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Certification

Agilent Technologies certifies that this product met its published specifications at the time of shipment from the factory. Agilent
Technologies further certifies that its calibration measurements are traceable to the United Sates National Institute of Standards and
Technology (formerly National Bureau of Sandards), to theextent all owed by that organization’ scalibration facility, and tothecalibration
facilities of other International Sandards Organization members.

Warranty

This Agilent Technologies product is warranted against defects in materials and workmanship for a period of one (1) year from date of
shipment. Duration and conditions of warranty for this product may be superseded when the product is integrated into (becomes a part
of) other Agilent products. During the warranty period, Agilent Technologies will, a its option, either repair or replace products which
prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by Agilent Technologies. Buyer shall prepay
shipping chargesto Agilent and Agilent shall pay shipping chargesto return the product to Buyer. However, Buyer shall pay all shipping
charges, duties, and taxes for products returned to Agilent from another country.

Agilent warrants that its software and firmware designated by Agilent for use with a product will execute its programming instructions
when properly installed on that product. Agilent does not warrant that the operation of the product, or software, or firmware will be
uninterrupted or error free.

Limitation Of Warranty
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer-supplied products
or interfacing, unauthorized modification or misuse, operation outside of the environmenta specificationsfor the product, or improper site
preparation or mai ntenance.

The design and implementation of any circuit on this product isthe sole responsibility of the Buyer. Agilent does not warrant the Buyer's
circuitry or mafunctions of Agilent productsthat result from the Buyer’scircuitry. In addition, Agilent does not warrant any damage that
occurs as aresult of the Buyer’s circuit or any defects that result from Buyer-supplied products.

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

Exclusive Remedies
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. Agilent SHALL NOT BE LIABLE
FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON-
TRACT, TORT, ORANY OTHER LEGAL THEORY.

Notice

The information contained in this document is subject to change without notice. Agilent Technologies MAKES NO WARRANTY OF
ANY KIND WITH REGARD TO THIS MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESSFOR A PARTICULAR PURPOSE. Agilent shal not beliablefor errors contained herein or for
incidental or consequential damages in connection with the furnishing, performance or use of this materia. This document contains
proprietary information whichisprotected by copyright. All rightsarereserved. No part of thisdocument may be photocopied, reproduced,
or translated to another language without the prior written consent of Agilent Technologies, Inc. Agilent assumesno responsibility for the
use or reliability of its software on equipment that is not furnished by Agilent.

U.S. Government Restricted Rights

The Software and Documentation have been developed entirely at private expense. They are delivered and licensed as "commercial
computer software” as defined in DFARS 252.227- 7013 (Oct 1988), DFARS 252.211-7015 (May 1991) or DFARS 252.227-7014 (Jun
1995), asa"commercial item" asdefinedin FAR 2.101(a), or as"Restricted computer software” asdefined in FAR 52.227-19 (Jun 1987)(or
any equivalent agency regulation or contract clause), whichever is applicable. Y ou have only those rights provided for such Software and
Documentation by the applicable FAR or DFARS clause or the Agilent standard software agreement for the product involved.

Agilent E1446A Summing Amplifier/DAC User’s Manual
Edition 1 Rev 2

Copyright © 1992-2006 Agilent Technologies, Inc. All Rights Reserved.
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Printing History

The Printing History shown below lists all Editions and Updates of this manua and the printing date(s). Thefirst printing of the manual
is Edition 1. The Edition number increments by 1 whenever the manual is revised. Updates, which are issued between Editions, contain
replacement pages to correct the current Edition of the manual. Updates are numbered sequentialy starting with Update 1. When anew
Edition iscreated, it contains al the Update information for the previous Edition. Each new Edition or Update a so includes arevised copy
of thisprinting history page. Many product updates or revisions do not require manual changes and, conversely, manual corrections may
be done without accompanying product changes. Therefore, do not expect a one-to-one correspondence between product updates and
manual updates.

Edition 1 (Part Number E1446-90001). . .. ..o oo veii et May 1992
Edition 1 Rev 2 (Part Number E1446-90001) ................... May 2006

Safety Symbols

Instruction manual symbol affixedto product.
Indicates that the user must refer to the man- /\/ Alternating current (AC).
H ua for specific WARNING or CAUTION
hd information to avoid persona injury or dam- - )
age to the product. - - - Direct current (DC).
& Indicates hazardous voltages.
Indicates the field wiring terminal that must
1 be connected to earth ground before operating . .
— the equipment—protects against eectrical Cals attention to a procedure, practice, or con-
shock in case of fault. WARNING dition that could cause bodily injury or death.
) ) ) Cadlls attention to a procedure, practice, or con-
| ol Frame or chassisground terminal—typically CAUTION dition that could possibly cause damage to
connectsto the equipment’s meta frame. muipmmt or permanent loss of data.
WARNINGS

The following general safety precautions must be observed during all phases of operation, service, and repair of this product.
Failure to comply with these precautions or with specific war nings elsewhere in this manual violates safety standar ds of design,
manufacture, and intended use of theproduct. Agilent Technologiesassumesno liability for thecustomer’sfailure to comply with
these requirements.

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

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

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

Keep away from livecircuits: Operating personnel must not remove equipment covers or shields. Procedures involving the remova of
covers or shields are for use by service-trained personnel only. Under certain conditions, dangerous voltages may exist even with the
equipment switched off. To avoid dangerous electrica shock, DO NOT perform proceduresinvolving cover or shield remova unlessyou
are qualified to do so.

DO NOT operate damaged equipment: Whenever it is possible that the safety protection features built into this product have been
impaired, either through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not use the product until
saf e operation can be verified by service-trained personnel. If necessary, return the product to an Agilent Technologies Sales and Service
Office for service and repair to ensure that safety features are maintai ned.

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

DO NOT substitute partsor modify equipment: Because of the danger of introducing additional hazards, do not install substitute parts
or perform any unauthorized modification to the product. Return the product to an Agilent Technologies Sales and Service Office for
service and repair to ensure that saf ety features are maintained.
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DECLARATION OF CONFORMITY c E

According to ISO/IEC Guide 22 and CEN/CENELEC EN 45014

Agilent Technologies

Manufacturer’s Name: Agilent Technologies, Incorporated
Manufacturer's Address: 815 — 14" St. SW
Loveland, Colorado 80537

USA
Declares, that the product
Product Name: Summing Amplifier/DAC
Model Number: E1446A
Product Options: This declaration covers all options of the above product(s).

Conforms with the following European Directives:

The product herewith complies with the requirements of the Low Voltage Directive 73/23/EEC and the EMC Directive 89/336/EEC
(including 93/68/EEC) and carries the CE Marking accordingly.

Conforms with the following product standards:

EMC Standard Limit
CISPR 11:1990/ EN 55011:1991 Group 1 Class A
IEC 801-2 :1991 / EN50082-1 : 1992 4kV CD, 8kV AD
IEC 801-3 :1984 / EN50082-1 : 1992 3Vim
IEC 801-4 :1988 / EN50082-1 : 1992 0.5kV signal lines, 1kV power lines

The produt was tested in a typical configuration with Agilent Technologies or Hewlett-Packard Company test

systems
Safety IEC 1010-1:1990+A2:1996 / EN 61010-1:1993
Canada: CSA C22.2 No. 1010.1:1992
UL 3111-1
3 May 2001
Date Ray Corson

Product Regulations Program Manager

For further information, please contact your local Agilent Technologies sales office, agent or distributor.
Authorized EU-representative: Agilent Technologies Deutschland GmbH, Herrenberger Strabe 130, D 71034 Béblingen, Germany
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Chapter 1
Getting Started

Chapter Contents

This chapter provides a description of the Agilent E1446A Summing
Amplifier/DAC module and describes how to install, configure, and
program it. The main sections of this chapter are:

o Genera Description ...t 1-1
e PreparationforUse ........... ... ... .. 1-3
o BasicOperation ...........c.iiiiiiii 1-8

General Description

Features

The Agilent E1446A Summing Amplifier/DAC isamultifunction
register-based V X1bus C-size module. It isdesigned to work with either the
Agilent E1445A Arbitrary Function Generator (AFG) or to function
stand-alone with the Agilent E1405/06 Command Module as a power
amplifier/DAC. The Agilent E1446A allows you to amplify or attenuate,
sum, and offset signals via the main output. The differential (small signal)
output allows you to invert asignal .

The Agilent E1446A Summing Amplifier/DAC has the following features:

« providestwo input channels that have:
— independently controlled input impedance
— independently controlled input attenuators of 0to 31 dBin 1 dB
steps.
 sumsthetwo input channels.
« provides output channels that include:
— single-ended main output (power amplifier)
— differentia (small signal) output; one inverting, one
non-inverting.
functions as stand-alone offset DAC.
provides a DAC for offset control of the main output
acts as a servant to the Agilent E1445A AFG.
has SCPI language commands using the Agilent E1405/06
Command Module or using the Agilent E1445A AFG.
« uses1sdotinthe Agilent 75000 Series C mainframe.

General Description
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Figure 1-1. The E1446A Summing Amplifier/DAC.
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Preparation for Use

This section shows you how to configure the module, install it in the
Agilent 75000 Series C mainframe, address the module, and download the
SCPI driver.

Note Thefollowing V X1bus configuration information pertains to the
Adgilent E1446A Summing Amplifier/DAC. For more (VXIbus) system
configuration information, refer to the C-Size VXlbus Systems "Ingtallation
and Getting Started Guide" (Agilent P/N E1405-90021).

Configuring the TheAgilent E1446A Summing Amplifier/DAC can be configured asa
Amplifier servantof the Agilent E1445A Arbitrary Function Generator or asa
stand-alone Power Amplifier/DAC.

Logical Address TheAgilent E1446A logica addressisused asfollows:

* to
place the amplifier in the servant area of acommander such asthe
Agilent E1445A AFG, Agilent E1405 Command Module, or an
embedded controller.

In Agilent VXIbus systems, the servant areais defined as:

Servant area = (logical address + 1) through (logical address
+ servant area switch setting)

For example, to place the amplifier in the servant area of the

Agilent E1445A:
Agilent E1445A Logical address: 80
Agilent E1445A Servant Areasetting: 8
Agilent E1446A Logical address: 88

Servant Area= (80 + 1) through (80 + 8)

« to addressthe Agilent E1446A (see "Addressing the Amplifier” later
in this chapter).

The logica address factory setting is88. Y ou can change the setting during
moduleinstallation. Valid addresses arefrom 1 to 255. The amplifier’'s
logical address switch is shown in Figure 1-2.

Note The Agilent E1446A can be set to any valid logical address (1 - 255).
However, when used with the Agilent E1445A or Agilent E1405/06, the

Preparation for Use Getting Started 1-3



(Agilent E1446A) logical address or the (Agilent E1445A/E1405/06)
servant area must be set such that the Agilent E1446A isin the servant area
of itsintended commander.

128 64 32 16 8 4 2 1

[{ 76543210

Logical Address 88
Shown

Switch Down

Switeh Up

Logical
Address

1

LTrrrrnd
7 0

[ [ ]

[ [ [ ][]

]

-
D E1446A fig1-2

Figure 1-2. Setting the E1446A Logical Address.

Installing the TheAgilent E1446A Amplifier/DAC can beinstaled in any mainframe slot,
Amplifier exceptsiotO.If the Agilent E1445A AFG isapart of your system, itis
recommended that the Amplifier/DAC be installed in a d ot adjacent to the
AFG. Figure 1-3 shows how to install the module in the Agilent E1400
Series C mainframe.
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Figure 1-3. Installing the E1446A Summing Amplifier/DAC.

Addressing the
Amplifier

Using an External
Controller

The Agilent E1446A Summing Amplifier/DAC can be addressed by an
external controller or by an embedded controller. This section describes
how to address the amplifier using an external controller with the

Agilent E1445A AFG, with the Agilent E1405/06 Command Module, and
with an embedded controller.

The Agilent E1446A can be programmed from an externa controller viathe
Adgilent E1445A AFG or the Agilent E1405/06 Command Module. In an
Agilent VXIbus system using an external controller, the amplifier islocated
by an (GPIB) address which consists of an interface select code, a primary
GPIB address, and a secondary GPIB address:

Interface Select Code: Determined by the address of the GPIB interface
card in the controller. For most Agilent Technologies controllers, this card
has a factory set address of 7.

Primary GPIB Address. Determined by the address of the GPIB port on
the Agilent E1405 Command Module. Valid addresses for the Command
Module are 0 to 30. The Command Module has afactory set address of 9.

Preparation for Use
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Secondary GPIB Address: Determined by dividing the logical address of
the device by 8. If the amplifier is used with the Agilent E1445A, the
secondary addressis the E1445A logical address/8. If the amplifier is used
with the Agilent E1405/06 Command Module, the secondary addressisthe
E1446A logical address/8.

Agilent E1445A AFG

An example of the GPIB addressin an BASIC statement when the amplifier
isaservant of the Agilent E1445A is:

OUTPUT 70910;"SOURZ2:VOLT:OFFS 3"

Where:
Interface Select Code=7
(Command Module) Primary GPIB Address =09

Secondary GPIB address (Agilent E1445A logical address/8) = 10

Agilent E1405/06 Command Module

An example of the GPIB addressin an BASIC statement when the amplifier
isaservant of the Agilent E1405/06 is:

OUTPUT 70911;"SOUR:VOLT:OFFS 3"

Where:
Interface Select Code=7
(Command Module) Primary GPIB Address =09

Secondary GPIB address (Agilent E1446A logical address/8) = 11

Refer to Chapter 2, "Programming the Agilent E1446A", for more detailed
information.

1-6 Getting Started

Preparation for Use



Using an Embedded
Controller

Downloading the
Agilent E1446A
SCPI Driver

The Agilent E1446A Summing Amplifier/DAC can be programmed across
the VXIbus backplane (select code 16) from an embedded controller, such
asthe Agilent E1480A V/360. With this configuration, communication with
the register-based amplifier module can be accomplished viafour paths:

1. Embedded controller across the V XIbus backplane to the
Agilent E1445A AFG (SCPI programming only).

2. Embedded controller to the Agilent E1405/06 Command Module via
the GPIB interface (SCPI or register-based).

3. Embedded controller to the Agilent E1405/06 over the GPIB and via
the Agilent E1445A (SCPI only).

4. Embedded contraller across the V XIbus backplane to the
Adgilent E1446A (register-based programming only).

Examples of how the amplifier is addressed in paths 1 through 3 are given
below. Refer to Appendix C for information on addressing the amplifier
during register-based programming.

1. OUTPUT 1680;"INP:IMP 75"

In this addressing configuration, the E1445A must be in the servant area of
the embedded controller, and the E1446A must bein the servant area of the
E1445A. Select code 16 is the only select code that can be used with this
configuration.

2. OUTPUT 70911;"INP:IMP 75"

In this addressing configuration, the E1446 must be in the servant area of
the E1405/06. Select code 7 (GPIB) isthe only select code that can be used
with this configuration.

3. OUTPUT 70910;"INP:IMP 75"

In this configuration, the E1445 must be in the servant area of the E1405/06.
The E1446 must bein the servant area of the E1445A. Select code 7 (GPIB)
isthe only select code that can be used with this configuration.

When using the Agilent E1445A AFG, the SCPI driver isresident in ROM
and ready to control the Agilent E1446A. However, to use the Agilent
E1405 Command Module, the SCPI driver must be downloaded into the
Command Modul€' s non-volatile memory from adisk. Both DOS and LIF
formatted driver disks are shipped with the Agilent E1446A. The drivers
can be downloaded from controllers running DOS, BASIC (workstation),

Preparation for Use
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Note

Basic Operation

IBASIC, or BASIC/UX. Downloadable driver capability is available on the
Agilent E1406 and on the E1405 with firmware revision A.06.00 or later.
To verify the firmware revision of the Command Module, you can use the
* DN? Command:

10 DIM A$[40]

20 OUTPUT 70900;"*DN?"
30 ENTER 70900;A$

40 PRINT A$

50 END

*| DN? returns identification information for the Agilent E1405 Command
Module. Theresult of thiscommand is:

HEWLETT-PACKARD,E1405B,0,A.06.00

For information on how to download the SCPI driver, refer to the
"Downloading Device Drivers Installation Note" (Agilent P/N
E1400-90021), or the "Agilent E1405B Command Module User's Manual”
(Agilent P/N E1405-90004).

This section provides a block diagram and description of the basic operation
of the Agilent E1446A Summing Amplifier/DAC. The descriptionis
divided into three parts:

 Input
+ Output
« Offset DAC
Additionally, the Output section is subdivided into two parts:
« Main Output
 Differentia (small signal) Output.

Refer to Appendix A, "Agilent E1446A Specifications', for operating
specifications.
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Figure 1-4. E1446A Summing Amplifier/DAC Block Diagram.

Amplifier Block
Diagram

Input

Output

Main Output

Figure 1-4 shows ablock diagram of the Agilent E1446A Summing
Amplifier/DAC.

The Agilent E1446A Summing Amplifier/DAC has two input channels that
haveidentical input amplifiers with independently controlled input
impedance and input attenuation. Theinput amplifier attenuators provide
independent level control prior to the summing node. The attenuation can
range from 0to 31 dB in 1 dB steps. The input impedance can be set to

50Q, 75Q, or 1 MQ.

The output channels provide the amplifier with the capahility to boost the
power output of alow-power signa source, and to provide low-level
differential output. The output channels are:

 single-ended main output or power amplifier.
« differential (small signal) output; one inverting, one non-inverting.

The power amplifier sums the two input channels plus the output of a 16-bit
offset Digital-to-Analog Converter (DAC) to obtain output levels of £10
Vpeak into a50Q or 75Q load on the single-ended output or +20 Vpeak
into high impedance. The voltage gain of the power amplifier is set at 10

(20 dB) into a matched load, and at 20 (about 26 dB) into a high impedance.
To obtain the desired output, the output attenuation and the output
impedance can be independently selected. The output impedance can be set

Basic Operation
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to 50Q or 75Q, or to 0Q for driving into high impedance. The output
voltage can be attenuated by either 0 or 20 dB when 50Q or 75Q output
impedanceisselected. Output attenuation is unavailable with the 0Q mode
(high impedance).

The main output terminal may be enabled or disabled under user control.
When disabled, the output appearsas an open circuit. Thisoutput is also
overload protected via an output relay. The output relay automatically opens
when an overload condition is detected and disconnects the output from the
load. An overload occursif the sum of the inputs, plus the output of the
offset DAC, isexcessive, or if the output current limit isreached. The relay
remains open until the overload condition is corrected and the output is reset
by the user. Refer to Appendix A of this manual for these specifications.

Differential (Small  Thedifferential (small signal) output sums the two input channels to obtain
Signal) Output  amaximum output level of +1 Vpeak into a50/75Q load. One of the
outputs is anon-inverting amplifier (same polarity as the input); whereas the
other isan inverting amplifier (opposite polarity as the input). Into a high
impedance, each input has a maximum gain of two. The output impedance
of each amplifier can be independently set to either 50Q or 75Q.

With two low level output terminals, output signals can be taken from either
of the terminals with respect to ground, or across the two terminals (in
series). Output signal s taken across the two terminals will result in two
times the input voltage. Figure 1-5 shows the circuitry of the output signal
taken across the two terminals.

E1400 MAINFRAME

® ® ® @®

[

E1406 B ol
Command E (f_
Module 22 |[mgom

[}

\ @

©

@)
o Lo =22
o{—>
®

Figure 1-5. Measuring the Differential Output across both Terminals.
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Offset DAC A precision (DAC) alowsthe Agilent E1446A to provide DC offset
voltagelevels. The DAC input isacomplementary offset binary code. The
full scale output provides approximately £10V into 50Q or 75Q load, or
approximately +20V into high impedance.
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Chapter 2

Programming the Agilent E1446A

Chapter Contents

Thischapter showsyou how to program the Agilent E1446A using SCPI
Commands. The programming examplesfound in the chapter are
written in BASIC. The main sections of the chapter are:

« Instrument and Programming Languages ............ 2-1
e IntroductoryPrograms............. ... ... ... 2-5
e ExamplePrograms.......... ... ... 2-8
« Generatingand AmplifyingSineWaves.............. 2-9
« Settingthelnput Impedance........................ 2-14
« SettingDCVoltage Offsets. . ...t 2-20
« Usngthe Differential (small signal) Outputs.......... 2-26
e SummingTwo Signals. ..., 2-31

Instrument and Programming Languages

SCPI Programming

SCPI Command
Structure

Though the E1446A amplifier isaregister-based device, thismodule can
be programmed with SCPI commandsusing the Agilent E1445A AFG
or Agilent E1405 Command Module. This section describesthe SCPI
programming environment.

SCPI (Standard Commandsfor Programmable Instruments) isan

A SCII-based instrument command language designed for test and
measurement instruments. The Agilent E1445A AFG or the Agilent
E1405 Command M odule (with the amplifier driver installed) interprets
the ASCII command strings and setsthe amplifier accordingly. The
AFG and Command M odule do thisby writing to the amplifier registers.

The Agilent E1446A SCPI command set isfound in Chapter 3. SCPI
commands are based on a hierarchical structure, also known asatree
system. In this system, associated commands are grouped together under
a common node or root, thus, forming subtrees or subsyssems. An
example isthe amplifier’'s’OU TPut2’ subsystem shown on the following

page:
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OUTPut2
:ATTenuation <attenuation>
:IM Pedance <impedance>

:OVERIoad? [query only]
[:STATe] <mode>
:ACTua? [query only]

OUTPut2 is the root keyword of the command, :AT Tenuation, :1MPedance,

:OVERIload?, and [:STATe] are second level keywords, and :ACTua?is the
third level keyword. A colon (:) always separates a command keyword from
alower level keyword as shown below:

OUTP2:STAT:ACT?

A semicolon (;) is used to separate two or more commands within the same
subsystem, and can also save typing. For example, sending this command

message:
OUTP2:IMP 50;0UTP2:ATT 6;0UTP2:STAT ON

is the same as sending these three commands:

OUTP2:IMP 50
OUTP2:ATT 6
OUTP2:STAT ON

A semicolon (;) and acolon (:) are used to separate two or more commands
from different subsystems in the same command message. For example:

INP1:IMP 50;:0UTP2:IMP 50

Command Coupling Thefollowing amplifier commands are value coupled:

E1446 with E1405/06

OUTPutl:ATTenuation <attenuation>
OUTPutl:IMPedance <impedance>
SOURce:VOLTage[:LEVel][:IMMediate]:OFFSet <voltage>

E1446 with E1445

OUTPut2:ATTenuation <attenuation>
OUTPut2:IMPedance <impedance>
SOURce2:VOLTage[:LEVel][:IMMediate]:OFFSet <voltage>

This means that sending one of these commands can change the value set
previously by another one of these commands. Often, thisresultsin
“Settings Conflict” errors when the program executes. To prevent these
errors these commands must be executed in a"coupling group”.
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Executing Coupled Thelist below identifies rules to follow when executing coupled commands:
Commands

 Coupled commands must be contiguous and executed in the same
program statement. This done by placing the commandsin the same
program line, or by suppressing the end-of-line terminator until the
last coupled command has been sent.

To send multiple commandsin asingle line or in asingle statement,
the commands are linked (as described previoudy) with a semicolon
(;) and acolon(:). For example:

OUTP2:IMP 50;0UTP2:ATT 6
or

OUTP2:IMP 50;
‘OUTP2:ATT 6

In BASIC programs, the end-of-line (EOL) terminator is suppressed
by placing a semicolon (;) following the quotation mark (') which
closes the command string. For example:

OUTPUT 70910;"OUTP2:IMP 50;";
OUTPUT 70910;":OUTP2:ATT 6"
OUTPUT 70910;"OUTP2:STAT ON"

Asshown, thefirst two lines are coupled together. Thethird lineis
not a coupled command, therefore, the EOL terminator is not
suppressed on the second line.

Commands not in the coupling group must either preceed or follow
commands in the coupling group.

« Un-coupled commands executed in a coupling group break the
coupling.

« Error checking occurs at the end of the coupling group.

+ Hardware updates occur at the end of the coupling group.
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Instrument Driver TheE1446A instrument driver and the example programs contained in this
and Example manual arelocated on thefollowing disks:

Programs Disks - Agilent E1446A Instrument Driver and BASIC Example
Programs- 3.5" 720 kbytedisk L IF Format (E1446-10031)

« Agilent E1446A Instrument Driver and BASIC Example
Programs- 3.5" 1.44 Mbyte disk DOS Format (E1446-10032)

The example programs are SCPI programs written in BASIC. On the LIF
formatted disk (E1446-10031), the programsarein LOAD / STORE
(PROG) format. On the DOS formatted disk (E1446-10032), the programs
arein GET / SAVE (ASCII) format.

System  Each program in this chapter iswritten in BASIC. Except where noted, the
Configuration programs were developed on the following system:

Controller: HP 9000 Series 300

Mainframe: Agilent 75000 Series C

Slot O/Resource Manager: Agilent E1405B Command
Module

E1445A Logical Address: 80

E1445A Servant Area: 8

E1446A Logical Address: 88

Instrument Language: SCPI
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Introductory Programs

Theintroductory programsin this section include:
 Executing the Agilent E1446A self-test.
 Resetting the Agilent E1446A and clearing the Error Queue.
 Querying the Agilent E1446A power-on/reset settings.

Theintroductory program examples in this section were written with the
Agilent E1405 Command Module as the commander of the Agilent E1446A
Summing Amplifier/DAC.

Executing the Theamplifier self-test is executed with the command:
Self-Test

*TST?

During the self-test, communication between the command modul e and the
on-card registersistested. The*TST? returns one of the self-test codes
listed below:

e 0 =passed.

« 1 =falled. (An error message describes the failure.)

Executing the Self-Test

(1

10
20
30
40
50

IAgilent E1446A Self-test

ISend the self-test command, enter and display the result.
OUTPUT 70911;"*TST?"

ENTER 70911;Rslt

PRINT Rslt

END
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Resetting and  The commandsto reset and clear the amplifier are:
Clearing the Agilent

E1446A ST

*CLS

Resetting the amplifier setsit to its power-on configuration. Clearing status
on the amplifier clearsthe error queue.

Resetting and Clearing the Agilent E1446A

(1 IResetting and clearing the Agilent E1446A )

10 !Assign an I/O Path for the computer, command module, and the
20 IE1446A. Send the appropriate commands and wait for completion.
30 ASSIGN @Amp to 70911

40 OUTPUT @Amp;"*RST;*CLS;*OPC?"

50 ENTER @Amp;Complete

60 END
- J

Querying the  Thecommand used to query each Agilent E1446A setting is:
Power-on/Reset LRN?
Configuration '

The*LRN? command queries the power-on/reset configuration and returns
a sequence of commands that may be re-sent to the amplifier.
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LRN

(1  IRE-STORE "LRN" h
10 !Assign an I/O path between the computer and the amplifier.
20 ASSIGN @Amp TO 70911
30 !Call the subprogram
40 Lrn_conf(@Amp)
50 END
60 !
70 SUB Lrn_conf(@Amp)
80 Lrn_conf: !subprogram which queries the amp reset configuration
90  DIM Lm$[1000]
100 OUTPUT @Amp;"™*LRN?"
110 ENTER @Amp;Lm$
120 Lrm$=Lm$&";"
130 REPEAT
140  1=POS(Ln$,":")
150  PRINT Lm$[1;-1]
160 Lr$=Lr$[1+1]
170  UNTIL Lrn$=""
180 SUBEND
. J
Table 2-1. E1446A Power-On/Reset Configuration (as returned by *LRN?).
Parameter Command Power-on/Reset
Agilent E1446A Agilent E1445A Settings
Inputl Attenuation INPLATT INPLATT +0.00000000E+000 | 0dB
Inputl Impedance INP1:IMP INPL:IMP +5.00000000E+001 | 50Q
Input2 Attenuation INP2:ATT INP2:ATT +0.00000000E+0000 | 0 dB
Input2 Impedance INP2:IMP INP2:IMP +5.00000000E+001 | 50Q
Main Output Attenuation OUTPLATT OUTPZ2:ATT +0.00000000E+000 | 0dB
Main Output Impedance OUTP1:IMP OUTP2:IMP +5.00000000E+001 | 50Q
Main Output State OUTP1:STAT OUTP2:STAT 1 (on)
Diff "+" Impedance OUTP2:IMP OUTP3:IMP +5.00000000E+001 | 50Q
Diff "-* Impedance OUTP3:IMP OUTP4:IMP +5.00000000E+001 | 50Q
DC offset SOUR:VOLT:LEV:IMM:OFFS SOUR2:VOLT:LEV:IMM:OFFS| +0.00000000E+000 | OV

Introductory Programs
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Example Programs
The example programsin this section include:
+ Generating and amplifying sine waves

« Selecting the input impedance

Using the differential (small signal) outputs
 Setting aDC offset voltage
¢ Summing two signals

These programs configure the amplifier according to the block diagram of
Figure 2-1. The program descriptions will often refer to thisfigure. The
programs were written with the amplifier configured as a servant of the
Agilent E1445A AFG, and as aservant of the Agilent E1405 Command
Module.

Refer to Chapter 3, "Command Reference" for a detailed description of the
Agilent E1446A commands. Refer to Chapter 8 of the "Agilent E1445A
Arbitrary Function Generators User’s Manual" for adetailed description of
the Agilent E1445A commands.

16—bit Resolution

Main (power)
Output

0-31d8B
Attenuator Oor [
20dB
+ Atten
\ 0 or 4
z 2048 e
/ Atten
+
0-31dB 500
Attenuator —] X2
750
+
500
500375 1IN0 L 1x(-2)
750 _

Differential (small signal)
Output

E1448A FIG1-4

Figure 2-6. E1446A Functional Block Diagram.
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Generating and Amplifying Sine Waves

The examplesin this section show you how to amplify asine wave
generated by the Agilent E1445A. In the first program, the E1446A isa
servant of the E1445A AFG. In the second program, the E1446A amplifies
the signal from the E1445A, however; the E1446A isin the servant area of
the E1405 Command Module.

Amplifying Sine  Thisprogram usesthe E1446A to amplify a2 Vpp E1445A AFG signal to
Waves (Agilent 14.15Vpp. Sincethe intended output amplitude and the input amplitude are
E1445A known, the amount of attenuation (0 - 31 dB attenuator) is determined as:

Commander)

attenuation(gs) = 20 LOG (Vo/(Vi * 10))

where Vg is the output amplitude and Vi isthe input signal amplitude (Vo
and Vi units (Vpp, Vp) must be the same). Thus,

attenuation(gs) = 20 LOG (14/20) =-3dB
The (main) output of the AFG is connected to ' Input 1’ of the amplifier.

The steps of this program are:
1. Reset the E1445A AFG and E1446A amplifier.
*RST
2. Set the AFG frequency, function, and amplitude.
[SOURce]FREQuency[1][:CW/|:FIXed] <frequency>
[SOURce:]FUNCtion[:SHAPe] <shape>

[SOURce]VOLTage[:LEVd][:IMMediate][:AMPLitude]
<amplitude>

3. Couplethe AFG output load value to the output impedance value.
OUTPut[1]:LOAD:AUTO <mode>

OUTPut[1]:I M Pedance <impedance>
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4. Set theamplifier input impedance to match the AFG output load.
INPut[ 1]:1M Pedance <impedance>

5. Set theamplifier input attenuation.
INPut[1]:AT Tenuation <attenuation>

6. Set the amplifier output impedance.

OUTPut2:1M Pedance <impedance>

7. Set theamplifier output attenuation.

OUTPut2: AT Tenuation <attenuation>

8. Placethe AFG in thewait-for-arm state.

INITiate:lMMediate

Note Resetting the amplifier sets many of the same conditions set by subsequent
(amplifier) commands in the program. These commands are included,
however, to show other parts of the amplifier configuration.

Note For more information on how to program the Agilent E1445A AFG, refer to
the Agilent E1445A Arbritrary Function Generator User’s Manual.

AMPL45

1 'RE-STORE"AMPL45"

2 IThe following program uses the E1445A to generate a 1 kHz, 2Vpp

3 Isine wave. The Agilent E1446A amplifies the signal to approximately 14 Vpp.
4

10 !Assign I/O path between the computer and E1445A. As the commander of
20 !'the Agilent E1446A, the E1445A sends the amplifier its commands.

30 ASSIGN @Afg TO 70910

40 COM @Afg

50 !

60 !Set up error checking

70 ON INTR 7 CALL Errmsg

80 ENABLE INTR 7;2

Continued on Next Page
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(90 OUTPUT @Afg;"*CLS"
100 OUTPUT @Afg;"*SRE 32"
110 OUTPUT @Afg;"*ESE 60"
120 !
130 !Call the subprograms
140 Rst
150 Sine_wave
160 !
170 WAIT .1 lallow interrupt to be serviced
180 OFF INTR 7
190 END
200 !
210 SUB Sine_wave
220 Sine_wave: !Subprogram which sets the E1445A to output a sine wave
230 COM @Afg

240 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;"; Ifrequency

250 OUTPUT @Afg;":SOUR:FUNC:SHAP SIN;"; Ifunction

260 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL 2VPP;"; lamplitude

270 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
280 OUTPUT @Afg;":OUTP:IMP 50" loutput impedance
290 !

300 !Set up the Agilent E1446A

310 OUTPUT @Afg;"INP1:IMP 50" linput impedance

320 OUTPUT @Afg;"INPL:ATT 3" linput attenuation (dB)

330 OUTPUT @Afg;"OUTP2:IMP 50;"; Imain output impedance

340 OUTPUT @Afg;":OUTP2:ATT 0" Imain output attenuation

350 !

360 OUTPUT @Afg;"INIT:IMM" IE1445A wait-for-arm state

370 SUBEND

380 !

390 SUB Rst

400 Rst: ISubprogram which resets the E1445A and E1446A

410 COM @Afg

420 OUTPUT @Afg;"*RST;*OPC?" !reset the AFG

430 ENTER @Afg;Complete

440 SUBEND

450 !

460 SUB Errmsg

470 Errmsg: !Subprogram which displays E1445/E1446 programming errors

480 COM @Afg

490 DIM Message$[256]

500 !Read AFG status byte register and clear service request bit

510 B=SPOLL(@AfQ)

520 !End of statement if error occurs among coupled commands

530 OUTPUT @Afg;™

540 OUTPUT @Afg;"ABORT" !abort output waveform
\Continued on Next Page
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(550 REPEAT A
560 OUTPUT @Afg;"SYST:ERR?" !read AFG error queue
570 ENTER @Afg;Code,Message$
580 PRINT Code,Message$
590 UNTIL Code=0
600 STOP
\610 SUBEND )

Amplifying Sine  Thisprogram uses the same commands and sequence as previoudly
Waves (Agilent described, except for the OUTPui[1] commands shown below:

E1405 Commander)
6. Set theamplifieroutput impedance.
OUTPut[1]:1MPedance <impedance>
7. Set theamplifier output attenuation.

OUTPut[1]:ATTenuation <attenuation>

In this example, the E1446A is a servant to the E1405. As such, commands
sent to the amplifier (at secondary GPIB address 11) are parsed by the
Command Module rather than by the E1445A.

AMPLO5

IRE-STORE"AMPLO05"
IThe following program uses the Agilent E1445A to generate a 1 kHz, 2Vpp
Isine wave. The Agilent E1446A amplifies the signal to approximately 14 Vpp.
|

0 !Assign I/O paths between the computer and E1445A, and between the

0 !computer and E1405. As the commander of the E1446A, the E1405 sends the

30 !lamplifier its commands.

40 ASSIGN @Afg TO 70910

50 ASSIGN @Amp TO 70911

60 COM @Afg,@Amp

70 !

80 !Set up error checking

90 ON INTR 7 CALL Errmsg

100 ENABLE INTR 7;2

110 OUTPUT @Afg;"*CLS"

120 OUTPUT @Afg;"*SRE 32"

130 OUTPUT @Afg;"*ESE 60"

140 !

NH-P(&)I\)H\

Continued on Next Page
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(150 OUTPUT @Amp;"*CLS" A
160 OUTPUT @Amp;"*SRE 32"
170 OUTPUT @Amp;™*ESE 60"
180 !
190 !Call the subprograms
200 Rst
210 Sine_wave
220 !
230 WAIT .1 'allow interrupt to be serviced
240 OFF INTR 7
250 END
260 !
270 SUB Sine_wave
280 Sine_wave: !Subprogram which sets the E1445A to output a sine wave
290 COM @Afg,@Amp
300 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;"; Ifrequency
310 OUTPUT @Afg;":SOUR:FUNC:SHAP SIN;"; Ifunction
320 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL 2VPP;"; lamplitude
330 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
340 OUTPUT @Afg;":OUTP:IMP 50" loutput impedance
350 !
360 !Set up the Agilent E1446A
370 OUTPUT @Amp;"INPL:IMP 50" linput impedance
380 OUTPUT @AmMp;"INPL:ATT 3" linput attenuation (dB)
390 OUTPUT @Amp;"OUTP1:IMP 50;"; Imain output impedance
400 OUTPUT @Amp;":OUTPL:ATT 0" Imain output attenuation
410 !
420 OUTPUT @Afg;"INIT:IMM" IE1445A wait-for-arm state
430 SUBEND
440 !
450 SUB Rst
460 Rst: ISubprogram which resets the E1445A and E1446A
470 COM @Afg,@Amp
480 OUTPUT @Afg;"*RST;*OPC?" !reset the AFG
490 ENTER @Afg;Complete
500 OUTPUT @Amp;"*RST;*OPC?" Ireset the AMP
510 ENTER @Amp;Complete
520 SUBEND
530 !
540 SUB Errmsg
550 Errmsg: !Subprogram which displays E1445/E1446 programming errors
560 COM @Afg,@Amp
570 DIM Message$[256]
580 Read AFG (at sec addr 10) status byte register, clear service
590 Irequest bit
600 B=SPOLL(@AfQ)
\Continued on Next Page y
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610 IF BIT(B,6) THEN !AFG requested service
620 !End of statement if error occurs among coupled commands
630 OUTPUT @Afg;™
640 OUTPUT @Afg;"ABORT" !abort output waveform
650 PRINT "E1445A errors"
660 PRINT
670 REPEAT
680 OUTPUT @Afg;"SYST:ERR?" !read AFG error queue
690 ENTER @Afg;Code,Message$
700 PRINT Code,Message$
710 UNTIL Code=0
720 STOP
730 ENDIF
740 !
750 Read AMP (at sec addr 11) status byte register, clear service
760 Irequest bit
770 B=SPOLL(@AmMp)
780 IF BIT(B,6) THEN !amplifier requested service
790 !End of statement if error occurs among coupled commands
800 OUTPUT @Amp;™
810 PRINT "E1446A errors"
820 PRINT
830 REPEAT
840 OUTPUT @Amp;"SYST:ERR?"Iread AMP error queue
850 ENTER @Amp;Code,Message$
860 PRINT Code,Message$
870 UNTIL Code=0
880 ENDIF
890 STOP
\ 900 SUBEND

Setting the Input Impedance

Setting the Input
Impedance
(Agilent E1445A

The examplesin this section show you how to amplify asine wave
generated by the Agilent E1445A. In the first program, the E1446A isa
servant of the E1445A AFG. In the second program, the E1446A amplifies
the signal from the E1445A, however; the E1446A isin the servant area of

the E1405 Command Module.

Commander)  atenuation (0 - 31 dB attenuator) is determined by:

2-14 Programming the Agilent E1446A

This program sets the E1446A’ s input impedance to match the output
impedance of the E1445A.. The signal supplied by the E1445A isal Vpp, 2
MHz square wave. The signal isamplified to 6.3 Vpp. Again, when the
intended output amplitude and the input amplitude are known, the amount of

Setting the Input Impedance



attenuation(gs) = 20 LOG (Vo/(Vi * 10))

where Vg is the output amplitude and Vi is the input signal amplitude (Vo
and Vi units (Vpp, Vp) must be the same). Thus,

attenuation(gs) = 20 LOG (6.3/10) = -4 dB

Again, the (main) output of the AFG is connected to ' Input 1’ of the
amplifier.

The steps of this program are:

1

Reset the E1445A AFG and E1446A amplifier.
*RST

Set the AFG frequency, function, and amplitude.
[SOURce:]FREQuency[1][:CW/|:FIXed] <frequency>
[SOURce:]FUNCtion[:SHAPe] <shape>

[SOURce]VOLTage[:LEVE][:IMMediate][:AMPLitude]
<amplitude>

Set the AFG output load and output impedance values.
OUTPut[1]:LOAD <load>

OUTPut[1]:I M Pedance <impedance>

Set the amplifier input impedance to match the AFG output load.
INPut[1]:1M Pedance <impedance>

Set the amplifier input attenuation.

INPut[1]: AT Tenuation <attenuation>

Set the amplifier output impedance.

OUT Put2:1M Pedance <impedance>

Set the amplifier output attenuation.

OUTPut2: AT Tenuation <attenuation>

Setting the Input Impedance
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IN_IMP45

8. Placethe AFG in thewait-for-arm state.

INITiate:lMMediate

Note Resetting the amplifier sets many of the same conditions set by subsequent
(amplifier) commands in the program. These commands are included,
however, to show other parts of the amplifier configuration.

0
0
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
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220
230
240
250
260
270

210 Out_load: !Subprogram which sets the output load

\Continued on Next Page

IRE-STORE"IN_IMP45"
IThis program sets the AFG’s output impedance and output load
Ito 75 ohms. The Agilent E1446A amplifier's input impedance is set to
I75 ohms to match the AFG. The 1 Vpp AFG square wave is amplified
Ito 6.3 Vpp.
|
IAssign I/O path between the computer and E1445A.
ASSIGN @Afg TO 70910
COM @Afg
|
ISet up error checking
ON INTR 7 CALL Errmsg
ENABLE INTR 7;2
OUTPUT @Afg;"*CLS"
OUTPUT @Afg;"*SRE 32"
OUTPUT @Afg;"*ESE 60"
|
ICall the subprograms
CALL Rst
CALL Out_load
|
WAIT .1 lallow interrupt to be serviced
OFF INTR 7
END
|

SUB Out_load

COM @Afg

OUTPUT @Afg;"SOUR:FREQ1:FIX 2EB6;"; Ifrequency
OUTPUT @Afg;":SOUR:FUNC:SHAP SQU;"; Ifunction

OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL 1VPP;"; lamplitude
OUTPUT @Afg;":OUTP:IMP 75;"; loutput impedance
OUTPUT @Afg;":OUTP:LOAD 75" loutput load
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280 !

290 !Set up amplifier

300 OUTPUT @Afg;"INP1:IMP 75" linput impedance

310 OUTPUT @Afg;"INPL:ATT 4" linput attenuation (dB)
320 OUTPUT @Afg;"OUTP2:IMP 50" Imain output impedance
330 OUTPUT @Afg;"OUTP2:ATT 0" Imain output attenuation (dB)
340 !

350 OUTPUT @Afg;"INIT:IMM" IE1445A wait-for-arm state
360 SUBEND

370 !

380 SUB Rst

390 Rst: !Subprogram which resets the E1445 and E1446

400 COM @Afg

410 OUTPUT @Afg;"*RST;*OPC?" Ireset the AFG

420 ENTER @Afg;Complete

430 SUBEND

440 !

450 SUB Errmsg

460 Errmsg: !Subprogram which displays E1445/E1446 programming errors
470 COM @Afg

480 DIM Message$[256]

490 Read AFG status byte register and clear service request bit
500 B=SPOLL(@AfQ)

510 !End of statement if error occurs among coupled commands
520 OUTPUT @Afg;™

530 OUTPUT @Afg;"ABORT" !abort output waveform

540 REPEAT

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

570 PRINT Code,Message$

580 UNTIL Code=0

590 STOP

600 SUBEND

.

Setting Input  This program uses the same commands and sequence as previoudly
Imp edance  described, except for the OUTPut[1] commands shown below:

(Agilent E1405B

6. Set theamplifier output impedance.
Commander)

OUTPut[1]:1MPedance <impedance>
7. Set theamplifier output attenuation.

OUTPut[1]:ATTenuation <attenuation>
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IN_IMPO5

In this example, the E1446A is a servant to the E1405. As such, commands
sent to the amplifier (at secondary GPIB address 11) are parsed by the

Command Module rather than by the E1445A.

0
0
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
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270
280
290
300
310
320
330

IRE-STORE"IN_IMPO05"
IThis program sets the AFG’s output impedance and output load
Ito 75 ohms. The Agilent E1446A amplifier's input impedance is set to
I75 ohms to match the AFG. The 1 Vpp AFG square wave is amplified
Ito 6.3 Vpp.
|
IAssign I/O paths between the computer and E1445A and E1405.
ASSIGN @Afg TO 70910
ASSIGN @Amp TO 70911
COM @Afg,@Amp
|
ISet up error checking
ON INTR 7 CALL Errmsg
ENABLE INTR 7;2
OUTPUT @Afg;"*CLS"
OUTPUT @Afg;"*SRE 32"
OUTPUT @Afg;"*ESE 60"
|
OUTPUT @Amp;"™*CLS"
OUTPUT @Amp;™SRE 32"
OUTPUT @Amp;"*ESE 60"
|
ICall the subprograms
CALL Rst
CALL Out_load
|
WAIT .1 lallow interrupt to be serviced
OFF INTR 7
END
|

SUB Out_load

260 Out_load: !'Subprogram which sets the output load

COM @Afg,@Amp

OUTPUT @Afg;"SOUR:FREQ1:FIX 2E6;"; Ifrequency
OUTPUT @Afg;":SOUR:FUNC:SHAP SQU;"; Ifunction

OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL 1VPP;"; lamplitude
OUTPUT @Afg;":OUTP:IMP 75;"; loutput impedance
OUTPUT @Afg;":OUTP:LOAD 75" loutput load

\Continued on Next Page

J

2-18 Programming the Agilent E1446A

Setting the Input Impedance



4 )
340 !Set up amplifier

350 OUTPUT @Amp;"INPL:IMP 75" linput impedance

360 OUTPUT @AmMp;"INPL:ATT 4" linput attenuation (dB)

370 OUTPUT @Amp;"OUTP1:IMP 50" Imain output impedance

380 OUTPUT @Amp;"OUTP1:ATT 0" Imain output attenuation (dB)
390 !

400 OUTPUT @Afg;"INIT:IMM" IE1445A wait-for-arm state
410 SUBEND

420 !

430 SUB Rst

440 Rst: ISubprogram which resets the E1445 and E1446

450 COM @Afg,@Amp

460 OUTPUT @Afg;"*RST;*OPC?" Ireset the AFG

470 ENTER @Afg;Complete

480 OUTPUT @Amp;"™*RST;*OPC?" Ireset the AMP

490 ENTER @Amp;Complete

500 SUBEND

510 !

520 SUB Errmsg

530 Errmsg: !Subprogram which displays E1445/E1446 programming errors
540 COM @Afg,@Amp

550 DIM Message$[256]

560 Read AFG (at sec addr 10) status byte register, clear service
570 lIrequest bit

580 B=SPOLL(@AfQ)

590 IF BIT(B,6) THEN !AFG requested service

600 !End of statement if error occurs among coupled commands
610 OUTPUT @Afg;™

620 OUTPUT @Afg;"ABORT"labort output waveform

630 PRINT "E1445A errors"

640 PRINT

650 REPEAT

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

680 PRINT Code,Message$

690 UNTIL Code=0

700 STOP
710 ENDIF
720 !

730 'Read AMP (at sec addr 11) status byte register, clear service
740  lIrequest bit

750 B=SPOLL(@AmMp)

760 IF BIT(B,6) THEN !amplifier requested service

770 End of statement if error occurs among coupled commands
780 OUTPUT @Amp;™

790 PRINT "E1446A errors"

\Continued on Next Page
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800 PRINT
810 REPEAT

820 OUTPUT @Amp;"SYST:ERR?" !read AMP error queue
830 ENTER @Amp;Code,Message$
840 PRINT Code,Message$

850 UNTIL Code=0
860 END IF

870 STOP

880 SUBEND

Setting DC Voltage Offsets

These examples show you how to use the amplifier to add aDC offset to a
signal supplied by the E1445A. In the first example, the E1446A is a servant
to the E1445A. In the second example, the E1446A is a servant to the E1405
Command Module.

Setting DC Offsets
(Agilent E1445A
Commander)

This program adds an 8V DC offset to a0.4 Vpp E1445A signal. To
maintain 0.4 Vpp at the output, the signal is attenuated by 20 dB at the
amplifier input (Figure 2-1). The offset supplied by the E1446A DAC is
added to the input signal and is amplified. Into 50W, the 0.4 Vpp signa is

centered on 8V.

The steps of this program are:

1

Reset the E1445A AFG and E1446A amplifier.
*RST

Set the AFG frequency, function, and amplitude.
[SOURce]FREQuency[1][:CW/|:FIXed] <frequency>
[SOURce:] FUNCtion[:SHAPe] <shape>

[SOURce]VOLTage[:LEVE][:IMMediate][:AMPLitude]
<amplitude>

Couplethe AFG output load value to the output impedance value.
OUTPut[1]:LOAD:AUTO <mode>

OUTPut[1]:I M Pedance <impedance>

Set the amplifier input impedance to match the AFG output load.

INPut[1]:1M Pedance <impedance>
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5. Set the amplifier input attenuation.

INPut[1]:AT Tenuation <attenuation>
6. Set the amplifier main output impedance.
OUTPut2:1M Pedance <impedance>
7. Set theamplifier main output attenuation.
OUTPut2: AT Tenuation <attenuation>
8. Set the DC offset value.
SOURCce2:VOL Tage[:LEVel][:IMMediate]: OFFSet <offset>

9. Placethe AFG in thewait-for-arm state.

INITiate:lMMediate

Note Resetting the amplifier sets many of the same conditions set by subsequent
(amplifier) commands in the program. These commands are included,
however, to show other parts of the amplifier configuration.

OFFS45

IRE-STORE"OFFS45"

IThis program uses the E1446A to generate an 8V DC offset for a

10.4 Vpp signal supplied by the E1445A AFG. To accomplish this, the
IAFG signal is attenuated by 20 dB at the amplifier input. The amplifier
loffset is set to 8V, the output impedance to 50 ohms, and the output
lattenuation to 0 dB. Into 50 ohms, the 0.4 Vpp signal is centered on
18 volts.

|

IAssign I/O path between the computer and E1445A. As the commander of
Ithe Agilent E1446A, the E1445A sends the amplifier its commands.
ASSIGN @Afg TO 70910

COM @Afg

50 !

OO\I(DU‘I-&OOI\JH\
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Continued on Next Page
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60 !Set up error checking

70 ONINTR 7 CALL Errmsg

80 ENABLE INTR 7;2

90 OUTPUT @Afg;"*CLS"

100 OUTPUT @Afg;"*SRE 32"

110 OUTPUT @Afg;"*ESE 60"

120 !

130 !Call the subprograms

140 Rst

150 Offset

160 !

170 WAIT .1 lallow interrupt to be serviced
180 OFFINTR7

190 END

200 !

210 SUB Offset

220 Offset: ISubprogram which sets up the E1445A and E1446A
230 COM @Afg

240 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;"; Ifrequency

250 OUTPUT @Afg;":SOUR:FUNC:SHAP SIN;"; Ifunction

260 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL .4VPP;"; lamplitude

270 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
280 OUTPUT @Afg;":OUTP:IMP 50" limpedance

290 !

300 !Set up the Agilent E1446A

310 OUTPUT @Afg;"INP1:IMP 50" linput impedance

320 OUTPUT @Afg;"INPL:ATT 20" linput attenuation (dB)

330 OUTPUT @Afg;"OUTP2:IMP 50;"; Imain output impedance

340 OUTPUT @Afg;":OUTP2:ATT 0O;"; Imain output attenuation (dB)

350 OUTPUT @Afg;":SOUR2:VOLT:LEV:IMM:OFFS 8" DC offset

360 !

370 OUTPUT @Afg;"INIT:IMM" IE1445A wait-for-arm state
380 SUBEND

390 !

400 SUB Rst

410 Rst: ISubprogram which resets the E1445A and E1446A

420 COM @Afg

430 OUTPUT @Afg;"*RST;*OPC?" Ireset the AFG

440 ENTER @Afg;Complete

450 SUBEND

460 !

470 SUB Errmsg

480 Errmsg: !Subprogram which displays E1445/E1446 programming errors
490 COM @Afg

500 DIM Message$[256]

Continued on Next Page
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(510 IRead AFG status byte register and clear service request bit )
520 B=SPOLL(@AfQ)
530 !End of statement if error occurs among coupled commands
540 OUTPUT @Afg;™
550 OUTPUT @Afg;"ABORT" !abort output waveform
560 REPEAT
570 OUTPUT @Afg;"SYST:ERR?" !read AFG error queue
580 ENTER @Afg;Code,Message$
590 PRINT Code,Message$
600 UNTIL Code=0
610 STOP
620 SUBEND
. J

Setting DC Offsets  This program uses the same commands and sequence as previously
(Agilent E1405  described, except for the OUTPu[1] and SOURCe:VOL Tage commands

Commander) Shownbelow:

6. Set theamplifier main output impedance.
OUTPut[1]:1MPedance <impedance>

7. Set theamplifier main output attenuation.
OUTPut[1]: AT Tenuation <attenuation>

8. Set the DC offset value.

SOURCce:VOL Tage[:LEVd][:IMMediate]: OFF Set <offset>

In this example, the E1446A is a servant to the E1405. As such, commands
sent to the amplifier (at secondary GPIB address 11) are parsed by the
Command Module rather than by the E1445A.

OFFS05

IRE-STORE"OFFS05" )
IThis program uses the E1446A to generate an 8V DC offset for a
10.4 Vpp signal supplied by the E1445A AFG. To accomplish this, the
IAFG signal is attenuated by 20 dB at the amplifier input. The amplifier
loffset is set to 8V, the output impedance to 50 ohms, and the output
lattenuation to 0 dB. Into 50 ohms, the 0.4 Vpp signal is centered on
18 volts.
|

10 !Assign I/O path between the computer and E1445A and E1446A.

20 ASSIGN @Afg TO 70910

30 ASSIGN @Amp TO 70911
\Continued on Next Page
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(40 COM @Afg,@Amp )
50 !
60 !Set up error checking
70 ON INTR 7 CALL Errmsg
80 ENABLE INTR 7;2
90 OUTPUT @Afg;"™*CLS"
100 OUTPUT @Afg;"*SRE 32"
110 OUTPUT @Afg;"*ESE 60"
120 !
130 OUTPUT @Amp;"*CLS"
140 OUTPUT @Amp;"*SRE 32"
150 OUTPUT @Amp;™ESE 60"
160 !
170 !Call the subprograms
180 Rst
190 Offset
200 !
210 WAIT .1 'allow interrupt to be serviced
220 OFF INTR7
230 END
240 !
250 SUB Offset
260 Offset: ISubprogram which sets up the E1445A and E1446A
270 COM @Afg,@Amp

280 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;"; Ifrequency

290 OUTPUT @Afg;":SOUR:FUNC:SHAP SIN;"; Ifunction

300 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL .4VPP;"; lamplitude

310 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
320 OUTPUT @Afg;":OUTP:IMP 50" limpedance

330 !

340 !Set up the Agilent E1446A

350 OUTPUT @Amp;"INPL:IMP 50" linput impedance

360 OUTPUT @AmMp;"INPL:ATT 20" linput attenuation (dB)

370 OUTPUT @Amp;"OUTP1:IMP 50;"; Imain output impedance

380 OUTPUT @Amp;":OUTP1:ATT 0O;"; Imain output attenuation (dB)
390 OUTPUT @Amp;":SOUR:VOLT:LEV:IMM:OFFS 8" IDC offset

400 !

410 OUTPUT @Afg;"INIT:IMM" IE1445A wait-for-arm state
420 SUBEND

430 !

440 SUB Rst

450 Rst: ISubprogram which resets the E1445A and E1446A

460 COM @Afg,@Amp

470 OUTPUT @Afg;"*RST;*OPC?" Ireset the AFG

480 ENTER @Afg;Complete

490 OUTPUT @Amp;"*RST;*OPC?" !reset the AFG
\Continued on Next Page
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/500 ENTER @Amp;Complete N
510 SUBEND
520 !
530 SUB Errmsg
540 Errmsg: !'Subprogram which displays E1445/E1446 programming errors
550 COM @Afg,@Amp
560 DIM Message$[256]
570 Read AFG (at sec addr 10) status byte register, clear service
580 Irequest bit
590 B=SPOLL(@AfQ)
600 IF BIT(B,6) THEN !AFG requested service
610 !End of statement if error occurs among coupled commands
620 OUTPUT @Afg;™
630 OUTPUT @Afg;"ABORT" !abort output waveform
640 PRINT "E1445A errors"
650 PRINT
660 REPEAT
670 OUTPUT @Afg;"SYST:ERR?" !read AFG error queue
680 ENTER @Afg;Code,Message$
690 PRINT Code,Message$
700 UNTIL Code=0

710 STOP
720 END IF
730 !

740 Read AMP (at sec addr 11) status byte register, clear service
750  Irequest bit

760 B=SPOLL(@AmMp)

770 IF BIT(B,6) THEN !amplifier requested service

780 !End of statement if error occurs among coupled commands
790 OUTPUT @Amp;™

800 PRINT "E1446A errors"

810 PRINT

820 REPEAT

830 OUTPUT @Amp;"SYST:ERR?"Iread AMP error queue
840 ENTER @Amp;Code,Message$

850 PRINT Code,Message$

860 UNTIL Code=0

870 ENDIF
880 STOP
890 SUBEND

= /
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Using the Differential (small signal) Outputs

Using the
Differential Outputs
(Agilent E1445A
Commander)

These examples show you how to use the amplifier’ s differential (small
signal) outputs. Note the following when using the outputs:

« thedifferential (small signal) outputs are designed for
high-frequency and low-power source applications.

« with no attenuation, the maximum input voltage (sum of Inputl and
Input2) must not exceed 2 Vpp (Figure 2-1).

In the first example, the E1446A isaservant to the E1445A. In the second
example, the E1446A is a servant to the E1405 Command Module.

Rather than amplify the input signal, this program attenuates the signal
supplied by the E1445A to obtain an output amplitude of 10 mVpp. The
output can be taken at either the ' Diff +' or 'Diff -’ (inverted) output.

The steps of this program are:
1. Reset the E1445A AFG and E1446A amplifier.
*RST
2. Set the AFG frequency, function, and (minimum) amplitude.
[SOURce]FREQuency[1][:CW/|:FIXed] <frequency>
[SOURce:]FUNCtion[:SHAPe] <shape>

[SOURce]VOLTage[:LEVE][:IMMediate][:AMPLitude]
<amplitude>

3. Couplethe AFG output load value to the output impedance value.
OUTPut[1]:LOAD:AUTO <mode>
OUTPut[1]:] M Pedance <impedance>

4. Set theamplifier input impedance to match the AFG output load.
INPut[1]:1M Pedance <impedance>

5. Set theamplifier input attenuation.

INPut[1]: AT Tenuation <attenuation>

2-26 Programming the Agilent E1446A Using the Differential (small signal) Outputs



6. Set the amplifier 'Diff + and ’Diff -’ output impedances.
OUTPut3:1M Pedance <impedance>

OUTPut4:1M Pedance <impedance>

7. Placethe AFG in thewait-for-arm state.

INITiate:lMMediate

Note Resetting the amplifier sets many of the same conditions set by subsequent
(amplifier) commands in the program. These commands are included,
however, to show other parts of the amplifier configuration.

DIFF45

1 'RE-STORE'"DIFF45"

2 IThis program uses the E1446A to generate a 10 mVpp signal from a
3 10.323738 Vpp signal supplied by the E1445A AFG. To accomplish this, the
4 IAFG signal is attenuated by 30 dB at the amplifier input. The output is
5 ltaken from the 'Diff +' and 'Diff - * outputs whose output impedances
6 lare setto 50 ohms.

7 !

10 !Assign I/O path between the computer and E1445A. As the commander of
20 !'the Agilent E1446A, the E1445A sends the amplifier its commands.
30 ASSIGN @Afg TO 70910

40 COM @Afg

50 !

60 !Set up error checking

70 ON INTR 7 CALL Errmsg

80 ENABLE INTR 7;2

90 OUTPUT @Afg;"™*CLS"

100 OUTPUT @Afg;"*SRE 32"

110 OUTPUT @Afg;"*ESE 60"

120 !

130 !Call the subprograms

140 Rst

150 Diffout

160 !

Continued on Next Page
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4 )
170 WAIT .1 l'allow interrupt to be serviced

180 OFF INTR 7

190 END

200 !

210 SUB Diffout

220 Diffout: !'Subprogram which sets up the E1445A and E1446A
230 COM @Afg

240 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;"; Ifrequency

250 OUTPUT @Afg;":SOUR:FUNC:SHAP SQU;"; Ifunction

260 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL MIN;"; 'amplitude (.161869 Vpk)
270 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
280 OUTPUT @Afg;":OUTP:IMP 50" limpedance

290 !

300 !Set up the Agilent E1446A

310 OUTPUT @Afg;"INP1:IMP 50" linput impedance

320 OUTPUT @Afg;"INPL:ATT 30" linput attenuation (dB)

330 OUTPUT @Afg;"OUTP3:IMP 50" IDiff + output impedance
340 OUTPUT @Afg;"OUTP4:IMP 50" IDiff - output impedance
350 !

360 OUTPUT @Afg;"INIT:IMM" IE1445A wait-for-arm state
370 SUBEND

380 !

390 SUB Rst

400 Rst: ISubprogram which resets the E1445A and E1446A

410 COM @Afg

420 OUTPUT @Afg;"*RST;*OPC?" Ireset the AFG

430 ENTER @Afg;Complete

440 SUBEND

450 !

460 SUB Errmsg

470 Errmsg: !Subprogram which displays E1445/E1446 programming errors
480 COM @Afg

490 DIM Message$[256]

500 !Read AFG status byte register and clear service request bit
510 B=SPOLL(@AfQ)

520 !End of statement if error occurs among coupled commands
530 OUTPUT @Afg;™

540 OUTPUT @Afg;"ABORT" !abort output waveform

550 REPEAT

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

580 PRINT Code,Message$

590 UNTIL Code=0

600 STOP
610 SUBEND
- J
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Usin g the  Thisprogram uses the same commands and sequence as previously
Differential Outputs described, except for the OUTPut2 and OUTPut3 commands shown bel ow:

(Agilent E1405
Commander)

DIFFO5

6. Set theamplifier 'Diff +' and 'Diff -’ output impedances.
OUTPut2:1M Pedance <impedance>

OUT Put3:1M Pedance <impedance>

In this example, the E1446A is a servant to the E1405. As such, commands
sent to the amplifier (at secondary GPIB address 11) are parsed by the
Command Module rather than by the E1445A.

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230

.

Continued on Next Page

IRE-STORE"DIFF05"
IThis program uses the E1446A to generate a 10 mVpp signal from a
10.323738 Vpp signal supplied by the E1445A AFG. To accomplish this, the
IAFG signal is attenuated by 30 dB at the amplifier input. The output is
Itaken from the 'Diff +' and 'Diff - * outputs whose output impedances
lare set to 50 ohms.
|

IAssign I/O path between the computer and E1445A, and E1446A.
ASSIGN @Afg TO 70910

ASSIGN @Amp TO 70911

COM @Afg,@Amp

|

ISet up error checking

ON INTR 7 CALL Errmsg

ENABLE INTR 7;2

OUTPUT @Afg;"*CLS"

OUTPUT @Afg;"*SRE 32"

OUTPUT @Afg;"*ESE 60"

|

OUTPUT @Amp;"™*CLS"

OUTPUT @Amp;™SRE 32"

OUTPUT @Amp;"*ESE 60"

|

ICall the subprograms

Rst

Diffout

!

WAIT .1 lallow interrupt to be serviced

OFF INTR 7

END

Using the Differential (small signal) Outputs Programming the Agilent E1446A 2-29



(240 1 )
250 SUB Diffout
260 Diffout: !'Subprogram which sets up the E1445A and E1446A
270 COM @Afg,@Amp

280 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;"; Ifrequency

290 OUTPUT @Afg;":SOUR:FUNC:SHAP SIN;"; Ifunction

300 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL MIN;";  lamplitude (.161869 Vpk)
310 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
320 OUTPUT @Afg;":OUTP:IMP 50" limpedance

330 !

340 !Set up the Agilent E1446A

350 OUTPUT @Amp;"INPL:IMP 50" linput impedance

360 OUTPUT @AmMp;"INPL:ATT 30" linput attenuation (dB)

370 OUTPUT @Amp;"OUTP2:IMP 50" IDiff + output impedance

380 OUTPUT @Amp;"OUTP3:IMP 50" IDIff - output impedance

390 !

400 OUTPUT @Afg;"INIT:IMM" IE1445A wait-for-arm state

410 SUBEND

420 !

430 SUB Rst

440 Rst: ISubprogram which resets the E1445A and E1446A
450 COM @Afg,@Amp
460 OUTPUT @Afg;"*RST;*OPC?" !reset the AFG
470 ENTER @Afg;Complete
480 OUTPUT @Amp;"*RST;*OPC?" Ireset the amplifier
490 ENTER @Amp;Complete
500 SUBEND
510 !
520 SUB Errmsg
530 Errmsg: !Subprogram which displays E1445/E1446 programming errors
540 COM @Afg,@Amp
550 DIM Message$[256]
560 Read AFG (at sec addr 10) status byte register, clear service
570 Irequest bit
580 B=SPOLL(@AfQ)
590 IF BIT(B,6) THEN !AFG requested service
600 !End of statement if error occurs among coupled commands
610 OUTPUT @Afg;™
620 OUTPUT @Afg;"ABORT"labort output waveform
630 PRINT "E1445A errors"
640 PRINT
650 REPEAT
660 OUTPUT @Afg;"SYST:ERR?" !read AFG error queue
670 ENTER @Afg;Code,Message$
680 PRINT Code,Message$
690 UNTIL Code=0
\Continued on Next Page
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4 )

700 STOP
710 ENDIF
720 !

730 'Read AMP (at sec addr 11) status byte register, clear service
740  Irequest bit

750 B=SPOLL(@AmMp)

760 IF BIT(B,6) THEN !amplifier requested service

770 End of statement if error occurs among coupled commands
780 OUTPUT @Amp;™

790 PRINT "E1446A errors"

800 PRINT

810 REPEAT

820 OUTPUT @AmMp;"SYST:ERR?" !read AMP error queue
830 ENTER @Amp;Code,Message$

840 PRINT Code,Message$

850 UNTIL Code=0

860 END IF
870 STOP
880 SUBEND
- J

Summing Two Signals

This program uses the E1446A to sum the signals from two E1445A AFGs.
The AFGs at logical addresses 80 and 88 (secondary GPIB addresses 10 and
11), generate 1 Vpp, 5 kHz and 100 kHz sine waves respectively. The signa
from the AFG at logical address 80 is applied to E1446A "Input 1'. The
signal from the AFG at logical address 88 is applied to ' Input 2. The
E1446A isin the servant area of the AFG at logical address 80.

The steps of the program are as follows:
1. Reset the E1445A AFGsand E1446A amplifier.

*RST

2. Set the E1445As’ reference oscillator sources to CLK10.

[SOURce: ] ROSCillator: SOURce <source>
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3. Set the AFG frequency, function, and amplitude.
[SOURce:]FREQuency[1][:CW[:FI Xed] <frequency>
[SOURce:] FUNCtion[:SHAPe] <shape>

[SOURce]VOLTage[:LEVE][:IMMediate][:AMPLitude]
<amplitude>

4. Couplethe AFG output load valueto the output impedance value.
OUTPut[1]:LOAD:AUTO <mode>

OUTPut[1]:1MPedance <impedance>

5. Set theamplifier input impedance to match the AFG output load.
INPut[1]:1M Pedance <impedance>

INPut2:1 M Pedance <impedance>

6. Set theamplifier input attenuation.
INPut[1]:AT Tenuation <attenuation>

INPut2: AT Tenuation <attenuation>

7. Set the amplifier 'Diff +' output impedance.

OUT Put3:1M Pedance <impedance>

8. Placethe AFGsin the wait-for-arm state.

INITiate:lMMediate

SUM45

IRE-STORE"SUM45"

IThe following program uses the E1446A to sum the output signals of
ltwo E1445As. The E1445A at secondary address 10 (logical address 80)
loutputs a 1 Vpp, 5 kHz sine wave. The E1445A at secondary address 11
I(logical address 88) outputs a 1 Vpp, 100 kHz sine wave. To prevent
Ithe E1445A signals from drifting, both AFG’s use CLK10 as their
Ireference oscillator source. The E1446A sums these signals, and the

loutput is taken at the 'Diff +' output.
!

O NO O WDN P

=Y
o

9 Continued on Next Page
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(20 IAssign I/O paths between the computer and E1445As. The E1445A at N
30 !secondary address 10 is the commander for the E1446A.
40 ASSIGN @Afg80 TO 70910

50 ASSIGN @Afg88 TO 70911

60 COM @Afg80,@Afg88

70 !

80 !Set up error checking

90 ON INTR 7 CALL Errmsg

100 ENABLE INTR 7;2

110 OUTPUT @Afg80;"*CLS"

120 OUTPUT @Afg80;"*SRE 32"

130 OUTPUT @Afg80;"*ESE 60"

140 !

150 OUTPUT @Afg88;"*CLS"

160 OUTPUT @Afg88;"*SRE 32"

170 OUTPUT @Afg88;"*ESE 60"

180 !

190 !Call the subprograms

200 Rst

210 Afg_setup

220 !

230 WAIT .1 'allow interrupt to be serviced

240 OFF INTR 7

250 END

260 !

270 SUB Afg_setup

280 Afg_setup: !Subprogram which sets up the E1445As and E1446A
290 COM @Afg80,@Afg88

300 !Setup E1445A at secondary address 10

310 OUTPUT @Afg80;"SOUR:ROSC:SOUR CLK10;" Iref osc source

320 OUTPUT @Afg80;":SOUR:FREQ1:FIX 5E3;"; Ifrequency

330 OUTPUT @Afg80;":SOUR:FUNC:SHAP SIN;"; Ifunction

340 OUTPUT @Afg80;":SOUR:VOLT:LEV:IMM:AMPL 1VPP;"; lamplitude

350 OUTPUT @Afg80;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
360 OUTPUT @Afg80;":OUTP:IMP 50" limpedance

370 !

380 !Setup E1445A at secondary address 11

390 OUTPUT @Afg88;"SOUR:ROSC:SOUR CLK10;" Iref osc source

400 OUTPUT @Afg88;":SOUR:FREQ1:FIX 100E3;"; Ifrequency

410 OUTPUT @Afg88;":SOUR:FUNC:SHAP SIN;"; Ifunction

420 OUTPUT @Afg88;":SOUR:VOLT:LEV:IMM:AMPL 1VPP;"; lamplitude

430 OUTPUT @Afg88;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
440 OUTPUT @Afg88;":OUTP:IMP 50" limpedance

450 !

\Continued on Next Page
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(460 1Set up the Agilent E1446A )

470 OUTPUT @Afg80;"INP1:IMP 50" linput 1 impedance

480 OUTPUT @Afg80;"INPL:ATT 0" linput 1 attenuation (dB)

490 OUTPUT @Afg80;"INP2:IMP 50" linput 2 impedance

500 OUTPUT @Afg80;"INP2:ATT 0" linput 2 attenuation (dB)

510 OUTPUT @Afg80;"OUTP3:IMP 50"  IDiff + output impedance

520 !

530 OUTPUT @Afg80;"INIT:IMM" IE1445A wait-for-arm state (10)
540 OUTPUT @Afg88;"INIT:IMM" IE1445A wait-for-arm state (11)
550 SUBEND

560 !

570 SUB Rst

580 Rst: !Subprogram which resets the E1445As and E1446A

590 COM @Afg80,@Afg88

600 OUTPUT @Afg80;"*RST;*OPC?" !reset the AFG (sec addr 10)
610 ENTER @Afg80;Complete

620 !

630 OUTPUT @Afg88;"*RST;*OPC?" !reset the AFG (sec addr 11)
640 ENTER @Afg88;Complete

650 SUBEND

660 !

670 SUB Errmsg

680 Errmsg: !'Subprogram which displays E1445/E1446 programming errors
690 COM @Afg80,@Afg88

700 DIM Message$[256]

710 Read AFG (at sec addr 10) status byte register, clear service
720  Irequest bit

730 B=SPOLL(@Afg80)

740 End of statement if error occurs among coupled commands
750 OUTPUT @Afg80;™

760 OUTPUT @Afg80;"ABORT" !abort output waveform

770 PRINT "E1445A (secondary address 10)"

780 PRINT

790 REPEAT

800 OUTPUT @Afg80;"SYST:ERR?" Iread AFG error queue (sec addr 10)
810 ENTER @Afg80;Code,Message$

820 PRINT Code,Message$

830 UNTIL Code=0

840 PRINT

850 !

860 Read AFG (at sec addr 11) status byte register, clear service
870 Irequest bit

Continued on Next Page
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(‘880 B=SPOLL(@Afg88) )

890 !End of statement if error occurs among coupled commands
900 OUTPUT @Afg88;™
910 OUTPUT @Afg88;"ABORT" !abort output waveform
920 PRINT "E1445A (secondary address 11)"
930 PRINT
940 REPEAT
950 OUTPUT @Afg88;"SYST:ERR?" Iread AFG error queue (sec addr 11)
960 ENTER @Afg88;Code,Message$
970 PRINT Code,Message$
980 UNTIL Code=0
990 STOP
\1000 SUBEND Y,
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Chapter 3
Command Reference

Chapter Contents

This chapter describes the Standard Commandsfor Programmable
Instruments (SCPI) command set and the | EEE 488.2 Common
Commandsfor the Agilent E1446A Summing Amplifier/DAC. Included in
this chapter are the following sections:

e Command TYPES . .. oot 3-2
« SCPICommandFormat.............. ... 32
« SCPI Command Parameters. . ... oo 34
« SCPI CommandExecution ................covvin.... 35
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JIMPedance .................. 3-16
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Agilent E1446A / Agilent E1405/06 Commands
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:MONitor[:STATe].............. 37 (IMPedance .................. 3-16
INPUt[1] . ..o 3-8 SOURce:VOLTage ................ 3-17
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OUTPUL2 .. ... i 3-15
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Command Types

Common
Command Format

Commands are separated into two types: | EEE-488.2 Common Commands
and SCPI Commands.

The |EEE-488.2 standard defines Common Commands that perform
functions like reset, self-test, status byte query, etc. Common commands are
four or five charactersin length, always begin with the asterisk character
(*), and may include one or more parameters. The command keyword is
separated from the first parameter by a space character. Some examples of
Common commands are shown bel ow:

*RST, *CLS, *ESE <unmask>, *OPC?, *STB?

SCPI Command Format

The functions of the summing amplifier/DAC are programmed using SCPI
commands. SCPI commands are based on ahierarchica structure, also
known as atree system. In this system, associated commands are grouped
together under a common node or root, thus, forming subtrees or
subsystems. An example isthe amplifier's’ OUTPut2' subsystem shown on
the following page.
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Command
Separator

Abbreviated
Commands

Implied (Optional)
Keywords

OUTPut2
:ATTenuation <attenuation>
:IM Pedance <impedance>

:OVERIoad? [query only]
[:STATe] <mode>
:ACTua? [query only]

OUTPut2 is the root keyword of the command, :AT Tenuation, :1MPedance,
:OVERIload?, and [:STATe] are second level keywords, and :ACTua?is the
third level keyword.

A colon (:) aways separates one command keyword from alower level
command keyword as shown below:

OUTP2:STAT:ACT?

The command syntax shows most commands as a mixture of upper and
lower case letters. The upper case lettersindicate the abbreviated spelling
for the command. For shorter program lines, send the abbreviated form. For
better program readability, you may send the entire command. The amplifier
will accept either the abbreviated form or the entire command.

For example, if acommand’ s syntax contains the keyword | MPedance, then
IMP and IMPEDANCE are acceptable forms. Lower or upper case letters
are also acceptable. Thus, IMPedance, impedance, IMP, or imp are al
acceptable.

Implied or optional keywords are those which appear in square brackets ([ ])
in the command syntax. The brackets are not part of the command, and are
not sent to the amplifier. Suppose you send the following command:

OUTP2 ON
In this case, the amplifier responds as if the command was executed as.

OUTP2:STAT ON

SCPI Command Format
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SCPI Command Parameters

Parameter Types,
Explanations, and
Examples

The following information contains explanations and examples of the
parameter types found in this chapter.

* Numeric

Acceptsal commonly used decimal representations of numbers
including optional signs, decimal points, and scientific notation:

123, 123E2, -123, -1.23E2, .123, 1.23E-2, 1.23000E-01.
Special casesinclude MIN, MAX, and INFinity. The Comments
section within the Command Reference will state whether anumeric

parameter can also be specified in hex, octal, and/or binary:

#H7B, #Q173, #81111011

» Boolean

Represents a single binary condition that is either true or fase. Any
non-zero value is considered true:

ON, OFF, 1,0

» Discrete

Selects from afinite number of values. These parameters use
mnemonics to represent each valid setting.

« Arbitrary Block Program Data

This parameter typeis used to transfer a block of datain the form of
bytes. The block of databytesis preceded by a header which
indicates either 1) the number of data bytes which follow (definite
length block), or 2) that the following data block will be terminated
upon receipt of a New Line message with the EQI signal true
(indefinite length block). The syntax for datain the blocksis as
follows:

Definite length block:
#<non-zero digit><digit(s)><data byte(s)>
Where the value of <non-zero digit> equals the number of

<digit(s)>. The value of <digit(s)> taken as a decimal integer
indicates the number of <data byte(s)> in the block.
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Indefinite length block:
#0<data byte(s)><NL"END>
Examples of sending 4 data bytes:

#14<byte><byte><byte><byte>
#3004<byte><byte><byte><byte>
#0<byte><byte><byte><byte><NL"END>

Qu eryi Ng  Unlessotherwise noted in the reference section, parameter settings can be
Parameter Settings queried by adding a question mark (?) to the command which set the
parameter. For example:

INP:IMP 50

sets the impedance of the 'Input 1’ port to 50Q. The value can be queried by
executing:

INP:IMP?

The MINimum or MAXimum value of a parameter is determined as
follows:

INP:IMP? MIN

INP:IMP? MAX

SCPI Command Execution

The following information should be remembered when executing SCPI
commands.

Command Coupling Thefollowing amplifier commands are value coupled:

E1446 with E1405/06

OUTPutl:ATTenuation <attenuation>
OUTPutl:IMPedance <impedance>
SOURce:VOLTage[:LEVel][:IMMediate]:OFFSet <voltage>

E1446 with E1445

OUTPut2:ATTenuation <attenuation>
OUTPut2:IMPedance <impedance>
SOURce2:VOLTage[:LEVel][:IMMediate]:OFFSet <voltage>
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This means that sending one of these commands can change the value set
previously by another one of these commands. Often, thisresultsin
“Settings Conflict” errors when the program executes. To prevent these
errors these commands must be executed in a“ Coupling Group”. Refer to
Chapter 2 for information on executing coupled commands.

Linking Commands Linking | EEE 488.2 Common Commands.

Use a semicolon between the commands. For example:

*RST;*CLS;*OPC?
Linking Multiple SCPI Commands.

Use a semicolon (;) and a colon (:) to link commands within different
subsystems. For example:

INP:IMP 50;:0UTP2:IMP 50

Commands within the same subsystem are linked with a semicolon(;). For
example:

INP:ATT 6;INP:IMP 50

SCPI Command Reference

This section describes the SCPI commands for the Agilent E1446A
Summing Amplifier/DAC. Since the E1446A amplifier can be a servant of
either the Agilent E1445A Arbitrary Function Generator or the Agilent
E1405 Command Module, the section has been divided into three parts:

 Agilent E1446A/Agilent E1445A Command Reference
(Agilent E1446A is a servant to the Agilent E1445A)

« Agilent E1446A/Agilent E1405 Command Reference
(Agilent E1446A is a servant to the Agilent E1405)

 |EEE-488.2 Common Commands
(samefor either commander (Agilent E1445A or Agilent E1405)

In each part the commands are listed alphabetically by subsystem and
alphabetically within each subsystem. A command guideis printed in the
top margin of each page. The guide indicates the first command listed on
that page.
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INPut[1]

SubSystem Syntax

:ATTenuation

The INPut[1] subsystem controls the input attenuation and impedance of the Agilent
E1446A’s“Input 1" BNC.

INPut[1]
:ATTenuation <attenuation>
:IMPedance <impedance>

Parameters

Comments

INPut[1]: AT Tenuation <attenuation> controls the input attenuator of the “Input
1" BNC. Input attenuation can rangefrom 0to 31 dB in 1 dB steps.

Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 0 through 31.0 | dB
MINimum|MAXimum

MINimum selects 0 dB attenuation; MAXimum selects 31 dB.

« Executablewhen initiated: Yes
« Coupling group: none

« *RST Condition: INPutl:ATTenuation O

Example Setting 20 dB input attenuation
INP:ATT 20 Set 20 dB input attenuation
:IMPedance
INPut[1]:1 M Pedance <impedance> sets the input impedance of the“Input 1" BNC
to either 50Q, 75Q, or 1 MQ.
Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 50|75|1.0ES6| Ohms
MINimum|MAXimum

MINimum selects 50Q input impedance; MAXimum selects 1 MQ.

INPut[1] Subsystem
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INPut[1] :IMPedance

Comments e« Executablewhen initiated: Yes
« Coupling group: none
« *RST Condition: INPutl:IMPedance 50

Example Setting 75 Q input impedance

INP:IMP 75 Set 75 Q input impedance
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INPut2

The INPut2 subsystem controls the input attenuation and impedance of the
Agilent E1446A’s“Input 2" BNC.

Subsystem Syntax [INPut2

:ATTenuation <attenuation>
:IMPedance <impedance>

:ATTenuation

INPut2: AT Tenuation <attenuation> controls the input attenuator of the “Input 2"
BNC. Input attenuation can range from0to 31 dB in 1 dB steps.

Parameters

Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 0 through 31.0 | dB
MINimum|MAXimum

MINimum selects 0 dB attenuation; MAXimum selects 31 dB.

Comments e« Executablewhen initiated: Yes
« Coupling group: none
« *RST Condition: INPut2:ATTenuation O

Example Setting 20 dB input attenuation

INP2:ATT 20 Set 20 dB input attenuation
:IMPedance
INPut2: I M Pedance <impedance> sets the input impedance of the “Input 2° BNC
to either 50Q, 75Q, or 1 MQ.
Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 50|75|1.0ES6| Ohms
MINimum|MAXimum

MINimum selects 50Q input impedance; MAXimum selects 1 MQ.
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INPut2 :IMPedance

Comments ¢ Executablewhen initiated: Yes
« Coupling group: none
« *RST Condition: INPut2:IMPedance 50

Example Setting 75 Q input impedance

INP2:IMP 75 Set 75 Q input impedance
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OUTPut2

The OUTPut2 subsystem controls the characteristics of the Agilent E1446A’s“Main
Output” BNC. The subsystem sets the output attenuation, sets the output source
impedance, monitors overload conditions, and enables or disables the output.

Subsystem Syntax OUTPut2
:ATTenuation <attenuation>
:IMPedance <impedance>

:OVERIoad? [query only]
[[STATe] <mode>
:ACTual? [query only]

:ATTenuation

OUTPut2: AT Tenuation <attenuation> controls the output attenuator of the “Main
Output” BNC. Either no attenuation or 20 dB may be selected when

OUTPut2:1M Pedance is set to either 50Q or 75Q. OUTPut2: AT Tenuation must be
set to 0 dB when OUTPut2:1M Pedance is set to 0Q.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 0]20.0| dB
MINimum|MAXimum

MINimum selects 0 dB attenuation; MAXimum selects 20 dB.

Comments e« Executablewhen initiated: Yes
« Coupling group: Power amplifier
« *RST Condition: OUTPut2:ATTenuation O

Example Setting 20 dB output attenuation

OUTP2:ATT 20 Set 20 dB output attenuation
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OUTPut2 :IMPedance

:IMPedance

OUTPut2: I M Pedance <impedance> sets the output impedance of the “Main
Output” BNC to either 0Q, 50Q, or 75Q.

OUTPut2:1M Pedance 0 should be selected when an open-circuit or high-impedance
load is connected to the output of the Agilent E1446A. The matching impedanceis
removed from the amplifier output. Also, the offset voltage into an open-circuit is
twice that into amatched load. Setting OUT Put2:1M Pedance O compensates for this
effect so that the SOURce2:VOL Tage:LEVel:IMMediate: OFFSet command will
output the specified voltage into an open circuit.

When OUTPut2:IM Pedanceis set to either 50Q or 75Q, either no output attenuation
or 20 dB may be set. OUTPut2: AT Tenuation must be set to 0 dB when
OUTPut2:IMPedance is set to 0Q.

Parameters
Parameter | Parameter Range of Default

Name Type Values Units

impedance numeric 0|50|75| Ohms
MINimum|MAXimum

MINimum selects 0Q output impedance; MAXimum selects 75Q.

Comments e« Executablewhen initiated: Yes
« Coupling group: Power amplifier

+ Related commands: SOURce:VOLTageLEVe:IMMediate: OFFSet and
OUTPUT2:ATTenuation

« *RST Condition: OUTPut2:1MPedance 50

Example Setting 75 Q output impedance

OUTP2:IMP 75 Set 75 Q output impedance

:OVERIload?

OUTPut2:OVERIload? determinesif an overload condition exists by reading bit 11
of the amplifier’s Status register (Appendix C).

Thiscommand requires Agilent E1445A firmwarerevison A.02.00 or greater.

3-12 E1446/E1445 Command Reference OUTPut2 Subsystem



OUTPut2 [:STATe]
Comments « A one(1) returned in response to the query indicates an overload condition exists.
A zero (0) indicates there is not an overload condition.
« Coupling group: none
« *RST Condition: none

Example Determiningif an overload condition exists

OUTP2:0VER? determine if overload condition exists

[:STATe]
OUTPut2[:STATe] <mode> closes or opens the output relay of the “Main Output”
BNC to enable or disable the analog output. When disabled, the output appears as
an open circuit.
Parameters Parameter Parameter Range of Default
Name Type Values Units
mode boolean OFF|0|ON|1 none

Comments -« Executablewhen initiated: Yes
« Coupling group: none
« *RST Condition: OUTPut2:STATe ON
« Theoutput relay will open automatically if an output overload is detected.

Example Disabling theoutput

OUTP2 OFF Disable output

[:STATe]:ACTual?

OUTPut2[:STATe]:ACTual? determinesif the amplifier's’Main Output’ BNC is
enabled or has been disabled due to an overload condition. The determination is
done by reading bit 8 of the amplifier’s Status register (Appendix C).

Thiscommand requires Agilent E1445A firmwarerevison A.02.00 or greater.
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OUTPut2 [:STATe]:ACTual?
Comments « A one(1) returned in response to the query indicates the’ Main Output’ BNC is
enabled. A zero (0) indicates the output is disabled.
« Coupling group: none
« *RST Condition: none

Example Determiningif theoutput isenabled

OUTP2:STAT:ACT? determine if the output is enabled
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OUTPut3

The OUTPut3 subsystem controls the output impedance of the Agilent E1446A°s
“Diff Output +” output.

Subsystem Syntax OUTPut3
:IMPedance <impedance>

:IMPedance
OUTPut3: I M Pedance <impedance> sets the output impedance “ Diff Output +”
BNC to either 50Q or 75Q.
Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 50|75| Ohms
MINimum|MAXimum

MINimum selects 50Q output impedance; MAXimum selects 75Q.

Comments e« Executablewhen initiated: Yes
« Coupling group: none
« *RST Condition: OUTPut3:1MPedance 50

Example Setting 75 Q output impedance

OUTP3:IMP 75 Set 75 Q output impedance
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OUTPut4

The OUTPut4 subsystem controls the output impedance of the Agilent E1446A°s
“Diff Output - output.

Subsystem Syntax OUTPut4
:IMPedance <impedance>

:IMPedance
OUTPut4: I M Pedance <impedance> sets the output impedance “ Diff Output -”
BNC to either 50Q or 75Q.
Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 50|75| Ohms
MINimum|MAXimum

MINimum selects 50Q output impedance; MAXimum selects 75Q.

Comments e« Executablewhen initiated: Yes
« Coupling group: none
« *RST Condition: OUTPut4:1M Pedance 50

Example Setting 75 Q output impedance

OUTP4:IMP 75 Set 75 Q output impedance
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SOURce2:VOLTage

The SOURce2:VOL Tage subsystem controls the output offset voltage at the Agilent
E1446A’s“Main Output” BNC.

Subsystem Syntax SOURce2
'VOLTage
[LEVel]
[:IMMediate]
:OFFSet <voltage>

[:LEVel][:IMMediate]: OFFSet

SOURce2:VOL Tage:LEVE][:IMMediate]: OFFSet <voltage> sets the offset
voltage at the “Main Output” BNC. Output offset level is programmed in volts.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
number numeric -9.999695 to +10.0| volts
MINimum|MAXimum

MINimum selects -9.999695; MAXimum selects +10.0.

The above limits are doubled if OUTPut2:IMPedance O is set.

The combination of input levels and offset voltage must produce a voltage that
remains within the Agilent E1446A’ s output voltage specification. Significant
distortion of the waveform will occur when the combination of input levels and
offset voltage exceeds the specification.
Example Setting offset voltage

Comments « Executablewhen initiated: Yes
« Coupling group: Power amplifier
« Related commands: OUTPut2:1M Pedance
« *RST Condition: SOURce2:VOL Tage:LEVe:IMMediate: OFFSet 0 V

Example Setting offset voltage
SOUR2:VOLT:OFFS 3 Set offset voltage to 3 volts
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STATuUsS

The STATus subsystem control s the SCPI-defined Operation and Questionable
Signal statusregisters. Eachis comprised of a condition register, an event register,
an enable mask, and negative and positive transition filters.

Each status register works as follows. when a condition occurs, the appropriate bit in
the condition register is set or cleared. If the the corresponding transition filter is
enabled for that bit, the same bit is set in the associated event register. The contents
of the event register and the enable mask are logically ANDed bit-for-bit; if any bit
of theresult is set, the summary bit for that register is set in the status byte. The
status byte summary bit for the Operation status register is bit 7; for the
Questionable Signal status register, bit 3.

Operation
Status Register All bitsarealways0. Thisregister isimplemented only for SCPI compatibility
pUrpOSEs.

Questionable
Signal
Status Register All bitsarealways0. Thisregister isimplemented only for SCPI compatibility
puUrposes.

Subsystem Syntax STATus
:OPERation|QUEStionable

:CONDition? [query only]
:ENABIle <unmask>
[:EVEN(]? [query only]

:NTRansition <unmask>
:PTRansition <unmask>
:PRESet [no query]

:OPERation|QUEStionable:CONDition?

STATus:OPERation|QUEStionable: CONDition? returns the contents of the
appropriate condition register. Reading the register does not affect its contents.

Comments - Executablewhen initiated: Yes
« Coupling group: none
« Related commands: STATus subsystem, * SRE, *STB?

« *RST Condition: al bits of both condition registers are cleared as aresult of the
state present after *RST.
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STATus :OPERation|QUEStionable:ENABIe

Example Queryingthe Operation condition register
STAT:OPER? Query Operation condition register
:OPERation|QUEStionable:ENABIe
STATus:OPERation|QUEStionable:ENABIe <unmask> specifies which bits of

the associated event register are included in its summary bit. The summary bit isthe
bit-for-bit logical AND of the event register and the unmasked bit(s).

Parameters Parameter | Parameter Range of Default
Name Type Values Units
unmask numeric or 0 through +32767 none
non-decimal
numeric

The non-decimal numeric forms are the #H, #Q, or #B formats specified by
|EEE-488.2.

Comments e« Executablewhen initiated: Yes
« Coupling group: none

« Related commands: STATus subsystem, * SRE, *STB?

*RST Condition: unaffected

« Power-on Condition: STATUS:OPERation|QUEStionable:ENABLE 0

:OPERation|QUEStionable[:EVENt]?

STATus:OPERation|QUEStionable[: EVENLt]? returns the contents of the
appropriate event register. Reading the register clearsit to O.

Comments « Both event registers are also cleared to 0 by the *CL S common command.
« Executablewhen initiated: Yes
« Coupling group: none
+ Related commands: STATus subsystem, * SRE, *STB?
« *RST Condition: unaffected
« Power-on Condition: Both event registers are cleared to O.

Example Queryingthe Operation event register
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STATus :OPERation|QUEStionable:NTRansition

STAT:EVEN?

:OPERation|QUEStionable:NTRansition

Query Operation event register

STATus:OPERation|QUEStionable:NT Ransition <unmask> sets the negative
transition mask. For each bit unmasked, a 1-to-0 transition of that bit in the

associated condition register will set the same bit in the associated event register.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
unmask numeric or 0 through +32767 none
non-decimal
numeric

The non-decimal numeric forms are the #H, #Q, or #B formats specified by
|EEE-488.2.

Comments -« Executablewhen initiated: Yes
« Coupling group: none
+ Related commands: STATus subsystem, * SRE, *STB?

*RST Condition: unaffected

« Power-on Condition: STATUS.OPERation|QUEStionable:NTRanstion 0

:OPERation|QUEStionable:PTRansition

STATus:OPERation|QUEStionable: PTRansition <unmask> sets the positive
transition mask. For each bit unmasked, a 0-to-1 transition of that bit in the
associated condition register will set the same bit in the associated event register.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
unmask numeric or 0 through +32767 none
non-decimal
numeric

The non-decimal numeric forms are the #H, #Q, or #B formats specified by
|EEE-488.2.
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STATus :PRESet

Comments « Executablewhen initiated: Yes
« Coupling group: none
+ Related commands: STATus subsystem, * SRE, *STB?
« *RST Condition: unaffected

« Power-on Condition: STATUS:OPERati on|QUES!i onable:PTRansition 32767

:PRESet

STATus:PRESet initializes the enable registers and transition masks for the
Operation and Questionable Signal status registers and sets STATus.OPC:INITiate
ON. For both status registers, the enable registers are set to 0, the negative transition
masks are set to 0, and the positive transition masks are set to 32767.

Comments « Executablewhen initiated: Yes
« Coupling group: none

+ Related commands: STATus subsystem, * SRE, *STB?

*RST Condition: none
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SYSTem

The SY STem subsystem returns error messages and the SCPI version number to
which the Agilent E1446A complies.

Subsystem Syntax SYSTem

‘ERRor?

‘ERRor? [query only]
‘VERSion? [query only]

SY STem:ERROR? returns the error messages in the error queue. See Appendix B
for alisting of possible error numbers and messages.

Comments -«

The Agilent E1446A places any generated errorsinto the error queue. The queue
isfirg-in, first out. With several errors waiting in the queue, the
SY STem:ERRor? returns the oldest unread error message firt.

The error queue can hold 30 error messages. If the Agilent E1446A generates
more than 30 messages that are not read, it replaces the last error message in the
gueue with error -350,"Too many errors’. No additional messages are placed into
the queue until SY STem:ERRor? reads some messages or the * CL S (clear status)
command clears the queue.

When the error queue is empty, SY STem:ERRor? returns +0,"No error".
Executable when initiated: Yes

*RST Condition: unaffected

Power-On Condition: no errors arein the error queue

Example Readingtheerror queue

SYST:ERR? Query the error queue
‘VERSion?
SY STem:VERS on? returns the SCPI version number to which the Agilent
E1446A complies: “1991.0".
Comment « Executablewhen initiated: Yes

*RST Condition: none
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SYSTem :VERSion?

Example Queryingthe SCPI revison

SYST:VERS? Query SCPI revision
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Table 3-1. Agilent E1446A/E1445A Command Quick Reference.

Subsystem Commands

INPut[ 1] INPut[1]:ATTenuation < attenuation>
INPut[1]:IMPedance < impedance>

INPut2 INPut2:ATTenuation < attenuation>
INPut2:IMPedance < impedance>

OUTPut2 OUTPut2:ATTenuation < attenuation>
OUTPut2:IMPedance < impedance>
OUTPut2:OVERIoad?
OUTPut2[:STATe] < mode>
OUTPut2[:STATe]:ACTual?

OUTPut3 OUTPut3:IMPedance < impedance>

OUTPut4 OUTPut4:IMPedance < impedance>

SOURce2:VOLTage |SOURce2:VOLTage[:LEVel][:IMMediate]:OFFSet < voltage>

STATus STATus:OPERation| QUEStionable:CONDition?
STATus:OPERation| QUEStionable:ENABle < unmask>
STATus:OPERation| QUEStionable[:EVENTt]?
STATus:OPERation| QUEStionable:NTRansition < unmask>
STATus:OPERation| QUEStionable:PTRansition < unmask>
STATus:PRESet

SYSTem SYSTem:ERRor?
SYSTem:VERsion?

3-24 E1446/E1445 Command Quick Reference




Agilent E1446 / E1405/06 Commands

SCPI Command Reference






DISPlay

The DISPlay subsystem enables the amplifier’ s settings (e.g. input impedance, input
attenuation, output impedance, output attenuation, ...) to be monitored. When a
display terminal is connected to the E1405 Command Module and monitor modeis

enabled, the E1446A amplifier settings (and changes to the settings) are shown on
the terminal.

Subsystem Syntax DISPlay
:MONitor
[[STATe] <mode>

:MONitor[:STATe]

DI SPlay:M ONitor [: STAT €] <state> enabl es/disables the monitor mode. Setting
the stateto "ON’ or 1’ enables monitor mode. 'OFF or 'O’ turns monitor mode off.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
mode boolean OFF|O|ON|1 none

Comments « Coupling group: none

« *RST Condition: DISPlay:MONitor:STATe OFF

Example Enabling Monitor Mode

DISP:MON:STAT ON enable monitor mode
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INPut[1]

Subsystem Syntax

:ATTenuation

The INPut[1] subsystem controls the input attenuation and impedance of the Agilent
E1446A’s“Input 1" BNC.

INPut[1]

:ATTenuation <attenuation>
:IMPedance <impedance>

Parameters

INPut[1]: AT Tenuation <attenuation> controls the input attenuator of the “Input

1" BNC. Input attenuation can rangefrom 0to 31 dB in 1 dB steps.

MINimum|MAXimum

Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 0 through 31.0 | dB

MINimum selects 0 dB attenuation; MAXimum selects 31 dB.

Comments « Coupling group: none

« *RST Condition: INPutl:ATTenuation O

Example Setting 20 dB input attenuation

INP:ATT 20 Set 20 dB input attenuation
:IMPedance
INPut[1]:1 M Pedance <impedance> sets the input impedance of the“Input 1" BNC
to either 50Q, 75Q, or 1 MQ.
Parameters

Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 50|75|1.0E6| Ohms

MINimum|MAXimum

MINimum selects 50Q input impedance; MAXimum selects 1 MQ.
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INPut[1] :IMPedance

Comments « Coupling group: none

« *RST Condition: INPutl:IMPedance 50

Example Setting 75 Q input impedance

INP:IMP 75 Set 75 Q input impedance
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INPut2

The INPut2 subsystem controls the input attenuation and impedance of the
Agilent E1446A’s“Input 2" BNC.

Subsystem Syntax [INPut2

:ATTenuation <attenuation>
:IMPedance <impedance>

:ATTenuation

INPut2: AT Tenuation <attenuation> controls the input attenuator of the “Input 2"
BNC. Input attenuation can range from0to 31 dB in 1 dB steps.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 0 through 31.0 | dB
MINimum|MAXimum

MINimum selects 0 dB attenuation; MAXimum selects 31 dB.

Comments « Coupling group: none
« *RST Condition: INPut2:ATTenuation O

Example Setting 20 dB input attenuation

INP2:ATT 20 Set 20 dB input attenuation
:IMPedance
INPut2: I M Pedance <impedance> sets the input impedance of the “Input 2° BNC
to either 50Q, 75Q, or 1 MQ.
Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 50|75|1.0E6| Ohms
MINimum|MAXimum

MINimum selects 50Q input impedance; MAXimum selects 1 MQ.
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INPut2 :IMPedance

Comments « Coupling group: none

« *RST Condition: INPut2:IMPedance 50

Example Setting 75 Q input impedance

INP2:IMP 75 Set 75 Q input impedance
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OUTPutl

The OUTPutl subsystem controls the characterigtics of the Agilent E1446A’s“Main
Output” BNC. The subsystem sets the output attenuation, sets the output source
impedance, monitors overload conditions, and enables or disables the output.

Subsystem Syntax OUTPutl
:ATTenuation <attenuation>
:IMPedance <impedance>

:OVERIoad? [query only]
[[STATe] <mode>
:ACTual? [query only]

:ATTenuation

OUTPutl: AT Tenuation <attenuation> controls the output attenuator of the “Main
Output” BNC. Either no attenuation or 20 dB may be selected when

OUTPutl:IM Pedanceis set to either 50Q or 75Q. OUTPutl:ATTenuation must be
set to 0 dB when OUTPutl:IMPedance is set to 0Q.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 0]20.0| dB
MINimum|MAXimum

MINimum selects 0 dB attenuation; MAXimum selects 20 dB.

Comments « Coupling group: Power amplifier
« *RST Condition: OUTPut1l:AT Tenuation O

Example Setting 20 dB output attenuation

OUTPL:ATT 20 Set 20 dB output attenuation

:IMPedance

OUTPut1: I M Pedance <impedance> sets the output impedance of the “Main
Output” BNC to either 0Q, 50Q, or 75Q.

OUTPut1:1M Pedance 0 should be selected when an open-circuit or high-impedance
load is connected to the output of the Agilent E1446A. The matching impedanceis
removed from the amplifier output. Also, the OUTPUT1 offset voltage into an
open-circuit is twice that into a matched load. Setting OUTPut1:IM Pedance O
compensates for this effect so that the

SOURce:VOL Tage LEVe:IMMediate: OFFSet command will output the specified
voltage into an open circuit.
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Parameters

Comments

Example

:OVERIload?

OUTPutl :OVERIoad?

When OUTPutl:IM Pedanceis set to either 50Q or 75Q, either no output attenuation
or 20 dB may be selected. OUTPutl:ATTenuation must be set to
0dB when OUTPutl:IMPedanceis set to 0Q.

Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 0|50|75| Ohms
MINimum|MAXimum

MINimum selects 0Q output impedance; MAXimum selects 75Q.

« Coupling group: Power amplifier

+ Related commands: SOURce:VOLTageLEVe:IMMediate: OFFSet and
OUTPut1l:ATTenuation

« *RST Condition: OUTPutl:|MPedance 50

Setting 75Q output impedance

OUTP1:IMP 75 Set 75 Q output impedance

Comments

Example

OUTPut1l:OVERIoad? determinesif an overload condition exists by reading bit 11
of the amplifier's status register (Appendix C).

« A one (1) returned in response to the query indicates an overload condition exists.
A zero (0) indicates there is not an overload condition.

« Coupling group: none
« *RST Condition: none

Determining if an overload condition exists

OUTP1:0VER? determine if overload condition exists
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OUTPutl [:STATe]

[:STATe]
OUTPutl]:STATe] <mode> closes or opens the output relay of the “Main Output”
BNC to enable or disable the analog output. When disabled, the output appears as
an open circuit.
Parameters Parameter Parameter Range of Default
Name Type Values Units
mode boolean OFF|0|ON|1 none

Comments « Coupling group: none
« *RST Condition: OUTPutl:STATe ON

« Theoutput relay will be opened automatically if an output current overload occurs.

Example Disabling theoutput

OUTP1 OFF Disable output

[:STATe]:ACTual?

OUTPutl[:STATe]:ACTual? determinesif the amplifier's’Main Output’ BNC is
enabled or has been disabled due to an overload condition. The determination is
done by reading bit 8 of the amplifier's Status register (Appendix C).

Comments « A one(1) returned in response to the query indicates the’Main Output’ BNC is
enabled. A zero (0) indicates the output is disabled.

« Coupling group: none
« *RST Condition: none

Example Determiningif theoutput isenabled

OUTPL:STAT:ACT? determine if the output is enabled
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OUTPut2

The OUTPut2 subsystem controls the output impedance of the Agilent E1446A’s
“Diff Output +” output.

Subsystem Syntax OUTPut2
:IMPedance <impedance>

:IMPedance
OUTPut2: I M Pedance <impedance> sets the output impedance “ Diff Output +”
BNC to either 50Q or 75Q.
Parameters Parameter | Parameter Range of Default
Name Type Values Units
impedance numeric 50|75| Ohms
MINimum|MAXimum

MINimum selects 50Q output impedance; MAXimum selects 75Q.

Comments « Coupling group: none

« *RST Condition: OUTPut2:1MPedance 50

Example Setting 75 Q output impedance

OUTP2:IMP 75 Set 75 Q output impedance
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OUTPut3

Subsystem Syntax

The OUTPut3 subsystem controls the output impedance of the Agilent E1446A°s
“Diff Output - output.

OUTPut3
:IMPedance <impedance>

:IMPedance

OUTPut3: I M Pedance <impedance> sets the output impedance “ Diff Output -”
BNC to either 50Q or 75Q.

Parameters Parameter | Parameter Range of Default

Name Type Values Units
impedance numeric 50|75| Ohms
MINimum|MAXimum
MINimum selects 50Q output impedance; MAXimum selects 75Q.

Comments « Coupling group: none

« *RST Condition: OUTPut3:1M Pedance 50
Example Setting 75 Q output impedance

OUTP3:IMP 75 Set 75 Q output impedance
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SOURce:VOLTage

The SOURce:VOL Tage subsystem controls the output offset voltage at the Agilent
E1446A “Main Output” BNC.

Subsystem Syntax [SOURce]
‘VOLTage
[LEVel]
[:IMMediate]
:OFFSet <voltage>

[:LEVel][:IMMediate]: OFFSet

SOURce:VOL Tage:LEVd][:IMMediate]: OFFSet <voltage> sets the offset
voltage of the “Main Output” BNC. Output offset level is programmed in volts.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
number numeric -9.999695 to +10.0| volts
MINimum|MAXimum

MINimum selects -9.999695; MAXimum selects +10.0.

The above limits are doubled if OUTPut:IMPedance 0O is set.

The combination of input levels and offset voltage must produce a voltage that
remains within the Agilent E1446A’ s output voltage specification. Significant
distortion of the waveform will occur when the combination of input levels and
offset voltage exceeds the specification.

Comments « Coupling group: Power amplifier
+ Related commands: OUTPutl:lMPedance

« *RST Condition: SOURce:VOLTagelLEVe:IMMediate: OFFSet 0V

Example Setting offset voltage
SOUR:VOLT:OFFS 3 Set offset voltage to 3 volts
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STATuUsS

The STATus subsystem control s the SCPI-defined Operation and Questionable
Signal statusregisters. Each is comprised of a condition register, an event register,
an enable mask, and negative and positive transition filters.

Each status register works as follows. when a condition occurs, the appropriate bit in
the condition register is set or cleared. If the the corresponding transition filter is
enabled for that bit, the same bit is set in the associated event register. The contents
of the event register and the enable mask are logically ANDed bit-for-bit; if any bit
of theresult is set, the summary bit for that register is set in the status byte. The
status byte summary bit for the Operation status register is bit 7; for the
Questionable Signal status register, bit 3.

Operation
Status Register All bitsareaways0. Thisregister isimplemented only for SCPI compatibility
pUrpOSEsS.

Questionable
Signal
Status Register All bitsareaways0. Thisregister isimplemented only for SCPI compatibility
PUrpOSEsS.

Subsystem Syntax STATus
:OPERation|QUEStionable

:CONDition? [query only]
:ENABIle <unmask>
[.EVENTt]? [query only]

:NTRansition <unmask>
:PTRansition <unmask>
:PRESet [no query]

:OPERation|QUEStionable:CONDition?

STATus:OPERation|QUEStionable: CONDition? returns the contents of the
appropriate condition register. Reading the register does not affect its contents.

Comments - Executablewhen initiated: Yes
« Coupling group: none
+ Related commands: STATus subsystem, * SRE, *STB?

« *RST Condition: al bits of both condition registers are cleared as aresult of the
state present after *RST.

Example Queryingthe Operation condition register

STAT:OPER? Query Operation condition register
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STATus :OPERation|QUEStionable:ENABIe

:OPERation|QUEStionable:ENABIe

Parameters

Comments

STATus:OPERation|QUEStionable:ENABIe <unmask> specifies which bits of
the associated event register are included in its summary bit. The summary bit isthe
bit-for-bit logical AND of the event register and the unmasked bit(s).

Parameter | Parameter Range of Default
Name Type Values Units
unmask numeric or 0 through +32767 none
non-decimal
numeric

The non-decimal numeric forms are the #H, #Q, or #B formats specified by
|EEE-488.2.

Executable when initiated: Yes

Coupling group: none

Related commands: STATus subsystem, * SRE, *STB?
*RST Condition: unaffected

Power-on Condition: STATUS.OPERation|QUESti onable:ENABLE 0

:OPERation|QUEStionable[:EVENLt]?

STATus:OPERation|QUEStionable[: EVENLt]? returns the contents of the
appropriate event register. Reading the register clearsit to O.

Comments « Both event registers are also cleared to 0 by the *CL S common command.

Example

Executable when initiated: Yes

Coupling group: none

Related commands: STATus subsystem, * SRE, *STB?
*RST Condition: unaffected

Power-on Condition: Both event registers are cleared to O.

Querying the Operation event register

STAT:EVEN? Query Operation event register

STATus Subsystem
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STATus :OPERation|QUEStionable:NTRansition

:OPERation|QUEStionable:NTRansition

STATus:OPERation|QUEStionable:NT Ransition <unmask> sets the negative
transition mask. For each bit unmasked, a 1-to-0 transition of that bit in the
associated condition register will set the same bit in the associated event register.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
unmask numeric or 0 through +32767 none
non-decimal
numeric

The non-decimal numeric forms are the #H, #Q, or #B formats specified by
|EEE-488.2.

Comments e« Executablewhen initiated: Yes

Coupling group: none
+ Related commands: STATus subsystem, * SRE, *STB?

*RST Condition: unaffected

« Power-on Condition: STATUS.OPERation|QUEStionable:NTRanstion 0

:OPERation|QUEStionable:PTRansition

STATus:OPERation|QUEStionable: PT Ransition <unmask> sets the positive
transition mask. For each bit unmasked, a 0-to-1 transition of that bit in the
associated condition register will set the same bit in the associated event register.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
unmask numeric or 0 through +32767 none
non-decimal
numeric

The non-decimal numeric forms are the #H, #Q, or #B formats specified by
|EEE-488.2.

Comments e« Executablewhen initiated: Yes
« Coupling group: none

+ Related commands: STATus subsystem, * SRE, *STB?
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STATus :PRESet

« *RST Condition: unaffected

« Power-on Condition: STATUS:OPERati on|QUES!i onable:PTRansition 32767

:PRESet

STATus:PRESet initializes the enable registers and transition masks for the
Operation and Questionable Signal status registers and sets STATus.OPC:INITiate
ON. For both status registers, the enable registers are set to 0, the negative transition
masks are set to 0, and the positive transition masks are set to 32767.

Comments -« Executablewhen initiated: Yes
« Coupling group: none

+ Related commands: STATus subsystem, * SRE, *STB?

« *RST Condition: none
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SYSTem

The SY STem subsystem returns error messages and the SCPI version number to
which the Agilent E1446A complies.

Subsystem Syntax SYSTem

‘ERRor? [query only]
‘VERSion? [query only]

‘ERRor?

SY STem:ERROR? returns the error messages in the error queue. See Appendix B
for alisting of possible error numbers and messages.

Comments « TheAdgilent E1446A places any generated errorsinto the error queue. The queue
isfirg-in, first out. With several errors waiting in the queue, the
SY STem:ERRor? returns the oldest unread error message firgt.

« Theerror queue can hold 30 error messages. If the Agilent E1446A generates
more than 30 messages that are not read, it replaces the last error message in the
gueue with error -350,"Too many errors’. No additional messages are placed into
the queue until SY STem:ERRor? reads some messages or the * CL S (clear status)
command clears the queue.

« When the error queue is empty, SY STem:ERRor? returns +0,"No error".

« Executablewhen initiated: Yes

« *RST Condition: unaffected

Power-On Condition: no errors arein the error queue

Example Readingtheerror queue

SYST:ERR? Query the error queue

:'VERSion?

SY STem:VERS on? returns the SCPI version number to which the Agilent
E1446A complies. “1991.0".

Comment e« Executablewhen initiated: Yes

« *RST Condition: none
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SYSTem :VERSion?

Example Queryingthe SCPI revison

SYST:VERS? Query SCPI revision
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Table 3-1. Agilent E1446A/E1405/06 Command Quick Reference.

Subsystem Commands

DISPlay DISPlay:MONitor[:STATe] < mode>

INPut[ 1] INPut[1]:ATTenuation < attenuation>
INPut[1]:IMPedance < impedance>

INPut2 INPut2:ATTenuation < attenuation>
INPut2:IMPedance < impedance>

OUTPutl OUTPutl:ATTenuation < attenuation>
OUTPutl:IMPedance < impedance>
OUTPut1:0OVERIoad?
OUTPut1[:STATe] < mode>
OUTPut1[:STATe]:ACTual?

OUTPut2 OUTPut2:IMPedance < impedance>

OUTPut3 OUTPut3:IMPedance < impedance>

SOURce:VOLTage |SOURce:VOLTage[:LEVel][:IMMediate]:OFFSet < voltage>

STATus STATus:OPERation| QUEStionable:CONDition?
STATus:OPERation| QUEStionable:ENABle < unmask>
STATus:OPERation| QUEStionable[:EVENTt]?
STATus:OPERation| QUEStionable:NTRansition < unmask>
STATus:OPERation| QUEStionable:PTRansition < unmask>
STATus:PRESet

SYSTem SYSTem:ERRor?
SYSTem:VERsion?
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IEEE-488.2 Common Commands

This section describes the | EEE-488.2 Common Commands implemented in the
Agilent E1446A. The table below shows the commands listed by functiona group;
however, commands are listed a phabetically in the reference. Examples are shown
in the reference when the command has parameters or returns a non-trivial response;
otherwise, the command string is as shown in the table. For additiona information,

refer to |IEEE Standard 488.2-1987.

Category Command Title

System Data *|DN? | dentification Query

Internal Operations | *LRN? Learn Device Setup Query
*RST Reset Command
*TST? Self Test Query

Synchronization *OPC Operation Complete Command
*OPC? Operation Complete Command
*WAI Wait-to-Continue Command

Macro *DMC <name>,<data> Define Macro Command
*EMC <enable> Enable Macro Command
*EMC? Enable Macro Query
*GMC? <name> Get Macro Contents Query
*LMC? Learn Macro Query
*PMC Purge Macros Command
*RMC <name> Remove Individua Macro Command

Status & Event *CLS Clear Status Command
*ESE <mask> Standard Event Status Enable Command
*ESE? Standard Event Status Enable Query
*ESR? Standard Event Status Register Query
*SRE Service Request Enable Command
*SRE? Service Request Enable Query
*STB? Read Status Byte Query

Stored Settings *RCL Recal Command
*SAV Save Command

IEEE-488.2 Common Commands
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*CLS

*CLS
*CL S clears the Standard Event Status Register, the Operation Status Register, the
Questionable Signal Register, and the error queue. This clears the corresponding
summary bits (3, 5, & 7) in the Status Byte Register. * CLS does not affect the
enable masks of any of the status registers.

Comments « Executablewhen initiated: Yes

« Coupling group: none
+ Related Commands: STATus PRESet
« *RST Condition: none

*DMC
*DM C <name>,<data> creates a macro with the specified name and assigns zero,
one, or asequence of commands to the name. The sequence may be composed of
SCPI and/or Common Commands. The sequence must be sent in |EEE-488.2
definite or indefinite block format.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
name string 1 through 12 characters none

data
data block any valid command none
data sequence
or
string
Comments « Lega macro names must start with an alphabetic character and contain only

alphabetic, numeric, and underscore ("_") characters. Alphabetic character case
(upper vs. lower) isignored.

The nameis alowed to be the same as a SCPlI command, but may be not be the
same as a Common Command. When the name is the same as a SCPI command,
the macro rather than the command will be executed when the name isreceived if
macro usage is enabled. The SCPI command will be executed if macro usageis
disabled.

« Executablewhen initiated: Yes

« Coupling group: none

« Related Commands. *EMC, *GMC, *LMC, *RMC
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*EMC and *EMC?

« *RST Condition: none; macro defintions are unaffected
» Power-On Condition: no macros are defined

Example Definemacroto set’'Input 1’ impedance

*DMC "RESTART","INP1:IMP 50" Define macro

*EMC and *EMC?

*EMC <enable> enables and disables macro usage. When enableis zero, macros
usageisdisabled. Any non-zero value enables macro usage.

The query form returns 1 if macro usage is enabled, O if disabled.
Comments « Macro definitions are not affected by this command.

« Executablewhen initiated: Yes

« Coupling group: none

« *RST Condition: macro usageis disabled

« Power-On Condition: macro usage is enabled

*ESE and *ESE?

*ESE <mask> enables one or more event bits of the Standard Event Status Register
to be reported in bit 5 (the Standard Event Status Summary Bit) of the Status Byte
Register. Mask isthe sum of the decimal weights of the bits to be enabled.

The query form returns the current enable mask.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
mask numeric 0 through 255 none

A 1linabit position enables the corresponding event; a O disablesiit.
Comments « Executablewhen initiated: Yes

« Coupling group: none

+ Related Commands; *ESR?, *SRE, *STB?

« *RST Condition: unaffected
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*ESR?

» Power-On Condition: no events are enabled

Example Enableall error events

*ESE 60 Enable error events

*ESR?

*ESR? returns the value of the Standard Event Status Register. The register isthen
cleared (al bits 0).

Comments e« Executablewhen initiated: Yes

« Coupling group: none

*RST Condition: none

Power-On Condition: register is cleared

*GMC?
*GM C? <name> returns the definition of the specified macro in IEEE-488.2
definite block format.
Parameters Parameter | Parameter Range of Default
Name Type Values Units
name string defined macro name none
data
Comments « Executablewhen initiated: Yes

« Coupling group: none
+ Related Commands. *DMC
« *RST Condition: none

» Power-On Condition: no macros are defined
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*IDN?

Example

*IDN?

Query macro definition

*GMC? "RESTART" Query macro definition

*LMC?

Note

Comments

*| DN? returns identification information for the E1446A. The response consists of
four fields:

HEWLETT-PACKARD,E1446A,0,A.01.00

Thefirst two fieldsidentify thisinstrument as model number E1446A manufactured
by Agilent Technologies. The third field is 0 since the serial number of the E1446A is
unknown to the firmware. Thelast field indicates therevision level of the firmware.

Thefirmware revision field will change whenever the firmware isrevised. A.01.00
istheinitial revision. Thefirst two digitsindicate the major revision number, and
increment when functional changes are made. Thelast two digits indicate bug fix
level.

« Executablewhen initiated: Yes
« Coupling group: none

« *RST Condition: none

Comments

*LMC? returns a comma-separated list of quoted strings, each containing the name
of amacro. If no macros are defined, asingle null string ("*) is returned.

« Executablewhen initiated: Yes
« Coupling group: none

« Related Commands. *DMC

« *RST Condition: none

» Power-On Condition: no macros are defined
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*LRN?

*LRN?

*LRN? returns a sequence of commands that may be resent to the Agilent E1446A
to returnit to its current programming stete.

Note *LRN? should be sent singly in a program message, since the number of commands
in the returned sequence is large, and may vary depending on firmware revision.

Comments e« Executablewhen initiated: Yes
« Coupling group: none

+ Related commands: *RCL, *RST, *SAV

*RST Condition: none

*OPC

*OPC causes the E1446A to wait for all pending commands to complete. The
Operation Complete bit (bit 0) in the Standard Event Status Register is then set.

Comments - Executablewhen initiated: Yes
« Coupling group: none
» Related commands: *OPC?, *WAI

*RST Condition: none

*OPC?

*OPC? causes the E1446A to wait for all pending commands to complete. A single
ASCII “1" isthen placed in the output queue.

Comments - Executablewhen initiated: Yes
« Coupling group: none
» Related commands: *OPC, *WAI

« *RST Condition: none

3-30 Command Reference IEEE-488.2 Common Commands



*PMC

*PMC

*PM C purges all macro definitions.
Comments « Usethe*RMC command to purge an single macro definition.
« Executablewhen initiated: Yes
« Coupling group: none
+ Related commands; *DMC, *RMC

« *RST Condition: none

*RCL

*RCL <number> restores a previoudy stored programming state from one of the 10
possible stored state areas. Number indicates which of the stored state areas should
be used.

Parameters
Parameter | Parameter Range of Default

Name Type Values Units

number numeric 0 through 9 none

Comments -« Executablewhen initiated: No
« Coupling group: none
+ Related Commands; *LRN?, *RST, *SAV

*RST Condition: unaffected

Power -on Condition: all saved states set to the same state as the *RST state

*RMC

*RM C <name> purges only the specified macro definition.

NOTE: At printing time, *RMC is acommand proposed and accepted for arevision
and re-designation of |EEE-488.2.

Comments « Usethe*PMC command to purge al macro definitions in one command.
« Executablewhen initiated: Yes

« Coupling group: none
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*RST

» Related commands; *DMC, *PMC

« *RST Condition: none

*RST

*RST resetsthe Agilent E1446A asfollows:

 Setsal commandsto their *RST Hate.
 Abortsal pending operations including waveform generation.

*RST doesnot affect:

+ The output queue

 The Service Request Enable Register

« The Standard Event Status Enable Register

 The enable masks for the OPERation Status and Questionable Signal registers
Comments « Executablewhen initiated: Yes

« Coupling group: none

« *RST Condition: none

*SAV

*SAV <number> stores the current programming state into one of the 10 possible
stored state areas. Number indicates which of the stored state areas should be used.

Parameters Parameter | Parameter Range of Default
Name Type Values Units
number numeric 0 through 9 none

Comments « Executablewhen initiated: No
« Coupling group: none
+ Related Commands. *LRN?, *RCL, *RST
« *RST Condition: unaffected

» Power-on Condition: all saved states set to the same state asthe *RST state
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*SRE and *SRE?

*SRE and *SRE?

*STB?

Parameters

Comments

Example

*SRE <mask> specifies which bits of the Status Byte Register are enabled to
generate aservicerequest . Event and summary bits are always set and cleared in
the Status Byte Register regardless of the enable mask. Mask is the sum of the
decimal weights of the bitsto be enabled.

The query form returns the current enable mask.

Parameter | Parameter Range of Default
Name Type Values Units
mask numeric 0 through 255 none

A 1linabit position enables service regquest generation when the corresponding
Status Byte Register bit is set; a0 disablesit.

« Executablewhen initiated: Yes

« Coupling group: none

« *RST Condition: unaffected

« Power-On Condition: no bits are enabled

Enable service request on Message Available bit

*SRE 16 Enable request on MAV

Comments

*STB? returns the value of the Status Byte Register. Bit 6 (decimal weight 64) is
set if aservice request is pending. STB? should not be used to read the Status Byte
register if aservice request is generated by a message available (MAV) condition.

« *STB?isaquery. Thus, sending the command in response to aMAYV condition
will generate Error -410 "Query interrupted".

« Executablewhen initiated: Yes
« Coupling group: none
» Related commands: * SRE

« *RST Condition: none
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*TST?

*TST?

*TST? causes the E1446A to executeits internal self-test and return avalue
indicating the results of the test. Only communication between the command
module and the on-card registersis tested.

A zero (0) response indicates that the self-test passed. A one (1) responseindicates
that the test failed. The failure also generates an error message with additional
information on why the test failed.

When the test completes, al other commands are restored to their current values
when the E1446A is used with the E1405/06. When the E1446A is used with the
E1445A, the commands are set to their *RST values.

Comments -« Executablewhen initiated: No

« Coupling group: none

« *RST Condition: none

*WAI

*WAI causesthe E1446A to wait for all pending commands to complete before
executing any further commands.

Comments -« Executablewhen initiated: Yes
« Coupling group: none
» Related commands: *OPC, * OPC?

« *RST Condition: none
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The Agilent E1446A Summing Amplifier/DAC conformsto the

SCPI Conformance Information

SCPI-1991.0 standard.

Thefollowing tableslist al the SCPI confirmed, approved, and non-SCPI

commands that the Agilent E1446A can execute.

Table 3-2. SCPI Confirmed Commands (E1446A/E1445A).

INPut[1]
:ATTenuation <attenuation>
:IMPedance <impedance>

INPut2
:ATTenuation <attenuation>
:IMPedance <impedance>

OUTPut2
:ATTenuation <attenuation>
:IMPedance <impedance>
[:STATe] <mode>

OUTPut3
:IMPedance <impedance>

OUTPut4
:IMPedance <impedance>

SOURce2
'VOLTage
[:LEVel]
[:IMMediate]
:OFFSet <voltage>

STATus
:OPERation | QUEStionable
:CONDition?
:ENABIle <unmask>
:NTRansition <unmask>
:PTRansition <unmask>
:PRESet

SYSTem
:ERRor?
:VERSion?

Table 3-3. SCPI Confirmed Commands (E1446A/E1405/06).

INPut[1]
:ATTenuation <attenuation>
:IMPedance <impedance>

INPut2
:ATTenuation <attenuation>
:IMPedance <impedance>

OUTPutl
:ATTenuation <attenuation>
:IMPedance <impedance>
[:STATe] <mode>

OUTPut2
:IMPedance <impedance>

OUTPut3
:IMPedance <impedance>

SOURce
'VOLTage
[:LEVel]
[:IMMediate]
:OFFSet <voltage>

STATus
:OPERation | QUEStionable
:CONDition?
:ENABIe <unmask>
:NTRansition <unmask>
:PTRansition <unmask>
:PRESet

SYSTem
:ERRor?
'VERSion?
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Table 3-4. Non-SCPI Commands.

Agilent E1446A/E1445A Agilent E1446A/E1405/06
OUTPut2 DISPlay
:OVERIload? :MONitor
[:STATe] [:STATe]
ACTual?
OUTPutl
:OVERIload?
[:STATe]
ACTual?

3-36 Command Reference SCPI Conformance Information



Appendix A
Specifications

Appendix Contents

Inputs

Outputs

Main Output

Thisappendix containsthe Agilent E1446A Summing Amplifier/DAC
operating specifications. Except as noted, the specifications apply under
the following conditions:

o Period: 1 year

e Temperature: 0°-55°C

+ Relative humidity: < 65% @ 0°-40°C
e Warm up time: 1 hour

“Typical”, “typ”, or “nominal” values are non-warranted supplementary
information provided for applications assistance.

Number of Inputs: 2

Function: These inputshave independently adjustable attenuators
(see below), and are summed into all outputs.

Connectors:  BNC (ground-referenced)

Impedance:  50Q, 75Q,0r 1MQ || 20pF (nominal)

Connector: BNC (ground-referenced)
Impedance: 50Q, 75Q, or Low-Z (lessthan 1Q) (nominal)

Drive Capability: + 10voltsDC into 50 or 75 Q (Rout=50 or 75
respectively)
+ 20voltsDC into > 100Q (Rout=LowZ)
Output current = 200 mA
Short-circuit maximum < 400 mA
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Protection: Relay Trip. Thisdisconnectsthe main output after
either avoltage or a current overload of non-transient duration. The
relay’s state can be queried and reset by software control.

Differential Outputs These are two outputs nominally out-of-phase.

Connectors: The + (in-phase) and - (antiphase) outputs have
separate ground-referenced BNC connectors.

Impedance: 50 or 75 Q, each side to ground

Drive Capability: + 1V into500r 75 Q

Gain  Maximum voltage gain from either input (with all attenuators set to
Characteristics 0dB; accuraciesshown are for DC):

Output 50/75 Q load High-Z load
Main 10 £+ 1.0% 20+ 1.0%
Differential + +1+10% +2+ 1.0%
Differential - -1+10% -2+ 1.0%

Input channel attenuators: Each input channel hasan independent
attenuator adjustable from0to 31 dB in stepsof 1 dB.

Main output attenuator: Two settings, 0 or 20 dB attenuation.
(20 dB setting isnot applicable when Rout = Low-Z.)

Attenuator DC accuracy: 0.1 dB for each attenuator

Offset  Main Output Offset isadjustable with aDAC:

Nominal Range: + to - maximum output voltage (i.e. £ 10V or = 20V)
Resolution : 16 bits

Accuracy: + 0.5% of full-scale plus+ 0.7% of setting
Differential Outputs: Offset accuracy is+ 1% of maximum output
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AC Characteristics Frequency Response:

Full-Power Bandwidth: 10 MHz, all outputs
Small-Signal Bandwidth: 30 MHz, all outputs

General VXI  Size: C

Characteristics ~ Slots: 1
Connectors: P1, P2
Weight (kg) : 14
Device Type: Register, A16, D 16 Servant
VXIbus Revision Compliance: 13
Register Level Documentation : Yes
SCPI Revision : 1991.0
Manufacturer Code: 4095 Decimal
Model Code: 419 Decimal

Currentsin Amps (typical)

+5v : [(pm) 0.36
[(dm) 0.04
+ 12v: [(pm) 0.2
[(dm) 0.06
-12v: [(pm) 0.08
[(dm) 0.05
+24v: [(pm) 0.36
[(dm) 0.27
-24v - [(pm) 0.34
(dm) 0.27
-5.2v: [(pm) 0.22
(dm) 0.04
-2V [(pm) O
[(dm) O
+ 5vs: [(pm) O
[(dm) O

Typical Watts/Sot: 16
dPressure(mm H20): 0.14
AirFlow (literg/s): 1.28
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Appendix B
Error Messages

Agilent E1446A Thisappendix containsalist of error messagesthat may be received
Error Messages When programming the Agilent E1446A.

« TableB-1. Agilent E1446A Error Messages.......... B-2
« TableB-2. Agilent E1446A Settings Conflict Errors
withthe Agilent E1405/06 . ...............ccoonnn... B-4
« TableB-3. Agilent E1446A Settings Conflict Errors
withthe Agilent E1445A ... ... .. .. ... ... .. ... B-4
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Table B-1. Agilent E1446A Error Messages

Code Message Description

-101 Invalid character Unrecognized character in parameter.

-102 Syntax error Command is missing a space or comma between
parameters.

-103 Invalid separator Parameter is separated by a character other than a
comma.

-104 Data type error The wrong data type (number, character, string,
expression) was used when specifying the parameter.

-108 Parameter not allowed Parameter specified in a command which does not
require one.

-109 Missing parameter Command requires a parameter(s).

-112 Program mnemonic too long Command keyword > 12 characters

-113 Undefined header Command header (keyword) was incorrectly specified.

-121 Invalid character in number A character other than a comma or number is in the
middle of a number.

-123 Numeric overflow A parameter value is greater than what can be
represented with the number format.

-124 Too many digits More than 256 digits were used to specify a number.

-128 Numeric data not allowed A number was specified when a letter was required.

-131 Invalid suffix Parameter suffix incorrectly specified (e.g. VO rather
than VP).

-138 Suffix not allowed Parameter suffix is specifed when one is not allowed.

-141 Invalid character data Discrete parameter specified is not a valid choice.

-144 Character data too long A segment or sequence name is too long, or a
discrete parameter is > 12 characters. Segment and
sequence names must be 12 characters or less.

-148 Character data not allowed Discrete parameter was specified when another type
(e.g. numeric, boolean) is required.

-158 String data not allowed A string was specified when another parameter type
(i.e. discrete, numeric, boolean) is required.

-161 Invalid block data The number of bytes in a definite length data block
does not equal the number of bytes indicated by the
block header.

-168 Block data not allowed Block data was specified when another parameter

type (i.e. discrete numeric, boolean) is required.

B-2
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Table B-1. Agilent E1446A Error Messages (Con't.)

Code Message Description

-178 Expression data not allowed Expression data was specified when another
parameter type is required.

-183 Macro execution error Macro program data sequence could not be executed
due to invalid data inside the macro definition.

-221 Settings conflict See "Settings Conflict Error Messages" at the end of
this table.

-222 Data range error Data out of range.

-270 Macro error *RMC < name> was executed and name is not
defined.

-272 Macro execution error Macro program data sequence could not be executed
due to a syntax error within the macro definition.

-273 lllegal macro label The macro label defined in the * DMC command was
too long, the same as a common command keyword,
or contained invalid header syntax.

-276 Macro recursion error A macro program data sequence could not be
executed because the sequence leads to the
execution of a macro being defined.

=277 Macro redefinition not allowed  |A macro label in the *DMC command could not be
executed because the macro label was already
defined.

-330 Self-test failed Note the information associated with the message for
a description of the failure.

-350 Too many errors The Agilent E1446A error queue is full and additional
errors have occurred.

-410 Query INTERRUPTED The Agilent E1446A was sent a command before it
was finished responding to a query command.

-420 Query UNTERMINATED The controller (computer) attempts to read a query
response from the Agilent E1446A without having first
sent a complete query command.

-430 Query DEADLOCKED The Agilent E1446A’s input and output buffers are full
and the Amplifier cannot continue

-440 Query UNTERMINATED after Occurs when the *IDN? query is not the last query

indefinite response executed in a command string

Agilent E1446A Error Messages
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Table B-2. Agilent E1446A Settings Conflict Errors with the Agilent E1405/06 Command Module
OUTP:ATT 20 and OUTP:IMP 0; OUTP:IMP 50 set

SOUR:VOLT:OFFS < minimum; SOUR:VOLT:OFFS MIN set

SOUR:VOLT:OFFS > maximum; SOUR:VOLT:OFFS MAX set

Table B-3. Agilent E1446A Settings Conflict Errors with the Agilent E1445A AFG

OUTP2:ATT 20 and OUTP2:IMP 0; OUTP2:IMP 50 set

SOUR2:VOLT:OFFS < minimum; SOUR2:VOLT:OFFS MIN set

SOUR2:VOLT:OFFS > maximum; SOUR2:VOLT:OFFS MAX set
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Appendix C
Register-Based Programming

Appendix Contents

The Agilent E1446A Summing Amplifier/DAC (amplifier) isa
register-based device which doesnot support the V X1busword serial
protocol. When a SCPI command is sent to the amplifier, the amplifier
driver in the Agilent E1445A Arbitrary Function Generator (AFG) or
in the Agilent E1405/06 Command M odule parsesthe command and
writesthe information to the amplifier registers.

Register-based programming isa series of reads and writesdirectly to
the amplifier registers. Thisincreasesthroughput speed snce command
parsing iseliminated and the registers can be accessed from the V XI
backplane (with an embedded controller or Instrument BASIC).

Thisappendix containsthe information you need for register-based
programming. The contentsinclude:

e Register Addressing. . .........coo i C-1
« Computer Configurations. . ......................... C-4
e Register Descriptions . .. ....cooiiiii i C-6
e Programmingthe Amplifier ......................... C-12
e ExamplePrograms. . ......... ... i C-17

Register Addressing

The Base Address

Register addressesfor register-based devicesare located in the upper
25% of VX1 A16 address space. Every VX1 device (up to 256 devices) is
allocated a 32 word (64 byte) block of addresses. The amplifier uses six
of the 32 (word) addresses allocated.

Figure C-1A showsthe register addresslocation within A16. Figure
C-1B showsthe location of A16 address space in the Agilent E1405/06
Command Module.

When you are reading or writing to an amplifier register, a hexadecimal
or decimal register addressis specified. Thisaddress consstsof aA16
base address plusaregister offset or register number.

Register Addressing
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REGISTER

16—-BIT WORDS
FFFFg / OFFSET
FFFF AL
16 / 3Cig
o [}
cooo b — | o o
6 REGISTER / o °
Al
\ g}EECE(-:S*S / 0Cqp Input and Attenuator Register|
DA4g Output Control Register
A1B A
08 DAC Control R t
ADDRESS \ 16 ontrol Register
SPACE 0815 NOT USED
C000+¢ \ 0445 Status/Control Register
(49,152) 0218 Device Type Register
004 ID Register
E1446A
A16 Register Map
0000,
* Base Address = CO000,4 + (logical address * 64)16
or
49,152 + (logical address = 64)10
Register Address = Base Address + Register Offset F1446A FIGC-1
Figure C-1A. E1446A Amplifier Registers within A16 Address Space.
E£1405
ADDRESS MAP
FFFFFF g
REGISTER -
OFFSET 16—BIT WORDS
2000005 36
EOD000; ¢ / 3C1s
IFC000,44 2000005 ° °
/_ - ] ° °
A16 / ° °
A24 \ REGISTER oc Input ond Attenuator Register
ADDRESS 186
Aggiggs / SPACE AQIEA?CEESS / OAyg Output Control Register
/ \ * 084 DAC Control Register
0845 NOT USED
/ IFO0001 5 IFCO004¢ 0445 Status/Control Register
/ (2,080.768) \ 0215 Device Type Register
20000045 004 ID Register
IFO0D0; E14486A
A16 Register Map
000000,

* Base Address = IFC000;4 + {logical address * 64)4

or
2,080,768 + (logical address * B64),

Register Address =

Base Address + Register Offset

E1446A FIGC-2

Figure C-1B. E1446A Amplifier Registers within E1405 A16 Address Space.
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The A16 base address used in register-based programming depends on
whether the A 16 address space islocated insgde the E1405/06 Command
Module or elsewhere (e.g. embedded computer). FiguresC-1A, C-1B,
and Table C-1 enable you to determine the base addressfor the
following computer configurations:

« Embedded Controller (V/360)

(IBASIC)

« Agilent E1405/06 Command Module Instrument BASIC

« External Computer over GPIB to Command M odule (E1405/06)

Table C-1. Computer Configurations used with the E1446A

Computer

Programming Method

Base Address

Agilent E1480 V/360 Embedded
Computer

READIO (-16,Base_addr + offset)

WRITEIO -16,Base_addr + offset;data

(positive select code = byte read or write
negative select code = word read or write)

Base_addr = CO00046 + (LADDR *64)16

or
= 49,152 + (LADDR* 64)

offset = register offset (Figure C-1B)

E1405/06 IBASIC

(Absolute Addressing)

(Select Code 8)

READIO (-9826,Base_addr + offset)
WRITEIO -9826,Base_addr + offset;data

(positive select code = byte read or write
negative select code = word read or write)

READIO (8,Base_addr + reg number)
WRITEIO 8,Base_addr + reg number;data

Base_addr = 1FC000:6 + (LADDR * 64)15

or
= 2,080,768 + (LADDR * 64)

offset = register offset (Figure C-1A)

Base_addr = LADDR * 256

reg number = offset (Figure C-1A)/2

External Computer

(over GPIB to E1405/06 Command
Module)

VXI:READ? logical_address,offset
VXI:WRITE logical_address,offset,data

DIAG:PEEK? Base_addr + offset,width
DIAG:POKE Base_addr + offset,width,data

Amplifier logical address setting (LADDR)
offset = register offset (Figure C-1A)

Base_addr = 1FC000:s + (LADDR * 64)16

or
= 2,080,768 + (LADDR * 64)

offset = register offset (Figure C-1A)

LADDR : Amplifier logical address.

(LADDR * 64)16: multiply quantity, then convert to a hexadecimal number (e.g. 88 * 64)16 = 160016.
When using DIAG:PEEK? and DIAG:POKE, the width (number of bits) is 8 or 16.

Register Addressing
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Computer Configurations

Throughput Speed

Embedded
Computer
Programming
(C-Size Systems)

IBASIC
Programming

Thissection contains performance and functional information on the
computer configurationsthat can be used with register-based
programming.

Throughput speed isbased on the amount of command parsing and
whether the registers are accessed from the VX1 backplane or from the
GPIB. The computer configurationswhich allow faster throughput
relative to each other are summarized below:

1. Agilent E1480A V/360 Controller with READIO and WRITEIO
(register accessisfrom V XI backplane).

2. E1405/06 IBASIC absolute addressng with READIO and
WRITEIO (register accessisfrom VXI backplane).

3. E1405/06 IBASIC select code 8 with READIO and WRITEIO
(register accessisfrom V XI backplane).

4. External Computer usng DIAG:PEEK? and DIAG:POKE
(register accessisover GPIB).

5. External Computer usng VXI:READ?and VXI:WRITE
(register accessisover GPIB).

The fastest throughput isachieved using an embedded computer such as
the Agilent E1480 V/360. The embedded computer allowsyou to access
the amplifier registersfrom the V XIbusbackplane, and since READIO
and WRITEIO are used, there isno parsing of SCPI command headers.

When the E1446A amplifier isprogrammed using the E1405/06
Command Module’sInstrument BASIC (IBASIC), two methods of
accessing the registersare through absolute addressing or using select
code 8.

Absolute Addressing and Select Code 8

Absolute addressing isfaster than select code 8 since the complete
register address (including the A16 starting location 1FC00016) is
specified. When select code 8 isused, the IBASIC processor must
calculate the complete register address based on the logical address
specified (Table C-1).
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The Register Offset
and Register Number

Declaring IBASIC
Variables in COM
(common) Memory

External Computer
Programming

D epending on whether absolute addressing or select code 8 isused,
either aregister offset or register number is specified as part of the
register address. Absolute addressing specifiesaregister offset, which is
the register’slocation in the block of 64 address bytes. For example, the
amplifier’'sDAC Control Register hasan offset of 0816. When you write
to thisregister, the offset isadded to the base addressto form the
register address (assuming a logical address of 88):

register address = base address + register offset
1FC00016 + (88 * 64)16 + 0816
1FC00016 + 160016 + 0816 = 1FD60816

or

2,080,768 + (88* 64) + 8
2,080,768 + 5632+ 8= 2,086,408

Using select code 8 requiresthat you specify aregister number. The
register number isthe register offset/2. Referring to Figure C-1A, the
DAC Control register with an offset of 08 isregister number 4.

When writing or modifying IBASIC programs, array variables can be
declared in COM (common) memory. Variablesnot in COM memory
resde in the IBASIC stack. The 'stack’ isa 32 kByte (default) segment
of memory which contains components such as pointersand local
variablesfor subprograms and declarations. When too many variables
(or too large an array) are in the stack, Error 2 - Memory Overflow will
occur. If amemory overflow occurs, the stack size can be changed with
the command PROGram:MAL L ocate < nbytes> (see the Instrument
BASIC user'smanual for more information).

When the amplifier is programmed by an external computer through the
E1405/06 Command Module, the registers are accessed using
DIAG:PEEK?and DIAG:POKE, or VXI:READ?and VXI:WRITE.

DIAG:PEEK?/DIAG:POKE and VXI:READ?/VXI:WRITE

Throughput speed usng DIAG:PEEK? and DIAG:POKE isfaster than
VXI:READ?and VXI:WRITE because the complete register address
(including the A 16 starting location 1FCO00016) is specified.
VXI:READ?and VXI:WRITE specify the device logical addressand
register offset only. Thus, the E1405/06 processor must calculate the
complete register address which decreases throughput speed.

Computer Configurations
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IBASIC programming using absolute addressing or select code 8is
faster than either DIAG:PEEK? and DIAG:POKE or VXI:READ?
and VX1:WRITE because the registers are accessed from the VX 1bus
backplane rather than from the GPIB. Also, READIO and WRITEIO
do not need to be repetitively parsed at runtime.

Register Descriptions

The READ Registers

The ID Register

There are two READ and four READ/WRITE registerson the
amplifier. Thissection containsa description and a bit map of each
register.

The following READ registersare located on the amplifier.

« ID Regigter (base + 0016)
« Device Type Register (base + 0216)

Examples and program statementsin this appendix use 16-bit reads. In
most cases, however, only the lower eight bitsare used.

The amplifier'sID register indicatesthe classification, addressng mode,
and the manufacturer of the device.

Address

15 14 13 12 11 -0

base + 0016

Device Address Manufacturer ID
Class Mode

Device Classification. Bits 15 and 14 classify a device asone of the
following:

memory device
extended device
message-based device
register-based device

P OO
R OPFr o

The Agilent E1446 Summing Amplifier/DAC isaregister-based device.
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Addressing Mode. Bits 13 and 12 indicate the addressing mode used by

the device:

0 0 A16/A24 addressmode
0 1 A16/A32addressmode
1 0 RESERVED

1 1 Al6addressmode

The Agilent E1446 amplifier usesthe A 16 address mode.

Manufacturer ID. Bits 11 through 0 identify the manufacturer of the
device. Agilent Technologie’sID number is4095, which correspondsto
bits 11 - O being set to “1".

Given the device classification, addressing space, and manufacturer of
the Agilent E1446, reading the ID register returns FFFF1s6.

The Device Type TheDevice Type register containsa model code which identifiesthe
Register device.

Address 5/14 /13 /12|11, 10, 9 \ 8| 7|6 | 543|210

base + 0216 Model Code

Model Code. The model code of the Agilent E1446 amplifier is 01A 31s.

The READ/WRITE Thefollowing READ/WRITE registersare located on the amplifier.

Registers :
« Status/Control Register (base + 0416)

DAC Control Register (base + 0816)
« Output Control Regigter (base + 0A1g)

« Input Attenuation Register (base + 0Cig)

Examples and program statementsin this appendix use 16-bit readsand
writes.
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The Status Register

Reading the register at base + 0416 readsthe amplifier’'s Statusregister.
The Statusregister monitorsthe amplifier’sinput/output enable
conditions and overload conditions.

Address

15 14 13-12 11 10 9 8 7-0

R not used IMODID* not used Main | Inputl | Input2 | Main FF16
base + 0416 ©) (0) Output | Enable | Enable | Output

Ovld State

The Control
Register

MODID. A zero (0) in bit 14 indicatesthat the amplifier is selected by a
high state on the P2 MODID line. A one (1) indicatesthe amplifier is
not selected viathe P2 MODID line.

Main Output Ovild. A one (1) in bit 11 indicatesan output signal (Main
Output BNC) can not be produced with the current input conditions.

Input 1 Enable. A one (1) in bit 10 indicatesthe 'Input 1’ BNC port is
enabled. A zero (0) indicatesthe input port isdisabled.

Input 2 Enable. A one (1) in bit 9indicatesthe 'Input 2’ BNC port is
enabled. A zero (0) indicatesthe input port isdisabled.

Main Output State. A one (1) in bit 8 indicatesthe 'Main Output’ BNC
port isenabled. A zero (0) indicatesthe output port isdisabled.

At power-on, the inputsand output are disabled.

Writing to the register at base + 0416 writesto the amplifier’s Control
register. The Control register isused to perform a hardware reset of the
amplifier.

Address

15-1 0

base + 0416

not used Reset

Resetting the Amplifier. Writing aone (1) to bit 0 (hardware) resetsthe
amplifier. Writing a zero (0) turnsthe reset function off. Bit 0 must be a
']’ for at least 2 psfor the reset to occur. Bit 0 must be set to O for
normal operation.
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The DAC Control

The DAC control register setsthe output level of the amplifier/DAC.

Register
Address 15|14 |13 /12 /11|10 | 9 8 7 6 5 4 | 3 2 1|0
base + 0816 DAC Control Code

The Output Control

DAC Control Code DAC Output Amplifier Output
000016 + full scale - full scale: -19.9992Vv
7TFFE16 + 1LSB -1LSB:-.610 pv

(open circuit)
7FFF16 0 0
800016 -1LSB + 1LSB: +.610 pv
(open circuit)
FFFF16 - full scale + full scale: + 20.0000V

At power-on the DAC control code isset to O, which is- full scale.

The Output Control register controlsthe output attenuation and

Register impedance of the amplifier's’Main” and differential’ outputs.
Address 15-8 7 6 5 4 3 2 1 0
base + 0A1s FFie 0dB 20dB | 50-75Q | 'Main’ | 50-75Q | 50-75Q 0Q reserved

output | output | output | output | outimp | outimp | output |(mustbe

path path imped. | enable / of of inv | imped. |setto’l’)
disable | non-inv| amp
amp

Bits 7 - 6. Bits 7 and 6 set the attenuation at the amplifierssmain
output. Setting bit 7 to one (1) specifiesthe 0dB output path. Setting
bit 7 to zero (0) opensthe 0dB output path. Setting bit 6 to one (1)
specifiesthe 20dB output path. Setting bit 6 to zero (0) opensthe 20dB
output path. At power-on, the output attenuation isundefined.

Bit 5. Setting bit 5to one (1) sets the 'Main’ output impedance to 50Q.
Setting bit 5to zero (0) sets the 'Main’ output impedance to 75Q. At
power-on, the output impedance isundefined.

Bit 4. Setting bit 4 to one (1) enablesthe amplifier’'s’Main’ output.
Setting bit 4 to zero (0) disablesthe amplifier's’Main’ output. At
power-on the bit value isundefined, but the output is disabled.

Bits 3 - 2. Bits3 and 2 set the output impedance of the amplifier’s
non-inverting and inverting 'differential’ outputs. Setting bit 3 to one (1)
setsthe impedance of the non-inverting output to 50Q. Setting bit 3 to

Register Descriptions
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zero (0) setsthe impedance to 75Q. Setting bit 2to one (1) setsthe
impedance of the inverting output to 50Q. Setting bit 2 to zero (0) sets
the impedance to 75Q. At power-on, the impedance of both outputsis
undefined.

Bit 1. Setting bit 1 to one (1) sets the 'Main’ output impedance to 0Q.
Setting bit 1 to zero (0) opensthe 0Q path. The output attenuation must
be set to 0dB (bit 7) if the impedance isset to 0Q. Bit 5 must also be set
to one (1) to get 0Q output impedance. At power-on, the 'Main’ output
impedance is undefined.

Bit 0. Bit O isareserved bit and must remain set to one (1). At
power-on, the bit setting isundefined.

The In put The Input Attenuation register controlsthe attenuation and impedance
Attenuation Register of theamplifier'sinputs ('Input 1" and'Input 2').
Address 15| 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Input 1 attenuation and impedance X Input 2 attenuation and impedance
base + 0C1g |16dB|8dB | 4dB | 2dB | 1dB | 75Q | 50Q | not 16dB| 8dB | 4dB | 2dB | 1dB | 75Q | 50Q |relay
atten | atten | atten | atten | atten | in in |used |atten | atten | atten | atten | atten | in in | act.
imp | imp imp | imp

Bits 15- 11. Bits 15 - 11 set the 'Input 1’ attenuation from 0dB to 31dB.
Zeros(0) in bits 15 - 11 set 0dB attenuation. Ones (1) in bits 15 - 11 set
up to 31dB of attenuation. At power-on, the input attenuation is
undefined.

Bits 10 - 9. Bits 10 - 9 set the input impedance of 'Input 1'. Setting bit
10to one (1) setsthe impedance to 75Q. Setting bit 9 to one (1) setsthe
impedance to 50Q. If both bitsare set to one (1), the impedance is 50Q.
Setting both bitsto zero (0) setsthe input impedance to 1 M Q. At
power-on, the input impedance is undefined.

Bits 7 - 3. Bits 7 - 3 set the 'Input 2’ attenuation from 0dB to 31dB.
Zeros(0) in bits7 - 3 set 0dB attenuation. Ones (1) in bits7 - 3 set up to
31dB of attenuation. At power-on, the input attenuation isundefined.

Bits 2 - 1. Bits 2 - 1 set the input impedance of 'Input 2'. Setting bit 2 to
one (1) setsthe impedance to 75Q. Setting bit 1 to one (1) setsthe
impedance to 50Q. If both bitsare set to one (1), the impedance is 50Q.
Setting both bitsto zero (0) setsthe input impedance to 1 MQ. At
power-on, the input impedance is undefined.
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Bit 0. The attenuation relays (bits 15 - 11 and bits 7 - 3) are latching
relays. When energized, these relayswill "latch" to an open (bit = 0) or
closed (bit = 1) gate and remain in that state after the energizing power
isremoved.

Bit 0 isused to energize the latching relays. Setting bit 0 to zero (0)
when setting the input attenuation energizesthe relays. Setting bit 0 to
one (1) after the attenuation hasbeen set, removesthe energizing
source, thus, conserving power. Note that bits15- 11 and 7 - 3 should all
be set to O ashit Oisset to 1.

The relaysassociated with bits 10 - 9 and bits2 - 1 are not latching
relays. Therefore, when removing the energizing source (setting bit O to
'1"), these bitsmust be written to again to preserve their intended setting.

Register Descriptions
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Programming the Amplifier

Figure C-2 isa block diagram of the Agilent E1446A Summing
Amplifier/DAC. The diagram showsthe portions of the summing
amplifier/DAC configured with register-based programming. The
following information coversthe sequence used to program the

Base + 0C16
Bits 10 - 9: Input 1 impedance
Bits 2 - 1: Input 2 impedance

amplifier.

Base + 0816
Bits 15 - 0: DAC control code

|

DAC

M......l

16—bit Resolution

Base + 0A16
Bits 7 - 6: 0/ -20dB attenuation
Bit 5: 'Main’ Output impedance
Bit 4: "Main’ output enable

Main (power)
Output

500 0 or

204dB
Atten

750 0 or
o—— A 9048 o

Atten

on

750

Input 1
0-31dB
X1 Attenuator
500575 Mn
I'nput 2 0-31dB
X Attenuator
500575 1M L x(-2)
Base + 0C16

Bits 15 - 11: Input 1 attenuation
Bits 7 - 3: Input 2 attenuation

Base + 0A16
Bits 3 - 2: output impedance
of non-inverting and inverting
differential output

Differential (small signal)

Output

E1446A FIG1-4

Figure C-2. Register Programming the Summing Amplifier/DAC.
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Table C-2. E1446A Register Bit Weights.

Address 15 14 13-12 11 10 9 8 7-0
Bit Weight 32768 | 16384 2048 | 1024 512 256
+ not used |MODID* not used Main | Inputl | Input2 | Main FF
ba?Setatug)‘l 16 0) ©) Output | Enable | Enable | Output N
Ovlid State
* active low
Address 15-1 0
Bit Weight
base + 0416 not used Reset
Address 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Bit Weight 32768(16384| 8192 | 4096 | 2048 | 1024 | 512 | 256 | 128 | 64 | 32 | 16 2
base + 0816 DAC Control Code
Address 15-8 7 6 5 4 1 0
Bit Weight - 128 64 32 16 4
base + 0A1s FFi6 0dB -20dB | 50-75Q | 'Main’ | 50-75Q | 50-75Q 0Q reserved
output | output | output | output | outimp | outimp | output |(mustbe
path path imped. | enable/ of of inv inped. |setto’'l’)
disable | non-inv | amp
amp
Address 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Input 1 attenuation and impedance X Input 2 attenuation and impedance
Bit Weight 32768|16384| 8192 | 4096 | 2048 | 1024 | 512 | 256 | 128 | 64 | 32 | 16 8 4 2 1
base + 0Cig |16dB| 8dB | 4dB | 2dB | 1dB | 75Q | 50Q | not 16dB| 8dB | 4dB | 2dB | 1dB | 75Q | 50Q | relay
atten | atten | atten | atten | atten | in in |used | atten | atten | atten | atten | atten | in in | act.
imp | imp imp | imp

Programming the Amplifier
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Program Sequence Therecommended sequence of an E1446A register-based program is
and Execution shown in Figure C-3.

Previous
Amplifier

Configuration

Close relays corresponding to new

Set New Configuration configuration

Combined Relays from previous configuration

. and new configuration closed
Previous / New

Configuration
Remove Open relays corresponding to
. previous configuration
Previous

Configuration

Figure C-3. Recommended Amplifier Configuration Sequence.

Programming beginswith the amplifier in its previous (current)
configuration. Thismay be the reset configuration or some other preset
condition. The register-based program setsthe new configuration while
maintaining the previous configuration. Thispreventsa possble
momentary all (relay) open situtation which could output a high-voltage
glitch. Once the relays (especially the attenuation and impedance relays)
of the new configuration are closed, the relays corresponding to the
previous configuration are opened.
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Program Execution  The (new) amplifier configuration is set asshown in Figure C-4. The
execution sequence shown configuresthe amplifier from right-to-left
relative to Figure C-2.

Note Unlike other register-based devices, there isnot a status bit which can
be monitored to determine when the amplifier registers can be written
to (WRITEIO). To allow the relaysto close (or open), a5 mS’wait’
period (BASIC has 10 mSresolution) should be included following each
WRITEIO.
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Check output relay -
clear main output
enable bit

base + 4 (bit 8)

Set main output
attenuation

base + A (bits 7 - 6)

Set Inputl attenuation

base + C (bits 15-11)

Remove previous
output attenuation

base + A (bits 7-6)

|

|

Set main output
impedance

base + A (bit5)

Set Inputl impedance

base + C (bits 10-9)

Open output relays
(previous config)
WRITEIO

base + A

Open main output
relay if final
state = open

base + A (bit4)

Set Input2 attenuation

base + C (bits 7-3)

Remove previous
Inputl attenuation
and impedance

base + C (bits 15-9)

Set DIFF + output
impedance

base + A (bit3)

Set Input2 impedance

base + C (bits 2-1)

Remove previous
Input2 attenuation
and impedance

base + C (bits 7-1)

Set DIFF - output
impedance

base + A (bit3)

Close input relays
WRITEIO

base+ C

Open input relays
(previous config)
WRITEIO

base+ C

Close output relays
WRITEIO

base + A

Set output relay state

base + A (bit 4)

Set relay inactive
state
WRITEIO

base+ C

Set DC Offset
base + 8 (bits 15 - 0)

Figure C-4. Amplifier Register-based Programming Flowchart.

C-16 Register-Based Programming

Programming the Amplifier




Example Programs
The program listingsin this section are BASIC programsin
LOAD/STORE format and are contained on the example programs disk

Agilent P/N E1446-10031. GET/SAVE versions of these programsare
on example programsdisk Agilent P/N E1446-10032.

The examplesin this section include:

« Amplifying a Sine Wave

 Setting the (amplifier) Input Impedance

« Settinga DC Voltage Offset

« Usgngthe Differential (small signal) Outputs

¢ Summing Two Signals
The programsin thissection are the same asthose in Chapter 2.
However, the amplifer isprogrammed at the register level usng the
flowchart of Figure C-4 . Note also that the amplifier isin the servant

area of the E1480A V /360 controller, and not in the servant area of the
E1445A (see below).

System  The register-based programsin this section were developed using the
Configuration following system configuration:

Controller: Agilent E1480A V/360 Embedded Controller
(select code 16)

Mainframe: Agilent 75000 SeriesC
Slot O/Resour ce Manager: Agilent E1480A V/360
E1446A Logical Address: 88

E1445A Logical Address: 80

E1445A Servant Area: 0

Communication between the controller and E1445A/E1446A isthrough
paths 1 and 4 mentioned under "Using an Embedded Controller" in
Chapter 1.
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BASIC Subprograms

Amplifying a Sine
Wave

BASIC (RGBAMPL)

The subprograms used by each register-based program are stored/saved
in a separate file (file name 'E46SUBS)). These subprograms are listed
after the last example (Summing Two Signals).

Thisprogram usesthe E1446A to amplify a2 V pp E1445A AFG signal
to 14.15 Vpp. Since the intended output amplitude and the input
amplitude are known, the amount of attenuation (0 - 31 dB attenuator)
isdetermined as.

attenuation(ds) = 20 LOG Vo/(Vi* 10)

where Vo isthe output amplitude and Vi isthe input signal amplitude
(Vo and Vjunits(Vpp, Vp) must be the same). Thus,

attenuation(gs) = 20LOG 14.15/20= -3 dB

3 !

20 !

40 !

60 !

130 !

230 !

4 1 [RE-STORE "RGBAMPL" )
2 LOADSUB ALL FROM "E46SUBS"

10 COM /E1446/ Base_addr,INTEGER In_ctrl,Out_imped
30 ISET UP E1445A
50 ASSIGN @Afg TO 1680 !E1445A and V/360 I/O path

70 'E1445A error checking
80 ON INTR 16 CALL Errmsg
90 ENABLE INTR 16;32

100 OUTPUT @Afg;"*CLS"
110 OUTPUT @Afg;" SRE 32"
120 OUTPUT @Afg;"*ESE 60"

140 !'Reset E1445A and clear status
150 OUTPUT @Afg;"*RST;*CLS;* OPC?"
160 ENTER @Afg;Ready

170 !
180 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;", Ifrequency
190 OUTPUT @Afg;":SOUR:FUNC:SHAP SIN;"; Ifunction

200 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL 2VPP;"; lamplitude
210 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
220 OUTPUT @Afg;":OUTP:IMP 50" loutput impedance

\_ Continued on Next Page )
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(" 240 WAIT .1 )
250 OFF INTR 16

260 !

270 ! BEGIN E1446A CONFIGURATION

280 !

290 !Declare and initialize program variables

300 !

310 REAL In1_atten,In1_imped,In2_atten,In2_imped !input variables

320 REAL Outl_atten,Outl_imped,Outl_state Imain output variables
330 REAL Out2_imped,Out3_imped Idiff out variables

340 REAL Offset IDC offset variable
350 !

360 DATA 3.,50.,0.,50.

370 READ Inl_atten,Inl_imped,In2_atten,In2_imped !input atten and imp
380 !

390 DATAO0.50.,1 !'main output attenuation, impedance, and state
400 READ Outl_atten,Outl_imped,Outl_state

410 !

420 DATA50.,50. !differential output impedances

430 READ Out2_imped,Out3_imped

440 !

450 Offset= 0. !DC offset

460 !

470 !Set E1446A base address and initialize COM variables

480 Set_addr(88)

490 !

500 !Set up E1446A

510 Setup_el1446(In1_atten,In1_imped,In2_atten,In2_imped,Outl_atten,Outl_imped,
Outl_state,Out2_imped,Out3_imped,Offset)

520 !
530 OUTPUT @Afg;"INIT:IMM" E1445A wait-for-arm state
540 END

\550 ! )

Setting the Thisprogram setsthe E1446A’sinput impedance to match the output
(amplifier) Input impedance of the E1445A. The signal supplied by the E1445A isal
Im pedance Vpp, 2 MHz square wave. The signal isamplified to 6.3 Vpp. Again,
when the intended output amplitude and the input amplitude are
known, the amount of attenuation (0 - 31 dB attenuator) isdetermined

by:

attenuation(ds) = 20 LOG Vo/(Vi* 10)
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where Vg isthe output amplitude and Vi isthe input signal amplitude
(Vo and Vjunits(Vpp, Vp) must be the same). Thus,

attenuation(gg) = 20LOG 6.3/10= -4dB

BASIC (RGBIMP)

("1 IRE-STORE "RGBIMP" N
2 LOADSUB ALL FROM "E46SUBS"
31
10 COM /E1446/ Base_addr,INTEGER In_ctrl,Out_imped
20 |
30 | SET UP E1445A
40 1
50 ASSIGN @Afg TO 1680 |E1445A and V/360 I/O path
60 |

70 'E1445A error checking

80 ON INTR 16 CALL Errmsg

90 ENABLE INTR 16;32

100 OUTPUT @Afg;"*CLS"

110 OUTPUT @Afg;"* SRE 32"

120 OUTPUT @Afg;"*ESE 60"

130 !

140 !Reset E1445A and clear status

150 OUTPUT @Afg;"*RST;* CLS;* OPC?"

160 ENTER @Afg;Ready

170 !

180 OUTPUT @Afg;"SOUR:FREQ1:FIX 2E6;", Ifrequency
190 OUTPUT @Afg;":SOUR:FUNC:SHAP SQU;"; Ifunction
200 OUTPUT @Afg;":SOUR:VOLT.LEV:IMM:AMPL 1VPP;"; lamplitude
210 OUTPUT @Afg;":OUTP:IMP 75;"; loutput impedance
220 OUTPUT @Afg;":OUTP:LOAD 75" loutput load
230 !

240 WAIT .1

250 OFFINTR 16

260 !

270 ! BEGIN E1446A CONFIGURATION

280 !

290 !Declare and initialize program variables

300 !

310 REAL In1_atten,In1_imped,In2_atten,In2_imped !input variables
320 REAL Outl_atten,Outl_imped,Outl_state Imain output variables
330 REAL Out2_imped,Out3_imped Idiff out variables

340 REAL Offset IDC offset variable

350 !

Continued on Next Page
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4 )
360 DATA4.,75.,0.,50.
370 READ Inl_atten,Inl_imped,In2_atten,In2_imped !input atten and imp
380 !
390 DATAO0.,50.,1 !main output attenuation, impedance, and state
400 READ Outl_atten,Outl_imped,Outl_state
410 !
420 DATA50.,50. !differential output impedances
430 READ Out2_imped,Out3_imped
440 !
450 Offset= 0. !DC offset
460 !
470 !Set E1446A base address and initialize COM variables
480 Set_addr(88)
490 !
500 !Setup E1446A
510 Setup_el1446(In1_atten,In1_imped,In2_atten,In2_imped,Outl_atten,Outl_imped,
Outl_state,Out2_imped,Out3_imped,Offset)
520 !
530 OUTPUT @Afg;"INIT:IMM" E1445A wair-for-arm state
540 END
550 !
. J
Setting a DC  Thisprogram addsan 8V DC offset to a 0.4 Vpp E1445A signal. To

Voltage Offset

BASIC (RGBOFFS)

maintain 0.4 V pp at the output, the signal isattenuated by 20 dB at the
amplifier input (Figure 2-1). The offset supplied by the E1446A DAC is
added to the input signal and isamplified. Into 50Q, the 0.4 Vpp signal is
centered on 8V.

-

3 |

20 !

40 !

60 !

130 !

.

1 [RE-STORE "RGBOFFS" )
2 LOADSUB ALL FROM "E46SUBS"

10 COM /E1446/ Base_addr,INTEGER In_ctrl,Out_imped
30 ! SET UP E1445A

50 ASSIGN @Afg TO 1680 !E1445A and V/360 I/O path
70 'E1445A error checking

80 ON INTR 16 CALL Errmsg

90 ENABLE INTR 16;32

100 OUTPUT @Afg;"*CLS"

110 OUTPUT @Afg;"* SRE 32"

120 OUTPUT @Afg;"*ESE 60"

Continued on Next Page
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140 !'Reset E1445A and clear status
150 OUTPUT @Afg;"*RST;*CLS;*OPC?"
160 ENTER @Afg;Ready

170 !
180 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;", Ifrequency
190 OUTPUT @Afg;":SOUR:FUNC:SHAP SIN;"; Ifunction

200 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL .4VPP;"; lamplitude
210 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
220 OUTPUT @Afg;":OUTP:IMP 50" loutput impedance

230 !

240 WAIT .1

250 OFFINTR 16

260 !

270 ! BEGIN E1446A CONFIGURATION

280 !

290 !Declare and initialize program variables

300 !

310 REAL In1_atten,In1_imped,In2_atten,In2_imped !input variables
320 REAL Outl_atten,Outl_imped,Outl_state Imain output variables
330 REAL Out2_imped,Out3_imped Idiff out variables

340 REAL Offset IDC offset variable

350 !

360 DATA 20.,50.,0.,50.

370 READ Inl_atten,Inl imped,In2_atten,In2_imped !input atten and imp
380 !

390 DATAO0.,50.,1 !main output attenuation, impedance, and state
400 READ Outl_atten,Outl_imped,Outl_state

410 !

420 DATA50.,50. !differential output impedances

430 READ Out2_imped,Out3_imped

440 !

450 Offset= 8. IDC offset

460 !

470 !Set E1446A base address and initialize COM variables

480 Set_addr(88)

490 !

500 !Set up E1446A

510 Setup_el1446(In1_atten,In1_imped,In2_atten,In2_imped,Outl_atten,Outl_imped,
Outl_state,Out2_imped,Out3_imped,Offset)

520 !
530 OUTPUT @Afg;"INIT:IMM" IE1445A wair-for-arm state
540 END

\550 ! y
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Using the Rather than amplify the input signal, this program attenuatesthe signal
Differential (small supplied by the E1445A to obtain an output amplitude of 10 mVpp. The
- 1 1 H +! ) H (i )
S|gnal) Outputs output can be taken at either the 'Diff +’ or 'Diff -’ (inverted) output

BASIC (RGBDIFF)

( 1 IRE-STORE "RGBDIFF" )
2 LOADSUB ALL FROM "E46SUBS"
3 !
10 COM /E1446/ Base_addr,INTEGER In_ctrl,Out_imped
20 !
30 ! SET UP E1445A
40 !
50 ASSIGN @Afg TO 1680 !E1445A and V/360 I/O path
60 !

70 'E1445A error checking

80 ON INTR 16 CALL Errmsg

90 ENABLE INTR 16;32

100 OUTPUT @Afg;"*CLS"

110 OUTPUT @Afg;"* SRE 32"

120 OUTPUT @Afg;"*ESE 60"

130 !

140 'Reset E1445A and clear status

150 OUTPUT @Afg;"*RST;* CLS;* OPC?"
160 ENTER @Afg;Ready

170 !
180 OUTPUT @Afg;"SOUR:FREQ1:FIX 1E3;", Ifrequency
190 OUTPUT @Afg;":SOUR:FUNC:SHAP SQU;"; Ifunction

200 OUTPUT @Afg;":SOUR:VOLT:LEV:IMM:AMPL MIN;"; lamplitude

210 OUTPUT @Afg;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
220 OUTPUT @Afg;":OUTP:IMP 50" loutput impedance

230 !

240 WAIT .1

250 OFFINTR 16

260 !

270 ! BEGIN E1446A CONFIGURATION

280 !

290 !Declare and initialize program variables

300 !

310 REAL In1_atten,In1_imped,In2_atten,In2_imped !input variables

320 REAL Outl_atten,Outl_imped,Outl_state Imain output variables
330 REAL Out2_imped,Out3_imped Idiff out variables

340 REAL Offset IDC offset variable

350 !

360 DATA 30.,50.,0.,50.

370 READ Inl_atten,Inl imped,In2_atten,In2_imped !input atten and imp

Continued on Next Page
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(" 380 | )

390 DATAO0.,50.,1 !main output attenuation, impedance, and state
400 READ Outl_atten,Outl_imped,Outl_state

410 !

420 DATA50.,50. !differential output impedances

430 READ Out2_imped,Out3_imped

440 !

450 Offset= 0. !DC offset

460 !

470 !Set E1446A base address and initialize COM variables

480 Set_addr(88)

490 !

500 !Setup E1446A

510 Setup_el1446(In1_atten,In1_imped,In2_atten,In2_imped,Outl_atten,Outl_imped,
Outl_state,Out2_imped,Out3_imped,Offset)

520 !

530 OUTPUT @Afg;"INIT:IMM" !E1445A wair-for-arm state

540 END

\550 ! y

Summi Ng TWO  Thisprogram usesthe E1446A to sum the signalsfrom two E1445A
Sig nals AFGs The AFGsat logical addresses 72 and 80 generate 1 Vpp, SkHz
and 100 kHz sine waves respectively. The signal from the AFG at logical
address 72 isapplied to E1446A ’'Input 1'. The signal from the AFG at
logical address 80 isapplied to 'Input 2'. All three devicesare in the
servant area of the V/360 embedded controller.

Note that thisprogram usesthe subprograms contained in the file
'SUMSUBS'. A description of 'SUMSUBS followsthe listing of the
example subprograms,

BASIC (RGBSUM)

("1 IRE-STORE "RGBSUM" )
2 LOADSUB ALL FROM "SUMSUBS"
3 1
10 COM /E1446/ Base_addr,INTEGER In_ctrl,Out_imped
20 !
30 | SET UP E1445As
40 1

50 ASSIGN @Afg72 TO 1672 !E1445A and V/360 I/O paths
60 ASSIGN @Afg80 TO 1680
70 !

Continued on Next Page
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(" 80 IE1445A error checking h
90 ONINTR 16 CALL Errmsg
100 ENABLE INTR 16;32
110 OUTPUT @Afg72;"*CLS"
120 OUTPUT @Afg72;"*SRE 32"
130 OUTPUT @Afg72;"*ESE 60"
140 !
150 OUTPUT @Afg80;"*CLS"
160 OUTPUT @Afg80;"* SRE 32"
170 OUTPUT @Afg80;"* ESE 60"
180 !
190 !'Reset and clear the E1445As
200 OUTPUT @Afg72;"* RST;*CLS;*OPC?"
210 ENTER @Afg72;Ready
220 !
230 OUTPUT @Afg80;"™* RST;* CLS;*OPC?"
240 ENTER @Afg80;Ready

250 !

260 !Set up E1445A at logical address 72

270 OUTPUT @Afg72;"SOUR:ROSC:SOUR CLK10;" Iref osc source
280 OUTPUT @Afg72;":SOUR:FREQ1:FIX 5E3;"; Ifrequency

290 OUTPUT @Afg72;":SOUR:FUNC:SHAP SIN;"; Ifunction

300 OUTPUT @Afg72;":SOUR:VOLT:LEV:IMM:AMPL 1VPP;"; lamplitude
310 OUTPUT @Afg72;":0UTP:LOAD:AUTO ON;"; Icouple load to impedance
320 OUTPUT @Afg72;":OUTP:IMP 50"  loutput impedance

330 !

340 !Set up E1445A at logical address 80

350 OUTPUT @Afg80;"SOUR:ROSC:SOUR CLK10;" Iref osc source
360 OUTPUT @Afg80;":SOUR:FREQ1:FIX 100E3;"; Ifrequency

370 OUTPUT @Afg80;":SOUR:FUNC:SHAP SIN;"; Ifunction

380 OUTPUT @Afg80;":SOUR:VOLT:LEV:IMM:AMPL 1VPP;"; lamplitude
390 OUTPUT @Afg80;":OUTP:LOAD:AUTO ON;"; Icouple load to impedance
400 OUTPUT @Afg80;":OUTP:IMP 50"  !output impedance

410 WAIT.1

420 OFFINTR 16

430 !

440 ! BEGIN E1446A CONFIGURATION

450 !

460 !'Declare and initialize program variables

470 !

480 REAL In1_atten,In1_imped,In2_atten,In2_imped !input variables

490 REAL Outl atten,Outl imped,Outl_state Imain output variables
500 REAL Out2_imped,Out3_imped Idiff out variables

510 REAL Offset IDC offset variable

520 !

\Continued on Next Page
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(530 DATAO0.,50.,0.,50. )
540 READ Inl_atten,Inl _imped,In2_atten,In2_imped !input atten and imp
550 !

560 DATA0.,50.,1 !main output attenuation, impedance, and state

570 READ Outl_atten,Outl_imped,Outl_state

580 !

590 DATA50.,50. !differential output impedances

600 READ Out2_imped,Out3_imped

610 !

620 Offset= 0. !DC offset

630 !

640 !Set E1446A base address and initialize COM variables

650 Set_addr(88)

660 !

670 !Set up E1446A

680 Setup_el1446(In1_atten,In1_imped,In2_atten,In2_imped,Outl_atten,Outl_imped,
Outl_state,Out2_imped,Out3_imped,Offset)

690 !

700 OUTPUT @Afg72;"INIT:IMM" !E1445A wait-for-arm state

710 OUTPUT @Afg80;"INIT:IMM" !E1445A wait-for-arm state

720 END

730 !

. J

Exam pIe The following file contains the subprograms used by the preceding
Subprograms example programs

(1 ISubprograms used for register-based programming (file name 'E46SUBS’) A
2 !

10 SUB Set_addr(Log_addr)

20 Set_addr: !'Subprogram which sets E1446A base address and initializes
30 Ithe COM variables.

40 COM /E1446/ Base_addr,INTEGER In_ctrl,Out_imped

50 !Access Al6 address space with READIO and WRITEIO

60 CONTROL 16,25;2

70 !

80 !Set base address and initialize COM variables

90 Base_addr= (DVAL("C000",16)+ Log_addr*64)

100 In ctrl=0

110 Out_imped= 50.

120 SUBEND

130 !

140 SUB Setup_e1446(In1_atten,In1_imped,In2_atten,In2_imped,Outl_atten,
Outl_imped,Outl_state,Out2_imped,Out3_imped,Offset)

150 COM /E1446/ Base_addr,INTEGER In_ctrl,Out_imped

160 INTEGER Out_ctrl linitialize output settings (att, imp, state) variable
170 !

Continued on Next Page
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(180 I Look for illegal values and settings conflicts h
190 !

200 IFIn1_atten< 0 ORInl_atten> = 31.5 THEN

210  DISP "Invalid INP1:ATT value"

220 STOP

230 ENDIF

240 IFIn1_imped< > 50. AND Inl_imped< > 75. AND Inl_imped< > 1.E+ 6 THEN
250  DISP "Invalid INP1:IMP value"

260 STOP
270 ENDIF
280 !

290 IF In2_atten< 0 OR In2_atten> = 31.5 THEN

300  DISP "Invalid INP2:ATT value"

310 STOP

320 ENDIF

330 IFIn2_imped< > 50. AND In2_imped< > 75. AND In2_imped< > 1.E+ 6 THEN
340  DISP "Invalid INP2:IMP value"

350 STOP
360 ENDIF
370 !

380 IF Outl_atten< > 0. AND Outl_atten< > 20. THEN

390 DISP "Invalid OUTPL1:ATT value"

400 STOP

410 ENDIF

420 IF Outl_imped< > 0. AND Outl_imped< > 50. AND Outl_imped< > 75. THEN
430 DISP "Invalid OUTP1:IMP value"

440 STOP

450 ENDIF

460 IF Outl_imped= 0 AND Outl_atten= 20 THEN

470 DISP "OUTP1:ATT 20 not allowed with OUTP1:IMP 0"

480 STOP
490 ENDIF
500 !

510 IF Out2_imped< > 50. AND Out2_imped< > 75. THEN
520 DISP "Invalid OUTP2:IMP value"

530 STOP
540 ENDIF
550 !

560 IF Out3_imped< > 50. AND Out3_imped< > 75. THEN
570 DISP "Invalid OUTP2:IMP value"

580 STOP
500 ENDIF
600 !

610 Out_imped= Outl imped
620 Set_e46 offset(Offset)
630 !

Continued on Next Page
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(" 640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040

I'If output relay open (disabled) but should be closed, clear main

I output enable bit.

!

IF Outl_state AND NOT BINAND(READIO(-16,Base_addr+ 4),256) THEN
WRITEIO -16,Base_addr+ 10;BINAND(READIO(-16,Base_addr+ 10),-17)

END IF

!

I Set up output and input relays. Close new relays, particularly the

I attenuation and impedance relays, before opening old relays to prevent

I a possible momentary all-open situation which could output a high-

I voltage glitch.

|

I Do output side first
|

SELECT Outl_atten I Set main output attenuation

CASE 0.

Out_ctrl= 128 I Close 0 dB path relay
CASE 20.

Out_ctrl= 64 I Close 20 dB path relay
END SELECT

SELECT Outl_imped
CASE 0.

Out_ctrl= BINIOR(Out_ctrl,34)
CASE 50.

Out_ctrl= BINIOR(Out_ctrl,32)
CASE 75.

Out_ctrl= BINIOR(Out_ctrl,0)
END SELECT
|
I If output relay was closed (enabled), set new state here. If it
I'was open, close it before previous configuration is removed.
|
IF BINAND(READIO(-16,Base_addr+ 4),256) THEN

IF Outl_state THEN

! Set main output impedance
I Close 0 Ohm relay
I Close 50 Ohm relay

I 75 Ohm - no action

Out_ctrl= BINIOR(Out_ctrl,16) ! Relay close
ELSE
Out_ctrl= BINAND(Out_ctrl,-17) ! Relay open
END IF
END IF

Continued on Next Page
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(" 1050 SELECT Out2_imped | Set Diff+ output impedance h
1060 CASE 50.
1070  Out_ctrl= BINIOR(Out_ctrl,8) I Close 50 Ohm relay
1080 CASE 75.
1090  Out_ctrl= BINIOR(Out_ctrl,0) I 75 Ohm - no action
1100 END SELECT
1110 !
1120 SELECT Out3_imped I Set Diff- output impedance
1130 CASE 50.
1140  Out_ctrl= BINIOR(Out_ctrl,4) I Close 50 Ohm relay
1150 CASE 75.
1160  Out_ctrl= BINIOR(Out_ctrl,0) I 75 Ohm - no action
1170 END SELECT

1180 !

1190 WRITEIO -16,Base_addr+ 10;0ut_ctrl ! Start output relay closings
1200 !

1210 ! Now do input side

1220 !

1230 In_ctrl= BINIOR(In_ctrl,SHIFT(In1_atten,-11)) !Set Input 1 attenuation
1240 !

1250 SELECT Inl_imped I Set Input 1 impedance

1260 CASE 50.

1270  In_ctrl= BINIOR(In_ctrl,512) I Close 50 Ohm relay
1280 CASE 75.

1290 In_ctrl= BINIOR(In_ctrl,1024) ! Close 75 Ohm relay
1300 CASE 1.E+ 6

1310  In_ctrl= BINIOR(In_ctrl,0) I'1 MOhm - no action

1320 END SELECT

1330 !

1340 In_ctrl= BINIOR(In_ctrl,SHIFT(In2_atten,-3)) !Set Input 2 attenuation
1350 !

1360 SELECT In2_imped I Set Input 2 impedance

1370 CASE 50.

1380  In_ctrl= BINIOR(In_ctrl,2) I Close 50 Ohm relay

1390 CASE 75.

1400  In_ctrl= BINIOR(In_ctrl,4) I Close 75 Ohm relay

1410 CASE 1.E+ 6

1420  In_ctrl= BINIOR(In_ctrl,0) I' 1 MOhm - no action

1430 END SELECT

1440 !

1450 In_ctrl= BINAND(In_ctrl,-2) I Enable inverter

1460 WRITEIO -16,Base_addr+ 12;In_ctrl ! Start input relay closings
1470 WAIT .01 I' Wait for relay closings to finish

1480 !

1490 ! Remove previous configuration

1500 !

\Contiriued on Next Page
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(" 1510 IF Outl_state THEN I Remove previous output relay state h
1520  Out_ctrl= BINIOR(Out_ctrl,16) ! Close output relay

1530 ELSE

1540  Out_ctrl= BINAND(Out_ctrl,-17) ! Open output relay

1550 ENDIF

1560 !

1570 ! Relay opens start here

1580 !

1590 ! Do output relays first

1600 !

1610 SELECT Outl_atten I Remove previous output attenuation
1620 CASEDO.

1630  Out_ctrl= BINAND(Out_ctrl,-65) ! Open 20 dB relay
1640 CASE 20

1650 Out_ctrl= BINAND(Out_ctrl,127) ! Open 0 dB relay
1660 END SELECT

1670 !

1680 WRITEIO -16,Base_addr+ 10;0ut_ctrl ! Start output relay openings
1690 !

1700 ! Now do input side

1710 !

1720 ! Remove previous input 1 attenuation and impedance
1730 In_ctrl= BINIOR(BINAND(In_ctrl,2047),SHIFT(In1_atten,-11))
1740 SELECT Inl_imped

1750 CASE 50.

1760  In_ctrl= BINAND(In_ctrl,-1025) ! Open 75 Ohm relay
1770 CASE 75.

1780  In_ctrl= BINAND(In_ctrl,-513) ! Open 50 Ohm relay
1790 CASE 1.E+ 6

1800  In_ctrl= BINAND(In_ctrl,-1537) ! Open both relays
1810 END SELECT

1820 !

1830 ! Remove previous input 2 attenuation and impedance
1840 In_ctrl= BINIOR(BINAND(In_ctrl,-249),SHIFT(In2_atten,-3))
1850 SELECT In2_imped

1860 CASE 50.

1870  In_ctrl= BINAND(In_ctrl,-5) I Open 75 Ohm relay

1880 CASE 75.

1890  In_ctrl= BINAND(In_ctrl,-3) I Open 50 Ohm relay

1900 CASE 1.E+ 6

1910 In_ctrl= BINAND(In_ctrl,-7) I Open both relays

1920 END SELECT

1930 !

1940 WRITEIO -16,Base_addr+ 12;In_ctrl ! Start input relay closings
1950 WAIT .01 I' Wait for relay closings to finish

1960 !

\Contiriued on Next Page
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(1970 I Set inactive state by turning off input attenuator control bits
1980 ! and disabling inverter

1990 !

2000 WRITEIO -16,Base_addr+ 12;BINIOR(BINAND(In_ctrl,1542),1)
2010 SUBEND

2020 SUB Set_e46_offset(Offset)

2030 COM /E1446/ Base_addr,INTEGER In_ctrl,Out_imped

2040 REAL Offset_dac

2050 !

2060 ! Look for settings conflict

2070 !

2080 IF Out_imped= 0 THEN

2090 Offset_dac= -Offset/.0006103515625

2100 ELSE

2110 Offset_dac= -Offset/.00030517578125

2120 ENDIF

2130 IF Offset_dac< -32768.5 OR Offset_dac> = 32767.5 THEN
2140 DISP "Invalid SOUR:VOLT:LEV:IMM:OFFS value"

2150 STOP
2160 ENDIF
2170 !

2180 ! Set offset
2190 !

2200 WRITEIO -16,Base_addr+ 8;BINEOR(Offset_dac,32767)

2210 SUBEND

2220 !

2230 SUB Errmsg

2240 Errmsg: !Subprogram which displays E1445/E1446 programming errors
2250 DIM Message$[256]

2260 !'Read AFG status byte register and clear service request bit

2270 B= SPOLL(1680)

2280 !'End of statement if error occurs among coupled commands

2290 OUTPUT 1680;™

2300 OUTPUT 1680;"ABORT" !abort output waveform

2310 REPEAT

2320 OUTPUT 1680;"SYST:ERR?" !read AFG error queue

2330 ENTER 1680;Code,Message$

2340 PRINT Code,Message$

2350 UNTIL Code= 0

2360 STOP

\_ 2370 SUBEND )
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Errmsg Subprogram
Used with 'SUMSUBS’

Program '/RGBSUM’ loads/getsits subprogramsfrom the file
'SUMSUBS, rather than from the file ’'E46SUBS . The only difference

between these subprogram filesisthe subprogram 'Errmsg’. 'Errmsy’ in
the file’'SUM SUBS reportserrorsfrom two E1445Asrather than from

one. Itslisting is shown below.

[

.

2230 SUB Errmsg
2240 Errmsg: !Subprogram which displays E1445 programming errors

2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550

DIM Message$[256]
IRead AFG (at logical addr 72) status byte register, clear service
Irequest bit
B= SPOLL(1672)
IEnd of statement if error occurs among coupled commands
OUTPUT 1672;"
OUTPUT 1672;"ABORT" !abort output waveform
PRINT "E1445A (logical address 72)"
PRINT
REPEAT
OUTPUT 1672;"SYST:ERR?" !read AFG error queue
ENTER 1672;Code,Message$
PRInt Code,Message$
UNTIL Code= 0
PRInt
!
IRead AFG (at logical addr 80) status byte register, clear service
Irequest bit
B= SPOLL(1680)
IEnd of statement if error occurs among coupled commands
OUTPUT 1680;™
OUTPUT 1680;"ABORT" !abort output waveform
PRINT "E1445A (logical address 80)"
PRINT
REPEAT
OUTPUT 1680;"SYST:ERR?" !read AFG error queue
ENTER 1680;Code,Message$
PRInt Code,Message$
UNTIL Code= 0
STOP

SUBEND

~
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Register-based program execution,C-15
Register-based program sequence and
execution,C-14
Register-based programming
base address,C-1
computer configurations,C-4 - C-5
DIAG:PEEK?/DIAG:POKE,C-5
embedded computers,C-4
external computers,C-5

IBASIC,C-4

programming the amplifier,C-12 - C-15

register offset and register number,C-5

throughput speed,C-4

VXI:READ?/VXI:WRITE,C-5
Register-based programs

BASIC subprograms used,C-18

generating a sine wave,C-18

setting a D C voltage offset,C-21

setting the input impedance,C-19

summing two signals,C-24

system configuration,C-17

using the differential outputs,C-23
Registers

Control,C-8

DAC control,C-9

Device Type,C-7

ID,C-6

Input attenuation,C-10

Output control,C-9

READ,C-6

READ/WRITE,C-7

Status,C-8
Resetting/Clearing status registers

*CLS2-6

*RST,2-6

Example, program,2-6

S

SCPI
Conformance Information,3-35
Coupling, Command,2-2
Driver,1-7- 1-8
Features of amplifier,1-1
Programming,2-1
Structure,2-1
SCPI command coupling,3-5
SCPI command execution,3-5
SCPI command parameters,3-4
SCPI Commands,3-1
Format,3-2 - 3-3
Reference,3-6
SCPI Conformance Information,3-35
SCPI parameter types,3-4
Selecting Input Impedance
with Agilent E1445A ascommander,2-14
Self-Test
*TST,2-5
Codes,2-5
Example, program,2-5
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Separator

Command,3-3
Setting DC Offsets

with Agilent E1445A ascommander,2-20
Setting Logical Address,1-3
Standard Commandsfor Programmable
Instruments, SCPI,3-6
Statusregister,C-8
Subprograms,used by example programs
(register-based),C-26
System

Configuration,2-4

T
Throughput speed,C-4

\%

Voltage
Gain,1-9
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