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WARNING

This equipment generates, uses, and can radiate radio frequency energy and, if not in-
stalled and used in accordance with the instruction manual, may cause interference to
radio communications. It has been tested and found to comply with the limits for a
Class A computing device pursuant to Subpart J of part 15 of FCC Rules, which are de-
signed to provide reasonable protection against such interference when operated in a
commercial environment. Operation of this equipment in a residential area is likely to
cause interference in which case the user at his own expense will be required to take
whatever measures may be required to correct the interference.
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Model 576 Errata

This addendum contains new information covering the Keithley Model 576. Please add the at-
tached new pages to your 576 manual, and read the following carefully.

AMM Module Installation for Model 576 Combo Systems

The Model 576 is available in “combo” packages with the AMM module and MEM option (if or-
dered) installed at the factory, and any applicable ZCAL or SYST :CAL calibration steps already
performed.

If your Model 576 came with the AMM module factory-installed, you may ignore the following
sections of the manual during system set-up:

a. Portions of QuickStart Steps 2 and 3 which discuss installing the AMM module and CA-85 ca-
ble. These components should already be in place. You will, however, need to install any op-
tion module you have ordered.

b. The portion of the QuickStart Section which discusses “Applying the AMM Calibration Con-
stant....” The 576 has been calibrated at the factory.

c. Any information in the manual or Appendix section pertaining to ZCAL.

If you have any questions or difficulties concerning unpacking or setting up the Model 576 Combo
package, contact the product support department at Keithley Instruments, Inc., Data Acquisition
Division at (508)880-3000.

Using RESET ALL with Fast Computers and ROM-Based GPIB Adapters

With some types of GPIB adapter cards and computers, and beginning with firmware revision
E02, you must include a time delay of 2 seconds immediately after a RESET ALL command or the
Model 576 may issue an error message on the next 576 command.

Specifically, GPIB interface cards having their operating software stored in ROM may encountera
timing problem when RESET ALL is issued. Affected cards include some CEC and National prod-
ucts. This situation has not been observed with GPIB boards using driver software loaded from
diskette (e.g. IOtech Personal 488). It also does not apply to the RESET MEM or RESET OUT com-
mands.

The need for the delay results from RESET ALL performing several additional tasks in revision
E02. Normally, a program should check the status of bit 7 in the 576 SPOLL byte after any 576 com-~
mand, before the next 576 command is issued. The 576 sets this bit while RESET ALL is busy.
However, a fast computer with ROM-based GPIB interface may be fast enough to read the SPOLL
byte and return a 0 (“not busy” status) before the 576 can actually set the bit. This results in an
“Invalid command...” error as the system attempts to execute the 576 command following RESET
ALL.



To eliminate the possibility of problems, follow any RESET ALL command with a2 second delay.
In BASICA or QuickBASIC, this is done as follows:

t!=TIMER: WHILE TIMER-t!<2: WEND

The delay time is not critical as long as it is sufficient. If, following RESET ALL, the computer exe-
cutes other non-GPIB activities requiring 2 seconds or more, the delay may not be necessary.
However, using the delay will preclude any problems, regardless of any computer or interface
type ultimately used with the program.

New Command — ZCAL

A new command “ZCAL” enables a user to determine the zener reference cal constant for an
AMMIA or AMM?2 module plugged into the Model 576. ZCAL is available in all versions of the
Model 576 firmware. Detailed instructions for the use of ZCAL are attached to this addendum.

576 Power Transformers

The power transformers available for the Model 576 now include units for European, Japanese,
and U.S. domestic power mains:

Keithley P.N. Input Output Application
Ps-29 125VAC, 50/60Hz 12ZVAC@3A uUs.

PS-31 220VAC, 50Hz 12VAC@4.2A Europe
PS-33 100VAC, 50Hz 12ZVAC@33A Japan

CHANNEL AMPLITUDE, DUTY, and FREQUENCY Commands

The CHAN :AMPL, :DUTY, and :FREQ commands are grouped together at the end of the CHAN
commands. They pertain to the WAV1 module, but are alphabetically out of order with the rest of
the CHAN commands.

Calibrating the +10V Reference — Section 8

The “Calibrating the 10V Reference” section discusses a “£10V Reference”. The voltage refer-
ences actually consist of a +10V reference on the AMM1A or AMM2 module, and a mirror circuit
on the 576 motherboard which generates the 10V reference. This point is unclear in the manual.
The procedure is correct, however.

Appendix C — Changes to Accommodate ROM-Based GPIB Interfaces

All programs in Appendix C have been modified to provide a 2 second delay after RESET ALL.
This topicis described above. Depending on the revision level of the 576 Utility disk, the programs
in the QCKSTART directory of the 576 Example/Utility diskette may not have been modified.
Check them.
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Quick Start Guide for the
Keithley Model 576

The Keithley Model 576 includes full documentation for
unpacking, installing, and operating the hardware. For
best results, you should read this information prior to
working with your computer and the Model 576. If you
are in a hurry to set up'the Model 576, you may use the
following “Quick Start” Guide and the supplied example
programs to set up and check out the system. However,
you should still perform a complete installation accord-
ing to the 576 manual after the Quick Start.

These instructions assume that you are using an IOtech,
CEC, or National GPIB interface in conjunction with an
IBM-compatible-PC-or PS/2-computer and Interpreter
(Advanced or GW) BASIC. if you are using another con-
troller/language combination, you may use the supplied
example programs as guides to writing your own pro-
grams.

These programs simultaneously use the source and
measurement capabilities of the Model 576 to generate
and measure signals. You will need eight 4-inch lengths
and one 18-inch length of 18-24 ga. hook-up wire
stripped 3/16” on each end to make connections

Step 1— Make sure your GPIB interface is working

If you are using a personal computer with GPIB interface,
install the interface and confirm that it is working prop-
erly. Refer to the computer and interface manufacturer’s
documentation for details.

Step 2 — Unpack the Keithley hardware

Unpack the Model 576, power supply, and AMMIA or
AMM?2 module. The AMM module includes a small
metal right-angle bracket which secures the rear corner of
the module to the rear panel of the Model 576. Do not in-
stall the bracket at this time. Put it in a safe place; you will
need it later. If you have a module for the 576 option slot,
also set it aside for now.

Step 3 — Configure the Model 576 and AMM module.

Refer to the attached diagram. Position the jumper J3 on
the AMM module over pins 1 and 2. Position the jumper
W201 on the Model 576 mother board over pins 1 and 2.
Install the trigger cable CA-85-1 from J7 on the AMM
module to J201 on the 576 mother board. Install the AMM
modulein thelower expansion slot in the Model 576. This
is a temporary installation — the metal right-angle
bracket will have to be installed later.

Step 4 — Check the Model 576 address switches

The address switch is located on the rear of the Model 576
motherboard. The factory default address is 3 (switches 1
and 2 ON, and switches 3, 4, and 5 OFF). You may use a
different address, but all example programs for the 576
use address 3.

Step 5 — Connect the computer and Model 576

Attach a GPIB cable with metric threads to the rear panel
of the Model 576. Connect the other end of the cable to the
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GPIB interface in the PC. Do not connect any other GPIB
equipment to the GPIB bus at this time.

Step 6 — Connect the power supply to the Model 576

Turn the Model 576 power switch OFF. Verify that you
have the proper power supply for your local mains. Plug
the power supply into an AC mains outlet. Plug the
power connector at the end of the transformer cable into
the power input jack in the 576 rear panel.

Step 7 — Turn on the equipment

Turn on the computer and the Model 576. The computer
should boot up as usual. The Model 576 should come on
with only the power light illuminated. The “RUN" light
will flash three times during self-check. If the SRQ lamp
flashes continuously or remains on, turn off the equip-
ment and recheck your work. Refer to the startup section
of the 576 manual. If you cannot locate the problem, con-
tact Keithley technical support.

Step 8 — Load your system GPIB support software

Load thedriver for your GPIB interface. This may require
runningadriver program from disk, or the driver may re-
side in ROM-based firmware which loads automatically
when you power up the controller. See documentation
for your GPIB interface and driver software for details.

Step 9 — Run GWBASIC

The supplied example programs are designed to run un-
der Microsoft GW-BASIC or IBM BASICA, version 3.0 or
later.

Step 10 — Load and run the example programs

Connect the Model 576 analog and digital I/O channels
as shown in the Figure. Insert the Model 576 Quick Start
diskette into the disk drive on your computer. The sup-
plied programs will perform the following tasks:

ANATLOG.xxx — Analog input/output program. Out-
put portion outputs a voltage from the 576 analog output
channel. Input portion uses 576 analog input channel to
collect data from output channel. Data is time stamped
and retrieved into the computer.

DIGITAL.xxx — Digital input/output program. Digital
port B is programmed for output; port A for input. Out-
put port steps through 0-255 while input port displays
the byte value read at the port A.

In each case, “xxx” will be “IOT” for an IOtech interface,
“CEC” for a CEC GPIB interface, “NAT” for a National
GPIB interface, “MBC” for a Metrabyte GPIB interface, or
“SER” for the 500-SERIAL adaptor. See the appendix sec-
tion for program listings.

Step 11 — Reinstall the Model 576 using the manual

The manual provides all the details for installation and
operation of the Model 576.
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Applying the AMM Cadlibration
Constant to the Keithley Model 576

AMMIA and AMM2 modules shipped for use with the
Model 576 bear a calibration sticker carrying a 5-digit
number. This number is the calibration constant for use
with the 576 “SYST :CAL” command. Do not confuse the
calibration sticker with the 6-digit serial number, which
is printed on a metal foil label.

When properly entered, the calibration constant config-
ures and enables the automatic gain and offset correction
feature of the AMMIA and AMM2 global amplifiers.
This enables the AMM module fo achieve the “corrected”
specifications for analog measurements as published in
the Model 576 manual. If the calibration factor is not en-
tered, the “uncorrected” accuracy specifications will ap-

ply.

An important benefit of the Calibration factor concerns
measurements made with an analog input module in the
option slot. With the calibration factor applied, the accu-
racy of such measurements will be the accuracy of the
module itself. It will not be necessary to factor in the
specifications of the AMM module.

If your AMM module does not have a calibration sticker
attached, contact Keithley DAC Technical Support for
further instructions.

Entering the AMM Calibration Constant

TheModel 576 can retain calibration data in its configura-
tion memory. Thus, it is necessary to enter the factor only
when:

1. you first set up the system,

2. you physically recalibrate your AMM module and
determine a new calibration factor, or

3. you install a new AMM module having a different
calibration constant.

The RESET command also clears any calibration constant
previously stored in the 576.

Use the following procedure to enter the calibration con-
stant and calibrate the 576:
1. Open the Model 576 and set switch number 8 on the
address/SAVE switch to ON.
2. Send the following commands to the Model 576
(“xxxxx” is the AMM calibration constant):

SYST :SAVE CNFG;
SYST :CAL xxxxx;
SYST :CAL;

3. Confirm that the calibration factor has successfully
been stored. First, turn off the power to the Model
576, and then turn the unit back on. Issue the follow-
ing command to the Model 576:

SYST :SAVE ?;
The Model 576 should respond:

SAVE CNFG

4. Confirm that the calibration was successful by issu-
ing the following command to the Model 576:

SYST:CAL?;
The Model 576 should respond:

AMM CAL xxxxx <corrl>,<corr2>,...<corr10>

See documentation for the SYST :CAL command in the
576 manual for details. If you do not obtain the expected
messages, review your work.

Note: The Model 576 will retain the calibration data when
switched off only if switch 8 of the Address/SAVE Model
switch is ON and the 576 has been issued a “SYST :SAVE
CNFG;” command.
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Input Resistor Pin-Out Error

The input resistor sockets J4, J5, and J6 shown on the
overlay inside beta-version and early production Model
576 units incorrectly indicate the position of pin 1. The
correct position of pin 1 is shown in the diagrams in the
576 manual and AMM module manuals.

Use of the CAL Command

The Model 576 firmware includes a “SYST :CAL"” com-
mand which enables the self-calibration feature of the
AMMI1A and AMM?2 global amplifiers. This command is
intended to compensate for the cumulative effects of time
and temperature drift. The SYST :CAL command will not
enhance the performance of these modules beyond speci-
fications. The effect of SYST :CAL may not be dramatic or
even noticeable if the AMM module is already operating
within or close to specifications.

Additional QuickStart Programs

The 576 Example Disk also includes ANALOG.SER and
DIGITAL.SER QuickStart programs for use with the
Keithley 500-SERIAL adapter. These programs are not
mentioned in the QuickStart section, but they are de-
scribed on the disk’s README.1ST file.

Use of “Immediate” vs “Program”
Commands

The choice of when to use IMMEDIATE versus PRO-
GRAM mode commands may not seem obvious to first-

Model 576
Notes

time users of the Model 576, or even to seasoned users of
traditional GPIB instruments.

IMMEDIATE commands cause the Model 576 to behave
most like traditional GPIB instruments, and provide the
easiest means of using the system. Immediate commands
execute at once when they are sent to the Model 576. An
immediate data read (IREAD) results in the data being in-
stantly placed in the Model 576 output queue where it
can be read via the GPIB bus. Similarly, an immediate
data write (IWRITE) outputs the data directly to the se-
lected channel. In each case, there is no buffering or use of
the 576’s internal data memory. System configuration
(5YST) commands are also immediate in that the configu-
ration instructions are written directly to the system
memory.

PROGRAM commands facilitate more intelligent opera-
tion for the 576, including subroutines, conditional trig-
gering, automatic program restart, and other features be-
yond the capabilities of most GPIB instruments. PRO-
GRAM commands are stored in the 576’s program mem-
ory, and do not take effect until an Execute (X) instruction
is encountered in the program. PROGRAM mode input
and output commands work in conjunction with the
576’s data buffers, and the firmware also includes com-
mands which dimension, read, and write data to the buff-
ers.

Refer to the Example Disk programs and the Applica-
tions section of the Model 576 manual for examples IM-
MEDIATE and PROGRAM modes.
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Battery Replacement

The Model 576 contains a battery which is used to backup
data and programs stored in system RAM. Under normal
conditions, the battery should last for a minimum of five
years with the standard 128k memory, or 2-1/2 years
with the 512k memory option.

This battery is an internal part of the socket holding the
system data/program memory chip U304, and is not us-
er-serviceable. The socket must be replaced when the bat-

tery is exhausted. This condition will become evident
when the Model 576 no longer retains the correct time
when the system is switched off.

The socket is Keithley part number SO-129, or Dallas
Semiconductor part DS-1216D.

See topics in the Reference and Maintenance sections
concerning maintenance and servicing of the battery,
data memory chip, and socket.
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Introduction

Welcome to the Model 576 GPIB High Speed Data Log-
ging System.

The 576 is a general-purpose data acquisition and control
device — an interface between a GPIB controller and
countless research, industrial, and educational applica-
tions. With the 576, you can measure voltages, currents,
and many other types of signals, as well as implement in-
telligent process control systems.

The Model 576 is a complete system. It integrates hard-
ware and documentation to make measurement and con-
trol technology easy to use. The Model 576 combines the
most often used analog and, digital I/O functions into a
single package.

The Model 576 has two expansion slots, one of which is
normally occupied by a master analog input module.
This leaves one slot for other modules you might want to
add. If your application does not require analog input,

you may use both slots for exnansion.

W lay Lo DO S100E IO €XPAINSION.
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The Model 576 interfaces readily to many types of con-
trollers, and is equally easy to operate. It includes ROM-
based firmware and an easy-to-use programming lan-
guage. The programming command set can be used with
many language environments such as BASIC, C, and Pas-
cal. In many cases, the controller will be a computer
which is equipped with an IEEE-488 (GPIB) interface

card. This includes a wide variety of configurations such
as:

e IBM PC, XT, AT, and PS/2 Personal Computers
equipped with an IOtech, National, CEC, Metrabyte,
or other IBM-compatible GPIB interface.

e Apple Macintosh and Macintosh SE computers
equipped with a suitable external GPIB interface (e.g.
IOtech MacSCSI488, Mac488B).

e Apple Macintosh II computers equipped with a suit-
able Nubus® GPIB interface (e.g. IOtech Macll488).

¢ Most other computers which have an RS-232 or RS-422
compatible serial port. The Keithley 500-Serial adapter
will convert such ports to GPIB input/output.

(If your computer is not listed, contact the Keithley Data
Acquisition and Control Applications Support Group.
Many possible methods exist for connecting the Model
576 to various computers.)

Features of the Model 576

¢ Microprocessor-controlied for stand-alone operation.

e 128K of mother board data RAM memory. Factory op-
tion to 512K.

e Battery-backed mother board memory for program
and data retention.

e Real-time clock allows time stamping and time refer-
enced triggering.

e Shielded all-metal case.

¢ One option slot for adding a signal conditioning mod-
ule.

11
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Accepts 12-bit 62.5kHz AMMIA or 16-bit 50kHz
AMM2 Master Analog Measurement Module for ana-
log input. Add up to 32 more analog input channels
via option slot.

Trigger circuitry for synchronizing data acquisition to
external analog or digital events. Provides oscillo-
scope-like trigger modes.

Dual high-speed 13-bit analog output channels. Add
up to five more analog output channels via option slot.
Thirty-two digital I/O channels organized as four
8-bit ports. Programmable in groups of 8 channels for

1-2

input or output. Add up to 32 more digital I/O chan-
nels via option slot.

Sixteen power control channels use digital I/O ports 2
and 3. Programmable for sensing or switching of AC
or DC loads.

Convenient mass-termination connector for direct
connection of up to 8 Analog Devices 3B signal condi-
tioning modules or other single-ended analog inputs.
Operates from transformer or automotive cable. Re-
quires 12-18V AC or DC @ 40VA max.



SECTION 2

Terms, Conventions,
Safety Considerations

This manual is a comprehensive introduction to the
Model 576 scientific workstations, a set of integrated,
computer-controlled measurement and control systems.

Terms and Conventions used in the
Manual

The 576 is compatible with many types of computers us-
ing a GPIB interface which may be installed in or attached
to the computer. In this manual, the controlling computer
will be referenced generically as “controller”, “comput-
er”, or “PC” unless the information refers to a specific
type or model. In that case, the type or model will be
called out.

A wide range of computers and host languages can be
used to control the 576. It is thus impractical to anticipate
every environment under which the 576 will be used.
Therefore, it is important that you refer to your selected
software, computer, and GPIB interface documentation
as part of installation and operation.

The following safety terms are used in this manual or
found on the instrument.

The symbolA indicates that the user should refer to
the operating instructions in this manual for further de-

The WARNING heading used in this manual explains
dangers that could result in personal injury or death. Al-
ways read the associated information very carefully be-
fore performing the indicated procedure.

The CAUTION heading used in this manual explains
hazards that could damage the instrument. Such damage
may invalidate the warranty.

The NOTE heading is used in this manual to identify in-
formation which may be useful or helpful.

Following these warnings will reduce the chances of per-
sonal injury or system damage.
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A Few Precautions

This manual will instruct you to open the case of the
Model 576 during installation and when making connec-
tions to the system.

WARNING

User supplied lethal voltage may be present
on connections and option card. To avoid the
possibility of electric shock, disable external
power sources before making any adjust-
ments or connections to this product. The
Model 576 is not for use in electrically sensi-
tive areas, nor for connection to humans.

CAUTION
Do not exceed the input ratings of the Model
576. Apply no more than +£15VDC to a non—
isolated analog input of the Model 576.

CAUTION
Do not apply more than +5.5 VDC or nega-
tive voltages to any digital input of the
Model 576.

CAUTION
Do not install or remove a module from the
Model 576 option slot while power to the
Model 576 is on.

Even though it is convenient when setting up an experi-
ment or process to leave the top open on the 576, the sys-
tem should not normally be operated in this way. Dirt
and small objects can easily become lodged in the 576 cir-
cuitry. This can cause unreliable performance or damage
the system

CAUTION
To minimize electromagnetic interference,
operate the system only with the cover
closed.

A second precaution concerns connection of signals with
voltages that exceed the specified ranges. Information on
the voltage ranges accepted by each module can be found
in the Specifications section of each module’s documen-
tation. Damage to the system caused by connecting volt-
ages which exceed these ranges is not covered by the
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product warranty. If necessary, replacement parts are
available from Keithley Data Acquisition and Control.
(See Servicing Information sections for parts informa-
Hon.)

CAUTION
“Non-isolated” as used in this manual
means that internal circuit common is at
power ground potential, and that external
circuit common must also be at power line
ground potential.

Designing Safe Control Set-Ups

Keithley Instruments manufactures its data acquisition
and control products to the highest technical and safety
standards. However, you, the user of this equipment,
have ultimate control over how the equipment is used in
the field. Always use techniques and procedures which
result in safe operation of external equipment and proc-
esses.

Before beginning power up, make sure the computer, 576
and all external equipment are off.

Turn on the 576 and controller.

After the 576 and controller have stabilized, turn on the
external equipment or process.

For power-down, turn off or otherwise prepare the exter-
nal equipment before turning off the GPIB controller or
576.

Please consider the following points about the 576 and
your particular applications when you design control
configurations:

Where loss of power, interruption of the control pro-
gram, or failure of any equipment can lead o unsafe con-
ditions, do not leave equipment unattended.

Before you energize any external equipment or proc-
esses, make sure the controller and Model 576 have been
switched on and have stabilized.
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Revision A, B, and C of the DOM1 and PCM1 modules,
which youmay use in the 576 option slot, do not contain
a power-on reset (the feature was added with Revision
D). Output lines on pre-Rev D. modules may power up in
a random state under some circumstances. Do not use
pre-Rev D. versions of these modules where random out-
putat power up is undesirable. Older modules can be fac-
tory-modified to include the power-on reset. Contact
Keithley Data Acquisition and Control for more informa-
tion.

The DIO1 module does not contain a power-on reset. Use
the DIO1 only to sense TTL-level digital signals, or for
digital applications where random output at power-upis
of no consequence. The newer DIO1A does include a
power-on reset.

The AOM1, AOM2, AOM3, and AOM4 analog output
modules do not contain a power-on reset. Therefore,
these modules may power up with random output. The
AOMS does contains power up circuitry and powers up
to OV output.

The ATIM7 module does not incorporate an “open ther-
mocouple sense”. Make sure thermocouples used with
the AIM7 are in good condition and operating properly.

In some cases, external equipment or processes must be
returned to a particular state before control can be inter-
rupted or power can safely be removed. Take all neces-
sary precautions and make all necessary preparations be-
fore you interrupt a control program or switch off exter-
nal equipment or processes.

: CAUTION

When some personal computers are
switched off or lose power, they must re-
main off for a short period to permit the com-
putersupply to “bleed down” and reset. This
period may be up to 30 seconds or more. If
power is restored before the specified reset
period has elapsed, the computer will not re-
sume operation. Under these conditions, a
576, which contains its own power supply,
will power on when power is restored, re-
gardless of computer. Do not leave equip-
ment unattended where a power failure may
result in undesirable operation of equip-
ment.

ALWAYS observe the following safety rules:

If you need to open the controller:
Disconnect the IEEE cable from the 576.

Turn off the controller and disconnect the power cord.

If you need to open the 576:

Turn off or disconnect any equipment connected to the
inputs of the 576.

Set the 576 ON/OFF switch to OFF before opening the
576 case.

NOTE
It is not necessary to turn off the controller
when you open only the 576.

WARNING
To avoid electric shock, use only a proper
GPIB cable to connect the 576 to the GPIB in-
terface. If the controller is AC-powered, note
that it must be plugged into a properly
grounded 3-wire outlet.

WARNING
Attach one end of the supplied safety
ground wire between the ground binding
post on the rear of the 576 and a safety earth

ground.

In Case of Problems or Malfunctions

This manual will provide you with all the information
you need to set up your system quickly and correctly. If
you do have problems, however, call the Keithley Data
Acquisition and Control Product Support Department at
216-248-0400.

If a 576 mainframe or module in the system is determined
to be defective you will receive a return authorization
(R.A.) number. Pack the module carefully in the original
antistaticbag and mark the R.A. number on the outside of
thebox. If at any time the entire unit must be returned for
servicing be sure to pack it in the original shipping mate-
rials.
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Using This Manual

This manual is not a replacement for documentation
which came with your controller or software. Consult the
appropriate controller and software documentation for
any and all information relating to the controller itself or
the use of various operating systems and programming
languages.

With that exception, every effort has been made to ex-
plain all important theoretical ideas, unfamiliar terms,
and useful formulas. If a topic is important but lengthy
you may be referred to another source for additional in-
formation.

Setup

The Setup section contains general instructions for un-
packing the system, positioning jumpers and switches,
and installing system cabling. These procedures gener-
ally need to be performed only once.

Hardware Configuration

The Hardware Configuration section describes how to
set up the input and output functions of the Model 576.
These topics include programming the various operating
parameters, as well as pin-out information for each I/O
function.

576 Programming
The Programming section describes how to use the

Model 576 Command set which is stored in firmware
within the system.
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576 Applications

This section describes several typical applications and
the corresponding example programs for the Model 576.

Reference

The reference section discusses the internal operation of
theModel 576, as well as the programmable register asso-
ciated with each of the Model 576’s I/O functions.

Calibration, Maintenance, and Troubleshooting

This section describes how to isolate problems to the sub-
system level, and how to calibrate a properly operating
Model 576. A list of spare parts is included.

Option Modules and Interfaces

The Modules and Interfaces sections provides informa-
tion on compatible option modules, their power require-
ments, and ID numbers. You may insert other manuals,
such as those from your option modules and GPIB inter-
face, in this space.

Appendix Section

The appendix section includes additional information
about the Model 576 and GPIB bus which you may find
helpful.
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Unpacking Your System

The Model 576, documentation, and accessories are
shipped in one or more cartons. Locate all shipping car-
tons, and check that you have the following items.

In addition to the Model 576 manual which you are read-
ing, you should have the following:
Model 576 High Speed Data Logger

AMMIA or AMM2 Analog Master Measurement
Module with mounting hardware and trigger cable
assembly. (Model 576-1 and 576-2 only).

AC Line adapter
Ground wire assembly
Any options you may have purchased
Take the 576 unit out of its packing box. Be sure to save

thebox and packing in case you need to return the instru-
ment to Keithley for service.

Open the 576 by unfastening the latch on the left side of
the case and swinging the lid to the right.

At the bottom of the case you will see the mother board
with screw terminals for making connections to the sys-
tem. The expansion slots are mounted on a PC board
which is on the right side of and perpendicular to the
mother board.

The 576 front panel includes power ON/OFF switch and
five indicator lamps. The ON/OFF switch controls
power to the 576's internal circuits. The lamps include a
POWER indicator, a REMOTE lamp, an SRQ lamp, a
TALK lamp, and a RUN lamp, which indicates that the
576’s data acquisition circuitry is being accessed.

Mounted at the back of the mother board, on the lower
rear panel, is the 24-pin connector which mates with the
cable to the computer and GPIB Interface.

The rear panel also contains an extermal power input,
power control relay rack edge connector, and a ground
lug.

You will find that any module(s) you ordered are not in-
stalled in the 576 expansion slots. A detailed description
of module installation is found later in this manual.

Before going any further, check the packing slip and
make sure you have received the correct modules.
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When you have checked the Model 576 and the modules,
please fill out your purchaser registration card and mail it
to:

Product Support Department
Keithley Instruments, Inc.
Data Acquisition and Control Division
28775 Aurora Road
Cleveland, Ohio 44139

Setting Up

Use of the Model 576 requires a suitable controller. This
may be a dedicated GPIB controller, or a computer with
the proper monitor and GPIB interface.

If you have just purchased the controller hardware, take
the time to review all documentation before continuing.

In general, the 576 can be used under the same environ-
mental conditions as the controller. It should be kept at
normal room temperature, out of strong sunlight. If ex-
posed to extreme heat or cold, the system should be al-
lowed to refurn to room temperature before it is turned
on. Otherwise, performance may be outside the specified
tolerances, or the system may be damaged.

At this point, you should set up your GPIB controller, or
install a GPIB interface in your computer. Please consult
the appropriate documentation as necessary. In particu-
lar, carry out any instructions concerning the setting of
switches, jumpers, or other user-configured components
on this equipment. If the controller, computer, or inter-
face includes drivers, diagnostics, or other support soft-
ware, please install and run the software to be certain
everything is operating correctly before you connect the
576.

Next, check the address of the 576 and reset it if neces-
sary. The 576 address switch sits inside the case, near the
IEEE~488 connector. The 576 permits the setting of a pri-
mary address only; a secondary address is not imple-
mented. The DIP switch positions 1-5 set the address of
the 576 between 0 and 31 (refer to Figure 3-1).

For adesired address, simply turn on the switches whose
bit values add up to the address. The factory default ad-
dress for the 576 is 3, which requires that switches 1 and 2
be set to the “ON" position. Address 13 would require

3-2
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Figure3-1.  IEEE Address Switch Setting

that switches 1, 3, and 4 be turned on. Address 0 results
when all switches are off, and 31 results when all
switches are on. Make sure that the address you have set
does not conflict with any other instruments or equip-
ment you plan to connect to the GPIB bus.

Make the connection between the GPIB interface and 576
by attaching the cable to the GPIB connector at the rear of
the 576 mother board. See Figure 3-2.

Note that theModel 576 is designed to accept an IEEE-488
connector having metric (black) attachment screws. Do

not attempt to use a connector with silver screws or you
will damage the threads.

Line up the connector on the cable with the connector on
the rear panel of the instrument.

Tighten the screws securely, but do not overtighten
them.

Make sure the other end of the cable is properly con-
nected to the controller. Some controllers have an
IEEE-488 type connector, while others do not. Consult
the instruction manual for your controller for the proper
connecting method. If you have followed these instruc-
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tions you have now completed the connection between
the 576 and the computer.

If your system is a 576-1 or 576-2, it includes an AMM
module. You must install this module in the 576 before
installing any option modules. The AMM modules are
physically identical and are installed in the same way.

Make sure the 576 is turned off. Unlatch the fastener on
the side of the 576 cabinet and open the 576.

Prepare the AMM module for installation. Confirm that
trigger select jumper J3 on the AMM module is over pins
1 and 2 (Figure 3-3). Confirm that trigger select jumper
W201 on the 576 mother board is over pins 1 and 2.

If you wish to connect your signals to the AMM module
at this time, consult Section 4 of this manual covering the
AMM connectors. Remove the cable clamp along the
back edge of the AMM module. Attach your input signals
to the quick-disconnect blocks on the AMM module and
replace the connectors. Replace the cable clamp and at-
tach the mounting screw nearest the card edge connector
on the AMM module.

A smallright-angle bracket and screw are included to fas-
ten the rear corner of the AMM module to the rear panel
of the 576. Install this bracket to the other cable clamp
mounting hole on the front edge of the AMM module
with the remaining cable clamp mounting screw (see
Figure 3-4).

O{E=5)0

.

P

Figure3-2.  IEEE-488 Connector

Install the module in the 576 now. Hold the module with
the component side facing upward. Insert the rear edge

of the module into the lower module guide located on the
power supply shield, and slide the module into the lower
option slot connector. Fasten the support tab to the rear
panel of the 576 with the supplied screw.

Attach the trigger cable from the GLOBAL OUTPUT J7 at
the top edge of the AMM module to the trigger GLOBAL
INPUT terminal J201 on the 576 mother board using the
supplied cable. Pay close attention to the orientation of
the beveled corner on the connector at each end of the ca-
ble. (see Figure 3-3).

NOTE
If you reverse the connections of the trigger
fransmission cable at J7 or J201, you may in-
troduce noise into all analog input measure-
ments, or invert the polarity of the trigger sig-
nal.

To install an optional module, see the manual for your
option module for any required configuration of gains,
ranges, switches, etc. Set up the module and make con-
nections according to your application. Hold the module
with the component side facing upward. Insert the rear
edge of the module into the upper module guide located
on the power supply shield, and slide the module into the
upper option slot connector. Attach any necessary
mounting screws or strain relief to complete the hard-
ware installation.

WARNING
Attach one end of the supplied safety
ground wire between the ground binding
post on the rear of the 576 and a safety earth
ground.

Connect an external power source capable of supplying
12-18V AC or DC at 40 VA to the 576.

This completes installation of the Model 576 hardware.
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End View Side View
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Figure3-4.  AMM Module Mounting Bracket
Completing Setup

After the system has been assembled, make sure any cov-
ers have been reinstalled on the controller and 576.

Once connected and plugged in, the controller and 576
can be turned on and off in any order. The controller can,
of course, be operated normally with the interface in-
stalled, or with the interfacing cable disconnected.

When you turn on the 576, pay attention to the front-
panel “SRQ” lamp. The 576 performs automatic power-
on diagnostics, and will signal important error condi-
tions via the SRQ lamp. If the SRQ lamp flashes continu-
ously at 2 flashes/second, a problem exists with the on-

board firmware ROM. The SRQ lamp flashing at a rate of
20 flashes/second (or appearing to be on permanently)
indicates a problem with on-board RAM. In either case,
contact the Keithley Data Acquisition and Control Appli-
cations Support Group for further instructions.

WARNING
To avoid electric shock, use only a proper
GPIB cable to connect the 576 to the GPIB in-
terface. If the controller is AC-powered, note
that it must be plugged into a properly
grounded 3-wire outlet.

In Case of Problems or Malfunctions

If you have problems with setting up the 576 call the
Keithley Data Acquisition and Control Product Support
Department at 216-248-0400.

If a 576 mainframe or module in the system is determined
to be defective you will receive a return authorization
(R.A.) number. Pack the module carefully in the original
antistaticbagand mark the R.A. number on the outside of
the box. If at any time the entire unit must be returned for
servicing be sure to pack it in the original shipping mate-
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Hardware Configuration

The 576 accepts signal conditioning and measurement
modules from the Keithley signal conditioning module
library. These are the same modules used in other Keith-
ley 500-series data acquisition systems.

Self-ID Feature

All current production versions of Keithley modules in-
clude “self-ID” capability. Self-ID enables the 576 firm-
ware to identify an option module’s type when the sys-
tem is powered up provided an AMM moduleis installed
inslot 1.

Itis conceivable that some users may have older Keithley
modules and wish to use these modules in the 576. These
modules may or may not include self-ID, depending on
when they were manufactured. The self-ID component is
a precision resistor which is connected across pins 4 and
41 of the module’s card edge connector. If there is some
question about a module’s self-ID capability, check the
module or its documentation.

Most modules without self-ID are also compatible with
the 576; however, a few older modules are specifically not
compatible. These exceptions are as follows:

The AIM1, ADM1, ADM?2 are obsolete, and are not
compatible with the 576.

The AMM]1 (pre-“A” revision) is not compatible with
the 576. However, its replacement, the AMMIA, is
fully compatible.

The 500GPIB is not compatible with the 576.

When a 576 system is turned on, its firmware willidentify
any modules that support the self-ID feature provided an
AMMIA or AMM2 module is mounted inslot 1. Ifamod-
ule is an older unit which does not include the self-ID ca-
pability, the 576 will simply not detect the module. No er-
ror message will be issued. If no AMM module is in-
stalled, the 576 must be r'gnﬁcru_red 11cu1cr the program

language o

Ifa compatible module does not have self-ID capability, it
still can be used in the 576 provided it is identified manu-
ally from within the programming environment. The
SYST :SLOT command assigns a module to a specified
slot. For example, an older AIM7 module lacking self-ID
could be assigned to slot 3 with the command:

SYST :SLOT 3, AIM7; " Assign an AIMY7 to slot 3

If you attempt to assign a module to a slot for which the
firmware has already identified a module, an error will
be issued.

41



SECTION 4
Hardware Configuration

Changing Default Configuration
Parameters

slot, will have these brown terminal blocks. See
Figure 4-1.

When you manually assign a module to a slot, certain de-
fault information will be assumed for the module. This
information includes items such as gain switch settings
and single-ended or differential inpuf configuration, and
will vary according to the module type. You are free to
reprogram these defaults to any legal values for a given
module. You may also check the defaults for any module
by checking the parameters in question with the CHAN
command.

Hardware Switch Configuration

Some modules, notably the DIO1 and PIM2, have per-
formance features which are set by physical switches on
the module. Thereis no direct method for the firmware to
detect the positions of these switches, so the information
must be passed to the system within the test program at
run time. The “CHAN"” command enables you to enter
this additional information about a module which is not
covered by other commands. Review the “CHAN" com-
mand in the programming section of this manual.

Setting Up Measurement and Control

The Model 576 permits you to conveniently make meas-
urements and generate control signals for a wide variety
of conditions. This section of the 576 Manual presents in-
formation you will need for setting up the various acqui-
sition and control functions of the Model 576.

Signal Connections

The Model 576 uses quick-disconnect terminal blocks for
convenient connection and disconnection of signal leads.
Where an AMM module is plugged into slot 1, a ribbon
cable mass termination can also be used for analog input
connections. This hardware is available with newer
AMMIA and AMM?2 modules.

Open your Model 576 and you will note a series of brown
screw-terminal blocks mounted on the rear of the 576
mother board. These terminals are for digital I/O. You

Top View
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Set Screw
Side View
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\

Wire Receptacle

Model 576 Terminal Block

Figure 4-1.

A quick-disconnect terminal block can be removed from
the motherboard by pulling it straight off the mother-
board with a firm, even pressure. Do not pry the termi-
nals with a screwdriver or sharp object, or you may dam-
age the motherboard.

CAUTION

Some older Keithley signal conditioning
modules do not have removable terminal
blocks. These blocks are blue, rather than
brown. You may find these types of termi-
nals on modules which you are installing in
the 576 option slot(s). Do not attempt to re-
move the blue terminal blocks or you will
damage the board.

To make connections to a quick-disconnect terminal
block, first strip 3/16 of insulation from the end of the
wire which you want to attach. Loosen the desired termi-
nal screw on the block and slide the bare end of the wire
into the hole beneath the metal tab visible in the hole.
Tighten the screw to compress the tab against the wire.

will also note a pair of smaller brown terminal blocks lo-
cated at the front of the motherboard near the front panel.
These terminals are for analog output and trigger input.
Finally, the AMMIA or AMM2 module, as well as most
other modules you may mount in the remaining option

After you have attached all the desired signal wires to a
terminal block, replace the terminal block on the mother-
board or module from which it was removed.

4-2
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There are also four holes each in the 576 front and rear
panels that will accommodate standard BNC connectors.
To install a BNC connector in the front panel, use a
pointed knife to cut the panel overlay (the rear panel
holes are open). Solder leads to the BNC connector and
mount the connector in the open hole. Connect the leads
to the desired terminal block according to the steps listed
above.

“Channel” and “Slot”

This manual uses the terms “slot” and “channel”. Chan-
nel refers to an independent path over which signals
travel between the Model 576 and the outside world. In-
dividually-numbered screw terminals on each Model 576
terminal block provide connection to its various input
and output channels. One to three screws make up a
channel connection, depending on the type of measure-
ment or control signal.

The meaning of “slot” is not as obvious as “channel”. The
Model 576’s companion product, the 500-series, will ac-
cept up to 10 optional I/O modules which plug into

physical slots on the Model 500 mother board. Thus, one
describes modules as being mounted in certain “slots”.

The Model 576 has two physical slots in which modules
may be mounted. One slot is normally occupied by an
AMMIA or AMM?2 module, leaving the other slot for an
optional signal conditioning module. However, the term
“slot” is still associated with other I/O functons on the
Model 576 motherboard. The firmware views the Model
576 as a series of slots into which certain modules have
been mounted.Slots 2,4, 5, and 6 are “virtual” slots which
consist of circuitry built into the 576 motherboard.
Table 4-1 shows these I/O functions and their corre-
sponding slot numbers.

The following information describes connections and
jumpering for the various functions of the 576. You
should also consult the manual for the AMMIA or
AMM? if one is mounted in slot 1. Similarly, consult the
documentation for any optional module you have
mounted in slot 3. Throughout the following discussion,
refer to Figure 4-2, Figure 4-3, and Figure 4-4 which are
component and terminal I/O drawings of the Model 576
motherboard and sideboard.

Table 4-1. Model 576 Functions and Slot Assignments

Slot | Type Function

1 Physical slot | Used to mount an AMMI1A or AMM?2 (described hereout as “AMM”) analog input module,
or an option module where analog I/O is not required.

2 | Virtual slot Trigger circuitry performs all functions of the TRG1 module.

3 | Physicalslot | Used to mount optional module.

4 | Virtual slot Analog output circuitry performs functions of an AOMS5/2 analog output module.

5 | Virtual slot Digital I/O circuitry performs all functions of DIOI TTL digital I/O module.

6 | Virtualslot* [ Eight single-ended analog inputs, with connector compatible with 3B signal conditioning
subsystem.

*NOTE: These analog inputs are shown to exist in slot 6 according to the 576 internal configuration. This is for convenience
only. The external function actually uses the AMM global analog inputs 3-10 which feed the A /D converter of the AMM
module in slot 1. If an analog input module is used in slot 3, only 7 external inputs will be available.
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Analog Input - Siot 1

The lower option slot is normally occupied by AMM1A
in the Model 576-1, or AMM?2 module in the Model 576-2.
The AMMIA offers 62.5kHz/12-bit A/D resolution,
while the AMM?2 offers a 50kHz/16-bit A /D. Both AMM
modules are physically identical. If your system is a
Model 576-1 or 576-2, it includes an AMM module and
corresponding manual. Consult the AMM manual for
more information on the AMMI1A or AMM2 module.

The AMM modules contain quick-disconnect terminals
for connection of up to 8 differential channels or 16 sin-
gle-ended channels. If the AMM module is used in sin-
gle-ended mode, connect the input signal to the desired
signal terminal screw (0-15). Connect signal low to an
AMMSGND terminal. If the AMM module is used in dif-
ferential mode, connect the signal high input to the de-
sired signal terminal screw (0+ to 7+). Connect the signal
low to the corresponding low input terminal (0~ to 7-).
Attach the cable ground to the AMM GND terminal
screw. See Figure 4-4.

NOTE
For best analog input performance, be sure to
use the proper ground screw on the AMM
module for single-ended or differential meas-
urements. Single-ended measurements use
the SGND screw for signal low. Differential
measurements use the GND screw for the ca-
ble shield connection. Do not use the SGND
terminal as part of differential measurements.

NOTE
You may have to detach the AMM mounting
bracket from the rear panel of the 576 to make
or change analog connections. Be sure to reas-
semble the bracket when you are done.

NOTE
The AMM module input mode is controlled
through software. Be sure to indicate whether
single-ended or differential input is desired.
The default operating modes for the AMM1A
and AMM?2 are 16 single-ended inputs and
+10V A/D converter range.

The AMM modules are fully software programmable;
there are no hardware switches. Programmable features

include local amplifier gains of X1 and X10, global ampli-
fier gains of x1, x2, x5, and x10, programmable filter
(2kHz or 100kHz), and 0-10V unipolar or 10V bipolar
A /Dranges. The AMM modules also contain DIP sockets
for current shunt and pull-down resistors which are
sometimes useful in making analog measurements. The
A /D converter on the AMM modules also performs A /D
conversion for any other analog input module which
may be plugged into the system. The AMM modules can
also perform an A/D gain and offset calibration under
software control.

If analog input is not required, slot 1 may be used for an-
other module.

NOTE
The precision reference on the AMM module
isused by the 576 analog output circuitry. Ifan
AMM module is not mounted in the 576, the
analog output circuitry will not achieve its
rated accuracy.

Trigger ~ Slot 2

The trigger function is built into the 576 motherboard and
provides one ftrigger input channel. The 576 firmware
does not directly support a TRG1 in option slot 3. PEEK/
POKE may be used.

The trigger function is a true hardware trigger by which
data acquisition and control can be synchronized to ex-
ternal digital or analog signals. The trigger input is lo-
cated on terminal block J2 at the forward left corner of the
576 mother board. Jumper W201, which also controls
trigger operation, is located on the 576 motherboard.

The trigger function only operates in the AMM module’s
high-speed “auto-acquire” mode which is driven by the
crystal oscillator on the AMM module.

The 576 motherboard also includes a global input to the
trigger circuitry, which is accessed via the “GLOBAL IN”
connector J201. J201 is located in the forward left corner
of the 576 motherboard. This connector permits a signal
input to the AMM module to also be used as the trigger
input without requiring that the signal be connected to J2.
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NOTE

The GLOBAL OUT terminal on the AMMI1A
and AMM?2 modules is located near the top
edge of the module. If you want to use the
global input feature of the trigger circuitry,
you must connect the GLOBAL OUT terminal
pins of the AMM module to the GLOBAL IN
terminal pins of the 576. A cable for this pur-
pose is provided. Refer to Figure 4-4.

NOTE

Make sure the trigger cable is installed cor-
rectly or you may introduce noise into the
measurements. The trigger cable extends
from the GLOBAL OUTPUT]7 at the top edge
of the AMM module to the trigger GLOBAL
INPUT terminal J201 on the 576 motherboard.
Pay close attention to the orientation of the
beveled corner on the connector at each end of
the cable. The bevel must be over pin 1 on J7
and over pin 2 on J201.

Typical trigger modes include the following (see
Figure 4-5):

1.

Trigger at a user-defined threshold on the falling
edge of the trigger signal. Stop when the prescribed
number of points have been acquired.

Trigger at a user-defined threshold on the rising
edge of the trigger signal, and acquire data only
when the signal is above the threshold. Stop when
the prescribed number of points have been acquired.
Trigger at a user-defined threshold on the falling
edge of the trigger signal, and acquire data only
while the signal is below the threshold level.
Trigger at a user-defined threshold on the rising
edge of the trigger signal and take only one reading.
(Normally used to trigger a reading of another chan-
nel.)

Trigger at a user-defined threshold on the falling
edge of the trigger signal and acquire one reading.
Repeat each time the trigger condition is met until
the prescribed number of points have been acquired.
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1, Trigger at a user-defined thrashold on the falling slope of the trigger
signal. Stop when the prescribed number of points have been acquired.

3. Trigger at a user-defined threshoki on the falling siope of the trigger
signal, and acquire data only the first time the signal goes below the
thereshold level. Stop when the signal goes back up above the threshold.

4. Trigger at a user-defined thrashold on the rising slope of the trigger

signal and take only one reading. Normally used to trigger a reading off
of another channel.

2. Trigger at a user-defined threshold on the rising slope of the trigger
signal and acquire data only when the signal is above the thrashoid.
Stop when the prascribed number of peoints have been acquired.

Figure 4-5.

Typical Trigger Modes

AWvAww

5. Trigger at a user-defined threshold on the falling slope of the trigger
signal, and acquire one reading. Repeat each time the trigger condition
is satisfied until the prescribed number of points have been taken.
Normaily used to synchronize readings to an external event.
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Setting Jumpers for Trigger Modes

Jumpers on the 576 motherboard and the AMM module
select and configure the trigger function.

Single Trigger Input — to trigger an AMMI1A or AMM?2
analog input module off a single trigger signal fed to the
576, set jumpers and connections as follows:

576 trigger jumpers — Locate W201. Jumper pin 1 to
pin 2. Connect the trigger signal to J2.

AMM module ~ place jumper J3 over pins 1 and 2.
Connect the signal of interest to one of the AMM in-
put channels.

NOTE
To gain access to the jumpers on the AMM
module and 576 motherboard, you must re-
move the AMM module from slot 1. If you
have a module in slot 3, you must also remove
it to gain access to the AMM module and 576
motherboard.

Option Slot — Siot 3

The Model 576 has two option slots. Slot 1 is normally
used for an AMMIA or AMM?2 analog measurement
module. The second option slot can be used to operate a
module to provide a capability which is not built into the
Model 576. Examples are modules for isolated input, cur-
rent input or output, thermocouples, strain gauges, fre-
quencies, and LVDTs.

Consult the Keithley catalog for more information on
specific available module functions and capabilities. If
you are in doubt as to the compatibility of a certain mod-
ule with the Model 576, contact Keithley Data Acquisi-
tion and Control product support in the US. at
(216)248-0400.

CAUTION
Before you install or remove a module from
the Model 576 option slot, turn off the 576

front panel powerswitch oryou will damage
the module.

To install an optional module, see the manual for your
option module for any required configuration of gains,
ranges, switches, etc. Set up the module and make con-
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nections according to your application. Hold the module
with the component side facing upward. Insert the rear
edge of the module into the upper module guide located
on the power supply shield, and slide the module into the
upper option slot connector. Attach any necessary brack-
ets, mounting screws, or strain relief to complete the
hardware installation. If you are using both slots for op-
tion modules, install the slot 1 (lower) option module
first. The steps are the same as outlined for slot 3.

Analog Output — Slot 4

The analog output function is built into the 576 mother-
board, and consists of two high-speed 13-bit output
channels which behave as a 2 channel AOM5 module.
Terminal screws are located on J1 at the forward left cor-
ner of the 576 mother board. The 576 analog output cir-
cuitry has a 5uS settling time, and can theoretically
achieve speeds upwards of 200kHz. However, the speed
of the 576 microprocessor limits the analog output speed.

There are restrictions as to the output capabilities of each
channel. Generally, there is an upper limit on the amount
of capacitance and a lower limit to the resistance that can
be connected across the output. To avoid possible oscilla-
tion, oufput capacitance must be less than 200pF.

If it is necessary to drive a capacitive load larger than
200pF, a 100Q or larger resistor must be placed in series
with the output. This will slow down the settling time
somewhat, depending on the value of the capacitive load.
If an analog output channel must drive a load with both
low resistance and high capacitance, the output must be
buffered by an external voltage amplifier.

Similar restrictions apply to the output current, which is
determined largely by the resistive component of the
load connected across the output. If the resistance is too
small, accuracy will suffer. To maintain rated accuracy,
the load resistance should be no smaller than 2kQ with a
maximum output of +10V. Maximum current output is
SmA.

The analog output circuitry also offers an “auto-se-
quence” mode which can be implemented through PEEK
and POKE commands. This feature makes it possible to
write optimized high-speed analog output routines. It is
described later in this manual.

NOTE
The 576 analog output function uses 10.00V
precision reference on the AMM module. If an
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AMMIA or AMM?2 module is not mounted in
slot 1, the 576’s analog output feature cannot
achieve the rated accuracy.

Digital I/O — Slot 5

The digital input and output functions are built into the
576 motherboard. Digital I/O consists of 32 non-isolated,
TTL-compatible channels which are configured in
groups of eight channels, called ports, for input or output
(see Figure 4-4).

TTL standards define an input “0” or “low” as being less
than 0.8V, and an input “1” or “high” as being greater
than 2.0V. A typical output high level is 3.75-4V.

The ports are configured through software control.
When the Model 576 is initially switched on, all digital
ports on the 576 motherboard initialize in a high-imped-
ance, {ri-state condition. Four terminal blocks (J12 —J15)
are located at the rear of the 576 motherboard. Each ter-
minal block provide connections to a port plus two
ground screws for ports 0, 1, 2, and 3, respectively. The
ports correspond to the connectors as shown in Table 4-2.

Table 4-2. Digital Channels and Ports

Connector | Port Designation
J12 0
J13 1
J14 2
J15 3
CAUTION

Do not short a digital output terminal to
ground or you may damage the digital cir-
cuitry of the Model 576.

WARNING
The digital ports 2 and 3 are used for power
control as well. Do not leave a PCM3 relay
board connected to the 576 motherboard un-
less you are doing power control.

Power Control — Slot 5

Ports 2 and 3 of the digital I/O circuitry can also be used
for power control. These ports are internally connected to
the card-edge J16 located at the rear of the 576 mother-
board (see Figure 4-4). Thus, they are shared by the
power control connector and 2/3 port digital terminals.
When the ports are used for power control, they should
not be used for digital I/O, and vice versa.

Power control requires the optional PCM3 relay card and
ribbon cable assembly, plus whatever relays are needed
for the application. The power control function includes
switching of external loads as well as sensing when cur-
rent is flowing through an external circuit. The ports 2
and 3 can both be configured for sensing, control, or one
port can be dedicated to each function. You must select
relays according to the voltage range, function, and AC
or DC voltage. See Table 4-3 for available types.

Table 4-3. Power Control Relays for the PCM3

Keithley

Part No. Description

500-OAC1 | 120V AC Control Relay

500-OAC2 | 240V AC Confrol Relay

500-IAC1 120V AC Sensing Relay

500-IAC2 240V AC Sensing Relay

500-ODC1 | 60V AC Control Relay

500-ODC2 | 200V DC Control Relay

500-IDC1 32V DC Sensing Relay
WARNING

The digital ports 2 and 3 are used for digital
/O as well. Do not leave a PCM3 relay board
connected to the 576 motherboard unless
you are doing power control.

When programming the power control (output) func-
tion, note that the logic is “low-true”. The output of the
576 channel corresponding to a selected relay must be set
tologic “0”, or “low” in order to turn on the relay. A chan-
nel will be read as “low” when a sensing relay detects
current flow to an external load.
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External Input — Slot 6

The external input function offers eight single-ended
analog input channels for direct connection to an op-
tional Analog Devices 3B signal conditioning rack, or any
single-ended input. Connection is made through mass-
termination connector J307 which is located near the
lower option slot on the 576 sideboard assembly. The
connector is a 26-pin ribbon-cable type. You will nor-
mally make connection to this termination using a cable
you receive with the Analog Devices 3B subsystem. The
pinout data for this connector is shown on Figure 4-4.

Input signals from J307 are routed directly to the global
multiplexer of the AMM module in slot 1 along analog
pathways 3-10 as shown in Table 4-4. This frees all the in-
put channels on AMM module for other signals. As such,
the external input is really an extension of slot 1, not slot
6.Slot 6is used in the 576’s configuration for user conven-
ience only.

Table 4-4. External Input Channels— Slot 6

External Input AMM Global
Channel Multiplexer Input
0 10
1 9
2 8
3 7
4 6
5 5
6 4
7 3

The external signals are selected by the AMM global mul-
tiplexer and sent to the AMM A /D converter for digitiz-
ing. Programmable global gains of x1, x2, x5, and x10 can
be applied to external analog input signals. Local gain is
fixed at x1.

NOTE
If an analog input module is used in slot 3 of
the 576, the external channel 7 will not be
available for use.
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NOTE
The EXTERNAL function requires an AMM
modulein Slot 1. The input signal may be ana-
log or digital.

Advanced Topics

The following information covers topics which will en-
able you to optimize the performance of your Model 576.

Gain

Most analog input modules compatible with the 576 offer
some type of gain which can be applied to the input sig-
nal. The gain will be set according to software parame-
ters, or with older modules, according to hardware
switches on the module.

The value of applying gain conditioning is that it can in-
crease a relatively low input voltage before the voltage is
digitized by the A/D converter. This provides a greater
number of A/D counts which improves the effective
resolution of the reading.

For instance, with a 16-bit A/D converter input range of
10V, an input of 0V produces 32768 counts from the
A./D converter, while 0.1V produces 33095 counts. With
a gain of X100 applied, the 0.1V signal will be amplified to
10V at the input of the A /D converter. This corresponds
to 65535 counts from the A /D converter. Thus, the A/D
converter now breaks a difference of 0.1V into 32767
steps, not 327. This substantially improves the resolution
of the measurement.

Two types of gain are available. First, the AMMI1A and
AMM2 modules and several other analog input modules
includea front-end amplifier called the “local gain ampli-
fier” or "instrument amplifier”. This stage applies gain to
the signals input directly to the screw terminals of that
module. For the AMMIA and AMM2 modules, local gain
is selected through software control, and consists of x1
and x10 gain ranges. Other modules may have available
gains of x1, x10, x100, or x1000, set through software con-
trol or hardware switches depending on the module.
Some “high-level input” modules, such as the AIM2,
have a gain of only x1.
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Thesecond type of gain available in a the Model 576 is ap-
plied by an amplifier stage immediately before the AMM
A/D converter. The amplifier stage is called a “global
gain amplifier” because its gain can be applied “globally”
to any analog input signal as it is routed to the system
A /D. This circuitry and the A/D converter are both lo-
cated on the analog master measurement module. In the
case of the Model 576, this is an AMM1A or AMM?2 mod-
ule. The global gain amplifier normally has ranges of x1,
x2, x5, and x10, which are selected on a channel-by-chan-
nel basis through software.

Local gain and global gain can both be applied to a signal
simultaneously, and the overall gain is multiplicative.
Therefore, gains as high as x10,000 are available (AIM8
module local gain at x1000, followed by A /D global gain
of x10).

NOTE

To optimize low-level measurements, use
shielded cable and other low-noise measure-
ment techniques, such as differential input.
As much as possible, avoid noisy environ-
ments. These are good practices for any meas-
urement set-up, but especially important
when measuring low-level signals.

A/D Converter Range

A second general method of optimizing analog input sig-
nals is to change the A/D converter input range. The
AMMIA and AMM2 modules used in the Model 576 pro-
vide two A/D ranges: +10V and 0 to +10V. This range is
selected through software.

Changing the A/D converter range allows you to more
precisely match the converter to the voltage produced by
the instrument amplifier. You can make measurements
with different A /D ranges, global amplifier gains, and lo-
cal amplifier gains in your test programs. This matches
the system to a wide range of voltage inputs.

Single-Ended vs Differential Input

Analog inputs applied to the Model 576 will fall into two
general categories: single-ended inputs and differential
inputs. These input schemes can usually be identified by
the numbers of wires which must be connected for one
signal.

Single-ended inputs normally have two wires, or a wire
and shield. For two wires, one wire is generally consid-
ered the signal lead, while the other is the ground lead.
For a shielded cable, the center wire is usually signal,
while the shield is ground.

WARNING
To prevent a shock hazard, the ground lead
of equipment powered from 115V AC must
be connected to ground potential. The volt-
age difference between the equipment
ground and the Model 576 ground should
never exceed a few millivolts.

CAUTION
Maximum input voltage for Model 576 in-
puts is 15V, Note that if any input exceeds
+10V, all inputs will be inoperative.

Differential signals may have two or three wires. For two-
wire circuits, one wire is signal positive and the other is
signal negative. Unlike single-ended configurations, this
negative lead is not necessarily at ground potential.
Three-wire differential inputs normally consist of a posi-
tive lead, a negative lead, and a ground shield.

Differential outputs are commonly found on laboratory
instrumentation and other precision instrumentation.
The use of two leads plus ground offers maximum im-
munity from common mode noise and ground loops. The
shield should be connected to the GROUND terminal
screw on the analog input module.

Whether you use a differential or single-ended input de-
pends on several factors. You can measure many types of
differential signals in single-ended mode. Three-wire
differential signals must be measured in differential
mode. Low-level signals should be measured in differen-
tial mode to minimize noise. Differential input should
also be used where maximum precision is required. Sin-
gle-ended mode affords the greatest number of channels,
and can be used where you need the maximum number
of inputs for measuring higher-level voltages.

Measuring Currents

TheModel 576 cannot measure current directly, butit can
measure the voltage drop produced across a resistor
when current flows through the resistor. The AMMI1A
and AMM?2 modules have three 16-pin DIP sockets (4, J5,
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and J6), each of which accepts a “header” plug which can
hold up to eightanalog inputresistors. Each resistor must
be connected from a pin on one side of the header to the
corresponding pin on the other side of the header. See the
AMMIA or AMM2 manual for details.

For differential current measurements, the header must
be plugged into J4 on the AMM module. This places the
resistor across the (+) and (-) inputs of the differential
channel.

For single-ended current measurements, the header
mustbe plugged into J5 on the AMM module. This places
the resistor across the (+) and ground inputs of the single-
ended channel.

Choose a value for the resistor which produces a voltage
drop of one to a few volts. Calculate the resistor value you
need with Ohm’slaw E=IxR,

E (desired voltage drop) = I (in amperes) x R (in ohms)

Generally, you may choose any resistor value which
gives a suitable voltage drop. To avoid heating which
may affect measurement accuracy, make sure the maxi-
mum power dissipated in the resistor is well within the
power rating of the resistor. Calculate this dissipation
with another Ohm’s law equation,

= xR

Measuring Floating Sources

You may need to install analog input resistors when you
measure a floating signal in differential mode. A floating
signal typically hasa “+” terminal and a “~” terminal nei-
ther of which is at ground potential. The signal has no
low-impedance return path to ground. Under these cir-
cumstances, the input of the AMM module or other ana-
log input module may exhibit a capacitive effect and
build a charge from the input signal. Over several min-
utes, the common mode voltage may rise until the analog
input no longer functions properly. This causes no dam-
age to the module, but does make it impossible to meas-
ure signals.

The solution is to connect a resistor of 10K ohms or less
from the negative analog input terminal to ground for
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each signal input. These resistors can be soldered to
headers plugged into input resistor sockets on the mod-
ule. The header should be plugged into J6 on the AMM
module.

Input Filtering

When noise is a problem, filiration may be applied to
analog input signals. The AMMI1A and AMM?2 modules
in the Model 576 both include a programmable filter be-
tween the global gain amplifier and A/D converter
stages. This filter has cut-off frequencies of 100kHz and
2kHz.

Where further filtering is desired, a single-pole input fil-
ter may be placed on the incoming signal line for any ana-
log input (see Figure 4-6). The relative RC values will de-
pend on a variety of factors, including the frequency of
the noise, the required attenuation, and the necessary re-
sponse time. The RC values can be computed from the
formula:

1

f(3dB) = ————
2nRC

Where fis in Hz, C is farads, and R is ohms. The resulting
system response time within .01% is then equal to
9.2xRC.

As an example, assume that 10 counts of 60Hz noise is
present in the signal. To reduce the noise to one count, an
attenuator factor of 10(20dB) will be necessary at 60Hz. A
single-pole filter will roll off at a rate of 20dB per decade.
Thus, a 3dB point of 6Hz would be chosen to attenuate to
60Hz noise by 20dB. Rearranging the above equation to
solve for R we have:

1
21 x C % f(3db)

Picking a nominal value of 0.5uF for C, the necessary re-
sistance is:

1
2% (0.5x10%) x6

R = 53,000 ohms
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The resulting response time (Tr) is:

Tr = 92xRC
Tr = 9.2 x 53000 x 0.5 x 10
Tr = 0.24sec

Note that there are a number of RC values that can be
used in a given application. To minimize the effects of the
series resistance, however, it is recommended that the
value of R be kept as low as possible.

Signal Input

1 )
From To

Figure 4-6.  Single-pole Input Filter

Analog Output Range

The analog output range is set through software control.

You may select from several ranges for the Model 576
analog output function. The default D/A range is £10V.
Available ranges of analog output are 10V, 5V, £2V,
and £1V.

The analog output converter circuitry data format is 12
bits plus a sign bit. For unipolar ranges, the D/A output
will be divided over 4096 steps. For bipolar operation, the
sign bit causes the polarity of the converter to be positive
or negative. The result is that the full A/D range of 10 to
+10V is effectively divided into 8192 steps. By selecting a
narrower output range, the output resolution can be im-
proved further at the expense of the available voltage
span. Programming —0V or +0V results in the same out-
put. Note that if you are writing raw D/A. counts to the
analog output channels, the output value will be written
as two 8-bit words. The sign bit is the most significant bit.
Format:

SXXXHHHHLLLLLLLL

where
S =Sign
H = High-order bits
L =Low-order bits
X =Don’t care.
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576 Commands

Introduction and Overview

The 576 is programmed over the GPIB bus, which is the
standard implementation of IEEE standard 488-1978. The
GPIB interface is the communication link between the
576(s), other GPIB devices, and controller. The interface
and bus supply all the necessary programming, data and
control information to operate the 576. The 576 program-
ming language includes commands for data and memory
management, creating subroutines, rate control, trigger-
ing, timestamping, system configuration, and engineer-
ing units conversion.

The 576 fully supports all the series 5001/0 modules ex-
cept the AIM1, ADM1, ADM2, AMM]1, MEM1, PCM2,
STEP1/STEP2, TRG1 and GPIB modules. A revised ver-
sion of the AMM1, the AMM1A, is fully compatible with
the 576. The MEM1, STEP1, STEP2, TRG1, PROTO, and
WAV1 modules may be used in the 576 if they are ac-
cessed through the PEEK and POKE commands.

Configuration

The SYST command is used to configure or interrogate
the system functions of the 576. The command contains a
function parameter which allows the user the following
capabilities:

1. select the filter of the system A/D (AMM),
2. getmemory and buffer information (MEM?, :BUE?),

3. set default engineering units conversions and data
format (UNIT, :FORMAT),
4. setup GPIB parameters (:EOI, :SRQ, :TERM),
5. set and read the real time clock (:CLOCK),
6. return system error message ((ERR?),
7. set system power up/down options (:SAVE),
8. configure the slots with modules (:SLOT),
9. setup timestamping (STAMP),
10. and return the system ID (:IDN?).
11. Apply calibration factor to AMM module (:CAL)
12. Read and write data directly to hardware (PEEK and
POKE)

All the system commands are executed immediately
upon receipt and those ending with “?” will immediately
buffer the requested data for a reading by the controller.

The CHAN command is used to configure or interrogate
the input / output functions of the 576. The CHAN com-
mand also contains a function parameter which allows
the configuration of:

1. the filter of the specified channel or range of chan-
nels. :FILTER),

2. the gain applied of the specified channel or range of

channels. (:GAIN),

the offset enable or disable (OFFSET),

the mode of the specified channel or range of chan-

nels. (MODE), and

5. the range of the specified channel or range of chan-
nels. (RANGE).

=W
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The use of these functions is dependent on the module
being configured. Consult your hardware manual for the
detail description of the hardware. These commands are
also immediately executed upon receipt and those end-
ing with “?” will immediately buffer the requested data
for a read by the controller.

The 576 supports calibration of the AMM modules
through use of the SYST :CAL command. This calibration
is a gain and offset correction for the global input ampli-
fier. To allow the system to perform correction it is re-
quired that the calibration constant supplied with the
AMM module be sent to the 576. This constant is stored in
battery backed up RAM and need only be downloaded to
the 576 the first time the system is used. If calibration is
disabled and later re-enabled, if the AMM module is
recalibrated, or if the battery support of the RAM fails.
Any time after the constant is sent to the 576 the com-
mand “SYST :CAL;”, without the constant, can be issued
to generate all the calibration coefficients used by the 576.
This command should be issued only after the 576 has
been powered up long enough to meet the warm-up time
specification.

Data and Memory Management

The 576 allows up to twenty buffers, named BO through
B19, to be dynamically allocated from the 100,000 bytes
of system data memory. The system data memory size
can be increased to over 480,000 bytes through the use of
the memory expansion option.

Most data in the 576 is managed through buffered opera-
tions using the BUFF commands. The BUFF READ com-
mand is used to convert and format data in the specified
buffer to the specified engineering units and data format.
The data is then ready for a read by the controller.The
BUFF WRITE command is used to send data, in the speci-
fied engineering units, from the controller to the speci-
fied buffer. The READ command collects data from an in-
put device and stores it to a specified buffer. The WRITE
command sends data in a specified buffer to an output
device.

All data stored in 576 buffers is stored as raw binary data.
Data being sent to the 576 from a controller is converted
as it is sent, based on specified engineering units conver-
sion and system data format, to raw binary and then
stored in the buffer. Data stored in the 576 buffers is con-
verted from raw binary to the specified engineering units
and format as it is sent to the controller.
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Data buffers are created in the 576 using the BUFF DIM
(dimension buffer) command. Buffers are of a specified
type (BYTE, WORD, LONG, TC) and are dimensioned as
the number of channels in a scan by the number of scans.
The TC specifier handles the special case of reading ther-
mocouples and automatically allocates an additional
channel (WORD) per scan to store the cold junction refer-
ence. The dimension statement also enables timestamp-
ing through use of the STAMP specifier. When this fea-
ture is specified, six additional bytes are automatically
allocated per scan or per buffer (see SYST :STAMP).

Data in a buffer can be copied from one buffer to another
to change the data formatand/or to apply a scale and off-
set to the data using the BUFF MOVE command. For ex-
ample, this command allows buffered A/D data col-
lected in a 12 bit format to be scaled, offset, and then
stored in another buffer in a 16 bit format for output toa
16 bit D/A.

Triggering and Program Control

The 576 supports the use of conditional triggers, similar
to BASIC'SIF...ELSE...ENDIF constructs. These permit a
sequence of user-specified commands to be executed
based on the trigger condition being true or false. The
trigger conditions compare an input to a user specified
value or to two user values in the case of windowed trig-
gering. Triggering can be done on any 576 input data, the
DATE and / or TIME, or on the status of any buffer (full
or not full).

The 576 also provides an analog trigger, using the TRIG
command, for time critical triggering. The TRIG com-
mand is used in conjunction with the READ command in
the QUICK mode.

Looping constructs are also supported, permitting the
user to implement a standard DO..LOOP and
WHILE...WEND loop construct similar to that used in
BASIC. The WHILE triggering can be done on any 576 in-
putdata (also allows windowed trigger), the DATE and /
or TIME, or on buffer status (full or not full). '

Delays can be set in a 576 program using the WAIT com-
mand. This command can be used to halt a program an
absolute amount of time, from 1 millisecond to 65 min-
utes, or until a group execute trigger (GET) is received.
There is also a HALT command which can stop the pro-
gram execution on an SRQ condition or when the com-
mand is encountered.



SECTION 5
576 Commands

The 576 can be programmed when to begin execution of
the stored program. Use the SYST :TRIG function to se-
lect the start option. The options include: start on receipt
of X command, start on receipt of group execute trigger
(GET), or start at a specified TIME and/or DATE.

Timestamping

Several modes for timestamping of data are provided
with the 576. The SYST :STAMP function is used to con-
figure tlre timestamp mode. Timestamping can be config-
ured to stamp a buffer one time (ONCE) or can stamp the
buffer at the start of each scan of data (SCAN). The type
of timestamp can be configured to contain the time only
(TIME) or may contain both time and date (CLOCK). The
resolution of the timestamp is 10 milliseconds. When
timestamping is enabled and hardware triggering
(TRIG) is being used the 576 applies a special timestamp
mode with a resolution of 1 microsecond.

Timestamping of a buffer is enabled through the dimen-
sion buffer (BUFF DIM) command by selecting the op-
tional timestamp specifier (STAMP). The 576 will auto-
matically allocate the appropriate amount of buffer space
based on the timestamp mode and type set in the SYST
:STAMP command.

Subroutines

A subroutine in the 576 is a series of commands begin-
ning with a SUBR “name” command and ending with an
ENDSUB command. The SUBR “name” command as-
signs a name to the subroutine which can later be called
with the CALL “name” command, or to execute the sub-
routine when an interrupt occurs, it can be called with the
ONINT “name” command at the interrupt rate specified
in the command. The RETSUB command can be used at
any time in a subroutine to return to the place in the pro-
gram from which the subroutine was called.

When using the ONINT command only the last specified
ONINT subroutine name will be active. Ample time
must be allotted in the interrupt rate specified to allow
complete execution of the subroutine or an interrupt
overrun error will occur.

Up to ten user defined subroutines can be loaded in the
system at one time. Any 576 command can be used
within a subroutine.

Using subroutines and the ONINT command allows the
capability to chain subroutines. This is done by issuing
the ONINT command from within a subroutine to exe-
cute a different subroutine at the next interrupt. The in-
terrupt rate must be set high enough to allow time to
complete execution of the longest subroutine. With this
feature the user can create a time - sliced multiprogram
system in the 576. The RETSUB command used in a sub-
routine with interrupts active allows the creation of a im-
ited time sliced multitasking system. The command IN-
TOFF is used to turn off interrupts.

Engineering Units Conversion and Data
Formats

Engineering units conversions include volts, milliamps,
hertz, and degrees C or F for thermocouple types J, K, S,
T,E,B,and R, and RTDs. The default conversion is set us-
ing the SYST :UNIT function. The system default can be
overridden using the optional “unit” parameter in vari-
ous commands.

Data formats supported in the 576 are MOTOROLA bi-
nary, INTEL binary, ASCII with a prefix, and ASCII with-
out a prefix. The default data format is set using the SYST
:FORMAT function.

Using this section of the manual

This section of the 576 manual contains an alphabetic list-
ing of all the commands used in controlling the 576. Each
command includes a description of the command, the
command syntax or format, programming notes, and
programming examples.

The programming examples are shown for selected com-
mands. These programming examples list only the 576
commands required to do a given task; they do not in-
clude any other syntax which may be specific to any con-
troller programming language. Actual test programs can
be written by combining the supplied 576 commands and
appropriate commands from the user’s chosen program-
ming language environment. Comments may follow
some commands, and are preceded by an apostrophe ().
If entered into a program, these comments must adhere
to the specific language’s conventions for identifying
comments or remarks.
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Some important notes on 576 commands

1. ALL 576 COMMANDS must be terminated with a
semi-colon ().

2. Commands can be delimited with a space, a comma,
or a tab.

3. Only the first four characters of any command or
function are required by the 576. Those commands
having less than four characters require the full
name. Any characters entered after the first four
characters are ignored. Using the full command
names are recommended for good program docu-
mentation since all commands are very english-like.

4. The parameters in 576 commands are position de-
pendent. All parameters, including optional pa-
rameters must be entered in the order documented
in the manual or an error will be issued.

5. Theb576is case insensitive. Upper and lower case are
accepted.

Terms and Conventions used in this
Section

1. All 576 commands shown in this section will show
the command name followed by a space and will
separate the command parameters with commas.

2. Some commands contain optional parameters. Op-
tional parameters are enclosed in square brackets ( “[
1”) and are position dependent.

3. Some commands allow the use of command exten-
ders. The command extender character is the colon (
“” ) and is used to string functions in a single com-
mand together withoutreissuing the command each
time.

4. Some commands require the selection of one of sev-
eral options. The use of bragces (“{ }"” ) denotes that
one of the items in the braces must be selected. A ver-
tical bar (“1” ) is used to indicate an OR condition
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where the choice of one or more of the several op-
tions listed must be made.

5. “<>"” denotes user supplied values or data.

6. All information shown in italics are controller spe-
cific commands.

7. Where a range of channels is specified, there can be
no spaces included in the channel range parameter,
i.e. “2-7" is correct; “2 — 7" is not.

576 PROGRAMMING COMMAND SET

*BUFF — Buffer Clear, Dim, Index, Move, Read, Stat,
Write

CALL — Call Subroutine

*CHAN — Channel Configuration

DEBUG — Debug Tag

DO, LOOP — Loop Control

HALT — Halt

*IREAD — Immediate READ

*IWRITE — Immediate WRITE

IF, ELSE, ENDIF — Conditional Execution

ONINT, INTOFF — Setup Background Subroutine

PEEK — Peek at address

POKE — Poke to address

READ — Read Input Device

RESET — Reset System

SUBR, RETSUB, ENDSUB — Create Subroutine

**SYST — System Configuration

TEST — Self Test

TRIG — Hardware Trigger

WAIT — Time or GET delay

WAVE — Control WAV module output.

WHILE, WEND — While Condition Control

WRITE — Write Ouéput Device

X — Execute

**ZCAL — Zener reference calibration

* BUFF DIM and BUFF WRITE are immediate commands
** = Immediate commands
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— BUFF
— CALL

CALL subroutine;

BUFF CLEAR...;
— BUFFDIM...;*
[— BUFF INDEX...;
— BUFF MOVE...;
I— BUFF READ...;
— BUFF STAT...;
— BUFF WRITE...; "

|— CHAN*

—— DEBUG

|~— HALT*
— [READ

— IWRITE

DEBUG n;

}—— DO, LOOP ———: DO [n times};

LOOP;
HALT [SRQJ;
IREAD {unit] slot,...; *

IWRITE [unit,] slot,...; *

CHAN slot, chans :FILTER...;
— CHAN slot, chans :GAIN...;
F— CHAN slot, chans :MODE...;
— CHAN slot, chans :OFFSET...;
— CHAN stot, chans :RANGE...;
— CHAN slot, chans :FUNC...;
— CHAN slot, chans :AMPL...;
[— CHAN siot, chans :DUTY..,;
-~ CHAN slot, chans :FREQ...;

~— IF, ELSE, ENDIF

[—— ONINT, INTOFF—E ONINT sub...;
INTOFF,;

— PEEK—[: PEEK slot....;
PEEK ID...

| POKE

iF slot, chan,...;
IF {DATE | TIM_E)_E—— condition 1
IF Buffer...;

ELSE; condition 2
ENDIF;

READ TIME, Bn;

—— READ READ slot, chans, Bn...;
E READ slot, chans, Bn, QUICK;
READ CLOCK, Bn;

POKE slot,...;
POKE GLOBAL,...;
POKE RESET...;
POKE STROBE...;

[—— RESET

RESET MEM;

—— SUBR, RETSUB, ENDSUB

|—— SYST * ~— SYST :AMM [filter] ;
ﬁ-—- SYSTBUF?;

— SYST:CAL...;

— SYST :CLOCK..;

~—— SYST :EOL.;

l~ SYST:ERR?;

L— SYST:FORM...;

|— SYST:IIDN?;

F— SYST:MEM?;

|- SYST:PEEK

|: RESET OUT;
SUBR sub; RESET ALL;
l: RETSUB;

ENDSUB;

I~ SYST :POKE
— SYST:SAVE..;
[~ SYST :SLOT..
— SYST :SRQ..,;
— SYST :STAMP...;
— SYST:TERM...
— SYST:TRIG...;
~— SYST :UNIT..;

— TEST TEST;

~— TRIG TRIG source...;

— WAIT ——-E WAIT <time>...;
WAIT GET;

WAVE slot, chan, mode;

— WAVE

|—— WHILE, WEND

PEEK slot,...;
PEEK ID;

PEEK GLOBAL;
PEEK RESET;
PEEK STROBE;

POKE slot....;
POKE ID;

POKE GLOBAL;
POKE RESET;
POKE STROBE;

l—— WRITE WRITE slot, chans, Bn...;

r—-—x—————x;

tmm ZCAL ————ZCAL <val>;"

WHILE slot, chan,...;
WHILE {DATE | Tl@— condition 1
WHILE Buffer...;

WEND;

* = Immediate Commands




BUFF CLEAR A Clear buffer contents

Purpose

Format

Parameters

Programming
Notes
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The BUFF CLEAR command clears the contents of the specified buffer.

BUFF CLEAR Bn;

Bn — any valid buffer number

1. A “BUFF READ Bn” command (no [chan] option) automatically reads back the entire
contents of the specified buffer and then clears the contents of a buffer.

2. A “BUFFREAD [chan] Bn” command reads the specified channel’s data from a buffer but
does not clear the contents of the buffer. Therefore, it is necessary to use BUFF CLEAR
after a “BUFF READ [chan] Bn” command before any new data can be put into the buffer.



BUFF DIM

Dimension buffer

Purpose

Format

Parameters

Programming
Notes

To dimension and allocate a data buffer for input or output operations. There are up to twenty
buffers that may be allocated from system memory, named BO through B19.

BUFF DIM [type,]Bn, #chan, #scan [, STAMP];

type — optonal array type specifier, default is WORD (16 bits).
BYTE  =8bits,
WORD = 16 bits (default),
LONG =32bits,

TC = temperature array. See programming notes 1 and 2 below.
Bn — number of the buffer to be allocated: B0O-B19.
#chan — number of channels per scan, up to 32 maximum.
#scan - number of scans per channel to allocate for the buffer.
STAMP - optional flag to enable timestamping on specified buffer.

1. BUFF DIM is an immediate command.

2. Thebuffer dimension ‘type’ needed to store a reading varies with the module and type of
reading;

Digital reading (port) BYTE

Analog reading WORD (non thermocouple)

Thermocouple reading TC allocates 1 WORD per reading +1 WORD per scan for
the cold reference junction. Example:
Ch0 data value 1, Chl data value 1, reference 1,
Ch0 data value 2, Chl data value 2, reference 2,

.ChO data value 5, Chl data value 5, reference 5
PIM1, PIM2 (16-bit count) WORD

PIM2 (32-bit count) LONG

PCM1, DIO1A BYTE

TIME LONG (for READ TIME only)

CLOCK LONG (for READ CLOCK only, must specify 2 in “#chan’)

3. When dimensioning an array for temperature measurements using thermocouples the
array must be of type "TC’. This will allocate an additional WORD per scan to store the
cold junction reference data which is read on each scan. This is only valid on modules
with a cold junction reference (AIM5, AIM7).

4. If TIME is read with the READ command, the buffer must be dimensioned for type
"LONG’ and one channel. If CLOCK is used, the type is also 'LONG’ but ‘#chans’ must be
2, one long for the date and another for the time. See READ TIME command for more
information on reading real time clock information to buffers.

5. See the BUFF READ or BUFF WRITE command for more information on using buffers.
See SYST :BUF?; command for information on checking buffer status.
7. SeeSYST:MEM?; command for information on finding blocks of free memory.



8. To conservesystem memory space specify the optional array type specifier when dimen-
sioning arrays for digital I/O or PIM I/O.

9. Timestamping requires the 576 to allocate additional space per buffer. 6 bytes per buffer
or scan (depending on the mode and type) is allocated automatically by the 576 if the op-
tional STAMP flag is specified. See SYST :STAMP for more information on timestamp

configuration.
Programming Example 1. Temperature Array
Examples BUFF DIM TC,B0,1,10; “allocate a TC array for 1 channel of temperature 10 scans.

’ Note: an extra WORD (2 bytes) per scan will be allocated in
" BO for the cold junction reference.

SYST :SLOT 3, AIM7; 'AIM7 in slot 3

READ 3,5,B0,FILL; ‘read AIMY7 in slot 3, channel 5 and cold junction reference to

X; ’ buffer 0, fill buffer.

Example 2. Timestamped Array

SYST :STAMP SCAN,CLOCK; ’‘time stamp time and date on every scan

BUFF DIM B2,2,100,STAMP; ‘allocate word array for 2 channels of 100 scans. Note: 6 ex
‘tra bytes allocated per scan for timestamp.

DO 100;
IF1,2,GT,3,DCV; ‘if voltage on slot 1 channel 2 greater than 3 volts
READ 1,0-1,B2; ‘read slot 1 channels 0-1 with a time/date stamp
ENDIF;
LOOF;
X
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BUFF INDEX

Report last point accessed in buffer

Purpose

Format

Parameters

Programming
Notes

The BUFF INDEX command returns the number of scans of data that have been written to the
specified buffer. The information is returned as an unsigned long integer.

BUFF INDEX Bn;

Bn

1.

— valid 576 buffer number, B0O-B19

The buffer specified in BUFF INDEX must exist or an error will be generated.




BUFF MOVE

Translate/move buffer contents

Purpose

Format

Parameters

Programming

Notes

Programming
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Examples

The BUFF MOVE command copies data from one buffer to another translating it to the format
required by the output device which is identified by the module in the specified slot. This
command also allows a scale and / or offset (y=mx+b) to be applied during the conversion.
The scale value is a floating point multiplier and the offset value is in units of volts.

BUFF MOVE slot,chans,Bnew, Bold,[,<scale>,<offset>];

slot — slot number of the module which is the destination for the translated data.

chans — channel or range of channels that specify data conversion.

Bnew — number of the buffer to store the translated data: B0-B19.

Bold — number of the buffer to translate: B0-B19.

scale — (optional) parameter which will scale the buffer data as it is being
converted from one slot format to another.

offset — (optional) parameter which will offset the buffer data as it is being

converted from one slot format to another.

1. Buff Move permits scaling and offset of data for use by a subsequent READ or WRITE

command.

‘Bold’ and ‘Bnew’ must be dimensioned identically.

Scale and offset are any valid single precision floating point number.

If values for scale or offset are out of valid range for the input/output device the value
will be clipped at the maximum or minimum value for the device. If values are scaled
down, rounding errors may result in loss of resolution of original signal.

The offset value is in units of volts only.

If the data in “Bold’ is to be read to the controller, it should be read before the BMOVE
command is issued. BUFF MOVE resets the buffer pointers and disables subsequent
BUFF READ’s of the data. BUFF MOVE may be issued more than one time on Bold.

7. BUFF MOVE will not accept

SYST :SLOT 3,A0OM4;
BUFF DIM BG, 2, 100;

BUFF DIM B1, 2, 100;

BUFF DIM B2, 2, 100;

READ 1,0-1,B0,FILL;

BUFF MOVE 4,0-1,B2,B0;
BUFF MOVE 3,1-2,B1,B0,2,.1;

WRITE 3,1-2,B1,1;
WRITE 4,0-1,B2,1;
X;

buffers dimensioned with “STAMP”.

’Slot 3 has an AOM4

‘read 2 channels, 100 pts each into buffer 0

"translate B0 data to 12 bits + sign for AOM5
‘translate B0 data to 12 bit for AOM4 with a gain of 2 and an
" offset of +.1V (y = 2x +.1)

"write 1 cycle of B1 to AOM4 chans 1-2
‘write 1 cycle of B2 to AOMS chans 0-1
‘execute program



BUFF READ

Read data from a buffer

Purpose

Format

Parameters

Programming
Notes

The BUFF READ command reads a specified channel’s data from a specified data buffer or
channel into the controller’s memory. The data is read from the buffer, converted to specified
engineering units and data format, and buffered for reading by the host through the GPIB
port. If a channel is not specified, the entire buffer is returned.

BUFF READ [unit,][chan,]Bn;

unit

chan

Bn

~ (optional) EU specifier, overrides system default if specified.

RAW =raw A/D counts no EU conversion
DCV = volts

TCn[,CIF]=TCtypen:J,K,S, T, E, B, or R. Reading in Cor F.

RTDn [,CIF] = RTD type n: 85 or 92. Reading in C or F.

HZ = Hertz

TIME = data to be read is time information

CLOCK = data to be read is date/time information

optional channel number. If the chan option is used, only the specified
channel’s data is returned to the controller. If the chan option is not used, the
entire buffer will be returned. The CHAN option is not valid with TIME or
CLOCK units.

- number of the buffer to use: BO-B19

1. Dataisread from the buffer according to the units specified in the command. The system
defaults are used if the units option is not specified. See SYST:UNIT and SYST:FORMAT
for information on setting up default system engineering units and data transfer formats.

2. If the specified buffer or channel does not exist, an error will be generated.

Each BUFF READ of a buffer returns the contents of the entire buffer. If the [chan] option
is used, data will be returned only for the specified channel. After a BUFF READ without
[chan] option, the buffer may be reused immediately. If a BUFF READ is performed with
[chan] option, the buffer may not be reused until either a BUFF READ of the entire buffer
is performed, a BUFF CLEAR is executed.

4. When reading a buffer that was configured for time stamping, the data is returned in the

following format:
Mode,Type Output Format
ONCE, TIME TIME,<scanl data><scan2 data>...
ONCE, CLOCK | DATE,TIME, <scanl data><scan2 data>...
SCAN, TIME TIME,<scanl data>, TIME,<scan2 data>...
SCAN, CLOCK | DATE, TIME, <scanl data> DATE, TIME,<scan2 data>...
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Timestamp information is returned in ASCII format except when engineering units of
“RAW?” is specified. If the engineering units flag is “RAW"”, data is returned in packed
BCD format. See the appendix section for information on buffer format.

The TIME and CLOCK unit options must be specified when the buffer data is collected
using READ TIME or READ CLOCK commands. TIME and CLOCK engineering units
cannot be used if the “[chan]” option is used.

A BUFF CLEAR command must beissued to clear a buffer’s contents before a READ com-
mand can place new data in the buffer.

Time/Date information is returned in ASCI format except when engineering units of
“RAW” is specified. Engineering units of "RAW” returns data in packed BCD format.



B U F F STAT Calculate buffer statistics

Purpose

Format

Parameters

Programming
Notes

The BUFF STAT command provides Minimum, Maximum, apd Mean values for the speci-
fied buffer channel. This function generates statistical information based on the currently se-
lected Engineering Units.

BUFF STAT [unit,]J[chan,]Bn;

unit ~— Optional Engineering Unit conversion specifier. Use to override the system
default settings. TIME and CLOCK are invalid Units for this function.

chan — Optional Channel specifier. If the optional channel is specified, then the
statistics returned are for the given channel only.

Bn - Valid 576 buffer number, BO-B19.

1. The format of the data returned from the BUFF STAT command is:
<Min Value>,<Max Value>,<Mean Value>

2. [Ifthe optional channel number is not specified, then the BUFF STAT command returns a
minimum, maximum, and mean value for each channel in the buffer.

3. This function does not perform a buffer clear operation upon completion.
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BUFF WRITE

Write/convert data to buffer

Purpose

Format

Parameters

Programming
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Notes

Writes data from controller to selected data buffer. Everything sent to the 576 after the BUFF
WRITE command will be considered data until the specified number of samples for each
channel have been placed in the data array.

BUFF WRITE [unit,]slot,chans,Bn,<data>,<data>,<data>,...<data>;

unit

slot
chans

<data>

— (optional) engineering units specifier, default is system default.

RAW = Raw A /D counts, no conversion
DCV = Volts
MA = Milliamperes

slot number of the module the data is for.

channel or range of channels to be used. A range of channels is specified
as “start chan-stop chan” ( eg. “2-5”).

number of the buffer to be written: BO-B19.

stream of data sent to the specified buffer. The number of bytes, words,
or longs placed in the buffer is specified by the BUFF DIM command.

BUFF WRITE is an immediate command.

2. Asdataiswritten to the 576 it is converted from the specified data format and engineering
units to raw binary based on the configuration of the specified channels. The system de-
fault unit is used if the option is not specified. See SYST :UNIT and SYST :FORMAT for
information on setting up default engineering units conversions and data transfer for-

mats.

3. If the specified buffer does not exist an error will be generated.

The number of samples that must be written to the buffer are specified in the BUFF DIM
command for the buffer. The system will generate an error if a line terminator is received
before all data is transmitted.




CALL

Call subroutine

Purpose The CALL command allows the inline execution of a subroutine created using the SUBR,
ENDSUB commands.
Format CALL subname;
Parameters subname - name of a user defined subroutine.
Programming 1. Thesubroutine must exist at run time or an error will occur during program execution.
Notes 2. See the SUBR, RETSUB, ENDSUB commands for information on creating subroutines.
3. Seethe ONINT, INTOFF command for information about background subroutine execu-
tion.
Programming SUBR TstBOFul; ’Create subroutine TstBOFul
Examples IF B0, FU; "Test if buffer 0 is FULL
BUFF READ DCV, BO; ’If BOis full, send data to host
ENDIF;
ENDSUB; "End subroutine
Main Program
BUFF DIM BYTE, B0, 3, 100; ‘Create buffer 0 for 3 channels, 100 bytes each
DO; "Loop forever
READ 5, 0-2, BO; "Take 1 reading, slot 5 DIO1A , ports 0-2 to BO
CALL TstBOFul; ” Call subroutine to test for buffer full
LOOP;

X;
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CHAN

Configure channel

Purpose

General

Format

Parameters

Functions

Programming
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Notes

The CHAN command is used to configure and interrogate channel functions. These functions
are listed below..

CHAN slot,chans :function[,options];

CHAN slot,chans :function ?;

slot ~ slot number of the module to be configured.

chans — channel or range of channels to be configured. A range of channels is speci-
fied as ’start chan-stop chan ’ ( eg. "2-4’). Legal values depend on the module
type

function — module function to be configured or interrogated. The CHAN command
must always be followed by a function. If the function is followed by a “?”, the
setup or value of the specified function will be returned. If the function is fol-
lowed by parameters, the function will be configured by the specified data.

options — function parameters, required and/or optional, for the specified function.
See specific function for details.

:FILTER  sets the filter for the specified channel

:GAIN sets the total channel gain to the specified value

:MODE set up operating mode of module (single-ended /differential, gated /normal,
read /read&reset, input/output )

:OFFSET  enable or disable offset (ATM8 and WAV1.)

‘RANGE  sets the range of an A/D, D/A, PIM1 frequency, or WAV1 module.

:FUNC sets wave shape. Used for WAV1 module.

:AMPL sets wave amplitude. Used for WAV1 module.

:DUTY sets wave duty cycle. Used for WAVT module.

:FREQ sets wave frequency. Used for WAV1 module.

1. All CHAN commands are immediate.

2. Theuse ofthe colon (“:") in front of a function is required. It is used as a command exten-
der to allow multiple functions to be declared in a single command. For example fo con-
figure a channel on an AMM module:

CHAN 1, 3 :GAIN 20 :MODE DF :RANGE 10B;

sets channel 3 of the AMM in slot 1 to a gain of 20, in differential input mode, on a +10V
A /D range.

3. The AMM filter can be programmed on a channel-by-channel basis with the SYS-
TEM:AMM command.

4. Seethe RESET command for information on resetting module functions to their default
states.




CHAN :FILTER

Set local filter

Purpose

Format

Parameters
Programming

Notes

Programming
Examples

The FILTER function allows the user to select which local filter will be used during the acqui-
sition of data. The command must precede the acquisition or a default value will be used.

CHAN slot,chans :FILTER val;
CHAN slot,chans :FILTER ?;

val — filter value, depending on the module in the slot.
? — returns the current filter setting for the slot/chan in the form:
“FILTER [chans] valf, val]...”.

1. All CHAN commands are immediate.

2. Once a filter value has been assigned to a channel, it remains in use until another filter
command is issued for that channel, or the 576 is reset to the power-up state.

3. AMM modules do not have local filters. See the SYST :AMM command for information
on configuring the system filter on the AMM1A and AMM2 modules.

4. Tfwideband filter operation is desired on the AIM8 module, specify “NONE” as the val

parameter.

SYST :SLOT 3, AIM9;
SYST :AMM 100K;
CHAN 3,0 :FILTER 2;

* AIM9 in option slot 3
’ Set AMM system filter to 100KHz
" AIM9 filter =2Hz

READ 3,0,B1; ’ Read slot 3, channel 0 into buffer 1
BUFF READ B1; " Read buffer 1
X
Module Loc. Filter Val
AIMS8 10Hz 10
1kHz 1K
WIDEBAND ! | “NONE” 2
ATM9 2Hz 2
20Hz 20
200Hz1! 200
TRG1 300Hz 300
1kHz 1K
3kHz 3K
10kHz 10K
30kHz 30K
100kHz 100K
300kHz 300K
IMHz1 M
nHz n
Note 3 nHz nkK
nHz nM
Default

Rl S

for available filters.

Use “NONE” (without quotes) for wideband filter
General format, where filter information for module specifies nHertz, nkHz, or tMHz. See module
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CHAN :GAIN Set channel gain

Purpose

Format

Parameters

Default

Programming

Notes

Programming
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Examples

The GAIN function allows the user to set the total gain desired on the specified channel(s).
The function will set the programmable global gain amplifier of the master analog module in
slot 1, and the local programmable gain amplifier of analog input modules with software pro-
grammable gain amplifiers, or the gain switch settings to the 576 so that engineering units
conversions can corapensate for the gain applied.

CHAN slot,chans :GAIN total gain;
CHAN slot,chans :GAIN global, local;
CHAN slot,chans :GAIN ?;

total gain — the value of the total gain to be applied to the specified chans.

global — optional gain specifier for the global gain setting applied to the analog input
channels (must be used with local gain).

local — optional gain specifier used to notify the 576 of the local gain setting of the ana
log input chans (must be used with global gain).

? — returns the current gain setting for the slot/chan in the form:

“GAIN [chans] val, local [ val, local 1...”.

Gain switch defaults to X1 on all slots where applicable. Gain local defaults fo the lowest value
applicable for each slot.

1. All CHAN commands are immediate.

2. This command will set the total channel gain. It will always set the highest gain possible
nearest to the input signal and the rest of the gain at the AMM programmable gain ampli-
fier. It is possible to alter this by specifying the “local gain’ that you desire closest to the
input signal.

3. Formodules with switch selectable gain, the “local” gain parameter must be issued if the
switch is set to a gain other than the default gain.

4. Thelocal gain’ parameter can also be used to override the gain settings set by the system
as described in program note 1.

BUFF DIM B0, 4, 100; ‘Dimension B0 for 4 channels, 100 scans
CHAN1,0-2:GAIN 100;  ’Set total gain on channels 0, 1, 2 to 100 (x10 local, x10 global)
CHAN 1,3 :GAIN 10, 1; ’Set total gain on channel 3 to 10 (override local to x1, global to

x10)
READ 1, 0-3, BO, FILL; "Read channels 0-3 to B0 and £ill buffer
BUFF READ BO; "Read buffer BO
X; "Execute




Module Gains and Input Ranges

Module Global Local Default Voltage Range !
AMMIA 1,2,5,10 1,10 1 10/1/0.1
AMM2
ATM?2 1 1 10/1
AIM3A 1,10, 100 1 10/1/0.1/0.01
ATM4 2 AMM global 1,100 1 5/0.5/0.05/0.005
AIM52 | gainmay be 100 100 0.05 / 0.005 / TC
AIM6 applied to 50 50 1000 Q RTD Module
AIM7 any analog 100 100 1.0 /0.01 / TC
AIMS input 1,10, 100, 1000 1 10/1/0.1/0.01/0.001
ATM9 3 channel 1 1 LVDT / RVDT Module
TRG1 4 1,10 1 10/1/01
All o 5 | Same
analog input | When specifying TOTAL GAIN: as Same as above
modules Total = Local x Global above

1. Voltageshownat gains of x1,x10, ...x10,000 as is available with a given module. Other intermediate
ranges are available using global gains of x2 or x5.

Isolated input. Maximum input = 5V for AIM4, 0.05V for AIMS5.

Module gain continuously adjustable from x1 to x20. Firmware always treats local gain as x1.
When TRGI1 is used as a single analog input channel.

Where several combinations equal the same fotal, highest appropriate local gain will be used, with
any remainder applied as global.

ARl N



CHAN :MODE Set module operating mode

Purpose The MODE function sets the mode of operation of the module in the specified slot.

Format CHAN slot,chans :MODE mode;
CHAN slot,chans :MODE ?;

Parameters mode — operating mode for the module in the indicated slot. See table below.
? - returns the current mode setting for the slot/chan in the form:
“MODE [chans] mode |,option] mode], option]...”

Module modes Explanation
AMMIA | SE Single-ended mode
AMM2 or
AIM3A DF Differential mode
DIO1 N Set port for Input
DIO1A or
ouT Set port for Output
PIM1 NORM, {CONTIRESET} | Normal event counting mode, continuous
count or read/reset
GATE, {CONTIRESET} | Gated event counting mode, continuous count
or read/reset
FREQ Frequency mode
PIM2 CONT, {16 | 32} Continuous counting ~ read PIM2 and allow
counting to continue, use specified chan in 16
or 32 bit mode
RESET, {16 | 32} Read and Reset — read PIM?2 value and immedi-
ately restart count at 0, use specified chan in 16
or 32 bit mode
Default On power up, modes are set as follows:
AMM and AIM3A —Singleended (SE). Other defaults (+10V A/D (10B) and gain =x1) areset
by other commands.

DIO1/DIOA —Ports 0 and 1 are input, ports 2 and 3 are output
PIM1 - Frequency mode and 62.5k range

PIM2 — 16-bit reading with reset

AOMS5 - +10V (10B)
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Programming
Notes

Programming
Examples

1. AN CHAN commands are immediate.

2. The PIM2 32-bit mode uses channels 0-1 as one channel pair and 2-3 as another and the
modeassigned isused by the pair. In 16 bit mode each channel may have individual mode
settings.

3. When an input mode is set for analog input, it applies to all channels on the associated
module. Single-ended and differential can not be mixed on one module.

CHAN 3,0 :RANGE 62 :MODE FREQ; " Set PIM1 in slot 3, chan 0 to frequency , range
’ to 62.5k¥z

CHAN 3,0 :MODE RESET,32; ” Set PIM2 in slot 3, chan 0 (and 1) to Read and
’ Reset, 32 bits
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CHAN :OFFSET Set offset

Purpose

Format

Parameters

Default

Programming
Notes

Programming
Examples
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This function is used to'set the offset on a module. At present only the ATIM8 and WAV mod-
ules implement this feature. ‘

CHAN slot, chans :OFFSET offs; (WAV1)
CHAN slot,chans :OFFSET option; (AIM8)
CHAN slot,chans :OF FSET ?;

offs — the desired DC offset value, in volts, for a WAV1 module output waveform.
option ~ is the condition of the offset

ENABLE = enable offset

DISABLE= disable offset
? — returns the current offset setting for the slot/chan in the form:

“QOFFSET [chans] option option...”.

On power up the offset condition is DISABLE for an AIMS8 and 0 volts fora WAV1.

1. All CHAN commands are immediate.

2. When used with a WAVI module, CHAN :OFFSET sets the DC bias of an output
waveform. The offset cannot exceed the amplitude range set for the module (e.g. 1V or
+10V for a WAV1).

CHAN 3,0 :OFFSET ENABLE;  ’Enable offset on AIMS8 in slot 3, chan 0
CHAN 3,1 :OFFSET DISABLE; "Disable offset on AIMS8 in slot 3, chan 1

BUFFDIM BQ, 2, 1; ‘Dimension buffer

READ 3,0-1,B0; ‘Read slot 3 channels 0-1 into buffer 0
BUFF READ BG; 'Read buffer 0

X, "Execute




CHAN :RANGE Set A/D, D/A, or frequency range

Purpose The RANGE function is used to inform the 576 of A/D, D/ A, frequency, or voltage ranges on
a slot and channel basis.

Format CHAN slot,chans :RANGE range;
CHAN slot,chans :RANGE freq; (PiM1)
CHAN slot,chans :RANGE ?;

Parameters range ~ the operating range for the indicated module:
10B =+10V (default) (for Analog Input)
100 =0-10V
10B =+10V (default) (for Analog Output)
100 =0-10V
5B =15V
50 =0-5V
2B =425V or £2V
1B =%1V
freq — Frequency range for counter module.
62K =62 kHz (default) (for PIM1)

125K =125 kHz
250K =250 kHz

™M =1MHz
M =2 MHz
4M =4 MHz
8M =8MHz
? — returns the range setting in the form: “RANGE [chans] range/freq range/
freq...”
Programming 1. All CHAN commands are immediate.
Notes 2. On power up all ranges are set according to defaults.
3. WAV output range is set by a switch on the module. Range programmed with CHAN
:RANGE must match this setting (i.e. 1B or 10B).
Programming CHAN 3,0-2 :RANGE 10B; ‘Set the output range of channels 0 to 2 of the AOM1/5
Examples " in slot 3 to £10V
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CHAN :FUNC Set waveform shape

Purpose

Format

Parameters

Programming
Notes
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Sets the output waveform shape for a WAV1 module.

CHAN slot, chan :FUNC function

slot — slot in which module is mounted (3 = 576 option slot).
chan — the channel being addressed.
function - the desired output waveform shape:

SINE = sine wave

TRIA = triangle wave

SQUA  =square wave
NONE = DC oufput, no waveform.

1. AN CHAN commands are immediate.

2. The CHAN :FUNC command is used in conjunction with the WAVE command. Any er-
rors in this command will not be reported until the program containing the WAVE com-
mand is executed.




CHAN :AMPL Set output amplitude

Purpose

Format

Parameters

Programming
Notes

Sets the peak-to-peak output amplitude of a WAV1 module.

CHAN slot, chan :AMPL amplitude

slot — slot in which module is mounted (3 = 576 option slot).

chan — the channel being addressed.

amplitude - the desired output amplitude, specified in volts peak-to-peak. The specified
amplitude must be less than the maximum.

1. All CHAN commands are immediate.

2. The CHAN :AMPL command is used in conjunction with the WAVE command. Any er-
rors in this command will not be reported until the program containing the WAVE com-
mand is executed.

3. The specified amplitude must be less than the maximum by at least one bit’s value. For
example, the WAV1’s nominal output range is 20V p-p. The maximum that can be pro-
grammed is 19.9951V for the 20V p-p range, or 2V p-p max value is 1.9951.

4. The WAV1 module has two output ranges (+1V or +10V) which are selected via a switch
on themodule. The programmed amplitude must conform to the maximum permitted by
the switch position.



CHAN :DUTY Set output duty cycle

Purpose

Format

Parameters

Programming
Notes
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Sets the duty cycle for the waveform output by a WAV module.

CHAN slot, chan :DUTY duty_cycle

slot ~ slot in which module is mounted (3 = 576 option slot).

chan ~ the channel being addressed.

duty_cycle - the desired duty cycle, expressed as whole number percent, e.g. specify 50 for
50%.

1. Al CHAN commands are immediate.

2. The CHAN :DUTY command is used in conjunction with the WAVE command. Any er-
rors in this command will not be reported until the program containing the WAVE com-
mand is executed.

3. The specified duty cycle must be within the permissible range for the module, e.g.
5-95(%) for the WAV module.



CHAN :FREQ Set waveform frequency

Purpose

Format

Parameters

Programming
Notes

Sets the output frequency for a WAV module.

CHAN slot, chan :FREQ frequency [,freq_range]

slot slot in which module is mounted (3 = 576 option slot).
chan the channel being addressed.
frequency - the desired frequency, expressed in Hz.

freq_range — optional parameter which selects a specific frequency range:
AUTO =autorange to the optimum range.
2 =2Hz range
20 =20Hz range
200 =200Hz range
2K =2kHz range
20K =20kHz range

200K  =200kHz range

1. AllCHAN commands are immediate.

2. The CHAN :FREQ command is used in conjunction with the WAVE command. Any er-
rors in this command will not be reported until the program containing the WAVE com-
mand is executed.

3. The specified frequency must be within the permissible range of the module. If the
freq_range option is omitted, or if AUTO is specified as the freq_range parameter, the
firmware will select the best frequency range for the desired frequency and duty cycle.
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DEB U G Set debug number

Purpose The DEBUG command allows the user to tag commands sent to the 576 for debugging pur-
poses. Each time the DEBUG command is encountered, the value of its associated debug
number will be stored in the serial poll byte, bits 0 through 2. If an error is encountered in a
program, the value stored in the serial poll byte can be used to indicate the location in the pro-
gram where an error occurred. By monitoring the serial poll byte, the DEBUG command can
also be used to indicate the status of program execution. :

Format DEBUG number;
Parameters number  ~ isanumber fromO0to?7.
Programming 1. The numbers assigned to the debug command do not have to be in sequential order or
Notes start with the number 0.

2. SeeSYST:ERR ? command for information on getting error information to the controller.
A listing of error sirings and an explanation of the error is included in the Appendix sec-

tion of this manual.
3. SeeSYST :SRQ ERR; command for information on generating an SRQ for an error condi-
tHon.
Programming 1. Monitoring program status
Examples DO;

DEBUG 1; "Set serial poll byte bits 0,1,2to 1
READ1,0,BOFILL; ‘read CHANNEL 0
DEBUG 2; ‘set serial poll byte bits 0, 1,2 to 2
READ1,1,B1,FILL; ‘read channel 1
DEBUG 3; ‘set serial poll byte bits 0, 1, 2 to 3
BUFF READ BO; ‘read buffers BO and Bl
BUFF READ B1;

LOOP;

X;

DO

SPOLL 03 * Serial poll the 576

INPUT POLLBYTE ’ Read the serial poll byte

IF BIT0,1,2=1

PROGRAM STATUS = READING CHAN 0
IFBIT0,1,2=2

PROGRAM STATUS = READING CHAN 1
IFBIT0,1,2=3

PROGRAM STATUS = READ BUFFERS
LOOP
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DO
LOOP

Loop control

Purpose

Format

Parameters

Programming
Notes

Programming
Examples

The DO and LOOP commands are used together to define a program loop to be executed in
the 576. The loop construct allows an operation similar to the BASIC FOR..NEXT loop.

DO [n];
LOOP;

n ~ loop count, 1~ 4,294,967,295 (2%2-1), or LOOP FOREVER if n is not specified.

1. Every DO command must have an associated LOOP or an error will be issued.
2. Loops can be nested to eight levels.

Example 1. Execute program in loop indefinitely

DO; " loop forever
<program> ’ execute program
LOOP; X; " loop end
Example 2. Execute program in loop 1000 times
DO 1000; " Loop 1000 times
READ 1,0,B0; ” Read slot 1 channel 0 into buffer 0
LOOP; ” End loop
X
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HALT

Halt program

Purpose

Format

Parameters

Programming

Notes

Programming
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Examples

The HALT command causes the 576 to stop executing the program. This command may be
used with a conditional trigger command to stop the 576 from overwriting data collected
prior to a specific condition becoming true.

HALT [SRQ];

SRQ ~ will stop program execution when an SRQ is issued. If SRQ is not included,
program stops when HALT is issued.

1. Halt on SRQ is an immediate command.
2. The HALT command, like a DEVICE CLEAR, stops program execution.
3. See the SYST :SRQ function for information on generating service requests.

Example 1. Halt program execution on SRQ (buffer full)

SYST :SRQ BUFF; " Issue SRQ on buffer full
BUFF DIM B0,5,10;
HALT SRQ; " Halt program on SRQ
DG; " Loop forever
READ 1,0-4,B0; ’ Read slot 1, channel 0-4, into buffer 0, 1 scan
WAIT 1,MIN; ’ Sample about every minute.
LOOP; X;
WAIT ON SRQ
DEVICE CLEAR ’ Reinitialize communication with 576
READ DATA
Example 2. Stop program execution on condition
DO; ’ Loop forever
IF1,0,GT, 2.5, DCV; ' Tf slot 1, channel 0 >2.5V then
HALT; " Halt
ENDIF; " End if
READ1,0,BO;  Read slot 1, channel 0 into buffer 0
LOOP; " End loop
X; ‘ Execute



IF
ELSE
ENDIF

Conditional execution

Purpose

Format

Parameters

Programming
Notes

The IF command allows the definition of a code segment that only gets executed if the condi-
tional portion of the IF construct evaluates TRUE. IF, ELSE, and ENDIF can be nested to eight
levels.

The ELSE command allows the definition of a segment of code that gets executed only if the
condition expression portion of the IF command evaluates FALSE.

The ENDIF command terminates the IF command.

IF slot,chan,[NOT,]cond,<vali> [[,<val2>] [,unit]];
IF {DATE|TIME}, [NOT,]cond, <val1>;
IF Bn, [NOT,]JFU;

(action 1)

ELSE;
(action 2)

ENDIF;

slot - location of the module being tested.

chan — number of the channel being tested.

NOT — optional specifier to test for condition being NOT TRUE.

cond — expression which must evaluate TRUE. (See Valid Expression Table for all
available condition operators)

<vall> - value typically used in an expression when a single limit or low threshold
value is required. If DATE or TIME is used vall is the date, in the last format
specified or the time.

<val2> - optional value typically used in an expression as an upper limit or high
threshold value.

unit — optional engineering units conversion specifier. The lower and upper
threshold values, vall and val2, will be used in the “units’ specified otherwise
the default units will be used. See SYST: UNIT for setting default engineering
units.

Bn - number of the buffer to be tested: B0-B19. Test is for buffer full (FU) or not
full (NOT,FU).

1. Ifspecifying date/time stamps you must specify the date in the same mode that was used
to set the real time clock. Also note that you can not specify both the time and date in one
IF command. To do conditional triggering on both date and time use two nested IF state-
ments. See SYST :CLOCK for more information.
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2. EveryIF must have a matching ENDIF or a run time error will be issued upon receiving X
(execute).

3. IF'scanbe nested 8 levels deep.
With Bit Test Operators the vall parameter specifies the bits to be tested.

5. Nested IF's must be used to simulate a between (BT) or NOT between condition for time
and date.

6. If the specified operator is BT, the lower and upper limit are excluded from the condi-
tional test, i.e. VAL must be less than the high limit and greater than the low limit.

7. Ifthespecified operator is NOT BT, then thelow and high limits are included in the condi-
tional test, i.e. the VAL mustbe greater than or equal to the high limit, or less than or equal

to the lower limit.
Expression
Table
Vall Val2
Operator | Meaning Required Required
LT Less Than Yes No
GT Greater Than Yes No
EQ Equal To Yes No
LE Less Than or Equal To Yes No
GE Greater Than or Equal To Yes No
FU Buffer Full No No
BT Between Yes Yes
OR Bit Test — Any bits set in val Yes No
AND Bit Test — All bits set in val Yes No
NOT OR | Bit test — all bits not set Yes No
NOT AND | Bit test — Any bit not set Yes No
Programming Example 1. Generic example to show nesting
Examples IF O; level 1
IF Q; Tevel 2
IF O; Tevel 3
ELSE; ‘else level 3
IFQ); level 4
ELSE; ‘else level 4
ENDIF; ‘end level 4
ENDIF; ‘end level 3
ENDIF; ‘end level 2
ELSE; ‘else level 1
ENDIF ‘end level 1
Example 2. Trigger Buffer Full Example
BUFF DIM B0, 1, 25;
DO;
READ 1,0,B0; ‘read slot 1, chan 0, to buffer 0
IF BO,FU; ‘when buffer becomes full
BUFF READ BO; ‘read buffer 0
ENDIF;
LOOP;
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Example 3. Trigger Conditional example taken 1 step further
SYST :UNIT TCJ,C;

DO; "loop forever
IF 1,0,GT,4000; ’if slot 1,channel 0 is > than 4000 counts
READ 1,0,B0; ‘read slot 1, channel] 0
BUFFE READ BO; ‘read buffer
ELSE;
IF 3,0,LT,23; "if temp is less than 23 deg C
READ 3,0,B1; ‘read temperature
BUFFREADBI1;  ’send buffer 1 up bus
ENDIF; ‘end if (Jevel 2)
ENDIF; ‘end if (level 1)
LOOP; ‘end loop
Example 4. Trigger on DATE / TIME
IF DATE, GT, 4-4-1990; * if the date is greater than April 4, 1990
IF TIME, GT, 12:00; ‘and the time is greater than 12:00
READ 1,0,B0; ‘read slot 1, channel 0
BUFF READ B(; ’send data up the bus
ENDIF;
ENDIF;
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IREAD

Immediate data read

Purpose

Format

Parameters

Programming
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Notes

The IREAD command is used to read data immedjiately from an input channel o the control-
ler. The command reads data from the start channel to the stop channel of the specified slot,
applies the specified engineering unit conversion, and immediately puts the data in the 576
output queue for reading by the GP’IB controller.

IREAD [unit,] slot, chans [,<Avg>];

unit — (optional) EU specifier, overrides system default if specified.

RAW =raw D/A counts no EU conversion

DCV = volis

TCn [[CIF]=TC typen:],K, S, T, E, B, or R. Reading in C or F.
RTDn [,C1F] = RTD type n: 85 or 92. Reading in C or F.

Hz = Hertz

slot - slot number of the module being read.

chans — channel or range of channels to be read (specify range as
“start chan-stop chan”, e.g. “1-5”).

<Avg> — the number of points to be averaged (1-65535).

IREAD is an immediate command, and not intended for program mode.
2. If the channel list is invalid for the module, an error will be generated.

If the specified engineering unit is illegal for the module, an error will be generated. (MA
is illegal for IREAD).

4. Typical command for averaging: IREAD 1, 0, 100; will take 100 readings from channel 0,
sum the readings, divide the sum by 100, and return the resuit to the 576 output queue.

5. See discussion of immediate vs program mode at the end of the command section.




IWRITE

Immediate data write

Purpose

Format

Parameters

Programming
Notes

The IWRITE command is used to write data immediately from the controller to an output
channel. The comunand writes data from the start channel to the stop channel of the specified
slot.

IWRITE [unit,] slot, chans, <data>...;

unit ~ (optional) EU specifier. System default is used if unit is not specified:

RAW = A /D counts, no conversion
DCV = volts
MA = milliamperes

slot ~ slot number of the module the data is for.
chans — channel or range of channels (specify range as
“start chan-stop chan”, e.g. “1-5”).
<data> — stream of data to the specified buffer.
1. TWRITE is an immediate command, and not intended for program mode.
2. If the channel list is invalid for the module, an error will be generated.
3. If the specified engineering unit is illegal for the module, an error will be generated.
4. A data value must be specified for each channel in the list or an error will be generated.
5. When writing a negative voltage as a raw value to an AOMS or slot 4, calculate the raw

value as the required data bits plus 32768.
6. See discussion of immediate vs program mode at the end of the command section.
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ONINT

INTOFF Setup background subroutine

Purpose The ONINT command allows the user to have a subroutine execute on an interrupt at the rate
specified. This command gives the system a ‘background’ processing capability. This com-
mand also allows the chaining of subroutines on subsequent interrupts. The INTOFF com-
mand is used to turn interrupts off.

Format ONINT sub],<rate>,unit];
INTOFF;
Parameters sub — the name of one of ten user definable subroutines. The subroutine name speci-
fied will be executed at the specified rate.
rate ~ the magnitude of the interrupt period.
unit — the time frame of the specified rate. The range of rate for each unit is shown
below.

USEC  =microseconds, 125-65535
MSEC = milliseconds, 1-65535

SEC = seconds, 1-3267
MIN = minutes, 1-65
MLHZ = millihertz, 1-65535
HZ = hertz, 1-8000
Prog ramming 1. Only the last issued ONINT command subroutine will be executed at the specified
Notes rate.rate. Every time ONINT is issued, "sub’ becomes the active background subroutine.

2. Tosuspend background activity, the command 'INTOFF;” will turn off interrupts. A sub-
sequent ONINT command will resume execution of the specified routine.

3. Theinterruptrate specified must allow adequate time to execute the subroutine specified
in the background. If not enough time is specified to complete the background execution
before the next interrupt, an interrupt overrun error will occur.

To determine the amount of time required to complete execution of subroutine send a
program to the system which begins by reading the real time clock, then executes the sub-
routine in question using a CALL command, and finally reads the real time clock again.
The execution time of the subroutine can be calculated by subtracting the first real time

clock reading from the last.

READ TIME,B2; ’ Read real time clock to buffer 2

CALL GETDATA; "Execute subroutine GETDATA using a CALL
READ TIME,B3; ’ Read real time clock to buffer 3

BUFF READ TIME,B3; ’ Read real time clock values in buffers

BUFF READ TIME,B2;

TIME DIFFERENCE B2 to B3 * Calculate elapsed time to execute subroutine

If the time difference is 0, the imed routine executes in less than 10 milliseconds.

4. When changing interrupt rates, the new rate will take effect upon completion of the exe-
cution of the present interrupt cycle.
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Programming
Examples

5. Ifa READ .. ,QUICK is encountered while interrupts are active, interrupts will be sus-
pended until the READ is complete. See READ for more information.

6. If nosubroutines have been defined, the error “Only 10 subroutines can be defined” will
be issued.

Example 1. Simple subroutine in background

BUFF DIM TC, B0, 3, 100; " Dimension arrays

BUFF DIM B, 5, 100;

ONINT GETDATA,1, SEC; " Execute subroutine GETDATA in background at a rate
" of every 1 second

DO; " loop forever
IF BO, FU; ’ if buffer 0 full
BUFF READ TCJ,F,BO; ’read B0, J type thermocouple deg F
ENDIF;
IF B1, FU; 7 if buffer 1 full
BUFF READ DCV,B1; ’read Bl, DCV
ENDIF;
LOOP;
SUBR GETDATA; ’ Create subroutine GETDATA
READ 3, 1-3, BO; ” Read AIMY slot 3, channels 1 to 3 to buffer 0
READ 1,04, B1; ’ Read AMM slot 1, channels 0 to 4 to buffer 1
ENDSUB;
X;
Example 2. Example of multi-tasking subroutines
BUFF DIM TC, B0, 3, 100; " Dimension arrays
BUFF DIM B1, 5, 100;

ONINT GETTEMP,1, SEC; " Execute subroutine GETTEMP in background at a rate
" of every 1 second
DO; " Loop forever
IF BO, FU; * If buffer 0 full
BUFF READ TCJ,F,BO; ‘read buffer 0, ] type thermocouple degrees F
ENDIF;

IF B1, FU; ”if buffer 1 full
BUFF READ DCV, Bl; ’read buffer 1, DCV
ENDIF;
LOOpP;
SUBR GETTEMP; ‘create subroutine GETTEMP
READ 3, 1-3, BO; ‘read AIMY slot 3, channels 1 to 3 to buffer 0
ONINT GETAMM; ‘change to subroutine GETAMM next interrupt
ENDSUB;
SUBR GETAMM; ‘create subroutine GETAMM
READ 1,04, Bl; ‘cead AMM slot 1, channels 0 to 4 to buffer 1
ONINT GETTEMP; ‘change to subroutine GETTEMP next interrupt
ENDSUB;

X;
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PEEK

Read data at address

Purpose

Format

Parameters

Programming
Notes

Programming
Examples
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The PEEK command allows the user to examine the contents of the 576 hardware, and places
the data in the specified buffer.

PEEK slot, cmd, Bn [,FILL];
PEEK ID, Bn [,FILL];

slot
cmnd

Bn
FILL
D

1

the slot number of the module to be read. See table below.

— the command to be used for the read. Valid commands are A, B, C, or D. See

table below.
— the number of the

buffer to use: B0-B19.

(optional) flag used to specify peek until buffer full.
reads the contents at the self ID address location

Slot

Function Command

G WN -

optionslot1 | AIBICID

TRG1 AlBIC
option slot 2 AlBIC
AOMS5 AlB
DIO1A AlB

1. PEEKing at invalid locations will generate an error.
2. Buffers should be dimensioned using “BYTE” type specifier.
3. See 576 reference section for details on CMDA, CMDB, CMDC, and CMDD.

BUFF DIM BYTE,BO,1,10;
PEEK 3,A,BOFILL; X;

BUFF DIM BYTE,B1,1,10;
PEEK 3,B,BI1; X;

" dimension B0 for 10 byte inputs

” Store 10 samples of PEEK on Command A of module
" in slot 3 to BO

" dimension B1 for 10 byte inputs

” Store a sample of PEEK on Command B of module in
" slot 3 to Bl




POKE

Write data to address

Purpose

Format

Parameters

Programming
Notes

Programming
Examples

The POKE command allows the user to write data (0-255) to any accessible 576 hardware loca-
tion from the specified buffer.

POKE slot, cmd, {Bn [,CYCLES] | <val>};
POKE GLOBAL, {Bn [,CYCLES] | <val>};
POKE RESET, {Bn [,CYCLES] | <val>};

POKE STROBE, {Bn [,CYCLES] | <val>};

slot — the slot number of the module to be written. See table below.

cemd — the command to be used for the write. Valid commands are A, B, C, or D. See
table below.

Bn — the number of the buffer to use: BO-B19.

CYCLES - the number of cycles through the buffer to perform, if not specified one data
value is written. Maximum number of CYCLES is 65535. See Note 4.

<val> — abyte value from 0-255. Data is evaluated MODULO 256
GLOBAL - write data to the GLOBAL 1 location.
RESET — write data to the RESET location. (aka GLOBAL 2).

STROBE — write data to the GLOBAL STROBE location.

Slot | Function Command
1 |optionslotl | AIBICID
2 | TRGI AlBIC
3 | optionslot2 AlBIC
4 | AOM5 AiB
5 | DIOIA AlB

1. Poking at invalid locations will generate an error.

2. CAUTION: Poking at STROBE, GLOBAL, and RESET will cause a strobe on the selected
lines to all modules.

3. Buffers should be dimensioned using ‘BYTE” type specifier.

The maximum number for CYCLES may be less than 65535. The maximum number of
cycles is 2%2 / #scans. If the specified CYCLES number is too large the 576 will generate an
error.

5. See 576 reference section for details on CMDA, CMDB, CMDC, and CMDD.

Poke an array or 100 points to the PROTO module in slot 3

BUFF DIM BYTE,B0,1,100; ’setup buffer for 100 points

BUFF WRITE RAW,3,0,B0, <100 data bytes>;  ’fill buffer with byte data

POKE 3,A,B0,2; "write 200 bytes to PROTO card slot 3,
X; ‘command A . (2 cycles of 100 points)
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READ

Read data from channel

Parameters

Purpose

Format

Programming

Notes

Read Input(s) — Sets up the 576 to read a specified number of samples per channel from the
starting channel to the stop channel of the specified slot and place the data into the specified
buffer.

READ slot, chans, Bn;

READ slot, chans, Bn ,FILL;
READ slot, chans, Bn, QUICK;
READ slot, chans, Bn ,<Avg>;

slot — the slot number of the module to be read

chans — the channel or range of channels to be read. A range of channels is specified as
“start chan-stop chan” (eg. “2-5").

Bn — the number of the buffer to use: B0-B19.

FILL — (optional) flag used to specify READ until buffer full

QUICK — flag for high speed READ. (AMMIA - 31.25KHz, AMM?2 - 25KHz)

<Avg> — the number of points to be averaged (1-65535)

1. Asingle READ command cannotscan across more than 1 card. Two read commands can-
not access one buffer.

If the specified buffer does not exist an error will be generated.

3. When collecting data to a buffer and more samples are collected than memory allocated,
the data collected beyond the buffer size is lost. The data will not be stored anywhere. To
avoid this problem, don’t collect data beyond the amount of memory allocated, or use the
IF...ENDIF conditional commands and trigger on a buffer full (FU) condition and then
read the data.

4. Whentype “TC” is specified in the dimension command for buffer, (for AIM5 or AIM7,) it

forces the 576 to automatically read the cold reference junction on the module once per
scan. See the BUFF DIM command for information on temperature reading,.

The QUICK option can not be used with the ATM7 or AIMS5 if “TC” is specified.

The QUICK option is only valid with selected analog input modules (AMMIA, AMM?2,
ATM?2, and AIM3A) if multiple channels are specified. Errors will be generated for other
modules. Gain or range cannot be changed in the middle of a scan.

7. The QUICK option will force the READ to run to completion before resuming program
execution. This includes suspension of the ONINT command.

8. The QUICK option can be queued using the hardware trigger command (TRIG). See
TRIG command for information on hardware triggering.

9. For single-channel acquisition, the QUICK option will allow acquisition rates of 50KHz
on the AMM?2 and 62.5KHz on the AMMIA. If timestamping is enabled, hardware trig-
gering is used, or both, the rate will drop to 25KHz and 31.25KHZz respectively.

10. See the BUFF DIM command for information on buffer setup and allocation. See SYST
:STAMP and BUFF DIM for information on using the time stamping option with the
READ command.



Programming
Examples

11. A typical average operation is as follows: for a command READ 1,0, BO, 100; —— 100 read-
ings are taken and summed. The sum is divided by the number of points (100) and stored
as a single reading in buffer 0.

Example 1. Read inputs and read buffer

BUFF DIM BO, 3, 10; ‘setup buffer BO for 3 channels, 10 scans

READ 1, 0-2, BO, FILL; ‘read 10 scans of slot 1, channels 0-2 into B0

BUFF READ DCV, BO; ’format BO data in DC volts for a read by the controller
A;

Example 2. Read Quick (576 with AMM2 in slot 1)

BUFF DIM B0, 8, 100; ‘read 100 samples from slot 1 channels 0 to 7

READ 1, 0-7, BO, QUICK; “into buffer 0 at 25KHz

BUFF READ BO; ‘format BO for a read in default units and format

X
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READ

Read real time clock

Purpose

Format

Parameters

Programming

Notes

Programming
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Examples

Read Real Time Clock — Reads the time and date information from the real time clock and
stores the data to the specified buffer. The SYST :CLOCK command allows the real time clock
to be read directly, (without specifying a buffer).

READ TIME, Bn; Read time only
READ CLOCK, Bn; Read date and time
Bn — the number of the buffer to use: B0-B19. See the programming note for

information on using the BUFF DIM command for these buffers.

1. Seethe BUFF DIM command for information on allocating buffers for BUFFER READ op-
erations of the real time clock.

2. SeeSYST:CLOCK for more information on configuring the real time clock and doing im-
mediate reads of the clock.

BUFF DIM LONG, B2,1,1; ” setup buffer B2 for 1 long, 1 reading

BUFF DIM LONG, B3,1,1; " setup buffer B3 for 1 long, 1 reading

READ TIME, B2; ’ read time to B2

CALL ANYSUB; " call a subroutine that will be timed

READ TIME, B3; ’ read time to B3

BUFFER READ TIME, B2; ” format read of B2 and B3 to controller’s memory
BUFF READ TIME, B3; ” as soon as 576 becomes talker.

X




RESET

Reset system

Purpose

Format

Parameters

Programming
Notes

Special Note

Reset specified sections of 576 hardware to power up state.

RESET mode;

mode — specifies what is to be reset
ouT = clear outputs (i.e. set all analog and digital outputs to zero).
MEM  =clear memory (i.e. return all data memory to free space list).
ALL = simulated cold boot (power up default state).

When using “ALL", no other commands should be on the command line or awaiting exe-
cution. The ALL mode resets the 576 and clears the input buffer and program memory.
Any commands on a line with ALL or pending execution will be lost. For example; the
command string “"RESET ALL; X; SYST :BUF ?; would cause the SYST :BUF ?; command to
be lost, resulting in a timeout error.

The RESET OUT; command sets:

DOM]1 outputs to logic 1: (DOM1 uses inverting logic).

DIO1A port A and B outputs to logic 0: (if configured as outputs).
DIOI1A port C and D outputs to logic 1: (if configured as outputs).
AOM outputs to 0V: (based on current range setting).

If the system is not programmed to reflect the actual switch settings of all AOM modules
when RESET OUT isissued, other output voltages will result. See SYST :RANGE function
for information on setting analog output ranges.

RESET ALL; contains execution of MEM and OUT and resets all CHAN and SYST com-
mands to their default states. See appendix for module default conditions.

IfaDEVICE CLEAR s sentimmediately aftera RESET ALL, the RESET ALL willnothave
sufficient time to initialize the 576. The RESET ALL command will have to be re-issued to
fully reset the system. To assure that RESET ALL is complete, test the Serial Poll “IDLE”
Bit after RESET ALL, and wait until the system is idle before sending additional com-
mands.

Beginning with firmware revision E02, and when you use a GPIB interface card having its op-
erating software stored in ROM, you must wait 2 seconds immediately after a RESET ALL
command, before issuing another command to the 576. Otherwise, an error may result on the
next 576 command.

To eliminate the possibility of problems, follow any RESET ALL command with a 2 second
delay. In BASICA or QuickBASIC, this is done as follows:

t! = TIMER: WHILE TIMER~t! <2: WEND

This does not apply to the RESET MEM or RESET OUT commands.
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SUBR

RETSUB
ENDSUB

Create subroutine

Purpose

Format

Parameters

Programming

Notes

Programming
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Examples

The SUBR command is used to create a program that can be called from the main program.
These programs are similar to subroutines in other languages with the exception that these
can not return any data or status. The ENDSUB command is the subroutine end flag and is
used to mark the end of the program to be used as a subroutine. Subroutines can be executed
using the CALL command or can be executed on an interrupt at a specified rate using the
ONINT command. The RETSUB command allows the return from the subroutine to the call-
ing program.

There can be up to ten user defined subroutines at one time in the system. Subroutine names
may be up to eight characters in length and may use the characters’A-Z’,’0-9",” _’,and’ §".

SUBR sub;
RETSUB;
ENDSUB;

sub ~ the name of the subroutine to be created. The subroutine name may be up to
eight characters in length and all characters are converted to upper case. Legal
characters are ‘A-Z’,’0-9’,” _’,and’ $".

1. Subroutines can call other subroutines but they can not be nested (a subroutine cannot be
defined within a subroutine).

See CALL command for more information on calling subroutines.
See ONINT command for more information on executing subroutines in the background.
Subroutine names longer than eight characters will be truncated to eight.

If RETSUB is issued in the active ONINT subroutine, execution will return to the calling
routine until the next interrupt occurs.

6. There is a limit of 10 subroutines in the system at one time.

AR O A

SUBR TstBOFul; ‘Create subroutine TstBOFul

IF BO, FU; "Test if buffer 0 is FULL
BUFFREAD DCV, BO; ‘If BO is full, send data to host

ENDIF;

ENDSUB; ’ End subroutine

Main Program

BUFF DIM BYTE, B0, 3, 100; ’ Create buffer 0 for 300 bytes

DO; ” Loop forever
READ 5, 0-2, BO; " Read slot 5 DIO1A , ports 0-2 to BO
CALL TstBOFul; * Test for buffer full

LOOP;




SYST

System configuration

Purpose

General
Format

Parameters

Functions

Programming
Notes

The SYST command is used to configure and interrogate system features and functions. These
system functions include the real time clock, the slot/module configuration, the IEEE data
transfer parameters (EQY, terminator), the default data transfer format and engineering unit

conversion, the system calibration, system peek and poke, the SRQ mask, the startup options,

the time stamping setup, the system identification string, available memory, and the error
string.

SYST :function[,options];
SYST :function ?;

:function ~ the system function to be configured or interrogated. The SYST command
must always be followed by a function. If the function is followed by a “?”, the
setup or value of the specified function will be returned. If the function is fol-
lowed by data, the function will be configured with the specified data.

options  — the function parameters, required and/or optional, for the specified
function.

:AMM Set up AMM system parameters
:BUF? Return buffer status information

:CAL Setup system calibration

:CLOCK  Setup or Read the Real Time Clock
:EOI Enable/Disable EOI flag

:ERR ? Returns system error to controller

:FORM Set system default data transfer format
:IDN ? Return system identification string
:MEM?  Return size of largest block of free RAM
:PEEK Immediate read of 576 address location
:POKE Immediate write to 576 address location
:SAVE Setup system power up options

:SLOT Configure slots with modules

:SRQ Setup SRQ mask

:STAMP  Set up time stamping mode

:TERM Set data transfer terminator sequence
TRIG Select start program execution trigger
:UNIT Set up systein default engineering units conversion

1. All SYST commands are immediate.
2. The “” used in front of the functions above is used as a command extender. A command

extender allows the use of multiple functions declared in a single command. For example
to configure a system:

SYST :AMM 100K :SLOT 3,AIM7 :UNIT TCJ,F;
This command will set up the system AMM filter for 100kHz, configure an AIM7 in slot 3,

and set the default engineering units conversion for J type thermocouple and degrees F.
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SYST :AMM Set AMM global filter

Purpose

Format

Parameters

Default

Programming
Notes
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The AMM function allows the user to set up the system A/D module filter.

SYST :AMM filter;
SYST :AMM ?;
filter — filter value to be programmed for AMM globeal filter.
100K =100 kHz filter
2K = 2 KHz filter
? - return system A/D module filter setting in the form: “AMM filter”

The default filter setting of the AMM1A and AMM? is 100kHz (100K).

1. Al SYST commands are immediate.




SYST :BUF Check buffer status

Purpose

Format

Programming
Notes

Programming
Notes

The BUF? function allows the user to get the status, full or not full, of the buffers in the system.

SYST :BUF ?;

This function returns the status of the system buffers in a 32 bit word.

Each bit number corresponds to a buffer number. Bit 0 is buffer BO, bit 1 is buffer B1 and so on.
Bits 20 through 31 are not used and will be set to 0.

The status information of each bit is:

1 =BUFFERFULL

0 =BUFFERNOT FULL

Bit 0 is always the rightmost bit (Least Significant Bit).

1. All SYST commands are immediate.
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SYST :CAL Calibrate AMM

Purpose

Format

Parameters

Programming
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Notes

AMMIA and AMM?2 modules bear a calibration sticker carrying a 5-digit number. The
SYST :CAL command provides for entry of this calibration constant to the Model 576. The
calibration constant configures and enables the automatic gain and offset correction feature of
the AMMIA and AMM2 global amplifier. This enables the AMM module to achieve the “cor-
rected” specifications for analog measurements as published in the Model 576 manual. If the
calibration factor is not entered, the “uncorrected” accuracy specifications will apply. The
calibration factor also simplifies error budgets for measurements made with any analog input
module in the option slot. With the calibration factor applied, the accuracy of these measure-
ments will be the accuracy of the module itself. It will not be necessary to factor in the specifi-
cations of the AMM module.

SYST :CAL [<const>];
SYST :CAL;
SYST :CAL ?2;

const — is the factory supplied calibration constant found on the AMM module. If not
specified the 576 will generate the calibration coefficients for the AMM module.
? — will return the calibration constants in the form shown below

1. Al SYST commands are immediate.

2. The SYST :CAL command will not enhance the performance of AMM modules beyond
specifications. The effect of SYST :CAL may not be dramatic or even noticeable if the
AMM module is already operating within or close to specifications.

3. The gain and offset error correction will only be performed if the SYST :CAL function is
issued with the calibration constant.

4. The command “SYST :CAL;” must be issued , without the calibration constant, to gener-
ate the correction coefficients used in the 576. This command should be issued only after
the 576 has met the specified warm-up period.

5. To clear the gain and offset tables, issue the command RESET ALL,;.

6. IftheModel576 hasn’t been calibrated, only the “AMM CAL” portion of the string will be
returned.

7. Datais returned in the format:
“AMM CAL, gain x1 UP, x1BP, x2 UP, x2BP, x5 UP, x5BP, x10 UP, x10BP,
Where
User the user-supplies a cal factor.

GAIN is the gain correction factor.

x1UP is the x1 gain unipolar offset correction factor.
x1BP is the x1 gain bipolar offset correction factor.
x2 UP is the X2 gain unipolar offset correction factor.
x2BP is the x2 gain bipolar offset correction factor.
x5UP is the x5 gain unipolar offset correction factor.
x5BP is the x5 gain bipolar offset correction factor.
x10UP is the x10 gain unipolar offset correction factor.
x10BP is the x10 gain bipolar offset correction factor.




Programming SYST :CAL XXXXX; "Enter factory-supplied calibration constant

Examples SYST :CAL; "Issue calibrate command
SYST:CAL?; "Read cal. constant from 576
READ DATA
PRINT DATA

AMM CAL XXXXX 0.994322 -13.107200 6.553600
0.000000 0.000000 0.000000 0.019200
0.009000
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SYST :CLOCK Set, read, or disable clock

Purpose

Format

Parameters

Default

Programming
Notes

Programming
Examples
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The CLOCK function allows the user to set and read the Real Time Clock.The Real Time Clock
should be set before using any command which makes use of the clock.

SYST :CLOCK [format,] {[date,][time]};
SYST :CLOCK ?;
SYST :CLOCK DISABLE;

format — specifies the format of the date string.
STD = MM/DD/YYYY or MM-DD-YYYY (default)
EURO =DD.MM.YYYY
MIL =DD-MMM-YYYY
date - values for date information
MM = month value between 1 to 12.
DD = day value between 1 and 31.

YYYY = year between 1990 and 2089
MMM = first characters of the month. (e.g. JAN, FEB, MAR, APR, MAY,
JUN, JUL, AUG, SEP, OCT, NOV, DEC)

time — time is always in 24 hours format — HH:MM:SS
HH = hours 0 to 23
MM = minutes 0 to 59
sS = seconds 0 to 59
? — read the real time clock and return the data in the format:

“date time”, using the last set format or the default format.
DISABLE - prolongs the life of the battery by disabling the oscillator for the real time
clock. Clock is enabled by issuing command with time and/or date.

The default date format is STD, MM/DD/YYYY)

All SYST commands are immediate.
The real time clock will not be set unless the SYST :CLOCK command is issued.
See the READ command for more information on reading time and date to buffers.

See the SYST :STAMP and BUFF DIM commands for information on using the real time
clock for timestamping.

5. See the IF, WHILE, and SYST :TRIG commands for more information about triggering
control off of the real time clock.

=W N =

SYST :CLOCK, STD, 7/4/1990,0:0:0; ’set clock to midnight, July 4,1990

SYST :CLOCK 2, ’ read date, time
READ DATA " read 576 data
PRINT DATA " display it to console
07/04/1990, 00:00:10 ’ 576 returned string



SYST :EOI Enable/disable EOI

Purpose

Format

Parameters

Default

Programming
Notes

The EOI(END or IDENTIFY) line on the GPIB bus is usually set low by a device during thelast
byte of its data transfer sequence. In this way the last byte is properly identified, allowing
variable length data words to be transmitted. The 576 normally sends EOI during the last byte
of its data string or status.

SYST :EOI option;
SYST :EOI ?;

option — specifies whether EOI is enabled or disabled
ENABLE = enable the transmission of EOI
DISABLE = disable the transmission of EOI

? — returns the status of EOI usage in the form:
“ENABLE” or “DISABLE”

EOI enabled at power-up

1. Al SYST commands are immediate.
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SYST :ERR Check error status

Purpose

Format

Programming
Notes
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Returns system error in the form: “error string”

SYST :ERR ?;

SYST :ERR ? — returns an ASCII string which gives a short explanation of the error.

All SYST commands are immediate.
All system error messages are listed with explanation in the Appendix section.

See DEBUG command for information on using debugging tags.

L e

If no errors are active, the string “No System Error” is returned.



SYST :FORM Set data transmission format

Purpose

Format

Parameters

Programming

The FORM function allows the user to specify the format of the data being transmitted across
thebus. Data can be transmitted in ASCII or binary. If it is transmitted in ASCII, there are two
sections that may be put together to make up each data value. First there is a prefix which
specifies whether the data is normal or an overflow condition and what engineering units are
represented by the data, the second is the data value.

SYST :FORM format;
SYST :FORM ?2;

format — data transfer format specifier, default is ASCN.

" The %ollox?vmg table summarizes the data formats:

MOTO = Motorola binary format
INTL  =Intel binary format
ASCI = ASCII with prefix
ASCN = ASCI without prefix
? - returns the current default system data fransfer format in the form:
“FORMAT format”

1. AIISYST commands are immediate.

2. Detailed information on data formats is included at the end of the command section (5).

5-53




SYST :IDN Get system revision and ID

Purpose The IDN? function returns the system identification string in the form;
“Keithley Instruments Model 576, Rev x.xx".

where x.xx is the firmware revision level.

Format SYST :IDN ?2;
Programming 1. AllSYST commands are immediate.
Notes
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SYST :MEM Report available memory

Purpose

Format

Programming
Notes

Programming
Examples

The SYST :MEM? command returns the size of the largest free block of data memory and the
available program memory. The memory size is returned in bytes, in the form <largest avail-
able block of data memory>,<available program memory>.

SYST :MEM ?;

1. Al SYST commands are immediate.

SYST :MEM ?2; *Ask for available memory
READ DATA
“MEMORY 102400, 10240
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SYST :PEEK Read system hardware data

Purpose

Format

Parameters

Programming
Notes

Programming
Examples
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The PEEK function allows the user to examine the contents of the 576 hardware, and places
the data on the bus to be read immediately.

SYST :PEEK slot, cmd;
SYST :PEEK ID;

SYST :PEEK GLOBAL,;
SYST :PEEK RESET;
SYST :PEEK STROBE;

slot — the slot number of the module to be read. See table below.
cand — the command to be used for the read. Valid commands are A, B, C, or D. See
table below.

D reads the contents at the self ID address location

GLOBAL - reads the contents at the GLOBAL 1 location.
RESET — reads the contents at the RESET location. (aka GLOBAL 2).
STROBE - reads the contents at the GLOBAL STROBE location.
Slot | Function Command

1 |optionslotl | AIBICID

2 TRG1 AlBIC

3 | optonslot2 AIBIC

4 AOM5 AlB

5 DIO1A AlB

1. ALl SYST commands are immediate.
2. Peeking at invalid locations will generate an error.

3. CAUTION: Peeking at STROBE, GLOBAL, ID, and RESET will cause a strobe on the se-
lected lines to all modules.

4. The SYST :PEEK function eliminates the need to setup and use buffered operations.

SYST :PEEK 3,A; * PEEK on Command A of module in slot 3
’ Wait for data ready, read data

SYST :PEEK 3,B; " PEEK on Command B of module in slot 3
" Wait for data ready, read data




SYST :POKE

Write data to system hardware

Purpose

Format

Parameters

Programming

Notes

The POKE command allows the user to write a byte of data (0-255) to any accessible 576 hard-

ware location.

SYST :POKE slot, cmd, <val>;

SYST :POKE ID, <val>;

SYST :POKE GLOBAL, <val>;
SYST :POKE RESET, <val>;
SYST :POKE STROBE, <val>;

slot — is the slot number of the module to be written. See table below.
cemd — isthe command to be used for the write. Valid commands are A, B, C, or D. See
table below.
D — write data to the self ID address location.
GLOBAL - write data to the GLOBAL 1 location.
RESET — write data to the RESET location. (aka GLOBAL 2).
STROBE - write data to the GLOBAL STROBE location.
val — data to POKE, All data is evaluated MODULOQO 256.
Slot | Function Command

1 |optionslotl | AIBICID

2 TRG1 AlBIC

3 | optionslot2 AlBIC

4 AOM>5 AlB

5 DIO1A AlB

1. AllSYST commands are immediate.

2. Poking at invalid locations will generate an error.

3. CAUTION: Poking at STROBE, GLOBAL, ID, and RESET will cause a strobe on the se-
lected line to all modules causing the desired action on all hardware which implements
any features with the selected line.

4. The SYST :POKE function can be used in place of the WRITE command when there is
limited amounts of data that need to be written. This function eliminates the need for
setup and use of buffered operations.
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SYST :SAVE Set operating mode at power-up

Purpose The 576 includes a battery back-up feature for the program and system data memory. The bat-
tery back-up feature enables the 576 to retain data and /or program information when power
is removed from the system. The SAVE function sets the system SAVE option.

Format SYST :SAVE option;
SYST :SAVE ?;

Parameters option - is the level of system configuration desired at power-up.

OFF = on power-up, the 576 executes self-ID for new hardware configu-
ration, clears data buffers, and resets all outputs to 0. This is the

default option.

CNFG = on power-up, the 576 uses previous hardware configuration, but
clears data buffers and resets outputs to 0.

DATA = onpower-up, the 576 retains previous hardware configuration and
contents of data buffers, and resets all outputs to 0.

PROG = on power-up, the 576 retains previous hardware configuration,

program, and contents of data buffers. Also resets data pointers to
start of data buffers, resets outputs to 0, and restarts program (auto-
restart mode).

? ~ Returns the current system save option in the form: “SAVE option”.

Switch 8 enables execution of a a stored program when the 576 is powered up. Switch 7 dis-
ables re-execution of a 576 program after the program runs to completion.

Typical operation:
a. Download program to 576.
b.  Set SYST :SAVE option to “PROG”.
¢ Turn off 576 and disconnect from bus.
d. Transport 576 to test site.
e. Apply power to 576. Program executes to completion.
f.  Turn off 576 and set switch 7 ON.
g Reconnect 576 to GPIB, turn on system, and retrieve data.
Programming 1. Al SYST commands are immediate.
Notes 2. Switch 8, on the motherboard of the 576, selects whether the SAVE function will be recog-

nized. The default position for this switch (and the SAVE function) is OFF, or DISABLED.
If a program issues the SAVE command and the feature is disabled, it will be ignored by
the 576.

3. Switch 7, on the motherboard of the 576, disables program execution for SYST :SAVE
PROG. (PROG option reverts to DATA option). The default position for switch 7 is OFF.

4. A Device Clear resets SYST :SAVE PROG to SYST :SAVE DATA.
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SYST :SLOT Assign module to slot 1 or 3

Purpose

Format

Parameters

Programming
Notes

Programming
Examples

The SLOT function is used for module configuration of option slots 1 and 3 of the 576. It asso-
ciates a module with a specified slot.

SYST :SLOT slot,module;
SYST :SLOT slot ?

slot — the slot location of the module being accessed.
module - one of the following: (default is EMPTY)
ANALOG | ANALOG DIGITAL
INPUT OUTPUT /o OTHER
AMMIA AOM1/2 DIM1 PROTO*
AMM2 AOM1/5 DOM1 EMPTY
ATM2 AOM2/1 DIO1
AIM3A AOM2/2 DIO1A
AIM4 AOM3 PCM1
AIM5 AOM4 PIM1
AIM6 AOM5 PIM2
ATM7 WAV1*
AIMS
AIM9
TRG1*

*Identified, but not supported.

? Returns the module in the specified slot in the form: “SLOT slot, module”

1. Al SYST commands are immediate.

2. For modules which include the SELF-ID feature, the slot/module configuration is not
necessary. The system will issue an error if the user tries to place a module in a slot which
the self-id circuitry believes contains a valid module of a different type.

3. The module name '"EMPTY" is used to clear a slot entry.
Module IDs are determined upon power-up, or after a RESET ALL command.

SYST :SLOT 1,AMM2;
SYST :SLOT 3,AIM7;
SYST :SLOT 3,DIO1A;
SYST :SLOT 3,EMPTY;
SYST :SLOT 3,PIM2;
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SYST :SRQ Set SRQ condition

Purpose The SRQ function allows the user to specify the condition(s) that will cause the 576 to generate
a Service Request. The user selects one (or a combination delimited by commas) of the condi-
tions shown below.

Format SYST :SRQ cond;
SYST :SRQ ?;

Parameters cond — an OR’ing of the conditions which will cause an SRQ:
BUFF = Buffer Full
DATA  =Data Ready to be read from controller
ERR = Error
IDLE =576 Not Busy, program complete
NONE =NoSRQ

? — returns the current SRQ mask in the form: “SRQ cond [,cond...]”
Default NONE (do not use SRQ)
Programming 1. Al SYST commands are immediate.
Notes 2. When SYST :SRQ NONE; is issued, the 576 cannot issue a Service Request. NONE over-

rides all other mask conditions and if issued with other conditions an error will be issued.
Data bits in the status poll byte are always set indicating the Service Request conditions.

3. Each time the SYST :SRQ command is written, the previous SRQ settings are overwritten.
4. If a Device Clear is issued to the 576, the SRQ mask is set to NONE.

Programming Example 1. SRQ on buffer full and data ready
Examples SYST :SRQ BUFF,DATA; ’ issue SRQ when any buffer is full or data ready

BUFF DIM BO,1,100; ’setup BO for 1 channel of 100 points
READ1,0,B0,FILL; 'read slot 1, channel 0 into buffer 0, fill buffer
X;
WAIT ON SRQ ’ wait for SRQ on buffer full then send buffer read
BUFF READ BO; ’ setup for read of buffer 0 to controller
WAIT ON SRQ ’ wait for SRQ on data ready to be read
READ BUFFER ’ read data to controller
Example 2. SRQ on HALT
SYST :SRQ IDLE,BUFF; “issue SRQ on halt or buffer full
BUFF DIM B0,1,100;
DO;

IF 1,2, GT,3.5,DCV; ‘if slot 1, channel 2 greater than 3.5V

HALT; ‘halt and issue SRQ
ELSE;
READ 1,3,B0; ’else read slot 1, channel 3

ENDIF;
LOOP; X;
WAIT ON SRQ
READ SERIAL POLL BYTE
TAKE APPROPRIATE ACTION
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SYST :STAMP Set time/date stamp mode

Purpose

Format

Parameters

Default

Programming
Notes

Programming
Examples

The TIME stamp function provides set up' for the buffer time stamping facilities of the 576.
With this command the 576 will add date and/ or time stamping information to a buffer based
on the mode and type settings.

SYST :STAMP mode, type;
SYST :STAMP ?;

mode — specifies how a buffer is to be stamped:
ONCE = timestamp buffer on initial write only.
SCAN = timestamp buffer on each scan.

type - TIME = timestamp buffer with time only
CLOCK = timestamp buffer with time and date
? — return current time stamp settings in the form: “STAMP mode, type”

If SYST :STAMP is not issued, the default conditions are:
mode is set to ONCE per buffer, and type is set to TIME

1. Al SYST commands are immediate.

2. Acquisition rates above 100Hz will result in multiple scans of data with the same time
stamp data.

3. Time stamping with hardware triggering active is a special case and the timestamp reso-
lution is increased to 1 microsecond. Hardware triggering is used in conjunction with the
READ.. QUICK command and will suspend any active rate specified in the ONINT com-
mand until it is has run to completion. See the TRIG and READ...QUICK commands for
more information on timestamping with hardware triggering.

4. Seethe BUFF DIM command for information on enabling the timestamp, and timestamp-
ping buffer requirements.

SYST :CLOCK STD,2/1/1990,14:00:00; ‘set clock 1/2/90, 2:00 PM

SYST :STAMP ONCE, TIME; ‘stamp once/scan, time only
BUFF DIM B0,2,10, STAMP; ‘enable timestamp

READ 1,1-2,BO,FILL; ‘read 10 pts slot O chans 1 to 2
BUFF READ BO;

X;

WAIT FOR DATA READY

READ DATA

(sample output)

14:00:02.00000 “time stamp of initial reading
2.50 ‘channel 1's data (scan 1)
5.25 ‘channel 2's data

...(eto)...
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SYST :TERM Set terminator sequence

Purpose

Format

Parameter

Default

Programming
Notes
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The TERM function allows the user to specify what terminator sequence is to be used.

SYST :TERM option;
SYST :TERM ?2;

option — the type of terminator sequence to be used.
CRLF = carriage return, line feed (default)
LFCR = line feed, carriage return
CR = carriage return only
LF = line feed only
NONE = no terminator
? — returns the system terminator option in the form: “TERM option”.

CRLF (Carriage return line feed).

1. AIll SYST commands are immediate.



SYST :TRIG Set start of program execution

Purpose

Format

Parameters

Default

Programming

The TRIG function allows the user to choose how program execution begins.

SYST :TRIG mode;
SYST :TRIG ?;

mode — is the condition that will start a program.
EXEC = Begin program execution on X (Default).
GET = Begin program execution on GET (Group Execute Trigger)
{[date,][time]} = Begin program execution on specified date/time string.
? ~ returns current system trigger mode

Begin program execution on receipt of “X” command.

1. AlISYST commands are immediate.

2. This function determines when the next program received will begin execution. For exe-
cution. For example, to begin program execution on GET, the command “SYST :TRIG
GET” must be executed before your program is executed. Then send down your applica-
tion, execute it (another X), and issue the GET command from the host computer.

3. Thedate mustbespecified in the same format as specified in the last issued SYST :CLOCK
command or in the default format if SYST :CLOCK hasn’t been issued. For date and time
formats refer to SYST :CLOCK function.

4. Itisnotnecessary to issue both the date and time but if both are issued the date must pre-
cede the time.

5. TheSYST :TRIG command is reset to EXEC upon receiving the command: “RESET ALL;”
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SYST :UNIT Set default EUF

Purpose

Format

Parameters

Default

Programming
Notes

Programming
Examples
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Sets the system default engineering unit conversion flag for data being sent to or from the con-
troller.

SYST :UNIT unit;

SYST :UNIT 2;

unit - sets the system default engineering unit conversion:
RAW = Raw A /D counts, no conversion
DCV = Volts
MA = Milliamperes

TCn[,CIF] =Thermocouple type, degrees C or degrees F, wheren=J,K,S,
T, E, B, R Default degrees C
RTDn [[CIF] =RTDtype, degrees Cordegrees F, where n =85 or 92. Default

is degrees C.
HZ = Hertz
? — returns the system default engineering unit flag in the form:
“UNIT unit [,vals]”
RAW (Raw data, no conversion)

1. All SYST commands are immediate.

2. Only RAW, DCV, and MA are valid engineering units for input data conversions (i.e.
BUFF WRITE). See BUFF WRITE command for more information.

BUFF DIM TC,B0,4,1;

READ 3,0-3,B0; ‘read thermocouple (ATM?) in slot 3, channel 0-3 into buffer 0.
SYST: UNIT,TCJ; ’eng. units conv. —deg C for J type TC

BUFF READ BO; ‘read buffer 0 in Type J, degree C units

X;

WAIT FOR DATA READY

READ DATA




TEST

Self test

Purpose

Format

Programming
Notes

Programming
Examples

The TEST command causes the 576 to run through its internal diagnostic checks of RAM and
ROM. If an error occurs in ROM or system RAM, the SRQ LED on the front panel will blink. A
flash rate of two times per second implies a ROM error; 20 times per second implies a RAM
error.

TEST;

A version of the self test is executed by the 576 on power up. If TEST fails and the SRQ LED
does not blink, the 576 will not be able to respond correctly to any commands.

The 576 will be capable of operation only if the system RAM and ROM tests pass. If the tests
fail, the SRQ LED will flash at the above specified rates. When the system RAM and ROM tests
pass, the string: “System ROM and RAM - ok” will be returned.

CAUTION: ALL CONTENTS OF DATA AND PROGRAM MEMORY AREDESTROYED
WHEN TEST IS EXECUTED.

TEST;
X; ’ Execute self-test
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TRIG

Hardware Trigger

Purpose

Format

Parameters

Programming
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Notes

The TRIG command is used to configure and enable hardware triggering in the 576 via the
TRGI1 in virtual slot 2. This command is using in conjunction with the analog input
READ...QUICK command. NOTE: This command can only be used if there is an AMMIA or
AMM2 in slot 1.

TRIG source,<threshold>,mode,coupling.,level;

source — the source of the trigger signal.
TRG1 = thelocal TRGI input.
AMM = the output of the global AMM amplifier. The channel is speci-
fied in the READ.. QUICK command.
<threshold> - data value to set trigger level. Between +/-10V .
mode - specifies trigger card operation:
LATCH = Trigger in latched mode
EVENT = Trigger in event mode

Of the above modes Latched can be used with multiple channel scans. Event mode is used
with single channel scans only.

coupling specifies signal coupling.

DC = DC coupling
AC = AC coupling
level Specifies the trigger region.

ABOVE = Trigger above the threshold
BELOW = Trigger below the threshold

Ex. TRIG AMM,9.5,LATCH,AC,ABOVE;

Trigger on the specified AMM channel, using the latched mode with AC coupling and trigger
when the signal is above the threshold value of 9.5 volis.

1. IfTRIG is executed while the trigger input signal is within the trigger region, nothing will
happen. The trigger signal must enter the trigger region after the command is executed
for triggering to occur.

2. Ifspecifying multiple channels with the READ .. QUICK command the only valid trigger
modes are LATCH. If multiple channels are to be scanned off of a hardware trigger it is
recommended that the trigger signal be connected to the local input on the TRGI.

3. The 576 allows timestamping in conjunction with the hardware triggering. To setup
timestamping on a hardware trigger, the SYST :STAMP command must also be config-
ured and is dependant on the TRIG mode as follows:




Programming
Examples

TRIG mode STAMP mode

LATCH, EVENT | ONCE
SCAN

The buffer that will be used in the READ...QUICK command must then be dimensioned
with the BUFF DIM command using the STAMP option to enable the desired timestamp.
See the BUFF DIM command and the SYST :STAMP for more information on timestamp-

pmng.
4. See the CHAN :FILTER function for information on setting the TRGI1 filter. If no filter is
specified, the TRG1 default is setup for a IMHz filter.

Example 1. Read until buffer full when voltage gets above .65V

BUFF DIM B0,5,10;

CHAN 2,0 :FILTER 100K ; ’Set TRGI card to 100kHz filter

TRIG TRG1,.65,LATCH,AC,ABOVE; ‘Setup TRGI to use its local input, slot 2 channe] 0.
‘Set mode to Latch, AC coupling, and Trigger when
’signal is above 65V

READ 1,1-6,B0,QUICK; "Read quick slot 1, chans 1-6, 10 samples

X; "Execute program.

The above program will take 60 readings and place then into buffer 0 after the trigger condi-
tion is met.

Example 2. Hardware trigger with timestamping (to 1 microsecond resolution)

SYST :STAMP, SCAN, TIME; ‘Set timestamp for once per trigger, time only
BUFF DIM B0,1,100,STAMP; ’Setup B0 for timestamping
CHAN 2,0 :FILTER 100K ; ’Set TRG1 card to 100kHz filter

TRIG TRG1,.65,LATCH,DC,ABOVE; ‘Setup TRGI to use its local input and trigger READ
‘to acquire data after the trigger signal is above

‘0.65V
READ 3,0,B0,QUICK; ’ Read quick slot 3, channel 0, 100 data points
X; "Execute
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WAIT

Time or 'GET’ delay

Purpose

| Format

Parameters

Programming
Examples
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The WAIT command is used to delay program execution the specified amount of time or until
Group Execute Trigger (GET) is issued. The GET command may be used anywhere in a pro-
gram to synchronize events to other devices on the IEEE bus.

WAIT <time>,unit;
WAIT GET;

time — is the amount of delay before program execution resumes. The range of time
is:
1-65535, MSEC millisecond range,
1-3267, SEC seconds range,
1 - 65, MIN minutes range.
unit — the time units associated with <time>:
MSEC — milliseconds
SEC —seconds
MIN -~ minutes
GET — the program will wait until a Group Execute Trigger (GET) is received.

Example 1. Example of Timed WAIT

BUFF DIM B0, 1, 10;

DO 10; "Loop 10 times
READ 1,0,BO,FILL; ‘Read 10 samples from channel 0, slot 1 to buffer BO
BUFF READ BO; ‘Read buffer BO
WAIT 2,SEC; "Wait 2 seconds

LOOP; "Loop end

X;

Example 2. Example of Group Execute Trigger WAIT

BUFF DIM B0,1,10;

DO; " Loop forever
WAIT GET; ” Wait for group execute trigger
READ 1,0,B0, FILL; ’ Read slot 1 channel 0 into buffer 0
BUFF READ BO; ’ Read buffer 0

LOOP; ' End loop

X

The DO,LOOP in this example program will execute each fime a Group Execute Trigger is is-
sued.




WAVE

Controls WAVX output

Purpose

Format

Parameters

Programming
Notes

Controls output of WAV module, e.g. turns WAV1 waveform ON or OFF, or produces a
HAVER (pulse) waveform.

WAVE slot, chan, mode;

slot - slot in which module is mounted (3 = 576 option slot).
chan — the channel being addressed.
mode — module output:

ON = turns on continuous waveform

OFF = turns off waveform

HAVER = outputs a haver waveform

1. The WAVE command should be issued only after the WAV module has been configured
with the CHAN :AMPL, :RANGE, :OFFS, :FUNC, :DUTY, and :FREQ commands have
been issued. The CHAN commands may be issued in any order.

2. Any errors in the associated CHAN commands will not be reported until the program
containing the WAVE command is executed.

3. Ahaver pulse is one complete cycle of the specified waveform, starting at minimum am-
plitude and returning to minimum.
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WHILE
WEND

WHILE Condition control

Purpose

Format

Parameters

Programming
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Notes

The WHILE command is used to create a section of a program that is executed only while the
specified condition is met.The WEND command terminates the current level WHILE com-
mand, signaling the end of the statement to be executed while the while condition is true and
where to begin processing when the condition goes false.

WHILE slot,chan,[NOT,]Jcond,<val1> [[,<val2>], unit];
WHILE {DATE|TIME},INOT,] cond, <vali>;
WHILE Bn,[NOT,]FU;

WEND;

slot ~ the slot number of the module being tested.

chan — number of the channel being tested.

NOT — optional specifier to test for condition being NOT TRUE.

cond - expression which must evaluate TRUE. (See Expression Table for all available
condition operators)

vall — value typically used in an expression when a single limit or low threshold

value is required. The evaluation of vall’s format is specified by units. If units
is not specified the current SYST :UNIT default setting is used.

val 2 ~ optional value typically used in an expression as an upper limit or high thresh
old value. The evaluation of val2’s format is specified by units. If units is not
specified the current SYST :UNIT setting is used.

unit - Optional engineering unit conversion specifier. The lower and upper thresh
old values, vall and val2, will be used in the “unit’ specified. If unit is not speci
fied, the default unit set in SYST :UNIT will be used. See SYST: UNIT for set-
ting default engineering units.

Bn - isthenumber of the buffer to be tested: BO-B19.Test is for buffer full (FU) or not
full (NOT FU).

1. Every WHILE must have a matching WEND or a run time error will be issued upon re-
ceiving X (execute).

2. You can not specify both the time and date in one WHILE command. To do conditional
triggering on both date and time use two nested WHILE statements.

3. Dateand time mustbe specified in the same mode that was used to set the real time clock.
See SYST :CLOCK for more information.

4. WHILE’s can be nested 8 levels deep.
With Bit Test Operators the vall parameter specifies the bits to be tested.

Nested WHILEs must be used to simulate BETWEEN and NOT BETWEEN conditions
for TIME and DATE.




Expression
Table

Programming
Examples

Vall Val2
Operator | Meaning Required Required
LT Less Than Yes No
GT Greater Than Yes No
EQ Equal To Yes No
LE Less Than or Equal To Yes No
GE Greater Than or Equal To Yes No
FU Buffer Full No No
BT Between Yes Yes
OR Bit Test — Any bits set in val Yes No
AND Bit Test — All bits set in val Yes No
Example 1. Generic example to show leveling
WHILE ...; “While level 1
WHILE...; ‘While level 2
WHILE...; "“While level 3
WHILE..; "While level 4
WEND; “End level 4
WEND; “End level 3
WEND; "End level 2
WEND; “End level 1
Example 2. While condition on buffer not full
WHILE BO,NOT, FU; ‘while buffer BO is Not Full
READ1,0,B0; ‘read another point
WEND ;
Example 3. While condition on input
SYST :UNIT RAW; ‘set raw mode
BUFF DIM B0,1,1000;
DO; "loop forever
WHILE 1,0,GT,32767; *wait for slot 1 channel 0 > 32767
WEND; ‘do nothing until cond met
READ 1,0,B0,FILL; ‘read 1000 points
. BUFF READ B0;
LOOP;
X;
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WRITE

Write data

Purpose

Format

Parameters

Programming

Notes

Programming
Examples
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The WRITE command is used for writing data from any buffer to an output signal condition-
ing module. The command will write data from the specified data buffer to the start channel
through the stop channel of the specified slot. There s also an optional cycle parameter which
can specify the number of complete cycles through the entire specified buffer.

WRITE slot,chans, Bn[,CYCLES];

slot ~ the slot number of the module to be written

chans — the channel or range of channels to be written. A range of channels is speci-
fied as “start chan-stop chan’ (eg. "2-4").

Bn — the number of the buffer to be accessed: B0-B19.

CYCLES - thenumber of cycles through the specified buffer to perform, if not specified
one scan is written. Maximum cycles is 65535. See Note 4.

1. See the BUFF DIM and BUFF WRITE commands for information on buffer setup and al-
location.

2. If the specified buffer does not exist an error will be generated.

3. When using the WRITE command to output data from a buffer and more samples are
specified than the amount of memory allocated in the buffer, thebuffer address will recy-
cle through the buffer from the first point. This allows continuous waveforms to be out-
put with a single WRITE command.

4. The maximum number for CYCLES may be less than 65535. The maximum number of
cycles is 2* / #scans. If the specified CYCLES number is too large the 576 will generate an
error.

5. When writing a negative voltage as a raw value to an AOMS5 or slot 4, calculate the raw
value as the required data bits + 32768.

Generate sine wave buffer of 100 points - Sine% (100)
Generate square wave buffer of 100 points —~ Squar% (100}

BUFF DIM B0,2,100; ” Set up buffer 0, 2 channels , 100 data samples

BUFF WRITE DCV,2, 0-1,B0 ’ Write data to buffer 0. Data format = ASCII, no prefix.
’ Note : 200 data points are now expected by the 576

FOR I=0to 98

CMD$ = STRS(SINE%(1)) +”,” + STR$(SQUARE%(1) +”,”)

OUTPUT CMD$ * Code to send CMDS to 576

NEXTI

CMD$ = STR$(SINE%(99)) + ”,” + STR$(SQUARE%(99))+ “;”

OUTPUT CMD$ * Code to send CMD$ to 576

DO 10000; " Loop 10000 times,100 cycles of 100 point sine

WRITE 2,0-1,B0; ’ Qutput to slot 2, channels 0 and 1

LOOP; X; "End loop

Note: The above DO, LOOP could have been written using the CYCLE option:

WRITE 2,0-1,B0,100; 100 cycles of 100 point sinewave

X;




X Execute

Purpose The X command causes the 576 to execute all commands that are in program memory.
Format X;
Programming 1. Ifthe program is set to execute on a Group Execute Trigger (GET) or on the time and/or-

date the execute command (X) must still be issued as normal and will only arm the pro-
gram to begin execution at the appropriate event.

See SYST :TRIG for more information about triggering the start of program execution
from Group Execute Trigger (GET) or from the time and/or date.

2. To stop the execution of any program, use "HALT’, "HALT SRQ’, or issue "‘DEVICE
CLEAR .
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ZCAL

Field Calibration of AMM Zener Reference

Purpose

Format

Parameters

Programming
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The purpose of ZCAL is to determine a calibration constant relating to the characteristics of
the AMM zener voltage reference. This constant is similar to the one affixed to the AMM mod-
ule, and is used with the SYST :CAL command to create gain and offset correction factors for
the module. (also see SYST :CAL).

ZCAL may beused as part of a typical standard calibration cycle for the AMM module, orany
time a repair to the AMM module is performed (especially if the zener diode voltage reference
has been replaced). The long-term stability of the zener reference is quite high, so frequent use
of ZCAL is generally unnecessary.

ZCAL <val>;
val - the calibrator output voltage that is fed into the AMM module.

1. <val>mustbe in the range of 6.0 {0 8.0 volts. All other values are illegal except for 0 volts
which is used to clear the zener calibration constant.

ZCAL is an immediate mode command.

3. Aspartof ZCAL, the 576 automatically executes the SYST :CAL command using the cali-
bration constant generated by ZCAL. It will be unnecessary to run SYST :CAL during this
procedure.

4. ZCAL data is returned in the format:
“AMM CAL const,GAIN,x1UP,x1BP,x2UP,x2BP x5UP,x5BP,x10UP,x10BP”
where:

const - calibration constant determined by ZCAL
GAIN - gain correction factor

x1UPP - x1 gain unipolar offset correction factor
x1BP - x1 gain bipolar offset correction factor
x2UP - x2 gain unipolar offset correction factor
x2BP - x2 gain bipolar offset correction factor
x5UP - x5 gain unipolar offset correction factor
x5BP - x5 gain bipolar offset correction factor
x10UP - x10 gain unipolar offset correction factor
x10BP - x10 gain bipolar offset correction factor

5. The 576 maintains a reserved area of RAM for the storage of the zener calibration con-
stant. The 576 first validates the value stored in this location. If the stored value is legal,
the 576 uses it as the system calibration constant.

It is unnecessary to issue a SYST :CAL <val>; or SYST :CAL; command, or otherwise
manually transfer the calibration constant to SYST :CAL when using ZCAL. These func-



tions are handled automatically by ZCAL. However, ZCAL will only save the new zener
calibration constant if switch 6 of the 576 address switch is set ON. Otherwise, the effects
of ZCAL are temporary (i.e. they will be in effect until a power down or RESET ALL). You
should record the calibration constant for future use with the SYST :CAL command.

NOTE: The zener calibration constant is different than the system calibration constant.

The system calibration constant is temporary. The zener calibration constant is stored in
battery backed up RAM and will not be altered by power down or RESET ALL;.
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Use of “Immediate” vs “Program”
Commands

The choice of when to use Immediate versus Program
mode commands may not seem obvious to first-time us-
ers of the Model 576, or even to seasoned GPIB users. The
following information will help you understand and
make proper use of the command types.

Animportant difference in immediate and program com-
mands concerns how these commands affect the various
types of memory. The 376 contains three types of mem-

ory:

1. System memory, where system configuration and
data memory allocation information are stored,

2. Code generator memory, where programs are
stored, less those system— or memory-related com-
mands which have been stored in system memory,
and

3. Data memory, where data from BUFF READ, BUFF
WRITE, READ, or WRITE are stored.

Immediate Commands

Immediate commands cause the Model 576 to behave
more like a traditional GPIB instrument, and provide the
easiest means of using the system. Immediate commands
execute at once when they are received by the Model 576,
and can be used in an ineractive fashion to configure the
system, and to input or output data one value at a time.

The following commands are immediate:

BUFF DIM and BUFF WRITE
IREAD and IWRITE

ANl SYST commands

All CHAN commands

Immediate commands do not make use of any 576 code
generator memory. Configuration changes brought
about through BUFF, SYST and CHAN commands are
stored in the appropriate memory area. Specifically, the
BUFF DIM, BUFF WRITE, system (SYST) and channel
(CHAN) configuration commands cause the designated
memory or hardware changes to be made as soon as the
commands are received by the 576.

As an example, an immediate data read (IREAD) is proc-
essed as soon as it is received by the 576, and instantly
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places data in the system output queue where it can be
read back by the computer. Similarly, an immediate data
write (IWRITE) outputs data directly to the selected
channel without use of code generator or data memory
areas. Neither command requires an “X” instruction to
execute. Some aspects of the data, such as data format or
engineering units conversion, are determined by infor-
mation stored in the system memory. This may be default
information, or new information written via the SYST
and CHAN commands.

Program Commands

Program mode commands facilitate more intelligent op-
eration for the 576, including subroutines, conditional
triggering, looping, automatic programrestart, and other
features beyond the capabilities of most GPIB instru-
ments or immediate mode commands. Program mode
makes it possible to store and execute programs totally
within the 576, effectively turning the 576 into a stand-
alone data logger. All 576 commands not listed above as
immediate mode commands are program mode com-
mands.

Typically, program mode commands are used where a
program must perform any of the following:

1. Run in a stand-alone fashion, without having the
computer control the operation of the desired test,

2. Acquire data and store it in 576 data memory,

3. Output simple or complex analog or digital
waveforms in real time,

4. Make use of special firmware features such as data
averaging, timed acquisition, time-stamping, loop-
ing, conditional testing, subroutines, triggering, etc.

5. Acquire data at the fastest possible speeds. Many of
the capabilities of program mode commands can be
simulated using immediate commands, but the
overall throughput of the system will be lessened
due to speed limitations of the computer, program
operations, and bus transfers.

These functions will all operate totally within the Model
576, freeing the computer once the program has been sent
to the 576 and executed. The program itself will include
appropriate program mode commands, plus selected im-
mediate mode commands (BUFF DIM, BUFF WRITE,
SYST, and CHAN), and may ultimately use any of the 576
memory areas.

Also note that a program may use different channel set-
ups before various READS and WRITES throughout a
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program. For example, slot 1 channel 0 (an AMM mod-
ule) may be programmed for a desired gain using the
CHAN:GAIN command, and a READ command used to
input data. Later in the program, the same channel may
be reprogrammed with a different gain, and another
READ command issued. This feature permits different
channel configurations to be used at different points in a
program for maximum versatility.

When a program is loaded into the 576 from the com-
puter, it is parsed by the 576. Any immediate commands
will take affect as soon as they are received by the 576.
These changes are parsed and written to the system
memory area to provide the desired memory, system,
and channel configurations. Any data uploaded to a 576
buffer (for output through analog or digital output chan-
nels) is written to the data memory area.

The program-mode commands are likewise parsed, but
stored in the code generator memory. These commands
will execute only after an Execute (X) instruction is en-
countered within the program or explicity sent to the 576
at a later time.

NOTE

IREAD and IWRITE cannot be embedded in
constructs based on program-mode com-
mands, and should generally not be inter-
mixed with program-mode commands. An
attempt to use IREAD or IWRITE within a
SUBR (subroutine), IF..ELSE..ENDIF,
DO..LOOP, or WHILE..WEND loop will re-
sult in errors.

Refer to the Example Disk programs and the Applica-
tions section of the Model 576 manual for examples of Im-~
mediate and Program modes.

Internal Data Buffer Description

The following information details the internal layout of
the 576 data buffers, i.e. how a BUFF DIM command is in-
terpreted by the system. For this discussion, SCANS rep-
resents the number of samples allocated per channel. The
general form of a 576 buffer is as follows:

SCAN #1 [chan 1][chan 2]...[chan n]
SCAN #2 [chan 1][chan 2]...[chan n]

éCAN #N [c.han 1}{chan 2]...[chan n]

In the above layout, “N” represents the number of sam-
ples orscans, and “n” is the number of channels that were
used in a BUFF DIM command. The bracketed informa-
tion, [chan ...], represents data values returned from the
indicated channel. Each value will be either 1,2, or 4 bytes
of data depending upon the data type (BYTE, WORD,
LONG, TC), and is always stored in the buffer in the for-
mat of the I/O device being read or written. The 576 will
make one adjustment to the above format if the buffer has
been dimensioned for temperature conversions using the
TC data type. In this case, the 576 will add a channel for
reading the cold junction (C]) reference point to every
scan:

SCAN #1 [chan 1][chan 2]...[chan n]{C]]
SCAN #2 [chan 1l{chan 2]...[chan n][C]]

SCAN #N [chan 1][chan 2]...[chan n][C]]

Note, however, that the Cold Junction data is never re-
turned when applying temperature conversions to the
buffer data, and can only be read from the buffer if RAW

or DCV conversion is specified.

If time stamping has been enabled for the buffer, then the
internal format for the buffer will change depending
upon the time stamping mode that has been selected with
the SYST :STAMP command. Time stamping requires
that an additional 6 bytes per stamp be allocated in the
buffer. The following layout shows the buffer format
when the buffer has been dimensioned with Time Stamp-
ing enabled and the time stamping mode set to ONCE.

[ TS information — 6 bytes ]
SCAN #1 [chan 1][chan 2]...[chan n]
SCAN #2 [chan 1][chan 2]...[chan n]

SCAN #N [chan 1][chan 2]...[chan ]
If time stamping has been enabled, and the Mode is set to
SCAN:
SCAN #1 [ TS information — 6 bytes ]J[chan 1]
[chan 2]...[chan n}

SCAN #2 [ TS information — 6 bytes ]J[chan 1]
[chan 2]...[chan n]
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SCAN #N [ TS information - 6 bytes J[chan 1]
[chan 2]...[chan n]

Note that in SCAN mode, the 576 will allocate 6 addi-
tional bytes for each SCAN of data.

Time Stamp information is stored internally in 576 buff-
ers in one of two formats, depending on whether the Real
Time Clock (RTC) was read, or the Time Stamp was ac-
quired as part of a Hardware Trigger (HT) operation (see
TRIG command). If the time stamp information was ob-
tained from the RTC, then the 6 bytes of data represent
the time and date read from the DS-1216D SmartWatch,
and are stored in the format received from the device:

[Byte 0] represents Hours 0-23

[Byte1ll  represents Minutes 0-59

[Byte2]  represents Seconds 0-59

[Byte3]  represents Hundreds of Seconds [0-99]
[Byte4]  represents the Month 1-12

[Byte5]  represents the Date 1-31

If the buffer data is returned in BINARY, the RTC time
stamp information is returned in packed BCD format in
the sequence of bytes listed above. The 576 will return
time stamp information in ASCII when the ASCII trans-
mission formats are used.

If the time stamp was the result of a Hardware Trigger
(FIT) operation, then the six bytes of data represent the
number of microseconds that elapsed from the time
when trigger module in SLOT 2 was enabled to the time
when the trigger condition was met. In this mode, the 576
utilizes the 6 bytes reserved for time stamping as a 48 bit
integer. This allows a maximum elapsed trigger time of
2* microseconds or roughly 8.9 years. Hardware trig-
gered time stamping is achieved by cascading all three
timers found on the 6840 PTM configured in a count
down mode. The results stored in the buffer must be sub-
tracted from 2* to obtain the actual results. If the buffer
datais returned in BINARY mode, this correction will not
be performed by the 576. In the ASCI transmission
modes the 576 returns the adjusted HT time stamp data.
Note that ONCE is the only valid time stamp mode when
using time stamping with a hardware trigger.
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Data Transfer Modes

The following information describes the data streams re-
turned by the 576 for all of the data transfer modes avail-
able with the SYST :FORM command. The 576 can be con-
figured to return the contents of its internal data buffers
in two ASCII or two Binary modes. The returned data is
always converted to the selected engineering units (con-
figured with the SYST :UNITS command). Note that the
transfer mode selected by the SYST :FORM command
only effects the transfer of buffered or immediate data.
Configuration, status, or error messages are always re-
turned as ASCII text.

ASCII Transmission Modes: ASCII with Prefix and
ASCII No Prefix

In these modes, all data returned by the 576 is converted
to records of fixed length fields and ASCII text before be-
ing transmitted. In ASCII transfers, all fields within a
scan are separated by commas, and all scans of data are
separated by the user-specified terminator sequence (see
SYST :TERM command). If the SYST :TERM is set to
NONE, then it is left to the user to parse the scans of data
based on rules for fixed field parsing. If the IEEE-488 End
or Identify (EOI) bit has been enabled, then the EOI will
be signaled to the controller on the LAST byte of data sent
from the 576.

The general format for ASCII transfers is:

[System Time][TERMS]
Scan #1 [Header]<Buffer Data>[TERMS]
Scan #2 [Header]<Buffer Data>[TERMS]

écan #n [Heélder]<Buffer Data>[TERMS]

This transfer data is madeup of an optional System Time,
followed by an optional header, followed by the buffer
data. The System Time is the starting time and date of
program execution and is only returned if the buffer data
being transmitted contains time stamping information.
The System Time is transmitted only once on a per buffer
basis, and the format of the returned data follows what
was set with the SYST :.TIME command. When transmit-
ted, this field will be 20 characters in Military format, or
19 characters for Standard or European formats. The
header contains information pertinent to the data which
follows (explain in further detail below) and is only trans-
mitted if time stamping or ASCII with Prefix format has
been specified. Finally, the buffer data is returned and
converted to the engineering units specified via the SYST
:UNIT command.



SECTION 5
576 Commands

The optional header record can be further broken down
into the following fields:

[Date,][Time,][Prefix,]

The optional Date field is returned if time stamp type
specifier was set to CLOCK. This option returns the Date
and Month that the current data was acquired. This field
is 6 bytes in length for Military format and 5 for Standard
or European. This field is not returned with Hardware
Trigger (HT) time stamping,.

The optional time field is returned regardless of the time
stamping mode set and is either the time of day (24 hour
format) to the hundredths of seconds, or the elapsed
number of microseconds for hardware triggered (HT)
time stamps. This field is 13 characters if HT time stamp-
inginformation is being returned, or 11 characters if Real-
Time Clock (RTC) time stamping was enabled.

Note that time stamp information is returned based on
the time stamping mode that was set when the buffer was
dimensioned. If the mode was set to ONCE then time
stamp information is only sent along with the very first
scan of data. If the mode was set to SCAN, then each scan
of data sent will have the appropriate time stamp infor-
mation sent as part of the header.

The Prefix field is returned only with ASCII prefix data
transfers, and describes the type of engineering units
conversions applied to the buffer data. The prefix field is
always 4 characters in length. Valid prefix strings are:

NRAW —raw data (i.e. A/D or D/A counts)
NDCV —DC volts conversions

NDCA —DC amperes

DEGC —degrees Celsius

DEGF — degrees Fahrenheit

FREQ - frequency (in Hertz)

Buffer Data follows the optional header information, and
is returned according to the engineering units conversion
specified with the SYST :UNIT command. When engi-
neering units conversion is applied to buffer data, the
data is returned as a floating-point value:

SD.DDDDDDE DDD (14 characters)

where S is the sign bit for negative values (-), or a space
character for positive values. When the engineering unit
is RAW the format of the data returned will either be 3, 5,
or 10 bytes depending on the data format of the device
that was read or written. RAW data is always returned as
an unsigned value in the ranges of:

0-255
0-65535

—byte data (3 bytes — digital data)

—~word data (5 bytes — analog in/out
data)

0-4292967295 - long data (10 bytes — PIM2 data)

Binary Transfer Modes: Motorola and Intel Data
Formats

InMotorola and Intel transfer modes, the data is returned
to the controller in binary form. The 576 will still apply all
engineering units conversions (specified via the SYST
:UNIT command) to buffered data prior to transmitting it
to the controller. All data returned as a result of an engi-
neering units conversion (except RAW mode) will be re-
turned as a single-precision IEEE floating-point number
(4 bytesinlength). Raw data will bereturned asa 1,2, or4
byte value. There are no delimiters sent to separate chan-
nels or scans for binary transfers. Other than byte data,
data which is returned to the host in Motorola format is
always returned as HIGH BYTE, LOW BYTE format. If
the mode is Intel then data is returned to the controller as
LOW BYTE, HIGH BYTE. Byte data is returned to the
controller the same for both modes, as a sequence of sin-
glebytes. For example, the digits 1234 would be transmit-
ted as 1234 in Motorola format and 4321 in Intel format.
The correct binary transfer mode depends on the format
used by the host CPU. If the IEEE-488 End or Identify
(EQD) bit has been enabled, then the EOI will be signaled
to the controller on the LAST byte of data sent from the
576.

Allbuffer data transmitted to the host is returned witha 6
byte header. This header contains information about the
number of channels, type of data in the buffer, if time
stamping was enabled, and the amount of data (in bytes)
that is tobe transmitted from the buffer. The format of the
binary header is shown below:

[Data Configuration byte 1] [Data Configuration
byte 2] [size (4 bytes)]

[Data Configuration Byte 11:
TTCCCCCC

where:
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TT = size of and type of data being transmitted.
00 BYTE data (1 byte per channel)
01 WORD data (2 bytes per channel)
10 LONG data (4 bytes per channel)
11 FLOAT data (4 bytes per channel)

CCCCCC = channels. These bits represent either the
channel number or the number of channels con-
tained in the buffer depending upon whether a
buffer or a channel read was performed on the buffer
(See bit 6 of the configuration byte 2).

[Data Configuration Byte 2]:
XCSEMMTT
where:

X =not used; always set to zero.
C = channel /buffer read bit.

1-channel read eperation performed. Channel num-
ber is represented by the bits in configuration
byte 1

0 —buffer read operation performed. The number of
channels in the buffer are represented by the
channel bits in configuration byte 1.

S = buffer statistics /buffer data.

1 —buffer statistics being retuumed (See BUFF STAT
command)

0 — normal buffer data rehurned. (See BUFF READ
command)

F = format bit

1 —Intel transfer mode selected

0 —Motorola transfer mode selected
MM = time stamp mode

00 — unused

01-ONCE

10-SCAN

11 -unused
TT = time stamp type

00 - NONE (disabled)

01 —Real Time Clock (RTC) stamp data.

10 - Hardware Triggered (HT) time stamp data.
11— unused
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[Size]:

Total number of bytes to follow. Note that this field is
transmitted to the host according to the transfer
mode set.

After the header has been transmitted, the remaining
buffer data is transferred to the hostin a format similar to
the ASCN transfer mode. The general form is:

Binary header
[System Time]
[Time Stamp]<Buffer Data>

As in the ASCH transfer modes, the system time is trans-
mitted only if time stamping information is stored in the
buffer. In binary transfer modes, however, this data is 6
bytes of packed BCD data transmitted as:

[HRSIIMINS][SECSIYY][MMIIDD]

BCD data is always transmitted as byte data. The op-
tional time stamp information is returned as packed BCD
data if the Real Time Clock (RTC) was read, or as a 48-bit
integer value if a hardware-triggered (HT) time stamp
was done. In a case where the Real Time Clock (RTC) was
read, the data is returned as:

[HRSIMINS][SECSIHSECS]IMMI[DD]

RTC data is returned as byte data and is therefore unaf-
fected by the transfer format.

If the time stamp was the result of an HT operation, then
the six bytes of data represent the number of microsec-
onds that elapsed from when the trigger module in SLOT
2 was enabled to the time when the trigger condition was
met. In this mode, the 576 utilizes the 6 bytes reserved for
time stamping as 2 48-bit integer. This allows a maximum
elapsed trigger time of 2*® microseconds or roughly 8.9
years. HT time stamping is achieved by cascading all
three timers found on the 6840 PTM configured in a
countdown mode. The results stored in the buffer must
be subtracted from 2*® to obtain the actual results. When
thebuffer data isreturned in binary mode, this correction
is not performed by the 576. The HT time stamp informa-
tion is returned is the format specified by SYST :FORM.

Following the header information, buffer data is re-
turned. Buffer data is always sent based on the transfer
mode in effect. This is true for all data except byte data



SECTION 5
576 Commands

which is fransmitted as a series of single bytes. FLOAT
data is returned in IEEE single-precision floating—point
format (4 bytes), LONG data is returned as a 4 byte inte-
ger, WORD data is a 2 byte integer and byte data is re-
turned a single byte stream. FLOAT, LONG, and WORD
data are fransmitted from the 576 in the transfer format
set by SYST :FORM.

Device Status (SPOLL) Byte

The 576 Device Status Byte (“DSB”, or “SPOLL” Byte) is
an indicator of the current 576 status. Each bit within the
DSB has special meaning. The status of a bit can change
dynamically, or it can be latched via the SYST :SRQ com-
mand. The following describes how eachbit can be set
and also what conditions are required to clear it.

Bits within the 576 Device Status Byte are defined as fol-
lows:

BIT FUNCTION VALUE
Bit 0 (LSB) | Debug number, bit0 1

Bit 1 Debug number, bit 1 2
Bit2 Debug number, bit 2 4
Bit 3 BUFFER FULL bit 8
Bit4 DATA READY bit 16
Bit5 ERROR bit 32
Bit6 RQS bit 64
Bit 7 (MSB) | IDLE bit 128

Logic is high-true, i.e. a condition exists if the corresponding
bit equals “1”.

The description of each bit follows:

IDLE — indicates when the 576 is executing a program. It
will be cleared when a program is executing and set oth-
erwise. When this bit goes from 0 to 1, it indicates that the
program has completed.

RQS (ReQest for Service) — indicates that the 576 has
generated a service request. The 576 can only generate
service requests if the SYST :SRQ) command has been is-
sued. By default, the 576 will never request service. This
bit is cleared via Serial Poll.

ERROR — indicates that some kind of error occurred in
the 576. It could be a parse-time or a run-time error. This
bitis cleared only when the SYST :ERR ? command is exe-

cuted. Refer to the Appendix section for more informa-
tion on errors.

DATA RDY — indicates that data is available in the 576
output queue. It is set whenever any data is available to
be read and is cleared when the 576 output queue goes
empty. This is a generic bit that merely indicates the pres-
ence of data.

BUFFFULL —indicates that at least one of the 20 internal
data buffers has been filled. It is cleared when all 20 buff-
ers are empty . To determine which specific buffer is full,
issue the SYST :BUF ? command.

DEBUG — three DEBUG bits reflect the current setting of
the debug code. The debug code is set using the DEBUG
command. These bits are always set to 0 by a Device
Clear. .

The command SYST :SRQ can be used to force the 576 to
request service when a specific condition arises. The
IDLE, ERROR, DATA RDY, and BUFF FULL conditions
can all generate a service request. Any condition that
causes a service request is automatically latched. The
condition becomes unlatched when a Serial Poll is per-
formed.

Serial Poll Bit Test

The value of any individual bit can be derived by
ANDing the value of the Serial Poll Byte (sp%) with the
value of the desired bit. If the result is 0, then the value of
the tested bit is also 0. It the bit test results in a number
other than 0, the value of the tested bitis 1.

Debug Number

Bits 0, 1, and 2 together represent the binary value of last
debug number that was encountered in the program. Up
to eight debug numbers (0-7) can be set in a 576 program
using the DEBUG command. When any given DEBUG
command is executed, the associated debug number will
be assigned to bits 0-3 of the Serial Poll Byte. Typically,
the debug number is used for checking the last code
which was executed in a program.

The following shows how the bits may be tested using
BASIC or QuickBASIC. The process would be similar in
other programming languages.
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Bit Test Operation Example:
for sp% Bit Function
A read of the Serial Poll Byte returns 37. Bits b0, b2 and b5
b0 =sp% AND 1 If b0 <> 0thenb0=1 test TRUE (1 + 4 + 32 = 37), indicating that:

bl =sp% AND 2
b2 =sp% AND 4
b3 =sp% AND 8
b4 =sp% AND 16
b5 =sp% AND 32
b6 =sp% AND 64

b7 =sp% AND 128

(Debug number — bit 0)
Ifbl <>0thenbl=1
(Debug number — bit 1)
Ifb2 <>0thenb2=1
(Debug number — bit 2)
Ifb3<>0thenb3=1
(BUFFER FULL bit)
Ifbd<>0thenbd=1
(DATA READY bit)
Ifb5<>0thenb5=1
(ERROR bit)
Ifb6<>0thenbb=1
(SRQ bib)
Ifb7 <>0thenb7 =1
(IDLE bit)

Last encountered DEBUGNo.=b0x1+blx2+b2x4
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a) an error has occurred, and
b) the last DEBUG number was 5.
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INTRODUCTION

The Model 576 Applications section shows how to imple-
ment several typical test, measurement, and control ap-
plications using the Keithley Model 576 and selected per-
sonal computers. These applications include diagrams
and example listings of the commands necessary to im-
plement the programs. The commands can be used with
any programming language and GPIB driver software.

The Model 576 Example Disk includes more complete
versions of most of these applications. These are written
forIBMPC/XT/AT and compatibles using QuickBASIC,
Driver488 software, and the Keithley “UTIL” library
(DEMO576.SAV is an Asystant GPIB program). Applica-
tions cover the following topics:

1. Battery Life Testing (BATTLIFE.BAS)

2. Lab Acquisition with the Model 576 and Asystant
GPIB (DEMO576.SAV)

3. Multi-Channel Voltage Measurements with Hard-
ware Triggering (HWTRIGGER.BAS)

4. Process Monitoring: Triggering and Time Stamping
(PROCMON.BAS)

5. Portable and Remote Acquisition (REMOTEDN.
BAS and REMOTEUP.BAS)

6. Testing 8-Bit DACs with the Model 576 (DAC-
TEST.BAS)

7. Radiometry Using the Model 576 with a Model 428
Current Amplifier (GPIBTEST.BAS)

8. Data Logging with the Apple Macintosh (example in
text)

Before you attempt to run any of these applications pro-
grams, you should become familiar with the Model 576
hardware and command set. Also refer to the Model 576
“Quick Start” instructions and example programs which
will assist you in setting up and running the Model 576..
Refer to the Model 576 manual for detailed set-up and op-
erating instructions.

Note: In the following program examples, italics indicate
operations which must be written in the programming
language actually being used. Some constructs, such as
FOR-NEXT loops, are BASIC syntax and must be con-
verted to the language in use. 576 commands are capital-
ized. Comments are preceded by an apostrophe ().

BATTERY LIFE TESTING

The basic function of a battery is to store energy so that it
may be used to perform work conveniently, as need
arises. Output voltage and current capacity are the main
criteria which determine the suitability of a cell toa given
task. However, cell voltage vs current capacity, shelf-life,
and ability to deal with varying loads are also important.
The relationship of voltage, current, and time is referred
to as the "discharge curve” for the cell.

A typical discharge curve for a nickel-cadmium re-
chargeable cell is shown in Figure 6-1. The curve shows
that the discharge rate is relatively constant until the cell
is nearly depleted, at which time the voltage drops off

sharply.
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spondingly greater or shorter period, and there may be
minor differences in the total energy delivered by the cell.
A typical discharge profile for a D-cell Ni-Cad battery is

%) shown in Figure 6-2. The graph shows three different dis-

% charge curves of volts versus available capacity in am-

> pere-hours. In the following example, we will measure
voltage across a constant resistive load over time, from
which we can plot a similar curve.

Fully ’ . Discharged
Charged Available Capacity, Ampere-hours 1.4 l
Figure 6-1. General Discharge Curve for Ni-Cad Battery i —_—

Factors Affecting Battery Discharge

A number of variables affect cell discharge characteris-
tics. These include:

Load

Discharge/recovery times (duty cycle)
Ambient temperature

Charge rate

Charge time

Rest time after charge

Previous cycling history

NG Wi

Many manufacturers of nickel-cadmium cells rate the ca-
pacity of their cells in ampere-hours, based on a final
voltage of 1.0V at its one-hour discharge rate. The term
“C”, which is found on many Ni-Cad discharge curves,
indicates a discharge rate which is numerically equal to
the rated ampere-hour capacity of the cell. Put simply, if
the cell is rated at 4.5 ampere-hours capacity, then “C”
represents a 4.5 ampere drain for a duration of one hour.

If a current is discharged from a cell at a rate other than
“C”, the discharge rate is expressed as a percent of the C
rate. For example, a discharge rate of one-tenth the Crate
is expressed as 0.1C. Likewise, 2C represents a discharge
rate of 2 times the C rate.The cell will perform for a corre-
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o

\ 0.1C

0.8
100\ c

Volts

1400 2100 2800 3500 4200 4.900

Available Capacity, Ampere-hours

Figure 6-2.Typical Ni-Cad D-Cell Discharge Curve

o] 700

Test Configuration

Data to construct a discharge curve can be gathered with
the Model 576 using time stamping, conditional trigger-
ing on events, and acquisition subroutines which run at
different rates. These features enable the 576 to monitor
the slow and fast discharge phases of the cell.

From the discharge curve in Figure 6-2, we see that in-
itially, the voltage remains relatively constant. This por-
tion of the curve can be monitored at a relatively slow
rate. However, when the cell voltage approaches the
knee of the curve, at about 1.2V, the voltage drops more
quickly. At this point, the 576 should be shifted to a faster
sampling rate. The actual curve is determined by com-
pletely discharging the cell through a constant resistance
load. A typical test sefup is shown in Figure 6-3.
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Model 576
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Figure 6-3. Battery Life Test Circuit

Program Description

Because a large number of points will be collected, the
memory expansion option has been installed in the 576.
The program can also be used without the memory op-
tion by decreasing the number points or reducing the
sampling rates.

The program begins by initializing the GPIB interface bus
and setting up the 576 system defaults. This example uses
an engineering unit conversion of DC volts (DCV), and a
data format of ASCII without a leading prefix (ASCN).
Two data buffers are also dimensioned.One buffer stores
the data collected at the slow rate, while the second buffer
stores data collected at the fast rate.

The program then downloads the main body of com-
mands to the 576. The downloaded program consists of
two subroutines. One subroutine, RDSLOW, is called
from the main body of the program. The second,
RDFAST, is called within the RDSLOW subroutine when
the cell voltage falls below 1.2 volts. When the RDFAST
subroutine is executed, the interrupt rate changes from
10 Hz to 100 Hz in order to capture more points in the

steeper discharge curve. This illustrates the 576’s ability
to conditional trigger based on voltage.

As the 576 collects the data, the host computer monitors
for a full buffer B1 by checking the status of the BUFFER
FULL bit in the 5 76 Serial Poll Byte. When the host deter-
mines that the buffer is full, it sends a Device Clear to the
576 to re-establish communications with the 576, and be-
gins the process of retrieving the data. Since the system
switches buffers as it collects data, it is possible that the
first buffer will not be totally filled. The BUFF INDEX
command is used to return the number of scans read into
the first buffer so that only valid data may be identified.

Once all the data has been collected in the computer, the
data can be analyzed to determine the discharge charac-
teristic of the battery under test.

The program was written for a single battery but could
easily have been modified for multiple battery testing.
The program can be expanded to charge the battery, or to
do battery life expectancy testing in a charge/rest/dis-
charge cycle. Such a test would determine the number of
charge/discharge cycles required to reduce the available
capacity to 50 percent of the cell’s rate value.
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Example Code:
SYST :UNIT DCV; * DC Volts as Engineering
* Units
SYST :FORM ASCN; * ASCII Data Format
BUFF DIM B0, 1, 100000; ’ Dimension buffer 0
BUFF DIM B1, 1, 100000; " Dimension buffer 1
ONINT RDSLOW, 10, HZ; ’ Execute the RDSLOW
’ subroutine at 10 Hz rate
SUBR RDSLOW; * Define RDSLOW sub-
’/ rouiine
IF1,0,GT, 1.2; ’ Ifreading>1.2V thenread
* battery slowly and
READ 1,0, BO; ’ store in B0, else
ELSE;
ONINT RDFAST, 100, HZ; " execute the RDFAST sub-
* routine at a 100Hz rate.
ENDIF; ” End IF condition
ENDSUB; ’ End of subroutine
SUBR RDFAST; ‘ Define RDFAST sub-
’ routine
READ 1,0, Bi; " Read battery volts, store
’ in buffer Bi.
IF B1, FU; " If buffer 1 is full,
HALT; ’ Haltexecution, issue SRQ.
ENDIF; * End IF condition
ENDSUB; ’ End of subroutine
X; * Execute instructions

WAIT ON BUFFER FULL DEVICE CLEAR

BUFF INDEX BO; X; " Get valid points in B0.
BUFF READ BQ; X; ’ Read data in buffer 0 and
* return in ASCII volts. Dis-
* card data beyond pointin-
* dicated by BUFF INDEX.
BUFFREAD B1; X; ’ Read data in buffer 1, re-
 turn in ASCII volts.
ANALYZE DATA

LAB ACQUISITION WITH THE MODEL 576
AND ASYSTANT GPIB

Personal computers are often used in university research
and industrial R&D labs to control or monitor experi-
ments or processes, especially where there is a need to
constantly analyze input data or adjust output parame-
ters. The computer program may regulate temperatures
or pressures, control valves, monitor for out-of-range
conditions, count events, or perform countless other
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tasks. The computer display may simultaneously graph
voltages, currents, distance, temperatures, pressures, etc.

A Complete Hardware and Software System

A complete laboratory data acquisition hardware and
software system can assembled by combining a Model
576 with the Asystant GPIB Scientific Number Cruncher.
The 576 offers specialized signal conditioning, easy sig-
nal connections, engineering unit conversion, and analog
and digital input and oufput channels. The Asystant
GPIB software package features menu-driven operation,
sophisticated graphing, and GPIB conirol capabilities.

The 576 provides a complete set of engineering unit con-
versions which directly convert stored data to the most
commeon electrical andphysical units. These include:

RAW = Raw A/D counts, no conversion

DCV = DCVolts

MA = Milliamperes

TCn [CIF] = Thermocouple type, degrees C or F,
wheren=J,K,S5, T,E, B, or R

RTDn[C!F] = RTD type, degrees C or F, where nis
850r92

HZ = Hertz

The data can assume a variety of formats including ASCII
with a leading prefix, ASCII without a leading prefix,
Motorola binary, or Intel binary formats.

The Model 576 includes 16 single-ended or 8 differential
analog inputs, dual analog output channels, and 32 TTL-
compatible digital channels. In many cases, transducers
may be used which require specialized signal condition-
ing. For this purpose, the Model 576 includes an expan-
sion slot which accepts any of several optional signal con-
ditioning modules. Commonly-used modules include
the AIMY7 for thermocouple inputs, the AIM6 for RTD in-
puts, the ATMS for strain gages and load cells, and the
AIM9 for LVDTs (Linear Variable Differential Trans-
formers). The AIM4, AIM5, DIM, or DOM1 modules may
also be used where isolated analog or digital I/O is re-
quired. These modules provide up to 500 volts peak
channel-to-channel and channel-to-ground isolation.
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Asystant GPIB Environment

Asystant GPIB provides an easy-to-use, menu-driven ap-
proach to GPIB communication, analysis, and graphics.
Figure 6-4 shows that the GPIB programming screen is
made up of four windows. The “GPIB Devices” window
lists all the GPIB instruments which can communicate
with the software. A device can be given a descriptive ti-
tle to simplify programming and addressing. In this case,
the name “K576” was declared as the device’s primary
address. The TIMEOUT (in seconds) is also declared.

The GPIB Main Menu contains choices for “Device Con-
figuration”, “Interactive Mode”, and “Program Mode”
(Figure 6-4). The Device Configuration sets up communi-
cation parameters for the GPIB device(s) being ad-
dressed. Interactive Mode enables the user to interac-
tively communicate with GPIB instruments, while Pro-

gram Mode permits writing routines which automate the
steps carried out in the Interactive Mode (Figure 6-4).

Measuring Temperature

A typical lab experiment might be to monitor the tem-
perature of a chemical process such as titration or distilla-
tion. The operator can quickly write a routine in Asystant
GPIB, such as the one shown in Figure 64, to acquire data
from a thermocouple overa set period and then graph the
data.

The routine first initializes the GPIB bus. The GPIB device
(in this case “K576”) is selected and cleared. Next, the
Talk and Listen (T&L) index is reset so that the data array
pointer points back to the first index of the array. This in-
sures that any possible leftover data will be cleared from
the array.

GPIB Devices

K576
WaveTek
DMM199

Rout: 1 -- GET DATA

Initialize

Set Device: K576

Device Clear

Reset T&L Index: T

Talk:
Literal:SYST :UNIT, TCJ,C;
Literal:SYST :FORM ASCN;

Literal:SYST :SRQ BUFFER;

= GPIB Main Menu

Program Mode

Initialize Set Device
Device Clear Selected Dev Cir
Go To Local Group Exec Trig
Local Lockout Serial Poll

—i Talk Listen

Execute Command
Reset T&L Index

Execute Routine
Set Parm/Var

Plot File
Message
Input Parms

Wait

Literal:BUFF DIM TC,B0,1,500;
Literal:ONINT GETTEMP,5,HZ;
Literal:SUB GETTEMP;
Literal:READ 3,0,B0; ENDSUB; X;
Message:Acquiring 500 Temperatur
Wait: SRQ
Device Clear
Message:Downloading 500 Temperat
Talk:
Literal:BUFF READ BO; X;
Exec Rout # 2: LISTEN
Message Clear
End-Routine

Figure 6-4.ASYSTANT GPIB Program Mode Screen
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The main body of the program is sent out over the GPIB
bus to the Model 576 using TALK literal strings. The lit-
eral strings tell the576 to:

1. Allocate buffer space “B0” for 500 scans of one chan-
nel,

2. Set the engineering units conversion default to ther-
mocouple units for a J-type TC, with degrees C as the
temperature scale, and finally,

3. Issue a request for service (SRQ) when the data
buffer has been filled.

The next set of literal talk strings tells the 576 to execute
the subroutine GETTEMP at an interrupt rate of 5 Hertz.
(Interrupt rate is set with the ONINT command.) The
READ command in the subroutine GETTEMP instructs
the 576 to read from channel 0 of slot 3, which contains an
AIM7 TC card, and to store the readings in buffer B0.

A message is printed to the screen telling the operator
that the 576 is in the process of acquiring 500 temperature
readings. While the 576 collects data, Asystant GPIB
waits for an SRQ. When the SRQ is received from the 576,
the routine issues a DEVICE CLEAR command to re-
establish communications with the 576. A message is
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then displayed indicating that the PC is uploading the
readings from the 576.

The final operation is to send another talk literal to the
576 to retrieve the data. The literal string “BUFF READ
BO; X;” forces the 576 to read buffer 0, convert the data to
the specified data format and engineering units. Asystant
GPIB then executes routine #2 which performs a listen
from the GPIB bus and places the data in variable T.
When all of the data have been stored in variable T, Asys-
tant GPIB’s graphics and analysis functions can be used
to plot or reduce the data.

Graphic Results

Graphics may be an essential part of an experiment be-
cause they immediately portray trends, data vs time rela-
tionships, or other information which may not be obvi-
ous from raw data. A typical plot of temperature is
shown in Figure 6-5.

The entire graphing routine can be automated to repeat
as many times as the user desires, thereby permitting
constant data collection and plotting. This enables the op-
erator to perform other tasks while the software and
hardware collects data.
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CHEMICAL PROCESS TEMPERATURE

40.0

36.0——

34.0——,

32.0—

TEMP. DEGREES C

30.0—— ot e e

100.0 300.0

500.0

700.0

NUMBER OF SAMPLES

900.0

EO

PRESS ANY KEY TO CONTINUE

Figure 6-5.ASYSTANT GPIB Program Mode Screen
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MULTI-CHANNEL VOLTAGE MEASURE-
MENTS WITH HARDWARE TRIGGERING

Physical and electrical testing often involves the evalu-
ation of response, elasticity, recovery time, or other pa-
rameters after the application of a fransient stimulus. Ex~
amples include monitoring pipes or rubber hoses after a

wma A Aev b sy T AvAAcA 1M TITACQIITS tha fackHno af amnlie

MlUulCLlLdJ.y mcrease in PICDDLU.C, Ul e I.CDLLLLB i au.l.yu*
fier slew rate after a large change in input signal. Re-
sponse may resemble Figure 6-6.

i

t ( Sec)

0 \//\\./"\valr

Figure 6-6. Typical Decaying Impulse

Multi-Channel, High-speed, Triggered Acquisition

Capturing high-speed, transient events, which may oc-
cur over a matter of milliseconds or microseconds, re-
quires a fast sampling rate and a hardware-based trigger.
It is also advantageous to trigger the start of acquisition
so that system memory is not wasted on useless readings.
If several phenomena are to be measured, multiple in-
puts will be needed to capture all the data. A conceptual
block diagram of a high-speed, triggered, multi-channel
acquisition system is shown in Figure 6-7.

Test Configuration

The Model 576 can acquire triggered data at a rate of
31,250 samples/second over multiple channels, and also
initiate acquisition within 200 nanoseconds of the trigger
signal (see Figure 6-7). The 576 is programmed to monitor
a trigger channel, and acquires data only when the signal
on the trigger channel has exceeded 3.0 volts. At that
time, the Model 576 takes high-speed readings on 5 ana-
loginput channels until the 576 data buffer is full.
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Figure 6-7. Multi-Channel Voltage Measurements

Program Description

The first section of the program initializes the GPIB bus,
pre-programs the Model 576 for a default engineering
units conversion of DC volts (DCV), and allocates buffer
BO for 10,000 scans of five channels.

The 576 trigger can be configured for level, pass band fil-
ter, coupling, slope, and related parameters. This appli-
cation sets up the trigger filter for 100kHz. The filter pre-
vents the hardware from being falsely triggered by noise.

The trigger level is set for 3.0 volts, and the trigger mode
is set for “"LATCH”. In LATCH mode, acquisition contin-
ues after the trigger condition is first satisfied. Coupling
is set for AC. The slope parameter is set to “above”.

Once the initial test conditions have been set up, the last
instruction commands the 576 to begin taking data at
high speed when the trigger event tests true. This is ac-
complished by using the READ command with the
“QUICK” option. The READ...QUICK command ac-
quires all five channels at an aggregate throughput rate
of 31.25 kHz.

When the buffer has been filled, the data can be retrieved
from the 576 for analysis. This is accomplished by execut-
ing the 576 BUFFER READ command as shown in the
program listing. When the data is in the host computer,
graphing or other analysis of the data can b e performed.

This program highlights the unique hardware triggering
feature of the 576. The Model 576 hardware trigger in-~
cludes FOLLOW and LATCH modes, AC and DC cou-
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pling, filtering from 1kHz to IMHz, and a trigger voltage
range of ~10 to +10 volts.

Example Code:

INITIALIZE SYSTEM

SYST :FORMAT ASCN; ’ Set default data format to
 ASCII, no prefix.

SYST :UNIT, DCV; ’ Set Eng. Units to DCV

BUFF DIM B0, 5, 10000; ’ Allocate buffer BO for 10k

’ readings from 5 channels.
CHAN 2, 0 :FILTER 100K; Set TRG1 to 100kHz filter.
TRIG TRGI, 3.0, LATCH, DC, Setup trigger to use TRG1

ABOVE; local input. Set LATCH
mode, DC. coupling, and
trigger when signal is
above3.0V.

Read quick at 34,500kHz
rate from slot 1, channels
04, 10000 samples/

channel.

READ 1, 0-4, B0, QUICK;

T T

BUFF READ BO; ” Read points from 576 into
” controller’'s memory as
soon as 576 becomes a

7 talker.

’

e ” Execute program.

INPUT DATA FROM 576

PROCESS MONITORING AND CONTROL.:
TRIGGERING AND TIME STAMPING

Monitoring and control applications typically require a
decision-making mechanism to effect a change when a
particular condition exists. Time information may also be
used in the decision-making process, i.e. a certain change
can be initiated at a certain time, or locked out until a de-
sired time. These control functions are normally imple-
mented as closed-loop systems using conditional trigger-
ing.

Process Monitoring

Closed-loop process monitoring and control requires at
least one input and one output. The input may be a ge-
neric voltage, or it may come from a specialized
transducer such as a thermocouple, strain gage, or pres-

sure transducer. The Model 576 can accept most
transducers directly, or with the aid of an option module.

Control output can be either digital or analog in nature.
TheModel 576 can directly sense and drive TTL-level sig-
nals, or even higher voltage and current loads with the
optional PCM3 external relay board or DIM1 and DOM1
isolated digital modules. Analog outputis available from
on-board D/A. channels, or from various optional volt-
age and 4-20mA current loop output modules.

Effective closed loop control requires a wide range of
logical operators that can be used to compare inputs
against pre-determined set-point values. The 576 firm-
ware includes many conditional tests to help evaluate
such conditions. These tests are used within IF...
THEN....ELSE constructs, and include the following:

Less Than

Greater Than

Equal To

Not Equal To

Less Than or Equal To
Greater Than or Equal To
Buffer Full

Buffer Not Full

Between

Not Between

OO RN U LN

-

Conditional Triggering can also be based on a particular
time or date.

Test Configuration

Figure 6-8 shows an example of a process monitoring and
control application using the 576 with an AIM7 thermo-
couple input module. A J-type thermocouple is the input
sensor. The 576 monitors the input from the thermocou-
ple and makes decisions based on the time and tempera-
ture. These decisions may include turning the heating
system on and off, shutting down the heating system or
activating an alarm if the temperature is too high.

For this example, the vat temperature must be main-
tained at 70 degrees C, which is the control set-point. Af-
ter a certain time, the 576 performs a time trigger to acti-
vate a data logging sequence in which data will be col-
lected and time stamped. Lastly, if the process exceeds an
upper temperature limit, or if the elapsed test time ex-
ceeds 30 minutes, the system performs a shutdown.
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Figure 6-8. Process Monitoring and Control

Program Description

The programming of this application uses nested
IF..ELSE..ENDIF commands in a subroutine to log and
time stamp data. The initial segment of the program in-
itializes the GPIB bus. The program prompts the user for
the high and low set-points. For this example, the high
set-point is 72 and the low set-point is 68 degrees C. The
576 is then initialized with various system set-up pa-
rameters including the data format (ASCII), and an engi-
neering unit conversion of degrees C for Type-J thermo-
couple.

To time stamp the data, the 576 requires additional sys-
tem configuration instructions. First, the 576 must be told
to time stamp on each scan of the READ command. The
system clock must be set for standard format, thus allow-
ing the date and time to be initialized to 07/20/1990 and
00:00:00, respectively. This enables the system to store
elapsed time based on a start time of 00:00:00.
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Following the SYST commands, the BUFF DIM com-
mand allocates three data buffers. Buffers B0 and B1 will
store one sample each, while B1 stores 1200 samples. Be-
cause the 576 will acquire temperature measurements,
the TC specifier isincluded so that the cold junction refer-
ence temperature will be stored with other data. Thus,
the total memory requirement per scan is 10 bytes: four
bytes for the temperature measurement, and six bytes for
time stamp data.

The main section of the program uses a single ONINT
command telling the 576 to execute the subroutine
“MONITOR” every 500 milliseconds. MONITOR con-
tains the conditional triggering statements, and uses DE-
BUG numbers as markers to determine which part of the
subroutine is executing at any given time.

The first IF statement checks to see if the temperature of
the process is greater than 100 degrees. If the statement is
true, the 576 turns on a siren, turns off the heater, and
halts the 576 program. The POKE commands act directly
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on the digital ports where the siren and heater control are
connected.

If the initial condition tests false, the next IF statement
checks whether the vat temperature is greater than the
desired high set—point of 72 degrees C. If the condition is
true, another POKE command turns off the heater. If this
condition is false, the third IF statement tests whether the
vat temperature is less than 68 degrees. If the condition is
true, then the heater is turned on. If the condition is false,
the DEBUG command sets binary bits 0-2 to “010” (2,
decimal) in the serial poll byte.

The three DEBUG commands in the first nested
IF..ELSE..ENDIF commands provide a means of tracking
the portion of the program currently executing. If a given
condition tests true, the corresponding code executes and
the associated DEBUG value is assigned to bits 0-2 in the
serial poll byte. These bits may be checked periodically in
the program, and appropriate actions or graphics gener-
ated in response.

The next nested IF checks whether the time is greater
than 00:15:00 minutes and less than 00:26:00. If the condi-
tion is true, the 576 logs and time stamps the temperature
readings.

The next IF checks to see if the elapsed time is greater
than or equal to 00:30:00 minutes. If the condition is false,
then the current temperature and time are read and re-
turned to the computer immediately. If the statement is
true, then the Model 576 shuts down the control process
and turns off interrupts. The program then reads the data
buffer and halts.

Time Stamped Results

After a process time of 30 minutes, the 576 returns the
time stamped data to the host computer over the GPIB

bus where it can be analyzed or graphed. A typical print-
out of the acquired time stamped data might resemble
the following:

0:16:00, 7.210450E001
0:16:01, 7.231431E001
0:16:02, 7.301015E001

Time stamping, which is a unique feature of the 576, has
various modes for adding time and date to data scans.
The above display mode is “SCAN, TIME”, which
stamps data with the time at the start of every scan. Other
modes and their respective output formats are shown be-
low:

SCAN CLOCK — The time and date are stamped at the
beginning of each scan.

04/11, 00:15:00, .210450E0010
4/11, 00:15:01, .231431E0010
4/11, 00:15:02, .301015E001

ONCE, TIME — The time only is stamped once at the be-
ginning of the acquisition.

00:15:00,

7.210450E001
7.231431E001
7.301015E001

ONCE, CLOCK —The time and date are stamped once at
the beginning of the acquisition.

04/11/1990, 00:15:00,
7.210450E001
7.231431E001
7.301015E001
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Example Code: ENDIF; * End IF
INTTIALIZE SYSTEM IF TIME, GE, 00:15:00; If ime >= 15 min.

SYST :EOI Disable;

’ Disable EOI

PROMPT FOR TEMPERATURE LIMITS

SYST :UNIT TC] :FORM ASCN;

SYST :STAMP SCAN, TIME;

SYST :SRQ IDLE;

SYST :CLOCK, STD,
07/20/1990, 0:00:00;

' Get engineering unit con-
’ version for thermocouple
’ units type-J and ASCII

* data format.

" Set system to time stamp
on each scan.

14

" Issue SRQ when not busy

~

Set Time and Date. Time
is set for 0:00:00 for pur-
poses of Hming.

~

SYST :POKE 5, A, 248; ” Set port for output
BUFFDIMTC, B0, 1,1; * Allocate data buffers.
BUFF DIM LONG, B1, 1,1;
BUFF DIM TC, B2, 1, 1200, STAMP;
ONINT MONITOR, 500, MSEC; ‘ Set up backgnd function
’ to run every 500ms
SUBR MONITOR; ’ Monitor subroutine
IF 3,0, GT, 100; * If temperature >100C,
POKES5,A,L; " access digital port and
POKE 5,B,2; ’ Turn on alarm.
HALT; ’ Halt 576 execution
ELSE;
V$="IF3,0GT"” +HIGH$ '’ Setup string
+ ” TC], C,' ”
OuTPUT V$§ ’ If temperature > high
’ set-pt,
DEBUG 0; ’ Set 576 debug number 0,
POKEG5,AL; " Access digital port and
POKE 5,B,0; ” Turn heater OFF.
ELSE;
V§="IF3,0LT” + LOW$S ’ Setup string
+ r” TCI,C,' ”
OUTPUT V$ ’ If temperature < low
” set—pt,
DEBUG 1; ’ Set 576 debug number 1,
POKES5,AL; " Access digital port and
POKE 5,B,1; ” Turn on heater.
ELSE;
DEBUG 2; ’ Set 576 debug number 2.
ENDIF; ’ End nested IF
ENDIF; ’ End nested IF
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IF TIME, LT, 00:26:00; ’ and < 26 min. elapsed
READ 3,0,B2; ” Read time stamped temp.
ENDIF; * END nested IF
ENDIF; ” ENDIF
IF TIME, GE, 00:30:00; 7 If ime >= 30 min.,
POKES5,A,1; ! access digital port and
POKE 5,B,0; ’ turn off heater,
DEBUG 3; ” set 576 debug number 3,
INTOFFE; ’ Turn interrupts off,
BUFFREAD B2; ’ Perform a buffer read,
HALT; ’ HALT 576 execution
ENDIF; ’ ENDIF
READ 3,0,B0; ’ Read temperature
BUFF READ TCJ,C BO; ’ Read buffer
READ TIME, Bi; ’ Read real time clock
BUFF READ TIME, B1; ’ Read buffer
ENDSUB; * END of subroutine
SET UP GRAPHICS SCREEN TO SHOW
TEMPERATURE STATES
xX; ’ Execute 576 program

ALLOW 1-SECOND DELAY FOR PROCESS TO COMMENCE
BEFORE ACTIVATING GRAPHICS.

UPDATE SCREEN BASED ON DEBLIG NUMBER - CHECK
SPOLL BYTE FOR VALUE OF DEBUG BITS 0,1, AND 2, AND
BRANCH TO APPROPRIATE CODE BASED ON VALUE.

END

PORTABLE AND REMOTE ACQUISITION

Checking flow rates and/or pressures are common tests
inindustries such as natural gas and petroleum. Monitor-
ing these conditions often requires an engineer togotoa
remote sight and cairy out tests to verify that equipment
is operating normally. Ideally, the associated test system
should be light-weight, portable, and operate from a bat-
tery or some other portable power source.

Portability

A lap-top computer is a logical choice as a controller fora

portable data acquisition system. Some lap-tops can op-
erate from internal batteries or from an external DC
source such as an automotive electrical system. How-
ever, most lap-top computers lack an IBM-compatible ex-
pansion slot, making them incompatible with virtually
all data acquisition boards and standard communica-
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tions interface cards. Most of these systems do have a se-
rial (RS-232) port, however, so this limitation can be eas-
ily overcome using Keithley’s 500-Serial RS-232 to GPIB
adapter.

The 500-Serial adapter converts the GPIB connector and
communications standards to RS-232 serial protocol. The
unit comes with a 25-pin serjal cable and 9-to-25 pin
adapter, and will thus mate GPIB instruments to most
lap-top, desk-top, and mini computer serial ports.

Asasidebenefit, the 500-Serial permits greater operating
distances (up to 100 feet) than standard GPIB specifica-
tions, and uses flexible, relatively inexpensive serial ca-
ble. Figure 6-9 gives a simplified view of this application.

For operation at distances greater than 100 feet, a device
called “Micro488A” enables programming and control of
GPIB instruments at distances up to 400 feet from the
computer. Like the 500-Serial, the Micro488A communi-
cates GPIB commands and data over standard RS-232 se-
rial ports and cabling.

If an application involves collecting a large amount of
data, the Model 576 can be outfitted with a memory ex-
pansion option. This option extends the data capacity of
the 576 to approximately 240,000 analog or 480,000 digital
readings.

With appropriate programming techniques, the Model
576 can operate independently of the computer, or even
be completely disconnected from the computer. The
“SAVE” command options make it possible for the 576 to
retain a program while the power is off, automatically
execute the program when power is restored, and save
the data. Thus, the computer need not be left at the test
site. More than one Model 576 can be used at a remote site
by simply downloading a program to each 576.

In a typical auto-startup application, the program would
be downloaded into the Model 576. The 576 SAVE switch
must then be turned ON, and the SAVE mode pro-
grammed for automatic program save and restart (“SYST
:SAVE PROG”). The unit would then be switched off and
transported to the test site. When power is restored, the
576 executes the stored program and logs data. After the
data have been collected, the technician returns to the
site, sets switch 7 ON to disable further program execu-

tion, disconnects the 576, and takes the unit back to the
lab. When the system is powered up again, the data can
be retrieved.

Test configuration

Figure 6-9 shows a configuration that may be used ata re-
mote pumping station. The transducers may be installed
permanently at the pumping station, permitting quick
connection to the 576. The 500-Serial attaches directly to
the 576, and an RS-232 cable connects the 500-Serial to the
computer. The lap-top and the 576 are both powered
from a 12VDC source. The 500-Serial receives power
through t he serial port.

Program Description

The following two programs illustrate how the 576 can be
used for remote, unattended acquisition. Both rely on the
500-Serial adapter for communication between a lap-top
computer and the 576. It is also assumed that the memory
expansion option is installed in the 576. In this applica-
tion, the memory option provides eight hours’ run time
atan approximate sampling rate of 1.4 Hz (ONINT rate =
720 milliseconds). This rate will collect a total of 200,000
analog readings.

The “downloader” program, REMOTEDN, begins by in-
itializing the serial port and 576. It opens COM port 1 and
sets the baud rate for 19,200 baud with no parity, 8 data
bits, and 2 stop bits. Next, the program prompts for cur-
rent time, date, and format to be used by the 576.

The next section of the program sets up system parame-
ters. These include commands to SRQ when the data
buffer is full, data format of ASCII without a leading pre-
fix (ASCN), and DC volts (DCV) as the default engineer-
ing unit conversion. This section also instructs the 576 to
commence execution when the time is 8:00 AM. Lastly,
the 576 is told to save the contents of the buffers and pro-
gram whenthe instrument is powered down.

The next section of the program allocates buffer space.
Two buffers are used to store the data. Three channels of
flow data will be stored in buffer BO and two pressure sig-
nals will be stored in buffer B1. The first three channels
require a gain of X10 and the remaining two channels re-
quire a gain of X2.
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Remote Pumping Station 1

12vDC
Battery

Analog Inputs I

576 Measurement and
> Control System

|

500-Serial
Adapter

100 FT
RS-232
Serial Cable

Figure 6-9. Portable/Remote Application

Next, the main body of the test is sent to the 576 instruct-
ing the 576 to execute the subroutine LOGDATA atan in-
terrupt rate of 720 milliseconds. While the subroutine
LOGDATA is running in the background, a foreground
routine checks when buffer Bl has been filled. When
buffer Bl is full, the program HALTSs execution.

The subroutine LOGDATA consists of two READ com-
mands which read the 5 channels and store the data in the
designated buffers. When the buffers have been filled,
the 576 issues an SRQ. The SRQ LED on the 576 front
panel also illuminates, indicating that the test is com-
pleted.
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The second program, “REMOTEUP”, can now be loaded
into the computer to recover the data from the 576.
REMOTEUP sends the 576 a Device Clear to re-establish
communications. Several SYST commands tell the 576 to
use the ASCII/no prefix data format and DC Volis engi-
neering unit conversion. Finally, a BUFFER READ is exe-
cuted to retrieve the data from buffer BO. The program re-
ceives the data from the 576, and can store it in memory,
write it to disk for future use, graph, print the results to
the screen, etc. The data from buffer Bl is retrieved by the
same method.
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Example Code:

* REMOTEDN - Program Downloader
INITIALIZE THE SERIAL PORT
INITIALIZE THE MODEL 576

SYSTEM :IDN ?; ’ Request System ID

PROMPT FOR DESIRED DATE(TIME FORMAT (“FMT$"),
AND CURRENT TIME (“TIM$”) AND DATE (“DT$")

ENTER SYSTEM INFO AND DESIRED START TIME:

SYST :SRQ BUFF; ’ SRQ on buffer full

SYST :UNIT DCV; " DCV for Eng Units
SYST :FORM ASCN; * ASCII format

SYST :TRIG 08:00:00; " Execute at 8:00AM
SYST :SAVE PROG; * Save Program and Data

CMD$=“SYST :CLOCK "+ FMT$+ ” "+ DT$+ “,"+ TIM$+ “;”

OUTPUT CMD$ ” Set Real Time Clock
SYST :CLOCK ?;” ’ Return time for check
" PRINT DATE AND TIME

BUFF DIM B0,3,40000; " Allocate data space,
BUFF DIM B1,2,40000; ’ Buffer B0 and Bl
CHAN 1,0-2 :GAIN 10; ” Set channel gains

CHAN 1,34 :GAIN 2;
" SEND MAIN PROGRAM AND SUBROUTINE TO 576
ONINT LOGDATA, 720, MSEC; ’ Set subroutine rate

DO; 7 Check full buffer Bl

IF B1 FULL; ’ If true, then
HALT; ’ halt execution.
ENDIF;

LOOP;

SUBR LOGDATA; ’ Subroutine LogData
READ 1,0-2,B0; ” Read into buffer 0
READ 1,3-4,B1; ’ Read into buffer 1

ENDSUB; 7 End of Subroutine

xX; ’ Execute Program

Example Code:

" REMOTEUP - Data Uploader
INITIALIZE GP488B IEEE CONTROLLER AND 576

SYSTEM :IDN ?; ’ Request System ID

’ Send SYST commands and return current fime from 576

SYST :SAVE OFF; ’ Disable Save option
SYST :UNIT DCV; * DC volts for E~-Units
SYST :FORM ASCN; / ASCII format

SYST :CLOCK 72, ’ Return time for check

"READ AND PRINT DATA AND TIME

* Send BUFFER READ to read channels 0, 1, and 2 of BO

BUFF READ BO; X; ” Read buffer BO

FOR COUNT =1 TO 40000 ’ Loop and print data
INPUT DATA POINT ” until no more data
FROM 576 PRINT DATA
TO SCREEN

NEXT COUNT

7 Send BUFFER READ to read channels 0, 1, and 2 of Bl

BUFF READ B1; X; ” Read buffer Bl

FOR COUNT =1 TO 40000 ’ Loop and print data
INPUT DATA POINT ’ until no more data
FROM 576 PRINT DATA
TO SCREEN

NEXT COUNT

ANALYZE OR GRAPH DATA

TESTING 8-BIT DACS WITH THE MODEL 576

Testing Digital to Analog converters (DACs) might be a
normal part of quality screening of incoming compo-
nents to identify parts not meeting specifications.

Source/Delay/Measure Testing of 8-Bit DACS

Testing DACs requires an instrument that can perform a
Source/Delay/Measure test. A simple and inexpensive
method is available using the Model 576's digital output
and analog input capabilities. The 576 can provide all the
requirements in hardware to test monotonicity and rela-
tive accuracy of DACs.

The concept of a Source/Delay /Measure test is relatively
simple. The 576 provides a digital output to drive the
DAC, waits for the DAC output to settle, makes an analog
measurement of the output voltage, and storesitin a data
buffer.

6-15
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Test Configuration

The entire test of an 8-bit DAC is controlled by the 576. A
576 buffer contains values 0-255 which supply all possi-
ble digital input values to the DAC. Each value is indi-
vidually sent through one of the digital input/output
ports on the 576 to the DAC. After a short delay, the out-
put voltage of the DAC is read by the Analog Master
Measurement Module in the 576. The measured voltages
are stored in the 576 for later retrieval and analysis by the
host computer. A simple functional diagram is shown in
Figure 6-10.

576 Measurement and
Control System
oo
Digital '
w . 8-BIT Data Bus
PortA 57
AMM2 Analog
Input
DB0- DB7
8-BIT
DAC

Vout

Figure 6-10. D/A Converter Test

Program Description

The program first initializes the GPIB bus and generates
an array of digital points that will be applied to the DAC
inputs. This data is stored in an array called DIGOUT%.
Since the DAC is an 8-bit version, the digital values range
from 0 to 255.

The next block of code initializes system information for
the 576 including ASCII/no prefix data format (ASCN)
and an engineering unit conversion of DCV. Two buffers
of 256 points each are allocated in memory to hold the
digital source values and the analog input measurements
from the DACs.

Once the 576 has been initialized, the digital data are
transferred from the host to the 576 with a BUFF WRITE
command and a FOR-NEXT loop. Each string sent by the
loop terminates in a comma (,) indicating that more infor-
mation is to come. After the loop completes, a final string
is sent terminated by a semi-colon () to indicate the end
of the data. The BUFF WRITE command uses an engi-
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neering unit of RAW to override the system default of
DCV. Thus, the digital values are treated as raw integers,
not voltages.

At this point, the program uses a DO...LOOP to drive the
DAC through all available output levels. The 576 digital
port outputs each of the 256 digital values in buffer B0,
which the DAC converts to voltages. A delay of 10 milli-
seconds provides settling time for the DAC. Finally, the
576 measures the DAC analog output voltage and stores
it in the data buffer B1.

When the test is completed, the measured points are
transferred from the 576 to the host for analysis.

Modifying the Program

Instructions can be added to the program to increase the
number of DACs tested. The 576 has four 8-bit digital
ports which can be configured for output, thus control-
ling several 8-bit DACs. With some creativity, the experi-
ment can be extended to a more complex applications,
such as testing of 12-bit and 16-bit DACs.

Example Code:
FOR POINT=0TO 255 ’ Create raw data points
DIGOUT%(POINT) = POINT

NEXT POINT
SYST :FORM ASCN; 7 Data format is ASCII
SYST :UNIT DCV; ” DCVolis engineering unit
SYST :SRQ DATA; ” Issue SRQ when data is

’ ready
CHAN 5,0-3 :MODE OUT; " Setdigital ports for output
BUFF DIM BYTE B, 1, 256; ” Allocate output buffer
BUFF DIM B1, 1, 256; * Allocate input buffer
BUFF WRITE RAW, 5,1, BO 7 Write data to 576 data

" buffer 0, override engi-

’ neering unit conversion

” for RAW

FOR X=0TO 254
CMD$=STR$(DIGOUT% (X)) + “,”

OUTPUT CMD$ ” Codetosend 255 CMD#$ io
’ 576
NEXT X
CMD$=STR$(DIGOUT%(255)) + “;"
OUTPUT CMD$ " Code to send last CMD$
’ to 576
DO 256; ’ Loop 256 times —
WRITE 5, 1, BO; ” Qutput single digital
’ point,
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WAIT 10, MSEC; ’ delay 10 ms for settling,
READ 1,0, Bl; ’ read output of DAC.
LOOPX; ’ End loop and execute.
BUFF READ BI1; X; ’ Read points from 576 into
’ controller's memory as
’ soon as 576 becomes a
’ talker.
SERIALPOLL ’ Is data ready to be read?
INPUT DATA FROM 576

PERFORM ACCURACY TEST AND MONOTONICITY TEST

LOW-CURRENT MEASUREMENTS USING
THE MODEL 576 WITH A
GPIB CURRENT AMPLIFIER

The Model 576, like most data acquisition systems, can
measure analog signals ranging from a few millivolts up
to 10 volts full-scale. For signals outside this range, it is
usually necessary to provide signal conditioning in front
of the data acquisition system’s analog inputs. A specific
example is using a high-gain amplifier asa “front end” to
boost signals before they are applied to the Model 576.
Many instruments have a high-level analog output
which tracks the input signal. This output can be fed toan
analog input of the Model 576.

Rediometric Measurements

This following application illustrates how the 576 can be
used with the Keithley 428 Current Amplifier to form a
powerful GPIB-based test and measurement system. The
application concerns radiometry, which is the measure-
ment of energy transfer through radiation. Specifically,
the application tests the beam intensity of light emitting
diodes (LEDs), a procedure which might be used to select
or match the LEDs for luminance.

Beam intensity is defined as the radiant power per unit
area normal to the direction of propagation, and is meas-
ured in watts/meter®. A specialized photo detector, cali-
brated in amperes/watt, can be used for absolute meas-
urements of intensity. In this example, relative bright-
ness is the chief concern, so a simple LED similar to the
test units is used as the sensor.

Test Setup

A block diagram of the test setup is shown in Figure 6-11.
This application uses an analog output channel from the
Model 576 to power the LED under test. A resistor limits
current through the device. The light produced by the
LED is directed to another LED which is connected to the
input of the Keithley Model 428 Current Amplifier. The
output of the detector is an extremely low current which
requires using the 10° V/A range on the Model 428. The
output of the Model 428 is a high-level voltage that can be
read easily by the Model 576.

Once the data is collected and returned to the host com-
puter, the voltage can be scaled and converted back to
current. This current is generally in the nanoamp or
picoamp range.

Use another LED to

sense the fight and
/ output a current.

Current
GND Input

Current Limiting
Resistor

Output | 428 Current Amplifier
Voitage q
576 Analog — 10°V/IA
Inputs Range
Vout
|EEE-488 BUS
]
[EEE-488
Host Computer
or
Controller

Figure 6-11. LED Current Measurement

Program Description

A simple program can control both the 428 and the 576.
The program starts by initializing the GPIB bus, 576, and
428. The command “R9” sets for the 428 input range for
10° V/ A gain. Zero check is also disabled.

The next section of the program creates an array of 101
output values, in 0.1 volt increments. The points are gen-
erated using a simple FOR....NEXT loop, and stored in an
array called “Vout”. The 576 analog output section will
generate a voltage ramp in 0.1V steps which drives the
LED to increasing intensities.
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Next, the 576 is configured for the test with a default engi-
neering unit of DC volts (DCV) and a data transfer format
of ASCII without leading prefix (ASCN). Two 101-point
data buffers are allocated in the 576 for input and output
data. A gain of x5 is programmed for analog input to in-
crease the resolution of voltage measurements.

After initialization, the program writes the first 100 data
points from “Vout” to B0, which has been associated with
analog outputs lot 4, channel 0. Each point is delimited by
a comma (,) indicating that the string is not complete. The
101st point terminates with a semi-colon, identifying it as
the last data point.

The program next downloads a series of commands
which instruct the 576 to output each data point held in
buffer B0, wait 3 seconds, and read an analog voltage
measurement into buffer B1. The “DO...LOOP” performs
101 passes.

Upon completion of the test, the program retrieves the
analog input data in buffer Bl using a BUFF READ com-
mand. The data can then be graphed, analyzed, con-
verted, or otherwise processed to determine LED per-
formance and/or suitability for a given application.

Results

This test is useful for evaluating LEDs or other compo-
nents where performance must be measured over a
broad range of stimulus values. A more accurate means
of measuring light energy is with a photodetector cali-
brated in amperes/watt. This type of detector makes it
easy to calculate the light output of the source LED as a
simple function of the measured current.

Example Code:
INTTIALIZE GPIB BUS, 576, AND 428.

SET 428'S RANGE TO 109 V/A
DIMENSION INTEGER ARRAY “Vout%"“ OF 101 ELEMENTS

FORPOINT=0TO 100 ’ Create data points for
Vout%(POINT) = POINT/10 ‘" D/A
NEXT POINT

SYST :SRQ DATA; ’ SRQ when data is ready

SYST :UNIT, DCV, :FORMAT,
ASCN;

’ Set up Engineering Units
’ to DCV and data format to

* ASCII without leading
’ prefix.

BUFF DIM B0, 1, 101; ’ Allocate output buffer

BUFF DIM B1, 1, 101; ’ Allocate input buffer
CHAN 1, 0:GAIN 5; " Set AMM gain to x5
BUFF WRITE 4, 0, BO ’ Write to output buffer
FOR pts% =0TO 99

CMD$=STR$(Vout%(pts%e))+",”

QUTPUT CMD$ ’ Code to send data
NEXT pts% ’ array to 576
CMD$=STR$(Vout%(100)) + “;”

OUTPUT CMD$ ’ Send last data point
DO 101; ’ Loop 101 times
WRITE 4, 0, BO; ’ Output 1 analog value,
WAIT 3, SEC; ’ delay 3 seconds,
READ 1,0, Bl; ’ read output of D/ A,
LOOP; ’ End loop
BUFF READ B1; ’ Read data from 576 as
/ soon as 576 becomes a
’ talker.

X; ’ Execute

INPUT DATA FROM 576

PERFORM ANALYSIS

DATA LOGGING WITH THE

APPLE MACINTOSH

A number of graphics, publishing, and related software
packages are available for the Apple Macintosh. Many of
these packages use pull-down menus and graphical in-
terfaces, eliminating much of the labor of writing pro-
grams. Such features have also helped make the Macin-
tosh a desirable controller for data acquisition.

Pull-Down Menu Approach

An example of acquisition software using pull-down
menus is Labtech Notebook. The Macintosh version of
Notebook is similar to the PC version, and supports three
different GPIB interfaces (selection depends primarily on
port/slot availability). These include the MacSCSI488 in-
terface for a SCSI ports, the MaclI488 interface for the
Mac II NuBus, and the Mac488B interface for serial ports.
Each interface converts input and output from the associ-
ated bus to GPIB-compatible signals (Figure 6-12).
“MacDriver488” software, which is included with each
interface, passes GPIB commands and data between the
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Desk Accessory
used to configure
MacDriver488
MacDA488
576 Labtech
Measugement lﬁi%’:gg ——»l MacDriver488 II > N%??h?k
Control System IEgaEt;?sa Macintosh
{ MacSCsli488,
Macli48s,
MAC488B)

Figure 6-12. Labtech Notebook for GPIB and Macintosh

|EEE-488 Interface Package

576 and Notebook. Once the data is in Notebook, it can be
displayed and stored to disk in real time.

Collecting data from multiple channels on the 576 re-
quires setting up different prompt command files for
each channel. To illustrate this, suppose we wish to ac-
quire data from channels 0 and 1 of an AMM2 card
plugged into the 576. The following commands would be
sent to read channel 0 on the AMM?, assuming the 576
has an GPIB address of 03:

OUTPUT 03; READ 1, 0, BO;
OUTPUT 03; BUFF READ DCV, BO; X;
ENTER 03

These commands could be stored in a file called “K576
CHO”. A similar set of commands, shown below, reads
channel 1 from the AMM2:

OUTPUT 03; READ 1, 1, BO;
. OUTPUT 03; BUFF READ DCV, BO; X;
ENTER 03

These commands might be stored in a file “K576 CH1".

The first GPIB input channel in Notebook would then use
K576 CHO” as the prompt file, while the second GPIB in-
put channel uses “K57 6 CH1”. The 576 executes the
prompt files when Notebook instructs the system to be-

gin the process. Theresulting data can then be graphed in
real time or written to disk for later analysis.

The 576 can also be used to input data directly into
Macintosh applications, such as Excel or Microsoft
Works, without the aid of dedicated acquisition software.
This process requires using the MacDA488 Desk Acces-
sory software in addition to MacDriver488. Both arebun-
dled with the various interfaces. This system can write
data directly to an Excel spreadsheet, for example, where
it is immediately available for analysis.

Icon-Driven Approach

Icon-based software for the Macintosh has been very
popular because it enables running applications graphi-
cally, without programming . “WorkBench”, from Straw-
berry Tree, is an example of icon-based data acquisition
software. Workbench also uses the MacDriver488 soft-
ware for communications with the 576.

Workbench uses an object-oriented interface which re-
quires minimal programming knowledge. The icons pro-
vide basic functions normallyneeded in a programming
environment. The icons can be used over and over, and
can be interconnected in any way desired. The worksheet
can be changed at any time, even while a process is run-
ning, and the results can be seen instantly. A simple dia-
gram of a GPIB worksheet is shown in Figure 6-13.
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IE1
IEEE488
e o o
MT1 CH1
Meter Chart
Figure 6-13. WorkBench Icon-Based Graphical Interface

The IE1 ICON contains built-in facilities for GPIB pro-
gramming. The software does not require the MacDA488

desk accessory software to operate the 576 (see Figure
6-14).

As an example, the following simple example logs a ther-
mocouple using the AIM7 card:

OUTPUT 03; READ 3, 0, BO;
OUTPUT 03; BUFF READ TC]J, C, BO; X;
ENTER 03

Very little code is required in the normal output mode for
the icon. There is an initialization mode which is exe-
cuted only once. This mode contains necessary initializa-
ton programming such as system information and
buffer memory allocation.

e IEEE-488 WorkBench
Measuartement Interface | MacDriver488 for the
Control System | EEE-488 Macintosh
Cable
( MacSCsSl488,
Macli48s,
MAC488B)

Figure 6-14. Workbench Block Diagram

IEEE-488 Interface Package
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HIGH SPEED DATA TRANSFERS

The Model 576 can store thousands of readings in its data
memory, which is backed up by a battery. When the in-
ternal data buffers are full, the data must be transferred to
the computer so that the memory can be used to store
new measurements. The 576 can transfer data using a va-
riety of data formats and techniques, the most common
data format being ASCII. ASCII format also lends itself
readily to data manipulation using the tools available in
most software packages or programming languages.
However, each character of each reading transferred in
ASCII requires one byte. Because of this, ASCII files are
larger than their binary equivalent, and also take longer
to transfer.

Binary data files are more compact than ASCII, and thus
require less time to transfer. However, the mechanism of
binary transfers is more complex than for ASCII. For ex-
ample, for a 16-bit analog reading (typically requiring 2
bytes), the binary bytes must be reconstructed in the
proper order to produce the corresponding number of
A /D counts, which must then be scaled and/or offset to
produce meaningful readings. Although the 576 can con-
vert readings to volts, degrees C, or other engineering
units “in the box” as they are transmitted, the transfer
will be most rapid in unconverted, raw binary format.

Binary Data Formats

In the Model 576, binary data transfers can be performed
in either MOTOROLA or INTEL formats. Motorola for-
mat sends the most significant byte first, followed by the
less significant byte(s). Intel format is the opposite: “low”
byte first.

Depending on the type of measurement, a single data
point can be returned as a single byte integer, asa WORD
integer (2 bytes), or as a LONG integer (4 bytes). Analog
data without engineering units applied returns as two
bytes. Data subjected to engineering units conversion re-
turns in IEEE single-precision floating point format (4
bytes).

Program Description

The following program illustrates high speed data trans-
fer from the 576 using a binary data format and raw data
values.

The program begins by initializing the GPIB bus, and
then instructs the 576 to perform a simulated cold boot re-
set (RESET :ALL). After the 576 is reset, the system identi-
fication is requested (SYST :IDN) and printed to the
screen. The program then prompts the user for the de-
sired number of points.

Next, the program configures the 576 for the following
system conditions: EOI (End or Identify) enabled, data
format set to Intel (INTL), and system engineering units
set to RAW (no engineering units conversion). The 576 is
then commanded to issue an SRQ (Service ReQuest)
when the data buffer is full.

Next, a data buffer is dimensioned in the 576 with BUFF
DIM to hold the desired number of data points. BUFF
DIM uses the default array type specifier “WORD”,
which is 16 bits. Thus, each reading will be two bytes
long.

The ONINT LOGDATA command programs the 576 to
execute the subroutine LOGDATA at a 1 millisecond
rate. In the subroutine, the READ command is used to
read channel 0 on the AMM module in slot 1. While the
acquisition runs, a conditional loop executes to check
when the data buffer is full.

When the buifer is full, the 576 performs a binary data
transfer to an array dimensioned in the host computer’s
memory. The computer must then process the bytes rep-
resenting one result to produce a voltage or other type of
reading. Thermocouple readings may be returned in bi-
nary format, either with or without conversion to degrees
applied. In the latter case, each reading must be con-
verted to voltage, linearized, and then converted to tem-
perature.

The next section of the program returns and prints the Bi-
nary Header from the 576 data file. All binary data trans-
mitted to the host includes a 6-byte header. This header
describes the number of channels, type of data in the
buffer, if time stamping was enabled, and the amount of
data (in bytes) transmitted from the 576 buffer. Refer to
the command section of this manual for details on the for-
mat of data transmission.

The last block of the program prints the number of bytes
to be returned, followed by the results in binary. The sub-
routine “PRINTHEX" prints the binary numbers from
the host computer’s data array. The PRINTHEX subrou-
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tine also breaks the binary number down and converts it
to hexadecimal values, which are then converted to the
corresponding raw count value and printed. Last, the
raw count value is converted to volts through the follow-
ing equation:

counts

V=20x
65536

)-10

The same equation is used for both the AMM?2 and
AMMIA. The AMM?2 uses a 16 bit A /D converter, while
the AMMIA uses a 16-bit A/D in which the four LSB’s
are hard wired to 0, effectively yielding 12-bit results.

At this point, the voltage reading might be scaled, offset,
linearized, or processed in some other way to convert to
desired engineering units.

See the 576 Example/Utility Disk for a detailed example
of this program.

Example Code:

DIM buffer(10000)

* INTTIALIZE SYSTEM
RESET ALL; X;

“SYST :IDN?;” ’ Get 576 Identification
RETURN SYSTEM ID * PrintID

PROMPT USER FOR NO. OF POINTS TO ACQUIRE
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SYST :EOI ENABLE;

SYST :FORMAT INTL :
UNIT RAW;

SYST :SRQ BUFF;

’ Enable EOI
’ Set data format

’ Set SRQ on buffer full

BUFF DIM B0, 1, #data points; ’ Dimension buffer

ONINT LOGDATA, 1, MSEC; ‘ Set acquisition rate
SUBR LOGDATA; ’ Define subroutine
READ 1,0,B0; " Read slot 1, channel 0
ENDSUB
DO;
IF BOFULL; " If buffer BO is full,
BUFF READ BO; " get data.
ENDIF;
LOOP; ” End of loop
X;  Execute program

CHECK SPOLL BYTE “DATA READY BIT TO SEE IF
DATA ISREADY TO READ

GET FLOATING POINT BINARY DATA

PRINT BINARY HEADER
PRINT NUMBER OF BYTES RETURNED
PRINT DATA USING PRINTHEX SUBROUTINE

PROMPT USER FOR ANOTHER RUN
END

SUB PRINTHEX
PRINT BINARY DATA
COMPUTE HEX, RAW, & VOLTS
PRINT HEX, RAW, & VOLTS VALUES
END SUB
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INTRODUCTION

In this section, you will find discussions of the 576 mother
board. Each module that you purchase with your system
comes with a documentation package describing its fea-
tures, capabilities, and use. This package is three-hole
punched, and should be inserted into the 576 Manual in
the section reserved for module manuals. Familiarity
with this information will allow you to realize the full po-
tential of the 500-series module library. Information of a
more technical nature (schematics, calibration informa-
tion, procedures, etc.) is given at the end of the manual
which accompanies each module package.

Prefacing each module reference section is a general in-
troduction to the module, outlining the major features of
the hardware. Next, a summary of user-configured com-
ponents is given, followed by more detailed descriptions
of how to make signal connections and how toinstalland
use optional hardware.

Topics pertaining to the use of the module are appended
where appropriate. These topics include an introduction
to the measurement of thermocouples (in the section cov-
ering the ATM7) and a discussion of methods for reduc-
ing signal noise (AOM2).

Finally, all the command locations used with the module
arelisted and then described with appropriate tables that
summarize the protocol for using them.

THEORY OF OPERATION

This section contains a description of the operating the-
ory for the various components in the 576. An overall
functional description is presented, including a discus-
sion of analog and digital signal paths.

Overall Functional Description

An overall block diagram of the 576 is shown in
Figure7-1. A controller supervises system operation
through a GPIB interface.

576 Commands are sent from the controller to the 576
through an IEEE-488 cable. The system control circuitry
processes the commands and acts on them. When the 576
performs analog or digital I/O, it decodes the control sig-
nals into the various command signals that control opera-
tion. The actions of the various commands will depend
on the particular module to which they are sent. With the
DIM1 and DOM1 modules, for example, commands are
used to read or write data bits out of or into the channels
ontheboard. With a PCM module, these commands con-
trol latching of data to turn the PCM outputs on or off.
With the AOM modules, various commands latch data
into DACs (Digital-to-Analog Converters).

Digital commands also control the analog input modules
and the analog-to-digital conversion process that trans-
forms analog signals into digital information that can be
used by the computer. With the AMMIA or AMM2, for
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example, these commands control which siot and chan-
nel are selected, as well as the gain applied by the pro-
grammable gain amplifier (PGA). These commands are
also used to trigger A/D conversion and read the con-
verted data.

U AUGEINLY . JEPApR SRR G IRy X ARy -

nnd.l.og HlPul blg.lldl PIULEbbJJ. tg Lelllcls cLlULU.Ld Lht uras-
ter analog input module, as shown in Figure 7-2. In any
system with analog input, a master analog measurement
module must be present in siot 1.

Expansion
Slot
(3)

Analog In
&A/D

8M6ch, [ )

1 ch.
Digital .
16132 ch. Digital IO
32ch. |
Power (5)
Control
16/0 ch.
2ch.
13-bits
Analog Digital Control
Signals Data Lines
Figure7-1.  System Block Diagram

User Program
. Memory
16-bit 25kB

uP User Data
Memory
100kB *

IEEE-488 Interface

Battery
Back-up

12-18V DC/AC
Power From Battery
or AC Adapter

(included)

GPIB Interface

Host
Computer

* 480k factory-installed optional
** or use serial adapter
to computer's RS-232 port

Digital reading - 1 byte
Analog reading - 2 bytes
Thermo reading - 4 bytes
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Slot 1
r-—---"-"-""-"—-""-"—-"—-"—"—-"=""="“"*"~-”"=-*"=”"”->>¥->"¥°*°~”"¥-”¥"¥7¥°* " T-¥;/ v/ /- -/ /- -=/-—/ == 1
| (8/16) [

— |
I jm— Programable Programable Programable I
l = Local Gain Global Gain  Low-Pass Filter ]
Daum | = N 128 '
| Local { —|LOTAL > D > 165t !
| Inputs —— M l/ AD |
— t
! — X1 GLOBAL X1 Converter i
I — X10 MUX x2 |
| —] X5 & I
X10
| |
l A o~ ~ N r [
I ~ ~ l
: External CONTROL ]
: Inputs LOGIC |
e e e e e e e e e e —_— e — o — — — N — — o — d
AMM2
or . Data and Control >
AMM1A Option Slot
r-—-—-m——=-™=--™=-m™"—~—"""-""-""-"=""-">-""-""="">"=""="”""=""="""7""}3{|-””"“-”""”""/-"7"7="="= 1
| |
i CONTROL |
LOGIC
! 16/32 !
| —] l
I j— Programable !
I - Local Gain i
I : | LocaL |
| : | mux ™~ !
: l/
| p— |
_ X1
! f— X10 I
| X100 |
| |
L o o o e e e o e e e e e e e e e — ——————— e — — A
AIM3A
Figure7-2.  Analog Signal Processing
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Channels:

Input Noise:
Fitter:
Setting Time :

Fuil-scale Ranges:

Maximum Input:
Input Resistance:
Input Bias Current:

SPECIFICATIONS (1 year, 18-28 °C):

Anaiog Input - Volts

+100mV, £200mV, £500mV, £1V, £2V, 5V, 10V

8 differential, 16 single-ended plus 8 additional single-ended
+30V (powered), £15V (unpowered).

>100MQ.

<inA

576-1: <1 count; 576-2: greater of 6 counts or 50pV p-p.
Single-pole low-pass, 100kHz or 2kHz.

576-1: 12us @ 100kHz, 0.6ms @ 2kHz {to 0.05% of final reading).
5§76-2: 16ps @ 100kHz, 0.8ms @ 2kHz {0 0.003% of final reading).

Model 576-1 (12-bits, 3-1/2 digi)

Analog Input - Thermocouples

Accuracy (% of reading + mV)
Range Resolution Corrected Uncomected
+10V 49 mvV +0.04% +4.9 +0.06% + 4.9
+V 0.48mV +0.09% +0.98 +0.10% + 0.98
+100mV 43 nv +0.09% + 0.67 +0.16% + 0.67
Model 576-2 (16-bits, 4-1/2 digit)

Accuracy (% of reading + mV)
Range Resolution Comected” Uncorrected”
+10V 305pV 40.035% + 0.49 10.065% + 0.66
*tV 3pv +0.040% + 0.19 +0.065% + 0.19
+100mV 3puv +0.044% + 0.18 +0.065% +0.18
*With Reading Average Function Enabled

{Model 576-2 with AIM7 Thermocoupe Input
Module, excluding user thermocouple erors):

Output Ranges:
Resolution:
Accuracy:
Output Load:
Settling Time:

Analog OQutput
Channel Capacity:

Channels: 16 differential
Maximum Input: ~ £30V (powered), £15V {unpowered).
Accuracy (1 yr) Accuracy {1 yr)
TYPEJ 18°-28'C TypeK 18°-28'C
-200" to -100° +15C 200" to 400" +15C
-100° to 100 +0.9°C 400" to 750° +2.0°C
100" to 400 +1.5C 750" to 1200° +3.0C
400" to 760 +20C 1200° to 1370 +4.0°C
Accuracy (1 yr) Accuracy (1y1)
Type T 18°-28'C Type E 18°-28'C
A0 0 +1.5C 2000 O +14C
0" to 220° +.1°C 0 to 4007 +1.2°C
220" fo 400 +14°C 400" o 750° +2.0°C
750" to 1000 +20°C

Also supports Type B, R, S transducers. Referto the Manual for Specifications and extended
temperature ranges for all themmocouple types.

2, single-ended, referenced to chassis.

10V, 15V, 22V, 11V,

13-bits (12 data plus 1 polarity bit).

+10V Range, 30.15%+5mV; Other Ranges, £0.2%t4mV
2k<2 {min), 100pF {max).

5ps (max) to 0.01% + 1 LSB for any step size.

Digital Input/Output & Power Control

Channels: 32 non-isolated, programmable for input or output in groups of 8
channels. 16 channels can drive PCM3 power control rack.

Input: TTL-level, high-tnie, 20uA source, 0.4mA sink.

Output Drive Capability: 10 TTL loads, 24mA sink at 0.5V.

Trigger Function

Channals: 1, differential input.

Trigger Source: Ext. input, any input channel, or software strobe.

Ranges: 010 +1V, 0to -1V, 0 fo +10V or 0 to -10V, 8-bit resolution.

Level Accuracy: +2% + 1LSB.

Input Impedance: 10 MQ (Extemnal Input).

Input Protection: 430V max (powered), £15V max (unpowered).

Input Coupling: ACorDC

Trigger Slope: Rising or falling slope.

Trigger input Fiiter:

General
Architecture:

Program Storage:
Data Storage:

Batlery Life:
Clock Accuracy:
Initialization:
Front Panel:
Rear Panel:
Case:
Wam-up:
Environment:

Power:

Dimensions:
Weight:
Certification:

IEEE-488 Bus Im

Interface:

Multiline Commands:
Uniline Commands:
Interface Functions:
Progr. Parameters:

Software selectable single-pole low-pass filter with cut-off frequencies
of 1MHz, 300kHz, 100kHz, 30kHz, 10kHz, 3kHz, 1kHz, 300Hz

Plug-in AD plus one expansion slot. Accepts one module for additional
1/ channels or signal conditioning.

Up to 10,000 bytes plus 18,000 bytes for system parameters.

Upto 100,000 bytes available for usein up to twenty (20) user sized buffers.
Expandable to 480,000 bytes with 576-MEM factory installed option.
128k CMOS RAM: 10 yrs; 512k CMOS RAM: 2 yrs. @ 25°C.

+1 minute/month @ 25°C.

Digital Outputs power-up in tri-state mode. Analog Output at OV.
REMOTE, SRQ, TALK, RUN, POWER indicators. Power switch.

Power input, IEEE-488 connector, and grounding posts.

Rugged aluminium.

15 minutes to rated accuracy.

Operating: 0" to 50°C, 80% R.H. non-condensing at up to 35°C.
Storage: -20°C to +65°C.

12-18V 40VA (max) AC or DC. External power module supplied for 105-
125VAC input. Order /E option for 205-230VAC mains operatfon.

85 cm (H) x 270 cm (W) x 302 cm (D) [3.5in. x 10.5 in. x 12in.].

Net: 3.0kg [6.5 Ibs]. Shipping: 15kg (33 Ibs].

Meets FCC PART 154, Class A.

plementation

|EEE-488-1978 standard.

DCL, SDC, GET, GTL, UNT, UNL, SPE, SPD.

IFC, REN, EO1, SRQ, ATN.

SH1, AH1, T8, TED, L4, LED, SR1, RLO, PP, DC1, DT1, Et

Read, Write, Buffer size, Filter, Gain, Offset, Range, Units, Loop,
If...Else, While, Time, Time Stamp, Clock, Subroutine, On Interrupt,
Trigger, Walt, Test, Peel/Poke, Reset, Halt, SRQ, ID, Terminator,
Save, EO!, Cal

Typical Rates
Immediate Mode* Buffered Mode?
Input/Qutout (channels/second)
DCVoltnput ~ [576-1] 28 40 62,500 34,500
{576-2} 26 40 50,000 34,500
Thermocouple Input (2l Types) 15 25 215 400
Analog Output {2 channels only) 55 85 40,500 54,000
Digital Input (Port Read) 55 790 90,100 125,000
Digital Output (Port Write) 49 860 72750 108,000
* G Sant from computar. Input data. 1o ASCII and read for transfer to computer.
* For 1,000 scans executed from the Model 576 program memory. Input data saved in internal memory.
Source-Delay-Measure Cycle Time  Time fo output buffer point, Delay=0, InputData 250 us
and increment output 16 next value,

Data Transfer Rate (io ideal listener from Model 576 memory):

Raw A/D Counts 250 34,000 47,000

DC Voits 36 260 265

Thermocouple Input (all Types) 25 52 53
Maximum GPIB Transfer Rate: 112,500 bytes/second
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Theory of Operation

In the sections that follow, you will find a discussion of
the Model 576 system control circuitry, power supply,
mother board, including theories of operation and com-
mand locations (addresses). Command locations are gen-
erally of interest only to users who want to access the 576
on a low level, such as when performing diagnostics or
writing custom software.

System mother board information includes an explana-
tion on how the Model 576 system controller circuitry op-
erates.

Hardware information pertaining to the operating func-
tions of the Model 576 is broken down into the following
sections (see Figure 7-1):

Analog Input and A/D Conversion

Trigger Control

Optional Modules

Analog Output

Digital Input and Output and Relay Control
External Input Function

IARYE S

System Controller Circuitry

Refer to schematic diagram 576-106 page 7 for the follow-
ing discussion.

The 576 is internally controlled by U301, an MC68008 mi-
Croprocessor.

IEEE-488 communications are performed by U307, a
9914A GPIB adapter IC. U307 is connected to J301, a 24
pin IEEE connector through U305 and U306, two buffers.

IEEE-488 address setting is done on SW301. U311, a
7415240 tri-state buffer allows the microprocessor to
read the address switches.

Sample timing is a function of U302, a HD63B40 pro-
grammable timer. The time interval is programmed into
U302, at which point it is able to signal the microproces-
sor of the passing of the interval by generating interrupts.

The firmware which operates U301 is located in EPROM
U303.

The U301’s scratch memory, along with 100K of user
buffer space, and 5K of user program space is located in
U304, a 128K x 8 CMOS static RAM. RAM can be ex-
panded to 512K x 8.

Battery power to the mother board RAM along with areal
time clock is provided by the socket which U304 is
plugged into.

Setting the 576 in IEEE-488 REMOTE mode causes indi-
cator D301 tolight. Likewise, TALK mode causes D303 to
light, and a 576 Service ReQuest (SRQ) causes D302 to
light.

As the 576 accesses the data acquisition I/O circuitry,
RUN indicator D304 will light.

Power Supply

Components on the 576 mother board are powered by +5
volt and +15 volt power supplies. Power is supplied by a
wall mount transformer or automotive power adapter
(12-18VDC, 40 VA max). This versatility results from the
use of a switching power supply located on the mother
board, and a full wave bridge rectifier located on the side
board.

The power consumed by the power supply remains
nearly constant across the specified supply range for a
particular 576 configuration. This means that less supply
current is drawn at higher supply voltages. The Model
576 requires 10-40 VA.

Refer to schematic drawing number 576-106, page 2, for
the following discussion:

Power Pack/Automotive Adapter Operation

The power pack or automotive adapter plugs in to J101
on the rear of the 576 cabinet. The bridge rectifier formed
by D301 through D304 provides rectification of the AC
input from the power pack, or passes the DC from the
automotive adapter or DC source through one half of the
bridge.

The unregulated voltage is then applied to the input of
the switching regulator Ul (LT1070CT). U1 operates as a
pulse-width modulated flyback switching regulator, and
outputs a square wave with varying duty cycle to the T1
primary. Diodes D3 and D5 rectify the output of T1. After
filtering by a pi-type LC filter, linear post-regulators U3
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and U4 provide a +15 and -15 volt supply to all of the
analog circuitry in the system 576.

CAUTION
The outer connector of J101 is connected di-
rectly to the 576 chassis. Use caution when
placing the 576 on ornear an electrically con-
ductive surface.

Power Indicator and Reset Circuit

Components U2, U101D, U101E, U106C and associated
components function as a combined power-up reset cir-
cuit and power supply test circuit. U2 is a 2.5V reference.
The switching supply +5V output is reduced by voltage
divider R5/R6 and compared to U2’s output by U106C.
When the power supply output exceeds 4.4V, the output
of U106C goes to a high impedance state, allowing ca-
pacitor C4 charges through R17. When the voltage on C4
reaches about 2V, Schmitt trigger gate U101E switches
low, turning on the power indicator D6 and releasing the
RESET line. If the power supply cannot start up or is
overloaded, the power supply +5 level will be below
4.4V, keeping D6 off and asserting RESET low.

MODEL 576 MOTHER BOARD

The mother board, shown in Figure 7-3, contains cir-
cuitry for trigger operation, digital input, digital output,
and relay control. The mother board also includes the
system control circuitry which is responsible for the gen-
eration of commands.

The required control and data processing signals are fed
through the interface cable to the mother board. The sys-
tem control circuitry further decodes the control signals
into the various command signals that control operation.
The purpose of the various commands will depend on
the particular operating function. With the digital input,
for example, commands are used to read data bits out of
the channel. Similarly, these commands control latching
of data to turn the PCM outputs on or off. With the analog
output section, data is latched into DACs (Digital to Ana-
log Converters). For the analog triggering circuitry, these
commands control latching of data into trigger level and
sense circuitry and the selection of various triggering
modes.

Digital commands also control the analog input and the
analog-to-digital conversion process that transforms
analog signals into digital information that can be used
by the computer. Analog to digital conversion is con-
trolled by the particular Analog Master Measurement
module (AMM) thatis installed in slot 1 of the sideboard.
See the AMM manual for specific information on the
AMM module.

Two option slots are located on the side board assembly
which is mounted vertically to the right edge of the
mother board. Slot 1 is used for the AMMIA or AMM?2
module. The other, slot 3, is used for optional modules. If
analog input is not required, both slots can be used for
motion control, analog output, or other digital applica-
tions. See Table 7-1 for slot functions and types.

The side board, shown in Figure 7-4, contains a full-wave
bridge rectifier for the AC transformer (which will pass

Table 7-1. Model 576 Slot Assignments

Slot | Type Function

1 | Physicalslot | AMMIA or AMM2 analog input module, or other module where analog I/O is not re-
quired.

2 | Virtual slot Trigger circuitry

3 | Physical slot Optional signal conditioning module.

4 | Virtual slot Analog output circuitry.

5 | Virtual slot Digital I/ O circuitry and relay control.

6 | Virtual slot External input function for Analog Devices 3B or 100% equivalent signal conditioning
subsystems. Termination on 576 sideboard for ribbon cable connector.

NOTE: These analog inputs are shown to exist in slot 6 according to the 576's internal configuration. This is for convenience only.
The external function actually uses the AMM global analog inputs 3-10 which feed the A/D converter of the AMM module in slot
1. If an analog input module is used in slot 3, only 7 external inputs will be available.
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Figure 7-5.

ANA GND 1
ANA COM 2
AN OUTN 3
SELFID 4
DSYIN 5
15V 6
+15V 7
IRQ 8
RW 9
*CLK 10
*CMDC3 11
GLB1 12
F7 13
F6 14 —
F5 15—
F4 16 ——
F3 17 —
F2 18 ——
F1 19 —
FO 20 ——
+5V 21 ——
DIG GND 22—

REAR PANEL

FRONT PANEL

44 ANA GND
43 ANA COM
42 10V REF
41 SELFID
40 DSY OUT
39 -15V

38 +15V

37 CHASSIS GND
36 STROBE
35 CMDA3
34 CMDB3
33 RESET
32 D7

31 D6

30 D5

29 D4

28 D3

27 D2

26 D1

25 DO

24 45V

23 DIG GND

* In slot 1 pin 10 carries CMDC and pin 11 carries CMDD.
In slot 3, pin 11 carries CMDC.

Option Slot Pinout
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Commands

Commands used by the 500-series modules are keyed to
the 576 mother board slots. Each slot of the mother board,
whether an actual slot or a virtual slot, is assigned two
command locations, CMDA and CMDB, which vary in

Table 7-2 lists the locations of slot dependent commands
(CMDA-CMDD where CMD1A indicates command A
for slot one, CMD2A indicates command A for slot two,
etc.). Detailed descriptions of the commands as they ap-
ply to each module are included in the reference sections
for the modudes.

function depending on which module makes use of
them. In addition to CMDA and CMDB, slot 1 has been

assigned CMDC and CMDD for use when the AMMI1A

Mother Board Functions

or AMM2 modules are in the system. Slots 2 and 3 have

also been assigned command CMDC.

Besides the command locations associated with the 576
mother board and installed modules, there are a number
of locations assigned to Self-ID and other support func-

The mother board-based features and functions of the
Model 576 include the hardware trigger, option slot, ana-
log output, digital input and output, power control, and
the “external” input function. The following information
describes the functions and command locations for each
slot in the Model 576. This includes the physical slots 1

tions. and 3, and the virtual slots 2, 4, 5, and 6.

Table 7-2. Mother Board Signal Lines

Signal Name Description

ANALOG OUTPUT (AN OUT) | A private analog path to the primary multiplexer of the AMMI1A or AMM?2
module (when either module is installed), used to direct input signal to the
measurement modules, and to monitor internal A /D conversion.

COMMAND (CMDA-CMDD) | Locations within the 576 mainframe through which commands from the logic
are relayed to the functional modules. CMDA and CMDB apply to all slots. Slot
1 has two additional command locations, CMDC and CMDD, and slots 2 and 3
have a single additional location, CMDC.

DATA (D0-D7) Data lines used to transmit or receive 8 bits of data to or from the host com-

FUNCTION (F0-F7) puter.

DAISY (DSY IN - DSY OUT)

GLOBAL (GLB1)

READ/WRITE (R/W)

10V REFERENCE (10V REF)

STROBE (STROBE)

RESET

A special purpose electrical path that transmits information to adjacent slots in a
daisy chain format.

Command location global to the entire system, that changes function according
to which module makes use of it.

A TTL level signal which indicates the direction for data flow in the system.
When high, this indicates that a Read cycle is in progress and data is moving
from the 576 mother board to the controller.

A reference voltage shared by the conversion components as the primary meas-
urement standard.

A third global command used by the analog output module to implement si-
multaneous updating of several analog output channels.

A TTL level signal which returns the internal trigger, analog output, and digital
I/0 lines to power up conditions.
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Analog Input

All analog input functions are served by an Analog Mas-
ter Measurement module AMM installed in slot 1 of the
side board. The default analog input range accepts sig-
nals up to £10V full scale with 3001V resolution-per-bit.
The AMMIA is actually a 16-bit module in which the four
lowest-order bits are permanently set to 0, thus giving 12
bit performance and resolving 4.88mV for +10V full-
scale. Both modules offer 16 channels of single-ended in-
put or 8 channels of differential input, and a 50kHz
AMM2, 62.5kHz AMMIA.

The AMM modules also provides high-speed multiplex-
ing, and local gain amplification of x1 or x10. Global gain
signal conditioning is provided by a high-speed pro-
grammable gain amplifier. The programmable gain
(“global”) amplifier offers software-controlled gain steps
of x1, x2, x5, and x10.

CAUTION
Always turn off system power before mak-
ing any connections or adjustinents to the
Model 576. To minimize the possibility of
EMI radiation, never operate the system
with the top cover open.

Jumpers, optional resistors, and screw terminals are
user-configured components on the AMM modules. DIP
headersare provided for the installation of optional resis-
tors between the positive and negative input terminals.
With these resistors in place, the analog input can be
modified to allow for current to voltage conversion. DIP
headers also permit the installation of a resistor from in-
put low or high to ground for each channel. With the ap-
propriate resistors, the analog input can be modified to
accept current inputs in the single-ended mode, or pro-
vide a return path for bias currents from “floating
source” signals in the differential mode.

Two quick-disconnect terminal blocks provide signal
connection for all analog inputs. Each terminal block pro-
vides eight terminals for signal inputs. Screw terminals
accept 16-24 gauge wire stripped 3/16 of an inch. The ter-
minal blocks lift off the mother board to simplify the con-
nection process.

The AMM modules have provisions for a maximum of 16
single-ended input channels or 8 differential input chan-
nels. For many applications, differential measurements
floated from ground are required; these measurements
must be made using the differential mode.

NOTE
When the differential mode is used, noise
common to both input lines is reduced due to
increased Common-Mode Rejection.

CAUTION

To minimize the possibility of EMI radia-
tion, use shielded cable for input signals.
Connect the shield to module ground, but do
not connect the opposite end of the shield to
anything. Maximum input voltage is £15V.
If any input exceeds £10V, all inputs will be
inoperative.

Table 7-3. 576 User Accessible Memory Map

I/O Address Space
ID Reads the contents at the self ID address
location
GLOBAL | Reads the contents at the GLOBAL 1 lo-
cation.
RESET Reads the contents at the RESET loca-
tion, (aka GLOBAL 2).
STROBE Reads the contents at the GLOBAL
STROBE location.
SLOT FUNCTION COMMAND
1 option slot 1 AIBICID
2 TRG1 AlBIC
3 option slot 2 AIBIC
4 AOM>5 AlB
5 DIO1A AlB
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Gain

The AMM module contains circuitry which allows you to
apply a software-programmed global gain. This gain will
affect any signal which is connected to the analog input of
the Model 576 (including signals connected to an op-
tional AIM module). This is because incoming signals are
routed through the programmable gain amplifier before
they are sent to the A/D converter. Since this is a pro-
grammable amplifier, different gain can be programmed
for each measurement channel.

Programmable global gain is available in four steps: x1,
x2,x5,and x10. To apply a particular gain, you must write
the appropriate value to the GLOBAL GAIN command
location. See the discussion of the GLOBAL GAIN com-
mand for more information.

Programmable Filter

The AMM modules include a programmable filter imme-
diately before the A /D sample-and-hold input. The filter
is a single-pole type with cutoff frequencies of 2kHz and
100kHz. The 100kHz filter requires a 16US settling time,
and prevents high-frequency noise from affecting the
A /D conversion. The 2kHz filter requires a 1 millisecond
settling time, and reduces noise that may have been
picked up with the signal. It is especially useful with
higher gains, where it reduces thermal noise by a factor of

Analog-to-Digital Conversion

Analog-to-Digital Conversion is the final element of the
multiplexed analog input subsystem. The analog-to-digi-
tal converter receives conditioned signals from all analog
input channels via the global circuitry.

The A/D converter offers fast, accurate measurement
and digitization. A conversion time of 16uS for the
AMM2, and a sample and hold acquisition time of only
4uS allows sampling speeds as high as 50 kHz. The
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AMM1A requires 12ys +4us, for a total of 16us and a cor-
responding speed of 62.5kHz.

To take full advantage of the converter’s resolution,
ranges of 10V and 0-10V can be selected through soft-
ware.

When programming high-speed sampling sequences,
certain timing constraints of the A/D conversion cycle
should be kept in mind. When the A/D START COM-
MAND is issued, the converter begins immediately to as-
sess the value of the signal, a process which takes 12jis or
16uS to complete. During this time, the sample and hold
remains in the hold mode, freezing the signal for the du-
ration of the conversion. When the conversion is com-
plete, new data is made available for reading, and the
sample and hold returns automatically to the sample
mode and begins to track the signal again.

If the signal has changed significantly since the begin-
ning of the last conversion, the sample and hold requires
some time to adjust to the new voltage. This period is
called the “acquisition time” of the sample and hold, and
is 4uS. Thus, a new conversion cannot be started for at
least 4uS following the completion of the last conversion.

To increase system throughput, a data latch has been pro-
vided which makes data from the last conversion avail-
able while the converter is busy with another conversion.
The data is refreshed (updated) as soon as the converter
has finished its current conversion cycle.

Analog Input Command Locations

The commands associated with Slot 1 are Commands A,
B, C, and D (CMDA1, CMDB1, CMDC1, and CMDD1).
Since slot 1 is normally associated with the AMMIA and
AMM?2 modules, the following information concerns
those modules. Note, however, that if slot 1 is used for
any other module, the applicable command functions are
determined by that module. See the following chart and
pages for detailed information. You may also consult the
AMMIA or AMM2 module manuals for details.
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Table 7-4. Slot1(AMM) Command Locations and Functions
COMMAND | FUNCTION
Read Functions:
CMDA1 (D4=1) Read low data byte.
(D4=0) Read status.
CMDB1 Read high data byte.
CMDC1 Not used.
CMDD1 Read Status.
Write Functions:
CMDA1 Select channel, gain, modes, filters.
CMDB1 Select slot, range, global gain, read mode.
CMDC1 Reset and recalibrate A/D gain and offset.
CMDD1I Start conversion
16 se/ 8 diff  Programmable Programmable
Inputs Local Gain Global Gain
—1 MUX \ Globai \ Programmable | | AD [ — CMDA
p— 100kHz + - g{l\fgg)
= X1 X1 sgH [
—] < < — (READ)
— 4 Y
— X10 X2 Input Ranges
— O O 0it1 o.? 8(/
—] 0+
T Loc;al )$\5 Software
Gain Y Programmable
CMDB X10 CMDB
Channel (Write) O (Write)
Select Slot
CMDA Select Global
(Write) CMDB Gain
(Write) CMDB
(Write)
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Slot 1 (AMM) Command Locations and Functions Continued

CMDAT1 (write) - Select: channel, local gain, filter,
plus misc

D7 D6 D5 D4 D3 D2 D1 DO

\C Channel Select: SE (0-15) , Diff (0-7)

Differentiat (0) , Single-ended (1)

Local Gain: x1(0), x10 (1)

Regular Acq (0) , 50 KHz Auto Acq (1)
Filter: 100KHz (0) , 2KHz (1)

CMDB1 (write) - Select: slot, range, global, gain,
plus misc

D7 D6 D5 D4 D3 D2 D1 DO —

\i Slot Select

Read: Status (0), Data (1)
Range: +/-10V (1), 0-10V (0)
Global Gain: x1 (0), x2 (1), x5(2), x10(3)

CMDC1 (write) - Reset and recal the A/D (360 mSec).
CMDD1 (write) - Start Conversion

CMDA1 (read) - (D4 = 1) Read Low Data Byte
CMDA1 (read) - (D4 = 0) Read Status
D7 D6 D5 D4 D3 D2 D1 DO
[EOC

Lo byte (1), Hibyte (0)
JEOT

Tracking
Converting
Calibrating

CMDB1 (read) - Read High Data Byte
CMDC1 (read) Not Used
CMDD1 (read) - Read status

D7 D6 D5 D4 D3 D2 D1 DO

End of Conversion (0) Busy (1)
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Analog Trigger

The system 576 contains circuitry for real-time triggering
with a wide variety of input and output options. Input
rangesare0to+1V,0to-1V,0to +10V,and 0 to-10V with
a resolution of 8 bits.

Refer to schematic drawing 576-106, page 4 for the fol-
lowing discussion:

The triggering circuit can be divided into three sections:
the command decoding circuitry, the analog input and
comparator circuitry, and the trigger/level selection cir-

cuitry.

In the command circuitry, input data from the PC bus is
buffered by octal latch/buffers U213 and U214
(74L5273). Output data to the bus is buffered out by the
octal transparent latch U215 (74LS373). Command and
read /write information is decoded by U211, U212, and
U216. Input selection is accomplished by a 4-to-2 demul-
tiplexer U223 (74L5153) and quad analog SPST switches
U201 and U203 (DG211). The CMDA2 write cycle con-
trols trigger input and configures the trigger and IRQ
outputs. The command B2 write cycle controls the selec-
tion of filter, range, AC or DC coupling, and triggering
edge. The command C2 write cycle latches the trigger
level data (in counts) into the D/A converter U208
(AD7523]N) by the octal latch/buffer U224 (741.5273).
The command A2 read cycle latches the trigger status in-
formation to the PC data bus from U215. The command
B2 read cycle also retrieves status information. Addition-
ally, it performs a manual reset of the trigger and IRQ
latching circuits. Command C2 read is not implemented.

There are four possibilities for input selection: external
analog input (EXT TRIG IN) at J2, global amplifier input
(GLOBAL IN) atJ201, update from the global strobe, and
no trigger input. Input selection is accomplished by elec-
trically switching the input with the quad SPST analog
switches U201 and U203; by disabling both inputs and
strobing the addressing of the demultiplexer at U223; or
deselecting all inputs. Gain selection is performed by
switching precision resistors in and out of the feedback
circuitry of the dual JFET op amp U202 (LF412CN). Filter-
ing of the input signal is accomplished by a series of pre-
cision resistors (R213 through R219), an 8-channel analog
demultiplexer U205 (IH6108) and a capacitor (C202). The
filter cap is fed by switching in one of the seven (or no)
resistors to form a single-pole low pass filter with cut-off

frequencies of 300Hz, 1kHz, 3kHz, 10kHz, 30kHz,
100kHz, 300kHz, and 1 MHz.

Polarity selection is performed by switching the refer-
ence voltage on the D/A converter U208 between +10
and -10 volts. Edge selection is performed by demul-
tiplexing the inputs from the dual one shot U217
(74LS221) in the 4-to-2 demultiplexer U218 (74LS153) to
separate IRQ and trigger pulses dependent upon the trig-
ger region status. The POS PULSE output from U217A is
enabled whenever the input is above the trigger voltage.
This 500nsec pulse is switched to the 2Y output of U218
when triggering on the rising edge is selected. Similarly,
the NEG PULSE output from U217B is switched to the 2Y
output when the input is below the trigger voltage and
triggering on the falling edge is selected. The IRQ is han-
dled similarly but is dependent upon the selection of IRQ
on trigger start or trigger finished.

For input to the trigger circuit from the AMM global am-
plifier, a low-loss transmission line is included with the
System 576. Since the global output amplifier on the
AMM card is capable of amplifying at relatively high fre-
quency, alow capacitance connection is required to mini-
mize distortion of the input to the trigger circuit. For low
frequency applications, a regular wired connection
would be sufficient. In any case, a wired path must be
provided to the global amp input of the trigger circuit (if
used) as none is provided on the mother board.

In applications requiring the use of two trigger circuits
(the circuit on the mother board and the modularized
version of the Series 500 TRG1 which is completely com-
patible), two jumpers are located on the board in a single
4 pin header identified as W201. The second trigger cir-
cuit must be accessed with PEEK and POKE commands.

The trigger circuit, through the use of a power up reset
circuit, allows power up in a known condition. Power up
conditions are as follows:

No trigger input selected

IRQ and A/D frigger disabled

The trigger is set up for continuous mode on all
events of the trigger condition

The 1IMHz filter is selected

Trigger is set for falling edge and DC coupling.
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Trigger Command Locations CMDC2). See the following chart and pages for detailed

information.
The commands associated with the slot 2 Trigger func-

tion are Commands A, B, and C (CMDA2, CMDB2 and

Table 7-5. Slot 2 (TRIGGER) Command Locations and Functions

COMMAND | FUNCTION
Read Functions:

CMDA2 Read trigger status

CMDB2 Read trigger status and reset TRG/IRQ
Write Functions:

CMDA2 Interrupt and trigger setup

CMDB2 Select filter, range, coupling, and edge

CMDC2 Set trigger voltage

Global Strobe

AMM —O\C I\ Filters
TRIGI —O [/ C D

Input Source Instr. Amp * Filter Select Input Source
CMDA Range, Polarity OMDB. CMDA
(Write) Coupling (Write) {Write)
CMDB
(Write)
Do — 8BitLatch Trigger —® A/D Trigger
& °
D7 D/A Logic [ IRQ
—~——  Converter
IRQ/Trig Setup
Trigger Voltage CMDA,CMDB
CMDC (Write)
(Write)
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Slot 2 (TRIGGER) Command Locations and Functions (Cont.)

CMDA2 (write) Address 2 - IRQ and Trigger setup
D7 D6 D5 D4 D3 D2 D1 DO

I I—— Interrupt request (IRQ) :Enable (1), Disable (0)
IRQ on trigger: Finished (1), Start (0)

A/D Trigger : Enable (1), Disable (0)
Trigger Latch : Enable (1), Disable (0}
Trigger Periodicity : One shot (1), Continuous (0)

Trigger Mode : Single event (1), Normal (0)

Trigger Input : None (0)

Global Strobe (1),
AMM (2)
TRIG1 (3),

CMDB2 (write) Address 3 - Select Filter, Range, Coupling, Edge
D7 D6 D5 D4 D3 D2 D1 DO

Fitter: 1MHz  (0), 300KHz (1),
100KHz (2), 30KHz (3),
10KHz (4), 8KHz (5),
1KHz (6), 300Hz (7)

Trigger Voltage Range : 0-10V (1), 0-1V (0)

Trigger Range Polarity : Positive (1), Negative (0)

Coupling : AC (1), DC (0)

Trigger Edge : Rising (1), Falling (0)

CMDC2 (write) Address 24 - Trigger Voltage (0 - 255)

CMDA2 (read) Address 2 - Read Status
D7 D6 D5 D4 D3 D2 D1 DO

I—- Interrupt request (IRQ) : Enabled (1), Disabled (0)
IRQ on trigger : Finished (1), Start (0)

A/D Trigger : Enabled (1), Disabled (0)

Trigger Latch : Enabled (1), Disabled (0}

Trigger Valid (1) - signal in trigger region

IRQ asserted (1)

Trigger asserted (1)
Now triggered (1) - trigger latched

CMDB2 (read) Address 3 - Reset Trigger and One Event Latch

Data same as CMDA Read Above
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Option Slot

All Keithley modules compatible with the Model 576 are
listed in the MODULE section of this manual. Always
consider the power consumption of any module you
plug into the option slot, especially those which supply
excitation to several channels (e.g. AOM4 and AIMS).
Some modules require more operating current than oth-
ers.

installation

Perform the following procedure to install a compatible
Keithley module in the Model 576:

1. Turn off the power to the Model 576.
2. Hold the module with its component side facing up-
ward and its cable clamp toward the rear of the

Model 576. Make sure the rear edge of the module is
positioned in the card guide located on the 576
power supply shield. Slide the module into the op-
tion slot until it is firmly and evenly seated in the op-
tion slot connector. Mount the module to the 576 rear
panel using the L-bracket provided with the 576.

3. Close the top cover and turn on the 576 front panel
power switch.

4. When programming the Model 576 keep in mind
that the module is located in the option slot which is
“Slot 3”.

Option Slot Command Locations

The functions of the option slot command locations de-
pend on the module installed in the slot. Command lines
A, B, and C are available. See the following table and
pages for specifics.

Table 7-6. Slot 3 OPTION Command Locations and Functions

COMMAND | FUNCTION

Read and Write:
CMDA3 See module manual for installed module.
CMDB3 See module manual for installed module.
CMDC3 See module manual for installed module.

The option slot (slot 3, directly above the AMM(x) module included with the
Model 575 unit) utilizes the following command locations :

CMDA3 (READ OR WRITE) Address 4
CMDB3 (READ OR WRITE) Address 5
CMDC3 (READ OR WRITE) Address 25

Usage of these command locations depends upon the module that is installed
in the option slot. Consult the appropriate manual for the command information
necessary to the proper operation of optional modules.
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Analog Output

The 576 provides two channels of high-speed analog out-
put. Each channel has an independent D/A converter. A
system strobe feature, supported by two levels of data
latching in the D/ A converter, allows both D/ A channels
to be updated simultaneously.

The D/A converters offer true 13-bit resolution with a
maximum nonlinearity of +0.024%. Four output ranges
are available for each converter: #10V, £5V, 2V, and
+1V. These ranges are selected through software.The
D/A converters offer true 13-bit resolution plus a sign
bit. A sign bit, the MSB of the high-order byte, switches
the output of the 12-bit converter either positive or nega-
tive. Thus, the effective resolution for a bipolar range is
8192 steps from the negative output limit to the positive
output limit. Programming +0V or 30V results in the
same output.

Refer to schematic drawing 576-106, page 5, for the fol-
lowing discussion:

The analog output circuitry can be divided into three
groups: multiplying D/A conversion circuitry for each
channel, command decoding circuitry for each channel,
and data buffering circuitry.

The primary components of the D/A conversion cir-
cuitry are a single 12-bit dual channel D/A converter
(AD7537), reference buffer amplifiers (LF353N), and
dual DPDT analog switches (DG423D]). The dual chan-
nel converter contains high speed analog switches, two
levels of data latching, and a precision resistor ladder net-
work.

The D/A converter is designated U417 and serves both
output channels through the use of output amplifiers
U420 and U421 (LF412CN). Output range selection is ac-
complished by switching precision resistors into the
feedback networks of the output amps with quad SPST
analog switches U415 and U416 (DG211D}). Switches are
selected by the dual 2 to 4 decoder U413 (74L5139).

The command decoding circuitry is composed of U401
thru U409 and U412. A quad transparent latch U404
(741.S75) stores the 4-bit command select data. A 4 bit
presetable counter U405 (74LS163) provides auto se-
quencing of the write commands for register selection.

Write commands are decoded by U401, U402, U403, and
U412.

Selection of polarity is accomplished by switching a +10
volt or ~10 volt reference to the reference inputs of the
D/A converter U417 by the analog switch U414. The
D/ A output amplifiers U420A and U420B invert the out-
putsignal. A negative referenceis used to develop a posi-
tive output, and vice-versa. A negative polarity is se-
lected when the D7 bit is set in the MSB of the 2byte D/A
data word.

Calibration of the analog output circuit is not necessary
other than the calibration of the 10 volt reference voltage
(described in the Model 576 calibration procedure).

NOTE
The 576 analog output circuitry uses the 10V
precision reference of the AMM card, and will
not achieve rated accuracy without an AMM
module mounted in slot 1.

NOTE
For analog output connections, use shielded
cable to minimize the possibility of EMI radia-
tion. Connect the shield to ground. Leave the
other end of the shield disconnected.

Output Limitations

There are restrictions as to the output capabilities of each
channel. Generally, there is an upper limit on the amount
of capacitance and a lower limit to the resistance that can
be connected across the output. To avoid possible oscilla-
tion, output capacitance must be less than 200pF.

If it is necessary to drive a capacitive load larger than
200pF, a 100Q or larger resistor must be placed in series
with the output. This will slow down the settling time
somewhat, depending on the value of the capacitiveload.
If an analog output channel must drive a load with both
low resistance and high capacitance, the output must be
buffered by an external voltage amplifier.

Similar restrictions apply to the output current, which is
determined largely by the resistive component of the
load connected across the output. If the resistance is too
small, accuracy will suffer. To maintain rated accuracy,
the load resistance should be no smaller than 2kQ with a
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maximum oufput of £10V. Maximum current output is
5mA or less.

Automatic Register Sequencing

The 576 analog output circuitry includes an automatic in-
crementing circuit for the analog output range and data
registers. The incrementing circuitry aids in high-speed
output programming. The following information will be
useful for generating analog output by directly accessing
the CMDA4 and CMDBA4 registers. These operations are
normally handled by the 576 firmware.

Generally, standard (non-auto sequenced) analog output
is generated by first writing register select information to
CMDAY, followed by writing the corresponding data to
CMDBA4. These steps are repeated until all the necessary
range and output data have been written for a desired
channel. For channel 0, a typical sequence might be as fol-
lows:

1. Write “15” to CMDA4 to select the channel 0 range
register.

2. Write the desired range to CMDB4.

3. Write “0” to CMDA4 to indicate that the following
data will be analog output low-order byte for chan-
nel 0.

4. Write the channel 0 low-order data byte to CMDB4.

5. Write “1” to CMDA4 to indicate that the following
data will be analog output high-order byte for chan-
nel 0.

6. Write the channel 0 high-order data byte to CMDB4 .
(Note that bit D7 governs the polarity of the output.)

7. Write to the GLOBAL STROBE location to update
the channel 0 output.

Automatic register sequencing automates several of the
write operations listed above. It first requires that a con-
trol byte be written to CMDA4 (see Table 7-7). This byte
must include the register selection and last channel de-
sired for auto sequencing. The most significant bit (MSB)
of the byte mustbe 0 to disable the global strobe function.

Next, data must be written to CMDB4. This data may be
range data or the output low-order or high-order data
byte, according to the information written to CMDA4.
The information written to CMDA4 also sets the “entry
point” in the autosequencing loop, thus establishing the
expected order of subsequent bytes written to CMDB4.
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The auto sequence logic assumes that the next bytes will
conform to the following sequence:

Register No. | Description Sequence
0 Channel0 LSB data J ¢
1 Channel 0 MSB data '
2 Channel 1 LSB data I +
3 Channel 1 MSB data .
14 Channel 1 range —-
15 Channel 0 range q’—»—

Note that entry points in the loop may be range informa-
tion or output data. As an example, if the initial write to
CMDAA4 is “14”, the analog output circuitry would as-
sume that the next byte is the channel 1 range, followed
by the channel 0 range, the channel 0least significant data
byte, the channel 0 most significant data byte, and so on.

Once the sequence moves out of the range registers, it
will cycle continuously through the channel registers
without returning to registers 14 and 15.

If the first control byte written to CMDA4is 0, 1, 2, or 3,
the auto sequence logic will expect that the next bytes
written to CMDB4 will be data. The loop will not enter
the range selection registers at all.

If the first control byte written to CMDA4 specifies that
channel 0 is the last channel for auto sequencing, then the
loop will run only through registers 0 and 1 (channel 0
LSB and MSB data) and notinclude registers 2 and 3. This
path will confine output to channel 0 and permit the
maximum output speed from channel 0.

The GLOBAL STROBE must also be disabled for auto se-
quencing. This enables the output of a channel will be up-
dated as soon as the MSB data for the channel is written to
the channel MSB register.

Analog Output Command Locations

The commands associated with the slot 4 Analog Output
function are Commands A and B (CMDA4 and CMDB4),
plus the analog output GLOBAL STROBE. There are no
read functions for analog output. See the following chart
and pages for detailed information.
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Table 7-7. Slot 4 (ANALOG OUT) Command Locations and Functions
COMMAND | FUNCTION
Write Function:
CMDA4 D/ A control and data register select
CMDB4 Range and output data STROBE
CMDC4 Channel update
Register 1 Channel 0 +-10 V
DO .| Select Data — 12-Bit l\ 0 [\
D7 and | From —] D/A l/ v
Sequencer PC _—____] Converter 5V
1 O Output Voltage
+H2 V
Chan 0 I 0
CMDA, Strobe CMDB +H-1V
{Write Only) Chan 1 Data and Range J\)
Registers
(Write Only)

CMDA4 (write) D/A Control.

D7 D6 D5 D4 D3 D2 D1 DO

Register Select (See register table)
Unused

Last channel! for auto sequencer

Global Strobe : Enable (0), Disable (1)

CMDB4 (write) D/A Data.

Data Register Format :
MSB LSB

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 DO

'\\\

Data: 12 Bits
Not used
Sign Bit : Negative (1), Positive (0)

Range Register Format:

D7 D6 D5 D4 D3 D2 D1 DO

\C— Range: 10V (0), 5V (1), 2V (2), 1V (3)

Not Used
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Slot 4 (ANALOG OUT) Command Locations and Functions (Cont.)

CMDB Write Register Table :

Register Number Description Count Sequence
0 Channel 0 LSB -~y
1 Channel 0 MSB R last channel = 0
2 Channel 1 LSB ‘
3 Channel 1 MSB '
R last channel = 1
4 Not Used
5 Not Used
6 Not Used
7 Not Used
8 Not Used
9 Not Used
10 Not Used
11 Not Used
12 Not Used
13 Not Used *
14 Channel 1 Range
15 Channel 0 Range

STROBE (WRITE) See description.

Global Strobe can be used to simultaneously update all D/A outputs
in system. Must be enabled using CMDA write bit D7.

Use of a 12-bit D/A Converter implies that there exist 4096 steps to full
scale output. To determine the binary data value corresponding to your
desired output voltage, use the following formula: DATA VALUE =
ABS(VOUT)/RANGE * 4096

Note: If desired VOUT is negative, the sign bit in CMDB write for the
appropriate channel must be set.

TIMING SUMMARY

the slew rate of the D/A Converter is 5 microseconds (to .01% of full-scale
transition).
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Digital Input and Output

The Model 576 provides up to 32 single-ended, non-iso-
lated digital I/O channels. The digital channels are soft-
ware-configured in groups of 8 channels for input or out-
put. Thus, 8, 16, 24, or all 32 channels may be used for in-
put or output.

Digital input channels are grouped into four ports of
eight channels. Each port is treated as a single byte from
firmware. This grouping allows simultaneous reading or
writing of eight channels as a byte.

The Model 576 is designed to read and write TTL-com-
patible levels. With TTL logic, any input signal less than
0.8V is read as “off” or “low”, and any input signal
greater than 2.0V is read as “on”, or “high”. A typical
logic “high” output is 3.5V or more.

CAUTION
Digital outputs should only be connected to
other TTL-compatible equipment. Shorting
a digital output to ground or excessive cur-
rent draw may damage the Model 576.

Digital Input Terminals

There are four banks of quick-disconnect blocks. Each
block has screw terminals for eight digital signals and
two grounds. These terminals accept 16-24 gauge wire
stripped 3/16 of an inch.

NOTE

To minimize the possibility of EMI radiation,
use shielded cable for connections. One end of
the shield should be connected to ground, and
the other end of the shield should be left dis-
connected. In this configuration the shield
cannot be used as one of the signal-carrying
wires.

Refer to schematic diagram 576-106, page 6 for the fol-
lowing discussion:

Digital input and output is possible through four 8-bit
software configurable ports. Each port can be configured
for input or output individually. The inputs and outputs
are for TTL compatible signals only (each input repre-
sents a single TTL load, and each output can drive 20
standard TTL loads) and are not opticaily isolated. All
ports power up in a high impedance state configured as
inputs through the use of a power on reset circuit.

Command information is decoded and latched by quad
latches U502 and U503 (741875 and 74L.S175, respec-
tively), U412D (74LS02), U512A, U512B (74LS32),and a 3
to 8 line decoder U501 (74L5138). U512A and U512B pre-
vent U503 from changing the port input/output configu-
ration on writes to CMDAS unless data bit7isa “1” at the
time of the CMDA wrrite cycle. Writing of data out on the
ports is accomplished by latching data from the bus into
the tri state octal latches U504, U506, U508, or U510
(741.5244). Reading of data from the ports is accom-
plished by enabling data into the bus from the octal buff-
ers U505, U507, U509, or U511 (741.5374).
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Digital I’O Command Locations Note that a read or write require that you first configure
] the circuitry by writing to CMDABS.

The commands associated with the slot 5 digital I/O

function are Commands A and B (CMDADS5 and CMDB5).

Table 7-8. Slot 5 (DIGITAL 1/0) Command Locations and Functions

COMMAND | FUNCTION

Read Function:
CMDAS5 N/A
CMDB5 Read input data. Before a read, port select and
configuration data must be written to CMDAS.
Write Function:
CMDA5 Select and configure port*
CMDB5 Digital output data

* It is not necessary to send port configuration information to CMDAS every time a port is selected. If D0=7, then D, D5,
D4, and D3 will be ignored by the hardware, and the last port I/O configuration will remain in effect.
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Slot 5 (DIGITAL I/0O) Command Locations and Functions (Cont.)

=P — 0
- Port0 —
D0-D7 [
— 7
- — 8
1 Port1 —
Select —
and _—
Configure — 15
g:rt 32 Channels
g Input/Qutput
- 16
=1 Port2 —
Setup -
CMDA —
(Write) — o3
Read/Write Data - — 24
CMDB - Port3 —
{Read/Write) -
— 31

CMDAS5 (write) - Select port, configure port
Must be issued in order to read or write data to a specified port.

D7 D6 D5 D4 D3 D2 D1 DO

Select Port: G-Port 0, Ch G-7
1-Port 1, Ch 8-15
2-Port 2, Ch16-23
3-Port 3, Ch 24-31

Not Used

Configure Port 0: 1-Output, 0-Input
Configure Port 1: 1-COutput, 0- Input
Configure Port 2 : 1-Output, 0-Input
Configure Port 3: 1-Output, 0-Input
Enable Configuration Bits: 0~ Off, 1-On

CMDB5 (read) Digital input
Read data from specified port provided port is configured as an input port.

CMDBS5 (write} Digital Output

—-Write data to specified port provided port is configured as an output port.
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Relay Control

The Model 576 has a built in power control interface for
the purpose of controlling and sensing AC and DC solid-
state relays. The power control lines are ports 2 and 3 of
the digital I/O. Both ports can be used for power control
or power sensing, or one port can be used for each func-
tion. Connections to these ports are available at the Relay
Control card edge connector located at the rear of the
Model 576. The power control channels follow positive
logic. Writing a logic 1 to a power control channel causes
the corresponding pin on the card edge connector to go to
logic 1. Turning on a power control relay requires that its
control line be taken to logic 0. Therefore, a logic 0 must
be written to a power control channel on the 576 to turn
on its respective relay.

To prevent overheating and subsequent damage, all
power relay control circuits must be located outside of
the Model 576 case. Figure 7-6 identifies the pins of the
relay control connector.

Data from the bus is buffered and latched by U509 and
U511 (ports 2 and 3 in the digital I/O circuitry) to provide

for relay control. The TTL compatible outputs from U509
and U511 are routed to the relay control card edge con-
nector J16. These outputs have sufficient output current
to drive solid state relay output modules, such as the
PCM3 Power Control Board/Cable.

Relay Board

The optional Keithley Model PCM3 is a general purpose,
16-channel control subsystem for the control and sensing
of AC and DC loads. The PCM3 utilizes solid state
switching with plug-in relays for DC and AC output.
Each channel is fuse protected. See the PCM3 manual for
specifications and installation of the ribbon cable and re-
lays.

Relay Control Command Locations

The commands associated with the slot 5 Digital /O
function are Commands A and B (CMDAS5 and CMDB5).
See the following chart and pages for detailed informa-
tion.

Connector Keyway

Notes : 1. All even pins are ground.
2. Pin 49 is +5V

match keyway on card edge.

Figure7-6.  Power Control Pinout

View from rear of 576
All contacts this side - GROUND
2 50
Pin No. /% S on | e e ——— !, Pin No.
Nq 49

1514131211109 8 7 6 5 4 3 2 1 0 +5V
Power Control Channels

3. Mating connector - 3M Scoichflex PN 3415-0000
4. Mating cables - Opto CA-x (2 connector ends), Opto 00-x (1 connector, 1 bare end)
5. Any user-supplied connector other than 3M-Scotchfiex 3415-0000 must have key to
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Table 7-9. Slot5 (RELAY) Command Locations and Functions

COMMAND | FUNCTION

Read Function:
CMDAS Not used
CMDB5 Read input data. Before a read, port select and
configuration data must be written to CMDAS.
Write Function:
CMDAS5 Select and configure port*
CMDB5 Digital output data

* It is not necessary to output port configuration information to CMDAS every time a port is selected. If D0=7, then D5,
D5, D4, and D3 will be ignored by the hardware, and the last port I/0 configuration will remain in effect.

Relay control is provided through ports 2 and 3 of the Digital YO
circuitry. The commands used to access relay control are the same

as those used for the control of the Digital I/O:

CMDAS (write) - Select and configure Relay Control Port
Must be issued in order to write control words to the relay control ports

D7 bs D5 D4 D3 D2 D1 DO

Select Port: 2-Port 2, Ch 0-7
3-Port 3, Ch 8-15

Not Used

Configure Port 2: 1 - Output
Configure Port 3: 1 - Output
Enable Configuration Bits: 0-Off, 1-On

CMDB5 (read) - Read status of selected Relay Control Port
Reads status of the 8 control bits currently latched onto the port.

CMDBS5 (write) - Write Relay Control Word to selected Port
Latches relay control data onto the port.
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External Input

As an extension of its “slot” architecture, the Model 576
will accept input from 8 additional single-ended inputs.
The input connector is compatible to an Analog Devices
3B rack. You will note that the 576's internal configura-
tion shows 8 conventional single-ended inputs existing
in slot 6. These 8 channels are tied directly to the global
multiplexer of the AMM module. Therefore, selection
and use of the external function is actually accomplished
by reads and writes to the command locations (CMDA, B,
C, and D) for slot 1.

There are no commands sent to the Analog Devices 3B
rack. Signal flow is limited to those coming to the 576
from the various signal conditioning modules on the 3B
rack.

Access to the external channels is via the 26-pin mass ter-
mination connector J307 on the side board. Each external
input channel is mapped into one of the analog input
pathways 3-10 that can be selected by the AMM global
multiplexer, and can be accessed by the SELECT SLOT
command. Global gain, which is supplied after the multi-
plexer stage, is available for further conditioning of the
external inputs.

The mapping of external channels to analog pathways is
as follows:

External AMM Global
Input Channel | Multiplexer Input
0 10
1 9
2 8
3 7
4 6
5 5
6 4
7 3

Note that the CH7 input from the 3B rack maps into the
Slot 3 input on the AMM module. Therefore, no analog
input module can be used in the option slot 3 if the same
channel is used for 3B operation. However, this design
has the advantage of freeing up all 16 of the inputs chan-
nels on the AMM module for other uses. This gives the
system the capability of a total of 55 analog inputs —
channels 0-6 from the 3B rack, 16 channels on the AMM
module, and 32 channels from a Keithley Series
500-AIM3 module installed in the option slot.

External Analog Input Command Locations

The commands associated with the slot 6 external input
function are Commands A and B (CMDA1 and CMDB1).
See the following chart and pages for detailed informa-
tion.

Table 7-10. Slot 6 (EXT) Command Locations and Functions

COMMAND | FUNCTION
Read Function:
CMDA1 (D4=1) Read low data byte.
(D4=0) Read status.
CMDBI1 Read high data byte
CMDC1 Not used.
CMDD1 Read status.
Write Function:
CMDA1 Select channel, gain, modes, filters.
CMDB1 Select slot, range, global gain, read mode.
CMDC1 Reset and recalibrate A/D gain and offset.
CMDD1 Start conversion
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Slot 6 (EXT) Command Locations and Functions (Cont.)

Programmable
Global Gain
Global \ Progr;?mable AD | — CMDA
MUX liter B — (LOW
/ 2kHz - 100kHz Con\ierter — g)MDBz
— (HIGH)
X1 S&H  — (ReaD)
A .
AV
X2 Input Ranges
0 +10.0V
X5 0 to +10V
N Software
v Programmable
X10 CMDB
O (Write)
Slot
Select Global
CMDB Gain
rite CMDB
(Write) (Write)

CMDA1 (write) - Select: channel, local gain, filter,
plus misc

D7 D6 D5 D4 D3 D2 D1 DO

\C— Channel Select: SE (0-15) , Diif (0-7)

Differential (0}, Single ended (1)

Local Gain: x1 (0), x10 (1)

Regular Acq (0) , 50 KHz Auto Acq (1)
Filter: 100KHz (0), 2KHz (1)

CMDB1 (write) - Select: slot, range, global, gain,
plus misc

D7 D6 D5 D4 D3 D2 D1 DO

Slot Select

Read: Status (0}, Data (1)

Range: +/-10V (1), 0-10V (0)

Global Gain: x1 (0), x2(1), x5(2), x10 (3)
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Slot 6 (EXT) Command Locations and Functions (Cont.)

CMDA1 (read) - (D4
CMDA1 (read) - (D4

CMDC1 (write) - Reset and recal the A/D (360 mSec).
CMDD1 (write) - Start Conversion

1) Read Low Data Byte
0) Read Status

D7 D6 D5 D4 D3 D2 D1 DO

/EOC
Lo byte (1), Hibyte (0)
/EOT

Tracking

Converting

CMDC1 (read) Not Used

I

CMDB1 (read) - Read High Data Byte

CMDD1 (read) - Read status
D7 Dé D5 D4 D3 D2 D1 DO

Calibrating

End of Conversion (0) Busy (1)

Command Locations in Numeric Order

The following information provides more details on the
use of command locations in the Model 576.

For a further discussion of analog input commands, refer
to the appropriate AMM manual for the moduleinstalled
in the System 576.

CMD1A SELECT A/D CHANNEL

The SELECT A /D CHANNEL command is used to con-
trol the local signal multiplexer on the AMM module in-
stalled in slot 1. Refer to the appropriate AMMIA or
AMM2 manual for a discussion of this command.

CMD1B SELECT SLOT

The SELECT SLOT command controls the global multi-
plexer on the AMM module installed in slot 1. Refer to the
appropriate AMM manual for a discussion of this com-
mand. The select slot is also important in selecting the
EXT function for use of Analog Devices 3B subsystems.
Specifically, the mass-termination connector on the side
board can be cabled to an Analog Devices 3B module
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rack, and the 3B rack outputs can be sent directly to the
AMM module slot inputs for global multiplexing.

CMD2A ANALOG TRIGGER AND IRQ
CONFIGURATION

Writing to this command location configures the inter-
rupt request, trigger mode, and selects the trigger input
for the analog trigger circuit. Reading this command lo-
cation returns the contents of the trigger status register.

Writing to this command location allows the configura-
tion of the input to the analog trigger circuit; selection of
the input filter, trigger voltage range, trigger voltage po-
larity, input coupling, and triggering edge are selected by
the appropriate binary data word. Reading this com-
mand location also returns the contents of the status reg-
ister, and additionaly performs a reset of the trigger and
oneeventlatch if the trigger is configured for one event or
single mode triggering.

The triggering and IRQ output can operate in several
modes. IRQ can be enabled or disabled, and asserted on
either the falling or rising edge of the trigger signal. IRQ
can operate even if the trigger is disabled. However, the
triggering parameters must still be configured as if trig-
gering were going to be used. Triggering can be enabled
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or disabled. The triggering can be latched or automati-
cally reset. Additionally, the triggering can be used inone
shot mode, where the trigger pulses briefly when a trig-
gering condition is satisfied; or in a continuous mode
where the trigger is latched into an asserted state until the
triggering condition is no longer satisfied. Finally, the
trigger can be setto trigger as a single event (where areset
must be performed before a trigger can be asserted again)
or in a normal mode where the trigger asserts with each
entry into the trigger region.

Reading from this location returns a byte that can be in-
terpreted as the TRIGGER STATUS word. This should be
used if status information is desired, but no reset of the
trigger is to be asserted.

CMD2B ANALOG TRIGGER INPUT
CONFIGURATION

The analog trigger circuit produces a trigger signal that
can start A/D conversion on the AMM module installed
in slot 1. Trigger input can come from any of 3 sources:
from asserting a GLOBAL STROBE, from the external
analog input (at J2), or from the output of the global am-
plifier on the AMM module in slot 1. The four possible se-
lections for input include those mentioned above in addi-
tion to a no input setting, used at power up of the circuit.

The main feature of the analog triggering circuit is its
ability to provide a triggering signal with control similar
to that of an oscilloscope. Therefore, the object input sig-
nal must be analyzed to determine if it meets a triggered
condition. These conditions include input magnitude, in-
put polarity, and whether the signal is on a rising edge or
falling edge. These conditions, as well as filtering (8
ranges, from 300 Hz to 1 MHz) and input coupling, are
selectable by writing to location 4.

Performing a read of address 4 will return the same
TRIGGER STATUS word as reading address 3. However,
reading address 4 will perform a reset of the trigger latch
when the trigger latch reset bit is set to manual or the trig-
ger mode bit is set to single event in the CONFIGURE
IRQ AND TRIGGER command above.

CMD3A OPTION SLOT COMMAND A

This command location is the CMDA location of the op-
tion slot. The command specified at this location depends
on the optional module that is installed. See the appropri-

ate manual for the module installed in the option slot for
the usage of this command.

CMD3B OPTION SLOT COMMAND B

This location is the CMDB location of the option slot. The
command specified at this location depends on the op-
tional module that is installed. See the appropriate
manual for the module installed in the option slot for the
usage of this command.

CMD4A D/A CONTROL FOR ANALOG
OuTPUT

Writing to this command location controls the register se-
lection, auto sequencing, and global strobe updating of
the D/A converter in the analog output circuifry.

DAC control must precede any change in range register
data to reset the register auto-sequencing circuit to the
proper register. The lower four bits represent the register
to be written to first. Bits D5 and D6 represent the last
channel] for auto sequencing of the data written to the
output data registers (registers 0 through 3). Setting bit
D7 enables global strobe (see below) to update analog
outputs simultaneously.

CMD4B D/A DATA FOR ANALOG OUTPUT

Through the use of register auto sequencing, the various
D/A control registers are filled by writing repeatedly to
this location. Range registers are filled first, in descend-
ing order from 1 to 0. After filling the range registers, the
DAC data bytes are written for each channel, LSB first.
The 12-bit DAC requires 2 write operations to supply the
13 bits necessary for data and polarity information. The
range registers are only set once, until a write to CMD4A
points to the range registers again, and the data registers
are continuously updated to allow variable output.
When the global strobe update feature is not enabled, the
output channel is automatically updated upon receipt of
the second byte of data. When the global strobe update
feature is enabled, data is not latched into the conversion
register of the D/A converter until receipt of the global
strobe signal. Only six of the available 16 registers are im-
plemented in this circuitry.

Initially, a D/ A control is issued which must select either
register 14 (channel 1 range) or register 15 (channel 0
range). Additionally, the D/A control must select the last
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channel for auto sequencing, and either enable or disable
the global strobe update feature.

After the D/A control is issued, the D/ A data is loaded.
The command circuitry selects the appropriate rangereg-
ister, and register control is relinquished to the auto-se-
quencer. The range registers are filled with the proper
range data. The auto sequencer drops to the cutput data
registers. D/A output data is written, and the sequencer
automatically “points to” the next register to be written
to. The data is written LSB first, then MSB, going from
channel 0 to channel 1. If the global strobe update feature
is disabled (in the D/A control word) the output of the
D/A converter is updated immediately upon receipt of
the MSB of data (including the polarity bit). If the strobe
input is enabled, the data is not latched into the output
registers of the D/ A converter until receipt of the active
low strobe input.

To determine the digital value to input for a given volt-
age, itis necessary to know the output range setting of the
DAC. With the 12-bit DAC, there are 4096 possible volt-
age levels, specified with digital values of 0-4095. There-
fore, the actual full-scale value is the nominal full-scale
value minus 1 LSB. This corresponds to a resolution of 1
part in 4096, or about 2.44mV on the 10 volt range. The
DAC counts for a particular output are given by:

COUNTS = ABS[(VOLTS / RANGE) x 4096]

where counts = DAC data, volts = desired voltage output,
and range = the output range setting for the particular
chanrel. It should be noted that the digital data must be
adjusted to include the sign bit (the D7 bit in the MSB of
the data). This may be accomplished adding 128 to the
MSB if negative voltage output is desired.

CMDS5A DIGITAL /O PORT SELECTION
AND CONFIGURATION

Writing to this command location selects and configures
the digital input/output ports. Note that ports 2 and 3 are
also used for relay control via the PCM connector on the
back of the 576 mother board.

The digital input and output ports on the System 576
motherboard are fully software programmable for direc-
tionality in sets of 8 channels. Port 0 corresponds to chan-
nels 0-7; Port 1, channels 8-15; Port 2, channels 16-23; and
Port 3, channels 24-31. Each port is completely independ-
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ent of the others for these configuration purposes. Gener-
ally, more than one write to this location can be used; one
to configure all the ports (where the lower 3 bits are insig-
nificant), and the rest to select ports for input or output
(in which the upper 6 bits are insignificant}). Once the
ports are configured, they will remain that way until an-
other write to this command enables the configuration
bits and provides new configuration data.

Ports 2 and 3 provide for power control and sensing exte-
rior to the System 576 unit. When power control is de-
sired (using the optional Keithley 500-PCM3 relay rack),
configure Ports 2 and 3 as output. For power sensing ap-
plications, use the PCM3 with input modules and config-
ure the ports as input ports.

CMD5B DIGITAL I/O DATA

Writing to this command location sends digital data to
the port selected by the CMD3A write above. For power
control, Writing to ports 2 and 3 sends data to the PCM
connector. Reading this location retrieves the digital data
from the specified port or reads the current state of the
power sensing modules.

For any port configured as an output port and selected by
performing the above command, writing to address 9
will latch the data onto the port (any value between O and
255). Digital output follows positive logic. When ports 2
and 3 are being used for power control application, the
one’s complement of the logical output must be written
to the port. The PCMS3 rack is wired such that a logical 0
must be written to the input to turn on the relay...nega-
tive logic.

For any port configured as an input port by the above
command, reading address 9 will latch the data at the
port onto the data bus (again, a value between 0 and 255).
Digital input also follows positive logic; when ports 2
and 3 are being used for power sensing applications, the
one’s complement of the logical input will be read into
the port (the input modules for use as power sensing
modules will provide a logic 0 when the module is sens-
ing the rated voltage or current...again, negative logic).

CMD2C ANALOG TRIGGER VOLTAGE
(0-255 COUNTS)

Writing to this command location sets the output of the
D/A converter in the analog triggering circuit to a volt-
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age between 0 and 10 volts, with a resolution of approxi-
mately 47mV (1 partin 256). To determine the counts nec-
essary, use the following formula:

COUNTS = ABS[(VOLTS / RANGE) x 256]

where volts = the desired trigger voltage; range = the set-
ting of the range bit (10V or 1V); and counts = number of
DAC counts necessary for the desired output (this value
is what will be written to the address 24).

Writing to this location sets the absolute magnitude at
which triggering will occur in DAC counts. A conversion,
based upon selected range and level, will give the proper
number of counts (see the command description given
above for the formula).

CMD3C UNSPECIFIED OPTION SLOT
COMMAND

This command location is the CMDC locatioh of the op-
tionslot. The command specified at this location depends
on the optional module that is installed. See the appropri-
ate manual for the installed module for the usage of this
command.

CMD1C GLOBAL GAIN

The GLOBAL GAIN command controls the PGA (Pro-
grammable Gain Amplifier) located on the AMM module
installed in slot 1. For a discussion of this command, refer

CMD1D A/D START/STATUS

Writing to this command location starts A/D conversion
on the AMM module installed in slot 1. Any value can be
written to trigger conversion; however, a value of 255
should be written to minimize noise. Reading this loca-
tion returns the status byte of the A/D conversion (busy
orready). A value of 255 (FF in hex) indicates that the con-
version process is under way. A value of 127 (7F hex) in-
dicates that the conversion is complete.

SLOT 1 HARDWARE IDENTIFICATION

The Model 576 provides for self identification of the
hardware installed in slot 1 to the PC host. Reading this

command location should return a value of 252 (FC hex)
if no module is installed, a value of 253 (FD hex) if an
AMMIA is installed, or a value of 254 (FE hex} if an
AMM? is installed. Any other value returned from this
location indicates that thereis an unidentified modulein-
stalled.

STROBE GLOBAL ANALOG OUTPUT
UPDATE

The strobe command is used to synchronously update
two or more analog output channels. The strobe featureis
global, affecting the D/ A channels in the Model 576, as
well as the D/A channels in any analog output module
installed in the option slot.

Writing to the global strobe command location causes the
STROBE line to go active low, and allows global update
of all DAC outputs if the analog output circuit is so con-
figured. Global strobe affects any analog output, whether
the analog output circuit is on the mother board or an
analog module in the option slots.

GLOBAL GLOBAL COMMAND 1

This command location is not currently implemented in
the virtual slots of the System 576. However, to allow for
future upgrades to modules, the physical slots have this
signal available. This command signal is simultaneously
active (low at pin 12) at both physical slots when a write
or read to the GLOBAL 1 command location is per-
formed.

31 RESET

This command location causes the mother board trigger
circuit, mother board analog outputs, and mother board
digital I/ O to go to its power-up reset condition.

Self-ID Circuitry

An automatic module identification (“Self-ID") feature
hasbeen implemented on the latest versions of all current
500-series modules. This feature enables the 576 firm-
ware to automatically determine the presence and slotlo-
cation of these modules when they are plugged into a 576
mainframe.
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Note the following points of compatibility:

1. The AIM1, ADM1, and ADM?2 are not compatible
with the 576 and do not offer self-ID operation.

2. Self-ID requires Self-ID versions of modules.

3. Some older modules lacking the Self-ID feature re-
quire minor modifications to operate in the 576.
These modifications can be performed by Keithley
Instruments. Contact Keithley Data Acquisition and
Control Customer Support for more information.
See the section “CONSIDERATIONS FOR OLDER,
NON-SELF-ID MODULES” below.

Theidentifying element on Self-ID modules is a precision
resistor connected between card-edge positions 4 and 41
on each module. Circuitry on the 576 mother board reads
the voltage drop across these connectors, and deduces
the module type. The following values are used for Self-
ID:

Considerations for Older, Non-Self-ID
Modules

Most older 500-Series modules can be operated in the 576
mainframe without modification. However, minor
modifications must be made to some modules to ensure
compatibility. In other cases, you must follow special
procedures to use older modules in the 576. The follow-
ing modules are affected:

AIM4, ATMS5, ATM6 — Older ATM4, AIMS5, and ATM6
modules lacking Self-ID must be reworked for proper
“master/slave” operation.

AIMY9 —Older ATM9 modules lacking Self-ID must be re-
worked so that master/slave oscillator functions are
compatible.

Please contact Keithley Data Acquisition and Control for
more information.

Prolonging the Life of the
Clock/Calendar/Memory Backup Battery

The Model 576 contains a battery which is used to power
the system clock/calendar, and to back-up data and pro-
grams stored in RAM. This battery and clock/calendar

7-34

are an internal part of the socket holding the system
data/program memory chip U304.

Under normal conditions, the battery should last for a
minimum of five years with the standard 128k memory,
or 2'/2years with the 512k memory option. Battery life
can be extended by using either of the following proce-
dures:

1. Use the SYST :CLOCK DISABLE command to dis-
able the clock. This will reduce but not completely
eliminate battery drair, and may be done when the
Model 576 is unused for an extended period, or
where time/date stamping is not required.

2. Keep the Model 576 powered up at all times. This
will eliminate drain on the battery altogether.

Refer to the Calibration, Maintenance, and Troubleshoot-
ing section of this manual for instructions on renewing
the battery.

576-Series Measurement and Control
System Specifications

ACCESSORIES AVAILABLE:

500-AMMIA — AMM]1 16-Channel (8 Differential) Mas-
ter Measurement Module w/12-Bit 62.5kHzA /D

500-AMM2 — AMM?2 16-Channel (8 Differential) Master
Measurement Module w/16-Bit 50kHz A/D

500-AIM2 — AIM2 32-Channel High Level Analog Input
Module

500- ATM3A — ATM3A 32-Channel (16 Differential) High
Sensitivity Analog Input Module

500-AIM4 — AIM4 4-Channel Isolated Analog Input
Module

500-AIM5 — ATM5 4-Channel Isolated Low Level Ana-
log Input Module

500-AIM6 — AIM6 4-Channel RTD Analog Input Mod-
ule

500-AIM7 — ATM7 16-Channel Thermocouple Input
Module

500-AIMS8 — AIMBS 4-Channel Strain Gage Analog Input
Module
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500-AIM9 — AIM9 2-Channel LVDT/RVDT Analog In-
put Module

500-A0OM1/2 — AOM1/2 12-Bit D/ A, 2-Channel Ana-
log Output Module

500-A0OM1/5 — AOM1/5 12-Bit D/ A, 5-Channel Ana-
log Output Module

500-A0OM2/1 — AOM2/1 16-Bit D/A, 1-Channel High
Resolution Analog Output Module

500-AOM2/2 — AOM2/2 16-Bit D/ A, 2-Channel High
Resolution Analog Output Module

500-AOM3 — AOM3 4-Channel Current Loop Output
Module

500-A0OM4 — AOM4 4-Channel Programmable Excita-
tion Output Module

500-AOM5 — AOMS5 4-Channel Analog Output Module

500-DIM1 — DIM1 16-Channel Isolated Digital Input
Module

500-DIO1A — DIO1A 32-Channel TTL Digital Input
Output Module

500-DOM1 — DOM1 16-Channel Isolated Output Mod-
ule

500-EXTND — Module Extender Board

500-PCM1 —PCM1 4-Channel AC Power Control Mod-
ule (includes 4 ea. 500-OAC1)

500-PIM1 — PIM1 8-Channel Frequency Measurement
Module

500-PIM2 — PIM2 4-Channel Event Counting Module
500-PROTO — Prototyping Module*

500-STEP1 — STEP1 uP Stepper Motor Controller Mod-
ule*

500-STEP2 — STEP2 1-Channel Stepper Motor Indexer
Module*

500-TRG1 Hardware Trigger Card*

*Not supported by 576 commands, directly, may be ac-
cessed through use of PEEK and POKE commands.

500-DIO1 is also supported in 576.
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SECTION 8

Calibration, Maintenance,
cnd Troubleshooting

INTRODUCTION

This section contains information necessary to service
your Model 576. The following information is included:

Calibration — instructions for calibrating the Model 576.

Troubleshooting — guidelines for troubleshooting the
mainframe.

Replaceable Parts — describes parts which you may need
to replace or add to the Model 576.

Some of the information presented is intended for skilled
technical personnel who are familiar with sophisticated
equipment and the necessary servicing procedures. Do
not attempt certain procedures unless you are qualified.

WARNING
Some of the procedures described in this sec-
tion may expose you to potentially lethal
voltages. Use standard safety practices when
such dangerous voltages are encountered.

CAUTION
Always follow the indicated procedure ex-
actly as written. Failure to do so may damage
equipment, possibly voiding the warranty.

CALIBRATION INFORMATION

This section contains general field calibration informa-
tion for the Model 576. The procedures given are not nec-
essarily as accurate as factory calibration. Also, the proce-
dures given assume a certain amount of expertise on the
part of the user. If you are not familiar with calibrating
equipment, do notattempt calibration. The procedures in
this section assume that you are familiar with general
module operation. Refer to the appropriate manual for
details on calibrating each module.

When You Should Calibrate

The Model 576 is calibrated at the factory, and should re-
quire no further calibration before use. Calibrationis nec-
essary only under the following conditions:

1. If you are performing periodic calibration as part of
an established maintenance procedure.

2. If you suspect the Model 576 of faulty or inaccurate
operation.

NOTE
If an input or output function which had been
working correctly suddenly becomes inaccu-
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rate by more than a few percent, the problem
is more likely a malfunction and not a calibra-
tion problem. If you cannot calibrate the
Model 576 after two attempts, you should re-
turn it to Keithley for repair or calibration at
the factory.

Environmental Conditions

Calibration should be performed at an ambient tempera-
ture of 23°C +5 degrees. Turn on the system power and
allow at least 10 minutes of warm up before beginning
calibration procedures. Consult the manual for the cali-
bration equipment listed below for similar required
warm up periods.

Recommended Calibration Equipment

The following equipment is recommended for Model 576
calibration. Other equipment may be substituted as long
as accuracy specifications are at least as good as those
given below:

1. Keithley Model 175 DMM (#0.1% basic DC accu-
racy). 4-1/2 digit resolution is required for calibrat-
ing the 576. Tighter specifications may be required
for calibrating an AMM2 module. Refer to the
AMMI1A or AMM2 manual for AMM calibration in-
structions.

2. Electro Development Corporation (EDC) Model
E100C DC Millivolt Reference Source, or other simi-
lar equipment with a basic accuracy of £0.05%.

Complete calibration of the 576 requires calibration of the
AMM module, calibration of the analog output 10V ref-
erence, and calibration of the +5V power supply. These
steps may be done in any order.

Calibrating the AMM1A or AMM2

The 10V reference on the AMM moduleis used as a refer-
ence for the 576 on-board analog output circuitry. There-
fore, you must have a properly functioning and cali-
brated AMM module in place before you can use the ana-
log output channels.

Calibrating the +5 Volt Supply

1. Ensure power is off on the front panel of the 576.
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2. Connect a suitable power source to the external
power input. If possible, use the power source which
will normally be used to power the 576.

3. Connect the negafive lead of the DMM to TP-GND
test point and the positive lead of the DMM to the
TP+5.

4. Verify that the power supply is fully loaded as in
normal operation. The AMM module should be in
slot 1, and the option module (if used) should be in
slot 3. Any external sensors or loads normally used
with the option module should be connected.

5. Turn on the 576 power switch. Verify that the power
light comes on. If the power light does not come on,
check for the following conditions:

A. Check that the power supply is not over loaded.
If the power supply cannot handle the initial
surge requirements of the 576, or if the external
power supply sags to less 12V, the 576 power
supply may fail to start up.

If the power light comes on, go to the next step.

6. Adjust R4 to obtain a reading of 5.00V+0.05V.
7. This completes calibration of the +5V power supply.

Calibrating the +10 Volt Reference

Normally, calibration of the 10V reference is necessary
only in the case of repairs to the 576. Calibration of the
+10V reference on the AMM module will normally cor-
rect errors in the analog outputs. See the AMM manual
for a calibration of the +10V reference.

NOTE
A properly functioning AMMIA or AMM?2
module must be installed in slot 1

1. Confirm that power is turned off at front panel of the
576.

2. Connect the negative (black) lead of DMM to pin 1 of
J1 (remove the terminal block to facilitate this con-
nection).

3. Connect the positive (red) lead of DMM to TP4, the
+10V reference test point.

4. Apply power. Allow several minutes of warm up
time for +10 volt reference on the AMM module to
stabilize.

5. Note the DMM reading to the nearest millivolt, for
example 10.013V.

6. Connect the positive (red) lead of DMM to pin 1 ofJ1.

7. Connect the negative (black) lead of DMM to TP5,
the +10V reference test point.
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8. Adjust R404 to obtfain the same reading that was
noted in step 5, within 0.001V.

9. Calibration of the %10 volt reference is now com-
plete.

TROUBLESHOOTING INFORMATION

This section contains information necessary to
troubleshoot the Model 576. Information is presented on
twolevels; a procedure designed to aid the typical userin
isolating faults to a specificregion or board, and more de-
tailed information intended for the skilled technician
who has access to electronic test equipment.

If a defective component is found, replacement parts may
be obtained from Keithley. If factory service is desired,
the Model 576 may be returned for repair. For informa-
tion on replacement parts or factory service, see the Parts
List section of this manual.

Isolating the Probiem

The following four symptoms suggest specific system
problems:

NOTE
The following checks assume that the PC is
functioning properly.

576 power indicator not on.

The power indicator on the front panel of the Model 576
is controlled by circuitry which checks several conditions
within the 576. If the power-on indicator does not light,
check the following:

1. The 576 front panel power switch is on.

2. The external power supply has sufficient capacity.

3. A power fault, such as a momentary overload, has
caused the 576 power supply to shut down. This con-
dition can be reset by switching the 576 off and back
on.

As long as the front panel power indicator is off, the 576
internal reset circuitry will hold the microprocessor and
all internal registers in the reset state and the 576 will not
respond to commands.

System inoperative (POWER indicator turns on, but unit
is not able to comunicate over the IEEE-488 bus):

1. Check that the IEEE-488 interface address switch is
set correctly.

2. Check for a shorted module by removing it from the
option slot.

3. Other possible causes include defective interfacing
cable, defective £15V supplies, defective controller,
or defective logic circuits.

No module works in the option slot:

1. Inadequate power source (see the previous discus-
sions)

2. Check for a bad option slot connector.

3. Check for bad mother board logic circuit.

A particular module is inoperative in the option slot:

1. Inadequate power source (see the previous discus-
sions)
2. The module is defective and should be repaired.

NOTE
For defective modules, refer to the module in-
struction manual for troubleshooting infor-
mation.

System Checks

The following troubleshooting information is intended
for skilled electronics servicing personnel who are famil-
iar with electronic test equipment. Information is pro-
vided to enable troubleshooting to the circuit level.
Troubleshooting to the component level is left up to the
technician. Use the component layouts and schematic
diagrams located at the end of this manual as an aid in
troubleshooting. In some cases, information contained in
the Theory of Operation section may also be helpful.

The success of any troubleshooting procedure depends
on the use of accurate, reliable test equipment. The fol-
lowing equipment is recommended as an aid in
troubleshooting the Model 576: 4-1/2 digit DMM with
0.03% basic DC accuracy (Keithley Model 175 or equiva-
lent). A dual-trace triggered-sweep oscilloscope with
25MHz bandwidth will also be necessary in monitoring
digital waveforms. In addition, a logic probe may be use-
ful in tracing digital signals.
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Power Supply Checks

A good technique is to always check the power supply
voltages first, since improper levels could cause partial or
complete system failure. Check power supply voltages at
the mother board first. The allowable voltage ranges of
the supplies are listed in Table 8-1.

Table 8-1. Power Supply Voltage Tolerances

Supply Acceptable Range

+5V 4.75 to 5.25V

+15V 14.5V to 15.5V

-15V —14.5V to-15.5V
Mother Board Checks

Poweris delivered to the mother board via the wall trans-
former or automotive adapter. Perform the following
procedure to check the power supply voltages at the
mother board:

_Remove the option card if one is installed. .
Connect the DMM low to chassis ground.
Turn on the Model 576.
Check the voltage levels at the appropriate test
points. The allowable voltage readings are listed in
Table 8-1.

BN

Signal Checks

Operation of the Model 576 is supervised by the com-
mand signal lines. These logic signals are generated by
the MC68008 microprocessor. Integrity of the various
command lines can be verified by programming the 576
to enter a loop in which the various command line ad-
dresses are poked and then testing the points listed in
Table 8-2. The following program demonstrates how to
do this with an IBM PC or compatible running Interpre-
tive BASIC and using an IOTech IEEE-488 interface card.
The program could be modified to run in other enviorn-
ments.

10 ™=

20 ’* Open communications with IOtech TEEE-488 in-
terface card

30 ™~

40 OPEN *“\dev\ieceout” FOR OUTPUT AS #1

50 IOCTL #1, “BREAK”
60 OPEN "“dev\ieeein” FOR INPUT AS #2

8 ’*

90 ’*Read back and display string

100 ** from IEEE-488 device driver

110 *

120 PRINT #1, “hello”

130 INPUT #2, AN$

140 PRINT AN$

150 7

160 ™

170 "* Initialize 576, read back model

180 * ID string, and display string

190 ~*

200 PRINT #1, “clear”

210 PRINT #1, “output 03; SYS :IDN 2;”

220 PRINT #1, “enter 03"

230 LINE INPUT #2, AN$

240 PRINT ANS

250 7

260 =

270 ** Poke command line addresses and loop

280

290 GOSUB 600: PRINT #1, “output 03; DO;

300 GOSUB 600: PRINT #1, “output 03; POKE 1,A,0;
POKE 1,A,255;"

310 GOSUB 600: PRINT #1, “output 03; POKE 1,B,0;
POKE 1,B,255;”

320 GOSUB 600: PRINT #1, “output 03; POKE 2,A,0;
POKE 2,A,255;”

330 GOSUB 600: PRINT #1, “output 03; POKE 2,B,0;
POKE 2,B,255;”

340 GOSUB 600: PRINT #1, “output 03; POKE 3,A0;
POKE 3,A,255;"

350 GOSUB 600: PRINT #1, “output 03; POKE 3,B,0;
POKE 3,B,255;”

360 GOSUB 600: PRINT #1, “output 03; POKE 4,A,0;
POKE 4,A,255;"

370 GOSUB 600: PRINT #1, “output 03; POKE 4,B,0;
POKE 4,B,255;”

380 GOSUB 600: PRINT #1, “output 03; POKE 5,A,0;
POKE 5,A,255;”

390 GOSUB 600: PRINT #1, “output 03; POKE 5,B,0;
POKE 5,B,255;"

400 GOSUB 600: PRINT #1, “output 03; POKE 2,C,0;
POKE 2,C,255;”

410 GOSUB 600: PRINT #1, “output 03; POKE 3,C,0;
POKE 3,C,255;”

420 GOSUB 600: PRINT #1, “output 03; POKE 1,C,0;
POKE 1,C,255;”

430 GOSUB 600: PRINT #1, “output 03; POKE 1,D.0;
POKE 1,D,255;”

440 GOSUB 600: PRINT #1, “output 03; POKE GLOBAL,0;
POKE GLOBAL 255;”

450 GOSUB 600: PRINT #1, “output 03; POKE RESET,0;
POKE RESET,255;"

460 GOSUB 600: PRINT #1, “output 03; POKE STROBE,0;
POKE STROBE,255;”

470 GOSUB 600: PRINT #1, “output 03; LOOP; X;”

480 PRINT “— Press any key to terminate test —

490 7

500 *
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510 "* Clear the 576 and terminate

520 *

530 WHILE INKEY$="": WEND

540 PRINT #1, “clear 03"

550 END

560 *

570 *

580 ’* Subroutine to ensure that 576 is NOT BUSY
590 "*

600 SPBYTE% = 0: NOT.BUSY% = &HB80

610 WHILE (SPBYTE% AND NOT.BUSY%) =0
620 PRINT #1, “spoll 03”

630 INPUT #2, SPBYTE%

640 WEND

650 RETURN

For all the signal checks, connect the oscilloscope low sig-
nal lead to chassis ground, and connect the high signal
lead to the indicated terminal of the designated compo-
nent. Adjust the time base, triggering and input at-
tenuator controls as required. Timing of the waveforms is
not critical since failure is most likely to be seen as a com-
plete absence of signal. A storage scope may be necessary
to catch short pulses. Alternatively, a logic probe may be
used to verify the presence of signals.

All command lines accessed by the program above are
low true logic. Therefore, a low-going pulse will be seen
on the appropriate terminal.

Table 8-2, Signal Checks

Function Command | Component* | Terminal(s)
All DO 1303 20, 25
All D1 J303 19,26
All D2 J303 18,27
All D3 1303 17,28
All D4 J303 16,29
All D5 7303 15,30
All D6 J303 14,31
All D7 J303 13,32
All STROBE J303 36
All R/W 1303 9
ALL GLOBAL1l J303 12
ALL RESET J303 33
Analog In CMDA1 J301 35
CMDBI1 J301 34
CMDC1 J301 10
CMDD1 J301 9
Trigger CMDA2 U211 5
CMDB2 U211 3
CMDC2 U211 1
Option Slot CMDA3 J303 35
CMDB3 J303 34
CMDC3 J303 11
AnalogOut | CMDA4 U401 2
CMDB4 U401 12
DigitalI/O | CMDAS5 U501 1,4,5
Relay Control | CMDB5 U501 4
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Analog Input

The analog input circuitry is all contained on the
AMMIA or AMM2 Analog Master Measurement mod-
ule (AMM) that was included with the system unit. A
separate troubleshooting and diagnostic procedure may
be found in the appropriate AMM manual.

Analog Output

Analog output converts 12-bit digital values into analog
voltages. Use the procedure listed below to troubleshoot
analog output.

1. Connect the DMM to the output terminals of the
channel to be tested.

2. Verify the presence of the +10V reference from the
AMM module.

3. Using either the WRite command or the POke com-
mand, program the Model 576 analog output cir-
cuitry for minimum output (for example: +10V on
the £10V range (see the Reference section of this
manual for PEEK/POKE command address). Check
the DMM for an accurate reading.

4. Program the analog output for a mid-range output
(e.g. OV on the 10V range) and check the voltage
with the DMM.

5. Program for the analog output for a maximum range
value and read the voltage on the DMM. The voltage
should be 9.997V on the +10V range.

Digital Input/Output

Trouble within digital input/output and power control
can be traced simply by storing all logic “low” and then
all logic “high” to all the various channel bit positions. A
logic probe or DMM can be used to trace through the cir-
cuitry for each channel to determine the location of the
fault. This can be done either through the Write or the
POke commands.

SPECIAL HANDLING OF STATIC SENSITIVE
DEVICES

CMOS devices are designed to operate at very high im-
pedance levels for low power consumption. As a result,
any normal static charge that builds up on your person or
clothing may be sufficient to destroy these devices if they
are not handled properly. When handling these devices,
use the following precautions to avoid damaging them.
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1. Thedevices should be transported and handled only
in containers specially designed to prevent static
build-up. Typically, these parts will be received in
static-protected containers of plastic or foam. Keep
these devices in their original containers until ready
for installation.

2. Remove the devices from their protective containers
only at a properly grounded work station. Also
ground yourself with a suitable wrist strap.

3. Handle the devices only by the body; do not touch
the pins.

4. Any printed circuit board into which the device is to
be inserted must also be grounded to the bench or ta-
ble.

Use only anti-static type soldering irons.

Use only grounded soldering irons.

Once the device is installed on the PC board, the de-

vice is normally adequately protected and normal

handling may resume.

No o

CHANGING THE DATA MEMORY CHIP OR
CLOCK/BATTERY SOCKET

The following instructions cover changing the memory
chip and clock/memory back-up battery for Revision E
and later 576 mother boards. Revision E can be identified
by the board label, located near the power supply and
sideboard, and by the presence of jumper J302 near the
clock oscillator Y301.

Beta 576 units and a few early production units lack
jumper J302, and must be reworked slightly. If your sys-
tem is an earlier revision, contact Keithley DAC for fur-
ther instructions.

The Model 576 is available with a 128k static RAM mem-
ory chip asstandard equipment, or witha 512k RAM chip
asanoption. Thisis a factory-installed option, but may be
upgraded in the field by a qualified technician.

The clock/calendar/data memory back-up battery is an
internal part of the socket holding the system memory
chip and clock (U304). The battery is not user-serviceable;
the socket must be replaced when the battery is ex-
hausted. This condition will become evident when the
Model 576 no longer retains the correct time when the
system is switched off. The clock/battery socket may also
be renewed in the field by a qualified technician.



SECTION 8
Calibration, Maintenance, and Troubleshooting

Replacing the Battery and Memory

The standard 128k RAM is Keithley part number LSI-104
or Sony part number CXK581000-15L. The optional 512k
RAM is Keithley part number LSI-111 or Hitachi part
number HM66205-10. Other equivalent memory chips
may not seat properly in the memory/clock socket.

The battery/clock/calendar socket is Keithley part num-
ber S50-129, Dallas Semiconductor part number
DS-1216D, or Radio Shack part number 25-1033. Note
that SO-129 looks like two sockets. These are perma-
nently joined, and reside in a low-profile socket which is
soldered to the 576 mother board.

A

Battery/
Socket

- Board
Socket

CAUTION
The RAM chip is succeptible to static dam-
age. Work only on an approved anti-static
mat, or take other appropriate anti-static
measures to assure you do not destroy the
memory chip. This damage is not covered
under warranty.

1. Turn off the Model 576 and unplug the power cable.

2. Open the Model 576 and remove any modules in the
option slots.

3. Refer to the mother board component layout to lo-
cate the staticRAM chip U304 and jumper J302. U304
is mounted in the SO-129 socket, and located ap-
proximately 3 in. (7.5 cm) from the rear panel and 1.5
in. (3.8 cm) from the side board assembly. Jumper
J302 is near the clock oscillator Y301.

4. Remove the memory chip. Use a small screw driver
to alternately lift each end of the memory chip a little
at a time until it can be removed from the socket.
Transfer the chip to piece of anti-static foam or an
anti-static tube.

CAUTION

Itis extremely important that you alternately
lift each end of the chip a little at a time until
it is free. The 512k RAM chip is manufac-
tured on a thin substrate which may crack if
the chip is stressed excessively during re-
moval. This damage is not covered under
warranty.

5. If you are renewing the battery socket, remove the
existing SO-129 using a small screw driver. Alter-
nately lift each end of the socket a little at a time until
it can be removed from the underlying motherboard
socket. Keithley recommends that you change the
socket if you are upgrading to the 512k memory chip.

Orient and align the new SO-129 socket correctly
over the mother board socket. Gently press the new
S0O-129 socket into the mother board socket until it is
fully seated.

6. Reinstall the memory chip (or upgrade). Orient chip
U304 correctly in socket SO-129, and line up all pins
with their respective socket holes. Gently seat the
chip in the socket, using your thumbs and finger tips
to distribute pressure uniformly over the side edges
of the chip. If you are changing chip types, confirm
that jumper J302 is correctly positioned for the type
of chip installed (over pins 1 and 2 for the 128k RAM,
or pins 2 and 3 for the 512k RAM).

Reinstall any module(s) removed in step 1.

Restore power to the system. The 576 is now ready to
use.

® N

REPLACEABLE PARTS

This contains replacement parts information for the 576
system.

Part numbers for individual components are listed on the
component layout for the individual boards. Do not con-
fuse the component designation with the part number. A
typical part number could be R-76-10k, while the compo-
nent designation might be R105. Additional available
parts are listed in Table 8-4.

Keithley Data Acquisition and Control maintains an in-
ventory of all normal replacement parts. To place an or-
der, or to obtain information concerning replacement
parts, first contact the Keithley Data Acquisition and
Control Customer Service Department. When ordering
parts, include the following information:
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Model number

Serial number

Module type and part number (as marked on the
board)

Part Description

Circuit designation, including schematic and compo-
nent layout designations (if applicable)

Part number

Table 8-3. Model 576 Mother Board, Parts List

Item | Quantity | Reference Part Number

1 32 C57-C59, C67-C69, C77-C99, C206, C207, C301 C-365-.1

2 4 J12-J15 CS-521-2

3 4 U504, U506, U508, U510 1C-230

4 4 U505, U507, U509, U511 1C-242

5 2 U502, U404 IC-366

6 3 U412,U212, U401 IC-179

7 1 U512 IC-257

8 1 U503 1C-157

9 5 U501, U103, U104, U105, U408 I1C-182

10 8 W1, W301, W501-W506 J-3

11 1 U101 IC-137

12 2 C4,C2 C-237-1

13 2 R10,R13 R-88-121
14 1 R2 R-3-470

15 1 R3 R-76-2.7K
16 3 L1-L3 CH-20-2
17 3 D2-D4 RE-70

18 2 Ci1-C12 C-314-22
19 1 Jio1 CS-699-3
20 1 Ul IC-676
21 4 R9, R14, R237, R238 R-76-100
2 1 R15 R-76-15

23 2 R11,R12 R-88-1.3K
24 4 C9, C14, C103, C104 C-64-1000P
25 6 C3, C6, C15,Cl16,C19, C22 C-22-01
26 1 C20 C-351-2200
27 4 D6, D301-D303 PL-86-2
28 7 R16, R227, R228, R236, R302-R304 R-76-390
29 1 R17 R-76-15K
30 1 U3 1C-308

31 1 U4 IC-309

32 1 R6 R-88-249K
33 1 R18 R-76-2.2K
34 1 R5 R-8-187K
35 1 SW1 SW-479

36 1 U106 IC-219

37 9 C1, G5, C7, C8, C10, C13, C17, C18, C21 C-314-220
38 1 R4 RP-104-2K
39 10 TP-DGND, TP1-TP5, TP+5, TP+15, TP-15, TP-AGND | CS-553
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Item | Quantity | Reference Part Number
40 1 U2 IC-677
41 1 D5 RE-53
42 1 R1 R-88-1K
43 T1 TR-268A
44 2 U402, U216 IC-163
45 2 U403, U220 IC233
46 1 U406 IC-389
47 1 U407 IC-269
48 5 U409-U411, U221, U313 IC-144
49 1 U413 IC-190
50 1 U405 IC-272
51 2 J1,72 CS-521-1
52 4 U415, U416, U201, U203 IC-320
53 1 U417 IC-678
54 1 U418 IC-203
55 3 U206, U207, U419 1C-246
56 4 U202, U204, U420, U421 IC-504
57 4 R401, R402, R406, R413 -10K
58 1 R403 R-88-22.1
59 3 R215, R405, R412 R-88-4.99K
60 2 R407,R414 R-263-6K
61 2 R408, R415 R-88-1.82K
62 4 R409, R411, R416, R418 R-263-2K
63 2 R410,R417 R-88-3.16K
64 1 R404 RP-104-200
65 4 C401-C404 C-64-22P
66 2 C405, C205 C-64-100P
67 1 U414 IC-686
68 2 U218, U223 IC-386
69 2 U107, U211 IC-186
70 3 U22,10213, U214 IC-263
71 1 U215 IC-357
72 1 U217 IC-558
73 1 U219 1C-215
74 1 U222 1C-231
75 1 U205 IC-267
76 3 R212, R229, R230 R-76-100K
77 5 R225, R226, R231, R232, R235 R-76-4.7K
78 8 R208-R211, R220-R223 R-263-20K
79 1 R224 R-76-470K
80 2 R202, R201 R-76-1K
81 1 R203 R-76-10M
82 2 R207, R206 R-88-5.49K
83 3 R204, R205, R217 R-88-49.9K
84 1 R213 R-88-301
85 1 R214 R-88-1.33K
86 1 R216 R-88-15K
87 1 R218 R-88-150K
88 1 R219 R-88-499K
89 3 R102, R103, R234 R-76-10K
90 2 U209, U210 IC-173
91 1 U208 IC-321
92 1 Q202 TG-84
93 1 Q201 TG-47
94 1 W201 CS-3394
95 2 C203, C204 C-64-150P
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Item | Quantity | Reference Part Number
96 1 J201 CS-339-2
97 D201-D206 RF-28
98 1 C201 C-305-.047
99 1 C202 C-306-.001
100 1 U102 IC-307
101 1 R108 R-76-5.6M
102 2 R107, R106 R-176-100K
103 1 R105 R-176-4.75K
104 1 R104 R-176-4.99K
105 1 R109 R-88-422K
106 1 R101 TF-114-1
107 1 R110 R-88-1.62K
108 1 U310 IC-384
109 1 U311 IC-259
110 1 U312 I1C-270
111 1 U309 IC-237
112 1 U302 LSI-90
113 1 U307 LSI-49
114 1 J301 CS-501
115 1 SW301 SW-389
116 1 R301 TF-99
117 1 U301 LSI-69
118 1 U303 LSI-109
119 1 U304 LSI-104
120 1 U308 IC-728A
121 1 R306 R-76-330
122 1 D304 PL-86-1
123 1 R305 R-76-270K
124 1 U314 IC-71
125 1 Y301 CR-28-1
126 1 U306 IC-726
127 1 U305 IC-725
Table 8-4. Model 576 Side Board, Parts List
Item | Quantity | Reference Part Number
1 2 R301, R302 R-176-10K
2 2 R303, R304 R-88-21
3 2 R305, R306 R-176-1.09K
4 4 D301-D304 RF-34
5 10 R307-R316 R-76-1K
6 3 W301-W303 J-3
7 3 J301, 7303, J304 CS-481-6
8 1 J302 CS-481-1
9 1 R317 R-1-1K
10 1 J307 CS-295-1
11 1 J305 CS-618-3
12 1 J306 Cs-711
13 1 C301 C-342-10000
14 3 W304-W306 22-AWG-BARE-BUS
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SECTION @9
Option Modules
and Interfaces

Introduction Keithley Module Library

The following modules are compatible with the Model
This section of the Model 576 Manual includes genericin- 576. New modules are added to the library from time to
formation on Keithley signal conditioning modules. It time. The specified ranges include the cumulative effects
also provides a localized place within the manual where of global and local gains. If you do not see what you need,
you may insert documentation for your modules. contact Keithley DAC Technical Support.
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Option Modules and Interfaces
Table9-1. Signal Conditioning Modules

Module | Description

AMMIA | 16 single-ended or 8 differential channel Analog Master Measurement module. 62.5kHz, 12-bit A/D
converter. Programmable filter. 100mV/1V/10V input.

ANMM2 16 single-ended or 8 differential channel Analog Master Measurement module. 50kHz, 16-bit A/D
converter. Programmable filter. 100mV/1V/10V input.

AIM2 32 single-ended analog input channels. 1V/10V ranges.

AIM3A | 32 single-ended or 16 differential analog input channels. 10mV/100mV/1V/10V ranges.

AlMA4 4 isolated analog input channels. 5mV/50mV /500mV /5V ranges.

AIM>5 4 isolated analog low-level input channels. 5mV/50mV ranges.

ATM6 4 channel analog input module for 100Q resistive temperature devices (RTDs).

ADM7 16 channel thermocouple and analog input module for types J, K, S, T, B, E, and R. Reference junction.
10mV/100mV ranges.

AIMS 4 channel strain gage and low-level analog input module. Excitation and bridge completion circuitry.
Programmable filters. 1mV/10mV/100mV/1V/10V ranges.

AIM9 2 channel LVDT/RVDT/ carrier amplifier module with 1/2/5/10/20kHz AC excitation.

AOM1 2 or 5 channel analog output module. 12-bit +2.5V /+5V /£10V /0-5V /0-10V ranges.

AOM2 1 or 2 channel analog output module. 16-bit £10V /0-10V ranges.

AOM3 4 channel 0-20mA current loop analog output module.

AOM4 4 channel 0-10V excitation analog output module.

AOM5 4 channel 13-bit analog output module. £1/+2/45/+10V ranges

DIM1 16 channel isolated digital input module.

DIO1A 32 channel TTL-level digital input/output module.

DOM1 16 channel isolated digital output module.

PCM1 4 channel isolated AC power control module, 12-140VAC.

PCM3 16-channel external relay mounting board for use with Model 576, 575 and 570. Includes cable. Does
not require an expansion slot.

PIM1 7 channel isolated high-level input plus 1 channel direct low-level input pulse/frequency counting
module.

PIM2 4 channel TTL-level event counter. Settable as four 16-bit or two 32-bit counters.

PROTO* | Prototyping module with one bidirectional data port.

STEP1* Stepper Motor Controller Module (1 per up to 4 STEP2 modules)

STEP2* | Stepper Motor Indexer Module (1 per motor).

TRGI* Programmable Hardware Trigger Module.

WAV1* Programmable waveform generator module.

* Supported by PEEK and POKE commands in the Model 575. STEP set uses both available slots in the Model
576; precludes use of analog input. Analog output may be used, but accuracy will be less than rated accuracy
(analog output requires the precision reference on the AMM module.)
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Option Modules and Interfaces

Table 9-2. Module Power Consumption

Module | *15V | +5V | Remarks

AMMIA | 65 125

AMM2 |65 125

AIM2 2 20

AIM3 18 30

AlM4 30 30

AIM5 30 30

AIM6 30 30

AIM7 15 15

ATMS8 75 75 | Plus excitation current

AIM9 125 |60

AOM1 |90 60

AOM2 |30 180

AOM3 |150 |65

AOM4 |200 |75

AOM5

DIM1 0 277 | maxl

DIO1A 270 | Internal power, all outputs
on

DOM1 |0 650 | max2

PCM1 0 90 |max3

PCM3 0 0 Power supplied by Model
576

PIM1 0 380

PIM2 0 475

TRG1 22 135

WAV1 |85 65

Notes: 1 — 14mA for each input on. 2 — 15mA for each output on
(EXT), or 35mA (INT) 34 — 12mA for each output on

Table 9-3. Module Self-ID Resistor Values

Resistor
Module Value Q | ID Number
AMMIA 845 29
AMM2 976 31
AIM2 105 32
ATMB3A 1090 33
ATM4 1150 34
ATMS5 1260 35
AIM6 1320 36
ATM7 1400 37
ATMS 1520 38
AIM9 1600 39
PiM1 1740 40
PIM2 1870 41
STEP1 1960 42
STEP2 2100 43
AOM1/2 2260 44
AOM1/5 2430 45
AOM2/1 2640 46
AOM2/2 2910 47
AOM3 3160 48
AOM4 3440 49
DIM1 3790 50
DOM1 4070 51
DIOIA 4530 52
PCM1 5050 53
PROTO 7590 56
TRGI1 8760 57
AOM>5 10700 58
WAV1 13300 59
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Module Manuals

(Use this space to insert the dividers and manuals for your modules)
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Device Clear ¢
Interface Clear

DIX A
nd

APPEN.

Device Clear

Whenever the 576 receives a Device Clear (DCL) or a Se-
lective Device Clear (SDC), the 576 is restored to aknown
state. The following conditions occur:

1.
2.

RESET OUT is executed to clear all 576 outputs.

All 576 buffers can be re-dimensioned. However any
data that was acquired can still be manipulated (i.e.
BUFF READ, BUFF STAT, etc.).

Any 576 program, or portion of a program that was
sent to the 576, is erased. This means that DCL can be
used to HALT a 576 program or clear a “wrong” pro-
gram statement. Program statements are those that
mustbe eXecuted. Immediate mode commands such
as SYST and CHAN are not affected. The IDLE bitin
the 576 device status byte will be set.

Any data in the 576 input queue is cleared. This
means any unprocessed commands that were sent to
the 576 prior to the DCL will be lost. This includes
data sent to the 576 (i.e. BUFF WRITe).

Any data in the 576 output queue is erased. This
means that if a DCL is issued before data from the
576 is read, the data will no longer be available. The
DATA RDY bit in the 576 device status byte (serial
poll) will also be cleared.

The hardware trigger in the 576 is reset. The TRIGger
command must be re-issued in order to use the hard-
ware trigger.

SYST :SRQ NONE,; is set so that service requests will
not be generated by the 576. The SYST :SRQ com-
mand must be re-issued to enable service requests.
DEBUG 0 is executed to reset the debug code to 0.
All the bits in the 576 device status byte are set to re-
flect the current system status. Any bits that were
latched due to SYST : SRQ are unlatched. Refer to the
576 Manual command section for more information
on the 576 device status byte.

The SYST :SAVE PROG command, if set, reverts to a
SYST :SAVE DATA command.The following condi-
tions are NOT affected by Device Clear:

BUFFer dimensions and BUFFer data are not modi-
fied.

Any configuration set by the SYST or CHAN com-
mands with the exception of SYST :SRQ, is not af-
fected (i.e. gains, ranges, etc., are not reset).

Interface Clear

Whenever an Interface Clear (IFC) is received by the 576
the 576 releases the IEEE-488 bus. Any data in the 576 in-
put or output queues is not affected.
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APPENDIX B

Error Conditions
and Messages

The 576 generates two types of errors: Parse-Time errors
and Run-Time Errors. Parse-time errors are generated
when the 576 receives a command containing an illegal
parameter, too many parameters, or when the specified
operation does not match the hardware for which it is re-
quested. Run-time errors are generated during the execu-
tion of a 576 program. Examples of run-time errors are 1)
a subroutine was called but never defined, 2) a buffer
read operation was attempted prior to information being
placed into the buffer, etc.

When a parse-time error occurs, the command that was
in error and any further text in the input buffer will be lost
until the 576 receives a semi-colon character. At this time,
the 576 will attempt to continue parsing the input stream.

If an error occurs at run time, the system will log the error
but continue to operate. This is the default operation of
the 576, but can be overridden by using the “SYST :SRQ
on ERROR” command and issuing a HALT on SRQ
within a program. In this case the 576, will stop executing
the program as soon as an error occurs.

To retrieve the error status of the 576, a Serial Poll com-
mand must be issued (see the 576 Manual command sec-
tion for further information on obtaining Device Status).
To retrieve a textual error message from the 576, issue a
SYST : ERR ? command. The 576 will retuun the current
error message from the system. If the SYST :ERR ? com-

mand is issued and the 576 has not detected an error con-
dition, the string “NO ERRORS” will be returned. A com-
plete list of the 576 errors strings follow. If an error occurs
in a program and the error does not match one of these, it
is likely that the error was generated by the GPIB inter-
face, programming language, or controller. If so, consult
documentation for other components of the total system
to determine the cause of the error.

576 ERROR STRINGS (RETURNED WITH SYST :ERR
? COMMAND)

AMM NOT VALID TRIGGER CHANNEL FOR MULTI-
PLE CHANNELS

ATTEMPTED TO WRITE TO AN INPUT BUFFER

AVERAGING ALLOWED WITH ANALOG INPUT
MODULES ONLY

BAD CHANNEL NUMBER SPECIFIED
BAD CHARACTER IN SUBROUTINE NAME

BAD IMMEDIATE INTEGER DATA RECEIVED

BAD NUMERIC VALUE RECEIVED

BAD SLOT NUMBER SPECIFIED

BUFFER ALREADY EXISTS

BUFFER EMPTY

BUFFER IS THE WRONG TYPE

BUFFER MUST BE DIMENSIONED BEFORE USE
CAN'T CALIBRATE A/D MODULE

CAN'T HAVE MULTIPLE HARDWARE TRIGGERS
DEFINED
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CAN'T HAVE NESTED ELSE’S

CAN'T READ FROM CHANNEL GATE

CHANNEL CONFIGURED FOR INPUT

CHANNEL CONFIGURED FOR OUTPUT
CHANNELS DON'T MATCH BUFFER DIMENSION
ENABLE OR DISABLE EXPECTED

ENDING CHANNEL MUST BE LARGER THAN
START CHANNEL

ENDSUB ENCOUNTERED WITHOUT SUBR STATE-
MENT

EXPECTED NUMERIC INPUT NOT FOUND
INTERNAL ERROR, SYSTEM RESTARTED
INTERRUPT RATE IS TOO FAST

INVALID BUFFER COMMAND OPTION
INVALID BUFFER SPECIFIED

INVALID CALIBRATION CONSTANT SPECIFIED
INVALID CHANNEL - DOESN'T EXIST IN BUFFER
INVALID CHANNEL GAIN SPECIFIED

INVALID CHANNEL MODE OPTION

INVALID CHANNEL RANGE SPECIFIED
INVALID CHANNEL SUBOPTION

INVALID CLOCK OPTION SPECIFIED FOR COM-
MAND

INVALID COMMAND LOCATION SPECIFIED
INVALID COMMAND SPECIFIED
INVALID CONDITIONAL SPECIFIED

INVALID CONVERSION FOR BUFFER WRITE COM-
MAND

INVALID CONVERSION SPECIFIED

INVALID COUPLING SPECIFIED

INVALID DATE SPECIFIED

INVALID DEBUG NUMBER SPECIFIED

INVALID END OF LINE TERMINATOR SPECIFIED

INVALID ENGINEERING UNITS FOR CHANNEL
READ

INVALID ENGINEERING UNITS SPECIFIED
INVALID FILTER VALUE SPECIFIED
INVALID HALT MODE SPECIFIED
INVALID INTERRUPT RATE SPECIFIED
INVALID LIMIT VALUE SPECIFIED
INVALID MODE OPTION SPECIFIED
INVALID MODULE NAME SPECIFIED
INVALID MODULE OPTION SPECIFIED
INVALID NUMBER OF CYCLES SPECIFIED

B-2

INVALID OR INCOMPLETE PIM1 MODE SPECIFIED
INVALID OR INCOMPLETE PIM2 MODE SPECIFIED
INVALID OR MISSING HIGH LIMIT VALUE
INVALID PIM OPERATING MODE

INVALID POKE COMMAND

INVALID READ OPTION SPECIFIED

INVALID RESET MODE SPECIFIED

INVALID REUSE OF BUFFER

INVALID SAVE OPTION SPECIFIED

INVALID SRQ MASK OPTION SPECIFIED
INVALID SYSTEM AMM OPTION SPECIFIED
INVALID SYSTEM CLOCK COMMAND
INVALID SYSTEM COMMAND OPTION
INVALID SYSTEM SUBOPTION SPECIFIED
INVALID SYSTEM TRIGGER MODE SPECIFIED
INVALID TIME PERIOD SPECIFIED

INVALID TIME SPECIFIED

INVALID TIME UNITS SPECIFIED

INVALID TIMESTAMP MODE SPECIFIED
INVALID TIMESTAMP RANGE SPECIFIED
INVALID TRANSFER FORMAT SPECIFIED
INVALID TRIGGER LEVEL SPECIFIED

INVALID TRIGGER MODE FOR MULTIPLE CHAN-
NELS

INVALID TRIGGER MODE SPECIFIED
INVALID TRIGGER THRESHOLD VALUE
INVALID TRIGGER VOLTAGE SPECIFIED
INVALID WAIT OPTION SPECIFIED

MIXED 16 AND 32 BIT EVENT COUNTING NOT AL-
LOWED

MIXED EVENT AND FREQUENCY COUNTING NOT
ALLOWED

MODULE CAN'T BE PLACED INTO SPECIFIED SLOT
MODULE DOES NOT SUPPORT QUICK READ
MODULE DOES NOT SUPPORT READ OPERATION
MODULE DOES NOT SUPPORT WRITE OPERATION

MULTIPLE CHANNELS NOT ALLOWED FOR PIM1
EVENT

NESTING LEVEL EXCEEDED

NO CALIBRATION CONSTANT SPECIFIED
NO ERRORS

NO IF COMMAND GIVEN

NO READ OR WRITE COMMAND GIVEN FOR
BUFFER
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NO WHILE STATEMENT FOUND

NOT ENOUGH MEMORY AVAILABLE FOR OPERA-
TION

NUMBER OF AVERAGES MUST BE GREATER THAN O
NUMBER OF SCANS EXPECTED

OFFSET REQUIRED IF SCALE IS SPECIFIED

OLD & NEW BUFFERS DIMENSIONED DIFFERENTLY
ONLY 10 SUBROUTINES CAN BE DEFINED

OPEN IF/WHILE/DO COMMAND EXISTS

OUT OF CGM MEMORY

OUT OF INTERNAL SYSTEM MEMORY

READ OPTION FLAG
SLOT OCCUPIED BY ANOTHER MODULE

'START OF LOOP NOT SPECIFIED

SUBROUTINE ALREADY DEFINED
SUBROUTINE NOT DEFINED

SYST :STAMP [MODE] SHOULD BE ONCE
SYST :STAMP [MODE] SHOULD BE SCAN

SYSTEM CALIBRATION HAS NOT BEEN PER-
FORMED

TIME STAMPING NOT ALLOWED

UNEXPECTED DATA RECEIVED AT END OF COM-
MAND
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Quickstart Program Listings

QuickStart Programs for Interpreter BASIC, IOtech Driver488 Software Driver,
and Compatible GPIB Iinterface

10 T Fededeso s dededk ek v e vk v e e sk e e e sk e e e ok e i vk ke o e e e vk e e ke ok e e vl g ol e e e e e e o o e e g ok e ek de e e de e e de ke ek
20 !

30 ' ANALOG.IOT - 576 QUICKSTART Analog 1/0 Program in Interpreter BASICA

40 ' DATE: 7-1-90

50 1

60 ' This program is designed to run with the Driver488 GPIB driver software
70 ' and a compatible GPIB interface card on an IBM PC/XT/AT or compatible.
80 ' It assumes an address of "03% for the 576.

90 ¢!

100 ¢ (c) Copyright 1990 - Keithley Data Acquisition and Control

110 ¢

120 1 e v vl sk e vk e vk e e e e ke e v e sk e ke ke ke v sk dhe e e s v e e e vl e ok e vl e ok ke e e e e g e e e e v e ke vk 9 o e ok e e e o e ok e e e e e e e e
130 ¢

140 CLS:CLOSE:KEY OFF

150 ¢

160 ' Declare variables

170 !

180 SPOLLBIT% = O ' Used as input to SPOLL check subroutine
190 BITSTAT% = O ' Used as output from SPOLL check subroutine
200 ADDR$ = np3n ' Address of 576 as set on rear panel

210 0% = Youtput 03; " ' Initial output string for Driver488

220 ¢

230 ' Initialize Driver488 and interface for output.

240 ¢

250 OPEN "\dev\ieeeout® FOR OUTPUT AS #1

260 JOCTL, #1, “BREAKY

270 PRINT #1, “RESET®

280 1

290 * Initialize Driver488 and interface for input

300 ¢

310 OPEN "\dev\ieeein" FOR INPUT AS #2

320 !

330 ' Do some general GPIB housekeeping

340 !

350 PRINT #1, "FILL ERRORY™

360 PRINT #1, "TIMEOUT 5%

370 PRINT #1, “CLEAR™

380

400 ' successful communication with driver and GPIB interface
410

420 PRINT #1, WHELLO®

430 LINE INPUT #2, AS

440 PRINT A$

)

390 ! System should respond with driver revision and date, indicating
1
1
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450
460
470
480
490
500
510
515
516
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
7790
780
790
800
810
820
830
840
850
860
87¢
880
890
900
910
920
930
940
950
960
§70
980
$90
1000
1010
1020
1030
1040
1050
1060
1070
1080
1990
1108
1110
1120

C-2

t

- o = v =

1

LOCATE 3,1: PRINT'** 575 QuickStart Analog 1/0 Test ***n

Reset 576

QUTP$ = "reset all;x;"
PRINT #1, 0% + DUTPS
TI1=TIMER: WHILE TIMER-T!<2: WEMD ! Delay for RESET ALL. See
' RESET command for details.
SPOLLBITX = 7: GOSUB 2000

Set data transmission format

QUTP$="syst :format ASCI;™
PRINT #1, 0% + OUTPS
SPOLLBIT%Z = 7: GOSUB 2000

Set up analog input (A/D) range and mode

ouTPS=ttchan 1, 0, :mode se;»
PRIKT #1, 0% + OUTPS
SPOLLBITX = 7: GOSUB 2000

OUTP$="chan 1, 0, :gain 1;"
PRINT #1, 0% + DUTPS
SPOLLBITZ = 7: GOSUB 2000

ouTPs="chan 1, 0, :range 10b;"
PRINT #1, 0% + QUTPS
SPOLLBITA = 7: GOSUB 2000

Set up analog output (D/A} channel 0

OUTP$="chan 4, 0, :range 10b;"
PRINT #1, 0% + OUTPS
SPOLLBITX = 7: GOSuB 2000

vl i sk s e sk o ske-ake iy vk o she e she ol sk e sk vk dhe e e sk e kel ek e sk o o e gk e ok e o ok e ok e v e sl e e vk e ok o sk e ke ke e e o e e e e e e de e

Prompt for desired output voltage and write value to slot 4, channel D

LOCATE 6,1:PRINT SPACE$(78)
LOCATE 6,1:1NPUT "Output voltage, (-10 to +10, or 'Q¢ to quit) ";0V$
IF LEFTSCOVS, 1) = "a" OR LEFT$(OVS,1) = wg" THEN END

OUTP$ = "jurite DCV 4, O, ¥ + OVE + ",
PRINT #1, 0% + QUTPS
SPOLLBITX = 7: GOSUB 2000

Do readings of AMM channel 0 and return as volts

QUTP$ = ®syst :clock ?;iread dev, 1, O;¢
PRINT #1, 0% + OUTPS
SPOLLBET% = 4: GOSUB 2000

Input time value from GPIB
PRINT #1, “ENTER Q3v
LINE INPUT #2, ATIMS

Input voltage vatue from GPIB
PRINT #1, VENTER 03¢
LINE INPUT #2, IV$
Do readings of AMM channel 0 and return as A/D counts
oUTP$ = “syst :clock ?; iread RAM, %, Q;*
PRINT #1, 0% + OUTPS
SPOLLBITX = 4: GOSUB 2000

Input time/date value from GPIB



1130
1140
1150
1160 *
1170
1180
1190
1200 *
1210
1220
1230
1240
1250
1260
1270
1280 E
1290
2000
2010
1
1
1
1
]
1
]
1

2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180 *
2190
2200
2210
2220
2230
2240
2250

PRINT #1, “ENTER 03"
LINE INPUT #2, CTIMS$

Input data value from GPIB
PRINT #1, “ENTER 03"
LINE INPUT #2, CTS$

Write information to the screen

LOCATE 10,1: PRINT "Voltage written to analog output = H-QV$; " 5
LOCATE 12,1: PRINT "Input Voltage and time = ";ATIMS$, IV$;" "
LOCATE 13,1: PRINT "“Raw counts and time = U.CTIMS$,CTSS;" "

GOTO 820

e v s e e s e e e e e e s e o T v Y Tk vk e e e e s e e e e e T sk v ke Y ¢ T T 3 e vl ke e o e e e 3k Yo i e e e e vl e e e e e e ke ke e ke e e v ok e ok

Define a subroutine for checking the serial poll byte.

The bit to be tested will be passed in as "“spollbit¥%".

The subroutine will return a value to the variable "bitstat%".

The error bit will be tested automatically each time the subroutine
is entered. If the error bit is set, program stops and prints message.

SPOLL BYTE / ERROR BIT TEST SUBROUTINE

S$B% = 2 ~ SPOLLBIT¥
SP% = 0: BITSTAT% =

LOCATE 25,1: PRINT "Testing SPOLL Bit";SPOLLBIT¥;": Status = %;
PRINT #1, "spoll 03n

INPUT #2, SP%

BITSTATY = SP% AND SBY

IF BITSTAT% = O THEN LOCATE 25,31: PRINT BITSTATY;: GOTO 2130

IF BITSTAT% <> O THEN BITSTAT% = 1: LOCATE 25,31: PRINT BITSTATY;

ES% = SP% AND 32

IF ES% = O THEN RETURN

BEEP:PRINT #1, “Clear®

PRINT #1, O$+%syst :err 2;"

PRINT #1, “enter 03"

INPUT #2, ERINS

LOCATE 25,1:PRINT "ERROR! - “;ERIN$;" - ";0UTP$;:LOCATE 20, 1:END

2260 RETURN

2270 !

2280 1 Sedesdede el s de e ok e e de e ok v e e de e e e e e e ke e e ok o ke ok v e ke e e o o e e e e s e e o e ke e ke e e e e e e she ok e e e e e e e de de ok de ok ek
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20 ¢

30 * DIGITAL.IOT - 576 QUICKSTART Digital 1/0 Program in Interpreter BASICA
40 * DATE: 7-1-90

50 ¢

60 ' This program is dedsigned to run with the Driver488 GPIB driver software
70 ' and a compatible GPIB interface card on an IBM PC/XT/AT or compatible.
80 ' 1t assumes an address of "03" for the 576.

90 ¢

100 (c) Copyright 1990 - Keithley Data Acquisition and Controt

110 ¢

120 b deedie e v s de e e de o e e v oo vk e ke ke vk o ke e v e sl ok ok gk vk e e ke e e s vk ok e e e gk ke o e ke e o e 3k v e e e 3k o e ke e o e e e ke e e ok e e e ok e ke
130 ¢

140 CLS:CLOSE:KEY OFF

150 ¢

160 ' Declare variables

170 @

180 SPOLLBIT%Z = O ' Used as input to SPOLL check subroutine
190 BITSTATZ = 0 ! Used as output from SPOLL check subroutine
200 ADDR$ = "Q3#» ' Address of 576 as set on rear panel

210 0% = “output 03; " t Initial output string for Driver488

220 *

230 ' Initialize Driver488 and interface for output.
240 ¢

250 OPEN "\dev\ieeeout® FOR OQUTPUT AS #1
260 IOCTL #1, “BREAK"

270 PRINT #1, “RESETH

280 !

290 ' Initialize Driver488 and interface for input
300 ¢

310 OPEN "\dev\ieeein" FOR INPUT AS #2

320 ¢

330 ' Do some general GPIB housekeeping

340 ¢

350 PRINT #1, "FILL ERROR"

360 PRINT #1, "TIMEOUT 5%

370 PRINT #1, “CLEAR"

380

390 ' System should respond with driver revision and date, indicating

1
1
400 ' successful communication with driver and GPIB interface
410 ¢

420 PRINT #1, VHELLO"

430 LINE INPUT #2, AS

440 PRINT AS

450 !

460 LOCATE 3,1: PRINTW*** 576 QuickStart Digital I1/0 Test ***w
470 ¢t

480
490 !

500 OUTP$ = "reset all;x;®
510 PRINT #1, 0% + OUTP$

-

Reset 576

515 TI=TIMER: WHILE TIMER-T!<2: WEND ! Delay for RESET ALL. See
516 ' RESET command for details.
520 SPOLLBIT% = 7: GOSUB 2000

530 !

540 ' set up digital port A for input

550 ¢

560 QUTP$="chan 5, 0, :mode in;"
570 PRINT #1, 0% + OUTPS

580 SPOLLBIT% = 7: GOSUB 2000
590
600 ' Set up digital port B for output
610 !

620 OUTP$=%chan 5, 1, :mode out;"
630 PRINT #1, 0% + QUTPS
640 SPOLLBIT% = 7: GOSUB 2000

650 '

660 1 dededede e do v e e s sk sk sk ke vk ok ok e e e S ok e sk ok ke e e e e ke sk ke ok e ke e ke ke ke sk o o e e e e e e e e e e ok sk ok ok e sk e e e de o ok e ke e ke o ok
670 '

680 ' Loop to output data and make readings

c4




690 ¢
700 LOCATE 5,1:PRINT "Press any key to stop...";

710 ¢

720 FOR PASS%=0 TO 255

730 ! write outval% to digital port B

740 OUTP$ = "iwrite raw 5, 1, " + STR$(PASS%) + "; v
750 PRINT #1, 0% + OUTPS

760 SPOLLBIT% = 7: GOSUB 2000

770 !

780 ! read value at digital port A

790 OUTP$ = “iread raw, 5, O;%
800 PRINT #1, 0% + OUTP$

810 SPOLLBIT% = 4: GOSUB 2000

820 !

830 ¢ input data value from GPIB

840 PRINT #1, MENTER O3%

850 LINE INPUT #2, A$

860 ¢

870 ' Print data to screen

880 !

890 LOCATE 10,1
900 PRINT "Written to 576 Digital Port

B: ";PASS¥;" ©
910 PRINT "Read from 576 Digital Port A:

";VAL(As);II n
920 !
930 1$ = INKEYS$: IF I$ = "% THEN NEXT PASS%
940 !
950 END
960 ¢ -
2000 e3¢ e Je 9 e de Y Je e e e I e e v e e e v e e e she e v e e ok e ke e e e ke ok e ke e sk e sk ske e e e e e g e e ke 3 v o ke de o e die e e o e de e e e ek e ok
2010
2020 ' pefine a subroutine for checking the serial poll byte.
2030 ' The bit to be tested will be passed in as "spollbit¥®.
2040 ' The subroutine will return a value to the variable "bitstat%".

]
1
1 ]
]
5
2050 ! The error bit will be tested automatically each time the subroutine
1
]
1
1

2060 is entered. If the error bit is set, program stops and prints message.
2070

2080 ' SPOLL BYTE / ERROR BIT TEST SUBROUTINE

2090

2100 SB% = 2 ~ SPOLLBIT%

2110 SP% = 0: BITSTAT%Z = 0

2120 LOCATE 25,1: PRINT "Testing SPOLL Bit";SPOLLBIT%;": Status = ";
2130 PRINT-#1,-"spoll- Q3% — - - -
2140 INPUT #2, SP%

2150 BITSTAT% = SP% AND SB%

2160 IF BITSTATXZ = O THEN LOCATE 25,31: PRINT BITSTATX;: GOTO 2130
2170 IF BITSTAT% <> O THEN BITSTAT%Z = 1: LOCATE 25,31: PRINT BITSTATY%;
2180 ¢

2190 ER% = SP% AND 32

2200 IF ER% = O THEN RETURN

2210 BEEP:PRINT #1, "“Clear®

2220 PRINT #1, O$+"syst :err 2;"

2230 PRINT #1, %“enter 03"

2240 INPUT #2, ERINS

2250 LOCATE 25,1:PRINT “ERROR! - ";ERIN$;" - ";0UTPS$;:LOCATE 20,1:END
2260 RETURN

2270 ¢!

2280 1 Fededededededesdededededk dok e de o de de sk e e ek de e e e e e vk e ke e e ke de ke de ke e de e e de e dede e de ok e ok e e o de e e deoke e de ke dede ke e e ke



QuickStart Programs for Interpreter BASIC, CEC Software Driver,
and Compatible GPIB Interface

10 1 Jede vl s e e e gl e v S v e o e e e ke v e v e vk s ok e e e sk o Sk ke e e e e e ke e v vk e e o vl e ok ke sk s sk e ok ek e ke e e e Sle ke e e ke o e de e ok
20 ?

30 ' ANALOG.CEC -~ 576 QUICKSTART Analog 1/0 Program in Interpreter BASICA

40 ' DATE: 7-20-90

50 !

60 * This program is designed to run with the Capital Equipment Corporation
70 * driver software and a CEC GPIB interface card on an IBM PC/XT/AT or

80 ' a compatible.

90 '

100 ' It assumes an address of "03" for the 576.

110 ¢

120 ! (c) Copyright 1990 - Keithley Data Acquisition and Control

130 ¢

140 S ik dodode v 7 e vk g ok e vk e e ok e e e e ol e e vie s ok e ek e ok vie e she s v ke e de e ske ke ke ol e ke e ol ke dke e ok o i e e o dhe e e e ke e e e ke vk e e e ke
150 !

160 CLS : CLOSE : KEY OFF

i70 ¢

180 ' Declare variables

190 ¢

200 SPOLLBITZ = 0 ' Used as input to SPOLL check subroutine
210 BITSTATX = O ' Used as output from SPOLL check subroutine
220 K576% = 3 ' Address of 576 as set on rear panel

230 ¢

240 * Initialize CEC Driver and interface for output.

250 ¢

260 DEF SEG = &HC40D
270 INITIALIZE = §
280 TRANSMIT = 3
290 SEND = 9

Memory Address

INITIALIZE Subroutine Cffset
TRANMSIT Subroutine Offset
SEND Subroutine Offset

300 ENTER = 21 ENTER Subroutine Offset
310 SPOLL = 12 SPOLL Subroutine Offset
320 RECEIVE = 6 RECEIVE Subroutine Offset
330 ¢

340 MY .ADDRESS% = 21 ' CEC-488 GPIB Address
350 CONTROLLER% = 0 ! System control

360

370 CALL INITIALIZE(MY.ADDRESS%, CONTROLLER%)

380 ¢

390 ' Do some general GPIB housekeeping

400 ¢

410 CMD$ = "]FC DCL REN MTA LISTEN 3"
420 CALL TRANSMIT(CMD$, STATUSX)
430 IF STATUSX <> O THEN PRINT “ERROR IN TRANSMISSION. PROGRAM HALTED.":END

440 ¢

450 ' System should respond with 576 revision, indicating successful
460 ' communication with driver, GPIB interface, and 576.

470 ¢

480 OUTPS = h"Syst :IDN?;"

490 GOsuUB 3000 tSend output string

500 SPOLLBIT%=4:G0SUB 2000

510 ¢

520 GOSUB 4G00

530 LOCATE 1,1:PRINT RECVS

540 '

550 !

560 LOCATE 3, 1: PRINT w*** 576 QuickStart Analog 1/0 Test ***u
570 !

580 ' Reset 576

590 !

660 QUTPS = "reset all;x;"

610 GOsSUB 3000

615 TI=TIMER: WHILE TIMER-T!<2: WEND ! Delay for RESET ALL. See
616 * RESET command for details.
620 SPOLLBIT% = 7: GOSUB 2000

630

640 ' Set data transmission format
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650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
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1010
1020
1030
1040
1050
1060
1070
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1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340

OUTPS$ = ¥syst :format ASCI;"
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

Set up analog input (A/D) range and mode

OUTP$ = “chan 1, 0, :mode se;"*
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

oUTP$ = “chan 1, 0, :gain 1;"
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

OUTP$ = "“chan 1, 0, :range 10b;"
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

Set up analog output (D/A) channel 0

OUTP$ = “chan 4, 0, :range 10b;%
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000
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Prompt for desired output voltage and write value to slot 4, channel 0

LOCATE 6, 1: PRINT SPACE$(78)
LOCATE 6, 1: INPUT "Output voltage, (-10 to +10, or 'Q' to quit) "; OV$
IF LEFT$(OV$,1) = "Q* OR LEFT$(OVS$,1) = "q" THEN END

OUTP$ = ®iwrite DCV 4, O, " + OV$ + u; n
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

Do readings of AMM channel 0 and return as volts

OUTP$ = "syst :clock ?;iread dcv, 1, 0;"
GOSUB 3000
SPOLLBIT% = 4: GOSUB 2000

Input time value from GPIB
GOSUB 4000
ATIM$=RECV$

Input voltage value from GPIB
GOSUB 4000
IV$=RECV$

Do readings of AMM channel 0 and return as A/D counts

OUTP$ = “syst :clock ?; iread RAW, 1, O;"
GOSUB 3000
SPOLLBITZ = 4: GOSUB 2000

Input time/date value from GPIB
GOSUB 4000
CTIM$=RECV$

Input data value from GPIB
GOSUB 4000
CTS$=RECV$

Write information to the screen

LOCATE 10, 1: PRINT "Voltage written to analog output = "; OVS$; " "
LOCATE 12, 1: PRINT “Input Voltage and time = "; ATIM$, IV$; ¥ "




1350 LOCATE 13, 1: PRINT “Raw counts and time = 4; CTIM$, CTSS; " L
1360 *

1370 GOTC 920

1380 ¢

1390 END

1400 *

2000 1 desedordesie e e dede de s s v e e sk e Y e e de g ek e g e e e ek e vk o e ke e v e e vk v ke e s e ke e e o ke Sie ok ok e ok o ke e e o vk ek e ek ok
2020 !

2040 * Define a subroutine for checking the serial poll byte.

2068 * The bit to be tested will be passed in as “spollbit¥®.

2086 * The subroutine will return a value to the variable "bitstat¥".

2100 ' The error bit will be tested automatically each time the subroutine
2120 ' is entered. If the error bit is set, program stops and prints message.
2140 ¢

2160 ' SPOLL BYTE / ERROR BIT TEST SUBRGUTINE

2180 ¢

2200 SB¥ = 2 ~ SPOLLBIT%

2220 SP% = 0: BITSTATZ = 0

2240 LOCATE 25, 1: PRINT "Testing SPOLL Bit"; SPOLLBITX; ¥: Status = ";

2260 CALL SPOLL(K576%,SP%,STATUSX)

2280 ¢

2300 IF STATUS%=8 THEN PRINT “Timeout. Program Halted..... ":END

2320 ¢

2340 BITSTATY% = SPX AND SB%

2360 IF BITSTAT% = 0 THEN LOCATE 25, 31: PRINT BITSTAT%; : GOTO 2260

2380 IF BITSTATY <> O THEN BITSTAT% = 1: LOCATE 25, 31: PRINT BITSTATY%;

2400 !

2420 ER% = SP% AND 32

2440 IF ER% = 0 THEN RETURN

2460 CMD$ = “DCL MTA LISTEN 3¢

2480 CALL TRANSMIT(CMDS, STATUSX)

2560 IF STATUSY% <> O THEN PRINT “ERROR IN TRANSMISSION. PROGRAM HALTED.':END
2520 ¢

2540 CMD$ = "Syst :ERR?;"

2560 CALL SEND(KS576%, CMD$, STATUS%)

2580 IF STATUS% = 8 THEN PRINT "Timeout. Program Halted..... ':END

2600 '

2620 ERINS = SPACE$(255)

2640 CALL ENTER(CERINS, LENGTH%, K576%,STATUS%)

2660 IF STATUSX = 8 THEN PRINT "Timeout. Program Halted..... ":END

2680 ERINS = LEFTS(ERINS,LENGTHX)

2700 LOCATE 23,1: PRINT “ERROR! - ®; ERIN$; " - “; OQUTP$; : LOCATE 20, 1: END
2720 RETURN

2740

2760 ¢

3000 1§ dedekdedoi douk v de e ek dodk v ke e v e e e o dhe sk e ke T dhe T e e vk ok e e e e e 3 e e e e ek e e e e e e e e e e e o dode K e e e de de e ok
3010 ' Define a subroutine for sending command strings to the 576. If the

3020 ' transmission times out, the program witl halt, otherwise the program
3030 * continues.

30[.0 1 Jededesde dedede de sk e vk s v ok o vk ok o vk Y g e ke ol e ke ke ok e o ke e e e v ok e e o b e e ok e e e Sk e ok i vk ok e ke e e ok e e e de ke ek ek ek
3050 ¢

3060 CALL SEND(K576%, OUTP$, STATUS%)

3070 IF STATUS% = 8 THEN PRINT “Timeout. Program Halted.....":END

3080 RETURN

3090 ¢

3100

4000 1 devededede v sk e v de gk o sk e ok vl e ke e v e e g vl e ok e v e e v sk e e v vie v e v e e ol o vl e e e ok e e vk e e e e sk vl o v e e e ke e o e e e ek ke i
4010 ' Define a subroutine for receiving data from the 576. If the

4020 ' transmission times out, the program will halt, otherwise the program
4030 ' continues.

40[.0 b e dede vl s s vl e de e s v v ke e vk i sk e e e e e i ok e o e vl e 3k e e e ek e o e Sk ke o e vk vl ek e s e e 3k e e o e e s e ke e sk ke e e ke e e e e sk ok
4050 !

4060 - RECVS® = SPACES$(255)

4070 CALL ENTER{RECVS, LENGTH%, X576%,STATUS%)

4080 IF STATUS% = 8 THEN PRINT "Timeout. Program Halted..... ":END

4090 RECV$S = LEFTS(RECVS, LENGTHX)

4100 RETURN

4110 ¢
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DIGITAL.CEC - 576 QUICKSTART Digital I1/0 Program in Interpreter BASICA
DATE: 7-1-90

This program is dedsigned to run with the Capital Equipment Corporation
driver software and a CEC interface card on an IBM PC/XT/AT or
a compatible.

It assumes an address of 03" for the 576.

(c) Copyright 1990 - Keithley Data Acquisition and Control

e v e e g e e o v e sk 3k e e 3k e ke e sk sk e e e vk e de e vl o ke v e e sk sk ke o e ke e sk e ok e o o o e e e e e e e ke e e e e e sk e e do de ke e ke ok e e ok

CLS:CLOSE:KEY OFF

Declare variables

SPOLLBITX = O ' Used as input to SPOLL check subroutine
BITSTATX = 0 ! Used as output from SPOLL check subroutine
K576% = 3 ! Address of 576 as set on rear panel

Initialize CEC Driver and interface

DEF SEG = &HC400 '"Memory Address

INITIALIZE = 0 'INITIALIZE Subroutine Offset
TRANSMIT = 3 'TRANSMIT Subroutine Offset
SEND = 9 'SEND Subroutine Offset

ENTER = 21 'ENTER Subroutine Offset
SPOLL = 12 'SPOLL Subroutine Offset
RECEIVE = 6 'RECEIVE Subroutine Offset
MY.ADDRESS% = 21 YCEC-488 GPIB Adress
CONTROLLER%Z = O 'System Controller

CALL INITIALIZE(MY.ADDRESS%, CONTROLLER%)
Do some general GPIB housekeeping

CMD$ = “IFC DCL REN MTA LISTEN 3"
CALL TRANSMIT(CMDS, STATUSX)

IF STATUSX <> O THEN PRINT "ERROR IN TRANSMISSION. PROGRAM HALTED.*:END

System should respond with 576 revision, indicating successful
communication with driver, GPIB interface, and 576.

OUTP$ = MSyst :IDN?;"
GOSUB 3000
SPOLLBIT%=4:GOSUB 2000

GOSUB 4000
LOCATE 1,1:PRINT RECV$
LOCATE 3,1: PRINT"*** 576 QuickStart Digital I/0 Test *¥**n
Reset 576
OUTP$ = "reset all;x;"
GOSUB 3000
TI=TIMER: WHILE TIMER-T!<2: WEND ' Delay for RESET ALL. See
' RESET command for details.
SPOLLBIT% = 7: GOSUB 2000
Set up digital port A for input

OUTP$=fichan 5, 0, :mode in;"




670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1060
1010
1020
1030
1040
1050
1060
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
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2150
2160
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2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
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1
E
'
1
1
!
I
1
)
t
t
1
1

GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

Set up digital port B for output

OUTP$=¥chan 5, 1, :mode out;"
GOsSUB 3000
SPOLLBIT% = 7: GOSUB 2000
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Loop to autput data and make readings

LOCATE 5,1:PRINT "Press any key to stop...";

FOR PASS%=0 TO 255
write outval% to digital port B
OUTP$ = “iwrite raw 5, 1, " + STRE(PASSZ) + %; ¢
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

read value at digital port A
QUTP$ = "iread raw, 5, 0;"
GOSUB 3000
SPOLLBIT% = 4: GOSUB 2000

input data value from GPIB
GOSUB 4000
A$=RECVS

Print data to screen

LOCATE 10,1
PRINT "Written to 576 Digital Port B: ";PASS¥%;» "
PRINT "Read from 576 Digital Port A: “;VAL(A$);® ®

1$ = INKEY$: IF I$ = " THEN NEXT PASS%

ND

e e v e e e e e e e e o e e de e e e e v e e e e e e e v de e e e e e e e e e R e de e e e e e v ke s ok she e ke e ok e ke ok e ke e o ske o e vk

Define a subroutine for checking the serial poll byte.

The bit to be tested will be passed in as "spollbit%*.

The subroutine will return a value to the variable "bitstat¥".

The error bit will be tested automatically each time the subroutine
is entered. If the error bit is set, program stops and prints message.

SPOLL BYTE / ERROR BIT TEST SUBROUTINE

SB% = 2 ~ SPOLLBITY

SP% = 0: BITSTAT% = 0

LOCATE 25,1: PRINT “Testing SPOLL Bit";SPOLLBITY;": Status = ";
CALL SPOLL(K576%,SP%,STATUS%)

]

IF STATUS%=B THEN PRINT “Timeout. Program Halted..... W.END
1)

BITSTAT%Z = SP% AND SB%
IF BITSTATX = O THEN LOCATE 25,31: PRINT BITSTAT%;: GOTO 2130
IF BITSTATX <> 0 THEN BITSTATX = 1: LOCATE 23,3%1: PRINT BITSTATX;

ER% = SP% AND 32

IF ERX = 0 THEN RETURN

CHD$ = "“DCL MTA LISTEN 3¢

CALL TRANSMIT(CMD$, STATUSY)

IF STATUSZ <> O THEN PRINT ™ERROR IN TRANSMISSION. PROGRAM HALTED.":END

CMD$ = “SYST :ERR?;"
CALL ENTER(ERINS, LENGTH%, K576%, STATUSZ%)
IF STATUS%=8 THEN PRINT “Timeout. Program Halted..... ":END




2300
2310
2320
2330
2340
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120

ERIN$ = LEFTS(ERINS,LENGTH%)
LOCATE 23,1:PRINT “ERROR! - Y“;ERINS$;" - ";0UTP$;:LOCATE 20,1:END

RETURN

1
1
I
]
t
1
1
'
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Define a subroutine for sending command strings to the 576. 1f the
transmission times out, the program will halt, otherwise the program

continues.
e v e v e e 3 v e e v e e 3k v ok v e e v o e e g e e sl e v W 9 ke ke e o ke ok e e e e s e e e v e e e s g o e e ke ke e e e e e ke ok e e e e e e e e de ok

CALL SEND(K576%, OUTP$, STATUSZ)
IF STATUS%=8 THEN PRINT "Timeout. Program Halted..... ":END
RETURN

e e e de o e e e e e e e de e v de e e o e ke o sk e ke e ke etk vk e ke e ke vk vk ok e 2k e ok ok e e e ke e ke e e sk e o ke e e o ke ke ok o o 3 ok e e e de e ek e

Define a subroutine for receiving data from the 576. If the
transmission times out, the program will halt, otherwise the program

continues.
s Je o Je e I v e o i i e Yo e e v s ke e I ke e ok e e e I e 9 e e v sk v ok e sk g ke o o vl s e e ke s e e e de e e e e e o o o sk sk e de e de ok ok e e e ke

RECV$ = SPACE$(255)

CALL ENTER(RECVS, LENGTHZ, K576%, STATUSX)

IF STATUS%=8 THEN PRINT "Timeout. Program Halted..... ":END
RECV$ = LEFT$(RECV$, LENGTH%)

RETURN

e e e v e e e de v e e e e e e ke e e e e e sk s v e e sk vl e d e vl e e e e e ke sk e v ok e e g e e ke g e v v e e e ok ke ke ok o e e ok ok ek ok e e e
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QuickStart Programs for Interpreter BASIC, National Software Driver,
and Compatible GPIB Interface
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20 ¢

30 ' ANALOG.NAT - 576 QUICKSTART Analog 1/0 Program in Interpreter BASIC

40 ' DATE: 7-25-90

50 ¢

60 ' This program is designed to run with the National Instruments driver

70 ' software and a National GPIB interface card on an IBM PC/XT/AT or

80 ' a compatible.

90 !

100 ' It assumes an address of "03" for the 576.

110 ¢

120 *  (c) Copyright 1990 - Keithley Data Acquisition and Control
130 ®

T40 v Fedededeckedededededodedodedodedede dodede dode e s de e e e s oo e e de de e de e de v e sk ke e e e e ke ke e ok e ok e e ok e s e ke ke e e e e e e de e e ke
150 ¢

160 CLS : CLOSE : KEY OFF

170 ¢

180 ' National Instruments Header

190 !

200 CLEAR , 16000! ' BASIC Declarations

210 IBINIT1 = 16000!
220 IBINIT2 = IBINIT1 + 3
230 BLOAD "c:\bib.m", IBINIT1

240 CALL IBINIT1(IBFIND, IBTRG, IBCLR, IBPCT, IBSIC, IBLOC, IBPPC, IBBNA, IBONL, IBRSC, IBSRE, IBRSV, IBPAD,
IBSAD, IBIST, IBDMA, IBEOS, IBTMO, IBEOT, IBRDF, IBWRTF)

250 CALL IBINIT2(IBGTS, IBCAC, IBWAIT, IBPOKE, IBWRT, IBWRTA, IBCMD, IBCMDA, IBRD, IBRDA, IBSTOP, IBRPP,
IBRSP, IBDIAG, IBXTRC, IBRDI, IBWRTI, IBRDIA, IBWRTIA, IBSTA%, IBERR%, IBCNT¥)

260 '

270 ' Declare variables

280 !

290 SPOLLBIT% = 0 ! Used as input to SPOLL check subroutine
300 BITSTATZ = O ' Used as output from SPOLL check subroutine
310 K576% = 3 ' Address of 576 as set on rear panel
320

330 ' Initialize National driver and interface for output.

340 ¢

350 NA$ = “GPIBO": CALL IBFIND(NA$, BRDO%) 'find board descriptor
360 NA$ = "DEVi": CALL IBFIND(NA$, K576%) 'find instrument descr.
370 V% = 12: CALL IBTMO(K576%, V%) 'set 3 sec timeout

380 V% = 3: CALL IBPAD(KS576%, V%) 'set primary addr to 3
390 V% = 1: CALL IBSRE(BRDO%, V%) tset REN true

400

410 ' Do some general GPIB housekeeping

420 !

430 CALL IBSIC(KS576%) tsend IFC

440 CALL IBCLR(K576%) ‘send SDC

450 '

460 ' System should respond with 576 revision, indicating successful

470 ' communication with driver, GPIB interface, and 576.

480 !

490 OUTP$ = “Syst :IDN?;"

500 GOSUB 3000 ' sends commands to 576

510 SPOLLBITZ = 4: GOSUB 2000 ' tests serial poll byte

520 '

530 GOsUB 4000 ' reads data from 576

540 LOCATE 1, 1: PRINT RECVS$

550 !

560 !

570 LOCATE 3, 1: PRINT "*** 574 QuickStart Analog 1/0 Test ***u

580 !

590 ' Reset 576

600 !

610 OUTPS = Yreset all;x;"
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GOSUB 3000
TI=TIMER: WHILE TIMER-T!<2: WEND t Delay for RESET ALL. See

' RESET command for details.
SPOLLBIT% = 7: GOSUB 2000

Set data transmission format

OUTP$ = ¥syst :format ASCI;"
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

OUTP$ = Ysyst :term NONE;V
GOsuUB 3000
SPOLLBIT% = 7: GOSUB 2000

Set up analog input (A/D) range and mode

OUTP$ = “chan 1, 0, :mode se;"
GOSUB 3000
SPOLLBITX% = 7: GOSUB 2000

OUTP$ = “chan 1, 0, :gain 1;®
GOSUB 3000
SPOLLBIT¥% = 7: GOSUB 2000

oUTP$ = “chan 1, 0, :range 10b;®
GOSUB 3000
SPOLLBITX = 7: GOSUB 2000

Set up analog output (D/A) channel 0

OUTP$ = "chan 4, 0, :range 10b;"
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

e e s e e o e e Fo o s Ve o ok 3k v ke o e vk e ok ke vk e o e ke e e ke e e g ok v e g gk ok e e e e e e e e e ok o e ok o e ke e ok e e e e ok e e vk e e e e ok

Prompt for desired output voltage and write value to slot 4, channel 0

LOCATE 6, 1: PRINT SPACE$(78)

LOCATE 6, 1: INPUT "Output voltage, (-10 to +10, or *'Q' to quit) "; OV$
IF LEFT$(OVS$,1) = "Q" OR LEFT$(OV$,1) = "q" THEN GOTO 1470

OUTP$ = Miwrite DCV 4, O, " + OV$ + #; ©

GOsSUB 3000
SPOLLBIT% = 7: GOSUB 2000

Do readings of AMM channel 0 and return as volts
QUTP$ = “syst :clock ?;iread dcv, 1, O;"
GOSUB 3000
SPOLLBITY% = 4: GOSUB 2000

Input time value from GPIB

GOSUB 4000
ATIM$ = RECVS

Input voltage value from GPIB

GOSUB 4000
IV$ = RECVS

Do readings of AMM channel 0 and return as A/D counts
OUTP$ = “syst :clock ?; iread RAW, 1, O;%
GOSUB 3000
SPOLLBIT% = 4: GOSUB 2000

Input time/date value from GPIB
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1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
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GOSUB 4000
CTIM$ = RECVS
]
' Input data value from GPIB
]
GOSUB 4000
CTS$ = RECVS$
1
' Write information to the screen
)
LOCATE 10, 1: PRINT "Voltage written to analog output = “; OV$; " "
LOCATE 12, 1: PRINT "Date, time and voltage = ";ATIMS,IVS; * "
LOCATE 13, 1: PRINT "Date, time and raw counts = ";CTIM$,CTSS; " "
3
GOTO 970
13
V% = 0: CALL IBONL(KS576%, V%) ‘close instrument file
CALL IBONL(BRDO%, V%) 'close board file
LOCATE 20,1
END
]
§ Federdeadede e e de v v e vk e e s e e e e ok vl de e v e vk o e sk 9 e vk e v e v g e gk sk e ok e e e g e e o ke v e v v o e o ke o e e e e e e o e e e ke ok
1
! Define a subroutine for checking the serial poll byte.
' The bit to be tested will be passed in as “spollbit¥%".
' The subroutine will return a value to the variable "bitstat%".
' The error bit will be tested automatically each time the subroutine
' is entered. If the error bit is set, program stops and prints message.
1
' SPOLL BYTE / ERROR BIT TEST SUBROUTINE
]
SB% = 2 ~ SPOLLBITX
SP% = 0: BITSTAT% = 0
LOCATE 25, 1: PRINT "Testing SPOLL Bit"; SPOLLBIT¥; ": Status = ",
CALL IBRSP(K576%, SP%)
IF IBSTA% < 0 THEN PRINT “Error reading serial poll byte.": STOP
H
BITSTATZ = SP% AND SB%
IF BITSTATX = O THEN LOCATE 25, 31: PRINT BITSTATY%; : GOTO 2130
IF BITSTATY <> 0 THEN BITSTAT% = 1: LOCATE 25, 31: PRINT BITSTATY;
)
ER% = SP% AND 32 tcheck for 576 error
IF ER% = O THEN RETURN
1
CALL IBCLR(K576%) 1send SDC
[}
CMD$ = USyst :ERR?;"
CALL IBWRT(K576%, CMDS$) 'send command string
IF IBSTA% < O THEN PRINT “Error sending " + CMD$: STOP
]
ERINS = SPACES$(255)
CALL IBRD(K576%, ERINS)
IF IBSTA% < O THEN PRINT "Error reading err$.": STOP
ERINS = LEFT$S(ERIN$, IBCNT%)
LOCATE 23, 1: PRINT “ERROR! - "; ERINS; # - "- OUTPS;
RETURN
1
]
T Fededededede v dedo v s e dede de e e ke v vk vk ske g e v e s e e e e e v e e e e e e e o e s ke vk vk e g o ol e e e ke ke g ok e ok e o e e e ok e e e e e sk e
' Define a subroutine for sending command strings to the 576. If the
' transmission times out, the program will halt, otherwise the program
! continues.
T dededede v de e e v e v v e sk g v o sk e v v o v ke e e vk e o e e e e vk vk e ke e s vk e o o e vl o e e e o e e o o e e v ke ek e A s e ke e e ke ke ok
1
CALL IBWRT(K576%, OUTP$) 'send command string
IF IBSTA% < O THEN PRINT “Error sending % + OUTP$: STOP
RETURN
1
¥




4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120

10 ¢t
20 ¢
30
40
50 ¢
60 !
70 !
80 !
90 ¢
100
110
120
130
140
150
160
170
180
190
200
210
220
230

240

250 CALL IBINIT2(IBGTS, IBCAC, IBWAIT, IBPOKE, IBWRT, IBWRTA, IBCMD, IBCMDA, IBRD, 1BRDA, IBSTOP, IBRPP,

e v dke e dhe o g e ke e e e vk e e e o vl e g e e e e sk ok e e dhe sk e sk ve ke sk ke e e e ke ke Rk ek kR R Rk Rk bk ko k kA ko k ek Feok

Define a subroutine for receiving data from the 576. If the
transmission times out, the program will halt, otherwise the program

continues.
sk T o e e e v e v g e e e e e e e e ke g e e sl e S e vk e sk ke vk g ol e e e ok e vk ok ok ok 3 ok e ke o e e ok ke e ol e 9 ke sk o e v e ke ke ke e e e ke

RECV$ = SPACE$(255)

CALL IBRD(K576%, RECVS) 'read from instrument
IF IBSTA% < 0 THEN PRINT “Error reading from device.“: STOP
RECVS = LEFT$(RECVS, IBCNT#)

RETURN

e e e e e e vk e e e e e e ke e e sk e e e Sk ke e e ke vl ek e vie e ok sk ke e o Sl e e e vl e e e e e e sk e e ke ke e e e ok e ok e de e ke de ek e ve e

e e e e v e e s e e v ke T v e e T ke ke ok e v e vk ok ke o ke e sk ok ke ek e ik ke e sk e kel o ok ek sk ke e T e ek o e e o ke ke ek i ek g

DIGITAL.NAT - 576 QUICKSTART Analog I/0 Program in Interpreter BASIC
DATE: 7-25-90

This program is designed to run with the National Instruments driver
software and a National GPIB interface card on an IBM PC/XT/AT or
a compatible.

L}
]
)
1
§
3

1t assumes an address of "03" for the 576.
(c) Copyright 1990 - Keithley Data Acquisition and Control
e e e ve e ek e e e e ke e v e e v v e e sk e vk e e vk ke 3k dhe vk i ke e vk e 3k ke ok ok ok ok e ke ke ok el e vk e ke ke gk v e ke ke ke o ke e ok ok e le e ol e ke ke ek
CLS : CLOSE : KEY OFF
National Instruments Header
CLEAR , 160001
IBINIT1 = 16000!

IBINITZ = IBINITT + 3
BLOAD “c:\bib.m", IBINIT1

CALL IBINIT1(IBFIND, IBTRG, IBCLR, IBPCT, IBSIC, IBLOC, IBPPC, IBBNA, IBONL, IBRSC, IBSRE, IBRSV, IBPAD,
IBSAD, IBIST, IBDMA, IBEOS, IBTMO, IBEOT, IBRDF, IBWRTF)

IBRSP, IBDIAG, IBXTRC, IBRDI, IBWRTI, IBRDIA, IBWRTIA, IBSTA%, IBERR¥%, IBCNTX)

260
270
280
290
300
310
320
330
340
350
360
370
380
350
400
410
420
430
440
450
460
470
480
490

t

Declare variables

SPOLLBITX = 0 ' Used as input to SPOLL check subroutine
BITSTATX = C ' Used as output from SPOLL check subroutine
K576% = 3 ' Address of 576 as set on rear panel

Initialize National driver and interface for output.

NAS = "GPIBO": CALL IBFIND(NAS, BRDO%) 'find board descriptor
NAS$ = WDEVIM: CALL IBFIND(NAS, X576%) *find instrument descr.
V& = 12: CALL IBTMO(K576%, V%) tset 3 sec timeout

V% = 3: CALL IBPAD(KS76%, V%) 'set primary addr to 3
V4 = 1: CALL IBSRE(BRDO%, V%) 'set REN true

Do some general GPIB housekeeping

CALL IBSIC(K576%) ‘send IFC
CALL IBCLR(KS76%) tsend SDC

System should respond with 576 revision, indicating successful
communication with driver, GPIB interface, and 576.

OUTP$ = "Syst :IDN?;"
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500 GOSUB 3000 ! sends commands to 576

510 SPOLLBIT% = 4: GOSUB 2000 ' tests serial poll byte
520 ¢

530 GOSUB 4000 ! reads data from 576
540 LOCATE 1, 1: PRINT RECVS$

550 *

560 !

570 LOCATE 3, 1: PRINT ""*** 575 QuickStart Analog 1/0 Test *%*w
580 ¢

590 ' Reset 576

600 '

610 OUTP$ = "reset alil;x;"

620 GOsUB 3000

625 TI=TIMER: WHILE TIMER-T!<2: WEND ' Delay for RESET ALL. See
626 ! RESET command for details.
630 SPOLLBITX% = 7: GOSUB 2000

635 ?

640 * Set up digital port A for input

650 !t

660 OUTP$ = ®chan 5, 0, :tmode in;"

670 GOsus 3000

680 SPOLLBIT% = 7: GOSUB 2000

690

700 * Set up digital port B for output

710 ¢

720 oUTPS = ®chan 5, 1, :mode out;®
730 GOSUB 3000

740 SPOLLBITX = 7: GOSUB 2000

1
;Zg t Yo e de v e ok o dhe v e e e e b e v e sk s vk o she sk e ok vl sk ke vk e v e g e e ke e o e ok e e e e e vk e ok e ke e e e vl vl ke e Sk ek e ke e 3 v e ok
770 ¢
780 ' Loop to output data and make readings
790 !
800 LOCATE 5, 1: PRINT ¥Press any key to stop...%;
810 !
820 FOR PASS% = Q0 TO 255
830 ! write outval% to digital port B
840 QUTPS$ = "iwrite raw 5, 1, " + STR$(PASS%) + "; ¥
850 GOSUB 3000
860 SPOLLBIT% = 7: GOSUB 2000
870 °*
880 * read value at digital port A
890 OUTPS = "iread raw, 5, 0;%
900 GOSUB 3000
910 SPOLLBIT% = 4: GOSUB 2000
920 !
930 input data value from GPIB
940 GOSUB 4000
950 AS = RECV$S
960 *
970 ' Print data to screen
980 !

990 LOCATE 10, 1

1000 PRINT "Written to 576 Digital Port B: ¥; PASS¥%; »
1010 PRINT "Read from 576 Digital Port A: “; VAL(A$); » ®
1020 *

1030 I$ = INKEY$S: IF I$ = un THEN NEXT PASS%

1040

1470 VX = 0: CALL IBONL(KS576%, V¥) 'close instrument file

1480 CALL IBONL(BRDO%, V%) 'close board file

1490 LOCATE 20, 1

1500 END

1510 ¢

2000 1 edkeveviede v e ve Yo vk e e ok v e e e ke e vl e Y e v e ok ke e v e e de ke e sk e ok e o e e g sk e e 2 o e v e ke e e ok e e e e e e e e e e e de ek e e

2010 !

2020 ' Define a subroutine for checking the serial poll byte.

2030 ' The bit to be tested will be passed in as “spollbit%®.

2040 ' The subroutine will return a value to the variable "bitstat¥".

2050 * The error bit will be tested automatically each time the subroutine
1)

2060 ' is entered. If the error bit is set, program stops and prints message.
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2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120

' SPOLL BYTE / ERROR BIT TEST SUBROUTINE
1}
SB% = 2 ~ SPOLLBIT%
SP¥% = 0: BITSTAT% = O
LOCATE 25, 1: PRINT "Testing SPOLL Bit"; SPOLLBIT%; '": Status = ";
CALL IBRSP(K576%, SP%)
1F IBSTA% < O THEN PRINT ®Error reading serial poll byte.": STOP
1
BITSTAT% = SP% AND SB%
IF BITSTAT% = 0 THEN LOCATE 25, 31: PRINT BITSTAT%; : GOTO 2130
IF BITSTAT% <> 0 THEN BITSTAT% = 1: LOCATE 25, 31: PRINT BITSTATY%;
]
ER% = SP% AND 32 tcheck for 576 error
IF ERX¥ = O THEN RETURN
1
CALL IBCLR(K576%) 1send SDC
H
CMDS = USyst :ERR?;"
CALL IBWRT(K576%, CMD$) 'send command string
IF IBSTA% < O THEN PRINT ®Error sending " + CMD$: STOP
)
ERINS® = SPACES$(255)
CALL IBRD(K576%, ERINS)
IF IBSTA% < 0 THEN PRINT “Error reading err$.": STOP
ERIN$ = LEFTS(ERINS, IBCNT%)
LOCATE 23, 1: PRINT “ERROR! - ®; ERIN$; ¥ - W; OUTPS;
RETURN
]
1
1 Yook v v e vk v v e v ve vk ok e e ke e e o e e e ke sk ok o o ok e e e e ke ke sk e e ke ke e de e ke ek ke ke ke R Rk ke ke ke ke drk ke h ok kkk
! pefine a subroutine for sending command strings to the 576. If the
' transmission times out, the program will halt, otherwise the program
' continues.
1 devesdedededede v e v de g g vk v ok v v T e ok e sk e vk e T e e e s e s e o e sk e e s e sl ke s e v e e e e e v e ke e vk vk ke ok ke e sk de e de e e e o e e ke
)
CALL IBWRT(KS576%, OUTPS$) 'send command string
IF IBSTA% < O THEN PRINT “Error sending ¥ + OUTP$: STOP
RETURN
]
)
1 Yedededede do e v e s v e e v I e e e e v d e e v gk e e v Je e e e v e e e v e e e e e e v e e de vk sk sk e e ke v v de o ok ke ok e e ke e e e e o ok e e ke ok
' pefine a subroutine for receiving data from the 576. If the
' transmission times out, the program will halt, otherwise the program
' continues.
1 oo desie e sk e s sk ok ke v g s o g o e d e de e ok sk e e o ok gk vk e sk ok e e ke e o ke e e ok ok v o e ke o ke ke e 3 e e sk e ke ke ok ke e ke e ke ok ke ok ke e ke
1]
RECV$ = SPACE$(255)
CALL IBRD(K576%, RECVS) ‘read from instrument
IF IBSTA% < O THEN PRINT “Error reading from device.®: STOP
RECVS = LEFT$(RECVS, IBCNTX)
RETURN
1]
1 Yedede sk v v o v vl do sk v e e Yo v o v e e e e e ok e g ok e e e e e e o ok ke 3 v ok e e v ok ke e ke e e ek ke de ek e e de e e e ke e ek ke ke ke e ke ok
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QuickStart Programs for Interpreter BASIC, Metrabyte Software Driver,
and Compatible GPIB Interface

10 b e dede de ke e vk oo e e e dhe e e ok ke o ke ok e v e e e ke v e o e e e e e e ke e ke e ok e e e e v e e ke e vk e e e ok e e e e e sk e vl e e e o e ok vk e ok e ok e
20 !

30 * ANALOG.MBC - 576 QUICKSTART Analog 1/0 Program in Interpreter BASIC

40 ' DATE: 7-27-90

50 !

60 ' This program is designed to run with the Metrabyte DOS resident driver
70 ' and a Metrabyte MBC-488 GPIB interface card on an IBM PC/XT/AT or

80 * a compatible.

90 !

100 * It assumes an address of "3" for the 576.

110 ¢!

120 *  (c) Copyright 1990 - Keithley Data Acquisition and Control

130 ¢

1‘0 1 dedede e de e e de Je de de e g Je e Je o Je e v o de Yo e o e e e e e e e de e Y vk e v e e e sl e e sk e e v Yo ke e v e Y e v v sk e gk e g e e e e e e e e e e ok
150 ¢

160 CLS : CLOSE : KEY OFF
170 ON ERROR GOTO 5000

180

190 * Declare variables

200 !

210 SPOLLBIT% = 0 ! Used as input to SPOLL check subroutine
220 BITSTATZ = O ' Used as output from SPOLL check subroutine
230

240 ' Establish communication with device driver.

250 !

260 OPEN "$DV488" FOR OUTPUT AS #1

270 PRINT #1, “BUFFERCLEAR"

280 OPEN "“$DV483" FOR INPUT AS #2

290 ¢

300 * Initialize MBC-488 board using "SYSCON" command.

310

320 PRINT #1, “SYSCON MAD1=0 CIC1=1 BA1=&K300" ' board addr at 300 Hex
330

340 ' Do some general GPIB housekeeping

350 ¢

360 A% = 100

370 PRINT #1, “TIMEOUT", A% ' set timeout A% * 56mS
380 PRINT #1, “CLEAR 3» ' clear device

390 PRINT #1, “REMOTE 3» ' 576 in remote

400 !

410 ' system should respond with 576 revision, indicating successful
420 ' communication with driver, GPIB interface, and 576.

430 ¢!

440 OUTP$ = “Syst :IDN?;"

450 GOSUB 3000 ' sends commands to 576
460 SPOLLBITX = 4: GOSUB 2000 ' tests serial poll byte
470 ¢

480 GOSUB 4000 ! reads data from 576
490 LOCATE 1, 1: PRINT RECVS

500 *

510 ¢

520 LOCATE 3, 1: PRINT "*** 576 QuickStart Analog I/0 Test ***n
530 !

540 ' Reset 576

550 !

560 OUTPS$ = "reset all;x;"
570 GOSUB 3000

575 Ti=TIMER: WHILE TIMER-T1<2: WEND ' Delay for RESET ALL. See
576 ' RESET command for details.
580 SPOLLBITX = 7: GOSUB 2000

590

600 ' Set data transmission format

610 ¢

620 OUTP$ = ®syst :format ASCI;"
630 GOSUB 3000
640 SPOLLBIT% = 7: GOSUB 2000
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650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970

' Set up analog input (A/D) range and mode

OUTP$ = ®chan 1, 0, :mode se;"
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

OUTP$ = "chan 1, 0, :gain 1;v
GOSUB 3000
SPOLLBITX% = 7: GOSUB 2000

OUTP$ = "“chan 1, 0, :range 10b;"
GOSUB 3000
SPOLLBIT% = 7: GOSUB 2000

Set up analog output (D/A) channel 0
QUTP$ = “chan 4, 0, :range 10b;"

€0sUB 3000
SPOLLBIT% = 7: GOSUB 2000

e e o e e e v s e e e e ke de e e ok e e e e e e e e e e o e e e e e v sk e e e e ke e ok ke e e e e ok e 3k e ke e e e e ok e e ke e de e e e e e de ke e

Prompt for desired output voltage and write value to slot 4, channel 0

LOCATE 6, 1: PRINT SPACE$(78)

LOCATE 6, 1: INPUT “Output voltage, (-10 to +10, or 'Q' to quit) "; OV$

IF OV$ = "Q" OR OV$ = "g" THEN GOTO 1380

OUTP$ = "jwrite DCV 4, 0, " + OV$ + u; ©
GOsSUB 3000
SPOLLBIT% = 7: GOSUB 2000

980 ' Do readings of AMM channel 0 and return as volts

990

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340

OUTP$ = Y“syst :clock ?;iread dev, 1, O;n
GOSUB 3000

SPOLLBITZ = 4: GOSUB 2000

Input time value from GPIB

GOSUB 4000
ATIM$ = RECVS$

Input voltage value from GPIB

GOSUB 4000
IV$ = RECVS

Do readings of AMM channel 0 and return as A/D counts
OUTP$ = "syst :clock ?; iread RAW, 1, O;”

GOSUB 3000

SPOLLBIT% = 4: GOSUB 2000

Input time/date value from GPIB

GOSUB 4000
CTIM$ = RECV$S

Input data value from GPIB

GOSUB 4000
CTS$ = RECVS

Write information to the screen
LOCATE 10, 1: PRINT "Voltage written to analog output = ; ovV$;

LOCATE 12, 1: PRINT "Date, time and voltage = M; ATIMS, IV$; "
LOCATE 13, 1: PRINT "Date, time and raw counts = "; CTIM$, CTS$; »
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1350
1360
1370
1380
1390
1400
1410
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
3000
3010
3020
3030
3040
3050
3060
3070
3080
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
5000
5010
5020
5030
5040
5050
5060
5070
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E
1
1
'
1
'
1
1
1
1
1
'

- - - =

ND

GOTO 880

CLOSE

LOCATE 20, 1
e e e e e e Y v v e v 3 T e ke e s o e g ok e e gk v e e v v e g o e e e vk ok e e vk e e g e ok o e ke ok e o e g e v o ok e e e e o e o o e ok ke ke e
Define a subroutine for checking the serial poll byte.

The bit to be tested will be passed in as "spollbit%".

The subroutine will return a value to the variable "bitstat¥".

The error bit will be tested automatically each time the subroutine

is entered. If the error bit is set, program stops and prints message.
SPOLL BYTE / ERROR BIT TEST SUBROUTINE

SB% = 2 ~ SPOLLBIT%

SP% = 0: BITSTAT%¥ = O

LOCATE 25, 1: PRINT “"Testing SPOLL Bit"; SPOLLBIT¥%; ": Status = ";

PRINT #1, “STATUS 3"

INPUT #2, SP%

BITSTATX = SP% AND SB%

IF BITSTATX = 0 THEN LOCATE 25, 31: PRINT BITSTAT%; : GOTO 2130

IF BITSTAT% <> 0 THEN BITSTATZ = 1: LOCATE 25, 31: PRINT BITSTAT%;

ER% = SP% AND 32 ‘check for 576 error

IF ER% = O THEN RETURN

PRINT #1, “CLEAR 3" 'send SDC

CMD$ = “Syst :ERR?;"

PRINT #1, “OUTPUT 3 $ +", CMD$

ERINS = SPACE$(255)

PRINT #1, VYENTER 3 $v

INPUT #2, ERINS

LOCATE 23, 1: PRINT "ERROR! - "; ERINS$; " - “; OUTPS;

RETURN
e e Jo e P e v e o v e e e e e o 3 T sl e Ik ke v e vk e sk ke ke e g e e s e e e e e e g e e e e o 9 e g Y ke e e e e ok e o e e ok e e o ok o ok e e ke e ok
Define a subroutine for sending command strings to the 576. If the
transmission times out, the program will halt, otherwise the program
continues.
de e e e v v T e e e e e e 3k e Ik e ke ok e A e e v e e i e e e dhe e e e Tk e e e e gk e e ke e e e dle o o vk e e e ok e e e o e e dke ke e e e e e e e e e e ok
PRINT #1, “OUTPUT 3 $ +", OUTPS

RETURN
Je e e de e v e oo e i v v Ye o vl e ke e ke sk e v e e ke o s ok o e e e e S ke e sk ke e e g e ke e e ok e e ok ke e sk e e de e e e e ok e e e ke e ke ek ek e
Define a subroutine for receiving data from the 576. 1f the
transmission times out, the program will halt, otherwise the program
continues.
Fe v e e o vk e T T e vl v e 3k e v v vl v e ke e vk ok 3 e sk e e e ke ok e ke e e ke ke e ke vk ok 3k 9k ok e v ak v e e v e ke o e e o e de e ke de ke e ke ke ek ke e ke ke
RECV$S = SPACE$(255)

PRINT #1, “ENTER 3 $*

LINE INPUT #2, RECV$

RETURN
Je v v 9 e gk e I T e vk o e vk v v e v e e A g v 3k e v e e e Ve s s ke sk sk v e e 3 de o e e e ok e o v e 3k e v e e e e e ke 2k o e o ke e e ok o o ke e ke o
Define a subroutine for handling BASIC or interface errors. (ALl
MBC-488 errors are handled in DOS by the resident driver.)
ek e de v v e g e e sk e v 3 e vk e ke e e e e ke v e e e ke T e e vk e she o e sl e e gk v v e ok e sie ke o e e e e e e e e e e e e e e e die e e e e ok de e e e
IF (ERR <> 68) AND (ERR <> 57) THEN LOCATE 15,1: PRINT "BASIC ERROR # ¥;
INPUT #2, ES

PRINT "$DV488 driver returned error number -", E$

ERR; " IN LINE ®; ERL



5080
5090
5100
5110
5120
5130

10 ¢
20 ¢
30
40 !
50 ¢
60 ¢
70 ¢
80 !
90 !
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
575
576
580
590

INPUT #2, E$
PRINT E$
INPUT #2, ES$
PRINT E$
STOP

1 skedededk g de v de e v e v e ke 3k vl sk s ok ke v dle ok e e T vk e ok sk ol g ok e vk e ok 3 dk ke ok v ke vk S o e ke e o vk e ke sk e o ol ke ke ke ok ok o vl e ke e ke e ke ke
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DIGITAL.MBC - 576 QUICKSTART Analog 1/0 Program in Interpreter BASIC
DATE: 7-27-90

This program is designed to run with the Metrabyte DOS resident driver
and a Metrabyte MBC-488 GPIB interface card on an IBM PC/XT/AT or
a compatible.
It assumes an address of 3" for the 576.
(c) Copyright 1990 - Keithley Data Acquisition and Control

e v v v dhe v e e e d e vl s e v v e ke o 3 e s e ok v e e e o sk e ok sl S e sk e e ke vl ke ol ke e e e g e vk o e e e e e sk ok sk e Sk ok ke ok ke e ske ok e e e

CLS : CLOSE : KEY OFF
ON ERROR GOTQ 5000

Declare variables

SPOLLBITY = O ! Used as input to SPOLL check subroutine
BITSTATZ = O ' Used as output from SPOLL check subroutine

Establish communication with device driver.
OPEN "3DV488" FOR QUTPUT AS #1
PRINT #1, "BUFFERCLEAR®
OPEN "$DV488" FOR INPUT AS #2
Initialize MBC-488 board using YSYSCON" command.
PRINT #1, “SYSCON MAD1=0 CIC1=1 BA1=&H300" ' board addr at 300 Hex

Do some general GPIB housekeeping

A% = 100

PRINT #1, "TIMEOUT™, A% ! set timeout A% * 56mS
PRINT #1, “CLEAR 3% ' clear device

PRINT #1, “REMOTE 3 t 576 in remote

System should respond with 576 revision, indicating successful
communication with driver, GPIB interface, and 576.

OUTP$ = "Syst :zIDN?;"

GOSUB 300C ! sends commands to 576
SPOLLBIT% = 4: GOSUB 20800 ' tests serial poll byte
GOSUB 4000 ' readé data from 576

LOCATE 1, 1: PRINT RECV$S

LOCATE 3, 1: PRINT “*** 5756 QuickStart Analog 1/0 Test *¥*n
Reset 576

OUTP$ = Yreset all;x;"
GOSUB 3000
TY=TIMER: WHILE TIMER-T!<2: WEND ' Delay for RESET ALL. See
' RESET command for details.
SPOLLBITY% = 7: GOSUB 2000
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635
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
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880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1480
1490
1500
1510
2000
2010
2020
2030
2040
2059
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230

' Set up digital port A for input
1

OUTPS = "chan 5, 0, :mode in;“
GOSUB 3000
SPOLLBITX = 7: GOSUB 2000

! Set up digital port B for output
1

OUTPS = '"chan 5, 1, :mode out;®
GOSUB 3000
SPOLLBITX = 7: GOSUB 2000

1
1 e dede s e v e e ok e e o e e sk ke ok e v e e ok ke vl ke o sl ok sk sl i e e sl e e e ke e e vk e ok e o ek e e ke e e e v vk e e sk e o e e e e e ok e e e ke e
i

' Loop to output data and make readings

LOCATE 5, 1: PRINT “Press any key to stop...";
1
FOR PASSX = 0 TO 255
! write outvalX% to digital port B
OUTP$ = "iwrite raw 5, 1, " + STR$(PASSX) + #;
GOSUB 3000
' SPOLLBITX = 7: GOSUB 2000

! read value at digital port A
QUTP$ = "iread raw, 5, O;¥
GOSUB 3000
SPOLLBITY = 4: GOSUB 2000

' input data value from GPIB
GOSUB 4000
A% = RECVS

! Print data to screen
1

LOCATE 10, 1

PRINT "Jritten to 576 Digital Port B: "; PASS¥%; & u
PRINT HRead from 576 Digital Port A: "; VAL(A$); » »
]
1$ = INKEY$: IF I$ = "4 THEN NEXT PASS%
[}
CLOSE
LOCATE 20, 1
ND

e e o e de e de e e de e v e e she e e vk e ke e e e o e e g e vl e ok o e i o e e v e v dhevke e o de e e e de ke e e e sk e e de e sk e de sk ek ke e e ke

Define a subroutine for checking the serial poll byte.

The bit to be tested will be passed in as "spollbit¥%v.

The subroutine will return a value to the variable "bitstat%".

The error bit will be tested automatically each time the subroutine
is entered. If the error bit is set, program stops and prints message.

E
¥
1
]
]
I
1
1
t
1
' SPOLL BYTE / ERROR BIT TEST SUBROUTINE

[}

SB% = 2 ° SPOLLBITY

SP% = 0: BITSTAT% = 0

LOCATE 25, 1: PRINT "Testing SPOLL Bit"; SPOLLBIT%; “: Status = ';
PRINT #1, USTATUS 3"

INPUT #2, SP%
1
BITSTATY = SP% AND SBY%

IF BITSTATY% = O THEN LOCATE 25, 31: PRINT BITSTAT%; : GOTO 2130
IF BITSTAT% <> 0 THEN BITSTAT% = 1: LOCATE 25, 31: PRINT BITSTAT%;

ER% = SPX AND 32 tcheck for 576 error
IF ER% = O THEN RETURN

PRINT #1, MCLEAR 3" 'send SDC
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2240
2250  CMD$ = “Syst :ERR?;"

2260  PRINT #1, “OUTPUT 3 $ +, CMD$
2270

2280  ERIN$ = SPACE$(255)

2290  PRINT #1, “ENTER 3 $v

2300 INPUT #2, ERINS

2310 LOCATE 23, 1: PRINT MERROR! - “; ERINS; " - "; OUTPS;

2320 RETURN

2330

2340

3000 e e e v 3 e e e e e e vk ok vk ok ke e dhe vk e e ke vk e o e e e v ok e ok e ok ok ke e e e e v g sk ke e vie e e e o e e s e e g ok o ke o vk ke e e v e e e e e ke ke e

]
1
1
3010 ' Define a subroutine for sending command strings to the 576. If the
3020 * transmission times out, the program will halt, otherwise the program

]

]

1

3030 ' continues.
3040 e e sl e e 3 e e e e e Ko e v v v vk v e e e e e s v e ok vk ke 3k ek e e ok g gk e ke ok e v o e vk e e de e Tk e o e ke ek ke ok e e dede ke ke ke ke ke ke ke ke ke
3050

3060 PRINT #1, “QUTPUT 3 $ +", OUTP$
3070 RETURN

3080
4000 e v vk %k 9 e v s e e e e ok e ke vl e e e ke vk e e ol ke ke ok ke e e ke ke v e e e ke ok e sk e e vk e e e sl she e e o vl e vk ke e e gk o ol ok e e sk e e o o e e ok
4010 ' Define a subroutine for receiving data from the 576. If the

t
1
1
4020 * transmission times out, the program will halt, otherwise the program
1
1
5

4030 ' continues.
4040 e e Je e Jo e e dhe ke ke e e ke ke ok ok Ik e e e vk e e ok e ok e e e e e ke e e e S e e e e Je e e e e e de e de e e e de sk de ok e s e e de e de e g de e e ke e
4050

4060 RECV$ = SPACE$(255)
4070 PRINT #1, “ENTER 3 $"
4080 LINE INPUT #2, RECVS
4090 RETURN

4100
5000 v v v o e v v vk e e e e v v e e e e e e ok v e ok e e ok e e e e ok ke vk e e ke e e e v e e e e 3 e e e e ok o e e e e e e sk e sk e e e e ok e e e e e e ke
5010 ' Define a subroutine for handling BASIC or interface errors. (All

5030 e e g e vl I e e e e e e I e e e A v e ke e e v e e e vk e g v e ke e sk e vk ke vk e ke ke ke sk e e Sk ke dke e ok e ok sk kv o 9k gk ke e ke ke vie e vk e sk vl Sk e vk e ke

5040

5050 IF (ERR <> 68) AND (ERR <> 57) THEN PRINT: PRINT "BASIC ERROR # "; ERR; " IN LINE “; ERL
5060 INPUT #2, ES

5070 PRINT 9$DV488 driver returned error number -", E$

5080 INPUT #2, E$

5090 PRINT ES$

5100 INPUT #2, ES

5110 PRINT E$

5120 STOP

5130 b e dede e de e e de e v e v e e e ok e e v e de sk e sk e e v e sk sk de e sk e ke s v v e ke e 2 e e e vie e ke ok ke e sk e v ke vk ke vk e ok ek ke ok e e e ok ok ok ok

1
1
I
5020 * MBC-488 errors are handled in DOS by the resident driver.)
1
1
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20 '

30 ' ANALOG.SER - 576 QUICKSTART Analog I/0 Program in Interpreter BASICA

40 ' DATE: 8-16-90

50 !

60 ' This program is designed to run with the 500-Serial RS232 to IEEE438

70 ' converter box.

80 '

90 ' The Auto Baud on the 500-Serial is set for 9600 baud.

100 *

110 *  ({c) Copyright 1990 - Keithley Data Acquisition and Lontrol

120 ¢

130 B e sk de v die de e vl Y e e v e g g P 3k ki e o s e ke e g e ke e g e e e de e de e e e o e 3 v v e e e ke v e sk e v e o e e o vk e ke de e e ok e e e
140 ¢

150 CLS : CLOSE : KEY OFF

160 ON ERROR GOTO 1880

170 ¢

180 ' Declare variables

160 ¢

200 SPOLLBIT: = 0 ! Used as input to SPOLL check subroutine
210 BITSTATZ = O ! Used as output from SPOLL check subroutine
220 ¢

230 ' Enitialize 500-Serial interface.

240 '

250 OPEN ®COM1:9600,N,8,2,CS,DS,CD" AS #1
260 TI=TIMER: WHILE TIMER-T!<.1: WEND

270 ¢

280 FOR j=1 TO 5

250 PRINT #1,CHR$(13);: TI=TIMER: WHILE TIMER-T!<.1: WEND
390 NEXT I

310 ¢

320 PRINT #1, “EC;O" ' Turn the ECHO OFF

330 TI=TIMER: WHILE TIMER-T!<.1: WEND
340 AS=INPUTSCLOC(T),#1) :AS=INPUTS(LOC( 1), #1)

350 1

351 * Set 500-Serijal bus terminator

352 ¢

353 PRINT #1,"71B;4" ' Set CRLF
354

380 ' System should respond with 576 revision, indicating successful
370 ' communication with driver, GPIB interface, and 576.

380 !

390 OUTP$ = "Syst :IDN?;"

400 GOSUB 1660 1Send output string
419 SPOLLBITX%=4:GOSUB 1320

420 !

430 GGSUB 1770

440 LOCATE 1,1:PRINT RECV$

450 !

460 1

470 LOCATE 3, 1: PRINT #*** 500-Serial & 576 QuickStart Analog 1/0 Test *¥*%u
480
490 * Reset 576

500

510 QUTPS = Mreset all;x;¥
520 GOSUB 1660

525 TY=TIMER: WHILE TIMER-T!<2: WEND ' Delay for RESET ALL. See
526 ' RESET command for details.
530 SPOLLBITX% = 7: GOSUB 1320

540 '

550 ' Set data transmission format

560 1

570 QUTPS = U“gyst :format ASCI;¢
580 GOSUB 1660

590 SPOLLBITX = 7: GOSUB 1320
600 !
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610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
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950
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970
980
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1000
1010
1020
1030
1040
1050
1060
1070
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1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300

Set up analog input (A/D) range and mode

oUTP$ = "chan 1, 0, :mode se;"
GOSUB 1660
SPOLLBIT% = 7: GOSUB 1320

OUTP$ = ®"chan 1, 0, :gain 1;%
GOSUB 1660
SPOLLBIT% = 7: GOSUB 1320

OUTP$ = “chan 1, 0, :range 10b;"
GOSUB 1660
SPOLLBIT% = 7: GOSUB 1320

Set up analog output (D/A) channel 0

ek

Pr

OUTP$ = "chan 4, 0, :range 10b;"
GOSUB 1660
SPOLLBIT% = 7: GOSUB 1320

e s s o e ok g e v e T e ke e 2 ok ke e e e ke e sk ke she ok vk e e e e e e e vk e e ke g e ke e vk e de ke o e g e o e de e de de e e e e e e e dede e e de e e

ompt for desired output voltage and write value to slot 4, channel 0

LOCATE 6, 1: PRINT SPACE$(78)
LOCATE 6, 1: INPUT “Output voltage, (-10 to +10, or *@' to quit) "; OV$
IF LEFT$(OVS$,1) = “Q™ OR LEFT$(OV$,1) = “g" THEN END

OUTP$ = "iwrite DCV 4, 0, " + OV$ + "; »
GOSUB 1660
SPOLLBITX = 7: GOSUB 1320

Do readings of AMM channel 0 and return as volts

'D

OUTP$ = Ysyst :clock ?2;iread dcv, 1, O;®
GOSUB 1660
SPOLLBIT% = 4: GOSUB 1320

Input time value from GPIB
GOSuB 1770
ATIM$=RECVS

Input voltage value from GPIB
GOSUB 1770
IV$=RECVS

o readings of AMM channel 0 and return as A/D counts

OUTP$ = "syst :clock ?; iread RAW, 1, O;"
GOSUB 1660
SPOLLBIT% = 4: GOSUB 1320

input time/date value from GPIB
GOSuUB 1770
CTIM$=RECVS

input data value from GPIB
GOSUB 1770
CTS$=RECV$

' Write information to the screen

END

LOCATE 10, 1: PRINT "Voltage written to analog output = "; OV$; * "
LOCATE 12, 1: PRINT "Input Voltage and time = "; ATIM$, IV$; * u
LOCATE 13, 1: PRINT "Raw counts and time = %: CTIM$, CTSS$; v u

GOTO 830
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1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1476
1480
1490
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1510
1520
1530
1540
1550
1560
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1580
1590
1606
1610
1620
1630
1640
1650
1660
1670
1680
1650
1700
1710
1720
1736
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880

10
20
30
40
50
60
70
80
90
160 !
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[ ]
' Define a subroutine for checking the serial poll byte.
' The bit to be tested will be passed in as "spollbit%".
' The subroutine will return a value to the variable “bitstati".
' The error bit will be tested automatically each time the subroutine
' is entered. If the error bit is set, program stops and prints message.
i
t
1
SB% = 2 ~ SPOLLBIT%
SP% = 0: BITSTATX = 0
LOCATE 25, 1: PRINT "Testing SPOLL Bit™; SPOLLBITX; ": Status = *;
PRINT#1, "sP;03"
INPUT#1, SP$
SP%=VAL ("&H"+SPS$)
1
BITSTATX = SPX AND SB%
IF BITSTAT% = O THEN LOCATE 25, 31: PRINT BITSTATY; : GOTO 1450
IF BITSTAT% <> O THEN BITSTATY% = 1: LOCATE 25, 31: PRINT BITSTATY;
1
ER% = SP% AND 32
IF ER%X = 0 THEN RETURN
1
t
CMD$ = “Syst :ERR?;"
PRINT #1, "OA;03;"+CMD$
]
GOSuB 1770
1
LOCATE 23,1: PRINT “ERROR! - "; RECVS; " - ¥; OUTP$; : LOCATE 20, 1: END
RETURN
1
1
1 dededek dederk de de e s e vk v v e ek de vl v e vk sl v e sl e vk e o e o e o e ke ke e e 9 e dk vk e e ok ke ke 2 e ke ok e vk e e sk v e ok ke ke e ok e e ok e ok e ke
' Define a subroutine for sending command strings to the 576. If the
' transmission times out, the program will halt, otherwise the program
' continues.
$ deddesiedke dr vie v vk e e v ke vk ke sk e v e 3k e v e sk e she v e o e 3k 3k e v e gk ke vk e ke e sk ke vk e e v e e e e dhe v vk e e ok ke o o e e ke ok o ke ke de ek K i
¥
OUTPUTS$="0A; 03; "+OUTPS$
PRINT #1,0UTPUTS
RETURN
)
1
§ dedodedede de ok ok sl de ek e ok de ok e ake e e e ok vk ke e ek e vk e o ok e e e e s ke s de e e e sk e de e ek ek e e ok ek e ke ek ek e ek ek ke
' pefine a subroutine for receiving data from the 576. If the
! transmission times out, the program will halt, otherwise the program
' continues.
1 Jededededede do e de e v e vk de e e e o ke ok vhe ok e vk e vk e sk e s sk ke e e e ke e ke e i e e e vk ek e gl sl sl e ke sk e g e ke o die ok sk de e e e e ok ke otk
)
RECV$ = SPACES$(255)
PRINT#1, “EN;O03"
LINE INPUT#1, RECV$
RETURN
1
RESUME NEXT

e v e she e e de Je sk e e e e e e e e e o e e e v e e e ke e de e e ke e v v e e e ok e vk e ok e S i e e gk sl o e e e ok e e de e e o e e e e ok e e e ke

DIGITAL.SER - 576 QUICKSTART Digital 1/0 Program in Interpreter BASICA
DATE: 8-16-90

This program is designed to run with the 500-Serial RS232 to IEEE488
converter box.

The Auto Baud on the 500-Serial is set for 9600 baud.



110 -
120
130
140
150
160
170
180 -
180 -
200
210
220
230 -
240 -
250
260
270
280
290
300
310 -
320
330
340
350 -
360 ¢
370 1
380
390
400
410
420
430
440
450
460 ¢
470
480
490
500 -
510
520 -
530
540 -
550
560
570
580
5980 -
600
610
620
630
640
650 7
660 7
670
680
690
700
710
720
730
740
750
760
770
780
790
800
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(c) Copyright 1990 - Keithley Data Acquisition and Control
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CLS : CLOSE : KEY OFF
ON EFRROR GOTO 1640

Declare variables

SPOLLBIT% = O ’ Used as input to SPOLL check subroutine
BITSTATS = O ’ Used as output from SPOLL check subroutine

Initialize 500-Serial interface.

OPEN "COM1:9600,N,8,2,CS,DS,CD" AS #1
T!=TIMER: WHILE TIMER-T!<.l: WEND

FOR I=1 TO S
PRINT #1,CHR$(13);: T!=TIMER: WHILE TIMER-T!<.l: WEND
NEXT I

PRINT #1, “EC;O0"  Turn the ECHO OFF
T!=TIMER: WHILE TIMER-T!<.1l: WEND
AS$=INPUTS$ (LOC(1), #1) :A$=INPUTS (LOC(1), #1)

Set proper 500-SERIAL BUS terminators
PRINT #1, "TB;4"

System should respond with 576 revision, indicating successful
cocmmunication with driver, GPIB interface, and 576.

OUTPS$ = *Syst :IDN?;"
GOSUB 1420 rSend output string
SPOLLBIT%=4:GOSUB 1080

GOSUB 1530
LOCATE 1,1:PRINT RECVS

LOCATE 3, 1: PRINT "*** 500-Serial & 576 QuickStart Digital I/O Test ***™

Reset 576

OUTPS = "reset all;x;"

GOSUR 1420

T!=TIMER:WHILE TIMER-T!<2:WEND ‘Provide adequate delay for RESET
SPOLLBIT% = 7: GOSUB 1080

Set up digital Port A of input
QUTP$ = "chan 5, 0, :mode in;"
GOSUB 1420
SPOLLBIT% = 7: GOSUB 1080

Set up digital Port B for output

QUTPS$ = "chan 5, 1, :mode out;"
GOSUB 1420

SPOLLBITY = 7: GOSUB 1080

OUTPS = *chan 1, 0, :gain 1;"
GOSUB 1420

SPOLLBRIT% = 7: GOSUB 1080

IS AL R R R LR RS L SRS R TSRS R SRR RS S ERE R A SRS AR RS A SRS R RS RS ETEE SR SR TR LY

Loop to cutput data and make readings

LOCATE 5, 1: PRINT "Press any key to stop...";
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81¢
820
830
840
850
860
870
880
830
200
910
920
930
940
950
960
970
980
930
1000
i010
1020
1030
1640
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
120¢
1210
1220
1230
1240
1250
1260
1270
1280
1280
1300
1310
1320
1330

1340
1350
1360
1370
1380
1380
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
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FOR PASS%=0 TO 255
Write outval% to digital port B
QUTPS = "iwrite raw 5, 1, ™ + STRS${PASS%) + "; "
GOSUB 1420
SPOLLBIT% = 7: GOSUB 1080

Read value at digital port &
QUTPS$ = "iread raw, 5, 0;"
GOSUB 1420
SPOLLBITS = 4: GOSUB 1080
Input voltage value from GPIB
GOSUB 1530
AS$=RECV$
Print data to screen
LOCATE 10, 1
PRINT "Written to 576 Digital Port B: ";PASS%;" "
PRINT " Read from 576 Digital Port A: ";VAL(AS);" "

I$=INKEY$:IF I$="" THEN NEXT PASS%

Z
o
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Define a subroutine for checking the serial poll byte.

The bit to be tested will be passed in as "spollbitg"™.

The subroutine will return a value to the variable "bitstat$%".

The error bit will be tested automatically each time the subroutine
is entered. If the error bit is set, program stops and prints message.

S N s v s v w v s s s

SB% = 2 ~ SPOLLBITS%

SP% = (: BITSTAT% = ¢

LOCATE 25, 1: PRINT "Testing SPOLL Bit"™; SPOLLBIT%; ": Status = ";
PRINT#1, "SP;03"

INPUT#1, SP$

SP%=VAL ("&H"+SP$)

BITSTAT% = SP% AND SB%
IF BITSTATY% = 0 THEN LOCATE 25, 31: PRINT BITSTATS%; : GOTO 1210
IF BITSTAT% <> 0 THEN BITSTAT% = 1: LOCATE 25, 31: PRINT BITSTATS;

ER% = SP% AND 32
IF ER% = 0 THEN RETURN

CMDS = "Syst :ERR?;"
PRINT #1, "OCA;03;"+CMD$

GOSUB 1530
LOCATE 23,1: PRINT "ERROR! -~ ™; RECVS$; ™ - "; OUTPS; : LOCATE 20, 1: END
RETURN

FhEhFIAhkhkdhdhh o Rk kT kA Ak kAR Ik kR kA ko kdkehk ke k bk kA ke kkkkkhkhhkkwdx

L4
z
r
" Define a subroutine for sending command strings to the 576. If the

’ transmission times out, the program will halt, otherwise the program
’

T

s

continues.
*************************************************************************

OUTPUTS="0R;03; "+0OUTP$
PRINT #1,0UTPUTS
RETURN



1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640

continues.

L N T T

RECVS = SPACES (255)
PRINT#1, “EN;03"

LINE INPUT#1,
RETURN

I

RESUME NEXT

RECVS
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bPefine a subroutine for receiving data from the 576. If the
transmission times out, the program will halt,

otherwise the program

2R SR RS R E ST EE RS RS ES RS RES ST ES LSS S ST EE RS SRS ST SRS SES LRSS S S SEETSEEE SRS
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QuickStart Programs for Microsoft C or Quick C, IOtech Driver488 Software Driver,
and Compatible GPIB Interface

*%  ANALOG.C - 576 QUICKSTART Analog 1/0 Program For Microsoft C or  #*

*k Microsoft QuickC. *x
** DATE: 5-20-91 *
sk Jek
** This program is designed to run with the 10tech Driver488 GPIB ek
** driver software and a compatible GPIB interface card on an ok
** {BM PC/XT/AT or compatible. It assumes an address of “03" for the **
%%k L0746 L2
*¥k *k
**  (c) Copyright 1991 - Keithley Data Acquisition and Control *x
ek dk

*************************************************************************,

#define BUFFER_FULL 3.0 /* Define values for serial polt bits */
#define DATA_READY 4.0
#idefine ERROR 5.0
#define SRQ 6.0
7.0

fidefine 1DLE

#include <ieeceioms.h> /* Renamed for Microsoft C */
#include <stdio.h>

#include <graph.h>

#include <conio.h>

#include <time.h>

#include <math.h>

time_t newtime,oldtime;

main()
<
char responsel256], rtc1[22], rtc2i22], output_volts[101,
input_volts[21], raw_counts[121;

/* Establish communications with Personal488 */
if ( ieeeinit()==-1)
{
printf("Cannot initialize IEEE system.\n");
exit(1);
}

_clearscreen(_GCLEARSCREEN);

jeeewt ("TIMEOUT 2\n");
ieeewt ("CLEAR\N");

/* Read the Driver488 revision number */
jeeewt ("HELLO\N");

ieeerd(response);

printf("%s\n", response);

/* Do read of Keithley ID */

feeewt("Output 03; Syst :IDN?;\n®);

spol L(DATA_READY);

iceewt("Enter 03\n");

feeerd(response);

_settextposition(2,1);

printf("Keithley ID String: ¥s.\n", response);

/* Reset 576 */
ieeewt("Output 03; Reset AlLl; X;\n"};

/* Two second delay */

time(&oldtime);

while ( (time(&newtime) - oldtime) < 2);
printf("Reset Complete...\n%);
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/* Send various system and channel commands */
ieeewt("Output 03; Syst :Format ASCI;\n");
spol LCIDLE);

ieeewt(“Output 03; Chan 1,0 :Mode SE;\n");
spol L(IDLE);

ieeewt ("Output 03; Chan 1,0 :Gain 1;\n");
spol LCIDLE);

jeeewt ("Output 03; Chan 1,0 :Range 10B;\n");
spol LCIDLE);

jeeewt("Output 03; Chan 4,0 :Range 10B;\n");

spol L(IDLE);

while (output_volts[0l != 'q' || output_volts[0] t= Q')
<

_settextposition(6,1);
printf(®*Output voltage (-10 and +10, or 'Q' to quit) ");

_settextposition(6,46);
gets(output_volts);

if ( output_volts[0] == 'q' || output_volts[01 == 'Q@' )
{
_settextposition(20,1);
exit(1);
3

jeeeprtf("Output 03; IWrite DCV,4,0, %s;\n",output_volts);
ieeewt("Output 03; Syst :Clock ?; IRead DCV,1,0;\n");
jeeewt("Output 03; Syst :Clock ?; IRead RAW,1,0;\n");

spol L(DATA_READY);
ieeewt("Enter 03\n");
ieeerd(&rtcl);

spol L(DATA_READY);
jeeewt("Enter 03\n");
jeeerd(&input_volts);

spol L (DATA_READY);
jeeewt("Enter 03\n");
ieeerd(&rtc2);

spol L(DATA_READY);
ieeewt(“Enter 03\n");
ieeerd(&raw_counts);

_settextposition(10,1);
printf("Voltage written to analog output = %3.7f\n",

atof (output_volts));
printf("Time and Input voltage
printf("Time and Raw Counts
}

%s , %s\n", rtcl, input_volts);
%s , %s\n", rtc2, raw_counts);

/*********************************************************************

Define a subroutine for checking the serial poll byte. The bit
to be tested will be passed in as a pre-defined value. The
subroutine will print the result of the serial potl. The error
bit will be tested automatically each time the subroutine is
entered. 1f the error bit is set, the program stops and prints
the error message.
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SPOLL BYE / ERROR BIT TEST SUBROUTINE

************************************************************k********/

spoll(testbit)

double testbit;

<
int sb;
int bitstat = 0;
char response[256] ;

unsigned int sp, es;
sb = pouw(2.0,testbit);

_settextposition(24,1);
printf("Testing SPOLL bit %.0f : Status = ", testbit);
while ( bitstat == 0 )
{
jeeewt("Spoll 03\n");
jeeescnf("¥d" ,&sp);
bitstat = sp & sb;
if ¢ bitstat ==0 )} {
_settextposition(24,32);
printf(“xd", bitstat);

/* Error handling routine */

es = sp & 32;

if {es i=0) (
feecewt ("CLEAR\N");
ifeeewt("Output 03; Syst :ERR Z;\n");
ieeewt{VEnter 03\n");
ieeerd{response);
_settextposition(25,1);
printf({"ERROR! - %s - \n", response);
_settextposition(20,1);
exit(1); 2
}

3

if ( bitstat 1= 0 ) {
bitstat = 1;
_settextposition(24,32);
printf("4d",bitstat);
b

/*************************************************************************
** DIGITAL.C - 576 QUICKSTART Digital I/0 Program For Microsoft C or **

hond Microsoft QuickC. halod
** DATE: 5-20-91 *x
Sk dedk
** This program is designed to run with the IOtech Driver488 GPIB *x
**  driver software and a compatible GPIB interface card on an ex
*% IBM PC/XT/AT or compatible. It assumes an address of "03" for the **
** 576, . *x
%k *%
*%  (c) Copyright 1991 - Keithley Data Acquisition and Control e
dk %k

*************************************************************************/

#define BUFFER_FULL 3.0 /* befine values for serial poll bits */
#define DATA_READY 4.0
#define ERROR 5.0
#define SRQ 6.0
#define IDLE 7.0
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#include
#include
#include
#include
#include
#include

<ieeeioms.h> /* Renamed for Microsoft C */
<stdio.h>
<graph.h>
<conio.h>
<time.h>
<math.h>

time_t newtime,oldtime;

main()
{

char response[256], digini51;
unsigned int pass;

/* Establish communications with Personalé488 */
if ( Teeeinit()==-1)
4
printf(""Cannot initialize IEEE system.\n");
exit(1);
)

_clearscreen(_GCLEARSCREEN);

ieeewt (MTIMEOUT 2\n");
ieeewt ("CLEAR\N");

/* Read the Driver488 revision number */
feeewt(*HELLO\N");

ieeerd(response);

printf("%s\n", response);

/* Do read of Keithley ID */

ieeewt("Output 03; Syst :IDN?;\n");

spol L{(DATA_READY);

jeeewt("Enter 03\n");

ieeerd(response);

_settextposition(2,1);

printf(*Keithley ID String: %s.\n", response);

/* Reset 576 */
ieeewt("Output 03; Reset All; X;\n%");

/* Two second delay */

time(&oldtime);

while ( (time(&newtime) - oldtime) < 2);
printf("Reset Complete...\n");

/* Send various system and channel commands */
ieeewt("Output 03; Chan 5,0 :Mode In;\n");
spol L(IDLE);

ieeewt("Output 03; Chan 5,1 :Mode Out;\n");
spol L(IDLE);

/* Loop to output data and make readings */
_settextposition(6,1);

for ( pass=0; pass<256; pass++ )
{

Teeeprtf("Output 03; IWrite RAW,5,1,%u;\n", pass);
spol L(IDLE);

jeeewt("Output 03; IRead RAW,5,0;\n");

spol L(DATA_READY);

jeeewt("Enter 03\n");

ieeerd(&digin);

_settextposition(10,1);

printf("Written to 576 Digital Port B: ¥u\n", pass);
printf("Read from 576 Digital Port A: %s\n", digin);
3
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/*********************************************************************

Define a subroutine for checking the serial poll byte. The bit
to be tested will be passed in as a pre-defined value. The
subroutine will print the result of the serial poll. The error
bit will be tested automatically each time the subroutine is
entered. If the error bit is set, the program stops and prints
the error message.

SPOLL BYE / ERROR BIT TEST SUBROUTINE

*********************************************************************/

spoli(testbit)

double testbit;

{
int sb;
int bitstat = 0;
char response [256];
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unsigned int sp, es;
sb = pow(2.0,testbit);

_settextposition(24,1);
printf("Testing SPOLL bit %.0f : Status = ", testbit);
while ( bitstat == 0 )
{
ieeewt("Spoll 03\n");
ieeescnf("%d", &sp);
bitstat = sp & sb;
if ( bitstat == 0 ) {
_settextposition{24,32);
printf(¥%d", bitstat);

/* Error handling routine */

es = sp & 32;

if (es!=0)(
ieeewt ("CLEAR\N");
jeeewt("Output G3; Syst :ERR 2;\n");
jeeawt(MEnter 03\n");
ieeerd{response);
_settextposition(25,1);
printf("ERROR! - %s - \n", response);
_settextposition(20,1);
exit(1y; 3
b2

3

if ( bitstat !1=0) {

bitstat = 1;

_settextposition(24,32);

printf("%d", bitstat);

>



APPENDIX D

IEEE-488 Bus Overview

INTRODUCTION

Basically, the IEEE~-488 bus is simply a communication
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
device will listen. As a talker, a device will output infor-
mation and as a listener, a device will receive informa-
tion. 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 lis-
ten to the talker are addressed to listen by the controller.
Each listener is then referred to as an active listener. De-
vices 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 since the task of listen-
ing takes up bus time.

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 en-
sure the credibility of the information transfer. The basic
handshake sequence between an active controller
(talker) and a listener is as follows:

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

2. Thetalker places the byte of data on the bus and indi-
cates that the data is available to the listener.

3. Thelistener, aware that the data is available, accepts
the data and then indicates that the data has been ac-
cepted.

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

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

BUS DESCRIPTION

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

A typical set up for controlled operation is shown in Fig-
ure B-1. Generally, a system will contain one controller
and a number of other instruments to which the com-
mands are given. Device operation is categorized into
three operators: controller, talker and listener. The con-
troller does what its name implies; it controls the instru-~
ments 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 listener.

There are two categories of controllers: system controller,
and basic controller. Both are able to control other instru-
ments, 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
controller 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. Al-
though several devices may be commanded to listen si-
multaneously, 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 31, and is generally set by rear panel DIP switches
or programmed in from the front panel of the instrument.
Theactuallisten address value sent out over the bus is ob-
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Once a device is addressed to talk or listen, the appropri-
ate bus transactions take place. For example: if the instru-
TO OTHER DEVICES ment is addressed to talk, it places its data string on the
/___/\ bus one byte at a time. The controller reads the informa-
tion and the ap Luku.muc software can be used {o direct
++m M‘ /\r the information to the desired location.
DEVICE 1 <
LABETO B BUS LINES
LALND, Lo Y Hv hll‘hv
AND CONTROL
(CoupITER) D—DATABUS The signal lines on the IEEE-488 bus are grouped into
three different categories: data lines, management lines
A and handshake lines. The data lines ha__nd_le bus data and
pevickz [ X commands, while the management and handshake lines
;‘:Llf .’I.‘?s ensure that proper data transfer and operation takes
LISTEN DATA BYTE place. Each bus line is active low, with approximately
576) TRANSFER zero volts representing a logic 1 (true). The following
<D CONTROL paragraphs describe the operation of these lines.
A
K
DEVICE3Z  [NTF .
ONLY ABLE Data Lines
TOLISTEN
RINTE . .
(PRINTER) iyl The IEEE-488 bus uses eight data lines that transfer data
1 MANAGEMENT one byte at a time. DIO1 (Data Input/Output) through
i DIO8 (Data Input/Output) are the eight data lines used
< to transmit both data and multiline commands and are
DEVICE4 =% bidirectional. The data lines operate with low true logic.
ONLY ABLE
TO TALK
L—\ D101..8DATA By Manacament T inas
_j (8 LINES) AFRAD LYAQRRALGRE,WARICIEL AMLLLIC D
L DAV The five bus management lines help to ensure properin-
L —— NRFD } HANDSHAKE terface control and management. These lines are used to
NDAC send the uniline commands.
IFC
ATN BUS
SRQ MANAGEMENT ATN (Attention) — The ATN line is one of the more im-
mf portant management lines in that the state of this linede-
termines how information on the data bus is to be inter-
Figure D-1.  IEEE Bus Configuration preted.

tained by ORing the primary address with $20. For exam-
ple, if the primary address is 8 ($08), the actual listen ad-
dressis $28 ($28 = $08 + $20). In a similar manner, the talk
address is obtained by ORing the primary address with
$40. With the present example, the talk address derived
from a primary address of 8 decimal would be $48 ($48 =
$08 + $40).

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

e s X2 n TR v e

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

The IEEE-488 standards also include another addressing

modecalled cnr‘nnﬂnry addressineg. Secondarv addresses

ALRAT LALLATR A STV NGRS AL TOGaar, CTLVRiGG Y Al TooT

Lie in the range of $60-$7F. Note, however, that many de-

vices, 1nclud1no the 576, do not use cpr‘nndary address-

BV (End ar Tdansifo) Tha FOT 34 109 Allyresa ad & -
LA kil U1 sGliidry s 10€ LULIS usuauy used tom

the end of a multi-byte data transfer sequence.

)
—
N

SRQ (Service Request) — This line is used by device

when they require service from the controller.
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Handshake Lines

The bus handshake lines that operate in an interlocked
sequence. This method ensures reliable data transmis-
sion regardless of the transfer rate. Generally, data trans-
fer will occur at a rate determined by the slowest active
device on the bus.

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

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

NRFD (Not Ready For Data) — The acceptor controls the
state of NRFD. It is used to signal to the transmitting de-
vice to hold off the byte transfer sequence until the ac-
cepting device is ready.

NDCA (Not Data Accepted) — NDCA is also controlled
by the accepting device. The state of NDCA tells the
source whether or not the device has accepted the data

byte.

The complete handshake sequence for one data byte is
shown in Figure D-2. Once data is placed on the data
lines, the source checks to see that NRFD is high, indicat-
ing that all active devices are ready. At the same time,
NDAC should be low from the previous byte transfer. If
these conditions 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 be stable for at least
100nsec after ATN is set true. Because of the possibility of
a bus hang up, many controllers have time-out routines
that display messages in case the transfer sequence stops
for any reason.

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

DATA X X SOURCE

DATA SOURCE
VALID
NRFD ACCEPTOR

NDAC I l ACCEPTOR

DATA DATA
TRANSFER TRANSFER
BEGINS ENDS

Figure D-2.  IEEE-488 Handshake Sequence

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.

BUS COMMANDS

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

6. Uniline Commands - Sent by setting the associated
bus lines true. For example, to assert REN (Remote
Enable), the REN line would be set low (true).

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

8. Device-dependent Commands - Special commands
whose meanings depend on device configurations;
sent with ATN high (false).

Thesebus commands and their general purpose are sum-
marized in Table D-1.

Uniline Commands

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

REN (Remote Enable) — REN is sent to set up instru-
ments on the bus for remote operation. When REN is
true, devices will be removed from the local mode. De-
pending on device configuration, all front panel controls
except the LOCAL button (if the device is so equipped)
may be locked out when REN is true. Generally, REN
should be sentbefore attempting to program instruments
over the bus.

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

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

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

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

Universal Multiline Commands

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

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

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

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

SPD (Serial Poll Disable) — SPD is used by the controller
to remove all devices on the bus from the serial pollmode
and is generally the last command in the serial polling se-
quence.

Table D-1. IEEE-488 Bus Command Summary

Command Type | Commands ATN Line | State Of Comments
Uniline REN (Remote Enable) X Sets up devices for remote operation.
EOI 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 local operation.
DCL (Device Clear) Low Returns device to default conditions.
Addressed SPE (Serial Enable) Low Enables serial polling.
SPD (Serial Poll Disable) Low Disables serial polling.
SDC (Selective Device Clear) Low Returns unit to default conditions.
GTL (Go To Local) Uniline Low Returns device fo local.
Unaddressed UNL (Unlisten) Low Removes all listeners from bus.
UNT (Untalk) Low Removes any talkers from bus.
Device-dependent High Programs Model 576 for various modes.
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Addressed Multiline Commands

Addressed commands are multiline commands that
must be preceded by the device listen address before that
instrument will respond to the command in question.
Note that only the addressed device will respond to these
commands. Both the commands and the address preced-
ing it are sent with ATN true.

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

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

GET (Group Execute Trigger) — The GET command is
used tfo 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.

Address Commands

Addressed commands include two primary command
groups and a secondary address group. ATN is true
when these commands are asserted. The commands in-
clude:

LAG (Listen Address Group) — These listen commands
are derived from an instrument’s primary address and
are used to address devices to listen. The actual com-
mand byte is obtained by ORing the primary address
with $20.

TAG (Talk Address Group) — The talk commands are
derived from the primary address by ORing the address

with $40. Talk commands are used to address devices to
talk.

SCG (Secondary Command Group) —Commands in this
group provide additional addressing capabilities. Many
devices (including the 576) do not use these commands.

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 listeneridle
state by the UNL command.

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

Device-dependent Commands

The purpose 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.

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

Command Codes

Command codes for the various commands that use the
data lines are summarized in Figure D-3. Hexadecimal
and the decimal values for the various commands are
listed in Table D-2.

Table D-2. Hexadecimal and Decimal
Command Codes

Command | Hex Value | Decimal Value
GTL 01 1
sDC 04 4
L1LO 11 17
DCL 14 20
SPE 18 24
SPD 19 25
LAG 20-3F 32-63
TAG 40-5F 64-95
SGG 60-7F 96-127
UNL 3F 63
UNT 5F 95
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Typical Command Sequences

For the various multiline commands, a specific bus se-
quence must take place to properly send the command.
In particular, the correct listen address must be sent to the
instrument before it will respond to addressed com-
mands. Table D-3 lists a typical bus sequence for sending
the addressed multiline commands. In this instance, the
SDC command is being sent to the instrument. UNL is
generally sent as part of the sequence to ensure that no
other active listeners are present. Note that ATN is true
for both the listen command and the SDC command byte
itself.

Table D-4 gives a typical device-dependent command se-
quence. In this instance, ATN is true while the instru-
ment is being addressed, but it is set high while sending
the device-dependent command string.

IEEE Command Groups

Command groups supported by the 576 are listed in
Table D-5. Device-dependent commands are not in-
cluded in this list.

Table D-3. Typical Addressed Command Sequence

_ Data Bus
Step | Command | ATN State ASCII | Hex Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low ( 28 40
3 SDC Stays low EOT 04 4
4 Returns high

*Assumes primary address = 8.

Table D-4. Typical Device-dependent Command Sequence

Data Bus
Step | Command | ATN State ASCII | Hex Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low ( 28 40
3 Data Set high F 52 82
4 Data Stays high 0 30 43
5 Data Stays high X 58 88

*Assumes primary address = 8.



APPENDIX D
IEEE-488 Bus QOuerview

D-8

Table D-5. IEEE Command Group

HANDSHAKE COMMAND GROUP
NDAC = NOT DATA ACCEPTED
NRFD = NOT READY FOR DATA
DAV =DATA VALID

UNIVERSAL COMMAND GROUP
ATN = ATTENTION
DCL = DEVICE CLEAR
IFC = INTERFACE CLEAR
REN = REMOTEENABLE
SPD = SERIAL POLL DISABLE
SPE = SERIAL POLL ENABLE

ADDRESS COMMAND GROUP

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

TALK: TAG =TALK ADDRESS GROUP
MTA = MY TALK ADDRESS
UNT =UNTALK
OTA = OTHER TALK ADDRESS

ADDRESSED COMMAND GROUP
ACG = ADDRESSED COMMAND
GROUP
GTL=GOTOLOCAL
SDC = SELECTIVE CLEAR

STATUS COMMAND GROUP
RQS = REQUEST SERVICE
SRQ = SERIAL POLL REQUEST
STB =STATUS BYTE
EOIL=END




APPENDIX E

Calibration of the Model 576 Using the
SYST:CAL and ZCAL Commands

When used in the Model 576, calibration facilities for the
AMMIA and AMM?2 modules include hardware calibra-
tion potentiometers, the ZCAL command, and the SYST
:CAL command. The potentiometers are used in conjunc-
tion with the hardware calibration instructions contained
in the AMM manuals. The purpose of the commands is as
follows:

ZCAL—ZCAL determines a calibration constant reflect-
ing the characteristics of the zener reference on the
AMMIA or AMM?2. This constant is then used by the
SYST :CAL command to create gain and offset correction
factors for the AMM module’s global amplifier and A/D
section. ZCAL generally need not be performed unless:

a. the existing calibration is in question,

b. the AMM module has received extensive repair, or

c. the zener reference has been disturbed or replaced.
Using ZCAL requires additional calibration instru-
mentation.

SYST :CAL — The SYST :CAL command is to store the
calibration constant produced by ZCAL in the 576’s bat-
tery-backed memory from which correction factors are
generated and applied analog measurements. The cor-
rection factors affect the AMM global amp and A /D con-
verter of the AMMIA or AMM2, and are applied auto-
matically by the 576 firmware.

A calibration constant for each AMMI1A or AMM2 mod-
ule is printed on a sticker and attached to the module at
the factory. It is a simple matter to issue this constant to
the Model 576 using the procedure described in the SYST
:CAL command documentation. ZCAL can be used to
generate a new constant.

By using ZCAL and SYST :CAL, it is possible to achieve
the published “improved” accuracy specifications for the
AMMIA and AMM2. When an analog input module is
used in the option slot of the 576, the overall accuracy of

the combination will essentially be the accuracy of the op-
tion module.

When and How Should You Calibrate?

The AMM module will generally be calibrated for three
reasons:

1. The module has been repaired.

2. The module is suspected of having drifted out of
calibration.

3. The module is on a periodic maintenance/calibra-
tion schedule.

In each case, perform a hardware calibration, followed by
ZCAL (ZCAL automatically performs a SYST :CAL). Ifa
suitable precision voltage calibrator is not available, and
if the zener reference on the AMM module has not been
disturbed, you can omit the ZCAL and use SYST:CAL,
assuming that the current calibration constant is still
valid. The long-term stability of the zener reference cir-
cuitry is quite high, so the ZCAL constant should not
change appreciably under normal circumstances.

A module which returns readings which are incorrect by
more than a few percent may be defective, rather than
simply out of calibration. Calibration is not a substitute
for repairing a faulty module.

How to Perform a Complete AMM Field
Calibration

A complete hardware calibration of the AMMIA or
AMM2 module consists of adjusting the potentiometers
for the local amplifier, global amplifier, and A/D con-
verter sections, followed by ZCAL to trim the calibration
of the global amplifier and A/D converter sections.
ZCAL will run SYST :CAL. The AMM module manual
contains a complete listing of steps and equipment
needed for these procedures.
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If you plan to adjust the calibration pots on the AMM
module, you should doso before you use ZCAL. This will
provide optimum adjustment of the AMM.

After you run ZCAL, do not readjust the AMM module
calibration pots. The calibration factor produced by
ZCAL applies to the module in the state of calibration
prevailing when ZCAL was executed. If you change any
adjustments on the board after ZCAL is executed, you
will need to repeat ZCAL.

ZCAL does not affect the AMM local amplifier.

The following equipment is required to determine the
calibration constant using ZCAL:

1. Voltage calibrator with an accuracy of 0.001% or bet-
ter.

A DIP clip for a 28-pin 0.6 inch wide IC.

A Model 576 with host computer.

AMMIA or AMM2 module, revision C or later.
Component layout and schematic for the AMM
module.

G W

Procedure:

1. Install the AMMIA or AMM2 in slot 1 of the 576.

2. Remove any module from slot 3 to gain access to U8
on the AMMIA or AMM2.

3. Install the DIP clip on U8 of the AMM module.

4. Turn off output of the voltage calibrator.

E-2

5. Connect the voltage calibrator “~” output to U8 pin
19 via the DIP clip. Also connect the voltage calibra-
tor “+” output to U8 pin 22 using the DIP clip.

6. Set switch 6 on the 576 address switch ON to allow
the 576 to save the ZCAL information.

7. Turn on the power to the 576.

8. Set the voltage calibrator to 7.00000* volts, then turn
it on.

9. Allow 15 minutes for the 576 and calibrator to warm
up.

10. IsPs)ue the command ZCAL 7.0%; to the 576. The 576
will respond with the calibration information.

It is unnecessary to issue a SYST :CAL <val>; or SYST
:CAL; command, or otherwise manually transfer ZCAL's
calibration constant to SYST :CAL. These steps are han-
dled automatically by ZCAL. However, ZCAL will only
save the new zener calibration constant if switch 6 of the
576 address switch is set ON. Otherwise, the effects of
ZCAL are temporary (i.e. they will be in effect until a
power down or RESET ALL). You should record the cali-
bration constant for future use with the SYST :CAL com-
mand.

Switch 6 should be turned OFF after the calibration is
completed. This will protect against inadvertent changes
to the calibration.

*If you use a voltage other than 7.000V in step 8, that volt-
age must be specified in step 10. The legal range is 6.00V
to 8.00V.



Symbols

:AMM[5-45]
:BUF?,|5-45|
:CAL,[5-45]
:CLOCK|5-45]
:EOI[5-45]B5-51]
:ERR?,
:FILTER,
:FORM, [5-45]
:function,[5-161
:GAIN,[5-16]
:IDN?,15-45]
:MEM?,[5-45]
:MODE,[5-16[5-20]
:OFFSET, 5-16]5-22]
:PEEK,[5-45]
:POKE,5-45|
:RANGE, 5-16]5-23]
:SAVE,
:SLOT[5-451(5-59]
SRQ,
:STAMP,|5-45][5-61]

:TERM,[5-45]
:TRIG,
:UNIT,[545]

II?II,

“acquisition time”’

”CHAN”,
“Channel” [4-3]
“corrected”,[5-48|
“header” plug,[4-14]
“LATCH” |6-8]

“NO ERRORS”, [B-1

“No System Error”,[5-52

“Slot”,[4-3]
IISRQ”,
“SYST :CAL”, 5
“TC” [5-40]

“uncorrected”,[5-48 |
‘EMPTY’,
(GED)[5-2][5-73]
05-73]

+10 Volt Reference/8-2]
+5 Volt Supply,

Numbers

10.00V precision reference,[4-10]
100kHz filter,[7-12]

16 single-ended channels[4-7]

2kHz filter,[7-12|

3B,[4-12]7-28 |

3dB point,[4-14]

500-Serial adapter,6-13

500-series

500GPIB,[4-1]

576 Commands

576 commands,|5-4]

576 Programming Command Set,[5-4]
576-1)3-3 i
576-2)3-3]47]

8 differential channels,

A

A/D Converter,[£-13][7-12]
A/D resolution47]
A/DSTART,[7-12]

AC Line adapter, [3-T]
Accessories,[7-34
Acquisition time, [7-12]

ADMl,
ADM2,[5-1

ndex

Address,[3-2]
Address Commands,|[D-5
Advanced Topics,[4-12]
AIM1, ADM1, ADM2,[4-1][5-1]
AIM2,[5-19]
AIM3,[5-20
AIM3A, |5-19
AlM4,[5-19
AIMS,|5-19
AIMS6,[5-19
AIM7,15-19
AIMS,[5-17][5-19
ATM9,|5-17}|5-19
AMM,[3-3]4-1][4-10 [4-12][4-14][5-66)
7-19
AMM1,[4-1]5-1]
AMMIA, E2)4-7)ET3ET0/520)
5-48][7-11}[8-2]
AMM2,[4-2/14-13][5-19][5-20]
AMM2 global amplifier,
AN OUT,[7-10]
ANALOG.xxx, 2
Analog Input,[5-231[7-11][8-6]
Analog Input ~Slot 1,/4-7]
Analog Output,[5-23][7-19][8-6]
Analog Output —Slot 4,[£10]
Analog Output Commands, [7-20]
Analog Output Range,[£-15]
Analog output speed,[4-10]
Analog pathways,
Analog Trigger
AOMS,[£T0][5-35]
Appendix[2-4]
Applications,[2-4][6-1]
ASCI,[5-53
ASCH|5-3)5-53
ASCII no Prefix,[5-76]
ASCII Transmission,[5-76]
ASCII with Prefix,5-76|




ASCN,

Asystant GPIB,[6-1][6-5]
ATN,[D-2]D4|
Attenuator,
Auto-acquire,[4-7|
Auto-sequence,[4-10]

Automatic Register Sequenc

Automotive power adapter,

B

BASIC, 1
Battery,[8-6][8-7]
Battery Life Testing,[6-T]
BINARY,[5-76]
Binary Transfer
Block diagram,
BNC, =

BUFF,

BUFFER FULL,[5-79]
Buffers,[5-2]

Bus Commands,
Bus Lines,
BYTE,[5-7]5-75]
bracket,

C

CAUTION,[Z-T]
Calibration, 5,
Calibration Constant, 5,[5-48]
Calibration Equipment,[8-2|
Calibration Maintenance and
Troubleshooting [2-4]
Calibration sticker,
Capacitive effect,[4-14]
Capacitive load,
CEC, 1,|]1-1)C-1
CHAN, 4-2]5-1
Channel 7,[4-12]
CLOCK, [5-61|
Clock Battery,[8-6)
CMDI1A Select A/D Channel,[7-30]
CMD1B Select Slot, [7-30]
CMD1C Global Gain,[7-33|
CMD1D A/D Start/Status,[7-33 ]
CMD2A Trigger,[7-30]
CMD2B Trigger,[7-31]
CMD2C Trigger,|7-32
CMD3A Option Slot,[7-31
CMD3B Option Slot, [7-31
CMD3C Option Slot,[7-33
CMD4A Analog Output{7-31
CMD4B Analog Output,|7-31
CMD5A Digital 1/0]7-32
CMD5B Digital 1/0,[7-32
CMDA[7-10]
CMDAT1,7-12]
CMDA2,/7-16]
CMDA4,7-20

CMDAS, [7-26]

CMDB,[7-10]

CMDBI, [7-12]
CMDB2,[|7-16
CMDB4,[7-20
CMDBS,[7-26

CMDC,|Z-

CMDC1,{7-12
CMDC2,[7-16

CMDD, [7-10
CMDD1/7-12]
CNFG,[5-58]
CONFIGURATION, 5-]]
Cold junction reference,[5-75
Command Codes,[D-5]
Command Locations,7-30]
Command Sequences,[D-7
Common mode,@%
Completing Setup,|3-5
Cond%tion gx resI;ion,
Connections,@]
Controller,
Conversion time,|7-12|
Coupling,

CR,

CRLF,[5-62]

Current Amplifier,|6-17
Cutoff frequencies,[7-12
CYCLES,|5-72|

D

D/A,

D/ A converters,[7-19]

DACs,[6-]]

DAISY,[7-10]

DATA 558]

Data Backup Battery,[8-6][8-7]

DATA RDY,[5-79|

DATA READY,[5-79]

DAV,[D-3]

Data and Memory Management,[5-2]
Data Configuration,

Data Formats,

Data Logging,

Data memory,[5-2][5-55]
Data Transfer Modes,[5-76]
Data transfer formats,[5-11]
Date,[5-50
Date field [5-77]

Date string, [5-50]
Date/time stamps,[5-31]
Day,[5-50
DCL, D4
DCV,|5-64)[64]
DEBUG,|5-79)
DEGC,
DEGF,
Debug,[5-79]
Default,[5-20]
Default address,[3-2]

Default Configuration,|4-2

Default data format,[5-3]

Device Clear, [A-T]

Device Configuration,

Device Status (SPOLL),
Device-dependent Commands,
DIGITAL,

DIGITAL.xxx, 2
DIO1,[5-20]
DIO1A,[5-20]

Diagnostic checks,
Diagnostics [3-5]
Differential current,[4-14]

Differential input configuration,[4-2]
Digital I/ O,

Digital I/O - Slot 5,[&T]]
Digital I/O Command,|7-24]
Digital Input and Output,[7-23]
Digital Input Terminals,[7-23]
Digital Input/OQutput,[8-6]

DO and LOOP,

DO...LOOP,
Driver488,[C-1]

Drivers,[3-2

DS-1216D Smart Watch,[5-76]

E

END or IDENTIFY,
ENDSUB,[5-3]
Engineering Units,

Environmental, [3-2][8-2]

EOJ,

ERROR,[5-79]

ERROR STRINGS,

Error Conditions, [B-1

Error messages,

EU,

EVENT,|5-66]

EXEC,

Example Code,[6-4][6-9][6-12]

Expression Table,
External Analog Input Command,

External channels,[7-28]

External Input,
External Input — Slot 6,[£-12]

F

Features,
FILTER,[5-46) 7-15
Firmware revision,[5-54
Floating Sources, [4-14][7-11]
FOR..NEXT,

FREQ/5-77]
Frequencies,[4-10]
Functional Description[7-1]

front panel,[3-1]
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Gain,[4-2] 7-12
Gain amplifier, [7-11]
GET, [5-63|
GLOBAL,[7-10][7-11]

GLOBAL GAIN,[£-17]
GLOBAL IN, [£-7][4-8]

GLOBAL OUT,[4-§]

GLOBAL STROBE,
Global,[5-18][7-33]

Global amplifier,

Global multiplexer,[4-
GND,[4-7]

GPIB,

GROUND,[4-13]

Ground screw,

Ground wire assembly,[3-T]

H

HALT,[5-2]

Handshake,[D-3]

Hardware Configuration,[2-4] -
Hardware Switch Configuration,[4-2]
Hardware Trigger (HT),|5-76] &
Hardware Triggering, [6-8|
Header, 5-76

Hours,[5-50]

HZ, 53 b-eEd

Icon,|6-19

ID,[7-17]

IDLE,[5-79

IEEE Command Groups,|D

IEEE-488 Bus,[D-1| P

IF..ELSE.. ENDIF B-2]

IF, ELSE, and ENDIF,

IFC,D-2[D4|

INPUT, [5-59]

INTEL,

INTL,[5-53]

Input Command Locations[7-12]

Input Filtering, [4-14]

Ingut Ranges‘-

Input resistor,[4-14]

Instrument amplifier, E-12]

Interactive Mode,[65]

Interface Clear,

Interfaces,[9-1]

Internal Data Buffer Description,
B-75]

Introduction,[1-1]

IOtech, 1,[1-1]
Isolated input,

J

]12' 15/
J2]4-7]

J201,[47]
J203,8-7|
J307,|7-28]

J4,]5 and J6,[4T3]
J5,14-14]

L

LATCH,B-66|
Lap-tops,[6-12]

Legal characters,[5-44]
LF,

LFCR,[5-62]

LLO,
LONG,|5-7][5-75]
Load,|7-19

Local amplifier,

Local gam,

Looping, [5-2]

Low-Current Measurements, [6-17]
Low-noise measurement, [£-13]

LVDTs,

MA [5-34][5-64[6-4]
Macintosh, [6-1][6-18]
Maintenance,
Maximum current output, &-10]
MEMT1,B-1]

Measuring Currents, [4-13]
Metrabyte, [I-T}[C-1]

MIN, 5-36]5-68]
Mlnutes

MLHZ,

MOTO,E
MOTOROLA, 53]
Module Gains,[5-19]
Module Library,
Module Manuals,|9-4]
Month,[5-50]

Mother Board, [7-6]
Mother Board Checks,[84]
Mother Board Signal Lines,7-10]
Motorolamﬂ
MSEC/5-36)5-68|
Multi-Channel, [6-1][6-8]

Muttiline,[D-4] EE

N

National, 1,[1-1
NDCA,[5-77)D-3

NDCV,|5-77
Negative voltage,[5-35

NOTE,[Z1]

Non-Self-ID Modules,[7-34]
NRAW [5-77]

NRFD,

o)

Offset, [5-10]
Ohm's law, 4-14|
ON/OFF,[B-1
ONCE, [5-61][5-67]

ONCE, CLOCK,

ONCE, TIME,[6-1]]
ONINT/5-3]

Open thermocou ple sense ,[2-3]
Optmn Modules,[2-4]

Option Slot, [7-18]

Option Slot — Slot 3,[4-10]
Option Slot Commands [7-18]
Option Slot Pinout -
Optional module,[3-3]
OUTPUT, E-59]

Output capacitance,
Output current, [4-10)[7-19
Qutput Limitations,|7-19
Output ranges, [7-19)

P

PC, XT, AT PS/2 Personal Comput-
ers,
PCM1, DIOIA B-7]
PCM2,[5-1]
PCM3,[4-11][7-26
Physical slot, 4-3]
PIM1,[5-7} 5-20)5-23]
M2,
POWER,[3-T]
Portable,[6-T]
Portable Acg 1sxtxon, [6-12]
Ports,[4-11[7-23]
Power,[7-
Power Consumption,
Power Control —Slot 5,[2-T1]
Power control,
Power Indicator,|7-6]
Power Supply,[7-5]
Power Supply Checks,
Power Supply Voltage| 8-4
Power source,[3-3]
Power-on reset[2-3]
PROG, B-58]
PROTO, [5-1)[5-59
Precautions, [2-2
Prefix Field [m
Primary address, |3-
Process Monitoring --
Product Support,[2-3) b
Program Control,[5-2]
Program Mode,[6-3]
Program mernory,--
Programmable gain amplifier (PGA),
g p




Programmable filter,[4-14]

Programming [2-4]
Pull-Down Menu, [6-18]

Q

QUICK option,[5-40]

Quick Start, 1
Quick-disconnect terminal,[£2]
QuickStart,[C-1]

R

RAM, [3-5[5-65]

RAM error,[5-65]
RAW,[5-64]6-4]
Radiometry,@m
Raw binary,

Raw D/A counts, [4-15]
RC,
READ...QUICK, [6-8]
READ/WRITE, [7-10]
REMOTE, B-1]
REMOTEDN,
REMOTEUP,
REN, [D-2}[D4]
RESET,[5-43][7-10]
RETSUB,[5-3|

Real Time Clock,[5-76]
Reference,
Registration,3-2]

Relay Board,[7-26]
Relay Control,|[7-26]
Relay Control Command
Relays,[4-11]

Remote, [6-1 |
Replaceable Parts,[8-7]
Reset,[7-33]

Reset Circuit,
Return authorization,[2-3]
ROM,[3-5][5-65]

ROM error,
RQS,[-79]

RS-232,
RTC,[5-76]

RTDn [CIF], [64]
RTDn[,C|F]|5-64]
RUN,[3-1]

S

SAVE option, [5-

Safe Control Set-Ups,@]
Safe ound wire,[3-3|
Savet,yﬁ

SCAN, 5-611[5-67]

SCAN CLOCK, 6-11]
SCANS,[5-75]

Scale, B-10]

SEC,[5-36][5-68]
SELECT SLOT,
SELF-ID,|5-59]

Secondary address,
Seconds,

Self identification,[7-33 |
Self-ID,[£-T]
Self-ID component,[4-T]
Self-ID Resistor,
Self-test,

Serial Poll,

Setting Up,[3-2][4-2]
Setup,

SGND,[£7]

Sideboard,
Signal Checks,
Signal Conditioning,

Single-Ended vs Differential Input,

4-13
Single-ended input configuration,
Single-pole input filter4-14]
Slot,li%
Slot 1,[7-13)[7-33]
Slot Assignments,[7-6]
Slot connector,
Solid-state relays,
Source/Delay/Measure,[6-15
SPD,
SPE, D
Specifications, [7-4][7-34]
SRQ,
STAMP,[5-7]
STEP1/STEP2,[5-
STROBE,[7-10][7-11]
Static Sensitive Devices,
Strain,
Strobe Analog Output,[7-33]
SUBR,[5-3]
Subroutines,[5-
Supply current,[7-5]

Switch 7,/5-58
Switch 8,/5-58
SYST, E]
SYST :ERR ?,[B-1
SYST :FORM,|5-76
SYST :SLOT, [4-1]

SYST :STAMP,
System Checks,[8-3]
System Controller,[7-5]
System problems,[8-3]

T

TALK/3-1]

TC[5-7][5-75]
TCn[,CIF],|5-64][6-4]

Terms and Conventions,[2-1]

“Computer”,|2-1
“Controller” )| 2-1

“PC”,

Braces “{ }”,[5-4]
Colon “:”,[5-4]
Range of channels,
Square brackets “[ 17,
Vertical bar “1”,
Testing 8-Bit DACs,[6-15]
Theory of Operation,|7-1]
Thermocouples,
Threads,
Threshold,[5-66]
TIME, B-61]
Time,[5-50
Time field,[5-77]
Time Stamm 1 5-3 m-
TRGL @mm-
7—15
TRGI input,[5-66]
Trigger ~ Slot 2,[4-7]
Trigger Command,|7-16]
Trigger cable,[3-3][4-8]
Trigger circuit,[7-15|
Trigger input,[4-7]
Trigger jumpers,[£-10]
Triggered Acquisition,
Triggering,[5-2][6-9]
Troubleshootmg [8-11[8-3]
TTL, i-11)[7-23]

U

Unaddress Commands,
Uniline,[D-3] =

Unpackin

USEC [5.32]

User-configured components,[7-11]

\'

Virtual slot,
Voltage drop,

w

W201,[4-7]
WAIT,[5-2]
WARNING,2-T]
WAV1,[5-1]
Wall mount transformer,
WEND, b-70
WHILE,|5-70
WHILE...WEND,|5-2
WORD,[5-71 B-75
WorkBench,[6-19

Y

Year,|5-50
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Service Form

Model No. Serial No. Date

Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

1 Intermittent [ Analog output follows display [ Particular range or function bad; specify
{J IEEE failure 1 Obvious problem on power-up [J Batteries and fuses are OK
[ Front panel operational [ All ranges or functions are bad [J Checked all cables

Display or output (check one)

I Drifts J Unable to zero

(d Unstable [ Will not read applied input

[ Overload

U Calibration only [ Certificate of calibration required

{1 Data required
(attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? Ambient temperature? °F

Relative humidity? Other?

Any additional information. (If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form.
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