V, (Note 4) 150 mA

! Hi-Z TRI-STATE Output Current v0UT = °-4v to 2.4V, Output Control = 2.0V -40 40 l"A

ICC Power Supply Current

VCC = 5.5V

Output Control = 3V

All Other Inputs at 0V
42 60 mA

All Inputs at 0V 20 32 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125° C temperature range for the DS1648and DS1678 and across

the 0°C to +70°C range for the DS3648 and DS3678. All typical values are for Ta = 25°C and Vcc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: When measuring output drive current and switching response for the DS1 678 and DS3678 a 1 5 £1 resistor should be placed in series with
each output. This resistor is internal to the DS1648/DS3648 and need not be added.
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switching characteristics (vCc = 5V, ta = 25°c> (Note 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

ts+- Storage Delay Negative Edge
(Figure 1)

Cl= 50 pF 5 7 ns

C|_ = 500 pF 9 12 ns

*s-+ Storage Delay Positive Edge
(Figure 1)

Cl = 50 pF 6 8 ns

C|_ = 500 pF 9 13 ns

tF Fall Time
(Figure 1)

C|_= 50 pF 5 8 ns

C|_= 500 pF 22 35 ns

tR Rise Time
(Figure 1}

C L = 50 pF 6 9 ns

Cl = 500 pF 22 35 ns

tZL Delay from Output Control Input to Logical "0"

Level (from High Impedance State)

C|_ = 50 pF

(Figure 2)

,
R L = 2 kP- to VCC.

10 15 ns

t-ZH Delay from Output Control Input to Logical "1

"

Level (from High Impedance State)

C[_ = 50 pF

(Figure 2)

, R|_ = 2 k.Q toGnd,
8 15 ns

tLZ Delay from Output Control Input to High Impedance

State (fro") Logical "0" Level)

C|_ = 50 pF

(Figure 3)

, R|_ = 400 fl to VqC.
15 25 ns

tHZ Delay from Output Control Input to High Impedance

State (from Logical "1" Level)

C|_ = 50 pF

(Figure 3)

, R|_ = 400 n to Gnd,
10 25 ns

ts+- Propagation Delay to Logical "0" Transition When

Select Selects A
Cl = 50 pF , (Figure V 12 15 ns

*s-+ Propagation Delay to Logical "1" Transition When

Select Selects A
C|_ = 50 pF

,
(Figure 1) 14 17 ns

*s+- Propagation Delay to Logical "0" Transition When

Select Selects B
C|_= 50 pF

,
(Figure 1) 16 20 ns

«s-+ Propagation Delay to Logical "1" Transition When

Select Selects B
C|_ = 50 pF , (Figure 1) 14 20 ns

ac test circuits and switching time waveforms
ts+_, ts_+,tR ,t F

PULSE

GENERATOR
(NOTED

'CC

*1
OUT

IN OUT

T

*"0 I'
A

MN0TE2)

90%

10% 10%/

Note 1: The pulse generator has the following characteristics: ZquT = 50 n and PRR < 1 MHz. Rise and fall times between 10% and 90% points

< 5 ns.

Note 2: C[_ includes probe and jig capacitance.
FIGURE 1

tZH

PULSE

GENERATOR
[NOTE 1)

^
tZL

«cc

He

T

—WV-- »-O vout
PULSE

GENERATOR
(NOTED

T

1

i=.

n.

Internal on DS1648 and DS3648
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ac test circuits and switching time waveforms (continued)

*HZ tLZ
Vcc

0.1 «F V CC

1*1 J^-rTi
PULSE

GENERATOR
(NOTE 1)

li

T

*R D PULSE

GENERATOR
(NOTE 1)

lL

T
Internal on DS1648 and DS3648

truth table

H = High level

L = Low level

X = Don't care

Hi-Z = TRI-STATE mode

typical applications

Addressing 16k RAM

ROW ADDRESS

DS164B/

DS3648

DS1648/

0S364S

1
*Bd

»OH-
OUTPUT

OUTPUT
CONTROL

INPUTS

OUTPUTS
SELECT A B

H X X X Hi-Z

L L L X H

L L H X L

L H X L H

L H X H L

LA i,

—-y ari

RAM
ARRAY

jF-

COLUMN ADDRESS f
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typical applications (Continued)

Refreshing Using TRI-STATE Counter

TRISTATE
CONTROL"

A10-

A9-

A8-

OUTPUT
A' CONTROL

OS3678 "
Y4

OUTPUT
*' CONTROL

TRI-STATE,
CONTROL

6 BIT

TRISTATE
REFRESH
COUNTER

DS364E

OR
DS3676

MOS RAM
REQUIRING
ADDRESS
MULTI-

PLEXING

D
CO
_l

00

o
CO
W
0>
4*
00

O
CO

0>

go

o
CO«
^4
00

2:1 Multiplexing of RAM Outputs

r" 7.
MOS RAM
ARRAY

MOS
OUTPUTS

I

A1

B1

A2 Y1
'

b*
ds

„T"
A3 DS3S78 Y3 —
B3 Y4

A4

B4

4 MOS OUTPUTS
(INVERTED)
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£3 National
mm Semiconductor

MOS Memory Interface Circuits

DS1649/DS3649, DS1679/DS3679 hex TRI-STATE® TTL to MOS drivers

general description
The DS1649/DS3649 and DS1679/DS3679 are Hex
TRI-STATE MOS drivers with outputs designed to drive

large capacitive loads up to 500 pF associated with MOS
memory systems. PNP input transistors are employed to

reduce input currents allowing the large fan-out to these

drivers needed in memory systems. The circuit has

Schottky-clamped transistor logic for minimum propaga-

tion delay, and TRI-STATE outputs for bus operation.

The DS1649/DS3649 has a 15 Q resistor in series with

the outputs to dampen transients caused by the fast-

switching output. The DS1679/DS3679 has a direct low

impedance output for use with or without an external

resistor.

features

High speed capabilities

• Typ 9 ns driving 50 pF
• Typ 30 ns driving 500 pF

TRI-STATE outputs for data bussing

Built-in 15 12 damping resistor (DS1649/DS3649)

Same pin-out as DM8096 and DM74366

schematic diagram truth table
EQUIVALENT INPUT EQUIVALENT OUTPUT

t> I

INPUT jAr
. i qJ

I J

DS1649/DS3649only

connection diagram

<
15* OUTPUT

DISABLE INPUT
INPUT OUTPUT

DIS 1 DIS 2

1

1

1 X Hi-Z

1 X Hi-Z

1 1 X Hi Z

X = Don't care

Hi-Z = TRI-STATE mode

gno

—

O

typical application

Dual-ln-Line Package

V CC DISZ IN 6 0UT6 IN 5 OUT 5 IN4 0UT4

1 16 | IS 1 14 13 1 12 11 f 10

Order Number DS1649J, DS3649J,
DS1679J, DS3679J, DS3649N, DS3679N,

DS1649W,orDS1679W
See NS Package J16A, N16A orW16A

MOS
COUNTER
DRIVER

MM62B0
MOS RAM
ARRAY

REFRESH &
ADDRESS
LINES

I 1
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absolute nnaximum ratings (Note d

Supply Voltage 7.0V

Logical "1" Input Voltage 7.0V

Logical "0" Input Voltage -1.5V

Storage Temperature Range -65° C to +1 50°

C

Power Dissipation*

Cavity Package 1 1 60 mW
Molded Package 1000 mW

Lead Temperature (Soldering, 10 seconds) 300 C

electrical characteristics (Note 2 and 3)

operating conditions

MIN

4.5

MAX
5.5

UNITS

VSupply Voltage (Vcc )

Temperature (T^)

DS1649, DS1679 -55 +125 "C

DS3649, DS3679 +70 °C

•Derate cavity package at 80°C/W above 70°C; derate molded

package at 90°C/W above 70° C.

PARAMETER

V|N(1) Logical "1" Input Voltage

V|N(0) Logiccl "0" Input Voltage

MNdl Logical "1" Input Current

l|N(0l Logical "0" Input Current

VcLAMP Input Clamp Voltage

VOH Logica "1 " Output Voltage

(No Load)

Logica "0" Output Voltage

(No Load)

VOH Logical "1" Output Voltage

(With Load)

vol Logical "0" Output Voltage

(With _oad)

CONDITIONS

Vcc = 5.5V V| N = 5.5V

Vcc = 5.5V V|N = 0.5V

VCC = 4.5V l|N = -18

V CC = 45V IoH = -10mA

VCC = 45V I OL=10mA

VCC = 4.5V 'OH 1

hD Logical "1" Drive Current

lOD Logical "0" Drive Current

tri-e;tate Output

Current

ICC Power Supply Current

Vcc = 4.5V lQL = 20mA

DS1649/DS1679

DS3649/DS3679

DS1649/DS1679

DS3649/DS3679

DS3649

VCC 4.5V
V UT = OV

(Note 4)

VCC = 4.5V
V UT = 4.5V

(Note 4)

0.25

vOUT = 0.4V to 2.4V

DIS1 or DIS2 = 2.0V

VCC = 5.5V

One DIS Input = 3.0V

All Other Inputs = X

All lnputs = 0V

0.6

switching characteristics (vCc = sv, ta = 25°o (Note 4)

PARAMETER

tS+- Storage Delay Negative Edge

tg_+ Storage Delay Position Edge

tR

tZL Delay from Disable Input to Logical "0"

Level (from High Impedance State)

tZH Delay from Disable Input to Logical "1

"

Level (frcm High Impedance State)

Delay from Disable Input to High Impedance

State (from Logical "0" Level)

Delay from Disable Input to High Impedance

State (from Logical "1 ' Level)

CONDITIONS

(Figure 1)

(Figure V

(Figure 1)

(Figure 1)

C|_ = 50 pF

C L = 500 pF

C|_ = 50 pF

CL = 500pF

C|_ = 50 pF

C L = 500pF

= 50pF

C[_ = 500 pF

C L = 50 pF

to Gnd

R L = 2 k£2 to VCC
(Figure 2)

Cl= 50 pF

to Gnd

R[_ = 2 kf2 to Gnd

(Figure 21

C L = 50 pF

to Gnd

R L = 400i2 to Vcc

(Figure 31

C|_ = 50 pF

to Gnd

R|_=- 400 n to Gnd

(Figure 3)

/'A

o
(/>—

L

(O
--*

o
C/>

w

o

CO

o
w

to
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notes
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125
C>

C temperature range for the DS1649 and DS1679 and across
theO°Cto +70°C range for the DS3649 and DS3679. All typical values are for TA = 25°Cand Vcc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.
All values shown as max or min on absolute value basis.

Note 4: When measuring output drive current and switching response for the DS1679 and DS3679 a 15 SI resistor should be placed in series with
each output. This resistor is internal to the DS1649/DS3649 and need not be added.

ac test circuits and switching time waveforms

ts+—ts-+.tR, t F

PULSE

GENERATOR
(NOTED

"DC
O J.lpF

DUT

IN OUT

T

INPUT / 1.5V V 1.5V

» A \_
--| I— 's+ —

-j :— 1S-+

\ 90°/.
i y«r

\i2 :=/

PULSE

GENERATOR
(NOTE 1]

*ZH

*1

T

IN OUT —*V*S*—•
PULSE

GENERATOR
(NOTE 1)

tZL

vcc

T

ne±

PULSE
GENERATOR
(NOTE 1)

O 0.1 U F

T

:1
*Ro—WNr-

PULSE
GENERATOR
(NOTE 1)

T

ne±

Internal on DS1649 and DS3649

Note 1: The pulse generator has the following characteristics: Z0UT =50 Hand PRR < 1 MHz. Rise and fall times between 10% and 90% points
< 5 ns.

Note 2: C[_ includes probe and jig capacitance.
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a National
Semiconductor

DS1651/DS3651, DS1653/DS3653
Quad High Speed MOS Sense Amplifiers

MOS Memory Interface Circuits

General Description

The DS1651/DS3651 and DS1653/DS3653 are TTL
compatible high speed circuits intended for sensing in a

broad range of MOS memory system applications.

Switching speeds haje been enhanced over conventional

sense am dI if ters by application of Schottky technology,

and TR I
STATE'3 strobing is incorporated, offering a

high impedance output state for bused organization.

The DS1651/DS3651 has active pull-up outputs, and the

DS1653/DS3653 offers open collector outputs providing

implied "AND" operations.

Features

High speed

TTL compatible

Input sensitivity — ±7 mV
TR l-STATE outputs for high speed buses

Standard supply voltages — +5V

Pin and function compatible with MC3430 aid

MC3432

Connection Diagram
Dual-ln-Line Package

Truth Table

+ INB OUTB V EE OUT D *IN D

16 15 14 13 12

TShA-J
rahx!

4

IMPUT STROBE
OUTPUT

DS3651 DS3653

V|D> 7 mV

Ta =
3
Cto -70" C

-7 mV < V|D< ^7 mV

Ta = 0°C to+70'C

V|D < -7 mV

Ta = O'C to+70"C

L

H

L

H

L

H

H

Open

X

Open

L

Open

Open

Open

X

Open

L

Open

-IN A +IN A OUT A STB OUT C +IN C -IN C GND

TOP VIEW

Order Number DS1651 J, DS1653J, DS3651J,

DS3653J, DS3651N or DS3653N
See NS Package J16A or N16A

L = Low logic state

H = High logic state

Open = TRl-STATE
X = Indeterminate state

Typical Applications

A Typical MOS Memory Sensing Application for a 4k word by 4-bit

memory arrangement employing 1 1 03 type memory devices

1k WORD
MOS MEMORY

Ik WORD

"J
MOS MEMORY

Ik WORD
MOS MEMORY

1k WORD
MOS MEMORY

i

i

DATA
BIT*

1

DS3651

DS36S3

, I—Vn

tV WORD
MOS MEMORY

1k WORD ,

MOS MEMORY
IkWORO

,

MOS MEMORY
1k WORD

MOSMEMORY

Ik WORD
MOS MEMORY

Ik WORD
MOS MEMORY

Ik WORD
' MOS MEMORY

Ik WORD
MOSMEMORY

i
Ik WORD

MOSMEMORY
Ik WORD

MOS MEMORY
IkWORD

' MOS MEMORY
IkWORD

MOSMEMORY yV

200

ZOO

200*1
DATA BIT 3

[s
i r^o -

4r

DATA BIT2

-.
I—

V

- '

.

I

- "X
DATA BIT 1

V"
i

200

HWS,
*5VO- *t>- -O DATA BIT 1

— W . 9

^200
? STROBE

O

I

Note. Only 4 devices are required for a 4k word by 16-bit memory system.
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Absolute Maximum Ratings

(Note 1)

Power Supply Voltages

vCc +7VDC
vee -7VDC

Differential-Mode Input Signal Voltage

Range, V|QR ±6V DC
Common-Mode Input Voltage Range, Vjcp- ±5V DC
Strobe Input Voltage, V|(g) 5.5 V DC
Storage Temperature Range -65° C to+150°C
Lead Temperature (Soldering, 10 seconds) 300° C

Operating Conditions

Supply Voltage (Vcc )

DS1651, DS1653
DS3651, DS3653

Supply Voltage (Vee)
DS1651.DS1653
DS3651, DS3653

Operating Temperature (T/\)

DS1651, DS1653
DS3651, DS3653

Output Load Current, doU
Differential-Mode Input

Voltage Range, V|qr

Common-Mode Input

Voltage Range <V|Qp)

Input Voltage Range (Any

Input to GND), (V|r)

MIN MAX UNITS

4.5 5.5 v Dc
4.75 5.25 vdc

-4.5 -5.5 vDc
^t.75 -5.25 vdc

-55 +125 °c
+70 °c

16 mA

-5.0 +5.0 v Dc

-3.0 +3.0 Vdc

-5.0 +3.0 Vdc

Electrical Characteristics

Vcc = 5 VDC V EE = -5 Vqc. Min < TA < Max .
unless otherwise noted (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|S Input Sensitivity, (Note 5)

(Common-Mode Voltage Range =

-3V<V| N <3V)

Min < Vcc < Max

Min > Vee > Max
±7.0 mV

V|0 Input Offset Voltage 2 mV

tig Input Bias Current VcC = Max, V EE = Max 20 AiA

l|0 Input Offset Current 0.5 MA

V IL(S) Strobe Input Voltage (Low State) 0.8 V

V|H(S) Strobe Input Voltage (High State) 2 V

'fL(S) Strobe Current (Low State) Vcc= Max. VEE = Max, V|n = 0.4V -1.6 mA

l|H(S) Strobe Current (High State)

Vcc ^ Max,

Vee = Max

V|N = 2.4V
DS3651, DS3653

40 /uA

V|N = VCC 1 mA
V|N = 2.4V

DS1651, DS1653
100 JL.A

V|N = VCC 1 mA

Voh Output Voltage (High State) VcC = Min,

Vee = Min
IO= -400 /jA DS1651/DS3651 2.4 V

Vql Output Voltage (Low State) VcC = Min,

VEE = Min
lO = 16 mA

DS3651, DS3653 0.45
V

DS1651, DS1653 0.50

'CEX Output Leakage Current Vcc = Min,

V£E= Min
Vq = Max DS1653/DS3653 250 MA

lOS Output Current Short Circuit VcC = Max, Vee = Max,

(Note 4)
DS1651/DS3651 -18 -70 mA

'OFF Output Disable Leakage Current
Vcc = Max, v ee - Max

DS3651 40 AJA

DS1651 100 iuA

ICC High Logic Level Supply Current Vcc ~ Max, Vee = Max 45 60 mA

lEE High Logic Level Supply Current VcC = Max, \/EE = Max -17 -30 mA
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Switching Characteristics

Vcc = 5 Vqc V|EE = ~5 Vqc. ^A ~ 25°C unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS

High-to-Low Logic Level Propagation
5 mV + V|s, {Figure 3)

DS1651/

DS3651
23 45 ns

tPHL(D)
De|gy Time (Differentia | | n p uts )

DS1653/

DS3653
22 50 ns

Low-to-High Logic Level Propagation
5 mV + V|S, (Figure 3)

DS1651/

DS3651
22 55 ns

tPLH(D)
De| ,

)y Tjme ( D ifferent i a | inputs) DS1653/

DS3653
24 65 ns

tpoH(S) TRI STATE to High Logic Level

Propagation Delay Time (Strobe)
(Figure 1)

DS1651/

DS3651
16 21 ns

tpHO(S) High Logic Level to TRI-STATE

Propagation Delay Time (Strobe)
(Figure 7)

DS1651/

DS3651
7 18 ns

tpoL(S) TRI STATE to Low Logic Level

Propagation Delay Time (Strobe)
(Figure 1)

DS1651/

DS3651
19 27 ns

tp|_o(S) Low Logic Level to TRI-STATE

Propagation Delay Time (Strobe)
(Figure 1)

DS1651/

DS3651
14 29 ns

tPHLIS) Higi-to-Low Logic Level

Propagation Delay Time (Strobe)
(Figure 2)

DS1653/

DS3653
16 25 ns

tPLH(S) Low-to-High Logic Level

Propagation Delay Time (Strobe)
(Figure 2)

DS1653/

DS3653
13 25 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operaling

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3651, DS3653 and across the -55°C to +125°C

range for the DS1651, DS1653. All typical values are for TA = 25°C, Vqc = 5V and V EE = -5V -

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5: A parameter which is of primary concern when designing with sense amplifiers is, what is the minimum differential input voltage required

at the sense amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is

well known that design considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and

voltage gain. As a design convenience, the DS1651, DS1653 and DS3651, DS3653 are specif ied to a parameter called input sensitivity (V|s)- This

parameter takes into consideration input offset currents and bias currents, and guarantees a minimum input differential voltage to cause agi«/en

output logic state with respect to a maximum source impedance of 200S~i at each input.

6-61



AC Test Circuits and Switching Time Waveforms

0S1651/

DS3651

"-+-1

. Output of channel B shown under te;;t, other channels are tested similarly.

tPLCHS)

VI V2 S1 S2 CL

tPLO(S) 100 mV GND Closed Closed 15pF

tPOLIS) 100 mV GND Closed Open 50 pF

tPHO(S) GND 100 mV Closed Closed 15pF

tPOH(S) GND 100 mV Open Closed 50 pF

C[_ includes jig and probe capacitance.

E|j\j waveform characteristics: tj[_H and t-pHL — ^ ns

measured 10% to 90%
PRR = 1 MHz
Duty cycle = 50%

tPHCMS)

-V0H -0.5V

- - 1.5 V

tPOUS) tPOH(S)

Jh
FIGURE 1. Strobe Propagation Delay tp|_0(S)- tPOUS). tPHL(S) and tPOHiS)

- IS pFT (TOTAL)

r-FV
Note,

other

Output of channel B shown under test,

channels are tested similarly.

Note. E|n waveform characteristics:

tTLH anQl tTHL ^ 10 ns measured 10% to 90%
PRR = 1 MHz, duty cycle = 500 ns

FIGURE 2. Strobe Propagation Delay tp|_H(S) ano" tPHUS)
5V

Z-/"*\ v_
f

Note. Output of channel B shown under test, other channels are tested similarly,

SI at "A" for DS1653/DS3653, C L = 15pF total for DS1653/DS3653

S1 at "B" for DS1651/DS3651 , C L = 50 pF total for DS16S1/DS3651

E|N waveform characteristics:

ty|_nandt~rFil_^ 1 ns measured 10% to 90%
PRR - 1 MHz, duty cycle - 500 ns

FIGURE 3. Differential Input Propagation Delay tpLH(D) anc* tPHLID)
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Schematic Diagrams

DS1651/DS3651

vC c o-

^L
< <

6k ? 5k

v EE o-

^

>F

• 4k > 1.6k

Tl

I 4k

P 1 1 P 'S

4k J

120 > 1.6k > 4k

1/4 OF CIRCUIT SHOWN

TOOTHER
CIRCUITS

^v

DS1653/DS3653

«cc»-

i:-C
<

*

-*

<

4k ?1.6k

n

i-

1

v EE o- Ml P 's

1/4 OF CIRCUIT SHOWN

•120 > 1.6k >4k

TO OTHER
CIRCUITS)H
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Typical Applications (continued)

4-Bit Parallel A/D Converter

60 mA

«l«0-

3V

1
fife?

>!70 >Z70 >2JQ SZ70

=fe:—

=fe:-

•3tzr

'^"^
=fc;
=fcr

=fc:

=fc::

tfc;

^"^ to
OH

^5=,
c

t-l>—

r

:^^

Level Detector with Hysteresis

"s
I/4 0S165I/DS3651

Transfer Characteristics and Equations

for Level Detector with Hysteresis

»L0W V HIGH

V H

&_= (A + B) (C + D) (E + F) (H+J| (K + LI (M + N) (P + R) (S)

2j_- (B+ D) (F +J) (L+ N) (R)

2^_- (D + J) (N)

23=7

V HIGH = VREF +

v L0W" vREF +

R2 tVQIMAX) - vREFl
R1 + R2

R2 [ v0(MIN) - VrefI

Conversion time ss 50 ns

Hysteresis Loop (V|_|)

Vh = VHIGH- vLOW =
l vO(MAX) - v O(MIN)l
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DS1671/DS3671 bootstrapped two phase MOS clock driver

D
C/>

CO
O)

general description

The DSK571/DS3671 is a high speed dual MOS clock

driver and interface circuit. Unique circuit design pro-

vides both very high speed operation and the ability

to drive large capacitive loads. The tievice accepts

standard TTL/DTL outputs and converts them to MOS
logic levels. It may be driven from standard 54/74

and 54S/74S series gates and flip-flops or from drivers

such as the DS8830 or DM7440. The circuit can be used

in both P-channel and N-channel MOS memory system

drive applications.

The DS1671/DS3671 is intended to fulfill a wide

variety of MOS interface requirements. As a MOS clock

driver for long silicon gate shift registers, a single device

can drive over 10k bits at 5 MHz. Six devices provide

input address and precharge drive for an 8k by 16-bit

1 103 RAM memory system.

Each driver uses output bootstrapping to provide a

higher voltage to the output stage, thus eliminating the

need for an additional VDD supply. The bootstrapping

function is accomplished by connecting a small value

capacitor (typically 200 pF) from each output to each

drivers bootstrap node.

features
Fast rise and fall times-20 ns with 1000 pF load

High output swing—20V

High output current drive—±1.5A

TTL/LS compatible inputs

High rep rate-5 to 10 MHz depending on power

dissipation

Low power consumption in MOS "0" state—2 mW
Swings to 0.4V of GND for RAM address drive

connection diagrams

Metal Can Package

Dual-ln-Line Package

)UT1 V' B2 OUT 2

. . 6 5

i\

\
% 3 4

Order Number DS1671H
or DS3671H

See NS Package H08C

Order Number DS1671J-8, DS3671J-8
or DS3671 N-8

See NS Package J08A or N08A

typical applications

WITHV 2
+ -V, +

= 3V

•SEE GRAPH FOR VALUE

DS3671 Operating with Extra Supply

to Inhance Output Voltage Level

HH

Bootstrap Clock Driver Driven from a TTL Gate
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absolute maximum ratings (Notei)

V+ - V~ Differential 22V
V B - V" Differential 40V
V B - V+ Differential 20V
Input Voltage (V||vj - V") 5.5V

Input Current 100 mA
Peak Output Current 1.5A

Storage Temperature Range -65° C to + 150°C

Lead Temperature (Soldering, 10 seconds) 300° C

Power Dissipation* (Prj)

Ceramic Package 1160mW
Molded Package 890 mW
Metal Can 525 mW

electrical characteristics (Notes 2 and 3)

operating conditions
M1N

Supply Voltage

V + - V" Differential 20 V
V B — V" Differential 40 V
V B - V+ Differential 20 V

Operating Temperature Range

DS3671 +70 °C

DS1671 -55 +125 °C

( Derate ceramic package at 80°C/W above 70°C; derate molded
package at 90°C/W above 70°C; derate metal can package at

200°C/W above 70°C.

PARAMETER CONDITIONS MIN TYP MAX UNITS

V| H Logical "1 " Input Voltage V~ = 0V 2.0 1.5 V

l,H Logical "1" Input Current V IN -V~-2.4V 10 15 mA

V,l Logical "0" Input Voltage V~ - OV 0.6 0.4 V

l lL Logical "0" Input Current V, N
- V~-0V -3 -10 HA

Voh Logical "1 " Output Voltage V B > V
+
+ 1 ,0V, V| N - V" =- 0.4V,

lo = mA
DS3671 V+

-1.0 V+-0.75 V

DS1671 V+
-1.2 V+-0.75 V

Vol Logical "0" Output Voltage V 1N
- V" = 2.4V, l = mA V-0.6 v n.o V

R B Bootstrap Control Resistor 1.1 2.0 3.3 kSZ

'CC(ON) Supply Current One Side

"ON"

V + - V" = 20V, V IN - V" = 2.4V,

V B
= V

+
(One Side Only)

30 40 mA

'cC(OFF) Supply Current "OFF" V+
- V" = 20V, V, N - V" = OV DS3671 10 100 HA

DS1671 50 500 M
switching characteristics ta = 25°C, V+ = 20V, V~ = 0V

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdo Propagation Delay to a

Logical "0"

R D = ion, C L
= 1000 pF 7.5 15 ns

tpui Propagation Delay to a

Logical "1"

R D = 10ST2, C L = 1000 pF 12 15 ns

t
r

Rise Time
R D « 10S2

C L = 500 pF 25 35 ns

C L = 1000 pF 31 40 ns

t f Fall Time
R D ' 1012

C L - 500 pF 30 40 ns

C L = 1000 pF 38 50 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55" C to +125°C temperature range for the DS1671 and across the
D
C to +70°C range for the DS3671. All typicals at 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

typical performance characteristics

Input Current vs

Input Voltage

Turn-On and Turn-Off Time
vs Temperature Fall Timevs Load Capacitance

/r
/
//

~^"z :

f - it _

I-.

20

18

16

14

'ou

to

^-
1

10

8

6

4

2

20v

1

I
1

10

-1.0-0.5 0.5 1.0 1.5 2.0 2.5

(V IN - V") - INPUT VOLTAGE (V)

25 50 75 100 125

TEMPERATURE ( C}
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typical performance characteristics (con't)

Rise Time vs Load Capacitance

200 400 600 800 1C00 1300

LOAD CAPACITANCE (pF)

Output Pulse Width When
Controlled Only by Input

Coupling Capacitor

400

300

ZOO

_ T A =

1000 p

= 20V

25 C

F

/ ,™_/—v_
OLiTPUl

200 400 600 800 1000 1200

C,n - INPUT CAPACITANCE (pF)

ac test circuit and switching time waveforms

© I 'i 20(fpF

Vin /|.5VF *\

FREQUENCY

=

node voltage waveforms

BOOTSTRAP PIN
-VCC -2V BE !

,

Note 1 : Thi! fill lime has an exponential decay with the following time constant: ta = CB R B

The range o values for R B (f«ifloi tolerance, and temperature coefficient included! can be

found in tht ;able of electrica' characteristics.

Note 2: The li.gh current transient las high as 1.5A) through the resistance of the external

interconnee ting V" lead during the output transition from the high state to the low state tan

appear as negative feedback to the input. If the external interconnecting lead from the driving

circuit to V
"

is electrically long, or has significant DC instance, it can subtract from the

switching resionw.

typical applications (con't)

DS3671 Connected as DSO026

with Equivalent Characteristics

Typical Bootstrap
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schematic diagram (One Driver)

D5

AMV [oi

Hh'

OTSTRAP EXTERNAL

p|N BOOTSTRAP

q CAPACITOR
C B

-w-
—

C R8

> R9

<L_ "C if"

W—

< -M-

-£6

S 10h

-w-

•\r

-Q*

-£g
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DS16149/DS36149, DS16179/DS36179 hex MOS drivers

general description

The DSI6149/DS36149 and DS16179/DS36179 are

Hex MOS drivers with outputs designed to drive large

capacitive loads up to 500 pF associated with MOS
memory systems. PNP input transistors are employed to

reduce input currents allowing the large fan-out to these

drivers needed in memory systems. The circuit has

Schottky-clamped transistor logic for minimum propaga-

tion delay, and a disable control that places the outputs

in the logic "1" state (see truth table). This is especially

useful in MOS RAM applications where a set of address

lines has to be in the logic "1" state during refresh.

The DS1649/DS3649 has a 1 5 fi resistor in series with

the outputs to dampen transients caused by the fast-

switching output. The DS1679/DS3679 has a direct low

impedance output for use with or without an external

resistor.

features

High speed capabilities

• Typ 9 ns driving 50 pF

• Typ 29 ns driving 500 pF

TRI-STATE outputs for data bussing

Built-in 15 Ji damping resistor (DS16149/DS36149)

Same pin-out as DM8096 and DM74366

schematic diagram
EQUIVALENT INPUT EQUIVALENT OUTPUT

-M-
PJ

tm~C

INTERNAL
LOGIC

CIRCUITRY

pJ

m
cB^

L

< "—VW-O OUTPUT

DS16149/DS36149only.

O
(/>

JO

o
(/>

w

P
a

2
->i

to"^
o
(/)O
2
CO

JJ1 I

connection diagram truth table

Dual-ln-Line Package

OUTS IN 5 OUTS

DISABLE INPUT
INPUT OUTPUT

DIS 1 DIS 2

1

1

1 X 1

1

1 1

X

X

1

1

DIS 1 INI 0UT1 IN 2 OUT 2 IN 3 OUT 3 GND

TOP VIEW

Order Number DS16149J, DS36149J, DS16179J,

DS36179J, DS36149N, DS36179N,
DS16149W or DS16179W

See NS Package J16A. N16A or W16A
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absolute maximum ratings (Noteu operating conditions

Supply Voltage 7.0V

Logical "1" Input Voltage 7.0V

Logical "0" Input Voltage -1.5V
Storage Temperature Range -65"Cto+150c

'C

Power Dissipation*

Cavity Package 1 1 60 mW
Molded Package 1 000 mW

Lead Temperature {Soldering, 10 seconds) 300'J

C

MIN MAX UNITS

Supply Voltage (Vqc) 4.5 5.5 V

Temperature (T/\)

DS16149, DS16179 -55 +125 °c
DS36149, DS36179 +70 °c

* Derate cavity package at 80°C/W above 70° C; derate molded
package at 90°C/W above 70"C.

dc electrical characteristics (Notes 2 and 3)

PARAMETER

V|N(1) Logical "1" Input Voltage

V|N(0l Logical "0" Input Voltage

hN(1) Logical "1" Input Current

!|N(0) Logical "0" Input Current

VCLAMP Input Clamp Voltage

CONDITIONS

VCC = 5.5V V| N = 5.5V

2.0

VCC=5.5V V| N = 0.5V

Vcc = 4.5V l|N=-18mA

-250

-1.2

uA

"A

VOH Logical "1 " Output Voltage

(No Load)
VCC = 4.5V Ioh^-IOhA

VOL Logical "0" Output Voltage

(No Load)
VCC J 4.5V l L=10uA

DS16149/DS16179

DS36149/DS36179

DS16149/DS16179 0.25

DS36149/DS36179 0.25 0.35

VOH Logical "1" Output Voltage

(With Load)

DS16149

VCC = 4 -5V Iqh = -1-0 mA
DS16179

DS36149 3.5

DS36179

VOL Logical "0" Output Voltage

(With Load)

0.6

VCc = 4.5V l O L = 20mA

0.5

Logical "1 " Drive Current VCc = 4.5V VquT = 0V, (Note 4) 250 mA

mALogical "0" Drive Current VCC = 4.5V V UT = 4.5V, (Note 4)

Power Supply Current

VCC"5.5V

Disable Inputs = 0V

All Other Inputs = 3V
33

All Inputs = 0V

switching characteristics (vCc = sv, ta = 25°o (Note 4)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

«S+- Storage Delay Negative Edge
{Figure 1}

C L = 50 pF 4.5 7 ns

Cl = 500 pF 7.5 12 ns

ts-+ Storage Delay Positive Edge
(Figure 1)

C[_ = 50 pF 5 8 ns

Cl = 500 pF 8 13 ns

'F Fall Time
(Figure 11

Cl - 50 pF 5 8 ns

Cl = 500 pF 22 35 ns

tR Rise Time
(Figure 11

C L = 50 pF 6 9 ns

Cl = 500 pF 26 35 ns

tLH Delay from Disable Input

to Logical "1"

R L = 2 kfl to Gnd, Cl = 50 pF, (Figure 2! 15 22 ns

tHL Delay from Disable Input

to Logical "0"

R L = 2 kfl to VCC, C L = 50 pF, (Figure 3) 11 18 ns



notes

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range tar the DS16149 and DS16179 and

across the 0°C to +7CC range for the DS36149and DS36179. All typical values are for TA = 25'Cand V Cc = 5V.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: When measuring output drive current and switching response for the DS16179 and DS36179 a 15 n resistor should be placed in series

with each output. This resistor is internal to the DS16149/DS36149 and need not be added.

ac test circuits and switching time waveforms

ts+_. ts_+, t R , t F

0.1 uF

PULSE
GENERATOR
(NOTE 1)

V|N

DUT

IN OUT

T

*"D
>V0UT

(NOTE 2)

^ \
%9 J

'S-+

90%

«LH

O VrjUT
OUTPUT

Vol-

Jf'

PULSE
GENERATOR
(NOTE I)

V|N

«HL

OUT

IN OUT

T

K1
JVOUT

. 511 pF

^ (NOTE 2)

FIGURE 3

"internal on DS16149 and DS36149

Note 1: The pulse generator has the following characteristics: ZOUT = 50S2and PRR < 1 MHz. Rise and fall times between 10% and 90% points

< 5 ns.

Note 2: C[_ includes probe and jig capacitance.
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typical application

DS36149

OH
OS3617S

Mas
DRIVER

DISABLE

r

1 MM5270

1
|

OR
1 MNI5280

1 MOS RAM
DS3649
OR

DS3679

MOS
DRIVER

DISABLE

I ARRAY

' HOURESS
1 LINES

1

i

DS3646

OR
DS3G76

MOS
COUNTER
DRIVER

ENABLE

"0" ADDRESS
"1" COUNTER

CLOCK—

ADDRESS OR
,

1

COUNT SELECT
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DS3245 Quad MOS Clock Driver

o
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Geneiral Description Features

The DS3245 is a quad bipolar-to-MOS clock driver with

TTL/DTL compatible inputs. It is designed to provide

high output current and voltage capabilities necessary

for optimum driving of high capacitance N-channel MOS
memory systems.

Only 2 supplies, 5 Vrjc and 12 Vrjc. are required with-

out compromising the usual high Voh specification

obtained by circuits using a third supply.

The device features 2 common enable inputs, a refresh

input, and a clock control input for simplified system

designs. The circuit was designed for driving highly

capacitive loads at high speeds and uses Schottky-

clamped transistors. PNP transistors are used on all

inputs, thereby minimizing input loading.

TTL/LS compatible inputs

Operates from 2 standard supplies: 5 Vqc- 1 2 Vrjc

Internal bootstrap circuit eliminates need for external

PNP's

PNP inputs minimize loading

High voltage/current outputs

Input and output clamping diodes

Control logic optimized for use with MOS memory
systems

Pin and function equivalent to Intel 3245

Logic and Connection Diagrams

EN2-

EN1-

CLK-

SEL1-

;;=£>

SEL3-

SEL4-

RCFRESH-

<H0

;=£>

;=£>
OUT 4

Vdd-

SELI •

CLKIN-

Dual-lnLine Package

GND-

r^cc

SEL3

TOP VIEW

Order Number DS324SJ or DS324BN
See NS Package J16A or N16A
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Absolute Maximum Ratings (NoteD

Temperature Under Bias -10°C to +85°C

Storage Temperature -65°C to +150°C

Supply Voltage, VqC -0.5 to +7

V

Supply Voltage, Vqd -0.5to+14V

All Input Voltages -I.OtoVDD
Outputs for Clock Driver -1.0 to Vdd +1v

Power Dissipation at 25° C 2W

Electrical Characteristics ta = o°c to +75°c, vcc = sv ±5%, vdd = 12V ±5%

PARAMETER CONDITIONS MIN TYP MAX UNITS

IfO Select Input Load Current Vp = 0.45V -0.25 mA

IFE Enable Input Load Current Vf = 0.45V -1.0 mA

IrD Select Input Leakage Current Vr = 5V 10 MA

IrE Enable Input Leakage Current Vr = 5V 40 ma

Vol Output Low Voltage
IOL = 5 mA. V'M = 2V 0.45 V

If" - -0 mA -1.0 V

Vqh Output High Voltage
„ -, = - 1 mA, V| L 0.8V VfjD-0-50 V

|QH = 5 mA VDD+10 V

V|i_ Input Low Voltage, All Inputs 0.8 V

V|H Input High Voltage, All Inputs 2 V

Power Supply Current Drain

PARAMETER CONDITIONS MIN TYP MAX UNITS

ICQ Current from Vcc
(Outputs High)

VQC = 5.25V,

VDD= 12.6V
26 34 mA

IpD Current from Vqd
(Outputs High)

Vcc = 5.25V,

VDD = 12.6V
23 30 mA

ICC Current from Vcc
(Outputs Low)

Vcc = 5.25V,

VDD= 12.6V
29 39 mA

IpD Current from Vdd
(Outputs Low)

VCC = 5.25V,

VDD= 12.6V
13 19 mA

Note 1 : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only

and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not

implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.
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Switching Characteristics ta = o°c to +75°c, vCc = sv ±5%, v DD = 12V ±5%

PAFIAMETER

t-+ Infiut to Output Delay

CONDITIONS

RSERIES =

MIN

(Note 3)

TYP
(Notes 4, 6)

11

MAX
(Note 5)

UNITS

o
(/>

w
ro

01

tDR Delay Plus Rise Time RSERIES = 20 32

Input to Output Delay RSERIES =

tDF Delay Plus Fall Time RSERIES = 18 32

Output Transition Time FlSERIES=20n 10 17 25

tDR Delay Plus Rise Time RSERIES = 20n 27 38

tDF Delay Plus Fall Time RSERIES=20n 25 38

Capacitance ta = 25°c (Note7>

PARAMETER CONDITIONS MIN TYP MAX UNITS

C|N Input Capacitance, l-|, I2, I3, I4 5 8 pF

C|N Input Capacitance, R, C, E1, E2 8 12 pF

Note 3: C L = 1B0pF

Note 4: C{_ = 200 pf: These values represent a range of total stray plus clock capacitance for nine 4k RAMs.

Nota 5: C|_ = 250 pF

Note 6: Typical values are measured at 25°C.

Note 7: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vgi^s = 2V, V(X = 0V- and

TA = 25°C.

AC Test Circuit and Switching Time Waveforms

"series

DS3245 I—^Mr

¥
Input pulse amplitudes: 3V

Input pulse rise and fall times:

5 ns between 1 V and 2V

Measurement points: see waveforms

VDD
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DS75322 Dual TTL-MOS Driver
DS3622 Dual Fail -Safe TTL-MOS Driver

General Description

The DS75322 is a dual TTL-MOS high speed driver.

The input structure of" the device is TTL and DTL
compatible. A common strobe input is provided for

gating the outputs to the low state. The outputs provide

high current and high voltage levels ideal for driving

MOS circuits. The DS75322 specifically meets the

requirements for driving N-channel RAMs where low

power dissipation is desirable when the driver is in the

low state.

The DS3622 provides output fail-safe protection.

Powering down Vcci activates the fail-safe circuit,

forcing the outputs to the low state. The fail-safe feature

eliminates output glitches that may occur in systems

that power down Vcci Functionally, the DS3622 and

the DS75322 are identical.

The DS75322, DS3622 require 2 external PNP transistors

per package.

The DS75322, DS3622 are characterized for operation

from 0°C to +70°C.

The DS75322 and the DS3622 are ideal for driving

the UPD411D, MM5280 and the MM5270 4k RAMs.

Features

Dual positive-logic and TTL-MOS driver

TTL and LS compatible inputs

High voltage/current outputs

Operates from standard bipolar and MOS supplies

High speed switching

Input and output clamping diodes

Separate driver address inputs with common strobe

Voh anc' ^OL compatible with 4k RAMs and other

popular MOS RAMs
• No current (leakage only) when outputs are in low

state (DS75322)

Outputs forced to low state with loss of Vcci
(DS3622)

Connection Diagram

Dual-ln-Ltne Package

vcci

I"

Positive Logic Y = AE
Recommended PNP Transistors

2N5910, 2N5771

3 M
T~T

_y>_
TOP VIEW

Order Number DS75322J, OS3622J,

DS75322N or DS3622N
See NS Package J14A or N14A
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Absolute Maximum Ratings (Noten Operating Conditions

Supply Voltage

VCC1 -0.5 to 7V

VCC2 -0.5 to 15V

Input Voltage 5.5V

Inter-Input Voltage (Note 4) 5.5V

Storage Temperature Range -65°Cto+150
c
C

Operating Free-Air "temperature Range 0°C to +70° C

Power Dissipation (PqI

Cavity Package 1160 mW
Molded Package 1000 mW

Lead Temperature (Sioldering, 10 seconds} 300° C

Supply Voltage

VCC1
VCC2

Operating Free-Air

Temperature {T^)

4.75 5.25 V

4.75 15 V

70 °c

Electrical Characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|h High Level Input Voltage 2.0 V

V|[_ Low Level Input Voltage 0.8 V

VoH High Level Output Voltage V|H = 2V, l H = -400 uA Vcc2-0.5 Vcc2-0.25 V

Vol Low Level Output Voltage VCC2= 11.4V, V| N = 0.8V, Iol= 10 mA 0.23 0.5 V

Low Level Output Voltage in

vol f.s.i
Fail-Sa-e Mode (DS3622 Only)

VCC1 -0V, V CC2= 11.4V. Iol- 1.6 mA,

V| = 2.4V
0.5 V

Input Current at Maximum Input
l|

Voltace
VCCI = 5.25V, Vcc2 = 1 1 1V, V| = 5.25V 1 niA

l|H High Level Input Current V| = 2.4V
A Inputs 40

HA
E Input 80

l|t_ Low Level Input Current V| = 0.4V
A Inputs -1 -1.6

niA
E Input -2 -3.2

Supply Current from VcC1 . All VCC ,
= 5.25V, V CC2= 12.6V,

V| - 0V, No Load

DS75322 15.0 20
nA

Outputs Low DS3622 16.0 21

Supply Current from Vcc2. All VCC1 = 4.75V, Vcc2 = 12.6V,

V| = 0V, No Load

DS75322 0.01 0.5
rnA

Outpuls Low DS3622 1 4

Supply Current from Vqc1 . All

Outputs High

VCC 1 - 5.25V, VCC2 = 12.6V,

V| = 5V, No Load

DS75322 24 34
nA

DS3622 25 35

Supply Current from V(X2. All

'CC2(HI _ . , ... .

Outputs High

VCC1 = 4.75V, V CC2= 12.6V,

V| = 5V, No Load

DS75322 9.5 13
rnA

DS3622 10 14

,,-,., Supply Current from VcC2 1"

ICC2 F.S.
Fail-Safe Mode (DS3622 Onlyl

VCCI " 0V, V CC2 = 12.6V, V| = 5V,

No Load
1 4 nA

Switching Characteristics vCci = sv, vCc2 = i2v. ta = 25c

PARAMETER CONDITIONS

*DLH Delay Time, Low-to-High Level Output

*DHL Delay Time, High-to-Low Leve^'.Output

tXLH Transition Time, Low-to-Hig&Level Output

tTHL Transition Time, High-to-Low Level Output
C[_ = 300pF

tpLH Propagation Delay Time, Low-to-High Level Output 38

*PHL Propagation Delay Time, High-to-Low Level Output 29

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: All typicals are given for Vqc1 = 5V - VCC2
= 12V and TA = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted

All values shown a; max or min on absolute value basis.

Note 4: This ratinci applies between any 2 inputs of any one of the gates.
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AC Test Circuit (Note u

PULSE

GENERATOR
{NOTE 2}

_J*°ext
rose hi (note 4)

1 L -

o- I-OO

—I— (NOTE

Switching Time Waveforms

10% 10%-

Note 1: Recommended minimum load 200 pF.

Note 2: The pulse generator has the following characteristics: PRR = 1 MHz, Zquj = 50O, tr
= tf < 10 ns.

Note 3: C|_ includes probe and jig capacitance.

Note4: Recommended external PNP transistors: 2N5771 (plastic), 2N5910 (plastic).

Typical Application

DS75322 Driving the MM5280 Memory-Only Four MM5280's Shown

vB b
-JV
o

*M
5*

O

i I 22

MM52IQ

II 12

MMS28Q

-

= i
-

Z i

CE

'

CE

~ -1

DS75322

14

71 I

jr
"o— 1

4
J

„

S
Lr-v ID"o—

MM52B0

71

MMS2I0

El
N!°^

7

S

7?—H2N5910
CE

-
CE~ H

12V

— —

Note. External PNP transistor should be located as close as possible to the DS75322.

Recommended minimum load: 200 pF
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DS75361 dual TTL-to-MOS driver

general description

The DS7Ei361 is a monolithic integrated dual TTL-to-

MOS driver interface circuit. The device accepts standard

TTL and DTL input signals and provides high-current

and high-voltage output levels for driving MOS circuits.

It is used to drive address, control, and timing inputs

for several types of MOS RAMs including the 1103 and
MM5270 and MM5280

The DS7E>361 operates from standard TTL 5V supplies

and the MOS Vjs supply in many applications. The
device has been optimized for operation with Vcc2
supply voltage from 16V to 20V; however, it is designed

for use over a much wider range of VCC2 .

features

Capable of driving high-capacitance loads

Compatible with many popular MOS RAMs

Vcc2 supply voltage variable over wide range to 24V

Diode-clamped inputs

TTL and LS compatible

Operates from standard bipolar and MOS supplies

High-speed switching

Transient overdrive minimizes power dissipation

Low standby power dissipation

connection diagram

Dual-ln-Line Package

Vcci VI YJ Vra

I. . • I.

u
E A! cm

TOT VIEW

Order Number DS75361 J 8 or DS75361N-8
Sea NS Package J08A or N08A
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absolute maximum ratings (NoteD

Supply Voltage Range of V CC1 (Note 11 -0.5V to 7V
Supply Voltage Range of V.CC2 —0.5V to 25V
Input Voltage 5.5V

Inter-Input Voltage (Note 4) 5.5V

Storage Temperature Range -65° C to -H50°C
Lead Temperature 1/16 Inch from Case for

60 Seconds: J Package 300°C
Lead Temperature 1/16 Inch from Case for

10 Seconds: N or P Package 200°C

electrical characteristics (Notes 2 and 3)

operating conditions

Supply Voltage (Vcci) 4.75

Supply Voltage (Vcc2' 4 -75

Operating Temperature (T/\)

5.25

24

switching characteristics (vcc1 = 5V, vCC2 = 20V, ta = 25°o

PARAMETER CONDITIONS MIN TYP MAX UNITS

V, H High-Level Input Voltage 2 V

V, L Low-Level Input Voltage 0.8 V

V, Input Clamp Voltage I, = -12mA -1.5 V

VOH High-Level Output Voltage V, L = 0.8V, l OH = -50/JA VCC2-1 VCC2 -0.7 V
V, L = 0.8V, l OH = -10 mA Vcc2 -2.3 VCC2 -1.8 V

VOL Low-Level Output Voltage V,H =2V, l OL = 10 mA 0.15 0.3 V
VCC2 = 15V to 24V, V,h = 2V,

l OL = 40 mA 0.25 0.5 V

V Output Clamp Voltage V, =0V, l OH = 20 mA VCC2 + 1.5 V

li Input Current at Maximum Input Voltage V, = 5.5V 1 mA

l, H High-Level Input Current
V, = 2.4V

A Inputs 40 uA
E Input 80 uA

l, L Low-Level Input Current
V, = 0.4V

A Inputs -1 -1.6 mA
E Input -2 -3.2 mA

'cckh) Supply Current from Vcc1 , Both

Outputs High VCC1 = 5.25V, VCC2 = 24V,

All Inputs at 0V, No Load

2 4 mA

'cc2(H) Supply Current from V cc2 , Both

Outputs High
0.5 mA

'cckd Supply Current from Vcc1 , Both

Outputs Low VCC1 = 5.25V, VCC2 = 24V,

All Inputs at 5V, No Load

16 24 mA

'cC2(U Supply Current from VCC2 , Both

Outputs Low
7 11 mA

'cC2(s) Supply Current from Vcc2 ,

Stand-by Condition

VCci = 0V. VCC2 = 24V,

All Inputs at 5V, No Load
0.5 mA

PARAMETER CONDITIONS MIN TYP MAX UNITS

tOLH Delay Time, Low-to-High Level Output

C L = 390 pF,

r d - ion
{Figure 1)

11 20 ns

tDHL Delay Time, High-to-Low Level Output 10 18 ns

tTLH Transition Time, Low-to-High Level Output 25 40 ns

tthl Transition Time, High-to-Low Level Output 21 35 ns

tPLH Propagation Delay Time, Low-to-High Level Output 10 36 55 ns

tPHL Propagation Delay Time, High-to-Low Level Output 10 31 47 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the C to +70 C range for the DS75361. All typical values are for T^ = 25°C
and VCC1 = 5V and \ZqC2 = 20V -

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: This rating applies between the A input of either driver and the common E input.
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typical performance characteristics

High-Level Output Voltage vs

Output Current

-0.01 -0.1 -1 -10 -100

HIGH-LEVEL OUTPUT CURRENT (mA)

Low-Level Output Voltage vs

Output Current

Vcci

Vccz

'SV
= 20V

Vi- 2V
Ta-+'0°C-^

^TA = 0"C

I 20 40 60 80 100

LOW-LEVEL OUTPUT CURRENT (mA)

Voltage Transfer Characteristics

\

Vcci = 5V

VCC2 20V

NO LOAD

Ta" 25"C

0.5 1 1.5 2

INPUT VOLTAGE (V)

Total Dissipation (Both Drivers)

vs Frequency

0.1 0.2 0.4 1 2

FREQUENCY (MHz)

Propagation Delay Time,

Low-to-High Level Output

vs Ambient Temperature

C L = 390 pF

C L '200pF

= 50 —

'

Vcci " 5V

Vcc; 20V

(F GUR Ell

10 20 30 40 50 GO 70

AMBIENT TEMPERATURE f

Propagation Delay Time,

High-to-Low Level Output

vs Ambient Temperature

CL = 390 pF —
1 1

CL = 200 pF

1

-50pF-

Vcci " 5V

Vca-2°V

(FIGURED

13 20 30 40 50 60 70 80

AMBIENT TEMPERATURE (°C)

Propagation Delay Time,

Low-to-High Level Output

vs VqC2 Supply Voltage

Ct 390 pF

Ct -20( > r
.

p
^"

Vcci sv

RD = 10n

(FIG JRE1)

Propagation Delay Time,

High-to-Low Level Output
vs Vqc2 Supply Voltage

«cc = 5V

T4 25T
CL • 390 pF

(FIG URE1
: L = 2i OpF;

Propagation Delay Time,

Low-to-High Level Output

vs Load Capacitance

Vcci

VCC2

= 5V

20V
Rc-

TA = 25-C

(FIGURED

o
—

"d

SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)

00 200 300 400 500 600

LOAD CAPACITANCE <pF]

So

Propagation Delay Time,

High-to-Low Level Output

vs Load Capacitance

Vcci

Vccz

5V
-20V •

T. 25-

C

(FIGURED ^»J•

Rd = ion-~^L^
-^R .-o

100 200 300 400 500

LOAD CAPACITANCE IpFI
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schematic diagram 0/2 shown)

ac test circuit and switching time waveforms

INPUT SV 20V

o

PULSE
GENERATOR
(NOTE 1)

r-v«, ,„-|

'^zz[3>-p^-j-o.Li —— CL
GNO I ^TV(N0TE2)

~1 1

Now 1 : The puba ganerator has tha following characteristics: PRR = 1 MHz, ZoUT * 50S2.

Note 2: CL includes proba and jjg capacitance.

FIGURE 1. Switching Times, Each Driver
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typical applications

The fast switching speeds of this device may produce

undesirable output transient overshoot because of load

or wiring inductance. A small series damping resistor

may be used to reduce or eliminate this output transient

overshoot. The optimum value of the damping resistor

to use depends on the specific load characteristics and

switching speed. A typical value would be between 10H
and 30fi (Figure 3).

o

Ol
W
O)

TTL
INPUTS

D575361

(Z PACKAGES)

T

PRECHARGE

MP ,,03I"U"

ENABLE

f2
Ao

DS75361

(S PACKAGES)

I MOS I

SYSTEM

FIGUFIE 2. Interconnection of DS75361 Devices with 1103 RAM

I I

Note: R D ^ 101! to 30n (Optionil).

FIGURE 3. Use of Damping Resistor to Reduce
or Eliminate Output Transient Overshoot in

Certain DS75361 Applications

thermal information

POWER DISSIPATION PRECAUTIONS
Significant power may be dissipated in the DS75361

driver when charging and discharging high-capacitance

loads over a wide voltage range at high frequencies.

The total dissipation curve shows the power dissipated in

a typical DS75361 as a function of load capacitance and

frequency. Average power dissipated by this driver can

be broken into three components:

,
+ P,C(AV) + P<=

where PDC(av] ' s tne steady-state power dissipation with

the output high or low, PC (av) ' s tne power level during

charging or discharging of the load capacitance, and

PS (Av j is the power dissipation during switching between

the low and high levels. None of these include energy

transferred to the load and all are averaged over a full

cycle.

The power components per driver channel are:

_ P L t L +PH t H
PDC(AV) ~~

T

PC(AV) « < Vc2 f

_ P LHtLH +PHI-tHL
PS(AV) ~ " J

where the times are as defined in Figure 4.

p L , p H , Plh. and Phl are tne respective instantaneous

levels of power dissipation and C is load capacitance.

The DS75361I is so designed that Ps is a negligible por-

tion of PT in most applications. Except at very high

frequencies, t L + t H » t LH + tH i_
so that Ps can be

neglected. The total dissipation curve for no load demon-

strates this point. The power dissipation contributions

from both channels are then added together to obtain

total device power.

The following example illustrates this power calculation

technique. Assume both channels are operating identi-

cally with C = 200 pF, f = 2 MHz, Vcc1 - 5V, Vcc2 =

20V, and duty cycle = 60% outputs high (t H /T = 0.6).

Also, assume VOH = 19.3V, VOL = 0.1V, Ps is negligible,

and that the current from VCC2 is negligible when the

output is high.

On a per-channel basis using data sheet values:

Poc«av,>[(5V)(^) + (20V,(^)](0.6, +

r

,5V ,
(l^W ,20V) ^1(0.4)

PDC(AV) = 47 mW per channel

Pc(AV) ~ (200 pF) (19.2V) 2
(2 MHz)

PC(AV) = 148 mW per channel.

For the total device dissipation of the two channels:

Ptiav) * 2 (47 + 148)

PT (AV1 » 390 mW typical for total package.

FIGURE 4. Output Voltage Waveform
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DS75362 dual TTL-to-MOS driver

general description

The DS75362 is a dual monolithic integrated TTL-to-

MOS driver and interface circuit that accepts standard

TTL and DTL input signals and provides high-current

and high-voltage output levels suitable for driving MOS
circuits. It is used to drive address, control, and timing

inputs for several types of MOS RAMs including the

1103.

The DS75362 operates from the TTL 5V supply and the

MOS Vss and VBB supplies in many applications. This

device has been optimized for operation with Vcc2
supply voltage from 16V to 20V, and with nominal

Vcc3 supply voltage from 3V to 4V higher than Vcc2 .

However, it is designed so as to be usable over a much

wider range of Vcc2 and Vcc3 . In some applications the

VCc3 power supply can be eliminated by connecting the

Vcc3 pin to the Vcc2 pin

features

Dual positive-logic NAND TTL to-MOS driver

Versatile interface circuit for use between TTL and

high-current, high-voltage systems

Capable of driving high-capacitance loads

Compatible with many popular MOS RAMs

Vcc2 supply voltage variable over wide range to 24V
maximum

Vcc3 supply voltage pin available

VCC3 pin can be connected to Vcc2 pin in some

applications

TTL and LS compatible diode :clamped inputs

Operates from standard bipolar and MOS supply

voltages

High-speed switching

Transient overdrive minimizes power dissipation

Low standby power dissipation

schematic and connection diagrams

TO OTHER
DRIVERS

Oual-tn-Line Package

Vcc, ¥1 11 Vcc,

a 7 b Is

t>AA

ONE Or 2 SHOWN

Ice, A2 GNO

TOP VIEW

Order Number DS75362J-8 or DS75362N-8
See NS Package J08A or N08A
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absolute maximum ratings (Note d operating conditions
MIN MAX UNITS

Supply Voltage Range of Vfxi -0.5V to 7V Supply Voltage (V(X1 1
4 -75 5 -25 v

Supply Voltage Range of VfX2 -0.5V to 25V Supply Voltage (V<x2l 4 -75 24 v

Supply Voltage Range of Vcc3 -0.5V to 30V Supply Voltage (VCC3) Vcc2 28 V

Input Voltage 5.5V
Voltage Difference Between 10 V

Inter-Input Voltage (Note 4) ^
5.5V

Supply Voltages: VCC3-VCC2
Storage Temperature Range —65 C to 150 C

Lead Temperature (Soldering 10 seconds) 300°C Operating Ambient Temperature 70 C
Range (T^)

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

V, H High-Level Input Voltage 2 V

V, L Low-Level Input Voltage 0.8 V

V, Input Clamp Voltage I, = -12mA -1.5 V

V h High-Level Output Voltage VCC3 = VCC2 +3V, V IL
= 0.8V, l OH = -IOQuA VCC2 -0.3 VCC2 -0.1 V

VCC3 = VCC2 +3V, V, L = 0.8V, l OH = -10 mA VCC2 -1.2 Vcc2 -0.9 V

V CC3 = V CC2 , V lL
= 0.8V, l OH = -50uA V CC2-1 Vcc2 -0.7 V

Vccs = VCC2 , V IL = 0.8V, l OH = -10 mA VCc2-2.3 VCC2 -1.8 V

VOL Low-Level Output Voltage V| H = 2V, l OL = 10 mA 0.15 0.3 V

VCC3 = 15V to 28V, V, H = 2V, l OL = 40 mA 0.25 0.5 V

VQ Output Clamp Voltage V, = 0V, Iqh = 20 mA VCC2 +1.5 V

ll Input Current at Maximum
Input Voltage

V, = 5.5V 1 mA

l|H High-Level Input Current V, = 2.4V 40 uA

l (L Low-Level Input Current V, = 0.4V -1 -1.6 mA

'cci(h) Supply Current from V cc1 ,

All Outputs High

Vcc ,
= 5.25V, VCC2 = 24V,

VCC3 = 28V, All Inputs at 0V, No Load

2 4 mA

'cc2(hi Supply Current from V Cc2<

All Outputs High

-1.1 +0.25 mA
-1.1 -1.6 mA

'cc3(H) Supply Current from Vcc3 ,

All Outputs High
1.1 1.8 mA

'cckd Supply Current from Vcc1 ,

All Outputs Low

VCC1 = 5.25V, VCC2 = 24V.

VCC3 = 28V, All Inputs at 5V, No Load

15 23.5 mA

'cc2(D Supply Current from Vcc2 ,

All Outputs Low
1.5 mA

'cc3(D Supply Current from Vcc3 ,

All Outputs Low
8 12.5 mA

'cc2(H) Supply Current from Vcc2 ,

All Outputs High VCC1 = 5.25V, VCC2 = 24V,

VCC3 = 24V, All Inputs at 0V, No Load

0.25 mA

'cc3(H) Supply Current from Vcc3 ,

AM Outputs High
0.5 mA

'cc2(s) Supply Current from Vcc2 ,

Stand-by Condition Vcci = 0V, VCC2 = 24V,

Vcc3 = 24V, All Inputs at 5V, No Load

0.25 mA

'CC3ISI Supply Current from VCC3 ,

Stand-by Condition
0.5 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75362. All typical values are for TA =25°C

and Vcd = 5V and Vqc2 = 20V and VCC3 = 24v -

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: This rating applies between any two inputs of any one of the gates.
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switching characteristics (vcci = 5V, vCC2 = 20V, vCC3 = 24V, ta = 25°o

PARAMETER CONDITIONS TYP MAX UNITS

tDLH Delay Time, Low-to-High Level Output

tDHL Delay Time, High-to-Low Level Output

Transition Time, Low-to-High Level Output

tTHL Transition Time, High-to-Low Level Output

tpLH Propagation Delay Time, Low-to-High Level Output

tPHL Propagation Delay Time, High-to-Low Level Output

C u = 200pF,

RD = 24J2,

(Figure 1)

10

20

30

20

18

33

33

48

46

ac test circuit and switching time waveforms

INPUT 5V 24V 20V

(Vcc, VCC3 Vcc :t |

PULSE
GENERATOR
(NOTED

I J \o—p-VW-#—°tJi

I GND I ^T^(N0TE2)

Note 1 : The pulse generator has the fallowing charscteriitics: PRR - 1 MHz, ZOUT *= 50ft.

Note 2: CL includes probe md jig capacitance.

FIGURE 1. Switching Times, Each Driver

typical performance characteristics

High- Level Output Voltage vs

Output Current

A"!

= 70°

°c
!

1

Vcci- 5V

2DV

Z3
~

0.
24V

V
J

-0.01 -0.1 -1 -10 -100

HIGH-LEVEL OUTPUT CURRENT (mA|

High-Level Output Voltage vs

Output Current

-0.01 -0.1 -1 -10 -100

HIGH-LEVEL OUTPUT CURRENT (mA)

Low-Level Output Voltage

Output Current

«cci-

VCC2 =

VCC3
"

V, = 2V

5V

20V

TA =+7 l"C^

^TA -0°C

20 40 60 10 100

LOW-LEVEL OUTPUT CURRENT (mA)

6-86



typical performance characteristics (con't)

Voltage Transfer Characteristics

20

16

12

8

4

>
'

a

o
>
3 Vcri" 5V

3
«CC3 =

TA -2

NO LO

20V

24V

AD

Total Dissipation (Two Drivers)

vs Frequency

< 150

iillll / III

Ct - 200 pF/
"

I

pF-

tj

C L = 100

Vcc: ' iov

INPUT ]V

T* = ISC
SQUARE WAVE (MS DUTY CYClEjU-

iiiiiii i i iufT

INPUT VOITAGE (VI

0.2 0.4 0.7 1 2 4 7 10

FREQUENCY (MHjI

Propagation Delay Time,

Low-to-High Level Output vs

Ambient Temperature

C L = 200 p F

25

20 F

IS

10

5

Vcc, " "V "

Vcc2 = 20V

VCC3 -24V

(FIGURED

10 20 30 40 SO 60 70

AMBtENT TEMPERATURE CO

Propagation Delay Time,
High-to-Low Level Output vs

Ambient Temperature

C L
" "00 p F —

C| iOpF

Vra - 20V

Vc C3 " 24V

IF GUR El)

10 20 30 40 50 60 70

AMBIENT TEMPERATURE (°C)

Propagation Delay Time,
Low-to-High Level Output vs

Vcc2 Supply Voltage

= 20GpF—

^

1

" Vcc , 5V

Vcc3 = Vcc2 + 4V

RD -2511

(FIG JRE1)

I 8 12 16 20

SUPPLY VOLTAGE (V)

Propagation Delay Time,

High-to-Low Level Output vs

VCC2 Supply Voltage

p s 30

2b

°>
20

51U —

1

15

^,
Ci •200 pF

1

»CC1

VCCJ t4V

Rd- 241!

(FIGURE1I

SUPPLY VOLTAGE (V)

£B

Propagation Delay Time,

Low-to-High Level Output vs

Load Capacitance

Vcc

Vcc

, =5V

,=20V

VCC3 - 24V

T.-25-C

(FIGURED Id" !4Si-

R D -10S!

«^P
-^d "So =

P^
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LOAD CAPACITANCE <pF!

Propagation Delay Time,
High-to-Low Level Output vs

Load Capacitance

Vcc, " 5

Vcc! " 2

V

OV

4V

C

VCC3 - 2

Ta - 25" ^
' (Fl .URE1)

1

R = I0£
^CZ
*rV -0

50 100 150 200 250 300 350 400

LOAD CAPACITANCE (pFI
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typical applications

The fast switching speeds of this device may produce

undesirable output transient overshoot because of load

or wiring inductance. A small series damping resistor

may be used to reduce or eliminate this output transient

overshoot. The optimum value of the damping resistor

depends on the specific load characteristics and switching

speed. A typical value would be between 10fi and 30S2

(Figure 2).

I 0576382 | I HOS I

1 SYSTEM

I I I "J
Note: RD = 10U to 30£2 (Optional).

FIGURE 2. Use of Damping Resistor to Reduce or

Eliminate Output Transient Overshoot tn Certain

DS75362 Applications.

thermal information

POWER DISSIPATION PRECAUTIONS

Significant power may be dissipated in the DS75362
driver when charging and discharging high-capacitance

loads over a wide voltage range at high frequencies.

The total dissipation curve shows the power dissipated in

a typical DS75362 as a function of load capacitance and

frequency. Average power dissipation by this driver

can be broken into three components:

Pt(av) ~ Pdc(av) + pc(av) + ps(av)

where Pdc(av) 's tne steady-state power dissipation with

the output high or low, PC (AV ) is the power level during

charging or discharging of the load capacitance, and

ps(av) is the power dissipation during switching between

the low and high levels. None of these include energy

transferred to the load and all are averaged over a full

cycle.

The power components per driver channel are:

PlIL+PhIh
rOC(AV)

'

PC(AV) ~ C Vc2 f

_ PLHt|_H +PHL tHL
PS(AV) "^

FIGURE 3. Output Voltage Waveform

p L , pH , p LH , and pHL are the respective instantaneous

levels of power dissipation and C is load capacitance.

The DS75362 is so designed that Ps is a negligible por-

tion of PT in most applications. Except at very high

frequencies, t L + tH » tLH + tHL so that Ps can be

neglected. The total dissipation curve for no load

demonstrates this point. The power dissipation contri-

butions from two channels are then added together

to obtain total device power.

The following example illustrates this power calculation

technique. Assume two channels are operating identi-

cally with C = 100 pF, f = 2 MHz, VCC1 = 5V, VCC2 =

20V, VCC3 = 24V and duty cycle = 60% outputs high

(tH /T = 0.6). Also, assume VOH = 20V, VOL = 0.1V,

Ps is negligible, and that the current from Vcc2 is

negligible when the output is low.

On a per-channel basis using data sheet values:

pdc(av) " |(5V (i^) + (20v,(-l-)+ (24V)

/2.2mA\l ,„„, f „ /31 mA\
(__)j (0 .6)+

|

(5V) ^__j +

(20V) (^) + ,24V)
(^pA)]

(0.4)

pdc(av> = 58 mW per channel

Pc(av) ~ dOO pF) (19.9V) 2 (2 MHz)

pc(av) * 79 mW Per channel.

For the total device dissipation of the two channels

ptiav) * 2 (58 + 79)

where the times are as defined in Figure 3. pt(av) * 274 mW typical for total package.
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DS75364 dual MOS clock driver

general description

The DS75364 is a dual MOS driver and interface circuit

that operates with either current source or voltage

source input signals. The device accepts signals from

TTL levels or other logic systems and provides high

current and high voltage output levels suitable for

driving MOS circuits. It may be used to drive address,

control and/or timing inputs for several types of MOS
RAMs and MOS shift registers.

The DS75364 operates from standard MOS and bipolar

supplies, and has been optimized for operation with Vcc1

supply voltage from 12-20V positive with respect to

VEE ,
and with nominal Vcc2 supply voltage from 3-4V

more positive than Vccl . However, it is designed so as to

be useable over a much wider range of Vccl and Vcc2 .

In some applications the Vcc2 power supply can be

eliminated by connecting the Vcc2 pin to the V cc1 pin.

Inputs of the DS75364 are referenced to the V EE ter-

minal and contain a series current limiting resistor. The

device will operate with either positive input current sig-

nals or input voltage signals which are positive with res-

pect to V EE . In many applications the V EE terminal is

connected to the MOS VDD supply of -12V to -15V

with the inputs to be driven from TTL levels or other

positive voltage levels. The required negative level

shifting may be done with an external PNP transistor

current source or by use of capacitive coupling and

appropriate input voltage pulse characteristics.

The DS75364 is characterized for operation over the

0°C to +70°C temperature range.

features

Versatile interface circuit for use between TTL levels

and level shifted high current, high voltage systems

Inputs may be level shifted by use of a current source

or capacitive coupling or driven directly by a voltage

source

Capable of driving high capacitance loads

Compatible with many popular MOS RAMs and MOS
shift registers

Vcc1 supply voltage variable over wide range to 22V

maximum with respect to V EE

V cc2 pull-up supply voltage pin available

Operates from standard bipolar and/or MOS supply

voltages

High-speed switching

Transient overdrive minimizes power dissipation

Low standby power dissipation

connection diagram

Dual-ln-Line Package

Vca VI Vcc, YZ

I. l l« l

> A

Order Number DS75364J-8 or DS75364N-8

See NS Package J08A or N08A
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absolute maximum ratings (Noteu

Supply Voltage Range of Vqci -0.5V to 22V
Supply Voltage Range of VCC2 -0.5V to 30V
Input Voltage 15V
Most Positive Voltage at Any Input 0.5V
with Respect to VrjC2
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300° C

electrical characteristics (Notes 2, 3, 4 and 5)

operating conditions
t

Supply Voltage

VCC1
VCC2

Voltage Difference Between
Supply Voltages

Input Voltage

Temperature (TpJ

4.75 22 V
VCC1 28 V

10

VCC2

V

70 °C

V| H

l,„

l|L

Vol

V,„

PARAMETER

High Level Input Voltage

Low Level Input Voltage

High Level Input Current

Low Level Input Current

High Level Output Voltage

CONDITIONS

Voltage Mode Input Logic Levels

Voltage Mode Input Logic Levels

Current Mode Input Logic Levels

Current Mode Input Logic Levels

C1+3V,

Low Level Output Voltage

Output Clamp Voltage

Input Current at Maximum

Input Voltage

Input Voltage at Maximum

Input Current

High Level Input Current

High Level Input Voltage

Low Level Input Current

Low Level Input Voltage

'cct(H) Supply Current From Vcc1 ,

Both Outputs High

'cc2(h) Supply Current From Vcc2 ,

Both Outputs High

'cct(L) Supply Current From V cc1

Both Outputs Low

Supply Current From Vcc2 ,

Both Outputs Low

'cci{H> Supply Current From V cc1 ,

Both Outputs High

fcC2(H) Supply Current From VCC2 ,

Both Outputs High

V CC2 = 15 to 28V,

lOL = 40mA

-IOOjuA

Iqh = ~!0 mA

-50uA

Vi L
= IV Vcci-0-3

V IL - 1V

V, L = 1V

l, L = 0.7 mA
V, L - IV

Vih = 5V

V, = 0V, l OH = 20 mA

, = 10V to 28V, V, = 10V

V CC2 = 13.5V to 28V, I, = 15mA

VCC1 = 22V, VCC2 = 26V,

Both Inputs at 0V, No Load

V CC1 = 22V, V CC2 = 26V,

Both Inputs at 0V, No Load

Vcci - 22V, V CC2 = 28V,

Both Inputs at 7V, No Load

Vcc ,
= 22V, V CC2 = 28V,

Both Inputs at 7V, No Load

V cc ,
- 22V, VCC2 = 22V,

Both Inputs at 0V, No Load

VCC1 =22V. VCC2 =22V,

Both Inputs at 0V, No Load

Vcci-0.3

Vr -1.2

Vcci-1.2

vrc ,-i

Vccl -2,3

Vcci -0-1

-0.'

ct-0.9

Vccr-0.9

Vcci^O.7

_Ycct-0.7

Vcci-1-

0.5

VCC1 + 1.5

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"
provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75364 All typical values are for T. = 25°C
VCC1 " 20v

.
VCC2 = 24V and V EE = ov -

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted All
values shown as max or min on absolute value basis.

Note 4: Many of these parameters are specified independently for either voltage source or current source external forcing functions at the inputs
Use the appropriate set of specifications for each application.

Note 5: All parameters are specified with Vf£E = 0V and for input voltage no more positive than VqC2-
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switching characterist ICS VCC1 = 20V, V EE = 0V,TA = 25°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

C L = 390pF, R D
- 1011,

(Figure 11

VCC2 - 24V 13 ns

Level Output VCC2 = 20V 14 ns

torn. Delay Time, High-to-Low

Level Output

C L
= 390pF, R D = 10S2,

(Figure 11

VCC2 = 24V 9 ns

Vcc2 = 20V 10 ns

C L
= 390pF, R D = 10S2,

(Figure 1)

VCC2 = 2"V 21 ns

Level Output VCC2 = 20V 21 ns

t-THL Transition Time, High-to-Low

Level Output

C L
= 390pF, R D = lOfi,

(Figure 1)

VCC2 = 24V 19 ns

VCC2 = 20V 18 ns

tp LH Propagation Delay Time,

Low-to-High Level Output

C L
= 390pF, R D

= 1012,

(Figure 1)

V CC2 = 24V 34 ns

VCC2 = 20V 35 ns

tPHL Propagation Delay Time,

High-to-Low Level Output

C L = 390pF, R D = ion,

(Figure 1)

V CC2 = 24V 28 ns

VCC2 = 20V 28 ns

o

CO

schematic diagram (1/2 shown)

Vcc2 wv- <
^^R*^

-»

i l-VW-l I » O OUTPUT

ii-WNrii 1

ac test circuit and switching time waveforms

fBITC 90V

PULSE

GENERATOR
PRR = 1 MHi

20V VCC2

1 Voc, VCCI
I

TL
"JT

J
C L (INCLUDES PROBE AND
JIG CAPACITANCE)

OUTPUT

<Vcci~Vcci.

OUTPUT

(Vcc2 - VCci +4V)

FIGURE 1. Switching Times, Each Driver
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typical applications

FIGURE 2. MOS RAM Clock Driver System with PIMP Transistor Current
Source used to Level-Shift to Inputs of DS75364

FIGURE 3. MOS Shift Register Clock Driver System with Capacitive

Coupling used to Level-Shift to Inputs of DS75364

application hints

Applications of the DS75364 used as an interface device

in systems converting TTL signals to negative polarity

MOS clock signals are shown in Figures 2 and 3. In both
applications the DS75364 V EE pin is connected to a

negative MOS supply voltage. The Vcc2 supply pin may
be connected to the VCC1 pin as shown in Figure 3 or

connected to a separate voltage more-positive than Vcc1
as shown in Figure 2. The DS75364 may be used over a

wide range of Vcc1 and Vcc2 supply voltages which are

positive with respect to VEE . However, for proper opera-

tion the voltage at the inputs of the DS75364 should not
be more positive than the voltage at VCC2 .

Both applications shown require negative level shifting

from positive voltage levels to the inputs of the

DS75364 which are referenced to the V EE terminal. A
PNP transistor current source is used to level shift in

Figure 2. Resistor R sets the current and an open-

collector TTL gate is used to switch the PNP transistor.

Figure 3 shows capacitive coupling being used to level

shift with the DS75361 TTL-to-MOS driver used as a

low impedance voltage source driver. The value of

coupling capacitor C depends on the frequency and

characteristics of the signal applied to the capacitor.

The fast switching of the DS75364 may produce un-

desirable output transient overshoot because of load or

wiring inductance. A small series damping resistor may
be used to reduce or eliminate this output transient over-

shoot. The optimum value of the damping resistor de-

pends on the specific load characteristics and switching

speed. A typical value would be between 10 and 30
ohms {Figure 4).

I I „ I "os
I

i I— i ° i
system

-f—Dx^-pwH—| I

I

i i i T i

I I LlJ
Hon: RD * [Onto 30T2 (optional)

FIGURE 4. Use of Damping Resistor to Reduce or Eliminate Output
Transient Overshoot in Certain OS75364 Applications
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£2 Semiconductor

DS75365 quad TTL-to-MOS driver

general description

The DS75365 is a quad monolithic integrated TTL-to-

MOS driver and interface circuit that accepts standard

TTL and DTL input signals and provides high-current

and high-voltage output levels suitable for driving MOS
circuits. It is used to drive address, control, and timing

inputs for several types of MOS RAMs including the

1103.

The DS75365 operates from the TTL 5V supply and the

MOS Vss and VBB supplies in many applications. This

device has been optimized for operation with Vcc2
supply voltage from 16V to 20V, and with nominal

VCC3 supply voltage from 3V to 4V higher than Vcc2 .

However, it is designed so as to be usable over a much

wider range of Vcc2 and Vcc3 . In some applications the

Vcc3 power supply can be eliminated by connecting the

VCc3 P' n to tne Vcc2 P' n -

features

Quad positive-logic NAND TTL-to-MOS driver

Versatile interface circuit for use between TTL and

high-current, high-voltage systems

Capable of driving high-capacitance loads

Compatible with many popular MOS RAMs

Interchangeable with Intel 3207

VCC2 supply voltage variable over wide range to 24V

maximum

vcc3 supply voltage pin available

VCC3 P' n can *>* connected to VCC2 pin in some

applications

TTL and LS compatible diode-clamped inputs

• Operates from standard bipolar and MOS supply

voltages

Two common enable inputs per gate-pair

High-speed switching

Transient overdrive minimizes power dissipation

Low standby power dissipation

o
(/>

-J
Ol
w
o>
en

schematic and connection diagrams

TO OTHER
DRIVERS

Dual-ln-Line Package

Y4 M JE» 2E1 a ¥3 Voci

IE 14 II

i5*i

ONE OF 4 SHOWN

Yl >1 IE1 1E2 « Y2 GNO

TOP VIEW

Mi> If Y A'EI'El

Ordar Numbar DS7536SJ

or OS75365N
Saa NS Packaga J16A or N16A
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absolute maximum ratings <NoteU

Supply Voltage Range of V^d —0.5V to 7V
Supply Voltage Range of Vqc2 -0.5V to 25V
Supply Voltage Range of Vcc3 -0.5V to 30V
Input Voltage 5.5V
Inter-Input Voltage (Note 4) 5.5V
Storage Temperature Range —65°C to 150°C
Lead Temperature (Soldering 10 seconds! 300°C

electrical characteristics (Notes 2 and 3)

operating conditions

Supply Voltage (V^C1 )

Supply Voltage (Vqq2)

Supply Voltage (Vcc3)

Voltage Difference Between

Supply Voltages: V£rj3— Vrjc2

Operating Ambient Temperature
Range tT^)

MIN
4.75

MAX
5.25

UNITS
V

4.75 24 V
VCC2 28 V

PARAMETER CONDITIONS MIN TYP MAX UNITS

v,„ High-Level Input Voltage 2 V

V,L Low-Level Input Voltage 0.8 V

V| Input Clamp Voltage 1, = -12mA -1.5 V

VoH High-Level Output Voltage VCC3 = VCC2+3V, V IL = 0.8V, l OH = -100UA VCC2-0.3 VCC2 -0.1 V
VCC3 = VCC2 +3V, V IL = 0.8V, l OH = -10 mA Vcc2-1-2 Vcc2 -0.9 V
VCC3 = VCC2 . V 1L = 0.8V, l OH = -50uA VCC2-1 VCC2 -0.7 V
vcc3 = VCC2. V,l = 0.8V, l OH = -10 mA Vcc2-2.3 VCC2 -1.8 V

Vol Low- Level Output Voltage Vih =2V, I l = 10 mA 0.15 0.3 V
V CC3 = 15V to 28V, V IH = 2V, l OL = 40 mA 0.25 0.5 V

Vo Output Clamp Voltage V, = 0V, l OH = 20 mA VCC2 +1.5 V

li Input Current at Maximum
Input Voltage

V, = 5.5V 1 mA

'iH High-Level Input Current
V, = 2.4V

A Inputs 40 uA
El and E2 Inputs 80 UA

ML Low-Level Input Current V, = 0.4V A Inputs -1 -1.6 mA
E1 and E2 Inputs -2 -3.2 mA

'cckhi Supply Current from Vcc1 ,

All Outputs High

VCC1 = 5.25V, VCC2 = 24V,

VCC3 = 28V, All Inputs at 0V, No Load

4 8 mA

'cC2(H) Supply Current from Vcc2 ,

All Outputs High

-2.2 +0.25 mA
-2.2 -3.2 mA

'cC3(H) Supply Current from Vcc3 ,

All Outputs High
2.2 3.5 mA

'CCKLI Supply Current from Vcc1 ,

All Outputs Low

VCC1 = 5.25V, VCC2 = 24V,

VCC3 - 28V, All Inputs at 5V, No Load

31 47 mA

'CC2(LI Supply Current from Vcc2 ,

All Outputs Low 3 mA

'CC3{L> Supply Current from Vcc3 ,

All Outputs Low 16 25 mA

'cC2(HI Supply Current from VCC2 ,

All Outputs High VCci = 5.25V, VCC2 = 24V,

VCC3 = 24V, All Inputs at 0V, No Load

0.25 mA

'cC3(H) Supply Current from Vcc3 ,

All Outputs High
0.5 mA

'CC2(SI Supply Current from Vcc2 ,

Stand-by Condition VCci = 0V, VCC2 = 24V,

VCC3 = 24V, All Inputs at 5V, No Load

0.25 mA

'CC3(S| Supply Current from Vcc3 ,

Stand-by Condition
0.5 TlA

Note 1: "Absolute Maximum Ratings" are

Temperature Range" they are not meant to

provides conditions for actual device operati

Note 2: Unless otherwise specified min/ma
and V(jci = 5V and Vcc2 = 20V and V(;C3

Note 3: All currents into device pins shown
values shown as max or min on absolute valu

Note 4: This rating applies between any two

those values beyond which the safety of the device cannot be
imply that the devices should be operated at these limits. The
Dn.

< limits apply across the 0°C to +70°C range for the DS75365. A

= 24V.

as positive, out of device pins as negative, all voltages referenced tc

e basis,

inputs of any one of the gates.

guaranteed,

table of "Elc

Ml typical va

ground unle

Except for

ctrical Char

lues are for

ss otherwise

'Operating

acteristics"

TA =25°C

noted. All
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switching characteristics <v c
: 5V, VCC2 = 20V, VCC3 = 24V, TA = 25 C)

o
(/)

01
CO
0>

PARAMETER

tDLH Delay Time, Low-to-High Level Output

tDHL Delay Time, High-to-Low Level Output

tTLH Transition Time, Low-to-High Level Output

tTHL Transition Time, High-to-Low Level Output

tPLH Propagation Delay Time, Low-to-High Level Output

tpHL Propagation Delay Time, High-to-Low Level Output

CONDITIONS

C L = 200 pF,

R D = 24J2.

(Figure 7)

10

10

10

20

31

30

MAX

33

ac test circuit and switching time waveforms

INPUT 5V 24V ZQV

r-U- 1 -!|vcc , vCC3 vccz
I

Note 1 : The puke generator tin the following chiracteristics: PRR = 1 MHz, Zout = Mn.

Nate 2: CL includes probe end jig upeciUnce.

FIGURE 1. Switching Times, Each Driver

typical performance characteristics

High-Level Output Voltage vs

Output Current

w -0.Sa rA - +70°c

o -1.0
> Ta o

D

c ' H

£ -1.5

O
i -2.0
> Vcci = 5V

j Vccj = ZOV
|

13 Vccs - 24V

X V, = 0.8V
||

-0.01 -0.1 -1 -10 -100

HIGH-LEVEL OUTPUT CURRENT (mA)

High-Level Output Voltage vs

Output Current

l

I

l

5 *
4 > I

i * J

5 \ >_ a +a"c

ffii
fW«

TA - *70"C

II T = O'C"^

'

S
Vcci SV

Vcra-«CC3 20V

V, • 0.SV

1.01 -0.1 -1 -10 -100

HIGH-LEVEL OUTPUT CURRENT (mA)

Low-Level Output Voltage

Output Current

0.5

S 0.4
<

o
> 0.3

=1

o 0.2

>
3 0.1

Vcci-

Vcca-

5V 1 1

20V

Vccj"
V,-2V T, - *10°C^

^*A -o°c

20 40 60 10 100

LOW-LEVEL OUTPUT CURRENT (mA)
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typical performance characteristics (con't)

Voltage Transfer Characteristics;

2D

16

12

8

4

>
>

a
I—

a
>
3 Vrc," 5V

=3
a

Vcc*-

vra -

TA -2

NOLO

20V

24V

s'c I

AD

0.S 1 1.5 2

INPUT VOLTAGE IV)

Total Dissipation (All Four
Drivers} vs Frequency
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100 INPUT: 3V SQUARE WAVE ISO* DUTY CYCLE! 1-

p'c
i mill i i niT
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FREQUENCY (MHz)

Propagation Delay Time,

Low-to-High Level Output vs

Ambient Temperature
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p 5 30

3° 26

z£ 20

II 15

S =

5 5

C L = !00p F

r.i = 50pF

Vcci " 6» '

Vcc2 ' 20V
~

VCC3 = 24V

(FIGURE 11
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Propagation Delay Time,
-ligh-to-Low Level Output vs

Ambient Temperature
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a -20V

x x C3-24V

X GUR :u

10 20 30 40 50 60 70 80

AMBIENT TEMPERATURE CO

Propagation Delay Time,
Low-to-High Level Output vs

V(X2 Supply Voltage

.1 35

|l 30
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<o 25

= 200| F—=,

1

VCC3=VCC2 + 4V

R = 25n

(FIGURED
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SUPPLY VOLTAGE (V}

Propagation Delay Time,
High-to-Low Level Output vs

VCC2 Supply Voltage

^
Ci -200jF^

[

1

Vcci

Vm
•5V

-Vcc2 + 4V

Bo- 24S!

(FIGURED
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SUPPLY VOLTAGE (V)

Propagation Delay Time,

Low-to-High Level Output vs

Load Capacitance

E
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typical applications

The fast switching speeds of this device may produce

undesirable output transient overshoot because of load

or wiring inductance. A small series damping resistor

may be used to reduce or eliminate this output transient

overshoot. The optimum value of the damping resistor

depends on the specific load characteristics and switching

speed. A typical value would be between 10S2 and 30S2
(Figure 3).
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typical applications (con't)

PRECHARGE
1103 HAM

CHIP ENABLE

J2 AO

| A1

T

DS7S365

(2 1/2
E

PACKAGESI

I DS75365 I 1 MOS I

1 ' SYSTEM

i i l'_'J
Note: R D = 10;> to 30<2 (Optiontl).

o
(/>

Ol
W
yi

FIGURE 2. Interconnection of DS75365 Devices

With 1103-Type Silicon-Gate MOS RAM
FIGURE 3. Use of Damping Resistor to Reduce or

Eliminate Output Transient Overshoot In Certain

DS75365 Applications

thermal information

POWER DISSIPATION PRECAUTIONS

Significant power may be dissipated in the DS75365
driver when charging and discharging high-capacitance

loads over a wide voltage range at high frequencies.

The total dissipation curve shows the power dissipated in

a typical DS75365 as a function of load capacitance and

frequency. Average power dissipation by this driver

can be broken into three components:

,
+Pr

,
+ Ps

where Pdciavi ' s the steady-state power dissipation with

the output high or low, PC(av) ' s the power level during

charging or discharging of the load capacitance, and

Ps(AV) ' s tne power dissipation during switching between

the low and high levels. None of these include energy

transferred to the load and all are averaged over a full

cycle.

The power components per driver channel are:

p L t L +pH t H
"dc(av) ~

j

PC(AV) « C Vc= f

_ PLHtLH +PHLtHI_
PS(AV) -

j

where the times are as defined in Figure 4.

Pi_» Ph. Plh» anc* Phl are the respective instantaneous

levels of power dissipation and C is load capacitance.

The DS75365 is so designed that Ps is a negligible por-

tion of PT in most applications. Except at very high

frequencies, t L + tH » t LH + tHL so that Ps can be

neglected. The total dissipation curve for no load

demonstrates this point. The power dissipation contri-

butions from all four channels are then added together

to obtain total device power.

The following example illustrates this power calculation

technique. Assume all four channels are operating identi-

cally with C = 100 pF, f = 2 MHz, VCC1 = 5V, Vcc2 =

20V, VCC3 = 24V and duty cycle = 60% outputs high

(tH /T = 0.6). Also, assume VOH = 20V, VOL = 0.1V,

Ps is negligible, and that the current from Vcc2 is

negligible when the output is low.

On a per-channel basis using data sheet values:

Poc
(AV,= [(5v(^) +

(20V,(^f^)+ (24V,

(^A)]
(0,, +

[(
5V,(^) +

(20V,(°^) + ,24V>(^)](0.4,

Pdc(av) = 58 mW per channel

Pciav)* dOO pF) (19.9V) 2
( 2 MHz)

Pc(av) * 79 mW per channel.

For the total device dissipation of the four channels:

Pt(av)«4(58 + 79)

Pt(av) w 548 mW typical for total package.

FIGURE 4. Output Voltage Waveform
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Section 7

Magnetic Memory
Interface Circuits

TEMPERATURE RANGE
-55°Cto+125°C 0°Cto+70°C

DS5520 DS7520

DS5522 DS7522

DS5524 DS7524

DS5528 DS7528

DS5534 DS7534

DS5538 DS7538

- DS75324

DS55325 DS75325

DESCRIPTION

Dual Core Memory Sense Amplifier

Dual Core Memory Sense Amplifier

Dual Core Memory Sense Amplifier

Dual Core Memory Sense Amplifier

Dual Core Memory Sense Amplifier

Dual Core Memory Sense Amplifier

Memory Driver with Decoded Inputs

Memory Driver

PAGE

NUMBER
7-1

7-6

7-8

7-10

7-12

7-14

7-20

7-26
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MAGNETIC MEMORY INTERFACE CIRCUITS

DEVICE FUNCTION LOGIC FUNCTION
TEMPERATURE

0°C to +70°C -55°Cto+125°C

Sense Amplifier Dual Gated with Complementary Outputs or Latch DS7520 DS5520

Sense Amplifier Dual Gated, Open-Collector Outputs DS7522 DS5522

Sense Amplifier Dual Channel, May be Wire-OR DS7524 DS5524

Sense Amplifier Same as DS7524 with Test Points DS7528 DS5528

Sense Amplifier Same as DS7524 with Open-Collector Outputs DS7534 DS5534

Sense Amplifier Same as DS7534 with Test Points DS7538 DS5538

Core Driver Dual Decoded 400 mA Sink and Source Drivers DS75324

Core Driver Dual 600 mA Sink and Source Drivers DS75325 DS55325

Note. Comparators such as the LM71 1 and line receivers such as the DS75107 also may be used as sense amplifiers. Peripheral drivers such

as the DS75450 also may be used as core drivers.
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National
Semiconductor

Magnetic Memory
Interface Circuits

DS5520/DS7520 series dual core memory sense amplifiers

general description features

The devices in this series of dual core sense

amplifiers convert bipolar millivolt-level memory
sense signals to saturated logic levels. The design

employs a common reference input which allows

the input threshold voltage level of both amplifiers

to be adjusted. Separate strobe inputs provide time

discrimination for each channel. Logic inputs and

outputs are DTL/TTL compatible. All devices of

the series have identical preamplifier configura-

tions, while various logic connections are provided

to suit the specific application.

High speed

Guaranteed narrow threshold uncertainty over

temperature

Adjustable input threshold voltage

Fast overload recovery times

Two amplifiers per package

Molded or cavity dual-in-line package

Six logic configurations

The DS5520/DS7520 has output latch capability

and provides sense, strobe, and memory function

for two sense lines. The DS5522/DS7522 con-

tains a single open collector output which may be

used to expand the number of inputs of the

DS5520/DS7520, or to drive an external Memory
Data Register (MDR|. Intended for small memo-

ries, the two channels of the DS5524/DS7524 are

independent with two separate outputs. The

DS5534/DS7534 is similar to the DS5524/

DS7524 but has uncommitted, wire-ORable out-

puts. The DS5528/DS7528 has the same logic

configuration of the DS5524/DS7524 and in

addition provides separate low impedance Test

Points at each preamplifier output. A similar

device having uncommitted, wire-ORable outputs

is the DS5538/DS7538.

Because these devices are duals that contain an

internal regulator, care must be exercised in testing

to insure that while one half is being tested, the

other inputs must be grounded or connected to

a signal that is within the input range of the device.

absolute maximum ratings

Supply Voltage + 7V

Differential or Reference Input Voltage ±5V

Logic Input Voltage S.5V

Operating Temperature Range

DS55XX -55°Cto+125°C
DS75XX 0°C to +70° C

Storage Temperature Range -65°Cto+150°C

typical application

fr
>;;0°-

S l>I>

?f

fr

CONNECT I DOS MEMORY DAT*
REGISTER

^33>-

>,*>

£>EH

I
1

I I

-I «I
'

I

I
I

I I

I I

£>

I I

I I

Expanded Small Memory System
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DS5520/DS7520

electrical characteristics

DS5520 : The following apply for -55°C < TA < +1 25°C
DS7520 : The following apply for 0°C < TA < +70°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

VTH Differential Input Threshold Vcc = ±5V,

(Note 4)

V REF = 15 mV 11 15 19 mV
Voltage V REF =40mV 36 40 44 mV

'bias Differential and Reference
Vcc = ±5. 25V, V, N = 0V

DS5520 30 100 M
Input Bias Current DS7520 30 75 HA

los Differential Input Offset

Current

Vcc = ±5. 25V, VD , FF = 0V, V, N = 0V 0.5 HA

Vm Logical "1" Input Voltage 2 V

l m Logical "1" Input Current
Vcc = ±5.25V

V| N = 2.4V 5 40 i"A

Strobe, Gate Inputs V| N = 5.5V 1 mA

V, L Logical "0" Input Voltage 0.8 V

l, L Logical "0" Input Current,

Strobe, Gate Inputs

Vcc = +5.25V, Vm = 0.4V -1 -1.6 mA

VCD Input Clamp Voltage l IN =-12mA -1.5 V

VOH Logical "1" Output Voltage Vcc = ±4.75V, l = -400 fiA 2.4 3.9 V

lsc Output Short Circuit Current
Vcc = +5.25V, V = 0V

Q Output -3 -4 -5 mA
Q Output -2.1 ~2.8 -3.5 mA

V0L Logical "0" Output Voltage Vcc = ±4. 75V, l D = 16 mA 0.25 0.4 V

l CEX Output Leakage Current V = 5.25V 250 HA

'cc+ V+ Supply Current Vcc = ±5.25V 21 35 mA

lcc_ V~ Supply Current Vcc =±5.25V -13 -18 rnA

Note 1: For 0°C < T^ < +70° C operation, electrical characteristics for DS5520 are guaranteed the same as DS7520.

Note 2: Positive current is defined as current into the referenced pin.

Note 3: Pin 1 to have > 100 pF capacitor connected to ground.

Note 4: For minimum V-pH- '°9' c output is < 0.4V at 16 mA. For maximum Vj|_| logic output is > 2.4V at -400mA.
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DS5520/DS7520

switching characteristics

V =5.0V, V" -5.0V, TA = 25 C

Note 1 : For 0°C < Ta < +70°C operation, electrical characteristics for DS5520 are guaranteed the same as DS7520.

Note 2: Positive current is defined as current into the referenced pin.

Note 3: Pin 1 to have > 100 pF capacitor connected to ground.

Note 4: For minimum Vjh- lo9 ic output is < 0.4V at 16 mA. For maximum Vxh lo9'c output is > 2.4V at -400mA.

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdt Differential Input to

Logical "1"
V REF = 20 mV, ac Test Circuit 1

Q Output 20 40 ns

Q Output 36 56 ns

tpdO Differential Input to

Logical "0"
V REF - 20 mA, ac Test Circuit 1

Q Output 28 50 ns

Q Output 28 55 ns

t.pdl Strobe Input to

Logical "1"
V REF - 20 mA, ac Test Circuit 1

Q Output 10 30 ns

Q Output 33 53 ns

tpdo Strobe Input to

Logical "0"
V REF = 20 mA, ac Test Circuit 1

Q Output 20 40 ns

O Output 16 55 ns

tpai Gate Q Input to

Logical "1"
V REF - 20 mV, ac Test Circuit 2

Q Output 12 32 ns

Q Output 17 20 ns

tpdo Gate Q Input to

Logical "0"
V REF = 20 mV, ac Test Circuit 2

Q Output 6 26 ns

Q Output 19 30 ns

tpdT Gate Q Input to

Logical "1"
V REF »20 mV, ac Test Circuit 2, Q Output 12 32 ns

t^o Gate Q Input to

Logical "0"
V REF = 20 mV, ac Test Circuit 2, Q Output 6 20 ns

tDR Differential Input Overload

Recovery Time
V REF = 20 mV, ac Test Circuit 2 10 30 ns

tCMB Common-Mode Input Overload

Recovery Time
V REF = 20 mV, ac Test Circuit 2 5 25 ns

tCY Minimum Cycle Time V REF = 20 mV, ac Test Circuit 2 200 ns

Vcm AC Common-Mode Input :

Firing Voltage
Pulse ±2.5 V
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DS5520/DS7520

schematic diagram

connection diagram

Dual-ln-Line Package

STROM GATE

Order Number DS5520J. DS7520J
or DS7520N

See NS Package J16A or N16A



DS5520/DS7520
AC test circuit (1)

eluding jig and probe.

voltage waveforms (1)

fTNOKMruT.

1. Puis* generator characteristics

ZqUT = 5011, t, = tf
= 15±5ns.PRR = 1 MHi

* 2. Propagation delays:

A = Differential input to logical "1" output Q

8 = Differentia! input to logical "0" output Q

C = Differential input to logical "0" output Q
D = Differential input to logical "1" output Q

E - Strobe input to logical "1" output Q
f = Strobe input to logical "0" output Q

G = Strobe input to logical "0" output Q
H - Strobe input to logical "1" output Q

AC test circuit (2) voltage waveforms (2)

'Including jig and probe.

7-5

1. Pulse genirttor character it tic*:

Zout = 50n, t, = t, = 15 ±5 iw, PRR = 1 MHz
2. Propagation delayi:

A = Gate Q input to logical
"0" output Q

B • Gate O input to logical "1" output Q
C * Gate Q input to logical "1" output

D - Gate Q input to logical "0" output Q
E * Gate 5 input to logical "0" output Q
F Gate Q input to logiol "1 " output Q



DS5522/DS7522

electrical characteristics

DS5522: The following apply for -55°C < TA < +125°C

DS7522: The following apply for 0°C < TA < +70°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

VTH Differential Input Threshold

Voltage

Vcc = ±5V.

(Note 4)

V REF = 15mV 11 15 19 mV

V REF =40mV 36 40 44 mV

Ibias Differential and Reference

Input Bias Current
Vcc =+5. 25V, V| N =0V

DS5522 30 100 PA

DS7522 30 75 uA

los Differential Input Offset

Current
Vcc = ±5.25V, V D , FF - 0V, V IN = 0V 0.5 uA

V, H Logical "1" Input Voltage 2 V

l, H Logical "1 ' Input Current

Strobe, Gate Inputs
Vcc = +5.25V

V,n =2.4V 5 40 uA

V,n = 5.5V 1 mA

V 1L Logical "0" Input Voltage 0.8 V

l, L Logical "0" Input Current

Strobe, Gate Inputs
V cc =±5.25V, V IN =0.4V -1 -1.6 mA

VCD Input Clamp Voltage l, N =-12mA -1.5 V

VOH Logical "1" Output Voltage Vcc = +4.75V, l = 400 uA 2.4 3.9 V

lsc Output Short Circuit Current Vcc = ±5. 25V, V = 0V -2.1 -2.8 -3.5 mA

VOL Logical "0" Output Voltage Vcc = +4.75V, l = 16 mA 0.25 0.4 V

l CEX Output Leakage Current V = 5.25V 250 MA

'cc+ V + Supply Current VCC =±5.25V 23 36 mA

|cc _ V
—
Supply Current Vcc = ±5.25V -13 -18 mA

Switching Characteristics The following apply for TA = 25°C, V+ = 5.0V, v~ = --5.0V

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdl Differential Input to

Logical "1" Output

AC Test Circuit 26 ns

fpdt Strobe Input to

Logical "1" Output

AC Test Circuit 22 ns

tp^ Gate Input to

Logical "1" Output

Vcc = ±5.0V, AC Test Circuit 4 ns

tpd0 Differential Input to

Logical "0" Output

AC Test Circuit 21 45 ns

tpuo Strobe Input to

Logical "0" Output

AC Test Circuit 12 40 ns

tpd0 Gate Input to

Logical "0" Output

AC Test Circuit 15 25 ns

tDR Differential Input Overload

Recovery Time

10 ns

tCMR Common-Mode Input Overload

Recovery Time

5 ns

tCY Minimum Cycle Time 200 ns

VCM AC Common-Mode Input

Firing Voltage

Pulse ±2.5 V

Note 1 : For 0°C < T^ < +70°C operation, electrical characteristics for DS5522 are guaranteed the same as DS7522.

Note 2: Positive current is defined as current into the referenced pin.

Note 3: Pin 1 to have > 100 pF capacitor connected to ground.

Note 4: For min Vjh> lo9 ic output is > 2.4 V at -400jiA. For max Vjh, logic output is < 0.4V at 16 mA.
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DS5522/DS7522

schematic diagram

"—

n

connection diagram

Dual-ln-Line Package

STBOiE STAOIE

Order Number DS5522J, DS7522J, DS7523J
DS7522N or DS5522W

See NS Package J16A, N16A or W16A

AC test circuit

STH08E

o

T"—

voltage waveforms

,j£

» 'I l»—

-I'
I

IN >l 'I l>

-JP^rJf- ^U^SL-

V One strobe i$ grounded when the othgr side is being tested.

2. Puke generator cnarBcterutics:

ZOUT = 60H, t, = t, = 15±5 ns, PRR = 1 MHz

3. Propagation delays:

A = Differential input to logical "0" output

B - Differential inpot to logical "1" output

C = Strobe input to logical "0" output

D = Strobe input to logical
"1" output

E = Gate input to logical "1" output

F = Gate input to logical "0" output
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DS5524/DS7524

electrical characteristics

DS5524 : The following apply for -55°C < TA < +1 25°C

DS7524: The following apply for 0°C < TA < +70°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

VTH Differential Input Threshold Vcc = ±BV.

(Note 41

V REF = 15mV 11 15 19 mV
Voltage V REF = 40mV 36 40 44 mV

'bias Differential and Reference
Vcc = ±5. 25V, V IN =0V

DS5524 30 100 HA
Input Bias Current DS7524 30 75 HA

los Differential Input Offset

Current
Vcc = ±5. 25V, VD , FF = 0V, V 1N = 0V 0.5 MA

V, H Logical "1" Input Voltage 2 V

l tH Logical "1 ' Input Current
VCC =±5.25V

Vin =2.4V 5 40 uA

Strobe, Gate Inputs V,N =5.5V 1 mA

V, L Logical "0" Input Voltage 0.8 V

l (L Logical "0" Input Current

Strobe, Gate Inputs
Vcc = ±5.25V, V, N = 0.4V -1 -1.6 mA

VCD Input Clamp Voltage l, N = -12 mA -1.5 V

VOH Logical "1" Output Voltage Vcc =±4. 75V, l = -400 uA 2.4 3.9 V

isc Output Short Circuit Current Vcc =±5. 25V, VQ = 0V -2.1 -2.8 -3.5 mA

VOL Logical "0" Output Voltage Vcc =±4.75V, l = 16 mA 0.25 0.4 V

l CCv V + Supply Current Vcc = ±5.25V 29 40 mA

l cc _ V
—
Supply Current Vcc =±5. 25V -13 -18 mA

Switching Characteristics The following apply for Ta = 25°C, V
+

= 5.0V, V~ = -5.0V

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdl Differential Input to

Logical "1" Output

AC Test Circuit 20 40 ns

l pdl Strobe Input to

Logical "1" Output

AC Test Circuit 10 30 ns

tpdO Differential Input to

Logical "0" Output

V cc - +5.0V, AC Test Circuit 28 45 ns

*pdO Strobe Input to

Logical "0" Output

AC Test Circuit 20 40 ns

*DR Differential Input Overload

Recovery Time

10 30 ns

*CMR Common-Mode Input Overload

Recovery Time

5 25 ns

tCY Minimum Cycle Time 200 ns

vCM AC Common-Mode Input

Firing Voltage

Pulse ±2.5 V

Note 1 : For 0°C < T^ < +70°C operation, electrical characteristics for DS5524 are guaranteed the same as DS7524.

Note 2: Positive current is defined as current into the referenced pin.

Note 3: Pin 1 to have > 100 pF capacitor connected to ground.

Note 4: For min V-pn. lo9'c output is < 0.4V at 16 mA. For max Vy|_|, logic output is > 2.4V at -400/jA.
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DS5524/DS7524

connection diagram

Dual-ln-Line Package

E OUTPUT OUTPUT STROOC
* GH02 I I

H |l« |)» |l* II |ll

Order Number DS5524J, DS7524J
or DS7S24N

See NS Package J16A or N16A

AC test circuit voltage waveforms

jF\i ,_tF "-V_!

"si/.
| .. I Jt—b f \-

_f7\ -it

1. Pulu |nwr>tO( charactsmtici:

Zout - 5Qn, t, - t, M5 ±5 ni, PRR = 1 MHz
2. Proptption Jtlayi:

A = Dttftrtnti*! input to lojtc*. "I" output

B = Difftrwititl input to lopictl "0" output

C * Strobe input to logical "1" output

D * StrolM input to fofical "0" output
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DS5528/DS7528
electrical characteristics

The following apply for-55°C< TA < +125°C

The following apply for 0°C < TA < +70°C

DS5528

DS7528

PARAMETER CONDITIONS MIN TYP MAX UNITS

VTH Differential Input Threshold Vcc = i5V,

(Note 5)

Vref = 15mV 11 15 19 mV
Voltage V RtF - 40 mV 36 40 44 mV

'bias Differential and Reference
Vcc =±5. 25V, V lN = 0V

DS5528 30 100 uA

Input Bias Current DS7528 30 75 uA

l os Differential Input Offset

Current
V cc = ±5. 25V, V DIFF = 0V, V lN

= 0V 0.5 MA

V, H Logical "1" Input Voltage 2 V

li H Logical "1 ' Input Current
VCC =±5.25V

Vin '2.4V 5 40 MA

Strobe, Gate Inputs V, N = 5.5V 1 mA

V, L Logical "0" Input Voltage 0.8 V

h L Logical "0" Input Current

Strobe, Gate Inputs
V cc = ±5. 25V, V IN = 0.4V -1 -1.6 mA

VCD Input Clamp Voltage l IN
=-12 mA -1.5 V

VOH Logical "1 " Output Voltage Vcc =±4. 75V, l
= -400 (JA 2.4 3.9 V

l sc Output Short Circuit Current V cc = ±5. 25V, V =0V -2.1 2.8 -3.5 mA

VOL Logical "0" Output Voltage Vcc = ±4, 75V, l = 16 mA 0.25 0.4 V

'cc+ V+ Supply Current Vcc =±5. 25V 29 40 mA

l cc V" Supply Current Vcc = ±5. 25V 13 -18 mA

Switching Characteristics The following apply for Ta = 25°C, V+
= 5.0V, V~ = -5.0V

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdl Differential Input to

Logical "1" Output

AC Test Circuit 20 40 ns

t pdl Strobe Input to

Logical "1" Output

AC Test Circuit 10 30 ns

tpdO Differential Input to

Logical "0" Output

V cc = ±5.0V, AC Test Circuit 28 45 ns

tpdO Strobe Input to

Logical "0" Output

AC Test Circuit 20 40 ns

'dr Differential Input Overload

Recovery Time

10 30 ns

JCMR Common-Mode Input Overload

Recovery Time

5 25 ns

tcv Minimum Cycle Time 200 ns

V CM AC Common-Mode Input

Firing Voltage

Pulse -2.5 V

Note 1 : For 0°C < T^ < +70° C operation; electrical characteristics for DS5528 are guaranteed the same as DS7528.

Note 2: Positive current is defined as current into the referenced pin.

Note 3: Pin 1 to have > 100 pF capacitor connected to ground.

Note 4:Each test point to have < 15 pF capacitive load to ground.

Note 5: For min Vj\\, '°9 ic output is < 0.4V at 16 mA. For max Vj|_|, logic output is > 2.4V at —400^A.
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DS5528/DS7528

schematic diagram connection diagram

Dual-ln-Line Package

TOP VIEW

Order Number DS5528J, DS7528J

or DS7528N
See NS Package J16A or N16A

o
0)
Ol
01
rO
O
O
(/>

-J
Ol
IO
O
c/>

o
(A

AC test circuit voltage waveforms

smote in'ut

1 Pulse generator characteristics:

ZOUT = SOU, t r
= t, = 15 -5 ns, PRft = 1 MHi

2. Propagation delays:

A = Differential input Id logical "1" output

B = Differential input to logical "0" output

C - Sttobe input to logical "1" output

D = Sttobe input to logical "0" output
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DS5534/DS7534

electrical characteristics

DS5534 : The following apply for -55°C < TA < +1 25°C

DS7534 : The following apply for 0°C < TA < +70° C

PARAMETER CONDITIONS MIN TYP MAX UNITS

VTH Differential Input Threshold

Voltage

V cc ' ±5V,

(Note 4)

V REF = 15mV 11 15 19 mV
V REF =40mV 36 40 44 mV

'bias Differential and Reference

Input Bias Current
Vcc =+5. 25V, V, N =0V

DS5534 30 100 MA
DS7534 30 75 ma

los Differential Input Offset

Current
V CC =±5.25V,V D1FF =0V, V IN =0V 0.5 ma

V (H Logical "1" Input Voltage 2 V

l,H Logical "1 ' Input Current

Strobe, Gate Inputs
V cc = ±5.25V

Vin = 2.4V 5 40 i"A

V IN =5.5V 1 mA

V| L Logical "0" Input Voltage 0.8 V

li L Logical "0" Input Current

Strobe, Gate Inputs
Vcc = ±6,25V, V| N = 0.4V -1 -1.6 mA

VCD Input Clamp Voltage l, N =-12mA -1.5 V

VOL Logical "0" Output Voltage V cc = ±4. 75V, l
= 16 mA 0.25 0.4 V

Icex Output Leakage Current V = 5.25V 250 MA

lcc+ V + Supply Current Vcc = ±5.25V 28 38 mA

Ice- V
-
Supply Current Vcc =±5. 25V -13 -18 mA

switching characteristics The following apply for Ta = 25° C, V
+ = 5.0V, V

-
= -5.0V

PARAMETER CONDITIONS MIN TYP

Differential Input to

Logical "1" Output

AC Test Circuit

Strobe Input to

Logical "1" Output

AC Test Circuit

tpdo Differential Input to

Logical "0" Output

±5.0V, AC Test Circuit 20

tpdO Strobe Input to

Logical "0" Output

AC Test Circuit

tDR Differential Input Overload

Recovery Time

30

30

tCMR Common-Mode Input Overload

Recovery Time

Minimum Cycle Time 200

Vcm AC Common-Mode Input

Firing Voltage

±2.5

Note 1
:
For 0°C < TA < +70° C operation, electrical characteristics for DS5534 are guaranteed the same as DS7534.

Note 2: Positive current is defined as current into the referenced pin.

Note 3: Pin 1 to have > 100 pF capacitor connected to ground.

Note 4: For min V-j». 'ogtc output is < 250>A at 5.25V. For max Vjh, logic output is < 0.4V at 20 mA.
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DS5534/DS7534

connection diagram

Dual-ln-Line Package

Order Number DS5534J. DS7534J
or DS7534N

See NS Package J16A or N16A

AC test circuit voltage waveforms

ERCNTIAI

l»UT

o

STROM

o

t r— - ---^

1. Pulse generator characteristics:

ZOUT = 5012, 1, = 1,-15 '5 ns. PRR= 1 MHi
Z. Propagation delays:

A = Differential input to logical "0" output

6 - Differential input to logical "1" output

C - Strobe input to logical "0" output

- Strobe input to logical
"1

" output
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DS5538/DS7538
electrical characteristics

DS5538: The following apply for -55°C < TA < +125°C

DS7538: The following apply for 0°C < TA < +70°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

VTH Differential Input Threshold Vcc - ±5V,

(Note 5)

V REF = 15mV 11 15 19 mV
Voltage V REF = 40 mV 36 40 44 mV

l B , AS Differential and Reference
Vcc = ±5. 25V, V| N = 0V

DS5538 30 100 uA

Input Bias Current DS7538 30 75 HA

los Differential Input Offset

Current
V cc = ±5. 25V, V DIFF = 0V, V !N

= 0V 0.5 MA

V IH Logical "1" Input Voltage 2 V

I| H Logical "1 ' Input Current
Vcc " -5.25V

V 1N
= 2.4V 5 40 MA

Strobe, Gate Inputs V| N = 5.5V 1 mA

V, L
Logical "0" Input Voltage 0.8 V

l, L Logical "0" Input Current

Strobe, Gate Inputs
V cc -- 15,25V, V| N = 0.4V -1 -1.6 mA

VCD Input Clamp Voltage l IN
= -12 mA -1.5 V

VOL Logical "0" Output Voltage V cc = ±4. 75V, l Q = 16 mA 0.25 0.4 V

l CEX Output Leakage Current V c - 5.25V 250 uA

l cc+ V + Supply Current V cc = ±5. 25V 28 38 mA

l cc _ V
-
Supply Current Vcc - '5-25V -13 -18 mA

Switching Characteristics The following apply for Ta = 25°C, V+
= 5.0V, V = - 5.0V

Note 1 : For 0°C < T^ < +70° C operation, electrical characteristics for DS5538 are guaranteed the same as DS7538.

(Mote Z: Positive current is defined as current into the referenced pin.

Note 3: Pin 1 to have > 100 pF capacitor connected to ground.

Note 4: Each test point to have < 15 pF capacitive load to ground.

Note 5: For min Vj\-{, logic output is < 2!50>A at 5.25V. For max V-j-|_|, logic output is < 0.4V at 20 mA.

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdl Differential Input to

Logical "1 " Output

AC Test Circuit 24 45 ns

tpdl Strobe Input to

Logical "1" Output

AC Test Circuit 16 40 ns

tpdO Differential Input to

Logical "0" Output

Vcc = +5.0V. AC Test Circuit 20 40 ns

tpdO Strobe Input to

Logical "0" Output

AC Test Circuit 10 30 ns

toR Differential Input Overload

Recovery Time

10 30 ns

tcMR Common-Mode Input Overload

Recovery Time

5 25 ns

tCY Minimum Cycle Time 200 ns

VCM AC Common-Mode Input

Firing Voltage

Pulse ±2.5 V



DS5538/DS7538

TEST POINT BO—

connection diagram

:

Dual-ln-Line Package

Order Number DS553SJ, DS7538J
or DS7538N

See NS Package J16A or N16A

AC test circuit voltage waveforms

1. Pulse generator characteristics:

Zqut ^ 501:, t, = t, = 15 '5 ns. PRR = 1 MH;

2. Propagation delays:

A - Differential input to logical "0" output

B = Differential input to logical "1" output

C -- Strobe input to logical "0" output

D = Strobe input to logical
"1" output
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guaranteed performance characteristics

Differential Input Threshold

Voltage

V" - W -5%

STROBE INPUT 2V

OVER TEMPERATURE RANGE S ,

^
-^

V^>^v k ^_0S5520. QS5522,— DS5524. OS552B.y \ „, '
J^'^A

\S*
?\2

p?f=r
<iMu~

% MINIMUMs I

20 25 30 35 40

REFERENCE VOLTAGE (mV)

typical performance characteristics

Transfer Characteristics Transfer Characteristics Power Supply Rejection

'

DSSS20. OS7570IQ 0UTPUTONIYI 1 j

4.0

0S5SZB. DS752H LOA D-- 00^ ft

V
+

= 5V

V'. -5V
Ta - IS C

STROBE

1

3.0
/

"A 5mV
/

2.0

1 /
Vr 1 5mV

J

1 1

±5 ±10 115 120 125 130 135 140

DIFFERENTIAL INPUT VOLTAGE ImVI

5.0

_ 4.0

S 3.0

a
>
£ 2.0

°
1.0

OS5S2Q, DS7520
I

-DS552Z, DS7522

DS5S34. DS7534.

iOUT

S5S3S

UTO

as; s

LY)

WZktXT PUILUP

—

M

rr
"""

/
/

BmV
/

„ = IS

/
v B

^ SmV

1

1

_V* = SV L0A )
=

V~ = -5V
II

.
r

15 ±10 115 120 ±25 ±30 ±35 ±40

DIFFERENTIAL INPUT VOLTAGE (mVI

£ 15.B

g 15.6

o 15.4
>
3 15.2
O

££ 15.0

LX

* 14.8

p 14.6
as

= 14.4

V+- 5.25V

V+-5.0V] "~"

V+- 4.75V

Vn
-55"

15 rr

C<1
V

H25* C

-5.00 -5.25

V-(V)

Temperature Coefficient

21

20

19

ia

V- = -5 OV

Differential Input Frequency
Response

III li

II

If

Ji

It

ill

u 5V
-5V

1 n TT V
-
=

III ILII

25°C

llllll

I OK 100K 1M 10M 100M

SINUSOIDAL INPUT FHEOUENCY (Hi)

Differential Input Bias Current

DIF

V*
.V"

FER
-5.2

--5

ENT
5V
25V

AL NPUTV( LT< GE 0V

±45
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typical performance characteristics (cont.)

Differential Input Offset

Current

5 °
7

" 0.6

DIF FERENTIAL INPl TV( it; GE- 0V

V" = -5 25V

Power Supply Currents

V H = 20 mV
DIFFERENTIAL INPUT VOLTAGE - OV

AIL LOGIC INPUTS = 0V

V
+

= 5.25V

V" = -5.25V

NEGATIVE SUPPLY CURRENT
_J I 1 I L

Power Supply Currents

V R = 20mV
DIFFERENTIAL INPUT VOLTAGE - 0V

ALL LOGIC INPUTS = OV

V
+

= 5.25V

5.25VU4 I I

NEGATIVE SUPPLY CURRENT1ENT [

~

-35 +5 +45 +85

TA l°C)

Power Supply Currents

30
PO!

DS5524, DS7524

itivT~

26

SUPPLY

i

1
DIFFERENTIAL INPUT VOLTAGE - OV

V„-20mV
STROBE INPUTS=0V
V* - 5.25V

V- - -5.25VMINI
NEGATIVE SUPPLY CURRENT

Power Supply Currents

DIFFERENTIAL INPUT VOLTAGE = OV.

V R = 20mV
STROBE INPUTS = OV

V* 5.25V

V-- -5.25V

NEGATIVE SUPPLY CURRENT -

-f I I I I t-4.

5 45 15 125

Ta (°ci

AC Common-Mode Firing

Voltage

3

2

MM!!

V
+
= +5V

V" - -5V

1 1

2

3

NEGATIVE FIRING VOLTAGE

-35 +5 +45 +85

Ta l°C)

Differential Input to Output

Propagation Delays

DS5520, DS7520
(DELAYS TO Q OUTPUT ONLY)

0S5524, S7524 DS552B 0S752B

DELA TO D'OUTPl T

DEL IV T .,,.. OUT UV

SEE AC TEST CIR UIT

+45

T* (°Ct

Differential Input to

Output Propagation Delays

0S5534, DS7534

DS553B. DS7538

/

DELAY TO

H
DELAY TO

»-

_u-4-r'
SEE AC TEST CIRCUIT

|

|

Differential Input to Output

Propagation Delays

Differential Input to Output
Propagation Delays

DS5520. DS7520

46
(DELAYS TO U OUTPUT ONLY

III!
SEEACTESTCIRCUI

42

1 1
I

1 1

38
DELAY TO 'T'OUTPUJ,/

1

t

1 1 1 1 1

+45 +85

Ta CO

Strobe to Output Propagation

Delays

DS5520, DS7520

(DELAYS TOO OUTPUT ONLY) —
DS5524. DS7524. DS5S28, DS7528^/

^
|

1

DELAY TO "0" TPUT

1

ST I IRC JIT-

j

DELAY TO " "O JTPI T^>

-35 +5 +45 +85

Ta CO

DS5522. DS7522

MM
'

OELAY TO 0"0 UTPUT \S

+45 +85 +125

Ta (°CI

Strobe to Output Propagation

Delays

DS5520. DS7520

40

36

32

28

24

(DELAYS TO Q OUTPUT ONLY

1
1 1 1 1 1

1 I 1 I 1 L*

IRC MT

1

1

DE LAY TO' 0'UUTPUT
-

16

l

5 +45 +85 +125

Ta (°CI
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typical performance characteristics (cont.)

Strobe to Outpul
Delays

Propagati on

31

OS5522, DS7522

SEEACTESTCIRCUI1

27 —
23 —
19

^ DELAY TO "1" OUTPUT

15
DELAY TO "0" OUTPUT

Str 7be to Outpul
Propagation Delays

27

25

23

21

19

17

OS5534 DS7534

DS5538 DS7538

"1" OUTPUT

SEE AC
15

13

11

1 1

DEL
..„„

AY TO
j

OUTPUT=U i

Gate to Output Propagation

Delays

5 45

ta ro

Gate to Output Propagation

Delays

DS5520, DS7520

(GATE TO Q OUTPUT DELAYS)

.

SEEACTESTCIRCUIT

DELAY TO "0" OUTPUT

Gate to Output Propagation

Delays

DS5222 DS7522

DELAY TO 8"0UTP

1

ill!
+45 +85 +125

typical applications

Large Memory System with Sectored Core Planes
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typical applications (cont.)

fr
Oa=>

fr
>.x>

t>,3=>

fr
t>s>

Small Memory System

1 1 ^!i" t>h
1

~ ~ f~ DS55!Z/DS'SZ! '

I

Large Memory System
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jgjl National
jlA Semiconductor

DS75324 memory driver with decode inputs

general description features

Magnetic Memory
Interface Circuits

The DS75324 is a monolithic memory driver

which features two 400 mA (source/sink) switch

pairs along with decoding capability from four

address lines. Inputs B and C function as mode
selection lines (source Or sink) while tines A and

D are used for switch-pair selection (output pair

Y/Z or W/X).

High voltage outputs

Dual sink/source outputs

Internal decoding and timing circuitry

400 mA output capability

LS/TTL compatible

Input clamping diodes

schematic and connection diagrams

?

ODESEUCT A
iource/sinki _X.

T

3

-W*-t

rWv

7f\

Dual-ln-Line Package

output output source output output
no * » come t m
l (tMULl "„ (MUMtl TOM VMWtt) l»*KI

I.. I. I- I.. ! In I- I-

Dual-ln-Line Package

OUTPUT OUTPUT SOURCE OUTPUT QUTPU

A0ORESS INPUTS TIMING INPUTS

GND 1 tnd GND 2 ire to be uttd in pariilel

OUTPUT SOURCE
y cou«

(source i tors isoufloi (sink;

G MIOREB

Order Number DS75324J
See NS Package J16A

Order Number DS75324N
See NS Package N14A
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truth table

INPUTS OUTPUTS

ADDRESS TIMING SINK SOURCES SINK

A B C D E F G W X Y Z

11
10 1

110
10 10
X X X X

X X X X

X X X X

1 1 1

1 1 1

1 1 1

1 1 1

X X

X X

X X

ON
OFF

OFF

OFF

OFF

OFF

OFF

OFF

ON

OFF

OFF

OFF

OFF

OFF

OFF

OFF

ON

OFF

OFF

OFF

OFF

OFF

OFF

OFF

ON

OFF

OFF

OFF

test circuits and switching time waveforms

X~

TEST
PER

TRUTH

Note 1: Check V,Nm AND V IN10 ,
PER TRUTH TABLE.

Note 2. Measure Iimi 0( per test table.

Note 3: When measuring Iinu>, all other inputs are at GNO. Each input is tested separately.

TEST TABLE FOR l,Nl o;

APPLY 3.5V GROUND
TEST

•iNlOJ

B, C, E, F.and G A and D A

B, C. E, F.and G A and D D

A, D, E, F. and G Band C B

A. 0. E. F.and G Band C C

A, B, C. D, F, and G E E

A, B. C. 0, E, and G F F

A, B, C, D, E, and F G G

FIGURE 1. V| N(0 |, V| N(1( , l| N (0|, l|N(1), and Iqff
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test circuits and switching time waveforms (con't)

(NON-INDUCTIVE
|

• »-WS<—O 23V

>^

Y l

1

Note: This parameter must he measured using pulse technique

t P = 500 ns, duly cycle i '%

FIGURE 2. v (SAT)

(NON-INDUCTIVE)

«-• VW O 23V

-» O 1JV

FIGURE 3. Ice (All Outputs "OFF")
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test circuits and switching time waveforms (con't)

3.SV i

Q | TIMING INPUTS

I

Notel: GND A and 8, apply +3.5V tn C and D,

and measure lcc (ouiput W is on).

Note 2: GND B and D, apply +3.5V to A and C.

and measure lcc (output Z is on).

Mote 3: GND A and C, apply +3.5V to B and D.

and measure lcc (output X is onl

Note 4; GND Cand 0, apply +3.5V to A and B.

and measure lcc (output V is on).

FIGURE A. lcc IO"e Output "ON")

_r

Note 1 : The input waveform is supplied by a

generator with the following characteristics:

t, = t, = 10 ns, duty cycle < 1%, and ZOUT * 50ii.

Note 2: When measuring delay times at output X,

apply +5V to input D, and GND A. When measuring

delay times at output Y, apply +5V to input A,

and GND D.

Nate 3: C L includes probe and jig capacitance.

Note 4: Unless otherwise noted all resistors are 0.5W.

FIGURE 5. Source-Output Switching Times
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test circuits and switching time waveforms (con't)

JT

o
(/)

-J

W
ro

Note 1 : The input waveform is supplied by a

generator with the following characteristics:

t, = t, = 10 ns, duty cycle < '%. 2 ut - 50<>.

Note 2: When measuring delay times at output

W, apply +5V to input D. and GND A. When

measuring delay times at output Z. apply +5V

to input A, and GND D.

Note 3: C L includes probe and jig capacitance.

FIGURE 6. Sink-Output Switching Times

7-25



£3 National
dm Semiconductor

Magnetic Memory
Interface Circuits

DS55325/DS75325 memory drivers

general description
The DS55325 and DS75325 are monolithic mem-
ory drivers which feature high current outputs as

well as internal decoding of logic inputs. These cir-

cuits are designed for use with magnetic memories.

The circuit contains two 600 mA sink switch

pairs and two 600 mA source switch pairs. Inputs

A and B determine source selection while the

source strobe (S, ) allows, the selected source turn

on. In the same manner, inputs C and D determine

sink selection while the sink strobe (S2 ) allows the

selected sink turn on.

Sink-output collectors feature an internal pull-up

resistor in parallel with a clamping diode connected

to Vcc2- This protects the outputs from voltage

surges associated with switching inductive loads.

The' source stage features Node R which allows

extreme flexibility m source current selection by

controlling the amount of base drve to each source

transistor. This method of setting the base drive

brings the power associated with the resistor out

side the package thereby allowing the circuit to

operate at higher source currents for a given

junction temperature. If this method of source

current setting is not desired, then Nodes R and

R| NT can be shorted externally activating an

internal resistor connected from V CC2 to Node R.

This provides adequate base drive for source

currents up to 375 mA with V c 15V
600 mA with V c 24V.

The DS55325 operates over the fully military

temperature range of -55° C to +125°C, while the

DS5325 operates from 0°C to +70°C.

features
600 mA output capability

24V output capability

Dual sink and dual source outputs

Fast switching times

Source base drive externally adjustable

Input clamping diodes

LS/TTL compatible

schematic and connection diagrams
Dual-ln-Line Package

rw4

Order Number DS55325J, DS75325J.
DS75325N or OS55325W

See NS Package J14A, N14A or W14A

truth table

ADDRESS INPUTS STROBE INPUTS OUTPUTS

SOURCE

A B

SINK

C D

SOURCE

SI

SINK

S2

SOURCE

W X

SINK

V Z

L M

H L

X X

X X

X X

X X

X X

X X

I

L

X

L

X

ON OFF

OFF ON
OFF OFF

OFF OFF

OFF OFF

OFF OFF

OFF OFF

OFF OFF

ON OFF

OFF ON

OFF OfF

OFF OFF

H = high level, L - low level, X - irrelevant

NOTE: Not more than one output is to be on at any on>
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absolute maximum ratings (Notei) operating conditions

Supply Voltage Vrjci (Note 5) 7V

Supply Voltage V^C2 (Note 5) 25V

Input Voltage (Any Address or Strobe Input) 5.5V

Power Dissipation 600 mW
Storage Temperature Range -65 C to +150^
Lead Temperature (Soldering, 10 seconds) 300° C

Temperature (T^t

DS55325
DS75325

-55 + 125

+70

°C

°C

electrical characteristics (Notes 2 and 3)

V| H

PARAMETER

High Level Input Voltage

Low Level Input Voltage

Input Clamp Voltage

Source Collectors Terminal

"OFF" State Current

High Level Sink Output Voltage

CONDITIONS

(Figures 1 and 2}

(Figures 3 and 4)

VCC1 =4.5V, V CC2 = 24V, l lN =-12 mA,

T A - 25'C, (Figure 5)

V CC1 = 4.5V,V CC2 -24V,

(Figure 1)

Full Range

VCC1 = 4.5V, V CC2 = 24V, l OUT = 0, (Figure 2)

MA

MA

uA

Saturation Voltage Source

Outputs

V CC1 = 4.5V, V CC2 - 15V,

R L =24H,

(source
» -600 mA,

(Figure 3}. (Notes 4 and 6)

Full Range

TA = 25
D
C

Saturation Voltage Sink Outputs V CC1 =4.5V,V CC2 = 15V,

R L =2412,

I S1NK ^600 mA, (Figure 4),

(Notes 4 and 61

Full Range 0.9

Input Current at Maximon

Input Voltage

V CC1
= 5.5V,V CC2 =

V, = 5.5V, (Figure 5)

24V, Address Inputs

Strobe Inputs 2

40High Level Input Current Vr = 5.5V, V r Address Inputs

V, = 2.4V, (Figure 5} Strobe Inputs

mALow Level Input Curren VCC1 -5.5V V CC2 =24V,

V, = 0.4V, (Figure 5)

Address Inputs

Strobe Inputs

cc off Supply Current, All Sources and

Sinks "OFF"

Vcc ,
= 5.5V, V CC2 = 24V,

T A = 25°C, (Figure 6)

CC1 Supply Current From V ccl

Either Sink "ON"

V CC1 = 5.5V, V CC2 = 24V, l s , NK = 60 mA,

TA = 25°C, (Figure 7)

CC2 Supply Current From V cc2 ,

Either Source "ON"

Vcc , =5.5V,V CC2 =24V,I SOU rce
!

TA = 25'X, (Figure 8)

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS55325 and across the 0°C to

+70° C range for the DS75325. All typical values are at Ta = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

Note 5:Voltage values are with respect to network ground terminal.

Note 6: These parameters must be measured using pulse techniques, tyy = 200us, duty cycle < 2%.
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switching characteristics iv c 5V, TA = 25°C)

PARAMETER CONDITIONS MIN TYP MAX UNITS

VLH Propagation Delay Time, Low-to-High

Level Output

VCC2 - 15V, R L = 24J2,

C L » 25 pF, (Figure 91

Source Collectors 25 50 ns

Sink Outputs 20 45 ns

Vhl Propagation Delay Time, High-to-Low

Level Output

VCC2 = 15V, R L = 24H,

C L
- 25 pF, (Figure 9)

Source Collectors 25 50 ns

Sink Outputs 20 45 ns

*TLH Transition Time, Low-to-High

Level Output
C L =25pF

Source Outputs, VCC2 = 20V,

R L
= 1 kJ2, (Figure 10)

55 ns

Sink Outputs, VCC2 = 15V,

R L =24S2, (Figure 9)
7 15 ns

t-THL Transition Time, High-to-Low

Level Output
C L = 25 pF

Source Outputs, Vcc2 = 20V,

R L = 1 k£2, (Figure 101
7 ns

Sink Outputs, Vcc2 = 15V,

R L =24fl, (Figure 9)
9 20 ns

ts Storage Time, Sink Outputs VCC2 = 15V. R L =24S2,C L -25pF, (Figure 9) 15 30 ns

dc test circuits

A B S1

GNID GND 2V

2V 2V GND

FIGURE 1. IqFF

TEST TABLE

c D S2 Y Z

2V 4.5V GNO VOH OPEN

GND 4.5V 2V V H OPEN

4.5V 2V GND OPEN Voh

4.5V GND 2V OPEN V H

FIGURE 2. V|H andVOH
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dc test circuits(con't)

340 < OPE

r Lvw- ""'

X^|

Note 1 : Figures 3 and 4 ojiamet

TEST TABLE

A B SI W X

0.8V 4.5V 0.8V GND OPEN

4.6V 0.8V 0.8V OPEN GND

it be measured using pulse techniques. tn = ZOQjjs, duly cycle < 2%.

TEST TABLE

c S2 Y Z

0.8V 4.5V 0.8V Rl OPEN

4,5V 0.8V 0.8V OPEN «L

FIGURE 3. V|i_ and Source VSAT FIGURE 4. V|i_ and Sink VgAT

>l.l|» TEST TABLES

APPLY V, - 5.5V

MEASURE 1,

GROUND APPLY 5.5V
APPLY V, « 2.4V

MEASURE l|H

A S1 B, C.S2, D

SI A, B C, S2. D

B SI A, C. S2, D

C S2 A. SI. B, D

S2 C, D A. SI. B

D S2 A, SI, B, C

V|. I|L

APPLY V, • 0.4V.

MEASURE l, L APPLY 5.5V
APPLY 1, - _10mA,
MEASURE V,

A S1.B, C. S2, D

SI A. B, C, S2, D

B A. Sl.C. S2, O

C A, S1.B, S2, D

S2 A. SI. B.C. D

D A.S1.B.C.S2

FIGURES. V|, l|. l| H.and l| L

7-29



dc test circuits(con't)

I—VAH )"'"

H
'tjcx:
-E3D-C

|Vc c, GN£ i

j\z.

FIGURE 6. lcCl(OFF)i>"dlCC2(OFF)

ex
MMH >

Vcc2

(SEE

TEST
TABLE)

J> J

T

J
\±\

c S2 Y Z

GND 5V GND '(SINK) OPEN

5V GND GNO OPEN '(SINK)

FIGURE 7. »CC1- Either Sink On

TEST TABLE

A B SI

GND 5V GND
SV GND GND

FIGURES. ICC2' Either Source On
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dc test circuits(con't)

350 > OPEN

R I—wSr-i^"'

T

h

VOLTAGE WAVEFORMS

A /"»

Note t: Th* pulse generator has the following characteristics: ZOUT - 50< J, duty cycle < 1%.

Note 2. C L ircludes probe and jig capacitance.

TEST TABLE

PARAMETER OUTPUT UNDER TEST INPUT CONNECT TO 5V

tp LH and tpHL Source collectors
A and SI B, C, D and S2

Band SI A, C. D and S2

'PLH. tpHL.

tTLH. ^THL-

and t s

Sink output Y Cand S2 A, B, D and SI

Sink output Z D and S2 A, B, C and SI

FIGURE 9. Switching Times

m e OPE"

n I—va-i ?
CC!

PULSE
GENERATOI
(NOTED

"i

iVcci SNrJ
I

T

VOLTAGE WAVEFORMS

7T

7T
' 01

„„k k ~ k

Note 1 The pulse rjeneratoi has the following characteristics: Zqut ' 5" ! -. cllJtV cV cle < '%

Note ?: C L includes probe and jig capacitance.

TEST TABLE

PARAMETER OUTPUT UNDER TEST INPUT CONNECT TO 5V

tTLH and t-r-HL
Source output W A and S1 B, C. D, and S2

Source output X B and SI A. C, D, and S2

FIGURE 10. Transition Times of Source Outputs

7-31



applications

External Resistor Calculation

Atypical magnetic-memory word drive requirement

is shown in Figure 11. A source-output transistor

of one DS75325 delivers load current (l L ). The
sink-output transistor of another DS75325 sinks

this current.

The value of the external pull-up resistor {Rext '

for a particular memory application may be de-

termined using the following equation:

16[VCC2( ,
-v= -2.2]

I, - 1.6 [Vr -2.9]

where: FL in kfi.

Vcc2(mint 's the lowest expected value of

Vcc2 in volts, V s is the source output volt-

age in volts with respect to ground, l L is in

mA.

The power dissipated in resistor R e7(t during the

load current pulse duration is calculated using

Equation 2.

I,

r Rext ~~ l v CCZ(min)
ID

Vs -2] (2)

where: P Bext is in mW.

After solving for R ext , the magnitude of the source

collector current (l Cs) ' s determined from Equa-

tion 3.

I CS «0.94I L

where: l cs is in mA.

(3)

As an example, let Vcc2 imini
= 20V anci v l

= 3V
while l L of 500 mA flows. Using Equation 1

:

F*ext
:

16 (20-3-2.2)

500- 1.6 (20-3-2.9)

and from Equation 2:

= 0.5k£2

500
W, *— 120

- 3-2] ^.470 mW

The amount of the memory system current source

(l cs ) from Equation 3 is:

l cs *0.94 (500) «470 mA

In this example the regulated source-output tran-

sistor base current through the external pull-up

resistor (Rext ) and the source gate is approximately

30 mA. This current and lcs comprise l L .

Note 1 : For cleiity, pattiol logic diegremt of two OS5S32S's eie thown

Note 2: Source and ilnk ihoem ere in different packetes

FIGURE 11. Typical Application Data
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WA Section 8 hi
fflA Microprocessor

\sMSlM Support Circuits

TEMPERATURE RANGE PAGE
DESCRIPTION

-55°Cto+125°C 0°C to +70°C NUMBER

DP4201 Clock Generator 8-1

DP8212M DP8212 8-Bit Input/Output Port 8-5

DP8216M, 26M DP8216, 26 4-Bit Bidirectional Bus Transceiver 8-12

DP8224 Clock Generator and Driver 8-17

DP8228M, 38M DP8228, 38 System Controller and Bus Driver 8-23

DP8300 PACE Bidirectional Transceiver Element (PACE BTE/8) 8-28

DP8302, 05 PACE System Timing Element (PACE STE) 8-35

DP7304B DP8304B 8-Bit TRI-STATE® Bidirectional Transceiver 8-40

DP8350 Programmable CRT Controllers 8-45



MICROPROCESSOR SUPPORT CIRCUITS

DESCRIPTION 4004 PACE
GENERAL
PURPOSE

8080
PART NUMBER

0°C to +70°C -55°Cto+125°C

Series 40 Clock Generator • DP4201

8-Bit I/O Port • • DP8212 DP8212M

4-Bit Parallel Receiver/Driver • • DP8216,

DP8226

DP8216M,

DP8226M

Clock Generator/Driver • DP8224

System Controller/Bus Driver • DP8228.

DP8238

DP8228M,

DP8238M

PACE 8-Bit Parallel Receiver/Driver • DP8300

8-Bit 48 mA Bus Driver • DP8304B DP7304B

PACE Clock Generator Driver • DP8305

CRT Controller • • DP8350

Octal D-Type Latch MM74C373 MM54C373

Octal D-Type Flip-Flop MM74C374 MM54C374

16-Key Encoder MM74C922 MM54C922

20-Key Encoder MM54C923 MM54C923

Octal Transparent D Latch SN74LS373 SN54LS373

Octal Edge-Triggered D Flip-Flop SN74LS374 SN54LS374
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Ggl National
SLA Semiconductor

Microprocessor Support Circuits

DP4201 clock generator

general description

The DP4201 Clock Generator is designed for 4004

micro-computer series family applications, and satisfies

clock signal requirements MCS-40™ and FIPS (4-Bit

Integrated Processing System) micro-computer devices.

An externally crystal controlled oscillator is required

for generation of TTL and MOS level clock signals.

Power "ON" or external reset may be accomplished

with the DP4201. A single step feature also exists.

features

Satisfies clock requirements for FIPS and MCS-40

Crystal controlled oscillator

MOS and TTL level clock outputs

Power "ON" and external reset control

Operative frequency from dc to 6 MHz

block diagram

MODE O-

RESET IN O-

RESETOUT O-

n OPEN O-
N CLOSED O-

PROGRAMMABLE
4-BIT STATIC
FEEDBACK
REGISTER

CLOCK
GENERATOR

SCHMITT
TRIGGER

SINGLE
STEP F/F

4| DRIVER —O*'

r #2 DRIVER —on

""I U 01

T

Q

*2T DRIVER

-OVcc

-OVDD

-O GNO

-O STOP

-O ACK

connection diagram
Dual-ln-Line Package

1 u 16 *,,.
GND

«T-L 15— «CC

02^-
14

01

4

«D0
— 13— RESET OUT

MODE — RESET IN

6
N OPEN — STOP

7

XI — :°.ack

8
X2 — N CLOSED

TOP VIEW

Order Number DP4201J or DP4201N
See NS Package J16A or N16A
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absolute maximum ratings (Notei)

Vcc - VDD dc Supply Voltage -0.5 to +18 Vqc
V|hj Input Voltage Vqd - n

-3 to Vcc + os VDC
Ts Storage Temperature Range -65° C to +1 50°C
Pq Package Dissipation 500 mW
T[_ Lead Temperature (Soldering, 10 seconds) 300°C

recommended operating conditions

VCC - Vqq dc Supply Voltage

Vcc — G nd dc Supply Voltage

V|N Input Voltage

Ta Operating Temperature Range

15VDC
SVDC

Vqd to Vcc
0°C to +70° C

electrical characteristics ta = o°c to +7o°c, vcc - vdd = 15V ±5%, Gnd = vcc - 5v ±5%

PARAMETER CONDITIONS MIN TYP MAX UNITS

ice Supply Current (Measurement

in Vcc Pin)

Static Operation,

Pin 6, Pin 9 = Vcc.

Pin 12, Pin 10 = Vdd.
Pin 7 = VCc

Dynamic Operation,

5.185 MHz Crystal,

Cl = 20 pF, 01 and 02

300

25

MA

mA

"LI Input Leakage Current V|L = VDD. All Inputs

Except X1, X2, N. Open,

N. Closed

1 MA

VlH Input High Voltage All Inputs Except X1, X2,

Reset

VcC-1-5 Vcc+0-5 V

V|L Input Low Voltage All Inputs Except X1, X2,

Reset

vdd Vcc-13 V

VOH Output High Voltage Capacitive Load Only vcc-1-5 vcc V

vol Output Low Voltage Capacitive Load Only vdd VCC-13.4 V

VOH 01 T. 02T. Output High Voltage 'OH = -400/LiA vcc-O-75 V

vol 01 T- 02T Output Low Voltage IOL = 1-6 mA Gnd+0.5 V

"OL 01, 02 Sink Current VouT = Vcc. P" lse

Width < 1us

400 mA

'OH 01, 02 Source Current vout= vdd 180 mA
'OL 01T. 02T Sink Current V0UT= Vcc 15 mA

lOH 01 T. 02T Source Current vout= Vdd 8 mA

"OL Reset Sink Current VOUT = Vcc 6 mA

lOH Reset Source Current vout= Vdd 6 mA

lOL Stop Sink Current VOUT = VCC 1 mA

lOH Stop Source Current vout = vDd 1 mA

V|L Reset Input Low Voltage vDd vcc-" V

V|H Reset Input High Voltage vcc-6-5 Vcc+0-5 V

R| Pull-Up Resistance on N. Open,

N. Closed

V|N = VDD 20 120 kn

C|N Input Capacitance All Inputs Except X1, X2 5 pF

Note 1: "Absolute Maximum Ratings" are those values

that the devices should be operated at these limits. The
conditions for actual device operation.

beyond which the safety of the device cannot be guaranteed; they are not meant to imply
table of "Recommended Operating Conditions" and "Electrical Characteristics" provides
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switching characteristics

TA = 0°C to +70°C, Vcc - Vqd = 1 5V +5%, Gnd = Vcc - 5V ±5%, 1.35 ns < tcy < 2,us

PARAMETER CONDITIONS MIN TYP MAX UNITS

tcy Clock Period Mode = V'cc tXTALX? ns

*0PW Clock Pulse Width Mode = Vcc (2/7)tcy-10 (2/7)tc (2/7)tcy+10 ns

l0D1 Clock Delay From 0i to 02 Mode = Vcc (2/7)tcy-10 (2/7)tcy (2/7)tCy+ 10 ns

*0D2 Clock Delay From 02 to 01 Mode = Vcc (1/7)tcy-10 (1/7)tcy (1/7)tcy+10 ns

tcy Clock Period Mode = Vqo tXTAL*8 ns

t0PW Clock Pulse Width Mode = Vqo (1/4)tCy-10 (1/4)tcy (1/4)tcy+10 ns

l0D1 Clock Delay From 0i to 02 Mode = Vqd (1/4)tCy-10 d/4)tCy (1/4)tcy+10 ns

t0D2 Clock Delay From 02 t0 01 Mode = Vqq (1/4)tCy-10 (1/4>*Cy (1/4)tcy+10 ns

t0D3 TTL Clock to MOS Clock Skew 20 40 ns

t0r.t0f Clock Rise and Fall Time C|_ = 300 pF = 01,02

C|_ = 50 pF = 01T,02T

25 50 ns

»D Delay From ACK to Stop Ci_ = 20 pF 60 500 ns

pin description

Pin No.

1

Designation

GND

01T

02

VDD

MODE

N.OPEN

X1

X2

Description of Function

Circuit ground potential. This

pin can be left floating for low

power application. MOS clock

output will be operative. TTL
clock outputs will not.

Phase 1. TTL level clock output.

Positive true.

Phase 2. MOS level clock output.

Main power supply pin.

VDD = Vcc -15V ±5%.

Counter mode control pin.

Determines whether counter

divides basic frequency by 8

or 7.

Mode = Vcc; ~^~7

Mode = Vdd.'+S

Input of single step circuitry to

which normally open contact of

SPDT switch is connected.

External crystal connection.

This pin may be driven by an

external frequency source. X2
should be left unconnected.

External crystal connection.

Pin No.

9

10

11

12

13

14

15

16

Designation Description of Function

N. CLOSED Input of single step circuitry to

which normally closed contact

of SPDT switch is connected.

ACK Acknowledge input to single

step circuitry normally con-

nected to stop acknowledge

output of 4004.

STOP Stop output of single step cir-

cuitry normally connected to

stop input of 4004. A SPDT
toggle switch may be inserted

in this line for RUN/HALT
control.

RESET IN Input to which RC network is

connected to provide power on

reset timing.

RESET OUT This signal is active low.

01 Phase 1 MOS level clock output.

Vcc Circuit reference potential-

most positive supply voltage.

02T Phase 2. TTL level clock output.

Positive true.
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Q.
Q

timing diagrams

M °° E '»cc „,—

1

I 1

VI i r

-• ">"™jnjnjnjn-TLrLrLTLrL
mode = v d o n

I j I

oZ

switching time waveforms

^r 50K 60% -f-
\ /

f» ^\

^
J -50% 50% 7-

^"10%

!0Kt c:

VD3 r*~ -"-

0.8V J&

•#D3h~

^V5V T5V^

)0% J^.

/

— v^
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VW\ National
Km Semiconductor

Microprocessor Support Circuits

DP8212/DP8212M 8-Bit Input/Output Port

general description

The DP8212/DP8212M is an 8-bit input/output port

contained in a standard 24-pin dual-in-line package. The

device, which is fabricated using Schottky Bipolar tech-

nology, is part of National Semiconductor's N8080

microcomputer family. The DP8212/DP8212M can be

used to implement latches, gated buffers, or multiplexers.

Thus, all of the major peripheral and input/output

functions of a microcomputer system can be imple-

mented with this device.

The DP8212/DP8212M includes an 8-bit latch with

TRI-STATE® output buffers, and device selection and

control logic. Also included is a service request flip-flop

for the generation and control of interrupts to the

microprocessor.

features

• 8-Bit Data Latch and Buffer

• Service Request Flip-flop for Generation and Control

of Interrupts

• 0.25mA Input Load Current

. TRI-STATE TTL Output Drive Capability

• Outputs Sink 15mA

• Asynchronous Latch Clear

. 3.65V Output for Direct Interface to INS8080A

• Reduces System Package Count by Replacing Buffers,

Latches, and Multiplexers in Microcomputer Systems

oo
00
rO

—
o
-o
00
N>
_k
N)

2

N8080A microcomputer family block diagram

OP8224
CLOCK

GENERATOR

oi S C2 CLOCKS

HOLD -

(SYSTEM
DMAREQ.)

CONTROL 1

.SIGNALS
(WR,DBIN,|
&HLDA) 1,

DP8228/
DP8238
SYSTEM

CONTROLLER

I
CONTROL (5)

INTERRUPT
DEVICE
SELECT

DATA
LATCH

&
OUTPUT
BUFFERS

DP8212/OP821ZM

PARALLEL
I/O

INTERFACE
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operating conditions

UNITS

-65°Cto+160°C Supply Voltage (Vcc)
-0.5V to +7V DP8212M 4.50 5.50 vDc
-1 .0V to 5.5V DP8212 4.75 5.25 Vdc

125mA Operating Temperature (T^)

DP8212M -55 +125 °C

absolute maximum ratings

Storage Temperature

All Output or Supply Voltages

All Input Voltages

Output Currents

Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and

should be limited to those conditions specified under dc electrical characteristics.

electrical Characteristics (Min<TA<Max, Min< Vqc< Max, unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

if Input Load Current,

STB, DS2, CLR, Dl 1~DI 8 Inputs
Vp = 0.45V -0.25 mA

if Input Load Current, MD Input Vp = 0.45V -0.75 mA

if Input Load Current, DS1 Input Vp = 0.45V -1.0 mA

ir Input Leakage Current

STB, OS2, CLR, DIt—Dig Inputs
Vr = Vcc Max 10 MA

IR Input Leakage Current, MD Input Vr = VCC Max 30 ma

IR Input Leakage Current, DS1 Input Vr = Vcc Max 40 ma

vc Input Forward Voltage Clamp IC = -5 mA -1 V

V|L Input "Low" Voltage DP8212M 0.80 V

DP8212 0.85 V

V|H Input "High" Voltage 2.0 V

VOL Output "Low" Voltage IOL= 10mA DP8212M 0.45 V

IOL = 15 mA DP8212 0.45 V

VOH Output "High" Voltage lOH = -0.5 mA DP8212M 3.40 4.0 V

lOH = -1.0 mA DP8212 3.65 4.0 V

isc Short-Circuit Output Current VO = 0V, VCC= 5V -15 -75 mA

Hoi Output Leakage Current, High

Impedance State
Vq = 0.45V/Vcc Max 20 MA

ice Power Supply Current DP8212M 90 145 mA
DP8212 90 130 mA

capacitance*
F = 1MHz, V B IAS = 2.5V, VCC = 5V, TA = 25°C.

SYMBOL PARAMETER MIN TYP MAX UNITS

C|N DS1, MD Input Capacitance 9 12 pF

C|N DS2, CLR, STB, Dl •) —Dl8 Input Capacitance 5 9 pF

COUT D01-D08 Output Capacitance 8 12 pF

*This parameter is sampled and not 100% 'tested.
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switching characteristics

(Min<TA <Max ,
Min< Vcc< M ax)

PARAMETER CONDITIONS
DP8212M DP8212

UNITS
1 SYMBOL MIN MAX MIN MAX

tpw Pulse Width 40 30 ns

tpo Data to Output Delay (Note 5) 30 30 ns

tWE Write Enable to Output Delay (Note 5) 50 40 ns

tSET Data Set-Up Time 20 15 ns

tH Data Hold Time 30 20 ns

tR Reset to Output Delay (Note 5) 55 40 ns

ts Set to Output Delay (Note 5) 35 30 ns

tE Output Enable/Disable Time (Note 6) 50 45 ns

tc Clear to Output Delay (Note 5) 65 55 ns

switching conditions

Conditions of Test:

1. Input Pulse Amplitude = 2.5V.

2. Input Rise and Fall Times = 5ns.

3. Between 1V and 2V Measurements made at 1.5V

with 15mA & 30pF Test Load.

4. C[_ includes jig and probe capacitance.

5. C|_= 30 pF.

6. C|_= 30 pF except for DP8212M tr£(DISABLE) C|_ = 5 pF

Test Load

TO.
D.U.T.

Alternate Test Load

(Refer to Timing Diagram)

TO
D.U.T

'

oo
00
IO
_i
IO—
DD
00
N)

IO



timing diagram

X j£
u———tpw——*|*—

\» tWE -

—

A

X
'—H (ALTEI

XZ
RNATE TEST LOAD! h

—

«d-

^z

t= '

X

0.5V

1- VOH

0.5V

STB OR DSi -DS2

X
A

zzx
svtT Vl5V

-tR-^

M— 'pw —4*—

'



logic diagram

DEVICE SELECT

Ml
r> DS2 ^>

7£>
rrr> stb

fTT^ CLR

rr*^ md

-t>

Logic Table A

STB MD
I

(DS ,DS2 I

! DATA OUT
EQUALS

3 TRI-STATE

1 TRI-STATE

1 DATA LATCH

1 1 DATA LATCH

1 DATA LATCH

1 1 DATA IN

1 1 DATA IN

1 1 1 DATA IN

CLR ~\_ resets data latch to the output low state.

The data latch clock is level sensitive, a low level clock

latches the data.

Logic Table B

CLR IDS,DS2 )

j

STB Q" INT

RESET '

1

o !

"

1

1 RESET

1

* Internal Se™ ice Request flip-flop

T-=I>

IT> oi,

n>°"

H"~> Dl 3

l""5"> Dl 4

Hi> OlS

[]«> DIB

I
zn> Dl 7

I Z2> DH

SUFFERS

^
V^

"^

^~

V^'

-t^-

^

i«T nr>

»ot rr>

DO; [T>

"03 n~>

004 HF>

D0 5 [TT>

oo6 nT*>

007 I 19

>

oo, r?r>

functional pin definitions

The following describes the function of all the DP8212/
DP8212M input/output pins. Some of these descriptions

reference internal circuits.

INPUT SIGNALS

Device Select (DS~i, DS2 ): When DSi is low and DS2 is

high, the device is selected. The output buffers are enabled

and the service request flip-flop is asynchronously reset

(cleared) when the device is selected.

Mode (MD): When high (output mode), the output buffers

are enabled and the source of the data latch clock input is

the device selection logic (DSi ' DS2). When low (input

mode), the state of the output buffers is determined by the

device selection logic (DSi " DS2) and the source of the

data latch clock input is the strobe (STB) input.
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functional pin definitions (cont'd.)

Strobe (STB): Used as data latch clock input when the

mode (MD) input is low (input mode). Also used to synch-

ronously set the service request flip-flop, which is negative

edge triggered.

Data In (Dl-j - Dl a ): Eight-bit data input to the data latch,

which consists of eight D-type flip-flops. Incorporating a

level sensitive clock while the data latch clock input is high,

the Q output of each flip-flop follows the data input. When
the clock input returns low, the data latch stores the data

input. The clock input high overrides the clear (CLR)
input data latch reset.

Clear (CLR): When low, asynchronously resets (clears)

the data latch and the service request flip-flop. The service

request flip-flop is in the non-interrupting state when reset.

OUTPUT SIGNALS

Interrupt (INT): Goes low (interrupting state) when either

the service request flip-flop is synchronously set by the

strobe (STB) input or the device is selected.

Data Out (DO-| - DOg): Eight-bit data output of data

buffers, which are TRI-STATE, non-inverting stages. These

buffers have a common control line that either enables the

buffers to transmit the data from the data latch outputs or

disables the buffers by placing them in the high-impedance

state.

connection diagram

DSl 1
KJ

24 — «cc

MO 2 23 — frTf

Dh— 3 22 — Di e

00] 4 21 008

Dl 2
— 5 20 — Di 7

002 6
0P8212/

19 — D07

013— 7
OP8212M

18 Die

DO3 8 17 006

DI4 9 16 — Dl 5

DO4 10 15 DO5

STB 1! 14 — CLR

GND U 13 DS2

Order Number DP8212J. DP8212N
or DP8212MJ

See NS Package J24A or N24A

applications in microcomputer systems

vec-

Gated Buffer

(TRI-STATE)

INPUT
DATA

I2S0„A)O DP8212/

DP8212M

GATING
CONTROLc

DSl MD DSz

=>
OUTPUT
DATA
115mA)
13.65V MINI

DATA C
BUS J.

75!
>

DATA BUS
CONTROL -

(D - L -. R)
(l-R-L)

VCC

DP8212/

OP8212M

DSl M0 DS2

1
-* GN0

I
DP8212/

DP8212M

DS2 MD DSl

3

^

DATA
BUS
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applications in microcomputer systems (conf)

Interrupting Input Port

INPUT.
STROBE

(FROM INPUT

DEVICE)

ic>

SYSTEM.
RESET

portJ^
-

selection!—.

DP8212,

DP8212M =>

DSl MP 0S2

91
-* r.N

K. OR

TO PRIORITY CKT
"(ACTIVE LOW)

Interrupt Instruction Port

vcc
1

DATA
BUS

t
STB

restart r-
INSTRUCTION \
(RSTO-RSTJ) *-\>

OP8212/

DP8212M =>
Lo cTS

DS1MDOS; uPORT SELECTION * ' GND

o
00
10
_i
10

o
"O
00
10

ro

5

Output Port (with Hand-Shaking)

:>
DP8212/

DP8212M

NT CLR
OS2MDDS1

—«- OUTPUT STROBE
(HANDSHAKING
SIGNAL FROM
OUTPUT DEVICE)

=> SYSTEM OUTPUT

VCC

- SYSTEM RESET

PORT SELECTION
(LATCH CONTROL)

INS8080A Status Latch
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5J1 National Microprocessor Support Circuits

Semiconductor

DP8216/DP8216M, DP8226/DP8226M
4-Bit Bidirectional Bus Transceivers

General Description
The DP8216/DP8216M and DP8226/DP8226M are

4-bit bidirectional bus drivers for use in bus oriented

applications. The non-inverting DP8216/DP8216M and

inverting DP8226/DP8226M drivers are provided for

flexibility in system design.

Each buffered line of the four-bit driver consists of two

separate buffers that are TRI-STATE® to achieve direct

bus interface and bidirectional capability. On one side

of the driver the output of one buffer and the input of

another are tied together (DB); this side is used to inter-

face to the system side components such as memories,

I/O, etc., because its interface is TTL compatible and it

has high drive (50 mA). On the other side of the driver

the inputs and outputs are separated to provide maximum
flexibility. Of course, they can be tied together so that

the driver can be used to buffer a true bidirectional bus.

The DO outputs on this side of the driver have a special

high voltage output drive capability so that direct inter-

face to the 8080 type CPUs is achieved with an adequate

amount of noise immunity.

The CS input is a device enable. When it is "high" the

output drivers are all forced to their high-impedance

state. When it is a "low" the device is enabled and the

direction of the data flow is determined by the DIEN
input.

The DIEN input controls the direction of data flow,

which is accomplished by forcing one of the pair of

buffers into its high-impedance state and allowing the

other to transmit its data. A simple two-gate circuit is

used for this function.

Features
• Data bus buffer driver for 8080 type CPUs

• Low input load current - 0.25 mA maximum

High output drive capability for driving system data

bus - 50 mA at 0.5 V

Power up-down protection

DP8216/DP8216M have non-inverting outputs

DP8226/DP8226M have inverting outputs

Output high voltage compatible with direct interface

to MOS

• TRI-STATE outputs

Advanced Schottky processing

Available in military and commercial temperature

ranges

Logic and Connection Diagrams

DP8216/DP8216M

R*-
-TH

=*-
0=

-C^

•—O DBq

i—©o

• O0B2

DP8226/PD8226M

CR
R*-

==*-

' >J °°2 O ' ^O^

^~5£lH~ ° ,3 °—:—^n
JL ^ i °« o— ^o^i —

-c^-

i^-

Dual-ln-Line Package

T5-

CHIP SELECT DOo— 2

DATA OUTPUT DBo— 3

DATA BUS m„_
BIDIRECTIONAL Ul°

DATA'NPUTDOi—J5

DATA OUTPUT OB)— 6

DATA BUS m
BIDIRECTIONAL UM "

0ATAINPUTGND-^8

vcc

sHTj DATA IN ENABLE
t~~ Ult ™ (0IHECTIDN CONTROL)

— DO3 DATA OUTPUT

— OI3 DATA INPUT

-DO2 DATA OUTPUT

— 0\2 DATA INPUT

Order Number DP8216J, DP8226J,
DP8216MJ or DP8226MJ
See NS Package J16A
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Absolute Maximum Ratings (Noten Operating Conditions
Min Max Units Min Max Units

All Output and Supply Voltages -0.5 +7.0 V Supply Voltage, Vqc

All input Voltages -1.0 +5.5 V DP8216M, DP8226M 4.5 5.5 V
DP8216, DP8226 4.75 5.25 V

Output Currents 125 mA
Lead Temperature (soldering, 10 seconds) +300 °C ^82 1 6M , DP8226M -55 +125 °C
Storage Temperature -65 +150 °C DP8216, DP8226 +70 °C

Power Dissipation*

Cavity Package 1160 mW
Molded Package 1000 mW

"Derate Cavity Package at 80" C/W above 70° C; derate Molded Package at90°C/W
above 70° C.

Electrical Characteristics dp8216,dps226 vCc = 5v±5%(Notes2, 3, and 4)

Parameter

Conditions

Limits

UnitsSymbol Description Min Typ Max

DRIVERS

V|L Input Low Voltage 0.95 V

V|H Input High Voltage 2 V

IF Input Load Current Vp = 0.45 V -0.03 -0.25 mA

IR Input Leakage Current Vr = 5.25V 10 MA

vc Input Clamp Voltage Iq = -5 mA -1.2 V

VOL1 Output Low Voltage lOL = 25mA 0.3 0.45 V

vOL2 Output Low Voltage
DP8216 lOL = 55mA

DP8226 lOL = 50 mA
0.5 0.6 V

VOH Output High Voltage lOH = -10mA 2.4 3.0 V

! SC Output Short Circuit Current Vcc = 5.0 V -30 -75 -120 mA

Hoi Output Leakage Current TRI-STATE V = 0.45V/5.5V 100 MA

RECEIVERS

VlL Input Low Voltage 0.95 V

V| H Input High Voltage 2 V

IF Input Load Current Vp = 0.45V -0.08 -0.25 mA

vc Input Clamp Voltage IC = -5 mA -1.2 V

vol Output Low Voltage lOL = 15mA 0.3 0.45 V

VOH1 Output High Voltage lOH = -1 mA 3.65 4.0 V

isc Output Short Circuit Current V «0V -15 -35 -65 mA

Ho! Output Leakage Current TRI-STATE Vq = 0.45V/5.5V 20 UA

CONTROL INPUTS (CS, BTEN)

VlL Input Low Voltage 0.95 V

V| H Input High Voltage 2 V

if Input Load Current V F = 0.45 V -0.15 -0.5 mA

IR Input Leakage Current Vr = 5.25 V 20 AlA

ice Power Supply Current

DP8216

DP8226
95

85

130

120

mA
mA
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Electrical Characteristics DP8216M, DP8226M vcc = 5v ±10% (Notes 2, 3 and 4)

Parameter

Conditions

Limits

Symbol Description Min Typ Max Units

DRIVERS

V|L Input Low Voltage

DP8216M
DP8226M

0.95

0.90

V
V

VlH Input High Voltage 2 V

IF Input Load Current Vf = 0.45 V -0.08 -0.25 mA

|R Input Leakage Current Vr = 5.5V 40 MA

v c input Clamp Voltage iC = -5mA -1.2 V

VOL1 Output Low Voltage lOL = 25mA 0.3 0.45 V

VOL2 Output Low Voltage Iql = 45 mA 0.5 0.6 V

VOH Output High Voltage lOH = -5 mA 2.4 3.0 V

isc Output Short Circuit Current Vcc = 5.0 V -30 -75 -120 mA

Hol Output Leakage Current TRI-STATE Vq = 0.45V/5.5V 100 MA

RECEIVERS

VlL Input Low Voltage

DP8216M
DP8226M

0.95

0.9

V
V

VlH Input High Voltage 2 V

IF Input Load Current Vp = 0.45 V -0.08 -0.25 mA

vc Input Ciamp Voltage IC = -5 mA -1.2 V

vol Output Low Voltage 'OL = 15mA 0.3 0.45 V

VOH1 Output High Voltage lOH = -0.5 mA 3.4 3.8 V

VOH2 Output High Voltage lOH = -2 mA 2.4 V

isc Output Short Circuit Current VCC = 5.0 V -15 -35 -65 mA

Hoi Output Leakage Current TR I -STATE Vq = 0.45V/5.5V 20 M
CONTROL INPUTS (CS, DTEN)

VlL Input Low Voltage

DP8216M
DP8226M

0.95

0.9

V
V

VlH Input High Voltage 2 V

IF Input Load Current Vf = 0.45 V -0.15 -0.5 mA

IR Input Leakage Current Vr = 5.5V 80 MA

ice Power Supply Current

DP8216M
DP8226M

95

85

130

120

mA
mA
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Switching Characteristics (Notes 2, 3, and 4)

Parameter

Conditions

Limits

UnitsSymbol Description Min Typ Max

DP8216M, DP8226M, V<x = 5V ±10%

tPD1 Input to Output Delay, DO Outputs CL = 30pF, Ri = 3000,

R2 = 600O
15 25 ns

tPD2 Input to Output Delay, DB Outputs

DP8216M
DP8226M

CL = 300pF, Ri = 900,

R2= 180O 19

16

33

25

ns

ns

tE Output Enable Time

DP8216M
DP8226M

DO Outputs: Cl = 30pF,

Ri = 3oon/iokn,
R2 = 600 0/1 kO

DB Outputs: Cl = 300 pF,

Rl = 90O/10kO,
R2= 180 0/1 kO

42

36

75

62

ns

ns

tD Output Disable Time

DP8216M
DP8226M

DO Outputs: Cl = 5pF,

Rl = 300O/10kO,
R2 = 600 O/l kO

DB Outputs: Cl = 5pF,

Rl = 90O/10kO,
R2= 180 O/l kfi

16

16

40

38

ns

ns

DP8216, DP8226 Vqc = 5.0 V ± 5%

tPD1 Input to Output Delay, DO Outputs Cl = 30 pF, Ri =300n,
R2 = 600O

15 25 ns

tPD2 Input to Output Delay, DB Outputs

DP8216

DP8226

C L = 300pF, R 2 = 90P.,

R 2
= 18012 20

16

30

25

ns

ns

tE Output Enable Time

DP8216

DP8226

DO Outputs: Cl = 30 pF,

Ri = 30on/iokn,
R2 = 600 0/1 kO

DB Outputs: Cl = 300pF,

Rl =90O/10kO,
R2= 18012/1 kO

45

35

65

54

ns

ns

tD Output Disable Time DO Outputs: Cl = 5pF,

Rl = 300O/10 kO,

R 2 = 600 0/1 kO

DB Outputs: Cl = 5pF,

Rl =90O/10kO,
R 2

= 180 0/1 kO

20 35 ns

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, "hey are not

meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for

actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the -55° C to +125° C temperature range for the DP8216M and DP8226M

and across the 0°C to +70° C temperature range for the DP8216 and DP8226. All typical values are given for Vcc = 5 V and TA = 25° C.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless

otherwise specified.

Note 4: Only one output at a time should be shorted.
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CO
CM
CM
CO
Q.
Q
<0
CM
CM
CO
0.
Q

Test Conditions Test Load Circuit

Input pulse amplitude of 2.5 V.

Input rise and fall times of 5.0ns between 1.0 V and 2.0 V.

Output loading is 5.0 rnA and 10pF.

Speed measurements are made at 1.5 V levels. OUTO1

I
I

C L >R 2

T-
CM
CO
Q.
Q—
CM
CO
Q.
Q

Switching Time Waveforms

XE

X >£

j*zi

Capacitance ta = 25°c

Parameter

Limit

Symbol Min. Typ. Max. Unit

C|N Input Capacitance 4 6 PF

COUT Output Capacitance

DO Outputs

DB Outputs

6

13

10

18

pF

pF

Note: This parameter is periodically sampled and is not 100%
tested. Condition of measurement is f

=
1 MHz, VgiAS ~ 2.5V,

VCC = 5.0 V, and TA = 25°C.
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DP8224 Clock Generator and Driver

general description

The DP8224 is a clock generator/driver contained in a

standard, 16-pin dual-in-line package. The chip, which is

fabricated using Schottky Bipolar technology, generates

clocks and timing for National Semiconductor's N8080
microcomputer family.

Included in the DP8224 is an oscillator circuit that is

controlled by an external crystal, which is selected by

the designer to meet a variety of system speed require-

ments. Also included in the chip are circuits that provide:

a status strobe for the DP8228 or DP8238 system con-

trollers, power-on reset for the INS8080A microproces-

sor, and synchronization of the READY input to the

INS8080A.

features

• Crystal-Controlled Oscillator for Stable System

Operation

• Single Chip Clock Generator and Driver for INS8080A
Microprocessor

• Provides Status Strobe for DP8228or DP8238System
Controllers

• Provides Power-On Reset for INS8080A Micro-

processor

. Synchronizes READY Input to INS8080A Micro-

processor

• Provides Oscillator Output for Synchronization of

External Circuits

• Reduces System Component Count

N8080A microcomputer family block diagram

HDh

QSCIL

LATOR

STATUS STROBE,
RESET AND
READY LOGIC

HOLD
(SYSTEM
OMAREQ.)

CONTROL
_SiGNALS
;wr, DSIN,
&HIDA)

0P8228/DP823B
SYSTEM

CONTROLLER

I
p
_^

-,

I OPTIONAL I

| BUFFERS/ I

|
DECODERS |

L__-_ J
T^ ADDRESS
I BUS (16)
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absolute maximum ratings (Note 2) operating conditions

MIN MAX UNITS

Supply Voltage Supply Voltage

Vcc 7V Vcc 4.75 5.25 V
VDD 15V VDD 11.4 12.6 V

Input Voltage -1Vto+5.5V Temperature (TA ) +70 °C
Storage Temperature Range —65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

lp Input Current Loading Vp = 0.45V -0.25 mA

Ir Input Leakage Current Vr = 5.25V 10 uA

Vfj Input Forward Clamp Voltage IC = -5 mA V

V||_ Input "Low" Voltage VCC = 5V 0.8 V

V|H Input "High" Voltage 2.6RESIN Input V

All Other Inputs 2.0 V

VCC = 5V 0.25V|H-V IL RESIN Input Hysteresis V

VOL Output "Low" Voltage

(01,02), Ready, Reset,

STSTB
l0L= 2.5 mA 0.45 V

Osc, 02 (TTL) lOL = 10 mA 0.45 V

Osc, 02 (TTL) (OL = 15mA 0.45 V

VoH Output "High" Voltage

01,02 i h = -ioomA 9.4 V

Ready, Reset IOH = -100 mA 3.6 V

Osc, 02 (TTL), STSTB IOH = -
1 mA 2.4 V

IgC Output Short-Circuit Current

(All Low Voltage Outputs

Only), (Note 1)

V = 0V, Vcc = 5V -10 -60 mA

ICC Power Supply Current 115 mA

Iqd Power Supply Current 12 mA

Note 1 : Caution — 01 and 02 output drivers do not have short circuit protection.

Note 2: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 3: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DP8224. All typical values are for Ta = 25°C,

Vcc = 5V,and VDD - 12V.

crystal requirements*

Tolerance 0.005% at 0°C to +70°C Equivalent Resistance 75£2 to 20fi

Resonance Fundamental** Power Dissipation (Min) 4 mW
Load Capacitance 20 pF to 30 pF

*lt is good design practice to ground the case of the crystal

**With tank circuit, use 3rd overtone mode



switching characteristics (Note 3)

test circuit

J
GND GND

PARAMETER CONDITIONS MIN TYP MAX UNITS

t01 01 Pulse Width

C|_ ' 20 pF to 50 pF

^-Y -20
9

ns

'02 02 Pulse Width

5t^-35
9

ns

<D1 01 to 02 Delay
ns

tD2 02 to 01 Delay

2-^-14
9

ns

tD3 01 to 02 Delay

2tCY

9

^20
9

ns

t r 01 and 02 Rise Time
20 ns

tf 01 and 02 Fall Time
20 ns

tD02 02 to 02 (TTU Delay 02 TTL, C L ^ 30 pF,

R1 = 30012, R2 = 600n

5 15 ns

«DSS 02 to STSTB Delay

STSTB, Cl = 15pF

R1 = 2 k'>,R2 = 4 kf2

6-^-30
9

6tCY

9
ns

tPW 9

ns
STSTB Pulse Width

tDRS RDYIN Set-Up Time to Status Strobe
4tCY

50
9

ns

'DRH RDYIN Hold Time After STSTB
4tQY

9

ns

«DR READY or RESET to 02 Delay Ready and Reset, Cl = 10 pF,

R1 = 2kf2, R2 = 4kn
i^-25
9

ns

tCLK CLK Period tCY

9

ns

fMAX Maximum Oscillating Frequency 27 MHz

C|N Input Capacitance VCC=5V, VDD - 12V,

V B |AS = 25V, f = 1 MHz

8 pF

o
00
rO
rO
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'R -•- r **'

-^i
-*-'F

tD3 —

/
f.

V
*2

t

I \

\
* tp2 _ „.

h— r
0<t>2 tD02—

^

-

it
\

\ 1SYNC
(FROM8080AI

+ - .-.. -I
1

-- tpw -»-

\

STSTB

tDRS—-
\ i

RDYIN 1

OR RESIN /\
. J

,

"1READY OUT

M 1 DR -*•

RESET OUT J
t

VOLTAGE MEASUREMENT POINTS: 01 , </>2 Logic "0" - 1 OV, Loc

switching characteristics (FortCY = 488.2E

ic "1" = 8.0V. All other signals

ins)

measured at 1 .5V.

PARAMETER CONDITIONS MIN TYP MAX UNITS

t0i 01 Pulse Width

01 and 02 Loaded to Cl = 20 to 50 pF

Ready & Reset Loaded to 2 mA/10 pF

All Measurements Referenced to 1.5V

unless Specified Otherwise

89 ns

t02 02 Pulse Width 236 ns

tQ1 Delay 01 to 4)2 ns

tfJ2 Delay 02 to 01 95 ns

tQ3 Delay 01 to 02 Leading Edges 109 129 ns

t r
Output Rise Time 20 ns

tf Output Fall Time 20 ns

tDSS 02 to STSTB Delay 296 326 ns

tQ02 02 to 02 (TTL) Delay -5 15 ns

tpw Status Strobe Pulse Width 40 ns

-167 nstDRS RDYIN Set-Up Tim e to STSTB

217 nstDRH RDYIN Hold Time after STSTB

tDR READY or RESET to 02 Delay 192 ns

'MAX Oscillator Frequency 18.432 MHz
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functional pin definitions

The following describes the function of all of the

DP8224 input/output pins. Some of these descriptions

reference internal circuits.

INPUT SIGNALS

Crystal Connections (XTAL 1 and XTAL 2): Two inputs

that connect an external crystal to the oscillator circuit

of the DP8224. Normally, a fundamental mode crystal

is used to determine the basic operating frequency

of the oscillator. However, overtone mode crystals

may also be used. The crystal frequency is 9 times

the desired microprocessor speed (that is, crystal fre-

quency equals 1/tCY x 9)- When the crystal frequency

is above 10 MHz, a selected capacitor (3 to 10 pF)

may have to be connected in series with the crystal

to produce the exact desired frequency. Figure A.

Tank: Allows the use of overtone mode crystals with

the oscillator circuit. When an overtone mode crystal is

used, the tank input connects to a parallel I_C network

that is ac coupled to ground. The formula for determin-

ing the resonant frequency of this LC network is as

follows:
i

Synchronizing (SYNC) Signal: When high, indicates the

beginning of a new machine cycle. The INS8080A

microprocessor outputs a status word (which describes

the current machine cycle) onto its data bus during the

first state (SYNC interval) of each machine cycle.

Reset In (RESIN): Provides an automatic system reset

and start-up upon application of power as follows.. The

RESIN input, which is obtained from the junction of

an external RC network that is connected between Vcc
and ground, is routed to an internal Schmitt Trigger

circuit. This circuit converts the slow transition of the

power supply rise into a sharp, clean edge when its input

reaches a predetermined value. When this occurs, an

internal D-type flip-flop is synchronously reset, thereby

providing the RESET output signal discussed below.

For manual system reset, a momentary contact switch

that provides a low (ground) when closed is also con-

nected to the RESIN input.

Ready In (RDYIN): An asynchronous READY signal

that is re-clocked by a D-type flip-flop of the DP8224 to

provide the synchronous READY output discussed

below.

+5 Volts: V cc supply.

+12 Volts: VDD supply.

Ground: volt reference.

OUTPUT SIGNALS

Oscillator (OSC): A buffered oscillator signal that can

be used for external timing purposes.

01 and 02 Clocks: Two non-TTL compatible clock phases

that provide nonoverlapping timing references for

internal storage elements and logic circuits of the

INS8080A microprocessor. The two clock phases are

produced by an internal clock generator that consists

of a divide-by-nine counter and the associated decode

gating logic. Figure B.

02 (TTL) Clock: A TTL 02 clock phase that can be used

for external timing purposes.

Status Strobe (STSTB): Activated (low) at the start of

each new machine cycle. The STSTB signal is generated

by gating a high-level SYNC input with the 1A timing

signal from the internal clock generator of the DP8224.

The STSTB signal is used to clock status information

into the status latch of the DP8228 system controller

and bus driver.

Reset: When the RESET signal is activated, the content

of the program counter of the INS8080A is cleared.

After RESET, the program will start at location in

memory.

Ready: The READY signal indicates to the INS8080A

that valid memory or input data is available. This signal

is used to synchronize the INS8080A with slower

memory or input/output devices.

logic diagram and connection diagram (Top view)

| 15 > XTAL 1

[TT> XTAL 2

m>

I 6 > SYNC -

j
2 > RESIN

| 3 > ROYIN

">-

CLOCK
GEN.
+9T ->-

-OSC I 12 >

-«>i rrr>

-02 n°>
-92 ITU) I 6 >

rB rr>

-RESET | 1 >

-READY I < ^

Dual-ln-Line Package
""^

RESET 1 16 vcc

RESlN 2 15 XTAL 1

ROYIN 3 14 XTAL 2

READY 4
DP8224

13 TANK

SYNC 5 12 OSC

02 (TTL) 6 11 01

STSTB 7 10 n

GNO B g V D rj

Order Number DP8224J or DPS224N
See NS Package J16A or N16A
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01 _J 1
I 2

I

02

—i—i—i—

r

1 I 2 I 3
I 4 I 5 | 1 12

EXAMPLE: (8080 tCY = 500ns)

OSC = 18mHz/55ns

01 = 110ns (2 x 55ns)

02 = 275 ns (5 x 55 ns)

02-01 = "0 ik (2 x 55 ns)

Figure B. DP8224 Clock Generator Waveforms

STSTB (TO 8228 PIN 1)

Figure A. DP8224 Connection Diagram
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CTj National
mlA Semiconductor

Microprocessor Support Circuits

DP8228/DP8228M, DP8238/DP8238M
System Controller and Bus Driver

general description

The DP8228/DP8228M, DP8238/DP8238M are

system controller/bus drivers contained in a standard,

28-pin dual-in-line package. The chip, which is fabri-

cated using Schottky Bipolar technology, generates all

the read and write control signals required to directly

interface the memory and input/output components of

National Semiconductor's INS8080A microcomputer

family. The chip also provides drive and isolation for

the bidirectional data bus of the INS8080A micro-

processor. Data bus isolation enables the use of slower

memory and input/output components in a system,

and provides for enhanced system noise immunity.

A user-selected single-level interrupt vector (RST 7) is

provided by the device for use in the interrupt structure

of small systems that need only one basic vector. No

additional components (such as an interrupt instruction

port) are required to use the single interrupt vector in

these systems. The devices also generate an Interrupt

Acknowledge (INTVM control signal for each byte of a

multibyte CALL instruction when an interrupt is

acknowledged by the INS8080A. This feature permits

the use of a multilevel priority interrupt structure in

large, interrupt-driven systems.

features

• Single Chip System Controller and Bus Driver for

INS8080A Microcomputer Systems

• Allows Use of Multibyte CALL Instructions for

Interrupt Acknowledge

• Provides User-Selected Single-Level Interrupt Vector

(RST 7)

• Provides Isolation for Data Bus

• Supports A Wide Variety of System Bus Structures

• Reduces System Component Count

• DP8238/DP8238M Provides Advanced Input/Output

Write and Memory Write Control Signals for Large

System Timing Control

oD
00
IO
IO
00

Oo
00
to
IO
00

Oo
00
tow
00

o
"O
00
IO
CO
00

2

N8080A microcomputer family block diagram

DP8224
CLOCK

GENERATOR

01 & 02 CLOCKS
^

CONTROL SIGNALS
(RESET 8, READY!

HOLD
(SYSTEM
0MAREQ.)

CONTROL
SIGNALS

(WH.0BIN.
&HLDA)

STSTb

Oj-Do

I
SYSTEM

CONTROLLER
LOGIC

DP8228/DPB228M,

DP8238/DP8238M

1
I OPTIONAL
I BUFFERS/
| DECODERS

L--. I

ADDRESS
US (16)

PARALLEL
1/0

INTERFACE

EXTENDED
CAPABILITY
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absolute maximum ratings operating conditions

UNITS

Storage Temperature

Supply Voltage, Vqq
Input Voltage

Output Current

Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and
should be limited to those conditions specified under DC electrical characteristics.

5°Cto+150°C Supply Voltage (Vqq)

-0.5V to +7V DP8228M, DP8238M 4.50 5.50 VDC
-1 .5V to +7V DP8228, DP8238 4.75 5,25 v Dc

100mA Operating Temperature (T^)

DP8228M, DP8238M -55 +125 °C

DP8228, DP8238 +70 °c

electrical characteristics

(Min < Ta < Max, Min < V<x < Max, unless otherwise noted)

PARAMETER CONDITIONS MIN
TYP

(Note 1)
MAX UNITS

vc Input Clamp Voltage, All Inputs Vcc = Min, lc = —5 mA 0.6 -1.0 V

if Input Load Current Vcc = Max

Vf = 0.45V for DP8228.DP8238

Vp = 0.40V for DP8228M, DP8238M

STSTB

D2 and D6

DO, D1, D4, D5and D7

All Other Inputs

500 MA

750 uA

250 MA

250 MA

ir Input Leakage Current

DB0-DB7

All Other Inputs

Vcc= Max, V R = Vcc
20 ka
100 uA

VTH Input Threshold Voltage,

All Inputs

VCC = 5V 0.8 2.0 V

ice Power Supply Current

Vcc= Max
DP8228, DP8238 160 190 mA
DP8228M, DP8238M 160 210 mA

vol Output Low Voltage

D0-D7

All Other Outputs

Vcc = Min
. 'OL = 2 mA

DP8228M, DP8238M 0.50 V

DP8228, DP8238 0.45 V

VCC = Min
. 'OL = 10 mA

DP8228M, DP8238M 0.50 V

DP8228, DP8238 0.45 V

voh Output High Voltage

D0-D7

All Other Outputs

VCC= Mi ". 'OH= -10uA
DP8228, DP8238 3.3 3.8 V

DP8228M, DP8238M 3.6 3.8 V

Vcc = Min
. 'OH = - 1 mA 2.4 3.8 V

'OS Short Circuit Current, All Outputs VCC = 5V
.
vO ' ov 15 90 mA

lO(OFF) OFF State Output Current

All Control Outputs

Vcc = Max
.
vO = VCC 100 UA

Vcc = Max
.
vO = 0A5\/ -100 uA

l|NT INTA Current (See Test Conditions, Figure 3) 5 mA

Note 1 : Typical values are for T^ - 25°C and typical supply voltages.

capacitance

VBIAS = 2.5V, VCC = 5.0V, TA = 25"C, f = 1 MHz.

PARAMETER MIN
TYP

(Note 1)
MAX UNITS

C|N Input Capacitance 8 12 pF

COUT Output Capacitance Control Signals 7 15 pF

I/O I/O Capacitance (D or DB| 8 15 PF

This parameter is periodically sampled and not 100% tested.
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switching characteristics

(Min < Vcc < M ax. Min < TA < Max >

tpw

«SS

tSH

PARAMETER

Width of Status Strobe

Set-Up Time, Status Inputs D0-D7

Hold Time, Status Inputs D0-D7

toe Delay from STSTB to Any Control

Signal

CONDITIONS

(Figure 2)

DP8228M,

DP8238M

MIN

25

20

MAX

75

DP8228,

DP8238

MIN

22

20

MAX

60

UNITS

tRR Delay from DB IN -o Control

Outputs

(Figure 2) 30 30

tRE Delay from DBIN to Enable/

Disable 8080 Bus

(Figure V 45

Delay from System Bus to 8080

Bus during Read

45

tRD

t\A/R

tWE

(Figure 1) 45

Delay from WR to Control Outputs (Figure 2) 60

Delay to Enable System Bus (Figure 2) 30

DB0-DB7 after STSTB

30

45

30

twD D e|av from 8°80 Bus D0-D7 to

System Bus DB0--DB7 during Write

(Figure 2) 40 40

tf£ Delay from System Bus Enable to

System Bus DB0-DB7

tHD

(Figure 2) 30

HLDA to Read Status Outputs (Figure 2) 25

30

25

tQS Set-Up Time, System Bus Inputs

to HLDA

10 10

tDH Hold Time, System Bus Inputs

to HLDA

20 20

test conditions

OUTPUT
PIN

'

Mcc r«CC

FIGURE 1. Test Load FIGURE 2. Test Load FIGURE 3. INTA Test Circuit (For RST 7)
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timing diagram

SYSTEM BUS DURING READ
_

INS8080A BUS DURING READ -

INS8080A BUS DURING WRITE _

SYSTEM BUS DURING WRITE -

SYSTEM BUS ENAEILE -

SYSTEM BUS OUTPUTS-

)t
-+- - —two

^

$-

VOLTAGE MEASUREMENT POINTS: DQ-D7 (when outputs) Logic "0" -0.8 V, Logic "1" = 3.0 V. AM other signals measured at 1.5 V.

•Advanced l/OW MEMW for 8238 only.

functional pin definitions

The following describes the function of all of the

DP8228/DP8228M, DP8238/DP8238M pinouts. Some
of these descriptions reference internal circuits.

INPUT SIGNALS

Status Strobe (STSTB): Activated (low) at the start of

used toeach new machine cycle. The STSTB input

store a status word (refer to chart) from the INS8080A
microprocessor into the internal status latch of the

DP8228, DP8238. The status word is latched when the

STSTB returns to the high state. The INS8080A outputs

this status word onto its data bus during the first state

(SYNC interval) of each machine cycle.

Data Bus In (DBIN): When high, indicates that the

INS8080A data bus is in the input mode. The DBIN
signal is used to gate data from memory or an input/

output device onto the data bus.

Write (WR): When low, indicates that the data on the

INS8080A data bus are stable for WRITE memory or

output operation.

Hold Acknowledge (HLDA): When high, indicates that

the INS8080A data and address buses will go to their

high impedance state. When in the data bus read mode,

DBIN input in the high state, a high HLDA input will

latch the data bus information into the driver circuit s

and gate off the applicable control signal l/OR, MEMR,
or INTA (return to the output high state).

Bus Enable (BUSEN): Asynchronous DMA input to the

internal gating array. When low, normal operation of the

internal bidirectional bus driver and gating array occurs.

When high, the bus driver and gating array are driven

to their high impedance state.

Vqc Supply: +5 volts.

Ground: volt reference.

OUTPUT SIGNALS

Memory Read (MEMR): When low, signals data to be

loaded in from memory. The MEMR signal is generated

by strobing in status word 1, 2, or 4. (Refer to status

word chart.)

Memory Write (MEMW): When low, signals data to be

stored in memory. The MEMW signal is generated for

the DP8238 by strobing in status word 3 or 5. (Refer to

status word chart.) For the DP8228, the MEMW signal

is generated by gating a low-level WR input with the

strobed in status word 3 or 5.

Input/Output Read (l/OR): When low, signals data to be

loaded in from an addressed input/output device. The

l/OR signal is generated by strobing in status word 6.

Input/Output Write (l/OW): When low, signals data to

be tra nsferred to an addressed input/output device. The

l/OW signal for the DP8238 is generated by strobing in

status word 7. For the DP8228 the l/OW signal is

generated by gating in a low-level WR input with the

strobed in status word 7.

Interrupt Acknowledge (INTA): When low, indicates that

an interrupt has been acknowledged by the INS8080A
microprocessor. The INTA signal is generated by strobing

in status word 8 or 10.

Single Level Interrupt (RST 7): When the TNTA output

is tied to 12 V through a 1 kfi resistor, strobing in status

word 8 or 10 will cause the CPU data bus outputs, when
active, to go to the high state.

INPUT/OUTPUT SIGNALS

CPU Data (D7 - Do) Bus: This bus comprises eight

TRI-STATE input/output lines that connect to the

INS8080A microprocessor. The bus provides bidirec-
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functional pin definitions (con'd.)

tional communication between the CPU, memory, and

input/output devices for instructions and data transfers.

A status word (which describes the current machine

cycle) is also outputted on this data bus during the first

microcycle of each machine cycle (SYNC = logic 1 ).

System Data (DB7-DB0) Bus: This bus comprises eight

TRI-STATE input/output lines that connect to the

memory and input/output components of the system.

The internal bidirectional bus driver isolates the

DB 7 - DB Data Bus from the D 7 - D Data Bus.

Status Word Chart

Machine Cycle
Status

Word
[

Data B us Bit Control

SignalD7 D6 D5 d4 !
D3 D2 D1 °0

Instruction Fetch

Memory Read

Memory Write

Stack Read

Stack Write

Input Read

Output Write

Interrupt Acknowledge

Halt Acknowledge

Interrupt Acknowledge While Halt

1

2

3

4

5

6

7

8

9

10

1

1

1

1

1

1

1

1

'

!

1
i

i

'

!

1

1

1

1

1

1

1

1

1

1

1

1

1

MEMR

MEMR

MEMW
MEMR

MEMW

T70R

l/OW

INTA

(none)

INTA

block diagram and connection diagram

CPU
DATA-
BUS

BIDIRECTIONAL
BUS DRIVERS

-DB3

.DS4

-DB7

SYSTEM DATA BUS

DRIVER CONTROL

STATUS
LATCH

STSTB-

DBIN-

WR-

HLDA-

GATING
ARRAY

MEMR

MEMW

I/O R

*- l/OW

0-*— BUSEN

INTA

Dual-In Line Package

stsTb 1

\J
28 v cc

HLDA 2 27 l/OW

WR 3 26 MEMW

DBIN 4 25 TTor

DB4 5 24 MEMR

01 e 23 Fnta

DB7— 7 22 BUSEN

D7 8 21 D6

DB3 9 20 DB6

03 10 19 D5

DB2 11 18 DB5

D2 12 17 D1

D80 13 16 DB1

GND 14 15 00

Order Number DP8228J, DP8228MJ, DP8228N,
DP8238J, DP8238MJ or DP8238N
See NS Package J28A or N28A

oo
00
rO
rO
00

O
"O
00
ro
N>
00

O
"O
00
10W
00

a
TJ
00
IO
CO
00
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EW% National Microprocessor Support Circuits

£2 Semiconductor
DP8300 PACE bidirectional transceiver element (PACE BTE/8)

r®
general description
The DP8300 is an S-bit TRI-STATE^ MOS/TTL bus

transceiver element specifically intended for application

in PACE microprocessor-based systems. Its electrical

characteristics and control flexibility make the BTE/8
attractive in other applications requiring the translation

of MOS current outputs to high fan-out TTL levels.

Two BTE/8 devices provide complete system buffering

for all 16-bit address and data input/output between the

PACE CPU and all system memory and peripheral

interfaces.

In the driving mode, the MOS sense amplifiers convert

the MOS current outputs of the PACE CPU to a fan-out

30 (50 mA) TTL system bus. [This characteristic makes

the BTE/8 an ideal buffer (driving mode only) for the

PACE system timing and control bus consisting of the

address data strobe (NADS), input data strobe (IDS),

output data strobe (ODS) and the four output control

flags (F11, F12, F13, F14).]

In the receiving mode the BTE accepts bus data through

high impedance input buffers and applies the TTL
signals to the PACE I/O pins.

A third mode allows both the MOS and TTL bus to be

placed in the TRI-STATE (high impedance) mode. This

function facilitates direct memory access (DMA) over

the TTL system bus.

A latched chip enable allows the use of multiplexed

address/data lines to drive CE 1 and CE 2*
. selecting the

BTE/8 for an input cycle. The latching function may be

eliminated by connecting the strobe to ground.

features
High TTL fan-out eliminates additional buffering

requirements

Low system data bus loading for minimum input drive

TRI-STATE data ports and chip enables maximize

application flexibility

8-bit parallel data flow reduces system package count

Pin-outs are compatible with hybrid version and

simplify system interconnections and layout

Latched chip enable simplifies transmit/receive

control

High voltage output high level (V(X — 1.1V) on

TTL bus

connection diagram
Dual-ln-Line Package

MOS DATA BUS

UBI/0 00-07

TTL DATA B

BDI/0 00-07

Signal* = N Signal = Signal = Low Active Signal

logic diagram

MBI/0 00

MBI/0 01

MBI/O 02 —
MBI/0 03

MBI/O 04 —
MBI/0 05

MBI/0 06

MBI/0 D7 —
«-"

WBD* —

— BDI/0 00

— BDI/0 01

— BDI/0 02

— BDI/0 03

B0 I/O 04

BDI/0 05

— BDI/0 06

BDI/D 07

15
-CE 1

H BDI/0 00 |

Order Number DP8300N

truth table See NS Package N24A

CE 1 CE 2' STR* WBD* TRANSCEIVER MODE

X X X Receiving MOS Bus and Driving

TTL Bus

X X 1 1 Mode v See Note 1

1 TRI-STATE Mode

1 1 TRI-STATE Mode

1

1 1

1

1

Receiving TTL Bus and Driving

MOS Bus

TRI-STATE Mode

Note 1. On the positive-edge transition of STR* logic conditions pre-

sent on CE 1 and CE 2* at the time of transition will be latched intern-

ally. The transceiver wilt either be in the TRI-STATE or receiving mode.
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absolute maximum ratings (Notei) recommended operating conditions
Supply Voltage 7V MIN MAX UNITS
Input Voltage (All Inputs Except MBI/O Input Activel 5.5V „ , ,, ,

... . . _,,. _ -,. .,

_...... . _., Supply Voltage (Vcc ) 4.75 5.25 V
Output Voltage 5.5V

MOS Bus Input Current ±10 mA Temperature (TA I +70 C

Storage Temperature -65° C to +1 50° C
Lead Temperature (Soldering, 10 seconds) 300° C

electrical characteristics (Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

TTL BUS PORT (BDI/O 00-07)

V|h Logical "1" Input Voltage 2.0 V

V
1
1_ Logical "0" Input Voltage 0.8 V

Voh Logical "1" Output Voltage WBD* = 0.8V,

MBI/O = 0.5 mA
IOH = -

' mA Vcc-1-1 VcC-0-8 V

lOH = "5.2 mA 2.4 3.7 V

Vol Logical "0" Output Voltage WBD* = 0.8V,

MBI/O = lOO^A

IOL = 20 mA 0.25 0.4 V

Iql = 50 mA 0.4 0.5 V

lOS Output Short Circuit Current WBD* = 0.8V, MBI/O = 0.5 mA,

VOUT = 0V, Vcc = 5.25V, (Note 4)

-10 -35 -75 mA

l|H Logical "1" Input Current WBD" = 2V, V|H = 2.4V 80 uA

l| Input Current at Maximum

Input Voltage

WBD* = 2V, V|H = 5.5V,

Vcc = 5.25V

1 mA

l|l_ Logical "0" Input Current WBD* = 2V, V|L = 0.4V -10 -250 uA

VCLAMP Input Clamp Voltage WBD* = 2V, l|N=-12mA -0.2 -1.5 V

Iqd Output/Input Bus Disable Current WBD* = STR* = 2V, BDI/O = 0.4V

to 4V, Vcc = 5.25V

-80 80 uA

MOS BUS PORT (MBI/O 00-07)

lO Logical "0" Input Current WBD* = 0.8V, lOL(TTL) = 50 mA,

Vol<05V, (Note 5)

-5.0 0.10 mA

ll Logical "1" Input Current WBD* = 0.8V, lOH(TTL) = ~ 1 m A,

VOH >VCC- 11V, (Notes 5 and 6)

0.50 5.0 mA

Vo Logical "0" Input Voltage WBD* = 0.8V, lOL(TTL) = 50 mA,

Vol < 0.5V

0.8 V

Vi Logical "1" Input Voltage WBD* = 0.8V, lOH(TTL) = -1 mA,

VOH>VcC-1 IV

2.0 1.5 V

VQH Logical "1" Output Voltage WBD* = CE1 = BDI/O = 2V,

'OHIMOSI = ~
1 mA, CE2* =

STR* = 0.8V

2.4 3.3 V

Vol Logical "0" Output Voltage WBD* = CE1 = 2V,I L(MOS) =

5 mA, CE2* = STR* = BDI/O = 0.8V

0.28 0.5 V

lOS Output Short Circuit Current WBD* = CE1 = BDI/O = 2V,

Vcc = 5.25V, VOUT = 0V,

STR* = CE2* = 0.8V, (Note 4)

-7 -15 -45 mA

VCLAMP Input Clamp Voltage l|N = -12 mA -1.5 V

lOD Output/Input Bus Disable Current MBI/O = 0.4V to 4V, Vcc = 5.25V -80 80 uA

CONTROL INPUTS (WBD\ CE1, CE2*. STR*)

V|h Logical "1" Input Voltage 2.0 V

V|i_ Logical "0" Input Voltage 0.8 V

l|H Logical "1" Input Current V| N = 2.4V 20 M
11 Input Current at Maximum

Input Voltage

V|N = 5.5V 1.0 mA

o
-o
00
woo
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electrical Characteristics (Continued) (Notes 2 and 3)

PARAMETER CONDITIONS MIN TVP MAX UNITS

CONTROL INPUTS (WBD*. CE1, CE2\ STR ') (continued)

l|L Logical "0" Input Current V|N = 0.4V -250 -400 /JA

VCLAMP Input Clamp Voltage l|N =-12 mA -0.85 -1.5 V

POWER SUPPLY CURRENT

ice Power Supply Current VcC= 5.25V 70 110 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to

imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70° C temperature range and the 4.75V to 5.25V power supply range.

All typicals are given for Vqc = 5V and T/\ = 25°C.

Note 3: All currents into device pins are shown as positive, out of device pins are negative. All voltages are referenced to ground unless otherwise

noted.

Note 4: Only one output at a time should be shorted.

Note 5: The MBI/O Input Characteristic Graph illustrates this parameter and defines the regions of guaranteed logical "0" and logical "1" out-

puts. See equivalent input structure for clarification. When the MBI/O input is loaded with a high impedance source (open), the TTL output will

be in the logic "0" state.

Note 6: The maximum MOS bus positive input current specification is intended to define the upper limit on guaranteed input clamp operation.

At higher input currents (up to the absolute maximum rating} clamp operation is not guaranteed but TTL bus logic state is valid and no device

damage will occur.

Note 7: In most applications the MOS bus data lines are higher impedance and more sensitive to noise coupling than TTL bus lines. Conservative

design practice would dictate routing MOS bus lines away from high speed, low impedance TTL lines and MOS clock lines or providing a ground

shield when they are adjacent.

switching characteristics vCc = 5v±5%,

T

A = o cto+70 c

PARAMETER CONDITIONS MIN TYP UNITS

DATA TRANSFER SPECIFICATIONS

Receiving Mode (BDI/O Bus to MBI/O Bus) WBD* = 3V, C|_= 15 pF,

R|_ = 1 kfi, (Figures 4 and 6)

«pd0 17 40 ns

tpdl 20 40 ns

Driving Mode (MBI/O Bus to WBD* = CE1 =0V,

STR* = CE2* - 3V,

C|_ = 50pF, R L = 100 n,

(Figures 3 and 5)

*pd0 40 60 ns

BDI/O Bus) *pd1 40 60 ns

TRANSCEIVER MODE SPECIFICATIONS

Select Bus

«DS Chip Enable Data Set-Up (Figure 1) 45 23 ns

*DH Chip Enable Data Hold (Figure 1) ns

*ES Set-Up (Figure 1) ns

TTL Data Bus (BDI/O 00-07)

*BD OD Bus Data Output Disable C|_ = 5 pF, R|_ = 100 n, (Figure 1) 5 20 50 ns

*BD OE Bus Data Output Enable Cl = 50 pF, R L = 100 n, (Figure 1) 25 80 ns

*BD IE Bus Data Input Enable (Figure 1) 30 ns

*BD ID Bus Data Input Disable (Figure 1) 30 ns

MOS Data Bus (MBI/O 00-07)

*MB OD M0S Bus Output Disable C|_ = 15 pF, R|_ = 1 kI2, (Figure 1) 15 50 100 ns

*MB OE MOS Bus Output Enable Cl = 15 pF, R(_ = 1 kJ2, (Figure 1) 50 100 ns

*MB ID MOS Bus Input Disable (Figure 1) 55 ns

*MB IE MOS Bus Input Enable (Figure 11 20 ns

Select Bus

*CLR Clear Previous Chip Enable (Figure 2) 25 50
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switching time waveforms and ac test circuits

Jw>

O
oo
COoo

^jyz

-J

'BDIE
— _J iflDDE r"~

WBD* *50W

h
j

tBDID -"^

50*

iBDOO -* —
TTL DATA

BUS

BDI/D DO-07

OUTPUT ACTIVE W.
BDI/0 00-07

INPUT ACTIVE
-.-''/

BDI/D 00-07

OUTPUT ACTIVE

»MB0E 'MB IE h—

MOS DATA
BUS

MBI/0 DO-07

INPUT ACTIVE
y//// MBI/0 00-07

/////, OUTPUT ACTIVE
^22k i

' /
''-/-'-

MBI/0 OO-07

INPUT ACTIVE

'MB ID
-
-] r~ 'MB 00 —:

FIGURE 1

f

/
^50% \

s

- U-1BD OD tBDOE f—

BDI/0 00-07

OUTPUT ACTIVE tH^BoV/0 00^)7
f\

^TRI-STATE^
BOI/O 00-07

OUTPUT ACTIVE

p-'MBID tHBIE p~

M N MBI/O 00-O7;^M

INPUT
WAVEFORM

(NOTE 1)

FIGURE 3. BDI/O Bus

V CC = 5V

o

PULSE

GENERATOR
(NOTE I) XX

MBI/0 OUT B0I/O

GNO

T

OUTPUT

o

-X

+«-

*This input network simulates the actual drive characteristic of the PACE outputs

FIGURE 5. MBI/O to BDI/O ac Loads

INPUT

WAVEFORM
(NOTE 1) >

FIGURE 4. MBI/O Bus

»-

I - - i
W &k > (NOTE 7) —|—

T

MB I/O DUT BDI/0

GNO

¥

INPUT

O

PULSE
GENERATOR
(NOTE 1)

FIGURE 6. BDI/O to MBI/O ac Loads

Note 1: Freq - 1 MHz, duty cycle = 50%, tR = tp < 10 ns {refer to Figures 5 and 6).

Note 2: All capacitance values include probe and jig capacitance (refer to Figures 5 and 6).
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typical performance characteristics

MOS Bus Input Characteristic MOS Bus Input Characteristic MOS Bus Voltage Threshold

VCC-5V
Ts - 2S"C pi

3^ v.^

LOGI AL

^u!!i

0.5 1.0 1.5 2.0 2.5 3.0

INPUT VOLTAGE (V)

MOS BUS

5 =
cc to
z> o

vcc = 5V T( -wzl II

1

TA = 25°C-j

I
1

0.5 1.0 1.5 2.0 2.5 3.0

INPUT VOLTAGE (VI

MOS BUS

VCC =5V

STANDARD
4

3

OUTPUT
LOADING

^
M1 ,

J
j

25"C

2 J

Ta

rA = o-c

1 1j
1.2 1.3 1.4 1.5 1.6 1.7 1.8

INPUT VOLTAGE (V)

MOS BUS

> _j

St
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equivalent circuit MOS Bus Driver Input

O0
00WOO

typical applications
Typical Connection Diagram

See Note 7 under electrical

characteristics
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typical applications (Continued)

Multiplexed TTL System Bus*

n

V

o

:>
SYSTEM
MEMORY c

DPB3D0

BTE/8

1 SE Z ZS W M U

AN

DP8302

STE

Ci

DP83D0

BTE/8

F t

<^J

5
Z^ -CE ^Z[)

DP8300
BTE/8

* * *

| I 2 =S c/> cj cj

P

SYSTEM TIMING & CONTROL BUS

SYSTEM ADDRESS & DATA TTL BUS

snsnsnsi
I/O PORT

1

I/O PORT
2

I/O PORT
3

I/O PORT
4

See Note 7 under electrical characteristics

8-34



VWA National
J2I Semiconductor

Microprocessor Support Circuits

DP8302, DP8305 PACE system timing element (PACE STE)

general description

The PACE STE provides an oscillator, CPU clock

driver, and TTL system clocks in a single 16-pin DIP.

The STE is intended specifically for application in PACE
microprocessor-based systems.

An external crystal provides frequency control. True and

complemented non-overlapping clock outputs are

generated at one-half the oscillator frequency. Non-

overlap intervals may be controlled with a single external

capacitor. Series damping resistors are provided on the

MOS (CPU) clock outputs (CLK, NCLK).

TTL level system clock outputs are also provided to

facilitate the synchronizing of system operations.

DP8302 is used with 2.6667 MHz crystal, and DP8305

is used with 4.0MHz crystal.

features

• Internal Oscillator Driven Directly from External

Crystal, Minimizing Package Count

• External Oscillator Input Maximizes Application

Flexibility

• TTL System Clocks Simplify Interfaces and Facilitate

Synchronization of System Operations

• MOS Clock Outputs, No External MOS Clock Drivers

Required

• High Voltage Output High Level (Vcc - 1.1 V) on

TTL System Clocks

block and connection diagrams

LT>'

[T> H_

FREQUENCY INPUT DIVIDE BY 2 CK" NON OVERLAP CKT . CLOCK

r-J

< Q>

Dual-In-Line Package

TOP VIEW

Signal* =N Signal =

Low Active Signal

NC = No Connection

Order Number DP8302J or DP8305J
See NS Package J16A

Figure 1.
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absolute maximum ratings [i]

Supply Voltage (Vcc )
7.0 V

(VGG ) -15.0 V

Input Voltage 5.5 V

Storage Temperature -65 C to +150 C

Lead Temperature (soldering, 10 seconds) 300 C

electrical characteristics (Notes 2 and 3)

operating conditions

Min. Max. Units

Supply Voltage (V cc )

(Vgg>

4.75

-11.40

5.25

-12.6

V
V

Temperature +70
u
c

Parameter Conditions Min. Typ. Max. Units

OUTPUT SPECIFICATIONS:

T CLK, T CLK* (TTL Clocks)

Vcc = 4.75 V l 0H = -1 mA 3.65 4.25Vqh Logic "1" Output Voltage V

Vol Logic "0" Output Voltage Vcc = 4.75 V l 0L = 32 mA 0.25 0.4 V

Iqs Output Short Circuit Current (Note 4), Vcc = 5.25 V, V = -10 -33 -55 mA

CK, NCK,CLK, NCLK

I 0H = -100 /uA V Cc -0.9 V cc -0.5Vqh Logic "1" Output Voltage V

V cc = 4.75 V

VGG = -11.4V

Iol = 100/iA VGG + 0.1 Vgc + 025 V

l 0L = 5mA VGG + 0.2 Vgg + 0.5 V

INPUT SPECIFICATIONS:

EXTC

2.0
V||_t Logic "1" Input Voltage V

l tH Logic "1 " Input Current Vcc = 5.25 V
V IN = 2.4V 40 KA

V, N = 5.5V 1.0 mA

V| L Logic "0" Input Voltage 0.8 V

lj L Logic "0" Input Current Vcc = 5.25 V V| L
= 0.4V -0.9 -1.6 mA

Vclamp Input Clamp Diode Vcc = 4.75 V l| L = -12mA -0.8 -1.5 V

POWER SUPPLY CURRENT

Vcc = 5.25 V 20 30Ice Supply Current from Vcc mA

\qq Supply Current from Vqq V GG = -12.6V -40 -55 mA

switching characteristics
Crystal frequency at 2.6667 MHz for DP8302 or 4 MHz for DP8305, TA = 0°C to +70°C, Vcc - VGG + 17 V ± 5%.

Symbol
Limits

Units
Test

Min. Typ. Max. Conditions

Non-Overlap Timie

at 2.6667 MHz
CNOV = 60pF

5 12 ns

See Note 5
tNOV). 'NOV2 at 4.0MHz

C N ov = 40 pF
5 10 ns

MOS Clocks Pulse Width (NCLK, CLK, NCK, CK)

at 2.6667 MHz

Cnov = 60 pF
300 320 ns

See Note 5
*PW at 4.0MHz

Cnov = 40pF
205 213 ns

tR MOS Clocks Rise Time (NCLK, CLK, NCK, CK) 40
j

ns See Note 5

«F MOS Clocks Fall Time (NCLK, CLK, NCK, CK) 40 ' ns See Note 5

tPHV lPH2 TTL Clocks to MOS Clocks High Level Delay -40 40 ns See Note 5

tPL1' *PL2 TTL Clocks to MOS Clocks Low Level Delay -5 80 ns See Note 5

lTD1' lTD2 TTL Clock to TTL Clock Delay -25 25 ns See Note 5

•start Time Delay from Last Power Applied to MOS Clocks Stabilized 100 ms See Figure 7

Notes:

1

.

"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply

that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation.

2. Unless otherwise specified, min/max limits apply across the 0°C to +70° C temperature range and Vcc = 4.76 V to 5.25 V, VGG = -11.4 V

to -12.6 V power supply range. All typicals are given for Vqq = 5.0 V, Vqq = -12 V, and T^ = +25°C.

3. All currents into device pins are shown as positive; currents out of device pins are shown as negative. All voltages are references to ground

unless otherwise noted.

4. Only one output at a time should be shorted.

5. The test conditions for measuring AC parameters are shown in Figure 3, with Ci - C2 = 60 pF, Cnqv = °0pF at 2.6667 MHz and40pF

at 4.0 MHz. Load conditions for MOS clocks and TTL clocks are shown in Figures 4 and 5. Including probe and jig capacitance, C L1 = 20pF

to 80pF, and Cl_2 = 40pF.
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recommended crystal specifications

• AT-cut crystal

• 2.6667 MHz ± 0.1%, or 4.0 MHz ± 0.1%, fundamental

mode

• 5 mW maximum

• 150 H maximum series resistance

functional description

OSCILLATOR

The oscillator incorporates a low-power inverter biased

in the linear region utilizing an internal feedback net-

work. An external crystal is connected between pins X1

and X2 to provide frequency control. EXTC must be

grounded for this operating mode. The circuit board

traces connecting the crystal to pins X1 and X2 should

be as short as possible and should be physically isolated

from all high energy level switching signal traces, par-

ticularly the CPU MOS clock lines.

When an external oscillator is to be used in place of the

internal crystal oscillator, pin XI must be tied to Vqg
and pin X2 must be left open. Then, EXTC may be used

as a TTL input for the external oscillator.

DIVIDE AND SQUARING CIRCUIT

A flip-flop is used to provide a square wave clock signal

by dividing the buffered oscillator output by two. The

outputs of this circuit are buffered to provide TTL
system clock signals which lead the MOS level clock

outputs.

NON-OVERLAP CIRCUIT

The Divider output drives a cross-coupled latch contain-

ing a delay in the feedback path which insures non-

overlapping MOS clock signals. The delay in the feedback

path can be increased by connecting a capacitor between

pins LCK and LCK*. The effect of the capacitor on

increasing the non-overlap interval is shown in the

Typical Characteristics section. (Figure 6)

MOS CLOCK DRIVER

The MOS Clock Driver produces output voltage swings

from the +5 V supply to the -12 V supply. CLK and

NCLK outputs contain a 25 12 series damping resistor,

a typically optimum value for circuit board layouts with

clock interconnect lines of less than two inches.

Undamped MOS clock outputs, CK and NCK, are also

available in the event other values of series damping

resistors are desired.

It is recommended that 0.1 uF m 9h frequency capacitors

be provided from Vcc to ground and from Vqg t0

ground immediately adjacent to the STE.

timing diagram

* -•-tTOl -1TD2

TCLK* V
/ s

sr 15V

-*— 'PL2

—

*

-\ /

,..v

N
j- «PL1 -

/
'l.5V

"j *-'PH2
IPH1

'Ft

t-90% J r 90%

NCLK 10% \
r 10% '

1 0%

NCK

1N0V1 —- 'N0V2 »- •*

CLK

\
CK 90% - f- 90% A

IF

r
10% 10%

tpw *-

TIMES FOR NCLK, NCK, CLK, AND CK MEASURED AT 10% AND 90%

Figure 2.
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test conditions

NCLK, CLK
0RNCK

r
CK LOAD

I0NLY A PAIR AT A
TIME IS TESTED)

Ci = Cz-60pF

CnOV = 60pF AT 2.6667 MHz, 411 pF AT 4.0 MHz,"

"ALL CAPACITORS ARE i5%.

TCLK*, TCLK LOAD

OUTPUT
UNDER >
TEST > Rl = 390<i

T^ CL1 -

20 to 80 pf

I ! H

Figure 3.

typical characteristics

Figure 4.

TYPICAL NON-OVERLAP TIME VS.

NON-OVERLAP CAPACITOR

u 70

S
I- 60

<
K 50

S 40

1

UCC .5V
VGG- -12 V

c L1 -aopF

TA 25°

Figure 5.

tcTART -TIME OELAY FROM LAST
POWER APPLIED TO MOS CLOCKS
STABILIZED.

NCLK,
CLK,,
NEK,

0RCK

25 50 75 100 125 150 175 200

CNOV (P'l

NON OVERLAP CAPACITANCE

-^^winn
Figure 6. Figure 7.

typical applications

c

o

SYSTEM
MEMORY c
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WMbT
OR DUSTSm

o
IF

^>

a

s:

W
AAV1

-' 1

SYSTEM TIMING & CONTROL BUS

SYSTEM ADDRESS S DATA TTL BUSMOJIiiM
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typical connection diagram

["20

DM
D03

D02

001

D00

IDS

oos

NADS

NHALT

CONTIN

JC 14

JC 15

JC 13

NIRS

NIR4

NIRS

NIR2

F11

005

D06

007

DOS

DOS

01D

Oil

D12

« Z
lllb

1-12 VIVgg

BPS

EXTEMO

NINIT

CIK

NCLK

<SSl*5V)

DP330Z
OR

DP830S

-2Jnc
3

HDh *
CRYSTAL

—»C, C2S;

_5

~ 6

TJ

XI

X2

EXTC

TCLK

TCLK*

GND

VCC

CK

CLK

NCLK

VGG

NCK

LCK

LCK*

16.(5 V)

S

14

13

12 (-12 V)

P
CNOV

NC

MBI/O 00

MBI/0 01

MBI/O 02

MBI/O 03

MBI/O 04

MBI/O 05

MBI/O 06

MBI/O 07

NC

WBD"

GND

DP8300

Tec

BDI/O 00

BOt/0 01

801/0 02

BDI/O 03

BDI/O 04

BDI/O 05

BDI/O 06

BDI/O 07

CE1

CE2*

STR*

NC

MBI/O 00

MBI/O 01

MBI/O 02

MBI/O 03

MBI/O 04

MBI/O 05

MBI/O 06

MBI/O 07

NC

WBD*

GND

vec

BDI/O 00

BDI/O 01

BDI/O 02

BDI/O 03

BDI/O 04

BDI/O 05

BDI/O 06

BOI/0 07

CE 1

CE2*

STR*

NC

MBI/O 00

MBI/0 01

MBI/O 02

MBI/O 03

MBI/O 04

MBI/O 05

MBI/O 06

MBI/O 07

NC

WBD*

GND

vec

BOI/O00

BDI/O 01

BDI/O 02

BDI/O 03

BDI/O 04

BDI/O 05

BDI/O 06

BDI/O 07

CE1

CE2*

STR*

• BDI/O 00

BDI/O 01

• BDI/O 02

• BDI/O 03

• BDI/O 04

• BDI/O 05

• BDI/O 06

• BDI/O 07

oo
00
COo
1°

o
•o
00
CO
o
en

BDI/O 08

BDI/O 09

BDI/O 10

. BDI/0 11

BDI/O 12

. BOI/O 13

BOI/O 14

BDI/O 15

-BF 14

-BF 13

-BF 12

-BF 11

-NBftDS

-BODS

-BIOS*

Pi

0.1 ^F

"T" LM103" "V -p t

_£ Tjv-
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VWA National
mjm Semiconductor

Microprocessor Support Circuits

DP7304B/DP8304B 8-Bit TRI-STATEe

Bidirectional Transceiver

General Description

The DP7304B/DP8304B are 8-bit TR I -STATE® Schottky

transceivers. They provide bidirectional drive for bus-

oriented microprocessor and digital communications

systems. Straight through bidirectional transceivers are

featured, with 16 mA drive capability on the A ports and

48 mA bus drive capability on the B ports. PNP inputs

are incorporated to reduce input loading.

Transmit/Receive inputs determine the direction of logic

signals through the bidirectional transceiver. The Chip

Disable input disables both A and B ports by placing

them in a TRI-STATE condition.

The output high voltage (Voh) is specified at Vcc~ 1-1 5 V
minimum to allow interfacing with MOS, CMOS, TTL,

ROM, RAM, or microprocessors.

Features

8-Bit Bidirectional Data Flow Reduced System
Package Count

Bidirectional TRI-STATE Inputs/Outputs Interface

with Bus-Oriented Systems

PNP Inputs Reduce Input Loading

Output High Voltage Interfaces with TTL, MOS, and

CMOS
48 mA/300pF Bus Drive Capability

Pinouts Simplify System Interconnections

Transmit/Receive and Chip Disable Simplify Control

Logic

Compact 20-Pin Dual-ln-Line Package

Low Ice Power (8 mA per bidirectional bit)

Logic and Connection Diagrams

I

—

kT 1

A2

A3

A4

A5 (

AS (

A7 I

CHIP DISABLE <

(CD)

^r

> B1

I B2

I B3

I B4

-dp TRANSMIT/RECEIVE
(T/R)

A0-

Al-

A2-

A3-

A4-
APORT

A5-

A6-

A7-

CHIPDISABLE-

GND-

Top View

1
w

20

2 19

3 18

4 17

5 16

6 15

7 14

8 13

9 12

10 11

B1

B2

B5

B6

Dual-ln-Line Package

Order Numbers: DP8304BN, DP8304BJ,
DP7304BJ

See NS Package J20A or N20A

Logic Table

Inputs Resulting Conditions

A PortChip Disable Transmit/Receive B Port

OUT IN

1 IN OUT

1 X TRI-STATE TRI-STATE

X = Don't Care
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Absolute Maximum Ratings (Note u Recommended Operating Conditions

Supply Voltage 7 V Min Max Units

Input Voltage 5.5V
^ v, i .-.-., Supply Voltage Vpr)
Output Voltage 5.5V „

o o DP7304B 4 5 5 5 V
Storage Temperature -65 C to +150 C
i at . , u ,„ . , ^^r- DP8304B 4.75 5.25 V
Lead Temperature (soldering, 10 seconds) 300 C

Power Dissipation Temperature (T^)

Cavity Package (J) 730mWat125°C DP7304B -55 125 °C

Molded Package (N) 600mWat70°C DP8304B 70 °C

Electrical Characteristics (Notes 2 and 3)

Parameter Conditions Min Typ Max Units

A Port (A0-A7)

V|H Logical "1" Input Voltage CD = 0.8V,T/R = 2.0V 2.0 V

V|(_ Logical "0" Input Voltage CD = 0.8V, T/R = 2.0V DP8304B 0.8 V

DP7304B 0.7 V

Voh Logical "1" Output Voltage CD = 0.8V, T/R = 0.8V, I OH = -0.4 mA VcC-1-15 Vcc-0.7 V

IOH = -3mA 2.7 3.95 V

Vol Logical "0" Output Voltage CD = T/R = 0.8V l L= 16mA (8304B) 0.35 0.5 V

|QL
= 8mA (both) 0.3 0.4 V

lOS Output Short Circuit

Current

CD = 0.8V, T/R = 0.8V, Vrj = 0V,

Vcc = rnax. Note 4

-10 -38 -75 mA

l|H Logical "1" Input Current CD = 0.8V, T/R = 2.0V, V|H = 2.7V 0.1 80 KA

1
1 Input Current at Maximum

Input Voltage

CD = 2.0V, Vcc = max, V|H = 5.25V 1 mA

l|L Logical "0" Input Current CD = 0.8V, T/R = 2.0V, V|L = 0.4V -70 -200 MA

VCLAMP Input Clamp Voltage CD = 2.0V, l|N = -12mA -0.7 -1.5 V

lOD Output/Input

TRI-STATE Current

CD = 2.0V V|N = 0.4V -200 MA

V| N = 4.0V 80 i"A

BPort (B0-B7!

Vjh Logical "1" Input Voltage CD = 0.8V, T/R = 0.8V 2.0 V

V

|

l Logical "0" Input Voltage CD = 0.8V, T/R = 0.8V DP8304B 0.8 V

DP7304B 0.7 V

Vqh Logical "1" Output Voltage CD = 0.8V, T/R = 2.0V lOH = -0.4 mA VCC-1-15 Vcc-0-8 V

lOH = -5 mA 2.7 3.9 V

lOH = -10mA 2.4 3.6 V

Vol Logical "0" Output Voltage CD = 0.8V, T/R = 2.0V IOL = 20 mA 0.3 0.4 V

IOL = 48mA 0.4 0.5 V

lOS Output Short Circuit

Current

CD = 0.8V, T/R = 2.0V, Vo = 0V,

Vcc = ma*. Note 4

-25 -50 -150 mA

l|H Logical "1" Input Current CD = 0.8V, T/R = 0.8V, V|H = 2.7V 0.1 80 uA

l| Input Current at Maximum
Input Voltage

CD = 2.0V, Vcc = max, V|H = 5.25V 1 mA

l|L Logical "0" Input Current CD = 0.8V, T/R = 0.8V, V|L = 0.4V -70 -200 iuA

VcLAMP Input Clamp Voltage CD = 2.0V, l|N = -12mA -0.7 -1.5 V

lOD Output/Input

TRI-STATE Current

CD = 2.0V V|N = 0.4V -200 MA

V|N = 4.0V +200 J"A

Do
wo
CD

Oo
00
COo
CD
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Electrical Characteristics (cont'd.) (Notes 2 and 3)

Parameter | Conditions
|

Min Typ Max
[

Units

Control Inputs CD, T/R

V|H Logical "1" Input Voltage 2.0 V

V|i_ Logical "0" Input Voltage 0.8 V

l|H Logical "1" Input Current V| H = 2.7V 0.5 20 MA

1 1 Input Current at Vqc = max, V|H = 5.25V 1.0 mA
Maximum Input Voltage

l|[_ Logical "0" Input Current V| L = 0.4V T/R -0.1 -0.25 mA

CD -0.25 -0.5 mA

VcLAMP Input Clamp Voltage l|N = -12mA -0.8 -1.5 V

Power Supply Current

ICC Power Supply Current CD = 2.0 V, V|N = 0.4 V, Vcc = max 60 100 mA

CD = V|NA = 0.4 V, T/R = 2 V, Vcc = max 80 130 mA

Switching Characteristics vCc = 5v,ta = 25°c

Parameter Conditions Min Typ Max Units

A Port Data/Mode Specifications

tPDHLA Propagation Delay to a Logical "0" from CD = 0.4V, T/R = 0.4V (figure A), 14 18 ns

B Port to A Port R1 = 1k, R2 = 5k, C1 =30pF

tPDLHA Propagation Delay to a Logical "T'from CD = 0.4 V, T/R = 0.4 V (figure A) 13 18 ns

B Port to A Port R1 = 1k, R2 = 5k, CI = 30pF

tPLZA Propagation Delay from a Logical "0" to B0 to B7 = 0.4V, T/R = 0.4V (figure C) 11 15 ns

TR I -STATE from CD to A Port S3 = 1, R5 = 1k, C4= 15pF

tPHZA Propagation Delay from a Logical "1" to BO to B7 = 2.4V, T/R = 0.4V (figure C) 8 15 ns

TRI-STATE from CD to A Port S3 = 0. R5 = 1k,C4= 15pF

tPZLA Propagation Delay from TRI-STATE to B0 to B7 = 0.4 V, T/R = 0.4 V (figure C) 27 35 ns

a Logical "0" from CD to A Port S3= 1, R5= 1k, C4 = 30pF

tPZHA Propagation Delay from TRI-STATE to B0 to B7 = 2.4V, T/R = 0.4V (figure C) 19 25 ns

a Logical "1 " from CD to A Port S3 = 0, R5 = 5k, C4 = 30pF

B Port Data/Mode Specifications

tPDHLB Propagation Delay to a Logical "0" from CD = 0.4V, T/R = 2.4V (figure A)

A Port to B Port R1 = 100ft, R2= 1k, C1 =300pF 18 23 ns

R1 =667 £2, R2 = 5k,C1 =45pF 11 18 ns

tPDLHB Propagation Delay to a Logical "1 " from CD = 0.4 V, T/R = 2.4 V (figure A)

A Port to B Port R1 = 100ft, R2= Ik, C1 =300pF 16 23 ns

R1 = 667ft, R2 = 5k, C1 =45pF 11 18 ns

tPLZB Propagation Delay from a Logical "0" to A0 to A7 = 0.4V, T/R = 2.4V (figure C) 13 18 ns

TRI-STATE from CD to B Port S3 = 1, R5= 1k, C4 = 15pF

tPHZB Propagation Delay from a Logical "1" to A0 to A7 = 2.4V, T/R = 2.4V (figure C) 8 15 ns

TRI-STATE from CD to B Port S3 = 0, R5= 1k, C4= 15pF

fPZLB Propagation Delay from TRI-STATE to A0 to A7 = 0.4 V, T/R = 2.4 V (figure C)

a Logical "0" from CD to B Port S3 = 1, R5= 100ft, C4 = 300pF 32 40 ns

S3 = 1, R5 = 667ft, C4 = 45pF 16 22 ns

tPZHB Propagation Delay from TRI-STATE to AO to A7 = 2.4V, T/R = 2.4V (figure C)

a Logical "1" from CD to B Port S3 = 0, R5= 1k, C4 = 300pF 26 35 ns

S3 = 0, R5 = 5k. C4 = 45pF 14 22 ns
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Switching Characteristics (cont'd.) vCc = 5v,ta = 25°c

O

Wo
CD

aD
00WO
*.
CD

Parameter Conditions Min Typ Max Units

Transmit/Receive Mode Specifications

tPHZR Propagation Delay from a Logical "1" to

TRI-STATE from T/R to A Port

fPLZR Propagation Delay from a Logical "0" to

TRI-STATE from T/R to A Port

tPHZT Propagation Delay from a Logical "1" to

TRI-STATE from T/R to B Port

tp|_zT Propagation Delay from a Logical "0" to

TRI-STATE from T/R to B Port

t-PRL Propagation Delay from Transmit Mode

to a Logical "0," T/R to A Port

tpfjH Propagation Delay from Transmit Mode

to a Logical "1 ," T/R to A Port

tpj|_ Propagation Delay from Receive Mode

to a Logical "0," T/R to B Port

tpyj-i Propagation Delay from Receive Mode

to a Logical "1 ," T/R to B Port

CD = 0.4V (figure B)

51 = 1, R4= 100P-,C3 = 300pF

52 = 0, R3= Ik, C2= 15pF

CD = 0.4V (figure B)

51 =0, R4= 1k, C3 = 300pF
52 = 1, R3= 1k,C2= 15pF

CD = 0.4V (figure B)

51 =0, R4 = 1k, C3= 15pF

52 = 1, R3 = 5k, C2 = 30 pF

CD = 0.4V (figure B)

51 = 1, R4 = Ik, C3= 15pF

52 = 0, R3= Ik, C2 = 30 pF

tPRL = tPHZT + tPDHLA

tPRH = tPLZT + tPDLHA

tPTL = tPHZR + tPDHLB

tPTH = tpLZR +tPDLHB

7 12

10 14

16 22

17 22

25 40

30 40

25 35

26 35

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not

meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for

actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended

Operating Conditions. All typical values given are for Vqq = 5V and T^ = 25°C.

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless

otherwise specified.

Note 4: Only one output at a time should be shorted.

Switching Time Waveforms and AC Test Circuits

t, =tf < 10 n;

10% TO 90*/. ^ ,

INPUT

Q

vcc

DEVICE
UNDER
TEST

OUTPUT

Q

1

J

I" f i
NOTE: CI INCLUDES TEST FIXTURE CAPACITANCE.

FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port
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Switching Time Waveforms and AC Test Circuits (cont'd.)

r
tPLZR

I r
= tf < 10ns tf

10% TO 90%

V 0.5 V

0.5 V

tPHZT -

'PLZT-

si
,p-WV^ 1

DEVICE
UNDER
TEST

X J-

: c3 si

FIGURE B. Propagation Delay from T/R to A Port or B Port

ov-

PORT OUTPUT -

PORT OUTPUT-

t, = tf < 10ns If— <

10% TO 90% \

2.4 VQ
PORT ~
input y~

0.4 VO' S4

vcc

DEVICE
UNDER
TEST

X~^ 1
^; C4 S3 =oi

NOTE; C4 INCLUDES TEST FIXTURE CAPACITANCE
PORT INPUT IS IN A FIXED LOGICAL
CONDITION. SEE ACTABLE.

FIGURE C. Propagation Delay to/from TRl-STATE® from CD to A Port or B Port



National
Semiconductor

Microprocessor Support Circuits

DP8350 Series Programmable CRT Controllers

General Description

The DP8350 Series of CRT Controllers are single-chip

bipolar (I^L technology) circuits in a 40-pin package.

They are designed to be dedicated CRT display refresh

circuits.

The CRT Controller (CRTC) provides an internal dot

rate crystal controlled oscillator for ease of system

design. For systems where a dot rate clock is already

provided, an external clock input may be used by the

CRTC. In either case system synchronization is made

possible with the use of the buffered Dot Rate Clock

Output.

The DP8350 Series has 11 character generation related

timing outputs. These outputs are compatible for

systems with or without line buffers, using character

ROMS, or DM8678-type latch/ROM/shift register

circuits.

12 bits (4k) of bidirectional TRI-STATE® character

memory addresses are provided by the CRTC for direct

interface to character memory.

Three on-chip registers provide for external loading of

the row starting address, cursor address, and top-of-page

address.

A complete set of video outputs is available including

cursor enable, programmable vertical blanking, program-

mable horizontal sync, and programmable vertical sync.

The DP8350 Series CRTC provides for a wide range of

programmability using internal mask programmable

ROMs:

— Character Field (both number of dots/character and

number of scan lines/character)

— Characters per Row

— Character Rows per Video Frame

The CRTC also provides system sync and program inputs

including 50/60 Hz control, system clear, external

character/line rate clock, and character generator pro-

gram.

The DP8350 Series operates on a single +5 V power

supply. Outputs and inputs are TTL compatible.

Features

Internal crystal controlled dot rate oscillator

External dot rate clock input

Buffered dot rate clock output

Timing pulses for character generation

Character memory address outputs ( 1 2 bits)

Internal cursor address register

Internal row starting address register

Top-of-page address register (for scrolling)

Programmable horizontal and vertical sync outputs

Programmable cursor enable output

Programmable vertical blanking output

50/60 Hz refresh rate

Programmable characters/row (5 to 110)

Programmable character field size (up to 16 dots x 16

scan line field size)

Programmable character rows/frame (1 to 64)

Single +5 V power supply

Inputs and outputs TTL compatible

Ease of system design/application

oo
00
CO
Ol
o
c/>

5"

DP8350 Series Connection Diagram
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Order Number DP8350N
See NS Package N40A

845



DP8350 Block Diagram
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Functional Pin Description

CHARACTER GENERATION/TIMING OUTPUTS

The CRTC provides 11 interface timing outputs for line

buffers, character generator ROM, DM8678-type latch/

ROM/shift register combination character generators,

and system status timing. All outputs are TTL compatible

and directly interface to popular system circuits,

including:

- DM8678 Series Character Generators

- MCM6570 Series Character ROM
- DM74166 Dot Shift Register

- MK1007P.33571/2, 2532 80-Bit Shift Registers (Line

Buffers)

Dot Rate Clock: This output is buffered for use in

system synchronization and interface to dot shift

register. Positive edge clock at crystal oscillator frequency.

Load Video Shift Register: Buffered output at character

rate frequency. Used for direct interface to dot shift

register. This output is active only during video time and

therefore performs both the horizontal and vertical

blanking functions. Low level active.

Latch Character Generator Address: Buffered output at

character rate frequency. Active at all times. Positive

edge clock.

Line Buffer Clock: This output directly interfaces to line

buffers. Output operates at character rate. Negative edge

clock. Not active during horizontal blanking. The

number of clocks per scan line is equivalent to the

number of video characters per row.

Line Rate Clock: Line rate frequency output for use

with DM8678-type character generator.

Line Counter Outputs (LCo to LC3): Buffered outputs

at line rate frequency for use with character ROMs
without internal line counter. These outputs are also

useful for system decode of present line position in

character row. Outputs clock in sync with Line Rate

Clock at start of horizontal blanking. Outputs are always

active.

Clear Line Counter: Row rate clock — occurs in sync

with Line Rate Clock during horizontal blanking

between last line of any row and first line of a new row.

This output is always active and is a negative edge clock

- direct interface to the DM8678.

Line Buffer Recirculate Enable: This output interfaces

to a line buffer and becomes inactive (logic "0" state)

during the last line or the first line of a character row,

depending on the state of the character generator pro-

gram input. A low level on this output indicates (in line

buffer applications) the time during which the line

buffer is loaded with the next row of character codes.

Table 1 . Character Generator Program Truth Table

Character Generator
Program Input

Recirculate Enable Output
Low Level and New Row

Address at Address Outputs

"0" Last line of character row

"1" First line of character row

The pulse appears at the start of horizontal blanking

prior to when the memory address bus must be trans-

ferred to the CRTC, then returns to the high state at the

next horizontal blanking interval.

MEMORY ADDRESS OUTPUTS/INPUTS AND
REGISTERS

CRT Character Address Outputs (TRI-STATE) - An. to

An: 12 bits of bidirectional CRT character address

counter outputs are provided by the CRTC. These

outputs directly interface to the system RAM memory
address bus.

Within a scan line the counter is pre-set to the address

contained within the Row Start Register (RSR) three

character times before the start of video time. The

counter is then advanced sequentially at character rate

to the max video character address plus 1 for the present

scan line. This address is then held during the horizontal

blanking interval up to three character times before

video start for the next scan line. At this point the

counter is again pre-set to the contents of the RSR and

the above sequence is repeated. This sequence provides

scan line address repetition for every scan line of a char-

acter location within a row. Row-to-row start address

modifications are accomplished by updating the

contents of the RSR.

During vertical blanking the address counter operation

is modified by stopping the pre-set load of the contents

of the RSR into the address counter, thereby allowing

the address outputs to free run during vertical blanking.

This allows minimum access time to the CRTC when the

CRTC address counter outputs are being used for

dynamic RAM refresh.

RAM Address Enable Input: At all times the status of

the address counter outputs is controlled externally by

the Enable Input. Logic "1" = TRI-STATE, Logic "0" =

Active.

Internal Top-of-Page, Row Start, and Cursor Registers:

Control pins are provided for loading the top-of-page,

row start, and cursor address into three 12-bit CRTC
registers from the bidirectional memory address pins.

The Top-of-Page Register (TOPR) holds the address of

the first character of the first video row. This register

allows display scroll with the CRTC without the use of

external memory address adders. If the TOPR is not

loaded after a system clear its contents will be zero and

the address outputs will be sequential from zero at the

top-of-page.

The Cursor Register (CR) holds the present address of

the cursor and is cleared to zero after a system clear.

Once the TOPR and CR registers have been loaded they

need not be accessed again until modification of their

contents is required. These registers may be loaded at

any time, but to cause minimum display distortion it is

recommended that they be loaded only during blanking

intervals.
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The Row Start Register (RSR) is the working register

for the CRTC address counter. It determines the first

video character address on a scan line to scan line basis.

Modification of this register after the start of video in a

scan line will modify the address counter outputs at the

start of video on the next scan line. (See address output

description.) If the RSR is never externally loaded, the

CRTC address outputs will be sequential on a row-to-

row basis from the TOPR contents at the start of the

video page. With external leading, row-to-row non-

sequential operation of the CRTC address outputs is

possible, thus row-to-row edit capability. When used in

this mode the RSR should be loaded after the start of

video time of the last scan line of the previous row. A
load to the RSR during vertical blanking will also load

the TOPR.

Table 2. Register Load Truth Table

Register

Select

A

Register

Select

B

Register

Load

Input

Register

Access

No Select

1 Top-of-Page

1 Row Start*

1 1 Cursor

X X 1 No Select

"During vertical blanking a load to this register will also load the

top-of-page register

VIDEO RELATED OUTPUTS

Horizontal Sync: This output provides the necessary

line (scan) rate sync to either three-terminal or composite

sync monitors. The pulse is programmable in position

and width at character time increments. This output

may also be programmed to have RS-170 compatible

serration pulses during the vertical sync interval. The

active logic state of this output is also programmable.

Vertical Sync: This output provides the necessary frame

rate sync consistent with either three-terminal or com-
posite type monitors. The pulse is programmable in

position and width at line (scan) time increments. The

active logic state of this output is also programmable.

Cursor Enable: When a match with the CRTC cursor

address register and address counter occurs a pulse will

appear at this output at that video character time

(character field width) for every line in that row. This

output may also be programmed to appear on only one

line of a character row. With the character generator

program pin in a logic "0" position the cursor enable

output will not be valid on the last line of a character

row for that row. Like the Load Video Shift Register

Output, this output is not active during horizontal or

vertical blanking. High level active output.

CRT SYSTEM CONTROL FUNCTIONS

50/60 Hz Control Input: This input controls the CRT
system refresh rate. The CRTC may also be programmed

for refresh rates other than 50 and 60 Hz.

50/60 Hz
Control

Refresh

Rate

1 60 Hz (fi)

50 Hz (fo)

Vertical Blanking Output: This output becomes active

(logic "1") at the start of vertical blanking and may be

programmed to stop at the end of any line of the

character row before the start of the first video row.

This output is useful for flag applications to other

elements in the CRT system. Its active level is also pro-

grammable.

System Clear Input: This input when low sets and holds

the CRTC at the start of vertical blanking for system

sync and test. It also clears to zero the cursor and top-

of-page registers. The input has hysteresis and may be

connected to a resistor to Vrjc and a capacitor to

ground to provide power-up system clear.

Character Generator Program Input: This input modifies

both the position of the recirculate enable output low

level and the time at which the address outputs change

to a new row address. It is intended to provide optimum
use of the CRTC with character generator/ROMs pro-

grammed with or without active video on the first or last

line of a character row. ISee Recirculate Enable for truth

table.)

External Character/Line Rate Clock: This input is

intended to aid testing of the CRTC and is not meant

to be used as an active input in a CRT system. When this

input is left open it is guaranteed not to interfere with

normal operation.

Crystal Inputs X1 and X2: The oscillator is controlled

by an external, parallel resonant crystal connected

between the XI and X2 pins. Normally, a fundamental

mode crystal is used to determine the operating fre-

quency of the oscillator; however, overtone mode
crystals may be used.

Crystal Specifications (parallel resonant):

Type AT-Cut Crystal

Tolerance 0.005% at 25°C

Stability 0.01% from 0°C to +70°C

Resonance Fundamental (parallel)

Maximum Series Resistance Dependent on
frequency

(for 10.92 MHz, 50 fi)

Load Capacitance 20 pF

Connection Diagram

lkn±lo%
TO PIN X2 w t ,

pin (2D '^—^fyy T
CRYSTAL II

TO PIN XI
PIN 122)

_L C2
-T- 30 pF

Id"
T-30pF

If the DP8350 series is clocked at dot rate by a system

clock, pin 22 (XI input) should be clocked directly

using a Schottky series circuit. Pin 21 (X2 input) may be

left open.
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Timing Waveforms

CHARACTER
X~1

QOT COUNT MAX

DOT RATE CLOCK

LOAD VIDEO
SHIFT REGISTER

LATCH CHARACTER
GENERATOR ADD.

LINE BUFFER CLOCK

ADDRESS
COUNTER OUTPUTS

Figure 1. Dot/Character Rate Timing

LATCH CHARACTER
GENERATOR ADD

LINE RATE
CLOCK

ID8 K

J
CLEAR LINE

COUNTER

LINE COUNTER
OUTPUTS LCfl - LC3

LINE BUFFER
RECIRCULATE ENABLE

VERTICAL SYNC

HORIZONTAL SYNC
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lJ\
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-#-

-V-

ii-

-tt-

m
|»'OI1«-|

|»'D13«|
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\ /

-»-#
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•THE POSITION OF THE START AND STOP
POINTS OF THE HORIZONTAL SYNC PULSE
ARE PROGRAMMABLE BY CHARACTER TIME -

WITHIN ONE CHARACTER TIME THE POINTS
WILL HAVE THE tQH TIME RELATIONSHIP.

Figure 2. Character/Line Rate Timing
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Timing Waveforms (cont'd.)

ALL
SCAN /
LINES \

(NOTED

CLEAR LINE COUNTER

ADDRESS OUTPUTS

CURSOR OUTPUT

ADDRESS OUTPUTS

CURSOR OUTPUT

ADDRESS OUTPUTS

RECIRCULATE

, P0INTA(N0TE3) ,

J i~'TTT-#-m:

• POINT B (NOTE 31

i i ~n—r-Ttt—i—

r

ENABLE OUTPUT i j) .!_ J

I I

LOGIC "0"

CURSOR OUTPUT

Notel: The load video shift register output is not active during vertical or horizontal blanking (remains in the logic "1" state during these
intervals.

Note 2: The horizontal sync output start and stop point positions are user-programmable at character width intervals.

Note 3: The position of the recirculate enable output logic "0" level is dependent on the state of the character generator program input {CGPO.
With CGPI = "0," recirculate enable occurs on the max line of a character row (solid line) and the address counter outputs roll over to the new
row address at point A. With CGPI = "1," recirculate enable occurs on the first line of a character row (dashed line) and the address counter
outputs roll over to the new row address at point B.

Note 4: The address counter outputs clock to the address of the last character of a video row plus 1. This address is then held during the horizontal
blanking interval until video minus three character times. At this point the outputs are modified to the contents of the Row Start Register (RSR).
With no external loading of the RSR the contents will be either the character address of the first character in the present row or the character
address of the first character of the next video row (depending on the state of the Character Generator Program input) which will be sequential
from the last character address of the last row. If the RSR was loaded, then the address outputs will be modified to the contents of the register.

Figure 3. Character/Line Rate Functional Diagram
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Timing Waveforms (cont'd.)

arirnj
_
LoriJ^j

_ijn^r~Lri^^
CLEAR LINE '

COUNTER OUTPUT

LINE COUNTER ~T~ "

OUTPUTS |

"IT ^fer^j—^
u

—

-
?
?,»ote,.l_J

l? QUIT I_

zizrr. ih j3£i=izp=i$EZLj:
-r-rrr-

VERTICAL
SYNC OUTPUT ,

(NOTE 3)
-?H-

'U-fl-I—I—
-a-r-i r-ih 1 r-??T 1 1 1 t-ihr

_i_ _ J >u i I )XJ i 1 1 i—»J 1-W?-1-

Note 1: One full row before start of video the line counter is set to zero St3te - this provides line counter synchronization in cases where the

number of lines in vertical blanking are not even multiples of the number of lines per row.

Note 2: The stop point of vertical blanking is programmable at line intervals within the last character row before start of video.

Note 3: The Vertical Sync Output start and stop points are programmable at line rate increments.

Figure 4. Line/Frame Rate Functional Diagram

REGISTER LOAO V y
REGISTER SELECT

A OR BAND
ADDRESS INPUTS „ X jC

REGISTER LOAD WAVEFORMS

ENABLE
INPUT \

ENA8LE
INPUT

/

U

—

0.5 V

>LZ ("
-— .Zl

I 0.5 V

= 1.5 V

\ — v L

i

;

^\, D.5V

P
1HZ |-

/ 0.5 V

1ZH

ADDRESS OUTPUTS ENABLE/DISABLE WAVEFORMS

Test Load Circuits

TO OUTPUT
UNDER TEST

vcc

. CL = 50pF

. (SEE NOTE) -i-

LOAD CIRCUIT 1

TO OUTPUT
UNDER TEST

O—

I

Vcc

<Rl = Ik

LOAD CIRCUIT 2

NOTE Cl INCLUDES PROBE AND JIG CAPACITANCE
ALL DIODES ARE 1N91A OB EQUIVALENT.
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Absolute Maximum Ratings (Note n Operating Conditions

Supply Voltage, Vcc 70v Min Max Units

Input Voltage -1Vto+5.5V
VCC. Supply Voltage 4 - ?5 5.25 V

Output Voltage 5.5 V

Storage Temperature Range -65°C to +150°C T/\, Ambient Temperature +70 °C

Lead Temperature (soldering, 10seconds) 300°C

Electrical Characteristics vcc = 5 v + 5%, ta = o°c to +7o°c (Notes 2 and 3)

Parameter Conditions Min Typ Max Units

V|H Logic "1" Input Voltage

(System Clear)

(All Other Inputs Except XI, X2)

2.6 V

2.0 V

V|L Logic "0" Input Voltage

(System Clear)

(All Other Inputs Except XI, X2)

0.8 V

0.8 V

V|H-V|L System Clear Input Hysteresis 0.4 V

Vclamp Input Clamp Voltage

(All Inputs Except XI, X2, &
Char/Line Rate Clock)

l|N = -12mA -0.8 V

l|H Logic "1 " Input Current

(Address Outputs)

(All Other Inputs Except X1, X2)

Enable Input = V,

VCc = 5.25 V, V R = 5.25 V
10 MA

VCc = 5.25 V, Vr = 5.25 V 2 ma

IlL Input Current

(Address Outputs)

(All Other Inputs Except XI, X2)

Enable Input = V,

VCc = 5.25 V, V|N = 0.5V

-20 ma

Vcc = 5.25V, V|N = 0.5V -20 ma

VOH Logic "?" Output Voltage lOH = -10G>A 3.2 4.1 V

IOH = -1 mA 2.5 3.3 V

vol Logic "0" Output Voltage 'OL = 5mA 0.35 0.5 V

ios Output Short Circuit Current VCC=5V, VOUT = 0V,
(Note 4)

-40 mA

ice Power Supply Current VCc= 5.25 V 170 mA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to

imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation.

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70 C

'C temperature range and the 4.75 V to 5.25 V power supply
range. All typical values are for T^ = 25° C and Vqq = 5.0 V.

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to

ground, unless otherwise specified. All values shown as max or min are so classified on absolute value basis.

Note 4: Only one output at a time should be shorted.
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— —
Switching Characteristics v Cc = 5.0 v, ta = 25°c (Notes 1 and 2)

Parameter Conditions Min Typ Max Unit

tDI Dot Clock to Load Video Shift

Register Negative Edge

C|_= 50pF, Rl= 1 kfi,

Load Circuit 1

5 ns

«D2 Dot Clock to Load Video Shift

Register Positive Edge

Cl= 50pF, R|_= 1 kfi.

Load Circuit 1

11 ns

tD3 Dot Clock to Latch Character

Generator Positive Edge

C|_= 50pF, R L =
1 kn,

Load Circuit 1

11 ns

tD4 Dot Clock to Latch Character

Generator Negative Edge

C L
= 50pF, R L = 1 kf2,

Load Circuit 1

4 ns

*D5 Dot Clock to Line Buffer

Clock Negative Edge

C|_= 50pF, R|_= 1 kn,

Load Circuit 1

20 ns

tPW1 Line Buffer Clock Pulse Width C|_ = 50pF, R L =
1 kn.

Load Circuit 1

N(DT)* ns

tD6 Dot Clock to Cursor Enable

Output Transition

C|_= 50pF, R L =
1 kn,

Load Circuit 1

25 ns

tD7 Dot Clock to Valid Address

Output

C|_= 50pF, R|_= 1 kn,

Load Circuit 1

20 ns

*D8 Latch Character Generator to

Line Rate Clock Transition

C L
= 50pF, R L

=
1 kn,

Load Circuit 1

300 + 2DT ns

tD9 Latch Character Generator to

Clear Line Counter Transition

C|_= 50pF, R L
=

1 kn,

Load Circuit 1

400 + 2 DT ns

tDIO Line Rate Clock to Line

Counter Output Transition

C|_= 50pF, R|_= 1 kn,
Load Circuit 1

180 ns

tD1

1

Line Rate Clock to Line Buffer

Recirculate Enable Transition

C[_= 50pF, R|_= 1 kn.

Load Circuit 1

200 ns

tD12 Line Rate Clock to Vertical

Blanking Transition

C|_ = 50pF, R L
=

1 kn,
Load Circuit 1

200 ns

tD13 Line Rate Clock to Vertical

Sync Transition

Cl= 50pF, R[_= 1 kn,

Load Circuit 1

200 ns

tD14 Latch Character Generator to

Horizontal Sync Transition

C|_= 50pF, R|_= 1 kn,

Load Circuit 1

100 ns

tSI Register Select/Memory

Address Setup Time Prior to

Register Load Negative Edge

100 ns

tHI Register Select Memory Hold

Time After Register Load

Positive Edge

ns

tPW2 Register Load Pulse Width 150 ns

fMAXdot Maximum Dot Rate Frequency 25 MHz

fMAXchar
Maximum Character Rate

Frequency

2.5 MHz

*LZ. *HZ Delay from Enable Input to

High Impedance State from

Logic "0" and Logic "1"

Cl = 15pF, Load Circuit 2 25 ns

tZL.tZH Delay from Enable Input to

Logic "0" and Logic "1" from

High Impedance State

Cl = 15pF, Load Circuit 2 25 ns

Note 1 : Un

Note 2: Wh
*"DT" is de

ber of DTs c

ess otherwise specified, all AC measureme

en external clock inputs are used, the inpu

fined as the duration (in nsl of one full c

er definition in Item 24 of the ROM Progr

ts are referenced to the 1 .5 V level of the input to 1 .5 V of the output,

characteristics are Zqljj = 50 ft and tp *i 10 ns, tp ^ 10 ns.

ycte of the Dot Rate Clock (Item 20 of the ROM Program Table). "N" denotes the num-

am Table.
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DP8350 Series Option Program Table (Notes 1, 2, and 3)

Item

No.
Parameter Value

1

2

Character (Font Size)

Dots per Character

Scan Lines per Character

3

4
Character Field (Block Size)

Dots per Character

Scan Lines per Character

5 Number of Video Characters per Row

6 Number of Video Character Rows per Frame

7 Number of Video Scan Lines (Item 4 x Item 6)

8 Frame Refresh Rate (Hz) (two frequencies allowed) f1 = f0 =

9 Delay after/before Vertical Blank start to start of Vertical Sync (+/- Number of Scan Lines)

10 Vertical Sync Width (Number of Scan Lines)

11 Delay after Vertical Blank start to start of Video (Number of Scan Lines)

12 Total Scan Lines per Frame (Item 7 + Item 11 = Item 13 4- Item 8)

13 Horizontal Scan Frequency (Line Rate) (kHz) Item 8 x Item 12)

14 Number of Character Times pier Scan Line

15 Character Clock Rate (MHz) Item 13 x Item 14)

16 Character Time (ns) (1 4- Item 15)

17 Delay after/before Horizontal Blank start to Horizontal Sync Start (+/- Character Times)

18 Horizontal Sync Width (Character Times)

19 Dot Frequency (MHz) (Item 3 x Item 15)

20 Dot Time (ns) (1 4 Item 19)

21
Vertical Blanking Stop before start of Video (Number of Scan Lines)
(Range = Item 4 - 1 line to lines)

22 Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line?

23 Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No)

24 Width of Line Buffer Clock logic "0" state within a Character Time
(Number of Dot Time increments)

25 Serration Pulse Width, if used (Character Times)

26 Horizontal Sync Pulse Active state logic level (1 or 0)

27 Vertical Sync Pulse Active state logic level (1 or 0)

28 Vertical Blanking Pulse Active state logic level (1 or 0)

Note 1 : If the Cursor Enable, Item 22, is active on only one line of a character row, then Item 21 must be either "1" or "0" unless it is the same
as the line selected for Cursor Enable.

Note 2: Item 24 x Item 20 should be > 250 ns.

Note 3: Item 1 1 must be greater than Item 4 + 1

.
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Item

No.

10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

26

27

28

DP8350 Series Option Program Table

DP8350 Option: 80 Characters x 24 Rows, 5x7 Character Font, 7x10 Character Field

Parameter Value

Character (Font Size)

Character Field (Block Size)

Dots per Character

Scan Lines per Character

Dots per Character

Scan Lines per Character

Number of Video Characters per Row

Number of Video Character Rows per Frame

Number of Video Scan Lines (Item 4 x Item 6)

Frame Refresh Rate (Hz) (two frequencies allowed)

Delay after/before Vertical Blank start to start of Vertical Sync (+/- Number of Scan Lines)

Vertical Sync Width (Number of Scan Lines)

Delay after Vertical Blank start to start of Video (Number of Scan Lines)

Total Scan Lines per Frame (Item 7 + Item 11 = Item 13 4- Item 8)

Horizontal Scan Frequency (Line Rate) (kHz) Item 8x Item 12)

10

80

24

D
"O
00W
ai
o
(/)

w

240

f1 = 60 Hz

10

20

260

f0= 50 Hz

30

10

72

312

Number of Character Times per Scan Line

Character Clock Rate (MHz) Item 13 x Item 14)

Character Time (ns) (1 H- Item 15)

Delay after/before Horizontal Blank start to Horizontal Sync Start (+/- Character Times)

Horizontal Sync Width (Character Times)

Dot Frequency (MHz) (Item 3 x Item 15)

Dot Time (ns) (1 ^ Item 19)

Vertical Blanking Stop before start of Video (Number of Scan Lines)

(Range - Item 4 - 1 line to lines)

Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line?

Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No)

Width of Line Buffer Clock logic "0" state within a Character Time
(Number of Dot Time increments)

Serration Pulse Width, if used (Character Times)

Horizontal Sync Pulse Active state logic level (1 or 0)

Vertical Sync Pulse Active state logic level (1 or 0)

Vertical Blanking Pulse Active state logic level (1 or 0)

15.6 kHz

100

1.56MHz

641 ns

43

10.920 MHz

91.6 ns

Yes

No

FULL/HALF ROW CONTROL (PIN 5)

Device pin 5 converts the DP8350 programmed display

from 80 characters by 24 rows to 80 characters by 12

rows.

Full/Hall

Row (Pin 5)

Logic Stale

Display

Size

1 80 by 24

80 by 1

2

With pin 5 in logic "0" state, the 12 character rows are

equally spaced vertically on the CRT. Each row is spaced

by one full row of blanked video.

Also in this mode the address counter outputs address

the same memory space for two rows — the video row

and the blanked row. Thus one half of the CRT memory

space is addressed with pin 5 in logic "0" state as

compared to pin 5 in logic "1" state.
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Figure 6. System Diagram Using a Line Buffer
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Figure 7. System Diagram with no Line Buffer

Note 1 : If the Cursor Enable, Item 22, is active on only one line of a character row, then Item 21 must be either "1 " or "0" unless it is the same
as the line selected for Cursor Enable.

Note 2: Item 24 x Item 20 should be > 250 ns.

Note 3: Item 1 1 must be greater than Item 4 + 1

.
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a Section 9

Applicable TTL and
CMOS Logic Circuits

TEMPERATURE RANGE
-55°Cto+125°C 0°Cto+70°C

DM54LS373, 374 DM74LS373, 374

DM54S240, 241,940,

941

MM54C373

MM54C374

MM54C901

MM54C902

MM54C903

MM54C904

MM54C906

MM54C907

MM54C922

MM54C923

MM78C29

MM78C30

DM74S240, 241,940

941

MM74C373

MM74C374

MM74C901

MM74C902

MM74C903

MM74C904

MM74C906

MM74C907

MM74C908

MM74C918

MM74C922

MM74C923

MM88C29

MM88C30

PAGE
DESCRIPTION „,.„.„.-„NUMBER

Octal D-Type Transparent Latches and Edge- Triggered 9-1

Flip-Flops

Octal TRI-STATE® Buffers/Line Drivers/Line Receivers 9-5

TRI-STATE® Octal D-Type Latch 9-12

TRI-STATE® Octal D-Type Flip-Flop 9-12

Hex Inverting TTL Buffer 9-18

Hex Non-Inverting TTL Buffer 9-18

Hex Inverting PMOS Buffer 9-18

Hex Non-Inverting PMOS Buffer 9-18

Hex Open Drain N-Channel Buffers 9-22

Hex Open Drain P-Channel Buffers 9-22

Dual CMOS 30V Driver 9-25

Dual CMOS 30V Driver 9-25

16 Key Encoder 9-30

20 Key Encoder 9-30

Quad Single-Ended Line Driver 9-35

Dual Differential Line Driver 9-35

Additional information on products listed in this section should be addressed to the local sales office, distributor of your choice, or the respective

CMOS or TTL logic marketing managers.





£H National
Semiconductor

Applicable TTL and
CMOS Logic Circuits

DM54LS373/DM74LS373, DM54LS374/DM74LS374
Octal D-Type Transparent Latches

and Edge-Triggered Flip-Flops

General Description

These 8-bit registers feature totem-pole TRI-STATE®

outputs designed specifically for driving highly-capacitive

or relatively low impedance loads. The high impedance

TRI-STATE and increased high logic level drive provide

these registers with the capability of being connected

directly to and driving the bus lines in a bus-organized

system without need for interface or pull-up com-

ponents. They are particularly attractive for imple-

menting buffer registers, I/O ports, bidirectional bus

drivers, and working registers.

A buffered output control input can be used to place

the 8 outputs in either a normal logic state (high or low

logic levels) or a high impedance state. In the high

impedance state the outputs neither load nor drive the

bus lines significantly.

The output control does not affect the internal operation

of the latches or flip-flops. That is, the old data can be

retained or new data can be entered even while the

outputs are OFF.

The 8 latches of the DM54LS373 are transparent D-

type latches meaning that while the enable (G) is high

the Q outputs will follow the data (D) inputs. When

the enable is taken low the output will be latched

at the level of the data that was set up.

The 8 flip-flops of the DM54LS374/DM74LS374 are

edge-triggered D-type flip-flops. On the positive transition

of the clock, the Q outputs will be set to the logic states

that were set up at the D inputs.

Features
Choice of 8 latches or 8 D-type flip-flops in a single

package

TRI-STATE bus driving outputs

Full parallel access for loading

Buffered control inputs

PNP inputs reduce DC loading on data lines

Connection Diagrams and Truth Tables

VCC 08

120 19

DM54LS373/DM74LS373
Dual-ln-Line Package

D8 D7 Q7 Q6 D6 D5
ENABLE

05 G

rO

17 16 15 14 13

D Q

DtOJQ

-^

Vcc

1 20

DM54LS374/DM74LS374
Dual-ln-Line Package

DS D7 0.7 Q6 D6 05 05 CLOCK

18

rf>

OUTPUT 01

CONTROL
02 03

TOP VIEW

GND

17 i 15 14 13 12

<H

ii

OUTPUT 01

CONTROL

Order Number DM54LS373J, DM74LS373J,
DM54LS373N or DM74LS373N
See NS Package J20A or N20A

02 02 03 D3 D4 04

TOP VIEW

Order Number DM54LS374J, DM74LS374J,
DM54LS374N or DM74LS374N
See NS Package J20A or N20A

|,0

GND

ENABLE
G

D OUTPUT

H

H

L

H

L

X

H

L

Q0

CLOCK D OUTPUT

t

t

L

H

L

X

H

L

Q0

When output control is high, the output is disabled to high impedance state; however, sequential

operation of these devices are not affected.
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Absolute Maximum Ratings Recommended Operating Conditions
MIN MAX UNITS

Supply Voltage (Note 1) 7V Supply Voltage (Vccl
Input Voltage 7V OM54LS373, DM54LS374 4.5 5.5 V
OFF-State Output Voltage 7V DM74LS373, DM74LS374 4.75 5.25 V
Operating Temperature Range

DM54LS373, DM54LS374
DM74LS373, DM74LS374

Storage Temperature Range

High Level Output Voltage (VoH^ 5.5
-55°C to +125°C , _ _ „ .

... ,-m° n High Level Output Current (l0H )

„ iZpZ. DM54LS373, DM54LS374 -1
-65 C to +150 C

DM74LS373. DM74LS374 -2.6

Width of Clock/Enable Pulse (tyv)

V

mA
mA

High 15 ns

Low 15 ns

Data Set-Up Time (tsu)

DM54LS373/DM74LS373 01 ns

DM54LS374/DM74LS374 201 ns

Data Hold Time (tn)

DM54LS373/DM74LS373 154- ns

DM54LS374/DM74LS374 5t ns

Temperature (T^)

DM54LS373, DM54LS374 -55 +125 °C

DM74LS373, DM74LS374 +70 °C

The arrow indicates the transition of the clock/enable input

used for reference: t for the low-to-high transition; 1 f or the

high-to-low transition.

clGCtriCSl Characteristics Over recommended operating free-air temperature range (unless otherwise noted)

DM54LS373, DM74LS373,

PARAMETER
CONDITIONS

(Note 2)

DM54LS374 DM74LS374
UNITS

MIN
TYP

(Note 3)
MAX MIN

TYP
(Note 31

MAX

V|H High Level Input Voltage 2 2 V

Vjj_ Low Level Input Voltage 07 0.8 V

VtK. Input Clamp Voltage VrjC= Win, l| = -18 mA -1,5 -15 V

Vqh High Level Output Voltage Vcc = Min, V|H = 2V, V|L = V|L(MAX),

Iqh *= Max
2.4 3.4 2.4 3.1 V

VOL L°w Level Output Voltage Vcc- Min, V| H = 2V,

V|L" V|L(MAX)

IOL = 12 mA 0.25 0.4 0.25 0.4 V

IQL" 24 mA 0.35 0.5 V

'OZH 0FF State Output Current,

High Level Voftage Applied
V

(;c= Max, V|H = 2V, Vo = 2.7V 20 20 MA

'OZL 0FF State Output Current,

Low Level Voltage Applied
Vcc = Max, V|H = 2V, Vo = 0.4V -20 -20 ma

l| Input Current at Maximum

Input Voltage
V cc= Max, V| = 7V 0.1 0.1 mA

l|H High Level Input Current V(;c= Max, V| = 2.7V 20 20 M
l|L Low Level Input Cjrrent V cc = Max, V| = 0.4V -0.4 -0.4 mA

lOS Short Circuit Output Current

(Note 4}
Vcc =Max -30 -130 -30 -130 mA

ICC Supply Current Vcc ~ Max, Output

Control at 4.5V

DM54LS373/DM74LS373 24 40 24 40 mA
DM54LS374/DM74LS374 27 45 27 45 mA
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Switching Characteristics vX = 5V, TA = 25°C

FROM
INPUT

TO
OUTPUT

CONDITIONS

DM54LS373/

DM74LS373

DM54LS374/
DM74LS374 UNITS

MIN TYP MAX MIN TYP MAX

fMAX Maximum Clock Frequency

Cl = 45 pF, R L = 667H,

(Notes 5 and 6)

35 50 MHz

tp[_H Propagation Delay Time,

Low-to-High Level Output
Data Any Q 12 18 ns

tpHL Propagation Delay Time,

High-to-Low Level Output
Data Any Q 12 18 ns

tpLH Propagation Delay Time,

Low-to-High Level Output
Clock or Enable Any Q 20 30 16 28 ns

tpHL Propagation Delay Time,

High-to-Low Level Output
Clock or Enable Any Q 18 30 22 34 ns

tpzH Output Enable Time to

High Level
Output Contro Any Q 15 28 16 28 ns

tpzL Output Enable Time to

Low Level
Output Control Any Q 22 36 22 28 ns

tpHZ Output Disable Time from

High Level
Output Control Any Q

C L
= 5pF, R L = 667S2,

(Note 6)

12 20 10 18 n:;

tpLZ Output Disable Time from

Low Level
Output Control Any Q 15 25 14 24 n:;

Note 1 : Voltage values are with respect to network ground terminal.

Note 2 For conditions shown as min or max, use the appropriate value specified under recommended operating conditions.

Note 3: All typical values are at V^c = 5V
*
TA ^ 25

l

'C.

Note 4: Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

Note 5: Maximum clock frequency is tested with all outputs loaded.

Note 6: See load circuits and waveforms.

Logic Diagrams
DM54LS373/DM74LS373

Transparent Latches

DM54LS374/DM74LS374
Positive-Edge-Triggered Flip-Flops

OUTPUT t"

CONTROL

ll-O

iK)

( 1-0 >CK

G ,jL '6 »

q|
— -oT>— a.

J. (91

aj— -oT>— Q

hi (121

I I—Q>CK

I I—Q>CK

}i^X>J
q| ol> o

-3>^

°[>

—

Q

ll (9)

oj 0[> a

I >-0>CK

I >-0>CK

a
I

oH>-^ai

J. (16)

y—°£>-— Q
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Schematic Diagrams

DM54LS373/DM74 LS373

Equivalent of Data, Enable, and

Output Control Inputs

Typical of All Outputs

Data: R eq = 20 ksi typ

Output control: R eq = 18 kn

DM54LS374/DM74 LS374

Equivalent of Data Inputs Equivalent of Output

Control Clock Inputs

Typical of All Outputs
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VWA National
SjA Semiconductor

Applicable TTL and
CMOS Logic Circuits

DM54S240/DM74S240, DM54S241/DM74S241,
DM54S940/DM74S940, DM54S941/DM74S941
Octal TRI-STATE® Buffers/Line Drivers/Line Receivers

General Description

These buffers/line drivers are designed specifically to

improve both the performance and PC board density of

TRI-STATE® buffers/drivers employed as memory-

address drivers, clock drivers, and bus-oriented trans-

mitters/receivers. Featuring 400 mV of hysteresis at

each low current PNP data line input, they provide

improved noise rejection and high fanout outputs to

restore Schottky TTL levels completely, and can be used

to drive terminated lines down to 133S2.

Connection Diagrams

DM54S240/DM74S240

1 Y = 1 A when 1G is low

2Y = 2A when 2G is low

When 1 G is high, 1 Y outputs are at a high impedance

When 2G is high, 2Y outputs are at a high impedance

Order Number DM54S240J, DM74S240J or DM74S240N
See NS Package J20A or N20A

DM54S940/DM74S940

1 Y = 1 A when 1 G and 2G are low

2Y = 2A when 1 G and 2G are low

When either 1 G or 2G is high, all outputs are a high impedance

Order Number DM54S940J, DM74S940J or DM74S940N
See NS Package J20A or N20A

Features

High performance Schottky TTL line drivers and/or

receivers in a high density 20-pin package

TRI-STATE outputs drive bus lines directly

PNP inputs reduce DC loading on bus lines

Hysteresis at inputs improves noise margins

DM54S241/DM74S241

TOP VIEW

1Y = 1A when 1G is low

2Y = 2A when 2G is high

When 1 G is high, 1 Y outputs are at a high impedance

When 2G is low 2Y outputs are at a high impedance

Order Number DM54S241J, DM74S241J or DM74S241N
See NS Package J20A or N20A

DM54S941/DM74S941

ii
01 01

c/></>
(ON)

00

M

ii
01 en^^
%£
CO N3

ii

<orO

1 Y = 1 A when 1 G and 2G are low

2Y = 2A when 1 G and 2G are low

When either 1G or 2G is high, all outputs are at a high impedance

Order Number DM54S941J, DM74S941J or DN174S941N
See NS Package J20A or N20A
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Typical Characteristics

Fanout

lOL'Sink Current)

DM54S941
DM74S941

Iqh (Source Current)

DM54S941
DM54S941

Typical propagation delay times

Data to Output

DM54S240/DM74S240. DM54S940/DM74S940
(inverting)

DM54S241/DM74S241, DM54S940/DM74S940
(non-inverting)

Enable to output

Recommended Operating Conditions

48 mA
64 mA

-12 mA
-15 mA

6 ns

9 ns

Supply Voltage (Vqq)

DM54S240, DM54S241,
DM54S940, DM54S941

DM74S240, DM74S241
DM74S940, DM74S941

Temperature (T^) (Note 4)

DM54S240, DM54S241,
DM54S940, DM54S941

DM74S240, DM74S241
DM74S940, DM74S941

High Level Output Current Ooh'
DM54S240, DM54S241

,

DM54S940, DM54S941

DM74S240, DM74S241,
DM74S940, DM74S941

Low Level Output Current Ool'
DM54S240, DM54S241,
DM54S940, DM54S941

DM74S240, DM74S241,
DM74S940, DM74S941

Absolute Maximum Ratings
(Notes 1, 2 and 3)

Supply Voltage 7V
Logical "1" Input Voltage —7V
Logical "0" Input Voltage —1 ,5V

Storage Temperature Range -65°C to +150°C
Power Dissipation

Cavity Package 1 160 mW
Molded Package 1000 mW

Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics Over recommended operating free-air temperature range (Notes 2 and 3)

MIN MAX UNITS

4.5 5.5 V

4.75 5.25 V

55 + 125 °c

+70 °c

-12 mA

-15 mA

48 mA

64 mA

PARAMETER CONDITIONS
DM54S240/DM74S240,

DM54S940/DM74S940
DM54S241/DM74S241,

DM54S941/DM74S941 UNITS
MIN TYP MAX MIN TYP MAX

V|H High Level Input Voltage 2 2 V

V|L Low Level Input Voltage 0.8 0.8 V

V|K Input Clamp Voltage Vcc Min, l| - -18 mA -1.2 -1.2 V

Hysteresis (V-r+ -- V-r_) Vcc= Min 0,2 0.4 0.2 0.4 V

VoH High Level Output Voltage VCC = Min, V|L = 0.8V, |QH " -3 mA 2.4 3.4 2.4 3.4 V

Vcc = Mi". v
l L = 0.5V, Ioh = Max 2 2 V

VOL L°w Level Output Voltage VCC ^ Min, lOL = Max 0.55 0.55 V

lOZH OFF State Output Current,

High Level Voltage Applied

Vcc- Max. V IH = 2V, V|L-08V,

Vo - 2.4V
50 50 MA

'OZL OFF-State Output Current,

Low Level Voltage Applied

Vcc- Max, V|H= 2V, V| (_
- 0.8V,

Vo = 0.5V
-50 -50 juA

l| Input Current at Maximum Input

Voltage
Vcc= Max, v

l
= 5 5V 1 1 mA

l|H High Level Input Current, Any Input VCc = Max, VIH" 2.7V 50 50 uA

l|L Low Level Input Current

Any A
Vcc= Max, V| L = 0.5V

-400 -400 MA
Any G -2 -2 mA

Note 1: "Absolute Maximum Ratings" .are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DM54S240, DM54S241,
DM54S940 and DS54S941, and across the 0°C to +70°C range for the DM74S240, DM74S241, DM74S940 and DM74S941. All typical values

are for T^ = 25° C and Vqc = 5V -

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted.

All values shown as max or min on absolute value basis.

Note 4: A DM54S241J, DM74S941J operating at free-air temperature above 116°C requires a heat sink that provides a thermal resistance from
case to free-air R^CA- °* not m°re than 40°C/W.



1

Electrical Characteristics (continued) Over recommended operating free-air temperature range (Notes 2 and 3)

CONDITIONS

DM54S240/DM74S240,

DM54S940/DM74S940

DM54S241/DM74S241,

DM54S941/DM74S941 UNITS

MIN TYP MAX MIN TYP MAX

lOS Short Circuit Output Current (Note 5) VcC = Max -50 -225 -50 -225 mA

ICC Supply Current

Total, Outputs High

Vcc " Max.

Outputs Open

DM54S240, DM54S241,

DM54S940, DMS4S941

80 123 95 147 mA

DM74S240, DM74S241,

DM74S940, DM74S941

80 135 95 160 mA

Total, Outputs Low DM54S240, DM54S241,

DM54S940, DM54S941

100 145 120 170 mA

DM74S240, DM74S241,

DM74S940, DM74S941

100 150 120 180 mA

Outputs at Hi-Z DM54S240, DM54S241,

DM54S940, DM54S941

100 145 120 170 mA

DM74S240, DM74S241,

DM74S940, DM74S941

100 150 120 180 mA

Note 5: Not more than one output should be shorted at a tim e, and duration of the short circu t should not exc eed one second.

Switching Characteristics vCc = 5v,ta = 25°c

PARAMETER

tpLH Propagation Delay Time,

Low-to-High Level Output

tPHL Propagation Delay Time,

High-to-Low Level Output

Output Enable Time to

Low Level

tzH Output Enable Time to

High Level

tLZ Output Disable Time From

Low Level

tHZ Output Disable Time From

High Level

CONDITIONS

C|_= 50 pF, R(_- 90fl, (Note 6)

C L = 5pF, R L = 90f2

DM54S2407
DM74S240

DM54S241/

DM74S241

DM54S940/

DM74S940

DM54S941/

DM74S941

Truth Tables

DM54S240/DM74S240
SIDE 1 OR SIDE 2

DM54S241/DM74S241

SIDE! SIDE 2

DM54S9407DM74S940,
DM54S941/DM74S941

G
INPUT

A
OUTPUT

Y
1G

INPUT

1A

OUTPUT
1Y

2G
INPUT
2A

OUTPUT
2Y

DISABLE INPUTS
INPUT OUTPUT

1G 2G

1

1

X

1

z 1

1

X

1

z

1

1 1

X

1

z

1

1

1

1

1

X

X

X

1

z

z

z

"1" = High, "0" =Low, X - Don't care, Z = High Impedance
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AC Test Circuits and Switching Time Waveforms dm54S24o/dm74S24o, dm54S94o/dm74S94o

0.1 pF

vcc
tpLH,tpHL

O 0.1 W F

PULSE
GENERATOR
(NOTED

1G ZG

PUT

A INPUT OUT

~1

1

OUT «CC
o

<-M-

Cl.
50 pF,

(NOTE 2)

PULSE
GENERATOR
(NOTE 1)

1ZH

0.1 UF

A INPUT

DMS4S24D/

DM74S24II

T

FIGURE 1. Propagation Delay from A Input to Y Output

tZL

o a t.i »f o

+*
/..

VIN VCC V0UT V CC
O 0.1 UF p

PULSE

GENERATOR
(NOTED

p——o

HhL

A INPUT

DM54S240/
DU74S240

T
50 pF

(

(NOTE 2)

-M-
=ov-

(NOTE3) *4.5V-
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Vol-

T £

V

i

PULSE
GENERATOR
(NOTE 1)

0.1 mF

FIGURE 2. Propagation Delay from TRI-STATE® to High or Low Level

*LZ
VCC vOUT V CC

Q 0.1 mF Q
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OM54S240y

DM74S240

T
50 pF

t

(NOTE Z)

V|N V cc V0UT V CC

p p O.t^F p

PULSE
GENERATOR
(NOTE 1)

HhL

A1WUT
OMS4SZ40/

DM74SZ40

T
50 pF

(

(NOTE 2)

-W-

(N0TE3) ,1.5V-

VOUT

vol-

jF

FIGURE 3. Propagation Delay to TRI-STATE from High or Low Level

Note 1: The pulse generator has the following characteristics: ZquT = 50n and PRR < 1MHz. Rise and fall times between 10% and 90% points <
2.5 ns.

Note 2: C[_ includes probe and jig capacitance.

Note 3: All diodes are 1N916or 1N3064.
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AC Test Circuits and Switching Time Waveforms DM54S241/DM74S241

»cc
tpLH.tpHL

Q 1W

PULSE

GENERATOR
(NOTE 1|

2(i —

A INPUT DUT

DM54S241/DM74S241

"X"

PULSE
GENERATOR
(NOTED

_r^

*2H

3-1 ^F

DM54S241/DM74S241

T
SDpF

(NOTE 2)
'

FIGURE 4. Propagation Delay from A Input to Y Output

V)N V CC V 0U r V CC

g Q 0.1 yF p

-N-

PULSE
GENERATOR
(NOTED

*ZL

1.1 nF

VCC v 0UT V CC

Q 0.1 ^F p

DUT

1G~0R2G

DM54S241/DM74S241

T
50 pF

(NOTE 2 '

-N-'

(NOTE 31 Vqut

"T I"

-
f
\

T-I.6V

PULSE
GENERATOR
(NOTED

_r^

FIGURE 5. Propagation Delay from TRI-STATE to High or Low Level

tHZ
"in "cc "our "cc

o o ••!«' o

Hfa

DMMS241/DM74S241

T
50 pF

(NOTE w^-p

tLZ
V|N U CC vOUT V CC

O p 0.UF p

PULSE
GENERATOR
(NOTE 1}

Hta

DM54S241/DM74S241

T
50 pF

(NOTE 2)

rW-
J

S1 CLOSED v
(1G)

\
A

FIGURE 6. Propagation Delay to TRI-STATE from High or Low Level

Note 1: The pulse generator has the following characteristics: Z UT = 50f2 and PRR < 1MHz. Rise and fall times between 10% and 90% points <

2.5 ns.

Note 2: C[_ includes probe and jig capacitance.

Note 3: All diodes are 1N916or 1N3064.
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AC Test Circuits and Switching Time Waveforms dm54S94i/dm74S94i

»cc „ tpLH. tpHL
n 0.1 b f

He

PULSE
GENERATOR
(NOTE 1)

"1

A INPLT OUT

DM54S941/DM74S841

T"

OUT Vcc

50 pF .

(NOTE 2)

+«-'

PULSE
GENERATOR
(NOTE 1)

_T^

<ZH

FIGURE 7. Propagation Delay from A Input to Y Output
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T
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^ CL.
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(NOTE 2)
'

VIN V CC v OUT V CC
O Q 0.1 ^F O

PULSE

GENERATOR
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H<TL

0M54S941/DM74S941

T

<~H4-'

"=" c
l .

50 pF

(NOTE:

(NOTE 3) -4.5V-

"T i

i
7
i

PULSE
GENERATOR
(NOTED

_r^

FIGURE 8. Propagation Delay from TRI-STATE to High or Low Level

tHZ

VCC V 0UT V CC

Q «.1 K f O

Hh.

DUT

IG OR 2&

0M54S941/0M74S941

T
50 pF

(NOTE 2}

-w-

PULSE

GENERATOR
(NOTE D

tLZ
V|N V CC VQUT VCC
O O 0UF p

OM54S941/OM74S941

T
50 pF

(NOTE 2}

J£

FIGURE 9. Propagation Delay to TRI-STATE from High or Low Level

Note 1: The pulse generator has the following characteristics: ZouT = 50n and PRR < 1MHz. Rise and fall times between 10% and 90% points <
2.5 ns.

Note 2: Cl includes probe and jig capacitance.

Note 3: All diodes are 1N916or 1N3064.
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Typical Applications

(Used as system AND/OR memory bus driver. 4-bit organization can be applied to handle binary or BCD.)

DM54S2407DM74S240, DM54S9407DM74S940

CONTROL OR MICROPROGRAM ROM/PROM
OR

MEMORY ADORESS REGISTER

r-^fW57

SYSTEM AND/OR MEMORY ADDRESS BUS

DM54S241/DM74S241

Bus Transceiver

CONTROL OR MICROPROGRAM ROM/PROM
OR

MEMORY ADDRESS REGISTER J
(31

|

<^L 1 ("I

^C. 1(15)

I

SYSTEM AND/OR MEMORY ADDRESS BUS

—^^Jo_ —

OL •

L — Receive bus 1 , drive bus 2

H — Receive bus 2, drive bus 1

DM54S941/DM74S941

CONTROL OR MICROPROGRAM ROM/PROM
OR

MEMORY ADDRESS REGISTER

11
yioi

ION)

W^(ON)

ii

tato

(OlO
*5

0UTPUT—tT^Nd-
CONTROL U '^/"^

SYSTEM AND/OR MEMORY ADDRESS BUS
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17W\ National
4lA Semiconductor

MM54C373/MM74C373
TRI-STATE® Octal D-Type Latch
MM54C374/MM74C374
TRI-STATE® Octal D-Type Flip-Flop

Applicable TTL and
CMOS Logic Circuits

General Description

The MM54C373/MM74C373, MM54C374/MM74C374
are integrated, complementary IVIOS (CMOS), 8-bit

storage elements with TRI-STATE® outputs. These

outputs have been specially designed to drive highly

capacitive loads, such as one might find when driving

a bus, and to have a fan-out of 1 when driving standard

TTL. When a high logic level is applied to the OUTPUT
DISABLE input, all outputs go to a high impedance

state, regardless of what signals are present at the other

inputs and the state of the storage elements.

The MM54C373/MM74C373 is an 8-bit latch. When
LATCH ENABL E is high the O outputs will follow the

D inputs. When LATCH ENABLE goes low, data at the

D inputs, which meets the set-up and hold time require-

ments, w ill be retained at the outputs until LATCH
ENABLE returns high again.

The MM54C374/MM74C374 is an 8-bit, D-type, positive-

edge triggered flip-flop. Data at the D inputs, meeting

the set-up and hold time requirements, is transferred to

the Q outputs on positive-going transitions of the

CLOCK input.

Both the MM54C373/MM74C373 and the MM54C374/
MM74C374 are being assembled in 20-pin dual-in-line

packages with 0.300" pin centers.

Features
Wide supply voltage range

High noise immunity

Low power consumption

TTL compatibility

3.0V to 1 5V

0.45 VcC typ

fan-out of 1 driving

standard TTL

Bus driving capability

TRI-STATE outputs

Eight storage elements in one package

ENABLE and OUTPUTSingle CLOCK/LATCH
DISABLE control inputs

20-pin dual-in-line package with 0.300" centers takes

half the board space of a 24-pin package

Connection Diagrams

Dual-ln-Line Package Dual-ln-Line Package

OUTPUT
DISABLE"

Si
-^m

o ~~I I a"L_h>-12_
ff-t-tf .if „

--5HL

2° ,.- OUTPUT 1 hV--

—

VCC 0ISABLE 1/

Lt^-—
1 *""""" Id

TOP VIEW

Order Number MM54C373J or MM74C373N
See NS Package J20A or N20A

1^1

SI
^1
-^

-7L _[>*_,
1
<—

'

18

t^7

-<h~ C

TOP VIEW

Order Number MMS4C374J or MM74C374N
See NS Package J20A or N20A
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Absolute Maximum Ratings (Noteu

Voltage at Any Pin - 0.3V to Vcc + 0-3V Package Dissipation 500 mW
Operating Temperature Range Operating Vcc Range 3V to 15V

MM54C373, MM54C374 55°C to +125°C Absolute Maximum Vcc 18V

MM74C373, MM74C374 -40°C to +85°C Lead Temperature (Soldering, 10 seconds) 300° C

Storage Temperature Range 65°Cto+150°C

Electrical Characteristics Min/max limits apply across temperature range, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS

CMOS TO CMOS

V in ( 1
) Logical "1

" Input Voltage VCC =5V

VCC= 10V

3.5

8.0

V

V

V|N(0) Logical "0" Input Voltage VCC=5V
VCC= 10V

1.5

2.0

V

V

VOUTM ) Logical "1" Output Voltage VCC= 5V, Iq = -10mA

Vcc= 10V, lo = -10uA

4.5

9.0

V

V

VouT(O) Logical "0" Output Vo : tage VCC= 5V, l = 10uA

VCC= 10V, Iq = 10jiA

0.5

1.0

V

V

l|N(1) Logical "1" Input Current VCC= 15V- V IN = 15V 0.005 1.0 uA ,

l|N(0) Logical "0" Input Current VCC= 15V, V| N = 0V -1.0 -0.005 /"A

lOZ TRI-STATE Leakage Current VCC= 15V, Vo= 15V 0.005 1.0 MA

Vcc= 15V, VO = 0V -1.0 -0.005 uA

ICC Supply Current VCC= 15V 0.05 300 UA

CMOS/LPTTL INTERFACE

V|N(1) Logical "1" Input Voltage 54C, Vcc= 4.5V

74C, V CC= 4.75V

VcC-1-5

VcC-15

V

V

V|N(0) Logical "0" Input Voltage 54C, VCC = 4.5V

74C, Vcc = 4.75V

0.8

0.8

V

V

VouTd) Logical "1 " Output Voltage 54C, Vqc= 4.5V, lo= -360 uA

74C, VqC= 4.75V, l
= -360 /JA

54C, V CC = 4.5V, l

= -1-6 mA
74C, Vcc = 4 75V, l = -1.6 mA

VcC-04

Vcc-0.4

2.4

2.4

V

V

V

V

VoUT{0) Logical "0" Output Voltage 54C, VCC = 4.5V, l = 1-6 mA
74C, Vcc = 4.75V, Iq = 1 -6 mA

0.4

0.4

V

V

OUTPUT DRIVE

'SOURCE Output Source Current VCC = 5V, V UT = 0V, TA = 25°C,

(Note 4)

-12.0 -24 mA

'SOURCE Output Source Current VCC = 10V, VOUT = 0V, TA = 25' C,

(Note 4)

-24.0 -48 mA.

'SINK Output Sink Current (N Channel) VCC = 5V, VquT = VCC. TA = 25"C,

(Note 4)

6.0 12 mA.

'SINK Output Sink Current (N-Channel) Vcc ' 10V, VOUT = VCC TA = 25°C,

(Note 4)

24.0 48 mA,

Switching Characteristics Ta = 25° C, Cl = 50 pF, t r
= tf = 20 ns, unless otherw se specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Vcc= 5V,C L
= 50 pF 165 330 ns•pd1. tpdO Propagation Delay, LATCH ENABLE

to Output VCC= 10V, C L =50pF 70 140 ns

MM54C373, MM74C373 VCC = 5V, C[_ = 150 pF 195 390 ns

VCC= 'OV, C(_= 150 pF 85 170 ns

Ol

o
w
CO
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Switching Characteristics (Continued) TA =25°C, CL = 50pF, t r
= tf = 20 ns, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdl, tpdO Propagation Delay Data In to
,

LATCH ENABLE = Vcc
Output VCC=5V, C L = 50pF 155 310 ns

MM54C373, MM74C373 VcC= 10V,C|_ = 50pF 70 140 ns

VCC=5V, C|_= 150 pF 185 370 ns

VCC= 10V, Cl= 150 pF 85 170 ns

tpd1' lpdO Propagation Delay CLOCK to Output VCC= 5V, C|_ = 50pF 150 300 ns

MM54C374/MM74C374 Vcc= 10V, C|_= 50 pF 65 130 ns

VCC=5V, C L = 150 pF 180 360 ns

Vcc= 10V, Cl= 150 pF 80 160 ns

tSET-UP Minimum Set-Up Time Data In to 'HOLD = ns

CLOCK/LATCH ENABLE VCC = 5V 70 140 ns

VCC= 10V

VCC = 5V

35

75

70

150

ns

tpwH Minimum LATCH ENABLE Pulse ns

Width VCC= 10V 55 110 ns

MM54C373, MM74C373

tpwH. *PWL Minimum CLOCK Pulse Width VCC = 5V 70 140 ns

MM54C374, MM74C374 VCC =10V

VCC = 5V

50

6.7

100

3.3

ns

fMAX Maximum LATCH ENABLE MHz
Frequency VCC = 10V 9.0 4.5 MHz

MM54C373, MM74C373

*MAX Maximum CLOCK Frequency VCC = 5V 7.0 3.5 MHz

MM54C374, MM74C374 VCC= 10V 10.0 5.0 MHz

'IH.tOH Propagation Delay OUTPUT RL= 10k, Cl= 5pF

DISABLE to High Impedance VCC = 5V 105 210 ns

State (From a Logic Level) VCC=10V 60 120 ns

tHI.'HO Propagation Delay OUTPUT RL= 10k, Ci_ = 50pF

DISABLE to Logic Level (From VCC = 5V 105 210 ns

High Impedance State) VCC= 10V 45 90 ns

tTHL^TLH Transition Time Vcc= 5V, CL = 50pF 65 130 ns

VCC= 10V, C L =50pF 35 70 ns

VCC = 5V, Cl= 150 pF 110 220 ns

VCC= 10V, Cl= 150 pF

VCC = 5V

70

NA

140 ns

t r , tf Maximum LATCH ENABLE Rise MS

and Fall Time VCC= 10V NA jUS

MM54C373, MM74C373

t r , tf Maximum CLOCK Rise and Fall Time vcc = sv 15 >2000 Lis

MM54C374, MM74C374 VCC=10V 5 >2000 US

CCLK. CLE Input Capacitance CLOCK/LE Input 7.5 10 pF

COD Input Capacitance OUTPUT DISABLE lnput,(Note 2) 7.5 10 pF

Cjfsj Input Capacitance Any Other lnput,(Note 2) 5.0 7.5 pF

CoUT Output Capacitance High Impedance State, (Note 2) 10 15 PF

Cpo Power Dissipation Capacitance Per Package, (Note 3) 200 pF

MM54C373, MM74C373

Cpo Power Dissipation Capacitance Per Package, (Note 3) 250 pF

MM54C374, MM74C374

Note 1: "Absolute Maximum Ratings" are those vs

Range" they are not meant to imply that the dev

conditions for actual device operation.

lues beyond which the safety of the device cannot be guaranteed

ces should be operated at these limits. The table of "Electrical C

Except for

haracteristic

"Operating
" provides

Note 2: Capacitance is guaranteed by periodic testing

Note 3: Cprj determines the no load ac power cons
application note, AN-90.

jmption of any CMOS device. For complete explanation see 54C/74 Z Family Chj racteristics

Note 4: These are peak output current capabilities. C ontinuous output current is rated at 12 mA max.
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Typical Performance Characteristics ta = 25°c

MM54C373/MM74C373
Propagation Delay, LATCH
ENABLE to Output vs Load

Capacitance

£

S 200

o »CC"
t-

2

o 100
.VCC -10V.

i-t i r
l-L-l-

Vcc -155"
/

MM54C373/MM74C373
Propagation Delay, Data In to Output

vs Load Capacitance

300

|

.

-Vjc-tOV

' 1—1—1—

Vnn = 15V

50 100 150

C L
- LOAD CAPACITANCE (pF)

MM54C373/MM74C373,
MM54C374/MM74C374
Change in Propagation Delay per pF of

Load Capacitance (Atpo/pF) vs Power

Supply Voltage

SO 100 150

C L
- LOAD CAPACITANCE (pFI

MM54C373/MM74C373,
MM54C374/MM74C374
Output Sink Current vs VquT

0.5

0.25

1

Vrr
!

15V

VCC -10V
:

~«CC-5 V"

XI 1

1

V cc - POWER SUPPLY VOLTAGE (V)

Truth Tables

MM54C373/MM74C373

2 4 6 8 10 12 14 16

voutM

MM54C374/MM74C374

Typical Applications

MM54C374/MM74C374
Propagation Delay, CLOCK to Output

vs Load Capacitance

.V
j

t I

I

-

-.

50 100 150

C L - LOAD CAPACITANCE (pF)

MM54C373/MM74C373,
MM54C374/MM74C374 Output

Source Current vs VcC - VOUT
o

-10

-20

j -30

u -40
a:

1 -50

1

vcc-sv -

10V"cc

V
C C

'"

OUTPUT
DISABLE

LATCH
ENABLE

O Q
OUTPUT
DISABLE

CLOCK D Q

L H H H L -^ H H

L H L L L -^ L L

L L X Q L L X Q

H X X Hi-Z L

H

H

X

X

X

Q

Hi-Z

16 14 12 10 B 6 4 2

vcc-v0UT <v)

L = low logic level

H = high logic level

X = irrelevant

_/~~= low to high logic level transition

Q = preexisting output level

Hi-Z = high impedance output state

Data Bus Interfacing Element Simple, Latching, Octal, LED Indicator Driver with Blanking

For Use As Data Display, Bus Monitor,

pP Front Panel Display, Etc.

^^ TRI-STATE" DATA BUS

MMMC373/
MM74C373

OB
UUS4C374/
MM74C374

MMS4C373/
MM74C373

OR
MM54C374/
UM74C374

<<> 4>
PERIPHERAL DEVICE
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Logic Diagrams MM54C373/MM74C373 (1 of 8 Latches)

LEH<HooJ^>

1
°->—Eh—1>

j »-f[>^>HC |

'

Lj[-

E
->Ji^>J

G

I q
-ilh -lli-

i->-C>J
r
G G

T T

MM54C374/MM74C374 (1 of 8 Flip-Flops)

o-|>{7 -{> >—

i

HZH<I-L-=C> q
-iih -iih

T
CLiOD A OD

OUTPUTJVS _I—T^SoJ — «.
disable i^ ^

"^ y y

TRI-STATE® Test Circuits and Timing Diagrams

*1H, tH1 tiH,C L = 5pF tH1.CL = 50pF

OUTPUT ,

DISABLE
v

IT

OUTPUT
DISABLE

-O GND

V H

tOH.C L = 5pF tHO- CL = 50pF

OUTPUT
DISABLE

T90%
L 50%

\
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Switching Time Waveforms
MM54C373/MM74C373

LATCH
Enable

a
OUTPUT

vcc-

vr

ttlh—H h~ "H

90%

50%

10%

\ / —'HUH

-

A HxY \-10X

— ipdo —
-I h— tpdt —

h-'thl

MM54C374/MM74C374
OUTPUT DISABLE = GND

Vcc-

—

H

— 'SETUP

.run .r~\^y-\
/ 10% V /— 'PWH—1\ f \_

H-tTLH THL—

1

r5(W
XlOS

OUTPUT DISABLE = GND
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Ggl National
4lA Semiconductor

Applicable TTL and
CMOS Logic Circuits

MM54C901/MM74C901 hex inverting TTL buffer

MM54C902/MM74C902 hex non-inverting TTL buffer

MM54C903/MM74C903 hex inverting PMOS buffer

MM54C904/MM74C904 hex non-inverting PMOS buffer

general description

These hex buffers employ complementary MOS
to achieve wide supply operating range, low power

consumption, high noise immunity. These buffers

provide direct interface from PMOS into CMOS
or TTL and direct interface from CMOS to TTL
or CMOS operating at a reduced Vcc supply.

features

Wide supply voltage range

Guaranteed noise margin

High noise immunity

TTL compatibility

3.0V to 15V

1.0V

0.45 Vcc typ

fan out of 2 driving

standard TTL

connection and logic diagrams
MM54C901/MM74C901
MM54C903/MM74C903

Dual-ln-Line Package

TOP VIEW

Order Number MM54C901J, MM74C901N,
MM54C903J or MM74C903N
See NS Package J14A or N14A

MM54C901/MM74C901
CMOS to TTL Inverting Buffer

INPUT ^ • •

itri

•? ^

MM54C902/MM74C902
MM54C904/MM74C904
Dual-ln-Line Package

10P VIEW

Order Number MM54C902J. MM74C902N

,

MM54C904J or MM74C904N
See NS Package J14A or N14A

MM54C903/MM74C903
PMOS to TTL or CMOS Inverting Buffer

mAi.
p-| I-,
—

I

3—

MM54C902/MM74C902
CMOS to TTL Buffer

rrfr
nput—vw-i f-

BV * 30VA ^"
. 1

1

q

MM54C904/MM74C904
PMOS to TTL or CMOS Buffer

X J] ^V^L
'""'1 rHh- 1 Hf^ -

INPUT VW-—

f

i- 1 •' OUTPUT
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absolute maximum ratings (Notei)

Voltage at Any Output Pin 0.3V to V cc +0.3V

Voltage at Any Input Pin

MM54C901/MM74C901 -0.3VtoH5V
MM54C902/MM74C902 -0.3Vto+15V

MM54C903/MM74C903 V cc -1 7V to V cc +0.3V

MM54C904/MM74C904 V cc -1 7V to Vcc +0.3V

Operating Temperature Range

MM54C901, MVI54C902, MM54C903, MM54C904 -55° C to-H25°C

MM74C901 , MM74C902, MM74C903, MM74C904 -40"C to +85 'C

Storage Temperature Range -65°C to +150
J
C

Package Dissipation 500 mW
Operating V cc Range 3 OV to 15V

Absolute Maximum V cc 18V

Lead Temperature (Soldering, 10 seconds] 300°C

electrical characteristics
Min/max limits apply across temperature range, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS

CMOS TO CMOS

Logical "1" Input Voltage (Vi Ni)l )
V cc « 5.0V 3 5 V
v cc « iov 8,0 V

Logical "0" Input Voltage (V PNI0( )
V cc = 5,0V 1.5 V
V cc = 10V 2.0 V

Logical "1" Output Voltage (V OLT , n )
V cc = 5.0V, l

» .-10(JA 4.5 V

Vcc = 10V, l
= -10|iA 9.0 V

Logical "0" Output Voltage (VOUT:0 .

J
Vr= 5,0V, l

- < 10uA 0.5 V
v cc " ,ov

. 'o
= +10uA 1 V

Logical "1" Input Current (l INMI ) V cc ' 15V, V| N - 15V 0.005 1.0 uA

Logical "0" Input Current (I,m,:oi! V cc 15V, V| N 0V 1.0 0 005 uA

Supply Current |l cc l
V cc - 15V 0.05 15 MA

TTL TO CMOS

Logical "1" Input Voltage (V, N , ,

)

54C. V cc - 4.5V Vcc" 1-5 V
74C. V cc - 4.75V Vcc- 1-5 V

Logical "0" Input Voltage (V| Nl0l i 54C V cc 4.5V 0.8 V
/4C V cc - 4.75V 0.8 V

CMOS TO TTL

Logical "1" Input Voltage (V, Nlll )

MM54C901 MM54C903 V cc 4.5V 4.0 V
MM54C902 MM54C904 V cc 4.5V V cc -1 5 V
MM74C901, MM74C903 V cc = 4 75 4.25 V
MM74C902, MVI74C904 V cc - 4 75 Vcc 1-5 V

Logical "0" Input Voltage (V INI01 )

MM54C901 MM54C903 V tc = 4.5V 1.0 V
MM54C902. MW54C904 Vcc 4.5V 1.5 V
MM74C901, MV174C903 V cc - 4.75 1.0 V
MM74C902, MV174C904 Vcc 1.75 1.5 V

Logical "1 " Output Voltage (V OUTll ,l 54C, V cc = 4.5V, l
« 800uA 24 V

74C V cc - 4.75V, l 800uA 2.4 V

Logical "0" Output Voltage (V OUTI0) )

MM54C901, MV154C903 V cc = 4 5V, l = 2.6 mA 0.4 V
MM54C902 MV154C904 Vcc = 4.5V, l

= 3.2 mA 0.4 V
MM74C901, MVI74C903 Vcc = 4 75V, l

= 2.6 mA 0.4 V
MM74C902, MVI74C904 V cc - 4.75V, l

J 3.2 mA 0.4 V

OUTPUT DRIVE (MM54C901/MM74C901 , MM54C903/MM74C903) (See 54C/74C -amily Characteristics Data Sheet)

Output Source Current Osource) Vcc = 5 0V, VOUT = OV -5.0 mA
(P-Channell T A = 25°C, V, N = OV

Output Source Current Usource) Vcc ~- 10V,VOUT = 0V -20 mA
(P-Channell TA = 25'X, V, N = OV

Output Sink Current (I sink) Vcc - 5.0V,VOUT - V cc 9 mA
(N-Channel) TA = 25°C, V, N = VC c

Output Sink Current (I S ink ) V cc = 5,0V, VOUT = 0.4V 38 mA
(N-Channel) TA = 25°C, V, N Vcc
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electrical characteristics (con't)

PARAMETER CONDITIONS

OUTPUT DRIVE (MM54C902/MM74C902, MM54C904/MM74C904 (See 54C/74C Family Characteristics Data Sheet)

Output Source Current Osource)
(P-Channel)

Output Source Current (I SO urce )

(P-Channel)

Output Sink Current (l 3 , NK )

(NChannell

Output Sink Current tl S i NK )

(N-Channel)

Vcc = 5.0V, VOUT = 0V
TA = 25°C, V IN - Vcc

vcc - iov,

v

OUT = ov

T A = 25°C, V, N =V CC

V cc -5.OV.Vou, = V cc
TA - 25'C, V IN = OV

Vcc = 5.0V. VOUT = 0.4V

TA - 25°C, V, N = OV

Switching Characteristics T fl =25°C, C l = 50pF, unless otherwise specified.

PARAMETER CONDITIONS

MM54C901 /MM74C901 , MM54C903/MM74C903

Input Capacitance (C, N )

Power Dissipation Capacity (C pcl )

Propagation Delay Time to a Logical "1" (t,
l(l n)l

Propagation Delay Time to a Logical "0"
(tpd(0 >)

Any Input (Note 2)

(Note 3) Per Buffer

V cc = 5.0V

Vcc = 10V

V cc = 5.0V

VC c = 10V

38

22

21

13

70

30

35

20

pF

pF

MM54C902/MM74C902, MM54C904/MM74C904

Input Capacitance (C IN )

Power Dissipation Capacity (Cpd )

Propagation Delay Time to a Logical "1"
(tta(1) )

Propagation Delay Time to a Logical "0"
(t,uio>'

Any Input (Note 2)

(Note 3) Per Buffer

Vcc = 5.0V

V cc = 10V

Vcc = 5.0V

V cc = 10V

5.0

50

57

?7

54

25

90

40

90

40

pF

pF

Note 1'. "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except

for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The table of

"Electrical Characteristics" provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cprj determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C
Family Characteristics application note, AN-90.

typical applications

PMOS to CMOS or TTL Interface CMOS to TTL or CMOS at a Lower Vcc

1

fa
T

*

-^r~

HH
i

PMOS 0H
CMOS

GND
h

i 1
ImM54C903/MM74C903qi| \
|mMS4C9M/MM74C9(M

|

ac test circuit and switching time waveforms
CMOS to CMOS

-G>-o_p v

x
Note: Delays measured with input I,, t, = 20 r

3 f
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typical performance characteristics

Typical Propagation Delay to a

Logical "0" for the MM54C901/
MM74C901 and MM54C903/
MM74C903

_ 60 —

- 50

SI... IN

- 1 -f-isps^ -

~'.JS"

-3=:

""'.,
-. 10V

1

^-^

] 100120 140 160 180 200

C L (pF)

Typical Propagation Delay to a

Logical "1" for the MM54C901/
MM74C901 and MM54C903/
MM74C903
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^
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u-
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I
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i

_i

150 >-—
125 —

-

20 40 60 SO 100120 140160 1

C t (pF)

Typical Propagation Delay to a

Logical "0" for the MM54C902/
MM74C902 and MM54C904/
MM74C904
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|
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!

|
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Typical Propagation Delay to a

Logical "1" for the MM54C902/
MM74C902 and MM54C904/
MM74C904
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[5JH National
Semiconductor

Applicable TTL and
CMOS Logic Circuits

MM54C906/MM74C906 hex open drain N-channel buffers

MM54C907/MM74C907 hex open drain P-channel buffers

general description

These buffers employ monolithic CMOS technology

in achieving open drain outputs. The MM54C906/
MM74C906 consists of six inverters driving six N-channel

devices; and the MM54C907/MM74C907 consists of six

inverters driving six P-channel devices. The open drain

feature of these buffers makes level shifting or wire

AND and wire OR functions by just the addition of

pull-up or pull-down resistors. All inputs are protected

from static discharge by diode clamps to Vcc and to

ground.

features

Wide supply voltage range

Guaranteed noise margin

High noise immunity

3.0V to 15V

1.0V

0.45 Vcc typ

High current sourcing and sinking open drain outputs

connection diagram

Dual-ln-Line Package

Order Number MM54C906J, MM74C906N,
MM54C907J or MM74C907N
See NS Package J14A or N14A

logic diagrams

'—{>o—IH-
1 1..

MM54C9067MM74C906 MM54C907/MM74C907
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absolute maximum ratings (Note

Voltage at Any Input Pin

Voltage at Any Output Pin

MM54C906/MM74C906
MM54C907/MM74C907

Operating Temperature Range

MM54C906/MM54C907
MM74C906/MM74C907

Storage Temperature Range

Package Dissipation

Operating Vcc Range

Absolute Maximum Vcc
Lead Temperature (Soldering,

-0.3V to Vcc +0.3V

-0.3V to +18V
Vcc - 18V to V cc + 0.3V

-55°C to +125"C
-40 C to +85 C

-65°C to+150"C

500 mW
3.0V to 15V

18V

300Xseconds)

electrical Characteristics Min/max limits apply across temperature range, unless otherwise noted.

PARAMETER CONDITIONS TYP

CMOS TO CMOS

CMOS/LPTTL INTERFACE

OUTPUT DRIVE CURRENT

MAX UNITS

Logical "1" Input Voltage (V| N ,,,) Vcc = 5.0V 3.5 V
Vcc = 10V 8.0 V

Logical "0" Input Voltage IV| N!0) ) Vcc = 5.0V 1.5 V
Vcc = 10V 20 V

Logical "1" Input Current |l, N nj) Vcc = 15V, V 1N
= 15V 0.005 1.0 uA

Logical "0" Input Current Oinioi) Vcc = 15V, V, N -0V -10 -0.005 uA

Supply Current (l C c) Vcc = 15V, Output Open 0.05 15 "A

Output Leakage

MM54C906 VCC =4.5V, V lN =V cc -1.5

Vcc =4.5V, V OUT -- 18V
0.005 5 uA

MM74C906 Vcc = 4.75V, V 1N = V cc 1.5

Vcc = 4.75V, VOUT '- 18V

0005 5 uA

MM54C907 Vcc =4.5V, V, N = 1 0V + O.1 V cc
V cc = 4 5V, V OUT = V CC -18V

0.005 5 uA

MM74C907 Vcc = 4.75V, V, N - 1.0V + 0.1 V cc
Vcc = 4.75V, V OUT -V cc 18V

0.005 5 M

Logical
" " Input Voltage (V, Nn ,) 54C, Vcc - 4.5V V rr - 15 V

74C, Vcc = 4.75V Vcc 15 V

Logical "0" Input Voltage (V| NI0) ) 54C, Vcc = 4.5V 0.8 V
74C, Vcc = 4.75V 0.8 V

MM54C906 Vcc = 4.5V, V IN = 1.0V + 0.1 v cc
Vcc = 4.5V, Vout '0.5V 2.1 8 mA
Vcc =4.5V, Vout' 1 0V 4.2 12 mA

MM74C906 Vcc = 4.75V V tN = 1.0V + 0.1 Vcc
Vcc = 4.75V V OUT = 0.5V 2.1 8 mA
V Cc = 4.75V Vout = 1 0V 4 2 12 mA

MM54C907 Vcc =4.5V, V,n = V cc -1.5

V C c =4.5V, Vout = V cc 0.5V -1.05 -1.5 mA
Vcc = 4.5V, Vour - V CC -1.0V -2.1 -3.0 mA

MM74C907 V cc = 4.75V Vin = V'cc-15

Vcc = 4.75V Vout = VCC -0.5V -1.05 -1.5 mA
Vcc = 4.75V Vout = Vcc -1.0V -2 1 -3.0 mA

MM54C906/MM74C906 Vcc = 10V, V,n =20V
VCC ' iov, Vout = 0.5V 4,2 -20 mA
Vcc = 10V, Vqut = 10V 8.4 -30 mA

MM54C907/MM74C907 Vcc = 10V, V, N =8.0V

Vcc = 10V, Vout = 9-5V -2 1 -4.0 mA
Vcc = 10V, VOUT = 9.0V -4 2 -8.0 mA
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Switching Characteristics TA = 25°C, C l = 50 pF, unless otherwise specif ied.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Propagation Delay to a Logical "0"

(tpdo

)

MM54C906/MM74C906

MM54C907/MM74C907

Vcc = 5V, R = 10k

Vcc = 10V, R = 10k

Vcc = 5V, (Note 4)

VCc = 10V, (Note 4)

150

75

150 + 0.7 RC
75 + 0.7 RC

ns

ns

ns

ns

Propagation Delay to a Logical "1"

(tpdi

>

MM54C906/MM74C906

MM54C907/MM74C907

V CC =5V, (Note 4)

Vcc = 10V (Note 4)

VCC =5V, R=10k
Vcc = 10V, R = 10k

150+0.7 RC
75 + 0.7 RC

150

75

ns

ns

ns

ns

Input Capacity (C 1N ) (Note 2) 5 pF

Output Capacity (COUT ) (Note 2) 20 pF

Power Dissipation Capacity (Cpd ) (Note 3) Per Buffer 30 pF

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Capacitance is guranteed by periodic testing.

Note 3: Cprj) determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics

application note, AN-90. {Assumes outputs are open.)

Note 4: "C" used in calculating propagation includes output load capacity (C|_) plus device output capacity (CquT*-

typical applications

Wire OR Gate

hCJ-

Wire AND Gate

I
ft

T
[

MM54C9Q7/
MM74C907

Note: Can be extended to mote than 2 inputs.

CMOS or TTL to PMOS Interface

Note: Can be extended to more than 2 inputs.

CMOS or TTL to CMOS at a Higher V^C

CMOS
OR

T
MM54C907/ _
MM74C907

t
ETL

i-L—
v DD -±-

Jf "

Note: VCC + V DD < 18V

\

1 >

Vcc

CMOS
OR
TTL

GND 1fx

Vcc

CMOS

GND

— 1

T
I MM74C906

i
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VW\ National
SlA Semiconductor

Applicable TTL and
CMOS Logic Circuits

MM74C908, MM74C918 dual CMOS 30 volt driver

general description

The MM74C908 and MM74C918 are general purpose

dual high voltage drivers, each capable of sourcing a

minimum of 250 mA at VOUT = Vcc - 3V, and

Tj = +65°C.

The MM74C908 and MM74C918 consist of two CMOS

NAND gates driving an emitter follower darlington

output to achieve high current drive and high voltage

capabilities. In the "OFF" state the outputs can with-

stand a maximum of -30V across the device. These

CMOS drivers are useful in interfacing normal CMOS

voltage levels to driving relays, regulators, lamps, etc.

features

Wide supply voltage range

High noise immunity

Low output "ON" resistance

High voltage

High current

3V to 18V

0.45 V cc (tVP)

8U (typ)

-30V

250 mA

^1

o
o
00

5
J*
o
(g

00

connection diagrams Dual-ln-Line Package

VoUT 8

I'

TOP VIEW

Order Number MM74C908N
See NS Package N08A

Dual-ln-Line Package

TOP VIEW

Order Number MM74C918N
See NS Package N14A

9-25



absolute maximum ratings (Noten

Voltage at Any Input Pin

Voltage at Any Output Pin

Operating Temperature Range

MM74C908, MM74C918
Operating V cc Range

Absolute Maximum Vcc
'source
Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

-0.3V to Vcc +0.3V

32V

-40°Cto+85°C

3V to 18V

19V

500 mA
-65°C to +150°C

300° C
Refer to Maximum Power Dissipation vs

Ambient Temperature Graph

Package Dissipation

electrical Characteristics Min/max limits apply across temperature range, unless otherwise noted.

PARAMETER CONDITIONS

CMOS/LPTTL INTERFACE

Logical "1" Input Voltage IV, N ,,,)

MM74C908, MM74C918

Logical "0" Input Voltage IV, N , 0) )

MM74C90S, MM74C918

V cc - 4.75V

V cc = 4.75V

OUTPUT DRIVE

Output Voltage (V OUT l Iout ' -300 mA, Vcc > 5V, T, = 25°C

lour = -250 mA, Vcc > 5V, J
j

= 65°C

Iout = -175 mA, Vcc > 5V, T, = 150"C

Output Resistance (R ON ) Iout = " 300 mA, V cc > 5V, T, - 25°C

Iout " 250 mA, Vcc > 5V, T, = 65°C

Iout ' -175 mA, V cc > 5V, T, = 150"C

Output Resistance Temperature

Coefficient

Thermal Resistance (0 |A )

MM74C90B (Note 3)

MM74C918 (Note 31

V cc -2.7

V cc -3.0

Vcc-315

:-1.9

-2.0

6

7.5

10

100

45

9

12

18

110

55

switching characteristics

PARAMETER

Propagation Delay to a Logic "1"

«Dd1>

Propagation Delay to a Logic "0"

(tpdo)

Input Capacitance (C (N )

CONDITIONS

Vcc^SV, R L = 5012. C L =50pF,TA =25°C
V cc = 10V, R L

= 50S2, C L
> 50 pF, TA = 25°C

'cc = 5V, R L = 5012, C L = 50 pF, TA = 25°C

^cc " 10V, R L = 50H, C L
-- 50pF,T A = 25°C

Note 2)

150 300

65 120

2 10

4 20

CMOS TO CMOS

Logical "J" Input Voltage (V tN(1l ) Vcc - 5V 3.5 V
Vcc = 10V 8 V

Logical "0" Input Voltage !V IN(ol ) Vcc - 5V 1.5 V
V cc = 10V 2 V

Logical "1" Input Current (l| N n)l V cc = 15V, V IN
= 15V 0.005 1 KA

Logical "0" Input Current |I| N(01 ) Vcc - 15V, V IN -0V -1 -0.005 ,"A

Supply Current (l cc ) Vcc - 15V, Outputs Open Circuit 0.05 15 UA

Output "OFF" Voltage Vin = V cc , Iqut = -200uA 30 V

c/w

°c/w

pF

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed Except for "Operating
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics-
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: 0jA measured in free air with device soldered into printed circuit board.
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typical performance characteristics

Maximum Power Dissipation

vs Ambient Temperature

2400

2200

2000

1400

1200

1000

800

500

400

c 200

! 100

VIM74C918
1 1

r 1

j_
*;
^

1

J\
^N

|r~ 1
V.

1^ 110 C/W)

1
|

|

1

Maximum Vqq — VquT
vslOUT

!

'

! /

' 1 '

I

Typical IqUT vs Typical Vqut

400

350

300

260

200

150

100

50

/

1

/
/
'

Vcc ' 5V

T, = 25'C
—

/

^1

o
COo
00

2
-j

o
(g

03

10 20 30 40 50 60 70 80 90100110120

T A - AMBIEUT TEMPERATURE t

\0 1.5 2.0 2.5 3.0 35

MAXIMUM v cc - Voui (V)

50 4.5 4.0 3.5 3.0 2.5 2,0 1.5 1.0 0.5 0.0

TYPICAL V0UT IV)

Typical IqUT vs Typical VgUT Typical IqUT vs Typical VrjUT

- 250

2 200

£ 150

100

50

1
1 y

l/l

//I
T,

c-5V
-65 C^

1
' '

4 5 4 3 5 3 2 5 2 1 5 1 5

200

150

100

-H4- 1

1

;

1

1

i i

/—iXY
Vcc 5V

T, = 150 C

!/
/ ! i

i/i i i

TYPICAL V 0UT (V)

5.0 4.5 4.0 3.5 3.0 Z.S 2.0 1.5 1.0 0.5 0.0

TYPICAL VOUT IV1

ac test circuit switching time waveforms
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power considerations

Calculating Output "ON" Resistance (R L > 18ft)

The output "ON" resistance, RON , is a function of the

junction temperature, T,, and is given by:

9 (T
:

- 25! (0.008) + 9 (1)

(6b)

T A + 7.2 C,A Hqa' (PuW Cyde A )
t

l OB
2 (Duty Cycle B )]

1 - 0.072 0,A |l OA
2
(Duty Cycle7i'H^7buty Cycie^il

Equations (1), (4), and (6b) can be used in an iterative

method to determine the output current, output resis-

tance and junction temperature.

and Tj is given by:

T = T A + P r (2)

where TA = ambient temperature, jA
= thermal resis-

tance, and PDAV is the average power dissipated within

the device. PDAV consists of normal CMOS power
terms (due to leakage currents, internal capacitance,

switching, etc.) which are insignificant when compared
to the power dissipated in the outputs. Thus, the output
power term defines the allowable limits of operation and
includes both outputs, A and B. PD is given by:

"d ~ Ida Ron + 'oe Ron.

where l is the output current, given by:

Ron + Ri

(3)

(4)

For example, let Vcc = 15V, R LA = 100ft, R LB = 100ft,

V L = 0V, TA = 25°C, jA = 110°C/W, Duty Cycle A =

50%, Duty Cycle B = 75%.

Assuming RON = 11fi, then:

V r V L 15

Ron + Rla 11+100
= 135.1 mA,

V L is the load voltage.

The average power dissipation, PDAV , is a function of

the duty cycle:

v.

Ron + Rlb
= 135.1 mA

pdav = Ioa Ron (Duty CycleA )
+

Iob 2 RON (Duty Cycle B )

(5)

where the duty cycle is the % time in the current source

state. Substituting equations (1) and (5) into (2) yields:

T
i

= ta + e iA 19 (Tj - 25) (0.008) + 9] (6a)

[lOA (Duty CycleA ) + l OEI
2

(Duty Cycle B )]

simplifying:

T A + 7.2 IA Hoa' (Duty Cycle A + Iob
2
(Duty Cycle B )]

1
- 0.072 |A Uoa

2
(Duty Cyclc A * Iob

2
(Duty Cycle B )]

25 + (7.2) (110) [(0.1351 )

2
(0.5) + (0.1351

2
(0.75)]

T. =

1 • (0.072) (110) K0.1351)
2

(0.5) + (0.1351 )

a
(0.75)1

T, = 52.6'C

and RON = 9 (Tj - 25) (0.008) + 9 =

9 (52.6-25) (0.008) + 9 = 11ft
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APPLICATIONS

Like most other drivers, the MM74C908, MM74C918
can be used to drive relays, lamps, speakers, etc. These

are shown in Figure 12. (To suppress transient spikes at

turn-off, a diode as shown as Figure 12a is recommended

at the relay coil or any other inductive load.)

However, the MM74C908, MM74C918 offers a unique

CMOS feature that is not available in drivers from other

logic families-extremely low standby power. At VfX =

15V, power dissipation per package is typically 750 nW

when the outputs are not drawing current. Thus, the

drivers can be sitting out on line (a telephone line, for

example) drawing essentially zero current until acti-

vated—an ideal feature for many applications.

The dual feature and the NAND function of the driver

design can also be used to advantage as shown in the

following applications:

o
8
00

5
-j

o
a
00

FIGURE 12a. Relay Driver

o

FIGURE 12b. Lamp Driver

-tuttl
|

r T "
lh

1/2MM74C908.MM74C918

FIGURE 12c. Speaker Driver
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ggj National
djm Semiconductor

Applicable TTL and
CMOS Logic Circuits

MM54C922/MM74C922 16 key encoder
MM54C923/MM74C923 20 key encoder

general description

These CMOS key encoders provide all the necessary

logic to fully encode an array of SPST switches. The

keyboard scan can be implemented by either an external

clock or external capacitor. These encoders also have on-

chip pull-up devices which permit switches with up to

50 kil on resistance to be used. No diodes in the switch

array are needed to eliminate ghost switches. The

internal debounce circuit needs only a single external

capacitor and can be defeated by omitting the capacitor.

A Data Available output goes to a high level when a

valid keyboard entry has been made. The Data Available

output returns to a low level when the entered key is

released, even if another key is depressed. The Data

Available will return high to indicate acceptance of the

new key after a normal debounce period; this two key

roll over is provided between any two switches.

An internal register remembers the; last key pressed

even after the key is released. The TR I -STATE* outputs

provide for easy expansion and bus operation and are

LPTTL compatible.

features

50 kil maximum switch on resistance

On or off chip clock

On chip row pull-up devices

2 key roll-over

* Keybounce elimination with single capacitor

Last key register at outputs

TRI-STATE outputs LPTTL compatible

Wide supply range 3V to 1 5V

Low power consumption

connection diagrams

Dual-ln-Line Package

ROW VI — U IB
Vcc

ROW YZ _2_ 17
DATA OUT A

ROW Y3
3 H DATA OUT 6

ROW YH
4 15

DATA OUT C

OSCILLATOR
5

6 U_

DATA OUT D

KEYBOUNCE MASK OUTPUT ENABLE

COLUMN X4
7 n

DATA AVAILABLE

COLUMN X3 JL — COLUMN X1

GNO
9 10

COLUMN X2

Order Number MM54C922J
or MM74C922N

See NS Package J18A or N18A

D jal-ln L ne Package

ROW Yl -L,
IJ

is. Va

ROW Y2
2 19

DATA OUT A

ROW Y3
3 2! DATA OUT B

R0WY4
4 17

DATA OUT C

ROW Y5
5 16

DATA OUT D

OSCILLATOR
6

7

IS

14

DATA OUT

E

EYBOUNCEMASK OUTPUT ENABLE

COLOMN X4
H U

DATA AVAILABLE

COLUMN X3
9 ,12

COLUMN X1

GND
10 11

COLUMN X2

TOP VIEW

Order Number MM54C923J
or MM74C923N

See NS Package J20A or N20A

9-30



absolute maximum ratings

Voltage at Any Pin Vcc - 0.3V to Vcc + 0.3V Package Di sipation 500 mW
Operating Temperature Range Operating Vrc Range 3V to 1 5V

MM54C922, MM54C923 -55"C to +125''C Vcc 18V
MM74C922, MM74C923 -40' Cto+85G

C Lead Temperature (Solde ing, 10 seconds) 300
3
C

Storage Temperature Range -65°C to +150'C

electrical Characteristics Mm/max limits apply across temperature range unless otherwise n oted

PARAMETER CONDITIONS MIN TYP MAX UNITS

CMOS TO CMOS

Vt+ Positive-Going Threshold Voltage at VCC = 5V, l| N >0.7mA 3 3.6 4.3

Osc and KBM Inputs VCC = 10V, l|N> 1.4 mA 6 68 8.6

VCC= 15V, l| N >2 1 mA 9 10 12.9

Vj Negative-Going Threshold Voltage at VCC = 5V, l| N >0.7mA 7 14 2

Osc and KBM Inputs VcC = 10V, l| N > 1.4 mA 1.4 3.2 4

VCC= 15V, l| N >2.1 mA 2.1 5 6

V|M(1 1 Logical "1
" Input Voltage, Except VCC = 5V, 3 5 4.5

Osc and KBM Inputs VCC 1 iov, 8 9

VCC= 15V, 12 5 13 5

V|M(0l Logical "0" Input Voltage, Except VCC=5V, 0.5 1.5

Osc and KBM Inputs V CC = 10V, 1 2

Vcc= 15V, 1.5 2 5

l rp Row Pull-Up Current at Y1, Y2, Y3, VCC-5V, V |N = 0.1VCC -2 -5 UA
Y4 and Y5 Inputs VCC" 10V -10 -20 (JA

VCC= 15V 22 -45 ma

VOUTd) Logical "1" Output Voltage VCC^SV, l o = -10uA

V CC - 1°V, lo - "10(jA

VCC- '5V, I = -10/jA

4.5

9

13 5

VOUT(0) Logical "0" Output Voltage V CC - 5V, l = 10uA

VCC = 10V, lo' 10<jA

VCC = 15V, lo ' 10fiA

0.5

1

15

Ron Column "ON" Resistance at VCC ~ 5V, VO = 05V 500 1400

X1, X2, X3 and X4 Outputs V CC= 10V, V = IV 300 700

VCC" 15V, V - 1.5V 200 500

ICC Supply Current VCC = 5V, Osc at 0V 0.55 1.1 mA
VCC= 10V 1.1 1.9 mA
VCC= 15V 17 2.6 mA

l||\|{1
) Logical "1" Input Current at VCC- 15V, V| N = 15V 0.005 1.0 uA

Output Enable

l|N(0) Logical "0" Input Current at VCC - 15V, V|N - OV 1.0 005 uA
Output Enable

CMOS/LPTTL INTERFACE

V|N(1) Logical "1" Input Voltage, Except 54C, V CC = 4 5V VCC 15 V

Osc and KBM Inputs 74C, V CC = 4 75V VcC-1-6 V

VlNIO) Logical "0" Input Voltage, Except 54C, Vcc ' 4.5V 0.8 V
Osc and KBM Inputs 74C. Vcc - 4.75V 0.8 V

VOUTd) Logical "1" Output Voltage 54C, Vcc = 45V,

lO = -360mA

2.4 V

74C, Vcc = 4.75V, 24 V

lO = -360,uA

vOUTI0) Logical "0" Output Voltage 54C, V Cc = 4.5V,

lO - -360(jA

0.4 V

74C, Vcc -4.75V, 0.4 V

Iq = -360;tA

01

O
(D
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electrical characteristics (con't)

PARAMETER CONDITIONS MIN TYP MAX UNITS

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet)

'SOURCEOutput Source Current (P-Channel) VCC = 5V, V UT = OV
.

TA = 25°C

-1.75 -3.3 mA

'SOURCE Output Source Current (P-Channel) VCC = 10V, VOUT = 0V,

TA = 25°C

-8 -15 mA

ISINK Output Sink Current (N-Channel) Vcc = 5V, VouT = VCC.

TA = 25° C

1.75 3.6 mA

'SINK Output Sink Current (N-Channel) VCC= 10V, V UT = VCC.

TA = 25°C

8 16 mA

switching characteristics ta = 25°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

tpdo.tpdi Propagation Delay Time to Cl = 50 pF, (Figure 1)

Logical "0" or Logical "1" VCC = 5V 60 150 ns

from D.A VCC = 10V 35 80 ns

VCC=15V 25 60 ns

tOH.tlH Propagation Delay Time from R|_ = 10k, C|_ = 5 pF, (Figure 2)

Logical "0" or Logical "1" Vcc = 5V R L =10k 80 200 ns

into High Impedance State Vcc= 10V C L = 10 pF 65 150 ns

VCC = 15V 50 110 ns

tHO.'HI Propagation Delay Time from R|_ = 10k, Cl = 50 pF, (Figure 2)

High Impedance State to a Vcc = 5V R[_ = 10k 100 250 ns

Logical "0" or Logical "1" Vcc = 10V C(_ = 50 pF 55 125 ns

VCC = 1 5V 40 90 ns

C|pg Input Capacitance Any Input, (Note 2) 5 7.5 pF

cOUT TRI-STATE Output Capacitance Any Output, (Note 2) 10 pF

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics"

provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.

switching time waveforms

anvkev "31,

vec-—

O.SVCc

— 'OH

JC

.'o.svcc \ /'«tt

01 va

\osvcc f
Ti = T2 = RC, T3 *» 0.7 RC where Ft - 10k and C is external

capacitor at KBM input.

FIGURE 2
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block diagram

truth table

SWITCH
POSITION

T B

A C
O D

l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

VI.XI VI.X2 VI, X3 VI.X4 Y2.X1 V2.X2 V2.X3 V2.X4 V3.X1 V3.X2 V3.X3 V3.X4 V4.X1 V4.X2 V4.X3 Y4.X4 V5«.X1 V5«,X2 Y5».X3 V5»,X4

*Omit for MM54C922/MM74C922

typical performance characteristics

Typical l rp vs Vjhj at Any
Y Input

Typical Ron vs Vqut at AnV
X Output

3D

3 25

£ 20

3 IS

TA -25C
-V CC .15V

VCC -10V_

«[t ' sv

/»cc = 3V TA =25"C

/

/
/
/ y

5V

/ /
{/ 10V

— -
IbW

2

o
CO
IO
10

5
->i

o
to
IO

1°

5
01
4^
O
(0
ro
w

->i

O
to

w

VCC'VIN vqut I")
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typical performance characteristics (con't)

Typical FSCAN vs Cosc
Typical Debounce Period

wCKBM

Cosc^fi

typical applications

Synchronous Handshake IMM74C922)

X4 KBM

X3

X2

XI

SYSTEM
CLOCK -

(SEE NOTE 3)

X'

TO DATA BUS

DATA AVAILABLE
* (INVITATION)

£_. ENABLE OUTPUT
(RESPONSE)

Synchronous Data Entry Onto Bus (MM74C922)

X
X4 KBM

X3

X!

XI

SYSTEM
CL0CK»-

(SEE NOTE 3)

T

. DATA AVAILABLE

=Oi

Outputs are enabled when valid entry is made and

go into TRI-STATE when key is released.

Asynchronous Data Entry Onto Bus (MM74C922)

r
3 2 1

? S 5 4

B A 9 8

3 C

T

£L_ |° E

TO DATA BUS

- DATA AVAILABLE

Outputs are in TRI-STATE until key is pressed, then data is placed on bus.

When key is released, outputs return to TRI-STATE.

Note 3: The keyboard may be synchronously scanned by omitting the capacitor at osc. and driving osc. directly if the system clock
rate is lower than 10 kHz.
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KM National
4lA Semiconductor

Applicable TTL and
CMOS Logic Circuits

MM78C29/MM88C29 quad single ended line driver

MM78C30/MM88C30 dual differential line driver

general description

The MM78C30/MM88C30 is a dual differentia! line

driver that also performs the dual four-input NAND or

dual four-input AND function. The absence of a clamp

diode to Vcc in the input protection circuitry allows a

CMOS user to interface systems operating at different

voltage levels. Thus, a CMOS digital signal source can

operate at a V cc voltage greater than the V cc voltage

of the MM78C30 line driver. The differential output of

the MM78C30/MM88C30 eliminates ground-loop errors.

The MM78C29/MM88C29 is a non-inverting single-wire

transmission line driver with a similar input protection

circuit. And since the output ON resistance is a low 20S2

logic and connection diagrams

1/4 MM78C29/MM88C29

Dual-ln-Line Package

MM78C29/MM88C29

typ, the device can be used to drive lamps, relays,

solenoids, and clock lines, besides driving data lines.

features

Wide supply voltage range

High noise immunity

Low output ON resistance

3.0V to 16V

45 V cc typ

20S2 typ

1/2 MM78C30/MM88C30

^1
00
o
ro
CO

oo
oo
O
ro
(O

oo
OW
o

00
00
o
CO
o

Dual-ln-Line Package

MM78C30/MM88C30
BAND 6 \AND

IN ?H INje iN.b OUT OUT

OUT, GND

Order Number MM78C29J, MM78C30J,
MM88C29N or MM88C30N

See NS Package J14A or N14A
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absolute maximum ratings (Notei)

Voltage at Any Pin -0.3V to +16V
Operating Temperature Range

MM78C29/MM78C30 -55°C to +125°C
MM88C29/MM88C30 -40°C to +85°C

Storage Temperature Range -65°C to +150°C
Package Dissipation 500 mW
Operating Vcc Range 3.0V to 15V

Absolute Maximum Vcc
Average Current at Vcc and Ground

Average Current at Output

MM78C30/MM88C30
MM78C29/MM88C29

Maximum Junction Temperature, T
(

Lead Temperature (Soldering, 10 seconds)

18V

100 mA

50 mA
25 mA
150°C

300° C

6l6CtriCdl Cna rdCteriStJCS Min/max limits apply across temperature range, unless otherwise noted.

PARAMETER CONDITIONS MIN MAX

CMOS TO CMOS

Logical "1" Input Voltage (V INI1I ) V C c = 5.0V

VC c = 10V

3.5

8.0

V

V

Logical "0" Input Voltage (V, N{0) ) Vcc = 5.0V

Vcc = 10V

1.5

2.0

V

V

Logical "1" Input Current (I|n(i)) VCC =15V, V IN
= 15V 0.005 1.0 (iA

Logical "0" Input Current (I|n(o)) Vcc = 15V, V 1N
= 0V 1.0 -0.005 JJA

Supply Current (l cc ) V cc = 15V 0.05 100 PA

OUTPUT DRIVE

Output Source Current

MM78C29/MM78C30 Vqut = Vcc -1.6V,

V C c >4.5V, Tj = 25°C -57 -80 mA
T, = 125°C -32 -50 mA

MM88C29/MM88C30 Vqut - VCC -1.6V,

Vcc > 4.75V, T, = 25°C -47 -80 mA
Tj - 85° C -32 -60 mA

MM78C29/MM88C29 VO ut = Vcc -0.8V

MM78C30/MM88C30 VCC >4.5V -2 -20 mA

Output Sink Current

MM78C29/MM78C30 Vqut =0.4V, Vcc = 4.50V mA
T, = 25°C 11 20 mA
T, = 125°C 8 14

VOUT = 0.4V, Vcc ' 10V mA
Tj = 25°C 22 40 mA
T| = 125°C 16 28

MM88C29/MM88C30 VOUT =0.4V, Vcc = 4.75V

T, = 25" C 9.5 22 mA
T, = 85"C 8 18 mA

Vqut =0.4V, Vcc = 10V

T, = 25°C 19 40 mA
T, = 85" C 15.5 33 mA

Output Source Resistance

MM78C29/MM78C30 Vqut = VCC -1.6V,

Vcc >4.5V,T
I

= 25''

C

20 28 n
T, = 125°C 32 50 n

MM88C29/MM88C30 Vqut = V cc 1-6V,

Vcc > 4.75V, T, = 25
J

C 20 34 n
T, = 85"C 27 50 n
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electrical characteristics (con't)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Sink Resistance

MM78C29/MM78C30 VOUT = 0.4V. Vcc = 4.5V

T, = 25"C 20 36 V.

Tj = 125
J

C 28 50 n

VOUT =0.4V, Vcc = 10V

T, = 25°C 10 18 n
T, = 125°C 14 25 n

MM88C29/MM88C30 VOUT =0.4V, V cc = 475V
T, = 25°C 18 41 n
T, = 85°C 22 50 n

VOUT =0.4V, Vcc = 10V

T, = 25°C 10 21 n
T, = 85° C 12 26 n

Output Resistance Temperature

Coefficient

Source 0.55 %/°C

Sink 0.40 %/°c

Thermal Resistance, 6 lA

MM78C29/MM78C30 100 °c/w

(D-Package)

MM88C29/MM88C30 150 °c/w

(N-Package)

switching characteristics t 4 =25°C, C L = 50pF

PARAMETER CONDITIONS MIN TYP MAX UNITS

Propagation Delay Time to Logical "1" (See Figure 2)

or "0" (t pt) )

MM78C29/MM88C29 V C c = 5V 80 200 ns

V C c = 10V 35 100 ns

MM78C30/MM88C30 Vcc = 5V 110 350 ns

V cc = 10V 50 150 ns

Power Dissipation Capacitance (CPD )

MM78C29/MM88C29 (Note 31 150 pF

MM78C30/MM88C30 (Note 3) 200 pF

Input Capacitance (C, N )

MM78C29/MM88C29 (Note 2) 5.0 pF

MM78C30/MM88C30 (Note 2) 5.0 pF

Differential Propagation Delay Time R L
= 100fl, C L

- 5000 pF

to Logical "1 " or "0" (See Figure 1)

MM78C30/MM88C30 Vcc = 5V 400 ns

Vcc = 10V 150 ns

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guarante ed. Except f 3r "Operating
Temperature Range" they are not meant to imp y that the devices should be operated at these limits. The table of "Electrical C taracteristcs"

provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic tes ting.

Note 3: Cpp determines the no load ac power consumption of any CMOS device. For complete explanation see 54C 74C Family C haracteristics

application note, AN-90.
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typical performance characteristics

MM78C29/MM88C29
Typical Propagation Delay vs

Load Capacitance

—

1

T,

i

= 25 C

Vcc = 5V

'» oJ

L/i

600 800 1000

MM78C29/MM88C29
Typical Propagation Delay vs

Load Capacitance

Tj

1

= 25 C

Vcc = 10V
"tpdi^

LOAD CAPACITANCE, C L (pF)

200 400 600 800 1000

LOAD CAPACITANCE, C L <pF)

MM78C30/MM88C30
Typical Propagation Delay vs

Load Capacitance

160

150

~ 140

w 130
o

o 120

t

200 400 600 800 1000

LOAD CAPACITANCE, C L <pF>

MM78C30/MM88C30
Typical Propagation Delay vs

Load Capacitance

so

75

70

65

60

55

50

,

--

200 400 600 BOO 1000

LOAD CAPACITANCE, C L (pF)

Typical Sink Current vs

Output Voltage

T = 25 C Vc = 15V

~
z 0\

cc bV

Typical Source Current vs

Output Voltage

T ?ST V
1

~L

i
VCC <10V

!

v ;c-5V

TYPICAL Uout IVI

2 4 6 8 10 12 14

TYPICAL VCC -V0UT (V)

ac test circuits

A.

IT I • QNANDOU

v... —J

V

JL

X"

X
I

.AND
OUTPUT

A.

IT T
O OUTPUT
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typical applications

_k

I/ZMM78C30/

MM88C30

Digital Data Transmission

LINE DRIVER AND RECEIVER (NOTE 3)

AND
OUTPUT
—0 TWISTEDPAIR LINE

pooc:
NAND

H OUTPUT

Note 1 : E xact value depends on line length.

Note 2 Optional to control response time.

Note 3: Vcc to 4.5V to 5.5V for the OS7820 STROBE

00
o
IO

5
00
00
o

oo
O
w
o

00
00
o
00
o

ii.
SINGLE WIRE TRANSMISSION LINE (NOTE 1

"I" Nate V Vcc is 3V to 15V

Typical Data Rate vs Transmission Line Length

10.000
ET a = 25 C =

%t t
sjjr

*'<
Pf

^
'̂5jSt

111!

10 100 100G

LENGTH OF TRANSMISSION LINE (FT)

Note 1 : The transmission line used was It 22 gauge unshielded twisted pair

(40k termination).

Note 2: The curves generated assume that both drivers are driving equal

lines, and that the maximum power is 500 mW/package.
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Summary of Electrical

Characteristics of Some
Well Known Digital Interface

Standards

National Semiconductor

May 1978 a

FORWARD

Not the least of the problems associated with the design

or use of data processing equipment is the problem of

providing for or, actually, interconnecting the differing

types and models of equipment to form specific proces-

sing systems.

The magnitude of the problem becomes apparent when

one realizes that every aspect of the electrical, mechani-

cal and architectural format must be specified. The most

common of the basic decisions confronting the engineer

include:

Type of logic (negative or positive)

Threshold levels

Noise immunity

Form of transmission

• Balanced/unbalanced, terminated/unterminated

• Unidirectional/bidirectional, simplex/multiplexed

Type of transmission line

Connector type and pin out

Bit or byte oriented

Baud rate

If each make and/or model of equipment presented a

unique interface at its I/O ports, "interface" engineering

would become a major expenditure associated with the

use of data processing equipment.

Fortunately, this is not the case as various interested

or cognizant groups have analyzed specific recurring

interface areas and recommended "official" standards

around which common I/O ports could be structured.

Also, the I/O specifications of some equipment with

widespread popularity such as the IBM 360/370 com-

puter and DEC minicomputer have become "defacto"

standards because of the desire to provide/use equip-

ment which interconnect to them.

Compliance with either the "official" or "defacto"

standards on the part of equipment manufacturers is

voluntary. However, it is obvious that much can be

gained and little lost by providing equipment that offers

either the "official" or "defacto" standard I/O ports.

As can be imagined, the entire subject of interface in

data processing systems is complicated and confusing,

particularly to those not intimately involved in the day-

to-day aspects of interface engineering or management.

However, at the component level the questions simplify

to knowing what standards apply and what circuits or

components are available to meet the standards.

This application note summarizes the important electri-

cal characteristics of the most commonly accepted

interface standards and offers recommendations on how

to use National Semiconductor integrated circuits to

meet those standards.

1.0 INTRODUCTION

The interface standards covered in this application

note are listed in Table I. The body of the text

expands upon the scope and application of each

listed standard and summarizes important electrical

parameters.

Table II summarizes the National Semiconductor

IC's applicable to each standard.

10-1



TABLE 1. COMMON LINE DRIVER/RECEIVER INTERFACE STANDARDS SUMMARY

INTERFACE AREA APPLICATION STANDARD ORIGIN COMMENTS

Data Communications Equip- U.S.A. Industrial RS232C EIA Unbalanced, Short Lines

ment (DCE*) to Data Terminal RS422 EIA Balanced, Long Lines

Equipment (DTE) RS423 EIA Unbalanced, RS232 Up-

Grade

RS449 EIA System Standard Covering

Use of RS422, RS423

international CCITT Vol. VIII

V. 24

International

Telephone

Similar to RS232

CCITT No. 97 and Telegraph Similar to RS423

X. 26 Consultative

CCITT No. 97 Committee Similar to RS422

X. 27

U.S.A. Military MIL-STD-188C D.O.D. Unbalanced, Short Lines

MIL-STD-188-114 D.O.D. Similar to RS422, RS423

MIL-STD-1397 Navy 42k bits/sec

(NTDS-Slow)

MIL-STD-1397 Navy 250k bits/sec

(NTDS-Fast)

U.S. Government, FED-STD-1020 GSA Identical to RS423

Non-Military FED-STD-1030 GSA Identical to RS422

Computer to IBM 360/370 System 360/370 IBM Unbalanced Bus

Peripheral Channel I/O

DEC DEC DEC Unbalanced Bus

Mini-Computer Unibus®

Instrument to Nuclear Instru- CAMAC NIM DTL/TTL

Computer mentation (lEEEstd. 583-1975) (AEC) Logic Levels

Laboratory Instru- 488 IEEE Unbalanced Bus

mentation

Microprocessor to Microprocessor Microbus™ National Short Line; 8-Bit Parallel,

Interface Devices Circuits Semiconductor Digital Transmission

Facsimile Equipment Facsimile RS357 EIA Incorporates RS232

to DTE Transmission

Automatic Calling Equip- Impulse Dialing RS366 EIA Incorporates RS232

ment to DTE anc Multi-Tone

Keying

Numerically Controlled Numerically Controlled RS408 EIA Short Lines (<4 Ft.)

Equipment to DTE Equipment

Changed to "Data Circuit—Terminating Equipment"

®Registered trademark of Digital Equipment Corp.
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TABLE II. LINE DRIVER/RECEIVER INTEGRATED CIRCUIT
SELECTION GUIDE FOR DIGITAL INTERFACE STANDARDS

STANDARD
DESIGNATION

PART NUMBER
LINE DRIVER LINE RECEIVER

0°C TO +70° C -55°CTO+125°C 0°CTO+70°C -55°CTO+125°C

U.S. Industrial Standards

RS232C DS1488 Not Applicable DS1489(A) Not Applicable

DS75150 Not Applicable DS75154 Not Applicable

RS357 See RS232C

RS366 See RS232C

RS408 DS75453 DS55454 DS7820A DS7820A

DS75454 DS55454 DS75115 DS55115

RS422 DS3691 DS1691 DS88LS120 DS78LS120

DS26LS31 DS26LS31M DS26LS32 DS26LS32M

DS3487 DS3486

DS26LS33

DS88C20

DS88C120

DS78C20

DS78C120

RS423 DS3691 DS1691 DS88LS120 DS78LS120

DS3692 DS1692 DS88C20

DS88C120

DS78C20

DS78C120

RS449 See RS422, RS423

IEEE 488 DP8304B DP7304B DP8304B DP7304B

Transceiver Transceiver Transceiver Transceiver

CAMAC See RS232C, RS42 2, RS423 or IEEE 488

IBM 360/370 DS75123 Not Applicable DS75124 Not Applicable

I/O Port

DEC Unibus® DS36147 DS16147 DS8640 DS7640

DS8641 DS7641 DS8641 DS7641

Transceiver Transceiver Transceiver Transceiver

Microbus™ DS3628

DP8228

DP8216

DP8212

DP8304B

Transceiver

DS1628

DP8228M

DP8216M

DP8212M

DP8304B

Transceiver

Government Standards

MILSTD-188C DS3691 DS1691 DS88LS120 DS78LS120

MIL-STD-188-114 DS3691 DS1691 DS88LS120 DS78LS120

FED-STD-1020 See RS423

FED-STD-1030 See RS422

MIL-STD-1397

(NTDS-Slow)

Use Discrete Compc nents and/or Comparators

MIL-STD-1397

(NTDS-Fast)

Use Discrete Components and/or Comparators

I

®Registered trademark of Digital Equipment Corp.
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TABLE II. LINE DRIVER/RECEIVER INTEGRATED CIRCUIT

SELECTION GUIDE FOR DIGITAL INTERFACE STANDARDS (Continued)

STANDARD
DESIGNATION

PART NUMBER
LINE DRIVER

C TO +70 C -55 C TO +125 C

LINE RECEIVER

C TO +70 C -55 C TO +125 C

International Standards (CCITT)

1969 White Book

Vol. VIII, V. 24

See RS232C

Circular No. 97,

X. 26

See RS422

Circular No. 97,

X. 27

See RS423

2.0 DATA TERMINAL EQUIPMENT (DTE) TO DATA
COMMUNICATIONS EQUIPMENT (DCE) INTER-

FACE STANDARDS

2.1 Application

The DTE/DCE standards cover the electrical,

mechanical and functional interface between/

among terminals (i.e., teletypewriters, CRTs,

etc.) and communications equipment (i.e.,

modems, cryptographic sets, etc.).

2.2 U.S. Industrial DTE/DCE Standards

2.2.1 EIA RS232C

The oldest and most widely known DTE/
DCE standard. It provides for one-way/

non-reversible, single-ended (unbalanced),

non-terminated line, serial digital data

transmission.

"»-

-»-

^>

-»

FIGURE 1. EIA RS232C Application

technology the EIA, in 1975, introduced

2 new specifications covering:

1) Single-ended data transmission at

modulation rates up to kilobaud*

(RS423)

2) Balanced data transmission at modu-

lation rates up to 10 megabaud

(RS422).

2.2.2.1 RS423

RS423 closely resembles RS232C
in that it, too, specifies one-way/

non-reversible, single-ended, data

transmission lines. Key differ-

ences between RS423 and

RS232Care:

RS423

4V to6V Logical "1"

-4V to -6V Logical "0"

100k Baud at 40 Feet

Balanced Receiver, Referred

to Driver Ground, Permitting

Ground Potential Difference

Between Driver and Receiver

RS232

5V to 15V Logical "1"

-5V to -25V Logical "0"

20k Baud at 50 Feet

Unbalanced Receiver

Important features are:

a) Positive logic (±5V min to ±15V max)

b) Fault protection

c) Slew-rate control

d) 50 feet recommended cable length

and 20k bits per second data signal-

ing rate.

2.2.2 EIA RS422, RS423

In a move to upgrade system capabilities

by utilizing state-of-the-art devices and FIGURE 2. EIA RS423 Application

r

Modulation rate - reciprocal of minimum pulsewic

20 ms puise = 50 baud!
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TABLE III. EIA RS232C SPECIFICATION SUMMARY

PARAMETER CONDITIONS
EIA RS232C

UNITS
MIN TYP MAX

VOH Driver Output Voltage Open 25 V

vol Circuit -25 V

voh Driver Output Voltage Loaded 3 k.Q < R L < 7 kO 5 15 V

vol Output -15 -5 V

Ro Driver Output Resistance Power

OFF

-2V< Vo<2V 300 n

ios Driver Output Short-Circuit

Current

Driver Output Slew Rate

All Interchange Circuits

Control Circuits

Rate and Timing Circuits

% of Unit Interval

-500

6

6

4

500

30

mA

V/ms

V/ms

V/ms

%

R|N Receiver Input Resistance 3V < V|N <25V 3000 7000 n

Receiver Open Circu'it Input -2 2 V

Bias Voltage

Receiver Input Threshold

Output = MARK -3 V

Output = SPACE 3 V

TABLE IV. EIA RS423 SPECIFICATION SUMMARY

PARAMETER CONDITIONS
EIA RS423

UNITS
MIN TYP MAX

v Driver Unloaded Output Voltage 4 6 V

Vo -4 -6 V

VT Driver Loaded Output Voltage R|_ = 450P- 3.6 V

vt -3.6 V

Rs Driver Output Resistance 50 a

ios Driver Output Short-Circuit

Current

V = OV ±150 mA

Driver Output Rise and Fall Baud Rate < 1k Baud 300 JUS

Time Baud Rate> 1k Baud 30 % Unit

Interval

iox Driver Power OFF Current Vo = ±6V ±100 MA

VT H Receiver Sensitivity VCM<±?V ±200 mV

VCM Receiver Common-Mode Range ±10 V

R|N Receiver Input Resistance

Receiver Common-Mode Input

Offset

4000

±3 V

10-5



2.2.2.2 RS422

RS422 provides for balanced

data transmission with unidirec-

tional/non-reversible, terminated

or non terminated transmission

lines. Important features are:

a) ±2V to ±6V driver output

b) 0.4V differential output

matching

c) ±200 mV receiver input sensi-

tivity

d) 10M baud modulation rate

2.3 International Standards

2.3.1 CCITT 1969WhiteBook Vol. VIII, V. 24.

This standard is identical to RS232C.

2.3.2 CCITT circular No. 97 Com SPA/13,

X. 26. This standard is similar to RS422

with the exception that the receiver

sensitivity at the specified maximum
common-mode voltage (±7V) shall be

±300 mV vs ±200 mV for RS422.

2.3.3 CCITT circular No. 97 Com SPA/13,

X. 27. This standard is similar to RS423

with 2 exceptions:

a) The receiver sensitivity is as specified

in paragraph X. 26, and

b) The driver output voltage is specified

at a load resistance of 3.9 k£l.

FIGURE 3. EIA RS422 Application

TABLE V. EIA RS422 SPECIFICATION SUMMARY

PARAMETER CONDITIONS
EIA RS422

UNITS
MIN TYP MAX

v Driver Unloaded Output Voltage 6 V

vo -6 V

VT Driver Loaded Output Voltage rt= 100a 2 V

vt
-2 V

Rs Driver Output Resistance Per Output 50 $2

'OS Driver Output Short-Circuit

Current

Driver Output Rise Time

Vo = OV 150

10

mA

% Unit

Interval

iox Driver Power OFF Current -0.25V <Vo<6V ±100 MA

VTH Receiver Sensitivity Vcm ' ±7V 200 mV

VCM Receiver Common-Mode Voltage

Receiver Input Offset

-10

±3

10 V

V
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2.4 U.S. Military Standards

2.4.1 MIL-STD-188C (Low Level)

The military equivalent to RS232C is

MIL-STD-188C. Devices intended for

RS232Ccan beappliedto MIL-STD-188C
by use of external wave shaping com-

ponents on the driver end and input

resistance and threshold tailoring on the

receiver end.

FIGURE 4. MIL-STD-188C Application

TABLE VI. MIL-STD-188C SPECIFICATION SUMMARY

PARAMETER CONDITIONS
MIL-STD-188C

LOW LEVEL LIMITS UNITS

MIN TYP MAX

VOH Driver Output Voltage Open Circuit

vol

Rq Driver Output Resistance Power ON

'OS Driver Output Short-Circuit Current

Driver Output Slew Rate

All Interchange Circuits

Control Circuits

Rate and Timing Circuits

R
|
f\j Receiver Input Resistance

Receiver Input Threshold

Output = MARK
Output = SPACE

(Note 11

lOUT < 10 mA

(Note 2)

Mod Rate < 200k Baud

(Note 3)

5

-7

-100

5

6

-100

7

-5

100

100

15

100

V

V

n

mA

% IU

a

uA

uA

Note 1: Ripple <0.5%, Vqh. Vq l matched to within 10% of each other.

Note 2: Waveshaping required on driver output such that the signal rise or fall time is 5% to 15% of the unit interval at the applicable modula-

tion rate.

Note 3: Balance between marking and spacing (threshold} currents actually required shall be within 10% of each other.

FIGURE 5. MJL-STD-188-114 (Balanced) Application
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2.4.2 MIL-STD-188-114 Balanced

This standard is similar to RS422 with

the exception that the driver offset

voltage level is limited to + 0.4V vs ±3V
allowed in RS422.

2.4.3 MIL-STD-188-114 Unbalanced.

This standard is similar to RS423 with

the exception that loaded circuit driver

output voltage at R|_ = 450X7 must be

90% of the open circuit output voltage vs

±2V at Rg = 100S7 for RS422.

2.4.4 MIL STD-1397 (Slow and Fast)

2.5 U.S. Government (non-military) standards

FED STD 1020 and 1030 are identical with-

out exception to EIA RS423 and RS422,

respectively.

3.0 COMPUTER TO PERIPHERAL INTERFACE
STANDARDS

To date, the only standards dealing with the inter-

face between processors and other equipment are

the "defacto" standards in the form of specifica-

tions issued by IBM and DEC covering the models

360/370 I/O ports and the Untbus^' , respectively.

3.1 IBM specification GA-22 6974-0 covers the

electrical characteristics, the format of informa-

tion and the control sequences of the data

transmitted between 360/370's and up to 10

I/O ports.

The interface is an unbalanced bus using 95S1,

terminated, coax cables. Devices connected to

the bus should feature short-circuit protection,

hysteresis in the receivers, and open-emitter

drivers. Careful attention should be paid to

line lengths and quality in order to limit cable

noise to less than 400 mV.

TABLE VII. MIL-STD-1397 SPECIFICATION SUMMARY

PARAMETER CONDITIONS

COMPARISON LIMITS

(MIL-STD)

1397

(SLOW)

1397

(FAST)

UNITS

VOH
vol

lOH

lOL

Rs

V|H

V|L

Data Transmission Rate

Driver Output Voltage

Driver Output Current

Driver Power OFF Impedance

Receiver Input Voltage Fail-Safe Open Circuit

42

±1.5

-10 to -15.5

>-4

1

>100

<4.5

>-7.5

250

-3

<-1.1

>-1.9

k Bits/Sec

V

V

mA
mA

kil

V

V

FIGURE 6. IBM 360/370 I/O Application

® Registered trademark of Digital Equipment Corp.
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TABLE VIM. IBM 360/370 SPECIFICATION SUMMARY

PARAMETER CONDITIONS
IBM 360/370

MIN TYP MAX
UNITS

VOH

VOH
VOH

vol

V|H

V|L

l|H

l|L

Driver Output Voltage

Receiver Input Threshold

Voltage

Receiver Input Current

lOH "" 123 mA
lOH - 30(L(A

lOH = 59.3 mA
lOL = -240 mA

Vim = 3.11V

V| N = 0.15V

Receiver Input Voltage

Range

V|N Power ON

V|N Power OFF

R|N Receiver Input Impedance

l|N Receiver Input Current

zo CABLE Impedance

Ro CABLE Termination

0.15V < V|N< 3.9V

V|N = 0.15V

Pq > 390 mW

3.11

0.7

0.24

-0.15

-0.15

7400

83

90

7

5.85

0.15

1.7

-0.42

Line Length (Specified as

Noise on Signal and Ground Lines)

V

V

V

V

V

V

mA
mA

7 V

6 V

n

240 MA

101 n

100 n

400 mV

r-»z3 :lz>>

FIGURE 7. DEC Unibus^ Application

TABLE IX. DEC UNIBUS a SPECIFICATION SUMMARY

PARAMETER CONDITIONS
DEC UNIBUS®

UNITS
MIN TYP MAX

vol Driver Output Voltage lOL -' 50 mA 0.7 V

vo Absolute Maximum 7 V

V|H Receiver input Voltage 1.7 V

V|L 1.3 V

l|H Receiver Input Current V|N = 4V 100 HA

IlL V|N = 4V Power OFF 100 HA

®l

3.2 DEC Unibus"-

Another example of an unofficial industry

standard is the interface to a number of DEC
minicomputers. This interface, configured as a

12012 double-terminated data bus is given the

Registered trademark of Digital Equipment Corp.

name Unibus'^. Devices connected to the bus

should feature hysteresis in the receivers and

open-collector driver outputs. Cable noise

should be held to less than 600 mV.
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4.0 INSTRUMENTATION
FACE STANDARDS

4.1 Introduction

TO COMPUTER INTER-

The problem of linking instrumentation to pro-

cessors to handle real-time test and measure-

ment problems was largely a custom interface

problem. Each combination of instruments

demanded unique interfaces, thus inhibiting the

wide spread usage of small processors to day-to-

day test, measurement and control applications.

Two groups addressed the problem for specific

environments. The results are:

a) IEEE: 488 bus standard based upon

proposals made by HP, and

b) The CAMAC system pioneered by the

nuclear physics community.

4.2 IEEE 488

IEEE 488 covers the functional, mechanical

and electrical interface between laboratory

instrumentation (i.e., signal generators, DPM's,

counters, etc.) and processors such as program-

mable calculators and minicomputers. Equip-

ment with IEEE 488 I/O ports can be readily

daisy chained in any combination of up to 15

equipments (including processor) spanning dis-

tances of up to 60 feet. 16 lines (3 handshake,

5 control and 8 data lines) are required.

vccO
f VW-

£
o—WV-
—wv-

»
T»
-»»

/S

o-^AAr-» y^—^AAr

;15P0RTS-

-W\r-t-0%

*
-VW-o

-AAA/—

PORT'N"

FIGURE 8. IEEE 488 Application

TABLE X. IEEE 488 SPECIFICATION SUMMARY

PARAMETER CONDITIONS
IEEE 488

UNITS
MIN TYP MAX

VOH Driver Output Voltage lOH = "5.2 mA 2.4 V

vol

Driver Output Current

|QL
= 48 mA 0.4 V

loz TRI -STATE® V = 2.4V ±40 juA

lOH Open Collector Vrj = 5.25V 250 uA

V|H Receiver Input Voltage 0.4V Hysteresis Recommended 2.0 V

VlL 0.8 V

l|H Receiver Input Curreni: V|N = 2.4V 40 M
IlL V| N = 0.4V -1.6 mA

Receiver Clamp Current V|N = -1.5V 12 mA

Rli Termination Resistor Vcc = 5V (±5%) 2850 3150

RL2 V = Gnd 5890 6510
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4.3 CAMAC

The CAMAC system is the result of efforts by

those in the nuclear physics community to

standardize the interface between laboratory

instruments and computers before the introduc-

tion of IEEE 488.

It allows either serial or parallel interconnection

of instruments via a "crate" controller.

The electrical requirements of the interfaces

are compatible with DTL and TTL logic levels.

5.0 MICROPROCESSOR
STANDARDS

SYSTEMS INTERFACE

5.1 Microprocessor systems are bus organized

systems with two types of bus requirements:

a) Minimal system: for data transfer over

short distances (usually on 1 PC board),

and,

b) Expanded system: for data transfer to

extend the memory or computational

capabilities of the system.

5.2 Minimal Systems and Microbus™

Microbus™ considers the interface between

MOS/LSI microprocessors and interfacing

devices in close physical proximity which com-
municate over 8-bit parallel unified bus systems.

It specifies both the functional and electrical

characteristics of the interface and is modeled

after the 8060, 8080 and 8900 families of

microprocessors as shown in Figures 8, 9 and
10.

The electrical characteristics of Microbus are

shown in Table XI.

TABLE XI. MICROBUS ELECTRICAL SPECIFICATION SUMMARY

PARAMETER DRIVER
RECEIVER

STANDARD
HYSTERESIS

(RECOMMENDED)
UNITS

vol Output Voltage (At 1 .6 mA| <0.4V

V H (At-100uA) >2.4V

V|L Input Voltage 0.8 0.6 V

V|H 2.0 2.0 V

Internal Capacitive Load at 25°C 15 10 10 PF

tr Rise Time (Maximum) 100 ns

tf Fall Time (Maximum) 100 ns

NRDS

NWUS

^

r3
CHIP SELECT

LOGIC

2E }

C
TE

}

FIGURE 9. 8060 SC/MP II System Model
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MICROBUS

A15-A0

INS8080A

D7-D0

01 «2

^>

A16-A0

CHIP SELECT
LOGIC

}
CSO

CS1

CSi

\
D7-D0

)

INS8224

W
STSTB

( D7-DO )

^ MEMR V

INS8228
MEMW

!70R

l/OW

RESET 1^ RESET

FIGURE 10. 8080 System Model for the Basic Microbus Interface

HOh

CLOCK
GENERATOR
(MM74C04I

I
NADS

8900

D15-0Q

BIOS

BODS

C

MICROBUS

CHIP SELECT
LOGIC

TE

CSO

CS1

CSi

}
ADDRESS
LATCH

(2, DP8212's)

?L
015-DO

}
£*>

i>
FIGURE 11. 8900 System Model
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5.3 Expanded Microprocessor System Interfaces

Since the outputs of most microprocessor

devices are limited to a loading of one relative

to a TTL load, expanded systems will require

buffers on both their address and data lines.

To date, no formal standards exist which govern

this interface. However, "defacto" standards are

emerging in the form of the specifications for

"recommended devices" which are mentioned
in the data sheets and application notes for the

widely sourced microprocessor devices. Here,

the answer to the question of how to provide a

"standard" interface is simplified to that of

proper usage of recommended devices.

Table XII summarizes the important electrical

characteristics of recommended bus drivers for

expanded microprocessor systems.

6.0 OTHER INTERFACE STANDARDS

Some other commonly occurring interfaces which
have become standardized are:

a) Interface between facsimile terminals and voice

frequency communications terminals,

b) Interface between terminals and automatic

calling equipment used for data communica-
tions, and

c) Interface between numerically controlled equip-

ment and data terminals.

6.1 EIA RS357

RS357 defines the electrical, functional and

mechanical characteristics of the interface

between analog facsimile equipment to be used

for telephone data transmission and the data

sets used for controlling/transmitting the data.

Figure 11 summarizes the functional and elec-

trical characteristics of RS357.

6.2 EIA RS366

RS366 defines the electrical, functional and

mechanical characteristics of the interface

between automatic calling equipment for data

communications and data terminal equipment.

The electrical characteristics are encompassed

by RS232C.

TABLE XII. RECOMMENDED SPECIFICATION OF BUS DRIVERS FOR EXPANDED MICROPROCESSOR SYSTEMS

PARAMETER CONDITIONS MIN TYP MAX UNITS

V|H Driver Input Voltage 2 V

V|L 0.8 V

V H Driver Output Voltage lOH = -10 mA 2.4 V

vol IOL = 4 8 mA 0.5 V

lOS Short-Circuit Current V CC = 5.25V -150 mA

CL Bus Drive Capability 300 pF
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<
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RECEIVE DATA

REQUEST TO SEND

CARRIER ON-OFF

REVERSE CHANNEL SEND

REVERSE CHANNEL RECEIVE

REMOTE RELEASE
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** Receive Sensitivity Source
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OFF 3V-25V 5V--25V

FIGURE 12. Functional and Electrical Characteristics of RS357

6.3 EIA RS408

RS408 recommends the standardization of the

2 interfaces shown in Figure 13.

The electrical characteristics of NCE to DTE
interface are, in summary, those of conven-

tional TTL drivers (series 7400) with:

vOL<0.4Vat loL = 48mA
Voh > 2.4V at IrjH < - 1-2 mA, and

C L <2000pF.

Short circuit protection should be provided.



DATA
COMMUNICATIONS

EQUIPMENT

• INTERFACE DEFINED BY RS232C

DATA
TERMINAL

EQUIPMENT (DTE)

SWITCHED OR DEDICATED,

COMMON CARRIER, OR
PRIVATE LINE TO DATA

U SOURCE/SINK

(TYPICALLY A MODEM
IF INCLUDED IN

SYSTEM)

(TYPICALLY INCLUDES
SERIAL TO PARALLEL
CONVERTER, ETC.)

".

TYPICALLY
< 40 FEET

INTERFACE DEFINED BY THIS STANDARD

NUMERICAL CONTROL
EQUIPMENT (NCE)

CONTROLLED
EQUIPMENT

(TYPICALLY COULD
INCLUDE A SWITCH TO
SELECT EITHER LOCAL
TAPE READER OR DATA
TERMINAL EQUIPMENT)

(TYPICALLY A MACHINE
TOOL, DRAFTING TABLE,

ETC.)

FIGURE 13. EIA RS408 Interface Applications

o </)

f?3o
3 3

0)
o ^<
% o
<D ^»
~

*

m
* CD
3 O
O *+

$ o'3 Q)

a
<5" o3"
r+ (U
0) ^^

Q)
MB O3 F*
r+ (D
CD ^
—h (A
0) **

o O
a w
(/>
I-*

Q)

3a
0)
-ia
v>

10-15



c
o

(A
Integrated Circuits for
Digital Data Transmission a

INTRODUCTION

It is frequently necessary to transmit digital data

in a high-noise environment where ordinary inte-

grated logic circuits cannot be used because they

do not have sufficient noise immunity. One solu-

tion to this problem, of course, is to use high-

noise-immunity logic. In many cases, this approach

would require worst case logic swings of 30V,
requiring high power supply voltages. Further,

considerable power would be needed to transmit

these voltage levels at high speed. This is especially

true if the lines must be terminated to eliminate

reflections, since practical transmission lines have a

low characteristic impedance.

A much better solution is to convert the ground
referred digital data at the transmission end into a

differential signal and transmit this down a bal-

anced, twisted-pair line. At the receiving end, any

induced noise, or voltage due to ground-loop cur-

rents, appears equally on both ends of the

twisted-pair line. Hence, a receiver which responds

only to the differential signal from the line will

reject the undesired signals even with moderate
voltage swings from the transmitter.

Figure 1 illustrates this situation more clearly.

When ground is used as a signal return as in Fig-

ure la, the voltage seen at the receiving end will be

the output voltage of the transmitter plus any
noise voltage induced in the signal line. Hence, the

noise immunity of the transmitter-receiver com-
bination must be equal to the maximum expected

noise from both sources.

The differential transmission scheme diagrammed
in Figure 1b solves this problem. Any ground noise

or voltage induced on the transmission lines will

appear equally on both inputs of the receiver. The
receiver responds only to the differential signal

coming out of the twisted-pair line and delivers a

single-ended output signal referred to the ground

ffi
GROUND A

i. Single-Ended System

-0-

-©" m
GROUND B

m
GROUND A

L. Differential System

-©- m
GROUNDS

FIGURE 1. Comparing Differential and Single-Ended

Data Transmission

at the receiving end. Therefore, extremely high

noise immunities are not needed; and the trans-

mitter and receiver can be operated from the same
supplies as standard integrated logic circuits.

This article describes the operation and use of a

line driver and line receiver for transmission sys-

tems using twisted-pair lines. The transmitter pro-

vides a buffered differential output from a DTL or

TTL input signal. A four-input gate is included on
the input so that the circuit can also perform logic.

The receiver detects a zero crossing in the differ-

ential input voltage and can directly drive DTL or

TTL integrated circuits at the receiving end. It also

has strobe capability to blank out unwanted input

signals. Both the transmitter and the receiver in-

corporate two independent units on a single silicon

chip.
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LINE DRIVER

Figure 2 shows a schematic diagram of the line

transmitter. The circuit has a marked resemblance

to a standard TTL buffer. In fact, it is possible to

use a standard dual buffer as a transmitter. How-

ever, the DS7830 incorporates additional features.

For one, the output is current limited to protect

the driver from accidental shorts in the transmis-

sion lines. Secondly, diodes on the output clamp

severe voltage transients that may be induced into

the transmission lines. Finally, the circuit has

internal inversion to produce a differential output

signal, reducing the skew between the outputs and

making the outout state independent of loading.

FIGURE 2. Schematic Diagram of the DS7830 Line

Driver

As can be seen from the upper half of Figure 2, a

quadruple-emitter input transistor, Q9, provides

four logic inputs to the transmitter. This transistor

drives the inverter stage formed by Q10 and Q11

to give a NAND output. A low state logic input on

any of the emitters of Q9 will cause the base drive

to be removed from Q10, since Q9 will be

saturated by current from R8, holding the base of

Q10 near ground. Hence, Q10 and Q11 will be

turned off; and the output will be in a high state.

When all the emitters of Q9 are at a one logic level,

Q10 receives base drive from R8 through the for-

ward biased collector-base junction of Q9. This

saturates Q10 and also Q11, giving a low output

state. The input voltage at which the transition

occurs is equal to the sum of the emitter-base turn

on voltages of Q10 and Q1 1 minus the saturation

voltage of Q9. This is about 1 .4V at 25°C.

A standard "totem-pole" arrangement is used on

the output stage. When the output is switched to

the high state, with Q10 and Q1 1 cut off, current

is supplied to the load by Q13 and Q14 which are

connected in a modified Darlington configuration.

Because of the high compound current gain of

these transistors, the output resistance is quite low

and a large load current can be supplied. R10 is

included across the emitter-base junction of Q13
both to drain off any collector-base leakage cur-

rent in Q13 and to discharge the collector-base

capacitance of Q13 when the output is switched to

the low state. In the high state, the output level is

approximately two diode drops below the positive

supply, or roughly 3.6V at 25°C with a 5.0V

supply.

With the output switched into the low state, G10
saturates, holding the base of Q14 about one diode

drop above ground. This cuts off Q13. Further,

both the base current and the collector current of

Q10 are driven into the base of Q1 1 saturating it

and giving a low-state output of about 0.1V. The

circuit is designed so that the base of Q1 1 is

supplied 6 mA, so the collector can drive consider-

able load current before it is pulled out of

saturation.

The primary purpose of R12 is to provide current

to remove the stored charge in Q11 and charge its

collector-base capacitance when the circuit is

switched to the high state. Its value is also made
enough less than R9 to prevent supply current

transients which might otherwise occur* when the

power supply is coming up to voltage.

*J. Kalb, "Design Considerations for a TTL Gate
"National Semiconductor TP-6, May, 1968.
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The lower half of the transmitter in Figure 2 is

identical to the upper, except that an inverter

stage has been added. This is needed so that an

input signal which drives the output of the upper
half positive will drive the lower half negative, and

vice versa, producing a differential output signal.

Transistors Q2 and Q3 produce the inversion. Even

though the current gain is not necessarily needed,

the modified Darlington connection is used to pro-

duce the proper logic transition voltage on the

input of the transmitter. Because of the low load

capacitance that the inverter sees when it is com-
pletely within the integrated circuit, it is extreme-

ly fast, with a typical delay of 3 ns. This minimizes

the skew between the outputs.

One of the schemes used when dual buffers are

employed as a differential line driver is to obtain

the NAND output in the normal fashion and pro-

vide the AND output by connecting the input of

the second buffer to the NAND output. Using an

internal inverter has some distinct advantages over

this: for one, capacitive loads which slow down
the response of the NAND output will not intro-

duce a time skew between the two outputs;

secondly, line transients on the NAND output will

not cause an unwanted change of state on the

AND output.

Clamp diodes, D1 through D4, are added on all

inputs to clamp undershoot. This undershoot and

ringing can occur in TTL systems because the rise

and fall times are extremely short.

Output-current limiting is provided by adding a

resistor and transistor to each of the complemen-
tary outputs. Referring again to Figure 2, when
the current on the NAND output increases to a

value where the voltage drop across R11 is suffi-

cient to turn on Q12, the short circuit protection

comes into effect. This happens because further

increases in output current flow into the base of

Q12 causing it to remove base drive from Q14 and,

therefore, Q13. Any substantial increase in output

current will then cause the output voltage to col-

lapse to zero. Since the magnitude of the short

circuit depends on the emitter base turn-on voltage

of Q12, this current has a negative temperature

coefficient. As the chip temperature increases

from power dissipation, the available short circuit

current is reduced. The current limiting also serves

to control the current transient that occurs when

the output is going through a transition with both

Q1 1 and Q13 turned on.

The AND output is similarly protected by R6 and

Q5, which limit the maximum output current to

about 100 mA, preventing damage to the circuit

from shorts between the outputs and ground.

The current limiting transistors also serve to in-

crease the low state output current capability

under severe transient conditions. For example,

when the current into the NAND output becomes

so high as to pull Q1 1 out of saturation, the out-

put voltage will rise to two diode drops above

ground. At this voltage, the collector-base junction

of Q12 becomes forward biased and supplies addi-

tional base drive to Q11 through Q10 which is

saturated. This minimizes any further increase in

output voltage.

When either of the outputs are in the high state,

they can drive a large current towards ground

without a significant change in output voltage.

However, noise induced on the transmission line

which tries to drive the output positive will cut it

off since it cannot sink current in this state. For

this reason, D6 and D8 are included to clamp the

output and keep it from being driven much above

the supply voltage, as this could damage the

circuit.

When the output is in a low state, it can sink a lot

of current to clamp positive-going induced voltages

on the transmission line. However, it cannot

source enough current to eliminate negative-going

transients so D5 and D7 are included to clamp

those voltages to ground.

It is interesting to note that the voltage swing

produced on one of the outputs when the clamp
diodes go into conduction actually increases the

diffferential noise immunity. For example with

no induced common mode current, the low-state

output will be a saturation voltage above ground

while the high output will be two diode drops

below the positive supply voltage. With positive-

going common mode noise on the line, the low
output remains in saturation; and the high output

is clamped at a diode drop above the positive

supply. Hence, in this case, the common mode
noise increases the differential swing by three

diode drops.
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FIGURE 3. High State Output Voltage as a Function of

Output Current

Having explained the operation of the line driver,

it is appropriate to look at the performance in

more detail. Figure 3 shows the high-state output

characteristics under load. Over the normal range

of output currents, the output resistance is about

10H. With higher output currents, the short circuit

protection is activated, causing the output voltage

to drop to zero. As can be seen from the figure,

the short-circuit current decreases at higher

temperatures to minimize the possibility of over-

heating the integrated circuit.

V
+

= 5V l\

25 Z
t

^12S'C-

25 50 75 100 125 150

OUTPUT SINK CURRENT (mA]

FIGURE 4. Low-State Output Current as a Function of

Output Current

Figure 4 is a similar graph of the low-state output

characteristics. Here, the output resistance is about

bil with normal values of output current. With

larger currents, the output transistor is pulled out

of saturation; and the output voltage increases.

This is most pronounced at -55 C where the tran-

sistor current gain is the lowest. However, when
the output voltage rises about two diode drops

above ground, the collector-base junction of the

current-limit transistor becomes forward biased.

providing additional base drive for the output tran-

sistor. This roughly doubles the current available

for clamping positive common-mode transients on

the twisted-pair line. It is interesting to note that

even though the output level increases to about

2V under this condition, the differential noise

immunity does not suffer because the high-state

output also increases by about 3V with positive

going common-mode transients.

It is clear from the figure that the low state output

current is not effectively limited. Therefore, the

device can be damaged by shorts between the out-

put and the 5V supply. However, protection

against shorts between outputs or from the out-

puts to ground is provided by limiting the high-

state current.

The curves in Figures 3 and 4 demonstrate the

performance of the line driver with large, capaci-

tively-coupled common-mode transients, or under

R L
= 200ri | V

+
=5V

sSsl / p L = 50tt

7
s

i
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|25°C
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-55°C 1Z5°C

25 50 75 100 125 150

OUTPUT CURRENT (mA)

FIGURE 5. Differential Output Voltage as a Function of

Differential Output Current

gross overload conditions. Figure 5 shows the

ability of the circuit to drive a differential load:

that is, the transmission line. It can be seen that

for output currents less than 35 mA, the output

resistance is approximately 15S7. At both tempera-

ture extremes, the output falls off at high currents.

At high temperatures, this is caused by current

limiting of the high output state. At low tem-

peratures, the falloff of current gain in the low-

state output transistor produces this result.

Load lines have been included on the figure to

show the differential output with various load

resistances. The output swing can be read off from
the intersection of the output characteristic with

the load line. The figure shows that the driver can

easily handle load resistances greater than 1000.
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This is more than adequate for practical, twisted-

pair lines.

Figure 6 shows the no load power dissipation, for

one-half of the dual line driver, as a function of

frequency. This information is important for two
reasons. First, the increase in power dissipation at

high frequencies must be added to the excess

power dissipation caused by the load to determine

the total package dissipation. Second, and more
important, it is a measure of the "glitch" current

which flows from the positive supply to ground

through the output transistors when the circuit is

going through a transition. If the output stage is
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FIGURE 7. Propagation Time as a Function of Tempera-
ture
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FIGURE 6. Power Dissipation as a Function of Switching
Frequency

not properly designed, the current spikes in the

power supplies can become quite large; and the

power dissipation can increase by as much as a

factor of five between 100 KHz and 10 MHz. The
figure shows that, with no capacitive loading, the

power increase with frequencies as high as 10 MHz
is almost negligible. However, with large capacitive

loads, more power is required.

The line receiver is designed to detect a zero cross-

ing in the differential output of the line driver.

Therefore, the propagation time of the driver is

measured as the time difference between the appli-

cation of a step input and the point where the

differential output voltage crosses zero. A plot of

the propagation time over temperature is shown in

Figure 7. This delay is added directly to the propa-

gation time of the transmission line and the delay

of the line receiver to determine the total data-

propagation time. However, in most cases, the

delay of the driver is small, even by comparison to

the uncertainties in the other delays.

To summarize the characteristics of the DS7830
line driver, the input interfaces directly with stan-

dard DTL or TTL circuits. It presents a load which

is equivalent to a fan out of 3 to the circuit driving

it, and it operates from the 5.0V, ±10% logic

supplies. The output can drive low impedance lines

down to 50ii and capacitive loads up to 5000 pF.

The time skew between the outputs is minimized

to reduce radiation from the twisted-pair lines, and

the circuit is designed to clamp common mode
transients coupled into the line. Short circuit pro-

tection is also provided. The integrated circuit con

sists of two independent drivers fabricated on a

41 x 53 mil-square die using the standard TTL
process. A photomicrograph of the chip is shown
in Figure 8.

rtTi rfTi
^^-.jfcfl *ferT>rgjd? JOE—--^J|

FIGURE 8. Photomicrograph of the DS7830 Dual Line

Driver
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LINE RECEIVER

As mentioned previously, the function of the line

receiver is to convert the differential output signal

of the line driver into a single ended, ground-

referred signal to drive standard digital circuits on

the receiving end. At the same time it must reject

the common mode and induced noise on the trans-

mission line.

Normally this would not be too difficult a task

because of the large signal swings involved. How-
ever, it was considered important that the receiver

operate from the +5V logic supply without requir-

ing additional supply voltages, as do most other

line receiver designs. This complicates the situation

because the receiver must operate with ±15V input

signals which are considerably greater than the

operating supply voltage.

The large common mode range over which the cir-

cuit must work can be reduced with an attenuator

on the input of the receiver. In this design, the

input signal is attenuated by a factor of 30. Hence,

the ±15V common mode voltage is reduced to

+0.5V, which can be handled easily by circuitry

operating from a 5V supply. However, the differ-

ential input signal, which can go down as low as

±2.4V in the worst case, is also reduced to

±80 mV. Hence, it is necessary to employ a fairly

accurate zero crossing detector in the receiver.

System requirements dictated that the threshold

inaccuracy irtroduced by the zero crossing

detector be (ess than 17 mV. In principle, this

accuracy requirement should not pose insurmount-

able problems because it is a simple matter to

make well matched parts in an integrated circuit.

Figure 9 shows a simplified schematic diagram of

the circuit configuration used for the line receiver.

The input signal is attenuated by the resistive

dividers R1-R2 and R8-R3. This attenuated

signal is fed into a balanced dc amplifier, operating

in the common base configuration. This input

amplifier, consisting of Q1 and Q2, removes the

common mode component of the input signal.

F urther, it delivers an output signal at the

collector of Q2. which is nearly equal in amplitude

to the original differential input signal. This

output signal s buffered by Q6 and drives an

output amplifier, Q8. The output stage drives the

logic load directly.

NONtNVERIING

FIGURE 9. Simplified Schematic of the Line Receiver

An understanding of the circuit can be obtained

by first considering the input stage. Assuming high

current gains and neglecting the voltage drop

across R3, the collector current of Q1 will be:

V - V BE1 ~ V B E3 -v R

R11
(1)

With equal emitter-base voltages for all transistors,

this becomes:

lr

V -3Ve
R11 (2)

The output voltage at the collector of Q2 will be:

V C2 = V +
-l c2 R12. (3)

When the differential input voltage to the receiver

is zero, the voltages presented to the emitters of

Q1 and Q2 will be equal. If Q1 and Q2 are

matched devices, which is easy to arrange when
they are fabricated close together on a single

silicon chip, their collector currents will be equal

with zero input voltage. Hence, the output voltage

from Q2 can be determined by substituting (2)

into (3):

_R1_2

R11
(V"-3V BE ). (4)
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For R1 1 = R 12, this becomes:

VC2 = 3V BE .

The voltage on the base of Q6 will likewise be

3V BE when the output is on the verge of switching

from a zero to a one state. A differential input

signal which causes Q2 to conduct more heavily

will then make the output go high, while an input

signal in the opposite direction will cause the out-

put to saturate.

It should be noted that the balance of the circuit is

not affected by absolute values of components-
only by how well they match. Nor is it affected by

variations in the positive supply voltage, so it will

perform well with standard logic supply voltages

between 4.5V and 5.5V. in addition, component

values are chosen so that the collector currents of

Q4 and Q6 are equal
. As a result, the base currents

of Q4 and Q6 do not upset the balance of the

input stage. This means that circuit performance is

not greatly affected by production or temperature

variations in transistor current gain.

operation under all conditions. For one, the

explanation of the simplified circuit ignores the

fact that the collector current of Q1 will be

affected by common mode voltage developed

across R3. This can give a 0.5V threshold error at

the extremes of the ±15V common mode range.

To compensate for this, a separate divider, R9 and

R10, is used to maintain a constant collector cur-

rent in Q1 with varying common mode signals.

With an increasing common mode voltage on the

non-inverting input, the voltage on the emitter of

Q1 will increase. Normally, this would cause the

voltage across R11 to decrease, reducing the col-

lector current of G1. However, the increasing com-

mon mode signal also drives the top end of R11

through R9 and R 10 so as to hold the voltage drop

across R1 1 constant.

in addition to improving the common mode rejec-

tion, R9 also forces the output of the receiver into

the high state when nothing is connected to the

input tines. This means that the output will be in a

pre-determined state when the transmission cables

are disconnected.

A complete schematic of the line receiver, shown
in Figure 10, shows several refinements of the

basic circuit which are needed to secure proper

A diode connected transistor, Q5, is also added in

the complete circuit to provide strobe capability.

With a logic zero on the strobe terminal, the out-

TERMINATION

FIGURE 10. Complete Schematic of One Half of the DS7820 Line Receiver

10-22



put will be high no matter what the input signal is.

With the strobe, the receiver can be made immune

to any noise signals during intervals where no

digital information is expected. The output state

with the strobe on is also the same as the output

state with the input terminals open.

The collector of Q2 is brought out so that an

external capacitor can be used to slow down the

receiver to where it will not respond to fast noise

spikes. This capacitor, which is connected between

the response-time-control terminal and ground,

does not give exactly-symmetrical delays. The

delay for input signals which produce a positive-

going output will be less than for input signals of

opposite polarity. This happens because the

impedance on the collector of Q2 drops as Q6 goes

into saturation, reducing the effectiveness of the

capacitor.

Another difference in the complete circuit is that

the output stage is improved both to provide more

gain and to reduce the output resistance in the

high output state. This was accomplished by add-

ing Q9 and Q10. When the output stage is operat-

ing in the linear region, that is, on the verge of

switching to either the high or the low state, Q9
and Q10 form sort of an active collector load for

Q8. The current through R15 is constant at

approximately 2 mA as the output voltage changes

through the active region. Hence, the percentage

change in the collector current of Q8 due to the

voltage change across R17 is made smaller by this

pre-bias current; and the effective stage gain is

increased.

With the output in the high state (Q8 cut off), the

output resistance is equal to R15, as long as the

load current is less than 2 mA. When the load cur-

rent goes above this value, Q9 turns on; and the

output resistance increases to 1.5K, the value

of R17.

This particular output configuration gives a higher

gain than either a standard DTL or TTL output

stage. It can also drive enough current in the high

state to make it compatible with TTL, yet outputs

can be wire OR'ed as with DTL.

Remaining details of the circuit are that Q7 is con-

nected as an emitter follower to make the circuit

even less sensitive to transistor current gains. R16
limits the base drive to Q7 with the output

saturated, while R17 limits the base drive to the

output transistor, Q8. A resistor, R7, which can be

used to terminate the twisted-pair line is also in

eluded on the chip. It is not connected directly

across the inputs. Instead, one end is left open so

that a capacitor can be inserted in series with the

resistor. The capacitor significantly reduces the

power dissipation in both the line transmitter and

receiver, especially in low-duty-cycle applications,

by terminating the line at high frequencies but

blocking steady-state current flow in the terminat-

ing resistor.

Since line receivers are generally used repetitively

in a system, the DS7820 has been designed with

two independent receivers on a single silicon chip.

The device is fabricated on a 41 x 49 mil-square

die using the standard six mask planar-epitaxial

process. The processing employed is identical to

that used on TTL circuits, and the design does not

impose any unusual demands on the processing. It

is only required that various parts within the

circuit match well, but this is easily accomplished

in a monolithic integrated circuit without any

special effort in manufacturing. A photomicro-

graph of the integrated circuit chip is shown in

Figure 1 1

.

FIGURE 11. Photomicrograph of the DS7820 Dual Line

Receiver

The only components in the circuit which see

voltages higher than standard logic circuits are the

resistors used to attenuate the input signal. These

resistors, R1, R7, R8 and R9, are diffused into a

separate, floating, N-type isolation tub, so that the

higher voltage is not seen by any of the transistors.

For a ±15V input voltage range, the breakdown

voltages required for the collector-isolation and

collector-base diodes are only 15V and 19V,

respectively. These breakdown voltages can be

achieved readily with standard digital processing

The purpose of the foregoing was to provide some
insight into circuit operation. A more exact

mathematical analysis of the device is developed in

Appendix A.
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RECEIVER PERFORMANCE

The characteristics of the line receiver are

described graphically in Figures 12 through 18.

Figure 12 illustrates the effect of supply voltage

variations on the threshold accuracy. The upper
curve gives the differential input voltage required

to hold the output at 2.5V while it is supplying
200 /jA to the digital load. The lower curve shows
the differential input needed to hold the output at

0.4V while it sinks 3.5 mA from the digital load.

This load corresponds to a worst case fanout of 2
with either DTL or TTL integrated circuits. The
data shows that the threshold accuracy is only
affected by ±60 mV for a ±10% change in supply
voltage. Proper operation can be secured over a

wider range of supply voltages, although the error

becomes excessive at voltages below 4V.
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FIGURE 12. Differential Input Voltage Required for

High or Low Output as a Function of Supply Voltage

Figure 13 is a similar plot for varying common
mode input voltage. Again the differential input

voltages are given for high and low states on the

output with a worst case fanout of 2. With
precisely matched components within the

integrated circuit, the threshold voltage will not
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FIGURE 13. Differential Input Voltage Required for

High or Low Output as a Function of Common Mode Voltage

change with common mode voltage. The
mismatches typically encountered give a threshold
voltage change of ±100 mV over a ±20V common
mode range. This change can have either a

positive slope or a negative slope.
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FIGURE 14. Voltage Transfer Function

The transfer function of the circuit is given in

Figure 14. The loading is for a worst case fanout
of 2. The digital load is not linear, and this is

reflected as a non-linearity in the transfer function

which occurs with the output around 1.5V. These
transfer characteristics show that the only
significant effect of temperature is a reduction in

the positive swing at -55°C. However, the voltage

available remains well above the 2.5V required by
digital logic.

2

-2

-4

1 1

v :c = SV_
= 25

C
CT

4

3

2

, = 10a if

/ 1

J / 1

k* Cd.l.y = —r—

1

FIGURE 15. Response Time With and Without an Exter-
nal Delay Capacitor

Figure 15 gives the response time, or propagation

delay, of the receiver. Normally, the delay through

the circuit is about 40 ns. As shown, the delay can

be increased, by the addition of a capacitor
between the response-time terminal and ground, to

make the device immune to fast noise spikes on
the input. The delay will generally be longer for

negative going outputs than for positive going

outputs.
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Under normal conditions, the power dissipated in

the receiver is relatively low. However, with large

common mode input voltages, dissipation increases

markedly, as shown in Figure 16. This is of little

consequence with common mode transients, but

the increased dissipation must be taken into

account when there is a dc difference between the

grounds of the transmitter and the receiver. It is

important to note that Figure 16 gives the

dissipation for one half the dual receiver. The total

package dissipation will be twice the values given

when both sides are operated under identical

conditions.
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FIGURE 16. Internal Power Dissipation as a Function of

Common Mode Input Voltage

Figure 17 shows that the power supply current

also changes with common mode input voltage due

to the current drawn out of or fed into the supply

through R9. The supply current reaches a

maximum with negative input voltages and can

actually reverse with large positive input voltages.

The figure also shows that the supply current with

the output switched into the low state is about

3 mA higher than with a high output.

10

V* = 5V

s»
ONE SIDE

^E

Zicz *
cr s^,v i—pN
= 4 X>„_l_:
> bS—
to

-20 -10 10 20

INPUT VOLTAGE (VI

FIGURE 17. Power Supply Current as a Function of

Common Mode Input Voltage

The variation of the internal termination resistance

with temperature is illustrated in Figure 18.Taking

into account the initial tolerance as well as the

change with temperature, the termination resis-

tance is by no means precise. Fortunately, in most

cases, the termination resistance can vary

appreciably without greatly affecting the charac

teristics of the transmission line. If the resistor

tolerance is a problem, however, an external resis-

tor can be used in place of the one provided within

the integrated circuit.

-75 -50 -25 25 50 75 100 125

TEMPERATURE (CI

FIGURE 18. Variation of Termination Resistance With

Temperature
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DATA TRANSMISSION

The interconnection of the DS7830 line driver

with the DS7820 line receiver is shown in Fig-

ure 19. With the exception of the transmission

line, the design is rather straightforward. Connec-

tions on the input of the driver and the output or

strobe of the receiver follow standard design rules

for DTL or TTL integrated logic circuits. The load

presented by the driver inputs is equal to 3 stan-

dard digital loads, while the receiver can drive a

worst-case fanout of 2. The load presented by the

receiver strobe is equal to one standard load.
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The purpose of CI on the receiver is to provide dc

isolation of the termination resistor for the trans-

mission line. This capacitor can both increase the

differential noise immunity, by reducing attenua-

tion on the line, and reduce power dissipation in

both the transmitter and receiver. In some applica-

tions, C1 can be replaced with a short between

Pins 1 and 2, which connects the internal termina-

tion resistor of the DS7820 directly across the

line. C2 may be included, if necessary, to control

the response time of the receiver, making it

immune to noise spikes that may be coupled dif-

ferentially into the transmission lines.

TIME <ms)

FIGURE 20. Transmission Line Response With Various

Termination Resistances

The effect of termination mismatches on the trans-

mission line is shown in Figure 20. The line was
constructed of a twisted pair of No. 22 copper

conductors with a characteristic impedance of

approximately 170H. The line length was about

150 ns and it was driven directly from a DS7830
line driver. The data shows that termination resis-

tances which are a factor of two off the nominal

value do not cause significant reflections on the

line. The lower termination resistors do, however,

increase the attenuation.

LINE DRIVER AND RECEIVER

3 1/2 0S7830 I—

_i J

1 value depends on line length.

:V
+
is4.5V to 5.5V tot both the DS7B20and DS7B30.

'Optional to control res.poose time.

HH

STROBE -=
—1—100 P F

FIGURE 19. Interconnection of the Line Driver and Line

Receiver
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Figure 21 gives the line-transmission characteristics

with various termination resistances when a dc

isolation capacitor is used. The line is identical to

that used in the previous example. It can be seen

that the transient response is nearly the same as a

dc terminated line. The attenuation, on the other

hand, is considerably lower, being the same as an

unterminated line. An added advantage of using

the isolation capacitor is that the dc signal current

is blocked from the termination resistor which

reduces the average power drain of the driver and

the power dissipation in both the driver and

receiver.
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FIGURE 21. Line Response for Various Termination

Resistances With a DC Isolation Capacitor
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The effect of different values of dc isolation

capacitors is illustrated in Figure 22. This shows

that the RC time constant of the termination resis-

tor/isolation capacitor combination should be 2 to

3 times the line delay. As before, this data was

taker for a 150 ns long line.

10

FIGURE 22. Response of Terminated Line With Dif-

ferent DC Isolation Capacitors

In Figure 23, the influence of a varying ground

voltage between the transmitter and the receiver is

shown. The difference in the characteristics arises

because the source resistance of the driver is not

constant under all conditions. The high output of
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the transmitter looks like an open circuit to volt-

ages reflected from the receiving end of the trans-

mission line which try to drive it higher than its

normal dc state. This condition exists until the

voltage at the transmitting end becomes high

enough to forward bias the clamp diode on the 5V
supply- Much of the phenomena which does not

follow simple transmission-line theory is caused by

this. For example, with an unterminated line, the

overshoot comes from the reflected signal charging

the line capacitance to where the clamp diodes are

forward biased. The overshoot 'then decays at a

rate determined by the total line capacitance and

the input resistance of the receiver.

When the ground on the receiver is 15V more

negative than the ground at the transmitting end,

the decay with an unterminated line is faster, as

shown in Figure 23b. This occurs because there is

more current from the input resistor of the

receiver to discharge the line capacitance. With a

terminated line, however, the transmission char-

acteristics are the same as for equal ground volt-

ages because the terminating resistor keeps the line

from getting charged.

Figure 23c gives the transmission characteristics

when the receiver ground is 15V more positive

than the transmitter ground. When the line is not

terminated, the differential voltage swing is in-

creased because the high output of the driver will

be pulled against the clamp diodes, by the common
mode input current of the receiver. With a dc isola-

tion capacitor, the differential swing will reach this

same value with a time constant determined by the

isolation capacitor and the input resistance of the

receiver. With a dc coupled termination, the char-

acteristics are unchanged because the differential

load current is large by comparison to the com-

mon mode current so that the output transistors

of the driver are always conducting.

The low output of the driver can also be pulled

below ground to where the lower clamp diode con-

ducts, giving effects which are similar to those

described for the high output. However, a current

of about 9 mA is required to do this, so it does not

happen under normal operating conditions.

To summarize, the best termination is an RC com-

bination with a time constant approximately equal

to 3 times the transmission-line delay. Even

though its value is not precisely determined, the

internal termination resistor of the integrated cir-

cuit can be used because the line characteristics are

not greatly affected by the termination resistor.

The only place that an RC termination can cause

problems is when the data transmission rate

approaches the line delay and the attenuation

down the line (terminated) is greater than 3 dB.

This would correspond to more than 1000 ft. of

twisted-pair cable with No. 22 copper conductors.

Under these conditions, the noise margin can dis-

appear with low-duty-cycle signals. If this is the

case, it is best to operate the twisted-pair line with-

out a termination to minimize transmission losses.

Reflections should not be a problem as they will

be absorbed by the line losses.

CONCLUSION

A method of transmitting digital information in

high-noise environments has been described. The

technique is a much more attractive solution than

high-noise-immunity logic as it has lower power

consumption, provides more noise rejection, oper-

ates from standard 5V supplies, and is fully com-

patible with almost all integrated logic circuits. An

additional advantage is that the circuits can be

fabricated with integrated circuit processes used

for standard logic circuits.
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APPENDIX A

LINE RECEIVER
Design Analysis

The purpose of this appendix is to derive mathe-

matical expressions describing the operation of the

line receiver. It will be shown that the perfor-

mance of the circuit is not greatly affected by the

absolute value of the components within the inte-

grated circuit or by the supply voltage. Instead, it

depends mostly on how well the various parts

match.

The analysis will assume that all the resistors are

well matched in ratio and that the transistors are

likewise matched, since this is easily accomplished

over a broad temperature range with monolithic

construction. However, the effects of component
mismatching will be discussed where important.

Further, large transistor current gains will be

assumed, but it will be pointed out later that this

is valid for current gains greater than about 10.

A schematic diagram of the DS7820 line receiver

is shown in Figure A-1. Referring to this circuit,

the collector current of the input transistor is

given by

lr

V - V p -V B

R9// R10+ R11 + R3// R8
R3

V R3// R11
R4 + 2 R 6 + R3 BE1 " R8 + R3 // R 1

R9/7 R10+ R11 + R3// R8

(v 1N -vV R,0//R "
R9+ R10// R11

R9// R10+ R11 + R3// R8
(A. 1)

where V, N is the common mode input voltage and
R a //R b denotes the parallel connection of the two
resistors. In Equation (A. 1), R8 = R9, R3 = R10,

R 1 « R 1 1 . R9» R10, R3« R11, R8»R3

and -
R3

R4+2R6+ R3
«3 so it can be reduced to

V -3V R
R10

.

R9 V

C1 R10+ R11 + R3

which shows that the collector current of Q1
not affected by the common mode voltage.

The output voltage on the collector of Q2 is

(A. 2)

V, :V ,R12v c2 ^ v - i c2 rs i ^ (A. 3)

For zero differential input voltage, the collector

currents of Q1 and Q2 will be equal so Equation

(A. 3) becomes

Vr , = V
1

R12 V -3V F

R10
R9

V"

. (A. 4)R10+ R11 + R3

It is desired that this voltage be 3V BE so that the

output stage is just on the verge of switching with

zero input. Forcing this condition and solving for

R12 yields

R12= (R10+ R11 + R3)
V -3V F

V+ -3V H
.™ v

+

R9
v

(A. 5)

TERMINATION -

*4.1Sk

> 5k

S ri;

^ 5.0k

°'PI
^'—

<
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£ R16 <* R17

> 3k S 1.5k

R4 R5

S 320

FIGURE AT. Schematic Diagram of One Half

of the DS7820 Line Receiver
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This shows that the optimum value of R12 is

dependent on supply voltage. For a 5V supply it

has a value of 4.7 kH. Substituting this and the

other component values into (A. 4),

= 2.83V BE + 0.081 V+
,

(A. 6)

which shows that the voltage on the collector of

Q2 will vary by about 80 mV for a 1V change in

supply voltage.

The next step in the analysis is to obtain an

expression for the voltage gain of the input stage.

FIGURE A-2. Equivalent Circuit Used to Calculate Input

Stage Gain

An equivalent circuit of the input stage is given in

Figure A 2. Noting that R6 = R7 = R8 and

R2 = 0.1 (R6 + R7//R8),the change in the emitter

current of Q1 for a change in input voltage is

Al"= mlofl^h^) av 'n- <A - 7 >

Hence, the change in output voltage will be

AVOUT = al E2 R12

0.9a R2 R12
R1 (0.9 R2+ R E2 )

Since a = 1 , the voltage gain is

0.9R2R12

AV„

V1 R1 (0.9 R2 + R E2 )

The emitter resistance of Q2 is given by

V+
- 3V BE

(A. 8)

(A. 9)

(A. 10)

where lr

Rr-

R12
kTR12

q(V+-3V BE )

(A.

(A.

11)

12)

andTherefore, at 25 C where V BE = 670 mV
kT/q = 26 mV, the computed value for gain is

0.745. The gain is not greatly affected by tempera-

ture as the gain at -55°C where V BE = 810mV
and kT/q = 18 mV is 0.774, and the gain at 125°C

where V BE =480 mV and kT/q = 34 mV is 0.730.

With a voltage gain of 0.75, the results of Equa-

tion (A. 6) show that the input referred threshold

voltage will change by 0.11V for a 1V change in

supply voltage. With the standard ±10-percent

supplies used for logic circuits, this means that the

threshold voltage will change by less than ±60 mV.

Finally, the threshold error due to finite gain in

the output stage can be considered. The collector

current of Q7 from the bleeder resistor R14, is

large by comparison to the base current of Q8, if

Q8 has a reasonable current gain. Hence, the col-

lector current of Q7 does not change appreciably

when the output switches from a logic one to a

logic zero. This is even more true for Q6, an

emitter follower which drives Q7. Therefore, it is

safe to presume that Q6 does not load the output

of the first-stage amplifier, because of the com-

pounded current gain of the three transistors, and

that Q8 is driven from a low resistance source.

It follows that the gain of the output stage can be

determined from the change in the emitter-base

voltage of Q8 required to swing the output from a

logic one state to a logic zero state. The expression

kT
AV BE = —- log, (A. 13)

describes the change in emitter-base voltage re-

quired to vary the collector current from one

value, I C1 , to a second, l c2 . With the output of

the receiver in the low state, the collector current

of Q8 is

lr

V r V P V H

R17

VbE9
R15

VbE8 V be7
" R14 R13 '

SINK (A. 14)

where V |_
' s *ne 'ow state output voltage and

'sink ' s tne current load from the logic that the

receiver is driving. Noting that R13 = 2R14 and

figuring that all the emitter-base voltages are the

same, this becomes

V+ -V OL -2V BE V BE

R15R17

V RF

-2RT4
+ 's<nk- <A. 15)

Similarly, with the output in the high state, the

collector current of Q8 is

V H V R

R15

,

VJLE7
R13

R17

V BE8
R14

(A. 16)

where V OH is the high-level output voltage and

'source 's the current needed to supply the input

leakage of the digital circuits loading the

comparator.
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With the same conditions used in arriving at

(A. 15), this becomes

V
+
- VOH - 2V B

R17

2R14 ~ 'source

R15

(A. 17)

From (A. 13) the change in the emitter-base volt-

age of Q8 in going from the high output level to

the low output level is

AV R
kT

,

loge (A. 18)

providing that Q8 is not quite in saturation, al-

though it may be on the verge of saturation.

AV TH = - (A. 19)

The change of input threshold voltage is then

kT
,

Iol

QAV1 'oh

where AV1 is the input stage gain. With a worst

case fanout of 2, where VOH = 2.5V, V OL = 0.4V,

'source
= 4°!** and l SINK = 3.2 mA, the calcu-

lated change in threshold is 37 mV at 25 C,

24 mV at -55°C and 52 mV at 125°C.

The measured values of overall gain differ by

about a factor of two from the calculated gain.

This is not too surprising because a number of

assumptions were made which introduce small

errors, and all these errors lower the gain. It is also

not too important because the gain is high enough

where another factor of two reduction would not

cause the circuit to stop working.

The main contributors to this discrepancy are the

non-ideal behavior of the emitter-base voltage of

Q8 due to current crowding under the emitter and

the variation in the emitter base voltage of Q7 and

Q8 with changes in collector-emitter voltage (h RE ).

Although these parameters can vary considerably

with different manufacturing methods, they are

relatively fixed for a given process. The AV BE

errors introduced by these quantities, if known,

can be added directly into Equation (A. 18) to

give a more accurate gain expression.

The most stringent matching requirement in the

receiver is the matching of the input stage divider

resistors: R1 with R8 and R2 with R3. As little as

1% mismatch in one of these pairs can cause a

threshold shift of 150 mV at the extremes of the

±15V common mode range. Because of this, it is

necessary to make the resistors absolutely identical

and locate them close together. In addition, since

R1 and R8 do dissipate a reasonable amount of

power, they have to be located to minimize the

thermal gradient between them. To do this, R9

was located between R1 and R8 so that it would

heat both of these resistors equally. There are not

serious heating problems with R2 and R3; how-

ever, because of their low resistance value, it was

necessary even to match the lengths of the

aluminum interconnects, as the resistance of the

aluminum is high enough to cause intolerable mis-

matches. Of secondary importance is the matching

of Q1 and Q2 and the matching of ratios between

R11 and R12. A 1 mV difference in the emitter-

base voltages of Q1 and Q2 causes a 30 mV input

offset voltage as does a 1% mismatch in the ratio

of R11 to R12.

The circuit is indeed insensitive to transistor

current gains as long as they are above 10. The

collector currents of Q4 and Q6 are made equal so

that their base currents load the collectors of Q.1

and Q2 equally. Hence, the input threshold voltage

is affected only by how well the current gains

match. Low current gain in the output transistor,

Q8, can cause a reduction in gain. But even with a

current gain of 10, the error produced in the input

threshold voltage is less than 50 mV.

10-31



Driving 7-Segment Gas Discharge
Display Tubes with
National Semiconductor Circuits a
INTRODUCTION

Circuitry for driving high voltage cold cathode

gas discharge 7-segment displays, such as Sperry

Information Displays* and Burroughs Panaplex II,

is greatly simplified by a complete line of mono-

lithic integrated circuits from National Semicon-

ductor. These products also make possible reduced

cost of system implementation. They are: DS8880
high voltage cathode decoder/driver; DS8884A
high voltage cathode decoder/driver; DS8885

MOS to high voltage cathode buffer; DS8889
low power cathode driver; DS8887 8-digit anode

driver; DS8980, DS8981 latch/decoder/cathode

drivers.

In addition to satisfying all the displays' parameter

requirements, including high output breakdown

voltage, these circuits have capability of pro-

gramming segment current, and providing constant

current sinking for the display segments. This

feature alleviates the problem of achieving uni-

formity of brightness with unregulated display

anode voltage. The National circuits can drive

the displays directly.

Sperry Information Displays* and Burroughs Pan-

aplex II are used principally in calculators and

digital instruments. These 7-segment, multi-digit

displays form characters by passing controlled

currents through the appropriate anode/segment

combinations. The cathode in any digit will glow

when a voltage greater than the ionization voltage

is applied between it (the cathode) and the anode

for that digit. In the multiplexed mode of opera-

tion, a digit position is selected by driving the

anode for that digit with a positive voltage pulse.

At the same time, the selected cathode segments

are driven with a negative current pulse. This

causes the potential between the anode and the

selected cathodes to exceed the ionization level,

causing a visible glow discharge.

Generally, these displays exhibit the following

characteristics', low "on" current per segment—

from 200uA (in DC mode) to 1 .2 mA (in multiplex

mode); high tube anode supply voltage— 180V to

200V; and moderate ionization voltage-170V.

Once the element fires, operating voltage drops

to approximately 150V and light output becomes

a direct function of current, which is controlled

by current limiting or current regulating cathode

circuits. Current regulation therefore is most

desirable since brightness will then be constant

for targe anode voltage changes. Tube anode to

cathode "off" voltage is approximately 100V;

and maximum "off" cathode leakage is 3/jA to

5mA.

*Now called Beckman Displays

Correspondingly, specifications for the cathode

driver must be complimentary, approximately as

follows: A high "off" output breakdown voltage

80V minimum; typical "on" output voltage of

50V; maximum "on" output current of 1.5 mA
per segment; and maximum "off" leakage current

of 3uA to 5mA.

To allow operation without anode voltage regu-

lation, the cathode driver must be able to sink a

constant current in each output, with the output

(a) Cathode Driver Output Characteristic

1 1

Vcc = 5V -
TA = 26 C

z
OUTPUT OH-/

« 0.5 mA

\ 'tl
^ TYPICfl LOPERA riNG POINTS

"^--J
OUTPUT OFF : 1 S*

i — r

30 60 90

OUTPUT VOLTAGE (V)

1

(b) On Currents vs Temperature

1.04

20 3D 40 GO 60 70

t« ro

"on" voltage ranging from 5V to 50V (see Figure

1). The following is a brief description of the

circuits now offered by National:

DS8880 High Voltage Cathode

Decoder/Driver

The DS8880 offers 7-segment outputs with high

output breakdown voltage of 80V minimum;

constant current-sink outputs; and programmable

output current from 0.2 mA to 1.5 mA.
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Application

The circuit has a built-in BCD decoder and can

interface directly to Sperry and Panaplex II

displays, minimizing external components (Figure

2). The inputs can be driven by TTL or MOS
outputs directly. It is optimized for use in systems

with 5V supplies.

TO - MO VOCI

DfCOOER'DRlvER

FIGURE 2. DC Operation From TTL

The DS8880 decoder/driver provides for uncondi-

tional as well as leading and trailing zero blanking.

It utilizes negative input voltage clamp diodes.

Typically, output current varies only 1% for

output voltage changes of 3V to 50V. Operating

power supply voltage is 5V. The device can be

used for multiplexed or DC operation.

Available in 16-pin cavity DIP packages, the

DS7880 is guaranteed over the full military

operating temperature range of -55 U
C to + 125"C;

the DS8880 in molded DIP over the industrial

range of 0°C to +70°C.

DS8980, DS8981

The DS8980, DS8981 offer 7-segment and decimal

point outputs with high output breakdown voltage

of 80V minimum, constant current, programmable

from 0.1 mA to 4.0 mA and independent of the

Vcc voltage, latched BCD inputs and decimal

point input.

Application

The circuits have similar applications as DS8880.
The devices will operate with a power supply

range of from 4.75V to 15.0V. The input fall-

through latches are enabled by a high logic level

at the enable input for the DS8980, and by a

low logic level for the DS8981

.

Available in 18-pin molded dual-in-line packages,

and guaranteed over the commercial range of

0°Cto+70°C,

DS8884A High Voltage Cathode Decoder/Driver

The DS8884A offers 9-segment outputs with high

output breakdown voltage of 80V minimum;
constant current-sink outputs, programmable from

0.2 mA to 1.2 mA. It also offers input negative

and positive voltage clamp diodes for DC restoring,

and low input load current of —0.25 mA maximum

Application

DS8884A decodes four lines of BCD input and

drives 7-segment digits of gas-filled displays. There

are two separate inputs and two additional outputs

for direct control of decimal point and comma
cathodes. The inputs can be DC coupled to TTL.

(Figure 3) or MOS outputs (Figure 4), or AC
coupled to TTL or MOS outputs (Figure 5) using

only a capacitor. This means the device is usefu

in applications where level shifting is required. It

can be used in multiplexed operation, and is

available in an 18-pin molded DIP package.

Other advantages of the DS8884A are: typica

output current variation of 1% for output voltage

changes of 3V to 50V; and operating power supply
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voltage of 5V. Inputs have pull-up resistors to

increase noise immunity in AC coupled applications.

The DS8884A is guaranteed over the 0°C to

+70°C operating temperature range.

DS8885 MOS to High Voltage Cathode Buffer

The DS8885 features seven constant current-sink

outputs; programmable output current of 0.2 mA
to 1 .5 mA; high output breakdown voltage of 80V
minimum; and capability for blanking through

program current input. It operates from a +5V
supply.

Application

DS8885 is best suited for interfacing 7-segment

fully decoded MOS chips to digit displays. It is

also useful for driving polarity, overrange, and

decimal point segments.

DS8885 has 6 inputs and 7 outputs. Output c is

decoded internally; the other 6 outputs are directly

controlled by the 6 corresponding inputs. A typical

application of this device is interfacing between an

MOS calculator chip with 7-segment decoded

outputs (open-drain or push-pull) and Sperry/

Panapiex ll displays (Figure 6).

When the DS8885 is used to drive minus and

plus (polarity) cathodes, overrange, and decimal

points, output c should be tied to Vcc so it does

not saturate (Figure 7). This leaves 6 inputs and

6 outputs related one-to-one. The inputs can be

driven directly from TTL or MOS outputs.

"Ouiput may be paralleled tor cathodes requiring more current, providing the

corresponding inputs are also paralleled.

FIGURE 7. Polarity, Overrange, Decimal Point Driving

The DS8885 is available in 16-pin molded DIP
package, and is guaranteed over the operating

temperature range of C to +70°C.

DS8889 Low Power Cathode Driver

The DS8889 requires no power supply since

power is derived from program current. It offers

extremely low standby power—only 1 mW inter-

nally. Features include programmable output cur-

rents 0.3 mA to 1.7 mA; 8 constant current-sink

outputs; and input negative voltage clamp diodes

for DC restoring. Outputs have 80V minimum
breakdown voltage.

The device is suitable for multiplexed operation

from fully decoded chips and is capable of driving

decimal point segments simultaneously with nu-

meric segments.

Application

The DS8889 has 8 inputs and 8 outputs, and

interfaces directly between 7-segment decoded

MOS outputs and numeric display tubes (Figures

8 and 9). It is optimized for use in systems with a

limited number of power supplies.

I
(SEGMENT LINES,

'-^£

-er

FIGURE 6. Fully Decoded MOS Cathode Outputs
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The program input is characterized in terms of

input current, therefore any supply (greater than

5V) can provide proper operation by connecting a

single resistor to the program pin from the supply.

The DS8889, guaranteed for the 0°C to +70°C

operating temperature range, is offered in the 18-

pin molded DIP.

DS8887 8-Digit Anode Driver

The DS8887 interfaces directly to MOS chips

and operates from a -40V to -80V power supply.

The DS8887 can operate virtually any multiplex

display system requiring more output performance

from the MOS chip than is available (Figures 4, 6,

8 and 9). It has low input current and voltage

swing requirements but can drive up to 16 mA,

and exhibits -55V minimum output breakdown

voltage.

The DS8887 is available in the 18-pin molded

DIP package; and is guaranteed over the operating

temperature range of C to +70 C.
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INTRODUCTION

Digital systems generally require the transmission of

digital signals to and from other elements of the system.

The component wavelengths of the digital signals will

usually be shorter than the electrical length of the cable

used to connect the subsystems together and, therefore,

the cables should be treated as a transmissions line. In

addition, the digital signal is usually exposed to hostile

electrical noise source which will require more noise

immunity then required in the individual subsystems

environment.

The requirements for transmission line techniques and

noise immunity are recognized by the designers of sub-

systems and systems, but the solution used vary con-

siderably. Two widely used example methods of the

solution are shown in Figure 1. The two methods

UNBALANCED METHOD

LMJW52 < . .DM7400

BALANCED METHOD

-O
FIGURE 1.

illustrated use unbalanced and balanced circuit tech-

niques. This application note will delineate the char-

acteristics of digital signals in transmission lines and

characteristics of the line that effect the quality, and will

compare the unbalanced and balanced circuits perfor-

mance in digital systems.

NOISE

The cables used to transmit digital signals external to a

subsystem and in route between the subsystem, are

exposed to external electromagnetic noise caused by

switching transients from actuating devices of neighbor-

ing control systems. Also external to a specific sub-

system, another subsystem may have a ground problem

which will induce noise on the system, as indicated in

Figure 2.

HEAVY GROUND CURRENT

INDUCED NOISE ALONG CABLE ROUTE

GROUND PROBLEMS IN ASSOCIATED EQUIPMENT

FIGURE 2. External Noise Sources

The signals in adjacent wires inside a cable may induce

electromagnetic noise on other wires in the cable. The

induced electromagnetic noise is worse when a line ter-

minated at one end of the cable is near to a driver at the

same end, as shown in Figure 3. Some noise may be

FIGURE 3. Internal Noise Sources

induced from relay circuits which have very large tran-

sient voltage swings compared to the digital signals in the

same cable. Another source of induced noise is current

in the common ground wire or wires in the cable.
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DISTORTION

The objective is the transmission and recovery of digital

intelligence between subsystems, and to this end, the

characteristics of the data recovered must resemble the

data transmitted. In Figure 4 there is a difference in the

pulse width of the data and timing signal transmitted,

and the corresponding signal received. In addition there

is a further difference in the signal when the data is

"AND"ed with the timing signal. The distortion of the

signal occurred in the transmission line and in the line

driver and receiver.

TRANSMUTE
NRZ DATA_n

TRANSMITTED
TIMING

. n

UUUUUL
RECOVERED

DATA JL
FIGURE 4. Effect of Distortion

A primary cause of distortion is the effect the transmis-

sion line has on the rise time of the transmitted data.

Figure 5 shows what happens to a voltage step from the

driver as it travels down the line. The rise time of the

signal increases as the signal travels down the line. This

effect will tend to affect the timing of the recovered

signal.

DROP

]
TIME

FIGURE 5. Signal Response at Receiver

THE STEP RESPONSE OF A TRANSMISSION

LINE RESEMBLES A COMPLIMENTARY
ERROR FUNCTION RATHER THAN AN
EXPONENTIAL FUNCTION

FIGURE 6. Signal Rise Time

The rise time in a transmission line is not an exponential

function but a complementary error function. The high

frequency components of the step input are attenuated

and delayed more than the low frequency components.

This attenuation is inversely proportional to the fre-

quency. Notice in Figure 6 particularly that the signal

takes much longer to reach its final dc value. This effect

is more significant for fast risetimes.

The Duty Cycle of the transmitted signal also causes

distortion. The effect is related to the signal rise time as

shown in Figure 7. The signal doesn't reach one logic

level before the signal changes to another level. If the

signal has a 1/2 (50%) Duty Cycle and the threshold of

the receiver is halfway between the logic levels, the dis-

tortion is small. But if the Duty Cycle is 1/8 as shown in

the second case the signal is considerably distorted. In

some cases, the signal may not reach the receiver thresh-

old at all.

l/Z DUTY
CYCLE DATAJiiiruui

1/2 DUTY CYCLE

LINE RESPONSE '

1/8 DUTY
CYCLE DATAJl Jl

1/8 DUTY CYCLE
LINE RESPONSE^V" "^v

FIGURE 7. Signal Distortion Due to Duty Cycle

In the previous example, it was assumed that the

threshold of the receiver was halfway between the ONE

and ZERO logic levels. If the receiver threshold isn't

halfway the receiver will contribute to the distortion of

the recovered signal. As shown in Figure 8, the pulse

time is lengthened or shortened, depending on the

polarity of the signal at the receiver. This is due to the

offset of the receiver threshold.

DRIVER
INPUT

TIME

VRECEIVER

/\ s"^ RECEIVER
\/ -/" THRESHOLD

1 vy
RECEIVER
OUTPUT

POSITIVE PULSE

RECEIVER
OUTPUT

1
1

t
NEGATIVE PULSE

FIGURE 8. Slicing Level Distortion

UNBALANCED METHOD

Another source of distortion is caused by the IR losses

in the wire. Figure 9 shows the I R losses that occur in a

thousand feet of no. 22 AWG wire. Notice in this

o
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3
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3
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3

3
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o
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example that the losses reduce the signal below the

threshold of the receiver in the unbalanced method. Also

that part of the IR drop in the ground wire is common
to other circuits—this ground signal will appear as a

source of noise to the other unbalanced line receivers in

the system.

-tx

IR DROP GENERATES
GROUND LOOP NOISE

IR DROP SUBTRACTS
FROM NOISE MARGIN

FIGURE 9. Unbalanced Method

Transmission lines don't necessarily have to be perfectly

terminated at both ends, (as will be shown later) but the

termination used in the unbalanced method will cause

additional distortion. Figure 10 shows the signal on the

transmission line at the driver and at the receiver. In this

case the receiver was terminated in 12012, but the char-

acteristic impedance of the line is much less. Notice that

the wave forms have significant steps due to the

incorrect termination of the line The signal is subject to

misinterpretation by the line receiver during the period

of this signal transient because of the distortion caused

by Duty Cycle and attenuation. In addition, the noise

margin of the signal is reduced.

termination until it reaches its final dc value. In both the

rise and fall time diagrams, there are transient voltage

and current signals that subtract from the particular

signal and add to the system noise.

SIGNAL AT DRIVER

SIGNAL AT RECEIVER

40 mA IIMfc

FIGURE 11. Line Reflection Diagram of Rise Time

TERMINATOR

FIGURE 12. Line Reflection Diagram of Fall Time

AT RECEIVER B9

100 FT TWISTED
PAIR SHIELDED

SHU!
200 ns/DIV

FIGURE 10. LM75451, DM7400 Line Voltage Waveforms

The signal waveforms on the transmission tine can be

estimated before hand by a reflection diagram. Figure 11

shows the reflection diagram of the rise time wave
forms. The voltage versus current plot on left is used to

predict the transient rise time of the signal shown on the

right. The initial condition on the transmission line is an

IR drop across the line termination. The first transient

on the line traverses from this initial point to zero cur-

rent. The path it follows corresponds to the character-

istic impedance of the line. The second transient on the

diagram is at the line termination. As shown, the signal

reflects back and forth until it reaches its final dc value.

Figure 12 shows the reflection diagram of the fall time.

Again the signal reflects back and forth between the line

BALANCED METHOD

In the balanced method shown in Figure 13, the tran-

sient voltages and currents on the Tine are equal and

-tO

H>

f\ XXIJT
INPUT BALANCED LINE SIGNAL OUTPUT

THE GROUND LOOP CURRENT IS MUCH LESS THAN SIGNAL CURRENT

FIGURE 13. Cross Talk of Signals

opposite and cancel each others noise. Also unlike the

unbalanced method, they generate very little ground

noise. As a result, the balanced circuit doesn't contribute

to the noise pollution of its environment.
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The circuit used for a line receiver in the balanced

method isa differential amplifier. Figure 14 shows a noise

transient induced equally on line A and line B from line

C. Because the signals on line A and B are equal, the

signals are ignored by the differential line receiver.

Likewise for the same reason, the differential signals on

line Aand B from the driver will not induce transients on

line C. Thus, the balanced method doesn't generate noise

and also isn't susceptible to noise. On the other hand

the unbalanced method is more sensitive to noise and

also generates more noise.

SIGNAL ON LINE E

DlfFEHENCE SIGNAL (A -I

FIGURE 14. Cross Talk of Signals

The characteristic impedance of the unbalanced trans-

mission line is less than the impedance of the balanced

transmission line. In the unbalanced method there is

more capacitance and less inductance than in the bal-

anced method. In the balance method the Reactance to

adjacent wires is almost cancelled (see Figure 15). As a

result a transmission line may have a 60S~2 unbalanced

impedance and a 90H balanced impedance. This means

that the unbalanced method, which is more susceptible

to IR drop, must use a smaller value termination, which

will further increase the IR drop in the line.

oooA
oooo
OO GOOoooo
ooo

UNBALANCED

BALANCED ooo
OOQO
oooOooooo
ooo

FIGURE 15 Zq Unbalanced < Zq Balanced

The impedance measurement of an unbalance and balance

line must be made differently. The balanced impedance

must be measured with a balanced signal. If there is any

unbalance in the signal on the balanced line, there will be

an unbalance reflection at the terminator. Therefore, the

lines should also be terminated for unbalanced signals.

Figure 16 shows the perfect termination configuration

of a balanced transmission line. This termination method

is primarily required for accurate impedance measure-

ments.

UNBALANCED

>0

r

»^

^0

FIGURE 16. Impedance Measurement

MEASURED PERFORMANCE

The unbalanced method circuit used in this application

note up to this point is the unbalanced circuit shown in

Figure 1 . The termination of its transmission line was

greater than the characteristic impedance of the unbal-

anced line and the circuit had considerable threshold

offset. The measured performance of the unbalanced cir-

cuit wasn't comparable to the balanced method. There-

fore, for the following comparison of unbalanced and

balanced circuits, an improved termination shown in

Figure 17 will be used. This circuit terminates the line in

6012 and minimized the receiver threshold offset.

o
FIGURE 17. Improved Unbalanced Method

A plot of the Absolute Maximum Data Rate versus cable

type is shown in Figure 18. The graph shows the dif-

ferent performances of the DM7820A line receiver and

ALL WIRE #22 J_H. . 1

awg stranded!
_

r

DM782GA/DM7830
1/8 DUTY CYCLE

10 100 1000

LINE LENGTH (FT)

I GU R E 18. Data Rate vs Cable Type
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FIGURE 19. Data Rate vs Duty Cycle

100 1000

LINE TERMINATION RESISTANCE (OHMS)

FIGURE 20. Data Rate vs Line Termination

LINE LENGTH (FT)

FIGURE 21. Data Rate vs Distorion of

LM75452, DM7400

the DM7830 line driver circuits with a worse case 1/8

Duty Cycle in no. 22 AWG stranded wire cables. In a

single twisted pair cable there is less reactance than

in a cable having nine twisted pairs and in turn this

cable has less reactance than shielded pairs. The line

length is reduced in proportion to the increased line

attenuation which is proportional to the line reactance.

The plot shows that the reactance and attenuation has a

significant effect on the cable length. Absolute Maxi-

mum Data Rate is defined as the Data Rate at which the

output of the line receiver is starting to be degraded. The

roll off of the performance above 20 mega baud is due

to the circuit switching response limitation.

Figure 19 shows the reduction in Data Rate caused by

Duty Cycle. It can be observed that the Absolute Maxi-

mum Duty Rate of 1/8 Duty Cycle is less than 1/2 Duty

Cycle. The following performance curves will use 1/8

Duty Cycle since it is the worst case.

Absolute Maximum Duty Rate versus the Line

Termination Resistance for two different lengths of

cable is shown in Figure 20. It can be seen from the

figure that the termination doesn't have to be perfect in

the case of balanced circuits. It is better to have a termi-

nation resistor to minimize the extra transient signal

reflecting between the ends of the line. The reason the

Data Rate increases with increased Termination Resist-

ance is that there is less IR drop in the cable.

The graphs in Figure 21 shows the Data Rate versus the

Line Length for various percentage of timing distortion

using the unbalanced LM75452 and DM7400 circuits

shown in Figure 17. The definition of Timing Distortion

is the percentage difference in the pulse width of the

data sent versus the data received.

Data Rate versus the Line Length for various percentage

of timing distorition using the balanced DM7820A and

DM7830 circuit is shown in Figure 22. The distortion of

this method is improved over the unbalanced method, as

was previously theorized.

The Absolute Maximum Data Rate versus Line Lengths

shown in the previous two figures didn't include any

induced signal noise. Figure 23 shows the test configura-

tion of the unbalanced circuits which was used to

NEAR
ENDflECEIVEB

LINE LENGTH (FT)

FIGURE 22. Data Rate vs Distorion of DM7S20A, DM7830

B NEAR END
NOISE GENERATORS

FIGURE 23. Signal Cross Talk Experiment Using

DM75452, DM7400

measure near end cross talk noise. In this configuration

there are eight line drivers and one receiver at one end of

the cable. The performance of the receiver measured in

the presence of the driver noise is shown in Figure 24.
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Figure 24 shows the Absolute Maximum Duty Rate of

the unbalanced method versus lire length and versus the

number of line drivers corresponding to the test con-

figuration delineated in Figure 23. In the noise measure-

ment set-up there wes a ground return for each signal

wire. If there is only one ground return in the cable the

performance is worse. The graph shows that the effective

line length is drastically reduced as additional Near End

Drivers are added. When this performance is compounded

by timing distortion the performance is further reduced.

LINE LENGTH IFT)

FIGURE 24. Data Rate vs Signal Cross Talk of

LM75452, DM7400

Figure 25 shows the test configuration of the balanced

circuit used to generate worst case Near End cross talk

12 DUTY CYCLE

f f

<y
8 NEAR END GENERATORS

FIGURE 25. Signal Cross Talk Experiment Using

DM7830, DM7820A

noise similar to the unbalance performance shown in the

previous figure. Unlike the unbalanced case, there was

no measurable degradation of the circuits Data Rate or

distortion.

CONCLUSION

National has a full line of both Balanced and Unbalanced

Line Drivers and Receivers. Both circuit types work well

when used within their limitations. This application note

shows that the balanced method is preferable for long

lines in noisy electrical evironments. On the other hand

the unbalanced circuit works perfectly well with shorter

lines and reduced data rates. It should be kept in mind

that when you are spending $500,000 for a CPU and

$75,000 for peripherals, it pays to investigate the best

way to transmit data between them.

DEFINITION OF BAUD RATE

BIT RATE -

INTERVAL PER BIT T 2

BAUD RATE - -

MINIMUM UNIT INTERVAL T,

The data in this note was plotted versus Baud Rate.

The minimum unit interval reflected the worse case

conditions and also normalized the diagrams so that

the diagrams were independent of duty cycle. If the

duty cycle is 50% then the Baud Rate is twice the

Bit Rate.
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Simplify CRT Terminal
Design with the DP8350

INTRODUCTION

This application note is a description of a "low cost"

CRT data terminal card design, based upon National's

CRT Controller (DP8350) and 8-bit N-channel micro-

processor (SC/MP). The terminal has a minimum parts

count and implements all TTY functions. Even with this

minimum number of parts, the terminal provides some
"smart" features by efficiently utilizing the available

hardware. Screen scroll, RS-232C interface and adjustable

baud-rate (up to 1200-baud) are featured on the card.

Higher baud-rates are available on a word-by-word basis

if the RS-232-handshake signal is used. The design also

demonstrates use of 2 new microprocessor-interface

parts: the Asynchronous Communications Element

(ACE), for serial I/O; and the RAM Input/Output

(RAM I/O), for keyboard scanning and scratch pad

memory. A 2-kilobyte video RAM is implemented with

four 1024 x 4-bit, static RAM chips (MM21 14), and dot

generation uses the DM8678 5x7 Character Generator.

The card is self contained except for the CRT monitor

and power supply. It holds a keyboard and monitor-

interface circuitry. Monitors requiring separate video and
sync signals (Ball Brothers), and those requiring com-
posite video (Motorola) are accommodated.

System Architecture

Since system cost is typically somewhat proportional to

parts count, arriving at a minimum parts count solution

has been a goal throughout this design effort.

A full-blown CRT terminal is shown in Figure 1 and its

low cost counterpart in Figure 2. Adcress decoding details

are omitted in both cases.

Removing overhead circuitry shown in Figure 1, and

making use of the TRI-STATE® concept greatly facili-

tated the parts reduction effort.

Obviously, extreme time conflicts for communicating
on the system busses are created because all essential

parts require access. Let us investigate this problem a

little further.

Because the CRT Controller does the CRT display

refresh function, it must have access to a memory
containing current data for display. This memory may
be a shift register (octal, 80-bit line buffer in Figure 7)

which is loaded at the first video line in a character row
and then recirculated for the number of video lines in

that character row. Using such a line buffer allows the

microprocessor access to the system busses for more
.than 90% of the video time (screen time). On the other

hand, by removing the buffer, the refresh circuit needs

direct memory access (DMA) during video display time.

However, with the bidirectional data buffer and the

TRI-STATE address buffer in the system, the situation

is not yet too serious. (We are only preventing the

SC/MP microprocessor from updating video RAM data

or using the scratch pad during character display time.)

Instruction fetch (ROM) and keyboard scanning are

National Semiconductor
Application Note 198
Helge H. Mortensen

March 1978

still not affected. However, with the saving of the data

buffer and the address buffer, a well-organized "time

share" of the busses is required. How does this limited

bus access affect the time-critical features such as scroll

and high baud rate?

Scroll

Several scrolling methods may be implemented with the

CRT Controller. The most straightforward is a rewrite of

memory. This requires long processing time and bus

access and is not feasible with the minimum hardware

indicated in Figure 2. Sensing when the CRT is scanning

character-row 24 and then loading a new "row start"

requires additional overhead circuitry. An alternative

approach is to load a new "top of page" address for each

scroll and have the video RAM "wrapped-around" when
it is accessed by the CRT!

In the latter approach, the processor only has to clear a

row in video RAM and load a register in the CRT
Controller to perform a total-screen scroll. The only

problem remaining is handling the location of the

scratch pad in the video RAM address space. By using

the RAM I/O chip for a keyboard scanning and scratch

pad RAM, the problem is solved. An additional feature

for the software programmer is that the keyboard and

RAM are addressable within the reach of one 8-bit

index register.

Maximizing Communication Baud Rate

Assuming that the processor has bus access only during

the vertical blanking period and the ACE interrupt

service subroutine is executed in iess than this time,

only one received data word could be processed per

frame! The processor's task is to transfer the word
from ACE to scratch pad memory, check for terminal

or system control functions, write into the proper loca-

tions in video RAM and check the keyboard for "Break"

(BRK). A quick calculation reveals 60 bits/second as

the maximum baud rate! To improve communication

speed, the processor must have bus access during the

video frame scan time. Three of the 10 scan lines making
up a character row are blanked except during cursor

time. Using these three lines (minimum decoding

required) for processor bus access during video time

allows us to communicate at 1200 baud.

Note that the baud rate is limited by the frame rate in

the first approach; in the second approach, the limita-

tion is the real time required to execute the service

routine. The calculation is performed as follows. Esti-

mated execution time for service routine with 100%
availability of the bus is 2 ms. However, bus access is

only granted during 3 video lines in each character row
which is worth 192 ^is. In terms of video time, we need

10 character rows to finish the routine and be ready for

the next interrupt. Display time for 10 character rows is

6.4 ms, which in turn is the time interval for one 10-bit

word. This translates into a 1600-baud maximum capa

bility if scroll is not included in the service routine.
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FIGURE 1. System Block Schematic Using Line Buffer, Address and Data Buffer
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FIGURF. 2. System Block Schematic for the Low Cost Terminal
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Address Decoding

Holding parts to a minimum leads to a one ROM address

decoding scheme. However, this does not coincide with

minimum cost. Instead, 2 low-power Schottky MSI
devices replace the ROM in the final design.

Memory Address Space Utilization

A very simple decoding scheme is facilitated by parti-

tioning the processor memory space into 500-byte

pages. The detailed memory map is shown in Figure 3.

In addition, address bits 12 and 13 (multiplexed on the

data bus), are used to map four 4-kilobyte pages, with

the first page dedicated to processor peripherals and the

following 3 pages dedicated to register loading of the

CRT Controller. The 3 CRT Controller registers to be

loaded are "top of page", "row start" and "cursor".
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DISCUSSION OF SPECIFICATIONS

A device used to communicate with a computer is called

interactive if it has the following properties:

a. Data may be entered on a keyboard and sent to the

computer, which in turn echoes it back to the

display.

b. Data may be received from the computer and dis-

played; keyboard is scanned for "Break" (BRK)

entry by the operator of the system.

COMMUNICATIONS

*

The concept of an interactive terminal is illustrated by

the block diagram shown in Figure 4. To understand

this, follow the data from the keyboard to the display

and list the specifications for each block. An overall

terminal specification is depicted in Table I.

CRT DISPLAY

CRT
CONTROL

DDDDDDDDDDDDDD

oo

to

3

O
JO

3.
5"

9L

O
(D
to

<5"

3

FIGURE 4. Block Diagram of an Interactive Terminal

TABLE I. TERMINAL SPECIFICATIONS

Keyboard

Style Typewriter

Characters/code set 64/ASC 1

1

Cursor controls. 6

Keyboard encoder Software

Communication

Mode Full duplex, half duplex option

Technique Asynchronous

Communications protocol ASC II

Code ASC II

Bits/character 10/11

Speed, bits/second 1 1 to 1 200 ( 1 9,200 word-by-word)

Operator selectable speeds 4

Format Character

Terminal interface RS-232, 20 mA current loop

Display

Display positions, characters/d splay 1920

Display arrangement (line x characters) 24 x 80

Total display symbols 64

Symbol formation 5x7 dot matrix

Reverse video Cursor and whole screen

Scrolling Yes

Cursor type Block, reverse video

Cursor position Down, left, right, home and return, back space

o
Oo
00
W
o
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Keyboard

The keyboard is a copy of a standard teletypewriter

with two-key rollover. The 54 keys can be broken into

alphanumeric, punctuation, symbols, cursor control,

and system control keys. The processor scans the keys

at all times and translates any key closure into a unique

code (ASC II), which is sent to the input/output channel

for serial transmission to the computer. It should be

noted that the RAM I/O chip has the capability of

scanning 64 keys (8x8).

Communications

The input/output channel is based upon the Asyn-

chronous Communication Element (ACE). This inte-

grated circuit performs parallel-to-serial conversion of

the data received from the keyboard, and serial-to-parallel

conversion of data sent from the computer for display

on the screen. When the system is initiated (power-up),

the on-chip programmable baud generator is loaded with

the desired baud rate (switch selectable). Start, stop,

and parity bits are appended or deleted in this block of

the system, depending on the direction of data flow. All

control signals for the standard RS-232C interface are

likewise generated here. Standard electrical specifica-

tions for RS-232C and 20 mA current loop are met by
adding dedicated interface parts.

Display

After the data is received from the computer, it is stored

in the video RAM. The CRT Controller chip refreshes

the display at 60 Hz by sequentially addressing the video

RAM; 1920 addresses are generated to fetch data for

24 lines of 80 characters. The standard 64-character

ASC II set is displayed using a 5 x 7 dot-matrix block

for each character. Data is entered from left to right and

from top to bottom, until the screen is full. After that,

upward scrolling with top-line overflow and newly cleared

bottom line takes place automatically with line feed.

Software

A detailed flow chart of the software is shown in

Figure 5. It is set up to service 3 major functions:

a) initialize the system; b) scan the keyboard and c) ser-

vice the ACE upon interrupt request.

a. Initialization

The video RAM is cleared and the cursor is loaded

at the upper left corner of the screen. ACE is set

up with the desired baud rate and the interrupt

enable flag is armed.

b. Keyboard Scan

The keyboard is first checked for "Any Key Down"
status. If positive, the keyboard is scanned and the

binary code (ASC II) is computed by the program

and read to ACE.

c. ACE Interrupt Service Routine

When its receiver buffer is full, the ACE puts out an

interrupt request. The SC/MP immediately suspends

keyboard scanning and reads the buffer register. The
main portion of this routine is checking incoming

data for control functions and updating the video

RAM and the CRT Controller registers. It should be

noted that the need for executing this routine is the

limiting factor for high baud rate communications.

Hardware

The detailed hardware implementation is shown in

Figure 6. The CRT Controller grants the SC/MP micro-

processor bus access during blanked scanlines and

vertical blanking interval by logically OR-ing line counter

outputs with the vertical blanking pulse and using this

signal as a bus-available signal. The CRT Controller is

held off the bus by disabling the TRI-STATE address

output. This is done by applying logical "0" to the

RAM address enable pin of the CRT Controller, the

SC/MP then takes the bus as needed.

Sense-A of SC/MP is used as an interrupt request input

whenever received data is available in the receiver buffer

register of the ACE. The interrupt service routine is

executed during vertical blanking and "inactive" video

time as indicated above.

The keyboard is sensed for "Any Key Down" (under

program control) by reading Port-B of the RAM I/O

chip. Upon a positive result, the keys are scanned by a

special sequence for key identification and encoding.

Mechanical

A PC board layout and its assembly is shown in Figure 7.

Note that the keyboard is mounted directly on the card.
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A Low Component Count
Video Data Terminal Using
the DP8350 CRT Controller
and the INS8080 CPU
INTRODUCTION

The DP8350 is an l

2 L - LS technology integrated

circuit, designed to provide all control signals for a

cathode ray tube (CRT) display system. This application

note explains a system using the DP8350 and the

INS8080 microprocessor. The design philosophy shows
how the DP8350 interfaces to the INS8080, completing
the function of a video data terminal with a minimum
component count. After reading and understanding this

application note the reader will realize the ease and
flexibility of designing video terminals with the DP8350*.
To thoroughly understand this application note the

reader must be familiar with the DP8350 and the
INS8080 microprocessor.

The video data terminal described is divided into the

following sections, (Figure 1).

The DP8350 CRT controller (CRTC).

The 8080 mP system which includes ROM, RAM,
interrupt instruction port, oscillator, and control

support chips.

The character generator.

The communication element.

The keyboard and baud rate select ports.

THE CRTC

The DP8350 generates all the required control and
timing signals for displaying video information on the

video monitor. Here is a summary of the controller's

functions:

Dot clock, control,

character generator.

and counter outputs for the

Bidirectional RAM address refresh counter for

refreshing the video RAM and allowing microproces-

sor loading to the internal DP8350 registers.

Direct drive horizontal and vertical sync signal

outputs.

Direct cursor address location output. The cursor is

internally delayed or pipelined, allowing for the

access time of video RAM and the character generator
ROM, (Figure 1).

THE CPU

The microprocessor provides CRTC, operator, and ex-

ternal machine control for the system. When the CRT
controller is not actively refreshing the video RAM,
(i.e., during vertical retrace or blank scan lines), the

microprocessor is enabled for system housekeeping,
(Figure 2). This method of multiplexing the RAM with

*The DP8350 is equivalent to the INS8276

National Semiconductor
Application Note 199
Al Brilliott

August 1978 a
the CPU and the CRTC eliminates the need for line

buffers.

THE CHARACTER GENERATOR

The character generator consists of 3 elements: an

address latch to hold the input address to the character

ROM allowing for the access time of the ROM; the

character ROM that stores the ASCII character in a form
for parallel to serial conversion by the shift register;

the shift register converts the character ROMs parallel

output to serial form. The serial output from the shift

register is the true video output, modulating the video

monitors electron beam which writes characters on the

screen. All of the 3 elements of the character generator
are combined in the DM8678, (Figure 3). The DP8350
CRTC provides all the control signals for the DM8678.

THE COMMUNICATION ELEMENT

The INS8250 is the asynchronous communication
element (ACE) for the data terminal. The ACE allows

the CPU portion of the data terminal communication
with peripherals or host computers at the correct baud
rate, (Figure 1). The ACE is programmed by the CPU to

send and receive serial data at the standard baud rates

from 110 to 4800 baud. The ACE, in conjunction with

the DS1488 and DS1489 line drivers and receivers, also

provides full RS232C synchronous communication if

higher baud rates are desired. System communication
speed must always be considered to insure the baud rate

does not exceed the time required for the CPU to

process a data byte. Asynchronous communication
at baud rates higher than 4800 are possible by adding
a line buffer.

SYSTEM INITIALIZATION

Application of the terminal's power supply resets the

microprocessor, the communication element, and the

CRT controller. Resetting the ACE is necessary to clear

the interrupt. Resetting the CRTC is not absolutely

necessary since the microprocessor loads the cursor and
top of page registers in the initialization routine.

Following the reset all interrupts are disabled to avoid

unwanted interrupts from the CRTC, ACE, or I/O ports.

Refer to the initialization routine in the flowchart.

The stack pointer is loaded to the bottom of scratch pad
RAM (3FFFH) for use as the register save pointer,

(Figure 4).

The entire RAM is written with ASCII spaces generating
a cleared screen. After completion of the screen clear

loop the CPU writes 000H to the cursor and the top of

page registers in the DP8350 CRTC. The routine homes
the cursor to the upper left corner of the screen. The
top of page register was loaded with 000H, therefore,

the video RAM is refreshed by the CRTC from that

starting address to the last address on the screen of video
RAM (1920 characters).
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^SCAN LINE

CHAR NO. 1 / ^RETRACE CHAR NO. 80

r -

1
-

(000H) y ___X"

—
(04FH)

ROWX '

3 -

4 -

5 -

6

7 - == 7~\

CRTC ON
' CPU Hi Z

8
-

- 9 -

- -

1

Z

3

. -— —
/ I CRTC Hi-Z

/ j CPU ON

^A NEW ROW START INTERRUPT
NEXT OCCURS WHEN THE LINE COUNTER
ROW 5

6

7

8

OUTPUTS INCREMENT TO LINE 8.

THE DP8350 ROW START REGISTER
IS THEN LOADED WITH THE NEXT
STARTING ROW ADDRESS DETER-
MINED FROM THE NEW ROW START
LOOK UP TABLE IN RAM.

L 9

FIGURE 2. Row Start Interrupting and Multiplexing the INS8080 with the DP8350

ADDRESS

DB5 — LATCH

CHARACTER
ADDRESS
DECOOER

1/64

64
64X63
ROM

1

LATCH
0B4

DB3
LATCH

1

LATCH
OB2 —

1

LATCH
DB1 —

LATCH
OBO

CLOCK

7 7 7 7 7 7 7 7 7

CONTROL
5V

>

4-BIT

COUNTER

LINE LINE

1 2

LINE LINE LINE LINE LINE

3 4 5 6 7

MUX

LINE

8

LINE

9

1

EDGE-TRIGGER
GENERATOR

LINE

CLOCK c) 7

Q
r

7 BITSHIFT REGISTER
-. SERIAL VIDEO

I Y
, I

DOT LOAD
CLOCK ENABLE S

FIGURE 3. DM8678 Character Generator Block Diagram
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The CPU is ready to perform the communication element

(ACE) load routine. First, the baud rate divisor for the

ACE must be determined The baud rate select switch

is read providing a code which corresponds to the ap-

propriate 16-bit divisor for the ACE. This divisor

determines the baud rate at which the ACE will com-

municate. Any additional programming requirements

needed for the ACE to communicate with host computer

systems could also be done at this time. The software in

this system does not contain any additional programming

for the ACE. There are many programming modes

related to the ACE. Details of these modes are beyond

the scope of this application note.

The row start look-up table, (Figure 5), is loaded up by a

simple algorithm that loads and adds the data for

referencing a row number to that row's starting address.

The reference table, (Figure 61, is initialized next by

direct loading. This table provides the CPU with top of

page, bottom of page, next row load, cursor row, and

scratch row numbers for system housekeeping.

Finally, the new row start and vertical interrupt latches

are cleared, (Figure 7). The register pointers are loaded

and the CPU is forced in a wait loop with interrupts

enabled.

NON-SEQUENTIAL ADDRESSING

The data terminal described here was designed for

non-sequential starting row addressing. In many systems

sequential row addressing is used. If a character row

consists of 10 scan lines the RAM is addressed 10

repetitive times from 000H through 04FH, (Figure 2).

The next row is refreshed in the same manner from

050H to 09FH. The starting row address is sequential

000H, 050H, 0A0H-EB0H for row numbers OH, 1H,

2H,—2FH, respectively. Non sequential row addressing

would be equivalent to 050H, 000H, 0A0H-EB0H for

row numbers 1H, 0H,-2FH, respectively, (Figure 4).

In conjunction with the CPU, non-sequential row

addressing is quite easily accomplished with the DP8350

since this is one of the features designed into the part.

Accomplishing this task basically requires the following

sequence of events. Assume the CRTC has finished

writing a video row in the middle of the monitor's

screen. This system has a 5 x 7 character font in a 7 x 10

field, (Figure 2). At the completion of the last video

scan line 7 the CRTC line counters continue to count

the last 3 lines. Video is not present since the character

is only 7 scan lines high. The blank scan lines are 7, 8,

and 9 permitting the CRTC address outputs to be

TRI-STATED®, allowing the CPU to run. When the line

counter outputs increment to scan line 8 an interrupt

signals the CPU. The interrupt occurring is the new row

start interrupt. The interrupt routine fetches the next

CRTC row number from the reference table (Figure 6).

This number is converted to the new starting row

address, explained later, and loaded to the CRTC row

start register. The CPU finishes the routine by clearing

the interrupt, readying itself for the next new row start

interrupt. The entire routine takes 1 scan line of time,

approximately 64* /us. The CRTC continues to scan

the video RAM from that new starting address on

for th9 next 7 repetitive scan lines, of the next row.

Many advantages become apparent using the non-

sequential addressing scheme. Scrolling up or down

with the cursor always on the screen may be done

faster and easier from a hardware/software standpoint.

Exchanging one row with another row is fast since

it is not necessary to rewrite the video RAM. Row
swapping is useful for higher end terminals requiring

row editing functions.

ADDRESS MAP

1 1

D

5

04 F

2 2 A

3 3 F

A A J 4

5 5 1 9

6

7

6

7

1 E

2 3

8 8 2 8

9 9 2 D

10 A 3 2

11

12

B

C

3 7

3 C

13 D 4 1

14 E 4 6

15 F 4 B

16 I 5

17 1 1 5 5

18 1 2 5 A

19 1 3 5 F

20 1 4 6 4

21

22

23

24

25

26

1 5

6

6 9

6 E

7 3

7 8

7

8 2

VIDEO RAM
'

3840 CHARACTERS
80 RAM ADDRESSES

g
PER ROW BY 24 ROWS

1 A
2 PAGES OF VIDEO

27 1 B B 7

26 1 C 8 C

29 1 D 9 1

3D 1 E 9 6

31 1 F 9 B

32 2 A

33 2 1 A 5

34 2 2 A A
35 2 3 A f

36 2 4 B 4

37 2 5 B 9

3B 2 6 B E

39 2 7 C 3 4096

40 2 8 C 8 BYTES

41 2 9 COO RAM

42 2 A D 2

43 2 B 7

44 2 C C

45 2 D E 1 LAST CHARACTER
46 2 E E 6 IN VIDEO RAM
17 2 F E B E FF

F 00

NEW ROW START
LOOK UP TABLE

F5F

F 60
REFERENCE

TABLE
BOTTOM OF
REF TABLE

TOP OF
SCRATCH

SCRATCH

FF F

3 O
3

FIGURE 4. RAM Organization
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MEMORY REFERENCE TABLES
Page 2

ROW
NUMBER

NRSHIGH NRS LOW

ADDRESS
ROW
DATA

ADDRESS
ROW
DATADEC HEX

3 F 3 3 F 3

1 1 3 F 1 3 3 F 3 1 5

2 2 3 F 2 3 3 F 3 2 A

3 3 3 F 3 3 3 F 3 3 F

4 4 3 F 4 3 1 3 F 3 4 4

5 5 3 F 5 3 1 3 F 3 5 9

6 6 3 F 6 3 1 3 F 3 6 E

7 7 3 F 7 3 2 3 F 3 7 3

8 8 3 F 8 3 2 3 F 3 8 8

9 9 3 F 9 3 2 3 F 3 9 D

10 A 3 F A 3 3 3 F 3 A 2

11 B 3 F B 3 3 3 F 3 B 7

12 C 3 F C 3 3 3 F 3 C C

13 D 3 F D 3 4 3 F 3 D 1

14 E 3 F E 3 4 3 F 3 E 6

15 F 3 F F 3 4 3 F 3 F B

16 1 3 F 1 3 5 3 F 4

17 1 1 3 F 1 1 3 5 3 F 4 1 5

18 1 2 3 F 1 2 3 5 3 F 4 2 A

19 1 3 3 F 1 3 3 5 3 F 4 3 F

20 1 4 3 F 1 4 3 6 3 F 4 4 4

21 1 5 3 F 1 5 3 6 3 F 4 5 9

22 1 6 3 F 1 6 3 6 3 F 4 6 E

23 1 7 3 F 1 7 3 7 3 F 4 7 3

ROW
NUMBER

NRSHIGH NRS LOW

ADDRESS
ROW
DATA

ADDRESS
ROW
DATADEC HEX

24 1 8 3 F 1 8 3 7 3 F 4 8 8

25 1 9 3 F 1 9 3 7 3 F 4 9 D

26 1 A 3 F 1 A 3 8 3 F 4 A 2

27 1 B 3 F 1 B 3 8 3 F 4 B 7

28 1 C 3 F 1 C 3 8 3 F 4 C C

29 1 D 3 F 1 D 3 9 3 F 4 D 1

30 1 E 3 F 1 E 3 9 3 F 4 E 6

31 1 F 3 F 1 F 3 9 3 F 4 F B

32 2 3 F 2 3 A 3 F 5

33 2 1 3 F 2 1 3 A 3 F 5 1 5

34 2 2 3 F 2 2 3 A 3 F 5 2 A

35 2 3 3 F 2 3 3 A 3 F 5 3 F

36 2 4 3 F 2 4 3 B 3 F 5 4 4

37 2 5 3 F 2 5 3 B 3 F 5 5 9

38 2 6 3 F 2 6 3 B 3 F 5 6 E

39 2 7 3 F 2 7 3 C 3 F 5 7 3

40 2 8 3 F 2 8 3 C 3 F 5 8 8

41 2 9 3 F 2 9 3 C 3 F 5 9 D

42 2 A 3 F 2 A 3 D 3 F 5 A 2

43 2 8 3 F 2 B 3 D 3 F 5 B 7

44 2 C 3 F 2 C 3 D 3 F 5 C C

45 2 D 3 F 2 D 3 E 3 F 5 D 1

46 2 E 3 F 2 E 3 E 3 F 5 E 6

47 2 F 3 F 2 F 3 E 3 F 5 F B

FIGURE 5. New Row Start Look Up Table

FUNCTION ADDRESS DATA
INITIALIZED

DATA
Last Row # 3F60 XY 17

8080 Row H 3F61 XY 00

First Row # 3F62 XY 00

Character # 3F63 XY 00

CRTC Row # 3F64 XY 00

Row Save # 3F65 XY 00

Temp. 1 3F66 XY 00

Temp. 2 3F67 XY 00

FIGURE 7. Input/Output Space

FIGURE 6. Reference Table

DEVICE ADDRESS*

ROM
RAM
CRTC

ACE

0000 to OF FF

3000to3FFF

5000to5FFF

9000 to 9007

ROW NRS HIGH NRS LOW
NUMBER

ADDRESS
ROW
DATA

ADDRESS
ROW
DATADEC HEX

32 2 3 F 2 3 A 3 F 5

Direct device selecting was used

to minimize the system component
count

FIGURE 8. CPU Addressing Space

Row Start Address
|

lor Row 20H.

3XXX Selects RAM.

5XXX Selects CRTC.

FIGURE 9. Example From the New Row Start Look Up Table
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ROW LOADING DETAILS

Obtaining the next starting row address for the CRT
controller is accomplished by an addressing and adding

scheme from the new row start look-up table. The same

scheme is used to determine any needed address, given

the row number.

Figure 9 shows a row number and address taken from

the new row start look-up table.

the transmitter holding register in the ACE. The ACE
proceeds to shift out the data byte, with the appropriate

start and stop bits, serially from the (SOUT) output.

The data is shifted to the serial input (SIN) of the ACE
and loaded into the receiver holding register. When the

register is full the ACE interrupts the CPU, initializating

the ACE service routine. Refer to the ACE interrupt in

the flowchart.

The row number is loaded from the reference table in

RAM to a register. The CPU determines the starting

address from the row number and stores it in a 16-bit

pointer register. The higher order 4 bits contain address

for the RAM or the CRT controller, (Figure 8).

Here are the details of how this is accomplished. Refer

to the new row start interrupt in the software listing and

Figure 9.

The CPU D-E registers are loaded to point to a row

number in the reference table. The number is put in the

accumulator and moved into the E register. The D-E

register in this example now contains 3F20 which points

to NRS HIGH ROW DATA (3A). The addressed data is

moved to the accumulator and then to the H register.

If it was desired to point to the CRTC then 20H would

have been added to it first. The D-E register still con-

tains 3F20H. To obtain the NRS LOW ROW DATA the

E register is moved to the accumulator and 30H is added

to it. Now the D-E register contains 3F50H and points

to NRS LOW ROW DATA (00H). The data is loaded to

the accumulator and then to the L register. The H-L

registers contain 3A00H which is the starting row address

for row number 20H. The method just described is used

throughout the terminals program to move the cursor,

load the top of page, and load the new starting row

address in the CRTC.

VERTICAL INTERRUPT

The vertical interrupt occurs when the CRTC has

completed refreshing a video page (1920 characters)

of information. Vertical blanking identifies that condi-

tion and interrupts the CPU forcing it to the vertical

interrupt routine. Refer to the vertical interrupt in the

flow chart. The routine moves the first row number to

the CRTC row number, updating it so the next new row

start toad occurs with the top of the page address or the

first row of the video screen.

KEYBOARD INTERRUPT

The CPU reads the receiver holding register in the ACE.

Reading the ACE resets the interrupt. The data byte

now resides in the accumulator. The CPU tests for a

control or an escape function. The function is executed

if test conditions are met. Refer to the keyboard interrupt

routine in the software listing. The data byte is written

to the video RAM at the cursor address which appears

on the monitor screen. The cursor and character numbers

are incremented as long as it is not at the end of a row.

A character at the end of a row requires further testing

to recognize the following situations. Is it the last row

on the monitor's screen? Or is it on the maximum row

of the video RAM? Essentially, the cursor is forced to

stay visible on the video monitor's screen and video

RAM is always kept out of scratch pad RAM, (Figure 70).

SCROLL DOWN

THE CPU KEEPS
THE CURSOR
ALWAYS ON THE
VI0E0SCREEN

The video screen is allowed to scroll only through the video

RAM (000H to EFFH). The CPU keeps the video screen within

these bounds by loading the new row start register with that

address range only (row 00H to 2FH).

FIGURE 10. Drum Analogy for the RAM

The external keyboard requirements are ASCII outputs

with a suitable strobe to interrupt the CPU for keyboard

servicing. Refer to the keyboard interrupt in the flow

chart. After the keyboard buffer is read the data byte

is tested for a (CNTL E), new baud rate command. If the

test fails the CPU writes the data byte to the ACE.

Passing the test forces the CPU to read the baud switch

and load the ACE with the new baud rate.

ACE INTERRUPT

As mentioned above, a data byte read from the keyboard

that is not a baud rate command enters the accumulator.

The CPU writes the data byte from the accumulator to

FULL/HALF DUPLEX OPERATION

The data terminal and a host computer in the full

duplex mode of operation would receive the serial in-

formation, process it, and send it back to the SIN

input of ACE. Using the terminal in a stand-alone

mode for testing, the serial out SOUT is tied to the

serial in SIN of the ACE. In the half duplex mode

a data byte is sent to the host computer at the same

time it is sent to the terminal. When the data terminal

is set up to communicate with a host computer the

full duplex mode of operation is desirable.

10-57



DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART

Initilization Keyboard Interrupt

START

LOAD STACK
POINTER

CLEAR RAM

T
HOME CURSOR
TO TOP OF

PAGE

I
LOAD ACE

WITH BAUD RATE

T
INITIALIZE NEW ROW
START LOOK UP

TABLE

T
INITIALIZE

REFERENCE
TABLE

T
CLEAR

INTERRUPT
LATCHES

I
StET POINTERS

ENABLE
INTERRUPTS

( WAIT LOOP
J

( RETURN
J
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DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued)

New Row Start Interrupt

INCREMENT TO

NEXT ROW =

SAVE THE R0W =

I
RESTORE 8080

REGISTERS

I
ENABLE

INTERRUPTS

f RETURN
J

ZEROCRTC
R0W =

Vertical Interrupt

T
SAVE 8080

REGISTERS

I
MOVE FIRST ROW =

TOCRTCROW =

I
GETCRTC ROW =

ADDRESS

LOAD TO CRTC
TOP OF PAGE
REGISTER

I
RESTORE 8080

REGISTERS

I
( RETURN j

(O
(0

c>
v> _^r^
5 o
<Q^
I-*

JO
<D o
o3
OT3
ooo
w3
yi<5od
oo
DOOHC
o3-
§<
~S-
o 5= o
So
u%
3 Q)

a H^ n>
=r Aog

oo
o
oo
o
O
-a
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DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued)

ACE Interrupt

I
( RETURN )

/ MAX ROW N.

\ F0R )\ VIDEO RAM? /
YES^ ZERO 8080

ROW =

1 NO

INCREMENT
8080 ROW 4

' '

GET 8080
ROWaAODRESS

ZERO CHARACTER

INCREMENT FIRST
ROWs

ZERO LAST
ROWS

ZERO FIRST

ROW*
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SO 003 B 21003
003E 0E20

'•'' 0040 3E3F

:«4

;<5 004'' EC:

0045
004 S OEOO

3F: 004A 3E40

40 0O4D 23
• 1 004E en

00 4F C24CC
00? 2 CB67C

44 OOPS CD93i:

TITLE CRTC .

TIONAL SEMICONPU

FIR TRu =

CRTl ROW =

AVE =

TEMF

SADLE I NT ERR'

I E> BO ITERUI

, VERTICAL INTERUt
. 1ST ROM ADDRESS
. AS'! I I SPACE INTi

. MAI RAM ADDRESS
, AS'E I I SPACE INTi
. next ram aporet

. IF I

' A.DDR

THEN NEX'

136 00F2 115400 BIS

139 OOFS C31C01
140 OOFS 1 14CO0 E2(.

1 126. I161 i

162 0123 715

163 0129 02
164 012fl OEO"
165 012C 79
lit 01 2D 02
167 012E OE01
168 OK
169

49 OOSB 1 130:;

BAUD LOAD ROUTINE 178
1MR

FE05
CA93

GENERATION 180 FE12
161 )140 CA48

S HIGH ADDRESS
S LOW ADDRESS
S ADDRESS DATA 194 -I14S 02

aceld
D, 000 7 E

ACELD

ACELD
D, 00O1C
ACELD
D, OOOiF
ACELD
D. 0002A
ACELD

ACELD

ACELD

BAUD DIVISOR

i BAUD DIVISOR

' BAUD DIVISOR

J BAUD DIVISOR

i BAUD DIVISOR

i BAUD DIVISOR

) BAUD DIVISOR

> BAUD DIVISOR

, POINT B C TO ACE
, INIT BAUD LOAD - 8 BIT
, DO INIT BAUD LOAD
, POINT TO BAUD HIGH
.
GET BAUD HIGH

.
STORE BAUD HIGH TO ACE

, POINT ACE TO BAUD LOW
,
GET BAUD LOW

.
STORE BAUD LOW TO ACE

. RESET DLAB TO 2ER0

.INIT ACE T'R

. RUT TO ACE
, INTERRUPT ENABLE REG
.SELECT RECEIVED W>TA I

. LOAD IT

.RESTORE B-C ACE FOINTE
|RE D-E REGISTERS

RETURN

. READ C.EVDOARD

. ENABLE INTERRLi

. NEED BAUD RATE

54 0064 C650
55 0066 4F
Si 0067 7S
57 0068 CEOO
5£ 0O6.0 47
59 006B It
60 006C 1C
61 006D 7B
62 006E FE60

64
REFERENCE TAB.E

; AC I READY FOR NEX"

, INCREMENT N R S LOW ADD
. N R S ADD LOW TO AC

C

. MAX TABLE ADDRESS

STORE OfiTO BYTE

.JMP BAi

HOME AND CLEAR CNTL

i;ARRA<"'E RETURN

100 0096 E60F

J (-rt 009D FE01
104 009F CftDftOC

| (,/.. 00A4 CAEOO
107 00A7 FE03
ioe O0A9 CAE60

1 10 OOAE CAECOi

i BAUD ROUTINE

BAUD ROUTINE

) BAUD R<

>0 BAUD I

. CLEAR ROW i

, RING BELL '

. INVERT ME<

. INVERT ROW

. RETURN

OOBD CAFEOO

1 1 9 00C5 FE09 CP I

120 00C7 CAOflOl JZ E:4SO0

121 OOCA FEOA CR I

C A 1 00

1

J 2 B7 20C

1 '3 OOCF FEOB CFI OC'B

1^4 O0D1 CO 1 601 JZ

125
126 , BAUC RATE SET 1.

127
12S 0OD4 116.305 El 10 LXI D. 00=./-.?.

129 0007 CSKOl IMF' ACELD
130 OODA 1 lF.iO'J Bl 50 LXI
131 OODD C31C01 JMF' ACELD
132 OOEO 11F901 BSOO LXI D. OijiF 1 "'

133 OOE3 C31C01 .JMP ACELD
134 OOE6 1 IF000 BtOO LXI D. OODFC

1 1
i EAUD DIVISOR
TO A'"E LOAD R

1 BAUD DIVISOR

:< i BAUD DIVISOR

< BAUD DIVISOR

01BA D6.
01 EC 67
01 ED C9

(Continued on page 10-64)

.CURSOR REGISTER SElEC T

.
H REG iET BACI TO VrDIO RAM

. ADDRESS

UINT D, E TO LASTROI
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O
O
00
o
00

FEATURES
Keyboard input port

Serial I/O up to 9600 baud

4k bytes RAM
Ik byte ROM

2 video pages

) x 24 characters

5x7 character font, 7>;10

field size

Block cursor

Single crystal

Maximum CPU time/frame

without line buffers

Line or page scroll capa-

bility

Full cursor control

Complete software f-exi-

bility

Modem control capability

Low component count

Field reverse

Clear screen, clear row,

home and clear

Row swap (row inter-

change)

VIDEO DATA TERMINAL SYSTEM SCHEMATIC

> 9 | EPROW
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266 01CF CD8302 LOOPS

:

TALL LDHL 1

267 01D2 CP3B03 CALL CLR0W2
268 01D5 El POP
269 01D6 09 RET
270
271 01D7 3E00 ROZERO. 11V

I

272 01D9 C3CF01 JMF LOOP5
273

275
276 01PC 1E60 MVI E. LASTROW
277 01DE 1A LDAX
27S 01DF ED
279 OlEO 23 IMS
280 01F1 BE CMP M

281 01E2 CAO502 ,JZ SCROLL
Z82
283 ; I NCREMENT 8O80 R

284
285 CUES 3E2F 1 NCRO MVI A, 02F
286 01E7 [:E CMP
287 CUES CAFBU1 JZ 2 ROW
288 01 EB 34 INF'

289 01 EC EE!

290 01ED 1E61 MO I

291 01EF CDS:'02 CALL LDHL
RET

, ZERl CHARACTER
295

Z C HAR MVI
2"?7 01F5 82633F 3TA

F-C UR
299
300 . ZERC
301
302 OlFB St 00 Z ROW MVI
30-3 01FD 2E0U MV1
304 01 FF 56 D. M

305 0200 2E?0 P1VI L, 30

306 0202 5E E. m
307 0203 EE

3 1

RET

. ROW = TRuLL

312 0205 2E SCROLL DUX
313 0206 3E2F MVI
314 0208 BE
315 0209 Cfilvnl' JZ ZLRO
316 0200 34 INR M
317
318
319
320 020D 2E62 ROLO MVI L, F IR3TRC
321 020F BE
322 0210 CA1E02 JZ ZFRO
323 0213 34 INR
324 0214 2E61 MVI L, R0WS08C
325 0216 C3E501 I NCRO
326

329 0219 36 (>0 ZLRO My i

330 021B C30D0Z ROLO
331

333 021E 3600 ZFRO My I

334 0220 2E6 1 MVI
335 0222 C3E501 .IMP I NCRO
336
337 . NEW ROW star; IN TERPUP

33^ 0225 F5 NFWRu PL ISH F3W
340 0226 E5 F'USH H

341 0227 D5
342 0228 1 1643F LXI
343 0220 1A LDAX D
344 022C 5F MOV E: A

345 022D 1A LDAX D

346 022E C620 AD I

347 0230 67 MOV H, A

348 0231 7E A, E

349 0232 C630 AD I

350 0234 5F MOV E, A
LDAX D

352 0236 6F
353 0237 3601 MVI M, 001
354 0239 D340
355 023B 1E64 MVI E, LRU. RCH.

LOAD ROW ZERO

POINT D-E REG TO LAST ROW
PUT LAST ROW # TO Arc
EXCHANGE H-L U I T(jl D-E

OMFARE LAS'

380 0255 1E6-

389 0262 5F

IF TRUE SCROLL

;0W IF TRUE

.OR ROUTINE

027D 1A
; 027E 1E65-

0280 12

4^7 028B 6F

0295 CD8202

H 1 OH 437 029B 85
DATA H OH TO D REG 4 36 029C 6F

439 029D 7C
W TO E REG 440 02«E CEOO

E H--L ITH D-E 441 O-iAO 67

. INCREMENT TO NEX"

INCREMENT ROW I

I h 3 DATA ADD HIT

458 02B7 CDS.
459 02BA 226i

68 02C9 Ch
69 02CE 5F
70 02K 751i

72 02CE ?A
73 02D1 IP

74 02D3 1A

02 DA 5F
02DB 7D
02DC 1

2

02E0 1E63

498 02EE 3E4F

, CARRAGE RETURN

MVI E. CHARNI .. POINT D-E TO CHAR I

SAVE ACC AND

'CUNT D-E
UPDATE. CR-
REMOVE MA!

STORF TOF' OF PAGE

. RESTORE ACl

MOV
RET

L A

. LINEFE ED

CALL
CALL
MVI F

_ROW
ROW

t, FIRST

THE BEGINNING OF 1

.. POINT D-E 10 SijBO ROW*

POINT D-E TO ROW SAVE
.STORE ROW SAVE # IN REF TAB'

, RETURN

.POINT D-E TO N R 3 DATA 1

, ROW # TO N R S DATA LOW
. ROW # TO L REG
. RETURN

DO NEXT ROW SUBROUTINE
OFF SCREEN CLEAR ROW ROUTINE

: MOVF REFERENCE ROW It TO H-L
. LOAD H-L
, CHAR II TO ACC
, ADD THE CHAR « TO THE
, FIRST ROW ADDRESS
. IF A CARRY OCCURED ADO TO
, THE DATA HIGH.
.H-L POINTS TO LINE FED ROW
.Pi.ir CURSOR TO LINE FED ROW

. MOVF REFERENCE I

. POT CHAR * EACV-'

. TO ZERO

NT D-E TO R01 SAVE It AND

T D-E TO SOSO ROW W AND
ADDRESS IN H-L REG
IT D-E TO ROW SAVE It AND

PO NT THE i-F RFi- T CHAR M
AND P IT IN Ai-

TF ^
Zt IP

L'E RE ME NT *

iF'F DEr ft EMENTEI AR #

\>v ^ NEW C

PU '- IRSdR IN DEL REMENTED LC

Ml"' Jt THE C

u "i. H ANE '-

T

iRt 1 I

i 8080 ROW I

i ROW 4S ROUTINE

, POINT H-L TO NEW CURSOR LOCA
. AND D-E TO SiJgn ROW «. JUMP
, TO ADD CHARACTER ROUTINE

, F'UT FIRST ROW # INTO ACC
.TEST IF FIRST ROW II IS = TO
. ZERO IF TRUE JUMP TO ROW
. 4i ROUTINE

ioeo ROW *
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534 03 IE 3E2F R048 mvi A, 02F CHANCE 8060 ROW •
535 0320 77 MOV M, A TO 23D AND STORE
536 0321 C30 1 03 JMP L00P1 JUMP TO POINTER EXCHANGE
537
538 0324 3E2F FR048 MVI A. 02F
53? 0326 77 mov M. A
540 0327 C30P03 JMF LOOF'2
541
542 032A 3E2F LR048 MVI A, 02F PUT THE 1ST ROW TO
543 032C 77 MOV 17H
544 0320 C31803 JMF LOOP.:-: JUMP TO 8080 ROW * STORE
545
546 ; CLEAR ROW ROUTINE
547
548 0330 CD3603 CLROW r AL L CLROW

1

549 0333 C36E02 JMF CR
550
551 0336 1E61 CLROW

1

MVI E, ROWB080
552 0338 CDS 20

2

CALL LDHL PUT ROW DATA IN H-L REG
553 033B 3E50 CLR0W2. MVI A, 050 INTILIZE LOOP COUNTER.
554 033

D

L00P4 MVI M. 020 STORE ASCII SPACE IN MEM
555 033F 3d OCR DECREMENT LOOP COUNTER.
556 0340 HZ RETURN IF ZERO BIT IS SET
557 0341 NEXT LOCATION
558 0342 C33D03 JMF1 LOOP 4 CLEAR NEXT LOCATION
559
560 0345 D301 BELL OUT RING BELL
561 034/ RET
56.2

563 0348 AF IVERTN XRA
564 0349 1E68 MVI E, IMASK POINT D. E TO MASK
565 034B 1A LDAX D
566 034C 17 RAL CK BIT 8 STATUS
567 034D DAS 20

3

JC RESET
568 0350 3E80 INVERT BIT S
569 0352 12 RESE 7 STAX D STORE OUT VEW MAS*'
570 0353 09 RE-
571
572 0354 E5 IVERTR PUSH
573 355 1E61 E. ROWSOSO
574 0357 CD8202 CALL LDHL LOAD 1ST ADO OF S080R0W
575 035A 1E50 E. 050 SET COUNTER
576 035C 7E L00P6 MOV A. M GET CHAR
577 035D 17 RAL C:K BIT S S T OTUS AND INVER
578 035E DA700; JC RESET 1

57? 0361 IF RAR
580 0362 F680 OR! oeo MASL PIT S HIGH
581 0364 77 BACK2 STORE MOD CHAR TO MEM
582 0365 IN* POINT TO NEXT MEM
583 0366 7B A. E
584 0367 FEO 1 CFI 00

1

585 0369 JZ DONE RETURN TF COr.'rvr = ZERO
586 036 C ID DCR E DEC COUNTER
587 036D L00P6
588

A 0007 ACELD one ADCUR 0161 ADDCH 0298
6 0000 E110 00D4 B1200 OOEC B150 OODA
B 1 800 OOF 2 B2000 00F8 B2400 OOFE B300 OOEO
B3600 84800 010A B600 00E6 B7200 0110
B9600 0116 BACK 0083 BACK1 02FB BACK 2 0364
BAUD 0093 BELL 0345 6S 02E0 C 0001
CHARNU 0063 CLRAM 0042 CLRAM1 004C CLROW 0330
CLROW

1

03 36 CLR0W2 033B CLR0W3 01C4 CR 02 6E
CRTCRC 0064 D DONE 0376 E 0003
FIRSTR 0062 FR048 0324 0170 0004
HnCUR 0087 HOME 02A4 I MASK 0068 INCRO 01E5
INIT 003B INTACE 0140 INTKB 0136 IVERTN 0348
IVERTR 0354 L 0005 LASTRO 0060 LDHL 0282
LDHL1 0283 LF 028D LOOF 0244 L00P1 0301
L00P2 030F LOOP 3 0319 L00P4 033 D LO0P5 01CF
L00P6 035C LR048 NEWRO
NRS 006 1 NXRO 01 BE NXR01 01 DC PCUR 1 B3
PSW RESET 352 RESET

1

0370 R048 03 IE
ROLO 0200 R0W8O8 0061 ROWSAV 0065 ROZERC 01D7
SAVRO 027E SCROLL 0205 SP 0006 START 0000
SWAP 02B5 TEMPI TEMP2 0067 * UFCUfi 02F1
UPROU 02EE UFSCL 0308 VERT I ZCHAR 1 F 3
ZCRTC 02 4A ZFRO 02 IE ZLRO 0219 ZROW 01FB

NO ERROR LINES
SOURCE CHECKSUM = 403F
OBJECT CHECKSUM
INPUT FILE 1 CRT 80

A

JIMFM
OBJECT FILE 1 CRTSOA LM ON _ IMFM

i 0376 El
1 0377 C9
> OOOO

DEFINITIONS

ACE — Asynchronous communication element

CRTC — Cathode ray tube controller

Video Page — Visible screen data

Video RAM — Entire portion of RAM used only

for display

First Row # — Address for top row of video page

Last Row # — Address for bottom row of video page

CRTC Row # — Address for next row load

8080 Row # — Address for cursor row
Character # — Character location in a row
XXXH are hexidecimal numbers

REFERENCES

National Semiconductor Data Sheets:

DP8350 Series Programmable CRT Controllers

INS8250 Asynchronous Communications Element

DM8678 Bipolar Character Generator

INS8080 Assembly and Reference Manuals

National Semiconductor Application Notes:

Simplify CRT Terminal Design with the DP8350,

AN-198

DM8678 Bipolar Character Generator, AN-167

Data Bus and Differential Line Drivers and Receivers,

AN-83

Transmission Line Characteristics, AN-108

Hardware Reference Manual BLC 80/10 Board Level

Computer. National Semiconductor Microcomputer
Systems Chapter 6 — System Interfacing.
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Understanding Rel Flows

WAFER
FAB

RADIATION HARDNESS
(AS REQUIRED)

SEM
(AS REQUIRED)

WAFER SORT 1 00% PROBE

COMMERCIAL

PRODUCT

r
CONTINUOUS

OP LIFE

MONITORING
BY RELIABILITY

ASSURANCE
DEPT

ASSY IN

MOLDED
PACKAGES

BAKE
6 HRS/150 C

5 TEMP
CYCLES
0-100 C

25CDC&
FUNCTIONAL

125'

C

BURN-IN

100%

100%

FUNCTIONAL TEST

25 C DC&
FUNCTIONAL

25CDCTO
0.65%

AQL

VISUAL SORT

"T 2010.2A

ASSEMBLY IN

HERMETIC PACKAGES

CLASS B FLOW CLASS A FLOW

BAKE 24 HRS/150 C

10 TEMP CYCLES
30,000 Gs ACCELERATION Y1 AXIS

FINE LEAK (5 x lO" 8 ATM CC/SEC)

GROSS LEAK

CLASS

C

MATERIAL
BURN-IN

160 HOURS
BURN-IN

240 HOURS

3 TEMP DC
SCREEN PLUS

25 CAC

3 TEMP DC
SCREEN PLUS
25C AC

' '

+

X-RAY

QUALITY
CONFORMANCE
(AS REQUIRED)
(SEE TABLE 4)

1 ' 1 '

EXTERNAL VISUAL

T
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MIL-STD-883

Mil-Standard-883 is a Test Methods and Procedures

Document for Microelectronic Circuits. It was

derived from MIL-S-19500, MIL-STD-750, and

MIL STD-202C for transistors and diodes at about

the time that National Semiconductor Corporation

was entering the military microelectronics market.

As a result, our standard quality control operations

are written around MIL-STD-883. The bonding

control, visual inspections, and post seal screening

requirements set forth by 883 (as well as added

control procedures beyond the requirements of

883) have been part of National's quality control

procedures almost from the start. Our Quality

Assurance Procedures Manual is available upon

request.

We offer a complete line of 883 (Class B) pro-

ducts as standard, off-the-shelf items. Special

883 data sheets have been prepared to reflect this

capability. They show process flow, electrical

parameters, end of test criteria, and test circuits.

We save you the problem of specifying test and

inspection procedures, and offer significant cost

savings by having an off-the-shelf, "to the letter"

883 program. In addition, we will test any of our

integrated circuits to any class of MIL-STD-883.

MIL-M-38510

MIL-M-38510 specifies the general requirements

for supplying microcircuits. These are; product

assurance, wnich includes screening and quality

conformance inspection; design and construction;

marking; and workmanship. The screening and

quality conformance inspection are conducted in

accordance with MIL-STD-883.

Screening

All microcircuits delivered in accordance with Ml L-

M-38510 must have been subjected to, and passed

all the screening tests detailed in Method 5004 of

MIL-STD-883 for the type of microcircuit and

product assu'ance level.

The device electrical and package requirements of

MIL-M-38510 are detailed by a device specification

referred to as a slash sheet. Each slash sheet defines

the microcircuit electrical performance and mech-

anical requirements. Each device listed on a slash

sheet is referred to as a slash number and the group

of the microcircuits contained on a slash sheet is

defined as a family of devices. The device may be

Class B or C as defined by MIL-STD-883, Method

5004 and 5005. Three lead finishes are allowed

by the slash sheet, pot solder dip, bright tin plate,

and gold plate.

The MIL-M-38510 specs for standard devices

require 100% DC testing at 25° C, -55'C and

+-125°C. AC testing is performed at +25"C. The

electrical parameters specified are tighter than the

normal data sheet guaranteed limits. Additionally,

MIL-M-38510 requires device traceability, exten-

sive documentation and closely matched mainten-

ance.

MIL-STD-883/MIL-M-38510

Quality Conformance

Quality conformance inspection is conducted in

accordance with the applicable requirements of

Group A, (electrical test), Group B and C, (environ-

mental test) of Method 5005, Ml L-STD 883. These

tests are conducted on a sample basis with GroupA

performed on each sublot, Group B on each lot,

and Group C as specified (usually every three

months).

To supply devices to MIL-M-38510, the IC manu-

facturer must qualify the devices he plans to supply

to the detail specifications. Qualification consists

of notifying the qualifying activity of one's intent

to qualify to MIL-M-38510. After passing compre-

hensive audits of facilities and documentation

systems, the IC manufacturer will subject the

device to and demonstrate that they satisfy all of

the Group A, B, and C requirements of Method

5005 of MIL-STD-883 for the specified classes and

types of IC. The qualification tests shall be moni-

tored by the qualifying agency. Finally the IC

manufacturer shall prepare and submit qualifica-

tion test data to the qualifying agency. Groups A,

B, and C inspections then shall be performed at

intervals no greater than three months.

The purpose of qualification testing is to assure

that the device and lot quality conform to certain

standard limits. In effect, lot qualification tests

tend to ensure that once a particular device type

is demonstrated to be acceptable, it's production,

including materials, processing, and testing will

continue to be acceptable. These limits are speci-

fied in MIL-STD-883 in terms of LTPD's (Lot

Tolerance Percent Defective) for the various quali-

fication test sub-groups. Qualification testing is

performed on a sample of devices which are chosen

at random from a lot of devices that has satisfac-

torily completed the screening of Method 5004

must be performed on each device, i.e. on a 100%

basis as opposed to qualification testing (Method

5005) which occurs on a random sample basis.

In summary, the entire purpose of MIL-M-38510

and MIL-STD-883 is to provide the military,

through its contractors with standard devices.

We at National Semiconductor have supplied and

are supplying devices to the MIL-M-38510 specifi-

cations

(ft

H
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The A+ Program from National

A+ Program: a comprehensive program that utilizes

National's experience gained from participation in the

many Military/ Aerospace programs.

A program that not only assures high quality but also

increases the reliability of molded integrated circuits.

The A+ program is intended for users who cannot

perform incoming inspection of IC's or does not wish

to do so, yet needs significantly better than usual

incoming quality and higher reliability levels for his

standard integrated circuit.

Users who specify A+ processed parts wil

the program

find that

Eliminates incoming electrical inspection.

Eliminates the need for, and thus the added cost,

of independent testing laboratories

Reduces the cost of reworking assembly boards

Reduces field failures

Reduces equipment down-time

Reduces the need for excess inventories due to yield

loss incurred as a result of processing performed at

independent testing laboratories

The A+ Program Saves You Money

It is a widely accepted fact that down-time of

equipment is costly not only in lost hours of machine

usage but also costly in the reapir and maintenance

cycle. One of the added advantages of the A+ program

is the burn-in screen, which is one of the most effective

screening procedures in the semiconductor industry.

Failure rates as a result of the burn-in can be decreased

many times. The objective of burn-in is to stress the

device much higher than would be stressed during normal

usage.

Reliability vs Quality

The words "reliability" and "quality" are often used

interchangeably, as though they connoted identical facets

of a product's merit. But reliabiliiy and quality are differ-

ent, and IC users must understand the essential difference

between the two concepts in order to evaluate properly

the various vendors' programs for products improvement

that are generally available, and National's A+ program

in particular.

The concept of quality gives us information about the

population and faulty IC devices among good devices,

and generally relates to the number of faulty devices that

arrive at a user's plant. But looked at in another way,

quality can instead relate to the number of faulty IC's

that escape detection at the IC vendor's plant.

It is the function of a vendor's Quality Control arm

to monitor the degree of success of that vendor in

reducing the number of faulty IC's that escape detec-

tion. Quality Control does this by testing the outgoing

parts on a sampled basis. The Acceptable Quality Level

(AQL) in turn determines the stringency of the sampling.

As the AQL decreases it becomes more difficult for

defective parts to escape detection, thus the quality of

the shipped parts increases.

The concept of reliability, on the other hand, refers

to how well a part that is initially good will withstand

its environment. Reliability is measured by the percentage

of parts that fail in a given period of time.

Thus, the difference between quality and reliability

means the IC's of high quality may, in fact, be of low

reliability, while those of low quality may be of high

reliability.

Improving the Reliability of Shipped Parts

The most important factor that affects a part's

reliability is its construction: the materials used and the

method by which they are assembled.

Reliability cannot be tested into a part. Still, there

are tests and procedures that an IC vendor can implement

which will subject the IC to stresses in excess of those

that it will endure in actual use. and which will eliminate

marginal, short-life parts.

In any test of reliability the weaker parts will

normally fail first. Further, stress tests will accelerate, or

shorten, the time of failure of the weak parts. Because

the stress tests cause weak parts to fail prior to shipment

to the user, the population of shipped parts will in fact

demonstrate a higher reliability in use.
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National's A+ Program

National has combined the successful B+ program with

the Military/Aerospace processing specifications and provides

the A+ program as the best practical approach to maximum
quality and reliability on molded devices. The following

flow chart shows how we do it step by step.

SEM - Randomly selected wafers are taken from

production regularly and subjected to SEM analysis.

Epoxy B Seal — At National, all molded semi-

conductors, including IC's, have been built by

this process for some time now. All processing

steps, inspections and QC monitoring are

designed to provide highly reliable products. (A

reliability report is available that gives, in detail,

the background of Epoxy B. the reason for its

selection at National and reliability data that

proves its success.)

Six Hour, 1S0°C Bake — This stress places the

die bond and all wire bonds into a combined

tensile and shear stress mode, and helps eliminate

marginal bonds and electrical connections.

Five Temperature Cycles (0°C to 100 C) -

Exercising the circuits over 100°C temperature

range further stresses the bonds and generally

eliminated any marginal bonds missed during

the bake.

Electrical Testing — Every device will be tested

at 25°C for functional and DC parameters.

Burn-In Test — Devices are stressed at maximum
operating conditions to eliminate marginal

devices. Test is performed per MIL-STD-883A,

method 1015.1.

T

High Temperature (100°C) Functional Electrical

Test - A high temperature test with voltages

applied places the die under the most severe stress

possible. The test is actually performed at 100°C

30°C higher than the commercial ambient limit.

All devices are thoroughly exercised at the 100°C

ambient.

DC Functional and Parametric Tests — These

room-temperature functional and parametric

tests are the normal, final tests through which all

National products pass.

Tighter-Than-Normal QC Inspection Plans -

Most vendors sample inspect outgoing parts to a

0.65% AQL. Some even use a looser 1% AQL.
When you specify the A+ program, however,

not only do we sample your parts to a

0.28% AQL for all data sheet DC parameters,

but they receive 0.14% AQL for functionality

as well. Now functional failures — not parameter

shifts beyond spec - cause most system failures.

Thus, the five-times to seven-times tightening

of the sampling procedure (from 0.65% to 0. 14%

AQL) gives a substantially higher quality to

your A+ parts. And you can rely on the inte-

grity of your received IC's without incoming

tests at your facility.

Ship Parts

Here are the AC sampling plans used in our A+ test program.

TEST

Electrical Functionality

Parametric. DC

Major Mechanical

Minor Mechanical

Okay — Want More Information?

Simple. Just contact your local National Field Sales Office

They'll be happy to help you. As always.

TEMPERATURE AQL

25°C 0.14%

25°C 0.28%

25°C 0.25%

25°C 1%
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The B+ Program from National

B+ Program: a comprehensive program that assures

high quality and high reliability of molded,

integrated circuits.

The B+ program improves both the quality and

the reliability of National's linear integrated circuits

in Epoxy B packages. It is intended for the manu-

facturing user who cannot perform incoming

inspection of discrete components, or does not

wish to do so, yet needs significantly -better-than

usual incoming qua ity and reliability levels for

his parts.

Integrated circuit users who specify B+ processed

parts will find that the program

Eliminates incoming electrical inspection

Eliminates the need for, and thus the cost of,

independent test.ng laboratories

Reduces the cost of reworking assembled boards

Reduces field failures

Reduces equipment downtime

Reliability Saves You Money
With the increased component density in

modern electronic products has come an increased

concern with component failures in such products.

And rightly so, for at least two major reasons.

Hirst of all, the effect of component
reliability on product reliability can be quite

dramatic. For example, suppose that you, as a

product manufactursr, were to choose an IC

component that is 99 percent reliable. You would
find that if your product used only 70 such

components, the overall reliability of the product's

IC component portion would be only 50

percent. In other words, only one product in two
would operate. The result? Products very costly

to build and probably very difficult to sell.

Secondly, you cannot afford to be hounded
by the spectre of unnecessary maintenance costs.

Not only because labor, repair and rework costs

have risen- and promise to continue to rise- but

also because field replacement may be prohibiti-

vely expensive.

If you ship a product that contains a marginally-

performing component, a component that later

fails in the field, the cost of replacement may be

literally—hundreds of times more than the cost of

the failed component itself.

Reliability vis-a-vis Quality

The words "reliability" and "quality" are often

used interchangeably, as though they connoted

identical facets of a product's merit. But reliability

and quality are different, and discrete component
users must understand the essential difference

between the two concepts in order to evaluate

properly the various vendors' programs for product

improvement that are generally available, and

National's B+ program in particular.

The concept of quality gives us information

about the population of faulty components among
good components, and generally relates to the

number of faulty components that arrive at a user's

plant. But looked at in another way, quality can

instead relate to the number of faulty components

that escape detection at the component vendor's

plant.

It is the function of a vendor's Quality

Control arm to monitor the degree of success of that

vendor in reducing the number of faulty components
that escape detection. QC does this by testing the

outgoing parts on a sampled basis. The Acceptable

Quality Level (AQL) in turn determines the

stringency of the sampling. As the AQL decreases

it becomes more difficult for bad parts to escape

detection, thus the quality of the shipped parts

increases.

The concept of reliability, on the other

hand, refers to how well a part that is initially

good will withstand its environment. Reliability

is measured by the percentage of parts that fail

in a given period of time.

Thus, the difference between quality and

reliability means that discrete components of high

quality may. in fact, be of low reliability, while

those of low quality may be of high reliability.

Improving the Reliability of Shipped Parts

The most important factor that affects a

component's reliability is ils construction: the

materials used and the method by which they

are assembled.

Now, it's true that reliability cannot be

tested into a part. Still, there are tests and pro-

cedures that a component vendor can implement,

which will subject the component to stresses in

excess of those that it will endure in actual use,

and which will eliminate most marginal, short-life

parts.

In any test for reliability the weaker parts

will normally fail first. Further, stress tests

will accelerate, or shorten, the time to failure

of the weak parts. Because the stress tests

cause weak parts to fail prior to shipment to

the user, the population of shipped parts will in

fact demonstrate a higher reliability in use.
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Quality Improvement

When a discrete component vendor

specifies 100 percent final testing of ins parts

then, in theory, every shipped part should be a

good part. However, in any population of mass-

produced items there does exist some small

percentage of defective parts.

One of the best ways to reduce the number

of such faulty parts is simply to retest the parts

prior to shipment. Thus, if there is a one-percent

chance that a bad part will escape detection

initially, retesting the parts reduces that probability

to only 0.01 percent. (A comparable tightening

of the QC group's sampled test plan ensures the

maintenance of the improved quality level.)

National's B+ Program Gets It All Together

We've stated that the B+ program improves

both the quality and reliability of National's

epoxy -packaged discrete transistors, and pointed

out the difference between the two concepts. Now.
how do we bring them together',' The answer is

in B+ program processing, which is a continuum

of stress and double testing. With the exception of

the final QC inspection, which is sampled, all steps

of the B+ process are performed on 100 percent

of the program parts. The following flow chart

shows how we do it. step by step.

Epoxy B Processing for All Molded Parts-

At National, all molded semiconductors

have been built by this process for some
time now. All processing steps, inspections

and QC monitoring are designed to pro-

vide highly reliable products. (A reliability

report is available that gives, in detail,

the background of Epoxy B. the reason

for its selection at National and reliability

data that proves its success.)

Six Hour, 150°CBake-
This stress places the die bond and all wire

bonds into a combined tensile and shear

stress mode, and helps eliminate

marginal bonds and electrical connections.

Five Thermal Shock Cycles (0°C to 100
C
C)-

Exercising the transistors over a 100°C

temperature range further stresses the bonds

and generally eliminates any marginal

bonds missed during the bake.

High Temperature (100°C) Functional

Electrical Test—A high-temperature test

such as this with voltages applied places

the die under the most severe stress

possible. The test is actually performed

at 100°C; that's 30°C higher than the

commercial ambient limit. All devices

o

are thoroughly exercised at the 100°C

ambient. (Even though Epoxy B pro-

cessing has virtually eliminated thermal

intermittents. we perform this test to

ensure against even the remote possibi-

lity of such a problem. Remember,

the emphasis in the B+ program is on

the elimination of those marginally

performing devices that would other-

wise lower field reliability of the parts.)

DC Functional and Parametric Tests-

These room-temperature functional and

parametric tests are the normal, final

tests through which all National

products pass.

Tighter-Than-Normal QC Inspection

Plans—Most vendors sample inspect out-

going parts to a 0.65ft AQL. Some use

even a looser 1ft AQL. When you

specify the B+ program, however, not

only do we sample your parts to a

0.28ft AQL for all data-sheet dc

parameters, but they receive a 0.14ft

AQL for functionality as well. Now,
functional failures- not parameter shifts

beyond spec -cause most product

failures. Thus the five -times to seven-times

tightening of the sampling procedure

(from 0.65-1 ft to 0.14ft AQL) gives a

substantially higher quality to your B+
parts you can relay on the integrity of your

received transistors without incoming tests

at your facility.

Ship Parts

Here are the QC sampling plans used in our B+ test

program.

TEST TEMPERATURE AQL
Electrical Functiona ity 25°C 0. 1 4%
Parametric, dc 25°C 0.28ft

Parametric, dc (100"C) 1%
Parametric, ac 25°C 1%

Major Mechanical 0.25%

Minor Mechanical 1ft

Okay—Want More Information?

Simple. Just contact your local National Field

Sales office. They'll be happy to help you.

As always.
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2 yVA National 883/RETS Program

g> jlA Semiconductor
Q_

</)
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CO
qq The National Semiconductor 883/RETS Program was conceived with the intent of

£Q offering our customers a standardized, off-the-shelf, integrated circuit fully

compliant to Ml L-STD-883.

The following specification outlines the program qualification, quality conformance

and processing requirements. Records and data substantiating the testing as

specified herein are controlled and administered by the National Semiconductor
Quality Assurance and Reliability groups and are available for review.

As a complement to this program, the National Quality system is designed to

encompass the requirements of MIL-Q-9858 and associated documents.

J. Edward Thompson, Director

Quality Assurance and Reliability

National Semiconductor Corporation
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1.0 Scope

1.1 Purpose

This specification establishes the requirements for

screening and processing of integrated circuits in accord-

ance with Ml L-STD-883, Class B or C.

M1L-STD-883Q.A.

Process Level

Applicable Process

Flow Chart

Figure 1a

Figure lb

Suffix Level

Indicator

/883B

/883C

1.2 Intent

This program is intended to provide the user with the

ability to procure standardized, o^f-the-shelf integrated

circuits manufactured by National Semiconductor Cor-

poration that are fully compliant to Ml L-STD-883.

2.0 Applicable Documents

The following specifications and standards, of the issue

in effect on the date of invitation for bids or request for

proposal, form a part of this specification to the extent

specified herein.

2.1 Specifications

Military

MIL-M-55565
MIL-M-38510

MIL-C-45662

MIL-Q-9858

2.2 Standards

Military

MIL-STD-105

Ml L-STD-883

Microcircuits, Packaging of

General Specification for Micro-

circuits

Calibration System Requirements

Quality System Requirements

Sampling Procedures and Tables

Test Methods and Procedures for

Microelectronics

2.3 Detail Specifications

The detail specification for

manufacturer's RETS (Rel

Figure 2).

a particular device is

Electrical Test Spec.

the

see

3.0 General Requirements

The individual requirements shall be as specified herein

and in accordance with the applicable detail specifica-

tion. The static and dynamic electrical performance

requirements of the integrated circuits and electrical test

methods shall be as specified in the detail specification.

3.1 Process Conditioning, Testing, Reliability and

Quality Assurance Screening

Two levels of reliability and quality assurance for inte-

grated circuits are provided for in this specification.

Process conditioning, screening and testing shall be as

specified in Section 4.0.

3.1.1 Qualification

The devices furnished under this specification shall be

products which have been produced and tested and have

passed the qualification tests specified herein. Successful

qualification for a given level results in qualification

approval for that level and all lower product assurance

levels of that device (reference appendix E M
I L-M-

38510C).

3.1.2 Alternate Qualification

In lieu of meeting the requirements of 3.1.1, the manu-

facturer may establish qualification by performing an

initial, one time qualification test. Qualification testing

shall be performed on each generic family supplied.

Upon successful completion of the qualification pro-

gram, the manufacturer shall remain qualified for a

period not to exceed 12 months.

3.2 Quality Conformance Inspection

Devices furnished under this specification shall be

products which have been produced and tested in

conformance with all the provisions of this specifica-

tion for the applicable level. Devices which have been

accepted as conforming to a given product assurance

level may be furnished as conforming to any other level

for which they meet or exceed the quality conformance

requirements.

3.3 Marking

3.3.1 Marking on Each Device

The following marking shall be placed on each inte-

grated circuit:

a) Index point {see 3.3.4)

b) Part number (see 3.3.5)

c) Product assurance level (see 3.3.6)

d) Inspection lot identification code (see 3.3.8)

e) Manufacturer's Identification (see 3.3.9)

3.3.2 Marking on Initial Container

All of the marking specified in 3.3.1, except the index

point, shall appear on the initial protection or wrapping

for delivery.

3.3.3 Marking Permanence

Marking shall be permanent in nature and remain legible

after testing. Damage to marking caused by mechanical

fixturing in Group B and C tests shall not be cause for

lot rejection.
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Class B Class C

Wafer fabrication*
device assembly

WAFER FABRICATIONS
DEVICE ASSEMBLY

' ' 1
PRECAP VISUAL INSPECTION
MIL STO-883 METHOD 2010

CONDITIONS
(HYBRIDS METHOD 20171

PRECAP VISUAL INSPECTION
MIL-STD-BB3 METHOD 2010

CONDITION B

(HYBRIDS METHOD 2017)

' ' 1
SEALING SEALING

1 1

STABILIZATION BAKE
MIL STD-883 METHOD 1008

CONDITION C

STABILIZATION BAKE
MILSTD-883 METHOD 1008

CONDITION C

i 1
TEMPERATURE CYCLING
MIL-STD 883 METHOD 1010

CONDITION C

TEMPERATURE CYCLING
MILSTD-883 METHOD 1010

CONDITION C

1 i

CONSTANT ACCELERATION
MILSTD-883 METHOD 2001

CONDITION E (Y1 ONLY]

CONSTANT ACCELERATION
MILSTD-883 METHOD 2001

CONDITION E(Y1 ONLY,

I 1
FINE LEAK TEST

MIL-STD-B83 METHOD 1014

CONDITION B

FINE LEAK TEST
MILSTD-883 METHOD 1014

CONDITION 8

I 1
GROSS LEAK TEST

MIL STD 883 METHOD 1014

CONDITION C

GROSS LEAK TEST

MIL-STD-883 METHOD 1014

CONDITION C

1

INTERIM ELECTRICALS AT
+ 25 CDC PER RETS

(AT MANUFACTURER'S OPTION)

i
BURN-IN TEST

MIL STO-883 METHOD 1016

160 HRSGM25 C

1 ' r

FINAL ELECTRICAL TEST

PER NSC RETS
+25 C. +125"C, 55 'C DC
(INCLUDES FUNCTIONAL

TESTS) +25' C AC

FINAL ELECTRICAL TEST
PER NSC RETS

+25 C DC
(INCLUDES FUNCTIONAL

TESTS)

1 i
LOT QUALIFICATION

MIL STO-883 METHOD 5005

GROUP A/B/C/D

(REF TABLE 1, II, III, IV)

LOT QUALIFICATION
MILSTD-883 METHOD 5005

GROUP A/B/C/D

(REFTABLE I, II, III, IV)

i 1
EXTERNA. VISUAL

MILSTD-883 METHOD 2009

EXTERNAL VISUAL
MIL-STD 883 METHOD 2009

i
NATIONAL OFF-THE-SHELF
INVENTORY PROGRAM

FICJURE 1. MILSTD-883 Screeni ng
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3.3.4 Index Point 4.1 Internal Visual Inspection (Precap)

The index point indicating the starting point for num-
bering of leads and/or mechanical orientation of the

integrated circuit may be a tab, color dot, or other

suitable indicator.

3.3.5 Part Number

The part number shall be the manufacturer's generic

part number.

3.3.6 Product Assurance Level

Integrated circuits shall be marked with a code indicating

the product assurance level to which they have been

tested and found to conform. The code shall consist of

/883 followed by the letter B or C corresponding to the

applicable product assurance level designation.

3.3.7 Formation of Lots

Microcircuits shall be assembled into inspection lots as

required to meet the product assurance inspection and

test requirements of this specification. An inspection

sublot shall consist: of microcircuits of a single type

contained on a single detail specification, manufactured

on the same production line(s) through final seal by the

same product techniques, and to the same device design

rules and package with the same material requirements,

and within the same period not exceeding 6 weeks.

3.3.8 Inspection Lot Identification Code

Internal visual inspection shall be performed per MIL-

STD-883, Method 2010, Condition B. Hybrid internal

visual shall be performed per Method 2017.

4.2 Stabilization Bake

Stabilization bake shall be performed per MIL-STD-883,

Method 1008, Condition C. The devices shall be stored

for 24 hours minimum at 150°C minimum. No end

point measurements shall be performed.

4.3 Temperature Cycling

Temperature cycling shall be performed per MIL-STD-

883, Method 1010, Condition C, 10 cycles, from -65°C
to+150°C.

4.4 Constant Acceleration

Constant acceleration shall be performed per MIL-STD-

883, Method 2001. Condition E, at 30,000 G's, in Y1

plane only.

4.5 Hermeticity

Hermeticity tests shall be performed per the following to

determine the seal integrity of the package.

Fine Leak Testing

Fine leak testing shall be performed per MIL-STD-883,

Method 1014, Condition B. The criterion for rejection

will be in accordance with MIL STD-883.

Integrated circuits shall be marked by a 4-digit date

code indicating the date the lot was submitted for

inspection. The first 2 numbers in the code shall be the

last 2 digits of the number of the year. The third and

fourth numbers shall be 2 digits indicating the calendar

week of the year. When the number of the week is a

single digit, it shall be preceded by a zero. Reading from
left to right, the code number shall designate year,

year, week, week.

3.3.9 Manufacturer's Identification

Integrated circuits shall be marked with the name, logo,

or trademark of the manufacturer.

4.0 Conditions and Methods of Test

Conditions and methods of test shall be in accordance

with Method 5004 of MIL-STD-883 and as specified

herein on a 100% basis. The general requirements of

MIL-STD-883 apply as applicable. This section establishes

the stress screening tests and quality conformance inspec-

tion tests for this program. The purpose of these tests is

to assure the quality and reliability of the product to a

particular process level commensurate with the product's

intended application

Gross Leak Testing

Gross leak testing shall be performed per MIL-STD-883,

Method 1014, Condition C. The rejection criterion will

be per MIL-STD-883.

4.6 Interim Electrical Parameters

Interim electrical parameters shall be the 25°C DC
parameters, specified in the detail specification (RETS).

(Interim electrical parameters are performed at the

manufacturer's option.)

4.7 Burn-In

Burn-in shall be performed per MIL-STD-833, Method

1015; Conditions A, B, C or D on all Class B devices.

(Burn-in condition varies with product type.)

The ambient temperature shall be 125°C.

4.8 Final Electrical Parameters

Final electrical parameters shall be as specified in the

applicable detail specification (RETS). DC testing shall

be performed at 25°C, -55°C, 125°C. AC testing

shall be performed at 25°C. The PDA (Percent Defective

Allowable) shall be 10% maximum and shall only apply

to DC measurements at 25°C.
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4.9 External Visual Inspection

All National Semiconductor products regardless of class

shall receive externa! visual inspection per Ml L-STD-883,

Method 2009.

5.0 Quality Assurance Provisions

5.1 Quality Conformance Inspection

Quality conformance inspection shall be in accordance

with Tables I, II, III and IV, Inspection lot sampling shall

be in accordance with Method 5005 of MIL-STD883.

Inspection lots failing to meet quality conformance

inspection for a given product assurance level shall be

rejected.

5.1.1 Group A Inspection

Group A inspection shall consist of the electrical para-

meters in the RETS (Rel Electrical Test Spec). If an

inspection lot is made up of a collection of sublots, each

sublot shall be subjected to Group A, as specified, (see

Table I}.

5.1.2 Group B Inspection

Group B inspection consists of construction testing.

This sample test sequence includes physical dimensions.

resistance to solvents, internal visual and mechanical,

bond strength and solderability (see Table II). The

Group B qualifies the inspection sublot the sample is

pulled from. It a>so qualifies all generically similar de-

vices if the date code is within 6 weeks of the sample

date code.

5.1.3 Group C Inspection

Group C inspection consists of die stress testing. This

sample test sequence includes operating life, temperature

cycling, constant acceleration, hermeticity, visual exami-

nation and end point electricals (see Table III). A Group

C qualifies the lot the sample is pulled from and all

generically similar die types for a period of 90 days.

5.1.4 Group D inspection

Group D testing further stresses the package and the die.

The Group D tests include physical dimensions, lead

integrity, hermeticity, thermal shock, temperature

cycling, moisture resistance, mechanical shock, vibration

variable frequency, constant acceleration, salt atmos-

phere, visual examination, and end point electricals {see

Table IV). A Group D qualifies the lot the sample is

pulled from and all devices built in the same package for

a period of 6 months.

TABLE I. GROUP A ELECTRICAL TEST

SUBGROUPS
CLASS B

LTPD
CLASS

C

LTPD

Subgroup 1

Static tests at 25° C 5 5

Subgroup 2

Static tests at maximum rated

operating temperature

7 10

Subgroup 3

Static tests at minimum rated

operating temperature

7 W

Subgroup 4

Dynamic tests at 25
C
C 5 5

Subgroup 5

Dynamic tests at maximum rated

operating temperature

7 10

Subgroup 6

Dynamic tests at minimum rated

operating temperature

7 10

Subgroup 7

Functional tests at 25°C 5 5

Subgroup 8

Functional tests at maximum and

minimum rated operating

temperature

10 15

Subgroup 9

Switching tests at 25°C 7 10

11-12



TABLE II. GROUP B INSPECTION

TEST METHOD CONDITIONS
NSC

CLASS B ANDC

Subgroup 1

Physical dimension 2016 2 devices

(No failures)

Subgroup 2

a) Resistance to solvents

b) Visual and mechanical

c) Bond strength

2015

2014

2011

Failure criteria from design

& construction requirements

of applicable procurement

document

Test condition C or D

3 devices

(No failures)

1 device

(No failures)

15 Bonds

(10 units min

No failures)

Subgroup 3

Solderability 2003 Soldering temperature of

260±10°C

15 leads

(3 units min

No failures)

TABLE III. GROUP C INSPECTION

TEST METHOD CONDITIONS
NSC

CLASS B ANDC
LTPD

Subgroup 1

Operating Life Test 1005 Test conditions to be specified

1000 hours

5

Subgroup 2

Temperature cycling

Constant acce eration

Seal

Fine

Gross

Visual examination

End point electrical

parameters

1010

2001

1014

1010

Test condition C

Test condition E, Y1 axis

followed by X or Z

As applicable

As specified in applicable

device specification

15
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TABLE IV. GROUP D INSPECTION

TEST METHOD CONDITIONS
NSC

CLASS B ANDC
LTPD

Subgroup 1

Physical dimensions 2016 15

Subgroup 2

Lead integrity

Seal

Fine

Gross

2004

1014

Test conditions B2 (lead

fatigue)

As applicable

15

Subgroup 3

Thermal shock

Temperature cycling

Moisture resistance

Seal

Fine

Gross

Visual examination

End point electrical

parameters

1011

1010

1004

1014

1010

Test condition B — 1 5 cycles

Test condition C - 100 cycles

As applicable

As specified in the applicable

device specification

15

Subgroup 4

Mechanical shock

Vibration variable freq.

Constant acceleration

Seal

Fine

Gross

Visual examination

End point electrical

parameters

2002

2007

2001

1014

2007

Test condition B

Test condition A

Test condition E

As applicable

As specified in the applicable

device specification

15

Subgroup 5

Salt atmosphere

Visual examination

1009

1009

Test condition A

Paragraph 3.3.1 of Method 1009

15

00
00
W
amH
(/>

D
O

0)

3
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883 PROCESS FLOW

TEST
MIL-STD-883

METHOD

TTL, LS, LOW POWER
CMOS, LINEAR,

MOS/LSI, MEMORY
HYBRID

Internal visual 2010, Cond. B 100% 100% (Method 2017}

Bake 1008, Cond. C 100% 100%

Temperature cycling 1010, Cond. C 100% 100%

Constant acceleration 2001, Cond. E 100% 100%

Fine leak 1014, Cond. B 100% 100%

Gross leak 1014, Cond. C 100% 100%

Burn-in 1015, Cond. A, B, C or D 100% 100%

Electrical test Per the applicable

detail specification

100% RETS

Group A LTPD Sample (RETS)

External visual 2009 100% 100%

6.0 DATA

6.1 Certificate of Conformance 6.3 Quality Conformance Data

All 883/RETS material shipped shall be accompanied by

a Certificate of Conlormance as shown on the opposite

page.

Quality conformance data will not normally be pro-

vided, but shall be retained on file. Copies are available

at nominal cost.

6.2 Attributes Data

Attributes data for 100% screening will not normally be

provided, but shall be retained on file. Copies are avail-

able at nominal cost.
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2J
National Semiconductor Corporation

883/RETS* PROGRAM
CERTIFICATE

OF
CONFORMANCE

00
00
w
DOmH
C/>

o
CQ

0)

3

TEST MIL-STD-883 METHOD** REQUIREMENT

INTERNAL VISUAL 201 0B 100%

STABILIZATION BAKE 1008 C 24HRS@+150°C 100%

TEMPERATURE CYCLING 1010 C 10 CYCLES -65°C/+150°C 100%

CONSTANT ACCELERATION 2001 E 100%

FINE LEAK 1014 B 5x10"8 100%

GROSS LEAK 1014 C2 100%

BURN-IN 1015 160HRS@+125°C 100%

FINAL ELECTRICAL +25°C DC PER NSC RETS 100%
PDA 10% MAX ALLOWABLE

+ 125°C DC PER NSC RETS 100%
-55°C DC PER NSC RETS 100%
+25°C AC PER NSC RETS 100%

QA ACCEPTANCE LTPD SAMPLE
EXTERNAL VISUAL 2009 100%

*RETS = REL ELECTRICAL TEST SPECIFICATION
** All METHODS TO CURRENT REVISION LEVELS

THIS IS TO CERTIFY THAT ALL 883/RETS MATERIALS SUPPLIED TO
YOUR PURCHASE ORDER COMPLY WITH ALL THE REQUIREMENTS,

SPECIFICATIONS, AND DOCUMENTS PERTINENT TO THE NATIONAL
883/RETS PROGRAM. ALL TEST DATA AND CERTIFICATION IS ON
FILE AT OUR FACILITY.

Part Number.

P.O. Number.

Date Code(s)_

Lot Code(s)_
QUALITY ASSURANCE REPRESENTATIVE
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CT1 National
Slm Semiconductor

Thermal Ratings for IC's

MAXIMUM POWER DISSIPATION

To insure reliable long term operation of its Interface

Integrated Circuit:;, National Semiconductor has spec-

ified maximum junction temperature (Tj) limits. These

limits are at 150 C for circuits packaged in a molded

dual-in-line package (Epoxy B), and 175 C for all other

package types.

Maximum power dissipation (Pp) of an integrated

circuit is limited by maximum allowable junction tem-

perature of the silicone die, and thermal resistance

(^j_x) of the package. Figure 7 illustrates the relation-

ship between power dissipation and junction tempera-

ture.

this line is the safe operating area of the device. Addi-

tional constraints are Maximum Power Dissipation and

Maximum Operating Temperature {T/\). These param-

eters may be determined from device data sheets. For

this example, Pd(MAX) " 300 mW and TA(MAX) =

70' C.

Point "A" in Figure 1 is 3n operating point corres-

ponding to Ta " 50/C and Pq - 100 mW. Determine

device junction temperature by projecting a line from

point "A", parallel to the Maximum Power Rating curve,

until it intersects the horizontal axis. Tj is determined

from the point of intersection with the horizontal axis.

For this example, Tj is 45'C.

The line indicating "Maximum Power Rating of Package"

is projected from the maximum junction temperature

limit (150'C in this example) at a slope corresponding

to the package thermal resistance { I /(7 j x ) Beiow

THERMAL INFORMATION

Figure 2 illustrates thermal resistance characteristics

for Interface Integrated Circuit packages.

0.6

0.5

0.4

0.3

0.2

0.1

'
s

*4
V,^!te?^

A 1

\[
25 50 75 100 125 1

TEMPERATURE ( C)

FIGURE 1. Power Dissipation vs Temperature

''j x 1
CM)

PACKAGE LEADS JUNCTION TO AMBIENT
THERMAL RESISTANCE

G [TO 8! 1? 100

H iTO-L.) 8 200

J iC Olfi 14. 16 HO

N (Mo'd.^di 14. IB '•""•'

14. Hi

fJ0

NOTE. These cusves recifesenl data

devices, and reflect a 90% confidence

level Refer tu data sheets fnr specific

- device information. Measurements were -

made in still air with package soldered

into a printed circuit board.

'f*t
°ht.

"<ZV

75 125 150

TEMPERATURE (C)

FIGURE 2. Maximum 9j_x Values for IC Packages
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2 National
Semiconductor

Industry Package
Cross Reference Guide

14/16 Lead

Glass/Metal DIP

Stgnetics

Glass/Metal

Flat-Pack

Imr
TO-99, TO-100, TO-5

nnnnnnri

XTLTtTCrnTTCT

fww1

8, 14 and 16-Lead

Low- Temperature

Ceramic DIP

(Steel)

8, 14 and 16-Lead

K,

L,

DB

V,

A,

B

"With dual-in-line formed leads

"With radially formed leads.

Silicon

General

S«

V1*

Raytheon

D.

M

3
Q.
C

o
0)

<o

o
O
CO
C/>

DO
<t>

to

o
3
o

O
a

DC,

DD

LK,

TK

N.

DN,

DP,

MP
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a>

'5

C5

a>
o
c
a>
i_

a>
«^
0)

cc

w
(/>

O
i_

o
a>

O)
(0

u
(0

Q.

Signetics
Silicon

General Raytheon

TO-202
(D-40, Durawattl

"SGS" Type
Power DIP

V)

3
"O
C

Low Temperaiture

Glass Hermetic

Flat Pack

TO-92
(Plastic)

o
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HH National
£A Semiconductor

Definition of Terms

o
3

interface circuits

Common Mode Voltage: Arithmetic mean of vol

tages at the differential inputs referenced to

ground pin at the receiver.

Common Mode Sensitivity: Rate of change of

input differential voltage required to produce a

given output level, against common mode voltage.

Supply Sensitivity: Rate of change of input dif-

ferential voltage required to prodcue a given out-

put level, against power supply voltage (V Pin 14 -

V Pin 7).

Disabled Output Clamp Current: The current which

flows from the output of a disabled TRI-STATE

gate when it is dragged below ground (for instance

by a transmission-line-associated transient). It is

derived from the V cc power rail.

3
CO

sense amplifiers

AC Common-Mode Input Firing Voltage: The

peak level of a common-mode pulse which will

exceed the input dynamic range and cause the

logic output to switch. Pulse characteristics: t r
= t f

<, 15 ns, PW = 50 ns.

Common-Mode Input Overload Recovery Time:

The time necessary for the device to recover from

a +2V common-mode pulse (t r
= t, = 20 ns) prior

to the strobe enable signal.

Differential Input Offset Current: The absolute

difference in the two input bias currents of one

differential input.

Differential Input Overload Recovery Time: The

time necessary for the device to recover from a 2V

differential pulse (t f
= t r

= 20 ns) prior to the

strobe enable signal.

Differential Input Threshold Voltage: The DC

input voltage which forces the logic output to the

logic threshold voltage (-1.5V) level.

Input Bias Current: The DC current which flows

into each input pin with differential input of OV.

Supply Current: The total DC current per package

drawn from the voltage supply.

Offset Voltage: Difference between the absolute

values of threshold voltage in positive- and negative-

going directions.

Propagation Delay Time: Interval from switching

input through 1.5V to output traversing its 50%

voltage point. Measured with 50^ load to + 10V

15 pF total capacitance.
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National
Semiconductor

Ordering Information

Ordering information for National devices covered in this catalog is as follows:

DS 3611 IM

PACKAGE

DEVICE NUMBER

DEVICE FAMILY

DEVICE FAMILY
DM - Digital Monolithic

DP - Digital Product

DS -Digital Spscial

DEVICE NUMBER

3, 4 or 5 digit number.

Suffix Indicators:

A — Improved Electrical Specification

PACKAGE
D - Glass/Metal Dual-ln-Line Package

F - Flat Package (0.25" wide)

G - TO-8 (12 lead) Metal Can

H - TO-5 (multi-lead) Metal Can

J — Glass/Glass Dual-ln-Line Package

N - Molded Dual-ln-Line Package

W - Flat Package (0.275" wide)

National's interface products use a 16/36 prefix. The 16 is used to denote the military temperature range

(-55°C to +125°C) and the 36 denotes the commercial temperature range (0°C to +70°C), i.e. DS1630/
DS3630. Display drivers and line drivers and receivers employ a 76/86 or a 78/88 prefix. The 76 or 78 applies

to the military part, and the 86 or 88 to the commercial part, i.e. DS7830/DS8830. Some interface circuits

and sense amplifiers employ a 55 as the first two digits for the military temperature range part, and a 75 for

the commercial part, i.e. DS5520/DS7520. Digital products employ a 54 as the first two digits for the

military temperature range part, and a 74 for the commercial part, i.e. DM5446/DM7446.
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