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SPECIFICATIONS
MODEL 740

ACCURACY*
1 Year
18°C-28°C
Type Range (65°F-82°F)
mV —99.999 to 100.000mV +(0.02% +3uV)

] —100.0°C to + 760.0°C +0.4°C
—148.0°F to +1400.0°F +0.8°F
K —100.0°C to +1372.0°C +0.5°C
—148.0°F to +2501.0°F +0.9°F
T —100.0°C to + 400.0°C +0.5°C
—148.0°F to + 752.0°F +0.8°F

E —100.0°C to +1000.0°C +0.5°C
—148.0°F to +1832.0°F +0.9°F

R 0°C to 1780°C +1°C
32°F to 3236°F +2°F

S 0°C to 1780°C +1°C
32°F to 3236°F +2°F

B 350°C to 1820°C +1°C
662°F to 3308°F +2°F

EXTENDED RANGE: Types |, K, T, E,

—200.0°C to —100.1°C +0.6°C

—328.0°F to —148.0°F +1.0°F

mV INPUT RESISTANCE: Greater than 1 GQ.

TEMPERATURE COEFFICIENT: 0-18°C & 28-50°C
Less than 0.1 X rated accuracy/°C.

INPUT CURRENT: 800pA max. during measurement.
60pA max. during open thermocouple check.

COMMON MODE REJECTION RATIO:**
( at dc, 50 and 60Hz, 1002 unbalance )
Less than 0.0003°C/V with filter enabled ( 160dB ).
Less than 0.003°C/V with filter disabled ( 140dB ).
NORMAL MODE REJECTION RATIO:**
( at 50 and 60Hz )
Less than 0.003°C/mV with filter enabled ( 80dB ).
Less than 0.03°C/mV with filter disabled ( 60dB ).

*Excludes thermocouple errors.
(Specifications include Model 7057A errors).

**Based on greater than 30pV/°C slope.

IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, LLO, SDC, GET, GTL, UNT,
UNL, SPE, SPD, MLA, MTA.

UNILINE COMMANDS: IFC, REN, EOI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AH1, T6, TEO, L4, LEO, SR1, RL1,
PPO, DC1, DT1, E1, C28.

PROGRAMMABLE PARAMETERS: EQI, Terminator, SRQ, Status,
Trigger, Self Test, Calibration, Filter, Function, Scan Interval, Log
Interval, Time & Date, Time of Day Trigger, Date Format, Alarm
Limits, Output Format, Channel #, Data Buffer, Scale, Display,
Channel Type.

GENERAL

MAXIMUM ALLOWABLE INPUT : 250V rms, 350 V peak
(for 1 minute).

MAXIMUM COMMON MODE VOLTAGE: 200V peak to earth.
MAXIMUM THERMOCOUPLE LOOP RESISTANCE: 1kQ.
FILTER SETTLING TIME: 100ms (typical).

SCANNING RATE: Greater than 20 channels/second, filter disabled.
Greater than 5 channels/second, filter enabled.

BENCH READING RATE: 8 readings/second, filter disabled.
4 readings/second, filter enabled.

LOGGING INTERVAL: One of 12 selectable rates
from 50ms to 1 hour, or triggered.

SCANNING INTERVAL: One of 10 selectable rates
from 500ms to 1 hour, or triggered.

DISPLAY: 8 0.5-inch alphanumeric LED digits with decimal point
and polarity. Function, Filter, Channel, Location, Overflow, Open
Thermocouple, and IEEE bus status also displayed.

INTERNAL CLOCK: Displays hour/minute/second;
less than 1 minute/month error (typical).

WARMUP: 1 hour to rated accuracy.

CONNECTORS: 3 BNC; External Trigger, Serial-In, Serial-Out. (TTL
compatible). Quick disconnect connectors on input card.

CHANNEL CONFIGURATION: Types ], K, T, E, R, S, B, mV or
OFF for each channel.

DATA MEMORY: Battery backed up one week minimum.
Single Channel Log: 100 locations (reading, location, time taken).
Multi-Channel Scan: 90 locations (reading, channel #, time taken).
Configuration: 81 locations (channel type selected).

CAPACITY: Single channel or 10 channels (including reference
junction) using one Model 7057A thermocouple scanner card. Up
to 90 channels (including reference junctions) using 8 additional
Model 7057A thermocouple scanner cards and one Model 706 or
four Model 705 scanners.

OPERATING ENVIRONMENT: 0°-50°C; less than 80% relative
humidity up to 35°C; linearly derate 3%RH/°C, 35°-50°C.
STORAGE ENVIRONMENT: -25° to +60°C

POWER: 105-125V or 210-250V (external switch selected) 20VA.
90-110V available; 50-60Hz.

DIMENSIONS, WEIGHT: 127mm high x 216mm wide x 359mm
deep (5 in. x 8% in.). Net weight 4.0kg (9 Ibs.).

ACCESSORIES:
Model 1019A: Rack Mount Kit (Fixed).
Model 1019S: Rack Mount Kit (Slide).
Model 7007: IEEE-488 Cable (Shielded).
Model 7008: IEEE-488 Cable (Standard).
Model 7051-2: 2 ft. BNC to BNC Cable (RG-58C).
Model 7051-5: 5 ft. BNC to BNC Cable (RG-58C).
Model 7057A: Thermocouple Scanner Card.

Model 7401: Thermocouple Wire Kit. Contains 100 feet of type K
thermocouple wire.

SCANNERS:
Model 705: 20-Channel Scanner Mainframe.
Model 706: 100-Channel] System Scanner.




SAFETY PRECAUTIONS

The following precautions apply to situations where a voltage potential may come in contact with a
thermocouple. These precautions should be observed before operating the Model 740:

When using the internal channel, never connect more than one thermocouple to the input card of the
instrument. Otherwise, erroneous readings and a potential safety hazard will result.

When using one or more scanner cards, never connect a thermocouple directly to the input card of
the instrument. Otherwise, erroneous readings and a potential safety hazard will result.

This instrument is intended for use by qualified personnel who recognize shock hazards and are familiar
with the safety precautions required to avoid possible injury. Read over the manual carefully before
operating this instrument.

Inspect the insulation of the thermocouple wires for possible wear, cracks or breaks. If any defects are
found, replace the thermocouple assembly.

For optimum safety, do not touch the thermocouple wires while power is applied to the device under
test. Turn off the power and discharge all capacitors before connecting or disconnecting the thermocouple.

Do not touch any objects which could provide a current path to the thermocouple or power line (earth)
ground. Always make measurements with dry hands while standing on a dry, insulated surface capable
of withstanding the voltage present.

Do not exceed the instrument’s maximum allowable input as defined in the specifications and opera-
tion section.
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Contains an overview of the instrument including
features, unpacking instructions, as well as available
accessories.

SECTION 1

General Information

This section contains detailed operating information
for the Model 740 System Scanning Thermometer.
Use this section as a reference on all front panel
operating aspects of the instrument.

SECTION 2

Bench Operation

Contains a general description of the IEEE-488 bus
standard. Also included is information on connec-
ting the Model 740 to the bus and general program-
ming information.

SECTION 3
IEEE-488 Principles

Contains the information needed to program the
Model 740 from a computer using the device-de-
pendent commands. Also included, is information
for using the Smart Print mode.

SECTION 4

Device-Dependent
Command Programming

A complete description of operating principles for
the instrument is located in this section. Analog,
digital, microcomputer, and power supply circuits
are described, as are the IEEE-488 interface.

SECTION 5

Principles of Operation

Details maintenance procedures including fuse re-
placement, calibration, performance verification and
troubleshooting.

SECTION 6

Maintenance

Includes replacement parts information, schematic
diagrams, and component location drawings for the
Model 740.

SECTION 7
Replaceable Parts




SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

The Model 740 is a system scanning thermometer that can
make temperature measurements using seven different
thermocouple types (J, K, T, E, R, S, B) or millivolt
measurements. With the use of the various thermocouple
types, temperature measurements in the range of -200°C
to +1820°C can be made. A single internal channel is stan-
dard equipment in the Model 740. The installation of a
Model 7057A scanner card into the Model 740 expands the
available measurement channels to nine. The measure-
ment system is expandable to 81 channels with the addi-
tion of four Model 705s, or one Model 706 with eight scan-
ner cards installed.

Some important Model 740 features include:

* Automatic scanning and data storage with HI/LO, of up
to 81 channels.

* 20 channels per second scanning rate.

¢ °C or °F temperature scale.

* mV measurement capabilities.

¢ 100 point single channel data logger with HI/LO/AVG.

¢ 24 hour clock for time day and starting a scan or log.

® Open thermocouple detection.

¢ J[EEE “Smart Print” mode—talk to addressable as well as
listen-only devices.

¢ Digital calibration—no internal adjustments to be made.

1.2 WARRANTY INFORMATION

Warranty information may be found on the inside front
cover of this manual. Should it become necessary to exer-
cise the warranty, contact your Keithley representative or
the factory to determine the proper course of action.
Keithley Instruments maintains service facilities in the
United States, United Kingdom and throughout Europe.
Information concerning the application, operation or ser-
vice of your instrument may be directed to the applications
engineer at any of these locations. Check the inside front
cover for addresses.

1.3 MANUAL ADDENDA

Information concerning improvements or changes to the
instrument which occur after the printing of this manual
will be found on an addendum sheet included with this
manual. Be sure to review these changes before attemp-
ting to operate or service the instrument.

1.4 SAFETY SYMBOLS AND TERMS

The following safety symbols and terms are used in this
manual or found on the Model 740:

The A symbol on the instrument denotes that the user
should refer to the operating instructions in this manual.

The WARNING used in this manual explains dangers that
could result in personal injury or death.

The CAUTION used in this manual explains hazards that
could damage the instrument.

1.5 SPECIFICATIONS

Detailed Model 740 specifications may be found preceding
the Table of Contents of this manual.

1.6 INSPECTION

The Model 740 System Scanning Thermometer was careful-
ly inspected, both electrically and mechanically before
shipment. After unpacking all items from the shipping car-
ton, check for any obvious signs of physical damage that
may have occurred during transit. Report any damage to
the shipping agent. Retain and use the original packing
materials in case reshipment is necessary. The following
items are shipped with every Model 740 order:

Model 740 System Scanning Thermometer
Model 740 Instruction Manual
Additional accessories as ordered.
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If an additional instruction manual is required, order the
manual package (Keithley Part Number 740-901-00). The
manual package includes an instruction manual and any
applicable addenda.

1.7 USING THE MODEL 740 MANUAL

This manual contains information necessary for operating
the Model 740 from the front panel and over the IEEE-488
bus. Maintenance information for calibrating and servicing
the unit is also provided. The information is divided into
the following sections:

* Section 1 contains general information about the Model
740 including that necessary to inspect the instrument
for damage.

® Section 2 contains detailed operating information on
using the front panel controls and programs.

® Section 3 contains background information on the
IEEE-488 bus standard. Included is detailed information
on connecting equipment to the bus, software considera-
tions for using the HP-85 and the IBM-PC/8573 as con-
trollers, and general bus command programming.

® Section 4 contains the device-dependent command pro-
gramming information needed to operate the instrument
over the IEEE-488 bus.

* Section 5 contains a description of operating theory for
the Model 740. Analog, digital, power supply, and
IEEE-488 interface operation is included.

* Section 6 contains information for servicing the instru-
ment. This section includes information on fuse replace-
ment, line voltage selection, verification, calibration and
troubleshooting.

® Section 7 contains replaceable parts information.

1.8 OPTIONAL ACCESSORIES

The following accessories are available to be used with the
Model 740:

Models 1019A and 1019S Rack Mounting Kits—The Model
1019A is a stationary rack mounting kit with two front
panels provided to enable either single or dual side-by-
side mounting of the Model 740 or other similar Keithley
instrument. The Model 1019S is a similar rack mounting
kit with a sliding mount configuration.

Model 7007 IEEE-488 Shielded Cables—The Model 7007
connects the Model 740 to the IEEE-488 bus using shielded
cables to reduce electromagnetic interference (EMI). The
Model 70071 is one meter (3.3 ft.) in length and has an
EMI shielded IEEE-488 connector at each end. The Model
7007-2 is identical to the Model 7007-1, but is two meters
(6.5 ft.) in length.

Model 7008 IEEE-488 Cables—The Model 7008 connects the
Model 740 to the IEEE-488 bus. The Model 7008-3 is 0.9m
(3 ft.) in length and has a standard IEEE-488 connector at
each end. The Model 7008-6 cable is identical to the Model
7008-3, but is 1.8m (6 ft.) in length.

Model 7051-2 BNC to BNC Cable—0.6 meter (2 ft.) BNC
to BNC cable used to daisy chain scanners to the Model
740.

Model 7051-5 BNC to BNC Cable—1.5 meter (5 ft.) BNC
to BNC cable used to daisy chain scanners to the Model
740.

Model 7057A Thermocouple Scanner Card—Enables the
Model 740 to make multiple channel (up to 81) temperature
measurements. Each card is field installable in the ap-
propriate mainframe and provides nine channels and a
reference junction channel that can be used for
temperature measurements.

Model 7401 Type K Thermocouple Wire Kit—Contains 100
teet of Type K (Chromel-Alumel) thermocouple wire.

Model 8573 IEEE-488 Interface—The Model 8573 is an
IEEE-488 standard interface designed to interface the IBM
PC or XT computers to Keithley instrumentation over the
IEEE-488 bus. The interface system contains two distinc-
tive parts: an interface board containing logic to perform
the necessary hardware functions and the handler soft-
ware (supplied on disk) to perform the required control
functions. These two important facets of the Model 8573
join together to give the IBM advanced capabilities over
IEEE-488 interfaceable instrumentation.




SECTION 2
BENCH OPERATION

2.1 INTRODUCTION

This section of the manual provides the information need-
ed to set up and operate the instrument from the front
Hanel. In addition to detailed operating procedures,

owcharts that summarize operation are included. Also,
included are tables that list and describe the functions of
front panel controls that are active during the various states
of operation.

2.2 POWER UP PROCEDURE

2.2.1 Line Voltage Selection

The Model 740 may be operated from either 105-125V or
210-250V with 50 or 60Hz power sources. A special
transformer may be installed for 90-110V and 195-235V
operation. The instrument was shipped from the factory
set for the operating voltage marked on the rear panel. To
change the line voltage, proceed as follows:

1. Locate the line voltage switch on the rear panel and place
the switch in the position that corresponds to the
available line voltage.

2. Install a fuse that is consistent with the operating voltage
as explained in paragraph 6.2.

CAUTION
The correct fuse type must be used to maintain
proper instrument protection.

3. Mark the selected line voltage on the rear panel for
future reference (to avoid confusion, erase the old mark).

NOTE
If the line frequency setting of the instrument
needs to be checked or changed, utilize front panel
Program LINE after the completion of the power-
up sequence.

2.2.2 Line Power

With the instrument set to the correct line voltage

(paragraph 2.2.1), connect the female end of the power
cord to the AC receptacle on the rear panel of the instru-
ment. Connect the other end of the cord to a grounded
AC outlet. '

WARNING

The Model 740 is equipped with a 3-wire power
cord that contains a separate ground wire and
is designed to be used with grounded outlets.
When proper connections are made, the instru-
ment chassis is connected to power line
ground. Failure to use a grounded outlet may
result in personal injury or death because of
electrical shock.

CAUTION
Be sure that the power line voltage agrees with
the indicated range on the rear panel of the in-
strument. Failure to observe this precaution
may result in instrument damage.

2.2.3'Power Up Sequence

The instrument can be turned on by pressing in the front
panel POWER switch. The switch will be at the innermost
position when the instrument is turned on. Upon power-
up, the following sequence will take place:

1. A test on non-volatile random access memory (NVRAM)
will be performed. Calibration constants are stored in
this memory. If NVRAM fails, the power-up sequence
will stop and the instrument will display the following
message:

UN-CAL

Corrective action, as explained in paragraph 6.6.2,
should be taken if the failure occurs. With “UN-CAL’
displayed, the power-up sequence can be continued by
holding in any front panel momentary button until the
loop setting (step 3) is displayed.

2.1f the NVRAM test is successful, the date that the in-
strument was last calibrated will be displayed briefly. For
example, if the calibration date is July 12th, one of the
following messages will be displayed briefly:

07.12 CAL (American format - factory default)
12.07 CAL (European format)

21
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07.12 CAL (American format)
12.07 CAL (European format)

Note: If NVRAM failed, the calibration date will reset
to 01.01.

3. A display message indicates which external scanner(s)
the instrument is set to operate with (loop setting). For
example, if the instrument is currently set to operate
with Model 705 scanners, the following message will be
displayed briefly:

705 ?

4. If the scanner is serially connected to the Model 740 and
a reference junction is detected, the following message
will be displayed briefly:

FOUND

If the loop setting does not match the scanner(s) serial-

ly connected to the Model 740, the instrument will lock

up with the message “NO LOOP” displayed. To remedy

the problem:

A. Turn off the Model 740 and the external scanner(s).

B. Power-up the Model 740 and select the alternate loop
setting using front panel Program LOOP (see
paragraph 2.11.5).

C. Turn off the Model 740. The alternate loop setting will
be stored in battery backed-up memory.

D. Turn on the external scanner(s).

E. Lastly, turn on the Model 740. The instrument will
then “find” the external channels.

Note: The loop setting and found messages are irrele-
vant if an external scanner(s) is not serially connected
to the Model 740.

5. An internal battery is used to power memory that
“remembers” various setup parameters of the instru-
ment. If the battery is in a discharged state, the follow-
ing message will be displayed briefly:

BATTFAIL

Upon receipt of instrument, the battery will probably
be in a discharge condition when it is first turned on.
This is not a defect. To fully charge the battery, leave
the instrument powered up over night.

More information on the battery powered memory can
be found in paragraph 2.24.

6. The instrument will then display the first available
measurement channel at default conditions.

2.2.4 Default Conditions

The Model 740 contains battery powered memory that is

used by the instrument to “remember” the setup condi-
tions after power-down. Upon subsequent power-up, the
instrument will return to those user defined default con-
ditons. The following conditions are “remembered” by the
Model 740:

. Time of day.

. Current date.

. Channel configurations (types) - TC type, mV or OFF.
. Readings in data store.

. Scale - °C/°F.

Filter - on/off.

Continuous - enabled/disabled.

Trigger time - Program TRIG.

Interval

O O NOU B WN R

The battery charges when the instrument is on. A fully
charge battery will become discharged if the battery is not
charged within seven days. To charge a discharge battery,
leave the instrument powered up for approximately 12
hours. If the battery discharges the instrument “forgets”
the previous setup conditions and returns to the factory
default conditions. The instrument will power up to the
following conditions if the battery is discharged; the time
of day resets to 00.00.00, the current date to 01.01, all chan-
nels are set to be OFF, all readings in the data store are
lost, the scale resets to °C, filter disabled, continuous mode
disabled, the trigger time will reset to 24.00 (disabled), and
the interval will set to “1-SHOT".

Some other instrument parameters are saved in non-
volatile random access memory (NVRAM). This type of
memory retains the programmed information and does not
require a power source (battery). The parameters that are
saved in NVRAM include:

. Calibration date.

. IEEE address (set to 14 at factory).

Line frequency setting (set to 60Hz at factory).
. Calibration constants.

. Calibration serial number

Loop Setting - 705/706 (set to 705 at factory).
Date Format

NG AW R

2.3 FRONT PANEL FAMILIARIZATION

_The front panel layout of the Model 740 is shown in Figure

21, while a brief description of each front panel control
is contained in Table 2-1. The following paragraphs describe
the various components of the front panel in detail.

2-2
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Table 2-1. Summary of Front Panel Controls

Control Function

POWER Turns instrument on and off.

LOCAL Transfers control from IEEE to front panel.

SCAN ENABLE | Toggles instrument between scan enable mode and scan disable mode. Also sets chan-
nel(s) for Type J thermocouples.

SCAN RECALL | Toggles display between stored scan readings and normal measurement readings. Also
sets channel(s) for Type K thermocouples.

LOG ENABLE Toggles instrument between log enable mode and log disable mode. Also sets channel(s)
for Type T thermocouples.

LOG RECALL Toggles between stored log readings and normal measurement readings. Also sets chan-
nel(s) to Type E thermocouples.

HI-LO-AVG Displays the highest, lowest and average reading stored in log buffer. Displays the highest
and lowest readings in the scan buffer. Also sets channel(s) to Type R thermocouples.

START Starts scan and log processes. Also sets channel(s) for Type S thermocouples.

CONTINUOUS | Toggles scan and log modes between continuous and single. Also sets channel(s) for Type
B thermocouples.

Aand V Increments and decrements channels, memory locations, and scan and log intervals. Also
used with front panel programs.

PROGRAM Selects the front panel program mode. Each subsequent press increments to next program
component.

TYPE SELECT Places instrument in the state where channels can be configured.

°CI°F Toggles scale of display between °C and °F.

FILTER Toggles filter between on and off.

TYPE (mV) Displays configuration of channel. Also used to configure channel(s) for millivolt
measurements.

TIME (OFF) Displays time of day, time of scan or log, and selects Program TIME. Also used to con-
figure channel(s) to be off.

ENTER Enters operating and program parameters. Also returns display to previous state when

TIME or TYPE is checked, and when HI-LO-AVG is displayed.

NOTE: For more information on front panel controls, see paragraph 2.3.2.
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2.3.1 Display and Indicators

Display—The 8 character, alphanumeric, LED display is
used to display temperature and millivolt measurements,
channel and memory locations, and various messages
associated with operation.

IEEE Status Indicators—The TALK, LISTEN and REMOTE
indicators apply to instrument operation over the IEEE-488
bus. The REMOTE indicator shows when the instrument
is in the IEEE-488 remote state. The TALK and LISTEN in-
dicators show when the instrument is in the talk and listen
states respectively. See Sections 3 and 4 for detailed infor-
mation on operation over the bus.

Operation Status Indicators—Many of the Model 740 con-
trols have indicators that help define the operating state
of the instrument. Descriptions of these controls, along
with their companion indicators, are described in
paragraph 2.3.2. Descriptions of the other two indicators
are as follows:

CHANNEL Indicator—When this indicator is on, the
displayed information pertains to the channel. Scanner
card channel numbers are displayed while the internal
measurement channel number is not. The channel number
is indicated by the last two display characters.

LOCATION Indicator—When this indicator is on, the
displayed information pertains to the memory location that
is also displayed. The memory location number is in-
dicated by the last two display characters.

2.3.2 Controls

All front panel controls, except the POWER switch, are
momentary contact switches. Many of the buttons perform
more than one function. Table 2-1 summarizes the func-
tions of the front panel control buttons.

POWER—The POWER switch controls the AC power to the
instrument. Placing the switch to the “in” position turns
the power on. Placing the switch to the “out” position
turns the power off. The correct positions for off and on

are marked on the front panel by the POWER switch.

LOCAL—When the instrument is in the IEEE-488 remote
state (REMOTE indicator on), the LOCAL button will
return the instrument to front panel operation. However,
if local lockout (LLO) was asserted over the bus, the
LOCAL button will be inoperative. See Sections 3 and 4
for information on operating the instrument over the bus.

DATA STORE Group

SCAN ENABLE (J)—This button causes the SCAN
ENABLE indicator to start flashing, and places the instru-
ment in the scanning mode of operation. When the in-
dicator is on but not flashing, the instrument is scanning
the available channels. The Model 740 can scan up to 90
channels (nine of which are reference junction channels)
at one of 10 available intervals or perform a single scan.
When the instrument is in the type select mode, the func-
tion of this button is to configure one or all channels for
Type ] thermocouples.

SCAN RECALL (K)—When the instrument is in the nor-
mal measurement state or in the scanning state, this but-
ton turns on the SCAN RECALL indicator and allows the
instrument to recall scanned readings. When the instru-
ment is in the type select mode, the function of this but-
ton is to configure one or all channels for Type K
thermocouples.

LOG ENABLE (T)—This button causes the LOG ENABLE
indicator to start flashing and places the instrument in the
log enable mode. When the indicator is on (not flashing),
the instrument is logging readings. The Model 740 can store
up to 100 readings at one of 13 available storage intervals.
When the instrument is in the type select mode, the func-
tion of this button is to configure one or all channels for
Type T thermocouples.

LOG RECALL (E)—When the instrument is in the normal
measurement state or in the logging state, this button turns
on the LOG RECALL indicator and allows the instrument
to recall logged readings. When the instrument is in the
type select mode, the function of this button is to configure
one or all channels for Type E thermocouples.

HI-LO-AVG (R)—When the instrument is in the log recall
mode, this button is used to display the highest, lowest
and average reading stored in the log buffer. When the in-
strument is in the scan recall mode, this button is used
to display the highest and lowest reading stored in the scan
buffer. When the instrument is in the type select mode,
the function of this button is to configure one or all chan-
nels for Type R thermocouples.

START (S)—When the instrument is in the scan or log
mode (SCAN ENABLE or LOG ENABLE indicator
flashing), this button can be used to start the scanning or
logging process. When the instrument is in type select
mode, the function of this button is to configure one or
all channels for Type S thermocouples.

2-5
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CONTINUOUS (B)—This button toggles the instrument
between the continuous (CONTINUOUS indicator light
on) and single scan/log mode. In the single scan mode,
one reading of each available channel will be stored in the
scan buffer. In the continuous scan mode, scans continue
to occur at the selected interval. Each scan will overwrite
the previous reading on each channel. In the single log
mode, logging will stop after the log buffer fills (100
readings). In the continuous log mode, readings will con-
tinue to be logged after the buffer is full with the most re-
cent reading occupying location 99. When the instrument
is in the type select mode, the function of this button is
to configure one or all channels for Type B thermocouples.

CONTROL Group

The A and V¥ buttons are used for incrementing and
decrementing channels and memory locations, selecting
scanning and logging intervals, and selecting the various
program parameters.

MODIFIER Group

PROGRAM—This button places the instrument in the front
panel program mode. Each press of the PROGRAM but-
ton increments the instrument to the next program
segment.

TYPE SELECT—This button is used to configure the chan-
nels available to the Model 740. Each channel can be con-
figured for temperature measurements (thermocouple type
selected), millivolt measurements (mV selected) of a ther-
mocouple or set to display “OFF” (OFF selected) if the
channel is not going to be used.

°C/°F—This button toggles the thermometric scale of the
display between °C and °F

FILTER—This button toggles the filter between on (FILTER
indicator light on) and off. The filter cannot be enabled
while the instrument is scanning, logging or recalling
readings.

DISPLAY Group

TYPE (mV)—This button is used to display the configura-
tion of the currently selected channel (thermocouple type,
mV or OFF). When the instrument is in the type select
mode, the function of this button is to configure the cur-
rently selected channel for millivolt (mV) measurements
of the thermocouple.

TIME (OFF)—This button is used to display the current
time of day and the time that a reading was scanned or
logged. Time is displayed in a 24 hour clock format. For
example, a time of 1:00 PM is displayed as 13:00:00. Pro-
gram TIME, explained in paragraph 2.11.2, is used to set
the clock to the correct time. If a trigger time is set, the
“on” message will accompany the time (ie. “13:00:00 ON").
When the instrument is in the type select mode, the func-
tion of this button is to configure the channel(s) to display
“OFF” if it is not going to be used.

ENTER—This button is used to enter various operating and
front panel program parameters, and returns the display
to the previous state when TIME or TYPE is checked.

2.4 REAR PANEL FAMILIARIZATION

The rear panel layout of the Model 740 is shown in Figure
2-2. The following information describes the various com-
ponents of the rear panel:

2-6
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Figure 2-2. Rear Panel Layout

CARD 1 slot—This slot can accommodate one Model 7057A
Thermocouple Scanner Card which makes nine channels
(2 through 10) available to the Model 740. Refer to
paragraph 2.6.2 for instructions on how to remove or in-
stall a scanner card.

INPUT CARD—This card is used to connect each channel
of the measurement system to the input of the Model 740.
When using the internal channel, a single thermocouple
is connected to the terminal strip of the input card. When
using one or more scanner cards, the output of each card
is connected to the terminal strip.

SERIAL IN—This BNC connector provides a daisy chain
configuration to a Keithley scanner that has one or more
temperature scanner cards installed. SERIAL IN is con-
nected to SERIAL OUT of the Model 705 or 706.

SERIAL OUT-This BNC connector completes the daisy
chain configuration. SERIAL OUT is connected to SERIAL
IN of the Model 705 or 706. Figure 27 and 2-8 illustrates
a daisy chain configuration.

EXTERNAL TRIGGER—This BNC connector is used to
connect an external pulse source to the instrument for the
purpose of initiating the scan or log process. See paragraph
2.12 for complete information on external triggering.

IEEE-488 INTERFACE—The IEEE bus connector provides
bus connection to the Model 740. The connector mates to
the Keithley Model 7008-3 and 7008-6 cables.

LINE FUSE—This is the line power fuse and is rated as
specified in Table 6-1.

LINE RECEPTACLE—The line power receptacle mates with
a three wire line cord which provides connections to line

voltage. For correct hne voltage selection, refer to paragraph
2.2.

2.5 ERROR MESSAGES

Table 2-2 lists and explains the various error messages
associated with front panel operation. Error messages
associated with bus operation are covered in Section 3.

2-7
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Table 2-2. Error Messages

Message Explanation

SCANENBL Displayed briefly when invalid button pressed while in scan enable mode.

LOG ENBL Displayed briefly when invalid button pressed while in log enable mode.
LOGGING Displayed briefly if invalid button pressed while 740 is logging.

SCANNING Displayed briefly if invalid button pressed while 740 is scanning.

OPENTC 02 TC not connected to displayed channel or TC is open. ‘

SHORT 740 cannot log or scan at selected interval. 740 will log or scan as fast as the setup allows.
------ 00 Displayed when trying to recall the log of an “off” channel.

CARD OUT Input card or scanner card has been removed.

RJ ERR Reference junction outside of —10°C to +70°C range.

NO LOOP Serial loop broken. Close loop and cycle power on 740.

TRIG OVER Displayed when a trigger occurs while the instrument is displaying current channel

measurements, or single log or single scan measurements.

Table 2-3. Thermocouple Identification

(+) Positive Lead (=) Negative Lead
Insulation Insulation
Thermocouple | Material Color Material Color
Type ] Iron White | Constantan Red
Type K Chromel Yellow Alumel Red
Type T Copper Blue Constantan Red
Type E Chromel Purple | Constantan Red
Type R Pt - 13% Rh| Black Pt Red
Type S Pt - 10% Rh| Black Pt Red
Type B Pt-30% Rh| Gray |Pt-6% Rh Red
Note: Pt = Platinum
Rh = Rhodium
2.6 SET-UP PROCEDURES WARNING

The Model 740 has one internal channel that can be used
to make temperature measurements. With the addition of
a Model 7057A Thermocouple Scanner Card, up to nine
channels can be measured. By utilizing Model 705s or a
Model 706, nine scanner cards can be used increasing the
number of channels to a maximum of 81. Helpful infor-
mation concerning the construction and polarity markings
of the various thermocouples is located in Table 2-3.

Never attempt to pull out the INPUT CARD that
has a thermocouple in contact with an external
voltage source. The shield on the card, which
is exposed, is at the same possibly dangerous
potential as the thermocouple.
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2.6.1 Setup Using Internal Channel

In general, setting up the instrument for using the inter-
nal channel consists of connecting the desired thermocou-
ple (TC) to the “INT” terminals of the input card.

NOTE
The internal reference junction is located near the
“INT” terminals. Failure to connect the TC to the
“INT” terminals will result in measurement errors.

Perform the following procedure to set up the instrument
for internal channel use:

1. Make sure the power is off, the line cord is disconnected
and any connected TCs are clear of any external voltages.

2. To gain access to the input card terminal strip, unfasten
the locking tabs by pulling both locks forward. Grasp
the end of the card and pull it forward until it stops.

3. Remove the top section of the rubber cable clamp. The
clamp is secured by two screws.

4. The TC must be connected to the pair of terminals
marked “INT” (see Figure 2-3). Connect the positive
wire to the HI terminal and the negative wire (red in-
sulation) to the LO terminal.

WARNING
To prevent personal injury, or damage to the
Model 740, thermocouples and external cir-
cuitry, never connect more than one ther-
mocouple to the input card.

5. Feed the thermocouple wire over the rubber cable clamp
and replace the top section of the clamp.

6. Push the input card back into the mainframe, lock the
card in place as shown in Figure 2-4, and power-up the
instrument.

Note: Never connect more than one thermocouple to
the input card. Besides creating a safety hazard, the
measurements will be erroneous.

[

PUSHBUTTONS-PUSH IN TO CONNECT/DISCONNECT WIRES

| INT

INPUT m
CARD | (10 HIYLO HI LO HI LO HI LO HI LO HI LO HI LO HI LO HI

TERMINAL STRIP (24 TO 16 AWG)

N

TC

Figure 2-3. Setup Using Internal Channel
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/)/

INPUT CARD
(LOCKED POSITION)

Lock (2)

CABLE CLAMP

TERMINAL STRI

Figure 2-4. Input Card
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2.6.2 Setup Using One Scanner Card

In general, the setup to use one scanner card consists of
connecting up to nine thermocouples to the scanner card,
and then connecting the output of the scanner card to the
input card.

NOTE
Refer to the Model 7057A Instruction Manual for
complete information on the thermocouple scan-
ner card.

Perform the following procedure to use the Model 740 with
a Model 7057A Thermocouple Scanner Card installed:

1. Make sure the power is off, the line cord is discon-
nected and any TCs are clear of external voltages.

2. If a scanner card is installed in the mainframe, it must
be removed. To remove the scanner card, unfasten the
locking tabs by pulling the locks outward. Grasp the
end of the card and pull it out of the mainframe.

NOTE
Handle the scanner card by the edges to avoid con-
taminating it with dirt, body oil, etc.

3. On the scanner card, remove the top section of the rub-
ber cable clamp. The clamp is secured by two screws.

4. Connect one to nine thermocouples (TCs) to the chan-
nels of the scanner card as shown in Figure 2-6. Con-
nect the positive wire of each thermocouple to the HI
terminal and the negative wire (red) to the LO terminal.

WARNING
When using a scanner card, never connect a
thermocouple directly to the input card, as per-
sonal injury or damage to the instrument may
result.

5. Connect two wires to the OUTPUT terminals of the
scanner card. Note the polarity as these wires will be
connected to the terminal strip of the input card.

6. Feed all the wires over the rubber cable clamp and
replace the top section of the clamp.

7. Install the scanner card into the rear panel opening
with the component side facing up (see Figure 2-5).
Make certain the card edges are aligned with the
grooves in the receptacle. With the card fully inserted,
push the locks into the locked position.

8. To gain access to the input card terminal strip, unfasten
the locking tabs by pulling both locks forward (see
Figure 2-4). Grasp the end of the card and pull it for-
ward until it stops.

9. Remove the top section of the rubber cable clamp. The
clamp is secured by two screws.

10. Connect the scanner OUTPUT wires to any pair of ter-
minals on the input card terminal strip (see Figure 2-6).
Be sure to observe the proper polarity.

11. Feed the output wires over the rubber cable clamp and
replace the top section of the clamp.

12. Push the input card back into the mainframe, lock the
card in place as shown in Figure 2-4, and power up
the instrument.

Notes:

1. Never connect a thermocouple to the input card of the
instrument when using one or more scanner cards.
Besides creating a safety hazard, the measurements will
be erroneous.

2. Channel 1 is the reference junction of the card.
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CABLE CLAMP

N

2 Lock (2)

SCANNER CARD

SCANNER CARD
INSTALLED
(LOCKED POSITION)

Figure 2-5. Scanner Card Installation
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Figure 2-6. Setup Using Up to Nine Scanner Cards
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2.6.3 Setup Using Additional Scanner Cards NOTE
Refer to the individual instruction manuals for
complete information on the Models 7057A, 705

In general, the setup to use up to eight additional scan- and 706,

ner cards consists of connecting the thermocouples to the
scanner cards, installing the cards in the Model 705s or
a Model 706, and connecting the outputs of the scanner
cards to the input card of the Model 740. The equipment
is then serially connected together as shown in Figure 27
or Figure 2-8.

( MODEL 740 SERIAL
IN
2-10 |°ARP

RJ=1
INPUT
CARD : s%%ITAL

UNIT 1|
MODEL 706 SERIAL
IN

2 (4RO

RJ=11
22-30 |CARD SERIAL
RJ=21 ouT
/2]
=
2 -4 |CARD [TE7A ] BNC
ZRia| ! BNC
I
O 42-50 CAZRD SEO%ITAL CABLES
RJ=41

UNIT 3
MODEL 706 SERIAL
IN

s2-60 [CARD

RJ=51
e2-70 |40 SERIAL
RJ=61

UNIT 4
MODEL 706 SERIAL

IN
o-a0 [CARD
RJ=T71
-9 |CARP SERIAL

\&3

Figure 2-7. Daisy Chaining Model 705’s

UNIT 2
MODEL 706 SERIAL
IN
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MODEL 740
SERIAL
CHANNELS 1-10 | CARD IN BNC TO BNC
INPUT CABLES
caRD L— ] serIAL
ouT
MODEL 706 SERIAL

IN -
o
SERIAL

CARD CARD CARD CARD CARD CARD CARD CARD CARD CARD

NOT USED
NOT USED

ouT
9 10

CHANNELS 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90

Figure 2-8. Daisy Chaining Model 706

Perform the following procedure to use the Model 740 with
up to eight additional scanner cards:

1. Power up the instrument and check the display to see
if the instrument is set to be operated with the desired
scanner(s). The message “705 ?” or “706 ?” will be
displayed briefly to indicate the setting. If necessary,
use Program LOOP (paragraph 2.11.5) to change the
setting.

2. Turn off the power, disconnect the line cord, and make
sure that any connected TCs are clear of external
voltages.

3. Set up each scanner card as explained in steps 3
through 6 of paragraph 2.6.2.

4. Install the scanner cards in either the Model 705s or
a Model 706. If using a Model 706, do not install a scan-
ner card in card slots nine and 10.

5. To gain access to the Model 740 input card terminal
strip, unfasten the locking tabs by pulling both locks
forward (see Figure 2-4). Grasp the end of the card and
pull it forward until it stops.

6. Remove the top sectioh of the rubber cable clamp. The
clamp is secured by two screws.

7. Observing the proper polarity, connect the OUTPUT

10.

11.

of each scanner card to any pair of terminals on the
terminal strip (see Figure 2-6).

. Feed the output wires over the rubber cable clamp and

replace the top section of the clamp.

. Push the input card back into the mainframe and lock

the card in place as shown in Figure 2-4.

To wire the scan control circuitry, perform one of the

following steps:

A. If using a Model 706, connect the scanner to
the Model 740 as shown in Figure 2-8.

B. If using Model 705(s), connect the scanner(s) to the
Model 740 using Figure 27, which shows four scan-
ners, as a guide. Connect SERIAL OUT of the last
scanner to SERIAL IN of the Model 740.

Power up the Model 706 or 705s, and program each one

to be a slave by entering Program 92 on each scanner

(Press the PRGM button and then the “9” and “2’

buttons).

. Lastly, power up the Model 740. During the power up

sequence, verify that the scanner(s) used has been
found. For example, if a Model 705 scanner is serially
connected to the instrument and the 7057A output(s)
is connected to the input card, the “705 ?” and
“FOUND” messages will be displayed briefly.
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Notes:

1. Never connect a thermocouple to the input card when
using one or more scanner cards. Besides creating a safe-
ty hazard, the measurements will be erroneous.

2. Channel number assignments are dependent on the
position of the scanner cards in the system. Figures 2-7
and 2-8 show the channel assignments. If a card is not
installed, those 10 channels will be unavailable to the
Model 740.

3. Channels 1, 11, 21, 31, 41, 51, 61, 71 and 81 are used by
the reference junctions of the scanner cards.

4. Upon power up, the Model 740 senses the channels that
are available (“FOUND”) in the measurement system.
If the loop setting of the Model 740 does not match the
scanner(s) serially connected to the Model 740, the in-
strument will lock up with the message “NO LOOP”
displayed. To remedy the problem:

A. Turn off the Model 740 and the external scanner(s).

B. Power-up the Model 740 and select the alternate loop
setting using front panel Program LOOP (see
paragraph 2.11.5).

C. Turn off the Model 740. The alternate loop setting will
be stored in battery backed-up memory.

D. Turn on the external scanner(s).

E

. Lastly, turn on the Model 740. The instrument will
then “find” the external channels.

5. Whenever Program LOOP is used to change the scan-
ner selection, power must be cycled to sense that
scanner(s).

2.7 ENVIRONMENTAL CONDITIONS

Operation of the Model 740 should take place in an en-
vironment that has an ambient temperature within the
range of 0° to 50°C with 0% to 80% relative humidity up
to 35°C. Between 35°C and 50°C, derate linearly 3%RH/°C.
Environmental conditions for storage are -25°C to +60°C.

2.8 BASIC MEASUREMENTS

By using the appropriate thermocouple (Type J, K, T, E,
R, S or B), the Model 740 can make temperature
measurements in the range of -200.0°C to +1820°C. The
instrument can display the measurements in °C or °F or
instead, the voltage generated (in millivolts) by the thermo-
couple.

The Model 740 can measure the one channel that is built
in or measure up to 81 channels with the use of nine Model
7057A Thermocouple Scanner Cards. Paragraph 2.6 ex-
plains how to set up the necessary equipment.

WARNING
If temperature measurements are going to be
made in an environment where voltage poten-
tials may be present, adhere to the safety
precautions found in front of Section 1 of this
manual. Always assume that hazardous vol-
tages are present if not sure.

CAUTION
To prevent damage to the instrument and possi-
ble personal injury, do not apply more than 250V
RMS (for more than one minute) to the input (HI
and LO), or 200V peak between input LO and
the chassis.

2.8.1 Internal Channel Measurements

In general, operation consists of connecting a thermocou-
ple to the “INT” terminals of the input card and configur-
ing the channel for the appropriate thermocouple type or
for millivolt measurements.

The procedure to make internal channel temperature
measurements is summarized by the flowchart shown in
Figure 2-9. Note that the step numbers used in the
flowchart correspond to the steps of the following detailed
procedure.

With the instrument in the measurement state (Data Store
inactive), perform the following procedure to make
measurements using the internal channel:

NOTE
When making measurements using the internal
measurement channel, a channel number is not
displayed by Model 740.

1. Connect the thermocouple to the input card as ex-
plained in paragraph 2.6.1.

2. If the channel configuration is not going to be changed,
the measurement can now be taken from the display.

3. To reconfigure the channel, press the TYPE SELECT
button. The current configuration of the channel will
be displayed. For example, if the channel is currently
configured to be off, the following message will be
displayed: '

OFF =
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4. To set for a TC type, press the ], K, T, E, R, S or B but-
ton. The selected TC type must match the TC type con-
nected to the internal channel. To configure the chan-
nel to measure the voltage generated by the TC (in milli-
volts), press the mV button. If the channel is not going
to be used, press the OFF button.

5. With the appropriate configuration displayed, press the
ENTER button. The measurement of the internal chan-
nel will be displayed.

740
STATE

IN MEASURMENT

RECONF 18URE
CHANNEL 7

PRESS

TYPE SELECT
(STEP 3)

STEP { PRESS PRESS | | PRESS

OFF

PRESS
ENTER

(STEP 6 )

NOTE: THE STEPS USED IN

THE FLOWCHART CORRESPOND

TO THE STEPS IN THE DETAILED
PROCEDURE IN PARAGRAPH 2.8.1.

Figure 2-9. Flowchart—Internal Channel Measurements

2-17



BENCH OPERATION

Notes:

1. To change the scale that temperature readings are
displayed in, press the °C/°F button. This button tog-
gles the scale between °C and °F

2. To change the filter status, press the FILTER button. This
button toggles the filter between on (FILTER indicator
on) and off. Paragraph 2.9 provides detailed informa-
tion on the filter.

3. The Model 740 can automatically scan the one internal
channel. Each scan will store the new reading in the
scan buffer. Detailed information on scanning can be
found in paragraph 2.10.1.

4. The Model 740 can log and store up to 100 readings in
the log buffer. See paragraph 2.10.3 for complete infor-
mation on the log feature.

5. To display the temperature of the internal reference junc-
tion, refer to the procedure in paragraph 2.8.3.

6. If the input card is pulled out while power is on, the
instrument will lock up with the message “CARD OUT”
displayed. Power must then be cycled.

7. Table 2-4 lists the buttons that are functional when the
instrument is in the measurement state and briefly
describes what happens when they are pressed.

2.8.2 Multi-Channel Measurements

In general, operation using multi-channels consists of con-
necting one or more thermocouples (via scanner cards) to
the Model 740, configuring the available channels and us-
ing the A and V buttons to display the reading on each
channel.

The procedure to make temperature measurements is il-
lustrated by the flowchart shown in Figure 2-10. Note that
the step numbers used in the flowchart correspond to the
steps of the following detailed temperature measurement
procedure.

With the instrument in the normal measurement state
(Data Store inactive), perform the following procedure to
make multi-channel] temperature measurements:

1. Connect the thermocouple(s) to the instrument as ex-
plained in paragragh 2.6.2 or 2.6.3.

2. If current channel configurations are not to be changed,
proceed to step 8. To check the current configuration of
one or more available channels, perform the following
steps:

A. Press the TYPE button. The configuration of the cur-
rent channel will be displayed. For example, if the
current channel is 2, and is configured for Type K
temperature measurements, the following message
will be displayed:

TYPE K 02

B. Use the A and V¥ buttons to display the configura-
tions of the other available channels. The A and ¥
buttons increment and decrement the channels
respectively. Note that on each reference junction
channel (01, 11, 21 ... 81), the temperature of the junc-
tion will be displayed.

C.To return the display to the measurement mode,
press the ENTER button.

. Press the TYPE SELECT button to reconfigure one or

more channels. The current configuration of the current
channel will be displayed. For example, if channel 2 is
the current channel and configured for Type K TCs, the
following message will be displayed:

K =02

. Each channel can be set up for a separate and unique

configuration or all channels can be set up for the same
configuration. Perform one of the following steps to con-
figure the available channels of the Model 740:

A.To configure all available channels to the same con-
figuration, press the TYPE SELECT button again. The
current configuration will be displayed. For example,
if the previously displayed channel was set for Type
K TCs, then the following message will be displayed:

ALL K

Note: The TYPE SELECT button toggles between the
“configure each channel” mode and “configure all
channels the same” mode.

B. To configure an available channel, use the A and ¥
buttons to display the desired channel (if not already
displayed). The A button increments the available
channels and conversely, the ¥ button decrements
the available channels. Note: Reference junction
channels cannot be configured. These channels will
only display the temperature of the reference
junction.

. To select a TC type, press the J, K, T, E, R, S or B but-

ton. The selected TC type must match the TC type con-
nected to the channel(s). Pressing the mV button con-
figures the channel(s) for millivolt measurements (of the
TC) rather than temperature measurements. If the chan-
nel is not going to be used, press the OFF button. The
message “OFF” will be displayed whenever this chan-
nel is selected. NOTE: An “OFF” channel is still available
to the Model 740. That is, it can be displayed and
scanned. A channel that is referenced to as being
unavailable means that the channel is physically not in
the measurement system.

. To configure the rest of the available channels, repeat

steps 4B and 5.

. When the available channels are configured as desired,

press the ENTER button. The reading (temperature,
millivolts or OFF) on the last selected channel will be
displayed.

. Use the A and V buttons to display the readings on

the other available channels.
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CHANNEL(S) ?
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(STEP 3)
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Figure 2-10. Flowchart—Multi-channel Measurements
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Table 2-4. Functional Controls—Measurement State*

Control Function

SCAN ENABLE Enter scan enable mode. Press again to exit scan mode.

SCAN RECALL Enter scan recall mode and display scanned reading. Press again to exit recall mode.
LOG ENABLE Enter log enable mode and display logging interval. Press again to exit log mode.
LOG RECALL Enter log recall mode and display last logged reading. Press again to exit recall mode.
CONTINUOUS Toggle continuous mode between enable and disable.

A Increment to next available measurement channel.

v Decrement to next available measurement channel.

PROGRAM Enter program mode and display trigger hour (Program TRIG).

TYPE SELECT Enter type select mode - display configuration of channel (see ENTER).

°CI°F Toggle scale between °C and °F.

FILTER Toggle filter between enable and disable.

TYPE (mV) Display configuration of channel (see ENTER).

TIME (OFF) Display time of day (see ENTER).

ENTER Returns display to measurement mode if TIME or TYPE displayed.

*Data Store not in use and current channel measurement displayed.

Notes:

1. Channels that do not have a TC connected to it or have
an open TC connected to it will display the “OPENTC”
message.

2.To change the thermometric scale that temperature
readings are displayed in, press the °C/°F button. The
°C/°F button toggles the scale between °C and °F.

3. To change the analog filter status, press the FILTER but-
ton. The FILTER button toggles the filter between on
(FILTER indicator light on) and off. Paragraph 2.9 pro-
vides further information on the analog filter.

4. The Model 740 can automatically scan channels and store
the readings in the Data Store. The procedure for using
the scan feature can be found in paragraph 2.10.1.

5. The Model 740 can log and store up to 100 readings of
any one channel. The procedure for using the log feature
can be found in paragraph 2.10.3.

6. If a scanner card or the input card is pulled out while
power is on, the instrument will lock up with the
message “CARD OUT” displayed. Power must then be
cycled.

7. Table 2-4 lists the buttons that are functional when the
instrument is in the normal measurement state (Data
Store inactive) and briefly describes what happens when
they are pressed.

2.8.3 Reference Junction Temperature
Measurements

Perform the following procedure to display the temper-
ature reading of a reference junction:

1. Press the TYPE button and then use the A and V¥ but-
tons to display the temperature of the desired reference
junction channel. Reference junction channels include
the internal reference junction (RJ), or scanner card
reference junctions (channels 01, 11, 21, 31, 41, 51, 61,
71 and 81). Notice that reading on the display is not be-
ing updated (decimal point not flashing).

2. Press the ENTER button. The displayed temperature
readings will then update at the current conversion rate.
An updating display is indicated by the flashing decimal
point.

Note: The displayed reference junction temperature will
be lost when another channel is selected.

2.9 FILTER

The analog filter is used to stabilize the readings of a noisy
input level. Considerations of filter usage are as follows:

1. Typically, it takes 100msec to achieve a settled reading.
A thermocouple loop resistance >1kQ will increase the
filter settling time.

2. The scanning rate is decreased to five channels per
second.

3. Normal mode rejection (NMR) is increased by 20dB at
50 and 60Hz.

To enable the filter, press the FILTER button. The FILTER
indicator light will turn on. To disable the filter, press the
FILTER button a second time.

2-20



BENCH OPERATION

2.10 DATA STORE

The Data Store can be used as a scanner or as a logger.
As a scanner the instrument stores one reading of each
available channel in the scan buffer. As a logger the in-
strument stores up to 100 readings of one selected chan-
nel in the log buffer. Thus, the fundamental difference be-
tween the two features is that the scanner stores one
reading of every channel, while the logger stores a number
of readings of one channel.

Table 2-5. Data Store Intervals

Display
Message Interval
50mS AVY | Logging—One reading every 50msec.
Scanning—Interval not available.
100mS AY | Logging—One reading every 100msec.
Scanning—Interval not available.
500mS AVY | Logging—One reading every 500msec.
Scanning—Scan channels every
500msec.
1SEC AVY | Logging—One reading every lsec.
Scanning—Scan channels every Isec.
5SEC AV | Logging—One reading every 5sec.
Scanning—Scan channels every 5sec.
10SEC AY | Logging—One reading every 10sec.
Scanning—Scan channels every 10sec.
30SEC A VY | Logging—One reading every 30sec.
Scanning—Scan channels every 30sec.
IMIN AV | Logging—One reading every lmin.
Scanning—Scan channels every Imin.
5MIN AV | Logging—One reading every 5min.
Scanning—Scan channels every 5min.
1I5MIN AV | Logging—One reading every 15min.
Scanning—Scan channels every
15min.
30MIN AV | Logging—One reading every 30min.
Scanning—Scan channels every
30min.
1HR AV | Logging—One reading every lhr.
Scanning—Scan channels every lhr.
1-SHOT AV | Logging—One-shot mode®.
Scanning—No message displayed.**

*In one-shot mode, one reading is stored everytime the
START button is pressed or an external trigger pulse is
received.

**One-shot mode selected when in single scan mode (con-
tinuous indicator off). One scan occurs everytime the
START button is pressed or an external trigger pulse
occurs.

2.10.1 Scanning Channels

The Model 740 can scan up to 81 measurement channels
(plus reference junction channels). Scans can be performed
manually or programmed to scan automatically at one of
10 available intervals (see Table 2-5). Parapraph 2.6 explains
how to connect the desired number of channels to the
instrument.

Single Scan Mode—When the instrument is in the single
scan mode (CONTINUOUS indicator light off), one
reading of each available channel will be stored in the scan
buffer when triggered to start. The scan may be started
by pressing the START button, programming a trigger time
(Program TRIG, see paragraph 2.11.1), or by an external
trigger pulse.

Continuous Scan Mode—In the continuous scan mode
(CONTINUOUS indicator light on), a scan will be started
by a programmed trigger time (Program TRIG) or when
the START button is pressed. Scans will continue to oc-
cur at the selected scan interval. Each scan overwrites the
data previously stored and stores the currently scanned
reading of each available channel, as well as the time of
day it was taken.

In general, the scan procedure consists of programming
a scan start time (if desired), selecting a scan mode (con-
tinuous or single), pressing the SCAN ENABLE button,
and selecting a scan interval (if in continuous mode). The
scan will start at the programmed trigger time or when
the START button is pressed.

The procedure to scan channels is summarized by the
flowchart shown in Figure 2-11. Note that the step numbers
used in the flowchart correspond to the steps of the follow-
ing detailed scan procedure.
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SEE FIGURE 2-16
FOR PROGRAMS
FLOWCHART

J

PRESS
CONTINOUS

PRESS
SCAN ENABLE
(STEP 3)
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(STEP 4)

1

PRESS
ENTER
(STEP 65 )

1 1

SCAN WILL START PRESS
ON PROBRAMMED START TO
TRIGBER TIME SCAN

(STEP 6A) (STEP 6B)

NOTE: THE STEPS USED IN THE FLOWCHART
CORRESPOND TO THE STEPS IN THE DETAILED
PROCEDURE IN PARAGRAPH 2.10.1.

Figure 2-11. Flowchart—Scanning Channels

With the available channels configured and the instrument
in the normal measurement state, perform the following
procedure to scan the channels:

1. If it is desired to program a trigger time to start the scan,
use Program TRIG as explained in paragraph 2.11.1.

2.1f it is desired to select the alternate scan mode (con-
tinuous or single) press the CONTINUOUS button. This
button toggles between continuous scan (CON-
TINUOUS indicator on) and single scan.

3. Press the SCAN ENABLE button. The SCAN ENABLE
indicator will start flashing and, if in the continuous
mode, the current scan interval will be displayed. For
example, if the current scan interval is five minutes, the
following message will be displayed:

5S5MINAY

4. If in the single scan mode, proceed to step 5. In the con-
tinuous scan mode (CONTINUOUS indicator on), select
an appropriate scan interval (if not already displayed)
using the A and V¥ buttons and then press the ENTER
button. The display will return to the current channel.

5. The scan process can be started by either a programmed
trigger time, the START button or an external trigger
pulse. When the scan starts, the SCAN ENABLE in-
dicator stops flashing, but remains on. The methods for
starting a scan are explained as follows:

A. The scan process will automatically start at the time
of day that has been programmed by the TRIG pro-
gram (step 1).

B. The scan process can be started by pressing the
START button. Each time this button is pressed a
scan will occur.

C. The scan process may be started by an external trig-
ger pulse. See paragraph 2.12 for details.

Notes:

1. A flashing SCAN ENABLE indicator specifies that the
instrument is in the SCAN ENABLE mode and is
waiting for a trigger to start the scan process. When the
scan starts, the indicator stops flashing but remains on.

2. In the single scan mode, the SCAN ENABLE indicator
will start flashing again when the scan stops.

3. In the single scan mode, the display will refresh (decimal
point flashes) at the conversion rate. In the continuous
scan mode, the display will refresh upon each scan.

4. The display message “SHORT” indicates that the insru-
ment cannot scan as fast as the selected interval. The
scans will occur as fast as the hardware will allow. In-
strument speed is affected by filter, number of channels
and configuration types. For example: trying to scan 10
channels (eight OFFE, two configured for TCs) with the
filter enabled at a 500msec interval or less, will result
in the “SHORT” message.
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. To take the instrument out of the scan mode, press the
SCAN ENABLE button. The SCAN ENABLE indicator
light will turn off.

. The procedure for recalling scanned readings is contain-
ed in paragraph 2.10.2.

. Table 2-6 lists the buttons that are functional when the
instrument is in the scanning state and briefly describes
what happens when they are pressed.

. Pressing the LOG ENABLE or LOG RECALL buttons
while in the scan enable mode will briefly display the
“SCANENBL’ message.

9. Pressing the A or ¥ button after the scanning process
has started, will display the other available channels.

Table 2-6. Functional Controls—Scanning State*

Control

Function

SCAN ENABLE
SCAN RECALL

CONTINUOUS

A
v

°C/°F
TYPE (mV)

TIME (OFF)
ENTER

Exit scanning state - display chan-
nel measurement.

Enter scan recall mode - display
scanned reading.

Places 740 in alternate scan mode.
Intervals displayed when in con-
tinuous mode.

Increment to next available channel
and display readings.

Decrement to next available chan-
nel and display readings.

Toggle scan between °C and °E

Display configuration of channel
(see ENTER).

Display time of day (see ENTER).

Returns display to measurement
mode if TIME or TYPE displayed.

*SCAN ENABLE

indicator on and scanning process

started. Current channel measurements displayed.

2.10.2 Recalling Scanned Channels

Readings stored in the scan buffer can be recalled with the
instrument in the normal measurement state (Data Store
inactive) or while the instrument is in the scanning state.

In general, recalling a scan consists of pressing the SCAN
RECALL button, and using the A and V¥ buttons to
display the reading stored for each available channel. The
TIME button permits the scan time of each channel to be

checked.

The procedure to recall scanned readings is summarized
by the flowchart shown in Figure 2-12. Note that the step
numbers used in the flowchart correspond to the steps of
the following detailed scan recall procedure.

740 IN
MEASUREMENT OR
SCANNING STATE

PRESS
SCAN RECALL
(STEP 1)

DISPLAY
HIGH & LOW
READINGS

YES

DISPLAY
ANOTHER
CHANNEL?
(STEP 3

PRESS
SCAN RECALL
TO EXIT RECALL
MODE (STEP 4 )

740 RETURNS
TO PREVIOUS
OPERATING
STATE

PRESS ENTER

TO RETURN TO

NORMAL RECALL
MODE

PRESS
HI-LO-AVG
(sTEP 2)

PRESS & ANDWVW TO
DISPLAY CHANNEL

NOTE: THE STEPS USED IN THE FLOWCHART
CORRESPOND TO THE STEPS IN THE DETAILED
PROCEDURE IN PARAGRAPH 2.10.2.

Figure 2-12. Flowchart—Recalling Scan
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With the Model 740 in the normal measurement state (Data
Store inactive) or in the scan mode, perform the follow-
ing procedure to recall scanned readings:

1. Press the SCAN RECALL button. The SCAN RECALL
indicator turns on and the following message will be
displayed briefly:

RECALL

The stored temperature for the first available reference
junction channel will then be displayed. For example,
if the stored temperature reading for channel 1is 72.3°F,
the following message will be displayed:

72.3°F 01

2. Perform the following procedure to display the highest
and lowest reading stored in the scan buffer:
A. Press the HI-LO-AVG button. The following message
will be displayed briefly:

HI

The highest reading in the scan buffer along with the
channel will be displayed. For example, if the highest
reading in the scan buffer is 23.9°C at channel §, the
following message will be displayed:

23.9°C 08

B. To display the lowest reading in the scan buffer, again
press the HI-LO-AVG button. The following message
will be displayed briefly:

LO

The reading along with the channel number will be
displayed. For example, if the lowest reading is 10.0°C
at channel 3, the following message will be displayed:

10.0°C 03

C. To exit from HI/LO recall, press the ENTER button.
The instrument will then be in the normal recall state.

3. With a stored reading displayed, pressing the A and
V buttons will display the stored reading for each of
the other available channels. Each press of the A but-
ton increments the display to the next available chan-
nel and the V¥ button decrements the display to the next
available channel.

4. To exit from the recall mode, press the SCAN RECALL
button. The instrument will return to the previous
operating state.

Notes:

1. A channel number will not be displayed if the internal
channel of the instrument is being used. The internal
reference junction channel is displayed as “RJ”.

2. A displayed scan reading will update immediately every
time a scan occurs.

3. If it is desired to check the time that a displayed reading
was stored, press the TIME button with the desired
channel displayed. Pressing the ENTER button will
return the display to the stored reading.

4. To check channel types (configurations) after a scan, first
exit the recall mode, display the channel, and then press
the TYPE button. The ENTER button returns the display
to the current channel measurement.

5. HI and LO readings can be displayed at any time while
the instrument is in the SCAN RECALL mode.

6. Reference junction channels, and channels that are con-
figured for mV measurements and OFF are ignored by
HI-LO recall. If there are not any valid temperature
readings to be recalled in HI-LO recall, the message

“” ’7

------ will be displayed.

7. If the “SHORT” message is displayed while the instru-
ment is scanning, the SCAN RECALL state cannot be
entered. To recall scanned readings, exit the scanning
state.

8. Table 27 lists which buttons are functional when the in-
strument is in the scan recall state and briefly describes
what happens when they are pressed.

Table 2-7. Functional Controls—Scan Recall State*

Control Function

SCAN RECALL | Enter scan recall mode and display
channel current measurement.

HI-LO-AVG Displays high and low reading in
scan buffer.

A Increment to next available channel
and display stored reading.

v Decrement to next available chan-
nel and display stored reading.

°CI°F Toggle scale between °C and °F.

TIME (OFF) Display time of scan (see ENTER).

ENTER Returns display to stored reading

mode if TIME of scan or high/low
reading is displayed.

*SCAN RECALL indicator on.
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2.10.3 Logging Readings

The Model 740 can log up to 100 readings of one channel
at a selectable storage rate ranging from one reading every
50msec to one reading every one hour. Also available is
a one-shot mode where each reading is stored by the press
of the START button.

Single Log Mode—When the instrument is in the single
log mode (CONTINUOUS indicator light off), the instru-
ment will stop logging after the buffer fills.

Continuous Log Mode—In the continuous log mode
(CONTINUOUS indicator light on), the instrument will
continue to log readings after the bulffer fills. After the buf-
fer fills (memory location 99 contains the 100th reading),
the 101st reading will be stored in memory location 99 and
the other stored readings will decrement one memory loca-
tion. The first stored reading that was in memory location
00 will be lost. The process of placing the most recent
reading in memory location 99 and decrementing the
memory location of the other stored readings continues
as long as the instrument is in the continuous logging state.
As an example, Table 2-8 shows the contents of the buffer
after continuously logging 250 readings.

Table 2-8. Memory Locations of Continuously
Logged Readings

740 ON
DESIRED
CHANNE

PROGRA
A LOG START

YES |SEE FIGURE 2-15

FOR PROGRAMS
FLOWCHART

PRESS
LOG ENABLE
(STEP 3)

PRESS
CONTINUOUS

CHANGE
LOG INTERVAL?

YES |PRESS & OR W TO

DISPLAY DESIRED

Readings

Memory 1st 100 101 | 102 | 103 | 250*
00 Ist 2nd | 3rd | 4th | 151th
01 2nd 3rd | 4th | 5th | 152th
02 3rd 4th | 5th | 6th | 153rd
03 4th 5th | 6th | 7th | 154th

[ ] L] L) [ ] [ ] [ ]

[ ] L] [ ] ° L) [ ]

[ ] L ] [ ] [ ] [ ] L]
97 98th 99th | 100th | 101st | 248th
98 99th 100th| 101st | 102nd| 249th
99 100th 101st | 102nd| 103rd | 250th
Rdgs None Ist | 1Ist & | 1st- | 1st -
Lost 2nd | 3rd | 150th

*Example only—No limit to the number of readings that
can be logged in the continuous mode.

(STEP 4 ) INTERVAL .
PRESS
ENTER
(STEP 5)
T
LOG WILL START| PRESS
ON PROGRAMMED START TO
TRIGGER TIME LOG
(STEP 6A) (STEP 6B)

740 WILL
DISPLAY CURRENT
CHANNEL
MEASUREMENT

NOTE: THE STEPS USED IN THE FLOWCHART
CORRESPOND TO THE STEPS IN THE DETAILED
PROCEDURE IN PARAGRAPH 2.10.3.

Figure 2-13. Flowchart—Logging Readings
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In general, the log procedure consists of programming a
start time (if desired), selecting a log mode (continuous
or single), selecting a log interval and pressing the ENTER
button. Logging will start at the programmed trigger time
or when the START button is pressed.

The procedure to log readings is illustrated by the flowchart
shown in Figure 2-13. Note that the step numbers used in
the flowchart correspond to the steps of the following
detailed log procedure.

With the desired channel displayed, perform the follow-
ing procedure to log readings in the Data Store:

1. If it is desired to program a trigger time to start the log-
ging process, use Program TRIG as explained in
paragraph 2.11.1.

2.If it is desired to select the alternate log mode (con-
tinuous or single), press the CONTINUOUS button.
This button toggles between continuous log (CON-
TINUOUS indicator on) and single log.

3. Press the LOG ENABLE button. The LOG ENABLE in-
dicator will start flashing and the current log interval will
be displayed. For example, if the current log interval is
one hour, the following message will be displayed:

1HR VA

4. If a different log interval is desired, use the A and ¥
buttons to display it. The available log intervals are listed
in Table 2-5.

5. With the desired log interval displayed, press the ENTER
button. The display will return to the current channel.

6. The log process can be started by either a programmed
trigger time, the START button or by an external trig-
ger. When the log starts, The LOG ENABLE indicator
stops flashing, but remains on. The methods for star-
ting a log are explained as follows:

A. The log process will automatically start at the time
of day that has been programmed by the TRIG pro-
gram (step 1).

B. The log process can be started by pressing the START
button.

C. The log process, may be started by an external trig-
ger pulse. See paragraph 2.12 for details.

Notes:

1. A flashing LOG ENABLE indicator specifies that the
instrument is in the LOG ENABLE mode and is waiting
for a trigger to start the log process. When the log pro-
cess starts, the indicator stops flashing but remains on.

2. The display message “SHORT” indicates that the in-
strument cannot log at the selected interval. The ac-
tual logging rate will only be as fast as the instrument
can run. Factors affecting instrument speed include

filter and type of configuration. For example: trying to
log a channel configured for a TC type at a 100msec
interval or less will result in the “SHORT” message.

3. In the single log mode, the LOG ENABLE indicator will
start flashing again when the log buffer fills.

4. To take the instrument out of the log mode, press the
LOG ENABLE button. The LOG ENABLE indicator
will turn off.

5. The procedure to recall logged readings can be found
in the next paragraph.

6. The display will continuously update at the conversion
rate while in the log enable mode and at 10 rdgs/sec
while logging.

7. If the SCAN ENABLE button or the SCAN RECALL
button is pressed while in the log enable mode (LOG
ENABLE indicator flashing), the message “LOG EN BL”
will be displayed briefly.

8. If an invalid button is pressed while the instrument is
logging, the message “LOGGING” will be displayed
briefly.

9. Readings cannot be logged on an “OFF” channel. Try-
ing to log on an “OFF” channel will clear the buffer.

10. With the “1-SHORT” interval selected, one reading will
be stored every time the START button is pressed or
an external trigger pulse is applied.

11. Table 2-9 lists the buttons that are functional when the
instrument is in the logging state and briefly describes
what happens when they are pressed.

12.In most instances, the high speed logging interval
(50msec) is intended to be used in the single log mode.
To achieve this speed, the Model 740 only measures the
reference junction temperature once at the start of the
log. The instrument can be used to make accurate
temperature measurements in the continuous log mode
(at 50msec) as long as the reference junction
temperature remains constant.

Table 2-9. Functional Controls—Logging State*

Control Function

LOG ENABLE | Exit logging mode.

LOG RECALL | Enter log recall mode - display last
logged reading and memory
location.

CONTINUOUS | Toggle continuous mode between
enable and disable.

°C/°F Toggle scale between °C and °F.

TYPE (mV) Display configuration of channel
(see ENTER).

TIME (OFF) Display time of day (see ENTER).

ENTER Return to measurement mode if
TIME or TYPE displayed.

*LOG ENABLE indicator on and logging process started.
Current channel measurements displayed.
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2.10.4 Recalling Logged Readings

Readings stored in the log buffer can be recalled with the
instrument in the normal measurement state (Data Store
inactive) or while the instrument is in the logging state.

In general, recalling logged readings consists of pressing
the LOG RECALL button, and using the A and V¥ but-
tons to display the stored readings. The HI-LO-AVG but-
ton displays the highest, lowest and average reading stored
in the buffer. The TIME button can be used to check the
time that a reading was logged.

The procedure to recall logged readings is illustrated by
the flowchart shown in Figure 2-14. Note that the step
numbers used in the flowchart correspond to the steps of
the following detailed log recall procedure.

With the Model 740 in the normal measurement state (Data
Store inactive) or in the logging state, perform the follow-
ing procedure to recall logged readings:

1. Press the LOG RECALL button. The LOG RECALL in-
dicator will turn on and a message indicating the chan-
nel will be displayed. For example if readings were logg-
ed on channel 2, the following message will be displayed
briefly:

RECALL 02

The last stored reading and the memory location will
then be displayed. For example, if the buffer filled and
the reading at the last memory location (99) is 236°F, the
following message will be displayed:

236.0°F 99

2. Perform the following procedure to display the highest,
lowest and average reading in the log buffer:
A. Press the HI-LO-AVG button. The following message
will be displayed briefly:

HI

The highest reading in the log buffer along with the
memory location will be displayed. For example, if
the highest reading in the buffer is 99.9°C at memory
location 36, the following message will be displayed:

99.9°C 36

B. To display the lowest reading in the log buffer, again
press the HI-LO-AVG button. The following message
will be displayed briefly:

LO

740 IN
MEASUREMENT OR
LOGGING STATE

PRESS
LOG RECALL
(STEP 1)

DISPLAY
HIGH,LOV
AND AVERAGE
READINGS?

DISPLAY
ANOTHER MEMORYN ES
LOCATION?
(STEP 4 )

PRESS

LOG RECALL
TO EXIT RECALL
MODE (STEP 6 )

740 RETURNS
TO PREVIOUS
OPERATING
STATE

PRESS ENTER

TO RETURN TO

NORMAL RECALL
MODE

1

PRESS
HI-LO-AVG
TO DISPLAY
READINGS.
(STEP 2 )

PRESS & AND ¥ TO
DISPLAY DESIRED
LOCATION

NOTE: STEPS USED IN THE FLOWCHART
CORRESPOND TO THE STEPS IN THE DETAILED
PROCEDURE IN PARAGRAPH 2.10.4.

Figure 2-14. Flowchart—Recalling Log
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The reading along with the memory location will be
displayed. For example, if the lowest reading is 12.7°C
at location 22, the following message will be
displayed:

12.7°C 22

C. To display the average reading in the log buffer, again
press the HI-LO-AVG button. The brief message will
include the number of readings used to compute the
average reading. For example, if 99 readings were us-
ed to compute the average, the following message
will be displayed briefly:

AVG 99

The average reading will then be displayed.

D. To exit from HI-LO-AVG recall, press the ENTER but-
ton. The instrument will then return to the normal
recall state.

3. With a stored reading displayed, pressing the A and V¥
buttons will display the stored reading for each of the
other available memory locations.

4. To exit from the recall mode, press the LOG RECALL
button. The instrument will return to the previous
operating state.

Notes:
1. A channel number will not be displayed if the internal
channel of the instrument is being used.

2.If the instrument is logging readings, a displayed log
recall reading will update immediately if the reading at
that buffer location changes.

3. If it is desired to check the time of day that the displayed
reading was stored, press the TIME button. The time
of log and the memory location number will be
displayed. Press the ENTER button to return the display
to the logged reading.

4. To check the channel type (configuration) after logging,
first exit the log recall mode and then with the logged
channel displayed, press the TYPE button. The ENTER
button returns the display to the current channel
measurement.

5. HI-LO-AVG readings can be displayed at any time while
the instrument is in the LOG RECALL mode. Over-
ranged readings or open TC’s are not used to calculate
the average.

6. Trying to recall readings that were logged on an OFF
channel will result in the “----- 00” message being
displayed.

7. Recalling readings from a channel that had an open in-
put will result with “OPENTC” being displayed at all

filled memory locations.

8. Table 2-10 lists the buttons that are functional when the
instrument is in the log recall state and briefly describes
what happens when they are pressed.

Table 2-10. Functional Controls—Log Recall State*

Control Function

LOG RECALL | Exit log recall mode and display
channel measurement.

HI/LO/AVG Display high, low and average
reading in buffer.

A Increment to next available
memory location.

v Decrement to next available
memory location.

°CI°F Toggle scale between °C and °F.

TIME (OFF) Display time of log (see ENTER).

ENTER Returns display to stored reading
mode if TIME of log or
high/low/avg is displayed.

*LOG RECALL indicator on.

2.11 FRONT PANEL PROGRAMS

Five programs are available from the front panel. Table 2-11
lists and briefly describes each program. The following
paragraphs describe and explain the operation of each

program.

Table 2-11. Front Panel Programs

Program| Description Paragraph

TRIG |Set a trigger time to start a scan | 2.11.2
or log.

TIME | Set the time of the clock. 2113

IEEE | Set the IEEE address or Smart 2114
Print mode.

LINE |Select the line frequency setting | 2.11.5
(50Hz or 60Hz). .

LOOP |Used to check or change the
loop setting (705 or 706).

Using a front panel program is a simple matter because
only four buttons control every aspect of operation. The
functions of these four control buttons are summarized in
Table 2-12, while more detail is provided in paragraph 2.3.2.
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Table 2-12. Functional Controls—Front Panel In general, program selection is accomplished by press-
Program State ing the PROGRAM button until the desired program

parameter is displayed. The A and V¥ buttons modify the

displayed parameter, and the ENTER button enters the cur-

Control Function rent program parameters and exits the program mode.

PROGRAM Press once to place instrument in The procedure to use the front panel programs is sum-

program moltltle.thS ubse;suent marized by the flowchart shown in Figure 2-15 while de-
Presses SCrofls through programs. tailed procedures are provided in the following
Aand V Changes program parameters. paragraphs.

ENTER Enters current program parameters

and exits program mode.
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Figure 2-15. Flowchart—Front Panel Programs
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2.11.1 Program TRIG

Scanning and logging can be programmed to start
automatically at any time of the day by setting a trigger
time using this two component program. The first com-
ponent sets the trigger hour and the second component
sets the trigger minute.

This program consists of setting the trigger hour and then
the trigger minute. The trigger time is entered when the
ENTER button is pressed.

Perform the following procedure to set a trigger time:

1. Press the PROGRAM button until the current trigger
hour is displayed. For example, if the trigger hour is set
to 24 (trigger disabled), the following message will be
displayed:

TRIGHR 24

2. To change the trigger hour, use the A and ¥ buttons.
The A and V buttons increment and decrement the
displayed hour.

3. To display the current trigger minute, press the PRO-
GRAM button. For example, if the current trigger
minute is 00, the following message will be displayed:

TRIGMM 00

4. To change the trigger minute, use the A and V but-
tons to display the desired minute.
5. Perform one of the following procedures:

A. To enter all current program parameters and exit the
program mode, press the ENTER button. The scan
or log process will start at the programmed time if
scan or log is enabled.

B. If it is desired to use another front panel program
refer to the procedure for that program.

Notes:

1. Keyed in program parameters are not entered until the
ENTER button is pressed.

2. Programming a trigger hour of 24 disables the trigger
feature. The trigger minute is irrelevent in this case.

3. To indicate that a trigger time is set, the message “ON”
is included with the normal time of day message.

4. After a time of day trigger passes, the trigger hour resets
to 24 (disabled).

2.11.2 Program TIME

This program is used to set the clock for the correct time.
Time is displayed in a 24 hour clock format with the hour,
minute and second displayed. For example, a time of
2:36:54 PM is displayed as “14.36.54". With this two com-
ponent program, the hour and minute can be set. The se-
cond is automatically set to 00 when the clock resets.

This program consists of setting the clock hour and then
the clock minute. The clock starts keeping time when the
ENTER button is pressed.

Perform the following steps to set the time of the program
clock:

1. Press the PROGRAM button until the clock hour is
displayed. For example, if the clock hour is currently
12, the following message will be displayed:

TIMEHR 12

2. To change the clock hour, use the A and V buttons.
These buttons increment and decrement the hour.

3. Press the PROGRAM button to display the current clock
minute. For example, if the current clock minute is 30,
the following message will be displayed.

TIMEMM 30

4. Use the A and ¥ buttons to change the clock minute.

Note: The clock does not reset to a new time until the
ENTER button is pressed.

2.11.3. Program IEEE

This program is used to check or change the IEEE primary
address of the instrument or select a Smart Print mode.
The factory default power-up address of the instrument
is 14, however the IEEE interface can be set to any address
from 0 to 30. A value of 40 places the instrument in the
Smart Print with prefix and suffix mode; 41 places the in-
strument in the Smart Print without suffix mode; and 42
selects Smart Print without prefix or suffix. Detailed in-
formation on the IEEE-488 bus is provided in Sections 3
and 4.
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This program simply consists of checking or changing the
IEEE value that corresponds to a primary address or Smart
Print mode.

Perform the following procedure to check or change the
IEEE address or to select a Smart Print mode:

1. Press the PROGRAM button until the current IEEE value
is displayed. For example, if the current IEEE address
of the instrument is 14, the following message will be
displayed:

IEEE 14

2.If it is desired to change the IEEE value, use the A and
V¥ buttons to display one of the following values:

A. Values 0 through 30 to set an IEEE address.

B. Value 40 to place the instrument in the Smart Print
with prefix and suffix mode.

C. Value 41 to place the instrument in the talk-only
without suffix mode.

D. Value 42 to place the instrument in the Smart Print
mode without prefix and suffix.

3. Perform one of the following steps:

A. To enter a modified address value and exit the pro-
gram mode, press the ENTER button.

B. If it is desired to use another front panel program,
refer to the procedure for that program.

Note: Keyed in program parameters are not entered until
the ENTER button is pressed.

2.11.4 Program LINE

The Model 740 does not automatically detect the power
line frequency on power-up. This program allows the user
to check the frequency setting of the instrument and to
select the alternate frequency. The instrument can be set
to either 50Hz or 60Hz. The instrument is set ot 60Hz at
the factory.

Perform the following procedure to check and change the
frequency setting of the instrument:

1. Press the PROGRAM button until the current line fre-
quency setting is displayed. For example, if the instru-
ment is currently set for 60Hz, the following message
will be displayed:

LINE 60
2.1f the alternate frequency setting is needed, press the

A or V button. The display will toggle to the alternate
frequency.

3. Perform one of the following steps:
A. To enter a modified line frequency setting and exit
the program mode, press the ENTER button.

B. If it is desired to use another front panel program,
refer to the procedure for that program.

Note: A modified line frequency setting is not entered until
the ENTER button is pressed.

2.11.5 Program LOOP

This program is used to set the Model 740 to match the
external scanner(s) that are going to be used in the
measurement system. This setting is only relevant for
measurement systems utilizing Model 705 scanners or a
Model 706 scanner. The instrument is set to be used with
Model 705 scanners at the factory. Perform the following
procedure to check or change the loop status:

1. Press the PROGRAM button until the current loop status
is displayed. For example, if the instrument is currently
compatible to be used with one or more Model 705 scan-
ners, the following message will be displayed:

LOOP 705

2.1f it is desired to select the alternate setting, press the
A or V button. These buttons toggle the display be-
tween the two settings.

3. Perform one of the following steps.

A. To enter a modified setting and exit the program
mode, press the ENTER button.

B. If it is desired to use another front panel program,
refer to the procedure for that program.

2.12 EXTERNAL TRIGGERING

The EXTERNAL TRIGGER input allows the instrument to
be triggered by other devices. Depending on how the in-
strument is set, an external trigger pulse can be used to
trigger a reading(s), or start the scan or log process. The
external trigger serves the same function as the front panel
START button as it is used in the data store mode (see
paragraph 2.10). Each external trigger pulse is the
equivalent of pressing the START button once.

On power-up, the instrument is in the continuous trigger
mode with the conversion rate determined by the inter-
nal time base. In this mode, an external trigger pulse can
be used to start the log or scan process.
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The one-shot trigger mode is used with the logging feature.
In the one-shot mode, a single trigger pulse will cause one
reading to be stored in the log buffer. To use the one-shot
mode for logging, press the LOG ENABLE button, and
then select the one-shot interval using the A and V¥
buttons.

The EXTERNAL TRIGGER input requires a falling edge
pulse at TTL logic levels, as shown in Figure 2-16. Con-
nections to the rear panel EXTERNAL TRIGGER input jack
should be made with a standard BNC connector. The
Model 740 is triggered when the negative-going edge of
the external trigger pulse occurs.

TRIGGERS ON
LEADING EDGE

TTL HIGH
(2v=-5V)

TTL LOW
(=<0.8V)

E——

MINIMUM

Figure 2-16. External Trigger Pulse Specifications

To use external triggering, proceed as follows:

1. Connect the external trigger source to the rear panel
BNC EXTERNAL TRIGGER input connector. The shield
(outer) part of the connector is connected to digital com-
mon. Since an internal pull-up resistor is used, a
mechanical switch may be used. Note, however, that de-
bouncing circuitry will probably be required to avoid im-
proper triggering.

CAUTION
Do not exceed 30V between digital common and
chassis ground, or instrument damage may
occur.

2. With the instrument in the desired trigger mode (con-
tinuous or one-shot), apply a pulse to the EXTERNAL
TRIGGER input. The pulse will cause the instrument
to perform according to the way it is set up.

Notes:

1. If the instrument is triggered while processing a reading
from a previous trigger, a trigger overrun error will result
(“TRIGOVER” message) and the trigger will be ignored.

2. The instrument must be in the appropriate trigger mode
to respond to external triggering (the unit will be in this
mode upon power-up). See paragraph 4.7.5 for using
external triggering over the IEEE bus.
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SECTION 3
IEEE-488 BUS PRINCIPLES

3.1 INTRODUCTION

The IEEE-488 bus is an instrumentation data bus with
hardware and programming standards originally adopted
by the IEEE (Institute of Electrical and Electronic Engineers)
in 1975 and given the IEEE-488 designation. In 1978, stan-
dards were upgraded into the IEEE-488-1978 standards. The
Model 740 conforms to these standards.

The following information is presented in this section:

1. A description of the IEEE-488 bus standard is located
in paragraphs 3.1.1 through 3.6.

2. Information necessary to connect the Model 740 to the
IEEE-488 bus is contained in paragraphs 3.7 and 3.8.

3. General bus command programming is covered in
paragraph 3.9.

NOTE
Device-dependent command programming is
described in Section 4. These are the most impor-
tant commands associated with the Model 740, as
they control most of the instrument functions.
Also included in Section 4 is information on us-
ing the instrument in the Smart Print mode.

3.1.1 Overview of Bus

Basically, the IEEE-488 bus is simply a communcication
system between two or more electronic devices. A device
can be either an instrument or a computer. When a com-
puter is used on the bus, it serves to supervise the com-
munication exchange between all the devices and is known
as the controller. Supervision by the controller consists of
determining which device will talk and which devices will
listen. As a talker, a device will output information and
as a listener, a device will receive information. To simplify
the task of keeping track of the devices, a unique address
number is assigned to each one.

On the bus, only one device can talk at a time and is ad-
dressed to talk by the controller. The device that is talking
is known as the active talker. The devices that need to listen
to the talker are addressed to listen by the controller. Each
listener is then referred to as an active listener. Devices that

do not need to listen are instructed to unlisten. The reason
for the unlisten instruction is to optimize the speed of bus
information transfer. The speed of the information transfer
is determined by the speed of the slowest listener.

Through the use of control lines, a handshake sequence
takes place in the transfer process of information from a
talker to a listener. This handshake sequence helps ensure
the credibility of the information transfer. The basic hand-
shake sequence between an active controller (talker) and
a listener is as follows:

1. The listener indicates that it is ready to listen.

2. The talker places the byte of data on the bus and in-
dicates that the data is available to the listener.

3. The listener, aware that the data is available, accepts the
data and then indicates that the data has been accepted.

4. The talker, aware that the data has been accepted, stops
sending data and indicates that data is not being sent.

5. The listener, aware that there is no data on the bus, in-
dicates that it is ready for the next byte of data.

The handshake (control) lines are discussed in more
technical detail in paragraph 3.3.3.

3.2 BUS DESCRIPTION

The IEEE-488 bus, which is also frequently referred to as
the GPIB (General Purpose Interface Bus), was designed
as a parallel transfer medium to optimize data transfer
without using an excessive number of bus lines. In keep-
ing with this goal, the bus has only eight data lines that
are used for both data and with most commands. Five bus
management lines and three handshake lines round out
the complement of bus signal lines.

A typical set up for controlled operation is shown in Figure
3-1. Generally, a system will contain one controller and a
number of other instruments to which the commands are
given. Device operation is categorized into three operators:
controller, talker and listener. The controller does what its
name implies; it controls the instruments on the bus. The
talker sends data while a listener receives data. Depending
on the type of instrument, any particular device can be
a talker only, a listener only or both a talker and a listener.
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Figure 3-1. IEEE-488 Bus Configuration

There are two catagories of controllers: system controller,
and active controller. Both are able to control other in-
struments, but only the system controller has the absolute
authority in the system. In a system with more than one
controller, only one controller may be active at any given
time. Certain protocol is used to pass control from one con-
troller to another.

The IEEE-488 bus is limited to 15 devices, including the
controller. Thus, any number of talkers and listeners up
to that limit may be present on the bus at one time.
Although several devices may be commanded to listen
simultaneously, the bus can have only one active talker,
or communications would be scrambled.

A device is placed in the talk or listen state by sending an
appropriate talk or listen command. These talk and listen
commands are derived from an instrument’s primary ad-
dress. The primary address may have any value between
0 and 30, and is generally set by rear panel DIP switches
or programmed in from the front panel of the instrument.
The actual listen address value sent out over the bus is ob-
tained by ORing the primary address with $20. For exam-
ple, if the primary address is 14 ($0E), the actual listen ad-
dress is $2E ($2E = $0E + $20). In a similar manner, the
talk address is obtained by ORing the primary address
with $40. With the present example, the talk address de-
rived from a primary address of 14 decimal would be $4E
(P4E = $OE + $40).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary addresses
lie in the range of $60-$7F. Note, however that many
devices do not use secondary addressing.

Once a device is addressed to talk or listen, the appropriate
bus transactions take place. For example: if the instrument
is addressed to talk, it places its data string on the bus one
byte at a time. The controller reads the information and
the appropriate software can be used to direct the infor-
mation to the desired location.

3.3 IEEE-488 BUS LINES

The signal lines on the IEEE-488 bus are grouped into three
different categories: data lines, management lines and
handshake lines. The data lines handle bus data and com-
mands, while the management and handshake lines en-
sure that proper data transfer and operation takes place.
Each bus line is active low, with approximately zero volts
representing a logic 1 (true). The following paragraphs
describe the purpose of these lines, which are shown in
Figure 3-1.

3.3.1 Data Lines

The IEEE-488 bus uses eight data lines that transfer data
one byte at a time. DIO1 (Data Input/Output) through
DIOS are the eight data lines used to transmit both data
and multiline commands and are bidirectional. The data
lines operate with low true logic.

3.3.2 Bus Management Lines

The five bus management lines help to ensure proper in-
terface control and management. These lines are used to
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send the uniline commands that are described in
paragraph 34.1.

ATN (Attention)—The ATN line is one of the more impor-
tant management lines in that the state of this line deter-
mines how information on the data bus is to be interpreted.

IFC (Interface Clear)—As the name implies, the IFC line
controls clearing of instruments from the bus.

REN (Remote Enable)—The REN line is used to place the
instrument on the bus in the remote mode.

EOI (End or Identify)—The EOI line is usually used to mark
the end of a multi-byte data transfer sequence.

SRQ (Service Request)—This line is used by devices when
they require service from the controller.

3.3.3 Handshake Lines

The bus uses handshake lines that operate in an inter-
locked sequence. This method ensures reliable data
transmission regardless of the transfer rate. Generally, data
transfer will occur at a rate determined by the slowest ac-
tive device on the bus.

One of the three handshake lines is controlled by the
source (the talker sending information), while the remain-
ing two lines are controlled by accepting devices (the
listener or listeners receiving the information). The three
handshake lines are:

DAV (Data Valid)—The source controls the state of the DAV
line to indicate to any listening devices whether or not data
bus information is valid.

NRFD (Not Ready For Data)—The acceptor controls the
state of NRFD. It is used to signal to the transmitting device
to hold off the byte transfer sequence.

NDCA (Not Data Accepted)—NDCA is also controlled by
the accepting device.

The complete handshake sequence for one data byte is
shown in Figure 3-2. Once the source checks to see that
NRFD is high, indicating that all active devices are ready
data is placed on the data lines. At the same time, NDAC
should be low from the previous byte transfer. If these con-
ditions are not met, the source must wait until NDAC and
NRFD have the correct status. If the source is a controller,
NRFD and NDAC must by stable for at least 100nsec after
ATN is set true.

DATA ><L :x( SOURCE
DAV SOURCE
VALID
NRFD ! ! ACCEPTOR
| |
I L
| |
I 1
| |
NDAC I : ACCEPTOR
[ !

DATA DATA
TRANSFER  TRANSFER
BEGIN END

Figure 3-2. IEEE-488 Handshake Sequence

Once all NDAC and NRFD are properly set, the source sets
DAV low, indicating to accepting devices that the byte on
the data lines is now valid. NRFD will then go low, and
NDAC will go high once all devices have accepted the data.
Each device will release NDAC at its own rate, but NDAC
will not be released to go high until all devices have ac-
cepted the data byte.

The sequence just described is used to transfer both data,
talk and listen addresses, as well as multiline commands.
The state of the ATN line determines whether the data bus
contains data, addresses or commands as described in the
following paragraph.

3.4 BUS COMMANDS

The instrument may be given a number of special bus com-
mands through the IEEE-488 interface. This section brief-
ly describes the purpose of the bus commands which are
grouped into the following three categories:

1. Uniline Commands—Sent by setting the associated bus
lines true (low).

2. Multiline Commands—General bus commands which
are sent over the data lines with the ATN line true (low).

3. Device-Dependent Commands—Special commands

whose meanings depend on device configurations; sent
with ATN high (false).

These bus commands and their general purposes are sum-
marized in Table 3-1.
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Table 3-1. IEEE-488 Bus Command Summary

Command Type |Command

State of
ATN Line*| Comments

Uniline REN (Remote Enable)
EOI

IFC (Interface Clear)
ATN (Attention)

SRQ

X Set up for remote operation.
X Marks end of transmission.
X Clears Interface

Low Defines data bus contents.

X Controlled by external device.

Multiline
Universal LLO (Local Lockout)

DCL (Device Clear)

SPE (Serial Poll Enable)

SPD (Serial Poll Disable)

Addressed SDC (Selective Device Clear)

GTL (Go To Local)

GET (Group Execute Trigger)

Unaddressed UNL (Unlisten)

UNT (Untalk)

Low Locks out front panel controls.

Low | Returns device to default conditions.
Low | Enables serial polling.

Low | Disables serial polling.

Low | Returns unit to default conditions.
Low Send go to local.

Low | Triggers device for reading.

Low | Removes all listeners from bus.

Low | Removes any talkers from bus.

Device-dependent

High | Programs Model 740 for various modes.

*Don’t Care.

3.4.1 Uniline Commands

ATN, IFC and REN are asserted only by the controller. SRQ
is asserted by an external device. EOI may be asserted
either by the controller or other devices depending on the
direction of data transfer. The following is a description
of each command. Each command is sent by setting the
corresponding bus line true.

REN (Remote Enable)—REN is sent to set up instruments
on the bus for remote operation. Generally, REN should
be sent before attempting to program instruments over the
bus.

EOI (End Or Identify)—EOI is used to positively identify
the last byte in a multi-byte transfer sequence, thus allow-
ing data words of various lengths to be transmitted easily.

IFC (Interface Clear)—IFC is used to clear the interface and
return all devices to the talker and listener idle states.

ATN (Attention)—The controller sends ATN while
transmitting addresses or multiline commands.

SRQ (Service Request)—SRQ is asserted by a device when
it requires service from a controller.

3.4.2 Universal Commands

Universal commands are those multiline commands that
require no addressing. All devices equipped to implement
such commands will do so simultaneously when the com-
mand is transmitted. As with all multiline commands,
these commands are transmitted with ATN true.

LLO (Local Lockout)—LLO is sent to the instrument to lock
out their front panel controls.

DCL (Device Clear)—DCL is used to return instruments
to some default state. Usually, instruments return to their
power-up conditions.

SPE (Serial Poll Enable)—SPE is the first step in the serial
polling sequence, which is used to determine which device
has requested service.

SPD (Serial Poll Disable) - SPD is used by the controller
to remove all devices on the bus from the serial poll mode
and is generally the last command in the serial polling
sequence.
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3.4.3 Addressed Commands

Addressed commands are multiline commands that must
be preceded by the device listen address before that in-
strument will respond to the command in question. Note
that only the addressed device will respond to these
commands:

SDC (Selective Device Clear)—The SDC command per-
forms essentially the same function as the DCL command
except that only the addressed device responds. General-
ly, instruments return to their power-up default conditions
when responding to the SDC command.

GTL (Go To Local)~The GTL command is used to remove
instruments from the remote mode. With some in-
struments, GTL also unlocks front panel controls if they
were previously locked out with the LLO command.

GET (Group Execute Trigger)—The GET command is used
to trigger devices to perform a specific action that depends
on device configuration (for example, take a reading).
Although GET is an addressed command, many devices
respond to GET without addressing.

3.4.4 Unaddress Commands

The two unaddress commands are used by the controller
to remove any talkers or listeners from the bus. ATN is true
when these commands are asserted.

UNL (Unlisten)—Listeners are placed in the listener idle
state by the UNL command.

UNT (Untalk)—Any previously commanded talkers will be
placed in the talker idle state by the UNT command.

3.4.5 Device-Dependent Commands

The meaning of the device-dependent commands will de-
pend on the configuration of the instrument. Generally,
these commands are sent as one or more ASCII characters
that tell the device to perform a specific function. For ex-
ample, the command sequence FIX is used to place the
instrument in the log enable mode. The IEEE-488 bus ac-
tually treats these commands as data in that ATN is false
when the commands are transmitted. Complete informa-
tion on device-dependent command programming is
found in Section 4.

3.5 COMMAND CODES

Each multiline command is given a unique code that is
transmitted over the bus as 7 bit ASCII data. This section
briefly explains the code groups, which are summarized
in Figure 3-3.
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Figure 3-3. Command Groups

Addressed Command Group (ACG)—Addressed com-
mands and corresponding ASCII codes are listed in col-
umns 0(A) and 0(B).

Universal Command Group (UCG)—Universal commands
and values are listed in columns 1(A) and 1(B).

Listen Address Group (LAG)—Columns 2(A) through 3(B)
list codes for commands in this address group. For exam-
ple, if the primary address of the instrument is 14, the LAG
byte will be an ASCII period (.).

Talk Address Group (TAG)—TAG primary address values

and corresponding ASCII characters are listed in columns
4(A) through 5(B).

The preceding address groups are combined together to

form the Primary Command Group (PCG). The bus also
has another group of commands, called the Secondary
Command Group (SCG). These are listed in Figure 3-3 for
informational purposes only; the Model 740 does not have
secondary addressing capabilities.

Note that these commands are normally transmitted with
the 7 bit code listed in Figure 3-3. For many devices, the
condition of DIO8 is unimportant. However, many devices
may require that DIO8 has a value of logic 0 (high) to pro-
perly send commands.

Hexadecimal and decimal values for each of the commands
or command groups are listed in Table 3-2. Each value
assumes that DIO8 has a value of 0.
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Table 3-2. Hexadecimal and Decimal Command

Codes
Command | Hex Value | Decimal Value
GTL 01 1
SDC 04 4
GET 08 8
LLO 11 17
DCL 14 20
SPE 18 24
SPD 19 25
LAG 20-3F 32-63
TAG 40-5F 64-95
UNL 3F 63
UNT 5F 95

3.6 COMMAND SEQUENCES

The proper command sequence must be sent to the in-
strument before it will respond as intended. Universal
commands, such as LLO and DCL, require only that ATN
be set low when sending the command. Other commands
require that the instrument be properly addressed to listen
first. This section briefly describes the bus sequence for
several types of commands.

3.6.1 Addressed Command Sequence

Before a device will respond to one of these commands,
it must receive a LAG command derived from its primary
address. Table 3-3 shows a typical sequence for the SDC
command; the example assumes that a primary address
of 14 is being used.

Table 3-3. Typical Addressed Command Sequence

Data Bus
Step| Command | ATN State ASCII |Hex |Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low . 2E 46
3 SDC Stays low EOT | 04 4
4 Returns high

*Assumes primary address = 14.

Note that an UNL command is generally sent before the
LAG, SDC sequence. This is usually done to remove all

other listeners from the bus so that the desired device
responds to the command.

3.6.2 Universal Command Sequence

Universal commands are sent by setting ATN low and then
placing the command byte on the data bus. ATN would
then remain low during the period the command is
transmitted. For example, if the LLO command were to
be sent, both ATN and LLO would be asserted
simultaneously.

3.6.3 Device-Dependent Command Sequence

Device-dependent commands are transmitted with ATN
false. However, a device must be addressed to listen before
these commands are transmitted. Table 3-4 shows the byte
sequence for a typical Model 740 command (F1X), which
sets the instrument for the log enable mode of operation.

Table 3-4. Typical Device-Dependent Command

Sequence
Data Bus
Step| Command | ATN State ASCII |Hex |Decimal
1 UNL Set low ? 3F 63
2 LAG* | Stays low . 2E 46
3 Data Set High F | 46 70
4 Data Stays High 0 30 48
5 Data Stays High X |58 88

*Assumes primary address = 14.

3.7 HARDWARE CONSIDERATIONS

Before the Model 740 can be operated over the IEEE-488
bus, it must be connected to the bus with a suitable cable.
Also, the primary address must be programmed the cor-
rect value, as described in the following paragraphs.

3.7.1 Typical Controlled Systems

System configurations are many and varied and will de-
pend on the application. To obtain as much versatility as
possible, the IEEE-488 bus was designed so that additional
instrumentation could be easily added. Because of this ver-
satility, system complexity can range from the very sim-
ple to extremely complex.
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Figure 3-4. System Types

Figure 3-4 shows two possible system configurations.
Figure 3-4(A) shows the simplest possible controlled
system. The controller is used to send commands to the
instrument, which sends data back to the controller.

The system in Figure 3-4(B) is somewhat more complex
in that additional instruments are used. Depending on
programming, all data may be routed through the con-
troller, or it may be sent directly from one instrument to
another.

In very complex applications, a larger computer could be
used. Tape drives or disks could be used to store any data
generated by the instruments.

3.7.2 Bus Connections

The Model 740 is to be connected to the IEEE-488 bus

through a cable equipped with standard IEEE-488 connec-
tors, an example of which is shown in Figure 3-5. The con-
nector is designed to be stacked to allow a number of
parallel connections. Two screws are located on each con-
nector to ensure that connections remain secure. Current
standards call for metric threads, as identified by dark col-
ored screws. Earlier versions had different screws, which
are silver colored. Do not attempt to use these types of
connectors with the Model 740 which is designed for metric
threads.

NOTE
When using Model 705s or a Model 706 in the
temperature measurement system, do not connect
them to the IEEE bus. These scanners are set to
operate as slaves to the Model 740 and are con-
trolled by the serial loop circuitry.
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Figure 3-5. Typical Bus Connections

A typical connecting scheme for the bus is shown in Figure
3-6. Each cable normally has the standard connector on
each end. These connectors are designed to be stacked to
allow a number of parallel connections on one instrument.

Figure 3-6. IEEE-488 Connections

NOTE
To avoid possible damage, it is recommended that
you stack no more than three connectors on any
one instrument.

Connect the Model 740 to the cable as follows:

1

Line up the connector on the cable with the connector
on the rear panel of the instrument. See Figure 3-7 for
connector location.

. Tighten the screws securely, but do not overtighten

them.

. Add additional connectors from other instruments as

required.

. Make sure the other end of the cable is properly con-

nected to the controller. Some controllers have an
IEEE-488 type connector, while others do not. Consult
the instruction manual for your controller for the pro-
per connecting method.

Figure 3-7. Model 740 IEEE-488

NOTE
The IEEE-488 bus is limited to a maximum of 15
devices, including the controller. Also, the max-
imum cable length is limited to 20 meters, or 2
meters times the number of devices, which ever
is less. Failure to heed these limits may result in
erratic bus operation.

Custom cables may be constructed by using the informa-
tion in Table 3-5 and Figure 3-8. Table 3-5 lists the contact
assignments for the various bus lines, while Figure 3-8
shows contact assignments.
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Table 3-5. IEEE Contact Designation

Contact | IEEE-488
Number | Designation Type

1 DIO1 Data

2 DIO2 Data

3 DIO3 Data

4 DIO4 Data

5 EOI (24)* Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IEFC Management
10 SRQ Management
11 ATN Management
12 SHIELD Ground

13 DIO5 Data

14 DIO6 Data

15 DIO7 Data

16 DIO8 Data

17 REN (24)* Management
18 Gnd, (6)* Ground

19 Gnd, (7)* Ground
20 Gnd, (8)* Ground
21 Gnd, (9)* Ground
22 Gnd, (10)* Ground
23 Gnd, (11)* Ground
24 Gnd, LOGIC Ground

*Number in parenthesis refer to signal ground return of
reference contact number. EOI and REN signal lines

return on contact 24.

CONTACT 12

CONTACT 1

CONTACT 24 CONTACT 13

Figure 3-8. Contact Assignments

CAUTION
The voltage between IEEE-488 common and
chassis ground must not exceed 30V or instru-
ment damage may occur.

3.7.3 Primary Address Programming

The Model 740 must receive a listen command before it
will respond to addressed commands. Similarly, the unit
must receive a talk command before it will transmit its data.
The Model 740 is shipped from the factory with a pro-
grammed primary address of 14. Until you become more
familiar with your instrument, it is recommended that you
leave the address at this value because the programming
examples included in this manual assume that address.

The primary address may be set to any value between 0
and 30 as long as address conflicts with other instruments
are avoided. Note that controllers are also given a primary
address, so you must be careful not to use that address
either. Most frequently, controller addresses are set to 0
or 21, but you should consult the controller’s instruction
manual for details. Whatever primary address you choose,
you must make certain that it corresponds with the value
specified as part of the controller’s programming language.

To check the present primary address or to change to a
new one, use front panel Program IEEE. See paragraph
2.11.3 for information on using this program.

Notes:

1. Each device on the bus must have a unique primary ad-
dress. Failure to observe this precaution will probably
result in erratic bus operation.

2. The Model 740 may be placed into the Smart Print mode
and be used with a printer. When in this mode, the in-
strument will ignore commands given over the bus and
merely output data to the printer. Paragraph 4.11 pro-
vides the complete procedure for using the instrument
in the Smart Print mode.
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3.8 SOFTWARE CONSIDERATIONS

There are a number of IEEE-488 controllers available, each
of which has its own programming language. Also, dif-
ferent instruments have differing capabilities. In this sec-
tion, we will discuss programming languages for two
typical controllers: the HP-85, and the IBM-PC interfaced
to the bus through a Keithley Model 8573 IEEE-488 inter-
face. In addition, interface function codes that define
Model 740 capabilities will be discussed.

3.8.1 Controller Handler Software

Before a specific controller can be used over the IEEE-488
bus, it must have IEEE-488 handler software installed. With
some controllers, the software is located in ROM, and no
software initialization is required on the part of the user.
With other controllers, software must be loaded from disk
or tape and be properly initialized. With the HP-85, for ex-
ample, an additional I/O ROM that handles interface func-
tions must be installed. With the Keithley Model 8573 in-
terface for the IBM-PC, software must be installed and con-
figured from a diskette.

Other small computers that can be used as IEEE-488 con-
trollers may have limited capabilities. With some, interface
programming functions may depend on the interface be-

ing used. Often little software “tricks” are required to ob-
tain the desired results.

From the preceding discussion, the message is clear: make
sure the proper software is being used with the interface.
Often, the user may incorrectly suspect that the hardware
is causing a problem when it was the software all along.

3.8.2 Interface BASIC Programming
' Statements

Many of the programming instructions covered in this sec-
tion use examples written with Hewlett Packard Model 85
BASIC and Model 8573 Interface statements. These com-
puters and interfaces were chosen for these examples
because of their versatility in controlling the IEEE-488 bus.
This section covers those HP-85 and Model 8573 statements
that are essential to Model 740 operation.

A vpartial list of HP-85 and Model 8573 statements is
presented in Table 3-6. HP-85 statements have a one or
three digit argument that must be specified as part of the
statement. The first digit is the interface select code, which
is set to 7 at the factory. The last two digits of those
statements, requiring a 3-digit argument, specify the
primary address.

Table 3-6. BASIC Statements Necessary to Send Bus Commands

Action HP-85 Statement

Model 8573 Statement

OUTPUT Fid:af
FHTER Vid: Af
LoopL Fig

Transmit string to device 14.
Obtain string from device 14.
Send GTL to device 14.

Send SDC to device 14. CLEAR 714
Send DCL to all devices. CLEAR T
Send remote enable. FEMOTE 7
Cancel remote enable. LOCAaL 7
Serial poll device 14. SPOLL ©F 1450

Send Local Lockout.
Send GET to device.
Send IFC.

Local LOCEQUT
TRIGGER 714
AEORETIOF

CAalh TEURT CMV46%. CHDE:
CALL TERD oMy 461
CALL TELOC CMP4E5D
Call TBCLE CMP4BRE
CHOE=CHRES (&H14M:
Li=1: CALL TRSRE (BRDEN. L0
L= CALL TRSRE (BRDEN. LIX5D
CHOE=CHEF CRH11 ).
Call IERSFE CMY4E5
CALL IETEG (M7
CALL TESIC CBRIGN:

CALL ITBCHMD cEBRDGXs CHMIE:

Cabl TECHD (BREDGXs CHIEX
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Those statements with a 3-digit argument listed in the table
show a primary address of 14 (the factory default primary
address of the Model 740). For a different address, you
would, of course, change the last two digits to the required
value. For example, to send a GTL command to a device
using a primary address of 22, the following statement
would be used: LOCAL 722.

Some of the statements have two forms; the exact con-
figuration depends on the command to be sent over the
bus. For example, CLEAR 7 sends a DCL command, while
CLEAR 714 sends the SDC command to a device with a
primary address of 14.

The Model 8573 statements, which are also listed in Table
3-6, take on a somewhat different form. Each of these
statements uses the IBM BASIC CALL statement, with
various variables passed as shown in the table. The com-
mand words, such as IBCLR (Interface Bus Clear) and IB-
SRE (Interface Bus Send Remote Enable), are, in fact,
BASIC variables themselves, which must be initialized at
the start of each BASIC program. In addition, you must
remember not to use these keywords for any other pur-
pose in your BASIC program.

Before using the Model 8573 examples throughout this sec-
tion, you must configure the software by using the pro-
cedure below. Note that the binary handler file called
GPIB.COM and the system configuration file called CON-
FIG.SYS must be present on the DOS boot disk, as des-
cribed in the Model 8573 Instruction Manual.

1. Boot up your system in the usual manner and enter
BASICA.

2. Place the Model 8573 software disk into the default drive
and load the program called “DECL.BAS”. Modify the
program by changing-the XXXXX values in lines 1 and
2 to 16000.

3. Add the following lines to the declaration file:
THAEE=S fGPIBE® * :CALL TEFIMDCHAS: BRIEYD
S HAF=SSDEUET* CALL TEFIMDCHAS. Medaxn
SL=14: CALL TBFPADCMTHES LK

4. Now save the modified declaration file for future use.
Remember that you must load and run this short pro-
gram before using the Model 8573 programming ex-
amples throughout this section. Also, do not use the
BASIC CLEAR or NEW commands after running this
program.

3.8.3 Interface Function Codes

The interface function codes, which are part of the
IEEE-488-1978 standards, define an instrument’s ability to

support various interface functions and should not be con-
fused with programming commands found elsewhere in
this manual. The interface function codes for the Model
740 are listed in Table 3-7. These codes are also listed for
convenience on the rear panel adjacent to the IEEE-488
connector. The codes define Model 740 capabilities as
follows:

Table 3-7. Model 740 Interface Function Codes

Code | Interface Function
SH1 | Source Handshake Capability
AH1 | Acceptor Handshake Capability

T6 Talker (Basic Talker, Serial Poll, Unaddressed
To Talk On LAG)

14 Listener (Basic Listener, Unaddressed To
Listen On TAG)

SR1 | Service Request Capability

RL1 | Remote/Local Capability

PPO | No Parallel Poll Capability

DC1 | Device Clear Capability

DT1 | Device Trigger Capability

C28 | Some Controller Capability

El Open Collector Bus Drivers

TEO | No Extended Talker Capabilities

LEO | No Extended Listener Capabilities

SH (Source Handshake Function)—SH1 defines the abili-
ty of the instrument to initiate the transfer of message/data
over the data bus.

AH (Acceptor Handshake Function)—AH1 defines the
ability of the instrument to guarantee proper reception of
message/data transmitted over the data bus.

T (Talker Function)—The ability of the instrument to send
data over the bus to other devices is provided by the T
function. Instrument talker capabilities exist only after the
instrument has been addressed to talk, or when it has been
placed in the talk-only mode.

L (Listener Function)—The ability for the instrument to
receive device-dependent data over the bus from other
devices is provided by the L function. Listener capabilities
of the instrument exist only after it has been addressed
to listen.

SR (Service Request Function)—The SR function defines
the ability of the instrument to request service from the
controller.

RL (Remote-Local Function)—The RL function defines the
ability of the instrument to be placed in the remote or local
modes.
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PP (Parallel Poll Function)—The instrument does not have
parallel polling capabilities.

DC (Device Clear Function)—The DC function defines the
ability of the instrument to be cleared (initialized).

DT (Device Trigger Function)—The ability for the instru-
ment to have its readings triggered is provided by the DT
function.

C (Controller Function)—The instrument does have con-
troller capabilities.

TE (Extended Talker Function)—The instrument does not
have extended talker capabilities.

LE (Extended Listener Function)—The instrument does not
have extended listener capabilities.

E (Bus Driver Type)—The instrument has open-collector
bus drivers.

3.8.4 IEEE Command Groups

Command groups supported by the Model 740 are listed
in Table 3-8. Device-dependent commands, which are
covered in Section 4 are not included in this list.

Table 3-8. IEEE Command Groups

HANDSHAKE COMMAND GROUP
DAC=DATA ACCEPTED
RFD=READY FOR DATA
DAV=DATA VALID

UNIVERSAL COMMAND GROUP
ATN=ATTENTION
DCL=DEVICE CLEAR
IFC=INTERFACE CLEAR
LLO=LOCAL LOCKOUT
REN=REMOTE ENABLE
SPD=SERIAL POLL DISABLE
SPE=SERIAL POLL ENABLE

ADDRESS COMMAND GROUP

LISTEN: LAG=LISTEN ADDRESS GROUP
MLA=MY LISTEN ADDRESS
UNL=UNLISTEN

TALK: TAG=TALK ADDRESS GROUP
MTA=MY TALK ADDRESS
UNT=UNTALK
OTA=0THER TALK ADDRESS

ADDRESSED COMMAND GROUP
ACG=ADDRESSED COMMAND GROUP
GET=GROUP EXECUTE TRIGGER
GTL=GO TO LOCAL
SDC=SELECTIVE DEVICE CLEAR

STATUS COMMAND GROUP
RQS=REQUEST SERVICE
SRQ=SERIAL POLL REQUEST
STB=STATUS BYTE
EOI=END
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3.9 GENERAL BUS COMMAND
PROGRAMMING

General bus commands are those commands such as DCL
that have the same general meaning regardless of the in-
strument type. Commands supported by the Model 740
are listed in Table 3-9, which also lists both HP-85 and
Model 8573 statements necessary to send each command.
Note that commands requiring that a primary address be
specified assume that the Model 740 primary address is
set to 14 (its default address). If you are using Model 8573
programming examples, remember that the modified
declaration file must be loaded and run first, as described
in paragraph 3.8.2.

3.9.1 REN (Remote Enable)

The remote enable command is sent to the Model 740 by
the controller to set up the instrument for remote opera-
tion. Generally, the instrument should be placed in the
remote mode before you attempt to program it over the
bus. Simply setting REN true will not actually place the
instrument in the remote mode. Instead the instrument
must be addressed after setting REN true before it will go
into remote.

To place the Model 740 in the remote mode, the controller
must perform the following sequence:

1. Set the REN line true.
2. Address the instrument to listen.

HP-85 Programming Example—This sequence is auto-
matically performed by the HP-85 when the following is
typed into the keyboard.

REMOTE ¥14

After the END LINE key is pressed, the instrument will
be in the remote mode, as indicated by the REMOTE light.
If not, check to see that the instrument is set to the pro-
per primary address (14), and check to see that the bus
connections are properly made.

Model 8573 Programming Example—Io place the instru-
ment into the remote mode, type the following lines into
the computer.

We=1:CALL IBSRECERDEN . LI
CHDE=se: " ALl TRURTOMF4EYS CHIE

The instrument will go into the remote mode when the
return key is pressed the second time.

3.9.2 IFC (Interface Clear)

The IFC command is sent by the controller to place the
Model 740 in the local, talker and listener idle states. The
unit will respond to the IFC command by cancelling front
panel TALK or LISTEN lights, if the instrument was
previously placed in one of those modes.

Table 3-9. General Bus Commands and Associated BASIC Statements

HP-85
Command | Statement

Model 8573 Statement

Affect On Model 740

REN REMOTE 7

IFC AEORTIOT Call IBSICCERD

Wi=1: CALL TBESRECERDEN : L5

CHDF=CHES (&H113 .=

LLO |LOCAL LOCKOUT 7 CaLL IECHD | Front panel controls locked out.
MydEss CHOE:

GTL LOCaL 714 CaLL TBLOC (M74E%s Cancel remote.

DCL CLEAR 7 CHDF=CHREF (&H14»: CaLL IBCHMD | Returns to default conditions.
CHTSESs CHDED

SDC CLEAR 714 CaLL IBCLR cM74E%s

GET TRIGGER 714 CHLL IETRG 748

Local 7 L= Call IBSRE (EBRIGM U

Goes into remote when next addressed.
Goes into talker and listener idle states.

Returns to default conditions.
Triggers reading in T2 and T3 modes.
Cancel LLO
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To send the IFC command, the controller need only set
the IFC line true for a minimum of 100usec.

HP-85 Programming Example—Before demonstrating the
IFC command, turn on the TALK indicator with the follow-
ing statements:

REMOTE ¥14
EMTER ¥14:a%

At this point, the REMOTE and TALK lights should be on.
The IFC command can be sent by typing in the following
statement into the HP-85:

ABORTIOV

After the END LINE key is pressed, the REMOTE and
TALK lights will turn off, indicating that the instrument
has gone into the talker idle state.

Model 8573 Programming Example—Place the instrument
in the remote and talker active states with the following
statements:

We=1:CALL IBSRECERDEN : LI
CHIFE=CHRE$CLHSEY : CALL IBCHMDCERTEY s CHIE

After the return key is pressed the second time, the in-
strument should be in the remote and talker active states,
as indicated by the respective indicators.

To send IFC, enter the following statement into the
IBM-PC:

CAaLL TBSICCERDE

After the return key is pressed, the instrument will return
to the local and talker idle states.

3.9.3 (Local Lockout)

The LLO command is used to remove the instrument from
the local operating mode. After the unit receives LLO, all
its front panel controls except POWER will be inoperative.
REN must be true for the instrument to respond to LLO.
REN must be set false to cancel LLO.

To send the LLO command, the controller must perform
the following steps:

1. Set ATN true.
2. Place the LLO command on the data bus.

HP-85 Programming Example—The LLO command is sent
by using the following HP-85 statement:

FEMOTE 7
LOoCaL LOCEOQUT 7

After the second statement is entered, the instrument’s
front panel controls will be locked out.

Model 8573 Programming Example—Io send the LLO
command from the IBM-PC, type in the following
statements:

Ls=1:CALL IBSRECERDEN LN
CHEF=CHRE$CEH11 s CALL TBCMDS(BRDGY CHMIE

After the return key is pressed, the instrument front panel
controls will be locked out.

3.9.4 GTL (Go To Local) and Local

The GTL command is used to take the instrument out of
the remote mode. With some instruments, GTL may also
cancel LLO. With the Model 740, however, REN must first
be placed false before LLO will be cancelled.

To send GTL, the controller must perform the following
sequence:

1. Set ATN true.
2. Address the instrument to listen.
3. Place the GTL command on the bus.

HP-85 Programming Example—Place the instrument in the
remote mode with the following statement:

REMOTE ¥14

Now send GTL with the following statement:

Local Fid
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when the END LINE key is pressed, the front panel
REMOTE indicator goes off, and the instrument goes into
the local mode. To cancel LLO, send the following:

LocaL ¥

Model 8573 Programming Example—Place the instrument
in the remote mode with the following statements:

W=1:CaLL TRSRECERDE LIS
CHDg=4 &0 Cpbl TEHMRT OME 48y s CHIFES

Now send GTL with the following statement:

CaLL TBLOCOMT 4@

After return is pressed, the REMOTE indicator turns off,
and the instrument goes into the local mode. To cancel
LLO, send the following:

Un=0: CALL TBSRE (M7 4@%. L0

3.9.5 DCL (Device Clear)

The DCL command may be used to clear the Model 740
and return it to its power-up default conditions. Note that
the DCL command is not an addressed command, so all
instruments equipped to implement DCL will do so
simultaneously. When the Model 740 receives a DCL com-
mand, it will return to the power-up default conditions.

To send the DCL command, the controller must perform
the following steps:

1. Set ATN true.
2. Place the DCL command byte on the data bus.

HP-85 Programming Example—Place the unit in an
operating mode that is not a power-up default condition.
Now enter the following statement into the HP-85
keyboard:

CLEAR T

When the END LINE key is pressed, the instrument
returns to the power-up default conditions.

Model 8573 Programming Example—Place the unit in an
operating mode that is not a power-up default condition.
Now enter the following statement into the IBM computer:

CHOF=CHRE$CRHL4 Y - CALL TRCMDCERDEY s CHIED

When the return key is pressed, the instrument returns
to the power-up default conditions.

3.9.6 SDC (Selective Device Clear)

The SDC command is an addressed command that per-
forms essentially the same function as the DCL command.
However, since each device must be individually ad-
dressed, the SDC command provides a method to clear
only a single, selected instrument instead of clearing all
instruments simultaneously, as is the case with DCL.
When the Model 740 receives the SDC command, it will
return to the power-up default conditions.

To transmit the SDC command, the controller must per-
form the following steps:

1. Set ATN true.
2. Address the Model 740 to listen.
3. Place the SDC command on the data bus.

HP-85 Programming Example—Place the unit in an
operating mode that is not a power-up default condition.
Now enter the following statement into the HP-85
keyboard:

CLERAR 7448

After END LINE is pressed, the instrument returns to the
power-up default conditions.

Model 8573 Programming Example—Place the unit in an
operating mode that is not a power-up default condition.
Now enter the following statement into the IBM computer:

Call IBCLECMY 4852

After the return key is pressed, the instrument returns to
the power-up default conditions.

3-16



IEEE-488 BUS PRINCIPLES

3.9.7 GET (Group Execute Trigger)

GET may be used to trigger the Model 740 to take readings
if the instrument is placed in the appropriate trigger mode
(more information on trigger modes may be found in
paragraph 4.7.5.

To send GET, the controller must perform the following
steps:

1. Set ATN true.
2. Address the Model 740 to listen.
3. Place the GET command byte on the data bus.

HP-85 Programming Example—Iype in the following
statements into the HP-85 keyboard to place the instrument
in remote and enable the correct trigger mode for this
demonstration:

REMOTE 714
OUTPUT 7148 eTER?

Now send the GET command with the following
statement:

TRIGGER 714

When the END LINE key is pressed, the instrument will
process a single reading.

Model 8573 Programming Example—Type in the follow-
ing statements to make sure the instrument is in the remote
and correct trigger modes for purposes of this
demonstration:

We=1:CALL TBSRECERDE S Lk
CHOF=< T CALL TEHRET M7 8% CHDFED
Now send GET to the instrument with the following
statement:
CALL IBETRGOMY 485

When the return key is pressed, the instrument will pro-
cess a single reading.

3.9.8 Serial Polling (SPE,SPD)

The serial polling sequence is used to obtain the Model
740 status byte. The status byte contains important infor-
mation about internal functions, as described in paragraph
4.9.1. Generally, the serial polling sequence is used by the
controller to determine which of several instruments has
requested service with the SRQ line. However, the serial
polling sequence may be performed at any time to obtain
the status byte from the Model 740.

The serial polling sequence is conducted as follows:

1. The controller sets ATN true.

2. The controller then places the SPE (Serial Poll Enable)
command byte on the data bus. At this point, all active
devices are in the serial poll mode and waiting to be
addressed.

. The Model 740 is then addressed to talk.

. The controller sets ATN false.

5. The instrument then places its status byte on the data

bus, at which point it is read by the controller.

6. The controller then sets ATN true and places the SPD

(Serial Poll Disable) command byte on the data bus to
end the serial polling sequence.

= W

Once instruments are in the serial poll mode, steps 3
through 5 above can be repeated by sending the correct
talk address for each instrument. ATN must be true when
the address is transmitted and false when the status byte
is read.

HP-85 Programming Example—The HP-85 SPOLL state-
ment automatically performs the sequence just described.
To demonstrate serial polling, type in the following
statements into the HP-85:

REEMOTE 714
S=5POLL cFidl
DIsSF =

When the END LINE key is pressed the second time, the
computer conducts the serial polling sequence. The
decimal value of the status byte is then displayed on the
computer CRT when the END LINE key is pressed the
third time. More information on the status byte may be
found in paragraph 4.9.1.
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Model 8573 Programming Example—Use the following se-
quence to serial poll the instrument and display the
decimal value of the status byte on the computer CRT:

=1 CaLl IBSRECERDEYN LI
CALL TERSPOMY4EY s SEX
FRIMT SEX

When the return key is pressed the second time, the serial
polling sequence is conducted. The status byte value is
displayed when the return key is pressed the third time.
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SECTION 4
DEVICE-DEPENDENT COMMAND PROGRAMMING

4.1 INTRODUCTION

This section contains all the information needed to con-
trol the Model 740 over the IEEE-488 bus using the device-
dependent commands. Background information on the
bus, as well as general bus command programming and
programming information for using the IBM-PC and HP-85
computers are covered in Section 3 of this manual. Also
included in this section is information on the Smart Print
mode and miscellaneous information on bus operation,
that includes bus errors and data transmission times.

The device-dependent command information in this sec-
tion is presented in the order that the instrument will most
likely be used.

4.2 BUS CONNECTIONS

Instrumentation that is to be controlled over the IEEE-488
bus is connected using cables that are terminated with
standard IEEE-488 connectors. The connector is designed
to be stacked to allow for parallel connection. Paragraph
3.7.2 contains complete information on bus connections.

NOTE
When Keithley Model 705s or 706 scanners are be-
ing used as slave instruments in the temperature
measurement system, do not connect them to the
IEEE bus. The thermocouple cards in these scan-
ners are controlled by the serial link circuitry of
the Model 740.

4.3 PROGRAMMING OVERVIEW

IEEE-488 device-dependent commands (summarized in
Table 4-1) are used with the Model 740 to control various
operating modes such as function, trigger and data for-
mat. Each command is made up of a single ASCII letter
followed by a number representing an option of that com-
mand. For example, a command to control the measuring
function is programmed by sending an ASCII “F” followed
by a number representing the function option. The IEEE-

488 bus actually treats these commands as data in that ATN
is false when the commands are transmitted.

A number of commands may be grouped together in one
string. A command string is usually terminated with an
ASCII “X” character, which tells the instrument to execute
the command string. Commands sent without the execute
character will not be executed at that time, but they will
be retained within an internal command buffer for execu-
tion at the time the X character is received. If any errors
occur, the instrument will display appropriate front panel
error messages and generate an SRQ if programmed to do
so. None of the commands contained in the error string
will be executed.

Commands that affect instrument operation will trigger a
reading when the command is executed. These bus com-
mands affect the Model 740 much like the front panel con-
trols. Note that commands are not necessarily executed in
the order received. Thus to force a particular command
sequence, you would follow each command with the ex-
ecute character (X), as in the example string, POXFOX,
which will turn off the filter and set the instrument to
measure the current channel.

Device-dependent commands can be sent either one at a
time, or in groups of several commands within a single
string. Some examples of valid command strings include:

FOX—Single command string.
FOK1POX—Multiple command string.
T6 X—Spaces are ignored.

Typical invalid command strings include:

E1X—Invalid command, as E is not one of the instrument
commands.

F3X—Invalid command option because 3 is not an option
of the F command.

If an illegal command (IDDC), illegal command option
(IDDCO), is sent, or if a command string is sent with REN
false, the string will be ignored.
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Table 4-1. Device-Dependent Command Summary

Mode Command | Description Paragraph
Execute X Execute other device-dependent commands. 431
Type NO Set current channel OFF 441
N1 Set current channel for Type ]
N2 Set current channel for Type K
N3 Set current channel for Type E
N4 Set current channel for Type T
N5 Set current channel for Type R
N6 Set current channel for Type S
N7 Set current channel for Type B
N8 Set current channel for Millivolts
N9 Same as NO
N10 Set all channels OFF
N11 Set all channels for Type ]
N12 Set all channels for Type K
N13 Set all channels for Type E
N4 Set all channels for Type T
N15 Set all channels for Type R
N16 Set all channels for Type S
N17 Set all channels for Type B
N18 Set all channels for Millivolts
Initialize 10 Set for 705(s) 451
I1 Set for 706
Channel Cnn Close channel nn 45.2
91 Close internal reference channel
C92 Close internal measurement channel
Scale o0 Degrees celsius 46.1
01 Degrees fahrenheit
Filter PO Filter off 46.2
P1 Filter on
Hi-Limit H+n Set Hi-Limit to +nnnn.n °C or °F 46.3
Lo-Limit L+n Set Lo-Limit to +nnnn.n °C Cor °F 464
Display DO Temperature or millivolts 471
D1 Time
Time Shh.mm | Set time, where hh=hour, mm=minute 472
Interval WO One-Shot 473
W1 0.05 second
W2 0.1 second
W3 0.5 second
W4 1 second
W5 5 seconds
W6 10 seconds
W7 30 seconds
W8 1 minute
W9 5 minutes
W10 15 minutes
W11 30 minutes
W12 1 hour
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Table 4-1. Device-Dependent Command Summary (Cont.)

Mode Command | Description Paragraph
Trigger Time Qhh.mm | Set time to trigger on clock, where hh=hour, mm=min. 474
Triggers T0 Continuous on talk 475
T1 One-shot on talk
T2 Continuous on GET
T3 One-shot on GET
T4 Continuous on X
T5 One-shot on X
T6 Continuous on External Trigger or Clock
T7 One-shot on External Trigger or Clock
Function FO Current channel 476
F1 Log enabled
F2 Scan enabled
Read Mode BO Current channel 481
Bl Log buffer
B2 Scan buffer
Recall Rnn Recall from buffer channel/location nn 482
Data Format GO Single output w/prefix and w/suffix 48.3
Gl Single output w/prefix and w/suffix
G2 Single output wo/prefix and w/suffix
G3 Complete output w/prefix and w/suffix
G4 Complete output w/prefix and w/suffix
G5 Complete output wo/prefix and w/suffix
SRQ MO Clear SRQ mask 49.1
M1 Reading overflow or open TC
M2 Log bulffer full or scan complete
M4 Temperature reading out of limits
M8 Reading done
M16 Ready
M32 Error
Status U0 Send machine status word 492
Ul Send error status word
U2 Send data status word
U3 Send calibration date
U4 Send high-limit
U5 Send lo-limit
U6 Send high reading in log buffer
u7 Sedn low reading in log buffer
U8 Send average reading in log buffer
U9 Send high reading in scan buffer
U10 Send low reading in scan buffer
U1l Send card 1 status
U12 Send card 2 status
U13 Send card 3 status
U14 Send card 4 status
U15 Send card 5 status
Uleé Send card 6 status
U17 Send card 7 status
U18 Send card 8 status
U19 Send card 9 status
U20 Send time and date
U21 Send trigger time
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Table 4-1. Device-Dependent Command Summary (Cont.)

Mode Command | Description Paragraph
EOI and Bus Hold-off KO Enable EOI and bus hold-off on X 493
K1 Disable EOI, enable bus hold-off on X
K2 Enable EOI, disable bus hold-off on X
K3 Disable both EOI and bus hold-off on X
Terminator Y0 CR LF 494
Y1 LF CR
Y2 CR
Y3 LF
Y4 None
Self-Test JO Clear ] byte in U0 status word 4.10.1
J1 Perform self-test
Calibration Vn First V command calibrates ZERO (n=-0.099 to 0.101) 4.10.2
Second V command calibrates GAIN (n=-0.099 to 0.101)
Third V command calibrates Reference Junction
(n=-10°C/14°F to 70°C/158°F)
Date Amn.dd | American format (mn=month, date=day) 4.10.3
Add.mn | European format (dd=day, mn=month)
Date Format 20 American date format (mn.dd) 4104
Z1 European date format (dd.mn)

Device-dependent commands that control the Model 740
are listed in Table 4-1 These commands are covered in detail
in the following paragraphs. The associated programming
examples show how to send the commands with both the
HP-85 and the IBM-PC/8573.

NOTE

Programming examples assume that the Model 740
is at its factory default IEEE address of 14.

In order to send a device-dependent command, the con-
troller must perform the following steps:

1. Set ATN true.
2. Address the Model 740 to listen.
3. Set ATN false.

4. Send the command string over the bus one byte at a
time.

NOTE
REN must be true when sending device-
dependent commands to the instrument, or it will

ignore the command and display a bus error
message.

General HP-85 Programming Example—Device-dependent
commands may be sent from the HP-85 with the follow-
ing statement:

AUTFUT 714 At

A$ in this case contains the ASCII characters representing
the command string.

General Model 8573 Programming Example—Use the
following general syntax to send device-dependent com-
mands from the IBM-PC:

CALL IBMRTCMY 4GS CHIDE

Again, CMDS$ contains the command letters to program
the instrument. Remember that the modified declaration
file (paragragh 3.8.2) must be loaded and run before us-
ing any of the programming examples.
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4.3.1 Execute (X)

The execute command (X) will be explained first since X
must be used to execute all other device-dependent
commands.

The execute command is implemented by sending an
ASCII “X” over the bus. Its purpose is to direct the Model
740 to execute other device-dependent commands such as
F (function) or N (type). Usually, the execute character is
the last byte in the command string (a number of com-
mands may be grouped together into one string); however,
there may be certain circumstances where it is desirable
to send a command string at one time, and then send the
execute character later on. Command strings sent without
the execute character will be stored within an internal com-
mand buffer for later execution. When the X character is
finally transmitted, the stored commands will be executed,
assuming that all commands in the previous strings were
valid.

HP-85 Programming Example—Enter the following
statements into the HP-85 keyboard:

REMOTE 714
OUTFUT 7idsésx??

When the END LINE key is pressed the second time, the
X character will be transmitted to the instrument. No mode
changes will occur with this example because no other
commands were sent. Note that the instrument remains
in the listener active state (LISTEN LED on) after the com-
mand is transmitted.

Model 8573 Programming Example—Enter the following
statements into the IBM computer:

=1 :CALL TESRECERDEN s LD
CHOF= e :CALL TBHURET CMP 40 CHIOED

When the return key is pressed the second time, the X
character is transmitted to the instrument, although no
mode changes occur because no other commands are
transmitted. Note that the instrument remains in the
listener idle state (LISTEN LED off) after the command is
transmitted because IBWRT automatically sends UNT (Un-
talk) and UNL (Unlisten) at the end of the transmission
sequence.

4.4 SINGLE (INTERNAL) CHANNEL
MEASUREMENTS

The single internal channel is selected whenever there are

not any scanner cards connected to the input card of the
Model 740. Using the single internal channel to make
temperature measurements consists of powering up the
instrument and configuring the channel for the desired
TC type.

The instrument will power up to display the internal chan-
nel. If the internal channel has not been previously set,
the “OFF” message will be displayed. The following com-

mand is used to configure and measure the internal

channel.

4.4.1 Type (N)

NOTE
The following discussion on the Type command
(N) includes information for configuring multiple
channels. This information will be useful in
paragraph 4.5 which explains multiple channel
measurements.

Use the N command to configure the current channel, or
use to set up all available channels to the same configura-
tion. The commands for configuring available channels are
listed as follows:

NO = Sets current channel to OFE

N1 = Sets current channel to TYPE ]J.

N2 = Sets current channel to TYPE K.
N3 = Sets current channel to TYPE E.
N4 = Sets current channel to TYPE T.

N5 = Sets current channel to TYPE R.

N6 = Sets current channel to TYPE S.

N7 = Sets current channel to TYPE B.

N8 = Sets current channel to mV (millivolts).
N9 = Same as NO.

N10 = Sets all channels to OFFE.

N11 = Sets all channels to TYPE ]J.

N12 = Sets all channels to TYPE K.
N13 = Sets all channels to TYPE E.
N14 = Sets all channels to TYPE T.
N15 = Sets all channels to TYPE R.

N16 = Sets all channels to TYPE S.
N17 = Sets all channels to TYPE B.
N18 = Sets all channels to mV (millivolts).

Channel configurations are saved in battery backed-up
memory and are changed as soon as an N command is
executed. In the event of a “BATTFAIL" (i.e. discharged bat-
tery), channel configurations default to OFF.




DEVICE-DEPENDENT COMMAND PROGRAMMING

Note: If it is desired to make measurements in millivolts
(mV) rather than in temperature, send N8 or N18 over the
bus.

4.4.2 Programming Examples—Single
(Internal) Channel Measurements

The following programming examples show how to con-
figure the internal channel of the instrument and to display
the subsequent reading.

Programming Examples—Connect a Type K thermocouple
to the internal channel of the Model 740. Make sure that
there are not any scanner cards connected to the instru-
ment. To configure the internal channel for Type K ther-
mocouples, enter the following statements into the
computer:

HP-85:

FEMOTE 714
OUTFUT F1d: @ spzxt?

When the END LINE key is pressed the second time, the
internal channel will be configured for a Type K ther-
mocouple and the temperature reading will be displayed.

Model 8573:

L=1:CALL IBSRECERDE S LD
CHOF=¢ ¢ W2 - CALL TEHRT M7 4E%s CHIE

When the return key is pressed the second time, the in-
ternal channel will be configured for a Type K thermocou-
ple and the temperature measurement will be displayed.

4.5 MULTIPLE CHANNEL MEASUREMENTS

Multiple channel temperature measurements consists of
connecting one or more scanner cards to the Model 740
and configuring the desired channels for a TC type. Also,
if an external Keithley scanner is to be used in the measure-
ment system, the Model 740 must first be initialized for
that type of scanner.

4.5.1 Initialize (1)

The I command is used when thermocouple scanner cards
are being used in external Keithley scanners. When this
command is sent, the Model 740 will look for the ap-
propriate scanner(s), and recognize and remember the

channels that are available to the measurment system. This
initialization process also occurs on power-up. The I com-
mands are as follows:

I0 = Initialize the Model 740 to be used with Keithley
Model 705 scanners.

I1 = Initialize the Model 740 to be used with a Keithley
Model 706 scanner.

Notes:

1. This setting is stored in NVRAM and will not reset upon
power-up or when a DCL or SDC command is sent.

2. The I command is similar to front panel Program LOOP
with the exception that power does not have to be cycled
after sending the command to initialize the instrument.

3. Sending the wrong I command while a scanner is serial-
ly connected to the Model 740 will result in the error
message “NO LOOP” to be displayed. To remedy the
problem, send the appropriate I command. For exam-
ple, if I1 is sent while a Model 705 is serially connected
to the Model 740, the no loop message will be displayed.
To correct the problem, send I0 over the bus.

HP-85 Programming Example—Enter the following
statements to initialize the Model 740 for use with Keithley
Model 705 scanners:

REMOTE ¥14
OUTFUT F1d: 86 I8 T

When the END LINE key is pressed the second time, the
Model 740 will initialize itself to be used with Model 705
scanners and will then search for the scanner and
remember the channels that are available.

Model 8573A Programming Example—Enter the follow-
ing statements to initialize the Model 740 for use with
Keithley Model 705 scanners:

Lx=1:CALL IESRECERDEY - LK
CHDF=%¢ I@=** : CALL TEMRTCM74E5 CHDFD

When the return key is pressed the second time, the Model
740 will initialize itself to be used with Model 705 scan-
ners and will then search for the scanner and remember
the channels that are available.

4.5.2 Channel (C)

Use the channel (C) command to close and display an
available channel. Any available measurement channel can
be closed to make a measurement (temperature or
millivolts) or to change the configuration (as explained in
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the previous paragraph). Any reference channel (91, 11,
21, 31, 41, 51, 61, 71 and 81) can be closed to measure the
temperature of the reference junction. The channel com-
mands are as follows:

Cnn = Close channel nn
C91 = Internal reference channel
C92 = Internal measurement channel

Upon power-up, or after the instrument has recieved a
DCL or SDC command, the first available channel will be
displayed.

Notes:

1. Channel changes over the bus cannot be accomplished
while the instrument is in the logging or scanning states
and will result with the “CONFLICT” error message be-
ing displayed briefly and a STATE ERROR being flagged
in the ERROR STATUS WORD (see paragraph 4.9.2).

2. Over the bus, channels that are not part of Model 740
measurement system can be closed. For example, a
Model 7058 Low Current Scanner Card may be in a slot
position occupying channels 41 through 50 with its out-
put not connected to the Model 740. To close a channel
used by the Model 7058, first configure the channel for
mV (N8) and then use the appropriate C command. Ex-
ample command string; send “N8C45” to close chan-
nel 45. The channel will close even if the Model 740
displays irrelevant data.

4.5.3 Programming Example—Multiple
Channel Measurements

The following programming examples show how to con-
figure two channels of a scanner card and display the
subsequent readings on the Model 740. Note that the Type
command (N) used in these programs was previously ex-
plained in paragraph 4.4.1.

Programming Examples—Install a Model 7057A scanner
card into the mainframe of the Model 740. This card makes
channels 2 through 10 available for measurements. To con-
figure channel 2 for Type ] thermocouples and channel 6
for Type K thermocouples, enter the following statements
into the computer:

HP-85:

FEMOTE 714
QUTPUT #1488 C2M1R T
OUTRUT V1488 CaMaxt -t

When the END LINE key is pressed the second time, the
first available channel, which is 2, will be configured for
a Type ] thermocouple and display the reading at that
channel. When the END LINE key is pressed the third
time, channel 6 will be selected, configured for a Type K
thermocouple and the reading at that channel will be
displayed.

Model 8573:

Wi=1:CALL TRSRECERDEN LK
CHOE=s s CEM1ET* :CaLL IBMET CMV485 CHMIF S
CHIE= s CaMa2e® * - CALL TEURTOMY 485 CHIED

When the return key is pressed the second time, the first
available channel, which is 2, will be configured for a Type
] thermocouple and display the reading at that channel.
When the return key is pressed the third time, channel
6 will be configured for a Type K thermocouple and the
reading at that channel will be displayed.

4.6 ADDITIONAL MEASUREMENT
COMMANDS

Commands are available to select the alternate ther-
mometric scale (°C or °F), control the filter (on/off), and
set high and low limits for temperature readings. These
commands are explained in the following paragraphs. (Ex-
ample programs using these commands can be found in
paragraph 4.6.5).

4.6.1 Scale (O)

The scale (O) command is used to select the alternate scale
(°C or °F) that temperature measurements are made on.
This command affects the display and readings sent over
the bus. The scale commands are as follows:

00 = Celsius
O1 = Fahrenheit

Temperature scale is battery backed-up. Thus, on power-
up or after the instrument has recieved a DCL or SDC,
the temperature scale will not reset.

HP-85 Programming Example—From the front panel, set
the instrument to the °C scale and enter the following
statements into the computer to select the °F scale:

REMOTE ¥14
OUTRFUT Plds el ?
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When the END LINE key is pressed the second time, the
°F scale will be selected.

Model 8573 Programming Example—From the front panel,
set the instrument to the °C scale and enter the following
statements into the computer to select the °F thermometric
scale:

Ls=1:CALL IESRECERIEN : LI
CHOF= 01" : CALL TBMRT MY 485 CHIFE

When the return key is pressed the second time, the °F
scale will be selected.

4.6.2 Filter (P)

The filter (P) command is used to enable or disable the
filter. The filter commands are as follows:

PO = Filter disabled
P1 = Filter enabled

Filter status is battery backed-up. Thus, on power-up or
after the instrument has recieved a DCL or SDC, the filter
status will not reset.

HP-85 Programming Example—From the front panel,
disable the filter and enter the following statements into
the computer to turn on the filter:
REMOTE ¥14
OUTFUT Y1d:ssp1st?

When the END LINE key is pressed the second time, the
front panel FILTER indicator light will turn on.

Model 8573 Programming Example—From the front panel,
disable the filter and enter the following statements into
the computer to enable the filter:

Li=1:CALL IBESRECERDEN 1K
CHOE=¢ P11 CALL TEMRTCMY 485 CHOFE

When the return key is pressed the second time, the front
panel FILTER indicator light will turn on.

4.6.3 HI-Limit (H)

The HI-limit (H) command is used to flag a temperature

reading that has reached or exceeded a programmed value.
If the HI-limit is reached or surpassed, the OVER LIMIT
flag in the U2 Data Status Word (see paragraph 4.9.2) will
be set. An over limit will also cause the instrument to
generate a SRQ if it was programmed to do so. See
paragraph 4.9.1 for complete information on SRQ. The HI-
limit command is in the following form:

H+n=Set HI-limit

where +nnnn.n is the value in °C or °F as determined by
the O command.

Leading zeroes of the value need not be sent. Also if the
value is a whole number then the decimal point and zero
need not be sent. For example, +50° can be sent as H+50
rather than as H+0050.0.

On power-up or after the instrument has recieved a DCL
or SDC, the HI-limit will reset to 2000°C.

Notes:

1. Sending the H command resets the OVER LIMIT flag in
the U2 Data Status Word.

2. Channels configured to make millivolt measurements
will not be affected by the H command.

3. Sending an H value that is outside the range of +2000°C
(+4000°F), will cause an IDDCO bus error. Paragraph
4.11.1 provides information on bus errors.

HP-85 Programming Example—With the °C scale selected,
enter the following statements into the computer to set a
HI-limit of +300.5°C:

FEMOTE Y14
OUTPUT 714 ¢ sH+Z88 S0

When the END LINE key is pressed the second time, a
HI-limit of +300.5°C will be established.

Model 8573 Programming Example—With the °C scale
selected, enter the following statements into the computer
to set a HI-limit of +300.5°C:

=1 :CALL TBSRECERTEN - LI
CHOE=¢ fH+ZE6 . 58" CALL IBMRTOMP 48 s CHMDE

When the return key is pressed the second time, a HI-limit
of +300.5°C will be established.
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4.6.4 LO-Limit (L)

The LO-limit (L) command is used to flag a temperature
reading that has equaled or fallen below a programmed
value. If the LO-limit is reached or surpassed, the UNDER
LIMIT flag in the U2 Data Status Word will be set (see
paragraph 4.9.2). An under limit will also cause the instru-
ment to generate a SRQ if it was programmed to do so.
See paragraph 4.9.1 for information on SRQ. The LO-limit
command is in the following form:

L+n = Set LO-limit
where +nnnn.n is the value in °C or °F

Leading zeroes of the value need not be sent. Also, if the
value is a whole number, then the decimal point and zero
need not be sent. For example, +50° can be sent as L+50
rather than as L+0050.0.

On power-up or after the instrument has recieved a DCL
or SDC, the LO-limit will reset to —2000°C.

Notes:

1. Sending the L command resets the UNDER LIMIT flag
in the U2 Data Status word.

2. Channels configured to make millivolt measurements
will not be affected by the L command.

3. Sending a L value that is outside the range of +2000°C
(+4000°F), will cause an IDDCO bus error. Paragraph
4.11.1 provides information on bus errors.

HP-85 Programming Example—With the °C scale selected,
enter the following statements into the computer to set a
LO-limit of +4°C:

FEMOTE 714
OUTPUT P14 s +4% 7

When the END LINE key is pressed the second time, a
LO-limit of +4°C will be established.

Model 8573 Programming Example—With the °C scale
selected, enter the following statements into the computer:

Wi=1:CALL TRSRECERDE S L%
CHOFE=¢ 8 L+4:° " : CALL TEURT MY 485 CHIE D

When the return key is pressed the second time, a LO-
limit of +4°C will be established.

4.6.5 Programming Examples—Additional
Measurement Commands

The following programs use the output (O), filter (P) and
limit (H and L) commands for demonstration purposes.

Programming Examples—Io select the °F scale, turn the
filter on, set the HI-limit to +500°F and set the LO-limit
to +50°F, enter the following statements into the computer:

HP-85:

REMOTE ¥14
OUTFUT Yig:es01F1s
OUTRUT Fld: s s H+508L+58:* *

When the END LINE key is pressed the second time, the
+F scale will be selected and the filter will enable. When
the END LINE is pressed the third time, the high and low
limits are set to +500°F and +50°F respectively.

Model 8573:

Wi=1:CALL TESRECERTEN LD
CHDF=¢¢01F1#* * s CALL TBMRTCMV 465 CHIDEY
CHOF=¢ s H+38EL+5368:" ' : CALL TEHRT M7 485 CHIOE:

When the return key is pressed the second time, the °F
scale will be selected and the filter will enable. When the
return key is pressed the third time, the high and low limits
are set to +500°F and +50°F respectively.
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4.7 LOGGING AND SCANNING

The device-dependent commands explained in this sec-
tion are associated with the logging and scanning
capabilities of the Model 740. Also include in this section
are example programs that log readings and scan chan-
nels. The basic procedure to log readings or scan available
channels is as follows:

1. Select an appropriate interval (W).

2. Set a trigger time (Q) if it is desired to start the log or
scan process at a particular time of day.

3. Select the appropriate trigger (T).

4. Place the instrument in the Log Enable (F1) or Scan
Enable (F2).

The log or scan will start when a valid trigger occurs. It
is important to note that recalling buffer readings must be
done over the bus, as explained in paragraph 4-8. When
in remote, recalled readings are not displayed by the
instrument.

NOTE
The Display (D) and Time (S) commands are
discussed first, since the internal clock must be set
to the correct time in order to set a trigger time to
start a log or scan.

4.7.1 Display (D)

The display (D) command is used to control what the in-
strument is displaying. The Model 740 can either display
measurements (temperature or millivolts) or the time of
day. Checking for the correct time of day is especially im-
portant if a scan or log is to be triggered by the clock (see
paragraph 4.7.2). The display commands are as follows:

DO = Display temperature or millivolt reading of current
channel.

D1 = Display time of day in 24 hour clock format.

When in the DO, the type of reading (temperature or
millivolts) depends on the configuration (Type) of the cur-
rent channel. See paragragh 4.4.1 for information on the
N (Type) command.

The 24 hour clock (D1) is battery backed-up, but will only
last about a week if the instrument is not powered back-up
to recharge the battery.

Upon power-up or after the instrument receives a DCL or
SDC command, the display will be in measurement (D0).

HP-85 Programming Example—Enter the following
statements into the computer to display the 24 hour clock:
FEEMOTE ¥14
OUTFUT ¥14: D1
At this point the current time on the 24 hour clock will

be displayed. Enter the following statement to return the
display to the measurement mode:

QUTFUT 714 ¢ DKL *

When the END LINE key is pressed, the display will return
to the previous measurement mode.

Model 8573 Programming Example—Enter the following
statements into the computer to display the 24 hour clock:
LWs=1:CALL IBSRECEBRDEN LI
CRDF=¢ 01 s * CALL TEBHRT MV 85 CHDFED
At this point the current time of the 24 hour clock will be

displayed. Enter the following statement to return the
display to the measurement mode:

CHDF=f D@y *  CALL TBMRTOMTSE% CHDE )

When the return key is pressed, the display will return
to the previous measurement mode.
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4.7.2 Time (S)

The time (S) command is used to set the 24 hour clock
to the correct time. Correct time is essential if logging and
scanning processes are to be started by clock trigger. The
time command is in the following form:

Shh.mm = Set 24 hour clock
hh = hour (0-23), mm = minute (0-59)

Notes:

1. The 24 hour clock will continue to maintain the correct
time after the instrument is turned off. The battery back-
up will last approximately one week while the instru-
ment is off and will recharge when the instrument is
turned back on.

2. Sending the S command while the instrument is in the
logging or scanning process will cause the “CONFLICT”
error message to be displayed briefly and the STATE ER-
ROR flag in the ERROR STATUS WORD to be set (see
paragraph 4.9.2).

HP-85 programming Example—Enter the following state-
ments into the computer to set the clock for the correct
time:

FEMOTE 714
OUTFUT Y1d:ssDi1st?
OUTFUT ¥14: ¢ ¢ Shh.mmis* *

When the END LINE key is pressed the second time, the
current clock will be displayed. The thrid statement will
set the clock to the correct time.

Model 8573 Programming Example—Enter the following
statements into the computer to set the clock for the cor-
rect time:

Ws=1:CALL IBSRECERDEN LK
CHO$F=¢4D1x** : CALL TBHRTCM7 @5 CHIED
CHIOFE=¢ ¢ Shhommi® * : CALL TEMRT CM7 485 CHDFE S
When the END LINE key is pressed the second time, the

current clock time will be displayed. The third statement
will set the clock to the correct time.

4.7.3 Interval (W)

The interval (W) command is used to control the rate that
readings are logged into the log buffer or to control the

rate that scans occur. The interval commands are as
follows:

WO = One-shot

W1 = 0.05 second
W2 = 0.1 second
W3 = 0.5 second

W4 = 1 second

W5 = 5 seconds
W6 = 10 seconds
W7 = 30 seconds

W8 = 1 minute
W9 = 5 minutes

W10 = 15 minutes
W11 = 30 minutes
W12 = 1 hour

When logging with WO (one-shot) asserted, one reading
will be logged each time a trigger occurs. When scanning
with WO, a single scan will occur each time a trigger oc-
curs. W0 need not be asserted if scanning is to be done
with the instrument in a one-shot trigger mode (T1, T3,
T5 or T7).

Notes:

1. Sending the W command while the instrument is in the
logging or scanning process will cause the “CONFLICT”
error message to be displayed briefly and the STATE ER-
ROR flag in the ERROR STATUS WORD to be set (see
paragraph 4.9.2).

2.If the scanning interval is set faster than the hardware,
then the scanning rate will only be as fast as the hard-
ware. For example, it takes one second to scan 20 chan-
nels with the filter off. Thus, the scan rate will be one
second even with W1, W2 or W3 asserted.

Interval is battery backed-up. Thus, upon power-up or after
the instrument recieves a DCL or SDC, the interval will
not reset.

HP-85 Programming Example—Enter the following state-
ments into the computer to set an interval rate of one
minute:

REMOTE ¥14
OUTPUT 714 ¢ gk ?
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When the END LINE key is pressed the second time, the
instrument will be set to an interval rate of one minute.

Model 8573 Programming Example—Enter the following
statements into the computer to set an interval rate of one
minute:

We=1:CALL ITRSRECERDE  LIXS
CHDFE= L3 CALL TBHRT M7 485 CHIDE

When the return key is pressed the second time, the in-
terval rate will be set to one minute.

4.7.4 Trigger Time (Q)

The trigger time (Q) command is used to program the time
of day that a trigger occurs. This trigger can be used to start
the scanning or logging process, or trigger a reading while
the instrument is in the normal measurement mode (Data
Store inactive). The instrument must be in trigger T6 or
T7 in order to produce the trigger (see paragraph 4.7.5).
The trigger time command is in the following form:

Qhh:mm = Set trigger time
hh = hour (0 - 24), mm = minute (0 - 59)

Notes:

1. Programming a trigger hour of 24 disables the trigger
time feature. The trigger time minute is irrelevent in this
case.

2. After a trigger time passes, the trigger time resets to
24:00 (disabled).

3. Sending a trigger time exceeding 24:59 will result in a
IDDCO bus error (see paragraph 4.11.1).

Upon power-up or after the instrument recieves a DCL or
SDC, the trigger time will be set to 24:00 (disabled).

HP-85 Programming Example—Enter the following
statements into the computer to set a trigger time of 1:15
PM:

FEMOTE 714
OUTPUT Y14 96@1E 1577

When the END LINE key is pressed the second time, a
trigger time of 1:15 PM will be set.

Model 8573 Programming Example—Enter the following
statements into the computer to set a trigger time of 1:15
PM:

We=1:CaLL IBSRECERDEN L%
CHOE=¢ ¢ Q15 157 % :CALL TEMRTCMY4E%s CHOED

When the return key is pressed the second time, a trigger
time of 1:15 PM will be set.

4.7.5 Triggers (T)

When the instrument is in the current channel measure-
ment (F0), triggering provides a stimulus to begin a reading
conversion within the instrument. When the instrument
is in log (F1) or scan (F2) a trigger will start the logging
or scanning process. Triggering may be done in two basic
ways:

1. In continuous mode, a single trigger command is used
to start a continuous series of readings. When in log,
a trigger will start the logging process at the programm-
ed interval (W). Readings will continue to be logged, by
overwriting, after the 100 point buffer fills. When in
scan, a trigger will start the scanning process and the
instrument will perform a scan at each programmed
interval.

2. In a one-shot trigger, a separate trigger stimulus is re-
quired to start each conversion. When in log, a trigger
will start the logging process at the programmed inter-
val (W). The logging process will stop when the 100
point buffer fills. When in scan, a trigger will start the
scanning process and stop after the one scan is com-
pleted. The programmed interval is irrelevent in this
case.

The Model 740 has eight trigger commands as follows:

TO0 = Continuous on Talk

T1 = One-shot on Talk

T2 = Continuous on GET

T3 = One-shot on GET

T4 = Continuous on X

T5 = One-shot on X

T6 = Continuous on External Trigger or Clock
T7 = One-shot on External Trigger or Clock

The trigger modes are paired according to the type of
stimulus that is used to trigger the instrument. In TO and
T1, triggering is performed by addressing the Model 740
to talk. In T2 and T3, the IEEE-488 multiline GET command
performs the trigger function. The instrument execute (X)
character provides the trigger stimulus in T4 and T5. In T6
and T7, the trigger stimulus is performed by an external
trigger (see paragraph 2.12) or by a programmed trigger
time (see paragraph 4.74).
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Upon power-up or after the instrument receives a DCL or
SDC command, the Model 740 will return to T6 trigger.

NOTE
The following example programs entail triggering
readings with the instrument in the current chan-
nel measurement state (F0). Programs that trigger
the log and scan processes can be found in
paragraphs 4.7.7 and 4.7.8.

HP-85 Programming Example—Place the instrument in the
one-shot on X trigger mode with the following statements:

REMOTE ¥14
CUTRUT ¥14: 8 eT5K 2

When the END LINE key is pressed the second time, the
X in the command string will trigger one reading.

Model 8573 Programming Example—Place the instrument
in the one-shot on X trigger mode with the following
statements:

=1 :CALL TRSRECERDE S LK
CHDF=¢ ¢ TS *  CALL TBHRT M7 4B CHIE

When the return key is pressed the second time, the X in
the command string will trigger one reading.

4.7.6 Function (F)

The function (F) command is used to select the operating
mode of the instrument. The three functions are as follows:

FO = Current channel measurements
F1 = Log enabled
F2 = Scan enabled

In FO, the instrument measures the current channel that
the instrument is on.

In F1, the instrument is placed in log enable. The logging
process will not start until a valid trigger is received. In
the pre-trigger state, the instrument will make continuous
readings on the current channel.

In F2, the instrument is placed in scan enable. The scan
process will not start until a valid trigger is received. In
the pre-trigger state, the instrument will make continuous
readings on the current channel.

Note:

Executing the function command (F) stops the current
operation of the instrument and places it in a pre-triggered
state for that function. For example, sending FO while the
instrument is in log (F1), will place the instrument in the
FO function (current channel), but measurements will not
commence until another valid trigger is received.

Upon power-up or after the instrument receives a DCL or
SDC, FO will be selected.

HP-85 Programming Example—Io place the instrument in
log enabled, enter the following statements into the
computer:

REMOTE ¥14
OUTRUT Y148 6F 1" ?

When the END LINE key is pressed the second time, log
enable will be selected.

Model 8573 Programming Example—TIo place the instru-
ment in log enable, enter the following statements into the
computer:

Wi=1:CALL TBSRECERDEN s LK
CHIOF=sF1H* " CALL TEMRTOMP 485 CHDE

When the return key is pressed the second time, log enable
will be selected.

4.7.7 Programming Examples—Logging
Readings

The following programs will do a single log of a selected
channel. The logging process will be triggered by X (T5).

Programming Examples—Select the channel that is to be
logged and enter the following statements to perform a
single log at an interval of 0.1 second:

HP-85:

REMOTE ¥14
OUTPUT $14: ¢ s H2TIF 1R ®
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When the END LINE key is pressed the second time, the
0.1 second interval and log enable will be selected. The log-
ging process will start after the X command is executed.
The logging process will stop when the buffer fills.

Model 8573:

LWi=:CALL TRSRECERDE L5
CHDF=¢ ¢ L2TSFLEY * :CALL TRMRTCM7485s CHIFED

When the return key is pressed the second time, the 0.1
second interval and log enabled, will be selected. The log-
ging process will start after the X command is executed.
The logging process will stop when the buffer fills.

4.7.8 Programming Examples—Scanning
Channels

The following programs will do a single scan of the
available channels. The scanning process will be triggered
by X (T5).

Programming Examples—Enter the following statements
into the computer to perform a single scan:

HP-85:

FEMOTE 714
OUTFUT F1d: s 8 TSFZH?

When the END LINE key is pressed the second time, a
single scan of all available channels will be triggered by
X at the end of the command string. Note that an interval
(W) did not have to be selected since a one-shot trigger
mode was used.

Model 8573:

Wi=1:CALL IBSRECERDEY - LK
CHDOFE=¢ s TSFZE* ' - CALL TEMRTCM7485 CHIFE:

When the return key is pressed the second time, a single
scan of all available channels will be triggered by X at the
end of the command string. Note that an interval (W) did
not have to be selected since a one-shot trigger mode was
used.

4.8 SENDING READINGS OVER BUS

The basic procedure to send readings over the bus is as
follows:

1. Select the source of the data to be sent over the bus using
the B command.

2.1f desired, select a starting buffer location or channel
using R command.

3. Select the format that data is to be sent using the G
command.

4. Address the Model 740 to talk.

NOTE
The instrument cannot talk (send readings) when
on an “OFF” channel. Trying to do so will lock up
the bus. In this event, cycle power on the Model
740.

The following paragraphs explain the device-dependent
commands that are associated with sending current chan-
nel measurements, and readings from the log or scan buf-
fer over the IEEE-488 bus. Also included are programming
examples that send buffer readings over the bus.

4.8.1 Read (B)

The read (B) command parameters allow the selection of
the source of data that is transmitted over the IEEE-488 bus.
Through this command, the user has a choice of data from
the current channel, log buffer or scan buffer. The read
commands are as follows:

B0 = Readings from current channel
Bl = Readings from log buffer
B2 = Readings from scan buffer

When in B0, readings sent over the bus will reflect the cur-
rent channel. When B1 is sent, the buffer pointer will in-
itialize to log buffer location 00. After the logged reading
is sent, the buffer pointer will increment to the next loca-
tion. Each reading will increment the buffer pointer until
the last location (99) is reached, after which the buffer
pointer will remain at 99. When B2 is sent, the buffer
pointer will initialize to the lowest available channel.
Reference channels are available, but channels configured
to be OFF are not. After the reading from the scan buffer
is sent, the buffer pointer will increment to the next
available channel. Each reading will increment the buffer
pointer until the highest available channel is reached, after
which the buffer pointer will again point to the lowest
available channel.

Notes:

1. The buffer pointer is always reset to the beginning of
the respective buffer when a B1 or B2 command is sent.
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2. Further manipulation of the buffer pointer is accomp-
lished with the R command which is explained in
paragragh 4.8.2.

Upon power-up or after the instrument receives a DCL or
SDC command, current channel read (B0) will be selected.

HP-85 Programming Example—Enter the following
statements into the computer to place the instrument in
the current channel read mode and send a reading over
the bus.

REMOTE 714
DIM A% [48]
OUTFUT 714; % ¢ Baxe
EMTER 714 A$
DISF A%

After the END LINE key is pressed the third time, the in-
strument will be placed in the current channel read mode.
When END LINE is pressed the fourth time, the Model
740 will be addressed to talk and will send one reading
over the bus. The last program line will display the reading
on the computer CRT.

Model 8573 Programming Example—Enter the following
statements into the computer to place the instrument in
the current channel read mode and send one reading over
the bus:

Wi=:CALL IBSEECERDEN . L2
CHDF=¢ fEES - CpLL TEMRTOMP4EY . CHIE
EOF=SFACEF 48 CALL IERDOMY SN EDE

FEINT BDF

After the return key is pressed the second time, the in-
strument will be placed in the current channel read mode.
When return is pressed the third time, the Model 740 will
be addressed to talk and will send one reading over the
bus. The last program line will display the reading on the
computer CRT.

4.8.2 Recall (R)

The recall (R) command is used to point to a starting loca-
tion or channel in the buffers and is only valid when us-
ed with the Bl and B2 read commands. After the reading
at that location or channel is sent, the buffer pointer in-
crements to the next location or channel. After the reading
in the last location (99) or channel is sent, the buffer pointer
will point to location 99 or the lowest buffer channel. The
recall command is in the following form:

Rnn = Channel number or memory location number

Note: The R command is not required when used with
the G3, G4 or G5 commands (see paragraph 4.8.3).

Upon power-up or after the instrument receives a DCL or
SDC command, R will be set to location 00 or the lowest
available channel.

HP-85 Programming Example—From the front panel or
over the bus, fill up the log buffer. Enter the following
statements into the computer to send the reading from
memory location 36 over the bus:

REMOTE 714
DIM A% [48]
OUTFUT 714 ¢ S BIRZEH *
EMTER 714, A%

DISF A%

When the END LINE key is pressed the third time the log
buffer read mode will be selected and the buffer pointer
will point at memory location 36. When END LINE is
pressed the fourth time, the Model 740 will be addressed
to talk and send the reading from memory location 36 over
the bus. The last line will display the reading on the com-
puter CRT.

Model 8573 Programming Example—From the front panel
or over the bus, fill the log buffer. Enter the following
statements into the computer to send the reading from
memory location 36 over the bus:

=1 CALL IBSEECERDEN s LI
CHDE=¢ s BIRZcX ' :CALL TBHRT My 485 CHIOED
ROF=SFACEFC4@ : CALL IBRRDCMY 485 RDED
FRINT ED¥F

When the return key is pressed the second time, the log
buffer read mode will be selected and the buffer pointer
will point to memory location 36. When return is pressed
the third time, the Model 740 will be addressed to talk and
will send the reading from location 36 over the bus. The
last line will display the reading on the computer CRT.

4.8.3 Data Format (G)

Through the use of the G command, the format of the data
the instrument sends over the bus may be controlled as
follows:
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GO = Send single reading with prefix and with suffix.

Examples:

DEGCO01000.0E+0,CHO02,23:59:59 (Current channel reading
- B0)

DEGC01000.0E+0,BL00,23:59:59 (Log buffer reading - B1)

DEGC01000.0E+0,BC01,23:59:59 (Channel buffer reading
- B2)

G1 = Send single reading with prefix and without suffix.

Example:
DEGC01000.0E+0 (BO, B1 and B2)

G2 = Send single reading without prefix and without
suffix.

Example:
01000.0E+0 (BO, B1 and B2)

G3 = Send complete readings with prefix and with suffix.

Examples:

DEGCO01000.0E+0,CH02,23:59:59 (BO0)
DEGCO01000.0E+0,BL00,23:59:50, DEGC01200.0E+0,BLO01,
23:59:51, ... (B1)

DEGC01000.0E+0,BC01,23:59:59, DEGC01200.0E+0,BC02,
23:59:59, ... (B2)

G4 = Send complete readings with prefix and without
suffix.

Example:

Figure 4-1 further clarifies the general data format. Note
that the prefix defines the reading type (temperature or
millivolts), and the suffix identifies the source of the
reading and lists the time that the reading was taken. Also,
note that only one reading is sent in G3, G4 and G5 when
readings are from the current channel (B0).

Upon power-up or after the instrument receives a DCL or
SDC command, the GO format will be selected.

4.8.4 Programming Examples—Sending
Current Channel Readings Over Bus

The following programs will send three current channel
readings (BO) over the bus in the three available data
formats.

HP-85 Programming Example—Place the instrument in the
current channel measurement mode and enter the follow-
ing program into the computer to send three readings over
the bus:

PROGRAM COMMENTS
18 DIMax L4687
20 REMOTE 714 Send remote enable.
IR OUTPUT Fl4:sEBAGEXTT Send BO and GO
command.
48 EMTER 714:mAf Obtain reading from
740.

o
[

DISF Af Display current chan-

nel reading.

S8 OUTPUT Fld;eiG187 Send G1 command.
DEGCO1000.0E+0 (BO) T8 EMTER 714:0a$ Obtain reading from
DEGC01000.0E+0, DEGC01200.0E+0, ... (B1 and B2) 740.
) ) . . 28 DISF A% Display reading.
G5 = Send complete readings without prefix and without QE OUTEUT Fld;sspmwrs Send G2 command.
suffix. 188 EMTER Fld:a% Obtain reading from
740.
Examples: 118 DISF AF Display reading.
01000.0E+0 (BO) 126 EMD
01000.0E+0, 01200.0E+0, ... (B1 and B2)
MANTISSA SUFFIX TERMINATOR
] ]
| | | [ |
DEGC 00740.0 E+O,. CH® ¥, 23:59:59 CRLF
L l B L 1 I I ]
EXPONENT TIME OF READING
PREF IX
DEGC=°*CELCIUS CH=CURRENT CHANNEL
DEGF=°*FAHRENHEIT BL=BUFFER LOCATION

NDCV=NORMAL DC VOLTS
ODCV=OVERFLOWED DC VOLTS
OFLO=OVERFLOWED TEMPERATURE

#% 9|~ INTERNAL REFERENCE CHANNEL

R~ INTERNAL MEASUREMENT CHANNEL

BC=BUFFER CHANNEL

Figure 4-1. General Data Format
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After entering the program, run it by pressing the RUN
key. The program will place the unit in remote (line 20),
send the B0 and G0 commands (line 30), and then obtain
and display the current channel reading (lines 40 and 50).
The G1 command is then sent (line 60) and the reading
is then obtained and displayed (lines 70 and 80). Lastly,
the G2 command is sent (line 90), and the reading is ob-
tained and displayed on the computer CRT (lines 100 and
110).

Model 8573 Programming Example—To send three current
channel readings over the bus: load the modified
DECL.BAS file from disk (see the Model 8573 Instruction
Manual) and add the lines from the program below:

PROGRAM COMMENTS
18 HA$=¢ ¢ GPIEE®* :CALL IEFIMD Find the board
CHAEs BRDIEX descriptor.
26 MAF=f¢DEUL?* :CALL IBFIMD  Find the in-
CHAES TSR strument des-
criptor.
ZE Ux=14:Call TEPADCMT4EY: UKD Set primary

address to 14.

4@ Uk=1:CaLL IBSRECERDIBY %y Send remote

enable.
S8 CHMDF=¢ s BEGEST " :CALL IBWRT  Send BO and
TG CHIED GO command
8 EDE=SFACESFC48y : CALL TERD Get current
(M7 4EN s RIED channel
reading from
740.
VA FPRIMT BRI Display
reading on
CRT.
SE CHMOE=# ¢ 51X " CALL TEHRT Send G1
command.
CHESES . CHOED
S8 RDFE=SPACEF 48 : CALL TERD  Get current
CMT4EYs RDED reading from
740.
168 FRINT RIF Display
reading on
CRT.
116 CHDF=¢ ¢ G28" * - CALL TBMRT Send G2
command.

R ER . CHMOED

128 RDFE=SPACESC4@ - CALL IBRT Get reading

CHVGEN s REDES from 740.
128 PRIMT RD¥ Display
reading on
CRT.
148 =3 Call IEOML CERDE%. %2 Close the
board file.

Close the in-
strument file.

158 CalbL TROML OMy4E%s LK

Press the F2 key to run the program. Line 40 will place
the instrument in remote. Lines 50, 60 and 70 send the B0
and G0 commands, obtain the first reading and display
it on the computer CRT. Lines 80, 90 and 100 send the G1
command, obtain the second reading and display it on
CRT. Lines 110, 120 and 130 send the G2 command, ob-
tain the third reading and display it on the CRT.

4.8.5 Programming Examples—Sending
Readings From Log Buffer Over Bus

The following programs demonstrate sending readings
from the log buffer over the bus to the computer.

HP-85 Programming Example—Enter the following pro-
gram in the computer to first display the last logged
reading in the buffer and then display all 100 log buffer
readings:

PROGRAM

18 DIM@aF [40086]
26 REMOTE 714

COMMENTS

Send remote enable.

25 CLEAR 714

ZEOUTPUT 71454 LITEF1E®* Set LOG ENABLE.
23 TRIGGER ¥14 Start log.

48 S=SPOLLCT 140 Serial poll the 740.
S8 IFHOT BITOS: 10 THEM 48 If buffer not full,

wait.

Send B1, R99 and
GO0 commands.
Get reading from
location 99.

EE OUTPUT Fid;
FER{ROOGEM
TEEMTER Fld:Aaf

28 DISF A Display reading
from buffer.
FEOUTPUT Fidi945 Send G3 command.
188 EMTER 714 A% Get all readings
from bulffer.
118 DISF A% Display all readings
from bulffer.
128 EMT

Run the program by pressing the RUN key. Line 20 will
place the instrument in remote. Lines 30 and 35 will place
the instrument in the log enable function, select the 0.1
second interval and start the logging process. Lines 40 and
50 will keep serial polling the instrument until the buffer
fills. Lines 60, 70 and 80 will obtain the last logged reading
in the buffer and display it on the computer CRT. Lines
90, 100 and 110 will obtain all 100 readings from the buffer
and display them on the CRT.
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Model 8573 Programming Example—The following pro-
gram will send and display the last stored reading in the
log buffer and then display all 100 log buffer readings. Load
the modified DECL.BAS file from disk (see the Model 8573
Instruction Manual) and add the lines from the program
below:

PROGRAM COMMENTS
18 Ha$=+ s GFIBG* * : CaLL IEFIMD Find the board
CHAE: BRDIEN descriptor.
28 HEgF=ssDEVL** :CaLL IBFIND  Find the instru-
CHAE MFEY D ment descriptor.
@ UK=14: HLL IEFHII Set primary ad-
CMT R LI dress to 14.
4@ k=1 CAalLL IE:E:F.:E-:Z ERDE%s 143 Send remote
enable.
45 Cakl IBCLECHT 4“
S8 CHMOF=s s LITIF 1Y : _ZF'iLL Set LOG
IBHRT CM7 48 ql'HIli"l ENABLE.
S5 CALL IETRGOMP4E: Start log.
B8 CALL IBRSFPCMT4EN, E:E:-: 3 Serial poll the
740.
TEIF (SEX AMD 22 =8 THEH 28 If buffer not
full wait.
SE CHMOF=s s BI1GEX"* :CALL Send B1, and

IEMRT cHM7T48%s CHIDE G0 commands.

SEFOR I =1TO 1686 Loop 100 times.
186 RDF=SPHCE$C 4@ : CALL IERD  Get a buffer
CHMTARY s ROED reading.

118 PRIMT RI# Display
reading.

128 HEXT I Go back and
get another
reading.

128 Ux=8: CyLl IBOML CBRDEXs % Close the board
file.

148 CALL TBOMLCMPEN s LK Close the in-
strument file.

Press the F2 key to run the program. Lines 50 and 55 will
place the instrument in the log enable mode, select the
0.1 second interval and start the log process. Lines 60 and
70 will keep serial polling the instrument until the buffer
fills. Lines 80 through 120 will then request and display
all 100 readings from the buffer. The first reading displayed
will be from memory location 99, which is the last stored
reading. The rest of the readings will start with location
00 and increment to location 98.

4.8.6 Programming Examples—Sending
Readings From Scan Buffer Over Bus

The following programs demonstrate how to send readings
from the scan buffer over the bus to the computer.

HP-85 Programming Example—Connect a Model 7057A
Thermocouple Scanner Card to the Model 740 so that there
are 10 channels available. Enter the following program in-
to the computer to send the 10 scanned channel readings
from the scan buffer to the computer:

PROGRAM

18 DIMAx [4081

28 FEMOTE 714

25 CLEAR Y14

Z8 OUTPUT Fld: 88 TIFZR®?
' TRIGGER 714

COMMENTS

Send remote enable.

l'

Set SCAN ENABLE
Perform single scan.

4[ S=5P0OLL CF140 Serial poll the 740.

5@ IF HOT BIT4Ss 12 THEH 48 If buffer not full, wait.

E@ QUTPUT 714: ¢ ¢E2G24* ' Send B2 and G3
commands.

TE EMTER F14,A% Obtain readings from
buffer.

28 DISF A Display readings.

2@ EMD

Run the program by pressing the RUN key. Lines 30 and
35 will select scan enable and perform a single scan of the
10 available channels. Lines 40 and 50 will keep serial poll-
ing the instrument until the scan buffer fills. Lines 60, 70
and 80 will obtain all ten readings from the scan buffer
and display them on the CRT.

Model 8573 Programming Example—Connect a Model
7057A Thermocouple Scanner Card to the Model 740 so
that there are 10 channels available. The following program
will send the 10 scanned channel readings from the scan
buffer to the computer. Load the modified DECL.BAS file
from disk (see the Model 8573 Instruction Manual) and
add the lines from the program below:
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PROGRAM COMMENTS

18 MaF=s sGPIEA® * : CALL IBFIMD Find the board
CHAF s BROEX ) descriptor.

2@ MEF=ssDEWL** :CALL IBFIMD  Find the instru-
CHAF M7 E% ment descriptor.

ZE WE=14:CALL IBFAD Set primary ad-
CHT RN LN dress to 14.

4@ Ux=1:CALL IESRECERDGEY: Uk Send remote

enable.

45 CaLL IBCLREOMY 4852
S0 CHO$E=s s TEFZ2K®* s CALL IBWRT Set SCAN

CHTEN s CHOE D ENABLE.
55 CALL IRTRGOMY4E5 Perform single
sCan.
&8 CALL IBRSP (M7 4E%. SEXD Serial poll the
740.
78 IF (SEX AMD 2 =8 THEM &4 If buffer not
full, wait.

S8 CHOF=¢ s BRGSH® " : CALL IEMRT Send B2 and G5

CHTAEN s CHDED commands.
! PACEF (2882 : CALL IERD Obtain readings
CHTSEN s RIED from buffer.
168 PRIMT RD$ Display
readings.

Press the F2 key to run the program. Lines 50 and 55 will
select scan enable and perform a single scan of the 10
available channels. Lines 60 and 70 will keep serial poll-
ing the instrument until the scan buffer fills. Lines 80, 90
and 100 will obtain all ten readings from the scan buffer
and display them on the computer CRT.

4.9 MISCELLANEOUS BUS COMMANDS

The following paragraphs explain the miscellaneous
device-dependent commands that are used to operate the

instrument over the bus. The commands include: SRQ
(M), Status (U), EOI and Bus Hold-Off (K) and Terminator

).

4.9.1 SRQ Mask (M) and Serial Poll Byte Format

The SRQ command controls which of a number of condi-
tions within the Model 740 will cause the instrument to
request service from the conroller by asserting SRQ. Once
a SRQ is generated, the serial poll byte can be checked to
determine if the Model 740 was the instrument that
asserted SRQ, and if so, what conditions can be checked
by using the Ul and U2 commands, as described in
paragraph 4.9.2.

The Model 740 can be programmed to generate SRQ under
one or more of the following conditions:

1. If a reading overflow or open TC occurs.

2. When the log buffer is full or a scan is complete.

3. When a temperature reading is out of limits.

4. When a reading is done.

5. When the instrument is ready to accept bus commands.
6. When an error condition occurs.

Upon power-up or after a DCL or SDC command is re-
ceived, SRQ is disabled.

SRQ Mask—The Model 740 uses an internal mask to deter-
mine which conditions will cause SRQ to be generated.
Figure 4-2 shows the general format of this mask, which
is made up of eight bits. The SRQ has the same general
format as the status byte (described below) except that bits
6 and 7 are not used in the SRQ mask.
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BIT
POSITION B7 B6 BS B4 B3 B2 Bl BO
VALUE o 1/0 1/0 1/0 1/0 1/0 1/0 1/0
DECIMAL
1"SRQ BY 740 —— L—1I1=READING OVERFLOW
(STATUS BYTE ONLY) OR OPEN TC
I"ERROR — ——1=L06 BUFFER FULL
OR SCAN COMPLETE
I=READY — ——11=0UTSIDE LIMITS

I=READING6 DONE

Figure 4-2. SRQ Mask and Status Byte Format

SRQ can be programmed by sending the ASCII letter “M”
followed by a decimal number to set the appropriate bit
in the SRQ mask. Decimal values for the various bits are
summarized as follows:

MO = Clear SRQ mask

M1 = Reading overflow or open TC
M2 = Log buffer full or scan complete
M4 = Temperature out of limits

M8 = Reading done

M16 = Ready

M32 = Error

Note that the instrument may be programmed for more
than one set of conditions simultaneously. To do so, simply
add up the decimal bit values for the required SRQ con-
ditions. For example, to enable SRQ under reading
overflow and buffer full conditions, send M3X. To disable
SRQ, send MOX.

This command will clear all bits in the SRQ mask.

Serial Poll Byte Format—The serial poll byte contains in-
formation relating to data and error conditions within the
instrument. The general format of the status byte (which
is obtained by using the serial polling sequence, as des-
cribed in paragraph 3.9.8) is shown in Figure 4-2. Note that
the various bits correspond to the bits in the SRQ mask
as described above.

The bits in the serial poll byte have the following meanings:

Bit 0 (Reading Overflow or Open TC)—Set when an input
is beyond the limit (overflow) of the thermocouple or the
thermocouple is not connected or is physically open. Also
set when a mV reading is outside of the allowable limits.

Bit 1 (Buffer Full or Scan Complete)—Set when the log buf-
fer is full or a scan is complete. A scan complete is the same
as a full scan buffer. The buffer in question is determined
by the current function (F).

Bit 2 (Outside Limits)—Set when a reading is outside the
limits defined by the HI-limit (H) and LO-limit (L) com-
mands. The limit exceeded can be determined by reading
the U2 Data Status Word.
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Bit 3 (Reading Done)—Set when the instrument has com-
pleted the present reading conversion.

Bit 4 (Ready)—Set when the insrument has processed all
previously received commands and is ready to accept ad-
ditional commands or a trigger.

Bit 5 (Error)—Set when one of the following errors have
occurred:

1. An illegal device dependent command (IDDC) or an
illegal device dependent command option (IDDCO) was
transmitted.

. The instrument was programmed when not in remote.
. A trigger overrun has occurred.

. A broken loop error has occurred.
5. A state error has occurred.

> W N

The nature of the error can be determined with the Ul
command. The Ul command explanation and more infor-
mation on the associated errors are covered in paragraph
4.9.2.

Bit 6 (SRQ)—Provides a means to determine if SRQ was
asserted by the Model 740. If this bit is set, service was
requested by the instrument.

Bit 7—Not used and always set to zero.

Note that the status byte should be read to clear the SRQ
line once the instrument has generated a SRQ. The bit that
corresponds to the condition that caused the SRQ, and the
SRQ bit, will be latched when the SRQ is generated Bit
6 (SRQ) will be cleared when the serial poll byte is read.

Even with SRQ disabled, the serial poll byte can be read
to determine appropriate instrument conditions. All set
bits (0 through 5) will remain latched until MO is asserted,

power is cycled, or a DCL or SDC is sent. However, bit
2 can be cleared by reading the Ul error status word (see
paragraph 4.9.2).

HP-85 Programming Example—Enter the following pro-
gram to generate a SRQ on an IDDC bus error:

PROGRAM COMMENTS

18 REMOTE 714 Send remote enable.
Z8 CLEAR 714 Clear 740 (SDC).

ZE OUTFUT 714 ¢ sM325* ' Program for SRQ on
IDDC.

Attempt to program il-
legal command.

48 OUTFUT F1d; 8 sE267 7

S8 S=5POLLYT1d Serial poll the
instrument.
@ DISF ¢ ¢ BEY BS BES B4 ES Identify the bits.
]E El E@*?

TEF -1 Loop eight times.
Display each bit

position.

TEFORI=FYTOBS
EE ODISFEIT ©5a12

oL
T o
R R A |
F"'IH—"

JERT I
TSP

-
I—-iul

HII

Once the program is entered and checked for errors, press
the HP-85 RUN key. Line 20 sets the instrument to the
power-up default conditions. Line 30 programs the SRQ
mode of the instrument. Line 40 then attempts to program
an illegal command, at which point the instrument
generates a SRQ and sets the bus error bit in its serial poll
byte. The computer then serial polls the instrument (line
50), and then displays the status byte bits in proper order
on the CRT. In this example, the SRQ (B6) and error (B5)
bits are set because of the attempt to program an illegal
command (I2). Other bits may also be set depending on
instrument status.

Model 8573 Programming Example—Load the modified
DECL.BAS file into the IBM computer (see the Model 8573
Instruction Manual) and add the following lines to
generate an SRQ on an IDDC bus error.
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PROGRAM

COMMENTS

ia

HAaf=: s GFIBGE"?
CHAF BRDEN
MHAaF=:sDELL®?
r Hl‘ili M7 e

:CALL TEFIMD

:ZALL IEFIMD Find the board

descriptor.
Find the instru-
ment descriptor.

I Wk=14:CALL IRFAD Set primary ad-
i H EAE RN dress to 14.
4@ =1 CALL IESRECERDEY L% Send remote
enable.
45 CALL IBCLRECMF4E% Clear
instrument.
S CHMDE=¢ sMI2RY? : CALL IEMRT  Program for
CMTSEEC rmr- SRQ on IDDC.
S0 CHDOFE=¢sEZR* Y :CALL IBMRT  Attempt to pro-
CHT AN CHIED gram illegal
command.
TE FRIMT® ‘B E& BS B4 EZ E2 Bl Identify the bits.
EQ*
SH MAsSKRE=128 Define bit mask.
SE CALL TERSPOMT4EY . SEX) Serial poll the
instrument.
1@ FoOR I=1TO2 Loop eight
times.
118 IF ¢SEX AaHD MAaSk:»=8 THEH Mask off the bits
FRIMT ¢¢@ **; ELSEPRIMT  and display
U B them.
128 MAasSES=MaSEY -2
1Z8 HEST I
148 FRIMT
158 =0 CaLL IBOHL CERDE:s W% Close the board
file.
168 CALL TEOMLCMTEa% . Lk Close the instru-
ment file.

To run the program press the F2 function key. After plac-
ing the instrument in remote (line 40), the program then
sets the SRQ (line 50). An attempt is made to program an
illegal command (line 60), at which point the instrument
generates a SRQ and sets the error and SRQ) bits in its serial
poll byte. Other bits may also be set depending on instru-
ment status. Lines 70-90 display the bit positions, set the
mask value to the most significant bit, and serial poll the
instrument. Since the serial poll byte is in decimal form,
lines 100-130 are used to generate the binary equivalent of
the serial poll byte value.

4.9.2 Status (U)

The status command allows access to information concer-
ning various operating modes and conditions of the Model
740. Status commands include:

= Send Machine Status Word

Ul = Send Error Status Word
U2 = Send Data Status Word
U3 = Send Calibration Date

U4 = Send Hi-Limit
U5 = Send Lo-Limit
U6 = Send highest reading in log buffer

U7 = Send lowest reading in log buffer
U8 = Send average reading in log buffer
U9 = Send highest reading in scan buffer
U10 = Send lowest reading in scan buffer
Ull = Send card 1 status

Ul12 = Send card 2 status

U13 = Send card 3 status

Ul4 = Send card 4 status

U15 = Send card 5 status

Ul6 = Send card 6 status

Ul17 = Send card 7 status

Ul8 = Send card 8 status

U19 = Send card 9 status

U20 = Send time and date
U21 = Send trigger time

I

Status words are sent with prefixes if the current G mode
includes the prefix, and are sent without prefixes if the
current G mode excludes the prefix. Status words are sent
with suffixes if the current G mode includes the suffix,
and are sent without suffixes if the current G mode ex-
cludes the suffix.

When the command sequence UOX is transmitted, the in-
strument will transmit the machine status word instead
of its normal data string the next time it is addressed to
talk. The status word will be transmiited only once each
time the U0 command is given. To make sure that correct
status is transmitted, the status word should be requested
as soon as possible after the command is transmitted.

The format of UO status is shown in Figure 4-3. Note that
the letters correspond to modes programmed by the
respective device-dependent commands. The default
values in the status word are also shown in Figure 4-3.

4-22



DEVICE-DEPENDENT COMMAND PROGRAMMING

740B0OC**DOFO0GOI*JOKOMOON*O*P*ROOT6EW"*YO0Z"

*VALUE DETERMINED BY SETUP.

MODEL NUMBER PREFIX (740)

READING MODE (B)
Current channel
Log buffer
Scan, buffer

1
2

CHANNEL (C)

nn = Channel nn closed
91 = Internal reference channel
92 = Internal measurement channel

DISPLAY (D)

0 = Temperature or Volts
Time

Message mode

1
2

o

FUNCTION (F)

0 = Current channel measurement
Log enabled

Message mode

1
2

nnu

DATA FORMAT (G)

0 = Single output with prefix and with suffix

1 = Single output with prefix and without
suffix

2 = Single output without prefix and without
suffix

3 = Complete output with prefix and with
suffix

4 = Complete output with prefix and without
suffix

5 = Complete output without prefix and
without suffix

INITIALIZE (1)
0 = Set for 705s
Set for 706

1

SELF TEST (J)
Cleared

1 Self test failed

o II

2 = Self test passed

EOI (K)

0 = EOI and Hold-off

1 = No EOI and Hold-off

2 = EOI and no Hold-off

3 = No EOI and no Hold-off
SRQ (M)

00 = Mask cleared

01 = Reading overflow or TC open
02 = Log buffer full or scan complete
04 = Temperature out of limits
08 = Reading done

16 = Ready

32 = Error

TYPE (N)

0 = OFF

1 = Type J

2 = Type K

3 = Type E

4 = Type T

5 = Type R

6 = Type S

7 = Type B

8 = Millivolts

SCALE (0)

0 =°C

1 =°F

FILTER (P)

0 = Enabled

1 = Disabled

RECALL (R)

nn = Recall from buffer channel/location
nn

TRIGGER (T)

0 = Continuous on talk

1 = On-shot on talk

2 = Continuous on GET

3 = One-shot on GET

4 = Continuous on X

5 = One-shot on X

6 = Continuous on external trigger or

clock

7 = One-shot on external trigger or clock
INTERVAL (W)
00 = One-shot
01 = 0.05 second
02 = 0.1 second
03 = 0.5 second
04 = 1 second
05 = 5 seconds
06 = 10 seconds
07 = 30 seconds
08 = 1 minute
09 = 5 minutes
10 = 15 minutes
11 = 30 minutes
12 = 1 hour
TERMINATOR (Y)

= CRLF

= LF CR

= CR

= LF

= None

ATE FORMAT (2)
American date format - mn.dd
European date format - dd.mn

-00 PWN-=O

Figure 4-3. U0 Machine Status Word

(Default Conditions Shown)
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Note that all returned values correspond to the program-
med numeric values. For example, if the instrument is
presently in the F1 function, the F byte in the status word
will correspond to an ASCII 1.

The Ul command allows access to Model 740 error condi-
tions in a similar manner. Once the sequence U1X is sent,
the instrument will transmit the error status with the for-
mat shown in Figure 4-4 the next time it is addressed to
talk in the normal manner. The error condition word will
be sent only once each time the Ul command is transmit-
ted. Note that the error status word is actually a string of
ASCII characters representing binary bit positions. An er-
ror condition is also flagged in the serial poll byte, and the
instrument can be programmed to generate a SRQ when
an error condition occurs, Note that all bits in the error
condition word and the serial poll byte error bit will be
cleared when the word is read. In addition, SRQ opera-
tion will be restored after an error condition by reading U1.

The various bits in the U1 Error Status words are described
as follows:

IDDC—Set when an illegal device-dependent command
(IDDC) such as EIX is received (“E” is illegal).

IDDCO—Set when an illegal device-dependent command
option (IDDCO) such as T9X is received (“9” is illegal).

No Remote—Set when a programming command is re-
ceived when REN is false.

Self-Test—Set when the Self-Jest has failed.

Trigger Overrun—Set when the instrument receives a trig-
ger while it is still processing a reading from a previous
trigger.

State Error—Set if a command was received that cannot
be executed while the Model 740 is currently in a logging
or scanning state.

Broken Loop—Set if the serial link between the Model 740
and any external Model 705s (or a Model 706) was broken.

Card Out—Set if the input card or a scanner card is pulled
out of the Model 740.

Notes:

1. The complete command string will be ignored if an
IDDC, IDDCO or no remote error occurs.

2. Reading the U1l Error Status Word will reset the error
bits.

In a similar manner, the U2X sequence allows access to
instrument data conditions. When this command is
transmitted, the instrument will transmit the data status
word shown in Figure 4-5 the next time it is addressed to
talk. This information will be transmitted only once each
time the command is received. As with the U1 error word,
the U2 word is made up of ASCII characters representing
binary values. Unlike the U1 error word, however, the U2
data condition word will not be cleared when read; thus,
instrument status in the U2 word is always current.

MODEL NO. IDDC IDDCO NO REMOTE  SELF TEST  TRIGGER OVERRUN  STATE ERROR  BROKEN LOOP  CARD OUT
740 170 10 1/0 10 1/0 1/0 1/0 1/0
Figure 4-4. U1 Error Status Word
MODEL NO. BUFFER FULL OVER LIMIT UNDER LIMIT TRIGGER TIME

740 1/0 o o o0 o 1/0 1/0 10

Figure 4-5. U2 Data Status Word
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The various bits in the U2 Data Status include:

Buffer Full—Set when the log buffer is full (100 readings)
or a scan of all available channels has occurred. Used with
the buffer full bit in the status byte.

Over-Limit—Set to indicate a reading was taken that was
greater or equal to the limit set by the H command. Used
with the limit bit in the status byte.

Under-Limit—Set to indicate a reading was taken that was
less than or equal to the limit set by the L command. Used
with the limit bit in the status byte.

Trigger Time—Set when the trigger time is pending. This
bit will reset after the trigger time passes.

The U3 command allows access to the date that the instru-
ment was last calibrated. The formats for the calibration
date are shown in Figure 4-6. The format that is transmit-
ted over the bus depends on the Z command (Date For-
mat) status. Note that the year is not included since calibra-
tion is to be done yearly. The calibration date can only be
changed by the A command (Date).

CAL mn.dd - American Format

L

Prefix

[

CAL dd.mn - European Format

Figure 4-6. U3 Calibration Data

The U4 command allows access to the current setting of
the HI-limit value. The format for the HI-limit value that
is sent over the bus is shown in Figure 4-7. The value will
be either in °C or °F depending on the current O (Out-
put) mode. The HI-limit value can only be changed by the
HI-limit command (H).

HIL=0/-1234.5E+0

Prefix 4\_]_‘

Figure 4-7. U4 High Limit

The U5 command allows access to the current setting of
the LO-limit value. The format for the LO-limit value that
is sent over the bus is shown in Figure 4-8. The value will
be either in °C or °F depending on the current O (Out-
put) mode. The LO-limit value can only be changed by the
LO-limit command (L).

LOL=01234.5E+0
Prefix —L,_‘

Figure 4-8. U5 Low Limit

The U6 command allows access to the highest (most
positive) reading in the log buffer along with the memory
location of that reading. The format for the reading that
is sent is shown in Figure 4-9. The value will be in either
°C or °F depending on the current O (Output) mode. This
command can be sent while the instrument is logging and
will always send the most current high reading.

Hl= 01234.5E+0,BL**

PREFIXJ Ll_‘— SUFFIX

** = BUFFER LOCATION

Figure 4-9. U6 Highest Reading in Log Buffer

The U7 command allows access to the lowest (most
negative) reading in the log buffer along with the memory
location of that reading. The format for the reading that
is sent is shown in Figure 4-10. The value will be in either
°C or °F depending on the current O (Output) mode. This
command can be sent while the instrument is logging and
will always send the most current low reading.

LO= 01234.5E+0,BL**

PREFIXJ L-I-J—SUFFIX

** = BUFFER LOCATION.

Figure 4-10. U7 Lowest Reading in Log Buffer

4-25



DEVICE-DEPENDENT COMMAND PROGRAMMING

The U8 command allows access to the average reading in
the log buffer along with the number of readings that were
averaged. The format for the reading that is sent is shown
in Figure 4-11. The value will be sent in either °C or °F
depending on the current O (Output) mode. This com-
mand can be sent while the instrument is logging and will
always send the most current average reading.

The Ul0 command allows access to the lowest (most
negative) reading in the scan buffer along with the buffer
channel number. The format for the reading that is sent
is shown in Figure 4-13. The value will be sent in either
°C or °F depending on the current O (Output) mode. This
command can be sent while the instrument is scanning
and will always send the most current low reading.

AVG= 01234.5E+0,A***

PREFIX j LL SUFFIX

**¥* = NUMBER OF READINGS AVERAGED.

LO= 01234.5E+0,BC**

PREFIX—L,J L|J— SUFFIX

** = BUFFER CHANNEL.

Figure 4-11. U8 Average Reading in Log Buffer

The U9 command allows access to the highest (most
positive) reading in the scan buffer along with the buffer
channel number. The format for the reading that is sent
is shown in Figure 4-12. The value will be sent in either
°C or °F depending on the current O (Output) mode. This
command can be sent while the instrument is scanning
and will always send the most current high reading.

Hi= 01234.5E+0,BC**

PREFIXA—LIJ LI—’— SUFFIX

** = BUFFER CHANNEL.

Figure 4-12. U9 High Reading in Scan Buffer

Figure 4-13. U10 Low Reading in Scan Buffer

The U1l through U19 commands allows access to the chan-
nel type of each channel on that scanner card. The format
for the channel types that are sent is shown in Figure 4-14.
The “n” value for a channel corresponds to the Type (N)
command value. “n” values of nine for the channels of a
scanner card indicate that the scanner card, along with its
channels, are physically unavailable.

4-26



DEVICE-DEPENDENT COMMAND PROGRAMMING

u1:

PREFIX

u12:

PREFIX

U13:

PREFIX

u14:

PREFIX

U15:

PREFIX

u16:

PREFIX

U17:

PREFIX

u18:

PREFIX

uU19:

PREFIX

Note: n
n

S
T
T
T
T T
St
7T
T
T

CRD1nnnnnnnnn

CRD2nnnnnnnnn

CRD3nnnnnnnnn

CRD4nnnnnnnnn

CRD5nnnnnnnnn

CRD6nnnnnnnnn

CRD7nnnnnnnnn

CRD8nnnnnnnnn

CRD9nnnnnnnnn

CHANNELS 2-10

CHANNELS 11-20

CHANNELS 21-30

CHANNELS 31-40

CHANNELS 41-50

CHANNELS 51-60

CHANNELS 61-70

CHANNELS 71-80

CHANNELS 81-90

CHANNEL CONFIGURATION TYPE (N).
9 WHEN CHANNEL IS NOT AVAILABLE.

Figure 4-14. U11-U19 Channel Types

The U20 command allows access to the real-time clock
which provides the current time and date. The time and
date are sent in one of the formats shown in Figure 4-15.
The date format is dependent on the selected Z command.

Thh:mm:ss,Dmn,dd - American Format

PREFIX —‘——————{

Thh:mm:ss,Ddd,mn - European Format

Figure 4-15. U20 Time and Date

The U21 command allows access to the time that the clock
is programmed to provide a trigger pulse used to start the
logging or scanning process. After a trigger time passes,
the trigger time will reset to 24:00 which disables the clock
trigger. The trigger time format is shown in Figure 4-16.

Qhh:mm

PREFIX 4‘

Figure 4-16. U21 Trigger Time

HP-85 Progamming Example—Enter the following
statements into the computer to obtain and display
the U0 machine status word of the Model 740.

PROGRAM COMMENTS

16 REMOTE 7i4 Send remote enable.
S8 DIMAFlSE]

IO OUTRUT Fid: ¢ 48%** Send U0 command.

48 EMTER ¥14: A% Obtain UOQ status from
instrument.

SE DISF AF Display UO status word.

od EMI

After entering the program, run it by pressing the HP-85
RUN key. Line 30 will send the U0 command, and then
the UO status word will be obtained and displayed on the
CRT of the computer (lines 40 and 50).
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Model 8573 Programming Example—Obtain and display
the U0 machine status word of the Model 740 as follows:
Load the modified DECL.BAS file from disk (see the Model
8573 Instruction Manual) and add the lines from the pro-

gram below:

PROGRAM COMMENTS
18 HAaF=*¢*GFIEA** : CALL IBFIMD Find the board
CHAFs BRIGEY descriptor.

2E HAfF=< ¢DEVL®* :CALL IBFIMD
CHAE MY B

@ UN=14:CALL TBPADCMT4EE LD

Find the instru-
ment descriptor.
Set primary ad-

dress to 14.
40 Uk=1:CALL IBSRECERDGOY L% Send remote
enable.
SE CHMOFE=¢ s L@=* " :CALL IBHRT Send U0 com-
CHMTAER . CHMOED mand.
S8 ROF=SFACEFcS8) : Call IBRD Get status word
CHTSEYRDF from instru-
ment.
TE FRIMT RD# Display status
word.
a6 %=0: CALL IROMLCERDE: %2 Close the board
file.
Q@ CaLL IBOML cM7P4BNs LK Close the instru-
ment file.

Press the computer F2 key to run the program. The U0
command will be sent (Line 50), and then the status word
will be obtained and displayed on the CRT of the computer.

4.9.3 EOI and Bus Hold-off Modes (K)

The K command allows control over whether or not the
instrument sends the EOI command at the end of its data
string, and whether or not bus activity is held off (through
the NRFD line) until all commands sent to the instrument
are internally processed once the instrument receives the
X character. K command options include:

KO = Send EOI with last byte; hold-off bus until com-
mands processed on X.
K1 = Do not send EOI with last byte; hold-off bus until

commands processed on X.
K2 = Send EOI with last byte; do not hold-off bus on X.
K3 = Send no EOI with last byte; do not hold-off bus on X.

Upon power-up, or after the instrument receives a DCL
or SDC command, the instrument will return to KO.

The EOI line on the IEEE-488 bus provides a method to
positively identify the last byte in a multi-byte transfer se-
quence. Keep in mind that some controllers rely on EOI
to terminate their input sequences. In this case, suppress-
ing EOI with the K command may cause the controller in-
put sequence to hang unless other terminator sequences
are used. ‘

The bus hold-off mode allows the instrument to temporari-
ly hold up bus operation when it receives the X character
until it processes all commands sent in the command
string. The purpose of the hold off is to ensure that the
front end FETs and relays are properly configured before
taking a reading. Keep in mind that all bus operation will
cease--not just activity associated with the Model 740. The
advantage of this mode is that no bus commands will be
missed while the instrument is processing commands
previously received.

The hold-off period depends on the commands being pro-
cessed. Table 4-2 lists hold-off times for a number of dif-
ferent commands. Since a NRFD hold off is employed, the
handshake sequence for the X character is completed.

Table 4-2. Bus Hold-Off Times

Bus held off on X for:
(all times are typical)

Commands

900ms
80ms
30ms to 60 ms

Self Test (J)
Time (S)
Most other commands
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HP-85 Programming Example—Io program the instrument
for K2, enter the following statements into the HP-85:

RFEMOTE ¥14
OUTPUT F14; s p2er e

When the second statement is executed, the instrument
will be placed in K2. In this mode, EOI will still be
transmitted at the end of the data string, but bus hold-off
will be disabled.

Model 8573 Programming Example—To place the instru-
ment in K2, enter the following statements into the IBM
computer:

Wi=1:CALL IBESRECERDEN LI
CHOF=s s k2 ' CALL TREHRTOMY 485, CHMOE

The Model 740 will be placed in K2 when the second state-
ment is executed. The EOI mode will be enabled, but the
bus hold-off will be disabled.

4.9.4 Terminator (Y)

The terminator sequence that marks the end of the instru-
ment’s data string or status word can be programmed by
sending the Y command followed by an appropriate
character. The default terminator sequence is the common-
ly used carriage return, line feed (CR LF) sequence (Y0).
The terminator will assume this default value upon power-
up, or after the instrument receives a DCL or SDC com-
mand. Programmable terminators include:

Y0 = CRLF
Yl = LF CR
Y2 = CR
Y3 = LF

Y4 = No terminator

HP-85 Programming Example—To reserve the default (CR
LF) terminator sequence, type the following lines into the
computer:

FEMOTE 714
CUTPUT F1d; & eygar?

When the second statement is executed, the normal ter-
minator sequence will be reserved; the instrument will ter-
minate each data string or status word with a (LF CR)
sequence.

Model 8573 Programming Example—Use the following
statements to reserve the default terminator sequence:

We=1:CALL TBSRECERDES s LK
CHDF=¢ Y@ CALL TBHRTOMV 485 CHDED

The terminator sequence will be reversed when the second
statement is executed.

4.10 MAINTENANCE COMMANDS

The following device-dependent commands are associated
with memory testing and calibration of the instrument.

4.10.1 Self-Test (J)

The ] command is used by the instrument to perform tests
on its memory elements. When the self-test is run, the
Model 740 performs the following tests:

1. ROM Test
2. RAM Test
3. NVRAM Test

] command parameters include:

Jo
J1

Clear ] byte in UQO status word
Perform self-test

If the self-test is successful, the ] byte in the U0 status word
will be set to 2. Otherwise this byte will be set to 1.

HP-85 Programming Example—Enter the following
statements into the computer to perform the Model 740
self-test:

REMOTE ¥i4
OUTFUT F1g; 69 11820

When the END LINE key is pressed the second time, the
instrument performs the self-test. If successful, the self-
test byte (J) in the UO status word will be set to 2. This
byte may be cleared with the following statement:

OUTFUT 1466 J@x**
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Model 8573 Programming Example—Enter the following
statements into the computer to run the self-test:

Lk=1:CALL IBSRECERDEN s LK
CHMDFE=¢¢ 014 CALL TEHRT M7 4Exs CHIF

When the return key is pressed the second time, the in-
srument performs the self-test. If successful, the self-test
byte (J) in the UO status word will be set to 2. This byte
may be cleared with the following statement:

CMIE=¢ ¢ J@x® * s CALL TEMRTCMT4@%s CHDE)

4.10.2 Digital Calibration (V)

An advanced feature of the Model 740 is its digital calibra-
tion capability. Instead of the more difficult method of ad-
justing a number of potentiometers, the user need only
apply an appropriate calibration signal and send the
calibration value over the bus.

In general, calibration consists of sending the appropriate
V command three times. The first V command calibrates
ZERO of the A/D converter, the second V command
calibrates GAIN of the A/D converter, and the third V com-
mand calibrates the internal reference junction.

A/D Converter Calibration—The V command is used to
calibrate the A/D of the Model 740 by sending values over
the bus that correspond to the calibration levels applied
to the input. The recommended calibration points are 0mV
(short) for zero calibration and 100mV for gain calibration.
Different calibration points may be used, however to en-
sure an accurate calibration, the cal points should be as
close as possible to 0OmV and 100mV.

Reference Junction Calibration—The V command is also
used to calibrate the reference junction of the Model 740
for a particular thermocouple. The recommended calibra-
tion point is 0°C since this temperature is relatively easy
to attain in an ice bath. It is also recommended that Type
J, K, T and E thermocouples be used, as their output is
higher than the other types and will ensure a much more
stable reference junction temperature. When calibrating the
reference junction, the instrument must be configured for
the type of TC used. If you are not sure about the current
configuration, send the appropriate N command along
with the V command. Also, the V value sent must corres-
pond to the currently selected temperature scale. If you
are not sure about the scale, send the appropriate O com-
mand along with the V command.

The V commands are used in the following sequence and
form to calibrate the Model 740:

Vn - Calibrate ZERO; where n should be a value equal to
or approximate to OmV.

Vn - Calibrate GAIN; where n should be a value equal to
or approximate to 100mV.

Vn - Calibrate R]; where n should be a value equal to or
approximate to 0.0°C (32.0°F).

Thus to calibrate the Model 740 using a Type K TC and
calibration values of OmV, 100mV and 0.0°C, send the
following command strings:

VoX
VO0.1X
N200V0.0X

Note that only as many significant digits as necessary need
be sent over the bus. For example, a 100mV cal point may
be sent as V.1X.

CAUTION
Precision calibration signals must be connected
to instrument before attempting calibration,
otherwise, instrument accuracy will be affected.
See Section 6 of this manual for complete
details on calibrating the instrument either from
the front panel or over the bus.

4.10.3 Date (A)

The date command is used to set the internal clock to the
correct date. When the instrument is calibrated, the cur-
rent date is recorded as the calibration date. Thus, to en-
sure a correct calibration date, check the current date which
is displayed when the calibration mode is selected, and
change the date if necessary. Use one of the following com-
mands to set the current date:

Amn.dd = American format, where mn=month, dd=day
Add.mm = European format, where dd=day, mn=month

To determine the current date format, read the U0 machine
status word as explained in paragraph 4.9.2. To change the
date format, see paragraph 4.104.

Notes:

1. The current date is battery backed-up. In the event of
a “BATTFAIL’ the date will reset to Month 01 and Day 01.
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2. Trying to change the date while the instrument is log-
ging or scanning will cause the STATE ERROR bit in the
U1 Error Status Word to be set.

HP-85 Programming Example—Enter the following
statements to set the date using the American format:

REMOTE ¥14
OUTPUT #14: ¢ ¢ dmn.dds®*

When the END LINE key is pressed the second time, the
date will be entered.

Model 8573 Programming Example—Enter the following
statements to set the date using the American format:

Le=1:CALL IBESRECERDEN  LIK
CHDFE=%*amndd«® * - CALL TBURT CM74EK . CHIE:

When the return key is pressed the second time, the date
will be entered.

4.10.4 Date Format (2)

The date format command is used to set the format that
the calibration date and date is displayed or sent over the
bus. The commands to select the date format are as follows:

Z0 = American date format (mn.dd)
Z1 = European date format (dd.mn)

Notes:

1. The date format is stored in NVRAM when the Z com-
mand is executed and will not be lost when the instru-
ment is powered down.

2. Trying to change the date format over the bus while the
instrument is scanning or logging will cause the STATE
ERROR bit in the U1l Error Status Word to be set.

HP-85 Programming Example—With the instrument in the
American date format, enter the following programming
statements to select the European date format:

REMOTE ¥14
OUTPUT F1d:se 21800

When the END LINE key is pressed the second time, the
date and calibration date will be in the European format.

Model 8573 Programming Example—With the instrument
in the American date format, enter the following program
statements into the computer to select the European date
format:

L=1:CALL TESRECERDEN . LI
CHDF=¢¢ 21" :CALL TBHRT M7 46 CHDE:

When the return key is pressed the second time, the date
and calibration date will be in the European format.

4.11 SMART PRINT MODE

The Model 740 may be placed in the Smart Print mode and
be used with an addressable or listen-only printer. In this
mode, the instrument will ignore commands given over
the bus and merely output data as requested by the printer.
When using an addressable printer, the Model 740 will
automatically determine the address of the device and
send the data to it. When the instrument is in the Smart
Print mode, the front panel TALK LED will turn on.

Placing the instrument in the Smart Print mode consists
of selecting the appropriate parameter (40, 41 or 42) in the
front panel IEEE program. Data is released over the bus
when readings are logged, or channels are automatically
scanned.

Perfom the following procedure to place the instrument
in the Smart Print mode and output stored readings over
the bus:

1. Connect an IEEE addressable or listen-only printer to

the Model 740 via the IEEE connector. The printer must
be the only device on the bus.

2. Using front panel Program IEEE, select one of the
following Smart Print values:

40 - Smart Print; readings with prefix and suffix.

Example: DEGC 38.2E+0,BL00,13:45:26

41 - Smart Print; readings with prefix and without suffix.
Example: DEGC 38.2E+0

42 - Smart Print; readings without prefix and without
suffix.

Example: 38.2E+2
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3. Set the Model 740 to scan or log. When the scan or log
starts, the printer will start printing the readings from
the respective buffer.

Notes:

1. Single Log—While logging, the message “PRINTING”
will be displayed if the log buffer fills up faster than all
the readings can be printed. After all the stored readings
have been sent to the printer the “PRINTING” message
will disappear.

2. Continuous Log—If the log buffer fills up with 100
readings faster than the readings can be printed, the
Model 740 will temporarily stop logging and wait for the
printer to catch up. While waiting for the printer to catch
up, the message “PRINTING” will be displayed. After
the printer has recieved the first 100 readings, the Model
740 will again start logging at an interval determined by
the printing rate. The “PRINTING” message will be
displayed each time a reading is sent to the printer. Keep
in mind that after the first 100 readings are logged, the
most current reading will always be in the memory loca-
tion 99.

3. Single Scan—While scanning, the message “PRINTING”
will be displayed until all the scanned readings are
recieved by the printer.

4. Continuous Scan—The scanning interval of the Model
740 cannot be faster than speed of the printer. A scan
will not occur until all previously scanned readings have
been sent to the printer. While the Model 740 is waiting
for the printer to catch up, the message “PRINTING”
will be displayed.

4.12 DISPLAYED ERROR MESSAGES

The Model 740 has a number of front panel messages
associated with IEEE-488 programming. These messages
are intended to inform you of certain conditions that oc-
cur when sending device-dependent commands to the
instrument.

The following paragraphs describe the front panel error
messages associated with IEEE-488 programming.

4.12.1 Bus Errors

A bus error will occur if the instrument receives a device
dependent command when it is not in remote, or if an il-
legal device-dependent command (IDDC) or illegal device-
dependent command option (IDDCO) is sent to the in-
strument. Under these conditions, the complete command
string will be rejected and one of the following messages
will be displayed:

NO REM
IDDC
IDDCO
CONFLICT

In addition, the error bit and pertinent bits in the Ul word
will be set (paragraph 4.9.2) and the instrument can be pro-
grammed to generate SRQ under these conditions.

A no remote error can occur when a command is sent to
the instrument when the REN line is false. Note that the
state of REN is only tested when the X character is receiv-
ed. An IDDC error can occur when an invalid command
such as E1X is transmitted (this command is invalid
because the instrument has no command associated with
that letter). Similarly, an IDDCO error occurs when an in-
valid option is sent with a valid command. For example,
the command T9X has an invalid option because the in-
strument has no such trigger mode. A conflict error oc-
curs when a command is in conflict with the current
operating state of the instrument. For example, a conflict
error occurs when the interval command (W) is sent while
the instrument is logging or scanning.

HP-85 Programming Example—To demonstrate a bus er-
ror, send an IDDC with the following statements:

REMOTE ¥14
OUTPUT F14:88E18"?

When the second statement is executed, the bus error
message appears on the display for about one second.

Model 8573 Programming Example—Type in the follow-
ing statements to demonstrate a bus error by sending an
IDDC:

LWi=1:CALL TRSRECERDEMN LK
CHDOF=¢sE1x*? : CALL TEMRT MY 485 CHIOED

The bus error message will be displayed for about one se-
cond when the second statement in executed.

4.12.2 Trigger Overrun Error

A trigger overrun occurs when the instrument receives a
trigger while it is still processing a reading from a previous
trigger. Note that only the overrun triggers are ignored and
will have no effect on the instrument except to generate
the message below. When a trigger overrun occurs, the
following front panel message will be displayed for approx-
imately one second:

TRIGOVER
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HP-85 Programming Example—To demonstrate a trigger
overrun error, enter the following statements into the
HP-85 keyboard:

REMOTE 714
OUTRUT 7F1dsss 207!
TRIGGER 714 & TRIGGER 714

Note that the trigger overrun message is displayed when
the third line above is executed.

Model 8573 Programming Example—Enter the following
statements into the computer to demonstrate the trigger
overrun message:

Wi=1:CALL TESRECERDEY LUK
CHDF= TR * CALL TEHRT M7 46 CHDE D
CALL IBTRGOMV4EX Y : CALL TETRGOMY @5

The trigger overrun error message will be displayed when
the third line above is executed.

4.13 BUS DATA TRANSMISSION TIMES

A primary consideration is the length of time it takes to
obtain a reading once the instrument is triggered to make
a conversion. The length of time will vary somewhat
depending on the selected function and trigger mode.
Table 4-3 gives typical times.

Table 4-3. Trigger to Reading Ready Times

Configuration* Time (Typical)

Thermocouple measurement 114ms
filter off (N1PO0)

Thermocouple measurement 230ms
filter on (N1P1)

Millivolt measurement 98ms
filter off (N8PO)

Millivolt measurement 216ms
filter on (N8P1)

*All times are measured using T1 (one-shot on talk)
Trigger.
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SECTION 5
PRINCIPLES OF OPERATION

5.1 INTRODUCTION

The purpose of this section is to provide a general func-
tional description of the Model 740 without going into ex-
cessive detail. This information, along with the main-
tenance information in Section 6, is primarily intended to
assist a qualified electronic technician in troubleshooting
the instrument.

5.2 OVERALL FUNCTIONAL DESCRIPTION

A simplified block diagram of the Model 740 is shown in
Figure 5-1. The instrument may be divided into two sec-
tions: analog and digital circuitry. The analog and digital
sections are electrically isolated from each other by the use
of pulse transformers for control and communications.
Separate power supplies for the analog and digital sections
ensure proper isolation.

The analog section consists of the input, multiplexer, in-
put amplifier, A/D converter and control circuitry. The
heart of the digital section is the 68B09 microprocessor that
supervises the entire operation of the instrument. Addi-
tional digital circuitry includes the display and the
IEEE-488 interface.

5.3 ANALOG CIRCUITRY

Detailed illustration of the Model 740 analog circuitry is
located on schematic diagram number 740-126.

5.3.1 Input Section

The input section of the Model 740 is that of a one range
(100mV) DC voltmeter. The input is applied directly to the
multiplexer through R301. L302 is a choke that acts as a
filter for common mode noise seen at the input. R301 along
with U302 and associated components, make up the Gaus-
sian three pole analog filter. Protection of the analog cir-
cuitry from high normal mode voltage is provided by Q301
and Q302. Protection of Q309 (see next paragraph) is pro-
vided by Q315 which routes overload currents to U324C.

5.3.2 Multiplexer

The multiplexer circuitry selects from amongst the various
signals that are part of the Model 740 measurement cycle
and connects them the input amplifier. Figure 5-2 shows
a simplified schematic of the multiplexer circuitry. Figure
5-3 shows the general switching phases for the various
signals. During each phase, an integration is performed
by the A/D converter, and the resultant data is used by
the microprocessor to calculate the final reading.
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Figure 5-1. Overall Block Diagram
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Millivolt Measurements—During the signal phase, signal
high is selected through Q303. During the zero phase,
signal common is selected through Q304. During the
reference phase, the multiplexer selects the +0.1V reference
through Q306.

Temperature Measurements—At the start of each measure-
ment cycle, a check for an open thermocouple is made.
+5V is momentarily applied to Q309. If the TC is func-
tional (less than an equivalent circuit of 77mV and 1kQ),
the input voltage will remain at a low enough level that
will not saturate the A/D converter, and the microprocessor
will interpret this as a closed TC. If the TC is open, the
input voltage will be high, turning on Q301 and saturating
the A/D converter. The microprocessor will interpret this
as an open TC and display the open TC message. During
the reference junction phase, the output of U304 is selected
through Q305. During the signal phase, the signal high
is selected through Q303. During the zero phase, the signal
common is selected through Q304 and during the reference
phase, the +0.1V reference is selected through Q306.

5.3.3 +0.1V Reference Source

Voltage measurements are based on comparing the
unknown signal with an internal +0.1V reference voltage
source. During each measurement cycle, the unknown
signal is sampled and then compared with the signal com-
mon and the +0.1V reference values.

CR301 provides a stable +64V reference, while U303 and
R311 through R313 provide a constant current to minimize
zener voltage variations. R314 divides down the +64V
value to the final +0.1V reference voltage.

5.3.4 Internal Reference Junction

To make temperature measurements, the input signal also
needs to be compared to a reference junction. The heart
of the reference junction is U304 which is a temperature
transducer. The output voltage of the transducer is de-
pendent on the temperature of the input connector pair
noted by “INT”. Thus, when using the internal channel,
thermocouples should be connected to these inputs only.

5.3.5 Input Buffer Amplifier

The input buffer amplifier (U301) is configured for non-
inverting X20 gain to provide the A/D converter with
usable levels. The amplifier also provides isolation between
the input signal and the A/D converter.

5.4 A/D CONVERTER

The Model 740 uses a constant frequency, variable pulse
width, analog-to-digital converter. A simplified schematic
of the A/D used in the Model 740 is shown in Figure 5-4.
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Figure 5-4. A/D Converter Simplified Schematic
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The charge balance phase begins when the INT line is set
high. This occurs at the end of a software-generated delay
period that allows the signal to settle after the appropriate
multiplexer FET is turned on. Once the INT is enabled,
the signal from the buffer amplifier is added to the level
shift current applied through R333 and R332. In this man-
ner, the +1.99V bipolar signal from the buffer amplifier
is converted to a unipolar signal that can be integrated.

The integrator is made up of Q312, U315 and C318. When
the input to the integrator is applied, the integrator out-
put ramps up until its voltage is slightly higher than the
voltage applied to the non-inverting input of the duty
cycle comparator (U316B). The charge balance current is
added to the integrator input through R348 and Q311.
Since the charge balance current is much larger than the
sum of the input and level shift currents, the integrator
output now ramps in the negative direction until Q1 of
U319A goes low. The process keeps repeating until the in-
tegration is complete (16.67ms for 60Hz and 20ms for
50Hz). For all integrations, charge balancing occurs the
same number of times; thus the term “constant frequen-
cy” is used. The VIA then counts the total number of
pulses that occur during the charge balance phase.

At the end of the charge balance phase, the output of the
integrator is resting at some positive voltage. Since the in-
tegrator output is connected to the non-inverting input of
the final-slope comparator (U316A), the final-slope com-
parator output remains high until the integrator output
ramps in the negative direction. During final-slope, Q311
is turned off and the final slope current is fed through
U313B to the integrator input. The final-slope comparator
output is then gated with the 3.84MHz clock and counted.
Once the comparator output goes low, the VIA stops
counting and the reading can be computed.

5.5 CONTROL CIRCUITRY

The signals for the circuitry that provides control of the
various FETs are supplied by the shift store registers U308
and U309. CLOCK, DATA and STROBE signals are sent
from the VIA (U109) across pulse transformers T103, T104
and T105. The pulse transformers provide 200V isolation
between the analog and digital sections of the instrument.
DATA is serially loaded into the shift store registers and
a STROBE pulse causes the registers to simultaneously out-
put the appropriate logic levels to the FETs.

5.6 DIGITAL CIRCUITRY

The Model 740 is controlled by an internal microcomputer.
This section briefly describes the operation of the
microcomputer and associated digital circuitry. Refer to
schematic diagram number 740-106 for circuit details.

5.6.1 Microcomputer

The microcomputer centers around the 8-bit 68B09
microprocessor. The MPU has direct control over the
display, front panel switches, A/D converter, IEEE-488 bus,
EXTERNAL TRIGGER input and the SERIAL IN and
SERIAL OUT ports. Timing for the microprocessor is ac-
complished by the use of Y101; an 8MHz crystal. Internal-
ly, this frequency is divided down by four to obtain a bus
operating frequency of 2MHz.

Instrument operation software is stored in EPROMS U105
and U106. Calibration constants are stored in NVRAM
(U310). U107 is the RAM and has battery back-up. Partial
address decoding is used in this system. The device
selected is determined by the state of A9 through A15 ad-
dress lines. These address lines determine which device
is selected by the decoder (U103). Only one device
(EPROM, RAM, VIA, etc) will have access to the data bus
at any one time.

The battery back-up circuitry turns on when power is
turned off. The battery is connected to the RAM and clock
circuitry. This retains the data in the buffer locations when
the power is shut down. When power is lost, transistors
Q101 and Q102 turn off and the battery voltage is routed
through to the RAM and clock circuitry.

Detection of a 7057A card installed in the Model 740 is per-
formed by PA3 of the VIA (U109). When a 7057A card is
installed in the Model 740, PA3 goes to a low logic level
and makes channels 1 through 10 available to the measure-
ment system. Control of the relay switching of the installed
7057A card is accomplished by the parallel data on the data
bus (D0-D7). The data is loaded into latches U116 and U117.
When the appropriate clock pulse occurs the latches
release its data to the current drivers (U117 and U119) which
in turn drives the appropriate relay on the scanner card.
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Detection and control of external 7057A scanner cards is
accomplished by the ACIA (U108) via the SERIAL OUT
and SERIAL IN ports. R110, R111 and CR107 comprise a
protection network for these two ports. SERIAL OUT data
is transmitted via R110 and pin 6 of the ACIA. SERIAL IN
data is received via R111 and pin 2 of the ACIA. The EX-
TERNAL TRIGGER input is controlled by the VIA. U109
and CR108 comprise a protection circuit for the external
trigger line. The EXTERNAL TRIGGER input is routed into
the circuitry via R113 and pin 40 of the VIA.

5.6.2 Display Circuitry

The display information is sent through display latches
U110 and U111. Upon each display update, new segment
information is presented to the display latches and a clock
pulse is sent on PAQ. The clock pulse to U203 shifts a digit
enable bit to the next digit to be enabled. Every nine times

the display is updated, a digit enable bit is generated at
PA1 and goes to the data input of the shift register. Q201
through Q204 are the drivers for the LED segments of the
display digits.

5.7 POWER SUPPLIES

The main power supplies of the Model 740 are located on
sheet 1 of 3 of schematic drawing number 740-106. Fuse
F101 is the line fuse which is accessible from the rear panel.
5102 is the POWER OFF switch and S101 selects 115V or
230V operation by placing the transformer primary win-
dings in parallel or series. The power transformer, T101,
has three secondary windings; one for the +5V digital
supply, one for the +5 analog supply, and one for the
+15V supply. CR101, CR102 and CR103 provide fullwave
rectification for the three supplies, while VR101, VR102,
VR103 and VR104 provide the regulation.
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SECTION 6
MAINTENANCE

6.1 INTRODUCTION

This section contains information necessary to maintain,
calibrate, verify performance and troubleshoot the Model
740. The line fuse replacement procedure is also included.

WARNING

The procedures included in this section are for

use only by qualified service personnel.

Do not

perform these procedures unless qualified to do
so. Many of the steps in this section may ex-
pose you to potentially lethal voltages that
could result in personal injury or death if nor-
mal safety precautions are not observed.

6.2 LINE FUSE REPLACEMENT

The line fuse protects the line power input of the instru-
ment. The fuse can be replaced by using the following

procedure.

WARNING

Disconnect the instrument from the power line
and from other equipment before replacing

fuses.

1. Turn off the power and disconnect the line cord and

all other test cables from the instrument.

2. Place the end of a flat-blade screwdriver into the slot
in the line fuse holder on the rear panel. Push in and
rotate the fuse carrier one-quarter turn counterclock-
wise. Release pressure on the holder and its internal
spring will push the fuse and the carrier out of the
holder.

3. Remove the fuse and replace it with the proper type
using Table 6-1 as a guide.

CAUTION
Do not use a fuse with a rating higher than
specified or instrument damage may occur. If
the instrument repeatedly blows fuses, locate
and correct the cause of the trouble before
replacing the fuse.

4. Install the new fuse and the carrier into the holder by
reversing the above procedure.

6.3 CALIBRATION

Calibration should be performed every 12 months, or if
the performance verification procedures in paragraph 64
show that the Model 740 is out of specification. If any of
the calibration procedures in this section cannot be per-
formed properly, refer to the troubleshooting information
in this section. If the problem persists, contact your
Keithley representative or the factory for further
information.

Table 6-1. Line Fuse Selection

Keithley

Size Line Voltage| Rating Part No.
American (3AG) 105V-125V |3/, A, 250V, Slo-Blo FU-17
210V-250V | /;0 A, 250V, Slo-Blo | FU-20
European (5mm)| 105V-125V | 0.16A, 250V, Slo-Blo FU-75
210V-250V  {0.10A, 250V, Slo-Blo FU76
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The entire calibration procedure may be performed from
the front panel or over the IEEE-488 bus without having
to make any internal adjustments. The calibration pro-
cedure consists of setting the calibration date, calibrating
the A/D converter, and then calibrating the reference junc-
tion temperature.

6.3.1 Recommended Calibration Equipment

Table 6-2 lists recommended calibration equipment. Alter-
nate equipment may be used as long as equipment ac-
curacy is at least as good as the specifications listed in the
table.

6.3.2 Environmental Conditions

Calibration should be performed under laboratory condi-
tions having an ambient temperature of 23°C + 1°C and
a relative humidity of less than 70%.

6.3.3 Instrument Preparation

The instrument must be thoroughly warmed up for at least

2 hours before calibration can be performed. Also, once
warmed up, the internal temperature must be main-
tained throughout the entire procedure. In order to main-
tain a constant internal temperature, power must not be
interrupted or the input card pulled out. Perform the
following procedure to prepare the Model 740 for
calibration:

1. Turn the Model 740 off, disconnect the line cord, discon-
nect all other instrumentation, and physically remove
all test leads from the INPUT CARD. Paragraph 2.6.1 ex-
plains how to pull out the INPUT CARD.

2. Using Figure 6-1 as a guide, connect an appropriate
female TC connector to the INT terminals of the INPUT
CARD. A thermocouple will later be mated to the con-
nector for the purpose of calibrating the internal
reference juction. Connect a pair of copper test leads to
any other pair of terminals on the INPUT CARD. These
leads will be used to short the input for zero calibration
and to input 100mV to calibrate gain.

3. With the INPUT CARD reinstalled in the Model 740, turn
on the instrument and allow it to warm up for at least
two hours before beginning the calibration procedure.
If the instrument has been subjected to extremes of
temperature or humidity, allow at least one additional
hour for the instrument to stabilize before beginning the
calibration procedure.

Table 6-2. Recommended Calibration Equipment

Mfg | Model Description

Specifications

Fluke 5440A | DC Voltage Calibration

Pure distilled water ice bath
(Dewer’s flask or thermos)

Male-to-male BNC cable

200mV +50ppm
+0.1°C

Short for loop test
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PUSHBUTTONS-PUSH IN TO CONNECT/DISCONNECT WIRES

|

INPUT
CARD

W

LO HIJLO HIJLO HIJLO HI LO HI LO HI LO HI LO HI LO HI

TERMINAL STRIP (24 TO 16 AWG)

\/
TC CONNECTOR
(FEMALE)

T

COPPER WIRES

Figure 6-1. Calibration Preparation Setup

6.3.4 Ice Bath Preparation

One of the calibration steps requires that a thermocouple
be placed in an ice bath to achieve 0°C. Prepare the pure
water ice bath as follows:

1

2

Drill a hole in the cap of a Dewer flask or thermos to
accomodate the thermocouple.

. Firmly pack the flask with pea-size ice cubes made from

distilled water, and then fill the flask with distilled water.

. Replace the melted ice with more ice while removing

the excess water.

. Place the cap on the flask. Immerse the thermocouple

into the flask and allow 20 minutes for temperature
stabilization.

6.3.5 Front Panel Calibration

The following information provides the complete pro-
cedure for calibrating the instrument from the front panel:

1. Turn the Model 740 off and while holding in the PRO-

GRAM button, turn the Model 740 back on. Continue
to hold in the PROGRAM button until the calibration
serial number is displayed. This number is incremented

by one every time the A/D converter is calibrated. For
example, if the current calibration serial number is 100,
then the following message will be displayed briefly:

No. 100

The current month should then be displayed. For ex-
ample, if the current month is September, the follow-
ing message should be displayed:

MONTH 09

2.If the wrong month is displayed, select the correct
month using the A and V¥ buttons.

3. With the current month displayed, press the ENTER
button. The current day of the month should now be
displayed. For example, if the current date is September
30th, the following message should be displayed:

DAY 30

4. If the wrong day is displayed, select the correct day us-
ing the A and V¥ buttons.

5. With the current day of the month displayed, press the
ENTER button. The current date format will be
displayed. For example, if the date is currently set to

6-3



MAINTENANCE

the American format the following messages will be
displayed:

FORMAT
MM.DD? VA

where MM = month, DD = day

. If the alternate date format is desired, press the A or
V button to toggle the display. For example if the
American format is presently displayed, pressing the
A button will toggle the display to the European for-
mat as shown:

DDMM? VA

Note: If it is desired to exit the calibration mode at this
time, press the ENTER button. The previous calibra-
tion date will not be changed. Otherwise, continue on
to the next step to calibrate the A/D converter.

. Short the two copper wires from the INPUT CARD
together as shown in Figure 6-2.

MODEL 740

SHORT COPPER
WIRES TOGETHER

The default zero calibration point will now be displayed
in millivolts as follows:

0.000 ¥ A

9. The zero calibration point can be adjusted to match the

10.

11.

actual input level with the use of the A and V¥ but-
tons. This adjustment is helpful in compensating for
known offsets. To insure a good calibration, the input
level should be as close to 0.000mV as possible.
After waiting a sufficient amount of time for the input
signal to settle, press the ENTER button. The follow-
ing messages will be displayed briefly to indicate that
the instrument is calibrating and that gain is to be
calibrated next:

WAIT
GAIN

The following gain calibration point (in millivolts) will
now be displayed as follows:

100.000 V A
The gain calibration point can be adjusted to match the
actual input level to be used with the use of the A and

¥V buttons. To ensure a good calibration, the input level
should be as close to 100.000mV as possible.

. Disconnect the short and connect the DC calibrator to

the two copper wires as shown in Figure 6-3. Be sure
to observe the proper polarity.

Figure 6-2. A/D Converter—Zero Calibration

8. Press the PROGRAM button until the following
message is displayed briefly:

ZERO CAL

MODEL 740

DC VOLTAGE
CALIBRATOR

Figure 6-3. A/D Converter—Gain Calibration
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13. Set the DC calibrator to output the displayed millivolt
level.

14. After allowing a sufficient time for the calibrator to set-
tle, press the ENTER button. The following message
will be displayed to indicate that the instrument is
calibrating:

WAIT

The following message will then be displayed to in-
dicate that calibration of the A/D converter is
completed:

COMPLETE

Note: If it is desired to exit the calibration mode at this
time, press the ENTER button. The calibration con-
stants, the calibration date and the serial number will
be stored in NVRAM. Otherwise, proceed on to the
next step to calibrate the temperature reference
junction.

15. Press the PROGRAM button until the following
message is displayed briefly:

R] CAL

The following message will then be displayed to in-
dicate that the instrument is configured to calibrate the
reference junction for a Type K TC (thermocouple).

TYPE K

16. To calibrate the reference junction for a different ther-
mocouple type, press the front panel button (J, T, E,
R, S, B) that corresponds to the thermocouple type that
is to be used. The selected TC will then be displayed.

17. With the desired TC type displayed, press the ENTER
button. The following message will be displayed briefly:

ICE PT

The temperature calibration point of 0°C or 32°F for the
ice bath will be displayed. For example, if the instru-
ment is currently on the °C scale, the following message
will be displayed:

0.0°C

Note: The calibration point can be displayed in the
alternate thermometric scale by pressing the °C/°F
button.

18. If the TC is going to be at a temperature other than 0.0°C
(32.0°F), use the A and V buttons to display that
temperature reading. The A and V¥ buttons may also
be used to compensate for any known TC errors. (°F
will yield the best resolution).

19. Remove the DC calibrator from the input and connect
the TC that is in the ice bath to the female TC connec-
tor as shown in Figure 6-4. Make sure that the two cop-
per wires do not short together.

MODEL 740

—

INPUT

OPEN

TC CONNECTORS
+H+
IOl O

FEMALE MALE

ICE BATH

Figure 6-4. Reference Junction Calibration

20. Allow the TC junction to reach 0°C. As the ice melts,
replace the water with more ice chips.

21. After allowing a sufficient amount of time for the TC
junction to reach 0°C (32°F), press the ENTER button.
The following message will be displayed while calibra-
tion occurs:

WAIT

22. The following message will then be displayed briefly
to indicate that calibration of the reference junction is
completed.

COMPLETE
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23. Press the ENTER button to exit the calibration mode.
All calibrtion constants, serial number, and the calibra-
tion date will be stored in NVRAM.

Notes:
1. A calibration error (“CALERR”) will occur if a calibration
point is entered under the following circumstances:

A. An open input.

B. A/D calibration—An applied voltage that is not
within 10mV of the displayed calibration point.

C. RJ calibration—Temperature not within —10.0°C to
70.0°C. In the event of a CALERR, repeat the calibra-
tion step.

2. Calibration can be aborted at any time without chang-
ing the previous calibration parameters by cycling power

on the Model 740.

3. To calibrate only the A/D converter, enter the calibration
mode as explained in step 1 and press the PROGRAM
button until “ZERO CAL" is is displayed. Perform steps
8 through 14 of the calibration procedure.

4. Since each thermocouple has a unique offset, it is recom-
mended that the internal reference junction of the Model
740 be calibrated with the TC that is going to be used.
To calibrate only the reference junction, enter the calibra-
tion mode as explained in step 1 and perform steps 15
through 23 of the above calibration procedure.

5. Another way to exit calibration and save any modified
calibration parameters is to press the PROGRAM but-
ton until the message “EXIT?” is displayed, and then
press the ENTER button.

6. The adjustment range for the A/D calibration points is
from -99.999mV to 101.000mV. The adjustment range for
the reference junction calibration point is from -10.0°C
(14.0°F) to 70.0°C (158.0°F).

6.3.6 IEEE-488 Bus Calibration

Calibration of the Model 740 over the bus is similar in pro-
cedure to front panel calibration with the difference be-
ing that calibration constants are entered over the bus,
rather than with the front panel controls.

In general, calibration consists of sending the appropriate
V command three times. The first V command calibrates
ZERO of the A/D converter, the second V command
calibrates GAIN of the A/D converter, and the third V com-
mand calibrates the reference junction.

Perform the following procedure to calibrates the Model
740 over the IEEE-488 bus:

1. Prepare the Model 740 for calibration as explained in
paragraph 6.6.3.

2. Place the Model 740 in the calibration mode by power-
ing up the instrument while holding in the PROGRAM
button until the calibration serial number is displayed.

3. Over the bus, the calibration date automatically sets
to the current date stored by the Model 740. If the in-
strument is not set to the current date or desired date
format, perform the following steps:

A. To change the date format, use the Z command. For
example, to select the American date format, send
“Z0X” over the bus.

B. To set the instrument to the current date, use the
A command. For example, to set the date to
November 9 in the American format, send “A11.09X”.

4. Short the two copper wires together as shown in Figure
6-2.

5. After waiting a sufficient time for the reading to set-
tle, perform zero calibration by sending the appropriate
V command. With the shorted input, send VOX.

6. Disconnect the short and connect the DC calibrator to
the two copper wires as shown in Figure 6-3. Be sure
to observe the proper polarity.

7. Set the DC calibrator to output +100.000mV.

8. After allowing the calibrator to settle, perform gain
calibration by sending the appropriate V command.
With +100.000mV on the input, send “V0.1X".

9. Remove the DC calibrator from the input and connect
the thermocouple that is in the ice bath to the female
TC connector as shown in Figure 6-4. Make sure that
the two copper wires do not short together.

10. Allow the junction to reach 0°C.

11. The instrument must be configured for the type of TC
that is going to be used to calibrate the reference junc-
tion. If not sure about the current configuration, use
the appropriate N command along with the V com-
mand to calibrate the reference junction. The value sent
with the V command is dependent on the current
temperature scale of the unit. If not sure which scale
is currently selected, use the O command to select the
desired scale. For example, to calibrate the reference
junction for a Type K TC on the °C scale, send
“N200V0X".

12. To store the calibration constants and calibration date
in NVRAM, send the “F” or “T” command. The in-
strument will exit calibration.

Notes:

1. A “CALERR” will be displayed if a V command is sent
with an open input or an input that exceeds the range
of the instrument. In this event, calibration will be void
and the next V command will calibrate ZERO.

2. To calibrate only the A/D converter, perform steps 2
through 8 of the above procedure and then send the “F”
or “T” command over the bus. The cal date will also be
stored in NVRAM.

3. To exit calibration without saving calibration parameters,

send a DCL or SDC over the bus, or cycle power on the
Model 740.
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HP-85 Programming Example—The following program
calibrates the instrument over the IEEE bus for a Type K
TC. Prepare the instrument for calibration as explained in
paragraph 6.3.3, and from the front panel, place the Model
740 in the calibration mode. The program assumes that the
instrument’s primary address is at 14.

PROGRAM COMMENTS
16 REMOTE 714 Send remote
enable.
2B DISF S fSHORT IMFUT®?
ZA DISF S fPRESS COMT TO
COMTIMUE®?
48 PHUSE
S8 HAIT S804
S0 OUTRUT Fld s sligs?? Send cal com-
mand to 740.
TEEMTER Fl4:n$ Get a reading.
28 DISF A% Display the
reading.
AE DISF ¢ REMOUVE SHORT®?
188 OISk ¢ ¢ IMFUT
188 . agEmit *
118 DISF ¢ sPRESS COMT TO
COMTIHUE® ®
1=28 F'l'—'lLIE-E
128 HRIT 5888
148 QUTFUT Fidsssu@ 1 Send cal com-

mand to 740.

158 EMTER F14: A% Get a reading.

166 DISF AF Display the
reading.
178 DISFE « REMOUE CaL

SIGHAL®?
S8 DISP ¢ ¢ COMMECT TCs FLACE

IM ICE BATH®®

|_a.

198 DISP s MAITUNTIL TC =
(5 I 5 R
SHE DISE fSPRESS COMT TO
COMTIHUE®?
2168 PRUSE
228 OUTPUT 714 Send cal com-

EEMZOELE BEN

mand string to
740.

Get a reading.
Display the
reading.

Return to current
channel and
verify reading.

2Z8 EMTER Fld:n%
B DISF AF

256 OUTFUT 714 ¢ sF@y??
ZEE DISF ¢ CALTERATION

COMPLETED®?
27E EMD

Press the RUN key to start the program and follow the in-
structions of the prompts to calibrate the Model 740. NOTE:
If a “CALERR” occurs, start calibration from the beginn-
ing by pressing the RUN key.
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Model 8573 Programming Example—The following pro-
gram calibrates the instrument over the IEEE bus for a Type
K TC. Prepare the instrument for calibration as explained
in paragraph 6.3.3 and from the front panel place the in-
strument in the calibration mode. The lines below are to
be added to the DECL.BAS program, as described in the
Model 8573 Instruction Manual. The program assumes that
the instrument is set for a primary address of 14.

PROGRAM

COMMENTS

18 HAF=s s GRPIBOY Y

SE MHEE=s sTOEUL?

£l

CHAF BRDEX

:CALL TEFIMD
CHAF MYdEsl

k=1 CALL IBSEE

CRREDE . LI

4 W=14:CALL IBFAD

bls]
=15

TE AF=IHEEYF: IF AF=¢¢ ** THEH

S
DE

186 REDE

CHMTAEY . L%
FRIMT & ¢ SHORT IMPUT®®
FRIMT ¢ ¢ FRESS AHY TEM EEY
TOCOMTIMUE®®

TE
FOR I=1 TOS888 : HEAT I
CHDFE=4 L@ * Akl TEHRT

RSB CHMOED
SPECEFC23 - Chall TERD
CHT SR RIFED

118 FRIMT RD#F

A FRIMT ¢ ¢ REMOWE SHORT? ®

3 FRIMT ¢ ¢ IMFUT 1688 . aoamil*
4 PRIMT # ¢ FRESS AMY TEM KEY
TOCOMTIMUE®®

:CALL TEFIMD

Find board des-
criptor.

Find instrument
descriptor.
Send remote
enable.

Set primary
address to 14.

Send cal com-
mand to 740.
Get a reading.

Display
reading.

158 AafF=IHEEY$: IF fAf=¢+¢ ** THEH
138
S8 FOR I=1TO SEEG HE"T I
TECHMDE G 18 CALL TRHRT
CHT4EN CHDES
126 FOE=S5FACE${252 : CALL TERD
CHTAEN . BDED

198 PRIMT RD¥

288 PRIMT & ¢ REMOUE CAL
SIGHAL®?

218 PRIMT ¢ ¢ COMMECT TS I ICE

EHTH® *

228 PRIMT s ¢HRITUNTIL TC =

R
2ZA PRIMT s PR
TOCOMTIMUE®®

240 fE=THKEYS: IF fg=5 ¢ ' THEN

24

IBMRT CMV4E%s CHIE

2EE RDE=SPACECZSY : CALL TERD

CHEAEN s RDFD
278 PRIMT RD¥E

SEE CHIE=S § FER??
CMT4@N s CHIED

|_|_|

S8 PRIMT $sCALIBRATION
COMPLETED®?

s
Z1@ Call TROML CM@SEs LK

S5 AMY TEMEEY

250 CHD$F=¢ s NZOELE . BE=" * - A

sCALL TEWRET

B =6 CaLL TROML « EFIIH s LI

Send cal com-
mand to 740.
Get a reading.

Display
reading.

Send cal comm-
mand string to
740.

Get a reading.

Display
reading.
Return to cur-
rent and verify
reading.
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Run the program by pressing the F2 function key on the
computer. Follow the instructions of the prompts to
calibrate the Model 740. NOTE: If a “CALERR” occurs, start
calibration from the beginning by pressing the F2 key.

6.4 PERFORMANCE VERIFICATION

The procedures outlined in the following paragraphs may
be used to verify that the instrument is operating within
the limits stated in the specifications at the front of this
manual. Performance verification may be performed when
the instrument is first received to ensure that no damage
has occurred during shipment. Verification may also be
performed whenever there is a question of instrument ac-
curacy, or following calibration.

NOTE
If the instrument is still under warranty (less than
one year from the date of shipment), and its per-
formance falls outside the specified range, contact
your Keithley representative or the factory to deter-
mine the correct course of action.

6.4.1 Environment Conditions

All measurements should be made at 18-28°C (65-82°F) and
at less than 80% relative humidity.

6.4.2 Recommended Test Equipment

Performance verification uses the same equipment that the
calibration procedure uses and is listed in Table 6-2. Alter-
nate equipment may be used as long as the equipment
substituted has specifications at least as good as those
listed in the table.

NOTE
The verification limits in this section do not include
tolerances of test equipment or TCs used.

6.4.3 Instrument Preparation

To avoid shutting off the instrument while verifying per-
formance, prepare the Model 740 as explained in paragraph
6.3.3. When performing step 2 of that procedure, connect
a Type K female TC connector to the internal channel.

6.4.4 Performance Verification Procedure

Performance verification consists of checking the accuracy
of the A/D converter by applying voltage levels to the in-
put, and checking the accuracy of the internal reference
junction that has a Type K thermocouple connected to the
internal channel.

Perform the following procedure to verify the accuracy of
the Model 740:

1. Configure the internal channel of the instrument to
make millivolt measurements as explained in
paragraph 2.8.1.

2. Short the two copper input leads together as shown
in Figure 6-2.

3. After a sufficient amount of settling time, verify that
the reading is 0.000 +3 counts (Table 6-3 lists the
allowable readings).

4. Remove the short and connect the DC voltage calibrator
to the two copper wires as shown in Figure 6-3. Make
sure to observe the proper polarity.

5. Set the calibrator to output +90.000mV.

6. After allowing sufficient time for the reading to settle,
verify that the reading is 90.000 +21 counts.

7. Set the calibrator to output -90.000mV.

8. After allowing sufficient time for the reading to settle,
verify that the reading is -90.000 +21 counts.

9. Disconnect the calibrator from the INPUT CARD and
connect the Type K TC to the female TC connector as
shown in Figure 6-4. Make sure that the two copper
wires do not short together.

10. Place the TC junction in an ice bath. The ice bath
should be filled with pea sized ice chips (made from
distilled water) and distilled water. As the ice melts,
replace the water with more ice.

11. Configure the Model 740 for the type of thermocou-
ple that is connected to the input.

12. After allowing sufficient time for the TC junction to
reach 0.0°C, verify that the reading is 0.0°C +0.5°C.

Table 6-3. Limits for Performance Verification

740 Applied Allowable Readings
Configuration | to Input (18°C-28°C)

mV Short —0.003 to 0.003

mV +90.000mV 89.979 to 90.021

mV -90.000mV | —90.021 to —89.979
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6.5 DISASSEMBLY INSTRUCTIONS

If it is necessary to remove or replace a component, use
the following procedure and refer to Figure 6-5, to
disassemble the Model 740. Note that each step of the pro-
cedure is dependent on performing the step before it. For
example, in order to remove the card cage (step 4), the in-
put card must be removed first (step 3).

WARNING
To prevent a shock hazard, always turn the in-
strument off and disconnect the line cord and
all other instrumentation from the unit before
removing the top cover or a scanner card.

1. Remove the top cover as follows:

A. Remove the top two retaining screws located at the
rear of the instrument.

B. Grasping the top cover at the rear, carefully lift it off
of the instrument.

C. When installing the top cover, make sure that the
three tabs located at the front of the cover engage
in the front panel assembly. Also, make sure the
ground clips at the rear of the instrument are mak-
ing contact to the top cover shield.

2. If a scanner card is installed, remove it by pulling the
locks forward (see Figure 2-5) and sliding the card out
of the mainframe.

3. Remove the input card as follows:

A. At the rear of the card case assembly, there is a
plastic card stopper installed through the left
side (when viewed from the rear) of the cage.
This stopper prevents the input card from being
removed from the mainframe. Remove the stop-
per by inserting a thin blade knife between the
plastic head of the stopper and the metal cage,
and prying the stopper out.

B. Unfasten the locking tabs of the input card by
pulling the locks forward (see Figure 2-3) and
slide the card out of the mainframe.

C. When reinstalling the input card make sure to
use the upper pair of slots for the card edges
and remember to replace the plastic stopper after
the card is installed in the mainframe.

4. Remove the card cage assembly as follows:

A. Remove the four screws that secure the card cage
assemebly to the mother board.

B. Lift the card cage assembly out of the instrument.

C. When reinstalling the card cage assembly, make sure
that the interconnect board at the front of the
assembly mates properly to the connector on the
mother board.

. Remove the mother board as follows:

A. Remove the remaining four screws that secure the
mother board to the bottom cover.

B. Remove the two screws at the rear panel that secure
the rear panel to the bottom cover.

C. Disconnect the ribbon cable that connects the display
board to the mother board.

D. Grasp the rear panel and the mother board, and
gently lift the mother board toward the rear of the
instrument. Now lift the mother board and the rear
panel out of the bottom cover.

E. When reinstalling the mother board, make sure the
ground clips on the rear panel are making contact
to the bottom shield, and the display ribbon cable
is properly mated to mother board connector.

. Remove the display board from the front panel as

follows:

A. Remove the two screws that secure the front panel
assembly to the bottom case. These screws are
located under the bottom edge of the display PC
board.

B. Slide the front panel assembly up and out of the bot-
tom case.

C. Remove the two screws that secure the display board

to the front panel. These two screws are located near

the top of the display board.

Separate the display board from the front panel.

When reinstalling the display board and front panel,

make sure the ground clips located at the bottom of

the display board make contact with the display
board shield and the bottom cover shield.

m o

. To reassemble the Model 740, reverse the above pro-

cedure steps.
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TOP COVER
30540

INSULATING COLLARS
30545 (6)

INTERCONNECT BOARD
(NOT SHOWN)

CARD CAGE
740-306

FRONT PANEL
617-301

BOTTOM COVER
617-318

CONNECTOR

Figure 6-5. Model 740 Exploded View
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6.6 TROUBLESHOOTING

The troubleshooting information contained in this section
is intended for use by qualified personnel having a basic
understanding of analog and digital circuitry. The in-
dividual shou%d also be experienced at using typical test
equipment as well as ordinary troubleshooting procedures.
The information presented here has been written to assist
in isolating a defective circuit or circuit section. Isolation
of the specific component is left to the technician. Note
that schematic diagrams and component location draw-
ings, which are an essential aid in troubleshooting, are
located at the end of Section 7.

6.6.1 Recommended Test Equipment

Success in troublshooting complex equipment like the
Model 740 depends not only on the skill of the technician,
but relies on the use of accurate, reliable test equipment.
Table 6-4 lists the equipment recommended for trouble-
shooting the Model 740. Other equipment such as logic
analyzers and capacitance meters could also be helpful
especially in difficult situations.

Table 6-4. Recommended Troubleshooting
Equipment

Equipment Use

Five function DMM with
0.1% basic DCV accuracy,
10M input impedance.

Power supply and DC
voltage checks; analog
signal tracing, continuity,
logic levels.

Digital and analog wave-
form checks.

Dual-trace, triggered
sweep oscilloscope, DC

to 50MHz.
Digital Frequency Checking clock
Counter frequencies.

6.6.2 Power-Up Self Test

During the power-up sequence (see paragraph 2.2.3), the
instrument performs a self test on NVRAM. Calibration
and other instrument parameters are stored in this
memory. If the test fails, the power-up sequence will stop

and the “UN-CAL’ message will be displayed. Perform the
following steps to remedy the problem:

1. Perform a complete calibration on the Model 740 as ex-
plained in paragraph 6-3.

2. Retest the NVRAM circuitry by performing the NVRAM
test in the Self Diagnostic Program as explained in
paragraph 6.6.3, steps 1 through 3A.

3. If NVRAM still fails, replace the NVRAM chip (U310)
and again recalibrate the instrument.

4. With NVRAM functioning properly, check the follow-
ing instrument parameters that are stored in this
memory and change as necessary:

A. IEEE status value.
B. Line frequency setting.
C. Loop setting.

6.6.3 Self Diagnostic Program

This front panel diagnostic program allows the user to run
the memory tests (RAM, ROM and NVRAM)), display test,
loop test, and to place the instrument in two
troubleshooting test modes. Troubleshooting test mode
one locks the instrument in the various measurement

hases with the A/D converter running. Test mode two
ocks the instrument in the selected measurement phases
with the A/D converter off. These test modes serve to aid
the servicing technician in troubleshooting the instrument.
While test one checks the overall functional status of the
instrument, test two limits testing to the analog circuitry.
Perform the following procedure to use the self diagnostic
program:

1. With the instrument off and the line cord disconnected,
connect the DC voltage calibrator to the input of the
Model 740. Make sure that the calibrator is in the standby
mode at this time.

2. While holding in the ENTER button, power up the in-
strument. Continue to hold the ENTER button in until
the software revision level is displayed. For example, if
the software revision level is A.7, the following message
will be displayed briefly:

REV A7
The following message will then be displayed:

SELFTEST
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3. Perform any or all of the following tests. The keys used

to select the tests are shown in Figure 6-6.

A. To test the display segments and the indicator lights,
press the FILTER button. All the display segments
and indicator lights should turn on for a short period
of time.

B. To test NVRAM circuitry where calibration constants
and other instrument parameters are stored, press
the ¥ button. Depending on the success of the test,
one of the following messages will be displayed brief-
ly before returning to the “SELFTEST” message.

NVRAM OK
NVRAMBAD

If the test failed, try to remedy the problem by follow-
ing the procedure given in paragraph 6.6.2.

C. To perform a digital test on the ROM circuitry, press
the A button. Depending on the success of the test,
one of the following messages will be displayed brief-
ly before returning to the “SELF TEST” message.

ROM OK
ROM BAD

If the test failed, replacing U105 or U106 may resolve
the problem.

D. A loop test is available to check the circuitry used to
control external scanner cards. To perform the loop
test, connect a male-to-male BNC cable from the
SERIAL OUT connector to the SERIAL IN connec-
tor and press the °C/°F button. Depending on the
outcome of the test, one of the following messages
will be displayed briefly:

LOOP OK
LOOP BAD

NOTE: Do not perform the loop test with the Model
740 connected to the Model 705 or Model 706 scan-
ner(s) as it will cause the scanner(s) to lock up.

4. To place the instrument in troubleshooting test mode
one, perform the following procedure:

A. Press the PROGRAM button until the following
messages is displayed:

A/DTEST1
The instrument will now operate with just the signal

multiplexer FET on as indicated by the “SI” suffix on
the display.

B. Set the DC calibrator to output +50mV. The follow-
ing approximate reading will then be displayed:

50.000 SI

C. The various measurement phases and corresponding
readings are selected with the A and V¥ buttons.
Table 6-5 summarizes circuit conditions and expected
readings for each measurement phase.

5. To place the instrument in troubleshooting test mode

two, perform the following procedure:

A.Press the PROGRAM button until the following
message is displayed:

A/DTEST2

The multiplexer will then lock up with just the signal
FET on. The A/D converter is not running in this test
mode.

B. Set the calibrator to output a voltage in the measure-
ment range of the instrument (-99.999mV to
100.000mV).

C.The various measurement phases can be selected
with the A and V¥ buttons allowing the measurement
levels to be easily traced to the output of the input
buffer amplifier. Table 6-5 summarizes circuit condi-
tions for the various measurement phases.

6. To exit the diagnostic program, press the ENTER button.

Notes:

1. Any of the alternate tests can be selected at any time
by pressing the PROGRAM button.

2. The front panel filter is operational in the A/D tests.

3. The diagnostic program can be exited at any time by
pressing the ENTER button.

6.6.4 Power Supply Checks

Table 6-6 shows the various checks tat can be made to the
power supplies of the Model 740. In addition to the nor-
mal voltage checks, it is a good idea to check the various
supplies with an oscilloscope for signs of noise or
oscillation.

6.6.5 Digital and Display Circuitry Checks

The digital and display circuitry can be checked out by
using the troubleshooting data found in Tables 67 and 6-8.
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(" cONTROL )( MODIFIER )
ROM TEST
NVRAM TEST
LOOP TEST
o ||
DISPLAY TEST
o || (Jo
_ VAN J

Figure 6-6. Self Test Key Identification

Table 6-5. Troubleshooting Test Modes

Test 1 Test 2
Measurement Multiplexing | Buffer Amp | Typical Display | Display
Phase FET on Gain (U301) Readings* Messages
Signal Q303 x20 50.000 SI** SIGNAL
Zero Q304 x20 0.000 ZE ZERO
Reference Q306 x20 100.000 RE 100mVREF
Reference Junction Q305 x20 60.000 RJ REFJUNCT
Open TC Q309 x20 - OPENTC
*These are approximate readings intended only to indicate if the

associated circuitry is operational.
**Approximate reading with +50mV on the input.
Table 6-6. Power Supply Checks
Step| Item/Component Required Condition Remarks
1 |S101 Line Switch Set to 115 or 230V as required.

VR103 pin 2; VR104, pin 2

Line voltage selection.

2 |F101 Line Fuse Check for continuity. Remove fuse to check.
3 |Line Power Plugged into live receptacle;

power on.
4 | +5V Digital Supply VRI01, pin 2 | +5V, +5% Referenced to digital common.
5 | +5V Analog Supply VR102, pin 2 | +5V, +5% Referenced to analog common.
6 | £15V Analog Supplies +15V, -15V, +5V Referenced to analog common.
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Table 6-7. Digital Circuitry Checks

Step| Item/Component Required Condition Remarks
1 | U107, U105, U310 Pass RAM, PROM and NVRAM self-test | Display will lock if failure occurs.
on power-up.
2 | U109, pin 2 (PAO) TTL level pulses every lmsec. VIA clock
3 |U109, pin 3 (PA1) TTL level pulses every 15msec Data
4 | U109, pin 6 (PA4) Switch data (+5V or OV) Data input to VIA
5 | U109, pin 7 (PA5) Switch data (+5V or 0V) Data input to VIA
6 | U109, pin 8 (PA6) Switch data (+5V or OV) Data input to VIA
7 | U109, pin 9 (PA7) Switch data (+5V or OV) Data input to VIA
8 | U109, pin 19 Variable pulse train (0V to +5V) VIA Data Line
9 | U120, pin 6 Variable pulse train (0V to +5V) Data Output
10 | U324, pin 13 Variable pulse train (0V to +5V) Output of A/D Converter
11 | U109, pins 12 through 16| Variable pulse train (0V to +5V) Analog data to VIA
12 | U104, pin 3 1kHz pulses IRQ line
13 | U104, pin 37 +5V, +5% Reset line
14 | U104, pin 9 +5V signal pulsed 0V to +5V every Imsec.| INT line
15 |U112, pin 19 +5V (Logic “1”) RESET line
16 |Ul12, pin 18 2MHz square wave at 0V to +5V clock
17 |U112, pin 28 Should go false (+5V) when command is | ATN line
sent.
18 | U112, pins 28 (ATN), Refer to Figure 3-2 for required conditions. | Handshake Sequence

24 (NDAC), 25 (NRFD),
26 (DAV), and the data
lines.
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Table 6-8. Display Circuitry Checks

10

11

and 16

U202, pins 10, 13, 14
and 15

U203, pins 3, 4, 5, 6, 10
and 11

U204, pins 3 and 4

P1008, pin 7
P1008, pin 5
P1008, pin 3

P1008, pin 6

Variable pulses

Imsec negative going pulse every
10msec.

Imsec negative going pulse every
10msec.

Depress SW201, SW218, SW212, SW202
or SW207.

Depress SW219, SW215, SW205
or SW210.

Depress SW216, SW211, SW204
or SW209.

Depress SW206, SW213, SW203
or SW208.

Step| Item/Component Required Condition Remarks
1 |U204, pin 2 +5V, +5% +5V supply
2 |Q201, pins 1, 7, 8 and 14| Variable pulses Segment drivers
3 1Q202, pins 1, 7 and 14 | Variable pulses Segment drivers
4 1Q203, pins 1, 7, 8 and 14| Variable pulses Segment drivers
5 |Q204, pins 1, 7, 8 and 14| Variable pulses Segment drivers
6 | U201, pins 11, 13, 15 Variable pulses Digital drivers

Digital drivers

Pulse present when button pressed.
Pulse present when button pressed.
Pulse present when button pressed.

Pulse present when button pressed.
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6.7 SPECIAL HANDLING OF STATIC-
SENSITIVE DEVICES

CMOS devices operate at very high impedance levels for
low power consumption. As a result, any static charge that
builds up on your person or clothing may be sufficient to
destroy these devices, if they are not handled properly.
Table 6-9 lists static-sensitive devices used in the Model
740. When handling these devices, use the following
precautions to avoid damaging them.

1. The devices listed in the table should be transported and
handled only in containers specially designed to pre-
vent static build-up. Typically, these parts will be re-
ceived in anti-static containers of plastic or foam. Keep
these devices in their original containers until ready for
installation.

2. Remove the devices from their protective containers only
at a properly grounded work station. Also ground
yourself with a suitable wrist strap.

3. Handle the devices only by the body; do not touch the
pins.

4. Any printed circuit board into which the device is to be
inserted must also be grounded to the bench or table.

5. Use only anti-static type solder suckers.

6. Use only grounded tip solder irons.

7. Once the device is installed on the PC board, it is nor-
mally adequately protected and normal handling can
resume.

Table 6-9. Static Sensitive Devices

Keithley
Circuit Designation Part No.
Q102 TG-84
U102 IC-399
U105 740-800>*
U106 740-801**
U107 LSI-66
U108 LSI72
U109 LSI-45
U110, U111, Ulle, U118 IC-397
U120 IC-351
U121 1C-103
U122 1C-330
Q301, Q302, Q309, Q310, Q315 TG-128
Q312 TG-175
U303, U325, U326 1C-413
U308, U309 1C-251
U311, U323 IC-351
U312, U314 IC-283
U313 318471
U315 IC-414
U316 1C-343
U317, U318, U319 1C-337
U320 1C-417
U321, U322 IC-416
U324 IC-412

*Software Revision Level.
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SECTION 7
REPLACEABLE PARTS

7.1 INTRODUCTION

This section contains replacement parts information,
schematic diagrams, and component layout drawings for
the Model 740 System Scanning Thermometer.

7.2 ELECTRICAL PARTS LISTS

Electrical parts for the various circuit boards are listed in
Tables 71 through 7-4. Parts in each table are listed
alphabetically in order of circuit designation. The parts lists
are integrated with the component layout drawings and
schematic diagrams for the respective circuit boards.

7.3 MECHANICAL PARTS

Miscellaneous mechanical parts are listed in Table 7-5.

7.4 ORDERING INFORMATION

Keithley Instruments, Inc maintains a complete inventory
of all normal replacement parts. To place an order, or to
obtain information concerning replacement parts, contact
your Keithley representative or the factory.

When ordering parts, include the following information.

1. Instrument model number

2. Instrument serial number
3. Part description

4. Circuit designation, including schematic diagram and
component layout numbers (if applicable)

5. Keithley part number

7.5 FACTORY SERVICE

If the instrument is to be returned to the factory for ser-
vice, carefully pack the unit and include the following:

1. Complete the service form which follows this section
and return it with the instrument.

2. Advise as to the warranty status of the instrument (see
the inside front cover for warranty information).

3. Write the following on the shipping label: ATTENTION
REPAIR DEPARTMENT.

7.6 COMPONENT LOCATION DRAWINGS AND
SCHEMATIC DIAGRAMS

Component location drawings and schematic diagrams for
the various circuit boards can be found on the following
pages in the following order:

1. Analog board.
2. Mother board.
3. Display board.
4. Connectors parts list.
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REPLACEABLE PARTS

Table 7-1. Analog Board, Parts List

Schematic
Circuit Location Keithley
Desig. | Description Page/Zone | Part No.
C301 Capacitor, 0.0039uF, 50V, Metalized Polypropylene 1/B2 C-269-.0039
C302 Capacitor, 0.14F, 50V 1/D1 C-365-.1
C303 Capacitor, 0.1uF, 50V 1/D2 C-365-.1
C304 Capacitor, 0.0039uE, 50V, Metalized Polypropylene 1/D3 C-269-1.0
C305 Capacitor, 0.0039uF, 50V, Metalized Polypropylene 1/D3 C-269-.68
C306 Capacitor, 0.68uF, 50V, Metalized Polyester 1/D4 C-344-.68
C307 Not Used
C308 Capacitor, 0.1xF, 50V 1/D3 C-365-.1
C309 Capacitor, 0.1xF, 50V 1/E3 C-365-.1
C310 Capacitor, 1uF, 50V, Ceramic Film 1/F2 C-2371
C311 Not Used
C312 Capacitor, 1uF, 50V, Ceramic Film 1/F1 C-2371
C313 Capacitor, 1uF, 50V, Ceramic Film 1/F4 C-2371
C314 Not Used
C315 Capacitor, 0.1xE 50V 1/A6 C-365-.1
C316 Not Used
C317 Capacitor, 0.1uF, 50V 2/F1 C-365-.1
C318 Capacitor, 0.0047uF, 100V, Metalized Polypropylene 2/E1 C-306-.0047
C319 Capacitor, 15pF, 1000V, Ceramic Disc 2/E1 C-64-15p
C320 Capacitor, 82pF, 1000V, Ceramic Disc 2/E2 C-64-82p
C321 Capacitor, 0.1yE 50V 2/D1 C-365-.1
C322 Capacitor, 0.1xF 50V 2/D2 C-365-.1
C323 Capacitor, 1000pF, 1000V, Ceramic Disc 2/B1 C-64-1000p
C324 Capacitor, 0.1xE 50V 2/B2 C-365-.1
C325 Capacitor, 10xF, 25V, Aluminum Electrolytic 2/C3 C-314-10
C326 Capacitor, 0.1xF 50V 2/D3 C-365-.1
C327 Capacitor, 0.1xF 50V 2/F3 C-365-.1
C328 Capacitor, 0.1xE 50V 2/A4 C-365-.1
C329 Capacitor, 150pF, 1000V, Ceramic Disc 2/A4 C-64-150p
C330 Capacitor, 150pF, 1000V, Ceramic Disc 2/B5 C-64-100p
C331 Capacitor, 0.1xF 50V 2/B4 C-365-.1
C332 Capacitor, 1uF 50V, Ceramic Film 2/F4 C-2371
C333 Capacitor, 0.1xF 50V 2/F4 C-365-.1
C334 Capacitor, 0.1xE 50V 2/G4 C-365-.1
C335 Capacitor, 0.1uF, 50V 2/G4 C-365-.1
C336 Capacitor, 1uF, 50V, Ceramic Film 2/F5 C-2371
C337 Capacitor, 1uF, 50V, Ceramic Film 2/F5 C-2371
C338 Capacitor, 0.1xF 50V 2/D1 C-365-.1
C339 Capacitor, 0.1uF, 50V 2/C2 C-365-.1
C340 Capacitor, 0.1xF 50V 2/H3 C-365-.1
C341 Capacitor, 0.1xE 50V 2/C5 C-365-.1
C342 Capacitor, 0.1xF, 50V 2/C4 C-365-.1
C343 Capacitor, 0.1uF 50V 2/E5 C-365-.1
C344 Capacitor, 0.1xE 50V 1/B3 C-365-.1
C345 Capacitor, 0.1xF 50V 1/C5 C-365-.1
C346 Capacitor, 0.1xE 50V 1/Ceé C-365-.1
C347 Capacitor, 0.1xF 50V 1/B6 C-365-.1
C348 Capacitor, 330pF, 1000V, Ceramic Disc 2/F3 C-64-330p
C349 Capacitor, 150pF, 1000V, Ceramic Disc 1/D3 C-64-150p
C350 Not Used




REPLACEABLE PARTS

Table 7-1. Analog Board, Parts List (Cont.)

Schematic
Circuit Location | Keithley
Desig. | Description Page/Zone | Part No.
C351 Capacitor, 47pF, 1000V, Ceramic Disc 2/A5 C-64-47p
C352 Capacitor, 330pF, 1000V, Ceramic Disc 1/A6 C-64-330p
C353 Capacitor, 330pE, 1000V, Ceramic Disc 2/B4 C-64-330p
C354 Capacitor, 0.1xF, 50V 1/F5 C-365-.1
C355 Capacitor, 0.1xF, 50V 1/Fé6 C-365-.1
C356 Capacitor, 10pF, 25V, Aluminum Electrolytic 1/F5 C-314-10
C357 Capacitor, 10pF, 25V, Aluminum Electrolytic 1/Fé6 C-314-10
CR301 | Zener Diode, 1N4579 1/F2 DZ-73
L301 100pH 2/B4 CH-14
1302 Choke 1/A2 CH-30
Q301 Transistor, N-Channel JFET, 2N4392 1/B3 TG-128
Q302 Transistor, N-Channel JFET, 2N4392 1/B2 TG-128
Q303 Transistor, P-Channel JFET, J270 1/B1 TG-166
Q304 Transistor, P-Channel JFET, J270 1/B2 TG-166
Q305 Transistor, P-Channel JFET, J270 1/B2 TG-166
Q306 Transistor, P-Channel JFET, J270 1/B3 TG-166
Q307 Transistor, P-Channel JFET, J270 1/C2 TG-166
Q308 Transistor, P-Channel JFET, J270 1/C2 TG-166
Q309 Transistor, N-Channel JFET, 2N4392 1/B1 TG-128
Q310 Transistor, N-Channel JFET, 2N4392 2/F2 TG-128
Q311 Transistor, N-Channel JFET, 2N5434 2/F2 TG-174
Q312 Transistor, JFET, MP842 2/E2 TG-175
Q313 Transistor, N-Channel JFET, J210 2/B5 TG-167
Q314 Transistor, NPN, Silicon, 2N3904 2/G4 TG-47
Q315 Transistor, N-Channel JFET, 2N4392 1/B1 TG-128
R301 Resistor, 10kQ, 5%, 6.5W, Wirewound 1/A1 R-336-10k
R302 Resistor, 10kQ, 1%, '/sW, Metal Film 1/B2 R-88-10k
R303 Resistor, 9.76kQ, 1%, */sW, Metal Film 1/B2 R-88-9.76k
R304 Resistor, 9.09kQ, 1%, '/sW, Metal Film 1/B3 R-88-9.09k
R305 Resistor, 10k, 5%, %W, Composition 1/C2 R-76-10k
R306 Resistor, 91k, 10%, 1W, Composition 1/A1 R-2-91k
R307 Resistor, 9.53kQ, 1%, '/sW, Metal Film 1/D2 R-88-9.53k
R308 Resistor, 511Q, 1%, !/s, Metal Film 1/D2 R-88-511
R309 Resistor, 5.23kQ, 1%, /s, Metal Film 1/D3 R-88-5.23k
R310 Resistor, 10.5kQ, 1%, /s, Metal Film 1/D3 R-88-10.5k
R311 Resistor, 9.97kQ, 0.1%, /s, Metal Film 1/E1 R-176-9.97k
R312 Resistor, 4.99kQ, 0.1%, /s, Metal Film 1/F1 R-176-4.99k
R313 Resistor, 9919, 0.1%, !/s, Metal Film 1/F2 R-176-991
R314 Resistor Set, 63.1kR, 1kQ, 0.1%, Precision Wirewound 1/E2 R-335
R315 Resistor, 2059, 0.1%, */,0W, Metal Film 1/F5 R-263-205
R316 Not Used
R317 Not Used
R318 Not Used
R319 Not Used
R320 Not Used
R321 Not Used




REPLACEABLE PARTS

Table 7-1. Analog Board, Parts List (Cont.)

Schematic
Circuit Location Keithley
Desig. | Description Page/Zone | Part No.
R322 Not Used
R323 Not Used
R324 Not Used
R325 Not Used
R326 Not Used
R327 Not Used
R328 Not Used
R329 Not Used
R330 Resistor, 820, 5%, %W, Composition 1/A6 R-76-82
R331 Resistor, 11.5kQ, 1%, '/sW, Metal Film 2/G1 R-88-11.5k
R332 Resistor, 60.4kQ, 1%, '/sW, Metal Film 2/G2 R-88-60.4k
R333 Resistor, 48.7kQ, 1%, '/sW, Metal Film 2/G2 R-88-48.7k
R334 Resistor, 10k, 5%, %W, Composition 2/F2 R-76-10k
R335 Resistor, 10k, 5%, %W, Composition 2/F2 R76-10k
R336 Resistor, 20k, 1%, */sW, Metal Film 2/E1 R-88-20k
R337 Resistor, 20k, 1%, */sW, Metal Film 2/E1 R-88-20k
R338 Resistor, 604k, 1%, '/sW, Metal Film 2/E2 R-88-60.4k
R339 Resistor, 10k2, 5%, %W, Composition 2/D1 R-76-10k
R340 Resistor, 3.9k2, 5%, %W, Composition 2/D1 R76-3.9k
R341 Resistor, 3kQ, 5%, %W, Composition 2/C2 R76-3k
R342 Resistor, 3kQ, 5%, 4W, Composition 2/C2 R-76-3k
R343 Resistor, 10k, 5%, %W, Composition 2/C2 R-76-10k
R344 Resistor, 10k, 5%, %W, Composition 2/A1 R-76-10k
R345 Resistor, 220kQ, 5%, 4W, Composition 2/A1 R-76-220k
R346 Resistor, 787k, 1%, '/sW, Metal Film 2/C3 R-88-7.87k
R347 Resistor, IMQ, 0.1%, */sW, Metal Film R-176-1IM
R348 Resistor, 7.78kQ, 0.1%, /sW, Metal Film 2/F3 R-176-7.78k
R349 Resistor, 229, 5%, %W, Composition 2/A4 R76-22
R350 Resistor, 10MQ, 5%, 4W, Composition 2/A5 R76-10M
R351 Resistor, 4.7kQ, 5%, %W, Composition 2/B4 R76-4.7k
R352 Resistor, 4.7kQ, 5%, %W, Composition 2/B5 R76-4.7k
R353 Resistor, 2.15kQ, 1%, '/sW, Metal Film 2/F4 R-88-2.15k
R354 Resistor, 7.87kQ, 1%, */sW, Metal Film 2/F4 R-887.87k
R355 Resistor, 1kQ, 5%, %W, Composition 2/G4 R76-1k
R356 Resistor, 10kQ, 1%, */sW, Metal Film 2/F5 R-88-10k
R357 Resistor, 15.4kQ, 1%, '/sW, Metal Film 2/G5 R-88-15.4k
R358 Resistor, IMQ, 5%, %W, Composition 1/B2 R76-IM
R359 Resistor, IMQ, 5%, %W, Composition 1/B2 R76-IM
R360 Resistor, 1M, 5%, %W, Composition 1/B2 R76-IM
R361 Resistor, IMQ, 5%, %W, Composition 1/B3 R76-IM
R362 Resistor, IMQ, 5%, %W, Composition 1/C2 R76-IM
R363 Resistor, 1M, @2, 5%, %W, Composition 1/C2 R-76-IM
R364 Resistor, 100kQ, 5%, W, Composition 1/B6 R-76-100k
R365 Resistor, 10k, 5%, %W, Composition 1/C1 R-76-10k
R366 Resistor, 10kQ, 5%, %W, Composition 1/D2 R-76-10k
U301 Low Noise Op Amp, LT1012 1/D1 IC-457
U302 Selected Operational Amplifier, LF351 1/D3 1C-203
U303 General Purpose Operational Amplifier, 5502DP 1/F1 IC-413
U304 Temperature Transducer, 590kH 1/F4 1C-447
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REPLACEABLE PARTS

Table 7-1. Analog Board, Parts List (Cont.)

Schematic

Circuit Location | Keithley
Desig. | Description Page/Zone | Part No.
U305 Not Used

U306 Not Used

U307 Not Used

U308 8 Stage Shift/Store Register, 14094BCP 1/C3 IC-251
U309 8 Stage Shift/Store Register, 14094BCP 1/C4 IC-251
U310 16 x 16 Bit Serial Nonvolative Static RAM, 2443P 1/Cé6 I1C-353
U311l Quad 2-Input NAND Gate, 74HCO00 1/B6 IC-351
U312 Triple 2-Channel Analog Multiplexer, CD4053 2/F1 1C-283
U313 Selected IC-283 2/E3 318471
U314 Triple 2-Channel Analog Multiplexer, CD4053 2/A2 IC-283
U315 Inverting High Speed Operational Amplifier, 5501CP 2/D1 IC-414
U316 Dual Voltage Comparator, LM393 2/B1 1C-343
U317 Dual D Hlip-Flop, 4HC7 2/B2 IC-337
U318 Dual D Hlip-Flop, AHC7 2/B2 IC-337
U319 Dual D Hip-Flop, AHC7 2/D3 IC-337
U320 Synchronous Decade Up/Down Counter, 74HC192 2/C5 1C-417
U321 Synchronous Binary Up/Down Counter, 74HC193 2/D5 IC-416
U322 Synchronous Binary Up/Down Counter, 74HC193 2/E5 IC-416
U323 Quad 2-Input NAND Gate, 74HCO00 2/B2 IC-351
U324 Integrated Circuit, 74HC02 2/D4 IC-412
U325 General Purpose Operational Amplifier, 5502DP 2/G4 1C-413
U326 General Purpose Operational Amplifier, 5502DP 2/G5 IC-413
Y301 Crystal, 3.84MHz 2/A4 CR13




REPLACEABLE PARTS

Figure 7-1. Analog Board, Component Location Drawing, Dwg. No. 740-120
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