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Certification

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from thiddadédty .
Packard further certifies that its calibration measurements aestable to the United States National Institute of Standards and Tech-
nology (formerly National Bureau of Standards), to the extent allowed by that organization’s calibration facility, anclibriuwno
facilities of other International Standards Organization members.

Warranty

This Hewlett-Packard product is warranted against defects in materials and workmanship for a period of three years fefip-date of
ment. Duration and conditions of warranty for this product may be superseded when the product is integrated into (becofnes a pa
other HP products. During the warranty period, Hewlett-Packard Company will, at its option, either repair or replacevpioducts
prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by Hewlett-Packard (HsPjallBuger
pay shipping charges to HP and HP shall pay shipping charges to return the product to Buyer. However, Buyer shallgag all ship
charges, duties, and taxes for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with a product will execute its programming instrentions wh
properly installed on that product. HP does not warrant that the operation of the product, or software, or firmwareividogiaal
or error free.

Limitation Of Warranty
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer-sdpplied pr
ucts or interfacing, unauthorized modification or misuse, operation outside of the environmental specifications for thergroduct
proper site preparation or maintenance.

The design and implementation of any circuit on this product is the sole responsibility of the Buyer. HP does not vBuyaristhe
circuitry or malfunctions of HP products that result from the Buyer’s circuitry. In addition, HP does not warrant any llainoage t
curs as a result of the Buyer’s circuit or any defects that result from Buyer-supplied products.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

Exclusive Remedies
THE REMEDIESPROVIDED HEREIN AREBUYER’S SOLE ANDEXCLUSIVE REMEDIES. HP SHALINOT BE LIABLE
FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSBUENTIAL DAMAGES, WHETHER BASED ON CON-
TRACT, TORT, OR ANY OTHER LEGAL THEORY.

Notice

The information contained in this document is subject to change without Nd&&L ETT-PACKARD (HP) MAKES NO WAR-

RANTY OF ANY KIND WITH REGARD TO THIS MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WAR-
RANTIES OF MERCHANTABILITY AND FITNESSFOR A PARTICULAR PURPOSE. HP shall not be liable for errors contained
herein or for incidental or consequential damages in connection with the furnishing, performance or use of this matddau- This

ment contains proprietary information which is protected by copyright. All rights are reserved. No part authisrdanay be photo-
copied, reproduced, or translated to another language without the prior written consent of Hewlett-Packard Company. HB assumes
responsibility for the use or reliability of its software on equipment that is not furnished by HP.

Restricted Rights Legend

Use, duplication or disclosure by the U.S. Government is subject to restrictions as set forth in subparagraph (c)(B{ght ife
Technical Data and Computer Software clause in DFARS 252.227-7013.

Hewlett-Packard Company
3000 Hanover Street
Palo Alto, California 94304 U.S.A.

Rights for non-DOD U.S. Govement Departments and Agencies are as set forth in FAR 52.227-19 (c) (1,2).

[ﬁ] HEWLETT"
VB PACKARD
HP E1340A Arbitrary Function Generator Module User’s Manual

Edition 3
Copyright © 1995 Hewlett-Packard Company. All Rights Reserved.
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Documentation History

All Editions and Updates of this manual and their creation date are listed below. The first Edition of the manual is Hétigdadi-

tion number increments by 1 whenever the manual is revised. Updates, which are issued between Editions, contain reglesement pa
to correct or add additional information to the current Edition of the manual. Whenever a new Edition is created, itivdilicohta

the Update information for the previous Edition. Each new Edition or Update also includes a revised copyirtig@atdtion his-

tory page.

Edition 1 ... ... January, 1992
Update 1 ... .. August, 1992
Edition 2 . ... e March, 1993
Edition 3 . ... April, 1995
Safety Symbols
Instruction manual symbol affixed to prod-
uct. Indicates that the user must refer to the /\/ Alternating current (AC).
manual for specific WARNING or CAU-
TION information to avoid personal injury )
or damage to the product. JE— Direct current (DC).
Indicates hazardous voltages.
Indicates the field wiring terminal that must
| be connected to earth ground before operat- . .
— ing the equipment—protects against electri- Calls attention to a procedure, practice, or
cal shock in case dault. WARNING gon(tjrl]tlon that could cause bodily injury or
eath.

Calls attention to a procedure, practice, or con-

| Frame or chassis ground terminal—typi- CAUTION dition that could possibly cause damage to
/—)7 or ;:ally connects to the equipment’s metal equipment or permanent loss of data.
rame.
WARNINGS

The following general safety precautions must be observed during all phases of operation, service, and repair of this product.
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards of design
manufacture, and intended use of the product. Hewlett-Packard Company assumes no liability for the customer’s failure to
comply with these requirements.

Ground the equipment For Safety Class 1 equipment (equipment having a protective earth terminal), an uninterruptible safety earth
ground must be provided from the mains power source to the product input wiring terminals or supplied power cable.

DO NOT operate the product in an explosive atmosphere or in the presence of flammable gases or fumes.

For continued protection against fire, replace the line fuse(s) only with fuse(s) of the same voltage and current rggéng and ty
DO NOT use repaired fuses or short-circuited fuse holders.

Keep away from live circuits: Operating personnel must not remove equipment covers or shields. Procedures involving the removal
of covers or shields are for use by service-trained personnel only. Under certain conditions, dangerous voltages mawidxitteeven
equipment switched off. To avoid dangerous electrical shock, DO NOT perform procedures involving cover enstNvelbunless

you are qualified to do so.

DO NOT operate damaged equipmentWhenever it is possible that the safety protection features built into this product have been im-
paired, either through physical damage, excessive moisture, or any other reason, REOMUVER and do not use the product until

safe operation can be verified by service-trained personnel. If necessary, return the product to a Hewlett-PackardeBates @fid S

fice for service and repair to ensure that safety features are maintained.

DO NOT service or adjust alone:Do not attempt internal service or adjustment unless another person, capable of rendering first aid
and resuscitation, is present.

DO NOT substitute parts or modify equipment:Because of the danger of introducing additional hazards, do not install substitute
parts or perform any unauthorized modification to the product. Return the product to a Hewlett-Packard Sales and Serfaice Office
service and repair to ensure that safety features are maintained.
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Declaration of Conformity
according to ISO/IEC Guide 22 and EN 45014

Manufacturer's Name: Hewlett-Packard Company
Loveland Manufacturing Center

Manufacturer's Address: 815 14th Street S.W.
Loveland, Colorado 80537

declares, that the product:

Product Name: Arbitrary Function Generator
Model Number: E1340A
Product Options: All

conforms to the following Product Specifications:

Safety: IEC 1010-1 (1990) Incl. Amend 1 (1992)/EN61010-1 (1993)
CSA C22.2 #1010.1 (1992)
UL 1244

EMC: CISPR 11:1990/EN55011 (1991): Groupl Class A

IEC 801-2:1991/EN50082-1 (1992): 4kVCD, 8kVAD

IEC 801-3:1984/EN50082-1 (1992): 3 V/m

IEC 801-4:1988/EN50082-1 (1992): 1kV Power Line
.5kV Signal Lines

SupplementaryInformation: The product herewith complies with the requirements of the Low Voltagetibére
73/23/EEC and the EMC Directive 89/336/EEC and carries the CE-marking accordingly.

)

Tested in a typical configuration in an HP B-Size VXI mainframe.

,qu%éz,

April, 1995 Jlm White, QA Manager

European contact: Your local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Deparntment
HQ-TRE, Herrenberger Stralfe 130, D-71034 Boblingen, Germany (FAX +49-7031-14-3143).
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Chapter 1
Getting Started with the HP E1340A

Chapter Contents

This chapter shows you how to configure, install, and begin using the
HP E1340A Arbitrary Function Generator (AFG). The main sections of this
chapter include:

* Preparationforuse ..............c .. Page 15
Installingthe AFG .. ....... ... . . Page 15
Downloading the AFG Device Driver. .. ............. Page 15
AFG Logical Address. . ... Page 17
Addressingthe AFG. . ........ .. .. .. . .. Page 18

* Instrument and Programming Languages .. ............. Page 19
HP IBASIC Language Programs. . . ................. Page 22
C Language Programs . ............c i Page 25
QuickBASIC Language Programs. . .. ............... Page 31

* Introductory Programs. .. ... i Page 36
AFG Self-Test . .. ... Page 36
Resetting and Clearingthe AFG . ................... Page 37
Querying the Power-On/Reset Configuration. .. ... . ... Page 37
CheckingforErrors . ... Page 38
Generatinga SineWave. . ........... ... .. ... . .... Page 40

* HP E1340A Example Programs . ..................... Page 40

Preparation for Use

This section shows how to prepare the AFG for use. Included are
instructions to install the AFG, to download the AFG Device Driver, and to
address the AFG.

Installing the AFG The AFG can be installed in any mainframe slot, except slot 0. For
installation instructions in a B-Size VXlbus System, refer tBisize
Installation and Getting Started GuidEor installation instructions in
C-Size VXlbus Systems, refer to t@esize Installation and Getting Started
Guide

Downloading the  The HP E1340A AFG driver allows the AFG to operate in an
AFG Device Driver HP E1300/E1301 Mainframe or HP E1405/E1406 Command Mauhirg
the Standard Commands for Programmable Instruments (i.e., SCPI)
instrument command language. The driver is supplied on RGA
example program disks (see “Instrument and Programming Languages” on
page 19 for more information on the disks).
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The procedure for downloading the driver is contained in the HP
Installation NoteDownloading Device DriversTheE1300/E1301
Mainframe ManualHP E1405 Command Module ManpahdE1406
Command Module Manualso contain the installation procedure.

Mainframe/Command To download a driver, the ROM version number of the HP E1300/E1301

Module Requirements Mainframe or HP E1405 Command Module must be A.06.00 or above. To
determine the version number, send the IEEE 488.2 common command
*IDN?. A typical returned value (for the HP E1300A Mainframe) is:

HEWLETT-PACKARD,E1300A,0,A.06.01

where "A.06.01" is the version number.

Recommended  The AFG instrument driver can be dowatled with the following systems.
Systems to Download
the Drivers HP BASIC with an External HP-IB  Controller

This system downloads the driver over the Hewlett-Packard Interface Bus
(HP-IB*) with an HP BASIC controller, like the HP Series 200/300
computer. Be sure to connect the computer to the Mainframe’s / Command
Module’s HP-IB port. The program to download the driver is named
“VXIDLD_GET", and is in GET/SAVE format. The program is located on
the HP IBASIC example program disk (HP part number E1340-10035).
This disk is formatted in the LIF format.

HP IBASIC in an HP E1300/E1301 Mai nframe or
HP E1405/E1406 Comm and Module

This system downloads the drivers using the HP IBASIC (i.e., HP
Instrument BASIC) program language. The language comes ptitims to

the HP E1300/E1301 Mainframe and the HP E1405/E1406 Command
Modules. IBASIC reads disks formatted in either the LIF or MS-DOS®
format and can use either example program disk (dependent on your disk
drive). To download the driver from tthéF disk or the DOS disk, use
“AUTOST".

Externally Connected MS-DOS® Computer

This system downloads the driver using an MS-DOSpder over the
RS-232 serial interface. Connect the computer to the Mainframe’s /
Command Module’s RS-232 port. The program to download the driver is
named “VXIDLD.EXE” and is located on the DOS example program disk
(HP part number E1340-10036). This disk is formatted for MS-DOS.

* HP-IB is Hewlett-Packard's implementation of IEEE Std 488.1-1978
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AFG Logical The AFG is shipped from the factory with a logical address setting of 80,
Address  asshownin Figure 1-1.
The E1340A AFG logical address is used:

* to place the AFG in the servant area of a commander
(e.g. HP E1405/E1406 Command Module).

* to address the AFG (see “Addressing the AFG” later in this chapter).

JJ@\\HH\HHHHHHHH\HHHHg Ol 6 ¥ &9 /
ﬁ OFF a [ a il ©

o | S EM "E1iEn

f AN < 00 O N < O

Decimal — — MO N

Address Value * * ﬁ

Switch
Location 16+64=80

The Logical Address is the sum

of the decimal values of the
switches set to "17. A Logical
Address of 80 is shown; secondary
[Lh address is the Logical Address
&‘ divided by 8 (e.g., 80/8=10).

[
=
ol
ol

Figure 1-1. Setting the Logical Address
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Assigning the AFG to a

Commander

Addressing the AFG

IBASIC

External Controller

and PC

In VXIbus systems, each device must be in the servant area of a
commander. Note the following when assigning the E1340A AFG:

* In a B-size system, the system instrument is the commander. Any
AFG logical address (1 - 255) places the AFG in the commander
servant area. The AFG logical address should remain at 80, or if
necessary, set to some other multiple of 8 (see “Addressing the
AFG").

* The E1340A AFG is a register-based device. If tR&A driver is
downloaded in the HP E1405/E1406 Command Module, then the
AFG must be in the servant area of the Command Module to
program with SCPI commands.

The following information explains how the AFG is addressed using
different computer (controller) configurations.

To program the AFG in a B-size or C-size system using IBASIC, the AFG
must have a unique address. The address is a combination of the IBASIC
interface select code, the Mainframe’s/Command Module’s primary HP-IB
address, and the AFG’s secondary HP-IB address. An address in this form
in an HP IBASIC statement appears as:

OUTPUT 80910;"SOUR:ROSC:SOUR INT"

Interface Select Code (8)The IBASIC interface select code is 8. This
select code is used to access all devices installed in B-size and C-size
systems under IBASIC control.

Primary HP-1B Address (09): This is the address of the HP-IB port on the
Mainframe or Command Module. Valid addresses are 0 to 30. The
mainframe/command module has a factory set address of 9.

Secondary HP-1B Address (10)This address is derived from the logical
address of the device (AFG) by dividing the logical address by 8. For the
E1340A AFG factory set logical address of 80, the secondary address is 10.

When programming the AFG from an external computer such as a HP
Series 300 or PC, the addressing convention used is the same as IBASIC
except for the interface select code. An example is shown below:

OUTPUT 70910;"SOUR:ROSC:SOUR INT"

Interface Select Code (7)Determined by the address of the HP-IB

interface card in the computer. In most Hewlett-Packard computers, this
card has a factory set address of 7, including the HP 82335 HP-IB Interface
Card (this card was used with an HP Vectra personal computer to create the
C and QuickBASIC example programs).

ThePrimary HP-IB Address andSecondary HP-IB Addressare the
same as described previously for IBEC programming.

Chapter 1
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Instrument and Programming Languages

The purpose of this manual is to teach you how to use the E1340A AFG. To
do this, the manual uses block diagrams, flowcharts, and example programs.
The programs shown in the manual are SCPI programs written in HP
IBASIC. These programs, and QuickBASIC and C language versions of the
programs are on the following disks which ship with the manual:

* HP E1340A Instrument Driver and HP IBAC Example Programs -
3.5" 720 kbyte diskE1340-10035)

* HP E1340A Instrument Driver and QuickBASIC and C Language
Example programs - 3.5" 1.44 Mbyte disk (E1340-10036)

SCPI Programming  SCPI (Standard Commands for Programmable Instruments) is an
ASCIlI-based instrument command language designed for test and
measurement instruments. The HP E1300/E1301 Mainframe or
HP E1405/E1406 Command Module with the AFG driver installed
interprets the ASCII command strings and sets the AFG accordingly. The
Mainframe/Command Module does this by writing to the AFG registers.

SCPI Command  The AFG SCPI command set is found in Chapter 7. SCPI commands are
Structure  based on a hierarchical structure, also known as a tree system. In this
system, associated commands are grouped together under a common node
or root, thus, forming subtrees or subsystems. An example is the AFG’s
'ARM’ subsystem shown below.

ARM
[:STARt|SEQuencel[1]]
[:LAYer[1]]
:COUNt <numbepr
‘LAYer2
:COUNt <number

:SLOPe <edge
:SOURCce <source

ARM is the root keyword of the comman8TARtSEQuencel is the

second level keyword,AYerl and:LAYer2 are third level keywords, and

so on. A colon (:) always separates a command keyword from a lower level
keyword as shown below:

ARM:LAY2:SOUR EXT
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A semicolon (;) is used to separate two commands within the same
subsystem, and can also save typing. For example, sending this command
message:

ARM:LAY2:SOUR EXT,;SLOP POS;COUN 10

Is the same as sending these three commands:

ARM:LAY2:SOUR EXT
ARM:LAY2:SLOP POS
ARM:LAY2:COUN 10

Manual Format  The typical format of commands listed in the command reference and
throughout this manual is:

[SOURce:]JFREQuency:MODE <mode

Command headers enclosed in brackets are optional. UPPER CASE letters
in the header are required, lower case letters can be orilitt@st in

learning the AFG command set, all headers are included in the example
programs; however, the headers are abbreviatedn an example

program, the previous statement witmadeparameter ofIX would

appear as:

SOUR:FREQ:MODE FIX

Command Coupling  Many of the AFG SCPI commands are value coupled. Thismthat the
value set by one command may affect the valid limits for the values of other
commands. This can result in "Settings Conflict" errors when the program
executes. To prevent these errors, the AFG commands must be executed in
a "Coupling Group".

The AFG uses one coupling group. Commands not in the coupling group
must precede or follow commands in the coupling group. Executing
uncoupled commands in the coupling group breaks the coupling and can
cause a "Settings Conflict" error.

The coupling group and associated commaaaisbe found in Appendix B,
Table B-2.
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How to Execute
Coupled Commands

Note

Command coupling determines the AFG programming sequence. Coupled
commands must be contiguous and executed in the same program statement.
This is done by placing the commands in the same program line, or by
suppressing the end-of-line terminator until the last (coupled) command has
been sent (HP IBASIC programs only).

To send multiple commands in a single line or in a single statement, the
commands are linked with a semicolon (;) and a colon (:). This is illustrated
in the following lines:

SOUR:ROSC:SOUR INT;:SOUR:FUNC:SHAP SIN

or

SOUR:ROSC:SOUR INT;
:SOUR:FUNC:SHAP SIN

Both techniques are used in the programs found throughout this manual.

Note that the semicolon @nd colon (:) link commands within different
subsystems. Only a semicolon (;) is required to link commands within the
same subsystem (see “SCPI Command Structure” earlier in this chapter).

See “HP IBASIC Language Programs” later in this chapter for information
on suppressing the end-of-line terminator.
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HP IBASIC
Language Programs

System Configuration

Program Structure

The following information identifies the system on which the
HP IBASIC programs were written and shows how the programs are
structured.

Except where noted, the example programs in HP IBASIC were developed
(and tested) on the following system:

Mainframe: HP E1301A Mainframe
(IBASIC Option)

HP E1340A Logical Address: 80
Instrument Language: SCPI

The structure of an example program in HP IBASIC is shown below:

4 1 IRE-SAVE“ARB_GEN" N
2 IThis program generates a 4096 point, 0 to 5V ramp waveform.
3 IThe data is transferred to the AFG as voltages.
4 ]

10 IAssign I/O path between IBASIC and the E1340A.

20 ASSIGN @Afg TO 80910

30 COM @Afg,Waveform(1:4096)

40 !

50 ISet up error checking

60 ON INTR 8 CALL Errmsg

70 ENABLE INTR 8;2

80 OUTPUT @Afg;“*CLS”

90 OUTPUT @Afg;“*SRE 32"

100 OUTPUT @Afg;“*ESE 60"

110 !

120 !Call the subprogram which resets the AFG.

130 CALL Rst

140 !Set AFG parameters

150 OUTPUT @Afg;"SOUR:ROSC:SOUR INT;";  !reference oscillator
160 OUTPUT @Afg;“:SOUR:FREQ:FIX 1E3;"; Ifrequency
170 OUTPUT @Afg;“:SOUR:FUNC:SHAP USER;"; 'function
180 OUTPUT @Afg;:SOUR:VOLT:LEV:IMM:AMPL 5.1V"Iscale

amplitude
190 !
200 !Call subprogram which defines waveform segment.
210 CALL Ramp_wave
220 !
230 !Select output sequence and initiate waveform
240 OUTPUT @Afg;"SOUR:FUNC:USER A"
L 250 OUTPUT @Afg;“INIT:IMM” Iwait-for-arm state/

Continued on next page
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(260
270
280
290
300
310

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
580
590
600
610

620
630

WAIT .1 lallow interrupt to be serviced
OFF INTR 8
END

SUB Ramp_wave

320 Ramp_wave: !Subprogram which defines a ramp waveform

COM @Afg, Waveform(*)
FOR 1=1 TO 4096
Waveform(l)=I*.00122
NEXT I
!
OUTPUT @Afg;"SOUR:LIST:SEGM:SEL A”"!Select segment name

OUTPUT @Afg;" SOUR:LIST:SEGM:VOLT";Waveform(*)!load
waveform points

SUBEND

SUB Rst
Rst: ISubprogram which resets the E1340.

COM @Afg, Waveform(*)
OUTPUT @Afg;"*RST;*OPC?” Ireset the AFG
ENTER @Afg;Complete

SUBEND

SUB Errmsg
Errmsg: !Subprogram which displays E1340 programming errors

640 SUBEND
o

COM @Afg,Waveform(*)

DIM Message$[256]

IRead AFG status byte register and clear service request bit
B=SPOLL(@Afg)

IEnd of statement if error occurs among coupled commands
OUTPUT @Afg;”

OUTPUT @Afg;"ABORT" labort output waveform
REPEAT

OUTPUT @Afg;"SYST:ERR?” !read AFG error queue
ENTER @Afg;Code,Message$

PRINT Code,Message$

UNTIL Code=0
STOP
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Turning Off (Suppressing) the End-Of-Line Terminator

As mentioned, coupled commands must be contiguous and executed in the
same program statement. By suppressing the end-of-line (EOL) terminator
(Line Feed) on a command line, coupled commands can be sent on separate
lines, yet as a single program statement.

In HP IBASIC programs, the EOL terminator is suppressed by placing a
semicolon ( ;) following the quotation mark ( “ ) which closes the

command string. In the program above, the commands in lines 150 - 180 are
in the coupling group. The semicolons following the command strings in
lines 150 through 170 suppress the EOL terminator; therefore lines 150 -
180 are sent as a single statement.

Getting Programs

The HP IBASIC programs are stored on the disk as ASCI! files. The
program name is shown in the program title and in line 1 of the program
(e.g.,1 'RE-SAVE'ARB_GEN"). To get a program, type:

GET “file namé  (e.g., GET “ARB_GEN")

Declaring IBASIC Variables in COM (common) Memory

When writing or modifying IBASIC programs, array variables can be
declared in COM (common) memory. Variables not in COM memory reside
in the IBASIC stack. The 'stack’ is a 32 kByte (default) segment of memory
which contains components such as pointers and local variables for
subprograms and declarations. When too many variables (or too large an
array) are in the stack, Error 2 - Memory Overflow will occur. If a memory
overflow occurs, the stack size can be changed with the command
PROGram:MALLocate <nbytes (see thénstrument BASIC User’s Manual

for more information).
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C Language Al of the C Language example programs in this manual are written for the
Programs HP 82335 HP-IB Interface Causing the HP-IB Command Library for C.
Unless otherwise noted, the library functions used in the programs are
compatible with the ANSI C standard.

The following identifies the system on which the programs are written,
shows how to compile the programs, and gives a typical example program.

System Configuration The C programs were developed on the following system:

Controller: HP Vectra 386/25 persal computer
(386 processor operated at 25 MHz)

HP-IB Interface Card: HP 82335 HP-IB Interface with
Command Library

Mainframe: HP 75000 Series B/C

SlotO/Resource Manager: HP E1301A Mainframe/E1405/E1406
Command Module

HP E1340A Logical Address80

Instrument Language: SCPI

C Compiler Used  Unless otherwise noted, all C Language programs were compiled (and
tested) using the following compilers:

« Microsoff® C Version 5.10

« Microsoft® QuickC,© Version 2.0
« Borland Turbo € Version 2.0

« Borland Turbo @+° Version 1.0

Running a Program To run a program, first compile and link the program to make an executable
file. To compile a program:

* Link the appropriate HP-IB C library (located on thie-IB
Command Library disk that came with the HP-IB Interface Card).
Use the following libraries:

— Microsoff® C and QuickE: clhpib.lib
— Turbo & and G+°:  tchhpib.lib
* If NOT compiling in the Large/Huge memory model, include the

“cfunc.h” header file in the program (located on the HP-1B
Command Library disk that came with the HP-IB Interface Card).
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* Be sure the necessary paths have been added to the
AUTOEXEC.BAT file for the compilers to find the library and
header files (see the appropriattdahguage manual to set the
proper paths).

To compile the programs from the DOS command line using the Large
memory model, execute the following:

« Microsoff® C:

cl /AL <path \program name path \clhpib.lib
« Microsoff® Quickc,©:

gcl /AL <path \program name path\clhpib.lib
e Turbo ¢ and Turbo &+°:

tcc -ml <path \program name path \tchhpib.lib

Change the/AL” and “-ml” parameters to the appropridaypes when
compiling in the smaller memory models (see the appropriate C Language
manual for the parameter type).

C Program Example Following is an example program written in C using the HP 82335 HP-IB
Interface Card. The program:

* sends commands to the AFG to generate an arbitrary waveform
* receives data from the AFG
* shows how to send coupled commands

» performs error checking of the AFG
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4 /* ARB_GEN.C - This program generates a 4096 points ramp. The data to */ N
[* generate the ramp is transferred to the AFG as voltages */

/* Include the following header files */

#include <stdio.h>

#include <string.h>

#include <malloc.h>  /* Use “alloc.h” for Turbo C(c) or C++(c) */
#include <cfunc.h> [* This file is from the HP-IB Command Library Disk */

#define 1ISC 7L /* Assigns the HP-IB select code */
#define ADDR 70910L /* Assign an I/O path between the computer and the AFG */

[* Functions */

void gen_seg(void);

void cmd_exe(char *commandsl[], int length);

void run_query(void);

void rst_clr(void);

void send_data(char *commands, float *Wave_seg, int num_size);
void check_error(char *func_tion);

/*********************************************************************************/

void main(void) /* Run the program */

{

rst_clr(); [* Reset the AFG */

gen_seg(); [* Generate segment list and output sequence */
run_query(); [* Query waveform segment memory */

}

/*********************************************************************************/

void gen_seg(void)

{

char static *set_commands[] =/* Use “set_commands” to setup the AFG */

{

“SOUR:ROSC:SOUR INT;" * Select the Ref. Oscillator */
“:SOUR:FREQ:FIX 1e3;” [* Set waveform frequency */
“:SOUR:FUNC:SHAP USER;” /* Command to select the user function */

“:SOUR:VOLT:LEV:IMM:AMPL 5.1V”,  /* Set the amplitude */

“SOURLIST:SEGM:SEL a” /* Select the segment name */
L

Continued on next page
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4 *seg_commands = /* Use “seg_commands” to store segments */\

“SOUR:LIST:SEGM:VOLT ", /* Command to send volts data */

*out_commands[] = /* Use the “out_commands” array to generate output */
{

“SOUR:FUNC:USER a”, /* Select the user name */

“INIT:IMM” [* Start waveform generation */

h

float *Wave_seg;
int loop,
seg_size = 4096; [* Set the segment size to 4096 points */

/* Allocate sufficient memory for storing the segments into computer memory */

Wave_seg = (float*) malloc (seg_size * sizeof (float));

[* Setup the AFG */
cmd_exe(set_commands, sizeof(set_commands) / sizeof(char*));

/* Call routine to check for AFG errors */
check_error(“gen_seg (set_commands)”);

[* Calculate the segments */
for (loop = 0; loop < seg_size; loop ++)
Wave_seg[loop] = (loop * .00122);

/* Call function to execute the final command with segment data */
send_data(seg_commands, Wave_seg, seg_size);

/* Call routine to check for AFG errors */

check_error(*gen_seg (seg_commands)”);

[* Setup the AFG for output */
cmd_exe(out_commands, sizeof(out_commands) / sizeof(char*));

/* Call routine to check for AFG errors */

check_error(*gen_seg (out_commands)”);

Continued on next page
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4 /* Eree the allocated memory */ N
free (Wave_seq);

}

/*********************************************************************************/

void cmd_exe(char *commands]], int length)

{

int loop;

[* Execute each command group using a loop */
for (loop = 0O; loop < length; loop++)
IOOUTPUTS(ADDR, commands[loop], strlen(commands(loop]));

/*********************************************************************************/

void send_data(char *commands, float *Wave_seg, int num_size)

{
char static state[2] = {13, 10};

/* First disable EOI and EOL to send continuous data to the AFG; send last
command */

IOEOI (ISC, 0);I0EOL (ISC, “ ", 0);
IOOUTPUTS (ADDR, commands, strlen(commands));

/* Re-enable EOL and EOI for normal HP-IB operation; then send the data */
IOEOI (ISC, 1);I0EOL (ISC, state, 2);
IOOUTPUTA (ADDR, Wave_seg, hum_size);
}

/*********************************************************************************/

void run_query(void)

{

char  namel6];
int length = 5;

/* Query segment memory */
IOOUTPUTS(ADDR, “SOUR:LIST:SEGM:SEL?”", 19);
IOENTERS(ADDR, name, &length);

printf(“\nWaveform Segment currently selected: %s”, name);

}

Continued on next page
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//7 /*********************************************************************************/ \\
void rst_clr(void)

{

float into;

[* Executes the commands that resets the AFG and clears its error register */
IOOUTPUTS(ADDR, “*RST;*OPC?”, 10);
IOENTER(ADDR, &into);
IOOUTPUTS(ADDR, “*CLS;*OPC?", 10);
IOENTER(ADDR, &into);

}

/*********************************************************************************/

void check_error(char *func_tion)

{
char  into[161];
int length = 160;

IOOUTPUTS(ADDR, “SYST:ERR?”, 9); /* Query error register */
IOENTERS(ADDR, into, &length); [* Enter error message */

if (atoi(into) != 0) [* Determine if error is present */
[* If errors present, print and exit */

{
while (atoi(into) = 0)
{
printf(“Error %s in function %s\n\n”, into, func_tion);
IOOUTPUTS(ADDR, “SYST:ERR?", 9);
IOENTERS(ADDR, into, &length);
}
exit(1);
}
}
- /
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QUuICkBASIC Al of the QuickBASIC Language example programs in this manual are
Language Programs written for the HP 82335 HP-IB Interface Card using the HP-IB Command
Library for BASIC.

The following identifies the system on which the programs are written,
shows how to compile the programs, and gives a typical example program.

System Configuration The QuickBASIC programs were developed on the following system:

Controller: HP Vectra 386/25 persal computer
(386 processor operated at 25 MHz)

HP-IB Interface Card: HP 82335 HP-IB Interface with
Command Library

Mainframe: HP 75000 Series B/C

SlotO/Resource Manager: HP E1301A Mainframe/E1405/E1406
Command Module

HP E1340A Logical Address80

Instrument Language: SCPI

Running a Program To run a program, first compile and link the program to make an executable
file. You can either compile and link the program in the QuickBASIC
environment, or compile and link separately on the command line as
follows.

Using the QuickBASIC Environment

To compile and link a program, select the QuickBASIGremvnent as
follows:

gb <path \program name /I \path \gbhpib

This loads both the program and HP-IB library into the QuickBASIC
environment. Note that this only selects the QuickBASIC version 4.0 and
above environment. For other versions of QuickBASIC, refer to the “HP
82335 Using the HP-IB Interface and Command Library” manual.

Using the Command Line

To compile and link using the command line is a two step method as
follows:

First, compile the program by executing:

bc <path \program name
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QuickBASIC Program

Example

This generates an object listing that has the same name as the program name
with an OBJ extension. This object file must be linked to the HP-IB library.

Second, link the HP-IB library:

link <path \program name

After prompted for a run file, press the Enter key. The executable file with
an EXE extension is then generated.

The following is an example program written in QuickBASIC using the HP
82335 HP-IB Interface Card. The program:

sends commands to the AFG to generate an arbitrary waveform
receives data from the AFG

shows how to send coupled commands

performs error checking of the AFG

= ARB_GEN.BAS - This program generates a 4096 points ramp. The data to\

generate the ramp is transferred to the AFG as voltages

DECLARE SUB GenSeg ()

DECLARE SUB CmdExe (Commands$(), Length%)

DECLARE SUB SendData (Commands$, WaveSeg!(), NumSize%)
DECLARE SUB RstClIr ()

DECLARE SUB CheckError (FuncType$)

DECLARE SUB RunQuery ()

COMMON SHARED ADDR&, ISC&
REM $INCLUDE: 'QBSETUP’

ISC& =7 'Assigns the HP-IB select code
ADDR& = 70910 'Assign an I/O path between the computer and the AFG

CALL RstCIr " Reset the AFG
CALL GenSeg ' Generate segment list and output sequence
CALL RunQuery ' Query segment name

END

SUB CheckError (FuncType$)

\_ Max.Length% = 160: Actual.Length% =0 )

Continued on next page
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/"~ Info$ = SPACE$(Max.Length%) N

CALL IOOUTPUTS(ADDR&, “SYST:ERR?”, 9) ’ Query error register
CALL IOENTERS(ADDRE, Info$, Max.Length%, Actual.Length%)
Info$ = LEFT$(Info$, Actual.Length%)

IF VAL(Info$) <> 0 THEN

CLS

WHILE VAL(Info$) <> 0
PRINT :PRINT Info$;“ in function: ”; FuncType$
Actual.Length% =0

CALL IOOUTPUTS(ADDR&, “SYST:ERR?”, 9)
CALL IOENTERS(ADDR&, Info$, Max.Length%, Actual.Length%)
Info$ = LEFT$(Info$, Actual.Length%)

WEND

END

END IF

END SUB
SUB CmdExe (Commands$(), Length%)

FOR I =1 TO Length%
CALL IOOUTPUTS(ADDR&, Commands$(l), LEN(Commands$(1)))
NEXT |

END SUB
SUB GenSeg

DIM SetCommands$(1 TO 2)
DIM OutCommands$(1 TO 2)
DIM WaveSeg!(1 TO 4096)

SetCommands$(1) = “SOUR:ROSC:SOUR INT;” ’ Select the Ref. Oscillator

SetCommands$(1) = SetCommands$(1) + “:SOUR:FREQ:FIX 1e3;" ' Set
waveform frequency

SetCommands$(1) = SetCommands$(1) + “:SOUR:FUNC:SHAP USER;”
' Select user function

Continued on next page
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4 SetCommands$(1) = SetCommands$(1) + “:SOUR:VOLT:LEV:IMM:AMPL 51V )
' Set the amplitude

SetCommands$(2) = “SOUR:LIST:SEGM:SEL a” ' Select the segment name
SegCommands$ = “SOUR:LIST:SEGM:VOLT " *Command to send volts data
OutCommands$(1) = “SOUR:FUNC:USER a” ' Select the user name
OutCommands$(2) = “INIT:IMM” ’ Start waveform generation

' Setup the AFG
CALL CmdExe(SetCommands$(), 2)

' Call function to check for AFG errors
CALL CheckError(*GenSeg (SetCommands)”)

' Calculate the segments; store in memory
FOR | =1 TO 4096

WaveSeg!(l) = | *.00122

NEXT |

' Call function to execute the final command with segment data
CALL SendData(SegCommands$, WaveSeg!(), 4096)

' Call function to check for AFG errors
CALL CheckError(*GenSeg (SegCommands)”)

'Setup the AFG for output
CALL CmdExe(OutCommands$(), 2)

" Call function to check for AFG errors
CALL CheckError(*GenSeg (OutCommands)”)

END SUB
SUB RstClIr

CALL IOOUTPUTS(ADDR&, “*RST;*OPC?", 10)
CALL IOENTER(ADDR&, Into!)

Continued on next page
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CALL IOOUTPUTS(ADDR&, “*CLS;*OPC?", 10)
CALL IOENTER(ADDRE, Into!)

END SuB

SUB RunQuery

Max.Length% = 20: Actual.Length =0
Info$ = SPACE$(Max.Length%)

" Query segment name

CALL IOOUTPUTS(ADDR&, “SOUR:LIST:SEGM:SEL?", 19)
CALL IOENTERS(ADDR&, Info$, Max.Length%, Actual.Length%b)
Info$ = LEFT$(Info$, Actual.Length%)

PRINT :PRINT “Segment Name: ”; Info$

END SUB

SUB SendData (Commands$, WaveSeg!(), NumSize%)

Endline$ = CHR$(13) + CHR$(10)

" First disable EOI and EOL to send continuous data to the AFG; send last command
CALL IOEOI(ISC&, 0)

CALL IOEOL(ISC&, “ ", 0)

CALL IOOUTPUTS(ADDR&, Commands$, LEN(Commands$))

" Re-enable EOL and EOI for normal HP-IB operation; then send the data
CALL IOEOI(ISC¢&, 1)

CALL IOEOL(ISC&, Endline$, LEN(Endlines))
CALL IOOUTPUTA(ADDR&, SEG WaveSeg!(1), NumSize%)

END SuB
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Introductory Programs

The introductory programs in this section include:

e AFG Self-Test

Resetting the AFG and clearing itstataregisters

* Querying the AFG power-on/reset settings

Checking for Errors

* Generating a sine wave

AFG Self-Test The AFG self-test is executed with the command:

*TST?

Table 1-1. HP E1340A Self-T est Codes.

Self-Test Code Description
0 Test passed
1 Test failed. An error message describes the failure.

The self-test checks communication between the E1340A and the E1300/01
mainframe or Command Module. Upon completion of the test, one of the
self-test codes listed in Tadlel is returned.

HP IBASIC (SLFTST)

4 1 IRE-SAVE “SLFTST” h
10 ISend the self-test command, enter and display the resuilt.
20  DIM Message$[256]
30 OUTPUT 80910;"*TST?"
40 ENTER 80910;Rslt
50 IF Rslt <>0 THEN
60 REPEAT
70 OUTPUT 80910;"SYST:ERR?"
80 ENTER 80910;Code,Message$
90 PRINT Code,Message$
100 UNTIL Code=0
110 ENDIF
120 PRINT Rslt
\_ 130 END Y,
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C and QuickBASIC  The C and QuickBASIC versions of SLFTST are on the C language
Programs  example programs disk (HP P/N E1340-10036).

Resetting and  The commands used to reset and clear the AFG are:
Clearing the AFG
*RST
*CLS

Resetting the AFG sets it to its power-on configuration and clearing the
AFG clears its status risters. Status register programming is covered in
Chapter 8.

HP IBASIC (RSTCLS)

4 N
1 IRE-SAVE"RSTCLS"

10 IAssign an 1/O path between IBASIC and the AFG.
20 ASSIGN @Afg TO 80910
30 COM @Afg
40 ICall the subprogram
50 CALL Rst_cls
60 END
70 !
80 SUB Rst_cls
90 Rst_cls: !subprogram which resets and clears the AFG.
100 COM @Afg
110 OUTPUT @Afg;"*RST;*CLS;*OPC?" Ireset and clear the AFG
120 ENTER @Afg;Complete
\_130 SUBEND Y,

C and QuickBASIC  The C and QuickBASIC versions of RSTCLS are on the C language
Programs  example programs disk (HP P/N E1340-10036).

Querying the After resetting the AFG or cycling power, the AFG parameters are set to
Power-On/Reset their power-on values. These values are listed in Appendix B, Table B-5.

Configuration The command which queries each AFG parameter setting is:

*LRN?
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HP IBASIC (LRN)

C and QuickBASIC

Programs

Checking for Errors

Note

/1 IRE-SAVE “LRN” )
10 IAssign an 1/O path between IBASIC and the AFG.
20 ASSIGN @Afg TO 80910
30 ICall the subprogram
40 CALL Lrn_conf(@Afg)
50 END
60 !
70 SUB Lrn_conf(@Afg)
80 Lrn_conf: Isubprogram which queries the AFG reset configuration
90 DIM Lrn$[1000], Temp$[40]
100 OUTPUT @Afg;"*LRN?"
110 ENTER @AFG,;Ln$
120 Temp$=""
130 FOR 1=1 TO LEN(Lrn$)
140 IF Lrn$[l,1]=";" THEN
150 PRINT Temp$ !print Temp$ when ; is received
160 Temp$=""
170 ELSE
180 Temp$=Temp$&Lm3$[l,I] 'build Temp$ from *LRN data
190 END IF
200 NEXT |
\210 SUBEND D,

The C and QuickBASIC versions of LRN are on the C language example
programs disk (HP P/N E1340-10036).

The following HP IBASIC program shows the lines and subprogram added
to the HP IBASIC programs to check for errors. Line 140 clears the AFG
standard event status register. Lines 150 and 160 unmask the appropriate
bits in the AFGs statusyte register and standard eventigtaegister.

When an error occurs, the subprogram “Errmsg” reads the AFG error queue
and displays the code and message. Note that line 310 is used to force an
"end of statement" condition should a syntax error occur in a group of
commands. Otherwise, tAORT command in line 320 could be

considered as part of the group and be ignored by the AFG SCPI interpreter.

An alternative HP IBASIC error checking program is in ©Size VXIbus
Systems Installation and Getting Started Gukgieor checking routines for
C language and QuickBASIC programs are found in programs
ARB_GEN.C and ARB_GEN.BAS, listed prewisly in this chapter.
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HP IBASIC (ERRORCHK)

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

IRE-SAVE"ERRORCHK" N
IThis program represents the method used to check for programming
lerrors in HP IBASIC programs.

IAssign I/O path between IBASIC and the E1340A.

ASSIGN @Afg TO 80910

COM @Afg

IDefine branch to be taken when an E1340A error occurs.

IEnable IBASIC interface to generate interrupt when error occurs.
ON INTR 8 CALL Errmsg

ENABLE INTR 8;2

IClear all bits in the standard event status register, unmask the
Istandard event status group summary bit in the E1340A status byte
Iregister (decimal weight 32), unmask the query error, device
Idependent error, execution error, and command error bits

I(decimal sum 60) in the E1340A standard event status register.
OUTPUT @Afg;"*CLS"

OUTPUT @Afg;"*SRE 32"

OUTPUT @Afg;"*ESE 60"

|

ISubprogram calls would be here

!

WAIT .1 !lallow error branch to occur before turning intr off

OFF INTR 8

END

SUB Errmsg

Errmsg: !Subprogram which displays E1340 programming errors

COM @Afg
DIM Message$[256]
IRead AFG status byte register and clear service request bit
B=SPOLL(@Afg)
IEnd of statement if error occurs among coupled commands
OUTPUT @Afg;™
OUTPUT @Afg;"ABORT" !abort output waveform
REPEAT
OUTPUT @ATfg;"SYST:ERR?" !read AFG error queue
ENTER @Afg;Code,Message$
PRINT Code,Message$
UNTIL Code=0
STOP
SUBEND
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Generating a Sine To output a sine wave, only an artydle needs to be specified and the AFG
Wave placed in the wait-for-trigger staffNIT). Using the minimum amount of
AFG commands, this programs generates a 10 kHz, 10 Vp-p sine wave.

SV/DW -+ HH\l\\“l -+ HH?“H HH\l\\“l L B

Output applied to
a 50Q load value

.02 msec/DIV

HP IBASIC (RSTSINE)

4 N

1 IRE-SAVE"RSTSINE"

2 IThis program outputs a sine wave based on a specified amplitude
3 land the reset settings of the AFG.

4 !

10 IAssign an 1/0O path between IBASIC and the AFG.

20  ASSIGN @Afg TO 80910

30 COM @Afg

40 !
50 IReset the AFG
60 CALL Rst

70  OUTPUT @AFG;"SOUR:VOLT.LEV:IMM:AMPL 5" !set amplitude
80 OUTPUT @Afg;"INIT:IMM" loutput sine wave using reset conditions

90 END
100 !
110 SUB Rst

120 Rst: !subprogram which resets the AFG.
130 COM @Afg

140 OUTPUT @Afg;"*RST;*OPC?" Ireset the AFG
150 ENTER @Afg;Complete
\_ 160 SUBEND Y,

C and QuickBASIC  The C and QuickBASIC versions of RSTSINE are on thenguage
Programs  example programs disk (HP P/N E1340-10036).

HP E1340A Example Programs

For easy reference, names and dpsions of the example programs in this
manual are summarized in Appendix B, Table B-1.
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Chapter 2

Generating Standard Waveforms with the
HP E1340A

Chapter Contents

This chapter shows how to generate standard wavef&@ingspid,
SQUare, TRIangle, andRAMPS) using the HP E1340A 12-Bit Arbitrary
Function Generator (hereafter called the “AFG”).

The following sections show how to generate standard waveforms, how to
setup the AFG for different output loads, how to select the output amplitude
units (i.e., V, Vpeak, etc.), and how to set the waveform itundpel and

offset. The sections are as follows:

» Standard Waveforms Flowchart . ..................... Page 41
* GeneratingDC Voltages ... ........... ... Page 43
* Generating Sine, Triangle. and Square Waves ........... Page 45
* GeneratingRampWaves. .............. ... . ........ Page 47
» Selecting the Amplitude Levels and @ut Units . . ... ... Page 50

e ProgramComments. ... ... Page 52

Standard Waveforms Flowchart

The flowchart on page 42 shows the sequence used to generate standard
waveforms. The reset (power-on) values of each command are also noted on
the fowchart. The programs ih this chapter begin with a reset (the IEEE
488.2*RST command) which places the AFG into its power-on state. Thus,
the programs do not execute all of the commands on the flowchart.
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COUPLED COMMANDS

SET REFERENCE OSCILLATOR
SOURCE TO INTernal

[SOURce: JROSCillator:SOURce

RESET VALUE — INTernal

SET OUTPUT LOAD

OUTPut:LOAD

RESET VALUE — 500Q

SET FREQUENCY MODE TO
CW OR FlIXed

[SOURce: JFREQuency:MODE

RESET VALUE — FIXed

|

SET THE ARM SOURCE

ARM[:STARt]LAYer2:SOURce

RESET VALUE - IMMediate

SET THE OUTPUT FREQUENCY

[SOURce: |FREQuency[:CW|FIXed]

RESET VALUE — 10kHz

|

SET THE ARM COUNT

ARM[:STARt]LAYer2: COUNt

RESET VALUE — INFinity

SET THE FUNCTION

[SOURce: |[FUNCtion[:SHAPe ]|

RESET VALUE — SINusoid

SET THE REPETITION COUNT

ARM[:STARt]LAYer[1]:COUNt

RESET VALUE — INFinity

SET RAMP WAVEFORM POLARITY

[SOURce: |RAMP:POLarity

RESET VALUE — NORMal

SET THE WAVEFORM AMPLITUDE
[SOURce:|VOLTage[:LEVel]
[:IMMediate][:AMPLitude]

RESET VALUE — OV

SET THE DC OFFSET
SOURce: [|VOLTage|:LEVel
g
[:IMMediate]:OFFSet

RESET VALUE — OV

|

INITIATE THE WAVEFORM

INITiate[:IMMEdiate ]

|

{ riNsH )
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Generating DC Voltages

This program outputs a +5 V DC voltage. The commands are:
1. Resetthe AFG*RST

The*RST command aborts any waveform output and selects the
sinusoid function.

2. Select the Function -
[SOURCce:]FUNCtion[:SHAPe] DC

This command selects the DC function.

3. Set the Amplitude -
[SOURce:[VOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

This command specifies the amplitude. Refer to the section called
“Selecting the Amjitude Levels and Output Units” on page 50 for
more information.

HP IBASIC Program Example (DC VOLTS)

4 1 IRE-SAVE*DCVOLTS” )

IThis program outputs 5V dc.

|
10 IAssign I/O path between IBASIC and the E1340A.
20 ASSIGN @Afg TO 80910
30 COM @Afg
40 !
50 ISet up error checking
60 ON INTR 8 CALL Errmsg
70 ENABLE INTR 8;2
80 OUTPUT @Afg;"*CLS”
90 OUTPUT @Afg;"*SRE 32"
100 OUTPUT @Afg;“*ESE 60"
110 !
120 !Call the subprogram which resets the AFG.
130 CALL Rst
140 !
150 !Set AFG parameters
160 OUTPUT @Afg;"SOUR:FUNC:SHAP DC" !function
170 OUTPUT @Afg;*SOUR:VOLT:LEV:IMM:AMPL 5V” lamplitude
180 !
190 WAIT .1 lallow interrupt to be serviced

/

Continued on next page
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/200 OFFINTR 8 M
210 END
220 |

230 SUB Rst

300 SUB Errmsg

N /

C and QuickBASIC  The C example program, DCVOLTS.C, is in directory “CPROG” and the
Program Versions QuickBASIC example program, DCVOLTS.BAS, is in directory

“QBPROG” on the C and QuickBASIC example disk (part number
E1340-10036).
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Generating Sine, Triangle, and Square Waves

2 V/DIV \

.

Output applied to
a 50Q load value

.2 msec/DIV

This program outputs a Sine Wave at 1 kHz and 5 V output level. The
commands are:

1.

Reset the AFG*RST

The*RST command aborts any waveform output and selects the
sinusoid function.

Set the Waveform Frequency -
[SOURce:JFREQuency[:FIXed] <frequency

This command specifies the waveform frequency. Refer to Appendix
B for the frequency limits.

Select the Function -
[SOURCce:JFUNCtion[:SHAPe] SINusoid

This command selects the SINusoid function. (AlthotRSIT
automatically selets this function, it is selected here for good
programming practice.) For the Triangle and Square Wave functions,
use theTRlangle andSQUare parameters, respectively, instead of
SINusoid.

Set the Amplitude -
[SOURce:[VOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

This command specifies the amplitude. Refer to the section called
“Selecting the Amjitude Levels and Output Units” on page 50 for
more information.

Initiate the Waveform -
INITiate[:IMMediate]

This command generates an immediate output with the arm source
set tolIMMediate. Refer to Chapter 5 for triggering information.
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HP IBASIC Program Example (SINEWAVE)

1 IRE-SAVE*SINEWAVE’ )
2 IThis program generates a 5V, 1 kHz sine wave.
3 !

10 IAssign I/O path between IBASIC and the E1340A.

20 ASSIGN @Afg TO 80910

30 COM @Afg

40 !

50 ISet up error checking

60 ON INTR 8 CALL Errmsg

70 ENABLE INTR 8;2

80 OUTPUT @Afg;"*CLS”

90 OUTPUT @Afg;“*SRE 32~

100 OUTPUT @Afg;**ESE 60~

110 !

120 ICall the subprogram which resets the AFG.

130 CALL Rst

140 !

150 !Set AFG parameters

160 OUTPUT @ATfg;"SOUR:FREQ:FIX 1E3;";!frequency
170 OUTPUT @Afg;*:SOUR:FUNC:SHAP SIN;";!function
180 OUTPUT @Afg;*:SOUR:VOLT:LEV:IMM:AMPL 5V”lamplitude
190 OUTPUT @Afg;“INIT:IMM” lwait-for-arm state
200 !

210 WAIT .1 lallow interrupt to be serviced
220 OFFINTR 8

230 END

240 !

250 SUB Rst

320 SUB Errmsg

- /

C and QuickBASIC  The C example program, SINEWAVE.C, is in directory “CPROG” and the
Program Versions QuickBASIC example program, SINEWAVE.BAS, is in directory
“QBPROG” on the C and QuickBASIC example disk (part number
E1340-10036).
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Generating Ramp Waves

\\ :\\
2 V/DV -+ HH\“}H H:EHH HH}“}H I
A L
N N
Output applied to
a 50Q load value
.02 msec/DIV

This program outputs a negative going Ramp at 10 kHz, 4 V output level,
and +1 V offset. The commands are:

1. Reset the AFG*RST

The*RST command aborts any waveform output, selects the sinusoid
function, selects the 42.9 MHz reference oscillator source, 10 kHz
frequency, arm start immediate, 0 V offset, and

0 V output.

2. Setthe Frequency -
[SOURce:JFREQuency[:FIXed] <frequency

This command specifies the frequency. Refer to Appendix B for the
frequency limits.

3. Select the Function -
[SOURCce:JFUNCtion[:SHAPe] RAMP

This command selects tiRAMP function.

4. Select the Ramp Polarity -
[SOURce:]IRAMP:POLarity INVerted

This command selects the polarity of the RAMP wave.\i3RMal
for the initial voltage to go positive; uéVerted for the initial
voltage to go negative.

5. Set the Amplitude -
[SOURce:VOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

This command specifies the amplitude. Refer to the section called
“Selecting the Amjitude Levels and Output Units” on page 50 for
more information.
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6.

Set the Offset -
[SOURCce:lVOLTage[:LEVel][:IMMediate]: OFFSet <offset

This command specifies the offset. Refer to the section called

“Selecting the Amjitude Levels and Output Units” on page 50 for

more information.

Initiate the Waveform -
INITiate[:IMMediate]

This command generates an immediate output with the arm source

set tolIMMediate. Refer to Chapter 5 for triggering information.

HP IBASIC Program Example (RAMPWAVE)

1

2

3
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

IRE-SAVE"RAMPWAVE"

IThis program generates a 4V, 10 kHz negative-going ramp wave.
|

IAssign I/O path between IBASIC and the E1340A.

ASSIGN @Afg TO 80910

COM @Afg

!

ISet up error checking

ON INTR 8 CALL Errmsg

ENABLE INTR 8;2

OUTPUT @Afg;™*CLS"

OUTPUT @Afg;"*SRE 32"

OUTPUT @Afg;*ESE 60"

|

ICall the subprogram which resets the AFG.

CALL Rst

!

ISet AFG parameters

OUTPUT @Afg;"SOUR:ROSC:SOUR INT;";!Ireference oscillator
OUTPUT @Afg;":SOUR:FREQ:FIX 10E3;";!frequency
OUTPUT @Afg;":SOUR:FUNC:SHAP RAMP;";!Ifunction
OUTPUT @Afg;":SOUR:RAMP:POL INV;";Iramp polarity
OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL 4V;";!lamplitude
OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:OFFS 1V"loffset
OUTPUT @Afg;"INIT:IMM" lwait-for-arm state

|

WAIT .1 lallow interrupt to be serviced
OFF INTR 8

END

|

SUB Rst

~

Continued on next page
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350 SUB Errmsg

C and QuickBASIC  The C example program, RAMPWAVE.C, is in directory “CPROG” and
Program Versions the QuickBASIC example program, RAMPWAVE.BAS, is in directory
“QBPROG” on the C and QuickBASIC example disk (part number
E1340-10036).
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Selecting the Amplitude Levels and Output Units

This program shows how to set the output amplitude using the VPP (volts
peak-to-peak) output unit. The commands are:

1. Reset the AFG*RST

The*RST command aborts any waveform output, selects the sinusoid
function, selects the 42.9 MHz reference oscillator source, arm start
immediate, 0 V offset, and 0 V output.

2. Select the Output Units -
[SOURce:]VOLTage[.LEVel][:IMMediate]:AMPLitude]:UNIT:VOLTage <units>

This command selects the following output units:
V - Volts
VPK - Volts peak
VPP - Volts peak-to-peak
VRMS - Volts rms
W - Watts
DBM|DBMW - dB referenced to 1 milliwatt

These units are assumed only if no other units are specified in the
[SOURce:]VOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-
command. The output units are only valid for amplitude and not
offsets (volts is required for offts).

3. Set the Amplitude and the Offset -
[SOURce:]VOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

[SOURCce:]VOLTage[:LEVel][:IMMediate]:OFFSet <offset

These commands specify the amplitude and offset. Refer to
Appendix B for the amplitude limits. The maximum value of the
combined amplitude and offsedltages must remain within the
7V limit.

4. Initiate the Waveform -
INITiate[:IMMediate]

This command generates an immediate output with the arm source
set tolIMMediate. Refer to Chapter 5 for triggering information.
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HP IBASIC Program Example (OUTPUNIT)

4 1 IRE-SAVE“OUTPUNIT” N
2 IThis program sets the AFG’s output units to volts peak-to-peak.
3 !

10 IAssign I/O path between IBASIC and the E1340A.
20 ASSIGN @Afg TO 80910

30 COM @Afg

40 !

50 ISet up error checking

60 ON INTR 8 CALL Errmsg

70 ENABLE INTR 8;2

80 OUTPUT @Afg;"*CLS”

90 OUTPUT @Afg;“*SRE 32~

100 OUTPUT @Afg;**ESE 60~

110 !

120 ICall the subprogram which resets the AFG.
130 CALL Rst

140 !

150 !Set AFG parameters

160 OUTPUT @Afg;*"SOUR:VOLT:LEVIIMM:AMPL:UNIT:VOLT VPP”
loutput units

200 OUTPUT @Afg;"SOUR:VOLT:LEV:IMM:AMPL 8;";lamplitude
210 OUTPUT @Afg;:SOUR:VOLT:LEV:IMM:OFFS 1"loffset

220 OUTPUT @Afg;“INIT:IMM” wait-for-arm state

230 !

240 WAIT .1 lallow interrupt to be serviced
250 OFFINTR 8

260 END

270 !

280 SUB Rst

350 SUB Errmsg

N /

C and QuickBASIC  The C example program, OUTPUNIT.C, is in directory “CPROG” and the
Program Versions QuickBASIC example program, OUTPUNIT.BAS, is in directory
“QBPROG” on the C and QuickBASIC example disk (part number
E1340-10036).
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Program Comments

The following comments give additional details on the program examples in

this chapter.
Reference * TheSINusoid, SQUare, TRIangle, andRAMP functions can use any
Oscillator Sources of the Reference Oscillator Sources. The sources, selected by

[SOURCce:JROSCillator:SOURCce, are:

INTernal - 42.94967296 MHz (power-oralue)
EXTernal - User provided value (the front panel “Aux In” BNC)

* |If using theEXTernal reference oscillator source, enter the source
frequency to the AFG using
[SOURce:JROSCillator:FREQuency:EXTernal <frequency.

Output Load * For correct output amplitudelues, the load applied to the AFG
Comments “Signal Output” terminals must be the same value as the selected
AFG output impedance value.

* To output to an open circuit, exec@e&TPut:LOAD INFinity or
9.9E+37. The HP E1340A then outputs the correct amplitude and
offset for an open circuit. The amplitude and offset range are
doubled while resolution worsens by a factor of 2.

Output Units * The selected unit type can be overridden by sending a unit suffix
Comments with the amplitude command. For example, if the selected unit is
VPP, sending:

[SOURce:]VOLTage[:LEVel][:IMMediate][:AMPLitude] 5V

changes the unit type to volts (i.¢),for that command. However,
the default unit type remains in effect for subsequent &umpli
commands that are sent without the unit suffix.

* TheV (volts)suffix andVPK (volts peak) suffix generate the same
amplitude values for all time varying waveforms |#@lusoid,
SQUare, TRIangle, andRAMPS.

* The default unit type only applies for aligdes and not for offsets.
The unit for offsets must always be specified Vi for volts. For
example, executing:

[SOURce:]VOLTage:OFFSet .1VPP
causes an error. To prevent the error, execute either:
[SOURce:]VOLTage:OFFSet 0.1

or
[SOURCce]:VOLTage:OFFSet 0.1V
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* The W, DBM, and DBMW unit types references the amplitude levels
to the 50Q output load value. Thus, the W, DBM, and DBMW
values are meaningless and not available when selecting an open
circuit load.

Using MINimum  You can execute many commands ([B®URce:]JFREQuency[:CW|:FIXed])
and MAXimum using theMINimum or MAXimum parameters instead of a number value.
Parameters However,MIN andMAX are internally converted immediately _to numeric
values when received using the values of other commands in effect at that
time. The values of other commands affectingMii¢ andMAX
computation are subsequently changed, but the alreadyutedmIN and
MAX values daot change.

Thus, if a group of@upled commands are sent whereNtigimum and
MAXimum parameters conflict with the current AFG setting, the AFG
generates an error. This happens even though the commands that follow
may set the AFG to a state that does not conflict withihgmum and
MAXimum parameters.

For best results, use values in the commands and do not gidifmem
andMAXimum parameters.
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Chapter 3
Generating Arbitrary Waveforms with the
HP E1340A

Chapter Contents

This chapter shows how to generate arbitrary waveforms using the
HP E1340A 12-Bit Arbitrary Function Generator (called the “AFG”).

The following sections show how to generate arbitrary waveforms. Also
included are example programs that generate various arbitrary waveforms.
The sections are as follows:

* Arbitrary Waveforms Flowchart. .. ................... Page 55

* Generating a Simple Arbitrary Waveform . ............. Page 59

* Executing Several Waveform Segments. .. ............. Page 65

* Arbitrary Waveform Hopping . . . .............. ... .. .. Page 69

* Generating Built-In Arbitrary Waveforms . ............. Page 73

e Sample Programs. .. ... Page 76
Generating a Damped SineWave ................... Page 76
Generating an Exponential Charge/Discharge

Waveform. ... ... Page 78

Generating a Sine Wave with Spikes. . .. ............. Page 79
Generating a Half-Rectified Sine Wave .............. Page 80

e ProgramComments. ... ... Page 82

Arbitrary Wavef orms Flowchart

The flowchart on page 58 shows the commands and the command execution
order to generate standard waveforms. The reset (power-on) values of each
command are also noted on the flowchart. Note thaBRE& 488.2RST
command places the AFG into its power-on state. Thus, it may be
unnecessary to execute all of the commands on the flowchart.
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How the AFG Generates Arbit rary Wav eforms

Refer to Figure 3-1. An arbitrary waveform consists of two parts, a
waveform segment (or all points on a waveform) and a segment sequence.
The segments contain the actual voltage points of the waveform. The
segment sequence determines which waveform segments are to be output.

The AFG has four waveform segments available: A, B, C, and D. The size
of each waveform segment is 4096 points. Thus, to store data into a
waveform segment, the number of data items (or waveform points) must be
4096.

To output a waveform, set the user function to output one or more of the
waveform segments. To output a waveform with a single waveform
segment, use one of the A through D waveform segments. To output
waveforms with multiple waveform segments, use a combination of AB or
ABCD waveform segments. The AB combination outputs the 8192 point
waveform defined by the A and B waveform segments. Thus, the A
segment is output first and then the B segment. The ABCD combination
outputs the 16384 point waveform defined by the A , B, C, and D waveform
segments. Thus, the A segment is output first and the D segment is output
last.

Similarly, the AB combination outputs a waveform with 8192 points and
the ABCD combination outputs a waveform with 16384 points.

The segment values can be either sent as voltage values
(use[SOURCce:]LIST[:SEGMent]:VOLT <voltage_list) or DAC
(digital-to-analog converter) codes
(Use[SOURce:]LIST[:SEGMent]:VOLT:DAC <voltage_list).

If sent as voltage values, the AFG converts them to DAC codes before
storing them in memory.

To output a waveform, the AFG sets the DAC to the voltage value of the
selected waveform segment. The waveform frequency determines the
waveform repetition rate.
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Time —
Segment Sequence Outputs: Segment A And Then Segment B

Figure 3-1. Generating Arbitrary Waveforms
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COUPLED COMMANDS

SET REFERENCE OSCILLATOR
SOURCE TO INTernal

[SOURce: JROSCillator:SOURce

RESET VALUE — INTernal

|

SET THE ARM SOURCE

ARM[:STARt]LAYer2:SOURce

RESET VALUE — IMMediate

SET FREQUENCY MODE TO
CW OR FlIXed

[SOURce: |FREQuency:MODE

RESET VALUE — FlIXed

|

|

SET THE ARM COUNT

ARM[:STARt]LAYer2:COUNt

RESET VALUE — INFinity

SET THE OUTPUT FREQUENCY

[SOURce: [FREQuency[:CW|FIXed]

RESET VALUE — 10kHz

I

|

SET THE REPETITION COUNT

ARM[:STARt]LAYer[ 1]:COUNt

RESET VALUE — INFinity

SET THE FUNCTION TO USER

[SOURce: JFUNCtion[:SHAPe]
RESET VALUE — SINusoid

|

SET THE WAVEFORM AMPLITUDE
[SOURce: [VOLTage| :LEVel]
[:IMMediate][:AMPLitude]

RESET VALUE — OV

|

|

SELECT WAVEFORM SEGMENT

[SOURce: |LIST[:SEGMent]:SELect

|

LOAD WAVEFORM POINTS

[SOURce: |LIST[:SEGMent]:VOLTage

SET THE DC OFFSET
SOURce: |[VOLTage|:LEVel
9
[:IMMediate]:OFFSet

RESET VALUE - 0OV

|

SET OUTPUT LOAD

OUTPut:LOAD
RESET VALUE — 50Q

|

SELECT THE USER NAME

[SOURce: JFUNCtion:USER

[

INITIATE THE WAVEFORM

INITiate[:IMMEdiate]

|

( FINISH )
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Generating a Simple Arbitrary Waveform

Ramp generated
as an Arbitrary
Waveform

2 V/DN

Output applied to
a 500 load value

.2 msec/DIV

This program shows how to generate an arbitrary waveform with a single
waveform segment. The example generates a 4096 point ramp. The AFG
stores the waveform segment into segment memory as voltage data points.
The commands are:

1. Reset the AFG*RST

The*RST command aborts any waveform output and sets the AFG to
a defined state.

2. Select the Reference Osdiia-
[SOURCce:IROSCillator:SOURce <source

This command selects the Reference Oscillator Source (see
“Program Comments” later in this chapter).

3. Set the Waveform Frequency -
[SOURce:JFREQuency[:CW|FIXed] <frequency

This command sets the repetition rate of the waveform. See
Appendix B for the frequency limits.

4. Select the Arbitrary Waveform Function -
[SOURCce:JFUNCtion[:SHAPe] USER

This command selects the arbitrary waveform function.

5. Set the Maximum Output Amplitude -
[SOURce:VOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

This command specifies the maximum output amplitude. The
amplitude nust be equal or greater than the maximum voltage value
of the waveform segment. Refer to Appendix B for the amplitude
limits.
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6.

10.

Select the Waveform Segment -
[SOURCce:]LIST[:SEGMent]:SELect <name>

Use either A, B, C, or D irname> for the waveform segment.

. Store the Waveform Segment as Voltages -

[SOURce:LIST[:SEGMent]:VOLTage <voltage_list

This command stores the points of the waveform segment into the
AFG’s segment memory. These points are sent to the AFG as volts
which are the output voltage points thahsiitutes the waveform
segment.

. Select the User Name -

[SOURCce:JFUNCtion:USER <name

This command selects the waveform segment to be output. Make the
namein this command the same name as the waveform segment to be
output.

. Initiate the Waveform -

INITiate[:IMMediate]

This command generates an immediate output with the arm source
set tolIMMediate. Refer to Chapter 5 for triggering information.

Query the Waveform Segmé@iptional) -
[SOURCce:]LIST[:SEGment]:SELect?

This command returns the currently selected waveform segment.
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HP IBASIC Program Example (ARB_GEN)

1 IRE-SAVE*ARB_GEN’ N
2 IThis program generates a 4096 point, 0 to 5V ramp waveform.
3 IThe data is transferred to the AFG as voltages.
4 ]

10 IAssign I/O path between IBASIC and the E1340A.

20  ASSIGN @Afg TO 80910

30 COM @Afg,Waveform(1:4096)

40 !

50 ISet up error checking

60 ON INTR 8 CALL Errmsg

70 ENABLE INTR 8;2

80 OUTPUT @Afg;"*CLS”

90 OUTPUT @Afg;“*SRE 32"

100 OUTPUT @Afg;“*ESE 60"

110 !

120 ICall the subprogram which resets the AFG.

130 CALL Rst

140 !Set AFG parameters

150 OUTPUT @Afg;"SOUR:ROSC:SOUR INT;";!reference oscillator
160 OUTPUT @Afg;“:SOUR:FREQ:FIX 1E3;";!'frequency
170 OUTPUT @Afg;*:SOUR:FUNC:SHAP USER;";!function

180 OUTPUT @Afg;*:SOUR:VOLT:LEV:IMM:AMPL 5.1V"Iscale
amplitude

190 !

200 !Call subprogram which defines waveform segment.

210 CALL Ramp_wave

220 !

230 ISelect output sequence and initiate waveform

240 OUTPUT @Afg;"SOUR:FUNC:USER A”

250 OUTPUT @Afg;“INIT:IMM” lwait-for-arm state
260 !

270 WAIT .1 lallow interrupt to be serviced
280 OFFINTR 8

290 END

300 !

310 SUB Ramp_wave

320 Ramp_wave: !Subprogram which defines a ramp waveform

330 COM @Afg, Waveform(*)
340 FOR I=1 TO 4096
350 Waveform(l)=I*.00122
360 NEXT I
370 !
\_ 380 OUTPUT @Afg;"SOUR:LIST:SEGM:SEL A”ISelect segment namg

Continued on next page
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C and QuickBASIC
Program Versions

Transferring Data in C

OUTPUT @Afg;* SOUR:LIST:SEGM:VOLT" ;Waveform(*)!load\

waveform pointg
400 SUBEND
410 !
420 SUB Rst
490 SUB Errmsg
NG /

The C example program, ARB_GEN.C, is in directory “CPROG” and the
QuickBASIC example program, ARB_GEN.BAS, is in directory
“QBPROG” on the C and QuickBASIC example disk (part number
E1340-10036).

To transfer data to the AFG requithat the data sent with the
[SOURCce:LIST[:SEGMent]:VOLTage command must be contiguous. To do
this, send no carriage return (CR) and line feed (LF) before transferring all
the data. Theend_data function does this as follows (refer to the C
function below):

1.

Disable EOl and EOL usin@EOI (ISC, 0) andIOEOL (ISC, “ ", 0),
respectivelylSC contains the HP-IB select code, andahend “ ”
(NULL) values disables the carriage return (CR) and line feed (LF)
to allow the AFG to receive a command string without a terminator.

Next, sent to the AFG the SCPI

[SOURCce:]LIST[:SEGment]:VOLTage command string using
IOOUTPUTS (ADDR, commands, strlen(commands)). ADDR

contains the AFG HP-IB addressmmands contains the SCPI
command string, anstrlen(commands) contains the string length of
commands. This enables the AFG to receive voltage data. Since CR
or LF is disabled, the AFG holds execution until all the data is sent.

Enable EOI and EOL usinQEOI (ISC, 1) andIOEOL (ISC, state, 2),
respectively. The variabktate contains the decimal codes for CR
and LF. Although EOL and EOI are enabled, no CR and LF is sent
until all voltage data transfer is completed (next step).
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4. The voltage data values are sent next using the\werey seg in
IOOUTPUTA (ADDR, Wave_seg, num_size). The values in
Wave_seg are in a floating point formalOOUTPUTS automatically
separates each value in the arrays by a comma (, ).

5. After all the data is sent, the data transfer terminates with a CR and
LF. This lets the AFG know that it can receive a new command.

4 N

void send_data(char *commands, float *Wave_seg, int num_size)

{
char static state[2] = {13, 10};

/* First disable EOI and EOL; then send the last command */
IOEOI (ISC, 0);IOEOL (ISC, “ ", 0);
IOOUTPUTS (ADDR, commands, strlen(commands));

/* Re-enable EOL and EOI for normal HP-IB operation; then
send the last data */

IOEOI (ISC, 1);l0EOL (ISC, state, 2);
IOOUTPUTA (ADDR, Wave_seg, num_size);
U J
Transferring Data in To transfer data to the AFG requitkst the data sent with the
QuickBASIC [SOURCce:]LIST[:SEGMent]:VOLTage command must be contiguous. To do
this, send no carriage return (CR) and line feed (LF) before transferring all

the data. Th&endData routine in the QuickBASIC program do this as
follows (refer to the QuickBASIC routine below):

1. Disable EOI and EOL usimQEOI (ISC&, 0) andIOEOL (ISC&, “ ", 0),
respectivelylSC& contains the HP-IB select code, thend “ ”
(NULL) values disables the carriage return (CR) and line feed (LF)
to allow the AFG to receive a command string without a terminator.

2. Next, sent to the AFG the SCPI
[SOURCce:LIST[:SEGment]:VOLTage command string using
IOOUTPUTS(ADDR&, Commands$, LEN(Commands$). ADDR&
contains the AFG HP-IB addre€mmands$ contains the SCPI
command string, andEN(Commands$) contains the string length of
Commands$. This enables the AFG to receive voltage data. Since
CR or LF is disabled, the AFG holds execution until all the data is
sent.

3. Enable EOI and EOL usinQEOI(ISC&, 1) andIOEOL(ISC&,
Endline$, LEN(Endline$)), respectively. The variabEndline$
contains the decimal codes for CR and LF. Although EOL and EOI
are enabled, no CR and LF is sent until all voltage data transfer is
completed (next step).
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4. The voltage data values are sent next using the\aeregSeg!() in
IOOUTPUTA(ADDR&, SEG WaveSeg!(1), NumSize%). The values
in WaveSeg! are in a floating point formatOOUTPUTS
automatically separates each value in the arrays by a comma (, ).

5. After all the data is sent, the data transfer terminates with a CR and
LF. This lets the AFG know that it can receive a new command.

/” SUB SendData (Commands$, WaveSeg!(), NumSize%) N
Endline$ = CHR$(13) + CHR$(10)

" First disable EOI and EOL; then send the last command
CALL IOEOI(ISC&, 0)
CALL IOEOL(ISC&, “ ", 0)
CALL IOOUTPUTS(ADDR&, Commands$, LEN(Commands$))

" Re-enable EOL and EOI for normal HP-IB operation; then send the data
CALL IOEOI(ISC&, 1)
CALL IOEOL(ISC&, Endline$, LEN(Endline$))
CALL IOOUTPUTA(ADDR&, SEG WaveSeg!(1), NumSize%)

END SUB
o /
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Executing Several Waveform Segments

Sinewave and
Ramp generated
as Arbitrary

Waveforms /’\ s /\

2 V/DNV A \

\\4

Output applied to
a 50Q load value

.5 msec/DNV

This program shows how to generate an arbitrary waveform that combines
two different waveform segments. One waveform seggenerates a 1 kHz,
5V sine wave. The other one generates a 1 kHz, 5 Vpeak triangle.

The commands are:

1. Reset the AFG*RST

The*RST command aborts waveform output and sets the AFG to a
defined state.

2. Set the Waveform Frequency -
[SOURce:JFREQuency[:CW|FIXed] <frequency

This command sets the repetition rate of the waveform. See
Appendix B for the frequency limits.

3. Select the Arbitrary Waveform Function -
[SOURCce:JFUNCtion[:SHAPe] USER

This command selects the arbitrary waveform functiomplenthe
command to the previous frequency command.

4. Set the Maximum Output Amplitude -
[SOURce:VOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

This command specifies the maximum output amplitude. The
amplitude nust be equal or greater than the maximum voltage value
of the waveform segment. Refer to Appendix B for the amplitude
limits

5. Select the Fir&Vaveform Segment -
[SOURCce:]LIST[:SEGMent]:SELect A
UseA to select the first waveform segment.
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6. Store the First Waveform Segment as Voltages -
[SOURce:LIST[:SEGMent]:VOLTage <voltage_list

This command stores the points of the “A” waveform segment into
the AFG’s segment memory. These points are sent to the AFG as
volts which are the output voltage points thaistiiutes the

waveform segment.

7. Select the Second Waveform Segment -
[SOURCce:]LIST[:SEGMent]:SELect B

UseB to select the second waveform segment.

8. Store the Second Waveform Segment@sages -
[SOURce:LIST[:SEGMent]:VOLTage <voltage_list

This command stores the points of Biwaveform segment into the
AFG’s segment memory. These points are sent to the AFG as volts
which are the output voltage points thahstitutes the waveform
segment.

9. Select the User Name -
[SOURce:JFUNCtion:USER AB

This command selects the waveform segments to be output
(i.e.,AB).

10. Initiate the WaveformiNITiate[:IMMediate]

This command generates an immediate output with the arm source
set tolIMMediate. Refer to Chapter 5 for triggering information.
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HP IBASIC Program Example (MULSEG)

1

2

3

4

5
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

330
340
350
360
370

-

320 Sine_tri_wave: ISubprogram which defines waveforms

IRE-SAVE*MULSEG” )
IThis program generates an arbitrary waveform comprised of two
lwaveform segments. One segment is a sine wave and the other
Isegment is a triangle wave.

!

IAssign I/O path between IBASIC and the E1340A.

ASSIGN @Afg TO 80910

COM @Afg,Waveform1(1:4096), Waveform2(1:4096)

|

ISet up error checking

ON INTR 8 CALL Errmsg

ENABLE INTR 8;2

OUTPUT @Afg;"*CLS”

OUTPUT @Afg;“*SRE 32"

OUTPUT @Afg;“*ESE 60"

|

ICall the subprogram which resets the AFG.

CALL Rst

!

ISet AFG parameters

OUTPUT @Afg;"SOUR:FREQ:FIX 10E3;";!frequency

OUTPUT @Afg;":SOUR:FUNC:SHAP USER;”; !function

OUTPUT @Afg;*:SOUR:VOLT:LEV:IMM:AMPL 5.1V" Iscale
amplitude

I
ICall subprogram which defines waveform segments A and B.
CALL Sine_tri_wave

!

ISelect output sequence and initiate waveform

OUTPUT @Afg;"SOUR:FUNC:USER AB”

OUTPUT @Afg;“INIT:IMM” lwait-for-arm state

!

WAIT .1 lallow interrupt to be serviced
OFF INTR 8

END

SUB Sine_tri_wave

COM @Afg, Waveforml(*),Waveform2(*)

FOR I=1 TO 4096
Waveform1(l)=5*(SIN(2*PI*(1/4096)))

NEXT |

I

Continued on next page

67 Generating Arbitrary Waveforms with the HP E1340A Chapter 3



C and QuickBASIC
Program Versions

590 SUB Errmsg

-

(380 OUTPUT @Afg;"SOUR:LIST:SEGM:SEL A” N

Iselect segment name

390 OUTPUT @Afg;* SOUR:LIST:SEGM:VOLT";Waveform1(*)
lload waveform points

400 !

420 Waveform2(1)=1*.0024414

430 NEXT |

440 FOR 1=2048 TO 4096

450 Waveform2(1)=(4096-1)*.0024414

460 NEXT |

470 !

480 OUTPUT @Afg;"SOUR:LIST:SEGM:SEL B” !Iselect segment name

490 OUTPUT @Afg; SOUR:LIST:SEGM:VOLT”;Waveform2(*)
lload waveform points

500 SUBEND

510 !

520 SUB Rst

/

The C example program, MULSEG.C, is in directory “CPROG” and the

QuickBASIC example program, MULSEG.BAS, is in directory

“QBPROG” on the C and QuickBASIC example disk (part number

E1340-10036).

Chapter 3

Generating Arbitrary Waveforms with the HP E1340A 68



Arbitrary Waveform Hopping

Square Wave Source

+5V, 1KHz &1
Square Wave =

@ ’ Channel A
f oV

2 V/DIV

Channel B
oV

) i
28

HP E1340A AFG

Oscilloscope

il Sinewave

and Ramp

generated

as Arbitrary
Waveforms

.2 msec/DIV

iE] o6 WH

Output applied to a 50Q
load value

This program performs waveform hopping of waveform segments A and B.
Use a very stable 1 kHz, 0 to 5 V square wave applied toR@sA' Aux

In” connector to switch between the waveform segments. The positive level
of the square wave outputs waveform segment A to generate a 5 cycle sine
wave. The zero level of the square wave outputs waveform segment B to
generate a 5 cycle triangle wave. (You may need to adjust the 1 kHz square
wave to output a stable arbitrary waveform.) There will be about a 20 msec
delay between a transition on the “Aux In” connector and tkguou

switching.

1. Reset the AFG*RST

The*RST command aborts waveform output and sets the AFG to a

defined state.

2. Setup the AFG for an Arbitrary Waveform Output -
[SOURce:JFREQuency[:CW|FIXed] <frequency

[SOURce:JFUNCtion[:SHAPe] USER

[SOURce:lVOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

These commands setup the AFG to output arbitrary waveforms.

3. Select the Fir&Vaveform Segment -
[SOURCce:]LIST[:SEGMent]:SELect A

UseA to select the first waveform segment.

4. Store the First Waveform Segment as Voltages -
[SOURce:LIST[:SEGMent]:VOLTage <voltage_list

This command stores the points of the “A” waveform segment into
the AFG’s segment memory. These points are sent to the AFG as
volts which are the output voltage points thaistiiutes the

waveform segment.
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5.

Select the Second Waveform Segment -
[SOURCce:LIST[:SEGMent]:SELect B

UseB to select the second waveform segment.

Store the Second Waveform Segment@sages -
[SOURce:LIST[:SEGMent]:VOLTage <voltage_list

This command stores the points of the “B” waveform segment into
the AFG’s segment memory. These points are sent to the AFG as
volts which are the output voltage points thaistiiutes the

waveform segment.

Select the User Name -
[SOURce:JFUNCtion:USER HOP_AB

This command setup the AFG to hop between waveform segments
andB.

Initiate the Waveform INITiate[:IMMediate]

This command generates an immediate output with the arm source
set tolIMMediate. Refer to Chapter 5 for triggering information.

HP IBASIC Program Example (ARB_HOP)

(1

100
110
120
130
140
150
160

IRE-SAVE“ARB_HOP” )
IThis program hops (selects) between two waveform segments based
lon the level of a 1 kHz, 0 to 5V square wave applied to the AFG’s
I“Aux In” connector. A low level selects segment A (sine wave), a
Ihigh level selects segment B (triangle wave).

|

IAssign I/O path between IBASIC and the E1340A.

ASSIGN @Afg TO 80910

COM @Afg,Waveform1(1:4096), Waveform2(1:4096)

|

ISet up error checking

ON INTR 8 CALL Errmsg

ENABLE INTR 8;2

OUTPUT @Afg;"*CLS”

OUTPUT @Afg;"*SRE 32"

OUTPUT @Afg;“*ESE 60"

|

ICall the subprogram which resets the AFG.

CALL Rst

ISet AFG parameters

OUTPUT @Afg;*SOUR:FREQ:FIX 10E3;";!frequency

OUTPUT @Afg;“:SOUR:FUNC:SHAP USER;”; !function

Continued on next page
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/170 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL 5.1V" Iscale N

amplitude

180 !

190 !Call subprogram which defines waveform segments A and B.

200 CALL Sine_tri_wave

210 !

220 ISelect output sequence and initiate waveform

230 OUTPUT @Afg;"SOUR:FUNC:USER HOP_AB"

240 OUTPUT @Afg;“INIT:IMM” lwait-for-arm state

250 !

260 WAIT .1 lallow interrupt to be serviced

270 OFFINTR 8

280 END

290 !

300 SUB Sine_tri_wave

310 Sine_tri_wave: ISubprogram which defines
waveforms

320 COM @Afg, Waveforml(*),Waveform2(*)

350 FOR I=1 TO 4096

360 Waveform1(l)=5*(SIN(2*PI*(1/4096)))

370 NEXT |

380 !

390 OUTPUT @Afg;"SOUR:LIST:SEGM:SEL A"!Select segment nan

400 OUTPUT @Afg;* SOUR:LIST:SEGM:VOLT";Waveform1(*)
lload waveform points

410 !

420 FOR 1=1 TO 2047

430 Waveform2(1)=1*.0024414

440 NEXT |

450 FOR 1=2048 TO 4096

460 Waveform2(1)=(4096-1)*.0024414

470 NEXT |

480 !

490 OUTPUT @Afg;*SOUR:LIST:SEGM:SEL B"ISelect segment nam

500 OUTPUT @Afg;* SOUR:LIST:SEGM:VOLT";Waveform2(*)
lload waveform points

510 SUBEND

520 !

530 SUB Rst

600 SUB Errmsg
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C and QuickBASIC  The C example program, ARB_HOP.C, is in directory “CPROG” and the
Program Versions QUuickBASIC example program, ARB_HOP.BAS, is in directory
“QBPROG” on the C and QuickBASIC example disk (part number
E1340-10036).
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Generating Built-In Arbit rary Wav eforms

Sinewave and
Ramp generated

e Abitrary ST TN
/ N/ N\
2 V/DIV

Output applied to
a 50 Qload value

.2 msec/DNV

The AFG has 16 built-in arbitrary waveforms available for use. All of these
waveforms have 4096 points and are stored in an EPROM (see “Program
Comments” for the waveform listing). To execute the waveforms,
download the data points into waveform segment A, B, C, or D. The
following program downloads and generates the 16th waveform.

1. Reset the AFG*RST

The*RST command aborts waveform output and sets the AFG to a
defined state.

2. Setup the AFG for an Arbitrary Waveform Output -
[SOURce:JFREQuency[:CW|FIXed] <frequency
[SOURCce:JFUNCtion[:SHAPe] USER
[SOURce:lVOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

These commands setup the AFG to output an arbitrary waveform.

3. Download the Waveform Data from tB&Prom into Memory -
[SOURce:]ARBitrary:DOWNIoad <source-, <dest, <length»

This command downloads the segment data from the EPROM where
<source- selects the waveform block in the EPRO#lest is the
waveform segment name (i.e., A, B, C, or D), alehgth> is the
waveform segment length (i.e., 4096).

4. Select the User Name -
[SOURCce:JFUNCtion:USER <name

This command selects the waveform segment to be output. Make the
namein this command the same name as the waveform segment to be
output.
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5. Initiate the Waveform -
INITiate[:IMMediate]

This command generates an immediate output with the arm source
set tolIMMediate. Refer to Chapter 5 for triggering information.

HP IBASIC Program Example (ROM_DOWN)

1  IRE-SAVE‘ROM_DOWN’ )
2 IThis program downloads a 4096 point waveform to waveform segment
3 Imemory from block 16 (EEPR16) of the AFG’s waveform EEPROM.
4 ]

10 IAssign I/O path between IBASIC and the E1340A.

20 ASSIGN @Afg TO 80910

30 COM @Afg

40 !

50 ISet up error checking

60 ON INTR 8 CALL Errmsg

70 ENABLE INTR 8;2

80 OUTPUT @Afg;"*CLS”

90 OUTPUT @Afg;“*SRE 32~

100 OUTPUT @Afg;**ESE 60~

110 !

120 ICall the subprogram which resets the AFG.

130 CALL Rst

140 !

150 !Set AFG parameters

160 OUTPUT @ATfg;"SOUR:FREQ:FIX 1E3;";!frequency
170 OUTPUT @Afg;*:SOUR:FUNC:SHAP USER;";!function
180 OUTPUT @Afg;*:SOUR:VOLT:LEV:IMM:AMPL 5V”lamplitude

190 OUTPUT @Afg;"SOUR:ARB:DOWN EEPR16,A,4096"!download
waveform

200 OUTPUT @Afg;"SOUR:FUNC:USER A” !select sequence

210 OUTPUT @Afg;“INIT:IMM” lwait-for-arm state

220 !

230 WAIT .1 lallow interrupt to be serviced
240 OFFINTR 8

250 END

260 !

270 SUB Rst

340 SUB Errmsg
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C and QuickBASIC  The C example program, ROM_DOWN.C, is in directory “CPROG” and
Program Versions the QuickBASIC example program, ROM_DOWN.BAS, is in directory
“QBPROG” on the C and QuickBASIC example disk (part number
E1340-10036).
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Sample Programs

The following programs generate various arbitrary waveforms. All

programs output waveforms at a 1 kHz waveform frequency and 5V
amplitude.

Due to the similarity of all the programs, only the first program is
completely presented here. Only the differences are shown by the other
programs.

Generating a  This program generates a Damped Sine Wave using 4096 segments or
Damped Sine Wave  points.

Output applied to
a 50Q load value

.5 V/DIVH 1 Unununu nUnUﬂUn n“!’\\/\v“\}"w"v"v APVAANOAAAANANAAA
.1 msec/DIV

HP IBASIC Program Example (SIN_D)

1 IRE-SAVE*SIN_D" N
2 IThis program generates a damped sine wave.
3 !
10 IAssign I/O path between IBASIC and the E1340A.
20 ASSIGN @Afg TO 80910
30 COM @Afg,Waveform(1:4096)
40 !
50 ISet up error checking
60 ON INTR 8 CALL Errmsg
70 ENABLE INTR 8;2
80 OUTPUT @Afg;*CLS”
90 OUTPUT @Afg;"*SRE 32"
100 OUTPUT @Afg;“*ESE 60"

N 110 ! )

Continued on next page
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(120 ICall the subprogram which resets the AFG. N
130 CALL Rst
140 !
150 ISet AFG parameters
160 OUTPUT @Afg;"SOUR:FREQ:FIX 1E3;";!'frequency
170 OUTPUT @Afg;"“:SOUR:FUNC:SHAP USER;";!function
180 OUTPUT @Afg;*:SOUR:VOLT:LEV:IMM:AMPL 1.1V” Iscale
amplitude
190 !
200 !Call subprogram which defines waveform segment.
210 CALL Damped_sine
220 !
230 ISelect output sequence and initiate waveform
240 OUTPUT @Afg;"SOUR:FUNC:USER A"
250 OUTPUT @Afg;“INIT:IMM” lwait-for-arm state
260 !
270 WAIT .1 lallow interrupt to be serviced
280 OFFINTR 8
290 END
300 !
310 SUB Damped_sine
320 Damped_sine: !Subprogram which defines a damped sine wave
330 COM @Afg, Waveform(*)
340 A=4/4096
350 W=(2*PI)/50
360 FOR T=1 TO 4096
370 Waveform(T)=EXP(-A*T)*SIN(W*T)
380 NEXT T
390 !
400 OUTPUT @Afg;"SOUR:LIST:SEGM:SEL A”lselect segment name
410 OUTPUT @Afg;"SOUR:LIST:SEGM:VOLT";Waveform(*)!load
waveform points
420 SUBEND
430 !
440 SUB Rst
510 SUB Errmsg
__° /

C and QuickBASIC  The C example program, SIN_D.C, is in directory “CPROG” and the
Program Versions QuickBASIC example program, SIN_D.BAS, is in directory “QBPROG”
on the C and QuickBASIC example disk (part number E1340-10036).
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Generating an This program generates an Exponential Charge/Discharge Waveform with
Exponential 4096 segments or points.
Charge/Discharge
Waveform

,SV/D\\/ HHHHHHHH‘?—“‘;HHHHHH

Output applied to
a 50Q load value

.1 msec/DIV

HP IBASIC Program Example (CHARGE)

This program is similar to the “SIN_D” BASIC program on page 76, with
the following differences:

4 1 IRE-SAVE“CHARGE" )
2 IThis program generates an exponential charge/discharge waveform.
210 CALL Charge
310 SUB Charge
320 Charge:!Subprogram which defines an exponential charge/discharge
330 lwaveform.

340 COM @Afg, Waveform(*)
350 Rc=400
360 FOR T=1 TO 4096
370 IF T>=0 AND T<2047 THEN
380 Waveform(T)=1*(1-EXP(-T/Rc))
390 END IF
400 IF T>=2047 THEN
410 Waveform(T)=1*(1-EXP(-2048/Rc))-1*(1-EXP(-(T-2047)/Rc))
420 END IF
430 NEXT T
440 !
450 OUTPUT @Afg;"SOUR:LIST:SEGM:SEL A”!select segment name
460 OUTPUT @Afg;" SOUR:LIST:SEGM:VOLT";Waveform(*)!load
waveform points
470 SUBEND
- /
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C and QuickBASIC
Program Versions

Generating a Sine
Wave with Spikes

The C example program, CHARGE.C, is in directory “CPROG” and the
QuickBASIC example program, CHARGE.BAS, is in directory
“QBPROG” on the C and QuickBASIC example disk (part number
E1340-10036).

This program generates a Sine Wave with Spikes using 4096 segments or
points.

Output applied to
a 50Q load value

.5\//D\\/ HHHH\‘{HHHHiHHHH\i\‘

.1 msec/DIV

HP IBASIC Program Example (SPIKES)

This program is similar to the “SIN_D” BASIC program on page 76, with
the following differences:

1 IRE-SAVE*SPIKES N
2 IThis program generates a sine wave with a spike.
150 !Set AFG parameters
160 OUTPUT @Afg;"SOUR:FREQ:FIX 1ES;";!'frequency
170 OUTPUT @Afg;“:SOUR:FUNC:SHAP USER;”; function
180 OUTPUT @Afg;“:SOUR:VOLT:LEV:IMM:AMPL 1.5V Iscale

amplitude

190 !
200 !Call subprogram which defines waveform segment.
210 CALL Sine_spike
310 SUB Sine_spike
320 Sine_spike: Subprogram which defines a sine wave with a spike
330 COM @Afg, Waveform(*)
340 FOR 1=1 TO 4096
350 Waveform(l)=.5*SIN(2*PI*(1/4096))
360 NEXT |

\_ 370 Width=50 Y,

Continued on next page
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/380 FOR J=1 TO Width/2 N
390 Waveform(J+1024)=Waveform(J+1024)+J*.04
400 NEXT J
410 FOR J=1 TO Width/2
420 Waveform(J+1024+Width/2)=Waveform(J+1024+Width/2)
+1-(J*.04)
430 NEXT J
440 !
450 OUTPUT @Afg;*SOUR:LIST:SEGM:SEL A”lselect segment namje
460 OUTPUT @Afg;* SOUR:LIST:SEGM:VOLT";Waveform(*)!load
waveform points
\ 470 SUBEND p.

C and QuickBASIC  The C example program, SPIKES.C, is in directory “CPROG” and the
Program Versions QuickBASIC example program, SPIKES.BAS, is in directory “QBPROG”
on the C and QuickBASIC example disk (part number E1340-10034).

Generating a  This program generates a Half-Rectified Sine Wave ui8§ 4egments or
Half-Rectified Sine  points.

Wave

Output applied to
a 50Q load value

5 V/DV

.1 msec/DIV
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HP IBASIC Program Example (SIN_R)

This program is similar to the “SIN_D” BASIC program on page 76, with
the following differences:

4 1 IRE-SAVE"“SIN_R” )
2 IThis program generates a 1/2 wave rectified sine wave.
210 CALL Rec_sine
310 SUB Rec_sine
320 Rec_sine: ISubprogram which defines a rectified sine wave
330 COM @Afg, Waveform(*)
340 FOR I=1 TO 4096
350 Waveform(l)=SIN(2*P1*(1/4096))
360 NEXT |
370 FOR 1=2049 TO 4096
380 Waveform(l)=0
390 NEXT |
400 !
410 OUTPUT @Afg;"SOUR:LIST:SEGM:SEL A”!select segment name
420 OUTPUT @Afg;"SOUR:LIST:SEGM:VOLT";Waveform(*)!load
waveform points|
430 SUBEND
- /

C and QuickBASIC  The C example program, SIN_R.C, is in directory “CPROG"” and the
Program Versions QuickBASIC example program, SIN_R.BAS, is in directory “QBPROG”
on the C and QuickBASIC example disk (part number E1340-10036).
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Program Comments

The following comments give additional details on the program examples in
this chapter.

Amplitude Effects
on Voltage List

If the segment data is sent as voltage values, the ARGges the data into
digital-to-analog converter (DAC) codes. This requires that the voltage
value of the segment data MUST NOT exceed the AFG'’s currenttadwl
level (set by{SOURce:]VOLTage[:LEVel][:IMMediate][:AMPLitude]). If it
does, the AFG generates an error.

Reference
Oscillator Sources

* TheSINusoid, SQUare, TRIangle, andRAMP functions can use any
of the Reference Oscillator Sources. The sources, selected by
[SOURCce:JROSCillator:SOURCce, are:

INTernal - 42.94967296 MHz (power-oralue)
EXTernal - User provided value (the front panel “Aux In” BNC)

* |If using theEXTernal reference oscillator source, enter the source
frequency to the AFG using
[SOURce:JROSCillator:FREQuency:EXTernal <frequency.

Waveforms in the

The following are the waveforms located in the EPRom:

EPRom EEPRoml  Sine Wave
EEPRom2 Tiangle Wave
EEPRom3 Sin(x)/x for 8.25 radians
EEPRom4 Haversine
EEPRom5 Squaréd/ave
EEPRom6 First ten terms of a Square Wave
EEPRom7 First four terms of a Squavave
EEPRom8 Falling Ramp
EEPRom9 First 20 terms of a Falling Ramp
EEPRom10 Rising Ramp
EEPRom11 First 20 terms of a Rising Ramp
EEPRom12 White Noise
EEPRom13 Modulated White Noise
EEPRom14 A 3rd, 4th, 5th Harmonic Chord
EEPRom15 8 cycles of a linear rising Silvave
EEPRom16 Positive hatycle Sine Wave
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Chapter 4
HP E1340A Sweeping and Frequency-Shift
Keying

Chapter Contents

This chapter covers the sweeping and frequency-shift keying (FSK) features
of the HP E1340A Arbitrary Fution Genertor (AFG). The chapter is
organized as follows:

® SWEEPING . . v vttt e e Page 85

Sweeping Using Start and Stop FrequenciesPage 85

Sweeping Using Start and Span FrequenciesPage 88

Sweep PointsVs. Sweep Time .. .. ................. Page 90
* Frequency-ShiftKeying. ... ......... ... . . .. Page 92
* Program CommentsPage 94

The Command Reference

Detailed information on the commands introduced in this chaptebe

found in Chapter 7 under “Command Reference”. The commands in this
chapter are shown in their entirety (optional headers included) to help you
locate them in the reference.

Programming Flowchart

The flowchart on page 84 shows the commands and the command execution
order to generate standard waveforms. The reset (power-on) values of each
command are also noted on the flowchart. Note thaBR& 488.2RST
command places the AFG into its power-on state. Thus, it may be
unnecess§ to execute all of the commands on the flowchart.
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COUPLED COMMANDS

( START )

®

SET REFERENCE OSCILLATOR
SOURCE TO INTernal

[SOURce:]ROSCillator:SOURce

RESET VALUE — INTernal

!

SET FREQUENCY MODE

[SOURce: JFREQuency:MODE

RESET VALUE — FiXed

!

FREQUENCY MODE =

FSKey

SET FSKey FREQUENCIES

[SOURce: |FREQuency:FSKey

RESET VALUE — 10kHz,10MHz

SET THE FUNCTION

[SOURce:JFUNCtion[:SHAPe]

RESET VALUE — SINusoid

SET RAMP WAVEFORM
POLARITY

[SOURce: |RAMP:POLarity
RESET VALUE — NORMal

SET WAVEFORM AMPLITUDE

[SOURce:|VOLTage[:LEVel]
[:IMMediate][:AMPLitude]

RESET VALUE — OV

SET DC OFFSET

[SOURce:]VOLTage[:LEVel]
[:IMMediate]:OF Fset

RESET VALUE — OV

SET OUTPUT LOAD

OUTPut:LOAD

RESET VALUE — 50Q

FREQUENCY MODE =

SWEep

SET START FREQUENCY

[SOURCE:]JFREQuency:STARt

RESET VALUE — 0.0Hz

SET STOP FREQUENCY
[SOURce:|FREQuency:STOP

RESET VALUE — 10.73 MHz

SET SWEEP POINTS

[SOURce:]SWEep:POINts

RESET VALUE — 800

SET SWEEP SPACING

[SOURce:]SWEep:SPACing

RESET VALUE — LINear

SET SWEEP COUNT
[SOURce:[SWEep:COUNt
or

ARM:SWEep:COUNt
RESET VALUE — 1

SET SWEEP TIME

[SOURce:|SWEep:TIME
or
TRIGger:SWEep:TIMer

RESET VALUE —

15 Seconds

®

ARM[:STARt]:LAYer2:COUNt
RESET VALUE — IMMediate I

SET THE ARM SOURCE i
TO IMMEDIATE I

ARM[:STARE]:LAYer2:COUNt :

SET THE ARM COUNT

RESET VALUE — 1

ARM[:STARE][:LAYer[ 1]]:COUNt
RESET VALUE — INFinity I

SET THE REPETITION
COUNT TO INFINITY

INITIATE THE WAVEFORM

INITiate[:IMMediate]

(C riNsH )
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Sweeping

The AFG offers linear frequency sweeping of standard waveforms

(i.e. sine, square, triangle, ramp) and arbitrary waveforms from 0.0 Hz to
15 MHz for sine waves, and 0.0 Hz to 1 MHz for square, triangle, and ramp
waves.

The command subsystems covered in this section include:

¢ [SOURce:]ROSCillator
* [SOURCce:]FREQuency
* [SOURCce:]]SWEep

Sweeping  The AFG only allows for continuous repetitive sweeping. [Ni&iate
Considerations [:IMMediate] command starts the sweeping at a fixed rate determined by the
number of points in the sweep and the sweep time. For more information on
sweeping, see Chapter 7 under[B@URce:]SWEep subsystem.

Sweeping USing The following program specifies a start frequency and a stop frequency and
Start and Stop  continuously sweeps between 0 and 1 MHz. The program also queries the
. start frequency, stop frequency, center frequency, and frequency span to
Frequencies show the relationship between them.

Using the flowchart as a guide, the steps of this program are:

1. Select the Reference Osdilla-
[SOURCce:IROSCillator:SOURce <source

2. Select the Frequency Sweep Mode -
[SOURCce:JFREQuency:MODE SWEep

3. Set the Start Frequency -
[SOURce:JFREQuency:STARt <start_freg

4. Set the Stop Frequency -
[SOURce:JFREQuency:STOP <stop_freg

5. Select the Output Function -
[SOURce:JFUNCtion[:SHAPe] <shape

6. Set the Signal Amplitude -
[SOURce:]VOLTage[:LEVel][:IMMediate][:AMPLitude] <amplitude-

7. Place the AFG in the Wait-for-arm State -
