HEWLETT
[éﬁ] PACKARD

Programming Reference Manual

HP Electronic Load Family

HP Part No 06060-20005

.} Microfiche Part No, 06060~-80006 Printed in USA: September, 191






PRINTING HISTORY

The manual printing date and part number indicate the
current edition. Reprints between editions will have the same
printing date and may include change pages with corrections
or additions to be made to the manual by the user.

New editions of this manual will have a new printing date
and, in some cases, may have a new part number. The new
edition will include all changes and corrections made since
the previous edition.

Edition 3 - September, 1991

Edition 2 - August, 1989

Edition 1 - December, 1988

© Copyright 1989 Hewlett-Packard

This document contains proprietary information which is
protected by copyright. All rights are reserved. No part of
this document may be photocopied, reproduced, or
translated to another language without the prior consent of
Hewlett-Packard Company. The information contained in
this document is subject to change without notice.

SAFTEY GUIDELINES

The beginning of the Electronic Load Operating Manual has
a Safety Summary Page. Be sure that your are familiar with
the information on that page before programming the
electronic load for operation from a controller.






CONTENTS

Chapter 1
INTRODUCTION
PURPOSE . e e e 1-1
DO CUMENTATION et e et erceeaaeaens 1-1
SUPDIBE . ... e e ae i-1
Recommendad..........ooeii i s 1-1
HOW TO USE THIS GUIDE. ... s 11 -
WHAT YOU SHOULD ALREADY KNOW........ovvvveenee. 1-1
HP-1B CAPABILITIES OF THE ELECTRONIC LOAD....... 1-1
Chapter 2
INTRODUCTION TO HPSL
WHAT 18 HPSL? s 2-1
HPSL STATEMENT S i emrae i ies e 2-1
Simple Command Statemants.......ccocoiiiiriniiciiirnennnns 2-1
Compound Command Statements..........cccvervieviveerennns 2-1
Simple Command Querias............ccoveviiniicemiicinan. 2-1
Compound Command QUBTIes..........ovcvrreirvirrarinrienanes 2-1
HPSL KEYWORDS ... ceer e e 2-1
Forms of Keywortds.........coooiiiiiiininirnne e 2-1
Kayword ConvantionS............iveevrvernvriinnanrersrnmearennsss 2-1
Kayword Parametars.......ccviiiiiievinirneeininiierecnnerenenens 22
Numerical Data Formats.......coveviiiiiiiivniiiiniirarcnanes 2-2
Numerical Data Suffixes and Multipliers.................... 2-2
Numerical Data Convantions......coeeveivvcrnnnerennionnen.s 2-2
Character Data FOrmats........coccinviiiiiniiiirciinninenaens 2-2
Character Data Conventions........cocociveviiviiiiernirennns 2-3
Separators and TarminBlors, ... ..co.cvvovivernranreiieiianeons 2-3
Dala SePAratON. ... ietiaerr e reerrorenrrerenrieereaerancens 2-3
Kayword SeparatorS......coviiiiirneccrirecriavicnrnrersrnesnens 2-3
Program Line Tarminators.......cocivviiiiiiiiiinncieiins 2-3
COMMON COMMANDS . ... sren e rernenas 2-3
"Chapter 3
INTRODUCTION TO PROGRAMMING
TYPES OF COMMANDS AND QUERIES......ovveieveennne 31
UNDERSTANDING THE COMMAND TREE........ccovevns 3-1
UNDERSTANDING A TYPICAL BRANCH...........ocvens 3-1
Traversing the RESistance Branch.......cccivereivmrecreiennes 3-2
Using the NRT+ Format......ccoviiiiiiiiinicincnseeicnnans 32
TRAVERSING THE COMMAND TREE...........ovvrvnenen 3-3
Use of the Colon...........cviviiiiniiincennns v e 33
Use of the SemiColon........oveviieriiiiinnimas s 3-3
Getting Back 10 the RoOOt.....ccviricivvi e cen e 3-3
Implied Keywords.,,.....coooiiiiiiiiiii e e 34

HPSL QUBMBS. ..ot reecern e eean e 34
HPSL COMPATIBILITY .o 34
The SOURce Implied Keyword..........ccooviiiiiiiiin.., 34
AJIBSBE ..ot e 3-4
VALUE COUPLING. ... oo 34
COMMON COMMANDS . ... 3-8
PROGRAMMING EXAMPLES......ooiiviiiie 3-5
Battery Testing........oovi i e e 3-5
Power Supply Testing......cccocivievnviriicnnicvninr i, 3-5
Chapter 4

LANGUAGE DICTIONARY

Contants

INTRODUCTION i 41
o - F PP RTON 4-1
P AT BMIBEIS .o e e 41
Rolated COMMANGS........ooivrvirviiiiiei i 4.1
ORDER OF PRESENTATION......ocooiviii e 4.1
COMMON COMMANDS ... 4-1
IRtrodUCTION. ... e e 4.1
Order of Presentalion.....ococovve it 4-1
Syntax DIAgram. ... 4-2
B i e 43
B o2 - S USSR 4-3
L T O T USSR 4-4
B £ 1 USSR 4-8
P it e rans 4.5
B 1o 0 ST 4-6
L = o SR &7
B 2T SRR 4.7
il 2 £ 5 T TP PP 4-8
B 21 0k O U T USSR 4.9
B & - SR 410
BT - P 410
B 2 1 OO PPN 4-11
R XL - Y T O OO 4.12
B = TR O 4-13
R 1 I T 4-13
- Y T PO 4-14
ROOT-LEVEL COMMANDS. . ....ooiv e, 4-15
(EaTE 8 Ts [T orele) o SR 4.15
Trea DiBGIAM. ot i s e e 4-15
ABORL i e 418
CHANDNBL. ..o e v crr s 4-16
Current SUDSYSIBM ... e e e 4-18
o Symtax DHEEIBIM. ..ovirinv v bt e 4-19

CURRLLEVE e e 4-20

CURR I PROTCON . .ot ivreveirirre i e e 4-22

CURRIRANGE.....coviv v riniiicerrrasira e 4.23

CURRSLEW .ttt s e 4-25

CURR:TLEVEE. .o vv v v rr s e essi i 4-26



CONTENTS (continued)

Chapter 4 (continued)

INPUT BUDBYSIBM. ... e 4-27
Syntax DIagram. .. ... 4-27
INP PROTICLEAT. ..ot s e e eraas 4-28
INPISHORL .. 4.28
INPLSTATE ..o 4.30

B S UTO Lo e er e ie et e e et 4-30

Y Lo T o - USRS 43N

POBRTO ittt s e e 4-33

ResiStance SuUDSYSIBM. ... i iiranireenans 4-34
Syntax DIEgram.....coooonnaen FO 4-34
RESLILEVEI] ... 4.35
RES RANGS ..t ier e et 4.37
RES TLEVE .ot e e e e 4-38

Status SUDSYSIBM. ..o i 4-40
Syntax Diagram.. ..o 4-41
STAT:CHANRG ... 4-42
STAT:CSUMMANY. ... e 4-43
ST AT O PERBLON ..ot ivrvevaranrerrarerrrerrrrerreaenaneaens 4.45
STAT:QUEStionable.........ocooiiiia e 4-47

SY ST R RO i e e e 4-49

Transient SUDSYSIBM......cooiiiiivriiiicrniniierecnrenreernn 4.50
Syntax Diagram.....cooviiiii e 4-51
TRANIDCYCIB e 4-52
TRAN FRECUBNCY ..ot ca s 4-52
TRANIMODE ... irenes P 4.53
TRANGSTATE . it e 4-55
TRAN:TWIDth ... e 4.55

it Contents

Trigger Subsystem..........cooovcenn. e 4-57
Syntax DIagram......oooveriiriinie e 4-57
TRIGEIMMedIatel ... oo 4-58
TRIGISOURCE. ...t cieeeiieee e e 4-58
TRIGITIMBI it e e 4-60

Voitage SuUbSYSIBM.........oiiiiiiie 4-61
Syntax Diagram.....ooooiiii 4-81
VOLTHLEVEH et e e s et 4-682
VOLTISLEW e 4-83
VOLT:TLEVEL .o 4-84

COMMAND AND PARAMETER SUMMARY............... 4.66

ERROR MESSAGES......oiiiiici et 4-88

Hardware Errors During Turn-On Seltest.................... 4-68

Hardware Errors During Operation.............co.covinnil 468

Chapter b
STATUS REPORTING

GENERAL REGISTER MODEL..........ccoooiiiiiiiiiian 51

CHANNEL STATUS. ..., 5-1

CHANNEL SUMMARY. ... 5-4

QUESTIONABLE STATUS. ... 54

OUTPUT QUEUE ... 54

STANDARD EVENT STATUS. ...t 5.4

OPERATION STATUS. .. v 55

STATUS BYTE REGISTER....covvviriireiciie 5-5

SERVICE REQUEST ENABLE REGISTER..................... 55

INDEX



Chapter 1
INTRODUCTION

PURPOSE

The purpose of this guide is to enable you to use HPS5L
commmands to remotely control your Hewlett-Packard
electronic ioad from a controller using HPSL programming
language. It is assumed that the following has been done:

Bl The electronic load has been installed and is operating
normally from its front panel.

# The controller has been connected to the electronic load
and the electronic load’s HP-IB address has been set.

NOTE

The electronic load HP-18 address cannot be set by
program. It must be set from the front panel of the
electranic load (refer to the Installation chapter of
your electronic load Operating Manual)

DOCUMENTATION

IMPORTANT!

Read your electronic load Operating Manual
before using this guide.

Supplied

Every Electronic Load comes with the following
documention:

Operating Manual  Installation and Basic Operating
Instructions, including local front-panel
operation. Be sure to read that document
first,

This guide. For remote operation
from a controller.

Programming
Reference
Guide

Recommended

The following reference documents are recommended:

B Tutorial Description of the Hewlett-Packard Interface Bus
7] Highly recommended for those not experienced
with JEEE 488.1 and 488.2
B 2ANSI/IEEE Standard 488,2-1987
] The source document for programming via IEEE
488.1 and [EEE 488.2
IContact your local HP Sales Office

A ontact Institute of Electrical and Electronics Engineers,
345 E. 47 Street, New York, NY 10017, USA

MOW TO USE THIS GUIDE

Chapter Synopsis
2 - Introduction The basics of HPSL to help you
to HPSL understand the terminology and

diagrams in Chapter 4

3 - Introduction How to understand the command tree
to Programming diagram and construct typical operating

programs
4 - Language An alphabetically ordered description
Dictionary of all electronic load HPSL commands
5 - Status An explanation of how the electronic
Reporting lpad status registers are affected by the
HPSL programming statements.
Index

WHAT YOU SHOULD ALREADY KNOW

This guide does not assume that you know anything about
HPSL or are a programmer. It is assumed that you do know:

@ the basics of the Hewlett-Packard Interface Bus (HP-18)

# how to send and receive ASCI data to and from an
HP-IB instrument (or where, in your computer and
HP-IB interface documentation, to find instructions for
doing this).

B how to incorporate the HPSL, statements as ASCII strings
within output and input statements of the programming
laniguage you are using.

& the basic operating principles of the electronic load as
explaitied in Chapters 2 and 5 of your electronic load
Operating Manual.

HP-1B CAPABILITIES OF THE ELECTRONIC
LOAD

The HP-IB capabilities of a typical electronic load are listed
in Table 1-1.,

NMOTE

Refer to the General Information chapter of your
electronic load Operating Manual for its exact
capabilities.

Introduction -1



Table 1-1. HP-1B Capability of Electronic Loads

HP-IB Capebility

Rssponss

interface
Functions

Talker/Listener

All electronic load functions except for setting the HP-IB
address are programmable over the MP-IB. The electronic
load can send and receive messages over the HP-IB. Status
information is sent using a serial poll. Front panel
annunciators indicate the present HP-IB state of the electronic
load,

AF1, SH1, Té, L4

Service Request

The electronic load sets the SRQ line true if there is an
enabled service request condition. Refer to Chapter 5--Status
Reporting for more information.

SR1

Remote/Local

In local mode, the electronic load is controlled from the front
panel but will also execute commands sent over the HP-IB.
The electronic load powers up in local mode and remains
in local mode until it receives a command over the HP-IB,
Once the electronic load is in remote mode, the front panel
RMT annunciator is on, all front panel keys (except )
are disabled, and the display is in normal metering mode.
Pressing on the front panel returns the electronic
load to local mode. can be disabled using local
lockout so that only the controller or the power switch can
return the electronic load to local mode.

RL1

Device Trigger

The electronic load will respond to device trigger function.

DT1

Device Clear

The electronic load responds to the Device Clear (DCL) and
Selected Device Clear (SDC) interface comumands. These
cause the electronic load to clear any activity that would
prevent it from receiving and executing a new command
{including *WAI and *OPC?). DCL and SDC do not change
any programmed settings.

DCL, 5DC

1-2 Introduction




Chapter 2
INTRODUCTION TO HPSL

WHAT IS HPSL?

HPSL stands for Hewlett-Packard Systems Language. 1t is a
programming language developed by Hewlett-Packard for
controlling instrument functions. HPSL is intended to
function with standard HP-IB hardware. HPSL conforms to
the IEEE 488.2 Standard Digital Interface for Programmable
{nstrumentation. This standard provides codes, formats,
protocols, and common commands not defined in the
original [EEE 488.1 standards. Unless you intend to do some
very intricate programming, you need not be expert in the
IEEE 488.2 standard, although it is a good reference
document to have available.

NOTE

TMSL (Test and Measurment Systems Language) is
a later version of HPSL that has been made available
outside of Hewlett-Packard for industry use. Although
it is very similiar, the HPSL used in the electronic
loads may not be totally compasible with TMSL.

HPSL STATEMENTS

HFSL statements are instrument control commands and
queries. A command statement sends an instruction to the
electronic load and a command query requests information
from the electronic load.

Simpls Command Statements

The simplest command statement consists of a command,
or keyword, usually followed by a parameter or data:

VOLT 25

CURR 30
TRIG

Simple command statements

Compound Command Statements

When two or more keywords are connected by colons (2:),
it creates a compound comumand statement. The last keyword
usually is followed by a parameter or data.

VOLT:S5LEW 1060 Compound command statements

CURR:RANG 6
TRIG:50UR BUS

Simple Command Querles

The simplest command query consists of a keyword followed
by a question mark:

VOLT? Simple command queries

CURR? CHAN?

Compound Command Queries

When two or more keywords are connected by colons and
followed by a question mark, it creates a compound guery
statement.
VOLT:TRIG? Compound command queries
CURR:PROT? MEAS:POW?

HPSL Kaywords

Keywords (also known as “‘Instrument Control Headers’’)
are recognized by the electronic load’s decoder, or *“parser”.
Each keyword is intended to be descriptive of the statement
function. Refer to Figure 4-2 in 'Chapter 4—Language Dictionary
for a quick look at all the electronic load keywords,

Forme of Keywords

Every keyword has two forms:

Long Form The word is spelled out completely to
identify its function. STATUS,
RESISTANCE, and TRIGGER are long-
form keywords

Short Form The word contains only the first three or

four letters of the long form. STAT, RES,
and TRIG are short-form keywords

Short forms are constructed according to the following rules:
B If the keyword consists of four or fewer letters -
01 then all the letters are used

8 If the keyword consists of five or more letters -

O and the fourth letter is IS NGT a vowel (a,e.{,0.u)
B then the first four letters are used

O and the fourth letter is a vowel
@ then only the first three [etters are used

NOTE

The short form provides the fastest program
execution.

Keyword Conventlons

In keyword definitions and diagrams in this guide, the short-
form part of each keyword is emphasized in boldface UPPER-
CASE letters to help you remember it.

& TRIGger

B IMMediate

@ RESistance

‘B SHOR:

introduction to MPSL 2.1



The HPSL parser (decoder) is not sensitive to case, It will
accept Trig, trig, trigger, TRIGGER, triGgER, etc. Regardless
of which form you use, you must spell out all the letters.
For example, RESI or TRI will not be recognized.

Keyword Parameters

Parameters are data values that the parser expects to find
after certain keywords. All data programmed to or returned
from the electronic load is ASCH. The data may be numerical
data or character strings. HPSL uses the parameter forms
in Section 7 of [EEE 488.2 Standard Digital Interface for
Programmable Instrumentation with the additions described
here.

Numaerical Data Formata, HPSL accepts the first four
numericat data types listed in Tabie 2-1 and described in
Section 7 of IEEE 488.2 Standard Digital Interface for
Programmable Instrumentation. In addition, HPSL recognizes
an expanded form of decimal numeric value known as
<MRf>. This allows the characters MIN and MAX to be
entered for the minimum and maximum values that the
parameter can be set to under the existing operating
conditions.

Table 2-1. Numerical Data Formats

Symbo! Deta Form

NR1 | Digits with no decimal point. The decimal
point is assumed to be to the right of the
least-significant digit. For example, 273, 0273

MR2 | Digits with a decimal point. E.g.,273., 27.3,
0273

NR3 | Digits with a decimal point and an exponent.
E.g., 2.73E +2, 2.73E-2

NRf | Flexible decimal form that includes NR1 or
NR2 or NR3. E.g, 273, 27.3, 2.73E+2

Expanded decimal form that includes NRf
and MIN,MAX, E.g., 273, 27.3, 2.73E-2, MIN,
MAX. MIN and MAX are the minimum and
maximum limit values for the parameter and
are implicit in the range specification for the

MNRf+

parameter.

Numerical Dsta Suffizxes and Muitpilers, Numeric data
may be followed by a suffix that dimensions the data. A suffix
may be preceded by a multiplier. Section 7 of IEEE 488.2
Standard Digital Interface for Programmable Instrumentation
describes the approved data suffixes and multipliers. Where
no suffix is entered, the dimension is implied by the syntax
of the command. The electronic loads make use of the suffixes
and multipliers listed in Table 2-2 and Table 2-3. Note the
special consideration given to the multiplier for mega. In most
cases, mega is represented by MA. However, there are
exceptions made for megahertz {(MHZ) and megohm
(MOHM). In only these two cases, M is understood to be
1E + 6. Do not confuse the mega multiplier MA with the
combination suffix and multiplier MA, which represents
milliamperes (1E-3).

2-2  Introduction to HPSL

Table 2-2. Suffix Fleaments

Proferred | Secondary | Refersnced
Class Suffix Suffix Unit
Current A Ampere
Frequency Hz Hertz
MHZ Megahertz
Resistance OHM Ohm
MOHM Megohm
Time s Second
Amplitude v Volt
Power W Watt
Slew Rate Als Amperes/Second
Vis Volts/Second

Tabie 2-3. Most-Used Suffix Multipliers

Multiplier fnamonic Definition
1E6 MA mega
1E3 K kilo
1E-3 M milli
1E-6 U ITHETO
1E-9 N nano

NOTE

You may construct compound suffixes of multipliers
and elements. For example: 1 KEz for 1000 Hz: 1 Alus
for 1000000 Afs

Numarical Data Conventiens. In this guide, numerical data
types are shown in emphasized text within angle brackets,
such as < NR1> or <NRf>.On drawings, numerical data
appears within boxes

Data suffixes are shown inside brackets within boxes
[Tsuffix_|. The brackets around the suffix indicate that the
entry is optional. That is because there is a default suffix for
the data that accompanies each command.

Character Deta Formats. For command statemnents, the
<NRF + > data format permits entry of required characters.
For query statements, character strings may be returned in
either of the forms shown in Table 2-4, depending on the
length of the returned string.

Tabie 2-4. Query Character String Formats

Symbot Character Form

crd | Character Response Data. Permits the return
of up to 12 characters

aard | Arbitrary ASCI Response Data. Permits the
return of undelimited 7-bit ASCII. This data
type is an implied message terminator (refer
to ““Separators and Terminators’).




Character Data Conventlons. In this guide, character string
parameters are emphasized similary to keywords, such as
ON, OFF, and CONTinuous. This applies both to text and
drawings.

Separators and Terminators

In addition to keywords and parameters, HPSL program
statements require the following:

Date Seperators. Data must be separated from the previous
command keyword by a space. This is shown in examples
as a space (VOLT 25) and on diagrams by the letters SP inside
a circle.

Ksyword Seperators. Keywords (or headers) are separated
by a colon (:), a semicolon (;), or both. For example:

B INP:SHOR
# MEAS:CURRLVOLT?
B CURR 25;:VOLT 50

IMPORTANT

Proper use of the (:)} and the (;} is very important fo
the construction of command messages. This is
explained in ‘"Chapter 3-—Introduction to
Programming”’

Program Line Terminators, A terminator informs HPSL that
it has reached the end of a statement. Normally, this is sent
automatically by your HP-IB programming statements. The
termination also occurs with other terminator codes, such
as EQI. In this guide, the terminator is assumed at the end
of each example line of code. If it needs to be indicated, it
is shown by the symbol <nl>, which stands for ‘‘new line’’
and represents the ASCII coded byte DA hexadecimal (or 10
decimal).

COMMON COMMANDS

Common statements are not derived from HPSL but are
generic commands and queries defined by the IEEE 488.2
standard. The following examples are common statements:

B/ *RST
8 *IDN?
8 *TRG

Common statements are executed independently of HPSL
statements. Their relationship to HPSL statements is
described more fully in ‘"Chapter 3. The function of each
common statement is summarized in *"Chapter 4—Language
Dictionary’” and fully described in Section 10 of IEEE 488.2
Standard Digital Interface for Programmable Instrumentation,

introduction w0 HPSL 2.3






Chapter 3
INTRODUCTION TO PROGRAMMING

TYPES OF COMMANDS AND QUERIES

The electronic load responds to two types of commands and
queries, Common and Reot. Common commands were
introduced in Chapter 2—Introduction to HPSL and are
relatively simple to use. The root commands are organized
in a hierarchy that is best shown via a command tree
diagram.

UNDERSTANDING THE COMMAND TREE

Figure 4-2 in Chapter 4—Language Dictionary is a tree diagram
of all the root commands for the electronic load. Notice the
following:

B The originating point of the diagram is at the roof. Ins this
case, the diagram resembles an inverted tree. “"Root” is
not a command, but the origin for all commands.

# The root divides into two major branches—Channel-Specific
commands and Channel-Independent commands. Both
types are accepted by all electronic loads.

# Each major branch divides into several branches. The
CURRent commands are a branch. The VQOLTage
commands are another branch. So are the TRIGger
commands.

B Some keywords are within brackets [ }. These are implied
keywords. Implied keywords are optional, but you may
want to use them in certain situations {(see Implied
Keywords, later in this chapter)

NOTE
For fastest program execution, omit implied keywords.

B Commands followed by ? are queries. They cause the
electronic load to store information in its output buffer
from where it can be read by the controller over the HP-IB.

UNDERSTANDING A TYPICAL BRANCH

Here are the keywords for the RESistance branch as they
appear in Chapter 4—language Dictionary:

Command and Function

RESistance{:LEVel][:IMMediate]
Specify input resistance for RESistance mode

RESistance[:LEVel]:TRIGgered

Preset input resistance level pending trigger occurrence
RESistance:RANGe

Specify full-scale resistance input range

RESistance:TLEVel
Specify resistance level for TRANsient function

NOTE

Ignore the meanings of these commands for now. All
keywords are defined in the Language Dictionary
and commandd functions are explained in the electronic
load Operating Manual

Figure 3-1 shows the RESistance commands, which form a
typical branch that forms a “'subtree” of its own. You can
see that the RESistance branch has three subbranches; LEVe],
RANGe, and TLEVel. When it reaches the end of a branch,
the parser expects a parameter, a question mark (that
identifies the keyword as a query), a semicolon or semicolon-
colon combination, or an end-of-line terminator.

RES:istance Branch

‘RESistance...

— [ LEVel .
r—{:IMMediate]

TRIGgared

e}
[

— RANGe
—:TLEVal

Figure 3-1. REBistance Branch Subtree

Figure 3-2 is the syntax diagram for the RESistance branch.

You can still identify the tree structure, although it runs from

left-to-right instead of from top-to-bottom. Note the following

symbols that were discussed in Chapter 2—Introduction fo

HPSL.

B Keywords with the short form shown in bold-faced
capital letters. Implied keywords are not within
brackets in diagrams.

# Spaces shown as "SP’" within circles.

B Boxes showing the form (NRf+) of the parameter.

B Boxes showing optional suffixes. Multipliers are not
shown.

B Question marks that convert a command into a query

B Colons (:) that precede each keyword. They are
important and are discussed later in more detail.

Introduction to Programming 3-1



{ BESistance ) {  LEVel 3} = : {Mdediate )

RANGe

b TRIG gered )

Flgure 3-2. RESistance Branch Syntax Diegram

Traversing the RESistance Branch

From Figure 3-2 note that there are two implied keywords
that yvou can usually ignore. This makes two of the
commands very simpie, If you enter:

RES 1.5

you will send the electronic load an immediate resistance
level command. The command actually is:

RES:LEV:IMM 1.5

but the parser assumes that the two implied keywords are
there. For the same reason, you can query the immediate
resistance value with:

RES?
NOTE

When sending a query, do not enter q space between
the keyword and the question mark.

The newline character <nl> or EOI terminator sends the
parser back to the root level. Many controllers automatically
send this character at the end of each program output string.
To program the resistance range and the TLEVel value, you
could send:

RES:RANG 1000 <nl>
RES:TLEV 5000 <nl>

3-2 Introduction to Programming

NOTE

There is an alternate way to do this, which is shoum
under "Traversing the Command Tree.'’

Using the NRf+ Format

Referring to Figure 3-2, note that all parameters are of the
<NRf+ > type. This allows you to easily set a numeric
parameter to its maximum or minimum value. If you wanted
to increase the immediate resistance of the presently selected
range to its maximum value, you could send:

RES MAX <nl>

NOTE

MAX and MIN are the maximum and minimum
values allowed in the present operating mode of the
electronic load. For the electronic load this generally
means the limits within the present range.

MAX and MIN may also be used with queries to find the
maximum and minimum permitted settings of the present
mode. For example:

RES? MAX
present range

Returns the maximum permitted value of the



TRAVERSING THE COMMAND TREE

NOTE

The HPSL parser traverses the command tree as
described in Appendixz A of IEEE 488.2 Standard
Digital Interface for Programmable
Instrumentation. The Enhanced Tree Walking
Implentation given in that appendix Is not
implemented in HPSL . The simplified explanation
given here is sufficient for using the electronic load
command set in most applications.

Use of the Colon

When you examined the RESistance branch, you noticed the
colon {:) that separated keywords from each other. A colon
represents a change in branch level. ROOT is the highest
level. Whenever you enter a (:), the parser expects it to be
followed by a cormmmand of the next lower level. For example:

INP:PROT:CLE INP and CURR are root-level

CURRLEV.TRIG commands. PROT and LEV are first
branches, and CLE and TRIG are
second branches. Each (i} instructs
the parser to move doum to the next
branch.

NOTE

A colon after a keyword always moves the parser
down, never up the command tree.

If you enter INP:PROT:CLE:, you will get an error because
the parser expects to find another keyword after the last (1),
In this example, you will aiso get an error if you enter
INP:PROT because another keyword is required after PROT.
However, a command like MODE:RES is o.k. because no
keyword or parameter is expected after RES. You will know
what is required in each case by referring to the Language
Dictionary.

Use of the Semicolon
The semicolon (;) is a “’"back-up’’ command. It instructs the

parser to return to the previous colon. Figure 3-3 illustrates
how the semicolon moves the parser backwards.

NOTE
The semicolon by itself can back the parser up to a colon
only within the same branch.

The semicolon allows you to combine command statements
on one line to create command messages.

VOLT.SLEW 5000 <nl> Statements are on separate lines
VOLT:TLEV 55 <nl>

VOLT:SLEW 3000, TLEY 55 <nl> Combined statements form
a8 message

|
:[RooT ] : [LEVEL 1] : [LEVEL 2] <nl>

a) Starting a New Line Returns Parser to the Root

: [ RooT |:[LEVEL 1] :[LEVEL 2] ;-

bl Semicolon - Colon Also Returns Parser to the Root

:["RooT |:[LEVEL 1] :[LEVEL 2] ;

: [LEVEL 1] 5 [LEVEL 2]

¢} Semicolon Moves Parser Back to Previous Colon

Figure 3-3. What the Semicolon Does

MOTE

There is no single command to move the parser back
two colons. In example a above, backing up from Level
2 to Level 1 reguires a return to the roof.

Getting Back to the Root

To go from a command in one branch to a command in
another branch, you must first return to the root. You can
do this by:

B entering a new-line character. This is symbolized by
{<nl>) and can be any control character that starts a
new line, such as:

# linefeed (LF)
# an end-of-line (EOI)

B entering a semicolon followed by a colon (;:). This
instructs the parser to retumn to the root.

Looking at Figure 4-2 in the *“Language Dicionary”’, suppose
you wanted to set two trigger levels; the CURRent level to
15.5 and the VOLTage level to 25.5. Either of the following
commands would do this.

CURR:TRIG 15.5 <nl>
VOLT.TRIG 255 <nl>

or
CURR:TRIG 15.5;:VOLT:TRIG 25.5 <ni>

Similarly, the following query would return the present
values of current, power, and voltage and the state of the

output port.
MEAS:CURRTLPOW?,VOLT? . PORTO? <nl>

introduction Programming 3-3



NOTE

The <nl> notation is assumed and will be
omitted in later programming examples.

iroot:CURRent:PROtection:DEL ay .1 <nE>v—}

alStartng a New Line Returns the Parser to the Root

rooth:CURRent:Range 60,
‘LEVel 305~
(r004:TRIGger :SOURce TiMeri—
{TIME .008;:~
frooth TRANsient:MQDE CONTInuous |~
‘FREQuency 500;:-

root:

b) Semicolon - Colon Combination Alse Beturns
Parser to the Root

Figure 3-4. Returning the Parser to the Root
implied Keywords

Keywords shown within brackets, such as CURR[:LEVeli],
are implied keywords. If they are omitted, the parser will
execute them automatically.

How to Use Implied Keywaords. Because [LEVel] is an
implied keyword, the parser regards the following two
commands as the same:

CURR:LEV 30
CURR 30

Under most circumstances, implied keywords are optional
and you may omit them as in the above example. Sometimes
you may choose to use them in order to make the semicolon
move the parser in the desired way. Returning to owr
previous keyword diagram under Figure 3-2, note that you
can set the immediate resistance value with:

RES 5

The parser automatically assumes that you want to program
LEVel. If you wanted to program both LEV and TLEVel in
one program line and sent:

RES 5;TLEV 1 Incorrect parser positioning

the parser would end up back at the root and you would
get an error because there is no TLEVel command at the root.
The correct statement would be:

RES:LEV 5;TLEV 1
or
RES .5;RES:TLEV 1

Correct parser positioning

34 [Introduction to Programming

By inserting the implied keyword in RES:LEV .5; you allowed
the parser to interpret the (;) as a command to move back
to the branch containing RANG and TLEV. Without LEV in
the command, the parser would “find” only RES, CURR,
STAT, or other root-level commands.

HPSL Queries

You can program more than one query in a single line,
such as:

CURRY;RES?,VOLT? Return present values of programmed
current, resistanice, and voltage

However, observe the following precautions:

# You must read back the results of the gueries before
sending another command line to the electronic load.
Otherwise, a Query Interrupted error will occur and the
returned data will be lost.

8 Multiple queries must be separated by semicolons and
some controllers may have problems interpreting this
format. In this case, you must enter each query and its
corresponding readback on a separate line.

HPSL COMPATABILITY
The SOURce implied Keyword

Referring to Figure 4-2 in the Language Dictionary, note that
several of the Channel-Specific branches include the implied
keyword [SOURce]. It is there to make electronic load
programs compatible with other HPSL devices, Although the
electronic load will accept it, you can omit [SOURce} and
consider the Channel-Specific branch as connected directly
to the root.

Aliasgs

Looking at Figure 4-2 you will notice that some electronic
load commands will accept two keywords that perform the
identical function. For example:

MODE|FUNCuon Examples of fwo commands fhat do the
same thing
INPut|OUTPut

CHANnel|INSTrument

These alternate keywords are called “‘ahiases” and are
supported by the electronic load in order to make it
compatible with other HPSL instruments.

VALUE COUPLING

When you program, you must be aware of the effect known
as value coupling, Value coupling results when a command
directed toward one parameter changes the value of another
parameter. For example, the CURRent branch includes the
following keywords:

Command
CURRent{:LEVel][:IMMaediate]
CURRent:RANGe
CURRent:TLEVel



There is value coupling among the RANge, LEVel, and
TLEVel commands. If a previously prograrmuned LEVel value
is outside a particular range, then changing to that range will
affect the value of LEVel. There are several instances of value
coupling among the electronic load commands and you
should always check a command’s description in the
Language Dictionary to determine if it is value coupled to
another command.

Common Commands

Common commands, while not part of the command tree,
can be mixed in with regular commands. The electronic load
responds to the Common commands and queries listed in
Figure 41 of the '’ Language Dictionary. You can mix Common
commards in with regular programming statements; the
Commoen command will be executed without affecting the
position of the parser.

Programming Examples

The following programming examples are practical
applications of the electronic load. Although they are in HP
Series 300 Basic, the principles can be applied to any other
version of BASIC or even to another language.

Battery Testing

The principal measurement of a battery’s performance is its
rated capacity. The capacity of a fully charged battery, at a
fixed temperature, is defined as the product of the rated
discharge current in amperes and the discharge time in
hours, to a specified minimum termination voltage in volts
{see Figure 3-5). A battery is considered completely
discharged when it reaches the specified minimum voltage
called the “end of discharge voltage”” (EODYV).

In this example, the electronic load discharges three nickel-
cadmium batteries to determine their discharge rates at a
fixed temperature (see Figure 3-6). The batteries are
connected in series 5o that when the EODV is reached, it
is still above the minimum operating voltage of the electronic
load. The EODV for nickel-cadmium batteries is typically 1.0
volts,

DISCHARGE. CONSTART CURRENT
%

HSCHARGE YA TAGE
N

Ge

/
|

i3]

0 1 H 1 L] L] E
DISCHARGE 7IME (4RS

¥hi

Yo LOAD

Vb3

iR

T EODV >Vmin

Figure 3-8. Batterias in Series
Power Supply Testing

A typical use for electronic loads when testing power supplies
involves power supply burn-in. One of the probiems
associated with burn-in is what to do if the power supply
fails before the test is over. One solution involves
continuously monitoring the supply and removing the load
if the supply fails during the test {see Figure 3-7.)

In this example, the Electronic Load is used to bumn-in a
power supply at its rated output current. Because the
Electronic Load is operating in CC mode, if the power
supply’s output current drops below the rated output current
during the test, the UNR (unregulated) condition will be set
on the Electronic Load. This can be used to indicate that a
failure has occurred on the power supply. If the unregulated
condition persists for a specifed time, the inputs of the
Electronic Load are turned off.

The purpose of this example is not to illustrate power supply
testing, but to explain how to program and use the status
registers on the Electronic Load. The part of the program that
runs the test simply monitors the supply at the rated output
current for one hour and stops the test. You can replace this
portion of the program with your own routine to test the
power supply. Although SRQ (service request) is enabled
to interrupt only on the UNR bit in this example, you can
modify the program to interrupt on other conditions.

RATED
CURRENT
4

s

e
wR 7T
BIT SEY i

04

i
/ i oo SMAN =N

1HOUR  ME

POWER SUPPLY
DISCONNECT

Figurs 3-8, Typlcal Discharge Curve

Figure 3-7, Typlcal Burn-in Test
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Battery Test Example Program

! Battery Test Example Program
1

Eodv=1.0 ! End of discharge voltage for single cell
Number_of_cells=3 ! Humber of cells to be discharged in series
Discharge_at=.05 ! Constant current discharge rate in amperes

CUTPUT 705;"INPUT QFF"

OUTPUT 708;"MODE:CURRENT"

CUTPUT 705;"CURRENT:LEVEL";Discharge_at
CUTPUT 705;"INPUT ON"

Disables the inputs
Sets CC mode

Sets the CC level
Enables the inputa

QUTPUT T705;"MEASURE :CURRENT?"

ENTER 705;Actual_current

E]

PRINT "Total cell voltage: ";Sum.of_volts
PRINT “Actual current: ";Actual_current

PRINT "Elapsed time in seconds: " ;TIMEDATE-Start_time
]

! until batteriss are completely
! discharged

Start_time=TIMEDATE ! Records test start time
'
Start_test: ! Starts test routine that
QUTPUT 705;"MEASURE:VOLTAGE?" ! continuously measures and reads
ENTER 705;Sum_of_volts ! back the voltage and current
]
]

IF Sum.of_volts>{Number_ of_cellassEodv) THEN GCTO Start_test
! Checks if the total voltage is less than the

! sum of the minimum cell voltages of all cells

]

QUTPUT 705;"IRPUT OFF" ! Disables the inputs
|

END
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Power Supply Test Exampls Program

! Power Supply Test Example Program

1

Current=10 ! Load current in ampaeres
Burn._.in_time=36000 ! One hour burn-in time

1

ON INTR 7 GOSUB Srgq_service ! Set up interrupt linkage
ENABLE INTR 72 ! Enable interrupts for SRQs
1

QUTPUT 705;"INPUT QFF" Disables the inputs

QUTPUT 705;'"«SRE 4"

QUTPUT 705, "STAT:CSUM:ENAB 2¢
CUTPUT T705;"STAT:CHAN:ENAB 1024"
QUTPUT 705;"MODE:CURRENT"

CUTPUT 705;"CURRENT:LEVEL" ;Current
QUTPUT 705;"INPUT QOR"

Enable SRQ (SR{ enabls)

Enable Chan 1 (channel summary)
Enable UNR bit (channel status)
Sets CC mode

Sets the CC level

Enables the inputs

PRINT "Burn=-in test started at ";TIME$(TIMEDATE)

i
FOR I=1 TO Burn.in.time ! Loop on wait. You can write your
WAIT .1 ! own power supply test routine and
NEXT I ! ingert it in this section.
I
CUTPUT 705;"INPUT OFF" ! Disables the inputs at end of test
PRINT "Burn~in test complete at ";TIMES$(TIMEDATE)
STOP
!
Srgq.service: t Service request subroutine
Load_status=SPOLL(705) ! Conduct saerial poll
IF BIT(Load_status,B) THE¥ ! Check if SRQ bit is set
GOSUB Check_unr
ELSE
PRINT "A condition other than UNR generated SRQ at ";TIME$§(TIHEDATE)
END IF ! You can also check the other bits
ENABLE INTR 7 ! Reenable interrupts before return
RETURN
]
Check_unr: ¥ Check if UNR bit still set
HAIT 1 ! Wait 1 s before reading UNR bit
QUTPUT 705;"STAT:CHAX:COND?" ! Read channel condition register
ENTER 705;Value
IF Bit(Value,10)=0 THER t Return value for UNR bit only
QUTPUT 705;"=CL3™ ! 1f 0, clear channel event register
PRINT “UNR was momentarily asserted at ';TIME$(TIMEDATE)
ELSE

OUTPUT 705;"INPUT OFF" ! Disables the inputs
PRINT “UNR is asserted at ";TIME$(TIMEDATE);" Inputs are turned off"
STO0P

END 1IF

RETURHN

END

Introduction to Programming
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Chapter 4
LANGUAGE DICTIONARY

INTRODUCTION

This section gives the syntax and parameters for all the IEEE
488.2 common commands and HPSL commands used by the
electronic loads. It is assumed that you are familiar with the
material in Chapters 2 and 3, which explain the terms,
symbols, and syntactical structures used here and provide
an introduction to programming. You should also be familiar
with the Operation Overview and Remote Operation chapters
in the electronic load Operating Manual that was shipped with
the electronic load. Those chapters explain how the electronic
load functions and how to write stmple programs to perform
basic functions from a controller.

Because the versatility of HPSL allows such freedom in
programiming, the programming examples show just simple
applications of the commands. With experience, you will find
ways of combining simple statements into more complex
compound ones, or forming iterations within compound
statements. Because HPSL functions are the same in all
electronic loads, the examples in this chapter are generic. If
you send a command or query in a manner consistent with
the syntax of your programming language, then the
statement or query will always perform the specified
function.

Keywords

Keyword explanations use the "“long form” of the word, but
the short form is used in the examples. If you have any
concern that the meaning of a keyword in your program
listing will not be obvious at some later time, then use the
long form to help make your program self-documenting.

Parameters

Most commands require a parameter and most queries will
return a parameter. The range for a parameter may vary
according to the model of electronic load. For consistency,
the examples and explanations use parameters for the Model
HP 6060A Electronic Load. However, these examples and
explanations are valid for any electronic load. Parameters for
all current models can be found in Table 4-1 at the end of
this chapter.

Related Commands

Where appropriate, related comumands or queries are
included. These are listed either because they are directly
related by function or because reading about thern will clarify
or enhance your understanding of the original command or

query.

Language BDictionary

ORDER OF PRESENTATION

All the electronic loads commands and queries are included
in this dictionary. The dictionary is organized as follows:

# IEEE 488.2 common commands, in alphabetical order
& Root level commands, in alphabetical order. These
consist of:
1 Single commands.
[J Subsystems. The individual commands for a
subsystem are listed in alphabetical order under the
subsystem.

COMMON COMMARNDS
Introduction

Common commands are defined by the IEEE 488.2 standard
to perform some of the basic instrument functions, such as
identification, reset, determining how status is read and
cleared, and how commands and queries are processed.
Common commands are accepted and processed when they
are sent as separate commands and also when they are
included within program messages. Execution of a common
command does not change the position of the parser in the
program tree but leaves it in the same place it was before
the common command was executed (refer to Chapter 2 -
Introduction to HPSL). This does not mean that a common
command has no effect on the rest of a programming
message.

The electronic loads respond to the 13 required common
commands that control internal operation, synchronization,
status and event registers, and systemn data. Because they
have full trigger capability, the electronic loads also respond
to *TRG. In addition, the electronic loads accept six optional
common commands. The description for each common
command or query specifies if it affects status registers. In
order to make use of this information, you must refer to
Chapter 5 - Status Reporting, which explains how to read the
status registers and use the information that they return.

Order of Presentation

Figure 4-1 shows the common commands and gueries, which
are presented in alphabetical order. If a command has a
corresponding query that simply returns the data or status
gpecified by the command, then both command and query
are included under the explanation for the command. If a
query does not have a corresponding command or is
functionally different from the command, then the query is
listed separately,
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*ESE
Parameters
Suffix

Example

Query Syntax
Returned Parameters
Suffix

Related Commands

*ESR?

0 to 255

None

#ESE 129  Enables the OPC and PON events of the Standard Event

Status Event Register
*ESE?
<NR1> Value: 0 to 255
None

*PSC *STB?

*ESR?

Type

Description

Query Syntax
Returned Parameters
Suftix

Helated Commands

4-4 Language Dictionary

Standard Event Status Register Query

Device Status

This query reads the Standard Event Status Event Register. Reading
the register clears it. See Chapter 5 - 5Status Reporting for a detailed
explanation of this register.

Standard Event Status Event Register

Bit Position | 7 ] 5 4 3 2 1 0
Condition PON| 0 |CME|EXE|DDE|QYE| 0 |OPC
DBit Weight | 128 | 64 | 32 i6 8 4 2 1

*ESR?
<NR1> Value: 0 to 255
None

*QPC *CLS

Commeon Commands



*IDNT?

*OPL

*IDN?

Type
Description

Query Syntax

Returned Parameters

Examplie

Related Commands

Identification Query

System Interface

This query requests the electronic load to identify itself.
*IDN?

<aard> form consisting of four strings separated by commas. The
content of each string is:

Siring Infermation
Hewlett-Packard  Manufacturer
XAXXA Four-digit model number followed by a letter suffix
0 Always returns zero
a.XX.XX Revision level of the primary interface firmware

HEWLETT-PACKARD,60604,0,4.01.02

This identifies a HP Model 6060A Electronic Load; with primary
interface firmware revision A.01.02

*OPT? *RDT?

*OPC

Type

Description

Commeon Commands

Operation Complete Event Bit Command

Device Status

This command causes Bit 0 of the Standard Event Status Event
Register to be set when the electronic load has completed all pending
operations (see *ESR? for the bit configuration of this register).
Pending operations are complete when:

® all previous commands have been executed

® any change in the input level caused by previous commands has
been completed {effects of slew rate have been accounted for)

Language Dictlonary 4-3



*0PC

Command Syntax
Parameters

Related Commands

"ORC?

® no pending trigger level operations are set for the single electronic
load or for any channel of the multiple electronic load

*QPC does not prevent processing of subsequent commands but Bit 0
will not be set until all pending operations are completed.

*QPC
None

*WAI *0OPC?

*OPC?

Type

Description

Caution

Command Syntax

4-§ Language Dictionary

Operation Complete Output Query

Device Status

This query causes the electronic load to place an ASCII “1” in the
Output Queue when all pending operations are completed. Pending
operations are complete when:

# all commands that were issued before an *OPC? command have
been executed

® any change in the input level caused by these previous commands
has been completed (effects of slew rate have been accounted for)

8 no pending trigger level operations are set for the single electronic
load or for any channel of the multiple electronic load

Unlike *OPC, *OPC? prevents processing of all subsequent
commands. When all pending operations are completed, an ASCII
“1" is placed in the Output Queue. *OPC? is intended to be used at
the end of a command line so that the program can then monitor the
bus for data until it receives the “1” from the Output Queue.

Do not foliow a :LEV:TRIG command (CURR:TRIG, VOLT:TRIG
or RES:TRIG) with *OPC? unless TRIG:SOUR has been previously
set to EXTernal, LINE, or TIMer. These are the only triggers that
can be processed after OPC?!. TRIG:IMM, *TRG, and HP-IB bus
triggers sent after *OPC? will be prevented from executing, stopping
system operation. If this oceurs, the only programmable way to
restore operation is by sending the electronic load a HP-IB BCL
(Device Clear) command.

*QPC?

Common Commands



*OPC?

Returned Parameters

Suffix

Related Commands

*OPT? *PsC
<NR1> ASCII 1 is placed in the Output Queue when the
electronic load has completed all pending operations.
Nomne
*OPC *TRIG:SOUR *WAIl

*OPT?

Type

Description

Query Syntax
Returned Parameters
Suffix

Related Commaeands

Options Identification Query
Device Options

This query specifies options installed in the multiple electronic load.
The query presently is not supported and returns a zero for ail
electronic loads.

*OPI?
0
None

*IDN? *RDT?

*PSC

Type

Description

Common Commands

Power On Status Clear Command/Query

Device Initialization

This command controls the automatic clearing at power turn-on of:
@ the Service Request Enable Register
@ the Standard Event Status Enable Register

If the command parameter = 0, then the electronic load can be
programmed to request service at turn on. Any non-zerc parameter
causes both registers to be cleared at turn on, preventing the
electronic load from being capable of requesting service at that time.
See “Chapter 5 - Status Reporting” for details of these registers.
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*PSC ReL
Command Syntax *PSC <NR{>
Parameters 0 or not zero
Suffix None
Query Syntax *PSC?

Returned Parameters <NR1> 0 = power-on clear flag is false; affected registers not
cleared at turn on.

1 = power-on clear flag is true; affected registers
cleared at turn on.

Suffix DNone

Related Commands None

*RCL Recall Instrument State Command
Type  Device State

Description  This command restores the electronic load to a state that was
previously stored in memory with the *SAV command to the
specified location (see *SAV). *RCL also does the following:

@ forces an ABORt command before resetting any parameters {this
removes all pending trigger levels)

@ after all parameters have been recalled, executes an
INP:PROT:CLE to clear the electronic load’s protection circuits

® sets CAL:MODE to OFF (see the electronic load Operating
Manual for the calibration commands)

® sets CHAN to 7 in the multiple electronic load

At power turnon, the equivalant of an *RCL 0 is executed to restore
the electronic load to the state stored in location 0. This same state
is also set if the *RCL command is directed to a location where no
state was stored since the last time power was cycled.

Note *RCL does not affect any Status Enable Registers or Transition
Filters.
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*RCL

Command Syntax

Parameters

Suffix

Helated Commands

*ROT

*RCL <NRD>

0 through 6 where:

States 1-6 Volatile states previously stored by *SAV
State 0 Nonvolatile state previously stored by *SAV 0
None

*RST *SAV

*RDT?

Type

Description

QGuery Syntax

Returned Parameters

Related Commands

Common Commands

Resource Description Transfer Query

Device Specification

This query returns the model Inumber of a single electronic load

or the model number of the module installed in each channel of 2
multiple electronic load. For multiple electronic loads, a semicolon (;)
separates each module and the string is terminated with a LF {line
feed).

*RDT?

<aard> String value as follows:

single CHANI:nnnnlL; where “nnnnl” = model number
electronic

load

multiple CHAN<c>:mnnnnl; where “c”=channel number and
electronic “nnnonl”= number and suffix letter of the module in
load that channel

*IDN?  *OPT?
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*RST

*SAV

*RST

Type

Description

Note ﬁ

Command Syntax
Parameters

Related Commands

Reset Command
Device State

This command sets the electronic load to its factory-defined state
(refer to “Factory Default Settings” in the Operating Manual of
the electronic load model that you are programming). There are no
parameters with this command; it sets all channels of the multiple
electronic load to the same state,

*RST also does the following:

m forces an ABORt command before resetting any parameters

m after all parameters have been reset, executes an IN:PROT:CLE to
clear the electronic load’s protection circuits

*RST does not affect any Status Enable Registers or Transition
Filters.

*RST

None

*RCL *SAV

*SAV
Type

Description

v

Note

4-10 Language Dictionary

Save Command
Device State

This command stores the present state of the single electronic load
and the states of all channels of the multiple electronic load in a
specified location in memory. Locations 0 through 6 may be used.
Location 0 is in nonvolatile memory and retains its state throughout
power cycling. The electronic load will be set to the state in location
0 at power turn-on. If no state has been saved to location 0, then it
will still contain the factory-default state (refer to “'Factory Default Settings™
in the Operating Manual of the electronic load model that you are
programming). States stored in locations 1 through 6 are lost whenever
power is cycled.

To restore the factory-default state to Location 0, execute
*RST;*SAV ©

Common Commands



"SAY

Note

Command Syntax
Parameters
Suffix

Example

Helated Commands

*SRE
The parameters stored by *SAV are identical to those affected by
*RST ezcept that the following states are not stored:

e CAL:MODE ON|OFF

(Refer to the Electronic Load; Operating
Manual)

g CHAN

*SAV also does not store the states of Status Enable Registers or
Transition Filters.

*SAV <NRf>

0toé

None

#SAV 2 Save the present state of the electronic load to location 2

*RCL *RST

*SRE

Tvpe

Description

Command Syntax
Parameters
Suffix

Example

Commoi Commands

Service Request Enable Command/Query

Device Interface

This command sets the condition of the Service Request Enable
Register, which determines which events of the Status Byte Register
(see ®*STB) are allowed to set the MSS (Master Status Summary) bit.
A “1” in the bit position enables the corresponding Status Byte bit
to set the MSS bit. All the enabled bits are logically ORed to cause
Bit 6 (the Master Summary Status Bit) of the Status Byte Register
to be set. See “Chapter 5 - Status Reporting” for more details
concerning the Status Byte Register.

*SRE <NR{>
0 to 255
None

#SRE 20 Enables either the CSUM or MAV condition to cause a

service request .
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“SHE
Query Syntax
Returned Parameters
Suffix

Related Commands

*8TB?

*SRE?

<NR1> Value: 0 to 255
None

*PSC

"STB?

Type

Description

Parameters

Returned Parameters

Suffix

Related Commands

4-12 Language Dictlonary

Read Status Byte Query

Device Status

This query reads the Status Byte Register. Note that the MS§S
(Master Summary Status) bit and not the RQS bit is returned in Bit
6. This bit indicates whether or not the electronic load has at least
one reason for requesting service. *$TB? does not clear the Status
Byte Register, which is cleared only when subsequent action has
cleared all its set bits. Refer to “Chapter 5 - Status Reporting” for
more information about this register.

Status Byte Register

Bit Position 7 6 5 4 3 2 1 0
Condition [OPER| MSS {ESB|MAV |QUES|CSUM| 0 |*0
Bit Weight 128 64 32 16 8 4 P 1
! Always zero

None

<NRi> Value: 0 to 255

None

None
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“THG

*TST?

*TRG

Type

Description

Command Syntax
Parameters

Related Commands

Immediate Trigger Command
Device Trigger

This command, which is essentially the same as the Group Execute
Trigger (<GET>), generates a trigger to the electronic load only if
TRIG:SOUR is set to BUS (refer to the TRIGger Subsystem Root
commands).

*TRG
None

<GET> TRIG:SOUR

*TST?

Type

Description

Query Syntax

Returned Parameters

Suffix

Related Commands

Common Commands

Self Test Query

Device Test

This query causes the electronic load to go through a limited self test
(a more complete one is done at power turn on). The testing does
not alter the mode or parameter settings of the electronic load.

*TST?

<NR1> 0O = test passed

Nonzero indicates a self-test failure. For single electronic
loads, the returned value is of concern only to service
personnel. For multiple electronic loads, the returned
values indicate failures in the following modules:

muitinie electronle load Fallure BR Map

Bit Position 8151413211 0
Failed Channel 6151413121 Mainframe
Bit Waight 8413211618 1412 1
None
None
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“WAI

Wait-to-Continue Command

Type  Device Status

Description  This command instructs the electronic load not to process any
further commands until all pending operations are completed.
“Pending operations” are as defined under the *OPC command.
*WAI can be aborted only by sending the electronic load an HP-IB
DCL (Device Clear) command.

Command Syntax *WAI
Parameters None

Related Commands *OPC  *0PC?

4-14 lLanguage Dictionary Common Commands



Root-Level
Commands

Root-level commands are those that are specific to the family

of Electronic Loads. The commands are grouped as either
channel-specific or channel-independent commands. In the Multiple
Electronic Load, channel-specific commands are directed (via the
CHANnel command) to specific modules in the mainframe,

introduction

Figure 4-2 is a tree diagram of the root-level commands. Commands
starting at the root directory are listed as either single commands
or command subsystems. Command subsystems may consist of a
single command, but usually are comprised of a set of commands
that extend two or more levels below the root. Refer to Chapter 7 -
Introduction to Programming for rules for traversing the command
tree and for examples.

Tree Diagram

(ROOTY

{Channel~Specific Commandsl  (Channel-Independent Commands}

!
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I [:LOAD]
LCURR&H% l——ENPuUOUTPut MEASuUre b STATUS
[LEVYel] LSTATE] :CURRent :CSUMmMary
LiMMediate] {PROTection Deir :ENABle
:TRIGgered 1ClEar POWer [:EVEMNt]?
:PROYection :SHOR! Dci? :OPERation
[LEVel [:STATe] 'YOLTage :CONDition?
:DELay pel? :ENABle
:5TATe ————MODE/FUNGtion LEVEN?
:RANGe :CURRent —PORTO :NTRansistion
:SLEW Heled| [ 5TATe| :PTRansistion
‘TLEVel :RESistance :QUE Stionabie
‘YOLTage STATus :CONDition?
——RESistance DC) :CHAMNnRe! :ENABLe
[[LEVel] {COMNDition? LEVEN1)?
[IMiddediatel TRANgent :ENABle
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:RANGe MODE :ERRor?
(TLEYel :DCYCle
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¥OLTage TWIDth [IMMeaiate]
LEVel] 1SOURCe
[IMMediate} TiMer
‘TRIGgered
'SLEW ABOR?
JTLEVel

Root-Level Comnmands

Figure 4-2. Electronic Loads Tree Diagram
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ABORt

CHANnRel

ABORt

Description

Command Syntax
Parameters

Examples

Query

Related Commands

Channel-Independent Termination Command

This command applies only to trigger functions. It cancels all
pending [:LEVel]:TRIG operations (such as CURR:TRIG) in all
operating modes and on all channels. As a result, subsequent triggers
have no effect on the input level. This command resets the WTG bit
of the Operation Condition Register (refer to “Chapter 5 - Status
Reporting”) and has the same effect on status as the receipt of 2
trigger. ABORt has no affect on the Transient Subsystem.

ABORt

None

ABOR Aborts all pending trigger level operations in the Current,

Resistance, or Voltage Subsystems

CURR 10;CURR:TRIG 20;:4BOR;:TRIG Cancels the programmed trig-
ger level so that the triggered
input remains at 10 amps

None

CURR:LEV]:TRIG VOLT[:LEV]:TRIG STAT:0PER:COND?

CHANnRel

Note

Description

Note

4-18 Language Dictionary

Channel-Independent Command /Query

This command is for the multiple electronic load but is supported in
single electronic loads for compatibility.

CHANnel selects the multiple electronic load channel to which

all subsequent channel-specific commands will be directed. If the
specified channel number does not exist or is cutside the MIN/MAX
range, an error code is generated (see Table 4-2 at the end of this
chapter). When used with the single electronic load the only valid
parameter is 1.

This command and INSTrument are the only channel commands
for electronic loads. No other methods of channel selection are
supported.

Root-Level Commands



CHANnRel

Command Syntax CHANnel[:LOAD] <NRf{+>

Parameters See Table 4-1 and the Operating Manual of the electronic load model.

Examples

CHANNEL:LOAD & Select Channel 5
CHAN 5

CHAN MAX Select highest exzisting channel in a multiple electronic
load.

Query Syntax CHAN?! CHAN? MAX CHAN? MIN

Returned Parameters <NR1> CHAN? returns number of channel presently
selected.
CHAN? MAX returns the number of channels
installed in the multiple electronic load. If none are
installed, 0 is returned. For single electronic loads
CHAN? MAX returns /. CHAN? MIN always
returns ! for either single or multiple loads.

Suffix None
Related Commangds None

Alternate Syntax INSTrument can be used as an alias for CHANnel
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CURRent Subsystem  Channel-Specific Current Programming Function

Description  This subsystem programs the CC (constant-current mode) function
. of a single electronic load or a single channel of a multiple electronic

load.
Keywords
Command Function
CURRent{:LEVel]:IMMediate] Specify the input current level for the CURRent mode
CURRent[:LEVel:TRIGgered Preset a new input current level to be valid when a trigger
occurs
CURRent:PROTection[:LEVel] Set current limit at which protection occurs
CURBent:PROTection:DELay Set time for which protection current limit may be exceeded

CURRent:PROTection:STATe OFFi0  Disable protection function
CURRent:PROTection:STATe ON|1 Enable protection function

CURRent:RANGe Specify full-scale input current range
CURRent:SLEW Specify the current level rate of change for all current ranges

: and for the middle and maximum resistance ranges
CURRent:TLEVe] Specify input current level used with the TR A Nsient Subsystem

Related Subsystems  RESistance VOLTage
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Syntax Diagram
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CURR[:LEVel]

CURRL:LEVel]

Description

Note

Command Syntax

4.20 Language Dicticnary

Channel-Specific Current Command/Query

This is an implied keyword that specifies the value of the
programmed current level and whether that level is to be applied
immediately or on occurrence of a trigger. If the specified channel

is in the CC (constant-current) Mode, an IMMediate current level

is transferred to the input as soon as the command is executed. A
TRIGgered level is stored and then transferred to the electronic load
input when a trigger occurs. At that time, the change to the input
level occurs at the slew rate presently in effect. Following the trigger
event, subsequent triggers will not affect the input level unless the
electronic load has been sent another TRIGgered level command.

If the electronic load is not in the CC (Constant-Current) Mode
when an IMMediate or TRIGgered level command is sent, the
programmed levels are saved for the time the electronic load is placed
in the CC mode. Triggered levels are processed by the Currrent
Subsystem even when the electronic load is not in the CC Mode. In
this case, the TRIGgered level becomes a stored IMMediate level
that takes effect when the electronic load is again in the CC Mode.

Setting an IMM current level to the same value as the most recent
TRIG current level will not deactivate a pending TRIG level. You
must use ABORt to deactivate it.

The present current level changes to the pending level on any of the
following conditions:

8 On a TRIG[:IMM] command {always)

# On receipt of an external trigger signal (if TRIG:SOUR. is set to
EXT)

@ On the next line voltage cycle (if TRIG:SOUR is set to LINE)

m On receipt of *TRG (unless TRIG:SOUR is set to HOLD)

2 On recept of an HP-IB <GET> (if TRIG:SOUR is set to BUS)

® On the next trigger timer pulse (if multiple electronic load is set to
TRIG:50UR TIM)

The programmed current level (whether IMMediate or TRIGgered
can be implicitly changed with a RANGe command (see “Chapter

3 - Introduction to Programming” for information concerning value
coupling).

CURRent[:LEVel]:IMMediate] <NRf+>
CURRent[:LEVel]:TRIGgered <NRf+>

Root-Level Commands



Parameters

Status and Errors

Value Coupling

Examples

Query Syntax

Returned Parameters

Related Commands

Current Subsystem

CURR[:LE Vel]

See Table 4-1 and the Operating Manual of the electronic load model.

TRIGgered level commands affect the WTG bit in the Operation
Condition register and the OPC bit of the Standard Event Status
Event register (see Chapter 5 - Status Reporting) Programmed
current levels outside the value range generate an error (see Table 4-2
at the end of this chapter). The correct current range must be
programmed before the current level is programmed.

If CURR:RANGe is set to a range that is below either type of LEVel,
then that LEVel will assume the MAX value of that range.

CURR 25 Immediate commands for 25-ampere input
CURRENT :LEVEL 25

CURR:TRIG 25MA Commands for 25 mA input on
CURRENT:LEVEL : TRIGGERED 2B8E-3 occurrence of a trigger

CURR 30;:CURR:TRIG MIN Set input to 30 Amps now and minimumn
current when trigger occurs

CURR! CURR!MAX CURR? MIN
CURR:TRIG? CURR:TRIG! MAX CURR:TRIG! MIN

<NR3> CURR? and CURR:TRIG? return the presently
programmed current levels. After a trigger or
ABORt, CURR:TRIG? returns the same value as
CURR!.

CURR? MAX, CURR? MIN, CURR:TRIG? MAX
and CURR:TRIG? MIN return the maximum and

minimum programmable LEVel and TLEVel values
for the present range.

ABOR CURR:RANG see also TRANsient Subsystem
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CURR:PROTection

CURR'PROTection Channel-Specific Current Limiting Command/Query

Description  This command sets a limit to the input current that the electronic
load will sink. A current limit may be specified for the single
electronic load or for a channel of the multiple electronic load. When
the input current reaches the current limit for the specified delay
period, the input of the electronic load or channel is shut off and
draws no current. This, in effect, provides a “soft circuit breaker”
for the input current. The INPut:PROTection:CLEar command
(or front panel key) re-enables the input current. The trigger-
activated current functions (CURR[ELEVE:TRIG and CURR:TLEV)
automatically keep track of incoming triggers while the input is shut
down and will respond to the trigger as soon as the protection fault
is cleared.

The :PROTection:DELay command specifies the time that the input
current may equal or exceed [:LEVel] before the soft circuit breaker is
actuated. The PROTection:STATe command enables or disables the
soft circuit breaker {function.

Note If the soft circuit breaker function causes the input to shut down, it
will not affect INP[STATe]. If INP:STAT is programmed ON, it will
remain so even after the CURR:PROT has turned the electronic load
off.

Command Syntax

Command Function

CURRent:PROTection:LEVel] <NR{+>  Set immediate current limit
CUREent:PROTection: DELay <NRf4+> Set time that current may be at or above
:LEVel before input is turned off
CURRent:PROTection:STATe OFF}0 Disable protection function
CURRent:PROTection:STATe ON|1 Enable protection function

Parameters  See Table 4-1 and the Operating Manual of the electronic load model.

Examples

CURR:PROT:LEVEL 35 Set input current limii to 35 amperes and
CURR:PROT:STAT ON  enable the current protection

CURR:PROT:LEVEL 35;DELAY .025 Set input current limit to 55
amperes and allow it to be
exceeded for 25 milliseconds
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CURR:PROTectlon

Query Synlax

Returned Parameters

Related Commands

CURR:RANGe

CURR:PROT?

CURR:PROT? MIN CURR:PROT? MAX
CURR:PROT:DEL?

CURR:PROT:DEL? MIN CURR:PROT:DEL? MAX
CURR:PROT:STAT?

<NR3> CURR:PROT? returns the value of existing
current limit

CURR:PROT? MAX and CURR:PROT?
MIN return the maxium and minumum
programmable values for the current limit.

<NR3> CURR:PROT:DEL? returns the value of
existing delay.

CURR:PROT:DEL? MAX and
CURR:PROT:DEL? MIN return the
maximum and minimum programmable delay
values,

<NR1> CURR:PROT:STAT? returns the state of the
protection circuit where 1 is ON and 0 is
OFF

CURR:RANG INP:PROT:CLE

CURR:RANGe

Description

Important

Channel-Specific Current Command/Query

This command selects the full-scale current range of the electronic
load. Programming any value within the low range automatically
selects the low range and programming any value within the high
range automatically selects that range. In the HP 6060A for
example, programming a value from 6 to 60 amperes automatically
selects the 60-ampere range.

Whenever the electronic load changes range, it momentarily goes into
the OFF (minimum current) state.

When CURR:RANG is executed, the values of the current levels
{IMMediate, TRIGgered and TLEVel) are adjusted as follows:

If Then

The existing current setting is within the new range the current level does noct

change

The existing current setting is not within the new range the current level is set to the

Current Subsystem

maximum of the new range
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CURR:RANGe

Command Syntax

Parameters

Value Coupling

Examples

Query Syntax

Heturned Parameters

Related Commands

4.24 Language Dictionary

For example, assume the electronic load is in the 60 A range and

the main current level (CURR:LEV) is 30 A. Switching to the 6 A
range will reduce the current to the maximum of that range, or 6 A.
However, if another parameter (such as CURR:TRIG) was already
within the new range (e.g., 4 A), then it will remain at that level in
the new range. Of course, there is no change in value when switching
from the lower range to the higher range. However, the accuracy of
the programmed value may be compromised because of the reduced
resolution of the higher range.

CURERent:RANGe <NRf+>

See Table 4-1 and the Operating Manual of the electronic load model.

This command affects the following parameters:
CURR:LEVel CURR:TLEVel

CURR:RANG 60;LEV 25.28 Sefcurrent {0 25.25 A on 60-ampere range

CURR:RANG 6;:TRIG 4.5 In previous ezample, change range to 6 A
and set Triggered level to 4.5 A. Due to
coupling, the main level will drop to 6 A
and remain there until a trigger occurs

CURR:RANG?
CURR:RANG? MAX

‘CURR:RANG? MIN

<NR3> CURR:RANG? returns the present current range in
amperes.
CURR:RANG! MAX and CURR:RANG? MIN
return the maximum and minimum programmable
ranges for the electronic load.

CURR:LEV] CURR:TRIG CURR:TLEV

Current Subsystem



CURR:SLEW

CURR:SLEW

Description

Command Syntax
Parameters

Examples

Note

Query Syntax
Note

Returned Parameters

Related Commands

Current Subsystem

Channel-Specific Current Command/Query

'This command sets the current programming slew rate for both CC
mode ranges and the resistance programming siew rate for the middle
and high CR mode ranges. The programmed slew rate is used for

all programmed current changes except INPut ON or OFF. The
hardware implements discrete slew rates (refer to the Electronic Load
Operating Manual) and automatically selects the one that is closest
to the programmed value. To determine the actual rate, use the
query (CURR:SLEW?).

CURRent:SLEW <NRi+>

See Tabie 4-1 and the Operating Manual of the electronic load modei.

CURRENT:SLEW MAX Set slew rate for mazimum of present current
range

CURR:RANGE MAX;SLEW 4ES Set range to 60 A and slew rate to
400,000 A/s (400 mA/us)

Programming a slew rate value greater than MAX sets the slew rate to
maximum without generating an error message.

CURR:SLEW?
CURR:SLEW? MAX
CURR:SLEW? MIN

This query is not applicable to CR mode when it is operating in the
low-resistance range

<NR3> CURR:SLEW? returns the internally selected slew
rate (in A/S) that was chosen as closest to the
programmmed value within the permissible range.
CURR:SLEW?! MAX and CURR:SLEW? MIN
return the maximum and minimum programmable
slew rates for the present range.

None
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CURR:TLE Vel

CURR:TLEVel

Description

Command Syntax

Parameters

Value Coupling

Examples

Query Syntax

Returned Parameters

Related Commands

4-26 Language Dictionary

Channel-Specific Current Command/Query

This command specifies the value of the programmed current level
for the TRANsient input when the electronic load is in the CC
Mode. When the Transient Subsystem is on, the electronic load
input cutrent will switch (under control of the Transient Subsystem)
between the main level and TLEVel at a rate determined by the
present value of SLEW, In order for the input current level to switch,
TLEVel must be set to a value greater than the main level. If
TLEVel is set to a value below the main level, no error is generated
but switching will not occur until the main level is subsequently
below the value of TLEVel. If TLEVel is programmed outside the
specified range, an error is generated (see Table 4-2 at the end of this
chapter).

CURRent:TLEVel <NRi>

See Table 4-1 and the Operating Manual of the electronic load model.

If CURR:RANGe is set to a range that is below TLEVel, then
TLEVel will assume the MAX value of that range.

CURR:TLEV HAX Set transient level to mazimum current for the range

CURR:RANG 6;TLEV 5.5 Set range to 6 A and Transient levelto 5.5 A

CURR:TLEV?
CURRTLEV? MAX
CURR:/TLEV? MIN

CURR:TLEV? returns the transient current level for
present current range. If the electronic load is not in
CC Mode, the level will still be set, even if it is less
than the presently programmed input level.
CURR:TLEV? MAX and CURR:TLEV? MIN return
the maximum and minimum programmable values
for the present range.

<NHR3>

CURR:RANG also see TRANsient Subsystem

Cwrent Subsystem



INPut Subsystem

Description

Keywords

Alternate Syntax

Related Subsysiems

Syntax Diagram

input Subsystem

Channel-Specific Input Programming Functions
This subsystem has commands for:

® Turning the electronic load input on or off
& Placing a short across the electronic load input
8 Clearing any input software protection circuits that have been set

For multiple electronic loads these commands function only on the
presently specified channel.

Command Function
INPut[:STATe] ON[1 Turn electronic load input cirenit ON
INPut[:STATe] OFF|0 Turn electronic load input circuit OFF

INPut:PROTection:CLEar Reset input protection circuits
INPut:SHORLt{:STATe]:ON|1 Place short across electronic load input
INPut:SHORt[:STATe]:OFF|0 Remove short from electronic load input

OUTPut can be used as an alias for INPut.

CURRent RESistance VOLTage

Tw- STATe bpr{sP) ON /1 —
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Input Subsystem Syntax Diagram
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INP:PROTect

INP:SHORL

INP:PROT:CLEar

Description

Command Syniax
Parameters
Query Syntax

Helated Commands

INP:SHORt

Description

4-28 Language Dictionary

Channel-Specific Input Command

This command resets the electronic load latched protective features
(such as overvoltage, overcurrent, overpower, etc.). If an electronic
load protective circuit has shut down the input and no INPut:0FF
command has been sent, INPut:CLEar will restore the input to the
ON state and restore the previously existing operating mode and its
parameters. Of course, if the cause of a shutdown condition is not
corrected, it will reocccur.

If a trigger is received during the time a protection circuit has shut
down the input, any triggered levels (CURR:TRIG, RES:TRIG,
etc) are stored and will be transferred to the main level after the
protection is cleared. Triggers received during protective shutdown
are aiso applied to the Transient Subsystem. This ensures that after
the shutdown is cleared, the transients on the restored channel will
still be synchronized with those of other channels.

INPut:PROTection:CLEar
None

None

CURR:PROT[:LEV] CURR:PROT:DEL CURR:PROT:STAT

Channel-Specific Input Command/Query

This command applies the equivalent of an electronic short across the
input of the electronic load. The actual condition of the electronic
load under a short condition depends on its operating mode as
follows: '

Mode of Operation  Shorted Condition

High-Range CC Mode MAX current
Low-Range CC Mode MAX current
Low-Range CR Mode MIN resistance

Middle-Range CR Mode  MIN resistance
High-Range CR Mode MIN resistance
CV Mode MIN voltage

input Subsystem



INP:SHORAR

If a mode or current or resistance range is changed, the short will be
reapplied to the new mode or range. If a trigger is received while
SHOR! is ON, any triggered levels (CURR:TRIG, RES:TRIG, etc.)
are stored and will be transferred to the main level after SHORL is
programmed OFF, Triggers received during SHORt:ON are also
applied to the Transient Subsystem. This ensures that after the short
is programmed off, the transients on the shorted channel will still be
synchronized with those of channels that had remained unshorted.

Executing INPut:SHORt does not affect any programmed settings
and the electronic load will return to them when the short is
removed. This command is subordinate to INPut:[STATe}.

If INPut{:STATe] is programmed OFF, then the effect of
INPut:SHORt ON will not be observed until INPut[:STATe]:ON is
sent to the electronic load.

Command Syntax INPut:SHORt[:STATe] <NRf+>

Parameters
Value Range | Units | "BST Default
OFF or 0 None ]
ON or 1 None
Examples

INP:SHOR ON Set shoried input condition
INP:SHOR 1

CHEHAN 2;IMP:SHOR 1;:CHAW 1;IHP:SHOR O

On multiple electronic load, short Channel 1 and unshort Channel
2

Query Syntax INP:SHOR!?

Returned Parameters <NRI1> Value; § for unshorted, 1 for shorted

Related Commands INP[:STAT]
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INP[:STATe]

MEASure

INP[:STATe]

Description

Command Syntax

Parameters

Examples

Query Syntax

Returned Parameters

Related Commands

Channel-Specific Input Command/Query

This implied keyword turns the electronic lead input ON and QFF.
When INPut is OFF, the electronic load will draw minimal current
at its input. INP[STAT]e:0FF overrides INPput:SHORt:ON. The
presently programmed slew rate setting is not used when turning the
input on or off; the current and voltage change at their maximum
rates.

INPut [:STATe] <NRf+>

Value Range | Unita | *RST Defaut |
OFF or 0 0 I

ON or !
INP:STAT OFF Turn electronic load input off
I¥P 0

None

None

INP:STAT OFF;SHOR ON;:INP OK Turn input off, short the input,
and turn inpuf on

INP?
<NR1> Value; 0 for OFF, 1 for ON

CURR:PROT INP:SHOR

MEASure

Description

Query Syntax

4-30 Language Dictionary

Channel-Specific Measurment Query

This function consists of queries that return the current, voltage, and
power at the input of the electronic load.

Query Value Returned
MEASure:CURRent[:DC]? electronic load input current
MEASure:POWer[:DC]?  Computed electronic load input power
MEASure:VOLTage:DC]? electronic load input voltage
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MEASwe MODE

Heturned Parameters <NR3> Value representing amperes, watts, or volts

Note If the input voltage or current exceeds the maximum measurement
capability of the electronic load, aa 9.9E+37 out-of-range indication
will be returned in place of the normal measurement reading.

Examples
MEAS:VOLT?  Return input voltage

KMEAS:CURR?;VOLT?;POW?  Heturn input current, voltage and power

CHAN 1;:MEAS CURR?;:CHAY 2;:MEAS POW? Return Channel [ current & Channel 2 power

Related Commands None

Syntax Diagram

CETTy ey S ey NGy
( :DC )A @

Measwe Query Syntax Diagram

MODE Channel-Specific Command/Query

Description  This command selects the operating mode of the electronic load,
which can be:

CURRent Constant-current (CC) input
RESistance Constant-resistance (CR) input

VOLTage Constant-voltage (CV) input
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MODE

If the mode is changed while the input is on, the input is
mommentarily turned off as if INPut[:STATe] OFF were executed.
However, changing modes does not change the state of the input nor
does it turn off the TRANsient function. For multiple electronic
loads, the mode of each channel is programmed independently.

Command Syntax
Command Function
MODE:CURRent:DC] Sets electronic load to constant-current mode

MODE:RESistance Sets electronic load to constant-resistance mode

MODE:VOLTage[:DC] Sets electronic load to constant-voitage mode

Parameters  Enter the desired mode as a string variable in either the full or
abbreviated format. There are no units. The *RST Default is
CURRent.

Examples
MODE:CURR  Set electronic load input to CC mode

CHAN 1;: MODE:CURR;:CHAH 2;:HODE:RES Set Channel ! input to CC mode and Channel 2
input to CR mode
Query Syntax MODE?
Returned Parameters <aard> String value: CURR, RES, or VOLT
Alternate Syntax FUNCtion can be used as an alias for MODE.
Syntax Diagram
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PORTS

PORTO

Description

Command Syntax

Note

Parameters

Examplias

Query Syntax
Hetizned Perameters

Related Commands

Root-l.ovel Commands

Channel-Specific Output Command/Query

This command controls the general-purpose digital port on the rear
of each electronic load or each channel of the multiple electronic
load. The state of the port is with respect to the common side of the
electronic load input. Setting a port to the OFF or 0 state connects
it to the common; setting a port to the ON or 1 state disconnects it
from common and sets it to a TTL logical high.

The command is the same for both single and multiple electronic
loads. To control a port in a multiple electronic load you must first
select the channel and then use PORT® on that channel.

PORTO[:STATe] <NRf+>

This command does not have a four-character short form. You must
always include the fifth character (zero).

Value Range | Units | *BST Defauilt |
OFF ot 0 0 1

ONort
PORTO OF Set the port output high (logical 1)

None

None

CHAE 1;: PORTO OF;:CHAE 2;:PORTO OFF Set Channel ! port high
and Channel 2 port [ow

PORTOY
<NRl> i for ON or 8 for OFF

None
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RESistance Channel-Specific Resistance Programming Function
Subsystem

Description  This subsystem programs the constant-resistance (CR) mode function
of a single electronic load or a single channel of a multiple electronic
load. There is no SLEW command in this subsystem. In the lowest
resistance range the level changes in Volts/sec at the rate specified
by the present VOLT:SLEW command. The middle and high
ranges change level in Amps/sec at the rate specified by the present
CURR:SLEW command.

Keywords
Command Funclion

RESistance[:LEVel][:IMMediate] Specify input resistance for CR mode
RESistance:LEVel|:TRIGgered Preset a new input resistance to be valid when a trigger occurs

RESistance:RANGe Specify full-scale input resistance range
RESistance:TLEVel Specify input resistance used with TRANsient Subsystem

Syntax Diagram

! Y . . ! ! : '
\BESstance pr——{ LEVEl ) 3 W‘NRW L suttx T
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Resistance Subsystem Syntax Diagram

Related Subsystems CURRent VOLTage
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RES[:LEVel]

RES[:LEVel]

Description

Note

Command Syntax

Parameters

Resistance Subsystem

Channel-Specific Resistance Command/Query

This is an implied keyword that specifies the value of the
programmed input resistance and whether that value is to be applied
immediately or on occurrence of a trigger. If the specified channel

is in the CR (constant-resistance) Mode, an IMMediate resistance
level is transferred to the input as soon as the command is executed.
A TRIGgered level is stored and transferred to the electronic load
input when the trigger occurs. At that time, the change to the input
level occurs at the presently active voltage slew rate (for the lowest
resistance range) or presently active current slew rate (for the middie
and highest ranges). Following the trigger event, subsequent triggers
will not affect the input level unless the electronic load has been sent
another TRIGered level command.

If the electronic load is not in the CR Mode when an IMMediate
or TRIGgered level command is sent, the programmed levels are
saved for the next time the electronic load is placed in the CR
Mode. Triggered levels are processed by the Resistance Subsystem
even when the electronic load is not in the CR Mode. Thus, the
TRIGered level becomes a stored IMMediate level that takes effect
when the electronic load is again in the CR mode.

Setting an IMM resistance level to the same value as the most recent
TRIG resistance level will not deactivate a pending TRIG level. You
must use ABORt to deactivate it.

The present resistence level of each channel changes from the present
level to the pending level on any of the following:

8 On a TRIG[:IMM] command (always)

8 On receipt of an external trigger signal (if TRIG:SOUR is set to
EXT)

# On the next line voltage cycle (if TRIG:50UR is set to LINE)

g On receipt of *TRG (unless TRIG:SOUR is set to HOLD)

# On receipt of an HP-IB <GET> (if TRIG:SOUR is set to BUS)

8 On the next trigger timer pulse (if multiple electronic load is set to
TRIG:SOUR TIM)

The programmed resistance level (whether IMMediate or
TRIGgered) can be implicitly changed with a RANGe command
(refer to “Chapter 3 - Introduction to Programming” for information
concerning value coupling).

RESistance[:LEVel|[:IMMediate] <NRf+>
RESistance[:LEVel:TRIGgered <NRf+>

See Table 4-1 and the Operating Manual of the electronic load model.
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RES{:LEVel]

Note

Status and Errors

Value Coupling

Examples

Query Syntax

Heturned Parameters

Related Commands
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The higher values of resistance levels have less resolution.
Programmed levels are set to the nearest value obtainable by the
hardware.

TRIGgered level commands affect bits in the STATus OPERating
CONDition and STATus CHANnel CONDition registers (see Chapter
5§ - Status Reporting). Programmed resistance values outside the
value range generate an error (see Table 4-2 at the end of this
chapter). The correct resistance range must be programmed before
the resistance level is programmed. Note from the parameters

that there is considerable overlap between the middle and

high ranges, but no overlap between the low and middle ranges.

If RES:RANGe is set to a range that is below either type of LEVel,
then that LEVel will assume the MAX value of that range.

RES 25 Immediate commands for 25-ohm input
RESISTANCE:LEVEL 25

RES:TRIG: .025 Commands for 25 milliohm in-
RESISTANCE:LEVEL:TRIGGERED 25E-3 put on occurrence of a trigger

RES:IMM .1;TRIG 1 Set input {o 100 millichms now and to I ohm
when {rigger occurs

RES? RES? MAX RES? MIN
RES:TRIG? RES:TRIG!MAX RES:TRIG! MIN

<NR3> RES? and RES:TRIG? return the presently
programmed input resistance levels. After a trigger
or ABORt, RES:TRIG? returns the same value as
RES?.
REST MAX, RES? MIN, RES:TRIG? MAX
and RES:TRIG? MIN return the maximum and
minimum programmable RES and RES:TRIG values
for the present range.

ABOR RES:RANG TRANSsient Subsystem

Resistance Subsystem



RES:RANGe

RES:RANGe Channel-Specific Resistance Command/Query

Description  This command selects the full-scale resistance range of the electronic
load. Programming any value equal to or greater than zero (= 0) and
less than or equal to (=) the maximum value of the lowest range
automatically selects that range. Programming any value greater than
the minimum range and less than or equal to (<) the maximum value
of the middle range automatically selects that range, There is no overlap
between the low and middle ranges. Programming a value greater than the
maximum value of the middle range automatically selects the highest
range.

Note Whenever the electronic load changes resistance range, the input
momentarily goes into the OFF (minimum current) state.

The values of the input resistance (IMMediate, TRIGgered and
TLEVel) are adjusted as follows:

If Then

The existing resistance setting is the resistance value does not
within the new range change

The existing resistance value is  the resistance is set to the closest
not within the new range limit of the new range

For example, assume the HP 6060A Electronic Load; is in the
10000-chm range and the inpust resistance (RES:LEV) is 2000
ohms. Switching to the 1000-ohm range will reduce the resistance
to the closet limit of that range, or 1000 ohms. However, if another
parameter (such as RES:TRIG) was already within the new range
(e.g., 500 ohm), then it will remain at that level in the new range.
When switching between two ranges that overiap, the accuracy of
the programmed value may be compromised because of reduced
resolution when going from a lower to a higher range.

Command Syntax RESistance:RANGe <NRIf+>
Parameters See Table 41 and the Operating Manual of the electronic load modei.

Vaiue Coupling This command affects the following parameters:

RES:LEY RES:TLEVY
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RES:RANGe

Examples

Query Syntax

Returned Parameters

Related Commands

RES:TLEVel

RES:50 Set resistance 50 ohms

RES:RANG 1;:TRIG 45E-3 (hange range to 1 ohm and set Triggered
resistance to 45 millohms. The main
resistance will drop to 1 ohm and remain
there until a trigger occurs

RES:RANG?

RES:RANG? MAX RES:RANG? MIN

<NR3> RES:RANGY returns the present resistance range in
ohms.

RES:RANG? MAX and RES:RANG? MIN return
the maximum and minimum programmable ranges
for the electronic load.

RES:(LEV] RES:TRIG RES:TLEV

RES:TLEVel

Description

4-38 Language Dictionary

Channel-Specific Resistance Command/Query

This command specifies the value of the programmed resistance
level for the TRANSsient input when the electronic load is in the
CR (constant-resistance) Mode. When the Transient Subsystem is
on, the electronic load input resistance will switch {under control of
the Transient Subsystem) between the main resistance and TLEVel
at a rate determined by the present value of VOLT:SLEW (lowest
resistance range) or by CURR:SLEW (middle and high resistance
ranges). In order for input resistance level switching to occur,
TLEVel must be programmed as follows:

Lowest range TLEVel > LEVel
Middle and highest ranges TLEVel < LEVel

If the above rules are not followed, no error is generated but transient
switching will not occur. If the main resistance is subsequently
programmed to the proper level with respect to TLEVel, switching
will begin provided the TRANsient subsystem is on. If TLEVel is
programmed outside the specified range, an error is generated (see
Table 4-2 at the end of this chapter).
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RES:TLEVel
Command Syntax  RESistance:TLEVel <NRf>

Parameters See Table 4-1 and the Operating Manual of the electronic load model.

Value Coupling The higher values of resistance levels have less resolution.
Programmed levels are set to the nearest value obtainable by the

hardware.

Examples
RES:TLEV MAX Set {ransient level to mazimum resistance for the
range

RES:RANG 1000 Since TLEV > LEV on the 1k
RES 200;:RES:TLEV 400; :TRAN ON range, no transient switching
occurs

RES:TLEV 100 Now TLEV < LEV and input
switches from 100 to 200 ohms

Query Syntax RES:TLEV?

Heturned Parameters <NR3> Transient resistance value for present range. If the
electronic load 15 not in Resistance Mode, the value

will still be set, even if it is less than the presently
programmed input resistance.

Related Commands  See TRANsient Subsystem
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STATus Subsystem

Description

Note

Keywords

STATus:CHANnel

STATus:CHANnRel

STATus:CHANRel

STATus:CSUMmary
STATus:CSUMmary
STATus:OPERation
STATus:0PERation
STATus:OPERation
S5TATus:OPERation
STATus:OPERuation

Channel-Specific & Channel-Independent Status Commands,/Queries

The electronic load has the following four groups of device-dependent
status registers:

Register Group Registers

Channel Status Condition, Enable, Event

Channel Summary |Enable, Event

Questionable Status | Condition, Enable, Event

Operation Status Condition, Enable, Event, Transition Filters

See “Chapter 5 - Status Reporting” for details concerning the
functions of these four groups of registers.

There are four groups of status command/queries corresponding to
the above registers. The groups are placed in alphabetical order

in the rest of this subsystem. The keywords for all groups are
summarized below.

:CONDition?

:ENABle :ENABle? :ENABle? MAX ENABle? MIN

[:EVENt]?

:ENABle :ENABle? :ENABle? MAX ENABIle? MIN

(EVENtL?

«{CONDition?

:ENABle :ENABle? :ENABle? MAX ENABle? MIN

[:EVEN1)?

:NTHansition :NTRansition? :NTRansition? MAX NTRansition? MIN
:PTRansition :PTRansition? :PTRansition? MAX PTRansition? MIN

STATus:QUEStionable :CONDition?

STATus:QUEStionable :ENABle

:ENABle? :ENABle? MAX ENABle? MIN

STATus:QUEStionable [:EVENt]?

Related
Commands/Queries
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Syntax Diagram
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Status Subsystem
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Status Subsystem Syntax Diagram
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STAT:CHANnRel Channel-Specific Channel Status Command/Queries

Description  The Channel Status group consists of a set of registers for each
channel. Each channel register set monitors all events for that
channel and sums them into a corresponding summary bit in the
Event register of the Channel Summary group.

The following Channel Status registers are associated with each

channel:

Condition Real-time (“live”) channel status

Event Records all channel events that occurred since the
last time the register was read

Enable Mask for selecting which bits in the Event register

are allowed to be summed into the corresponding
channel bit of the Channel Summary Event register

Bit Configuration of Channel! Status Registers?

Bit Position | 15,14 13 12 11 10 9 1851 43| 211 0
Condition INU| PS | OV | RY |UNR{EPUINUOT!IOP|NU!OC VE

Bit Weight 8192140962048 1024 | 512 16 814 2 1

!See Chapter 5 - Status Reporting for explanations of the bit mnemonics. 2NU = Always zero

Command/Query Syntax
Command/Query Function

5TATus:CHANnel:CONDition? Returns the binary value of the Channel Status Condition
register, which represents the present status. A condition
exists if the corresponding bit = 1.

STATus:CHANnel:EVENt}? Returns the binary value of the Channel Event register,
which latches 0-to-1 transitions of the channel conditions
the first time they occur. The Event bit remains 7 even if
the condition has since disappeared. Reading this register
resels tf o zero.

STATus:CHANne:ENABIe A mask that specifies which bits of the Channel Status
Event register will be allowed to be summed into the
appropriate channel bit of the Channel Summary register.
Set the bit to I to enable the condition. Program MAX to
enable all allowable bits or MIN to disable them.

STATus:CHANnel:ENABle? Returns the binary mask value of the Channel Status Enable
register.
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STAT:CHANRel STAT:CSUMmary

Remember The STAT:CHAN commands are channel specific. For the multiple
electronic load first send a CHANnel command to select the desired
channel.

Returned Parameters <NR1> Register binary value
Examples

STAT:CHAN? Returns the value of the FEvent register in a single
electronic load or of the presently addressed channel
Event register in a multiple electronic load

STAT:CHAN:ENAB 18 Programs the Channel Enable register to al-
low the occurrence of either an OC or an
OT condition to set the corresponding bit in
the Channel Summary Event register for the
present channel

STAT :CHAN:EVEN? ;COND? Heturns the values of the Event and Con.
dition registers for the present channel.
The Condition value is the status as it
eristed at the moment the Condition reg-
ister was read

CHAN 2;STAT:CHAN:ENAB 19 Progroms the Channel Status Enable
register to enable OV, OC, and OT

conditions to set the Channel Sum-
mary Fvent bit for Channel 2

Related STAT:CSUM STAT:QUES *CLS INP:PROT:CLE *CLS
Commands/Queries INP:PROT:CLE

STAT.CSUMmary Channel-Independent Channel Summary Command/Queries

Description  The Channel Summary group of registers provides a convenient way
to determine if any enabled CHAN:STAT Events have occurred on
a particular channel. The Channel Summary group is primarily
intended for use with multiple electronic loads. However, all
commands in this group are valid with single electronic loads. The
following registers comprise the Channel Summary group:
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STAT:CSUMmary

Event Indicates all channels on which an enabled STAT:CHAN
Register Event has occurred since the last time the register was read.
Enable Mask for selecting which bits in the Channel Event register

Register are allowed to be summed into the CSUM (Channel
Summary) bit of the Status Byte register.

The bit maps for these registers are:

Bit Configuration of Channel Summary Registers'I

Bit Position | 12 | 11 | 10 | 9 | 8 | 7 |65 |413{2|1| 0
Channel 12 11 f 10918171615 ([4(3;2|1|NU
Bit Weight |4096)2048|1024|512[256]128]6432|16(814)2] 1

INot all channel bits may be used. NU = always zero

The following command/queries are associated with this register
group:

Command/Query Syntax
Command/Query Function

STATus:CSUMmary[:EVENt]? - Returns the binary value of the
Channel Summary Event register. A [
in the bit position indicates that there
is an event from that channel. Reading
this regisier resets it to zero.

STATus:CSUMmary:ENABle A mask that specifies which bits of
the Channel Summary Event register
can be selected to set the Status Byte
register CSUM bit. Set the bit to [
to enable the bit. Program MAX to
enable all allowable bits or MIN to
disable them.

STATus:CSUMmary:ENABle? Returns the binary mask value of the
Channel Summary Enable register.

Returned Parameters <NR1> Register binary value

Examples
STAT:CSUM? Returns the value of the CSUMmary EVEN! register

STAT:CSUM:ENAB 18 Programs the Channel Summary Enable register
to allow the Channel Summary Event register to
set the error summary bits for Channels | and 4
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STAT:CSUMmary

Related
Commands/Queries

STAT:OPERation

Description

Note

Status Subsystem

STAT:OPERation

STAT:QUES *CLS

Channel-Independent Operation Status Command/Queries

The Operation Status registers provide information about the
following operating conditions: :

WTG A I indicates that at least one channel of the
electronic load is waiting for a trigger to occur
CAL A 1 indicates that the calibration constants of the

channel are presently being recalculated. Unless you
are explicitly calibrating the electronic load, this bit
is always 0 '

The WTG bit is used to detect if the electronic load is waiting to
complete the transfer of a pending trigger level. When the bit is

set, it means that the electronic load has processed a trigger level
command (e.g., CURR:TRIG 25) but is waiting for a trigger in order to
execute that command.

Refer to the electronic load Operating Manuel for information
concerning Calibration commands.

The following registers are associated with Operation Status
commands:

Register Function
Condition  Real-time (“live”) operating status

PTR/NTR Programmable filters that determine what type of
transition (0-to-1 or 1-to-0) in the Condition register
will set the corresponding bit in the Event register

Event Records all channel conditions that occurred since the
last time the register was read

Enable Mask for selecting which bits in the Event register
are allowed to be summed into the OPER (Operation
Summary) bit of the Status Byte register

Bit Conflguration of Operation Status Registers

Bit Position (11-6] 5 (4-1; O
Condition INU |WTG|!NU [CAL
Bit Weight 32 1
INU = Not Used
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STAT:OPERaton

Command/Query Syntax
Register
STATus:0PERation:CONDition?

§TATus:OPERation:PTRansition

STATu:0PERation: PTRansition?
STATus:OPERetion:NTRansition

STATus:0PERstion:NT Ransition?
5TATus:OPERation[:EVEN:|?

STATus:CPERation:ENABle

STATus:OPERation:ENABle?

MNeote

The following command\queries are associated with this register

group:

Function

Returns the binary value of the Operation Status Coandition
register, which represents the present status. The condition is
occurring whenever the bit ia /

A fiiter that specifies whether or not a {-to-/ transition in the
Condition register will set the corresponding bit in the Event
register. Program the bit position to ! to enable the transition
requirement.

Returns the binary value of the PTRansition filter

A filter that specifies whether or not a /-to-{transition in the
Condition register will set the corresponding bit in the Event
register. Program the bit position to / to enable the transition
requirement.

Returns the binary value of the N'TRansition filter

Returns the binary value of the Operation Event register, which
latches specified transitions in the Operation Condition register
the first time they occur. The event bit remains [/ even if the
condition has since disappesred. Reading this register resets it {o
zev0.

A mask that specifies which bits of the Operation Status Event
register are allowed to be summed into the OPER (Operation)
bit of the Status Byte register. Set the bit to [ to epable the
corresponding condition. Program MAX to enable all allowable
bits oz MIN to disable them.

Heturns the binary mask value of the Operation Status Enable
register.

To specify a bit to be set on either a 0-to-1 or a 1-to-0 transition,
program both filters (NTR and PTR)} for that bit to 1. To prevent a
bit from being sent under any conditions, program that bit in both

filters to 0.
Returned Parameters <NRi> Register binary value
Examples
STAT:0PER? Returns the binary value of the Operation Status Event

STAT:OPER:COND?

regssier

Returns the status of the Electronic Loed as it
ezisted the instant the register was read

STAT:0PER:PTR 32;NTR 32 Program ¢ recorded event on any transi-
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STAT:0OPERation

Note

Related
Commands/Queries

STAT:QUEStionable

Description

STAT:QUEStionable

ABORY can also cause a WTG bit event if the corresponding
NTRansition bit is set to 1.

ABOR *CLS TRIG *TRG

Channel-Independent Questionable Status Command/Queries

The Questionable Status register group provides information that
some data or parameters may be unreliable. The Questionable Status
registers monitor the same conditions as the Channel Status group.
However, the Questionable status monitors a specified condition for
all channels in the multiple electronic load and sums them into the
QUES (Questionable Summary) bit of the Status Byte register. This
permits the controller to use a single command to determine if the
specified condition exists on any of the channels. All commands
associated with this group are valid with single electronic loads, but
in that case the Questionable and Channel Status registers will hold
the same information. The following three Channel Status registers
are associated with each channel:

Condition Real-time (“live”) recording of Questionable data

Event Records all Questionable conditions that occurred
since the last time the register was read

Enable Mask for selecting which bits on the Event register
are allowed to be summed into the QUES bit of the
Status Byte register

Bit Configuration of Questionable Status Registers

Bit Position |15,14] 13 | 12 | 11 10 9 185] 4 3 ]2 1 0

Condition {'NU | PS | OV | RV |UNR|EPUNU|?*TE|*PE|NU|*CE{*VE

Bit Weight 8192409612048 1024 | 512 161 8 2 1

INU = Not Used.

2All signals are the same as the Channel Status Condition register.

Different mnemonics are required by the HP-SL standard.

Mote

Status Subsystem

See “Chapter 5 - Status Reporting” for a explanations of the bit
mnemonics.
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Command/Query Syntax
Query

Function

STATus:QUEStionable:CONDition? Returns the binary value of the Questionable Status

STAT:QUEStionable:EVENt]?

STATus:QUEStionable:ENABle

STATus:QUEStionable:ENABle?

Returned Parameters <NR1>

Examples
STAT:QUES?

Condition register, which represents real-time status of
possible Electronic Load malfunctions. A condition exists if
the corresponding bit = 1.

Returns the binary value of the Questionable Status Event
register, which latches each 0-tof transition of the condition
of the Questionable Condition register the first time it
occurs. The bit remains I even if the original condition has
since disappeared. Reading this register reseis i to zero.

A mask that specifies which bits of the Questionable Event
register can be summed into the QUES bit of the Status
Byte register. Set the bit to [ to enable the corresponding
event. Program MAX to enable all allowable bits or MIN
to disable them.

Returns the binary mask value of the Questionable Status
Enable register.

Register binary value

Returns the binary value of the Questionable Status Fvent
register and clears

STAT:QUES:EVENT,ENAB? Returns the binary values of the Questionable

Status Event and Enable registers

STAT:QUES:ENAB 19 Programs the Questionable Status Enable register

to enable OV, OC, and OT conditions to set the
Status Byte register QUES bit

Related *CLS :INP:PROT:CLE

Commands/Queries
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SYST:ERRor?

Description

Query Syntax

Returned Parameters

Note

Examples

Related Queries

Root-Level Commands

SYSTem

Channel-Independent Ertor Query

This query reads the remote programming error queue of the
electronic load.The queue, which operates in a FIFO (first-in,
first-out) mode, records only programming errors - not front panel
errors. As it is read, each error is removed from the queue. When all
errors have been read, a zero is returned.

Negatively numbered errors are generic HP-SL errors and positively
numbered errors are specific to the electronic load. (see Table 4-2 at
the end of this chapter) If the error queue should become full, error
-350 will be returned.

SYSTem:ERRor?

<aard or erd> Gives the error number and a short description of
the error

Error Number -32768 to 32767

Range

For an error summary list, see Table 4-2 at the end of this chapter.

SYST:ERR? Returns the oldest (first) error currently in the system error

queue

None
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TRANsient
Subsystem

Description

Note

Keywords

Channel-Specific Transient Programming Function

The Transient Subsystem may be used with Constant-Current,
Constant- Resistance, or Constant-Voltage load operation. The
transient function provides an alternate input level (TLEVel) that
occurs periodically under programmed control.

The three transient modes are:

CONTinuous A continuous pulse train that alternates between
LEVel and TLEVel under control of an internal
oscillator

PULSe A one-shot pulse that alternates between LEVel and
TLEVel upon occurrence of an explicit trigger

TOGGle Each explicit trigger causes the input to alternate
between LEVel and TLEVel

The input levels (LEVel and TLEVel) are programmed from the
Current, Resistance, or Voltage Subsystems. So is SLEW, which
determines the rate at which the input changes from one level to the
other.

For a detailed description of transient subsystem operation, see
Operation Qverview in the Electronic Load Operating Manual.

Command Funetion
TRANsient[:STATe] ON|i _ Enable Transient function

TRANsient[:STATe] OFF|0 Disable Transient function
TRANsient:MODE Select continuous pulse train varying between LEVe]

CONTinuous

and TLEVel at FREQuency

TRANsient:MODE PULSe Select single triggered pulses of duration TWIDth
TRANsient:MODE TOGGle Select puises that switch between LEVel and TLEVel

on alternate triggers

TRANsient:DCYCle Set pulse duty cycle of CONTinuous mode
TRANsient: FREQuency Set. pulse frequency of CONTinuous mode
TRANsient: TWIDth Set pulse duration of PULSe mode

Related Commands

Related Subsystem
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Syntax Diagram
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TRAN:DCYCle

TRAN:FREQuency

TRAN:DCYCle

Description

Command Syntax
Parameters

Examples

Channel-Specific Transient Command/Query

BCYCle specifies the duty cycle of TLEV, as a percent of the total
cycle, when the electronic load is in the CONTinuous mode. If
programmed when the electronic load is in the PULSe or TOGGle
mode, DCYCle is stored until the next time the electronic load is
in CONTinuous mode. If a value is specified outside the parameter
limits, an error is generated (see see Table 4-2 at the end of this
chapter).

TRANstent:DCYCle <NRf4>

See Table 4-1 and the Operating Manual of the electronic load model.

TRAN:DCYC 10 Set Continuous output to TLE Vel for 10% of the cycle

TRAN:MODE CONT;FREQ 500;DCYC 10;STAT 1 Set Transient Generator to continuous mode, 500 Hz

Query Syntax

Returned Parameters

Related Commands

at 10% duty cyele and enable the generator

TRAN:DCYC?! TRAN:DCYC! MAX TRAN:DCYC? MIN

<NR3> TRAN:DCYC? returns present value of Continuous
Mode duty cycle in per cent
TRAN:DCYC? MAX and TRAN:DCYC? MIN
return the maximum and minimum programmable
duty cycle values

TRAN:FREQ

Description

Command Syntax
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Channel-Specific Transient Command/Query

FREQuency specifies the pulse frequency of the CONTinous mode. If
specified in a PULSe or TOGGle mode, FREQuency will be stored
for the next time the electronic load is in the CONTinuous mode. If
a value is specified outside the parameter limits, an error is generated
(see Table 4-2 at the end of this chapter).

TRANsient:FREQuency <NRf4>
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TRAN:FREQuency

Parameters

Examples

Query Syntax

Returned Parameters

Related Commands

TRAN:MODE

See Table 4-1 and the Operating Manual of the electronic load model.

TRAN:FREQ 100 Set Transient Generator frequency to 100 Hz

TRAN:FREQ 10 KHZ Set Transient Generator frequency to 10 kHz

TRAN:MODE CONT;FREQ 580;DCYC 50;STAT 1 Set Transient Generg-
tor to continuous mode,
frequency to 560 Hz,
duty cycle to 50% and
enable the generator

TRAN:STAT OFF;FREQ 28E4;STAT O8N Turn off Transient Generator,
change frequency to 20 kHz, and
turn generalor on

TRAN:FREQ? TRAN:FREQ?MAX TRAN:FREQ? MIN

<NR3I> TRAN:FREQ!? returns the value representing
continuous mode FREQuency in Hz
TRAN:FREQ? MAX and TRAN:FREQ? MIN?
return the maximum and minimum programmable
frequency values

TRAN:DCYC

Description

Transient Subsystem

Channel-Specific Transient Command/Query

Selects the type of operation provided by the transient generator for
each channel.

a CONTinous mode provides periodic pulses of programmable
frequency and duty cycle, which are not related to TWIDth in any
way. Each channel has its own oscillator that runs asynchronously
with respect to oscillators of other channels.
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w PULSe mode provides a triggered one-shot pulse with a
programmable pulse duration. When a trigger occurs, the input
goes 10 TLEVel for the duration of TWIDth (which is not related
to FREQency or DCYCle in any way) and then returns to LEVel.
This mode is not retriggerable; triggers that occur while the input
is at TLEVel are ignored. In multiple electronic loads, the trigger
is appiied to all channels simultaneously and TRIG:SOUR TIMer

can be used to produce synchronized load waveforms {see TRIGer
Subsystem).

w TOGGle mode causes the input to switch between LEVel and
TLEVel on alternate triggers. Odd triggers set TLEV; even triggers
set LEV. FREQ, DCYC, and TWID have no effect on this mede.
Triggers are applied to all channels simultaneously in the multiple
electronic load.

Note The Operation Status Condition register WTG bit (see “Chapter 5
- Status Reporting”) is not affected by setting either the PULSe or
TOGGle modes.

Command Syntax TRANsient:MODE <aard>

Parameters
Value Hange ®RST Defrult

CONT.PULS, TOGG| CONT

Examples
TRAH:MODE PULS Set Transient Generator (o pulse mode

TRAN:STAT O;MODE COMT;STAT 1 Turn off Transient Gen-
erater, change mode to
continuyous, and turn gen-
eralor on

Query Syntax TRAN:MODE?

Returned Parameters  Character string CONT, PULS, or TOGG

Related Commands  See TRIGger Subsystem
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TRAN:[:STATe]

TRAN:TWIDth

TRAN[:STATe]

Description

Command Syntax

Parameters

Examples

Channel-Specific Transient Command/Query

STATe is an implied keyword that enables or disables the Transient
Subsystem. When the subsystem is disabled, TLEVel inputs cannot
occur. However, they may be programmed while the subsystem is
disabled and will take effect when the subsystem is enabled. The
enable or disable state may be programmed with either characters or
equivalent numerics.

TRANsient[:STATe] <NRf+>

Value Range i *RST Default
ON or 1;OFF or 01 ¢

TRAN ON Enable Transient Generator function

TRAN:STAT 1;MODE TOGG Enable Transient Generator function and set
te toggle mode

TRAN:STAT O;MODE PULS;TWID 10E=3;STAT ON Disable Transient Generator function, set gen-

Query Syntax

Returned Parameters

Related Commands

erator to Pulse Mode with a 10-millisecond
pulse, and re-enable the generator function

TRAN:STAT?

<NR1> Value; 0 for OFF, 1 for ON

None

TRAN:TWIDth

Description

Transient Subsysiem

Channel-Specific Transient Command/Query

TWIDth specifies the duration of TLEVel during the PULSe mode.
If specified when the electronic load is in the CONTinuous or
TOGGle mode, TWIDth is stored until the next use of PULSe mode.
If a value is entered outside the specified parameters, an error is
generated (see Table 4-2 at the end of this chapter).
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TRAN:TWIDth

Command Syntax
Parameters

Examples

Query Syntax

Returned Parameters

Related Commands

TRANsient:TWIDth <NR{+>

See Table 4-1 and the Operating Manual of the electronic load model.

TRAN:TWID BE-5 Set Transient Generator pulse duration to 50

microseconds

TRAN:STAT 1;MODE PULS;TWID .500 Enable Transient Generaior

function, set mode to pulse,
and program pulse width to
500 milliseconds

TRAN:TWID? TRAN:TWID? MAX TRAN:TWID! MIN

<NR3>

TRAN:TWID? returns value representing duration of
TLEV in seconds

TRAN:TWID? MAX and TRAN:TWID? MIN
return the maximum and minimum programmable

duration values

None

TRiGger Subsystem

Description

Note
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Channel-Independent Trigger Programming Function

In a multiple electronic load triggering can be initiated from the
controller, the a-c line, the external Trigger jack, or the mainframe
timer. single electronic loads may be triggered from their external
Trigger jack, or from the controller. Any trigger signal generated
by a single electronic load or multiple electronic load also exists at
the Trigger output jack and may be used as a trigger source for any

other electronic load,

For a detailed explanation of the effects of triggers, see Operation
Overview in the electronic load Operating Manual.

Trigger Subsystem



Keywords

Command Function
TRIGger[:IMMediate] Trigger-true input from the controller
TRIGger:SOURce EXTernal Selects trigger source at external Trigger jack
TRIGger:SOURce BUS Selects HP-IB *TRG or <GET> as trigger source
TRIGger:S0URce HOLD Disables all trigger inputs except the TRIG:IMM

command
ITRIGger:SOURce LINE Selects the internal a-c line frequency detector as the

trigger source

'TRIGger:SOURce TTMer Selects internal trigger oscillator as as the trigger source

! These commands apply only to multiple electronic loads

Related Commands *TRG <GET>

Related Subsystems  TRANsient Subsystem

Syntax Diagram

e ™ /- ~
{ TRIGger IMMedate | T
:SOURce \S.D/ { EXTernat 4
BUS
HOLD
LINE i
b—l  TiMer ‘
oy §
w
—{_TiMer - @ %-:wa; é sutfix Wm—
i { ;
=~ *
i MIN
i Sp
MAX

Trigger Subsystem Syntax Diagram
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TRIG[:iMMediate]

TRIG[:IMMediate]

Description

Note

Command Syntax

Parameters

Examples

Related Commands

TRIG:SOURce

Description
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TRIG:SOURCce

Implied Channel-Independent Trigger Command

This implied keyword generates a trigger signal to the electronic
load, regardless of which trigger SOURce is currently in effect. This
is the only command that overrides TRIG:SOUR HOLD. When
TRIG:IMM is executed, all pending triggered levels are transfered to
the electronic load’s input. The input also is affected if the Transient
generator is enabled in either the PULSe or TOGGle mode. In a
multiple electronic load, a trigger is applied simultaneously to all
channels.

When TRIG:IMM is executed in a single electronic load there is brief
period (<100 us) during which the electronic load can also respond
to either an external trigger or a <GET> command. This situation
does not occur with multiple electronic loads.

TRIG:IMM affects the WTG bit of the Operation Status Event
register (see “Chapter 5 - Status Reporting”).

TRIGger

None

TRIG
TRIG:IMM

Immediate trigger cornmands

None

Channel-Independent Trigger Command/Query

TRIGger:S0UR.ce selects the electronic load trigger source as follows:

BUS Accepts a HP-IB <GET> signal or *TRG command
as the trigger source. This mode guarantees that all
previous commands will be completed before the

trigger is executed.

Trigger Subsystem



TRIG:S0OURCce

EXTernal Selects the electronic load’s external Trigger jack as
the trigger source. The EXTernal trigger is processed
asynchronously with respect to other commands.

The user must ensure that the trigger occurs at
a valid time with respect to commands that are
already being processed or are pending.

Note When TRIG:SOUR BUS is specified for a single electronic load there
is brief period(100 us) during which the electronic load can also
respond to an external trigger. This situation does not occur with
multiple electronic loads.

HOLD Only the TRIGger:IMMediate command causes a
trigger in this mode. All others, including *TRG, are
ignored.

1LINE This generates triggers in synchronization with the
a-¢ line frequency

TTIMer Selects the multiple electronic load’s internal trigger

oscillator as the trigger source. The oscillator begins
running as soon as this command is executed. The
oscillator period is selected with the TRIG:TIM
command. TRIG:SOUR TIM can be used with
TRAN:MODE PULS to generate synchronous,
continuous transient waveforms on multiple channels.

!These modes exist only in the multiple electronic load.
Programming them in a single electronic load will generate an error.

Command Syntax TRIGger:SOURce

Parameters
1Valus Range | Units | *BST Default
BUS,EXTernal, BOLD, | None HOLD
LINE TIMer
*The long or short form may be used
Examples
TRIG Send immediate bus trigger
TRIG: IMM

TRIC:S0UR BOLD:IMM Disable all sources and send immediate bus
trigger
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TRIG:SOURecs
Query Syntax
Returned Parameters

Related Commands

TRIG:TIMer
TRIG:SOUR?

BUS EXT HOLD LINE TIM

&410 <GET> *TRG

TRIG:TIMer

Description

Note

Command Syntax

Parameters

Examples

Returned Parameters

Helated Commands

Channel-Independent Trigger Command/Query

This command determines the period of the trigger pulses generated
by the multiple electronic load’s internal trigger oscillator. The
trigger oscillator begins running as soon as this command is
executed. If the command is executed when the TRIG:SOUR is

not TIMer, the programmed period will take effect when the next
TRIG:SOUR:TIM statement is executed. If the TIM parameter is
out of the specified limits, an error is generated (see Table 4-2 at the
end of this chapter).

Do not confuse this command with TRIG:SOUR TIM. In that
command, TIM is a parameter for SOURce. This TIM is on the
same tree level as SOURce and has its own parameter.

TRIGger:TIMer <NRf+>

See Table 4-1 and the Operating Manual of the electronic load model.

TRIG:SOUR TIH;TIH .001 Select timer modz with frequency = 1 kH:

TRIG:TIH SE-8 (hange trigger frequency to 20 kHz

TRIG:TIM?

<NR3> Value representing period in seconds

None
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Dascription

This subsystem programs the voltage-mode function of a single

electronic load or a single channel of a multiple electronic load.

Keywords

Command

Funcilion

VOITage[:LEVel][:IMMediate] Specify main level for CV Mode
VOIlTage[:LEVel]:TRIGgered Preset voltage level pending trigger occurrence

VOLTage:SLEW
VOLTage:TLEVel

Syntax Diagram

Specify voltage level rate of change
Specify input voltage level used by TRANsient subsystern

O - 3
{ :LEYa }

{ vOLTz2ge )

{ SLEW )

e —— @~
?

L

MAX
‘TRIGgered @ -{<£~£Rs+>} { { suffix | ¥
L“@ ¥

| i

lsufféx | !

-o imm?
A
=
2
+

—.V_

=

Voltage Subsystem Syntax Diagram

Related Subsystems

Yoltage Subsystem

CURRent RESistance
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VOLT:LEVel]

VOLTI:.LEVel]

Description

Note

Command Syntax

Parameters

Status and Errors
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Channel-Specific Voltage Command/Query

This implied keyword specifies the value of the programmed voltage
level and whether that level is to be applied immediately or on
occurrence of a trigger. If the specified channel is in the Voltage
Mode, an IMMediate voltage level is transferred to the input as
soon as the command is executed. A TRIGgered level is stored

and transferred to the input when a trigger occurs. At that time,
the change to the input level occurs at the slew rate presently in
effect. Following the trigger event, subsequent triggers will not affect
the input level unless the electronic load has been sent another
TRIGgered level command.

If the electronic load is not in the CV (Constant-Voltage) Mode when

an IMMediate or TRIGgered level command is sent, the programmed

levels are saved for the next time the electronic load is placed in the

CV Mode. Triggered levels are processed by the Voltage Subsystem

even when the electronic load is not in the CV Mode. Thus, the

TRIGered level becomes a stored IMMediate level that takes effect =
when the electronic load is again in the CV Mode.

Setting an IMM voltage level to the same value as the most recent
TRIG voltage level will not deactivate a pending TRIG level. You
must use ABORLt to deactivate it,

The present voltage level changes to the pending level on any of the
following conditions:

# On a TRIG[:IMM)] command (always)

# On receipt of an external trigger signal (if TRIG:SOUR is set to
EXT)

# On the next line voltage cycle (if TRIG:SOUR is set to LINE)

8 On receipt of ®*TRG (unless TRIG:SOUR is set to HOLD)

8 On receipt of an HP-IB <GET> (if TRIG:SOUR is set to BUS)

# On the next trigger timer pulse (if multiple electronic load is set to
TRIG:SOUR TIM)

VOLTage[:LEVel[IMMediate] <NRf+>
VOLTage[:LEVel:TRIGgered <NRf+>

See Table 4-1 and the Operating Manual of the electronic load mode!.

TRIGgered level commands affect the WTG bit in the Operation
Condition register and the OPC bit in the Standard Event Status
Event register (refer to “Chapter 5 - Status Reporting”)
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YOLT:LE Vai]

Exampies

Query Syntax

Returned Parameters

Felated Commands

VOLT:SLEW

VOLT 28

Immediate commands for 25-volt input
VOLTAGE:LEVEL 25

YOLT:TRIG 25KV Commands for 25 mV input
VOLTAGE:LEVEL : TRIGGERED 25E-3 on occurrence of trigger

VOLT 12;:VOLT:TRIG MIN Set input to 12 Volts now and mini-
mum voltage when trigger occurs

VOLT? VOLT? MAX VOLT? MIN
VOLT:TRIG? VOLT:TRIG? MAX VOLT:TRIG? MIN
<NR3> VOLT? and VOLT:TRIG? return the presently

programmed voltage levels. After a trigger or
ABORt, VOLT:TRIG? returns the same value as
VOLT?.

VOLT? MAX, YOLT? MIN, VOLT:TRIG? MAX,
and VOLT:TRIGY MIN return the maximum and
minimum programmable LEVel and TLEVe| values
for the present range.

ABOR  See alsoc TRANsient Subsystem

VOLT:SLEW

Deseription

Command Syntax

Parameters

Yoltage Subsystem

Channel-Specific Voltage Command/Query

This command sets the voltage programming slew rate and the
resistance programming slew rate for lowest CR range. The
programmed slew rate remains in effect for all programmed voltage
changes except INPut ON or OFF, The hardware implements
discrete slew rates (refer to the Electronic Load Operating Manual)
and automatically selects the one that is closest to the programmed
value. To determine the actual value, use the query VOLT:SLEW?.

VOLTage:SLEW <NRfi+>

See Table 4-1 and the Operating Manual of the electronic load model.
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VOLT:SLEW

Examples

Note

Query Syntax

Returned Parameters

Related Commands

VOLT:TLEVe!

VOLT:SLEW SE6
VOLTAGE :SLEW MaX

Set slew rate for 5,000,000 Volts/Sec

VOLT:TRIG 60MV;:VOLT:SLEW 1E4 Triggered input of 60 mV to be
slewed at 10000 volts/second

Programming the slew rate value greater than MAX sets the slew
rate to maximum without generating an error message.

VOLT:SLEW?
VOLT:SLEW? MAX
VOLT:SLEW? MIN

<NR3> VOLT:SLEW? returns the internally selected slew
rate (in V/s) that was chosen as closest to the
programmed value within the permissible range.
VOLT:SLEW? MAX and VOLT:SLEW? MIN return
the maximum and minimum programmable slew

rates for the present range.

None

VOLT:TLEVel

Description

Command Syntax
Parameters
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Channel-Specific Voltage Command/Query

This command specifies the value of the programmed voltage level
for the TRANsient input when the electronic load is in the CV
{constant-voltage) Mode. When the Transient Subsystem is on,

the electronic load input voltage will switch (under control of the
Transient Subsystem) between the main level and TLEVel at a rate
determined by the present value of SLEW. In order for input voltage
level switching to occur, TLEVel must be greater than the main level.
If TLEVel is set to a value below the main level, no error is generated
but switching will not occur until the main level is subsequently
programimed below the value of TLEVel. If TLEVel is programmed
outside the specified range, an error is generated (see Table 4-2 at the
end of this chapter).

VOLTage:TLEVel <NRf>

See Table 4-1 and the Operating Manual of the electronic load model.
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YOLT:TLEVe!

Exampies
VOLT:TLEV MAX Set transient level to mazimum voltage

VOLT 40:TLEV 80 Se! main voltage level to {0 V and transient level
to 66 V

Query Syntax VOLT:TLEV?
VOLT:TLEV? MAX
VOLT:TLEV? MIN

Returned Parameters <NR3> VOLT:TLEVY returns the transient voltage level for
present range. If the electronic load is not in CV
Mode, the level will still be set, even if it is less than
the presently programmed input level.
VOLT:TLEV? MAX and VOLT:TLEV? MIN return
the maximurm and minimum programmable values
for the present range.

Belated Commands TRANsient Subsystem
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COMMAND AND PARAMETERS SUMMARY

Table 4-1 lists all electronic load common commands in
alphabetical order, followed by all root-level commands in
alphabetical order. For the numerical parameters of a specific
electronic ioad model, refer to the *'Programming Ranges”’
table in that model's Operating Manual. See Chapter 2 in
this manual if you are not familiar with the representations
used as data types.

ERROR MESSAGES

Table 4-2 lists the error numbers and associated error
messages that apply to the electronic load. The error number
is the value that is placed in the electronic load's error queue.
This can be read back using the SYST:ERR? query, which
returns the error number into a variable, and both the error
number and error message into a string. Information inside
the brackets is not part of the standard error message, but
is included for clarification. Command errors {-100 through
-199) set bit 5 in the Standard Event Status register. Execution
errors {-200 through -299) set bit 4 in the Standard Event
Status register. Device-dependent errors (-300 through -399)
set bit 3 in the Standard Event Status register. Query errors
(400 through -499) set bit 2 in the Standard Event Status
register. See ‘Chapter 5—5Status Reporting for a complete
description of the Standard Event Status register.

486 Lenguage Dictionary

Hardware Errors During Turn-On Ssiftest

If an HP-1B failure occurs during selftest, the electronic load
may or may net be able to communicate with the contreller,
If it can, error -330 (Self Test Error) is placed in the error
queue. If an electronic load input error occurs during selftest,
error -330 and error -240 (Hardware Error) are placed in the
queue. If input errors occur, the electronic load will generate
one or more -240 errors for each command it cannot process.
Use the SYST:ERR? query to read the error queue after turn-
on to ensure that no -330 or -240 errors are present. Any
electronic load value returned by a query (such as CURR?)
should be assumed to be invalid.

Hardware Errors During Operation

It an error does not occur during selftest but after the
electronic load has been operating correctly for a time, error
-240) is placed in the error queue. Most subsequent commands
will not be executed and will also cause one or more -240
errors to be placed in the queue after each attempt. If your
application requires the controller to be signalled if the
electronic load fails, program the status registers to allow
Execution errors or Device-dependent errors to generate an
SRQ to the controller. See Chapter 5—Status Reporting for
more details.

Tables



Teble 4-1. Summary of Commands and Parameters

{For numarieal paramaeters, refer to the Operating Manusl of the specific siectronic ivad modsel.}

Command Summary

Language Tlctonary

Command Pargmelers [Commsnd Parameters I Tyee! Commgnd Paremeters Type
Comenon Conunands STAT:CHAM:CONDYT (none) o
"CLS {none) *RCL {space)< N> i STAT:CHAN:ENAB  (space)<NRi+>
*ESE {space)<NRE> | *RDTY {none) STAT:CHAM:ENAB? (none) or {space) MIN or (space}MAX
*ESE? {none} SRET? {none) STAT:CHANEEVEN]? (noae)
CESR? {none} SGAV {space )< NR{> STAT!CSUM:ERAS  (space)<NRf+> 1
*IDN? {none) “SRE {space)<NRL> STAT:CSUM:ENARY (nom} or {space) MIM o fspaceMAX
OpC {none) 1SRE? {none) STAT:CSUM[:EVEN|? (none
*QPC? {none} SSTH? {none) STAT:OPER:COND? ¢ none)
*0PT? {none) “TRG {none) STAT:OPER:ENAB  (opace)<NRI4>
*PSC {space)<NRf» | *TST? {none) STAT.OPER:ENABY (none) or (spece;MIN or (spacetMAX
spger {none) syAl { none) STAT:OPBR[:ZVEN]? (none}
STAT:OPER:-NTR {space) < NRI+>
STAT:OPERLNTRY? (none) or (space}MIN or (spacelMAX
. STAT:OPER:PTR {space}< NBI+>
Commsnd farameters i Tepe STAT.QPER:PTR? {none) or (space) MIN or (space;MAX
Root-Level Commends STAT:QUES:COND?  (none)
ABOR (none) cl STAT:QUES:ENAB (space)<NRf+>
CHANGLOAD) (space) c NEI+ > cl STAT:QUES:ENABY  (none) o (spsce)MIN or (space:MAX
CHAN[LOAD]? {none) or (space)MIN or (space)MAX STAT:QUESEVEN]? (none)

NOTE. TMST may be used as an shas for CHAN SYST:ERR? {none} o
CURR[:LEV]IMM| (space)< NRI+>(suffix] Cs TEAN:DCYC (spaca)< NRI4 > (aufix] s
CURR[LEVI{:IMM|T (none) or {space)MIN or (space)MAX TRAN:DCYC? {nona) or (space) ST or {space)MAX |
CURB[:LEV:TRIG (spsce)<MEI+>[sufMz| TRAN.PREQ {space )< N UL+ > ({ouffia]
CURRLLEV):TRIG? {none) or (spece)MIN o (space)MAX TRAMN:FREQY? {none) o {space MIN or (space)MAX
CURR:PROT[LEVY] (space)< MBI+ >[suffix] TRAN:MODE {epacaJCONT or {9pace)PULS or
CURR:PROTILEY)? (nons) or (space)MIN or (apace)BAX {opace) TOGE
CURR:PROT:DEL  (spece)< NEI4>[sulfin] TRAN:MODE? {none)

CURR:PROT:DEL? (none} or (space)MiN or (space)MAR TRAN[:STAT) {space)OFR or 9 ; (space)ON or i
CURB:PROT:STAT (space)OFP or 0. (space)ON or 3 TRAN[STAT]? {none)

CURR:PROT:STAT? (none) TRANTHID {spaca)< NRI+ > [puffin]

CURRRANG (space)< N B+ >{suffiz} TRANTWID? (none) or (space) MIN  or
CUBRBANG? (none} or (spece)MEN or (space}MAXR {space) AL

CURR:SLEW (spmce)< N B4 >{suffa} TRIGLIMM) {none) Zl
CURR:SLEW? (none) or (space)MSEN or (space}MAX TRIG:SOUR (space}BUY or (space)EXT or
CURRTLEY (spoee)< MBI »isuffia} (space) BEOLD or {space;LINE or
CURILTLEV? (none} or {space) Ml or (spacelMAZ (epeca)yTTH

INP:PROT:CLE {none) Cs TRIC:SOURT (noae)

INP:SHOR{STAT)  (space)OFF or 8 ; (space)ON or 1 PRIC T (space)< NEL+>

INP:SHORLETAT]?  (none) TRIG:TTM? {none) of (space) MIN or

INP[:STAT] {spa2e}OFF or & ; (spaece)ON oe i (space)MAX

INP[:STAT]? {none) _ NOTE: LINE and TT8 not valid for Single Electronmic Loads

YOTE. OUTY may be used a9 un alias for INP VOLT[LEV|[dMM) (space)< NRI+>sufix] cs
MEAS.CURRLDC]?  (nona) Cs VOLT:LEV][SMM]T (none) or (space)MIN or
MEAS:POWEDCH (noss) (space) AR
MEAS:VOLT[:DCI?  (noms) VOLT{:LEV'TRIG  (epacs)< NRE+>[suffix]
MODE:CURREDC]  {noms) s VOLTLLEVITRIGT  (nome) or (spece) MIN o
MODEZ:RES {nose) {space)MAX
MODE:VOLT[:DC!  (nowe) VOLT:SLEW {spaca} < HRI+>{suffix]

MODE? {rone) VOLT:SLEW? {none) or (space)MIN o
NOTE: FUNC may be used as a5 aliss for MODE (space ) MAX
PORTY (spaceJORY oe 8 ; (space)OM ov 1 cs VOLT:TLEY {apace)< NRE+>{suffix]
RESHLEVAMM] (space)< NBRI+>loufz] Cs VOLT:TLEV? (none) oe (space) MIN or
RESLLEVI:IMM]®  (none} or (space)MIN or (space]MAX (space)MAX
BESLLEV]:TRIG (space) < N R+ > [sufliz]
RESULEV]:TRIG?  (nons) or (space) MIN or {space) MAX 'Cl = channel independent; C§ = channel specific
RESRANG (epace)< N BRI+ >{sufix}
RES:RANGT (none) or (spece)BIEN cr (space)MAR
RES:TLEY (space) < MBI+ »{sufiz}
RESTLIV? (none) of (space)MEN of (spacelMAX
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Table 4-2. Summary of Error Messages

Error Mumber

Error String [Description/Explanation/Examples]

-100 Command error [generic]

-101 Invalid character

-102 Syntax error [unrecognized command or data type]

-103 Invalid separator

-104 Data type error [e.g., “‘numeric or string expected, got block data’)
-105 GET not allowed

-108 Parameter not allowed [too many parameters]

-109 Missing parameter [too few parameters]

-112 Program mmemonic too long {maximum 12 characters]

-113 undefined header {operation not allowed]

-121 Invalid character in number [includes "*9"' in octal data "“#q”, etc.)
-123 Exponent too large [numeric overflow; exponent magnitude > 32 k]
-124 Too many digits fnumber too long; more than 255 digits received]
-128 Numeric data not allowed

-131 Invalid suffix [unrecognized units, or units not appropriate]

-138 Suffix not allowed

-141 Invalid character data {bad character, or unrecognized)

-144 Character data too long [maximum length is 12 characters]

-148 Character data not allowed '

-150 String data error

-151 Invalid string data [e.g., END received before close quote]

-158 String data not allowed

-160 Block data error

-161 Invalid block data {e.g., END received before length satisfied]

-168 Block data not allowed

~170 Expression error

-171 Invalid expression [e.g., llegal character in expression]

-178 Expression data not allowed

-180 Macro error

-181 Invalid outside macrc definition [e.g., ‘$1° outside macro definition.]
-183 Invatid inside macro definition

-200 Execution error [generic|

-220 Parameter error

-221 Settings conflict [uncoupled parameters]

222 Data out of range [e.g., frequency too high for this instrument]

-223 Too much data [out of memory; block, string, or expression too long]
-240 Hardware error

-310 System error

-313 Calibration memory lost [out of cal due to memory failure]

-330 Self-test failed [more specific data after ";"’]

-350 Too many errors [error queue overflow]

~400 Query error

-410 Query INTERRUPTED [query followed by DAB or GET before response complete]
420 Query UNTERMINATED [addressed to talk, incomplete program message received]
-430 Query DEADLOCKED [input buffer and output buffer full; can’t continue]
-440 Query UNTERMINATED after indefinite response [indefinite response request not the last

request in message unit]
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Chapter 5
STATUS REPORTING

This chapter discusses the status data structure of the
electronic loads as shown in Figure 5-1. The Standard Event
Status register group, the Quiput Queue, and the Status Byte
and Service Request Enable registers perform standard
HP-IB functions and are defined in [EEE 488.2 Standard Digital
Interfuce for Programmable Instrumentation. QOther status register
groups implement the status reporting requirements of the
electronic load. The Channel Status and Channel Summary
groups are primarily used by multiple electronic loads. This
is because each channel in a multiple electronic load has its
own Status register to provided status information for that
channel.

GENERAL REGISTER MODEL

The Condition register represents the present or ““live’’ state
of various electronic load signals. Reading the Condition
register does not change the state of its bits. Only changes
in electronic load conditions change the contents of this
register. Not all status register groups have a Condition
register. [n some cases, such as the Standard Event Status
registers, conditions are directly input into an Event register.
In other cases, such as the Channel Summary registers,
summary information from other registers is directly input
into an Event register.

The Event register captures changes in conditions. Each bit
in an Event register either corresponds to a condition bit in
a Condition register, or to a spedific condition in the electronic
load. An event becomes true when the associated condition
makes one of the following electronic load-defined
transitions:

@ Positive TRansition (0-to-1)

B Negative TRansition (1-to-0)

B Positive or Negative TRansition (1-to-0 or 0-to-1)

The PTR/NTR filters determine what type of condition
transitions set the bits in the Event register. Only the
Operation Status registers allow transitions to be
programmed. All other register groups use an implied 0-to-1
condition transition to set bits in the Event register. Reading
an Event register clears the register {all bits set to zero). When
the electronic load is turned on, Event registers are set to
zero, and the PTR/NTR filters are set to their firmware-
assigned states,

The Enable register selects which bits in the corresponding
Event register are logically-ORed into the Summary bit. At
turn-on, Enable registers are set to zero. However, the
Standard Event Enable register and the Service Request
Enable register are not set to zero if the *PSC command is
programmed. These registers are set to the most recent values

saved in non-volatile memory before the Electronic Load was
last turned off.

CHANNEL STATUS

The Channel Status registers inform you that one or more
channel status conditions, which indicate the presence of
certain errors or faults, have cccurred on a specific channel,
Table 3-1 describes the channel status conditions that.apply
to the electronic load.

The Channel Status Condition register represents the present
status of a channel; the bits are set when the indicated
condition is true.

The Channel Status Event register records all of the channel
conditions that have occurred since the last time this register
was read. A condition transition from 0-to-1 on a bit in the
Channel Status Condition register will set the corresponding
bit in the Channel Status Event register. Reading the Channel
Status Event register resets it to zero.

The Channel Status Enable register can be pregrammed to
specify which channel status event bits are logically-ORed
to become the corresponding channel bit in the Channel
Summary Event register.

CHANNEL SUMMARY

The Channel Summary registers can summarize the channel
status conditions of up to six channels. The channel/bit
assignments in the Channel Summary registers are as
follows:

Channel Bit Valus
Channel 1 1 2
Channel 2 2 4
Channel 3 3 8
Channel 4 4 16
Channel 5 5 32
Channel & 6 64

When an enabled bit in the Channel Status Event register
is set, it causes the corresponding channel bit in the Channel
Summary Event register to be set. Reading the Channel
Summary Event register resets it to zero.

The Channel Summary Enable register can be programmed
to specify which channel summary event bits from the
existing channels are logically-ORed to become Bit 2 {CSUM
bit) in the Status Byte register. For single electronic loads,
only Channel 1 exists,
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Tabie 5-1. Channel Status Bit Description
Mnemonic] B8H' | Yalue Meaning

VF 0 1 Voitage Fault. Either an overvoltage or a reverse voltage condition has occurred on
a channel. When either of these conditions occur, Bit 0 is set and remains set until
INP:PROT:CLE is programmed. Note that this bit reflects the active state of the Flt
pin on the back of the unit.

ocC 1 2 QOvercurrent. An overcurrent condition has occurred on a channel. This condition sets
Bit 1if the current exceeds 102% of the rated current, or if the current exceeds the

user-programumed current protection level. If the overcurrent condition is removed,
Bit 1 i3 cleared.

However, if the user-programmed overcurrent condition persists beyond the user-
programmed current protection delay time, Bit 13 is also set and the channel is turned
off. In this case, Bits 1 and 13 remain set until the overcurrent condition is removed
and INP:PROT:CLE is programmed.

OF 3 8 Crerpower. An overpower condition has occurred on a channel. This condition sets
Bit 3 when the internal overpower protection circuit is limiting the input power, This
occurs if the urut exceeds the rated power of a channel.

However, if an overpower condition occurs and persists for more than 3 seconds,
Bit 13 (PS bit) is also set and the channel is turned off. In this case, Bits 3 and 13
remain set until the overpower condition is removed and INP:PROT:CLE is
programmed.

oT 4 16 Overtemperature. An overtemperature condition has occurred on a channel. When
this occurs, both Bit 4 and Bit 13 (PS bit) are set and the channel is tumed off. Bits
4 and 13 remain set until the channel (or unit) has cooled down well below the
----- ; overtemperature trip point and INP:PROT:CLE is programmed.

EPU 9 512 Extended Power Unavailable. This bit has no significance in later "A’" version and in
all "B’ version electronic loads.

UNR 10 1024 Unregulated input. A channel is unregulated. This condition sets Bit 10. When the
load becomes regulated, Bit 10 is cleared. Unregulated input does not occur in CV
mode or inn the 1 ohm range of CR mode.

RV 11 2048 Reverse Voltage om input. A channel has a reverse voltage applied to it. When this
ocours, both Bit 11 and Bit 0 {VF bit) are set. When the reverse voltage is removed,
Bit 11 is cleared. However, Bit 0 remains set until INF:PROT:CLE is programmed.

oV 12 496 Overvoltage. An overvoltage condition has cecurred on a channel, When this occurs,
both Bit 12 and Bit 0 (VF bit} are set and the FETs are turned on as hard as possible
to lower the voitage. Bits 12 and 0 remain set until the overvoltage condition is
removed and INP:PROT:CLE is programmed.

PS 13 8192 Protection Shutdoum. A channel has turned off because of an overcurrent, overpower,
or overtemperature condition. When any of these three conditions occur, Bit 13 1s
set and remains set until INP:PROT:CLE is programmed.

1 Bits 2, 5-8, 14, and 15 are not used by the electronic load.
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QUESTIONABLE STATUS

The Questionable Status registers inform you that one or
more questionable status conditions, which indicate the
presence of certain errors or faults, have occurred on at least
one channel. This lets you check for specific errors or faults
that have occurred without having to poll each channel
individually. Table 5-2 lists the questionable status conditions
that apply to the electronic load. These conditions are the
samne as the channel status conditions, Refer to Table 5-1 fo
a complete description. '

The Questionable Status Condition register represents the
present status of all channel conditions; the bits are set when
the indicated condition is true.

The Questionable Status Event register represents all of the
conditions that have occurred since the last time this register
was read. A condition transition from 0-to-1 on a bit in the
Questionable Status Condition register will set the
corresponding bit in the Questionable Status Event register.
Reading the Questionable Status Event register resets it to
Zero.

The Questionable Status Enable register can be programmed
to specify which questionable status event bits are logically-
ORed to become Bit 3 (QUES bit) in the Status Byte register.

Table 5-2. Questionable Status Bt Dascription

Mnemonic | Bitt| Value Meaning
VE/VF 0 1 | Voltage Error (Voltage Fault)
CE/OC 1 2 | Current Error {Overcurrent)
PE/OP 3 8 | Power Error (Overpower)
TE/OT 4 16 | Temperature Error
(Overtemperature)
EPU 9 512 | Extended Power Unavailable
UNR 10 | 1024 | Unregulated input
RV 11| 2048 | Reverse Voltage on input
ov 12| 4096 | Overvoltage
PS 13 | 8192 | Protection Shutdown

1 Bits 2, 5-8, 14, and 15 are not used.

OUTPUT QUEUE

The Output Queue is a data structure that stores output
messages until they are read from the electronic load. The
Output Queue stores messages sequentially on a FIFO (first-
in, first-out) basis, When there is data in the queue, it sets
Bit 4 (MAV bit) in the Status Byte register.

STANDARD EVENT STATUS

The function of the Standard Event Status register is standard
on all [EEE 488.2 devices. Table 5-3 describes the standard
events that apply to the electronic load. Note that all
programuning errors that have occurred will set one or more
of the error bits in the Standard Event Status register.
Programming errors are listed in Table 4-2.

The Standard Event Status register represents all of the
standard events that have occurred since the last time this
register was read. Reading the Standard Event Status register
resets it to zero.

The Standard Event Enable register can be programmed to
specify which standard event bits are Jogically-ORed to
become Bit 5 (ESB bit) in the Status Byte register.

NOTE

The present settings of the Standard Event Enable
register can be saved in non-volatile memory if *PSC
is programmed fo zero. The next time the unit is
turned on, the Standard Event Enable register will
be programmed according to the saved settings.

Table 8.3, Standard Event Status Bit Description

Rosning

Operation Complete. The electronic load has completed all pending operations.
Programming *“GPC causes this bit to be set when the electronic load compietes all

(Query Error. The output queue was read when no data was present or the data in
the queue was lost. Errors in the range of 499 thru -400 can set this bit.

Device Dependent Error. Memory was lost, or self-test failed. Errors in the range of

Execution Error. A command parameter was outside the legal range or inconsistent
with the electronic load’s operation, or the command could not be executed due
to some operating condition. Errors in the range of -299 thru -200 can set this bit.

Command Error. A syntax or semantic error has occurred or the electronic load received
a <GET > within a program message. Errors in the range of -199 thru -100 can set

fMnemonic| Bit' | Value
QPC 0 1
pending operations.
QYE 2
DDE 3 8
-399 thru -300 can set this bit.
EXE 4 16
CME 5 32
this bit,
PON 7 128

Power On. The electronic load has been turned on or off since the last time this register
was read. This bit is always set when the electronic load is turned on.

1 Bits 1 and 7 are not used by the electronic load.
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OPERATION STATUS

The Operation Status registers let you determine whether
either of the operation conditions described in Table 5-4
presently exist on the electronic load.

The Operation Condition register represents the present
status of the electronic load; the bits are set when the
indicated condition is true.

The PTR/NTR filter determines what type of transition in the

Operation Condition register will set the bit in the

corresponding Operation Event register.

# Programming a bit in the PTR filter causes a O-to-1
transition in the Operation Condition register to set the
corresponding bit in the Operation Event register.

B Programming the NTR filter causes a 1-to-0 transition to
set the bit.

B Programuming both filters causes either transition to set
the bit.

If the transition filters are not programmed, the bit is
disabled.

NOTE

When the unit is turned om, the PTR filter is
programmed on for the CAL bit, and the NTR filter
is programmed on for the WTG bit,

The Operation Event register represents all of the filtered
operation conditions that have occurred since the last time
this register was read. Reading the register resets it to zero.

The Qperation Enable register can be programmed to specify
which operation event bits are logically-ORed to become Bit
7 (OPER bit) in the Status Byte register,

NOTE

Refer to the Electronic Load Operating Manual for
information about caltbration,

STATUS BYTE REGISTER

The Status Byte register summarizes all of the status events
from all status registers. Table 5-5 describes the status events
that apply to the electronic load.

The Status Byte register can be read with a serial poll or
*STB? query. When a serial poll is sent in response to a
service request, Bit 6 of the Status Byte register will contain
the RQS bit. The RQS bit is the only bit that is automatically
cleared after a serial poll. The other bits in the Status Byte
register (including the MSS bit) are unaffected by a serial poll.

When the Status Byte register is read with a *$TB? query,
Bit 6 of the Status Byte register will contain the MSS bit, The
MSS bit indicates that the load has at least one reason for
requesting service. It is the inclusive-OR of the enabled bits
{excluding bit 6) of the Status Byte Register. *STB? does not
affect the status byte. The Status Byte register is cleared when
a *CL5 command clears all of the associated status registers.

SERVICE REQUEST ENABLE REGISTER

The Service Request Enable register can be programmed to
specify which bits in the Status Byte register will generate
service requests. All bits except Bit 6 (RQS/MSS) can be
enabled to generate service requests. In addition to
generating a service request, the enabled bits in the Service
Request Enable register are logically-ORed to become the
MSS bit in the Status Byte register.

NOTE

The present settings of the Service Request Enable
register can be saved in non-volatile memory if *PSC
is programmed to zero. The next time the unif is
turned on, the Service Reguest Enable register will be
programmed according to the saved settings.

Tabls 5-4. Opseration Status Bit Description

Mnemonie] Bit! | Value

Meaning

CAL 0 -1

WTG 5 32

Calibrating. A calibration calculation is in progress. (Refer to the Operating Manual
for details of calibration commands.)

Waiting for trigger. At least one channel is waiting for a trigger to occur. Any TRIG
command for any mode on any channel sets this bit. When a trigger is received,
the bit is reset. ABORt also resets this bit.

1 Bits 1-4, and 6-15 are not used by the electronic load.
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Tabie 5-5. Status Byte Blt Dascription

Mnemonic| Bit'! | Vailue Msaning
CSUM 2 4 Channel Summary. Indicates if an enabled channel event has occurred. Affected by
Channel Condition, Channel Event, and Channel Summary Event registers.
QUES 3 8 Questionable. Indicates if an enabled questionable event has occurred. Affected by
Questionable Condition and Questionable Event registers.
MAY 4 16 Message Available. Indicates if the Qutput Queue contains data.
ESB 5 32 Event Status Bit. Indicates if an enabled standard event has occurred. Affected by
Standard Event register.
RQS/MSS 6 64 During a serial poll, RQS {Reguest Service)) is returned and cleared. For an *STB?
query, MSS (Master Summary Status) is returned without being cleared.
OPER 7 128 Operation. Indicates if an enabled operation event has occurred. Affected by Operation

Condition and Operation Event registers.

! Bits 0 and 1 are not used by the electronic load. They will be read back as zeroes.
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