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494AP Programmers

PREFACE

This manual is one of a set of product manuals for

the TEKTRONIX 494AP Programmable Spectrum

Analyzer. This manual describes the programmable func-

tions of the spectrum analyzer and how to use them for

remote operation. The manual organization is shown in

the Table of Contents. The manuals that are available

now in addition to this Programmers Manual are the

@ 494A/494AP Operators Manual (standard acces-

sory),

@ 494A/494AP Service Manuals, Volume 1 and 2

(optional accessories),

@ 494A/494AP Operators Handbook (optional acces-

sory), and

@ 494AP/495 Option 05 Programmers Reference

Guide

For manual ordering information, contact your local

Tektronix Field Office or representative or refer to the

Accessories portion of the Replaceable Mechanical Parts

list in the Service Manual, Volume 2.

Standards and Conventions Used

Most terminology is consistent with standards

adapted by IEEE and IEC. A glossary of terms is pro-

vided in Appendix A. Abbreviations in the documentation

are consistent with ANSI Y1.1-1972. GPIB functions con-

form to the IEEE 488-1978 Standard and the Tektronix

Interface Standard for GPIB Codes, Formats, Conven-

tions, and Features. Copies of ANSI and IEEE standards

can be ordered from the Institute of Electrical and Elec-

tronic Engineers Inc. Contact your local Tektronix Field

Office or representative if you have questions regarding

the Tektronix reference document.

Change/History Information

Any change information that involves manual correc-

tions or additional information is located behind the

tabbed Change Information page at the back of this

manual.

History information, as well as the updated data, is

combined within this manual when the page(s) is revised.

A revised page is identified by a revision date located in

the lower inside corner of the page.

Unpacking and Initial Inspection

Instructions for unpacking and preparing the instru-

ment for use are described in Section 3 of the Operators

Manual.

Storage and Repackaging

Instructions for short- and long-term storage and

instrument repackaging for shipment are described in

Section 3 of the Operators Manual.
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SAFETY SUMMARY

(Refer all servicing to qualified servicing personnel)

The safety information in this summary is for both

operating and servicing personnel. Specific warnings and

cautions will be found throughout the manual where they

apply, but may not appear in this summary.

CONFORMANCE TO INDUSTRY
STANDARDS

This instrument complies with the following Industry

Safety Standards and Regulatory Requirements.

Safety

CSA: Electrical Bulletin

FM: Electrical Utilization Standard Class 3820

ANSI C39.5 — Safety Requirements for Electrical

and Electronic Measuring and Controlling

Instrumentation.

IEC 348 (2nd edition) — Safety Requirements for

Electronic Measuring Apparatus.

Regulatory Requirements

VDE 0871 Class B — Regulations for RFI Sup-

pression of High Frequency Apparatus and Instal-

lations.

TERMS

In This Manual

CAUTION statements identify conditions or practices

that could result in damage to the equipment or other

property.

WARNING statements identify conditions or practices

that could result in personal injury or loss of life.

viii

As Marked on Equipment

CAUTION indicates a personal injury hazard not

immediately accessible as one reads the marking, or a

hazard to property, including the equipment itself.

DANGER indicates a personal injury hazard immedi-

ately accessible as one reads the marking.

SYMBOLS

In This Manual

This symbol indicates where applicable cau-

tionary or other information is to be found.

As Marked on Equipment

4 DANGER — High voltage.

© Protective ground (earth) terminal.

A ATTENTION — refer to manual.

Refer to manual

POWER

Power Source

This product is intended to operate from a power

source that will not apply more than 250 V rms between

the supply conductors or between either supply conduc-

tor and ground. A protective ground connection by way

of the grounding conductor in the power cord is essential

for safe operation.



Grounding the Product

This product is grounded through the grounding con-

ductor of the power cord. To avoid electrical shock, plug

the power cord into a properly wired receptable before

connecting it to the power terminal. A protective ground

connection by way of the grounding conductor in the

power cord is essential for safe operation.

Danger From Loss of Ground

Upon loss of the protective-ground connection, all

accessible conductive parts (including knobs and con-

trols that may appear to be insulating) can render an

electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for

your product.

Use only a power cord that is in good condition.

CSA certification applies to the spectrum analyzer

with CSA-certified power cords only (the power cord

shipped with your instrument and Tektronix Option A4).

International power cords (Tektronix Options A1, A2, A3,

and A5) are approved only for the country of use, and

are not included in the CSA certification.

Refer cord and connector changes to qualified ser-

vice personnel.

For detailed information on power cords and connec-

tors, see the Maintenance section in the Service Manual,

Volume 1,

Use the Proper Fuse

To avoid fire hazard or equipment damage, use only

the fuse of correct type, voltage rating, and current rating

for your product (as specified in the Replaceable Electri-

cal Parts list in Volume 2 of the Service Manual). Refer

fuse replacement to qualified service personnel.

494AP Programmers

OPERATIONAL PRECAUTIONS

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an

explosive atmosphere unless it has been specifically

certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product

covers or panels unless you are qualified to do so. Do

not operate the product without the covers and panels

properly installed.

Dangerous voltages exist at several points in this

product. To avoid personal injury, do not touch exposed

connections and components while power is on. REFER

ALL SERVICING TO QUALIFIED SERVICE PERSONNEL.
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Section 1 — 494AP Programmers

INTRODUCTION TO GPIB OPERATION

The TEKTRONIX 494AP Programmable Spectrum

Analyzer adds remote control and automated spectrum

data acquisition and analysis to the performance and

portability features of the TEKTRONIX 494A non-

Programmable Spectrum Analyzer. The spectrum

analyzer front panel can be controlled remotely (except

for those controls intended for local use only, such as

INTENSITY). Waveform processing functions are added

to do some spectrum analysis locally.

The IEEE STD 488 General Purpose Interface Bus

(GPIB) port in the spectrum analyzer rear panel allows it

to be used with a wide variety of systems and controll-

ers; the instrument follows the Tektronix Interface Stan-

dard for GPIB Codes, Formats, Conventions, and

Features. This standard promotes ease of operation and

makes this spectrum analyzer compatible with other Tek-

tronix instruments and, as much as possible, with GPIB

instruments from other manufacturers.

GPIB PUSHBUTTON AND INDICATORS

(see Figure 1-1)

RESET TO LOCAL/REMOTE

The REMOTE indicator is lit when the spectrum

analyzer is under control of the GPIB controller. While

under remote control, most other front-panel controls

and pushbuttons are not active; indicators will still reflect

the current state of all front-panel functions except

TIME/DIV, MIN RF ATTEN dB, and PEAK/AVERAGE.

ADDRESSED (INDICATOR)

RESET TO LOCAL

SS REMOTE (INDICATOR)

" ceNTen sequence seawow
stn Level TUNE MARKER FREQUENCY

TSLoy

meosrtay armen namoe Osc

al

ge ee see
BANDWIOTH

Oil") @ [e 3

REFERENCE LEVEL—9— MIN RF ATTEN 0B rower =O

5559-07

Figure 1-1. GPIB pushbutton and Indicators.

1-1
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The REMOTE indicator is not lit when the instrument

is under local, operator control. While under local con-

trol, the instrument does not execute GPIB messages

that would conflict with front-panel controls, and it does

not accept the CURVE input command.

When the instrument is under remote control and

RESET TO LOCAL is pressed, local control is restored to

the operator unless the controller prevents this with the

local lockout message. Programmable functions do not

change when switching from remote to local control

except as necessary to match the settings of front-panel

controls for TIME/DIV, MIN RF ATTEN dB, and

PEAK/AVERAGE.

The spectrum analyzer flashes the instrument name,

firmware version number, the GPIB address, and the

macro status message on the crt when RESET TO

LOCAL is pressed. If there is no macro running, the mes-

sage will be MACRO=OFF(#) where # indicates the

menu location of the last macro that was run. If there is a

macro running, the message will be MACRO=RUN(#)

where # indicates the menu location of the macro that is

running. If there is a macro in process but stopped, the

message will be MACRO=STOP(#) where # indicates

the menu location of the macro that is stopped. If a

macro is being stored in memory, the message will be

MACRO=STORE(#) where # indicates the menu location

where the macro is being stored.

<Blue-SHIFT> PLOT

Press this pushbutton when the spectrum analyzer is

in the talk-only mode for the instrument to send the

appropriate commands over the GPIB to a plotter, which

must be in the listen-only mode, connected to the bus

(see the TALK ONLY, LISTEN ONLY switch descriptions

later in this section). The spectrum analyzer display

(waveform, marker(s), graticule, and crt readout) can be

recreated on a TEKTRONIX 4662 Option 01 or 4662

Option 31 Interactive Digital Plotter (or a 4663 in the

4662 emulation mode); or a Hewlett-Packard HP7470A or

HP7475A, HP7580B, HP7585B, or HP7586B; or a Gould

6310 or 6320 plotter. Select plotter type with <blue-

SHIFT> SAVE A, described in Section 4 of this manual.

A bus controller is not required.

<Green-SHIFT> SRQ

This SRQ (service request) pushbutton sequence

gets the controller's attention so it will listen/respond to

the spectrum analyzer. For example, if the controller put

instructions on the screen, in the TEXT LONG mode, to

set up test equipment, etc., the last line of the instruc-

tions might say "PRESS <GREEN-SHIFT> SRQ WHEN

READY". This would instruct the controller to go on to

the next step. An SRQ will only be issued if RQS is on.

ADDRESSED

This indicator is lit when the spectrum analyzer is

addressed to listen or talk.

GPIB Function Readout

A single character appears in the lower crt readout

when the spectrum analyzer is talking (T), or listening (L);

see Figure 1-2. Two characters will appear in this loca-

tion if the instrument is talking or listening and also

requesting service (S), or if the instrument is in both the

talk-only and listen-only modes.

MKA LEVEL TUNE

8DBM *

P~ ott
1@0B/ (1 )6eDB @.e-1.8 INT 3MHZ

ven me rea EF VIDEO_RESOLUTION

ony ATTEN RANGE OSC _TKTER _pANDUMnOGH

t { T = TALKER
L = LISTENER

| S= SERVICE REQUEST —sesa.6

Figure 1-2. Status of active GPIB functions.

Setting the GPIB ADDRESS Switches

The rear-panel GPIB ADDRESS switches shown in

Figure 1-3 set the value of the GPIB address (refer to

Table 1-1). The instrument's primary address (0 through

31) is the value of the lower five bits, which are labeled 4

through 8 in Figure 1-3. These switches are read each

time power is turned on to the instrument and again each

time the RESET TO LOCAL or <blue-SHIFT> PLOT

pushbutton is pressed.

The address transmitted by the controller is seven

bits wide. The first five bits are the primary address and

the last two bits determine whether it is a listen address

(32 + primary address) or talk address (64 + primary

address). For example; 0100010 is primary address 2 a

listener, and 1000010 is primary address 2 a talker.

Secondary addresses (when both bits 6 and 7 are set)

are not used by the spectrum analyzer, so are ignored.



GPIB ADDRESS

LF OR EO!

TALK ONLY

LISTEN ONLY‘|

OPEN

4415-03

Figure 1-3. Rear-panel GPIB ADDRESS switches. The LF OR

EO! switch (message terminator) and the TALK ONLY and

LISTEN ONLY switches are part of the same switch bank.

Set the switches as desired, but do not use address

0 with Tektronix 4050-Series controllers; they reserve

this address for themselves. Selecting a primary address

of 31 logically removes the spectrum analyzer from the

bus; it does not respond to any GPIB address, but

remains both unlistened and untalked. Remember, if you

change these switches when the instrument is running,

you must press RESET TO LOCAL or <blue-SHIFT>

PLOT to cause the primary address to be updated.

Setting the LF OR EO! Switch

Switch 3 of the rear-panel GPIB ADDRESS switch

bank (see Figure 1-30Q) selects the terminator for mes-

sages on the bus. If LF OR EOI is selected (switch up,

1), the spectrum analyzer interprets either the data byte

LF or the end message (EOI asserted concurrently with a

data byte) as the end of a message. If EOI is selected

(switch down, 0), the spectrum analyzer interprets the

end message (EO! asserted as well as a data byte) as

the end of a message.

Introduction to GPIB Operation — 494AP Programmers

Table 1-1

BUS ADDRESSES

Primary Listen Talk

Address Address Address

168421_
00000 0 32 64

00001 1 33 65

00010 2 34 66

00011 3 35 67

00100 4 36 68

00101 5 37 69

00110 6 38 70

00111 7 39 71

01000 8 40 72

01001 9 41 73

01010 10 42 74

01011 11 43 75

01100 12 44 76

01101 13 45 77

01110 14 46 78

01111 15 47 79

10000 16 48 80

10001 17 49 81

10010 18 50 82

10011 19 51 83

10100 20 52 84

10101 21 53 85
10110 22 54 86
10111 23 55 87

11000 24 56 88

11001 25 57 89

11010 26 58 90

11011 27 59 91

11100 28 60 92

11101 29 61 93

11110 30 62 94

11111 31 UNL UNT.

Switch 3 also selects the output terminator. Set to LF

OR EOI, the instrument adds CR and LF (with EOI

asserted as well as LF) after the last byte of the mes-

sage. Set to EOI, the instrument asserts EOI con-

currently with the last byte of the message.

Figure 1-4 shows the effect of this switch for both

input and output.

Select EO! (switch down) for Tektronix controllers.

The other position of this switch is provided to accom-

modate most other controllers. A change in this switch

takes immediate effect.

1-3
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EOI _4

EOI&
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BYTE
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DATA

BYTE

OUTPUT ——3>

A. SWITCH DOWN. Set for use with Tektronix controllers.
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EO! &

Be OCDATA

BYTE
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BYTE

B. SWITCH UP. 5559-13

INPUT

Figure 1-4. Effect of message terminator switch for Input and

output.
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Setting the TALK ONLY and LISTEN ONLY

Switches

The spectrum analyzer switches for talk-only and

listen-only operation are part of the GPIB ADDRESS

switch bank shown in Figure 1-3. Either, or both, switch

is on when it is in the up, or 1, position, and either is off

in the down, or 0, position. If instrument power is on,

press RESET TO LOCAL or <blue-SHIFT> PLOT for a

change in these switches to take effect.

Both the TALK ONLY and LISTEN ONLY switches

must be off when the spectrum analyzer is used with any

controller. As contrast, both switches must be on to

allow spectrum analyzer output to be exchanged with a

storage device without the need of a controller. The

TALK ONLY switch must be on to allow spectrum

analyzer output to be sent to a plotter. With the LISTEN

ONLY switch on, information sent to a storage device

can be fed back to the spectrum analyzer.

IEEE 488 FUNCTIONS

The spectrum analyzer is compatible with IEEE STD

488-1978. The connector and the signal levels at the con-

nector follow the specifications in the IEEE 488 standard

(refer to Appendix A in this manual for the basic con-

cepts of the IEEE 488 standard). Table 1-2 lists interface

capabilities as defined in the standard.

Table 1-2

PROGRAMABLE SPECTRUM ANALYZER

IEEE 488 INTERFACE FUNCTIONS

Function Implemented As

Source Handshake SH1

Acceptor Handshake AH1

Talker T5

Listener L3

Service Request SR1

Remote Local RL1

Parallel Poll PP1

Device Clear DC1

Device Trigger DT1

Controller co

Source Handshake (SH1)

The spectrum analyzer has complete capability to

transfer messages to other devices on the bus. Although

tri-state drivers are used on the data lines, T1 (DAV

delay for data setting) is greater than 2 us.



Acceptor Handshake (AH1)

The spectrum analyzer has complete capability to
receive messages on the bus.

Talker (T5)

The spectrum analyzer has the complete talker func-
tion including serial poll; it unaddresses as a talker when

addressed as a listener. The instrument operates in a

simple system in a talk-only mode if the TALK ONLY

switch is set to 1, up.

Listener (L3)

The spectrum analyzer has the complete listener

function; unaddresses as a listener when addressed as a

talker. The instrument operates in a simple system in a
listen-only mode if the LISTEN ONLY switch is set to 1,

up.

Service Request (SR1)

The spectrum analyzer has the complete service

request function; asserts SRQ (service request) for the

conditions indicated under STATUS BYTE in Section 9 in

this manual and reports the corresponding status when

polled.

Remote/Local (RL1)

The spectrum analyzer has the complete remote/local
function. The front-panel RESET TO LOCAL pushbutton

returns the instrument from remote to local control

unless the LLO (local lockout) message was previously

received. The GTL (go to local) message also returns

the instrument from remote to local control. Refer to the

discussion under STATUS BYTE in Section 9 of this

manual for the effect of busy status on remote/local tran-

sitions.

The current value of most programmable functions is

maintained when switching from local to remote control.

Only the value of TIME/DIV, MIN RF ATTEN dB, and
PEAK/AVERAGE may change to match the front-panel
control settings when switching from remote to local

control, so they won't conflict with local control.

The spectrum analyzer must be under remote control
to begin executing device-dependent messages that

change the state of local controls or to load data into
digital storage. Once begun, execution continues even if

REN (remote enable) goes false. The spectrum analyzer
changes settings for which there is no local control and

outputs data while under local control.
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Parallel Poll (PP1)

The spectrum analyzer responds to a parallel poll to
indicate if service is requested.

Device Clear (DC1)

The spectrum analyzer responds to the DCL (device
Clear) and SDC (selected device clear) interface mes-
sages by resetting its input and output buffers to restart

bus communications. When these messages are exe-
cuted, they clear outstanding SRQ conditions and set the
ERR query response to zero. Power-up status, if
selected internally, is an exception; see STATUS BYTE in
Section 9 of this manual for more on power-up status
and for the affect of busy status on the execution of DCL
and SDC.

Device Trigger (DT1)

The spectrum analyzer DT (device trigger) function
allows the GET (group execute trigger) message to

cause the instrument to stop the current sweep and

rearm for the new sweep. The new sweep begins when

the triggering conditions are met. The DT command must

be on and the instrument must be in the Remote mode
for GET to have any effect.

Controller (CO)

The spectrum analyzer does not act as a controller.

CONNECTING TO A SYSTEM

The spectrum analyzer can be connected directly to a
GPIB system with the cable available as an optional
accessory (contact your local Tektronix Field Office or

representative for ordering information). The IEEE STD

488 PORT is shown in Figure 1-5. Printed under the IEEE

STD 488 PORT are the Interface Function abbreviations
and the codes indicating their use in the instrument (refer

to IEEE 488 Functions earlier in this section for an expla-

nation of each function). The E2 following the functions

indicates that three-state drivers are used, rather than

open-collector drivers, because of the high-speed opera-

tion of the instrument.
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+15V MAX

was ouTPUT T2008

'ER CORD PROTECTIVE GROUNDING >) LFC
ZARTH GROUND. DO NOT REMOVE TAL
LIFIED PERSONNEL. OPTION ust

IEEE STD 488 PORT

(OE==/6 ®
SH1, AH1, T5, L3, SR1, RL1, PP1, DC1, DT1, CO, E2

4415-06

Figure 1-5. The rear-panel IEEE STD 488 PORT (GPIB).

The GPIB is a flexible system that works either in a

star or linear pattern shown in Figure 1-6. Up to 15 dev-

ices can be connected at one time. To maintain bus

electrical characteristics, no more than one 2-meter

cable should be connected for each device (one for the

controller, one for the spectrum analyzer, and so on),

and at least two-thirds of the devices connected must be

on. (Appendix A details the IEEE STD 488 GPIB System

Concepts.)

An internal switch change causes the spectrum

analyzer to assert SRQ when power is first applied. This

requires immediate action by some controllers, so is not

recommended for these controllers. Because changing

the switch requires that the cover be removed, refer this

task to qualified service personnel.

The instrument start-up procedure is provided in both

the Operators Manual and the Operators Handbook.

Refer to those books for instructions on how to begin

operating the instrument. Refer to your local Tektronix

Field Office or representative for Manual ordering infor-

mation.

The initial power-on setting of all programmable func-

tions is restored by the INIT command. Refer to Section

9 of this manual for more on this command and a list of

the initial power-on settings.
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Figure 1-6. The spectrum analyzer can be connected to a

GPIB system in either a star (A) or a linear (B) pattern.
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DEVICE-DEPENDENT MESSAGE
STRUCTURE AND EXECUTION

The goal of the programmable spectrum analyzer

device-dependent message structure is to enhance com-

patibility with a variety of GPIB systems, yet be simple

and obvious to use.

This goal is achieved within the framework of the

Tektronix Interface Standard for GPIB Codes, Formats,

Conventions, and Features. This standard is intended to

make messages on the bus clear and uncomplicated,

while allowing the instrument to handle messages in a

friendly manner (i.e., to accept variations in the mes-

sage). Compatibility with existing devices is maintained

as much as possible, while use of codes and data for-

mats is encouraged to make maximum use of bus capa-

bilities.

To make spectrum analyzer messages easy to under-

stand and write, ordinary engineering terms are used.

Message codes (mnemonics) are chosen to be short, yet

remind you of their function. For example, to set the

instrument center frequency to 500.000 MHz, the mes-

sage FREQ 500.000 MHZ could be sent over the bus

after the instrument has been addressed as a listener.

Variations on this message are allowed to make it

shorter or send the frequency in scientific notation, but

this example shows the conversational format of spec-

trum analyzer messages that makes them readable;

therefore, human-oriented.

The spectrum analyzer device-dependent messages

in this manual are downward compatible with the Tek-

tronix 49XP-Series, 492AP, 495P, 495P Option 05, and

275XP-Series programmable spectrum analyzers, except

as noted later in this section under Spectrum Analyzer

Compatibility.

SYNTAX DIAGRAMS

Spectrum analyzer messages are presented in this

manual in syntax diagrams that show the sequence of

elements transferred over the bus. Each element is

enclosed in a circle, oval, or box.

Circles or ovals contain the mnemonics for literal ele-

ments; i.e., a character or string of characters that must

be sent exactly as shown, Because most mnemonics

may be shortened, the required characters in command

and query literal elements (i.e., the first three characters

of the element) are shown larger than optional charac-

ters. Although mnemonics are shown all upper case, the

spectrum analyzer accepts either upper-case or lower-

case ASCII characters. Query response characters are

shown exactly as they will be returned.

Boxes are used for defined elements and contain a

name that stands for the element defined elsewhere.

NUM is such an name and is defined under Numbers

later in this section.

Elements of the syntax diagram are connected by

arrows that show the possible paths through the diagram

(i.e., the sequence in which elements must be

transferred). Parallel paths mean that one, and only one,

of the paths must be followed; while a path around an

element or group of elements indicates an optional skip.

Arrows indicate the direction that must be followed (usu-

ally the flow is to the right; but, if an element may be

repeated, an arrow returns from the right to the left of

the element). Some examples of such sequences follow.

=,
HOOe

SPECTRUM ANALYZER INPUT MESSAGES

Input Message Format

A remote control message to the spectrum analyzer

comprises one or more message units of two types. The

message units either consist of commands that the spec-

trum analyzer inputs as control or measurement data, or

they consist of queries that request the spectrum

analyzer to output data.

One or more message units can be transmitted as a

message to the spectrum analyzer. Message units con-

tain ASCII characters (binary may also be used for data).

The spectrum analyzer accepts either upper-case or

lower-case characters for the mnemonics shown in the

syntax diagrams.

2-1
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FORMAT

CHARACTER

Message Unit Delimiter (;)

Message units are separated by a semicolon (;). A

semicolon is optional following the last message unit.

Message Terminator (TERM)

The end-of-message terminator may be either the

END message (EOI asserted concurrently with the last

data byte), or the ASCII code for line feed (LF) sent as

the last data byte.

The active terminator is selected by the rear-panel

GPIB ADDRESS switch 3.

Format Characters

Format characters may be inserted at many points to

make the message more intelligible, but are required only

if they are included as a literal element (i.e., in circles or

ovals) with no bypass. Allowable format characters are

SP (space), CR (carriage return), and LF (line feed —

unless the end of message terminator is set for LF), as

well as all other ASCII control characters and comma (,).

At some points in a message, the spectrum analyzer may

accept other non-alphanumeric characters, such as quo-

tation marks (").

Input Buffering and Execution

The spectrum analyzer buffers each message it

receives with a capacity that exceeds that required for

the SET? response. The spectrum analyzer waits until

the end of the message to decode and execute it. A
command error in any part of a message prevents its

execution. When the instrument is under local control,

commands that would conflict with local control are

ignored (see Remote/Local under IEEE 488 Functions in
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Section 1 of this manual).

If the message contains multiple message units, none

are acted on until the instrument sees the end-of-

message terminator. When the spectrum analyzer sees

the terminator, it executes the commands in the mes-

sage in the order they were received. The instrument

remains busy until it is done executing the commands in

the buffer, unless the process is stopped by the DCL

(Device Clear) or SDC (Selected Device Clear) interface

messages. While busy, further input is not accepted (see

STATUS BYTE in Section 9 in this manual for more on

busy status). Output, if requested, is begun only after the
entire input message is executed.

Because display (measurement) data input and out-

put and waveform processing share the same buffer,

conflicts can arise. This is discussed in the Interaction

part of the CURVE command in Section 7, under Display

Data Point Commands Interaction in Section 8, and is

further expanded on under Multiple Use of Display Buffer

For Waveform Processing and I/O in Section 10, all in

this manual.

Command Format

A command message unit either sets an operating

mode or parameter, or it transfers data to the instrument.

The command format to set a mode or parameter

includes the following possible paths.

FORMAT

CHARACTER

>

a

Because the general command format for display

data transfers is complicated, it is omitted; see the data

1/0 commands in Section 7 of this manual for the specific

command syntax.

Header

Header elements are mnemonics that represent a

function; for example, FREQ for center frequency and

CURVE for the display trace.
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Header Delimiter (SP)

A space (SP) must separate the header from any

argument(s).

Argument Delimiter (,)

A comma (,) must separate individual arguments, and

a colon (:) must separate link arguments.

Argument Format

The following diagram illustrates that arguments fol-

lowing the header may be a number, a group of charac-

ters, or either a number or a group of characters linked

to another argument.

FORMAT

CHARACTER

CHARACTER >

ARGUMENT

CHARACTER

ARGUMENT ©) } a

CHARACTER

ARGUMENT > ~

Numbers

The defined element NUM is a decimal number in any

of three formats; NR1, NR2, or NR3.

NR1 is an integer (no decimal point).

eeee=

NUM arguments may serve two functions. The first is

to select the value of a continuous function (for example,

the center frequency with FREQ). In this case, if NUM

exceeds the range of the function, the spectrum analyzer

does not execute the command, but issues an error mes-

sage (see POINT in Section 4 in this manual for an

exception). Numbers within the range are rounded.

The second function of a NUM argument is to substi-

tute for character arguments in ON/OFF or mode selec-

tion. In this case, if NUM exceeds the selection range, it

is rounded to the nearest end of the range. No error

message is issued. Numbers within the range are

rounded.

Units

The spectrum analyzer accepts arguments in

engineering notation; that is, engineering units may be

appended to a number argument. The instrument treats

the combined number and units as scientific notation

where the first letter of the units element represents a

power of 10. K=1E+3, G=1E+9, and M=1E-3 or

M=1E+6 (the value of M depends on the function, where

MSEC stands for 1E-3 (milliseconds) in the TIME

(time/div) command, and MHZ _ stands for 1E+6

(megahertz) in the SPAN (span/div) command). Only the

first letter of the units element is of importance; the rest

of the units element (i.e., SEC or HZ) does not contribute
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to the value of the command argument and can be omit-

ted. This does not apply to the dBm and dBmvV units in

use with the RLUNITS, REFLVL, and MAXPWR com-

mands, where all letters must be used to avoid an error.

Although more than one format character may precede

the units, only a space (SP) is shown in the command

syntax diagrams in this manual.

In most cases (other than RLUNITS, REFLVL, and

MAXPWR), if no units element (terminator) is sent with

the number, one of the following will be implied as the

default condition depending on usage; Volts, dB,

seconds, or Hz.

Character Argument

Arguments may be either words or mnemonics. ON

and OFF, for instance, are arguments for the commands

that correspond to spectrum analyzer front-panel push-

buttons like VIEW B.

Link Argument

The bottom path in the argument diagram combines

both character and number arguments in a link argu-

ment. The link is the colon (:), which delimits the first and

second arguments. For example, the VRTDSP (vertical

display) command employs link arguments to make scale

factors available.

String Argument

A string argument is used when a message is to be

displayed on a plotter or display unit for human interpre-

tation, as with the RDOUT command. The characters are

enclosed in quotes to delimit them as a string argument.

End Block

End block binary is a sequence of binary numbers

that is preceded by the ASCII code for at (@); EO! must

be asserted concurrently with the last data byte. The

end block can only be the last data type in a message.

8-BIT
BINARY
NUMBER

Binary Block

Binary block is a sequence of binary numbers that is

preceded by the ASCII code for percent (%) and a two-

byte binary integer representing the number of binary

numbers plus one (the extra byte is the checksum) and

followed by the checksum. The checksum is the 2’s-

complement of the modulo-256 sum of all preceding

bytes except the %. Thus, the modulo-256 sum of all

bytes except the % should equal zero to provide an

error-check of the binary block transfer.

8-BIT
BINARY

NUMBER

Query Format

A query message unit requests either function or

display data from the instrument. The query message

unit format is shown below.

Query Response Format
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SPECTRUM ANALYZER OUTPUT
MESSAGES

When the spectrum analyzer executes a query, it

buffers an output message unit that is a response to the

query. Output message units contain ASCII characters

(except when binary data is requested).

Output Message Format

The output message unit combines the header and

appropriate argument(s). Message units are combined if

the output includes a response to the SET query or to

more than one query. The header for query responses

can either be turned on or off.

Output Message Execution

The spectrum analyzer begins output when talked,

and it continues until it reaches the end of the informa-

tion in its buffer or is interrupted by a DCL (Device

Clear), UNT (Untalk), or IFC (Interface Clear) message. If

the spectrum analyzer is interrupted and the buffer is not

cleared, the spectrum analyzer will resume output if it is

retalked. The buffer may be cleared by the DCL mes-

sages, or if it is listened, by the SDC message or any

device-dependent message. If not interrupted, the spec-

trum analyzer terminates the output according to the set-

ting of the EOI OR LF switch.

SPECTRUM ANALYZER
COMPATIBILITY

Most of the primary modes of the controls and func-

tions of the Tektronix 49XP-Series portable spectrum

analyzers and 275XP-Series laboratory/benchtop spec-

trum analyzers are identical. (For purposes of feature

comparison, here is some useful information: the 492AP

is comparable to the 2754 and the 2755; the 495P is

comparable to the 2753; and the 494AP is comparable to

the 2756.) Following are some of the areas where

operations or results will differ.

GPIB

494P, 492AP, 495P, 495P Option 05, 494AP — The
DCL interface message is handled by interrupts and will
stop execution of the command in progress.

492P, 496P — The processor is required to not be
busy (@.g., executing a WAIT message) in order for DCL
to be handshook in.

DEGAUS Command

494P, 492AP, 494AP — DEGAUS may be executed in
any span.

492P — DEGAUS may be executed in spans
1 MHz/div or less.

IDENT Command

494P, 492AP, 494AP — The span must be <50
kHz/div for coaxial bands (0-21 GHz) or <50 MHz/div
for waveguide bands.

492P — The span must be at 500 kHz/div.

495P, 495P Option 05 — The span must be <50
kHz/div.

Readout Maximum

494P, 492AP, 495P, 495P Option 05, 494AP —
Readout strings can contain up to 40 characters.

492P, 496P — Readout strings can contain up to 32
characters.

Service Requests

494P, 492AP, 495P, 495P Option 05, 494AP — RQS
is the master mask for service requests, and both RQS

and EOS must be on to cause end-of-sweep service

requests.

492P, 496P — RQS masks error service requests

and EOS masks end-of-sweep service requests. Only

EOS must be on for end-of-sweep service requests.

Affect of Busy on Device-Dependent Messages

494P, 492AP, 495P, 495P Option 05, 494AP — Inter-

face messages are processed despite busy status. If

RTL interrupts a message, the programmable spectrum

analyzer executes the remainder of the message before

restoring local control. The response of the spectrum

analyzer to interface messages depends on the manner

in which they are handled. Some interface messages are

handled by the GPIB interface, while others require

action by the microcomputer. The latter generally involve

the GPIB address, and are implemented in firmware

rather than on the interface. The speed with which these

commands can be handshaked depends on how fast the

spectrum analyzer can service the resulting interrupt.

492P, 496P — Interface messages are processed

despite busy status if the busy status occurs because

the spectrum analyzer is executing a WAIT command. If

RTL interrupts WAIT, the spectrum analyzer attempts to
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execute the remainder of the message after restoring

local control and waiting for EOS.

If the busy status occurs because the spectrum

analyzer is executing any device-dependent message

other then WAIT, the response is handled the same as

described for the 495P, 495P Option 05, 494AP, and

492AP.

GET (Group Execute Trigger)

494P, 492AP, 495P, 495P Option 05, 494AP — GET

requires firmware action, so handshake occurs only

when the interrupt can be handled. The effect of GET is

masked by DT (Device Trigger).

492P, 496P — Handshake occurs only when the

microcomputer is not executing a device-dependent mes-

sage unit other than WAIT. GET is not masked.

Reference Level

494P, 492AP, 495P, 495P Option 05, 494AP — The

minimum reference level is —117 dBm. The delta-

amplitude range is 57.75 dB and slides depending on the

reference level when the delta-amplitude mode is

entered.

492P, 496P — The minimum reference level is

—123 dBm. The delta-amplitude range is 63.75 dB and

slides depending on the reference level when the delta-

amplitude mode is entered.

RDOUT Command

494P, 492AP, 495P, 495P Option 05, 494AP — The

remote-to-local transition will always return RDOUT to

NORMAL (i.e., any messages sent to the crt with RDOUT

commands will be replaced by the regular crt readout).

492P, 496P — If the remote-to-local transition occurs

after UNT or UNL, messages sent to the crt via RDOUT

may be retained on the screen. The regular crt readout

will be returned by changing any control whose current

condition is reported on the crt.

Compatibility-Only Commands

Most of the commands in the 494AP are compatible

with the other Tektronix Spectrum Analyzer's in the 49X-

series. This allows you to use the programs you created

for use with other 49X-series instruments. There are two

commands that have no effect on the operation of the

494AP, and their descriptions have not been included in

this Programmers manual. These are FRCAL and

PHSLK. Even though they have no effect, they will be

accepted by the 494A.
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Since phase lock cannot be turned off in the 494AP,
the PHSLK command has no effect. However, if PHSLK

OFF is sent while the instrument is phase locked or
PHSLK ON is sent while the instrument is not phase

locked, execution error message 48 will be issued. The

PHSLK query will still return the present phase lock

status.
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GETTING STARTED

Getting started with the spectrum analyzer on the

GPIB is a simple matter if you are already familiar with a

GPIB controller. If not, talking to the spectrum analyzer

over the bus may be the easiest way to get over any

uncertainty you feel about getting started.

Refer to the Macros section for information on

preparing programs that can be stored in the spectrum

analyzer memory to be used without a controller.

The spectrum analyzer speaks a friendly language
that includes codes for easier human understanding

(mnemonics) for control of the front panel and to transfer

measurement data. Put these mnemonics into GPIB

input/output statements in your controller's language and

you're on your way. Of course, your controller must han-

die details such as asserting REN, unaddressing bus

devices, and addressing the spectrum analyzer to start

communication; but, these are steps taken by most con-

trollers when executing a GPIB I/O statement.

We have included some sample programs and exer-

cises adapted for the TEKTRONIX 4041 System Con-

troller.

Notes on the Program Examples

Many combinations of languages and controllers may

be used for programming the spectrum analyzer over the

GPIB. The examples in this manual are given in the

BASIC language; specifically, in the version of BASIC

used by the Tektronix 4041 System Controller. Other ver-

sions of BASIC will probably have similar syntax.

Some controllers may require additional statements

to set up data transfer over the GPIB. For example, 4041

BASIC contains optional OPEN and SET DRIVER state-

ments that set GPIB communications parameters. These

statements are not included in the program examples

because the default parameter values are suitable for

simple programs, such as the examples. The statements

may be helpful in writing programs that involve multiple

1/O channels, such as tape files. Refer to the manual of
the controller you are using for the statements needed in

your application.

In these examples, the spectrum analyzer’s primary

address is assumed to be 1. See Section 1 of this

manual for instructions on how to set the GPIB address

switches.

Some of the lines in the examples extend beyond the

column width limitations. When this happens the line is
broken where a natural space occurs, and the remainder

of the line is indented on the immediately following line.

Because of this natural space, a space must be added

between the two example lines when joining them to

form one program line.

SETTING AND QUERYING
PROGRAMMABLE CONTROLS

SETTING PROGRAMMABLE CONTROLS

We can keep this simple, because the spectrum
analyzer lets you make complex spectrum measure-
ments semi-automatically. First we'll use the front-panel

pushbuttons, then perform the same measurement under

remote (GPIB) control using the 4041 controller.

Front-Panel Operation — Many measurements can
be made with just three front-panel settings: <blue-
SHIFT> FREQ, <blue-SHIFT> SPAN/DIV, and <blue-
SHIFT> REF LEVEL.

The <blue-SHIFT> FREQ setting changes the center
frequency position of the spectrum window you are view-

ing, tuning the spectrum analyzer to change the fre-
quency at the center of the crt.

The <blue-SHIFT> SPAN/DIV setting changes the
size (width) of the window, setting the frequency span of

the crt horizontal axis.

The <blue-SHIFT> REF LEVEL setting raises or

lowers the window, which sets the amplitude level of the

top graticule line on the crt.

Here’s how to operate the spectrum analyzer to

measure the CAL OUT signal, using the front-panel push-

buttons for these three settings.

1. Press the <blue-SHIFT> FREQ 1 0 0 MHZ push-

buttons to center the CAL OUT signal.

2. Span down to look more closely at the signal by
pressing the <blue-SHIFT> SPAN/DIV 1 MHZ pushbut-

tons.

The spectrum analyzer automatically picks resolution

bandwidth and time/division to fit the new span/division,

unless Auto Resolution and Time Auto are cancelled. For

most purposes, leave the TIME/DIV control set to AUTO

so that Time Auto is in effect in either local or remote

control, and leave Auto Resolution selected.

3. Press the <SHIFT> REF LEVEL 2 0 —dBM push-

buttons to set the signal to the reference level.

The spectrum analyzer automatically selects the

appropriate input attenuation and IF gain for a reference

level at the power level of the CAL OUT signal's funda-

mental frequency. The spectrum analyzer takes into

account the MIN RF ATTEN dB and MIN NOISE settings

when positioning the attenuation and gain.


