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PREFACE

Tektronix GPIB instruments are designed to go beyond GPIB compatibility

to enhance the GPIB capability of instrument functions you choose for your

system. To accomplish this, Tektronix instruments on the bus use common

codes and formats. As a result, the software interface between controller,

instruments, and you, the user, can be more efficient. System integration

and application programming can be faster and easier.

This manual is intended to help you realize these benefits. The
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SECTION 1

GETTING STARTED

One of the benefits possible by choosing Tektronix instruments when

you configure a GPIB system is reduced time from shipping cartons to an

operating system. This section has that in mind by: 1) Introducing the

concepts designed into Tektronix instruments for easier programming, and

2) Listing programs you can enter and run for fast results.

Hardware and Software Compatibility

To meet the objectives of both easier user programming and flexible

system configuration, Tektronix has developed a standard for codes and

formats. This standard puts GPIB instrument control into terms that are

very close to self-explanatory while placing as few constraints as possible

on how the designer chooses to implement instrument functions.

This standard was used to coordinate the design of the new TM 5000

Series of instruments and Tektronix’ IEEE-488 line of digitizing oscilloscopes,

spectrum analyzers, transient digitizers, and other products. This means

you need to learn only one format, BASIC syntax, and a uniform set of

codes. There is a common message structure for all the system’s instruments.

This contrasts with a typical systems programmer’s problem of dealing with

half a dozen different sets of format and syntax, or having to write half

a dozen software drivers to translate them into a common format.

Status and error reporting is handled the same way by all instruments.

This allows common support subroutines and fewer program modifications to

follow system changes.

Program source code is high-level, and instrument commands are in

“engineering English."' (See the command list in the Appendix for examples.)

Selecting commands is like selecting front panel controls: commands equal

front panel labels, which equal the engineering terms commonly used for

those functions. For example, a typical command string to the function

generator might be "FUNCTION SQUARE;FREQUENCY 1500;OFFSET 2.2;AMPLITUDE

4.5;SYMMETRY 15." Not only are the commands simple to remember, but the

program listings are readable and self-documenting. This is particularly

important when you or someone else picks up the program listing later and

wants to understand what the program does.

REV A, OCT 1981 Iet
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There is even a provision for "programming in reverse." The LEARN

mode permits someone more used to instrument operation than programming

to "write" a program by setting front panel controls for the desired

conditions and then, with a single keystroke, converting the configuration

into error-free program instructions.

3 tfB
Flexible Instrumentation Through Modular Design

To meet the objective of flexible system configuration, the T 5000

line provides compactness and flexibility built up of plug-in instrumentation

modules with common dimensions and interface characteristics. The TM 5000

Series of fully programmable IEEE-488 instruments is based on the TTM 500

concept and on plug-in concepts pioneered by Tektronix through several

generations of oscilloscopes.

This integrated set of modular instruments has the convenience and

appearance of a compact monolithic system, while retaining the configuration

flexibility and expandability of separate instruments. TM 5000 instruments

are not only modular, but compact and lightweight. These features allow

small systems to be used in confined spaces and at remote locations.

Programmable instrument systems are particularly appropriate for many such

applications because their features permit lightly skilled operators to

perform relatively complex maintenance and test procedures under software

guidance and control.

e intakeekkeneInstruments in the T 5000 Series

The initial set of TM 5000 Series instrument modules includes: a

135-MHz universal counter/timer; a 350-MHz universal counter/timer; a

"smart" digital multimeter; an extremely flexible 20-MHz function generator,

and a triple power supply that furnishes the entire range of commonly used

voltages. All are IEEE-488 compatible and all are microprocessor-based

designs. .

Every front-panel function--even features such as AC/DC coupling and

trigger level—-is programmable via the IEEE-488 bus. A major convenience

common to all these Tektronix TM 5000 Series instruments is the ability

to read each instrument’s primary address in its front panel digital display

by pushing an INST ID button on the front panel. This eliminates having

to locate a DIP switch tucked away behind or inside an instrument, then

decoding its binary code into its decimal equivalent.

=
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All the instruments, when first powered up, go through an extensive

self-test and diagnostic routine to check the health of ROM, RAM, I/O, and

the functionality of other blocks. If no internal error is found, the

instrument enters the local state with a standard set of default settings.

In addition, SRQ on the IEEE-488 bus is asserted to let the controller

know that the instrument is on-line.

If an internal error should be discovered, an error code is immediately

displayed on the instrument front panel, which would lead, with the help

of the instrument’s instruction manual, to the location of the specific

problem. The self-test routine of any instrument can later be triggered

at any time from the controller by the simple command "TEST".

Device-Dependent Messages

The Tektronix Codes and Formats standard defines a message to be a

complete block of information. It begins when a device starts sending data

and ends when EOI is sent or received concurrently with the last data byte.

Because an instrument sending a message may be interrupted by the controller

taking control, perhaps conducting a serial poll, when the instrument

becomes a talker again, it should resume sending the message. Thus, a

message is a complete block that begins when a device enters the talker

active state following a reset or a previously sent EOI and ends with EOL.

There is a further refinement to the message convention. When a device

is made a talker, it should always say something. If \it has nothing to

say, it sends a byte of all ones concurrent with EOI. This prevents tying

up the GPIB while the controller waits for a device to talk that will never

send a message. Measurement instruments, such as the DM 5010 Programmable

Digital Multimeter, interpret the "talked with nothing to say" condition

as a request for data and output a reading.

Device dependent messages are ASCII characters. The message syntax

unit for a settings command is:

HEADER<S PACE>ARGUMENT ;

Example: OUTPUT ON;

The header is a mnemonic for a function. The ";" delimits a message

unit so more than one may be sent in a message (it is optional at the end



of a message). Each message unit denotes a front panel function or system

function; any number of message units may be sent together. Tektronix

instruments do not finish syntax checking until the last byte of the entire

message is received. The settings are then executed only when no errors

or settings conflicts are found. If an error is found, the instrument

asserts the SRQ line and reports an appropriate status byte. The message

is discarded if errors are found, even if an error occurs in only one

message unit. Under no circumstances should a device execute a message it

does not understand. Some non-Tektronix devices do not follow this

convention--with disastrous results. (A particular power supply can be

sent four letter O’s instead of four zeros, a common human mistake, and

this supply will go to its maximum voltage output instead of the intended

zero volts.)

Problems can be created by instruments which execute each individual

command as received. For example, a programmable high-voltage power supply

that can be set as high as 1000 V is set to 10 V out with a current limit

of 2A, then is sent the message "VOLTS 1000, CURR 10E-03", that is, 1000

volts output limited at 10 mA. If the supply goes to 1000 V output immediately

upon receiving the first part of the message while the current limit is

still 2 A, the value from the previous setting, the supply is likely to

crowbar or damage the equipment connected to it. For proper operation, the

programmer would have to change the current setting first, and then change

the voltage in a separate message. The power supply should wait until the

entire message is received before executing any command in the message,

as do Tektronix instruments. Then, it should execute all commands in the

message at once so they are order independent.

Status Reporting

While the IEEE 488 standard defines a service request function for

an instrument to send a status byte to the controller, the standard does

not define the meaning of the bits except for bit 7. (Bit 7 means that a

device is, or is not, requesting service.) Because there is a common need

for instruments to report certain kinds of status or errors to the controller,

Tektronix defines a status byte convention for this. One common need is

for instruments to report if they are busy or ready (assigned to bit 5).

REV A, OCT 1981
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There are more complex conditions besides busy/ready or normal/abnormal.

These are listed in the Appendix. While these status bytes are generally

useful for most purposes, certain instruments may have conditions that are

peculiar to them. Bit 8 is used to indicate that the status byte is not

the common type but particular to an instrument.

Standard coding for the status byte enhances user programming. Because

the instruments have common status byte coding, a common status byte

handling routine is written for all instruments, not a separate one for

each.

Beyond the status byte reported during a serial poll, more information

is available to the programmer through the use of queries. Queries instruct

Tektronix instruments to send back specified information. For example:

"ERR?" sent to a Tektronix instrument prompts the reply "ERR <NUM>;" when

the instrument is talk addressed. In the case of "ERR?", the reponse defines

the particular cause of an SRQ, whose general type is reported in the

status byte.

Queries take the form of a Header followed by a question mark.

HEADER?

Some other queries and their uses are:

ID? makes an instrument identify itself by sending information as to

instrument type, model number, firmware version, etc. This feature is

useful for identifying a particular device for self-configuring systems

and interrupt handling.

SET? requests an instrument to send the computer its present settings

and other current state information. Sending this information back to tne

instrument at a later time returns the instrument to the state it was in

when it received SET? This query makes it possible to develope a program

using an instrument’s front panel in a LEARN mode as discussed above.

Defining a standard way to obtain output from Tektronix instruments

is more than a convenience. When all instruments use the same form to

perform similar functions, you only have to learn one convention, not many,

making your programs simpler and faster to write.

REV A, OCT 1981 (Wes)
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A Learn Mode Program

Here’s a program that uses the "SET?" command to obtain up to five

setups from a TM 5000 instrument. To try it out:

Us Enter the program on a 4050-Series Controller. Change the number

"22" in line 140 if you intend to operate this program with an instrument

whose GPIB address is other than 22. The factory-set addresses for TM 5000

instruments are: 16=DM 5010, 18=DC 5009, 20=Dc 5010, 22=PS 5010, and 24=FG

5010.

2. Connect a single TTM 5000 instrument to the controller with a GPIB

cable (one mainframe with one plug-in).

35 Turn on instrument power.

4. Type RUN and press RETURN.

100 REM { High level learn mode program ]
110 INIT

120 ON SRQ THEN 700

oe paps 8 (300) BS (300) , C$ (300) , D$ (300) , E$(300) ,G$(300) ,8$( 300)

150 PRINT @P:"USER ON"
160 PAGE

170 PRINT

180 PRINT "This program allows you to store up to five front panel .;
190 PRINT "settings."

200 PRINT

210 PRINT "Press the INST ID button to store the front panel settings."
220 PRINT

230 REM ##*** Send settings to the controller *###*
240 FOR I=1 TO 5
250 PRINT " READY FOR FRONT PANEL SET-UP dae jel
260 WAIT

270 IF S<>67 THEN 260
280 PRINT @P:"SET?"
290 INPUT @P:S$
300 GO TO I OF 310,330, 350,370,390
310 A$=S$

320 GO TO 410

330 B$=S$
340 GO TO 410

350 C$=S$

360 GO TO 410
370 D$=S$

380 GO TO 410
390 ES=S$
400 GO TO 410

410 NEXT I

-”
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TM 420 REM ***** Send stored settings back to the instrument *****

430 PRINT

440 PRINT "Press INST ID button to send the stored settings back."

450 PRINT

460 FOR J=1 TO 5
470 WAIT

480 IF S<>67 THEN 470

490 PRINT “STORED SETTINGS #"33;":"

500 GO TO J OF 510,540,570, 600,630

510 PRINT @P:A$

520 PRINT A$

530 GO TO 660

540 PRINT @P:B$

550 PRINT B$

560 GO TO 660
570 PRINT @P:C$

580 PRINT C$

590 GO TO 660
600 PRINT @P:D$

610 PRINT D$

620 GO TO 660

630 PRINT @P:E$
640 PRINT E$

650 GO TO 660

660 PRINT

670 NEXT J

TM 680 PRINT @P:"USER OFF"

690 END

700 REM #HE**X SRQ Service routine *###*

(AOMPOLIT: (D.. Ssh:

720 RETURN

A Talk/Listen Routine

This program allows you to converse with TM 5000 instruments, prompting

you to enter the instrument address and commands. The program handles all

other details to establish communication and print the results.

To use this program:cgaaaNHBete i Enter the program, changing the address list in line 250 to include

only those instruments in the system.

an Connect the instruments to the GPIB.
—-

" 22 Turn on power.

—

TM 4. Type RUN and press RETURN.

=
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)
INIT

ON SRQ THEN 250

DIM 0$(200) ,P$(200)
PRINT "JITM 5000 TALKER/LISTENER ProgramG"
PRINT "JENTER ADDRESS (1-30) OF INSTRUMENT TO TALK TO: "
INPUT O

PRINT "ENTER MESSAGE TO INSTRUMENT: ";

INPUT O$

PRINT @0:0$

LE POS COS,2" 1) OR POS(0$,"SEND",1) THEN 210
GO TO 140

INPUT @0:P$

PRINT

PRINT "Response = ";P$

GO TO 140

POLL (Q, Ry 16s 18520; 22-24

PRINT "JIISTATUS BYTE = ";R

PRINT @0:"ERR?"
INPUT @0:P$

PRINT "JIIERROR CODE = ";P$

RETURN.

)

er)

I=8 @
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SECTION 2

4050 GCS CONTROLLERS

The 4050 GRAPHIC COMPUTING SYSTEMS (4051, 4052, 4054) are well known

for their capabilities as desktop graphic computers. Not so well known are

their capabilities as IEEE 488 (GPIB) instrument controllers.

The 4052 and 4054 integrate a high-speed bit slice microcomputer, a

high-resolution graphics display, 300K bytes of magnetic tape mass storage,

and a GPIB interface in a single compact unit.

The 4051 is a lower cost, lower performance GCS controller featuring

the same language mass storage and GPIB interface capability as the 4052

and 4054.

The 4050 SERIES GRAPHIC COMPUTING SYSTEMS all provide powerful hardware,

supported by an enhanced version of easy-to-learn 4050 BASIC. 4050 BASIC

incorporates a flexible I/O structure that allows simple addressing of

GPIB instruments and peripherals. It also includes extensions for signal

processing, graphics, and GPIB control.

The intent of this section is to provide 4050 GCS programming information

which is specific to instrument control. The major topics are:

4050 GCS controller IEEE 488 capabilities

GPIB Input /Out put

Interrupt handling

Interrupt handling statements

Utility routinesotSF)ee 4052/GPIB send and receive program
Some of the application examples use routines such as CALL "WAIT"

built into the 4052 and 4054 but not the 4051. These examples must be

modified to run on a 4051.

The 4050 GRAPHIC COMPUTING SYSTEMS will be referred to as 4050 SYSTEM

CONTROLLERS.
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to the 4050 SERIES GRAPHIC SYSTEMS REFERENCE MANUAL and the IEEE 488-1978

Standard, respectively.

i

For additional detailed information on 4050 BASIC or the GPIB refer T 7
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4050-SERIES GPIB CAPABILITY |

|

GPIB Interface Compatibility In Detail

The 4050 SERIES CONTROLLERS fall into the following interface function

subsets as defined in IEEE Standard 488-1978:

a Section 2.3 SH (Source Handshake Function)

SH1 -- completely compatible to guarantee the proper transfer of

multiline messages. This function utilizes the DAV, NRFD, and NDAC handshake

lines to effect each message byte transfer.

Section 2.4 AH (Acceptor Handshake Function)

AH] -- completely compatible to guarantee the proper reception of

remote multiline messages. This function utilizes the DAV, NRFD, and NDAC

handshake lines to effect each message byte transfer.

Section 2.5 T (Talker Function)

= TE3 -- basic extended talker, however, the 4050 SERIES CONTROLLER

addresses itself internally and not over the GPIB. (T3--to the outside

world).

Section 2.6 L (Listener Function)

LE] -- basic extended listener, however, the 4050 SERIES CONTROLLER

addresses itself internally and not over the GPIB. (Ll--to the outside

world).

Section 2.7 SR (Service Request Function)

SRO -- no capability to issue SRQ.

Section 2.8 RL (Remote Local Function)

RLO -- no capability.

Section 2.9 PP (Parallel Poll Function)

s PPO -- no capability.

Section 2.10 DC (Device Clear Function)
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Section 2.11 DT (Device Trigger Function)

DTO -- no capability.

Section 2.12 C (Controller Function)

Cl -- System controller

C2 -- Sends IFC and takes charge

C3 -- Sends REN

C4 -- Responds to SRQ

C28 -- Sends Interface Messages

Controller Function Considerations

Signal Attention (ATN)

This signal line is activated by the controller when peripheral devices

are being assigned as listeners and talkers. Only peripheral addresses and

control messages can be transferred over the data bus when ATN is active

low (asserted). After ATN goes high (unasserted), only those peripheral

devices which are assigned as listeners and talkers can take part in the

data transfer. The 4050 SERIES CONTROLLER assumes it is the only source

of this signal.

Service Request (SRQ)

Any peripheral device on the GPIB can request the attention of the

controller by setting SRQ active low. The controller can respond by setting

ATN active low and executing a serial poll to see which device is request ing

service. This response to the SRQ interrupt is enabled by an ON SRQ THEN

statement which is executed in the BASIC program. The serial poll is taken

by executing the POLL statement. After the device requesting service is

found, BASIC program control can be transferred to a service routine for

that device. When the service routine is finished executing, program control

returns to the main program. The device requesting service unasserts the

SRQ line when polled. At least half of the devices connected to the GPIB

must be turned on to prevent a spurious SRQ signal.

*
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Interface Clear (IFC)

The IFC signal line is activated by the controller when it wants to

place all interface circuitry in a predetermined quiescent state. The 4050

SERIES CONTROLLER assumes that it is the only source of this signal. IFC

is activated momentarily at power up and each time the INIT statement is

executed.

Remote Enable (REN)

The REN signal line is activated whenever the system is operating

under program control. REN enables devices on the GPIB to ignore their

front panel controls and respond to control messages received over the

GPIB.

End or Identify (EOI)

The EOL signal can be used by the talker to indicate the end of a

data transfer sequence. The talker activates EOI as the last byte is

transmitted. When the controller is listening, it assumes that a data byte

received with EOI is the last byte in the transmission. When the controller


