ANALOG
DEVICES

Precision Monohithies Inc.

DAC-100

10-BIT CURRENT-OUTPUT
D/A CONVERTER

FEATURES

® Fast Settling ........ 225nsec (8 Bits), 375nsec (10 Bits)
¢ Siable Tempcos to +15ppm/°C Max
¢ Commercial, industrial and Military Models Available

® TTL Compatible Logic Inputs

® Wide Supply Range

+8V to 18V

R R R I R A R

GENERAL DESCRIPTION
The DAC-100is a complete 10-bit resolution digital-to-analog

The small size, wide operating temperature range, and high
reliability construction make the DAC-100 ideal for aerospace
applications. Other applications include use in servo-
positioning systems, X-Y plotters, CRT displays, program-
mable power supplies, analog meter movement drivers,
waveform generators and high speed analog-to-digital
converters.

PIN CONNECTIONS

converter constructed on two monolithic chips in a single

16-pin DIP. Featuring excellent linearity vs. temperature

performance, the DAC-100 includes a low tempco voltage ::u S

reference, ten current source/switches and a high stability Ve ’

thin-film R-2R ladder network. Maximum application flexi- e 16-PIN HERMETIC

bility is provided by the fast current output, matched bipolar g DUAL-IN-LINE

offset and feedback resistors. Resistors are included for use seoc PACKAGE

with an external op amp for voltage output applications. aira (Q-Suftix)

Although all units have 10-bit resolution, a wide choice of utE

linearity and temperature coefficient options are provided to

aliow price/performance optimization. —

ORDERING INFORMATION{
N.L.* TEMPCO®
%FS ppm/°C MILITARY TEMPERATURE ’ INDUSTRIAL TEMPERATURE COMMERCIAL TEMPERATURE
MAX MAX Vo = £5V/10V Vo = 12.5V/5V Vo=15V/1I0V  Vo=1258V/5V  Vo=1B8V/1I0V Vg =+2.5V/5V
+0.05 +15 —— —_— DAC100AAQ7 DAC100AAQS8 _— e
+0.05 +30 —_— - —_— DAC100ABQ7 DAC100ABQS - — ——
+0.05 +60 vDACI00ACQ5/883 DAC100ACQ6/883 DAC100ACQ7 DAC100ACQ8 DAC100ACQ3 DAC100ACQ4
+0.10 +30 DAC100BBQ5/883 —_— DAC100BBQ7 —DAC100BBQS — e
+0.10 +60 DAC100BCQ5/883 — DAC100BCQ7 s DAC100BCQ3 .~DAC100BCQ4
+0.10 +120 _— —_— S P S —
+0.20 +60 DAC100CCQ5/883  DAC100CCQ6/883 DAC100CCQ7 —— wDAC100CCQ3 .~ DAC100CCQ4
+0.20 +120 —_ R m— sy — S
+0.30 +120 —— DAC100DDQ7 DAC100DDQ3

B

* Part number construction: The 1st letter foliowing DAC-100 (A-D) refers to
the nonlinearity specification; the 2nd letter (A-D) refers to the full-scale
tempco, the letter Q refers to the package; and the end numeral indicates the
output voitage and temperature.

tBurn-in is available on commercial and industrial temperature range parts in
cerdip, plastic dip, and TO-can packages. For ordering information, see 1988
Data Book, Section 2.

SIMPLIFIED SCHEMATIC V' = Correstly awalloble. ae oF 597,
T —— DIGITAL LOGIC g.lmrs y
. " . (r" bs 4 'B ] 0:111 o:l‘re :l‘rs O‘LSB 10
Vo D R 0 I ) O T 2 5 I & O 63 T | 3__ANALOG
B _e,_‘_s}&‘gs_ S Sy B S (38 (3, S o 3T oo
=l
g g g g o 333
R IR
SCALE O AN s f

ADJUST

*FOR 10V OR :5V DPERATION,
Rs = 4.BBKD (PACKAGE Q3,

ST

_.Y. B.12m:! as, a71

FOR 5V OR :25V DPERATION,

BIPOLAR REF ORg

T

n Ag = 2440l (PACKAGE Q4,

08, Q8)
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DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER

ABSOLUTE MAXIMUM RATINGS (Note 2)

v + Supply to V=-Supply .......... sremesees QA0 FIOV DICE Junction Temperature ........... -25°Cto +150°C
v+ Supplyto Output .....ovvnininnnnt. ....0to+ 18V Storage Temperature Range ........... -65°C to +150°C
y- Supply to Output ........... v 010=18V Lead Temperature (Soldering, 60 sec) ........... +300°C
Logic Inputs to Output ............... .o.. ~1Vto+6V "

issipation (Note 1) .....vvvvnnvnnnnns .. 500mw ;
power Dissipation (Note 1) .......... H = b 1. Rating applies to ambient temperature of 100° C. Abave 100°C, derate at
Operating Temperature Range Q3,Q4 .... 0 Cto+70°C 10mW/C.
Q5.Q6,Q7,Q8 ..........i0ivennnn.. —55°Clo+125°C 2. Ratings apply to DICE and packaged parts, uniess otherwise noted.

gELECTRICAL CHARACTERISTICS atVs=+15V,-25°C < T, <+85° Cfor Q7 and Q8 devices; 0° C< To < +70° Cfor Q3 and
Q4; -55°C = Ta = +125°C for Q5 and Q6 devices, unless otherwise noted.

PARAMETER SYMBOL CONDITIONS DAC-100 MiN TYP MAX UNITS
——
Resolution 10 - - Bits
Nonlinearity (+1/2LSB — 10 bits) A— - —  +0.05
(For nonlinearity/tempco NL 1+1/2LSB — 9 bits) B— — — +01 %FS
combinations, see Ordering (£1/2LSB — 8 bits) Cc— - - *0.2
information) {+3/4LSB — 8 bits) D— - -  *03
—A - - +15
Full-Scale Tempco T —B - - +30
(See Full-Scale Test Circuit) 2 —C - - +60 BRI
-D - -— 120
to £0.05% FS ALL -_ — 3rs
to £0.1% FS ALL - —_ 300
settiing Time T, =25°C tg to +0.2% FS ALL - e 225 ns
to £0.4% FS ALL - -_ 150
to £0.8% FS ALL - - 100
Connect FS Adjust to V-
Ful{-ﬁ::-y :u?:::el ::::.I?l:hility 70V Modals (Q3, Q8, Q7) 10 - m
lLll"".ctﬂm 0 (5.0)V with a v (See Full-Scale Test Circuit) "
o flpe. Do i 5V Models (Q4, Q6, Q8B)
2000 Trimpot® between Viu= 0.7V 5
Adjust and V=) INT - 5.55
(See Basic Unipolar Voitage Output Circuit)
Zero-Scale Output Voitage Vzs Vin=2.1V ALL - - 0013 %FS
o Measured with respect to
Logic Inputs: High Vine output pin ALL 21 - - v
Logic Inputs: Low Vin Meuurud with respect to ALL - - 07 v
oulput pin
Logic Input Current, Each Input hn Vin=010+6V ALL - - 5 A
Logic Input Resistance Rin Vin=0lo +6V ALL — 3 e mi
Logic Input Capacitance Cin ALL - 2 - pF
Output Resistance Ro ALL o 500 - k0
Output Capacitance Co ALL - 13 - pF
Applied Power Supplies: V+ ALL +6 - +18 v
Applied Power Supplies: V- ALL -6 - -18 v
Power Supply Sensitivity Pss Vg=+8V to+18V ALL - - 0.10 % per Voit
Vg =15V 03, 04 — 200 300
Power Consumption Pg Vg =+6V Q3, Q4 — 80 - mw
Vg= %15V Q5, Q6, Q7, Q8 - 200 250
; Vg=+15V Q3, Q4 - - 10
Positi I 1+ 5
e Sepnty RiooK Vg =+15V Qs, 6, Q7, Q8 - — 8.33 oA
. Vg =-15V Q3, Q4 - _— -10
Negat i - 5 *
gative Supply Current 1 Vg = -18V Q5. Q8. Q7, Q8 _ — -833 mA

1-79
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ANALOG
DEVICES DAC-100

DICE CHARACTERISTICS

DAI-01

DIE SIZE .080 % .064 inch, 5760 sq. mils DIE SIZE 0.080 x 0.067 inch, 5,360 8q. mils
{2.286 < 1.701 mm, 3.888 »q. mm) (2.032 x 1.702 mm, 3.458 sq. mm)
1. Ry 2. v- 10. BIT 4
2 V- 3. QUTPUT 1. BIT3
3. OUTPUT 4. BIT 10 (LSB) 12. BIT2
18. FULL-SCALE ADJ 5 BITS 1). BIT 1 (M3B)
8. Ry 4 BITS 14. V+
1. BITY
R — Pads are connecled lo similarly 8. BITS R — Pads are connected 1o similarly
marked pads on DAI-01 8. BITS marked pads on DAR-01
Note: Pads ¢ — 14, See DAI-O1 Note: Pads 1, 2, 15, 16, Bee DAR-01

These dis versions are available on specis! order; contact your PMI sales office.

WAFER TEST LIMITS at T, = 25°C for the R-2R Ladder Network comprised of R1—R8, R12, R23, R34, R45 and R56 when
connected to an ideal DAI-01, unlass otherwise noted.

DAR-01-N DAR-01-G
PARAMETEN CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Nonlinearity VA1 =32y - — *0.035 - - 005 %
WAFER TEST LIMITS at T, = 25°C, VR1 = 3.2V, unless otherwise noled.
DAR-01

PARAMETER CONDITIONS MIN  TYP  MAX UNITS
Resistance R1 Absoiute Measurement 256 - 3.84 kil
Ratio RC1 to R1 Ideal = 1.00503 to 1 -1 - +1 %
Ratic R1to RS1 Ideal = 1.29959 10 1 -1 - +1 %
Ratio R1to RS2 Ideal = 1.28958 10 1 -1 - +1 %
Ratio RB to R1 Ideal ~ 1.92211 1o 1 -1 — +1 %
NOTE:

Electrical tests are performed at water probe 10 the limits shown. Due 10 variations in assembly mathods and norma! yield loss, yisld after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot quaiification through sampie iot assembly and testing.

REV. A -3-




DAC-100

TYPICAL ELECTRICAL CHARACTERISTICS in common to all grades.

DAR-01
PARAMETER CONDITIONS MIN TYP MAX T UNITS
Absolute Temparature Coefficient All Resistors - w0 - o ppm/*C
Tracking Temparature Coelliciant All Resistors with Respect 1o R1 - 3 - _ _ ppm/*C

WAFER TEST LIMITS at T, = 25°C when connecled to an ideal DAR-01, unless otherwise noted.

DAI-01-N DAI-01-G
PARAMETER SYMBOL  CONDITIONS MIN  TYP  MAX MIN  TYP  MAX UMITS
Nonlinarity NL Vg =18V = - 1008 - — 01 %
internal Raterence Vg = 16V 88 - 6500 66 - 6.800 v
Voltage

WAFER TEST LIMITS at Vg = £ 15V, Ty = 25°C when connected to an ideal DAR-01, unless otherwise noted.

DAI-01

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution ] 10 - 0 Bits
Analog Output Current All Bils Low, V- Connected 10 FS Adjust . 1840 - 2n Y
Zor;-&:ah Output Current Al Bits High, V- Connected to F5 Adjust = - =000 %lpg
Logic Input “0” Mcasured wilh Respect to Output ) i - 07 v
%_lnpu! 2 i Measured with Respect to Output ; 21 — - v
ﬂpgly Current All Bits High, V- Connacted 1o FS Adjust = - 833 mA
Powst Supply Rejection Vg =+6V 10 218V - - 01 %lps/V
NOTE:

Eloctrical tasts are parformed at waler probe 1o the limits shown. Due 1o varigtions in bly methods and normal yield loss, yieid atier packaging is nul

guarantesd for slandard product dice. Consult factory to negotiate speciticstions based on dice lot qualificalion through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = £15V, and when connected to an ideal DAR-01, uniess otherwise
noted.

DAI-01-N DAI-01-G
PARAMETER CONDITIONS MIN_ TYP  MAX MIN  TYP  MAX UNITS
Fuli-5caia Temperature Coeificient (Note: - 80 - - *80 - ppm/*C

NOTE:

Full-Scale Temporature Cosflicient is detined as the change in ouiput vollage
measured in the basic unipolar voltage outpul test circuit shown on the
DAC-100 data sheet and is expressed in ppm between 25°C and either
emae divided by the ponding perature change.

P L
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DAC-100

BASIC CONNECTIONS
BASIC UNIPOLAR YOLTAGE OUTPUT CIRCUIT

REDUCED RESOLUTION APPLICATION

TYPICAL BETTLING TIME
FOR 112 SCALE CHANGE
= V0

“SERERTIALS

0-ImA

Vour

Ry iRy = R

FULL 3CaLE
ADJIST

ov- =

"Ry~ 4.Bkil FOR 10V MODELS (Q3, 08, O7)
Rg v 2.4u1l FOR 5V MODELS (04 O8. OB}

BV

BEIT INFUT

BASIC BIPOLAR VOLTAGE OUTPUT CIRCUIT

v Iﬂ&—‘—‘h—
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1 I

k)
PRSI T T ‘r————*{
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[ e
?PUI.I. SCALE
ADRIET
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APPLICATIONS INFORMATION

FULL RANGE OUTPUT ADJUSTMENT — The output cur-
rent of the DAC-100 may be reduced to produce an exact
10.000 (5.000) volt output by connecting & 200() adjustable
resistance between the full-scale adjust pin and V-. Adjust-
ment should be made with an input of all “zeroes.”

LOWER RESOLUTION APPLICATIONS — The DAC-100
may be used in applications requiring less than 10 bits of
resolution. All unused logic inputs must be tied 1o logic high
for proper operation. “Floating™ logic inputs can cause
improper operation.

REV. A

LOGIC CODING — The DAC-100 uses complementary or
inverted binary logic coding. i.e.. anall “zeroes” input produ-
ces a full range output, while an all “ones” input produces a
zero-scale output, Each lesser significant bit’s weight is one-
half the previous more significant bit's value. High logic input
turns the bit “OFF,” low logic input ievel turns the bit “ON".

LOGIC COMPATIBILITY — The input logic levels are directly
compatible with TTL logic and may also be used with CMOS
logic powered from a single +5 volt supply.

NONLINEARITY (NL) — The maximum deviation from an
ideal straight line drawn between the end points, expressed
as a percent of full-scale range {FSR) or given in terms of
LSB value. The end points are zero-scale output to full-scale
output for unipolar operation and minus full-scale to positive
full-scale for bipoiar operation.

BIPOLAR OPERATION — The DAC-100 may be converted to
bipolar operation by injecting a half-scale current into the
output; this Is accomplished by connecting the internal bipo-
lar resistor t0 a +6.4 volt reference. Trimming of the zero
output may be facilitated by placing a 5000} adjustable re-
sistance in series with the +6.4 volts,

VOLTAGE AT OUTPUT PIN — The DAC-100 is designed lo
be operated with the vollage at the output pin held very ciose
to zero volis. Input logic threshold levels are directly affected
by output pin voltage changes; voltage swings at the output
may cause loss of linearity due to improper switching of bits.
Large voltage swings may cause permanent damage and
should be avoided. Proper operation can be obtained with
output voltages held within 0.7 volits; a pair of back-to-back
silicon diodes tied from the output 1o ground is 8 convenient
way 0f clamping the output to this limit.



DAC-100

TYPICAL APPLICATIONS BINARY-CODED-DECIMAL D/A CONVERSION

EXTERNAL REFERENCE CONNECTION

ANALOG SUM OF TWO DIGITAL NUMBERS

g 200
MEE L
sav START. STaAT e

HEF w v 3101

ZENER DIODE DIODE CURRENT®

l J. DIVIDER
b 100!
-3 — 4 :ﬂg
dv. +

L

Nyg

ith

“CAN BE EXPANDED TO J DIGITS BY ADDITION OF A THIAD DAC AND
98 TO ' CURRENT DIVIDER.
M AARAAARAA |
. °e"_ ol ;g\ i INTERFACING WITH CMOS LOGIC
/ T s vout The DAC-100 requires only about 1uA of input current into
Doc e each logic stage. This enables use with CMOS inputs as long
?‘ 20 |1 ] 1= as one rule is observed; logic input voltages should not
1 _ VouT * My ¢ By exceed 6.5 volts or V+, whichever is smaller. To provide an
1, understanding of this rule, il is necessary to discuss the logic
input sta ign.
m9999999799 o input stage design
R LOGIC INPUT STAGE DESIGN
v ':E_ J For simplicity, only one of the ten identical inpul circuits is
oac. 100 shown below. The DAC-100 uses a fast current-sieering
- ™ | technigue that switches a bit-weighted current between the
205; | ’ positive supply (V+: and the analog autput, which is usually
_L constrained to be at zero volts virtual ground| by an external
bv. — summing amplifier.
DAC-100 — LOGIC INPUT S8TAGE
DIGITALLY PROGRAMMED LEVEL DETECTOR
VR
11911180
1= Vin -~ VREF
D=Vin REF
VREF curoz
Vin p—ots
ANALDG INPUT
LR
= 190V DAC-100 MODELS)

B

REV. A
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Switching is accomplished by forward biasing Q4, diode-
connected transistor, for the bit “ON" condition and back
biasing Q4 in the “OFF" condition. For the “ON" condition
{Vin s 0.7 voits), Q3 is “OFF" — all of the bit-weighted cur-
rent, |y, flows from the analog output through Q4 and ulti-
mately to V—-. in the “OFF" condition (Viy = 2.1 volts), Q3 is
“ON", Q4 is back biased. and the bit-weighted current is
sourced from the positive power supply instead of theanalog
oulput.

if Vi is 100 high, Q4’s emitter-base junction will experience
reverse breakdown and a fault condition will occur. Equation
1 describas this condition:

1) BVjy = Vgg1 + Vgez + Vaea + BVgga 3 7.7 volis

Using this relationship, it can be seen that a conservative
input voltage limit would be around 6.5 volts. When the 6.5V
input limit is observed, DAC-100 operation with CMOS
inputs is easily achleved.

+§ YOLT POWER SUPPLY OPERATION

This is the most convenient method of interfacing the
DAC-100 with CMOS logic. At £6 volls the DAC-100 power
dissipation is only BOmW, which is very small considering the
inclusion of a complete internal refarance. No interfacing
components are required with + 5% power supplies, and the
CMOS logic and DAC-100 can usa the same +8 volt power
supply. In this application the device is directly CMOS
compatible.

BLOCK DIAGRAM — CMOS TO DAC-100 INTERFACE

Qv TO + 18V

jOUT N

$ VOLT -wm
REGULATOR

Ve

-6V TO - 1RV O—f V- DAC-H00
10 LOGIC INPUTE

ANALOG
QUTPFUT

Yoo
LEVEL
SHIFTING
BUFFER;
MIGH LEVEL CONVERTERS

CMOK INPUTS?A 2 EACH Jir

CD 20434
\rup—l

OR
*MUST RE CURRENT LIMITED TO AVOID DAMAGING

CO #0504
THE LEVEL SHIFTING BUFFER.

HIGH LEVEL CMOS INTERFACING

The block diagram below illustrates a convenient method for
interfacing CMOS input levels between 6.5 volts and 15 volts
with the DAC-100. inexpensive and readily avallable CMOS
hex buffer/converters step down the high-level inputsto TTL
levels that cannot exceed 5 volts — clearly satisfying the
input stage voitage rule.

In addition to level shitiing, buffer/converters provide input
coding flexibility since they are available as inverting
{CD4049A} or non-inverting {CD4050A) devices. This gives
the user & choice between negative-true and positive-true
binary coding and allows the same basic DAC-100 to CMOS
interfacing method to be used in either type of application.

Since buffer/converter power consumplion is very low, the
required +5 volts can be provided by a simple regulator or
even a resistive divider in some applications. In @ muiti-DAC
system. one central, inexpensive three-terminal IC regulator
can supply several level shifting devices.

NOTE:

For a more compiets explanation and detailed circuit connections, refer 1o
AN-14, “Interiacing PMI D/A's with CMOS Logic.”

BURN-IN CIRCUIT

-
-
w
=
-

| wl |

vy

NOTES:

1. RESISTOR IS 1kil 124w METAL FILM, ¥

2. ALL SHORTLD DLVICE FINS TO BE MADE AT DEVICE.

3. DNLY +18V, 18V, AND GROUND LINES ARE TO BE
CARRIFD PARALLEL TO BOARD CUNNECTORS.

4 WL RESINTORS AKE 1VaW CC, 9%

AL

L
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DAC-100

SUCCESSIVE APPROXIMATION A/D CONVERTER (8-BIT)

15 4500H2

NOTE:

19V BIPOLAR
ANALOG
NEFERENCE o o 18V 1BV
T NPT
’ :
14 (IF REQDI (1 1y a3
L] 2 3oM:
- $ 3 i 4
e [ % ‘_@ '
scALE 3] b .
ADJUST MER LS¥
- nafizfiifofs (a7 Je s 4
tSuunfl-n—-———-,{- o e o . A §
T ] -——— 5y 77 i
B 5 - }
NTS -
T4 -
BIT 3 - l
i +15Y 15V
BT 2 - i | onf Ll Lnr
MS8 BIT 1 = <! | T T 5L analon
TR | 1 fh 4P GNOUND
WEE T | ! u:;; = =
[1sh4 tm sls]eld 2 - 18y A ——— 1BV
1
SERIAL -— ANISOIPC BEIT SR .
ourruY S BV -——dg e
0.0WF <= L 4Tt
Te z T v v ] T rowen
STARY 4——— i i GROUND
CONVERSION i =
e+ e
CUMPLETE f
CLOCK o S |
NPT -
NOTE:
FOR A COMPLETE TREATMENT OF SA ADC'S COMSTRUCTED WITH THF DAL 300,
REFER TN AN-11, "A LOW COST, EASY-TO BUILD SUCCESSIVE APPROXIMATION
AID CONVERTER™.
TRACKING (SERVO-TYPE) A/D CONVERTER
O CLOCK 1N At
T"“ MAXIMUM CLOCK RATC = 15MHz ha
. 0.0z
3lc H RiC 18V TRACK HOLD T
— ] i | uo P 1 "/ -1
12 T 284 l i |
rvre o (9L VL oo |1, ¢ vewom L2 = .
FLIPFLOP |5 COUNTER {IN | Oul] COUNTER - i
2 canny ? v
io{els 4 Iw als e P S
- . 1 # - =
S -
b
“1id 7400 i SR i
2401 i i a0z
r—-—M&—- g — e i l_'rl'7
2 GIlA
afa B : ouTROT
Dy 25 — s
c AR—— i =
S i 1 p S—— e F
g
FOR CLOCK RATE % J.5MH7 C » 470nF 1
T e -0 BV
- f
ey s i { =
L Fl e - POWER
‘—@—1 ¥ i GRUUND
<
LT T >
Vin = 8 TO <10V :: e v- L)
Py ~ &.0k1
ANALOG ! % " 2 ANALOG
[ S —
INMT ¥ w0 CROUND
MAXIMUM FULL SCALE " 1
SINE WAVE INPUT ’ FULL SCALE
ADJWUST &~ —b 15V

FOR A COMPLETE TAEATMEXT OF TRACKING ADC'S CONSTRUCTED
WITH THE DAC-100, REFER TD AN-E, "A LOW CUS]. HIGH PERFORM.
ANCF TRACKING A/D CONVERTER™.

REV. A



