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SPECIFICATIONS
MODEL 740

ACCURACY*
1 Year
18°C-28°C
Type Range (65°E-82°F)
mV ~89.99% to 160.000mV +{0.02% +3pV)

H -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 +1372.6°C +0.5°C
~148.0°F to +2501.6°F +0.9°F
T ~100.8°C to + 400.6°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

5 0°C 1o 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 ], X, 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: 300pA max. during measurement.
60zA max. during open thermocouple check.
COMMON MODE REJECTION RATIO:**
( at dc, 50 and 60Hz, 100Q 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 30V/°C slope.

1EEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, LLO, SDC, GET, GTL, UNT,
UNL, SPE, S5PD, MLA, MTA.

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

INTERFACE FUNCTIONS: SHi, AH1, T6, TEC, L4, LEO, SR1, RLI,
PO, ©X1, DT1, E1, C28.

PROGRAMMABLE PARAMETERS: EQI, Terminator, 5RQ, 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
ffor 1 minute).

MAXIMUM COMMON MODE VOLTAGE: 200V peak to earth.
MAXIMUM THERMOCOUPLE LOOP RESISTANCE: 1k
FILTER SETTLING TIME: 109ms {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 {.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-Crut. (TTL
compatible). Quick disconnect connectors on input card.

CHANNEL CONFIGURATION: Types [, K, T, E, R, 5, 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 7057 A thermocouple scanner card. Up
to 90 channels {including reference junctions) using 8 additional
Model 7057 A 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 35%9mm
deep (5 in. x 8% in.). Net weight 4.0kg (9 Ibs.).

ACCESSORIES:
Model 1019A: Rack Mount Kit (Fixed).
Model 10295: Rack Mount Kit {Stide),
Model 7007: IEEE-488 Cable {Shielded).
Model 7008: IEEE-488 Cable {Standard).
Maodel 7051-2: 2 &. BNC to BNC Cable (RG-58C).
Model 7051-5: 5 ft, BNC to BNC Cable (RG-58C).
Model 7057A: Thermocouple Scanner Card.

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

SCANNERS:
Model 705: 20-Channel Scanner Mainframe.
Model 706: 100-Channe} 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. QOtherwise, erroneous readings and a potential safety hazard will resuit.

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 instrament.

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.






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, 5, 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 0. The installation of a
Model 7057A scanner card into the Mode] 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 70 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 thermocoupie detection.

¢ JEEE “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
instrurment 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 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 resulit in persenal 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 70 order:

Model 740 System Scanning Thermometer
Model 740 Instruction Manual
Additional accessories as ordered.




GENERAL INFORMATION

If an additional instruction manual is reguired, 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 [BM-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
Modei A0:

Models 1019A and 10195 Rack Mounting Kits—The Model
10194 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 eleciromagnetic interference (EMI}. The
Model 70071 is one meter (3.3 ft.) in length and has an
EMI shielded TEEE-488 connector at each end. The Model
7007-2 is identical to the Model 70071, but is two meters
(6.5 ft.) in length.

Model 7008 TEEE-488 Cables-—The Model 7008 connects the
Model 740 to the IEEE-488 bus. The Model 7008-3 is (L.9m
(3 ft.} in length and has a standard 1EEE-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.

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

Moedel 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
feet 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
TEEE-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
TEEE-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
Hanei. In addition to detailed operating procedures,
lowcharts that summarize operation are included. Also,
included ate 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 Modet 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 fine 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 66.2,
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:

0712 CAL (American format - factory default)
12.07 CAL (European format)
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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 externai 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:

7052

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 70 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.

., Turn on the external scanner(s).

Lastly, turn on the Model 740. The instrument will

then “find” the external channels.

tt O

Note: The loop setting and found messages are irrele-
vant if an external scanner(s) is not serially connected
to the Model 0.

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:

BATTEAIL

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 Detfault Conditions

The Model 740 contains battery poweréd 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)
. Readings in data store.

. Scale - °C/°F.

. Filter - on/off.

Continuous - enabled/disabled.
. Trigger time - Program TRIG.

. Interval

- TC type, mV or OFF.

D OO NE SN U W e

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 “I-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

MO U W e

2.3 FRONT PANEL FAMILIARIZATION

_The front panel layout of the Model 0 is shown in Figure

2-1, 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

SCAN RECALL
LOG ENABLE
LOG RECALL
HI-LO-AVG

START
CONTINUOUS

A and ¥
PROGRAM
TYPE SELECT
°C/°F

FILTER

TYPE (mV)
TIME {(OFF)

ENTER

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 ] thermocouples.

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

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

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

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.

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

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

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

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

Places instrument in the state where channels can be configured.

Toggles scale of display between °C and °F

Toggles filter between on and off.

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

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

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.

2-3
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Figure 2-1, Front Panel Layout
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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 JEEE-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” posztlon 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 70 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 & and ¥ 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 0. 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,
nV 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 operafing 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:
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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.

IELE-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 line 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.
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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. i

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. 70 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.

R] 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 ldentification

{4) 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 puil 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 exiernal 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

INPUT
CARD

Lo HOILO HI LO H} L0 H1 LD HI LO HI L0 H1 Lo HE L0 Wi
TERMINAL STRIP {24 TO 16 AWG)

TC

Figure 2-3. Setup Using Internal Channel
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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 40 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-
tarninating 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 thermocoupie 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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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 |CARD

RJI= 1
INPUT
CARD Cﬁ 8%%%“‘

UNIT |
MODEL 706 SERIAL
IN

12-20
RJI=11

22-30

[#1]

ol

g ;?:‘5‘.’ CARD (o874 ] 6,

o

5 250 [OARD | CABLES
RJj=4]

UNIT 3
MODEL 705 SERIAL
IN

s2-60 |CARD [7067A ]
RJ=5I
g2-70 |“ARD [TFBTA ] SERIAL
RJ=61 ouT

UNIT 4
MODEL 708 SERIAL
N

72-0 [“ARP

g-90 | AP [CR8TA] SERIAL

UNIT 2
MODEL 708 SERIAL
iN
ouT ]

Figure 2-7. Daisy Chaining Model 705’s
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1 2
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o SERIAL
CHANNELS 1-10 | CARP IN BNC TO BNC
A — cerEs
CARD SERIAL
ouT
_ MODEL 706 . SERIAL
| | | M B B N F
o F e o« L e o u ]
-0
' ; - ' i o
- - - o =
' ; 1= SERIAL
ouT

CARD CARD CARD CARD CARD CARD CARD CARD CARD CARD
3 4 5

&

7 8 9 i0

CHANNELS 11-20 21-30 31-40 41-50 51-60 &1-% 7i-80 BI-%0

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 7”7 or “706 ?" will be
displayed briefly to indicate the setting. If necessary,
use Program LOOQP (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 section of the rubber cable clamp. The
clamp is secured by two screws.

7. Observing the proper polarity, connect the OUTPUT

10.

1L

12.

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 A0,

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 27
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 0. 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
t0 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 ], K, T, E,
R, § 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 io be
made in an environment where voltage poten-
tizls may be present, adhere to the safely
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-
bie personal injury, do not apply more than 250V
RMS (for more than one minute) to the input (Hi
and LD), or 200V peak between input {0 and
the chassis.

2.8.1 Internal Channel Measurementis

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.

%0

STATE

NG

CHANNEL

YES

IN MEASURMENT

RECONF 1 auge:

PRESS

{sTEP 3)

TYPE SELECT

PRESS | |PRESE | | PRESS | | PRESS

a8TEP
4

PRESE | |PRESS | | PRESE | | PRESS

mY

PRESS
OFF

1

PRESS
ENTER
{8TEP 6 )

740 ¥ILL

DISPLAY CHANNEL
MEASUREMENT

NOTE: THE S8TEPS UBED IN

THE FLOWCHART CORRESPOND

TO THE S8TEPS IN THE DETAILED
PROCEDURE IN PARABRAPH2.8.1.

Figure 2-9. Flowchart—Internal Channel Measurements
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Notes:

1. To change the scale that téemperature 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. Fach 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 40 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 ¥ 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 femperature 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 ¥ 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 |, 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 ¥ buttons to display the readings on

the other available channels.
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Figure 2-10. Flowchari—Muiti-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 Jogging 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}.

*CIF 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. Chaninels 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
°CI°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 QUT” displayed. Power must then be
cycled.

7. Table 2-4 lists the buttons that are functional when the
instrument is in the normal measurement staie (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 ¥ 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 >1k{ 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.
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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 4 ¥ | Logging—One reading every 50msec.
Scanning—Interval not available.
100mS 4 ¥ | Logging—One reading every 100msec.
Scanning—Interval not available.
500mS A ¥ | Logging—One treading every 500msec.
Scanning—Scan channels every
500msec. _
1SEC 4 ¥ | Logging—One reading every Isec.
Scanning—5Scan channels every lsec.
58EC 4 ¥ | Logging—One reading every Dsec.
Scanning--Scan channels every 5sec.
105EC AY | Logging—One reading every 10sec.
Scanning—5Scan channels every 10sec.
30SEC A% | Logging—One reading every 30sec.
Scanning—Scan channels every 30sec.
IMIN A¥ | Logging—One reading every Imin.
Scanning—Scan channels every Imin.
5MIN 4 ¥ | Logging—One reading every 3min.
Scanning—5Scan channels every Smin.
15MIN A ¥ | Logging—One reading every 15min.
Scanning—Scan channels every
15min.
30MIN &Y | Logging—One reading every 30min.
Scanning—Scan channels every
30min.
1HR AY¥ | Logging—One reading every lhr.
Scanning—Scan channels every Thr.
1-SHOT 4 ¥ | 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
(phus 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
(CONTINUOQUS 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 programiming
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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<G IN
(MEASUREMENT
. STATE

SEE FIBURE 2-18
= FOR PROGRAMS
FLOWCHART

|

PRESS
CONTINOUS

PRESS
SCAN EMABLE
(sTER 3)

PRESE & OR W TO
DISPLAY DESIRED
INTERVAL,
(sTEP 4 )

1

PRESS
ENTER
(8TEP 5 )

i i

SCAN WILL START PRESS
0N PROSRAMMED START TO
TRIGBER TIME SCAN

{STEP 6A) {STEP 6B)

MOTE: THE STEPS USED IN THE FLOWCHART
CORRESPOND TO THE STEPS IN THE DETAILED
PROCEDURE IN PARAGBRAPH 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:

SMIN 4 ¥

4. If in the single scan mode, proceed to step 5. In the con-
tinwous scan mode (CONTINUQUS indicator on), select
an appropriate scan interval (if not already displayed)
using the & and ¥ 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 staried 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. Inthe 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 OFE two configured for TCs) with the
filter enabled at a 500msec interval or less, will result
in the “SHORT"” message.
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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.

5. To take the instrument out of the scan mode, press the
SCAN ENABLE button, The SCAN ENABLE indicator
light will turn off.

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

7. 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.

8. Pressing the TOG ENABLE or LOG RECALL butions

while in the scan enable mode will briefly display the

"SCANENBL' message.

740 IN
MEASUREMENT OR )
“SCANNING STATE

9. Pressing the & or ¥ button after the scanning process PRESS
has started, will display the other available channels. SCAN RECISLL
(sTEP 1

Table 2-6. Functional Controls—Scanning State SEEeS ENTER

TO RETURN TO
MORMAL RECALL

Control Function

MODE
SCAN ENABLE | Exit scanning state - display chan-
nel measurement. DISPLAY™\_YyES PRESS
SCAN RECALL | Enter scan recall mode - display HIGH & LOW Sermsmy HI-LO-AVE
scanned reading. READINGS {sTEP 2)
CONTINUOQUS | Places 740 in alternate scan mode.
Intervals displayed when in con-
tinuous mode.
A Increment to next available channel
and display readings. DISPLAY
v Decrement fo next available chan- ANOTHER PRESS 4 ANDW TO | |
nel and display readings. CHANNEL? DISPLAY CHANNEL
°C/°F Toggle scan between °C and °E (STEP3
TYPE (mV) Display configuration of channel

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

TIME {OFF) PRESS

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
mactive) or while the instrument is in the scanning state.

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

checked.

SCAN RECALL
TO EXIT RECALL
MODE (STEP 4 )

740 RETURNS
TO PREVIOUS
OPERATING
STATE

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 70 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 ?roceduxe 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 8, 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:

H0.0°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 & and
¥V buttons will display the stored reading for each of
the other available channels. Each press of the & but-
ton increments the display to the next available chan-
nel and the ¥ 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 “R]".

2. A displayed scan reading will update immediately every

time a scan oCcurs.

3. Ifit 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.

. Hl 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
------ " will be displayed.

7. 1f 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.

Tabie 2-7. Functional Conirols—Scan Recall State*

Control Function

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

HELO-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 “L.

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
fog 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 buffer 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
BESIRED
CHANNEL, .~

PROGRA

A LOE START YES_SEE FIGURE 2-15

FOR PROGRAMS
FLOWCHART

PRESS
CONTINUCUS

PRESS
L6 ENABLE
(STEP 3 )

CHANGE
LOG INTERVALT

YES IPRESS & OR ¥ 10
DISPLAY DESIRED

{STEP ¢ ) INTERVAL ,
PRESS
ENTER
{STEP 5 )
3
LOG WILL START PRESS
ON PROBRAMMED START 10
TRIGGER TIME LOG
(STEP 6A) {STEP 68}

Readings

Memory 1st 100 101 | 102 | 103 | 250*
00 1st 2nd | 3rd | 4th | 15Lth
01 2nd 3rd | 4th | 5th | 152th
02 3rd 4th | 5th | 6th | 153rd
03 4th 5th | 6th | 7th | 134th

L] L] & L] L L]

L4 L] L] L ] L] 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 | st & | dst- | Ist -
Lost nd | 3rd | 150th

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

E j

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. Flowchari—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.

JIf 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.

. 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 hout, the following message will be displayed:

1HR ¥ a

.1f a different log interval is desired, use the & and ¥
buttons to display it. The available log intervals are listed
in Table 2-5.

. 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. Thelog 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.

8.1f 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.

Tahle 2-9. Functional Controis—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.

°CI°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 & and ¥ 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 A0 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°E the
following message will be displayed:

236.(FF 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 butfer 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

ANOTHER MEMORYNYES

740 IN
MEASUREMENT OR
LOGGING STATE

NO ]

“DISPLAY

.. LOCATIONT?
~{STEP 4 )~

NO |

PRESS
LOG RECALL
TGO EXIT RECALL

MODE (STEP 6 )

]

740 RETURNS
TO PREVIQUS
OPERATING
STATE

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

PRESS
LOG RECALL
(sTEP 1)
PRESS ENTER
- TO RETURN TO
NORMAL RECALL
MODE
A DISPLAY ™, PRESS
HIGH,LOW T™S_YES HI-LO-AVS
. AND AVERAGE _~—® TO DISPLAY
' READINGS? READINGS,
N _ {(sTEP 2)

4 DISPLAY DESIRED

PRESS & AND ¥ TO

LOCATION

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 o 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 & and ¥
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.

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

Control Function

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

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

A Increment to next available
memory location.

v Decrement to next available
memory location.

°C/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 2.114
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 212, while more detail is provided in paragraph 2.3.2.
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Table 2-12. Functional Controls—Front Panel

Program State

Control Function

PROGRAM Press once to place instrument in
program mode. Subsequent
presses scrolls through programs.

A and ¥ Changes program parameters.

ENTER Enters current program parameters

and exits program mode.

In general, program selection is accomplished by press-
ing the PROGRAM button until the desired program
parameter is displayed. The A and ¥ buttons modify the
displayed parameter, and the ENTER button enters the cur-
rent program parameters and exits the program mode.

The procedure to use the front panel programs is sum-
marized by the flowchart shown in Figure 2-15 while de-
tailed procedures are provided in the following
paragraphs.
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740
IN MEASUREMENT
STATE

PRESS PROGRAM
T0 DISPLAY
TRIG HR

j1

TRIG MM

PRESS PROGRAM L
TO DISPLAY

PRESS & AND ¥
T0O CHANGE
TRIGGER HOUR

| —

P A

PRESS PROGRAM
TG DISPLAY
TIME HR

PRESS & AND W
TO CHANGE
TRIGGER MINUTE

n*_mmmmﬁzm“mwm,

PRESS ENTER

PRESS PROGRAM

PRESS & AND ¥

TO ENTER
TO DISPLAY |bee TO CHANGE
CURRENT PROGRAM
PARAMETERS TIME MM CLOCK HOUR
| -

mo.———-——f—m

PRESS PROGRAM
TO DISPLAY
IEEE VALUE

PRESS A4 AND ¥
TO CHANGE
CLOCK MINUTE

| -

...____g‘____.

PRESS PROGRAM

PRESS &4 AND ¥

TO DISPLAY ({1 TO CHANGE
LINE FREGQGUENCY! IEEE STATUS
SETTING. VALUE

Tea

LOOP SETTING

PRESS PROGRAM . L
TO DISPLAY

PRESS & OR ¥
TG CHANGE
LINE FREQUENCY
SETTING

PRESS &4 OR ¥
T0 SELECT
AL.TERNATE

LOOP SETTING

iRt

Figure 2-15. Flowchari—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 & and ¥ buttons.
The & and ¥ 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 & and ¥ 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 & and ¥ 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 {EEE

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 sef 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:

1EEE 14

2.1f it is desired to change the IEEE value, use the A and
¥ 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 ¥ 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 maich 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 exampie, 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
4 or ¥ 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 ¥
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.

TRIBGERS ON
LEADING EDGE

TTL HIGH
(2V—5V)

TTL LOW
(=0.8V)

10—

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 commeon 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 TEEE (Institute of Electrical and Electronic Engineers)
in 1975 and given the IEEE-488 designation. In 1978, stan-
dards were upgraded into the [EEE-488-1978 standards. The
Model 70 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 programmmg is
described in Section 4. These are the most impor-
tant commands associated with the Model 70, 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 fo 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 parallei 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 instrumertts 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
simuitaneously, 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 DII” 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
($4E = $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
DIO8 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,

EQI (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.

NRFED (Not Ready For Data)—The acceptor controls the
state of NRFD. 1t 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 X X SOURCE
DAV SOURCE
VALID
NRFD ! ! ACCEPTOR
| |
| |
| |
| |
| |
NDAC | | ACCEPTOR
i |
DATA DATA
TRANSFER  TRANSFER
BEGIN END

Figure 3-2. |IEEE-488 Handshake Sequence

Ongce 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 (Iow).

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. iIEEE-488 Bus Command Summary

State of
Command Type | Command ATN Line*| Comments
Uniline REN (Remote Enable) X Set up for remote operation.
EQI X Marks end of transmission.
IFC (Interface Clear) X Clears Interface
ATN (Attention) Low Defines data bus contents.
SRQ X Controlled by external device.
Multiline
Universal LLO (Local Lockout) Low Locks out front panel controls.
DCL (Device Clear) Low Returns device to default conditions,
SPE (Serial Poll Enable) Low Enables serial polling.
SPD (Serial Poll Disable) Low Disables serial polling.
Addressed SDC (Selective Device Clear) Low Returns unit to default conditions.
GTL (Ge To Local) Low Send go to local.
GET {Group Execute Trigger) Low Triggers device for reading.
Unaddressed UNL (Unlisten) Low Removes all listeners from bus.
UNT (Untalk) Low Removes any talkers from bus.
Device-dependent High | Programs Model 70 for various modes.

*Dort't Care.

3.4.1 Uniline Commands

ATN, IFC and REN are asserted only by the controller. SRQ

is ‘asserted by an external device. EOl 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)—EQOI 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.

HC (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 simultaneousiy 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 Clean)—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 HA) 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 (5CG). 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 DIOS$ 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 DIOB has a value of .
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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
LiO 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 5K 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 Seguence

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 . 2B 46
3 sbC Stays low EQT | 04 4
4 Returns high

"Assumes primary address = 4.

Note that an UNL command is generally sent before the
LAG, 5DC 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 Seguence

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 (FIX), which
sets the instrument for the log enable mode of operation.

Tablz 3-4. Typical Device-Dependent Command

Sequence
Data Bus
Step| Corminand | ATN State ASCiI Hex Decimal
1 UNL Set low 7 3F 63
2 LAG* Stays low . 2E 46
3 Data Set High F 146 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 70 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.

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 37 for
connector location.

2. Tighten the screws securely, but do not overtighten
them.

3. Add additional connectors from other instruments as
required.

4. Make sure the other end of the cable is properly con-
nected to the controller. Some controllers have an
[EEE-488 type connector, while others do not. Consult
the instruction manual for your controller for the pro-
per connecting method.

Figure 3-6. IEEE-488 Connections

Figure 3-7. Model 740 IEEE-488

NCTE
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 DIO?2 Data

3 DIO3 Data

4 DIO4 Data

5 EQT 24y Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IFC Management
10 SRQ Management
1 ATN Management
12 SHIELD Ground

13 DIOS [Data

1 DIO6 Data

15 DIO7 Data

16 DIOS Data

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

19 Gnd, (7)* Ground
20 Gnd, (8)* Ground

21 Gnd, (9 Ground

22 Gnd, (10 Ground

23 Gnd, (b* Ground

24 Gnd, LOGIC Ground

*Number in parenthesis refer to signal ground return of
reference contact number. EQI 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
marnual for details. Whatever primary address you choose,
vou 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 Sofiware

Before a specific controller can be used over the [EEE-488
bus, it must have IEEE-488 handler software installed. With
some conirollers, 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 partial 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

Transmit string to device 14. CHITPUT P4 a0k
Obtain string from device 14. | ENY ‘

Send GTL to device 14. L
Send SDC to device 4.
Send DCL to all devices.
Send remote enable.
Cancel remote enable.
Serial poll device 14.
Send Local Lockout.
Send GET to device.
Send IFC.

RS

1
14
!
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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 followmg lmes to the deciaratzon fﬁe

: L. 'F]Hi“'
TEPHD i"1 PR s LD
4. N{)w 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.

SO AL

3.8.3 Interface Function Codes

The interface function codes, which are part of the
TEEE-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 37. 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:

Tabie 3-7. Model 740 Interface Function Cocdes

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

PPQ | No Paraliel Poll Capability

DC1 | Device Clear Capability

DTl | Device Trigger Capability

€28 | 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 1o 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 Table 3-8. IEEE Command Groups
parallel polling capabilities.

DC (Device Clear Function)—The DC function defines the HANDSHAKE COMMAND GROUP

ability of the instrument to be cleared (initialized). DAC=DATA ACCEPTED

, , , i . RFD=READY FOR DATA
DT (Device Trigger Function)—The ability for the instru- DAV=DATA VALID
ment to have its readings triggered is provided by the DT UNIVERSAL COMMAND GROUP
function. ATN=ATTENTION

. . DCL=DEVICE CLEAR
C (Controlier Function)—The instrument does have con- IFC=INTERFACE CLEAR
troller capabilities. 1 LO=LOCAL LOCKOUT
. . REN:=REMOTE ENABLE

TE (Extended Talker Function}—The instrument does not SPD=SERIAL POLL DISABLE
have extended talker capabilities. SPE=SERIAL POLL ENABLE

) . . ADDRESS COMMAND GROUP
LE (Extended Listener Function)-The instrument does not LISTEN: LAG=LISTEN ADDRESS GROUP

have extended listener capabilities. MLA=MY LISTEN ADDRESS
. . UNL=UNLISTEN
E (Bus Driver Type)—The instrument has open-collector TALK: TAG=TALK ADDRESS GROUP
bus drivers. MTA=MY TALK ADDRESS
UNT=UNTALK
OTA=OTHER TALK ADDRESS
3.8.4 IEEE Command Groups ADDRESSED COMMAND GROUP
ACG=ADDRESSED COMMAND GROUP
Command groups supported by the Model 740 are listed GET=GRQUP EXECUTE TRIGGER
in Table 3-8, Device-dependent commands, which are GTL=GO TO LOCAL 7
covered in Section 4 are not included in this list. SDC=SELECTIVE DEVICE CLEAR

STATUS COMMAND GROU?P
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 38.2.

3.8.1 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.

REFOTE @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—To place the instru-
ment into the remote mode, type the following lines into
the computer.

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
IEC
LLO

GTL
DCL

sDC
GET

Goes into remote when next addressed.
Goes into talker and listener idle states.
Front panel controls locked out.

Cancel remote.
Returns to default conditions.

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:

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:

REORTIOF

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:

P HRE Eir s DPID0E

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 I¥C, enter the following statement into the
IBM-PC:

Cabl TREEICORREDER

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

EEFLTE ¢

Lalal, LOGkmET

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

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

o B T
Akl TRCHINE CERDS

IRGHI RN S = A

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—Flace the instrument in the
remote mode with the following statement:

REROTE ¥id

Now send GTL with the folléwing statement:

Lodpl 714
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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:

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

Wimed s DLl THERE CBRDEE WD
POl L TRERET PP a s OIS

Now send GTL with the following statement:

CALL TELOCOMP 48R0

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

Wil il TRESRE CHP4EN s U

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 DCIL 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:

CLERE

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:

CHDgF=OHEECRH L4 AL L TROMIN BRI CrlE s

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 70 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—I"lace 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 740

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:

Gl TROLE CHF 4G50

After the return key is pressed, the instrument returns to
the power-up default conditions.
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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 70 to listen,
3. Place the GET command byte on the data bus.

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

Now send the GET command with the following
statement:

TRIGGER Fi4d

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

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

Now send GET to the instrument with the following
statement:

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 poliing 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 I'oll Enable)
command byte on the data bus. At this point, all active
devices are in the serial poli mode and waiting to be
addressed.

. The Model 740 is then addressed to falk.

. 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 controlier.

6. The controller then sets ATN true and places the 5PD

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

L

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:

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:

s 4 el L.
CRLL TRRSPOMP G SHY
PEIMNT 2R

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 [EEE-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
37.2 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. Fach 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 ASCH “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
ASCH “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
s0. 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.
FOKIPOX—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. 4.31
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

N1 Set all channels OFF

N1t Set all channels for Type ]
N12 Set all channels for Type K
N13 Set all channels for Type E
N14 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
Ni18 Set all channels for Millivolts

Initialize 10 Set for 705(s) 4.5.1
i} Set for 706

Channel Cnn Close channel nn 45.2
C91 Close infernal reference channel
92 Close internal measurement channel

Scale 00 Degrees celsius 461
O Degrees fahrenheit

Filter PO Filter off 46.2
P1 Filter on

Hi-Limit Hin Set Hi-Limit to +nnnn.n °C or °F 46,3

Fo-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-5hot 473

Wi 0.05 second
W2 0.1 second
W3 0.5 second
Wi 1 second
W5 5 seconds
Wé 10 seconds
W7 30 seconds
W8 1 minute
W9 5 minutes
WIG 15 minutes
Wil 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 0 Continuous on talk 4.7.5
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
17 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 48.2
Data Format GO0 Single output w/prefix and w/suffix 483
G1 Single output w/prefix and wisuffix
G2 Single output wo/prefix and wisuffix
G3 Complete output w/prefix and wisuffix
G4 Complete output wiprefix and wisuffix
G Complete output wo/prefix and w/suffix
SRQ MO Clear SRQ mask 4.9.1
M1 Reading overflow or open TC
M2 Log butfer full or scan complete
M4 Temperature reading out of limits
M8 Reading done
Mi6 Ready
M32 Error
Status uo Send machine status word 4.9.2
Ul Send error status word
U2 Send data status word
u3 Send calibration date
U4 Send high-limit
b Send lo-Himit
Use Send high reading in log buffer
u7 Sedn low reading in log buffer
ug Send average reading in log buffer
U9 Send high reading in scan buffer
U0 Send low reading in scan buffer
U1 Send card 1 status
U12 Send card 2 status
U3 Send card 3 status
Ul4 Send card 4 status
U5 Send card 5 status
Ule Send card 6 status
U17 Send card 7 status
118 Send card 8 status
U9 Send card 9 status
u20 Send Hme 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 4.9.3
K1 Disable EQI, enable bus hold-off on X
K2 Enable EOI, disable bus hold-off on X
K3 Disable both ECI and bus hold-off on X
Terminator YO CRLFE 494
Y1 LE CR
Y2 CR
Y3 LE
Y4 None
Self-Test 10 Clear | byte in UQ status word 4.10.1
J1 Perform self-test
Calibration Vn First V command calibrates ZERO (n=-0099 to 0.101) 410.2
Second V command calibrates GAIN (n=-0.099 {0 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) 4,103
Add.mn | European format (dd=day, mn=month)
Date Format 0 American date format (mn.dd) 4.104
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 A0 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 staternent:

OUTFUT #i4:a%

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:

Rl TEHET oM™ 485 . CMLE L

Again, CMD$ 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 Executle (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
ASCIH “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 ¥l4
DUTPUT ¥ 140657 °

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
statemnents into the IBM computer:

3 wo
o 110

HamlcEalL TRERECRRDAES
CHbE=s e 37 Dpll TRHRTOMT 385 CHEg:

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 70, 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 OFF
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 fo TYPE B.

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

NI10 = Sets all channels to OFF

N1l = Sets all channels to TYPE [.

N12 = Sets all channels to TYPE K.

N13 = Sets all channels to TYPE E,

N14 = Sets all channels fo 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 OFFL
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Note: I 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:

REMOTE 714
GUTRUT Fla: dipEn??

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:

Wh=1: CALL TRERECERDEN LI
CHDE=5 SHMZH? 7 Call TRHRT CHMT4ER: CRIE:

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:

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

11 = Initialize the Model A0 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 10 over the bus.

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

REMOTE 714
QUTRUT FLd; s TR E

When the END LINE key is pressed the second time, the
Model 70 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
Ketthley Model 705 scanners:

Un=1: Call IBSEECERIEN . L2
CHEEe=s € TARS T CALL TEMRT (M7 48NS CrliED

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 cdosed 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
(91 = Internal reference channel
(92 = 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 jts out-
put not connected to the Model 0. 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—Multipie
Channel Measurementis

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-
plaired in paragraph 44.1.

Programming Examples—install a Model 7057A scanner
card into the mainframe of the Model 0. 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:

REMOTE 714
DUTPUT 71d; %

DUTPUT T34 ¢ S DEHER

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

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 channe] will be displayed.

4.5 ADDITIONAL MEASUREMENT
COMMANDS

Commands are available to select the alternate ther-
mometric scale (°C or °F), controd the filter {on/off), and
set high and low limits for temperature readings. These
comrmands 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 scaie
(°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
01

Celsius
Fahrenheit

i

Temperature scale is battery backed-up. Thus, on power-
up or after the instrument has recieved a DCL or 8DC,
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:

FEMOTE Y14
DHETPLT
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When the END LINE key is pressed the second time, the
°F scale will be selected.

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

=1 CALL [BERECERDEN VX
Chfg=9i s 0147 2 DRl TEHRT OMT S8 OIS

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
P1

Filter disabled
Filter enabled

i

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 Y14
DUTPUIT P L, s e s ?

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:

W= o Dpl L TESR
CHDE=e s P - Dnll T

Tigdss LI
T O

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 Hl-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:

H4n=5et 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:

REFOTE #14
GLITEUT Vg5 s HrEag St

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-hmit of +300.53°C:

Un=L oLl TRSRECERDEN s LI
CHDE=6 ¢ HAEEE 520 DaLL TRURT (M7 4R CHIE

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:

Lan = 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 5DC, 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-Timit of +4°C:

REMOTE 714
QUTRUT T s s legp? ?

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:
Waw ] s bl TESRE CBREDG « LI
CRDE= 0 #3557 Call TRRRT oM. CRlED

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 HE-limit to +500°F and set the LO-limit
to +50°E enter the following statements into the computer:

HP-85:

FEROTE P14
DUTRUT Pl cinlpiys®
COATILET 71 & 2 HA5ERl 45800

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:
Lied s Ol L TRSEECBREDSN s UK

D= s QIR P Rl TRNET OMP 4GS CADED
DPDE= A SEEL SN T CALL TRURT CF4RE. CHIED

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 (¥2).

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 (5) 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:

D0 = 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:

REMOTE V14
CUETPUT Fl4: 59D 6" 2

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:

OUTEUT 714 ¢4 Dgas

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:
Vel Call TBSRE CBRDES L0

CHIf=5 5 D1xt *: Call TRURT (HM7P48%

My pEk
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:

CPiDg== s 00Ex" DALl TEHRTOMT 485, CMDE:

When the return key is pressed, the display will return
to the previous measurement mode.
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4.7.2 Time (8)

The time (5) 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 = S5et 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:

FEMGTE 714
CUTPUT Fl4:5 60160
CUTFUT @145 ¢ f Shhommis?

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 tirne:

Yg=1CALL TEERECBRIGY L%

CHD#=2 D16 - Oplt TBEURT (WP 485 CHDEs
CHDE=S Shhumme® ' CaLL TEHRET CMF 485, THDE:

When the END LINE key is pressed the second time, the
current cdock 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
WI1 = 30 minutes
W12 = 1 hour

When logging with W0 (one-shot) asserted, one reading
will be logged each time a trigger occurs. When scanning
with W0, 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 ¥i4
CLITFUT V149 8 L2
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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:

el Dall, TRSRE CRREDEN WD
Cptlde=s el Ol TRMETOMP QS THIE

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 frigger 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 - 39)

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 resels 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:

EEMOTE F14

CEITRUT Pl e spiis 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:

Wa=1: Dall, TEERECBRDER U
el sy R PNH DRl TRHET ORF N DRE s

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 70 has eight trigger commands as follows:

TO = Continuous on Talk

T1 = One-shot on Talk

T2 = Continucus on GET

T3 = One-shot on GET

T4 = Continuous on X

T5 = One-shot on X

Té = Continuous on External Trigger or Clock
T7 = One-shot on External Trigger or Clock

i

#

i

i

The trigger modes are paired according to the type of
stimulus that is used to trigger the instrument. In T0 and
T1, triggering is performed by addressing the Model 740
to talk. In T2 and T3, the TEEE-488 multiline GET command
performs the trigger function. The instrument execute (X)
character provides the trigger stimulus in ™ and T5. In Te
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 70 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 4.77 and 4.7.8.

HP-85 Programming Example—DPlace the instrument in the
one-shot on X trigger mode with the following statements:

rEMOTE ¥id
TAITERUT P14

R TTRERSE X
R R

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:

Py CHinE

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
Fi = Log enabled
F2 = Scan enabled

In F0, 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—To place the instrument in
log enabled, enter the following statements into the
computer:

CHOTE F14
QUTRUT Plea, s ep 1k

When the END LINE key is pressed the second time, log
enable will be selected.

Model 8573 Programming Example~T[o place the instru-
ment in log enable, enter the following statements into the
computer:

T Bk

Ve Oabl IE v
HART CM7F Ay

IR ITE L O DR E =1 B

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—5Select 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:

REMGTE V14
OUETFLIY ¥l & 4 LETE
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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:

Wiz SRl TBSRES BRI LI
CHTE=f fZTEF IR 7 Call TRMET OMF 485 CHlE:

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:

EEMOTE ¥14
QUTFUT Fld; s s TEF 2R E

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:

Lig=: Opll IZERECEBRTES LS
CHDE=d s TOF 28 * c0pll TRURTOMT 4@ CHDE S

When the return key is pressed the second time, a single
scan of ali 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.

NCTE
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 [EEE-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 Bl 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 48.2.

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.

REMGTE Vid
TIMaE D463
DUTRUT Phg; 88 B
EHTER Fld:a%
TIEF (%

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:

Vs CALL TRSRECERDSN L%

BEAT o CALL TBMRT (M7 48%, CMDED

CESC4) : CALL TERDCMPA0%, RO
FRIMT RDE

Chlg=
R IE=sif

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 B1 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
staternents into the computer to send the reading from
memory location 36 over the bus:

REMOTE 714
IIH aF L4
GUTPUT 744, 6§ BARZER"
EHTER 714 &%

LEEP f

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:

Wipe L CALL TRERE CREDE L5

CHDE=dd B RS Call TRHETOH

ElE=0PAlEs i s Call ThRDOMNY 4
FRIMT RIkE

i g

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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G0 = Send single reading with prefix and with suffix.

Examples:

DEGCG1000.0E+0,CH02,23:59:59 {(Current channel reading
- BO)

DEGC01000.0E+0,BL00,23:59:59 (Log buffer reading - B1)

DEGCO01000.0E+0,BC01,23:59:59 (Channel buffer reading
- B2)

G1 = Send single reading with prefix and without suffix.

Example:
DEGCO1000.0E+0 (B0, B1 and B2)

G2 = Send single reading without prefix and without
suffix.

Example:
01000.0E+0 (B0, Bl and B2)

G3 = Send complete readings with prefix and with suffix.

Examples:

DEGC01000.0E+0,CHO02,23:59:59 (B(Y
DEGC000.0E+0,BL00,23:59:50, DEGC01200.0E+0,BLO1,
23:59:51, ... (BD)

DEGC01000.0E+0,BC01,23:59:59, DEGCO01200.0E+0,BC02,
23:59:59, ... (B2)

G4 = Send complete readings with prefix and without
suffix.

Example:
DEGCO1000.0E+0 (BO)
DEGCO1000.0E+0, DEGC01200.0E+0, ... (B1 and B2)

(G5 = Send complete readings without prefix and without
suffix.

Examples:
01000.0E+0 (BG)
01000.0E+0, 012000E+0, ... (Bl and B2)

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
1@ DIMaf £
2E REMOTE &

CLITFUT 71

COMMENTS

M
e

Send remote enable.
Send B0 and GO
command.

Obtain reading from
740.

Display current chan-
nel reading.

Send G1 command.
Obtain reading from
740.

Display reading.
Send G2 command.
Obtain reading from
740.

Display reading,.

P E SRR

EHTER Pld:ns

SEODHIER A

MANTISSA SUFF1X TERMINATOR
! |

[ E I | l ]

DEGC 00740.0 E+Q. CH#* %, 23:59:59 CRLF
l [ | | I | : |
EXPONENT TIME OF READING
PREFIX
DEGC**CELCIUS CH=CURRENT CHANNEL
DEGF = FAHRENHEIT BL=BUFFER LOCATION
NDCVY=NORMAL DC VOLTS BC=BUFFER CHANNEL
CDCV=OVERFLOWED DC YOLTS
OFLO*0OVERFLOWED TEMPERATURE
#4 9{« INTERNAL REFERENCE CHAMNEL
92= INTERNAL MEASUREMENT 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 GO 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).

Medel 8573 Programming Example—Io 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 ?!H 1'“" PGP J’ EH" faizpll IBFIMD Find the board
’ descriptor.
Sl TEFIHD Find the in-
CHEE s FIT strument des-
criptor.
B aiield - Call TBPADOHT4Y WS Set primary

address to 14,

A = Col L TESRECERDNY : LN Send remote
enable,
RO CMIRe s BREGHAX? ' Dall TREHET  Send BO and

GO command
Get current
channel
reading from
740,

Display
reading on
CRT.

Send Gi
command.

)
A bl TERD

T ERIMY BRI

S CHDE= G 0Ll TRURT

CH74

nu T
g

FE FDY CEY CRLL TBRD Get current
TGN R reading from
740.
1@ PRIMNT RDE Display
reading on
CRT.
Pig ooid=2 s GEet ' onll TRURT Send G2
command.
L
1S RDE= cags s Dalil TERD Get reading
CHF E from 740.
138 PRINT RIS Display
reading on
CRT.
Tebia W= DiLL TROML CBRDEN. LN Close the
board file.

Close the in-
strument file.

158 DRl L TROML CM7P4EE

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 GO 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
143 lJ PH oo (480Ee]

COMMENTS

Send remote enable.

Set 1.OG ENABLE.
Start log.

Serial poll the 740.
if buffer not full,
wait.

Send B1, R99 and
GO commands.

Get reading from
location 99.

Display reading
from buffer.

Send G3 command.
Get all readings
from buffer.
Display all readings
from buffer,

T ! TF —1 ARLTEF LR
}_E"i”u""t"v ? 14

SR TF HOT BITS: 13 THEH 48

28 DISF AF

S GLITFUT Fid: 5 GRs?
1A L,H!Lit. £

1ig nisk as

LEs D

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—lhe following pro-
gram will send and display the last stored reading in the
{og 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 Hag=* fGPTEBE" " oAkl IBFIND Find the board
CHEE s BRIEND descriptor.

2B Haf=ffDEML? * Call TEFIHE Find the instru-

CHAEs MY 4K ment descriptor.
@ Ux=14:TRLL TRPAD Set primary ad-
CHMTARM, LI dress to 14,

40 U= DAl TRSEECBRDAN 52 Send remote
enable.
45 Call TBRDLEOM? 451 2
A O DFed EUITEF LY EZ:F%LL Set LOG
IBMRT CMT 485 CHDFE S ENABLE.
S5 CALL TRTRGOHTS Start log.
B CALL TRREPOMT4EY . SRy Serial poll the
740.
TEHOIF CRBYN aMb e =8 THEH &5 If buffer not
full wait.
SR OCHDE=S fRIGERELT P Call Send Bl, and
TRURT CHM7ES CHlEs GO commands.

FFOR T =1 70 1E§

i Loop 100 times.
{96 RIF=3FACES (48> CALL TERD

Get a buffer

CMFARN RIE D reading,.

1189 PRIWT RO Display
reading.

120 HEXT 1 Go back and
get another
reading.

1FE Ux=6: call. TREOMLSBRDE s 15 Close the board
file.

148 Call IBOML MY 48R L5 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 40 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 COMMENTS
1%1 TIM aF D488]

 REMOTE 714 Send remote enable.
;"*3 CLEmRE ¥14

FEQUTPUT 7ld; 8 s TEFERY
A5 TR 1!“I,=FI* 714

Set SCAN ENABLE
Perform single scan.

- ; Serial poll the 740.
*‘-H TF Hi F BIT45s 1 THEM 44 If buffer not full, wait,
A6 OUTPUT 71400 ¢ BEGEN' ' Send B2 and G3

commands,
FEEHTER P14 m% Obtain readings from
buffer.
Bl DIEP A% Display readings.
St D

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 HaF=¢ s SPIRET* Call TBFIMD Find the board
ChEE e BRIEN descriptor.

28 Hag=s s DEUT Y Call TEFIKD  Find the instru-
CHOEs MT4EY) ment descriptor.

B3 k=14 CRil TBFRT Set primary ad-
CHTARE. LR dress to 4.
40 =1 Call IBSRECBRD®N WX Send remote
enable.
45 DRl TECLRCHTSER
56 CRLE=S FTEFZNY P DALl TEHMRET Set SCAN

TR . SIS ENABLE.
55 Cll IETRGOM74a%) Perform single
scan.
&6 DALL IBRSPOMY 485 ERD Serial poll the
740.
VB OITF CERY MG 2 =8 THEN £8 If buffer not
full, wait.

S0 CHMDE=F dREGEET FCALL TBMRT Send B2 and GB
CRF S DMDE s commands,

98 RIF=SPRCESC2ER)  CALL IERL Obtain readings
CM7ASEE RIE S from buffer.
188 FRINT RD$ Display
readings.
116 ux=a CAlLL TBONLCBRIGS L5
126 Cell TROMHL CRy4E5 W50

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), EOl and Bus Hold-Off (K} and Terminator
(Y}

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 A0 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 s0, 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—T'he 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 SR(} mask.
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BIT
POSITION B7 Be BS B4 B2 Bl B0
VALUE o 1/0 1/0 1/0 1/0 1/0 1/0 170
DEC IMAL
wEl6HTING | 128 64 » 16 4 2 !
iSRQ BY M40 — e | s READ I NG OVERFLOW
{STATUS BYTE ONLY) OR OPEN TC
1 =ERROR ~l =06 BUFFER FULL
OR SCAN COMPLETE
I"READY —word e [ =QUTSIDE LIMITS

1*READING DONE

Figure 4-2, SRQ Mask and Status Byte Format

SRQ can be programmed by sending the ASClI letter “M”
followed by a decimal number to set the appropriate bit
in the SR 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)—5et 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)—5et 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.

2. The instrument was programmed when not in remote.

3. A trigger overrun has occurred.

4. A broken loop error has occurred.

5. A state error has occurred.

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
49.2.

Bit 6 (SRQ)—Provides a means to determine if SRQ was
asserted by the Model 70. 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 (SR() 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
Z can be cleared by reading the Ul error status word (see
paragraph 4.9.2}.

HIP-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,
28 CLEAR P14 Clear 740 (SDC).
2@ OUTFUT Fid, ¢ fMEZLY Y Program for SRQ on
IDDC.
Attempt to program il-
legal command.
Serial poll the
instrument.
S8 DTSR ¢« 37 RE RS B4 BE Identify the bits.

Bz Bl B ?
FTEFOR I=FTO8 STEF -1

GE QUETRUT P14 s 52077

SE E=EPOLL T4

Loop eight times,
Display each bit
position.

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 (12). 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
18 HaF=3i s GRTEA" 7 CALL TBFIKD Find the board
CHAFs BRIESD descriptor.

S MAFs=F FTEUTY T DAL L TRFIHD
LHAE FY SRS

2 k=14 CalL TBFRT

Find the instru-
ment descriptor.
Set primary ad-

zz~.l

1P L0 dress to .
48 k=1 s CAalh TBERECERDAN: U Send remote
enable.
45 Coll TRCLECMP4Ey Clear
instrument.
EQ CRDE=s d MEEE Y OBLL TBHET  Program for
CHFES . CHMDES SRQ on IDDC.

£ CRiTEm s & 24
CR7 A GRS

PDALE TEUET  Attempt to pro-
gram illegal
command.
TEFRIMTS §B7 B RS B4 BE BEZ Bl Identify the bits.
Define bit mask.
Serial poll the
instrument.
Loop eight
times.

Mask off the bits
and display
them.

186 FOR I=1 T30

18 IF £3B% mBE MaSkX y=E THEM
FRINT #¢6 **; ELBE PRIHT
i } £

SomPp SR o

” ol DLl TROML CBRDGS s WYy Close the board
file.

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 sigruficant 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:

U0 = Send Machine Status Word
U1 = Send Error Status Word
U2 = Send Data Status Word
U3 = Send Calibration Date

= 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
U1l = Send card 1 status

112 = Send card 2 status
U13 = Send card 3 status
U4 = Send card 4 status
U15 = Send card 5 status

U1 = Send card 6 status
U17 = Send card 7 status

UIR = Send card 8 status
U19 = Send card 9 status
1J20 = Send time and date
U21 = Send trigger time

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 UUX 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 UQ 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.
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740BOC**DOFOGOI*JOKOMOBON O "P"ROOTOEW "*YO0Z"™

*VALUE DETERMINED BY SETUP.

MODEL NUMBER PREFIX {740)

READENG MODE (B)
= Current channel

tog buffer

Scan, buffer

1
2

n#

CHANNEL (C)
= Channe! nn closed

91 = Internal reference channel
92 = internal measurement channel
DISPLAY D)
= Temperature or Volts
% = Time
2 = Message mode

FUNCTION (F)

Current channsl measurement
= Log enabled

Message mode

N = O
]

DATA FORMAT (G)

0 = Single output with prefix and with suffix

= Single output with prefix and without
suffix

= Single output without prefix and without

suffix

Complete output with prefix and with

suffix

Complete output with prefix and without

suffix

5 = Complete output without prefix and

without suffix

PO R Nt
(I

INITIALIZE (B)
G = Set for 705s
1 = Set for 706

SELF TEST (J)

O = Cleared

1 = Self test failed

2 = Self test passed

EOI (K)

0 = EOI and Hold-off

1 = No EQ! and Hold-off

2 = EQI and no Hold-off

3 = No EOf 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 (M)

0 = OFF

1 = Type J

2 = TypeK

3 = Type k£

4 = Type T

5 = Type R

6 = Type 8

7 = Type B

8 = Miliivolts
SCALE (O)

0 =r°C

1 = °F

FILTER {P)

0 = Enabled

1 = Disabled

RECALL (R)
nn = Recal! from buffer channel/lccation
nn

TRiGGER (m
= Continuous on talk

1 = On-shot on talk

2 = Continuous on GET

3 = One-shot on GET

4 = Continuous on X

5 = QOne-shot on X

6 = Continuous on external trigger or
clock

7 = One-shot on external trigger or clock

E&TER‘JAL (W)
= Qne-shot

01 = .05 second

02 = 0.1 second

03 = 0.5 second

04 = 1 second

05 = b seconds

068 = 10 seconds

07 = 30 seconds

08 = 1 minute

09 = o minutes

10 = 15 minutes

11 = 30 minutes

12 = 1 hour

TERMINATOR (Y}

0 = CRLF

1 = LFCR

2 = CR

3 = LF

4 = None

DATE FORMAT (Z)
G = American date format - mn.dd
1 = European date format - dd.mn

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 ASCH 1.

The Ul command allows access to Model 70 error condi-
tions in a similar manner. Once the sequence UIX 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
cleated when the word is read. In addition, SRQ opera-
tion will be restored after an error condition by reading L11.

The various bits in the U1 Error Status words are described
as follows:

IDDC—Set when an illegal device-dependent command
(IDDC) such as E1X 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-Test 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 70 is currently in a logging
or scanning state,

Broken Loop—>Set if the serial link between the Model 40
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
1IDDC, IDDCO or no remote error occurs.

2. Reading the Ul 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 Ul error word,
the U2 word is made up of ASCII characters representing
binary values. Unlike the Ul 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 LGOP  CARD OUT
746 1/0 170 1o 110 /0 1/0 10 1/0
Figure 4-4. U1 Error Status Word
MODEL NO. BUFFER FULL OVER LiMiT UNDER LIMIT TRIGGER TIME

740 170 0 G 0 o] 10 0 o

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—5et 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 mndd - American Format

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 Hl-limit value that
is sent over the bus is shown in Figure 47. 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 A———j

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 (Qut-
put) mode. The LO-limit value can only be changed by the
LO-limit command (L).

LCL=01234.5E+0
Prefix ij

Figure 4-8. U5 Low Limit

The Uéb 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.

Hi= 01234.5E+0,BL**

?REFIX————j—’ L_E'—— 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 (Qutput) mode. This
command can be sent while the instrument is logging and
will always send the most current low reading.

Q= 01234.5E+0,BL**

T T
PREFIX SUFFEX

** = BUFFER LOCATION.

Figure 4-10, U7 Lowest Reading in Log Buffer
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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+0A ">

PREFIX ‘j L SUFFIX

*** = NUMBER OF READINGS AVERAGED.

0= 01234.6E+Q,BC**

H
PREF| X LL SUEFIX

** = BUFFER CHANNEL.

Figure 4-11. U8 Average Reading in Log Buifer

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 412, 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.

Hl= 01234.5E+0,BC**

| i
?REFIXJ SUFFIX

** = BUFFER CHANNEL.

Figure 4-12. U9 High Reading in Scan Buffer

Figure 4-13. U10 Low Reading in Scan Buffer

The U1l through Ul9 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 chanmel 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.
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Uit

CRDInnnnpnnnn

Ll_i L,_]MJ
PREFIX —o— — CHANNELS 2-10
U12:

CRD2annnnnninn
PREFIX e e CHANNELS 1320
U1a:

CRD3rnannnnnn

|
PREFIX s e CHANNELS 21-30
U4

CRD4Annnarnann
PREFIX — e GE ANNELS 31-40
15

CRDbBnnnnnnnnn
PREFIX e ——————CHANNELS 41-50
u16:

CRDE8nnnnnnnnn
PREFIX ———rmmmmme: L——CHA%\i%\iﬁLS %1-60
U1z

CRD7nnnnnnnnn
PREFIX -~ e CHANNELS 61-70
Uia:

CRD8nnannnnnn
PREFIX s ———CHANNELS 71-8C
U1e:

CRDZnnnnnnnnin
PREFIX ! i———CHANI\H”-_”%_S 81-90

Note; n = CHANNEL CONFIGURATION TYPE (N}
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 ‘H

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.

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
18 REMOTE ¥4
S8 DT RFLER

COMMENTS
Send remote enable.

A0 OUTRUT P14 54084 Send UD command.

R EMTER Fid % Obtain U0 status from
instrument.

HE DIEF A Display U0 status word.

£ BT

After entering the program, run it by pressing the HP-85
RUN key. Line 30 will send the U0 command, and then
the U0 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
149 MPF=f s GPIRE? ' CALL TEFIMD Find the board
CHAEs BRIBRD descriptor.

SR HaE= DRI Y DALl FEFINT Find the instru-
CHEE MTY4ER ment descriptor.

EQ Us=14:Dpll TEFADCHTEEN UND Set primary ad-

dress to 4.

Send remote

enable.

Send U0 com-

mand.

Get status word

GE W= GRLL TRERE CRRDEN LI

M an BDE

from instru-
ment,

TEPRINT BD# Display status
word.

SE k=00 CebL TBOHLCBRDER U Close the board
file.

S Call TBEORL CRVEE5 U 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 ECI 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:

KO0 = 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 K0.

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 EQOI
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-
1y 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

Self Test ()
Time (5)
Most other commands

900ms
80ms
30ms to 60 ms
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HP-85 Programming Example—To program the instrument
for K2, enter the following statements into the HP-85:

FEMITE V14
OLITFUT Pids v s pzm?®

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 info the IBM
computer:

I GALlL FERRE CERDEN s LIS
Eat o hnb L TEMRET RV SR DM

The Model 740 will be placed in K2 when the second state-
ment is executed. The EQI mode will be enabled, but the
bus hold-off will be disabled.

4.8.4 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-
Iy 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 5DC com-
mand. Programmable terminators include:

YO = CRLF
Yl = LF CR
¥2 = 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:

REMOTE 714
OUTPUT F1ds i dyass?

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:

L= c0all IRSRECERDBN L0
Cptfiged st 2 Onl ] TRERET OMT A CHDE

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 70 performs the following tests:

1. ROM Test
2. RAM Test
3. NVRAM Test

J command parameters include:

Jo
n

i

Clear ] byte in UQ status word
Perform self-test

H

If the self-test is successful, the ] byte in the UQ 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 Y14
DUTPLIT Pigs s J1x0?

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 U0 status word will be set to 2. This
byte may be cleared with the following statement:

OUTFUT L8 8 Ja0 Y
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Model 8573 Programming Example—Enter the following
statements info the computer to run the self-test:

Ye=1:CAlL TESRECBRIGES KD
CHIg=4¢ 11302 7 Cril TBNRTOMP 485 CMDE:

When the return key is pressed the second time, the in-
srument performs the self-test. If successful, the self-test
byte (]} in the UD status word will be set to 2. This byte
may be cleared with the following statement:

CHDE=3 Mt Oft L TBEURTOMTP 40 CHDES:

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
ZERQ 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 OnV
(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 0mV 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, X, 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 0mV.

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 40 using a Type K TC and
calibration values of OmV, 100V and 0.0°C, send the
following command strings:

VX
VOLIX
N200VO.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.IX.

CAUTION
Precision calibration signals must be connected
to instrument before attempting calibration,
otherwise, instrument accuracy will be affecied.
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 UQ 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:

FEMOTE 714
QUTEUT P14 ¢ famndds? *

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:

k=1 CALL TESRECBRDE: L0
CHMD#=5 ¢ gmnddy? * - CoLL TRURT (M7 4% CHIED

When the return key is pressed the second time, the date
will be entered.

4.10.4 Date Format (£)

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 U1 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:

REMGTE 714
GUTRUT F1d; i85m0 0

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:

=1 :CrlLl IBSRECERDES LD
CHDE=2 42187 7 - CALL TEMRT CM7aE, CHIED

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 [EEE 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
1IDDCO
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 remofe 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 Fi4
QLITRUT Plas s eiz=nr

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:

La=t - Onbl IBSRECBRTAN LK
CHDEF=FeE1x2 % 0l TRURT CMY 485 OMIE:

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—lo demonstrate a trigger
overrun error, enter the following statements into the
HP-85 keyboard:

REMOTE V14
OUTEUT P14 ¢ fTER"?
TRIGGER P14 B 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:

W= Ot L TEERECBRDEE LI
CHDE= s TEL 2 CALL TEMRTOMF 405, OHInED
CALL TETRGOM 485 Cpl L IRTRGOM k)

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
tilter off (N1P0)

Thermocouple measurement 230ms
filter on {N1P1)

Millivolt measurement 98ms
filter off (IN8PQ)

Millivolt measurement 216mns
filter on (N8P

*All times are measured using T1 (one-shot on talk)
Trigger.
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