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HEWLETT
[ﬁp] PACKARD
SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service, and repair of this instrument.
Failure to comply with these precautions or with specifie warnings elsewhere in this manual viclates safety standards of design,
manufacture, and intended use of the instrument. Hewleti-Packard Company assumes no liability for the customer’s failure
to comply with these requirements. This is a Safety Class | instrument. ' :

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical ground,
The instrument is equipped with a three-conductor ac power cable. The power cable must either be plugg-
| ed into an approved three-contact electrical outlet or used with a three-contact to two-contact adapter
with the grounding wire {green) firmly connected to an electrical ground (safety ground) at the power outlet.
The power jack and mating plug of the power cable meet international Electrotechnical Commission {IEC)
safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any electrical
instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCHHTS

- Operating personnel must not remove instrument covers. Component replacement and internal adjustments
must be made by qualified maintenance personnel. Do not replace components with power cable con-
nected. Under certain conditions, dangerous voltages may exist even with the power cable removed. To
avoid injuries, always disconnect power and discharge circuits before touching them.

DO NOT SERVICE GR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY iNSTRUMERNT

Because of the danger of introducing additional hazards, do not install substitute parts or parform any
unauthorized modification to the instrument. Return the instrument to a Hewlett-Packard Sales and Ser-
vice Office for service and repair to ensure that safety features are maintained.

DO NOT OPERATE A DAMAGED INSTRUMENT

Whenever it is possible that the safety protection features built into this instrument have been impaired,
either through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not
use the instrument until safe operation can be verified by service-trained personnel. If necessary, return
the instrument to a Hewlett-Packard Sales and Service Office for service and repair to-ensure that safety
features are maintained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procadures throughout this manual,
Instructions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this instrument. Use extreme cau-
tion when handling, testing, and adjusting.©
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CERTIFICATION

Hewlett-Packard Company ceriifies that this product met its published specifications at the time of shipment from
the factory. Hewlett-Packard further certifies that its calibration measurements are traceable ro the United States Na-
tional Bureau of Standards, 1o the extent allowed by the Bureau's calibration facility, end to the calibration facilities
of other International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in materials and workmanship for a period
of one year from date of shipment. During the warranty period, Hewlett-Packard Company will, at 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 -hp-. Buyer shall prepay
shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer shall
pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Duration and conditions of warranty for this instrument may be superceded when the instrument is integrated into
{becomes a part of) other -hp- instrument products,

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute
its programming instructions when properly instailed on that instrument. Hewlett-Packard does not warrant that the
operation of the instrument, 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 software or interfacing, tnauthorized modification or misuse, operation outside of the environmental specifica-

tions for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD 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. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
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introduction

This manual is divided inte six sections:
¢ Modute Description contains an overall description of the module.

¢ Output Connectors and Functions describes the module’s BNC connectors
and discusses the types of signals the module can generate.

e Configuring the'HP 34521 describes how to configure the module for
generating voltage and current outputs and discusses the programming
commands involved.

® Using the HP 34521 describes how to program the moduie to generate
voltage and current outputs, shows how to trigger the module, and discuss-
es three AC triggering modes.

¢ Commanrd Summary summarizes the commands referenced in this manual.,

# Specifications lists the specifications for the module.

NOTE

The examples used in this manual are intended for Hewlett-Packard Series 86,
Series 200, or Series 300 computers using HP BASIC language. They assume an
HP-IB* inferface sefect code of 7 and a device address of 09 {factory address sei-
ting ) resuliing in a combined HP-1B address of 709. We recommend you retain
this address to simplify programming.,

The commands used to program the HP 34521 AC/DC Source Module require
HP 3235 [firmware revision 2750 or greater.

*HP-IB (Hewlett-Packard InterTace Bus) is Hewleti-Packard's implementation of 1EEE Standard 488-197%8 and ANSI MC 1.1,

AC/DC Source Module
1


https://www.manualsplus.com/

Module Description

/AN

ot
WABNING

42 VOLTS MAX

AC/DC Source Module
2

The HP 34521 AC/DC Source Module has the precision and versatility to
generate AC waveforms as well as accurate DC voltages and currents. Standard
AC sine, ramp, and square waveforms can be generated with vartable amplitude
and DC offset. Sine and square waveforms can be generated with output
frequencies up to 1 MHz. Ramp waveforms can be generated with output
frequencies up to 100 kHz. For added flexibility, you can create your own user-
defined arbitrary waveforms with variable amplitude, DC offset, and frequency
of repetition up to | MHz, The module provides an output impedance of 00 or
5002 for all AC and DC voltage outputs.

Signals generated by the module are accessible from a BNC connector on the
terminal block or from any one of the HP 3235's four analog buses. For all AC
and DC outputs, the autorange function can be used to automatically select the
voltage or current range which will provide the highest resolution. You may also
select a specific output voltage or current range. Remote-sensing is available for
generating DC voltages and AC sinewave voltages used in conjunction with the
HP 34520 Muitimeter Module.

The module generates AC waveforms (sine, ramp, square, and arbitrary)} using
direct digital synthesis which provides high frequency accuracy and resolution to
I millihertz. Several AC triggering modes are available for added flexibility. The
module generates DC voltages and currents using a high- or low-resolution mode
which you select, The greatest amount of accuracy is available in the high-
resolution mode which provides six digits of resolution. The low-resolution
mode provides faster settling time and three digits of resolution,

WARNING

SHOCK HAZARD., When GUARD iy isolated from earth ground ([loating) i an
HP 3235 with a module containing BNC connectors (H P 34504, 345035, 34506,
34508, or 34521}, you must limit afl external inputs to less than 42V peak (referen-
cod to carth ground ). If you exceed this limit and a Jault occurs, hazardoirs vol-
tages could he applied to exposed wetal on the BNC connectors and cables. This
condition could canse injury if anyone fonches the exposed metal on the connectors
or cables.

When the cardcage is isolated, GUARD [loats [rom chassis ground. Otherwise,
GUARD and chassis are at the same potential. Refer to Chapier 2 of the HP 3235
Programming and System Information Manuad for more infermation on isolating
GUARD from chassis ground.,



https://www.manualsplus.com/

Output Connectors and Functions

BNC
Connectors

CAUTION

The HP 34521s maximum (erminal voliages are:

Signal OQutput Connector to GUARD or Chassis: * 42V DC+AC Peak
GUARD to Chassis: 1t 42V DBC+ALC Peak

If these limits are exceeded. the HP 34521 and possibly the mainframe and ox-
tenders will be damaged. The HP 34321s owput circuitr ¥ is specified (o source
up 10 100 mA and is current-limited at approximately 126 mA. Application of vel-
tages higher than =15 Vpeak external fo the outpur termingl may epen the ontpit
relays. (The module contains five owtpur relays: one for the vutput BNC connee-
tor and one for cach of the four analog buses.) The hackplane relays are fused
for additional protection.

This section discusses the module’s BNC connectors, the output functions {(DC
voltage, DC current, and AC voltage), and shows the ranges and resolutions
available for each output function.

Figure 1 shows the module’s female BNC connectors and the label supplied with
the terminal block. The module’s BNC connectors accept standard male BNC
connectors (user-supplied) or the BNC connectors supplied with the cable or
bulkhead terminal blocks. The cable terminal block is supplied with the

HP 34521A and the bulkhead terminal block is supplied with the HP 345218,
The BNC connectors allow you to route voltage or current outputs to the ter-
minal block (QUTPUT connector), access a SYNC signal for AC waveforms
(SYNC CUT connector), accept or provide an external reference f requency
(FREQ REF connector), and accept or provide an external trigger signal
{TRIGGER connector),

The three BNC connectors are TTL-compatible, The FREQ REF and TRIGGER
connectors can be programmed as inputs or outputs. Inputs on the TRIGGER
connector are usable to 1.I MHz with a minimum pulse width of 250 nS. The
input lock range for FREQ REF is 1073741.824 Hz +100 ppm. The outnut lock
range for FREQ REF js 1073741.824 Hz £50 ppm.

WARNING

SHOCK HAZARD. In case of an HP 34521 component [ailure, voltages on the
hackplane analog buses may be connecied (o the module’s [ront connectors and
BNC comnector shields. Regard all connectors as being ai the same voliage as the
highest voltage applied to any connccior. Only qualified, sorvico-trained perseine!
who are aware of the haczards involved should install, remove, or con figure any
module, Before touching any installed module, turn of | all power to the
mainframe, exienders, and external devices connected to the maini rame, extendoers,
or modules.

AC/DC Source Module
3
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Figure 1. HP 34521 BNC Connectors and Label

AC/DC Source Module
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DC Voltage
Outputs

CAUTION

TO PREVENT CONNECTOR BREAKAGE, do not attempt (o remove a for-
minal block [rom a plug-in module without using the exiractors or quick intereon-
neef mechanism (when terminal blocks are installed in a quick intercomect fixiire ),
Install plug-in modules inte the card cage before installing rerminal hlocks. Secure
the module in the card cage with mounting screws at the top and hottom of the
plug-in module connecior.

Modules secured in the card cage provide connector support when terstinal Mocks
are installed and removed. When removing a terminal block not in a quick inter-
connect fixture, A LWAYS use extractors to partially disengage the terminal block
from the module. Failure to do this can excessivel ¥ stress the connector when one
side of the terminal block is disengaged and the other side is stll fully engaged.
Attempling fo pull the terminal block of f creates a lever arm which pivots on the
engaged cornector end, thus breaking the conmector,

CAUTION

To prevent damage to the module, use clean-handling and anti-static technigues
when handling the modude. Do not install a module without its metal covers at-
tached,

The module generates DC voltages on one of two ranges in the high-resolution
mode or on one of seven ranges in the low-resolution mode (refer to "Selecting
the DC Resolution Mode” for more information). In addition to the resolution
mode selected, the output ranges are dependent upon the output impedance
mode which you select (refer to "Setting the Qutput Impedance” for more infor-
mation). Table I shows the two high-resolution DC voltage ranges and maximum
programmed output values available in the 0Q and 50Q output impedance modes.
Table 2 shows the seven low-resolution DC voltage ranges and maximum
programmed output values available.

The values shown in Tables | and 2 assume that the module is terminated with a
5002 load when in the 500 mode. If this is not the case in vour application, the
actual voltage output from the module will depend on the value of vour load.
For example, if you have selected the 500 mode but have terminated the module
with an open circuit, the actual output voltage will be twice the programmed
voltage.

AC/BC Source Maodule
5
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AC/DC Source Module
6

Table 1. DC Voltage Ranges (High-Resolution Mode)

output Maximum
Impedance Range Programmed Ouiput Resolution
[L9] v 1.25v 1 v
00 10v 10.25v 10 uv
500 0.5V G.625V 0.5 uv
500 5v 5.125v 5 v

Table 2. DC Voltage Ranges (Low-Resolution Mode)

output Max i mum
Impedance Range Programmed Output Resolutien
o0 0.15625v 0.15625v 78 uv
0% C.3125v 0.3125v 156 upv
o 0.625v 0.625v 312 v
06t 1.25V 125V 625 v
a0 2.5V 2.5V 1.25 mV
o0 5v 5v 2.5 my
00 10V tov 5 mv
5060 6078125V §.078125v 39 v
500 0.15625Y 0.15623Y 78 mv
500 0.3125v 0.3125v 156 pv
500 0.625v 0.625v 312 v
500 1.25v 1.25¥ 625 v
500 2.5V 2.5V 1.25 mV
500 5V 5V 2.5 my

Remote-sensing is available for DC voltage outputs used in conjunction with the
HP 34520 Multimeter to ensure that an accurate DC voltage is present at the
load. The HP 34521 generates remote-sensed DC voltages using the ranges shown
in Tables 1 and 2, Figure 2 shows block diagrams of the HP 34520 Multimeter
and HP 34521 Source Module in two remote-sensing configurations. In the firss
configuration {block diagram "A"), remote-sensing is used to compensate for volt-
age losses in the test leads between the HP 34521 and the load. In the second
configuration (block diagram "B", remote-sensing is used with the HP 34521 to
control an external device such as a voltage-programmed power supply.
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Figure 2. Remote-Sensing Block Diagrams

AC/DC Source Module
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DC Current
Qutputs

AC Voltage
Outputs

AC/BC Source Module
8

The module generates DC currents on one of four ranges in the high- or fow-
resolution mode (refer to "Selecting the DC Resolution Mode" for more informa- |
tion). Table 3 shows the four DC current ranges and maximum programmed
output values available.

Tabte 3. DC Current Ranges

Max imum RESCGLUTION
Range Programmed Output #igh-Resolution  Low-Resolution
0.0001A 0.0001A 9.1 nA 50 na
0.001A 0.001A 1 nA 500 nA
G.01A 0.01A 16 nA 5 pA
0.1TA 0.%A 100 nA 50 pA

Before making connections to the module’s OUTPUT connector for DC current
outputs, you should consider the module’s compliance voltage. To ensure ac-
corate current outputs, the total voltage drop from the center conductor of the
OUTPUT connector to shield should not exceed the compliance voltage. On the
0.1 A range, the compliance voltage is § volts. On all other DC current ranges, the
compliance vollage is 10 volts. Since the compliance voltage equals the total cir-
cuit resistance multiplied by the output current, the maximum load resistance for
a (L1A output from the module is 804,

The module generates sine, ramp, square, or arbitrary waveforms on one of seven
ranges in the 0£) or 508} output impedance mode., Table 4 shows the AC voltage
ranges and maximum programmed output values available in each output im-
pedance mode. You can set the output amplitude from 10% to [00% of the
specified range. Therefore, in the 002 mode, the module can generate waveforms
with peak-to-peak amplitudes between 0.03125 VPP and 20 VPP, In the 500
mode, the module can generate waveforms with peak-to-peak amplitudes be-
tween 0.015625 VPP and 10 VPP,

When the autorange function is disabled, an error is generated if yvou attempt to
set the peak-to-peak amplitude less than 10% or greater than 100% of the present
range. When autorange is enabled, an error is generated if vou attempt to set the
peak-to-peak amplitude less than 10% of the lowest available voltage range or
greater than 100% of the highest available voltage range. {Refer to "The
Autorange Function” for more information on using autorange.)

The values shown in Table 4 assume that the module is terminated with a 50Q
load when in the 502 mode. If this is not the case in your application, the actual
voltage output from the module will depend on the value of your load. For ex-
ample, if you have selected the 500 mode but have terminated the modile with
an open circuit, the actual output voitage will be twice the programmed voltage.
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Table 4, AC Voltage Ranges

dutput Range Maximum Programmed
Impedance {Vaolts P-P} Cutput (Volts P-P) Resotution
aQ 0.3125v G.3125v 156 pv
119} 0.625V 0.625v 312 wv
oG 1.25v 1.25v 625 v
aq 2.5y 2.5V 1.25 my
oG 5v 5V 2.5 mv
0% 10v 1av 5 mv
o0 20v 20V 10 myv
500 0.15625v 0.15625v 78 pv
500 0.3125v 0.3125v 156 uv
500 0.625v .625v 312w
50Q 1.25V 1,235V 625 v
500 2.5V 2.5v 1.25 mv
50Q 5v Sv 2.5 my
500 Tov 10y 5 mv

Remote-sensing is available for AC sinewave voltages used in conjunction with
the HP 34520 Multimeter to ensure that an accurate sinewave vohage is present
at the load. (Remote-sensing is not available for ramp, square, or arbitrary
waveforms.) The module generates remote-sensed sinewave voltages using the
ranges shown in Table 4. Figure 2 (earlier in this section} shows block diagrams
of the HP 34520 Multimeter and HP 34521 Source Module in two remote-sensing
configurations. In the first configuration (block diagram "A"), remote-sensing is
used to compensate for voltage losses in the test leads between the HP 34521 and
the load. In the second configuration (block diagram "B"), remote-sensing is used
with the HP 34521 to control an external device.

AC/DC Source Module
9
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Configuring the HP 34521

This section shows how to prepare the module for generating voltage and cur-
rent outputs. This includes selecting the module’s output terminal, output im-
pedance mode, output voltage or current range, and output delay time.

Power-0On When you apply power to the mainframe or extender, the HP 34521 sets itself to
State predefined power-on values. This is called the module’s power-on state. Table 5
shows the HP 34521’s power-on state.
Fable 5, HP 34521 Power-On State
Related
Item He 34521 Command Power-0On State
Output Function APPLY DC Volts (0.00 vDC)
Auterange Mode ARANGE on
BC Offset DCOFF 0 volts
DC Resolution Mode DCRES High-Rescolution Mode
Gelay time DELAY 0.04 Seconds
Buty Cycle DuvY 20%
Frequency FREG 1009 Hz
Output Impedance Mode Mp 0 Ohms
Phase Angle PANG 0 Degrees
Range RANGE 1¥ (Autorange)
Reference Freguency Input REFIN internal
Reference Freguency dutput REFOQUT of f
AC SYNC Destination SYNCOUT aff
Output Jerminal TERM front
Input Trigger Source IRIGIN High
Triggering Mode TRIGMODE off
Qutput Yrigger Mode TRIGOUT off
Each item in Table 5 is discussed later in this manual. The HP 3235 Language
Reference Manual also lists the power-on and default values for each command.
{A default value is the value selected when you execute a command but do not
specify a value for an optional parameter.)
Reset The reset function returns the module to its power-on state without cycling
State power. The reset function aborts any outputs in progress and purges all voltage

and current values from the module’s internal storage buffer. To reset the
module in mainframe slot 200 for example, send:

OUTPUT 709; YRESET Z0o¥
ar
OUTPUT 709; "RST 200"

AC/DC Source Module
10
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Selecting
the Source
Module

Specifying a
USE Siot

Checking the
USE Siot

Selecting
the Qutput
Terminal

Commands that are specifically for the HP 34521 do not specify an address in
their command statements. Therefore, before sending any commands to the
HP 34521, send the USE command to designate which module (i.e., which slot)
will receive subsequent commands. Once you send the USE command, it is
remembered and it is not necessary to send USE prior to subsequent commands
sent to the module in that slot.

You can change the USE slot by sending another USE command. After designat-
ing the USE slot, subsequent source module commands are sent to that slot. For
example, to designate the HP 34521 in mainframe slot 200, send:

OUTPUT 709: #USE 2000

Unless otherwise stated, the remaining examples in this manual assume that the
HP 34521 is installed in the designated USE slot.

The USE? query command returns the slot number (in the form ¢s00) of the
designated USE slot. The following program reads and displays the USE slot,

10 OUTPUT 709; "USE?™

20 ENTER 709; A

30 PRINT MUSE Slot Is “; A

40  END
The TERM command enables you to route voltage or current outputs to either
the module’s front QOUTPUT connector or to one of the HP 3235% internal
analog buses {AB0, ABl, AB2 or AB3). At power-on. the front connector is
selected. To change the output terminal from the front connector to analog
bus 1 for example, send:

OUTPUY 709; “TERM AB1
Or. you can disconnect all outputs from the module by sending

DUTPUT TO9; “TERM OPEN®

To return to the front connector, send;

QUTPUT 709; MTERM FRONTH

NOTE

EXCESSIVE TERMINALVOLTAGE ERROR. 1f an external signal is ap-
plicd 1o the sclected owtput terminal and is large enough to damage the module
(greater than 15 Vpeak), the HP 34521 automatically opens the appropriate out-
put relay to protect itself. 1f one of ithe output relays opens, the "EXCESSIVE
TERMINAL VOLTAGE" error is gencrated. In order to continue operation, the ¢x-
ternal signal must be removed and the module must be reset,

AC/DC Source Moduie
11


https://www.manualsplus.com/

Setting
the Qutput
Impedance

AC/DC Source Module
12

The TERM? guery command returns a string ("FRONT", "OPEN", "ARBOQ", etc.)
indicating which output terminal has been selected for use on the module in the
USE slot. The following program reads and displays the selected output terminal. |

10 QUTPUT 709; MTERM?Z®
20 ENTER 709; AS

30 PRINT AS

40 END

For DC voltage outputs and AC voltage outputs (sine, ramp, square, and arbitrary
waveforms), you can set the output impedance to 00} or 50} using the IMP
command. At power-on, the output impedance is set to 80 To change the out-
put impedance to 50¢, send:

QUTPUT 7089; YIMP 504
To return to the 002 mode, send:
DUTPUT 709; "IMP On

in the power-on 02 mode (IMP 0), the voltage output from the module will
equal the programmed output voltage with or without load termination. For ex-
ample, if you program the module to output 2 VDC in the 00 mode, the actual
output voltage will be 2 YDC with or without load termination. However, in the
50Q mode (IMP 50}, the actual output voltage will equal the programmed output
voltage ONLY when the module is terminated with a 5002 load. For example, if
you program the module to output 2 VDC in the 5002 mode, the actual output
voltage will be 2 VDC only when the module is terminated with a 30 load. I
the load is removed and replaced with an open circuit, the output voltage will
double to 4 VDC. o

When you change the output impedance from 00 to 500 or vice versa, the
module automatically enables the autorange function. Refer to "The Autorange
Function" for more information on using autorange.

If the present DC or AC output voltage is generated in the 00 mode and is
greater than the maximum programmed oufput in the 508 mode (see Tables |, 2.
and 4), selecting IMP 50 will generate the "OUT OF RANGE" error. For example,
if you program the module to output § YDC from the module in the 02 mode.
selecting iMP 50 will generate an error. Similarly, if the present AC output volt-
age is generated in the 500 mode and s less than 003125 VPP {which is the smal-
lest peak-to-peak voltage that can be generated in the 0Q mode), selecting IMP 0
will generate the "OUT OF RANGE" error.

Sine, ramp, square, and arbitrary waveforms generated in the 0Q mode (IMP 0)
may not drive 300 cables properly at frequencies greater than 100 kHz
Therefore, we recommend that you select the 5002 mode {IMP 50) when driving
5002 cables at frequencies greater than 100 kHz. Generating high-frequency
waveforms with amplitudes greater than 10 VPP in the 00 mode mav also cause
the module’s current-limited output to generate unpredictable waveforms,
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The
Autorange
Function
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You enable and disable the autorange function using the ARANGE command.
When the autorange function is enabled (ARANGE ON), the module antomatical-
ly selects the lowest voltage or current range which will provide maximum ac-
curacy for the desired output level. An error is generated if vou attempt to set
the output level greater than 100% of the highest voltage or current range avail-
able. (For AC waveforms, an error is also generated if' you attempt to set the
peak-to-peak amplitude less than 10% of the lowest available peak-to-peak range.)
When the autorange function is disabled (ARANGE OFF), the module retains the
present range regardless of the programmed output value. If the programmed
value attempts to exceed 100% of the present range, an error is generated. (For
AC waveforms, an error is also generated if you attempt to set the peak-to-peak
amplitnde less than 10% of the present peak-to-peak range)

At power-on, the autorange function is enabled. Autoranging is automatically
enabled when commands which change the DC resolution mode (DCRES com-
mand), output impedance (IMP command), or output function (ADJUST and
APPLY commands) are executed,

To disable autoranging on the module in the USE slot, send:
QUYPUT 709; MARANGE OFF"

To enable autoranging, send;
DUTPUT 709; "ARANGE ON®

The ARANGE? query command returns "ON" or "OFF" indicating whether the
autorange function is enabled or disabled on the module in the USE slot. The
following program reads and displays the present autorange setting,

10 CUTPUT 709; "ARANGE?™
20 ENYER 709; AS

30 PRINT A%

4G END

The RANGE command allows you to select a specific output range or enable the
autorange function. The command has the following svntax;

RANGE {max outpur]

where max__outpirt is the maximum output voltage or current to be progran-
med. After specifying the maximum expected output level, the module selects
the lowest range which will generate the desired level Tables | through 4 earlier
in this manual show the voltage and current ranges available,

Since the output range values differ according to the DC resolution mode. out-
put impedance, and output function selected (see Tables § through 43, the module
automatically enables the autorange function when any of these output para-
meters are changed. Therefore, when selecting output ranges using the RANGE
command, you should make the range selection AFTER the resolution mode,
output impedance, and output function have been chosen. However, to avoid
the "OUT OF RANGE" error, do not execute RANGE until you have checked to
see that the desired output level can be generated on the desired range.

AC/DC Source Module
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The following program shows how RANGE is used with the APPLY DCV com-
mand to select a DC voltage range. Line 10 resets the module to its power-on
state and chooses the DC voltage function, high-resolution mode, and 00 output
impedance mode (autorange is enabled). Line 20 specifies a maximum expected
output voltage of 8 VDC (which selects the 10 VDC range). Line 30 generates
1.25 VDC on the 10 VDC range (since the output function is not changed from
its power-on DC voltage function, the RANGE command can be executed fol-
lowing the APPLY DCV command). Refer to "Outputting DC Voltage" for more
information on using the APPLY DCV command.

10 QUTPUT 709; "RST 200;USE 200n
20 OUTPUT 70%; “RANGE B8

30 QUTPUT 709; MAPPLY DEV 1.25v
40 END

You may also enable the autorange function using the RANGE command. To
enable autoranging (ie., the equivalent of ARANGE ON), substitute the word
"AUTO" for the RANGE command’s max__ouput parameter or default the pa-
rameter as shown below:

OUTPUT 709; “RANGE AUTOM
or
OUTPUT 709; "RANGE"

The RANGE? query command returns the present output range or the range
selected by the autorange function, The following program reads and displavs
the output range selected for use on the module in the USE slot.

10 OUTPUT 709; “RANGE?®
20 ENTER 709; A

30 PRINT A

40 END

The BELAY command enables you to specil'y a time interval during which the
module’s output is allowed to settle before the next command is executed. You
can set the delay time from 0 to 9.99 seconds with 0.0} second resolution. At
power-on, the delay time is set to 0.04 seconds.

The following program outputs two DC voliages with delays from the module in
mainframe slot 200. The program outputs 5 VDC followed by a two-second
delay and then outputs 2.5 VDC foliowed by a two-second delay.

10 OUTPUT 709; “RST 200;USE 200"
20 OUTPUT 709; “DELAY 20

30 OUTPUT 709; “APPLY BCY 5@

40 QUTPUT 709; "APPLY DOV 2.5
50 END

The DELAY command affects those commands which control the output func-
tion {APPLY and ADJUST commands), output range {ARANGE and RANGE), DC
resolution (DCRES), and output impedance (IMP). When the module is operating
in the DC triggered-sequence mode (APPLY BCMEMI and APPLY DCMEMV),
only the first value in the sequence is delayed.
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Default
Delay
Times

Checking
the Delay
Time

if you do not specify a delay time, the HP 34521 automatically determines a
delay time {defauit delay)y based on the present output function, out put range,
DC resolution, and output impedance. If the output function, range, resolution,
or output impedance are changed without specifying a new delay, the default
delay time is automatically updated based on the new selection. However, once
you program a delay time using DELAY, the value does not change until you
specify another value or reset the module. Table 6 shows the default delay times
for all output functions.

NOTE

You may specify a delay time which is shorter than the default value, H owever, the
resulting settling time may be too short (o alfow the module to meet its acenracy
specifications for that output funciion,

Table 6. Default Delay Times

Change In: Default beiay
Function
High-Resolution DCV or DCI From Any Other Function 1 Second
ALl Other Function Changes 30 ms

Output Value

In High-Resolution Mode 40 mS

In Low-Rezolution Mode (on same range) 0

In DC Triggered-Sequence Mode (first value) 30 m§

in DC Triggered-Sequence Mode (after first value) o]

in All Other Hodes 36 mS
DC Offset (Sine, Ramp, Square, and Arbitrary only) 30 ms
Range

in High-Resolution Mode 40 ms

In All Other Modes 30 ms

Qutput Impedance {Voltage Only)
In High-Resoiution Mode 40 mS
in Al'lL Other Modes 30 mS

The DELAY? query command returns the present delay time in seconds. If no
delay has been programmed using the DELAY command, DELAY? returns the
default delay time based on the values shown in Table 6. The following program
reads and displays the delay time for the module in the USE slot.

10 QUTPUT 709; "DELAY?®
20 ENTER 709; A

36 PRINT A

40 END

AC/DC Source Module
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This section shows you how to operate the module, It consists of the following
stibgections:

® Monitoring the Source Module
» Quipuiting DC Voltage

¢ Outputting DC Current

¢ Qutputling AC Voltage

e Triggering the Source Module
e AC Triggering Modes

NOTE

Quick, accurate, electronic auto-calibration can be performed when the HP 34521 is
used with ifs solf-test fixture (HP 34521D) and the HP 34520 Muliimeter Module.
Executing FYEST esd2 performs the auto-calibrarion fimcetion on the HP 34321

(e represents the mainframe or extender number and s represents the slot number ).
Refer to the HP 3235 Service Manual for more information on ysing FTEST,

The MON STATE command enables you to monitor (on the optional control
panel’s display) the state of a particular plug-in module. For example, to monitor
the state of the module installed in mainframe slot 200, send:

QUTPUT 709; 'MON STATE 200v

Since the MON STATE command returns more information about the HP 34521
than will fit in the 40-character control panel displav, you must scroil the display
to the left or right to see the entire module state. For this discussion, we will
divide the display into five groups as shown below (this is the information which
i displayed when the module is in its power-on state}:

{1} State 200;8ource 0.000000E+00 DCV,

{2} FREG 1000.000 1000.000,DCOFF 0.00000E+00,DUTY 50.0,PANG 0,000,
(3) RANGE 1.0,ARANGE ON,TERM FRONT,IMP 0,DCRES HIGH,

(4) TRIGMCDE OFF,TRIGIN HIGH TRIGOUT OFF SYNCOUT OFF,

(5) REFIN INT,REFOUT OFF,DELAY 0.04

The first group gives the stot number (200), the module name {Source), the present
output voltage or current level (0.600000E+00), and the cutput function (pev), The
second group gives the following information about the AC voltage

function: high-trigger-level (or single) and low-trigger-level output frequencies
{FREQ 1000.000 1000.0600), DC offset voltage (DCOFF 0.00000E+080), duty cvcle

(buTyY 50.0), and phase angle (PANG 0.000), The third group gives the voltage or cur-
rent range {RANGE 1.0}, the autorange setting (ARANGE On), the output terminal
(TERM FRONT), the output impedance (imp 8), and the DC resolution mode

(DcRES HIGH). The fourth group gives the triggering mode (TRIGMODE oFF), the in-
put trigger source (TRIGIN HIGH), the output trigger mode {TRIGOUT OFF), and the
SYNC destination (syncout oFf). The fifth group gives the reference frequency
input source (REFIN INT), the reference frequency output source (REFOUT OFF), and
the output delay time (DELAY 6.04),
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Outputting

DC

oltage

To shut of I the monitoring mode, send:
QUTPUT 709; "MON OFF®

In addition 1o the MON STATE command, vou can monitor the module’s output
level using the QUTPUT? query command. This command returns the last
programmed output level (voltage or current) from the module in the USE slot.
if remote-sensing is used, OUTPUT? returns the last value generated by the
module in response to the ADJUST command. Refer to "DC Voltage, Triggered
Sequence” or "DC Current, Triggered Sequence” for more information on using
the OUTPUT? guery command in the triggered sequence mode.

The following program reads and displays the last output levet generated by the
module in the USE slot.

10 QUTPUT 709; “oUTPUT?™
20 ENTER 709; A

30 PRINT A

40 END

After selecting the module with the USE command, only one additional com-
mand is required to output DC voltage from the module. This command is
APPLY DCV and has the following syntax:

APPLY DCV volts

where volts is the output voltage between -10.25 VDC and +10.25 VDC in the 0Q
mode or between -5.125 VDC and +5.125 VDC in the 500 mode {when ter-
minated with a 5002 toad). Tables | and 2 earlier in this manual show the DC
voltage ranges available in the high- and low-resolution modes.

The following program outputs 3.5 VDC from the module in mainframe stot 200.
The RST command places the module in its power-on state with the DC voltage
function selected, autorange enabled, high-resolution mode enabled, output im-
pedance set to 0£) and front QUTPUT connector selected. For this example, the
autorange function selects the high-resolution 10 VDC range.

10 QUTPUT 709; “RST 200;USE 200"
20 0oUTPUT FOQ; "APPLY BCV 3.5¢
30 END

The following program outputs -1.35 VDC from the module in mainframe slot
300 to analog bus | (ABI). The RST command initially places the module in its
power-on state. Line 30 changes the output impedance from 00 to 500, Line 40
outputs -1.35 VDC on the high-resolution 5 YDC range (if the module is not
terminated with a 300 load, the actual output voltage will depend on the value
of the load). Lines 50 through 90 read and display the present output voltage
range ("5") and autorange setting ("ON"),

AC/DC Source Module
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10 OUTPUT 709; “RST 300:USE 300"
20 OUTPUT. 709; “TERM AB1®

30 QUTPYT TO9; "IMP 50%

40 OUTPUT 709; "APPLY DCV -1.35"
50 QUTPUT 709; “RANGE?™

60 ENTER 709; A

70 OUTPUT 709; "ARANGE?®

80 ENTER 709; AS

90 PRINT A,AS

1060 END

The DCRES command selects the high- or low-resolution mode for DC voltage
outputs from the module. In its power-on state, the module uses the high-
resolution mode (DCRES HIGH) which offers two DC voltage ranges as shown in
Table | eartier in this manual. The low-resolution mode (DCRES LOW) offers
seven DC voltage ranges as shown in Table 2 earlier in this manuval. Table 7
summarizes the two resolution modes.

Table 7. High-Resolution Mode vs, Low-Resolution Mode

High-Resolution Mode
(DCRES HIGH)

Low-Resolution Made
{DCRES LOW)

Settling Time: 40 m$
(at 0.0001% Resolution)

& Digits of Resciution

2 DC Voltage Ranges

Better Accuracy
Specifications

Settiing Time: 100 uS

(at 0.05% Resolution)

3 Digits of Reselution

7 DC Voltage Ranges

tardware Triggering
ig Available *

* Refer Lo "DC Voltage, Triggered Sequence”™ for more information.

At power-on, the high-resolution mode is selected. To change to the low-
resolution mode, send:

GUTPUT 709; M“DCRES LoWM

To return to the high-resolution mode, send:
SQUTPUT 709; “DCRES HIGH!

The DCRES? query command returns "HIGH” or "LOW" indicating which resolu-
tion mode is selected for use on the module in the USE slot. The following
program reads and displays the resolution mode selected.

10 OUTPUT 70%9; “DLRES?"
20 ENTER 709; A%

30 PRINT A%

40 END
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DC Voltage,
Triggered
Sequence

The first part of this section described how 10 output a single DC voltage from
the module using the APPLY DCV command. The module also has the abilitv to
output a triggered sequence of low-resotution (ie, DCRES LOW) DC voltages
using the APPLY DCMEMV command. In the triggered-sequence mode, the
moduie transfers voltage values from an HP 3235 arrav to the module and out-
puts them, one at a time, when triggers are received,

The APPLY DCMEMV command has the following syntax:
APPLY DCMEMV length, arvay _name

where fengih is the number of DC voltages to be output (the valid range is from
2 to 2048 values) and array__name is the name of the mainframe array contain-
ing the voltage values. This command automatically generates voltages using the
low-resolution ranges shown in Table 2 earlier in this manual. Theref ore, each
value in array__name must be between -10 VDC and +10 VDC in the 0Q mode
or between -5 VDC and +5 VDC in the 500 mode. If the high-resolution mode
(i.e, DCRES HIGH) is in effect when APPLY DCMEMYV is executed, the module
temporarily goes to the low-resolution mode, Any subsequent APPLY DCI or
APPLY DCV command will return the module to the high-resolution mode.

When APPLY DCMEMYV is executed, the voltage values are transferred from
array__name to the module’s internal storage buffer and the first voltage is out-
put (a tripger is not required to output the first voltage), The remaining voltages
are output, one at a time, when high-to-low triggers are received by the trigger
event selected using the TRIGIN command. {Refer to "Triggering the Source
Module” for more information) After the last voltage in the array is output. the
next trigger wraps around and outputs the first voltage.

If autorange is enabled, APPLY DCMEMV searches the first /ength elements of
array__name to find the DC voltage with the largest magnitude (the QUTPUT?
query command returns the magnitude of this DC voltage). It then selects the
lowest voltage range which will provide maximum accuracy for the largest value
in the array. If autorange is disabled, the module retains the range selected by
RANGE and generates an error if any value in array  hamie attempis 1o exceed
the present voltage range.

The following program outputs a triggered-seguence consisting of four voltages:
-50,00, 50, and 100 VDC. The RST command places the module in mainframe
slot 200 in its power-on state with the DC voltage function selected, autorange
enabled, output impedance set to 00, and front QOUTPUT connector selected.
When the program is executed, the APPLY DCMEMYV command outputs the first
value in the array (-50 VDC). The remaining voltages are output, one at a time,
whenever the TRIGIN SGL. command (a software trigger) is executed,

10 QUTPUT 709; "RST 200;USE 200"

2G  OUTPUT T7O9; *DIM VOUT({3)»

30 OUTPUT 709; "FILL VOUT -5.0,0.0,5.0,10.0"

40 OUTPYT 709; "APPLY DCMEMV 4,VOUT"  IOutput = -5.0

50 QUTPUT T0%; "TRIGIN SGL™ Qutput = 0.0

60 QUTPUT 70%; "TRIGIN SELY 10utput = 5.9

7O QUTPUT 709; "TRIGIN SGL¥ 10utput = 10.0

80 CQUTPUT 709; *TRIGIN SGiM POutput = 5.0 (wrap-around)
90  QUTPUT 709; “TRIGIN SGL» Qutput = 0.0

100 END

AC/DC Source Module
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Output range values (selected by the ARANGE, IMP, or RANGE commands)
which are specified after the APPLY DCMEMYV command has been executed do
not take effect until another APPLY DCMEMY command iz executed,

(APPLY DCMENMY retains the range which is selected at the time the voltage
values are transferred to the module’s internal storage buffer) However, the
MON STATE display and other query commands are updated as soon as the
range values are changed.

Remote-sensing is available for DC voltage outputs used in conjunction with the
HP 34520 Multimeter to ensure that an accurate voltage is present at the load.
This function is convenient for applications where vou want to enhance the
source module’s voltage accuracy to equal the multimeter’s accuracy plus the
tolerance of the ADJUST DCV command. Remote-sensing is also useful for ap-
plications where the load current will degrade the source module’s voltage ac-
curacy or when the module is used to control an external device such as a
voltage-programmed power supply.

The ADJUST DCV command has the following syniax;
ADJUST BCV volts, dmm_slot# 1, LIM upper, lower] |, tolerance [, counr} }

where volty is the desired voltage at the load, as measured by the multimeter, in
the range -250 VDC to +250 VDC; dmm__sior# is the slot number (in the form
es00) of the HP 34520 Multimeter selected for remote-sensing; uppor and lower
are optional upper and lower limits, in DC voilts, for the voltage at the output of
the source module (default is no upper and lower limits), folerance defines the
window, in DC volts, within which the voltage at the load will be considered
valid by the multimeter (in the high-resolution mode, the default tolerance is
0.001% of voits or 10 pV, whichever is greater; in the low-resolution mode. the
default tolerance is 0.1% of vofts or 1 mY, whichever is greater); and counr is the
number of attempts the source module will make to cause the load voltage to
fall within toferance before generating an error (default cownr is 10),

Before sending the ADJUST DCV command, the multimeter must be programmed
to measure DC voltage with the desired speed and accuracy. The time required
to execute ADJUST DCV depends on multimeter and source module parameters
(integration time, delay time, autozero setting, etc) as well as external cireuit gain,
For example, ADJUST DCV will take less time to converge on volts fora 1 PLC
{power line c¢ycle) setting on the multimeter than for a 10 PLC setting. Refer to
the HP 34520 Programming and Configuration Manual for more information on
using the multimeter.

The ADJUST DCV command will not work properly for circuits which start in
saturation, To avoid this, the source module’s output voltage should be preset
using APPLY DCV such that the circuit output is not in or near saturation prior
to the ADJUST DCV command. Upper and lower limits should be vused to
prevent saturation during the execution of ADJUST DCV.
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NOTE

When adjusting the voltage at the load 1o a value which causes the source moduie's
outpul voltage to he near the top of a range, select the next highest FOREe 10 CHSIC
that volts can be reached.

When ADJUST DCV is executed, the multimeter first measures-the initial voltage
present at the load. Then if necessary, the source module begins making adjust-
ments to its output voltage such that the voltage measured at the load by the
multimeter moves in the direction of volfs. The source module continues to
make adjustments to its output voltage until the voltage measured at the load by
the multimeter falls within rolerance of volts or until count attempts are made, If
any voltage output from the source module exceeds the upper or lower limits or
if count is exceeded before roferance is reached, an error is generated, Once an
error is generated, the ADJUST DCV command is aborted and the voltage at the
load remains at the level measured by the multimeter prior to the error.

When adjusting its output voitage, the source module does not generate an en-
tirely new voltage with each attempt but rather adds voltage increments to its
initial output voltage. Each voltage increment is caleulated by dividing the dif-
ference between volts and the present voltage measured at the load by the exter-
nal circuit gain, The external circuit gain is calculated by dividing the difference
between the present and previous voltages measured at the load by the dif’-
ference between the present and previous voltages output by the source module

The following program generates an 8.5 VDC remote-sensed voltage using the
HP 34520 Multimeter in slots 800/900 and the HP 34521 in slot 700. The RST
command (line 10} places the modules in their respective power-on states. Line
30 sets the multimeter’s measurement function to DC voltage, Line 50 generates
8.5 VDC, with a tolerance of | mV, at the point on the load being measured by
the multimeter. The upper voltage limit for the source module is set to 9 VDC
and the lower voltage limit is set to 0 VDC. Up to five attempts will be made by
the source module to generate 8.5 VDC at the load. The OUTPUT? query com-
mand returns the last voltage generated by the source module in response to the
ADJUST DCV command in line 50. For this example, the multimeter and source
modules must be connected to the proper points on the load.

10 QUTPUT 709; “RST 700,800

26 OUTPUT 709; “USE 80O

30 QUTPUT 709; MFUNE DCV®

40 OUTPUT 709; “USE 700"

50 OUTPUT 709; "ADJUST DCY 8.5,800,LIM 9,08,6.007,5v
60 OUTPUT 709; nOUTPUT?®

70 ENTER 709; A

80 PRINT A

90 END

The following program uses the ADJUST BCV command to adjust the output of
an external device with gain to 40 VDC (the external device is assumed to have a
gain of 10). The HP 34520 Multimeter in slots 800,900 and the HP 34521 in slot
700 are used in this example. The RST command (line 10) places the modules in
their respective power-on states. Line 30 sets the multimeter’s measurement

AC/DC Source Module
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function to DC veltage. Line 50 will drive the external device to 40 VDC (the
default rolerance of 10 uV and default commt of 10 are used for this example).
The upper limit prevents the HP 34521 from driving the external device to out-
put more than 50 VDC while adjusting to 40 VDC. The OUTPUT? query com-
mand returns the last voltage generated by the source module in response to the
ADJUST DCV command in line 50. For this example, the multimeter and source
modules must be connected to the proper points on the load.

10 QUTPUT 709; "RST 700,880"

20 OUTPUT 709; ®“USE 800Q®

30 QUTPUYT Y09; PFUNC DCV®

40 QUTPUT 7G9; “USE 70O™

S0 GUTPUT 709; "ADJUST DCY 40,B800,L1% 5,00
60 CUTPUT 709: MOUTPUT?M

70 ENTER 709; A

83 PRINT A

90 END

When using the HP 34521 to contro! external devices with gains less than 0.8, the
ADJUST DCV command will generally require more than 10 attempts (the
default number of attempts) to reach volfs. Figure 3 shows the typical "worst
case” number of attempts {(connr parameter) required to reach a desired output
voltage at the load for external circuit gains less than unity.

To reduce the number of attempts required, vou can pre-program the source
module to output a voltage such that the load voltage, to be measured by the
multimeter, is near volis before executing the ABJUST DCV command. By
presetting the source module’s output voltage using the APPLY DCV command,
ADJUST DCV is able to determine the external circuit gain more accurately,
Therefore, the voltage at the foad can be adjusted to the desired voltage using
fewer attempts.

The following program shows how the APPLY DCV command can be used prior
to the ADJUST DCV command to reduce the number of attempts required to
reach the desired load voltage. For this example, it is assumed that the external
circuit gain is 0.25 and the desired voltage at the load 1s 20 VDC. By setting the
output voltage from the source module to § YDC using the APPLY DBCV com-
mand (which will generate approximately 2 VDC at the load when the

ADJUST DCV command is executed), the desired load voltage can be reached
using fewer attempts.

10 GUTPUT 709; “RST 700,800

20 GUTPUT 70%; BUSE 8000

30 QUTPUT 709; “FUNC DCVM

4G QUTPUT 709; mUSE 700®

50 DUTPUT 709; “APPLY DCY 8"

60 OUTPUT 709; "ADJUST DOV 2,B800¢
70 QUTRUT 70%; moUTPUT?®

80 ENTER 709; A

20 PRINT A

100 END
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Figure 3. Number of Attempts vs. Circuit Gain (Gain < 1)

After selecting the module with the USE command, only one additional com-
mand is required to output DC current from the module, This command is
APPLY DCI and has the following syntax:

APPLY DCl amps

where amps is the output current between -0.1 ADC and +0. ADC in the high-
or fow-resolution mode. Table 3 earlier in this manual lists the DC curreat rang-
es available,

The following program outputs 325 mA from the module in mainframe slot 200.
The RST command places the module in its power-on state with the DC voltage
function selected, autorange enabled, high-resolution mode selected, and front
OUTPUT connector selected. For this example, the autorange function selects
the 0.01A range

16 QUTPUYT 709; “RST 200;USE 2060¢
20 OQUTPUT T09; “APPLY DCI 3.25E-3w
30 END

AC/DC Source Module
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The following program outputs 28 mA from the module in mainframe stot 300

to analog bus 1 (ABl). The RST command initially places the module in its
power-on state. Line 30 outputs 20 mA on the 0.1A range. Lines 40 through 80
read and display the present range ("1.0000000E-01") and autorange setting ("ON").

¢ OUTPUT 70%; “RST 300;USE 300"

20 OUTPUT 709; WTERM ABt#
30 QUTPUT 709; ™APPLY DCL Z20E-3%
40 QUTPUT 709; "RANGE?®

S0 ENTER 709; AS

60 OUTPUT 709; MARANGE?®
70 ENTER 709; BS

80 PRINT A%,8%

90 END

Selecting the
DC Resolution
Mode

The DCRES command selects the high- or low-resolution mode for DC current
outputs from the module. In its power-on state, the module uses the high-
resolution mode. For DC current outputs, four ranges are available as shown in
Table 3 earlier in this manual, Table 8 summarizes the two resolution modes,

Table 8. High-Resolution Mode vs. Low-Resolution Mode

High-Resolution Mode
(DCRES HIGH)

Lok-Resolution Mode
(DCRES LOMW)

Settling Time: 40 mS
{at 0.0001% Resolution)

6 Digits of Resciuticn

4 DC Current Ranges

Better Accuracy
Specificaticns

Settling Time: 100 us
(at 0,00% Resslutien)

3 bigits of Resolution

4 BC Current Ranges

Hardware Triggering
is Availabie *

* Refer

to "IDC Current. Triggered Sequence” For more information.

At power-on, the high-resolution mode is selected. To change to the low-
resolution mode, send:

QUTPUT 709; "DCRES LOW"
To return to the high-resolution mode, send:

OUTPUT 709; “DCRES HIGH™

AC/DC Source Module
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DC Current,
Triggered
Sequence

The DCRES? query command returns "HIGH" or "LOW" indicating which resolu-
tion mode is selected for use on the module in the USE slot. The following
program reads and displays the resolution mode selected.

10 QUTPUT 709; “DCRES?™
20 ENTER 709; AS

30 PRINT A3

40  END

The first part of this section described how to output a single DC current from
the module using the APPLY DCI command. The module also has the ability to
output a triggered sequence of low-resolution (i.e, DCRES LOW) DC currents
using the APPLY DCMEMI command. In the triggered-sequence mode, the
module transfers current values from an HP 3235 array to the module and out-
puts them, one at a time, when triggers are received.

The APPLY DCMEMI command has the following syntax:

APPLY DCMEMI length, array _name

where /ength is the number of currents to be output (the valid range is from 2 to
2048 values) and array _name is the name of the mainframe array containing the
current values. This command automatically generates currents using the tow-
resolution values shown in Table 3 earlier in this manual. Each value in ar-

ray_ name must be between -0.1 ADC and +0.1 ADC. I the high-resolution
mode {Le, DCRES HIGH) is in effect when APPLY DCMEMI is executed, the
module temporarily goes to the low-resolution mode. Any subsequent

APPLY DCi or APPLY DCV command will return the module to the high-
resofution mode.

When APPLY DCMEMI is executed, the currents are transferred from

array __name to the module’s internal storage buffer and the first current is out-
put (a trigger is not required to output the first current). The remaining currents
are output, one at a time, when high-to-low triggers are received by the trigger
event selected using the TRIGIN command. (Refer to "Triggering the Source
Module® for more information.) After the last current in the array is output, the
next trigger wraps around and outputs the first current.

if autorange is enabled, APPLY DCMEMI searches the first fength elements of
array _name to find the DC current with the fargest magnitude (the QUTPUT?
query command returns the magnitude of this DC current). It then selects the
fowest current range which will provide maximum accuracy for the largest value
in the array. If autorange is disabled, the module retains the range selected by
RANGE and generates an error it anv value in arra)y  name attempts to exceed
the present range.

The foliowing program outputs a triggered-sequence consisting of four currents:
-0.05, +0.051, -0.052, and +0.053 ADC." The RST command places the module in
mainframe stot 200 in its power-on state with the DC voltage function selected,
autorange enabled, and front OUTPUT connector selected. When the program is
executed, the APPLY BCMEMI command outputs the first value in the array
(-0.05 ADC). The remaining currents are output. one at a time, whenever the
TRIGIN SGL command (a software trigger) is executed,

AC/DC Source Module
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10 OQUTPUT 709; "RST 200;USE 200

20 OuTPUT 709; YDIM 10UT{3)¥

30 QUTPUY 709; MFILL I0UY -0.05,0.051,-0.052,0.953%
40 DQUFPUT 709; "APPLY DEMEMI 4,F0UT™ iCutput = -0.05

50 QUYPUT Y0%; "TRIGIN SGL™ 1output = +0.051

&0 QUTPUT 709; “TRIGIN SGLM Poutput = -G.052

70 OUTPUT 709; "TRIGIN SGL® toutput = +0.053

80 OUTPUT 709; "TRIGIN SGL® 10utput = -0.05 (uwrap-around)
Q0 OQUTPUT TO09; MTRIGIN SGL® 1output = +0.9051

100 END

Ouiput range values (selected by ARANGE or RANGE) which are specified after
the APPLY DCMEMI command has been executed do not take effect until
another APPLY DCMEMI command is executed. (APPLY DCMEMI retains the
range which is selected at the time the current values are transferred to the
module’s internat storage buffer) However, the MON STATE display and other
query commands are updated as soon as the range values are changed,

After selecting the module with the USE command, one of four commands can
be used to generate sine, ramp, square, or arbitrary waveforms. The four APPLY
commands which generate AC waveforms have the following syntax statements:

APPLY ACY pp amplitude (Sine Waveform)

APPLY RPV pp amplitude {(Ramp Waveform)

APPLY SQV pp amplitude (Square Waveform)

APPLY WFV pp amplitude |, array _namel (Arbitrary Waveform)

where pp  amiplitnde is the peak-to-peak output amplitude between 0.03125 VPP
and 20 VPP in the 00} output impedance mode or between 0.015625 VPP and

10 VPP in the 500 mode {when terminated with a 500 load). Table 4 earlier in
this manual lists the AC voltage ranges available. The peak-to-peak amplitude
can be set from 6% to 100% of the selected range.

The optional array  rame parameter used with the APPLY WEV command
specifies the name of the HP 3235 array containing 2048 points which define the
arbitrary waveform. Refer to "Generating Arbitrary Waveforms” for more in-
formation on using the APPLY WFV command.

The following program outputs a 4.5 VPP sine waveform tfrom the module in
mainframe slot 200, The BST command places the module in its power-on state
with the DC voltage function selected, antorange enabled, output impedance set
to 0, output frequency set to 1000 Hz, 0 VDC offset, and front OUTPUT con-
nector selected. For this example, the autorange function selects the 5 VPP
range.

16 OUTPUT 709; "RST 280;USE z¢an
20 CUTPUT 709; M"APPLY ACV 4.5V
3G END
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Specifying
the Output
Frequency

Generating a
Frequency-Stepped
Sweep

The following program outputs a 1.35 VPP square wavetform from the module in
mainframe slot 300 to analog bus 1 (ABI). The RST command (line 10) initially
places the module in its power-on state. Line 30 changes the output impedance
from 0} to 3080 The program then outputs a 1.35 VPP square wavelorm from
the 2.5 VPP range (it not terminated with a 5002 load, the actual output will
depend on the load). Lines 50 through 90 read and display the present range
{"2.5") and autorange function ("ON"),

10 OUTPUT 709; ™RST 300;USE 3000
20 OUTPUT 709; "TERM ABIM

30 QUTPUT 709; nIMP 50m

40 QUIPUT 709; HARPLY Sav 1,350
50 QUTPUT 709; “RANGE?®

&0 ENTER 709; A

70 QUTPUT 709; “ARANGE?Y

80 ENTER 709; AS

90 PRINT A,AS

100 END

At power-on, the output frequency for sine, ramp, square, and arbitrary
waveforms is set to 1000 Hz. You change the output frequency using the FREQ
command. The output frequency for sine, square, and arbitrary waveforms can
be varied from 0 to | MHz with 0.001 Hz resolution. Ramp waveform perfor-
mance is not specified above 100 kHz and will degrade substantially above this
frequency.

To set the output frequency to 5 kHz for example, send;

OUTPUT 709; WFREQ 50000
ar
OUTPUT 709; MFREQ SE+3n

The FREQ command is also used in the dual-frequency mode which is discussed
fater in this manual. When used in this mode, the FREQ command uses two
parameters to specify a high-trigger-fevel and low-trigger-level output frequency.
Refer to "Generating Dual-Frequency AC Waveforms" for more information,

This subsection contains an example program which uses the FREQ command in
an HP 3235 subroutine to perform a 100 Hz to 100 kHz frequency-stepped
sweep. The subroutine outputs a 5 VPP sine waveform from the module in
mainframe slot 200 and runs through the frequency range in 100 Hz steps (the
step rate is approximately 600 Hz).

16 OUTPUT 70G9; "SUB SWEEP®

20 OuTPUT 709; “RST 200;UsE 200"

30 OQUTPUT 709; M“APPLY ACVYV 57

40 DUTPUT 709; “FOR 1 = 100 70 100000 STEP 1000
50 OUTPUT 709; "FREQ [H

60 QUTPUT 709: MNEXT v

70 QUTPUY 709; "SUBENDD

8G OUTPUY 709; VCALL SWEEPM

9C¢ END

AC/DC Source Module
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The previous example program generated a linear frequency-stepped sweep {1om
a low frequency to a high frequency. You can easily modify the program to
produce decreasing frequency, log, or other user-defined sweeps, Precomputing
and storing the sweep frequencies in an HP 3235 array will maintain a high step
rate,

Hardware control of the sweep is available using the HP 3235s interrupt system
to pause the sweep subroutine or to modify variables effecting the sweep. Refer

to Chapter 10 of the HP 3235 Programming and System Information Manual for

more information on using interrupts.

At power-on, the DC offset voltage for sine, ramp. square, and arbitrary

waveforms is 0 volts. You change the offset voltage using the DCOFF command.

The offset can be a positive or negative number such that the peak AC value of
the output waveform, plus the magnitude of the offset, does not exceed 50% of
the selected peak-to-peak range. If the autorange function is enabled

(ARANGE ON or RANGE AUTO), the module automatically changes range as
required to accommeodate the offset voliage.

NGTE

Care should be taken when selecting a DC of fset which is larger than the
waveform's peak-fo-peak amplitude since this may result in a range sofection which
is too high to produce the desired amplitude (the amplitude muse be set (o af least
10% of range).

In the power-on 022 output impedance mode ({MP 0), the actual DC offset volt-
age will equal the programmed value with or without load termination.
However, in the 302 mode (IMP 50), the actual of fset voltage will equal the
programmed value ONLY when the module is terminated with a 500 load. For
example, if you program the module for a 2V offset in the 5002 mode. the actual
offset voltage will be 2V only when terminated with a 500 load. If the load is
removed and replaced with an open circuit, the of fset voltage will double to 4V,

The following program outputs a 5 VPP ramp waveform with a 0V offset from
the module in mainframe slot 200. When line 30 changes the offsef to -1.3V, the
module must use the 10 VPP range to accommodate the peak AC amplitude
{2.5V peak) plus offset (-1.5V) Line 40 attempts to change the of{set to +7.6V
but generates an error since the output amplitude pius of fset exceeds 50% of the
20 VPP range (which is the highest peak-to-peak voliage range available).

10 OGUTPUT 70%9; "RST 200;USE 200v
20 QUTPUT 7G9; "APPLY RPV 5v

30 OUTPUY 709; YDCOFF -1.5"

40 OUTPUT 709; “DCOFF 7,60

50 END
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Setting the
Duty Cycle

Selecting the
SYNC Qutput
Destination

The following program outputs a 0.5 VPP sine waveform with a 0V offset from
the module in mainframe stot 300. When line 30 changes the offset to 225V, the
module must use the 5 VPP range to accommodate the peak AC amplitude
(0.25V peak) plus offset (2.25V). Line 40 attempts to change the offset to 2251V
but generates an error. The module attempts to use the 10 VPP range but can’t
since the desired amplitude (0.5 VPP) is less than 10% of that range,

10 OUTPUT 709; "RST 300;USE 300"
20 CUTPUT 709; MAPPLY ACY 0.5t
30 CUTPUT 709; “DCOFF 2.25v

40 OQUTPUT 709; “DCOFF 2.251"

50 END

At power-on, the duty cycle for ramp and square waveforms is set to 50%. You
vary the duty cycle (for ramp and square waveforms only) from 5% to 95%
using the DUTY command. The duty cycle is variable for frequencies up to

100 kHz. When generating square waveforms at frequencies above 100 kHz, an
error is generated if the duty cycle is set to a value other than 50% {ie.,

BUTY 50). Figure 4 shows square and ramp waveforms with 5% and 95% duty
cycles,

NOTE

Repeated specification of the same duiy cycle {e.g., DUTY 15;DUTY 15 will canse
momentary {approximately 120 mS) irregularitios in the waveform,

The following program generates a 4.5 VPP square waveform with a 15% duty
cycle from the module in mainframe slot 200. Line 30 sets the output frequency
to 5 kHz. (Remember that if you are generating square waveforms at frequen-
cies greater than 100 kHz, the duty cvele must be set to 50%.)

10 OQUTPUT 709; “RST Z00;USE 2GQ"
20 OUTPUT 7G9; ®bUTY 15"

3G QUTPUT 709; "FREQ SE+3»

40 OUTPUT 709; "APPLY SQV 4.5%
50 ERD

All AC waveforms (sine, ramp, square, and arbitrary) have an associated SYNC
signal which is output to the module’s front SYNC OUT connector when in
operatton. The SYNC signal is a logic "I" (+5V) when the waveform’s output
level is positive relative to its DC offset. The SYNC signal is & logic "0" (0V)
when the waveform’s output level is negative relative to its DC of fset, Figure 5
shows a ramp waveform with its assoctated SYNC signal {the waveform is shown
with a -2 VDC offset).

AC/DC Sowrce Module
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Figure 4. Square and Ramp Waveform Duty Cycles

The SYNC signai is always routed to the module’s front SYNC QUT connector
but can also be routed to the HP 3235%s trigger buses using the SYNCOUT com-
mand. The command has the following syntax:

SYNCOUT destination

where destination is OFF, TBO, or TB1, At power-on, the destination is OFF (ie..
the SYNC signal is routed only to the SYNC QUT connector). To route the sig-
nal to trigger bus 1 as well as the SYNC OUT connector, send:

OUTPUT 709; “SYNCOUT TBI®

The SYNCOUT? query command returns "OFF", "TB0", or "TB1" indicating
which SYNC destination has been selected. The following program reads and
displays the selected SYNC destination for the module in the USE slot.

10  OUTPUY 709 MSYNCOUT?®
20 ENTER 709; A$

30 PRINT A%

40 END
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Figure 5. Ramp Waveform With SYNC QUT Signai

Remote-sensing is available for sinewave voltages used in conjunction with the
HP 34520 Multimeter to ensure that an accurate voltage is present at the load.
This function is convenient for applications where vou want to enhance the
source module’s voltage accuracy to equal the multimeter’s accuracy plus the
tolerance of the ADJUST DCV command. Remote-sensing is also useful for ap-
plications where the load current will degrade the source module’s voltage ac-
curacy or when the module is used to control an external device with voltage
gain or attenuation,

The ADJUST ACV command has the following syntax:
ADJUST ACV volts, dmm_ slot# |, LiM upper, lowerl [, tolerance |, count} |

where vof(s is the desired voltage at the load, as measured by the multimeter. in
the range 0.00F VPP to 707 VPP (the maximum mput to the HP 34520 is 250V
AC RMS) dmm _stor# is the slot number (in the form ¢s00) of the HP 34520
Multimeter selected for remote-=sensing upper and lower are optional upper and
lower limits, in volts peak-to-peak. for the voltage at the output of the source
module {default is no upper and lower limits); rolerance defines the window, in
volts peak-to-peak, within which the voltage at the load will be considered valid
by the multimeter (the default tolerance is 0.1% of volrs or | mV. whichever is
greater), and count is the number of attempts the source module will make to
cause the load voltage to fall within /ofcrance before generating an error (default
count is 10
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NOTE

When specif ying a value for volts in the ABJUST ACV command, your are specif y-
ing the desired load voltage in volts peak-to-peak. The HP 34520 Multimeter
makes AC voltage measurentenis in volts RMS. The HP 3235 automalicall y makes
the nrecessary Conversions.

Before sending the ADJUST ACV command, the multimeter must be programmed
to measure AC voltage with the desired speed and accuracy. The time required
to execute ADJUST ACV depends on multimeter and source module parameters
{integration time, delay time, autozero setting, etc) as well as external circuit gain.
For example, ADJUST ACV will take less time to converge on volts fora 1 PLC
{power line cycle) setting on the multimeter than for a 10 PLC setting. Refer to
the HP 34520 Programming and Configuration Manual for more information on
using the multimeter,

The ADJUST ACV command will not work properly for circuits which start in
saturation. To avoid this, the source module’s output voltage should be preset
using APPLY ACV such that the circuit output is not in or near saturation priov
to the ADJUST ACY command. Upper and lower limits should be used to
prevent saturation during the execution of ADJUST ACV,

NOTE

When adiusting the voltage af the load fo ¢ value which causes the source moduie’s
ouiput voltage o be near the top of a range, select the next highest range fo ensiire
thar volts can he reached.

When ADJUST ACV is executed, the multimeter first measures the initial voltage
present at the load. Then if necessary, the source module begins making ad just-
ments to its output voltage such that the voltage measured at the load by the
multimeter moves in the direction of voffs. The source module continues to
make adjustments to its output voltage until the voltage measured at the load by
the multimeter falls within rolerance of volts or until count attempts are made. If
the source module’s output voltage exceeds the upper or lower limits or if count
is exceeded before foferance is reached, an error is generated. Once an efror is
generated, the ADJUST ACV command is aborted and the voltage at the load
remains at the level measured by the multimeter prior to the errvor,

When adjusting its output voltage, the source module does not generate an en-
tirely new voltage with each attempt but rather adds voltage increments to its
initial output voitage. Each voltage increment is caleulated by dividing the dif-
ference between vofts and the present voltage measured at the load by the exter-
nal circuit gain, The external circuit gain is calculated by dividing the difference
between the present and previous voltages measured at the toad by the dif-
ference between the present and previous voltages output by the source medule.


https://www.manualsplus.com/

At power-on, the source module is placed in the DC voltage mode. Therefore.
before generating remote-sensed sinewave voltages, the module must be placed in
the AC voltage mode using the APPLY ACV command. By presetting the source
module’s output voltage using APPLY ACV, the ADJUST ACV command is also
able to determine the external circuit gain more accurately. Therefore, the volt-
age at the load can be adjusted to the desired voltage using fewer attempts.

The following program generates a 4.5 VPP remote-sensed sinewave voltage using
the HP 34520 Multimeter in slots 800/900 and the HP 34521 in slot 700. The
RST command (line 10) places the modules in their respective power-on states.
Line 30 sets the multimeter’s measurement function to AC voltage. Line 50
places the source module in the AC voltage mode and outputs a 4 VPP sine
waveform. Line 60 generates a remote-sensed 4.5 VPP sinewave, with a tolerance
of 4 mVYpp, at the point on the load being measured by the multimeter. The up-
per voltage limit for the source module is set to 5 VPP and the lower voltage
limit is set to 0 VPP. Up to five attempts will be made by the source module to
generate 4.5 VPP at the load. The OUTPUT? command returns the last voltage
generated by the source module in response to the ADJUST ACV command in
line 60. For this example, the multimeter and source modules must be connected
to the proper points on the load.

10 OUTPUT 709; "RST 70G,200"

20 OUTPUT 709; “USE 800»

30 OUTPUT 709: “FUNC ACV®

40 OUTRUT 709; “USE 700"

50 OUTPUT 709; “APPLY ACY 40

60 OUTPUT 709; “ADJUST ALV 4.5,800,LIM 5,0,0.004,5"
76 OUTPUT 789; "OUTPUTZ™

80 ENTER 709: A

9¢  PRINT

100 END

The following program uses the ADJUST ACV command to adjust the output
from an external device with gain to 40 VPP (the external device is assumed to
have a gain of 10} The BHP 34520 Multimeter in slots 800,900 and the HP 34521
in slot 700 are used in this example. The RST command {line 10) places the
modules in their respective power-on states. Line 30 sets the multimetet’s
measurement function to AC voltage. Line 50 places the source module in the
AC voltage mode and outputs a 3.5 VPP sine waveform. Line 60 drives the ex-
ternal device to 40 VPP with a tolerance of 3 mVpp (the default comnr of 10 is
used in this example). The upper limit prevents the HP 34521 from driving the
external device to output more than 50 VPP while adjusting to 40 VPP, The
CUTPUT? query command returns the fast volinge generated by the source
module in response to the ADJUST ACV command in line 60. For thig example,
the multimeter and source modules must be connected to the proper points on
the load.
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10 QUTPUT 709; "RS$T 700,800"

20 QUTPUT T709; ™USE 800"

30 OUTPYUT 70%; YFUNC ACVY

40 QUTPUT 709; MUSE 700%

506 CUTPUT 709; "APPLY ACV 3.5"

60 OUTPUT 709; "ADJUST ACV 40,860,LIM 5,0,0.003%
70 QUTPUT TO9; “OUTPUT?Y

80 ENTER 70%9; A

20 PRINT A

100 END

When using the HP 34521 to control external devices with gains less than 0.8, the
ADJUST ACV command will generally require more than 10 attempts (the
default number of attempts) to reach volfs. Figure 6 shows the typical "worst
case" number of attempts (coun! parameter) required to reach a desired output
voltage at the load for external circuit gains less than unity.

198

0

4

.

£

©

]

S

<[

. 192

V-

o

L.

)]

0

E

=

! i
o1 2 .3 4 5 = i .8 .9 i
Circult Gain
Tolerance —— 1 ppm
''''' 12y pom
—--—— 1222 pom

J2IDPIAF.21.T

Figure 6. Number of Attempts vs. Circuit Gain (Gain < 1)

The following program shows how the APPLY ACV command can be used prior
to the ADJUST ACV command to reduce the pumber of attempts required to
reach the desired load voltage. For this example. it is assumed that the external
circuit gain is 025 and the desired voltage at the load is 20 VPP, By setting the
output voltage from the source module to 8 VPP using the APPLY ACV com-
mand {which will generate approximately 2 VPP at the load when the

ADJUST ACV command is executed), the desired load voltage can be reached
using Fewer attempts.
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Generating
Arbitrary
Waveforms

10 OUTPUT 709; W“RST 700,800"

26 OUTPUT 709; MUSE BOOH

30 QUTPUT 709; “FUNC ACV™

40 DUTPUT 709; “USE 700

50 QUTPUT 709; “APPLY ACV 8"

40 OUTPUT 709; “ADJUST ACV 2,800%
70 OUTPUT 709; “oUTPUT?™

80 ENTER 709; A

90 PRINT A

H

The APPLY WFV command generates arbitrary waveforms using 2048 points
which vou define and then store into an HP 3235 array. Each point is sampled
at 4294967296 Hz and is then low-pass-fiftered at 1.25 MHz This technigue does
not guarantee that each point is held the same length of time but does enable
vou to change the waveform’s output frequency instantaneously using the FREQ
command.

The APPLY WFVY command has the following svntax;
APPLY WFY pp amgplitaude {, array name )

where pp _amplitude is the peak-to-peak output amplitude between 003125 VPP
and 20 VPP in the 00 output impedance mode or between 0015625 VPP and

10 VPP in the 5002 mode (when terminated with a 5002 toad). The array__name
parameter specifies the name of the mainframe real or integer array containing
2048 points which define the waveform, Each real array element must have a
value between -1 and +1, inclusive,

NOTE

If array name is defined as an infeger array, cach clement must be converied (o a
hardware integer format hefore executing the APPLY WFVY command. Refer (o
"Precomputing AC Waveforms to Enhance Speed” for mare information.

The following program defines and generates a linear step waveform with a
repetition rate of 5 kHz and a peak-to-peak amplitude of 5 VPP. Note that the
array (STEP_ARRAY) is dimensioned as a reai array with 2048 elements but only
1536 points are defined {elements 1536 through 2047 are set to 0). The
waveform is generated on the 5 VPP range with autorange enabled, 002 mode
selected, and 0 VDC offset. Figure 7 shows the resulting output wavelorm.

AC/DC Source Module
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30 DUTPUT
20 OUTPUY
38 SUIPUY
[31] cuTPUT
50 CUTPLT
&0 CUTPUT
o QUTPUT
80 OUTPUT
G QUTPUT
100 QUTPUT
110 ouTPUY
120 QUTPUY
1306 QuiPUT
14G  OQUTPUT
150 ouTrPurt
160 QUTPUT
170 END

@ Volts

709%; “RST 200;USE 2000

709; "DIM STEP ARRAY{2047)u
709; “SUB ARE STEP®

789; YFOR I = 0 TQ 511¢
7O9; MSTEP ARRAY(I) = Qv
709; “NEXT I

709; “FOR § = 512 T0 1023"
709; “STEP ARRAY({) = .5¢
709; WNEXT Iv

709; “FOR I = 1024 TO 1535¢
709; "STEP_ARRAY(1) = 1n
70G; “NEXT I

709; “suBEND™

709; YCALL ARB STEP®

709; “FREG 5000%

7O9; "MAPPLY WFV 5,8TEP_ARRAYY

VOLTS/ZDIV: 1
TIME/ZDIV: 50 uS

323BPIAF 217

Figure 7, Linear Step Waveform


https://www.manualsplus.com/

Since the APPLY WFV command’s wray  name parameter is optional, vou can
change the arbitrary waveform’s peak-to-peak amplitude without re-downloading
2048 new points, For example, to change the output amplitude of the linear step
waveform generated in the previous example from 5 VPP to 3.5 VPP, send:

QUTPUT 709; "APPLY WFY 3.5%

The following program defines and generates a 5 kHz sine waveform with volt-
age spikes on the positive peaks. The program first defines the sine waveform
using all 2048 points and then redefines the appropriate points to add the voltage
spikes. The waveform in generated on the 1.25 VPP range with autorange en-
abled, 0€2 mode selected, and 0 VDC offset. Figure 8 shows the resulting output
waveform. (It takes approximately [5 seconds for the HP 3235 to generate this
waveform.)

10 CUTPUT 709; "RST 200;USE 200¢

20 CUTPUT 709; "REAL PI™

30 QUTPUT 709; "INTEGER I,J,WIDTH"

40 GUTPUT 709; “DIM CARRAY(204731

50 CUTPUT 709; “PI = 3.1415925"

&0 CQUTPUT 70%; “SUB DEF_ARRAY"

70 CUTPUT 7G9; # FOR 1 = 0 TO 2047n

890 CUTPUT 709; ¥ CARRAY(I) = Q.1*SIN(2*PI*i/2048)"
29 QUTPUT 7G9; ¥ NEXT Iv

100 OQUTPUT 709; " WIDTH = 50%

110 CQUTPUT 709; ® FOR 4 = 1 TO WIDTH®

120 OUTPUT 709; ® 1 = 512-WIDTH+J"

130  CQUTPUT 709; ¢ CARRAY(I) = CARRAY(I) + 0,9%3/U10TH
140 GUTPUT 709;  KEXT Jw

15¢  OUTPUT 709, " FOR J = 1 TO (WIDTH-1)v

166 OUTPUT 70%; » 1 = 512+WIDTH- 4"

170 QUTPUT 70%; » CARRAY{I) = CARRAY(I) + 0.9*%J/WIDTH®
180 OQUTPUT 709; ONEXT JUn

190 OUTPUT 70%; "SUBEND®

200 OUTPUT 709; "CALL DEF_ARRAY"

210 QUTPUT T7O0%; "FREQ 59000M

220 OUTPUT 709; “APPLY WFV 1.2,CARRAYM
230 END

Pseundo-random noise can be generated as an arbitrary waveform or can be
added to a previousiy defined arbitrary waveform using the HP Series 200/300
computer’s AND command. The following program generates a Gaussian (nor-
mal distribution) noise pattern. (It takes approximately 30 seconds for the HP
Series 200/300 computer to download this waveform)

10 OUTPUT 709 YRST 200;USE 200n

20 OUTPUT 709; “DIM N(2047)"

30 FOR I = 0 TO 2047

40 CUTPUT 709; "N(¥;1;%) = ¥; Q4% (RND+RND+RND+RND+RND)- 1
50 NEXT |

60 QUTPUT 709; VFREQ 5V

70 OUTPUT 709; "APPLY WFV 2.3 ,N®

80 END

AC/DC Source Moduie
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0 Volts

VOLTS/ZDIV: 2
TIME/DIV: 58 uS
3236P1/F.21. 8

Figure 8. Sine Waveform With Voltage Spikes

This subsection contains an example program in which the HP 34521 reproduces
a low-frequency (< 100 Hz) AC waveform which is digitized and stored by the
HP 34520 Multimeter. In this example. it is assumed that the frequency of the
waveform being digitized is 16 Hz and the source module reproduces the
waveform at the same frequency. It is also assumed that the waveform is
sampled 04 times by the muftimeter. To digitize a waveform of any other
frequency, you must modify the multimeter configuration and the array defini-
tions in the program.

In the first section of the program, the multimeter is configured to measure DC
voltage with the desired integration time and number of readings per trigger,
The multimeter samples the input waveform 64 times and stores the digitized
points i an HP 3235 array using the MEM command. For this example, the
NRDGS command’s TIMER parameter is used to specif'y a time interval between
each of the 64 readings. To calculate the TIMER value, multiply the number of
readings per trigger by the frequency of the input waveform and take the in-
verse of the result. For this example, the TIMER value is:

1/{64 rdgs per trigger * 16 Hz) = 1/1024 = 976E-6
In the second section of the program, the maximum and minimum values in the

stored array are determined. The peak-to-peak amplitude and offset voltage are
then calculated using these maximum and minimum values.
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The wavelorm is reproduced by the source module in the last section of the
program. The program uses a routine to expand each of the 64 digitized points
into 32 new points by interpolation (64 digitized points multiplied by 32 ex-

panded points per digitized point equals 2048 arbitrary waveform points).

Although the frequency of the reproduced waveform is sef to 16 Hz for this ex-
ample, vou can select any frequency up to 1 Mz (It takes approximately 10
seconds for the HP 3235 to generate the digitized waveform.)

10

20

30

&9

50

68

70

80

90

100
110
120
139
149
150
160
165
170
180
190
240
2190
220
230
240
250
260
270
280
230
300
310
320
330
340
350
360
370
3849
390
400
410
420
430
440
450

Mul timeter = 8006

Source = 200

IDefine multimeter

tpefine source slo! number

IConfigure the Multimeter Module and Digitize Input Waveform

DUTPUT

709; HSCRATCH"®
QUTPUT 709; “RSTY:Multimeter
QUTPUT 709; "USE";Multimeter
QUTPUT 709; "DI# DMM(64)M
CUTPUT T0%; UNPLLC G.00O05®
CUTPUT 70%; VAZERC GFE"M
QUTPUT 709; "DELAY Ov
QUTPUT 70%9; "TBUFF OFFY
QUTPUT 709; ®FUNC DCV 5¢
QUTPUT 70%9; “MEM DMM"
QUTPUT 709; "NRDGS 64, TIMERY
CUTPUT 709; BYIMER QVELE-6H
OUTPUT 709; ®IRIG SGLY®
QUTPUT 709; "“MEM OFF"

tFind Maximum and Minimum Values

{
QUTPUY

tScrateh mainframe memory
iReset multimeter

in designated
tbimension HP 3235 array

tSet integration time

lse multimeter

1pisable sutezero mode
Ibelay = 0 seconds

tDisable trigger buffering
tSet measurement function and
iEnable memory mode

ITake 64 readings per trigger
tand store in mainframe array
1Set timer value

1Trigger the multimeter
IDisable memory mode

in Stored Array

709; "SUB DIGETIZE™ 1Beginning of Subroutine
QUTPUT 709; TREAL MAX, MIN,PP AMP OFFSETY
QUTPUT 709; "MAX = -250¢
QUTPUT 709; “MIN = 250%
QUTPUT 709; “FOR I = 0 TO 63¢
QUTRYT 709; " TF DMM(1)} > MAX THEN"
QUTPUT 709; MAX = DMM(I)"
QUTPUT 70%9; ® END IFY
QUTPUT 709; » IF DMM(I) < MIN THEN®
QUTPUT T709; © MIN = DMM{IOM
CUYPUT 709; ™ END [F"
CUTPUT TGP, "NEXT v

!Compute Peak-to-Peak Amplitude and Qffset Voltage

¥

QUTPUT 709; "PP_AMP =
QUTPUT 709; BOFFSET =
!

MAX-MINY
(MAX+MINY /2%

tReproduce Waveform Using APPLY WFV Command

!

CUTPUT 709;
OUTPUT 709;
QUTPUT 709;

WFOR I
"NEW ARRAY(32*%1)

"DIM NEW ARRAY(2047)"
= TO 43¢

(DMM(I)-OFFSET)/(PP_AMP/23"

siot number

slot

range

AC/DC Source Module
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460 QUIPUT 709; “FOR J = 1 TO 31n

470 OUTPUT 70%9; ™ IF 1 = 63 THEN"
480 QuUTIPUT TFQ9; © DMM(I+1) = DMM(O)"
490 QUTPUT 70%; "™ END [F“

500 QUTPUT 70%; “NEW ARRAY(32*1+J)=((J¥(DMMCI+T}-DMMCI))/32+0MMC L)) -
OFFSET)/(PP_AMP/2)0

510 OUTPUT 709; BNEXT Ju

520 OUTPUT 709; MNEXT In

530 QUTPUT 709; ARSTN;Source

540  OQUTPUT 709; HUSE"; Source

550 OQUTPUT 709; YAPPLY WFV PP AMP, NEW ARRAY;DCOFF OFFSET;FREQ &

560 ¢

S70  OUTPUT 709; HSUBENDH TEnd of Subreutine
586 OQUTPUT 709; “RUN DIGITIZE® {Execute Subroutine
590 END

Whenever an APPLY command is used to generate a sine, ramp, square, or ar-
bitrary waveform, the HP 3235 must download 2048 data points to the

HP 34524, To arithmetically scale the data points into an integer format which
the source module can use requires approximately 25 mS for sine waveforms,

95 mS for ramp waveforms, and 625 mS for arbitrary waveforms (real format),
In addition to this scaling time, the source module requires approximately 50 m$
to download the data points,

This subsection discusses three commands which vou ean use to decrease the
time required to output a sine, ramp, or arbitrarv waveform. These commands
perform the scaling {unction on the waveforms and store precompuied values
info a mainframe integer array. The values stored in the integer arrays are then
output from the module using the APPLY WFV command ({taking 50 ms).
Although the higher-level APPLY ACV and APPLY RPV commands exist to
generate sine and ramp waveforms, APPLY WFV is used o generate precom-
puted waveforms of all three types.

The three precompute commands have the following syntax (the module does
not have the ability to precompute square waveformsy

FILLAC integer array (Sine Waveform)
FILLRP integer array [, % duty] (Ramp Waveform)
FILLWF real avray, integer _array  {(Arbitrary Waveform)

where infeger__array is the name of the mainframe integer array containing 2048
precomputed integer values; %__duty specifies the ramp waveform duty cvcle be-
tween 5% and 95% (default is 50%); real _array is the name of the mainframe
real array containing 2048 arbitrary waveform points which will be converted to
integer format and stored in integer _array.
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The following program precomputes and then applies a 10 kHz sine wavetorm
with an amplitude of 5 VPP from the module in mainframe slot 200 Since au-
torange is enabled (power-on state), the module outputs the waveform on the

5 VPP range.

10
20
30
40
50
66

OuTRUT
QUTPUY
QUTPUT
QUTPUT
QUTPUT
END

709;
709;
709;
709;

r

709;

HRST 200;uUSE 200¢
HINTEGER SCALE(2047)"
*EILLAC SCALEY

WEREQ TOE+3"

WAPPLY WfV 5,SCALE"

The following program precomputes and then applies a 3 kHz ramp waveform
with an amplitude of 325 VPP from the module in mainframe slot 300, The
waveform’s duty cycie is set to 33%. Since autorange is enabled (power-on state),

the module outputs the waveform on the 5 VPP range.

He
20
30
40
50
69

CUtPUT
ouTPUT
QUTPUT
CUTPUY
OUTPUT
END

709;
709;
709;
709;

709;

“RST 300:USE 300"
YINTEGER J{2047)"
WEILLRP 4,330
“FREG 3000%

RAPPLY WPV 3.25, 4%

The following program defines, precomputes, and then applies a 2 kHz cosine
waveform with an amplitude of 2.3 VPP from the module in mainframe slot 400.
Since autorange is enabled {(power-on state), the module outputs the waveform
on the 2.5 VPP range.

10
20
30
40
50
60
70
80
90
160
110
120
130
140
150

CUTPUT
OUTPUT
OUTPUT
QUTPUT
CUTPUT
QuUTPUT
QUTPUT
OUTPUT
OUTRUT
oUTPUT
GUTPUT
QUTPUT
ouTPUT
QUTPUY
END

709;
709;
709;
709;
709;
799;
709;
709;
709;
709;
709;
709;
799;
709;

YRS 400;USE 400¢
"5IM CARRAY(2047)®
HREAL PI™

"PE = 3.1415925¢
'suU8 DEF_ARRAY®
WFOR I = 0 TO 2047T"
MCARRAY(E) = COS(2*PI*1/2048)"
WNEXT [*

"SUBENDY

WCALL DEF_ARRAYY
WINTEGER J(2047)"
HFELLWF CARRAY, J¥
“FREQ 2000"

YAPPLY WEV 2.3, 4%

AC/DC Source Module
41


https://www.manualsplus.com/

Triggering
the Source
Module

Selecting the
Trigger Event

AC/DC Source Module
42

This subsection describes the various methods available for triggering the

HP 34521, Triggering is used for generating DC voltage and DC current trig-
gered sequences (APPLY DCMEMYVY and APPLY DCMEMI commands), synchroniz-
ing AC waveforms from multiple modules, gating AC waveforms on and off.
and generating duai-frequency AC waveforms.

The TRIGIN command selects the event which is used to generate the trigger.
The trigger events inciude signals on the HP 3235's trigger buses and the module's
TRIGGER connector. In addition to these hardware trigger events, software trig-
gers may also be gencrated. The TRIGIN command has the following syntax:

TRIGIN evenr

where cvenr is one of the hardware or software trigger events described in
Table 9. At power-on, TRIGIN HIGH is selected.

Table 9. TRIGIN Parameters

event
Parameter Definition

T80 Trigger Bus 0. Trigger the module using the signatl
on backplane trigger bus G.

TB1 Trigger Bus 1. TIrigger the module using the signal
on backplane trigger bus 1.

£XT TRIGGER Connector. Trigger the module using the
signal on the module's TRIGGER connector.

EXTBAR Inverse of EXT. Trigger the module using the inverse
of the signalt on the module’'s TRIGGER connector.

LOu Low Signat - Software Contrel. This parameter is
used in conjunction with the HIGH parameter to
internally trigger the module.

HIGH High Signal - Software Control., This parameter is
used in conjunction with the LOW parameter te
internaliy trigger the module.

HOLD Same as HIGH parameter.

SGL Single Trigger. Assure a H1GH then change to LOW
and then back te HIGH.
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Driving the
TRIGGER
Connector

A T odes

Synchronizing
Multiple AC
Waveforms

The TRIGIN? query command returns "TBO", "TB1", "EXT", "EXTBAR", "LOW",
or "HIGH" indicating which trigger event is selected. (I TRIGIN HOLD or
TRIGIN SGL are selected, "HIGH" is returned.) The following program reads and
displays the trigger event selected for the module in the USE slot.

19 OUTPUT 709; “TRIGIN?®
20 ENTER 709; A%

30 PRINT AS

40 END

As described in the previous subsection, the TRIGIN command selects the
module’s trigger event. When the module is to be triggered using the HIGH,
LOW, HOLD, or SGL software trigger events, that trigger signal may also be
routed to the module’s TRIGGER connector. The TRIGGER connector is en-
abled and disabled using the TRIGOUT command.

At power-on, outpuis from the TRIGGER connector are disabled. To enable
trigger signal outputs from the connector, send:

QUTPUT 709; “TRIGOUT EXTM
To disabie outputs from the TRIGGER connector, send:
QUTPUT 709; “TRIGOUT OFF™

Qutputs from the TRIGGER connector are automatically disabled when anv of
the TRIGIN command’s hardware trigger events (TB0, TB1, EXT, or EXTBAR) are
selected. Simtfarly, if one of the TRIGIN command’s hardware events are selected
and then TRIGOUT EXT is selected, TRIGIN is automatically set to HIGH.

The TRIGOUT? query command returns "EXT" or "OFF" indicating whether out-
puts from the TRIGGER connector are enabled or disabled. The following
program reads and displays the status of the TRIGGER connector on the module
in the USE sfot.

10 OUTPUT 709 “TRIGOUT?Y
20 ENTER 709; AS

30 PRINT AS

40 END

This section describes three AC triggering modes which are available for use with
the HP 34521, These triggering modes include synchronizing waveforms from
multipfe modules, gating AC waveforms on or off, and generating dual-
frequency waveforms from a single module,

This subsection describes how to synchronize sine, ramp, square, and arbitrary
waveforms from multiple HP 34521 modules. This mode is convenient for
generating multi-phase AC waveforms and precise harmonics.

In the synchronized mode, one source module is designated as a "master” and one
or more source modules are designated as "slaves”. Each module (master or slave}
generates a reference frequency (1073741.824 Hz) based on its internal reference
oscillator. In the synchronized mode, each slave’s osciffator locks onto the
reference frequency generated by the master. When the master and the slaves

AC/DC Source Module
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are triggered (all modules must be triggered at the same time), each module
begins outputting its waveform at the sefected frequency and phase angle.
Figure 9 shows a block diagram of a master linked 1o two slaves.

Heference
Freguency

Output
O —
-------- S MASTER —
7 L.—g [rigger
Reference
Freguency
Input -
- —{ SLAVE #1 |
l..a Tricaer
Reference M g9
Frequency .
Input
- b SLAVE #2 J

{mwe Trigger

3235P1AF.21.8

Figure 9. Synchronized Mode Block Diagram

The master’s reference frequency can be routed to the slaves via the master’s
front FREQ REF connector, the HP 3235 trigger buses, or both. The REFOUT
command selects the destination to which the module (the master) in the USE
stot will output its reference frequency. The REFOUT command has the follow-
ing syntax:

REFQUT destination

Table 10 lists the destination parameters and their definitions. At power-on. the
reference frequency output destinations are disabled (REFOUT OFF) and the
FREQ REF connector is placed in a high-impedance state.
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Table 10. REFOUY Parameters

destination
Parameter Definitien

OFFf Disable reference frequency output from master.
Places FREO REF connector in high-impedance state.

EXT FREQ REF Cennector. Output reference frequency to
the module’s FREQ REF connector.

180 Trigger Bus 9. Output reference frequency from
master to trigger bhus 0.

781 Trigger Bus 1. Output reference frequency from
master to trigger bus 1.

EXT TBO Output reference frequency to the modutets FREQ REF
connector and to trigger bus 0,

EXY TB1 Output reference frequency to the module's FREQ REF
connector and to trigger bus 1.

A single module is not allowed to both generate and receive the reference
frequency signal. That is, 2 module cannot be a master and a slave at the same
time. Therefore, whenever the REFOUT command is executed with any parame-
ter other than OFF, that module’s input reference frequency source is automati-
cally set to internal (REFIN INT). Refer to "Selecting the Reference Frequency
Input Source” for more information on using the REFIN command.

NOTE

Never conmect FREQ REF connectors between two or more modulos centfigured as
masiers. Doing so will cause conflict hetween active outputs and may deteriorate
enipul waveform gualit y.

The REFOUT? query command returns a string indicating which reference
frequency output destination is selected for the module in the USE stot. The
command returns "OFF", "EXT", "TBQ", "T81", "EXT TBO", or "EXT TB1". The
following program reads and displays the present output destination.

10 OUTPUT 709; "REFOUT?Y
20 ENTER 709; AS

30 PRINT A%

40 END

AC/DC Source Module
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As described in the previous section, the REFOUT command selects the destina-
tion to which the master routes its reference frequency to the slaves, The REFIN
command selects the source from which the slave’s reference oscillator will ac-
cept the reference frequency. The REFIN command has the following syntax:

REFIN source

As shown in Table 11, the source parameter choices include the slave’s own in-
ternal reference frequency, the FREQ REF connector, and the HP 3235% trigger
buses. At power-on, REFIN INT is selected which enables the slave to use its in-
ternal 1.07 MHz reference frequency and eliminates the need for a master.

Table 11. REFIN Parameters

source
Parameter Definition
INT internal. Use slave's interpal 1.07 MHz* sigpal
as reference freguency input scurce.
EXT FREG REF Connector. tse signal on slave's FREQ REF
cehnector as reference frequency input source.
TBG Trigger 8us 0. Use signal on trigger bus O as
reference frequency input source.
781 Trigger Bus 1. tlse signal on trigger bus 1 as
reference frequency input source.

* Actual Frequency = 1073741.824 Hz, *50 ppm; ITL Levels.

A single module is not allowed to both generate and receive the reference
frequency signal, That is, 2 module cannot be a master and a slave at the same
time. Therefore, whenever the REFIN command is executed with any parameter

other than INT, that module’s output reference frequency source is automatically
disabled (REFOUT OFF),

The REFIN? query command returns "INT", "EXT", "TBO", or "TB1” indicating
which reference frequency input source is selected for the module in the USE
slot. The following program reads and displavs the present input source.

10 OUTPUT 709; M“REFIN?Y
20 ENTER 709; A%

30  PRINT A%

49 END
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Setting the
Phase Angle

Enabling the
Synchronized Mode

Al power-on, the phase angle for sine, ramp. square, and arbitrary wavetforms iy
set to 0 degrees. In the synchronized mode. vou change the phase angle (ie.,
create a phase difference between multiple modules) using the PANG command
which has the following svntax:

PANG degrees

where degrees is the phase angle between -360 degrees and +360 degrees with
0.001 degree resolution. Zero degrees is defined as the positive-going, zero-
crossing point on the sine, ramp. or square waveform (relative to the DC of fset).
For arbitrary waveforms, zero degrees is defined as the first of the 2048 points
required to define the waveform. One complete wavelorm eguals 360 degrees,

To set the phase angle of the module in the USE slot to 45 degrees, send:

OUTPUT 709; "PANG 43¢

The square waveform output and the SYNC signal for sine, ramp, square, and
arbitrary waveforms are generated using analog zero-crossing circuvitry, Setting
the phase angle too close to zero degrees will generate an indeterminate output
level prior to triggering the module in the svnchronized mode

(TRIGMODE ARMWF command). To guarantee that PANG will produce the
desired output level prior to triggering, the phase angle should be set to at least
10 degrees from the zero-crossing phase for sine and square waveforms. For ex-
ample, PANG § on a sine waveform may produce low or high SYNC signal.
However, PANG -10 always produces low SYNC signal and PANG 10 abways
produces high SYNC signal. Waveforms with lower zero-crossing slew rates will
require larger phase correction.

After selecting the master’s output source (REFOUT command), the slaves input
sources {REFIN command), and the phase angle (PANG command)} the
synchronized mode must be enabled using the TRIGMODE ARMWF command,

After enabling the synchronized mode using TRIGMODE ARMWF. an APPLY
command sets the waveform (sine, ramp, square, or arbitrary) 1o its assigned out-
put frequency (FREQ command) and phase angle (PANG command), When the
master and the slaves are triggered. each module begins ouiputting its wavelorm
(all modules must be triggered at the same time).

At power-on, the synchronized mode is disabled (TRIGMODE OFF). That is, the
master and the slaves begin generating their AC waveforms as soon as an APPLY
command Is executed {a trigger is not required),

in the synchronized mode, the following commands reset the waveforms from
the master and slaves to their starting phases ADJUST commands, APPLY
commands, ARANGE ON, DCOFF, DUTY, FREQ, IMP, PANG, RANGE, and
TRIGMODE ARMWF. After one of these commands is executed, the wavelorm
refurns to its assigaed phase angle and waits for another trigger before resuming.
{Sending an ARANGE, IMP, or RANGE commuand Lo the same range will not
reset the wavetorms to their starting phase.)

AC/DC Source Module
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The following program outpuls a 5 VPP sine waveform (phase = 0% from the
master in slot 100 and a 5 VPP ramp waveform (phase = 180°) from the shave in
slot 200. The master’s reference frequency source is output to its FREQ REF
connector (REFOUT EXT) and the stave accepts the reference frequency on ifs
FREQ REF connector (REFIN EXT). For this example, the FREQ REF connec-
tors must be connected between the master and slave, When a high-to-low signal
is generated on trigger bus 0, the master and the slave begin generating
waveforms at the selected frequency (5 kHz) and assigned phase angle. Figure {0
shows the resulting output waveforms.

10
20
30
40
50
60
70

ouTPUT
QuUIPUT
QUTPUT
QUTPUT
CUTPUT
QuUTPLT
END

709;
709;
709;
709;

709;

709;

"RST
"USE
"USE
HYSE
"USE

100, 200;DRIVETBO HIGH"

100 REFOUT £XT; TRIGMODE ARMWE;TRIGIN TBO"
200;REFIN EXT;TRIGMODE ARMWF;TRiGIN TBOM
100: FREQ 5000;PANG 0;APPLY ACV 5"

200; FREG SO00;PANG 180;APPLY RPY 5

Y"DRIVETBO LOW;DRIVETBO HIGH™

Waveform From Slot 280

VOLTS/DIV: 2

TIME DT

Sl
IPESPI/F 21,18

Figure 10. Synchronized Mode Example Quiput
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Gating
AC Waveforms

The Following program generates the same waveforms as the previous example
but uses a different method to trigger the modules. In this example, the master is
triggered using the TRIGIN command’s HIGH and LOW parameters. The master
routes its trigger signal to its TRIGGER connector using the TRIGOUT command,
which then triggers the slave. For this exampte, the TRIGGER connectors and
the FREQ REF connectors must be connected between the master and the slave,

16 DUTPUT 709; »RST 100,200%

26 CGUTPUT 709; “USE 100;TRIGIN HIGH

30 QUTPUT 7O9; “REFOUT EXT;TRIGMODE ARMWF;TRIGOUT EXT™

40  OUTPUT T7Q%; "USE 200;REFIN EXT;TRIGMODE ARMWF; TRIGIN EXT™
59 OUTPUT TO0%; "USE 10D;FREQ S000;PANG G:APPLY ACY 5*

60 OUTPUT 709; "USE 200;FREQ 5000;PANG 180; APPLY RPV 50

7O OUTPUT 709; "USE 1C0;TRIGIN LOW;TRIGIN HIGH"

80 END

The following program generates a 500 Hz sine waveform from the master in
slot 300, a 1000 Hz sine waveform from the slave in mainframe slot 400, and a
1000 Hz square waveform from the slave in mainframe slot 500. The master’s
reference frequency source is output to trigger bus 0 {REFOUT TBB) and the
slaves accept their reference frequencies on trigger bus 0 (REFIN TBO). When a
high-to-low signal {generated external to the three modules) is detected on the
TRIGGER connectors, the master and slaves begin generating their waveforms.
For this example, the TRIGGER connectors must be connected between the
master, slaves, and external trigger source.

10 OUTPUT 70%; ™RST 3048-5G0¢

20 OUTPUT V0%; “USE 300;REFOUT YBO; TRIGMODE ARMWF TRIGIN EXTH
30 OUTPUT 709; “USE 4BO;REFIN TBO;TRIGMODE ARMWFE;TRIGIN EXTH
40 QUTPUT T09; “USE SGO;REFIN TBO;TRIGMODE ARMUF ;TRIGIN EXT®
50 QUTRUT 709; “USE 300;FREQ 500;:APPLY ACY 5%

60 OUTPUT 709; MUSE 400;FREQ 1000;APPLY ACYV 57

70 OQUTPUT 709; "USE 500;FREQ 1000;APPLY SGV 57

80 END

This subsection describes how to gate sine, ramp, square. and arbitrary
waveforms on or off, This function is convenient for generating wavef'orms
which must start and stop at precisely the zero phase point.

The gated mode is enabled vsing the TRIGMODE GATE command. After ena-
biing the gated mode. an APPLY command sets the designated wavetorm (sine,
ramp, square, or arbitrary) to its assigned freguency (FREQ command), When
the signal on the trigger event selected by the TRIGIN command is low OV, the
module generates an output. When the trigger signal returns high (+5V), the
waveform continues until it reaches its zero phase point where it stops.

Zero phase is defined as the positive-going, zero-crossing point of the sine, ramp.
or square waveform (relative to the DC offset). For arbitrary waveforms, zero
degrees is defined as the lirst of the 2048 points required to define the
waveform. At power-on, the gated mode is disabled (TRIGMODE OFF) and the
module continuously generates its waveform (no trigger is required).

AC/DC Source Module
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Generating
Duai-Frequency
AC Waveforms

AC/DC Source Module
50

e TOHOWINE Program €nables the gated maode on the module m mountrame stot
200, When the signal on the module’s front TRIGGER connector is tow (0V), the
module outputs a 2 hHz ramp waveform with a 20% duty cvele. When the sig-
nal returns high {+3V}. the ramp wavelorm continues until it reaches its zero
phase point where it stops, The resulting output is shown in Figure 11,

10 OUTPUT 709; "RST 200;USE 200"
20 OUTPUT 709; "TRIGMODE GATE®
30 QUTPYT 709; "TRIGIN EXIv

48 QUTPUY 709; "FREQ 2000¢

S0 QUTPUT 709; wpuTty 20¢

60 OUTPUT 709; "APPLY RPVW 5S¢

70 END

You can also use the TRIGMODE GATE command to generate a multi-period
burst of a waveform by externally programming the gate pulse width to he N
plus one-half’ periods long (where N is an integer number of periods). The fol-
lowing program uvses an HP 3235 subroutine to generate a 3.5 mS trigger input.
This is 3.5 periods of a | kHz output (1 periods equals | mS) and produces a
four-period burst,

10 OUTPUT 709; “RST 200:USE 200"
20 OUTPUT 709; “TRIGMODE GATE"
30 QUYPUT 7O9; “FREQ 1000w

40 QUTPUT 799; “APPLY ACY 5
50 QUYPUY 709; "SUB BURSTH

40 OUTPUT 709; “TRIGIN LOy®

70 OUTPUT 709; "WAIT 3 _.5E-3n
80 OQUTPUT 709; “TRIGIN HIGH"
90  DUTPUT 709; HSUBEND®

100 QUTPUT 709; “RUN BURST®

110 END

This subsection describes how to modulate an AC waveform between two
frequencies. This function is convenient for generating precise frequency chang-
es or for holding the waveform at a specific frequency determined by the logic
level of the selected frigger event.

The dual-frequency mode is enabled using the TRIGMODE DUALFR command.
The two output frequencies are selected using the FREQ command {see also
"Specifving the Qutput Freguency™ which has the following syntax when used in
the dual-frequency mode:

FREQ freq_ [/, freq 2

where freg 1 is the output frequency generated when the signal on the trigger
event selected by the TRIGIN command is high (+5V) and freg 2 is the output
frequency generated when the trigger event is low (0V). For sine. square. and ar-
bitrary waveforms, both frequencies must be in the range 0 o | MHz. For ramp
wavelforms, both frequencies must be in the range 0 to 100 kHz. At power-omn.
both freguencies are set to 1800 Hz for all AC waveforms. Once the dual-
frequency mode is selected and the output frequencies are set, an APPLY com-
mand sets the output frequency based on the trigger level. At power-on. the
duai-frequency mode is disabled {TRIGMODE OFF) and the module outputs onty
the frequency selected by the FREQ command’s /reg T parnmeter,
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Trigger
Signal

Vs s -

Gated Ramp
Waveform

VOLTS/DIV: 2
TIME/ZDIV: 22 mS

Figure 11. Gated Waveform Example Qutput

Executing any of the following commands mayv cause the output waveform to
momentarily change to the other of the two frequenciess ADJUST commands.
APPLY commands, ARANGE ON. DCOFF. DUTY. FREQ. IMP. HANGE. and
TRIGMODE.

The following program enables the module in mainframe slot 200 to output a
duai-frequency ramp waveform with an amplitude of 5 VPP. The output
frequency is 50 Hz when an externally-generated signal on the TRIGGER con-
nector is high (+5V) and 500 Hz when the signal is low (0V). The resulting out-
put is shown in Figure |2,

10 QUTPUT TG9; ®RST 200:USE 200%
20 QUTPUT 709; “TRIGMODE DUALFR"
30 OUTPUT T709; “FREQ 50,5007

40 OUTPUT T09; "IRIGIN EXT"

50 OUTPUT 709; “APPLY RPY 5¢

&0 END

AC/BC Source Module
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¢ Volts —

Z Volts

¥

VOLTS/ZDTIV:
TIME/DIV:
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>

5 mS

BZ3BPI/E. 2112

Trigger
Signat

Dual -Frequency
Waveform

Figure 12, Dual-Frequency Wavelform Example Quiput
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Command Summary

Commands
By Function

This section summarizes the commands discussed previously in this manual For
a tutorial on each of these commuands, refer to "Using the HP 34521" in this
mamual, For detailed reference information on each command, refer to the
HP 3235 Language Reference Manual.

The commands ALLOW, CRESET, CTYPE or CTYPE?, DTEST, FTEST, 1D?,
MON, PROHIBIT, PROHIBIT?, RESET, and TEST also apply to the HP 34521 but
are not summarized here, These commands are discussed in the HP 3235
Programming and System Information Manual because they are common to

many modules.

Slot Designation

UsE
USE?

Signal Cutmn

APPLY ACY
APPLY (I
APPLY DCMEM]
APPLY DCMEMY
APPLY DCV
APPLY RPY
APPLY 5QV
APPLY WV
GUTPUT?

Remote-Sensing

ADJUST ACY
ADIUST DCV
QUTPUT?

Triggering

SYNCOUT
SYNCOUT?
TRIGIN
TRIGIN?
TREGMOIN
TRIGOUT
TRIGOUTY

Reference Frequency

REFIN
REFINT
REFOUT
REFOLUT?

Output Related

ARANGE
ARANGE?
DCOET
DCRES
DCRES?
DELAY
DELAY?
DUTY
FREQ
IMP
PANG
RANGE
RANGE?
TERM
TLERM?

Precomputing Waveforms

HHLAC
FHLRP
FILLWI

Querles

ARANGE?
DURES?
DELAY?
ouTPUT?
RANGE?
REFIN?
REFOUT?
SYNCOUT?
TERM?
TRIGIN?
TRIGOUT?
LSE?

AC/BC Source Module
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Alphabetical
Listing
ADJUST ACV Generates a0 remote-sensed sinewave voltage.
Syntax:
ABJUST ACV volts, dmm_slot# [, LIM upper, lower] [, tolerance [, count} ]
ADJUST DCV Generates a remote-sensed DC voltage.
Syntax:
ADJUST DCV yolts, dmm_siot# [, LIM upper, lower] [, rolerance |, count] ]
APPLY ACVY Generates an AC sine waveform,
Syntax: APPLY ACV pp_ amplitude
APPLY DCi Generates a DC current.
Syntax: APPLY DCI amps
APPLY DCMEMI Generates a triggered sequence of low-resolution DC current values.
Syntax: APPLY DCMEMI length, arvay name
APPLY DCMEMYV Generates a triggered sequence of low-resolution DC voltage values.
Syntax: APPLY DCMEMV length, array name
APPLY DCV Generates a DC voltage.
Syntax: APPLY DCV wolrs
APPLY RPV Generates an AC ramp waveform.
Syntax: APPLY RPV pp amplitude
AFPLY SQV Generates an AC square waveform.
Syntax: APPLY SQV pp amplitude
APPLY WFV Generates an AC arbitrary waveform.
Syntax: APPLY WEV pp amplitude |, array _name }
ARANGE Enables or disables the autorange function.

Syntax: ARANGE [control]

AC/DC Source Module
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ARANGE? Returns "ON” or "OFF” indicating whether the autorange function is enabled or
disabled.

Syntax: ARANGE?

DCOFF Specifies the DC offset voltage for sine, ramp, square, or arbitrary wavelorms.
Syntax: DCOFF velts

DCRES Selects the high- or low-resolution mode for DC voltage and current cutputs.
Syntax: DCRES mode

DCRES? Returns "HIGH" or "LOW?" indicating whether the high- or low-resolution mode
is selected.

Syntax: DCRES?

DELAY Specifies a time interval during which outputs from the module are allowed to
settle before the next command is executed.

Syntax: DELAY [time]

DELAY? Returns the programmed delay time in seconds. If no DELAY command has
been executed, DELAY? returns the default delay time.

Syntax: DELAY?
DUTY Specities the dutv cvcie between 5% and 95% for ramp and square waveforms.

Syntax: DUTY % duty

FiLLAC Precomputes sine waveforms to enhance output speed.
Syntax: FILLAC integer array

FILLRP Precomputes ramp waveforms to enhance output speed.
Syntax: FILLRP integer array |, % duty}

FILLWEF Precomputes arbitrary waveforms to enhance output speed.
Syntax: FILLWF real arvay, integer arvay

FREQ Specifies the output frequency for sine, ramp, square, and arbitrary waveforms.
In the dual-frequency mode, the freg | parameter corresponds o a HIGH level.

Syniax: FREQ freq [ |, freq 2]

AC/DC Source Module
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IMP

OUTPUT?

PANG

RANGE

RANGE?

REFIN

REFIN?

REFOUT

REFOUT?

SYNCOUT

SYNCOUT?
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Selects the 0 or 500 output impedance mode for DC voltage and AC voltage
waveform outputs.

Syntax: IMP mode

Returns the last programmed output level {voltage or current) from the module.

Syntax: OUTPUT?

Specifies the phase angle for AC waveforms.

Syntax: PANG degrees

Selects the output range or enables the avtorange function.
Syntax: RANGE [max_output)

Returns the present output range.

Syniax: RANGE?

Selects the reference frequency input source for slave modules in the AC
synchronized mode.

Syntax: REFIN source
Returns a string indicating which reference frequency input source is selected.
Syntax: REFIN?

Selects the reference frequency output destination for the master module in the
AC synchronized mode.

Syntax: REFOUT destination

Returns a string indicating which reference frequency output destination is
sefected. '

Syntax: REFOUT?
Controls the destination of the SYNC signal for AC waveform outputs.
Syntax: SYNCOUT destination

Returns "OFF", "TB0", or "TB1" indicating which SYNC destination has been
setected.

Syntax: SYNCOUT?
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TERM

TERM?

TRIGIN

TRIGIN?

TRIGMODE

TRIGOUT

TRIGOUT?

USE

USE?

Selects the front OUTPUT connector or one of the FIP 32355 analog buses as the
destination for outputs from the module.

Syntax: TERM [mode]

Returns a string indicating which output terminal has been selected.
Syntax: TERM?

Selects the module’s trigger event.

Syntax: TRIGIN evenr

Returns a string indicating which trigger event has been selected.
Syntax: TRIGIN?

Selects one of three available AC triggering modes.

Syntax: TRIGMODE mode

Enables or disables outputs from the module’s TRIGGER connector,
Syntax: TRIGOUT control

Returns a string indicating whether outputs from the module’s TRIGGER con-
nector are enabled or disabled.

Syntax: TRIGOUT?

Designates the HFP 3235 slot to receive subsequent multimeter module, source
maodule, digitat 1/0 module, or ID/A converter module commands.

Syntax: USE device#
Returns the presently designated USE siot.

Syntax: USE?

AC/DC Source Module
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Specifications

The following specifications describe the module’s warranted performance over the temperature range
0°C to 55°C. Informatian marked by the ( Typical ) designation is helpful in applying the module but is

non-warranted information.

DC Voltage

DC Volts Output Characteristics

Output Ranges:
High Resolution Mode (0Q2): 1V, 10V
High Resolution Mode (50Q): .5V, 3V
Low Resohution Mode (00}): 15625V, 3125V 625V 1.25V

2.5V 53V 10V
Low Resolution Mede {30{): 078125V, 15625V, 3125V, 625V,

1.25V, 2.5V, 5V

Maximum Programmed QOutput:
High Resolation Mode (002): 1.25V on 1 volt range 10.25V on

10 volt range
High Resolution Mode {5082): 625V on .5 volt range, 5.125V

on 5.0 volt range
Low Resolution Mode: maximum programmed output equal to

output range

Output Resistance:

zero ohm mode: < 50
50 @ mode: 49.9 Q to 50.6 0

Resolution:
High Resolution Mode: 02 Mode 50 Mode
Range Resolution  Resolution
v 1 uV S pV
10V 10 uV 5 uV
Low Resolution Mode: 00 Mode 308 Mede
Range Resolution Resolution
078125V o 40V
15625V 79 uV 79 1V
3125V 157 uV 157 uV
625V 313 uV 313 uV
1,25V 625 uV 625 uV
2.5V 1250 uV 1250 uV
5V 2.5 mV 25 mVY
10V 50 mV —

MNoise & spurious responses (to 250KHz}:
Peak-to-Peak RMS

High Resolution Mode ZmV bmV
Low Resolution Meode 2% of range + 2mV 02% of range + 60uV

Current compliance: 100mA on all ranges

Settling time (Delay O)
High Resolution Mode:
1% of step: 20 mSEC
.001% of step: 40 mSEC
(1 SEC i function changed)
Low Resolution Mode:
1% of step (0} Mode): 100 pSEC
(500 Mode): 25 SEC
5% of step (500 Mode): 5 uSEC

Overshoot:
High Resolution Mode: <5% of step + .15% of range
Low Resclution Mode: <30% of step + 2% of range

AC/DC Source Moduie
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DC Volts Accuracy (< 10 Hz noise); (% of programmed
output + volts), @ impedance mode, > 1Mohm load. Teal is the

temperature of libration from 18°C to 28°C. One hour

warm-up.

24 HOUR: Teal #1°C, Accuracy relative to calibration

standard.

High Resolution Mode

Range Accuracy
10V 00071% + 85.V
v 00077% + 154V

90 DAY: Teal £5°C.

High Resolution Mode

Range Accuracy
10V 0047% + 260uV
v 0052% + 36pV

1 YEAR: Teal %5C.

High Resolution Mode

Range Accuracy
10V 0063% + 2904V
v 0069% + 43V

Temperature Coefficient:

Low Resolution Mode

Range Accuracy
0V 087% + 20mV
5V 087% + 9.7mV
2.5V 087% + 4.9mV
1.25V 087% + 2.5mV
625V 087% + 1.3mV
3125V 087% + .67mV
15625V 087% + 37mV

Low Resolution Mede

Range Accuracy
0V 20% + 44mV
5V 20% + 22mV
2.5V 20% + 11mV
1.25V 20% -+ 5.6mV
625V 20% + 2.9mV
3125V 20% + LamV
15625V 20% + .8omV

Low Resclation Mode

Range Accuracy
10V 232% + 31mV
5V 232% + 26mV
2.5V 232% + 13mV
1.25V 232% -+ 6.5mV
625V 232% 4+ 3.3mV
3125V 232% + 1.8mV
15625V 232% 4+ 1.imV

E(% of programmed output + volts)/°C

High Resolution Mode

Range Accuracy
10V 00031% + 124V
v 00037% + 1.84V

Low Resolution Mode

Range Accuracy
10V 011% + 2400V
5V 011% + 1200V
2.5V 011% + 600KV
1.25V 011% + 3004V
625V O11% -+ 160V
3125V O11% + 82pV
15625V Q1% + 300V

Multiply the temp. coef. by the difference between the operating
temperature and Teal to determine the additional error for opera-
tion outside temperature ranges specified above.
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DC Current

DC Current Qutput Characteristics

Output Ranges (for both High and Low Resolution):
AmA, 1mA, 10mA, 100maA

Maximum Programmed Qutput is equal fo the output range value
on all ranges

Output Resistance:

Range High Resolution  Low Resolutien
100mA > 3.1Mohm >.32 Mohm
10mA > 210Mohm >41 Mohm
1mA > 2500Mohm > 480 Mohm
dmA > 10000Mohm > 4800 Mohm
Resolution:
Range High Resolution = Low Resolution
AmA AnA 50nA
ImA InA 500nA
10mA 10nA SpA
100mA 100nA 50uA

Noise & spurious responses (to 250KHz):

peak-to-peak rms

High Resolution Mode

02% of range + 7pA  .003% of range + 70nA
Low Resolution Mode

04% of range + JpA  .01% of range + 70nA

Voltage compliance:
+ 8.0 Volts on 100mA range
+ 10.0 Volts on all other ranges

Max Resistive Load for specified accuracy = voltage
compliance/range in amps

Settling time (Delay 0):

High Resolution Mode:
1% of step: 20 mSEC
001% of step: 40 mSEC
003% of step on 10 mA range: 40 mSEC
01% of step on 100 mA range: 40 mSEC
{1 SEC if function changed)

Low Resolution Mode:
1% of step: 100 pSEC
{30 mSEC if range changed}

Overshoot:

High Resclution Mode: <5% of step + .15% of range
Low Resolution Mode: <30% of step + 2% of range
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DC Current Accuracy (< 10Hz noise): +(% of pro-
grammed output + amps), < Rout/10° ohm load, Teal is the
temperature of calibration from 18°C to 28°C.

24 HOUR: Teal +1°C. After one hour warm-up. Accuracy

relative to calibration standard.

High Resclution Mode

Range Accuracy

100mA  .0120% + 2.14A
10mA 0031% + 98nA
ImA 0010% + 9.5nA
dmA L0009% + 1.9nA

90 DAY: Tcal +5C. After one

High Resolution Mode

Range Accuracy

100mA  .0220% + 3.8uA
10mA 0110% + 860nA
TmA 0080% -+ 85nA
JdmA L0080% + 9.5nA

Low Resolution Mode

Range Accuracy

100mA 16% + 200xA
10mA 16% + 30pA
ImA 15% + 1.90uA
1mA 15% + .190xA

hour warm-up.

Low Resolution Mode

Range Accuracy

100mA 35% -+ 470pA
10mA 35% + 60gA
ImA 28% + 4.5pA
ImA 28% + 45pA

1 YEAR: Teal +5°C. After one hour warm-up.

High Resolution Mode

Range Accuracy

100mA 0260% + 4.4pA
10mA 0130% -+ 910nA
1mA .0100% -+ 90nA
AmA 0100% + 10nA

Temperature Coefficient: +
amps)/°C

High Resolution Mode

Range Accuracy

100mA .00070% + 150nA
i0mA 00036% + 14nA
imA 00036% 4 1.2nA
dmA L0036% + .16nA

Low Resolution Mode

Range Accuracy

100mA 39% + 550pA
10mA 39% + 69uA
TmA 32% + 5.3uA
1mA 32% + 53pA

{% of programmed output +

Low Resolution Mode

Range Accuracy

100mA 011% 4+ 25uA
10mA 019% -+ 2.8pA
ImA O011% + 240nA
JImA Q1% + 24nA

Multiply the temp, coef. by the difference between the operating
temperature and Teal to determine the additional error for opera-
tion outside temperature range specified above.

AC Voltage

AC Volts Output Characteristics {sine, square, ramp,
arbitrary)

Frequency Range: 0 to 1 MHz for sine, arbitrary and square
(at 50% duty cycle)

0 to 100 kHz for ramp

0 to 100 kHz for square w/Duty cycle not

equal to 50%

Peak-to-Peak Qutput Ranges (inta 509 load:
50 @ mode:. 15625V, 31258V, 625V, 1.25V, 2.5V, 5V, 10V
0 Q mode: 3125V, 625V, 1.25V, 2.5V, 5V, 10V 20V

Maximum Programmed Peak-to-Peak Output is equal to the
output range on zll ranges

Output Resistance:
0% mode: < 50
50 © mode: 50,68 to 49.9Q

Current compliance: 100mA on all ranges

Amplitude and/or Offset Resolution:

Range 50 @ Mode 0 2 Mode
(Peak-Peak} Resolution Resolution
15625V 79 WV —

3125V 157 aV 157 ¥V
625V 313 4V 313 4V
1.25V 625 pV 625 uV
2.5V 1250 uV 1250 pV
3V 25 mV 25 mV
10V 5.0 mV 50mvV
20V s 10.0 mV

Amplitude can be set from 10% to 100% of range.

DC offset can be set such that the peak AC value plus
the magnitude of the DC offset does not exceed range/2.

Arbitrary waveforms are defined over the unitless range
from —1 to 1 with 1/2040 resolution.

Sine, Ramp (< 10 kHz), and Arbitrary Waveform
aberations (508 Mode): < 1% of p-p measured with
amplitude > 50% of range

Ramp Linearity to 1kHz (500 Mode):

3% of p-p value measured @ 50% duty cycle from 10% to
90% point

Ramp duty cycle range: 5% to 95% with <.1% resolution

AC/DC Source Madule
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Sinewave Characteristics (50 @ Mode):

Harmonic and
Spurious Levels

{ampl 250% THD (ampl =

Frequency of range)” 50% of range)
<3 kHz < - 62 dB < - 56 dB
to 10 kHz < - 62 dB < - 50 dB
to 30 kHz < - 55dB < - 48 dB

to 100 kHz < - 46 dB < - 46 dB

t0 300 kHz < - 40 dB —

to 1 MHz < - 40 dB —

" additional fixed spurious response > 4MHz: 500uVrms

Squarewave Characteristics {50 @ Mode):
risetime: <250 nSEC, 10% to 90%
setthing time: <1 pSEC to 1% of amplitude
overshoot: < 5% of peak to peak amplitude
duty cycle range: 5% to 95%, 0 to 100 kHz
50% above 100 kHz
duty cycle accuracy: & (0.8% of period + 80 nSEC)

001 Hz
+ 50 ppm, 18 1o 28°C
& lppm/°C

Frequency Resolution:
Frequency Accuracy:
Frequency Temperature Coefficient:

Phase Offset:
Range: —360 to +360 degrees
Resolution: < 001 degree

AC/DC Source Module
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Flatness, in
reference to

1 kHz

07 dB
.07 dB
07 dB
.20 dB
.60 dB
2.00 dB

AC Volts Amplitude or Offset Accuracy:!

sine, square, ramp, arbitrary,: £{% of programmed output + % /
of range} @ 1kHz, 500 mode into >1MQ, <200 pF with
amplitude programmed to = 50% of range. The cutput is
specified inte >1MQ in order to eliminate the effects of the 50 0
output resistance error on accuracy. ical is the temperature of
calibration from 18°C to 28°C. One hour warm-up.

24 HOUR: Tcal +1°C. Accuracy relative to calibration
standard. {all ranges)?

Sire, Ramp, Arbitrary Square

Waveforms Waveforms
.16% output + 25%
range .084% output + 42%
range
90 DAY: Tcal +5°C. (all ranges)?

Sine, Ramp, Arbitrary Square

Waveforms Waveforms

35% output + 41% range .39 output + .56% range
1 YEAR: Teal £5°C. {all ranges)?

Square
Waveforms

Sine, Ramp, Arbitrary
Waveforms

A40% output + .42% range A9% output + .60 range

Temperature Coefficient:
+ (% of programmed output + % of range)/°C

Sine, Arbitrary, Square

Range? Ramp Waveforms Waveforms

15625V 0180% + 25 uV 034% + 24 uV
3125V 0180% + S0V 034% + 47 uV
625V 0180% + 100 1V 034% + 94 pV
125V O180% + 200 pV o 034% + 188 uV
25V 0180% + 400 pV L£34% + 375V
50V 0180% -+ 800 uV L034% + 750 puV
00V 0180% <+ 1.6 mV 034% + 1.5 uV

Multiply the temp. coef. by the difference between the operating
temperature and Tcal to determine the additional error for opera-
ton outside temperature ranges specified above.

L The accuracy specifications must ke applied once to amplitude
and again to offset.

2 Ranges are peak-to-peak value of amplitude for 500 Mode into
50 O load.
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