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. A
Specifications

DC Voltage

ACCUY&CY: #%(% of reading + volts) in 16-bit mode, rear terminal input, one-hour
: warm-up, specified over time since last calibration, and operating
temperature, with auto-zeroing performed within one minute of
measurement. Accuracy in 13-bit and 14-bit modes limited to resolution of -

reading.
80 Days, 1810 28°C
Hange Accuracy
40mv 3% -+ 30uV
320mvV L015% + 50uv
" 256V 015% + 3401V
o 10.24V 015% + 1.35mV

Averaged Readings, 80 Days, 1810 28°C

Accuracy if 100 readings are averaged.

Range Accuracy
40 mv 03% + v
Accuracy if 10 readings ars averaged: {litle advantage 1o averaging more readings)
Range Accuracy
320 mVY 015% + 184V
258V 015% + 113V
1024V 015% + 450V

1 Year Accuracy Add .005% of reading to 90-day specifications
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- Temperature
coefficient:

Resolution:

Over-ranging:

Rﬁ-eading Rate:

A-2 Specifications

Add as an additional accuracy error using = of reading per °C change outside
18 to 28 °C, as long as the operation temperature is maintained between 0 to

18or28t0 55°C., :

Range 4 Add % of reading
4o mv D02%
all other ranges L001%

13, 14, or 16 bits including sign bit

Hangs Fesolution

13-bit 14-bit 16-bit
40mvV IV . 4.88 pvV 1.22 uVv
320 mvV 781 pV 3581 uv b2 A
256V 825 pV S. BigwV | 78.1 uV
10.24 V _25mV 1.25 mV L stauv’

None; maximum signal (high to low) + common mode voltage (low to chassis)
to prevent out-of-range indications is +/- 10.24 volts

100,000 readings/sec in 13-bit, 14-bit, and 16-bit modes. Proper auto-ranging
in the 13-bit and 14-bit mode will occur at 100,000 readings/sec as long as a
single-channel signal changes no more than 600 volts/sec during auto-ranging.
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 Resistance

Accuracy:

+(% of reading + ohms), 4- or 2-wire ohms, max resistance expected
(resistance function) determines the current source used, rear terminal inputs,

‘one-hour warmup, specified over time since of last calibration, and operating
temperature, with auto-zeroing performed within one minute of
measurement. Current source compliance voltage is at least 17 V. For
high-speed (ribbon cable) operation, only the HP 44711B or HP 44713B FET
multxplexcr is recommended for measuring resistance properly.

90 Days, 18t0 28°C

10 kohm Function (1 mA current source) ~
Range
40 ohms
320 chms
2.56 kohms
10.24 kohms

100 kohm Function (100 #A current source} Range:

Accuracy

.055% -+ 60 mohms

04% + 70 mohms

.04% + 450 mohms

04% + 1.8ochms

L085% + 0.8 ohms

.

400 ohms
a.2 kohms 04% + 0.7 ohms
25.6 kohms 04% + 4.50hms
102.4 kohms 04% + 18ohms
1 Mohm Function {10 A current source) Range: i
4 kohms 055% + 6 ohms
32 kohms 04% + 7 ohms
256 kohms L04% + 45 ohms
1.024 kohrns 04% 4+ 180 ohms
Averaged Readings, 80 Days, 1810 258°C
Accuracy H 100 readings are averaged:
Range ' Accuracy
40 chm 055% + 15mohms
4 kohm .055% + 150 mohms
400 ohm 055% + 1.5 ohms
Accuracy if 10 readings are averaged: {little advantage to averaging more readings)
320 ohm D4% + 18 mohms
3.2kohm 4% + 180 mohms
32 kohm 04% + 1.8 chms
2.55 kohm 04% + 113 mohms
25.6 kohm 04% + 1,13 ohms
256 kohm 04% + 11.3ohms
10.24 kohm .b4% + 450 mohms
102.4 kohm 04% + 4.5 ohms
1.024 Mohm D4% + 45 chms

1 Year Accuracy Add.01% of reading to 90-day specifications

R
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Tem perature Add as an additional accuracy error using +(% of reading + volts) per °C
coefficient: change outside 18 to 28 °C, as long as the operating temperature is maintained
between 0 to 18 or 28t0 55 °C. .

Range , Add % of reading Range:
40 ohm, 400 ohm, 4 kohm L003%
all othet ranges L02%

Reading Rate: 100,000 readings/sec in 13-bit, 14-bit, and 16-bit modes. Proper auto~r.auging
in the 13-bit and 14-bit mode will occur at 100,000 readings/sec as long as a
single-channel signal changes no more than 600 volts/sec during auto-ranging.
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| Printig History

The Printing History shown below lists the printing dates of all Editions and Updates created for
this manual. "The Edition number changes as the manual undergoes subsequent revisions. Editions
are numbered sequentially starting with Edition 1. Updates, which are issued between Editions,
contain individual replacement pages which the customer uses to update the current Edition of the
manual. Updates are numbered sequentially starting with Update 1. When a new Edition is
created, all Updates associated with the previous Edition are merged into the manual. Each new
Edition or Update also includes a revised copy of this printing history page. IR

Many product updates and revisions do not require manual changes and, conversely, manual
corrections may be done without accompanying product changes. Therefore, do not expect 2
one-to-one correspondence between product updates and manual updates.

Edition 1 (Part Number 44702-90001) .. ........... MARCH 1987
Edition 2 (Part Number 44702-90002) ... .......... JANUARY 1991
RESTRICTED RIGHTS LEGEND

{Jse, duplication, or disclosure by the Government is subject to restrictions as set forth in subdivision
(B)(3)(ii) of the Rights in Technical Data and Computer Software clause at 522277013,

Hewiest-Packard Company
2000 Hanover Street, Palo Alto, California 84304
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Herstellerhescheinigtng

Hiermit wird bescheinigt, daf8 das Gerdt/System HP 3852A
in Ubereinstimmung mit den Bestimmungen von Postverfligung 1046/84 funkentstért ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerdtes/Systemns angezeigt und
die Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bestimmungen eingerdumt.

Zusatzinformation fur MeS- und Testgerdte

Werden MeS- und Testgerdite mit ungeschirmien Kabeln und/oder in offenen MeBaufbauten
_verwendet, so ist vom Betreiber sicherzustellen, dag die Funk-EntstSrbestimmungen unter
Betriebsbedingungen an seiner Grundstlicksgrenze eingehalten werden.

Manufacturer’s declaration

This is to certify that the equipment HP 3852A

is in accordance with the Radio Interference Requirements of Directive FTZ 1046/84. The Ger-
man Bundespost was notified that this equipment was put into circulation, the right to check
the series for compliance with the requirements was granted.

Additiona! Information for Test- and Measurement Equipment

If Test- and Measurement Equipment is operated with unscreened cables and/or used for
measurements on open set-ups, the user has to assure that under operating conditions the Radio
Interference Limits are still met at the border of his premises.

NOTICE
The information contained in this document is subject 1o change without notice.

HEWLETT-PACKARD MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS MATERIAL, IN-
CLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. Hewlett-Packard shali not be liable for errors contained herein or for incidental
or consequential damages in connection with the furnishing, performance or use of this material.

Hewlett-Packard assumes no responsibility for the use or reliability of its software on equipment that is not furnished
by Hewlett-Packard.

| This document contains proprictary information which is protected by copyright. All rights are reserved. No part of
this document may be photocopied, reproduced or transiated to another Janguage without the prior written consent
of Hewlett-Packard Company.

Copyright © 1985 by HEWLETT-PACKARD COMPANY
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CERTIFICATION

Hewlett-Packard Company certifies 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 to the National Institute of
Standards and Teclnologies, to the extent allowed by the the Institute’s calibration facility, and 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 produsi; 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 anocther 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.

Hewleti-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute
its programming instructions when properly installed 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, unauthorized modification or misuse, operation outside of the environmental specifica-
tions for the product, or imprope: site preparation or maintenance.

NG 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 Hewleti-Packard products.

For any assistance, c¢ tact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the back
of this manual.

vi
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SAFETY SUMMARY

The foliowing general safety precautions must be observed during alf phases of operation, service, and repair of this instrument.
Failure to comply with these precautions or with specific warnings eisewhere in this manual vielates safety standards of design,
manufacture, and intended use of the instrement. Hewlett-Packard Company assumes ne lability for the customer’s failure

to comply with these reguirements.

GROUND THE INSTRUMENT
“To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical ground.

DO MOT 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 AWARY FROM LIVE CIRCUITS

Operating pefsonnel must not remove instrument covers. Component replacement and internal adjustments
must be made by qualified maintenance personnel. Under certain conditions, dangerous voltages may ex-
ist even with the instrument switched off. To avoid injuries, always disconnect input voltages and discharge

circuits before touching them.

DO HOT SERVICE OR ADJUST ALDNE

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

DO HOT SUBSTITUTE PARTS DR MODIFY iNSTRUMERT

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

DO HOT OPERATE A DAMAGED iNSTRUMENT

Whenever it is possible that the safety protection features built irito 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.

vii
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ATTENTIOM
Stotic Senaitve

NOTE

CAUTICH

WARBING

Operating and Safety Symbols

Symbols Used On Producis And In Manuals

PACKARD

- AC line voltage input receptacle.

Instruction manual symbol affixed to product. Cautions the user to refer to
respective instruction manual procedures to avoid possible damage to the
product,

Indicates dangerous voltage — terminals connected to interior voltage
exceeding 1000 volts.

" Protective conductor terminal. Indicates the field wiring terminal that must
be connected to earth ground before operating equipment — protects against
electrical shock in case of fault.

Clean ground (low-noise). Indicates terminal that must be connected to
earth ground before operating equipment — for single common connections
and protection against electrical shock in case of fault.

Frame or chassis ground. Indicates equipment chassis ground
terminal —normally connects to equipment frame and all metal parts.

Affixed to product containing static sensitive devices — use anti-static
handling procedures to prevent electrostatic discharge damage to
components.

KBGTE
Calls attention to a procedure, practice, or condition that requires special
attention by the reader.

CAUTICH
Calls attention to a procedure, practice, or condition that could possibly
cause damage to equipment or permanent loss of data.

© WARNIRG
Calls attention to a procedure, practice, or condition that could possibly
cause bodily injury or death.

viii
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WARNING, CAUTION, and NOTE Symbols

Some labels on the HP 3852A, HP 3853A, and plug-in accessories include an international
warning symbol (triangle with subscripted number) which refers the reader to the mannals for
further information. This table shows the warning symbols used for the HP 3852A/3853A and

plug-in accessories. Refer to the manual set for specific information on WARNINGS,

CAUTIONS, or NOTES referenced with a warning symbol.

HP 3852A WARNING, CAUTION, and NOTE Symbols

Meaning

Shock hazard originating
outside the instrument
{field wiring)

Localion

. Anglog Extender Connector

on Power Supply Modules

. Terminal modules on plug-in

accessories

. Component module covers

on plug-in accessories

Treat all channels as
“one circuit” for salely
puUrposes.

. Inside terminal modules

on plug-in accessories

. Metal cover on component

modules of plug-in
accessories |

Maximum number of certain
plug-in accessories to bé
installed into an HP 3852A
or HP 3853A,

. HP 44701A, HP 44702A/B,

HP 44727AIBIC piug-in
accessories

if High-Speed FET mulii-
piexers are used with the
HF 44702AIB, ribbon cabie
may be connected.

. HP 447114, 44712A, 44713A

{referenced on HP 44702A
and HP 447028)

AN
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1
Introduction

Manual Contents

This manual shows how to configure and program the HP High-Speed
Voltmeters (HP 44702A/B and HP 44704A). The manual has eight chapters:

T ‘ o Chapter 1 - Intreduction contains a manual overview, summarizes
voltmeter features, and shows a suggested getting started sequence.

o Chapter 2 - Defining Your Measurement gives guidelines to select
measurement requirements and voltmeter operating parameters for your |
measurement. :

¢ Chapter 3 - Installation and Checkout shows how to connect user mputs
and how to install and check the voltmeter. ‘ -

@ Chapter 4 - System Mode Programming shows how to use System Mode
comnmands for multiplexer and rear panel measurements.

o Chapter 5 - Scanner Mode Programming shows how to use Scanner Mode
commands for ribbon cable and rear panel measurements.

e Chapter 6 - The HP 44704A in 16-Bit Mode explains some d1fferences in
operation when using this high resolution mode. G

e Chapter 7 - GPIO Operation shows how to use GPIO operation for
measurements. :

e Chapier 8 - Using Read/Write Reglsters shows how to access the voltmeter
read and write registers. f

Using This The HP 44704A in its 13 and 14 bit resolution modes is so similar in operation
Manual to the HP 44702A/B that Chapters 2 through 5, and 7 and 8 apply to both
models. Refer to these chapters when learning to use either model. Owners of
the HP 44704 A who will use its 16 bit resolution mode should refer to
Chapter 6 for a discussion of programming differences for this mode.

-

Introduction 1-1
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Voltmeter Measurements

The High Spead Voltmetars can direclly

measure OG voltags and resistancs. By using User Signal Inpuis b
an appropriate multiplaxer, your can make DC User signals can be Inpat to the voltmetar on one of three :
voltage, DC current, resistancs, straln, or ways:

temperalure measuraments.
1) Din Into the rear terminals (rear i

Four ranges (40 mV, 320 mV, .58 V, and 10.24 mo( ) an ,:lymms). pane! {roar pans

V} pius autorange zre avaitable for voltage {3 Via multiplexars and the mainframae bacigytane into the

measuraments. Three current source levels {10 . backolana connectors {(multiplexers measurernents).
A, 100 A, and 1 mA} are available for resistance {3} Via High-Spesd FET muttiplexers and & dedicated ribbon
cable Into the ribbon cable connector (Abbon cabie

fneasuremaents,
mapsurements).

Reading Rates

Make up io 100,600 readings/second with auloranging.
Proper autoranging is ensured 23 long as a single-channel
signal does nof thange more than 600 voits/ses during

GPIO Pont ICT auoranging.
:.::e the G?::O Port to dissclly outpul date @ @ For mulllplexer fns . 2uraments, make measuraments st
i the voitmeler momery b the speeds up 1o 100,030 radings/second on & single channel
controlles via GPIQ, Wilh GPID, the user - Hi of up to 5500 chanr< - cecond fwith FET multiplexers) on
st somver raw voltmater data @ r N ChEnnoHO-Chane! sears,
{PACKED format) to readsble data. : For ribbon cabls measuraments, make measuremants &t
spaeds up 1o 100,000 readings/second for singie-channael
Lo channelio-channe! reasurements, )
N .
e Operating Modes
CHASS1S The voltmeter has two modes of operation: System Mode T
and Scanner Mods. In Scanner Maode, the usar has the full
© et of commands and capabilities to use the voltmeter, in
Systern Mode, the user has a simplified version of the
tommands available.
e - Use System Mode operation for fear panel or multiplexsr
M measuramenty, Use Scanner Mode operation for panel,
Rear Panel Terminals HI multiplexsrs, or fibon cabls measurements, For rear panel
Use tha voliags Input tarminais (H), 1O, j o multiplexer measurerments, the voltmeter is controlied by
CHASSIS) to make DC voltage ——— CURREN’T the malnframe. For ribbon cabls measurements, the
measurements. Uva the current 2ource volimeler is capetie of ndependent opermation.
terminals and the voliage terminals for J S
Saire ohms msasurernents. Whan thess . Lo 5
terminals are used, multiplexer inputs 1o 5
the volimater are nol requirsd {or allowad). On-Board Bulfer .
The voltmeter has a1 on-board storege buffer, All readings
EXTERNAL &re first slored In the bulfer. Readings stored In the bulfer
r— TRI1 GGER €an be sant io malnframe memory, to the HP-IB output
/ buffer, of to the GPIO port,

Ditferentiat Input
""" The valtmetsr uses 3 batanced input, ditfarential
maeasurement technique, With this method, equal
impodances between high to chassis and fow to chassis
5V HaX pronvide good common mode noise rejection,

The volimeter does not have overmnging. Maxiumum signal
CAUTION D+ | fhigh 1o low} plus common mode voltage (low to chassis) 1o
External Tiger Po pravent and overioad Indication (€ + 38) must be 10.24V,

Use ths EXTERNAL TRIGGER Ports (EXT0 and
EXT1) 1o input an external triager to the voltmeter.
Whaen programmed, £X70 can also output & trigger J
signal kor applicetlons such as synchronizing :

operalion of other HP 44702A/8 voltrnatars.

Release Lever
Litt and pull on the release lever o rermove _
the volilmeter rom iis slots, Bines the HP
High Speed Volimeter requires two slots, #t
cannot be instalied in slots 3 and 4 of ihe
mainframe or in slots 5 and of 8 HF 38534
Exinnder,

Figure 1-1. Yolimeter Fealures

i-2 Introduction

www.valuetronics.com



Voltmeter Descriptions

The HP 447024, HP 44702B, and HP 44704A are high-speed voltmeters
which can make DC voltage, resistance, strain, and temperature
measurements at speeds up to 100,000 readings/second. In addition, with an
external shunt resistor, the voltmeters can be used to make current
measurements.

The HP 44702A/B voltmeter provides 13 bit resolution (12 bits plus sign bit).
The HP 44704 A voltmeter provides a choice of three resolutions:

o 13 bit resofution provides complete performance and programming
compatibility with the HP 44702A/B

e 14 bit resolution provides twice the resolution of the HP 44792AfB
Except for its 14 bit packed data format, the HP 44704A. in 14 bit mode
operates and programs like the HP 44702A/B.

@ 16 bit resolution provides eight times the resolution of the
HP 44702A/B. Except for its 16 bit packed data format, and manually
programmed range setting, the HP 44704 A in the 16 bit mode programs
and operates like the HP 44702A/B.

The HP 44704A also adds the capability to programmatically (using the

FILTER command) switch in a low-pass filter to help measure noisy signals.
. Both voltmeters use the successive approximation technique for

analog-to-digital conversion. Figure 1-1 summarizes voltmeter features.

NOTE
Except for the amount of memory, the HP 447024 and 44702B are identical.
The HP 447024 can store up to 8,192 readings (8k). The HP 447028 (has the
44703C memory card added) can store 65,536 readings (64k). The HF 447024
can be upgraded by ordering and installing the HP 44703C Extended Memory
Board HP 44702B versions shipped from the factory have the HP 44703C
board installed. '

The HP 44704A4 can store 65,536 (64k) readings.

NOTE on Firmware Revision
Your HP 38524 mainframe must have firmware revision 4.2 or greater to take
advantage of the HP 44704A4°s 14 and 16 bit resolution modes. With earlier
revisions, the HP 447044 emulates an HP 44702B.

Introduction 1-3
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Getting Started

There are three main steps to configure and program the voltmeter for your
application:

@ Define your measurement
e Configure the voltmeter
e Program the voltmeter

Define Your Measurement

The first step is to define your measurement application and select voltmeter
operation for the measurement. Refer to Chapter 2 - Defining Your
IMeasurement for guidelines.

Configure the Volimeter

Next, hardware configure the voltmeter for the measurement. Refer to /
Chapter 3 - Installation and Checkout to connect user inputs and trigger ;
- sources (as required) and to install and initially check the voltmeter.

Program the Voltmeter

The voltmeter has two programming modes: System Mode and Scanner

Mode. Typically, System Mode is used when high-speed scanning is not

required. With System Mode, a subset of the voltmeter commands are

available and multiplexer or rear panel measurements can be made, Refer to i
Chapter 4 - System Mode Programming to program the voltmeter for System '
Mode measurements.

For high-speed measurements, you will need to use Scanner Mode operation.
With Scanner Mode, data can be transferred to the mainframe memory at
rates up to 90,000 readings per second, to an HP Series 200/300 controller via
HP-IB at rates up to 35,000 readings per second, or to an HP Series 200/300
controller via GPIO at rates up to 100,000 readings per second.

Therefore, for measurement speeds up to 90,000 readings per second, refer to
Chapter 5 - Scanner Mode Programming. For measurement speeds up to
100,000 readings per second, first refer to Chapter 5 for information on
Scanner Mode programming and then to Chapter 7 - GPIO Operation for
information on GPIO prograriming.

Ifyou intend to use the HP 44704 A in its 16 bit resolution mode (RESOL 16
command), refer to Chapter 6 - The HP 44704 A in 16 Bit Mode for
programming differences for this mode.

- If you peed to access the voltmeter read/write registers, refer to Chapter
8 - Using Read/Write Registers.

1-4 Introduction
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introduction

This chapter gives guidelines to define your measurement and to select the
proper voltmeter configuration for the measurement. Chapter sections are:

I . o Measurements Overview summarizes the three main parameters of
o voltmeter measurements: measurement types, voltmeter programming, and
data transfers.

e Defining Measurement Requirements gives guidelines to define
measurement parameters and datafinterrupt requirements.

@ Selecting Volimeter Configuration gives guidelines to select the voltmeter
measurement function, the multiplexer(s) used, the voltmeter triggering
method, and programming mode for your measurement.

» Configuration Examples shows example voltmeter configurations for
typical measurements: one for System Mode and one for Scanner Mode.

Measurements Overview

Figure 2- 1 shows three parameters of voltmeter measurements: measurement
types, voltmeter programming, and data transfer.

Measurement There are three main types of voltmeter measurements: multiplexer
Types measurements, ribbon cable measurements, and rear panel measurements.

Multiplexer Measurements

DC voltage, DC current (with multiplexer shunt), resistance (2-wire ohms or
4-wire ohms), strain, or temperature (RTD, thermistor, or thermocouple)
inputs can be sent to the voltmeter via HP 447XXX multiplexers and the
mainframe backplane. These are called multiplexer (backplane)
measurements.

www.valuetronics.com
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Figure 2-1. Volmeter Measurements Overview
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Volimeter
Programming
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Since scanning rates for multiplexer measurements are limited to a maximum
of about 5500 channels/second, this mode is typically used when high switching
rates are not required. Note, however, that you can still make measurements
at up to 100,000 readings/sec on a single channel.

Ribbon Cable Measuremenis

DC volts, DC current (with multiplexer shunt), resistance (4-wire chms), and
temperature inputs can also be sent to the voltmeter via an HP 44711A/B,
447124, or 44713A/B High-Speed FET Multiplexer over a dedicated ribbon
cable connected between the multiplexer and the voltmeter. These are called

ribbon cable measurements.

With ribbon cable measurements, data rates up to 100,000 readingsfsec in
single-channel or in channel-to-channel operation are possible. Thus, ribbon
cable measurements are typically used for high-speed scanning and sampling
applications.

Fear Panel Measurements

DC volts and 4-wire ohms (only) inputs can be sent directly to the rear panel
terminals of the voltmeter. The obvious advantage of rear panel
measurements is that a multiplexer is not required. Rear panel measurements
can also be used for high-speed measurements up to 100,000 readings/sec.

The voltmeter has two modes of operation (System Mode and Scanner Mode)
as set with the SCANMODE command. SCANMODE OFF sets System
Mode while SCANMODE ON sets Scanner Mode. With System Mode
operation, only multiplexer and rear panel measurements can be made. With
Scanner Mode operation, multiplexer, ribbon cable, and rear panel
measurements can be made.

System Mode

System Mode is typically used when high-speed scanning is not required or
when the user does not require the full set of commands for the measurement
application. System Mode (SCANMODE OFF) is set at power-on, after a
reset (RST or RST slor), or by sending SCANMODE or SCANMODE OFF.

In System Mode, switching speed is limited to about 450 channels/sec (with
relay multiplexers) or to about 5500 channels/sec (with FET multiplexers).
The System Mode command set is a simplified version of the Scanner Mode
command set and is very similar to the HP 44701 A Integrating Voltmeter

command set. :
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Scanner Mode

Scanner Mode operation is set with SCANMODE ON. With Scanner Mode,
you can make backplane, ribbon cable, or rear panel measurements and you
can use the full set of voltmeter commands. Switching rates up to 100,060
channels/sec are availabie for ribbon cable measurements.

Data Transfers ror any voltmeter measurement, the data is first stored in the on-board
voltmeter buffer in PACKED (2 bytes/reading) format. Data stored in the
voltmeter can then be transferred to the mainframe memory, to the HP-1B
output buffer and/or display, or directly to the controller via the 16-bit paraliel
(GPIO) interface. Refer to Chapter 6 in the HP 3852A Mainframe
Configuration and Programming Manual for details on data storage and
transfers.

NOTE
Users of the HP 44704A’s 16 bit resolution mode should refer to Chapter 6 for
differences in converting 16 bit data and maintaining volimeter range
information. '

Transfer Data to Mainframe Memory

Dai: stored in the voltmeter buffer can be transferred to mainframe memory
in unconverted (PACKED) format and stored in a PACKED array or can be
converted into R1L64 or INI6 and stored in a REAL or INTEGER array (or
variable) respectively. Data stored in mainframe memory can then be
transferred to the HP-IB output buffer in unconverted or converted format.

Transfer Data Directly to Output Buffer

Data can be transferred directly from the voltmeter buffer to the HP-1B
output buffer in unconverted (PACKED) format or in any of six converted
formats (JASC, LASC, RASC, DASC, RL64, or INI6). IASC, LASC, RASC,
or DASC data can also be displayed.

Transfer Data via GPIO

Data can also bz transferred directly from the voltmeter buffer to the
controller via the GPIO port and GPIO interface. Data is transferred ONLY
in unconverted (PACKED) format and must be converted by the userto a
readable format.

2-4 Defining Your Measurement
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Defining Measurement Requirements

Guidelines to help you characterize your measurement follow. When defining
your measurement, refer to the Specifications appendix in the HP 3852A
Mainframe Configuration and Programming Manual to ensure that the

HP 3852A can meet the measurement requirements.

Measurement Guidelines follow for these measurement parameters:
Parameters

e Type of measurement
e Scanning speed
o Number of measurements

Type of Measurement

The first step is to select the type of measurement (DC voltage, DC current,
resistance, strain, or temperature) to be made. The voltmeter can measure DC
voltages up to =10.24 V; resistances up to 1 M with 2-wire or 4-wire
techniques; strain from strain gages; or temperatures (in °C) from
thermocouples, thermistors, or RTDs.

Scanning Speed

Next, determine the scanning speed required for your measurement. The
speed selected will influence the multiplexers required. For example, if the
speed requirement is less than 450 channels/sec, you can use any of the
HP 447XXX multiplexers. However, for high-speed scanning (>5500
channels/sec) you will need to use an HP 44711A/B, 44712A, or 44713A/B

multiplexer.
Number of Measurements

Next, determine the number of measurements to be made by defining the
number of sources to be measured and the number of measurements per
channel. This will determine the number of multiplexers and voltmeters
required for your measurement. For example, to measure more than 20 inputs
you’ll need two HP 44705A 20-channel multiplexers or one HP 44706A
60-channel multiplexer, etc.

{00
. L
R
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Data/ Interrup‘t When you have defined your measurement parameters, determine how to
Hequirements handle the data from the measurement. Three main considerations are:

& Data storage mode
e Data transfer mode
¢ Interrupt requirements

Data Storage Mode

As shown in Figure 2- 1, data stored in the voltmeter buffer can be
transferred to the mainframe or to the GPIO port. However, data is
travsferred only when the data is available. The “data available” condition is
defined by the data storage mode set with the RDGSMODE command.

In general, data stored in the buffer will not be overwritten when the buffer is
full (8192 readings for the HP 44702 A or 65536 readings for the HP 44702B
and HP 44704A). However, you can transfer data out of the buffer before the
buffer fills or you can allow new data to overwrite old data. The four data
storage modes follow. Select the mode which best fits your requirements.

Data Available Conditions:

e when any reading is in the buffer.

e when the buffer has room for only 4096 more readings.

e when measurements are complete (dat.. is not overwritten).
e when measurements are complete (data is overwritten).

Data Transfer Mode

Next, select the method to transfer data stored in the voltmeter buffer to the
mainframe or to the controlier. Measurement data is stored in the voltmeter
data buffer in PACKED format (2 bytes/reading). As noted, the HP 44702A
can store up to 8192 (8k) readings while the HP 447028 and HP 44704A can

store up to 65536 (64k) readings.

PACKED data can be transferred to the mainframe memory at rates up to
90,000 readings/sec or to the controller (via GPIO) at rates up to 100,000
readings/sec. If more readings are required than can be stored in the voltmeter
buffer, readings must be transferred as they are taken to avoid buffer overflow.

2-6 Defining Your Measurement
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Interrupt Requirements

Determine if interrupts are required for your measurement. When enabled,
interrupts can be handled in the mainframe or in the controller. Note,
however, that interrupts are generated only on the “data available” condition
specified for the data storage mode.

Selecting Voltmeter Configuration

Volimeter
Function

www.valuetronics.com

After you have defined your measurement requirements, select voltmeter
configuration for the measurement. Guidelines to select four voltmeter

configuration areas follow.

o Voltmeter function
e Multiplexers used
& Triggering method
o Programming mode

As noted, the voltmeter can make DC voltage, DC current (with multiplexer
shunt), resistance (2-wire and 4-wire ohms), strain, and temperature (RTD,
thermistor, or thermocouple) measurements. Refer to the Specifications
Appendix of the HP 3852A Mainframe Configuration and Programming
Manual for detailed specifications.

DC Voliage/Current Measurements

The voltmeter has four voltage ranges (40 mV, 320 mV, 2.56V, or 10.24V).

The effective range of DC voltage measurements is from =10.24 'V peak
down to about +10 £V with the HP 44702A/B or about £1.3 ¢V with the
HP 44704A in 16 bit mode.

Resistance Measuremenis

The voltmeter can make 2-wire or 4-wire ohms measurements using
HP 44730(X multiplexers or make 4-wire ohms measurements using the rear
panel terminals. Three resistance ranges are available: up to 10kQ (1 mA

‘current source); up to 100k (100 2 A source); or up to 1 MO (10 #A source).

Strain Measurements

The voltmeter and the HP 44717A, 44718A, 44719A, or 44720A strain gage
multiplexers can be vsed to make strain measurements, including v4 bridge,

1, bridge, and full-bridge measurements of strain gages or rosettes. For strain
measurements, the data is returned in equivalent strain (or microstrain) value.
For rosette measurements, the user must convert the data to an equivalent

strain value.
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Temperature Measurements

The voltmeter can make temperature measurements of thermocouples,
thermistors, or resistance temperature detectors (RTD). The data returned is
the equivalent temperature in °C. In addition, the reference temperature can
be independently measured for thermocouple measurements.

The HP 3852A supports Type B, E, J, K, N14 [N (AWG 14)], N28 [N (AWG
28)], R, S, and T thermocouples, Type 2252, 5K, and 10K thermistors, and
Type 85 (a = .00385 Q/2/°C) or Type 92 (a = 0.003916 Q/Q/C) RTDs.
Other types of thermocouples can be measured with user-supplied
linearization programs.

NOTE
Refer to Hewlett-Packard Application Note 290, "Practical Temperature
Measurements”, (part number 5952-8801) for guidelines on using
thermocouples, thermistors, and RTDs for temperature measurements,

Mu ltiplexei’s As shown in Figure 2-1, there are three types of voltmeter measurements:
User] multiplexer measurements, ribbon cable measurements, and rear panel
measuremer:'s. Tne type of measurement selected determines the o

multiplexer(s) to be used.

£
£
L

Up to six multiplexers (up to eight in an HP 3853 A Extender) can be used
with a voltmeter. Table 2-1 summarizes the multiplexers available for use with
the voltmeter and typical (primary) measurements with each.

2-8 Defining Your Measurement
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Table 2-1. Multiplexer Characteristics

Mubiiploxer { Ch Runge Speed® Primary Measurement
Relay Muliploxers:
HP 44705A 20 | =170V 450 BCV, DC, 2W/4W Q, RTDs, thermistors
HP 44705H 20 | +354Y 250 ney, DO, 2W/MaW @, RTDs, thermistors
HP 44706A 60 | x42V 450 DCV, DCIL, 2W ohms**
HP 44708A 20 | =iV - 450 PGV, DCHL 2W Q, thermocouples™*
HP 44708H 20 | 2354V 250 DCV, DCL, 2W Q, thermocouples™*
HP 44717H 10 | 42V 450 120 Q strain gage, rosettes
HP 44718A 10 | =42V 450 350 Q strain gage, rosettes
FEY Muhiplexers:
HP 44700A 20 | 21024V 5500 DOV, DO, 2W/4W Q, RTDs, thermistors
HPF 44710A 20 | 21024V 8500 DCV, D), 2W 2, thermocouples
HP 44719A 10 | 21028V 5500 120 Q strain gage, rosettes
HP 447204 10 | #10.24V 5500 | 350 O strain gage, rosettes
High Speed FET Multiplexers:
HP 44711A/B 24 | 1024V 100,000 | DCV, DCI, 4W £, RTDs, thermistors
HP 44712A 43 | 1024V 100,000 | DGV, DCI
HP 447130/B 24 1 +10.24V 100,000 _{| DCV. DO, thermogcouples

* = Maximum number of samples/second channel-to-channel with mainframe ROM revision 2.0
or higher. 100,000 samples/second with High-speed FET Muitiplexers ONLY for ribbon
cable rmeasurements.

** — Will also do 2-Wire thermistor measurements reasonably well,

Multiplexer Measurements

With multiplexer measurements, you can measure DC volts, DC current,
resistances, strain, or temperature by using the appropriate HP 447XXX
multiplexer (including the HP 44711A/B, HP 447124, or HP 44713A/B).
Multiplexer channels can be scanned at rates up to 450 channels/sec with relay
multiplexers or up to 5500 channels/sec with FET multiplexers (for mainframe
firmware revision 2.0 or greater).

Ribbon Cable Measurements

With ribbon cable measurements, user sousces are input to HP 44711A/B,

HP 44712A, or HP 44713 A/B multiplexers and sent to the voltmeter viaa
dedicated ribbon cable. In this mode, the voltmeter operates independently of
the mainframe. For ribbon cable measurements, ONLY HP 44711A/B,

HP 447124, or HP 44713 A/B multiplexers can be used, the ribbon cable must
be connected, Scanner Mode (SCANMODE ON) must be set, and TERM
RIBBON must be set.

Ribbon cable measurements are typically used when fast scanning rates are
required. Use ribbon cable operation to transfer data to the mainframe
memory at rates up to 90,000 readings/sec or to the controller via GPIO at
rates up to 100,000 readings/sec.

Defining Your Measurement 2-9
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Rear Panel Measurements

With rear panel measurements, user sources are input directly to the
voltmeter rear panel terminals (HI, LO, and CHASSIS) for voltage
measurements on a single channel. You can also use the CURRENT
SOURCE (HI and LO) terminals with the voltage terminals for 4-wire ohms
measurements. Rear panel measurements are useful for DC voltage or 4-wire
ohms measurements on a single input and can be used for high-speed

' measurements of a single channel.

Tr ig geri NQJ When the voltmeter measurement function and multiplexer(s) have been
Method selected, select the type of voltmeter triggering required. The voltmeter can
be triggered from the mainframe, internally from the voltmeter, or from an
external source via the voltmeter EXTO, EXT1, and GPIO poris.

Mainframe Backplane Triggering

The voltmeter can be software triggered via the mainframe backplane by using
the TRIG and/or TRG commands. Refer to Chapter 7 in the HP 3852A
‘Mainframe Configuration and Programming Manual for a discussion of
mainframe triggering.

Voltmeter Internal Triggering

The voltmeter can also be internally triggered by a pacer trigger or when the
input crosses a specified threshold in the proper direction.

Voltmeter Port Triggering

The voltmeter can also be tn‘ggéred by a suitable input from an external
source into the EXT0 or EXT 1 port or into the GPIO port.

pmg r amming As noted, the voltmeter has two programming modes: System Mode
Mode (SCANMODE OFF) and Scanner Mode (SCANMODE ON). The
programming mode to use depends on the type of measurement required.
Table 2-2 summarizes guidelines to select System or Scanner Mode operation
as a function of measurement speed, type of measurement, input source, and

general application.

When you have selected the programming mode required, refer to Chapter 3 -
Installation and Checkout to install and initially check the voltmeter. Then,
refer to Chapter 4 - System Mode Programming to program the voltmeter for
System Mode operation or to Chapter 5 - Scanner Mode Programming to
program the voltmeter for Scanner Mode operation.

210 Defining Your Measurement
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Table 2-2. System Mode vs. Scanner Mode

Systemn Mode Seanner Mode
Max Speed 450 chfsec (relay mux) 100,000 rdgs/sec {mainframe)
- | 5500 chfsec (FET mux} 100,000 rdgs/sec (GPIO)
Measurement Typo DCV, DCI ohimns, strain, temp DCV, DG, ohrns, strain, temp {all
{all muxs} muxs}
DCV, 4W ohmis {rear pansi) DCV, 4W chms (rear panel)

BCvV, DCIL, ohimg, temp {fibbon cable,
HP 447 11A/B, 447124, 44T 13A/B

ruxs)
input Sourca Backplane (all muxs} Backplane (all muxs}
Rear panel Ribbon cable (44711A/B,12A13A/B)
Rear panei
Commands/Operation Subset - requires mainframe Full set - independent cperation with
for operation ribbon cable
. Typleal Applications Low-speed measuraments High-speed measurements
: General scanning Digitize waveforms
4 HP-IB operations HP-1B or GPIO operation

Configuration Examples

This section shows two example ways to define your measurement and select
voltmeter configuration for the measurement. The first example shows typical
selections for a System Mode measurement. The second example shows
typical selections for a Scanner Mode measurement.

Example: System Mode Voltage Measurements

For this example, the application is DC voltage measurement of 20 inputs at a
switching speed of 200 readings/second. Each input is to be measured 10 times
s0 200 readings are required. Table 2-3 show typical selections for this
measurement. o

www.valuetronics.com

Tabig 2.3. System Mode RMeasurements Selections

Measurement Requirements
Measurement Characteristics

Type DC voltages (5Vinpul)
Speed 200 readings/sec
Accuracy G.10%
Number 200 readings
Datafinterrupt Requirements
Storage Mode Data available when reading stored
Transfer Mode To controller via HP-IB
Interrupts Not required
Voltmeter Configuration
Voltmeter Function B0 volts, autorange
Multiplexer Used HP 447C05A 20-Channe! Belay Multiplexer
Triggering Method Voltmeter internal triggering
Programming Mode Systern Mode

Defining Your Measurement
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For this measurement, the voltmeter function selected is DC voltage
measurements with autorange mode and internal voltmeter triggering. An
HP 44705A 20-Channel Relay Multiplexer will be used since it has the
required number of channels and accuracy (see Table 2-1).

The voltmeter will be programmed to make the 200 measurements with
Systern Mode operation, since the speed requirements are <450
readings/second. Data destination will be the output buffer, data storage will
be set 5o that readings are available when any reading is stored in the
voltmeter buffer, and interrupts will be disabled.

With these selections, we can now go to Chapter 3 - Installation and Checkout
to configure the voltmeter and then to Chapter 4 - System Mode
Programming to program the voltmeter.

Example: Scanner Mode Measurements

For this example, the application is DC voltage measurement of 20 inputs at a
speed of 30,000 readings/second. Each input is to be measured 100 times so
2000 readings are required. Table 2-4 shows typical selections.

Table 2-4. Scanner Mode Measurements Selections

Measurement Requirements
Measurement Characteristics
Type DC voitages {5V input)
Speed 30,000 readings/set &
Ascuracy 0.07% L
Number 2000 readings )
Datafinterrupt Requirements
Storage Mode Data available when reading stored
Transfer Mode To HP-B output butfer {via mainframe memaory)
interrupts When meas completes {no overwrite) - handle in
controller
Yoltmeter Configuration
Voltmeter Function DC voltage, autorange
Multiplexer Used HP 44711A/B High-speed FET Multiplexer
Triggering Method Voltmeter internal triggering
Programming Mode Scanner Mode (ribbon cable)

Yor this measurement, the voltmeter function is DC voltage with autorange
and internal voltmeter triggering is used. An HP 44711A/B 24-Channel
High-Speed FET Multiplexer is used since it has the required number of
channels and accuracy (see Table 2- 1 ). The input to the voltmeter will be via
the dedicated ribbon cable from the multiplexer to the voltmeter.

The voltmeter will be programmed to make the 2000 measurements with
Scanner Mode (ribbon cable) operation, since the speed requirements are
>450 readings/second. Data destination will be the HP-IB output buffer via
the mainframe memory. Data storage mode will be set so that readings are
available when the measurements are complete. Interrupts will be enabled

2-12 Defining Your Measurementi
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(interrupt when measurement is complete) and will be handled by the
controller.

With these selections, we can go to Chapter 3 - Configuring the Voltmeter to
configure the voltmeter and then to Chapter 5 - Scanner Mode Programming

to program the voltmeter.

Defining Your Measurement 2-13
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3
Installation and Checkout

introduction

“This chapter shows recommended ways to connect user inputs to the
voltmeter and shows how to install and initially check the voltmeter.

; / -{ Chapter This chapter has four sections:

Contents e Introduction summarizes chapter contents and lists WARNINGS,
CAUTIONS, and NOTES which apply to the voltmeter.

» Connecting User Inputs shows recommended connections to multiplexers
used with the voltmeter and connections to the voltmeter rear panel

terminals.

o Instailing the Voltmeter shows how to install the voltmeter and associated
multiplexers for multiplexer and ribbon cable measurements.

& Initial Checks shows how to check the voltmeter ID, how to make the
voltmeter self-test, how to check wiring connections, and how to check the
mainframe firmware revision.

Warnings, This section summarizes WARNINGS, CAUTIONS, and NOTES which
Cautions, and apply to the HP 44702A/B, HP 44704A, and associated multiplexers. You
Notes should review the WARNINGS and CAUTIONS before handling or
configuring any accessory.

WARNING

SHOCK HAZARD. Only qualified, service-trained personnel who are aware of
the hazards involved should install, remove, or configure any accessory. Before
touching any installed accessory, turn off all power to the mainframe, extenders,
and to all external devices connected to the mainframe, extenders, or accessories.

_ ] ‘ Installation and Checkout 3-1
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WARNING

POSSIBLE OPERATOR INJURY. For safety, consider all accessory channels
to be at the highest potential applied to any channel. Under most conditions of
failure, the relays on the relay multiplexers will remain in the position
programmed before the failure.

However, for some equipment failures, the relays may not remain in their
programmed state. If the relays settle in the closed state, the relay contacts may
weld together and the highest voltage present on any one channel may be present
on all channels. This condition may cause operator injury if the terminals are
touched, or further equipment damage may result.

WARNING

MAXIMUM VOLTAGE LIMITATIONS. The HP 38524 and the HP 38534

- internal analog buses interconnect the multiplexer and voltmeter accessories 1o
form one circuit. To protect against possible personal injury due to equipment
failure or programming error, limitations are placed on the poteniials that can
appear between any two points in the circuit (or between the circuit and chassis).

These limitations are listed for the HP 38524, HP 38534, and all plug-in
accessories. For any given set of accessories installed in the mainframe or
extender, t2 maximum potential between any two points is determined by the
accessory wiih the LOWEST peak voltage Limitations, as follows. (If the analog
extender cable in NOT connected between the mainframe and the extenders,
each instrument is considered as a separate circuit.)

Instrument/Accessory Peak Voltage
HP 3852A Mainframe B4V
HP 38534 34V
HP 44701A Integrating Voltmeter 34V
HP 44702A/B or HP 44704A High-Speed Volimeter T sy
HP 447054, 08A, 17A, 184 20-Channel Relay Multiplexers 170V
HP 44705H, 08H 20-Channel High-Voltage Relay Multiplexers 354V
HP 44706A 80-Channel Relay Multiplexer 42V
HP 447004, 10A, 11A/B, 12A, 13A/B FET Muitiplexers 42V

The HP 44702A4/B and HP 447044 volitmeter analog input is protected to £ 12
voits peak between any of the input terminals (HI, LO, CHASSIS). When the
relay to the backplane is open (TERM EXT set), the input is protected to =42
volts peak. Do not exceed this voltage or the HP 44702A/B or HF 447044 will
be damaged.

Maximum compliance voltage for the HP 44702A/B or HP 447044 volimeter
CURRENT SOURCE terminals (HI, LO) is +10.24 volis. Do NOT exceed this
voltage or the HP 447024 /B or HP 447044 will be damaged.
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CAUTION
POSSIBLE EQUIPMENT DAMAGE. When making high-voltage
measurements with the HP 447054 or HP 44705H, the HP 38524 analog
backplane becomes charged to the voltage on the last channel connected to it.
Thus, the next channel that closes may have to absorb all of the energy stored on
the backplane.

If the backplane is not discharged after making a high-voltage measurement, the
voltage present on the backplane must be added to the voltage being switched on
the next channel to determine the total rally contact voltage. See figure 3-1 for
guidelines to maximize relay life and prevent damage to sensitive transducers by
high backplane discharge voltages. '

When measuring high voltages, connect the line which has the highest maximum (1) absulute
peak voltage of the source 10 the HiGH terminal on the terminal module. Connect the line which
has the lowest absolute peak voitage on the source to the LOW terminal on the terminal moduie,
Connect the guard line ONLY if high common mode noise rejection is necessary, otherwise, do
not connect the guard line.

LIME WITH MINIMER
AGSCRUTE PLAK WA TAGT

.

Dischargs the HP 38524 analog backpiane to earth ground through 1 M-10 M resistors
connected to HIGH, LOW, and GUARD on an unused channel.
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[1] = ¥ the backplane is not discharged, high common mode voltage may appear on the
backplane and causs the HP High Speed Voltmeter to generate an overload teading even
though the signal input is within the voltmeter range.

Figure 3-1. Discharging the HP 3852A Backplane
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Voitmeter Input The HP 44702A/B and the HP 44704 A have input protection relays
Protection (backplane only on the HP 44702A/B). If excessive input voltage appears on

the protected inputs, the protection relays will open. On the HP 44702A/B,
only the incorrect reading values will indicate that the protection relays are
open. On the HP 44704A, the voltmeter will return overload readings if the
protection relays are open. The HP 44704 A has protection relays for the
backplane, high-speed multiplexer inputs (ribbon cable), and rear panel
terminals. To reset the protection relays, execute a CONFMEAS, CONF,
MEAS, or TERM command. For either voltmeter model, DO NOT routinely
1ely on the input protection system. Damage to the voltmeter would probably
result.

NOTE
SHIELDED CABLE REQUIRED. Shielded twisted-pair cable is required for
connections to the multiplexer terminal module for measuremenrs with the
HP 44702A/B and HP 447044 voltmeter.
Since the HP High-Speed voltmeters use a high-speed successive approximation
technigue for measurements (rather than an integrating technigue), they will not
reject power-line noise pickup through input cables unless the noise is common
to both the HI and LO inputs.
Therefore, regardless of whether user mpufs are to the voltmeter rear panel
terminals or to multiplexers, it is ESSENTIAL to connect the inputs with
shielded, twisted-pair cables to reduce noise and keep measurement error to a
You can order the apprapriate cable from your nearest Hewlett-Fackard Sales
and Support Office. Order HP part number 03498-61602 which is a 2 meter
cable with crimped and heat-shrunk wires attached to the braided shield at both

ends.

NOTE
HP-IB ADDRESS. The example programs in this manual use “709" as the
HP-IB address for the HP 3852A. Specific stot and channel numbers are also
used. Program syntax and data return formats apply to the HP Series 200{300
controllers. Modify slot and channel numbers and program syntax as required.
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Connecting User Inpuis

This section shows recommended ways to connect user inputs to multiplexer
terminal modules or to the voltmeter rear panel terminals.

M ui‘tiplexer Always used shielded, twisted-pair cable when connecting user inputs to
Connections multiplexers, especially in a high common mode noise environment. Since the
HP 44702A/B and HP 44704A use a differential input, chassis referenced
measurement technique, high common mode noise can cause the voltmeter
can indicate an overload condition even when the transducer outputs a signal
which is within the voltmeter range. Maximum voltage on HI or LO is
+10.24V peak (including common mode voltage).

Figure 3-2 shows typical voltage, 2-wire Q, and 4-wire Q connections to an
- HP 44705A 20-Channel Relay Multiplexer. Figure 3-3 shows typical
e connections to an HP 44711A/B 24-Channel High-Speed FET Multiplexer for
' these measurements. Since connections may vary with the individual
multiplexer, refer to the appropriate multiplexer configuration and
programming manual for details.

NOTE
If the ribbon cable from an HP 447114/B, HP 447124, or HP 447134/B
rultiplexer is connected to the voltmeter, ONLY ribbon cable measurernents
with Scanner Mode (SCANMODE ON) and TERM RIBBON can be made. [, i
the ribbon cable is not connected, the HP 447114/B, HP 447124, or
HP 44713A/B can be used for backplane measurements, but ribbon cable
measurements cannoi be made.

Bear Panel Figure 3-4 shows typical connections to the rear panel terminals for voltage
Connections and 4-wire ohms measurements (the only measurements which can be made
using the rear panel terminals).

When connecting user inputs to the voltmeter rear panel terminals (HI, LO,
and CHASSIS for voltage or HI, LO, CHASSIS and CURRENT SOURCE
HI and LO for resistance measurements), use shielded, twisted-pair cables and
keep the exposed part of the cable as short as possible. '
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DC YOLTAGE OR 2-WIRE {) CONNECTIONS
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OC VOLTAGE CONNECTIONS

@ - ‘
@%} @ B

HI e

PIO -~
F@ @ = —1"°

Lo
. 10K -1 80K
CEHASii SHIELDED, TWISTED PAIR CABLES

AND EXTERNAL RESISTOR {R) REQUIRED

s |9
L JLO
EXTERNAL .

(“‘ TRIGGER j
2 i
=(®)

4-WIRE {1 MEASUREMENTS

CAUTION L
' J G@Io
J ® e LO 1gk n-188k0
= @ mﬂw
@LO// HI
RO
CHASSIS H1 g AN O
CHASSIS :
HI T
Cnb —
W ) LG
& wmmr |
e
.
3

EXTERNAL SHIELDED, TWISTED PAIR CABLES
r" TRIGGER j AND EXTERNAL RESISTOR (R) REQUIRED
o 1

=O)

£v Max @
CAUTION e 3

Figure 3-4. Rear Panel Connections

3-8 Installation and Checkout
www.valuetronics.com



Installing the Voltmeter

When user inputs are connected, install the voltmeter and multiplexers in
desired slots. Guidelines to install the voltmeter and associated multiplexers
for multiplexer or ribbon cable measurements follow.

Before installing the voltmeter, write down the voltmeter serial number
printed on the bar code label on the left side of the instrument. A typical
number is 44702 2612A00259, where 44702 is the voltmeter model

(HP 44702) and 2612A00259 is the serial number. You'll need the serial
number to see if faster backplane scanning rates can be used. Refer to

“bainframe Firmware Revision”.

M ultiplexer When user inputs are connected to the multiplexers, replace the terminal
Measurements module(s) and install the multiplexer(s) and voltmeter(s) in the slot(s) desired

Installation 2 shownin Figure 3-3.

For multiplexer measurements, you can instail up to 76 multiplexers (up to
eight in the mainframe and up to ten in each extender). Because of
mechanical restraints, the HP 44702A/B and HP 44704 A voltmeter cannot be
installed in slots 3 and 4 of the mainframe or in slots 5 and 6 of an extender.

If all multiplexers are in the same frame (mainframe or extender) as the
voltmeter, the analog extender cable is not connected. If any multiplexers are
not in the same frame, the analog extender cable must be connected. (The

digital extender cable is always required.)

NOTE

1. Do NOT use the installation steps in Figure 3-5 for ribbon cable
measurements installation. See Figure 3-6 for ribbon cable measurements

installation.

2. If an HP 44711A/B, HP 447124, or HP 44713A/B multiplexer is used for
mudtiplexer measurements, the ribbon cable must be attached attached ( looped

back) to the connector on the multiplexer.
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Voltmeter Not Instalied In Each Frama:

When an HP High Speed voltmeter iz NOT instafled in the mainframe and in
each extender which contains multiplexers, a Digital Extender Cable and an
Analog Exterder Cable must be conneciad batween the mainframe and in the
first extender and! between each extender,

Figure 3-5. Multiplexer Measurements installation
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Voltmeter lnsta;!ecl in Ezch Frame:

When and HP High Speed voltmeter IS inslalied in the
mainframe and in each extender which contains
multiplexers, only the Digital Extender Cable must be
connected between the mainframe and the first extender
and between each extender, The Analog Extender Cable
is NOT required.

Figure 3-5. MuRiplexer Measurements Installation {Cont)
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Ribbon Cable
Measurements
Instaliation

Initial Checks

Voltmeter ID
Check

Voltmeter
Seif-Test

With ribbon cable measurements, user signals are input to the voltmeter via a
dedicated ribbon cable from one or more (up to eight) HP 44711A/B.

HP 44712A or HP 44713A/B High-Speed FET Multiplexers. The first
multiplexer must be installed in the slot next to the voltmeter and additional
multiplexers must be instalied in adjacent slots. Also, the ribbon cable must be
connected from the first multiplexer to the voltmeter and ribbon cables must
be connected between multiplexers used. See Figure 3-6.

For ribbon cable measurements, an HP 44702A/B or HP 44704A voltmeter
must be installed in each mainframe and each extender which has multiplexers
used with the voltmeter. The analog extender cable is not necessary.

When the voltmeter and multiplexers bave been installed, the next step is to
initially check the voltmeter for proper operation. This section shows how to
check the voltmeter ID, voltmeter self-test, multiplexer wiring connections,
and mainframe firmware revision number.

When the voltmeter has been installed, check the voltmeter identity by
entering the ID? slot command from the front panel. Since the volimeter
takes two slots, always address the voltmeter by the Jowest siot number. For
example, if the voltmeter is in slots 6 and 7, use slot 6 as the address.

For example, if an HP 44702A is installed in slots 6 and 7, ID? 600 returns
£4702A. If an HP 44702B is installed, 44702B is returned. An HP 44704 A
installed in 2 mainframe with firmware revision 4.2 or greater returns 44704A.
An HP 44704 A installed in a mainframe with firmware revisions earlier than
4.2 returns 44702B. If no accessory is installed in the slot addressed, 600000 is

returned.

To self-test the voltmeter, enter the TEST slor command from the front
panel. If the voltmeter prsses the self-test check, you can be reasonably sure
the voltmeter is operating correctly. The TEST slot command checks the

voltmeter for proper operation.

Passing the self-test does not guarantee that the voltmeter is properly
calibrated. It only means that the calibration constants are within an
acceptable range. Refer to the HP 3852A Assembly Level Service Manual for
voltmeter calibration procedures.

The TEST slot command changes the state of the HP High-Speed voltmeter.
We recommend you use the RST slot (or RESET slor) command to reset the
voltmeter to its power-on state after executing the TEST command.
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Ribbon Cable Operation
Connection/Instailation Steps

Caition

To prevent possible damage to the ribbon
cable, check the ribbon cable connections
before fully removing and HP FET Multiplexer

RIBOON CABLE CONNECTOR

1. Posliion Voitmeter

Piace the HP High Speed Volimeter with
ribbon cable connector side up.

2 Disconnect Ribhon Cable

Remove HP FET Multiplexer terminal module.
Disconnect ribbon cable from connector and feed
cable through cutout on muitiplexer.

CORMECTOR

MULT IFPLEXER

3. Connect Cable to Voltmeter

Attach ribbon cable from multiplexer to voltmeter ribbon

RIBEGH CABLE COMMECTOR ; .
cable connector. Replace multiplexer terminal module..

www.valuetronics.com

Figure 3-6. Ribbon Cable Measurements Installation
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install voltrnater(s) and multiplexers in desired slots, The
volimater cannct be instalied in siots 3and 4 of
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Notes

1. Proceduras shown apply only to ribbon cable Inputs.
See Figure 3-5 for (backplane} multiplexer inputs,

2. ¥ an HMP FET Multiplexer is used in cther than ribbon
cable mode, the ribbon cable must be tonnected to the
connector on the multiplexer.

Figure 3. Ribbon Cabie Measurememé installation (Cont)
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Checking
Wiring
Connections

www.valuetronics.com

CAUTION

To avoid potential damage to the instrument do NOT use the voltmeter if the
self-test fails. Refer to the HP 38524 Assembly Level Service Manual for the
service procedures.

For example, for an HP 44702A/B in slots 6 and 7 of the mainframe, TEST
600 displays SELF TEST OK in the right display window if the self-test passes.
Enter RST 600 to reset the voltmeter to its power-on state.

When the voltmeter passes the self-test, you can check wiring connections to
the multiplexers by using the MONMEAS command. (MONMEAS works for
DC volts, resistance, RTD, and thermistor connections oaly.)

With MONMEAS, the voltage (or resistance) on a specified channel is
continuously monitored and the result sent to the front panel display ONLY.
To advance the monitoring to the next channel in the list, press the SADV
KEY key on the front panel. An example follows.

Example: Monitoring Multiplexer Inputs (MONMEAS)

This program checks the DC voltage input to channels 200 through 204 of an
HP 44705A multiplexer in slot 2 of the mainframe using an HP 44702A/B
voltmeter in slots 6 and 7 of the mainframe. (To monitor 2-wire ohms, use
CONF OHM in line 30. To monitor 4-wire ohms, use CONF OHMF in line

30).

When MONMEAS is executed, channel 200 is closed. The voltmeter makes
repeated measurements on channel 200 and continuously displays the results
on the front panel display only. :

Pressing the front panel SADV KEY key advances the scan to channel 201.
Pressing the SADV KEY key again advances the scan to channel 202, etc.
When the scan reaches channel 204, pressing the SADV KEY key once more
ends the sequence. (You can also use the CLEAR key to stop the scan.

10 QUTPUT 709;"RST 600" IReset the voltmeter

20 OUTPUT 708;"USE 600" {Use voltmeter in mainframe slot 6
30 QUTPUT 708;"CONF DCV" ! Select DC volts measurements
40 QUTPUT 709;"MONMEAS !Measldisplay volts on ch 200-204
DCV,200-204"

50 END

A typical return for a 9V 5 % source connected to channel 200 (value in volts)
is:

DCV 200 8.999874E + 00
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Mainframe win early versions of the HP 44702A/B voltmeters, backplane (multiplexer

Firmware measurements) scanning rate was limited to about 450 channels/second with

Revision relay multiplexers. However, later versions of the voltmeter, combined with
mainframe firmware revision 2.0 or higher, allowed faster backplane scanning

rates.

To determine the applicable serial numbers, check the label entitled

"HP 44702 VOLTMETER ENHANCEMENTS" on the voltmeter metal
shield. As shown on the label, the enhanced scanning rate is available for

HP 44702As with serial number 2626A 00600 and higher or for HP 44702Bs
with serfal number 2626A 00450 and higher or when the UPGRADES box is
checked on the "HP 44702 VOLTMETER ENHANCEMENTS" label on the

volimeter.

The HP 44704 A requires mainframe firmware revision 4.2 or higher.
HP 44704 A voltmeters in mainframes with earlier revision firmware will
emulate an HP 44702B voltmeter. :

To check the voltmeter serial number, note the number printed on the
component module metal shield. To determine the mainframe firmware
revision, use the following program or enter the IDN? command from the

front panel.

10 DiM Identity$(1:4)[17]

20 QUTPUT 709;"IDN?"

30 ENTER 709;:1dentity$(*)

40 PRINT USING "K,/;ldentity$(*)

50 END

For example, if the firmware revision is 4.2, a typical return is as shown. Since
the firmware revision is higher than 2.0, enhanced backplane scanning
capability is available when a voltmeter with the appropriate serial number is

used.

HEWLETT PACKARD (Company name)

38524 (Model number)

0 (Muinframe serial number unknown)
4.2 . (Firmware revision 4.2)
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System Mode Programming

Introduction

This chapter shows how to program the voltmeter for multiplexer and rear
panel measurements when the voltmeter is set for System Mode
(SCANMODE OFF) operation. Refer to Chapter 5 - Scanner Mode
Programming for measurements with the voltmeter in Scanner Mode

(SCANMODE ON).

NOTE
This chapter applies directly to the HP 44702A/B, and HP 447044 in 13 and 14

bit resolution modes. The fundamentals covered here also apply to the
HP 447044 in 16 bit resolution mode, but some differences exist. These are
covered in Chapter 6 - The HP 44704A in 16 Bit Mode.

Chapter This chapter has five sections:

Contents e Introduction lists the chapter contents, shows example program titles, and
shows a suggested getting started sequence. -

» Measurements Using CONFMEAS shows how to make System Mode
multiplexer measurements using the CONFMEAS command.

& Measurements Using CONF and MEAS shows how to make System Mode
multiplexer measurements using the CONF, MEAS, and low-level

commands.

o Measurements Not Using MEAS shows how to use CONF and/or low-level
commands to make multiplexer and rear panel measurements and to enable
interrupts. :

e System Mode Command Summary is an alphabetical summary of System
Mode commands.

Program Titles Table 4-1 lists the titles of the example programs in this chapter, listed by
section title. '

—
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Table 4-1, Example Program Titles

DC Veitage Measurernents
Resistance Measurements
Temperature Measuremants

Reference Tempesrature
Measurement

Raar Panel Maasuremenis

Digitizing a Waveform

Measursments Using CONFMEAS

Measure DC voitages on
multiplexer channals,
Measurs the resistancs on
muitiplexer channel.

Moasure the temperature of a
thermistor,

Measure the isothermal block
temperature.

Messurementis Using CONF and MEAS

Setting Voltmeter Operation Sst number readingsftrigger,
delays, and range.

Satting Volimeter Triggering Sat volimeter trigger source
and input edge.

Setting Scan Triggering Sat scan trigger sourcs and
scan atdvance source,

Menssuremsnts Mot Using MEAS

Low-Lovel Mulliplexer Uze CONF and low-jevel

Moasursments comimands for multiplexer
measurements.

Usa low-level commands for &
rear pansl measurament,

Use low-level commands to
digitize & wavetonm and to
enabie & voltmeter interrupt,

CONFMEAS
CONFMEAS
CONFMEAS

CONFMEAS

NRDGS, DELAY, RANGE
TRIG, BL.OPE

SADY, STRIG

CLOSE, TRIG, CHREAD

FUNC, TERM, XRDGS

ENABLE INTR

Geﬁx ng Started with System Mode operation, you can program the voltmeter for multiplexer

or rear panel measurements or you can make field wiring checks.

Multiplexer Measurements

You can make multiplexer measurements in one of three ways: use

CONFMEAS; use CONF and MEAS along with low-level commands; or use
CONF and/or low-level commands (not using MEAS).

The easiest way to make multiplexer measurements is to use CONFMEAS
which sets the voltmeter to a known condition and makes the measurement
with a single command. Therefore, first refer to “Measurements Using
CONFMEAS?” to see if your measurement can be made with CONFMEAS,
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Figure 4-1. System Mode Measurements

Since CONFMEAS sets the voltmeter to a preset condition, if you need to
change operating conditions set by CONFMEAS you can use CONF and
MEAS along with low-level commands. Refer to “Measurements Using
CONF and MEAS?” for details.

Using CONFMEAS or CONF and MEAS along with low-level commands will
probably meet most multiplexer measurement requirements. However, if you
need to enable interrupts, make rear panel measurements, or close channels
with the CLOSE command, CONFMEAS or MEAS cannot be used. Refer to
“Measurements Not Using MEAS” for applications when CONFMEAS or
MEAS cannot be used.

Other Measurements

You can make rear panel measurements using CONF and/or low-level
commands. Refer to “Measurements Not Using MEAS” for details. Or, you
can check wiring connections by using the MONMEAS command. Refer to
Chapter 3 - Installation and Checkout to check multiplexer ficld wiring
connections using MONMEAS.
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Programming Sequence

Figure 4-1 shows a suggested programming sequence for System Mode
measurements. There are three primary methods of programming (other than
using MONMEAS: (1) use CONFMEAS: (2) use CONF and MEAS along
with low-level commands: or (3) use CONF and low-level commands (not

using MEAS).

in Figure 4-1, solid lines indicate the preferred programming path, dotted
lines indicate alternate paths, and striped boxes indicate a mainframe
command. For example, for System Mode measurements using CONF and
MEAS are required commands, while FUNC, RANGE, etc. are optional
commands which can be used to modify the CONF settings as needed.

Use the CONFMEAS sequence for measurements discussed in
“Measurements Using CONFMEAS?”, use the CONF and MEAS sequence
for measurements discussed in “Measurements Using CONF and MEAS”, or
use the CONF and low-level sequence (ending the CHREAD/XRDGS) for
measurements discussed in “Measurements Not Using MEAS. ”

Measurements Using CONFMEAS

This section shows how to make multiplexer measurements using the
CONFMEAS command. It includes a summary of the CONFMEAS
command, describes voltmeter operation with CONFMEAS in System Mode,
shows the preset values for the CONF phase of CONFMEAS, and shows
measurement examples using CONFMEAS. '

To decide if your measurement can be made with CONFMEAS, read the
“CONFMEAS Command” , “CONFMEAS Operation”, and “CONFMEAS
Presets” subsections which follow. If the CONFMEAS operation and presets
are acceptable, refer to “Examples: Measurements Using CONFMEAS” for
example programs using CONFMEAS. If not, refer to the next section
“Measurements Using CONF and MEAS”.

CONFMEAS CONFMEAS can be used with the HP High-Speed voltmeter to make DC
Commangd voltage, DC current (when user-supplied shunt is installed), strain, resistance
(2-wire or 4-wire ohias), and temperature (thermocouples, thermistors, or
RTDs) measurements. The advantage of using CONFMEAS is that it allows
you to quickly and easily configure the voltmeter for a wide variety of
measurements with a single command. The CONFMEAS syntax is:

CONFMEAS function ch_list  NSCAN number] [USE ch] [INTO name]j or
[fms]

4-4 System Mode Programming
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NOTE

1. The NSCAN number parameter applies only to instruments which have
firmware revision 2.2 or greater.

2. For the HP 447174, 447184, 447194, and 447204 strain gage multiplexers,
CONFMEAS includes additional optional and/or required parameters. Refer to
the HP 447174, 447184, 447194, 447204 Strain Gage Accessories
Configuration and Programming Manual for Details.

CONFMEAS configures the voltmeter for a specific measurement function,
scans, measures, and transfers data, CONFMEAS can be used only for
multiplexer measurements. CONFMEAS does the following:

# Configures the voltmeter to a function appropriate to the specified
IR X measurement function (DCV, OHM, etc.) and sets the voltmeter to a
known programmed state. The measurement function is specified by the
function parameter.

e Causes specified multiplexer channel(s) to be scanned and measured and
associated data conversion (voltage to temperature in °C or voltage to
strain) to be performed (as required) on the results. The channels to be
scanned are defined by the ch_list parameter. (The optional NSCAN
number parameter sets the number of times the channels in the ch_fist

will be scanned.)

e As part of thermocouple measurements, measures the isothermal block
reference thermistor on the terminal module to provide a reference
value for temperature conversions. CONFMEAS can also be used to
measure the isothermal block reference temperature only.

o Transfers measurement data to the mainframe memory (when INTO
name is used) or to the output buffer and/or display (when INTO name

is not used). .

Table 4-2 shows CONFMEAS function parameters and data returns for the
function. Note that CONFMEAS is actually two commands in one: CONF and
MEAS. The configuration phase of CONFMEAS is equivalent to the CONF
cormmand, while the measurement phase of CONFMEAS is equivalent to the
MEAS command. That is, CONFMEAS is equivalent to 8 CONF command
followed immediately by a MEAS command.

: . System Mode Programming 4-5
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Table 4-2. CONFMEAS Functions/Data Returns

function: Configure for: Data Returned:
DC Voltags
Dev DC voltage DC voltage on chs in ch-iist
Fesistancs
OHM 2-wire ohmas {same &8 OHM100K) Resistance on chs in ch_list
OHM10K 2-wire ohms up to 10kQ Resistance on chsin ch_list
OHM 100K 2-wire ohims up to 100 kQ Resistance on chs in ch_list
CHM 1M 2-wire ochms up to 1 MQ Fasistance on chs in ch_list
OHMF 4-wire ochms (same as OHMFI00K) [1] Resistance on chsin ch_ist
OHMF10K 4-wire ochms up 0 10 k2 113 Fesistance on chs in ¢h_list
OHMF100K Aire ohms up 1o 100 k2 ©O[l Resistance on chs in ch_list
CHMFtM 4-yire ohms up to 3 MQ [13 Resistance on chs in ofy_list
Temperature
TEMPlyps Reference temperature and . | Thormocouple tsmp (Gl onchsin

thermocouple voltage msasuraments ch_list, compensated to {© referance

type = B, E J, K, Ni4 [N (AWG 14)],
N28 [N (AWG 28)), B, S, and T

REFT Reference ternperature measurement Raference ternp {°C) of isothermal
of isothermal block block in slot addressed
THMiype 2-wire chms measurement of thermistor | Thermistor temp °C) on ¢hin ch_list
type = 2252 {2252 0 thermistor)
= 5K (5 ki thermnigtor)
= 10K {10 kQ thermistor)
THMFtype 4-wire chins measurement of Thermistor ternp (°C) on chin ch_list
themnistor {1] '
type = Same type as THMtype
RTDtype 2-wire ohims measurement of RTD RTD temp {°C} on chin ch_list
type = 85(RTDswitha = '
0.00385 /QF)
= 92 {ATDswitha =
0.003916 Q/1F)
RTDFype A-wire ohms measurement of RTD [1] RTDtemp {C) on chin ch_list
type = same as ATDype
Straln |2}
STRVEX Bridge excitation voliage {+VS) Bridge excitation voltage
STRUN Bridge output which is ref for Bridge output voltage
corresponding strain measurermnent
§TRQ 1/4 bridge strain Strain or microstrain 3] o
STRFB Bending full bridge strain Strain or microstrain~ [3] (o
STRHB Bending haif bridge strain Strain or microskrain 3] : -
STROQTEN Shunt verification {tension shunt) Strain or microslirain 3}

diagnostic (HP 44717A or 44718A only)

STRQCOMP Shunt verificaion {compression shunt) Microstrain
diagnostic (HP 447 17A or 44718A only)

STRHP 1/2 bridge Poisson strain Strain or microstrain 3]
STRFBP Randing full bridge Poisson strain Strain or microstrain [3]
STRFP Full bridge Poisson strain Strain or microstrain 3]
Notes:

{1} = For 4-wire ohms functions

[2] = Befer to the CONFMEAS command in the HP 38524 Command Referance Manual for
definitions.

[3] = Depends on Gage factor (GF factor).
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CONFMEAS
Operation

CONFMEAS
' Presets

Figure 4-2 is a simplified version of voltmeter operation for CONFMEAS in
system Mode. When CONFMEAS is executed the voltmeter is configured (1),
any required thermocouple or strain references are measured (2), and the
scan sequence is started (3).

When the scan sequence is started, the first channel in the channel list is
closed and the voltmeter is triggered. After a 1 msec delay (6 msec if the
CONFMEAS function is OHM1M or OHMF1M), a measurement (1) is
made on the first channel in the channel list (4).

‘When the first channel is measured, the data is transferred to the mainframe
(5), the scan is advanced to the second channel in the channel list (6), and a
measurement is taken on the second channel. This sequence repeats for each
channel in the channel list. When the last channel is measured, the channel is

opened and the scan ends (7).

If the CONFMEAS NSCAN number parameter (valid only for firmware
revision 2.2 and greater) is not specified, the scan sequence ends at (7). If
NSCAN number is specified, the scan sequence is repeated number times. For
example, with NSCAN 3 and 10 channels in the channel list, 30 measurements

are taken.

As noted, executing CONFMEAS is equivalent to executing a CONF
command followed immediately by a MEAS command. To help you decide
whether to use CONFMEAS or to use CONF and low-level commands, Table

" 4-3 shows the values set with the CONF command (presets) for System Mode

www.valuetronics.com

operation (the same values set by the CONF phase of CONFMEAS).

If these presets are acceptable for your measurement, refer to the next
subsection “Examples: Measurements Using CONFMEAS?” for some example
programs using CONFMEAS. If not, refer to the next section “Measurements
Using CONF and MEAS”.

Executing CONF (or the CONF phase of CONFMEAS) is equivalent to
setting the twelve low-level commands shown in Table 4-3 in the order shown.
CONF does not change the previous settings of any other System Mode
commands. :

Thus, CONF does not change the voltmeter mode of operation
(SCANMODE OFF is not changed to SCANMODE ON or vice-versa). At

power-on of following a reset (RST or RST sior), System Mode
(SCANMODE OFF) is set.
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Figure 4-2. CONFMEAS (System RMode) Operation
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Tabie 4-3. CONFMEAS Presets (Systermn Mode)

Command/Preset(S) Dafinitions

TRIG SCAN Starts scan immediately.

SADY SCAN Advance scan as soon as NRDGS readings are
available.

TRIG HOLD Trigger is disabled. [1]

FUNG DGV or OHMxx As appropriate for CONF function parameter.

RANGE AUTO Autorange mode. [2]

NRDGS1 _ Cne reading per frigger.

RDGSMOQDE DAV Rsading is available when any reading stored,

DELAY 0.001, 0.00001 1 msac trigger-delay, 10 usec sample-period.
[3}

AZERC ONCE Autozero once

Motes: .

[%} = Voltmeter Is triggered (TRIG SCAN) by the MEAS phase of CONFMEAS,

[2] = Maintrame firmware revisions before revision 2.2 set a fixed rangs for CONF TEMPxx.

[3] = CONF CHM1M and CONF OHMF1M set § msec trigger_delay and sample pericd.

Examples: Four program examples using CONFMEAS for System Mode multiplexer
Measuremenis measurements follow, The first example measures DC voltage, the second
Usijng Mmeasures resistance using 4-wire ohms, the third measures the temperature of
CONEME Ag a thermistor and the fourth measures a reference temperature,

The first three examples use an HP 44705A 20-Channel Relay Multiplexer in
slot 5 of the mainframe and an HP 44702A/B or HP 44704 A voltmeter in slots
6 and 7 of the mainframe (programming slot 6). See Figure 3-2 in Chapter 3
for typical connections. The fourth example uses an HP 44708A in slot 5 of

the mainframe. You should also refer to the appropriate multiplexer
configuration and programming manual for additional details.

Example:DC Voltage Measurements (CONFMEAS)

This program uses CONFMEAS to measure DC voltages connected to
channels 500 through 509 of an HP 44705A multiplexer. Since NSCAN
number is not specified, the voltmeter makes a single pass through the channel

List.
10 DIM Volts(0:9) ! Dimension controller array
20 QUTPUT 709;"USE 600" ! Use voltmeter in mainframe siot 6
30 QUTPUT 709;"CONFMEAS DCV,500-509" ! Confimeas DC volts, ch 500-509
40 INTER 708;Volts(*) ! Enter 10 readings
50 PRINT USING "K,/";Volts(*) ! Display 10 readings
60 END
For aset of SV 5 % sources, typical return values (in volts) are:
4.9975
5.0025
4.9875

. ' ] System Mode Programming 4-9
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Example: Resistance Measurements (CONFMEAS)

CONFMEAS can also be used for 2-wire or 4-wire chms resistance
measurements (refer to Table 4-2). This program measures resistance using
4-wire ohms on channel 500 of an HP 44705A multiplexer.

Note that only the Sense channel (channel 500) is specified in the
CONFMEAS ch_list parameter, since CONFMEAS automatically assigns the
correct channel (channel 510 in this case) as the Source channel. Also, note
that CONFMEAS OHMF configures the voltmeter for 4-wire ohms
measurements up to 100 k2 (assumed for this program) and that
measurement results are returned in Q.

10 QUTPUT 709,"USE 600" ! Use voltmeter in mainframe slot 6
20 CUTPUT 709*CONFMEAS OHMF,500" ! Confimeas resistance on ch 500
30 ENTER 708A : ! Enter results
40 PRINT A ! Display results
50 END
A typical return for a 10 kQ 5% resistor value (in Q) is:

909375

Example: Temperature Measurements (CONFMEAS)

CONFMEAS can be used for a wide variety of temperature measurements,
including RTDs, thermistors, and thermocouples. CONFMEAS can alsobe
used to measure the reference temperature for thermocouple measurements.

The HP 3852A supports 2252 2, 5 kQ, and 10 kQ thermistors; Type 85 and 92
RTDs; and Type B, E, J, K, N14 [N (AWG 14)], N28B [N (AWG 28)], R, §,
and T thermocouples. Both 2-wire and 4-wire ohms techniques can be used
for RTD or thermistor measurements, but accuracy is reduced for 2-wire ohms
measurements (2-wire ochms measurements are NOT recommended for FET

multiplexers).

This program uses CONFMEAS to measure the temperature of a 2252 Q
thermistor connected to channel 500 of an HP 44705A multiplexer. See
Figure 3-2 for typical thermistor copnections to channels 500 and 510 of the

multiplexzer.
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10 QUTPUT 709;"USE 600" ! Use voltmeter in mainframe siot 6
20 OUTPUT 709;"CONFMEAS THMF2252,500" ! Confimeas Type 2252 thermistor

30 ENTER 70G;A i Enfer temperature

40 PRINT A ! Display temperature

50 END

For a 2252 § thermistor at room temperature, a typical return (value in °C) is:
24312

Example: Reference Temperature Measurement (CONFMEAS)

As noted, the HP 3852A supports Type B, E, J, K, N14 [N (AWG 14)], N28
[N (AWG 28)], R, §, and T thermocouples. However, if you want to measure
other thermocouples, you will need to measure the reference temperature for
use in your own linearization pragram. This program uses CONFMEAS to
measure the reference temperature of an HP 44708A multiplexer in slot 5 of

the mainframe.
10 OUTPUT 709;"USE 800" ! Use voltmeter in muainframe slot 6
20 QUTPUT 709;"CONFMEAS REFT,500" =~ ! Measure reference temperature
30 ENTER 709;A ! Enter reference temperature
40 PRINT A ! Display reference temperature
50 END ‘ '
A typical return value at room temperature (in °C) is:
24312 Y

Measurements Using CONF and MEAS

This section shows how to use CONF and MEAS along with some System
Mode low-level commands for multiplexer measurements. Low-level
commands discussed in this section are ARMODE, DELAY, NRDGS,
RANGE, SADV, SLOPE, STRIG, and TRIG. For rear panel measurements
or for a discussion of other System Mode low-level commands, refer to the
next section “Measurements Not Using MEAS”.

P rogram mi NJ As previously shown, CONFMEAS configures the voltmeter, takes the
Overview measurement, and reads the data with a single command. However,
CONFMEAS sets the voltmeter to a specific configuration. If your
measurement cannot be made with CONFMEAS, you can modify the
voltmeter configuration by using the CONF and MEAS commands and

low-level commands.

_ o Systemn Mode Programming 4-11
www.valuetronics.com



The programming sequence used in this section will be to first configure the
voltmeter to a known state with the CONF command, modify the CONF
settings with one or more low-level commands, and use MEAS to make the
measurements and transfer the data. We will show how to use seven low-level
commands to modify the voltmeter settings: DELAY, NRDGS, RANGE,
SADV, SLOPE, STRIG, and TRIG.

Refer to “Setting Voltmeter Operation” for the NRDGS, DELAY, and
RANGE commands. Refer to “Setting Voltmeter Triggering” for the TRIG
and SLOPE commands. Refer to “Setting Scan Triggering” for the SADV and

STRIG commands.

NOTE

You can probably make most System Mode measurements using CONF, MEAS,
and one or more of these seven low-level commands. However, if you need to
make rear panel measurements, use OPEN and CLOSE, or enable interrupts,
MEAS cannot be used. In this case, refer to the next section “Measurements Not

Using MEAS”.

‘System Mode Table 4-4 summarizes System Mode low-level commands for the voltmeter
Commands with power-on/reset and default values (as applicable). If a command (such as
DELAY and RANGE) has two parameters, the command is listed tvics -
once for each parameter. Refer to the HP 3852A Command Reference
Manual for details on the commands. ’

4-12 Systerm Mode Programming
www.valuetronics.com



Table 4-4, System Mode Low-Level Commands

Command Descriptlon Power-On Default Note
ARMODE mede Autorange mode | AFTER -
AZERO [Imode] Autozero mode ONCE ONCE
CaAL Service crd - - [1]
CHREAD ¢ch Single dataread | - -
DELAY trig-delay Trigger delay D psec -
DELAY [sample-period] | Sample period 10 usec unchd
DISABLE INTR Disable intr - - [2]
ENABLE INTR Enable intr - -
FUNC tfunction Meas function DoV -
FUNG [range] Maas range AUTO AUTC
1 NRDGS number Pdgsirigger 1 -
PERG threshold Threshold level 0% -
RANGE [range] Voitmeter range | AUTO AUTO
RDGS deast Readings dest 8Y§ -
: RDGSMODE mode Fdgs storage DAV -
T ‘ SADV source Scan adv source | SCAN - (3]
SCANMODE [mods] Operating mode | OFF ON
o SLOPE mode Input slope LM -
STRIG source Scan start source | SCAN - [3]
TERM terminal Input ferminals EXT -
TRIG [sourcs] Trigger source HOLD 5GL
TRIGOUT {mods] EXTO trig mode | OFF ON .
USE ch Volimeter slot towest - [4]
: o . valid slot '
.7 and
channe!
XRDGS ch Siot to be read - -
XRADGS [Number] Number - NRDGS 5]
readings
Notes:
[1} = Refer to HP 3852A Assembly Level Service Manual,
[2] = Interrupts disabled at power-on. |
{3] = Valid for HP 44702A/8 or HP 44704A operation only when MEAS is used.
[4] = May or may not be the siot the voltmeter is in.
[5] = For Systern Mods, default is number of readings set by NRDGS

CONF and MEAS Before showing how to use the low-level commands to modify voltmeter
Commands settings, we will briefly discuss the CONF and MEAS commands and show the
conditions (called preset values) set by CONF. S

The CONF Command

Executing CONF function [USE ch] is equivalent to setting the low-level
commands shown in Table 4-5 in the order shown. CONF does not change the
previous settings of any other System Mode commands. '

Thus, CONF does not change the voltmeter mode of operation
(SCANMODE OFF is not changed to SCANMODE ON or vice-versa). At
power-on or following a reset (RST or RST slof), System Mode
(SCANMODE OFF) is set.

Table 4-5. CONF Preset Values {System Mode)

S
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Command/Preset(s) Definition
STRIG SCAN Start scan immediately
SADV SCAN Advance scan as soon as NRDGS readings are avaliable.
TRIG HOLD Tiigger is disabled.
FUNC DOV or OHMux As sppropriate for CONF function parameter,
RANGE AUTO Autorange mode [1].
TERM INT Backplans bus is the input terminal.
NRDGS 1 One reading per trigger
RDGS 8YS Raadings are raturned to the mainframe,
RDGSMODE DAV Feading is availabls when any reading stored.
ARMODE AFTER Autorange after measursment,
DELAY 0.001,0.00001 1 msec trigger-telay
AZERC ONCE Autozers onca,
Notes:
[1] = Mainkame firrmware revisions before revision 2.2 set & fixed range for CONF
[2] = CONF OHM1M and CONF OHMF1M set & msec trigger-telay and sample-period.

The_MEAS Command

. MEAS function ch_list [INSCAN number] [USE ck] [INTO name] or [fint] sets
the measurement function appropriate for the function parameter, initiates a
scan and measurement of the multiplexer channels specified by ck_list, and
makes the number of passes set by the NSCAN number parameter.

When measurements have been taken, MEAS auntomatically transfers the
readings to the mainframe memory (when INTO name is used) or to the
output buffer and/or display (when INTO name is not used). For temperature
or strain measurements, MEAS also caunses associated conversions to be
performed on the results.

For thermocouple and strain measurements, all reference measurements are
first made (automatically) and then all channel measurements are made. A
reference measurement is made each time a slot is crossed in the channel list.
For example, MEAS TEMPT, 100-223 makes two reference measurements:
one for slot 100 and the second for slot 200. However, MEAS
TEMPJ,100,200,101,201 makes four reference measurements: slot 100, slot
200, slot 100 again, and slot 200 again. :

Executing MEAS disables all interrupts on the voltmeter unless RDGS GPIO
(readings destination is the GPIO port) is set. If MEAS detects that the
voltmeter function set is not compatible with the MEAS function specified,
the voltmeter is reconfigured and autorange is set. In addition, for System
Mode operation, MEAS checks and changes (as necessary) the commands
shown in Table 4-6.
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Table 4-6. System Mode Commands Changed by MEAS

Command Setting
FUNC Changed to function set by MEAS function.
TRIG TRIG HOLD or TRIG INT changed to TRIG SCAN.
TERM TERM ZERO changed 1o TERM INT [1].
DISABLE INTR DISABLE INTR is set f RDGS SYS is set.
Mots: .
[1] = TERM ZERQ is & sarviceralated command. Refer to the HP 38524 Assembly
Level Sarvice Manual for details on TERM ZERO,

CONF and MEAS Since CONF followed immediately by MEAS is equivalent to a CONFMEAS
Operation command, voltmeter operation for CONF and MEAS is identical to that for
' CONFMEAS (see Figure 4-2). However, by using CONF and MEAS along
with low-level commands, you can modify voltmeter operation for specific
measurement requirements.

Figure 4-3 shows voltmeter operation when CONF and MEAS are used in
System Mode and also shows how seven low-level commands (DELAY,
NRDGS, RANGE, SADYV, SLOPE, STRIG, and TRIG) can be used to
modify voltmeter seitings). (Note that CONF does not change the previous
setting of SLOPE.) A summary of voltmeter operation and the related
commands shown in Figure 4-3 follows.

When CONTF is executed, the voltmeter is configured and MEAS ensures that
the voltmeter is properly set for the specified measurement (1). Then, for
strain or temperature measurements, the voltmeter automatically takes and
stores the reference measurements (2).

The scan is started by a trigger from the source set by STRIG and the first
channel] is closed (3). Then, the voltmeter is triggered from the source set by
TRIG (4). For TRIG MEAS, EXT0, EXT1, or GPIO, SLOPE sets the input
edge (LH or HL) which will trigger the voltmeter.

After the voltmeter is triggered, the voltmeter takes NRDGS number readings
on the first channel (5) as set by the NRDGS number parameter. DELAY
trig_delay sets the delay between the trigger and the first measurement (ml).
‘The sample period between the start of each measurement (m to m, etc.) is
set by the DELAY sample_period parameter. As each measurement is taken,
data is stored in the voltmeter data buffer.
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Figure 4-3. CONF and MEAS (System Mode) Operation
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Setting
Voltmeter
Operation

Setling Number of
Readings/Trigger
(NRDGS)

Stored readings are transferred to the destination specified by MEAS. All
readings from the first channel must be transferred out of the voltmeter buffer
before the scan will advance to the second channel.

After readings have been transferred, the scan is advanced to the next channel
by a trigger from the source set by SADV (6). (Note that when MEAS is used,
STRIG sets the source to start the scan, while SADV sets the source to
advance the scan from channel to channel.)

The scan advances through each of the channels in the channel list and the
first channel measurement sequence is repeated for each channel. When the
data from the last channel has been read, the last channel is opened and the
first pass ends (7).

If MEAS NSCAN numnber is not specified, the voltmeter makes one pass
through the channel list and the scan sequence ends. Otherwise, the voltmeter
makes the number of passes set by NSCAN number. For example, with
NSCAN 3, ten channels in the channel list, and ten readings/trigger, the
voltmeter makes 300 measurements.

This subsection shows how to use the NRDGS, DELAY, and RANGE
commands to set voltmeter operation for System Mode multiplexer
measurements and includes a definition of the ARMODE (autorange mode)
command. '

For System Mode operation, the voltmeter can be programmed to make from
1 to 65535 measurements for each channel in the channel list as set with
NRDGS number [USE ch]. At power-on, reset (RST), or when CONF is sent
the number of readings is set at 1 for each channel (NRDGS 1 is set).

As shown in Figure 4-3 , since the voltmeter makes NRDGS number readings
on each channel in the channel list, the total number of readings taken is the
number of channels in the channel list times the number of readings per
trigger times NSCAN.

For example, with NRDGS 10 and 10 channels in the channel list, the
voltmeter makes 100 readings. Note however, that the 10 readings for channel
1 must be read from the voltmeter buffer before the scan will advance to the
next channel. (MEAS automatically transfers the readings as required.)
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MOTE
For the HP 447024, if NRDGS is set >8192 the voltmeter will stop the
measurement sequence early if the voltmeter data buffer fills. In this case, the
number of measurements taken will vary and no error indication will be given.

Setling Measurement CONF sets a 1 msec delay from the trigger to the first measurement on each
Delays (DELAY) channel and sets a 10 usec period between each measurement (such as m; to
m; in Figure 4-3). For System Mode (only) both the delay and the sample
period can be changed with the DELAY command.

DELAY trig_delay sets the delay time (0 to 0.01638375 sec) from the trigger
to the start of the first measurement on each channel. DELAY sample_period
sets the time (0 to 1073.741823 sec) from the start of a measurement to the
start of the next measurement on the channel

For example, DELAY 0.01,1 sets a 10 msec delay from the trigger to the first
measurement, and sets a 1 second period from the start of a measurement to
the start of the next measurement on the channel (such as my to my in Figure

43),

Setting Voltmeter At power-on, after a reset (RST), or when CONF is executed, the voltmeter is
Range (RANGE) set for autorange mode. KANGE [range] [USE ck] can be used to set the
voltmeter range or to set autorange. To determine the specific voltmeter
range, you must specify the maximum expected signal amplitude or the
maximum expected resistance. The voltmeter then automatically selects the
* correct range. Autorange is selected by entering the word AUTO or the

number @ for the RANGE {range] parameter.

Table 4-7 shows the voltmeter range selected by the RANGE range command
for DC voltage and 4-wire ohms ranges. In Table 4-7, any value between the
ranges shown selects the range shown. For example, if the voltmeter is
coufigured for DC voltage by CONF DCV any value of RANGE [rarnge]

- >0.32 through 2.56 sets the voltmeter to the 2.56V range.
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Table 4-7. RANGE [range] Parameter Yalues

HinY OHMF10K
range Selects Range ange Selects Range
Oor AUTO Autorange 0 or AUTO Autorange
>0-.040 40 mV >0-40 400
>04-.32 320mv >40-320 3208
>.32-2.56 2.56V >320 - 2580 2.56 kQ
>2.56-10.24 1024V > 2560 - 10240 10.24 k02

CHMF1 00K OHMFIM
rangé Selects Range range Selects Range
G or AUTO Autorange Oor AUTO Autorange
>0- 400 4000 >0 - 4000 4 k2
> 400 - 3200 3.2k > 4000 - 32,000 32kQ
> 3200 - 25600 256 k0 > 32,000 - 256,000 256 kQ
> 25600 - 102400 102.4 kQ >256,000- 1,024,000 1.024 MQ
* = DOV, OHMF10K, OHMF100K, and OHMF1M are voltmeter measurament functions as set by
CONF or FUNC, at power-on, or by a reset (RST)

Setting Autorange The ARMODE command can be used to set the autorange mode when
Mode (ARMODE) autoranging is enabled. With ARMODE AFTER (power-on setting) and
autoranging enabled, the voltmeter autoranges after the trigger is received
“and then takes the measurement. ARMODE AFTER is used in all examples
in this chapter. Refer to Chapter 5 - Scanner Mode Programming for a
discussion of the ARMODE command.

Example: Setting The following example program shows a way to change voltmeter operating
Voltmeter Operation parameters using NRDGS, DELAY, and RANGE for DC voltage
measurements on channels 500 through 504 of an HP 44705A multiplexer.
See Figure 3-2 for typical connections to the multiplexer. _

Example: Setting Voltmeter Operation (NRDGS/DELAY/RANGE)

This program uses the NRDGS, DELAY, and RANGE commands to modify
the settings made with CONF (refer to Table 4-5). NRDGS 5 changes the
number of readings/trigger to 5; DELAY .01, 1 changes the trigger delay to
10 msec and the sample period to 1 sec; and RANGE 9 sets the voltmeter to
the 10.24V range for each channel measured. The program assumes that the
maximum expected amplitude for channels 500 through 504 is 9 volts. From
Table 4-7, setting RANGE 9 selects the 10.24V range.

System Mcde Programming 4-19

www.valuetronics.com




10 DIM Volts{0:24) ! Dimension controller array

20 QUTPUT 709;"USE 800" ! Use voltmeter in mainframe slot 6
30 QUTPUT 709;"RST 600" [Reset voltmeter
40 QUTPUT 709;"CONF DCV" ! Set DC volts
50 QUTPUT 709;"RANGE & . ! Set 10.24V range
60 OUTPUT 709;"NRDGS 5" ! Set 5 readings/trigger
70 OUTPUT 709;"DELAY .01,1" 1 Set 10 msec delay/1 sec period
80 QUTPUT 709;"MEAS DCV,500-504" ! Measure channels 500-504
90 ENTER 709;Voits{*) ! Enter 25 readings
100 PRINT USING "K./";Volts{*) ! Display 25 readings
110 END
For a set of 5V 5% sources, typical return values (in volts) are:
4.9975
5.0025
5.0013

Setting When CONFMEAS (or CONF followed by MEAS) is used, the voltmeter is
Voltmeter automatically triggered as required by a trigger from the mainframe. However,
Tri ag erin g you can use the TRIG command to trigger the voltmeter from one of eight
sources. This subsection describes the TRIG command parameters and shows

an example use of TRIG. - e

Setting Trigger TRIG [source] [USE ch] sets the scurce or mode to trigger the voltmeter, as
Source/ Mode (TRIG) shown in Table 4-8. Power-on source is HOLD (no trigger) and default source
is SGL (single trigger). For System Mode, CONF (or the CONF phase of
CONFMEAS) sets TRIG HOLD, while MEAS (or the MEAS phase of
CONFMEAS) changes TRIG HOLD or TRIG INT to TRIG SCAN. A
description of each TRIG source follows.

Table 4-8. TRIG source Parameters

Source Definition

HOLD Mo triggering. Triggering is held off.

SCAN Trigger whan muliiplexer channel is closed.

8GL Sing!s trigger when TRIG SGL is executed, then sat TRIG HOLD.*
INT Voirister internal triggering {internal pacer).

5YS Systemn trigger puise {used with TRG command).

EXT0 Trigger on input to the EXTO port.

EXT1 Trigger on input to the EXT1 port.

MEAS Trigger when input crosses threshold level,

GPIO Trgger on input to GPIO port.

* = Cannot be used with MEAS, since MEAS sets TRIG HOLD to TRIG SCAN,
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TRIG HOLD
When TRIG HOLD is set, triggering is held off (no trigger).

TRIG SCAN

With TRIG SCAN, the voltmeter is single triggered when a multiplexer
channel is closed. TRIG SCAN is set by MEAS or the MEAS phase of

CONFMEAS.

TRIG SGL

Use TRIG SGL for a single internal trigger which occurs when the command
is executed.

TRIG INT-

You can use TRIG INT, TRIG SGL., or TRIG MEAS to internally trigger the
voltmeter, With TRIG INT, the pacer in the voltmeter generates internal
RV ' triggers as required during the measurement scan.

TRIG SYS

TRIG SYS is used with the TRG command. The TRG command has four
modes: HOLD, GET, EXT, and SGL. Note that TRIG SYS must be set for.
the voltmeter to respond to any trigger from the TRG source. Also, note that
TRIG SYS/TRG SGL is not viable with MEAS. Refer to the HP 3852A
Mainframe Configuration and Programming Manual for details on TRG.

TRIG EXTO/EXTY

You can also trigger the voltmeter with an external input to the EXTERNAL
TRIGGER BNC port 0 (EXTO) or port 1 (EXT1) or to the GPIO port. With
TRIG EXTO0 or TRIG EXT1, a TTL-compatible pulse into the EXT0 or
EXT1 port, respectively, triggers the voltmeter. For TRIG MEAS, EXTO,
EXT1, or GPIO, the SLOPE command sets the direction (LH or HL) of the
input which will trigger the voltmeter.

NOTE
For the EXTO0 port (only), TRIGOUT OFF must be set to enable EXT 0 to
receive a trigger. If TRIGOUT ON is set, the EXTO0 port outputs trigger signals
and no TRIG source can be set to EXTO0. Refer to Chapter 5 - Scanner Mode
Measurements for examples using TRIGOUT.
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TRIG MEAS

TRIG MEAS generates an internal trigger when the input to the voltmeter
crosses a threshold level (percent of full-scale value) as set with the PERC
command in the direction (HL or LH) set by the SLOPE command. Refer to
“Measurements Not Using MEAS” for an example program using TRIG
MEAS, PERC, and SLOPE.

TRIG GPIO

When TRIG GPIO is set, voltmeter triggering is via the GPIO port on the
voltmeter rear panel. Refer to Chapter 7 - GPIO Operation for details on

TRIG GPIO.

Setting Input Slope For TRIG MEAS, TRIG EXT0, TRIG EXT1, or TRIG GPIO, the SLOPE
' {(SLOPE) slope [USE ch] command sets the edge (direction) of the input (LH or HL)
which will generate the trigger. SLOPE LH sets low-to-high transitions
(positive slope) while SLOPE HL sets high-to-low (negative slope) transitions.  {

Example: Setting This program enables EXTO as the voltmeter trigger source and measures the
Voltmeter Triggering voltage on channel 500 of an HP 44705A multiplexer in slot 5 of the
mainframe. See Figure 3-2 for a typical connection diagram.

Example: Setting Volimeter Triggering (TRIG/SLOPE)

In this program, SLOPE HL and TRIG EXT0 set the voltmeter to be
triggered by a high-to-low pulse input to EXTO0. (Note that TRIGOUT OFF is
set at power-on or by a reset.)

10 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
20 CUTPUT 709;"RST 600" ! Reset the volimeter
30 QUTPUT 709;"CONF DCV" ! Configure for DC volts
40 QUTPUT 709;"SLOPE HL" 1 Trigger on high-to-low input to EXT(
50 OUTPUT 709;"TRIG EXT0" ! Select EXTO as input source
60 OUTPUT 709;"MEAS DCV,500" - 1 Measure voltage on ch 500
70 ENTER 709;A ! Enter reading
80 PRINT A ! Display reading
90 END
For a 5V 5% source, a typical return (value in volts) is:
4.8925
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Setting Scan
Triggering

Setting Scan Trigger
Source (8TRIG)

Setling Scan
Advance Source
(SADV)

Example: Setting
Scan Triggering
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When MEAS is used, you can use the STRIG and SADV commands to set
the source to start and advance the scan, respectively. Note that STRIG and
SADV act to open and/or close multiplexer channels and are not voltmeter

commands.

When MEAS is used, STRIG source sets the trigger source which directs the
mainframe to close the first channel in the channel list. Note that the source
set by STRIG starts the scan sequence but the source set by SADV advances
the scan sequence. Also note that STRIG is a mainframe command and is
NOT a voltmeter command. Refer to Table 4-9 for STRIG source parameter
descriptions. Power-on and reset source is STRIG SCAN.

Table 4-9. Mainframe Scan Trigger (STRIG) Sources

SCAN Close first channel automatically ai beginning of scan.
CHALV Fear panel CHANNEL ADVANCE BNC pulse staris scan,
KEY Front panel SADV KEY key {scan advance key) starts scan.
PACER Pulss output from PACER QUT BNC starts scan.

When MEAS is used, SADV source sets the trigger source to advance the
scan sequence from channel to channel. Note that the source set by STRIG
starts the scan sequence but the source selected by SADV advances the
channel advance. Also note that SADV is a mainframe command and is NOT
a voltmeter command. Refer to Table 4-10 for SADV source parameter
descriptions. Power-on and reset source is SADV SCAN.

Table 4-10. Scan Advance (SADV) Sources

SCAN Advance scan automatically as soon as number of readings
set by CONF, CONFMEAS, or NRDGS have been taken and
readings fransferred. (CONF and CONFMEAS set one
readingftrigger.)

CHADV Advance scan when the number of readings set by CONF,
CONFMEAS, or NBDGS have been taken and readings
transterred and an input io the GHANNEL ADVANCE BNC
port occurs.,

KEY Advance scan when the number of readings set by CONF,
CONFMEAS, or NRDGS have been taken and readings
translerred and the front panet SADY KEY key is pressed.
PACER Advance scan when the number of readings set by CONF,
CONFMEAS, or NRDGS have been taken and readings
transiemred and a pacer pulse occurs.

This example uses the system pacer and the STRIG and SADV commands to
control scan start and scan advance for DC voltage measurements on channels
500 through 504 of an HP 44705A multiplexer. See Figure 3-2 for typical
connections to the multiplexer.
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Example: Setting Scan Triggering (STRIG/SADV)

This program scans channels 500 through 504 and makes three passes through
the channel list (15 measurements total). To start the scan, press the front
pancl SADV KEY key. After a 1 second delay, the voltmeter measures
channels 500 through 504 and halts. Press the SADV KEY key again to start
the second pass and press the key a third time to start the third pass.

In the program, PACER 0.1 (line 70) sets the system pacer to continuously
output pulses at 0.1 second intervals and PDELAY 1 (line 80) delays the first
pulse 1 second after PTRIG SGL (line 90) activates the system pacer.

Note that although MEAS NSCAN 3 (line 100) sets three passes through the
channel list, the SADV KEY key must be pressed to start the scan for EACH

pass {of 5 readings).
16 DIM Voits(0:14) ! Dimension controiler array
20 OUTPUT 709;"USE 600" ! Use voltmeterin slot 6
30 OUTPUT 708;"RST 600" ! Reset the voltmeter
40 QUTPUT 709;"CONF DCV ! Set DC volts set SADV SCAN
50 OUTPUT 709;"STRIG KEY" ! Start when SADV KEY key pressed
60 OUTPUT 709;"SADV PACER" ! Set pacer pulses as ch adv source .
70 OUTPUT 709;"PACER 0.1" 1 Set pacer pulses at .1 sec apart
80 OUTPUT 708;PDELAY 1" ! Delay Ist pacer pulise 1 sec
90 OUTPUT 708;"PTRIG SGL" ! Send pacer trigger pulse
100 QUTPUT 709;"MEAS DCV,500-504 NSCAN 3"/ Meas ch 506-504; make 3 passes
110 ENTER 709;Volts(*) ! Enter 15 readings
120 PRINT USING "K,/,Voits(*) ! Display 15 readings
130 END
For a set of 5V 5% sources, typical return (values in volts) are:
49975
49325
£.005

Measurements Not Using MEA

All previous examples in this chapter have used the MEAS command to make
the measurement and transfer the data. However, MEAS cannot be used for

some applications.
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- ‘When MEAS is not used, STRIG and SADV are not valid, temperature and
Py strain conversions are not done, CLOSE and OPEN must be used to close and
' open multiplexer channels, and CHREAD or XRDGS must be used to read
the data from the volimeter buffer.

"This section shows some ways to use System Mode low-level commands when
MEAS is not used. Three measurement areas are discussed: low-level
multiplexer measurements, rear panel measurements, and enabling interrupts.

Low-Level This subsection shows how to use the QOPEN, CLOSE, TRIG, and CHREAD
Multiplexer commandsto make low-level multiplexer measurements.

Measurements

Controlling When MEAS is not used, you can use the CLOSE ch_list command to close
Multiplexer Channels channels in the channel list and use the OPEN ¢h_list command to open the
(CLOSE/OPEN) channels in the channel list. Note that CLOSE and OPEN do NOT
' automatically set the tree switches and isolation relays, so these channels must
also be specified. Refer to the appropriate multiplexer configuration and
programming manual for channel definitions.

CAUTION -

The CLOSE command does not close channels in a break-before-make fashion.
Therefore, the command ¢gn and will cause damage to the multiplexer accessory
(relay or FET) and external system if it is used to force one channel open by
closing another. This applies to channels in the same bank, in separate banks
tied together by the tree relays, and to the relays themselves.

Before a channel is closed with the CLOSE command, use the OPEN command
1o open the channel that is currently closed. This prevents any two channels
from being closed at the same time and reduces the risk of damaging your
equipment.

NOTE .
CLOSE is a low-level command intended for individual switch control in special
signal-routing applications. It is not the easiest way to do routine measurements '
since the tree switches and isolation relays are not automatically configured as
with the high-level commands.
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Transferring When MEAS is not used, readings stored in the voltmeter buffer can be
Readings (CHREAD) transferred to the mainframe memory or the output buffer and/or display one
at a time with CHREAD ch [INTO name] or [fmf]. CHREAD with INTO
name transfers data to mainframe memory into a variable or array previously
defined with DIM, REAL, INTEGER, or PACKED. (Use VREAD to
transfer data stored in mainframe memory to the output buffer and/or display.)

Use CHREAD ch [fmi] to transfer one reading from the voltmeter buffer to
the output buffer/display in the format specified by fimt. If neither INTO name
or fimt is used, data is returned in default format to where the command
originated.

To transfer a reading, data must be stored in the voltmeter buffer and data
must be available (as defined by RDGSMODE mode). If a reading is not
available when CHREAD is executed, CHREAD waits until the rcadmg is
available and the mainframe remains busy. (

NOTE
1. When CONFMEAS or MEAS is used, CHREAD is not required (and will not
work) since these commands automatically transfer the data to the mainframe
memory or output buffer/display as part of the command.
2. Any progremming commands except ENABLE INTR or DLS‘ABLE INTR
clears the voltmeter buffer. This guarantees that any data returned by CHREIAD £
{or XRDGS) reflects the current programmed state. , : bl

Example: Low-Level This example shows how to use CLOSE and OPEN to control multiplexer
Multiplexer channels and how to use CHREAD to transfer the data from channel
Measurements measurements for an HP 44705A multiplexer. See Figure 3-2 for typical
connections to the multiplexer.

Example: Low-Level Muitiplexer Measurements (CLOSE!CHREAD)

This program measures the voltage on channels 500 and 501 of an HP 44705A
multiplexer. Channel 500 is closed with CLOSE, the voltmeter is triggered
with TRIG SGIL, and the reading transferred to the controller and displayzd.
Then, channel 500 is opened with OPEN and the sequence is repeated for
channel 501.
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10 QUTPUT 709,"USE 604" 1 Use voltmeter in mainframe slot 6
20 OUTPUT 708,"RST &00° I Reset voltmeter

30 OUTPUT 709;"CONF DCV" { Select DC volts

40 QUTPUT 708;"CLOSE 500,591 I Close ch 500, sense bus
50 OUTPUT 709;"TRIG SGL" ! Trigger the voltmeter
60 OUTPUT 709;"CHREAD 800" ! Read ch 500

70 ENTER 70S,A ! Enter ch 500 reading
80 PRINT A ! Display ch 500 reading
80 QUTPUT 703;"OPEN 500" { Open ch 500

160 OUTPUT 709;"CLOSE 501" ! Close ch 501

110 QUTPUT 709,'TRIG SGL” ! Trigger the voltmeter
120 OUTPUT 708;"CHREAD 600" ! Read ch 501

130 ENTER 709;B ! Enter ch 501 reading
140 PRINT B ! Display ch 501 reading
150 QUTPUT 709;"OPEN 501" ! Open ch 501

160 END

if 5V 5% sources are connected, typical return (values in volts) are:

5.0125
49975

Rear Panel This subsection shows how to use the CONF and some low-level commands to
Measuremenis make rear panel measurements for System Mode operation. (Only DC volts
and 4-wire ohms are allowed for rear panel measurements).

Setling Input The TERM terminal command sets the input source to the voltmeter. TERM
Terminals (TERM) EXT sets the rear panel temminals. Note that the power-on mode is TERM
EXT. However, if CONF is used with rear panel measurements, set TERM

EXT since CONF sets TERM INT (Table 4-5).

Setling Input For TRIG MEAS, the voltmeter is triggered when the input signal reaches the
Threshold (PERC) percent of full-scale voltage set by PERC in the direction set by SLOPE. The
' range of PERC is -128% to +127% of the full-scale range (resolution 1%)
when autoranging is not used. The power-on PERC threshold value is 0% of

full-scale range.

If autoranging is used, the absolute trigger threshold value will change, based
on the current range. Although the same percentage is used, since the full
scale value is different for each range, a different absolute value results.

For example, with TRIG MEAS if the voltmeter is set for DC volts and the
10.24V range, PERC 67 sets 10.24 x 0.67 = 6.86 volts as the input signal level
which will generate a trigger. SLOPE LH sets low-to-high transitions (positive
slope) while SLOPE HL sets high-to-low transitions (negative slope).
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Table 4-11 lists the minimum (-128%) and maximum (+127%) trigger
thresholds allowable for the four voltmeter voltage ranges when autoranging

is not used,
Tabie 4-11. PERC Threshold Levels
Trigger Thrashold

Range min{-128%) max {(+127%)
40mv £.0512V +0.0508 V
320 mv 041V +0.408 V
258V -3.28VY +325V
10.24V -13.1V +13.0V

Setting Measurement FUNC function {range] [USE ch] selects a measurement function and a
Function {FUNC) measurement range, where function selects the measurement function and
range selects a measurement range or the autorange mode. Only DCV,
OHMF10K, OHMF100K, or OHMF1M can be used for function.

To select the FUNC measurement range, specify the expected maximum
signal amplitude or maximum resistance. The voltmeter then selects the
correct range. To set autorange, use the word AUTO or the number 0 for
range. Values for the FUNC [range] parameter are the same as for the
RANGE {range] parameter shown in Table 4-7.

Setting Autozero When CONF (or the CONF phase of CONFMEAS) is used, the voltmeter
Mode (AZERO) makes a single autozero measurement at the beginning of the measurement
sequence. However, as required, you can also use AZERO ONCE to

autozero the volimeter.

Transferring Multiple When CONFMEAS or MEAS is not used, use XRDGS ch [number] [INTO
Readings (XRDGS) name] or [fmt] to transfer multiple readings to the mainframe memory or to
the output buffer/display. XRDGS with INTO name transfers data to the
mainframe memory, while XRDGS without INTO name transfers data to the
output buffer and/or display. (Use VREAD to read data from mainframe
memory to the output buffer and/or display.)

XRDGS ch {number] [frme] transfers multiple readings to the output
buffer/display in the format specified by fmt, where number is the number of
readings to be transferred. The range of number is 1 to 2147483647,

If number is specified, XRDGS transfers any reading which is available until
the specified number of readings have been transferred. If number is not
specified, the mainframe waits until all readings after a trigger are taken,
determines how many readings are stored, and then transfers all readings.
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Example: Rear Panel
Measurements

For example, XRDGS 600,100 transfers 100 readings from a voltmeter in slot
6 of the mainframe to the output buffer/display (one at a time) as the readings
become available. However, XRDGS 600 (number not specified) waits until
all readings are available, determines the number of readings, and then
transfers all readings.

NOTE
1. When CONFMEAS or MEAS is used, XRDGS is not required (and will not
work) to transfer data from the voltmeter buffer to mainframe memory or output
buffer/display since these commands automatically do this as part of the
command sequence.
2. Any Programming command except ENABLE INTR or DISABLE INTR
clears the voltmeter buffer. This guarantees that any data returned by XRDGS
(or CHREAD) reflects the current programmed state. ' :
3. Potential Mainframe/Controlier Deadlock. With INBUF OFF, the controlier
and the HP 38524 may deadlock if multiple commands are sent in a single
comiand line and a command generates enough data to fill the output buffer
(XRDGS can fill the output buffer).
The best way to avoid potential deadlock is to send a single command per
command line and read the results as soon as possible after the data-generating
command is sent. Refer to Chapter 5 in the HP 38524 Mainframe
Configuration and Programming Manual for details on potential deadlock.

The following example program makes 10 measurements of a ramp-type input
to the voltmeter rear panel terminals when the input crosses 5.12 V in the

“high-to-low (negative) direction. See Figure 3-4 for typical connections to the

rear panel terminals.

Example: Rear Panel Measurements (FUNC/PERC/XRDGS)

In this program, RANGE DCV, 10 sets DC voltage measurements on the
10.24V range so PERC 50 sets 50% of 10.24 = 5.12 V as the threshold which
will trigger the voltmeter. The voltmeter will be triggered when the input
crosses 5.12 V in the high-to-low (negative) direction and will take 10
measurements at 0.1 sec intervals, Since XRDGS number is not specified, all
10 readings are stored and then transferred by the XRDGS command.
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Enabling
interrupts

Setting Readings
Destination (RDGS)

10 DIM Volis{0:9)

20 QUTPUT 709;"USE 600"

30 QUTPUT 709;"RST 600"

40 OUTPUT 708;"FUNC DCV, 107
50 OUTPUT 709;"TERM EXT"

60 OUTPUT 709;"NRDGS 10°

70 QUTPUT 709;"DELAY 0,.1"

80 QUTPUT 709;"AZERO ONCE"
90 QUTPUT 709;"PERC 50"

100 OUTPUT 709;"SLOPE HL"
110 OUTPUT 70S;"TRIG MEAS"
120 QUTPUT 709;"XRADGS 600"
130 ENTER 709;Voits(*}

140 PRINT USING "K./;Volis(*)
150 END

{ Dimension controller array

{ Use voltmeler in mainframe slot 6
! test the voltmeter”

! Set DCV, 10,24V range

1 Set rear terminals as input

! Take 10 readings

! Take readings @ 0.1 sec intervais
f Make autozero measurement

! Trigger when input is 5,12V

! Trigger on high-to-low transition

! Trigger when thres’:-1d reached

! Transfer 10 readings io output buffer
! Enter 10 readings

! Display 10 readings

A typical return for a decreasing ramp input (values in volts) follows.

51125
51075
4,99

398

This subsection shows how to enable the voltmeter to interrupt on data
available and shows exampie ways to service the interrupt in an HP Series
200/300 controller. It describes the commands to set readings destination,
{(RDGS), to set the readings storage mode (RDGSMODE), and to enable

interrupts (ENABLE INTR).

The destination for readings stored in the voltmeter buffer and for voltmeter
interrupts is set with RDGS dest [USE ch). SYS sets the mainframe as the
destination, while RDGS GPIO sets the GPIC port. Power-on and default

mode is RDGS SYS.

With RDGS SYS, measurement data is sent to mainframe memory or to the
output buffer/display as specified by a read command (CHREAD,
CONFMEAS, MEAS, or XRDGS). Note that with RDGS GPIO, CHREAD
and XRDGS are not allowed and that interrupts are sent ONLY to the
destination set by RDGS. Refer to Chapter 7 - GPIO Operation for details on

RDGS GPIOC.
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Selting Readings All measurements made by the voltmeter are first stored in the voltmeter
Storage Mode buffer (memory) and remain in the buffer until read by a CONFMEAS,
(RDGSMODE) MEAS, CHREAD, or XRDGS command (when RDGS SYS is set) or when

destroyed by most other commands. Data stored in the voltmeter buffer can
be read only on a “data available” condition, as defined by the RDGSMODE

command.

RDGSMODE has four modes (DAYV, BURST, END, and COMPLETE) and
sets both data and interrupt conditions for the voltmeter, as described in the
following paragraphs and summarized in Table 4-12.

RDGSMODE DAV

Measurements are available when any reading is in the buffer and
measurement data is not overwritten. If the buffer fills, the scan is aboried but

data in the buffer when it fills remains valid and is readable.

e - If an interrupt is enabled with ENABLE INTR, an interrupt is generated
' whenever there are any measurements in the buffer. DISABLE INTR
disables and may clear the interrupt. (DISABLE INTR is done implicitly by
the mainframe as part of the servicing routine). '

RDGSMOCDE BURST

Measurements are available when the data buffer has room for only 4096
more readings or at the end of the scan. Measurement data is not overwritten
and the scan sequence is aborted if the buffer fills. However, data already in
the buffer when it fills remains valid and is readable.

H enabled, an interrupt is generated when the buffer has room for only 4096
more readings or at the end of NRDGS readings. DISABLE INTR disables
the interrupt. If the scan sequence is still in progress and the buffer has room
for more than 4096 readings {(due to a read by CHREAD or XRDGS),
DISABLE INTR will also clear the interrupt. (DISABLE INTR is done
implicitly by the mainframe as part of the interrupt service).

RDGSMODE END

Measurements are available immediately (when any reading is in the buffer)
and data is not overwritten. The scan sequence is aborted if the buffer fills but
data in the buffer when it fills remains valid and is readable.

An interrupt, if enabled, is generated ONLY at the end of NRDGS readings
after a trigger. DISABLE INTR disables and clears the interrupt. (DISABLE
INTR is done implicitly by the mainframe as part of the interrupt service).

. System Mode Programming 4-31
www.valuetronics.com



RDGSMODE COMPLETE

Data is available ON};Y at the end of the scan and data will be overwritten.
Interrupts, when enabled, are generated ONLY at the end of NRDGS
readings after a trigger. DISABLE INTR disables and clears the interrupt.

(DISABLE INTR is doua implicitly by the mainframe as part of the interrupt

service).

NOTE
For an HP 447024 voltmeter, setting NRDGS 8192 with RDGSMODE
COMPLETE results in having only the last 8192 readings availablz.

Table 4-12. RDGSMODE Data/interrupt Conditions

Mods Mezsuremert Data Interruptis [1}
Data Data Over- | Scan When Intr Cleared
Avallable writs? Aborts? Generated by DISABLE
INTR? [2]
DAY Whan eny No Yes -when When any May {3]
reading is in butfer fills reading is in
the butfer buifer
BURST Bufferis No Yes - when Buffer is May [4]
4096 rdgs buffer filis 4096 rdgs
from full from full
-or- -of-
soan ends NRDGS rdgs
gfter Hig
END When any No Yes - when At end of Yes
reading is in buffer fills NRDGS rdgs
butfer after trig
COMPLETE Atend of Yes No At end of Yes
' scan ONLY NRDGS rdgs
after trig
Notes:
[%] = Assumes interrupt enabled by ENABLE INTR.
[2] = DISABLE INTR done by mainframe as part of interrupt service,
[3] = ¥ no readings are left in the buffer.
[4] = ¥ scan still in progress or if buffer has room for more than 4096 readings (due to read by
CHREAD or XRDGS)

Selting Interrupts At power-on or when MEAS or CONFMEAS is used, voltmeter interrupts
(ENABLE !NTR) are disabled. However, you can enable interrupts by using the ENABLE

INTR command. When enabled, the voltmeter generates an interrupt when
data is available (as defined by RDGSMODE).
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NOTE
’ 1. Voltmeter interrupts are always serviced by the mainframe, but can be handled
by the mainframe or by the controller. Use DISABLE INTR to disable the
voltmeter from interrupting
2. The RDGSMODE command must be set before the interrupt is enabled. You
can use the INTR? command to query the status of interrupts. INTER? returns
the address of the last channel whose interrupt was serviced. If no interrupt has
been serviced since power-on or following a system reset, -1 is returned.

Handle Interrupt in Mainframe (ENABLE INTR)

To service and handle a voltmeter interrupt in the mainframe, use ON INTR
o CALL name where name is the name of the servicing subroutine. When ON
L , INTR CALL name is executed (as a result of the interrupt) , the interrupt is
: disabled. Table 4-13 shows a typical sequence of commands to service and
handle a voltmeter interrupt in the mainframe. ' '

Table 4-13. Mainframe Interrupt Handling Commands

Command Description
SUB name Set up servicing subroutine name in mainframe.
sub commands Define subroutine servicing action.
SUBEND End subroutine.
USE ¢h Sat which voltmeter is to interrupt.
ON INTR CALL name cali servicing subroutine namne on interrupt.
ENABLE INTR 5YS8 Enable mainframe to recognize voltreter intarrupt.
ENABLE INTR Enable voltrneter to intarrupt.

Handle interrupt in Controller (ENABLE INTR)

Interrupts can also be serviced in the mainframe but handled by the
controller. Table 4-14 shows a typical set of commands to service a voltmeter
interrupt in the mainframe and handle the interrupt in an HP Series 200/300

or equivalent controlier.
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Table 4-14. Controlier Interrupt Handling Commands
Command Desctiption
Controlier Commands
ON INTR 7 GOSUB Mame Call servicing subroutine name on interrupt.
0 .
CALL Namme
-Of-
GOTO MName
ENABLE INTR 7,2 Enable interface
Name: | Start controller subroutine
subroutine commands* Dofine subroutine actions
SPOLL(709) Serial Poll - clears SRQ bit
RETURN End controllar subroutine
HP 38524 Commands
USE ch Set which voltmeter is to interrupt.

RQS INTR (or BQS 512)
ROS ON
ENABLE INTR SYS

Enabie RQS Mask Register INTR bit.
Set RQS Mode ON.
Enable mainframe to recognize volimeter interrupt.

ENABLE INTR Enable voltmeter to interrupt on data available.
5TA? Clear Status Register FPS, LCL, INTR, LMT, ALRM bits,
CLROUT Clear output buffer.
Configuration commands Set voltimater configuration for measurement,
Example:Enabling This program samples an input waveform and enables a voltmeter in slot 6 of
Interrupls the mainframe to interrupt when the voltage input to channel 500 of an

HP 44705A multiplexer crosses 3.072 V in the positive (low-to-high) direction.
The resulting data can be used to digitize the input waveform.

Example: Digitizing a Waveform (ENABLE INTR})

In the following program, when the interrupt occurs, the voltmeter makes 10
measurements at (.5 second intervals and returns the result to the controller.
The interrupt is serviced in controtler subroutine Results. See Figure 3-4 for
typical connections to the multiplexer.

In the program, CONF sets RDGSMODE DAYV which makes measurements
available immediately. The STA? command reads the Status Register and

clears the FPS, LCL, INTR, LMT, and ALRM bits and CLROUT cledrs the

output buffer. The SPOLL command clears the Status Register service

request bit (SRQ bit). :
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10 DIM B(0:9)

20 ON INTR 7 GOTO Results
30 ENABLE INTR 7;2

40 QUTPUT 709;"USE 600"
50 QUTPUT 709;"RST 600"
60 CUTPUT 709;"RQS ON"
70 OUTPUT 709;"RQS INTR"
80 OUTPUT 709;"STA?"

S0 OUTPUT 709;"CLROUT

100 OUTPUT 708;"CONF DCV"

110 QUTPUT 709;"CLOSE 500,591"
120 QUTPUT 709;"RANGE 9"

130 QUTPUT 709;"NRDGS 10"

140 OUTPUT 708;"DELAY 0,,5"

150 CUTPUT 709;"PERC 30"

160 OQUTPUT 709;"ENABLE INTR"
170 OUTPUT 709;"ENABLE INTR SYS3"
180 QUTPUT 709;"TRIG MEAS"
180 GOTO 190

200 Hesuits: !

210 QUTPUT 709, TIME"

220 ENTER 708;T '

230 PRINT “Ch 500 Intr @ " TIMES$({T) '
240 QUTPUT 709;"XRDGS 600,10¢
250 ENTER 709;B(*)

260 PRINT "Ch 500 Voltages"

270 PRINT USING "K./4B(*)

280 A=SPOLL 1709)

280 OUTPUT 709;"OPEN 500"

300 STOP

J10END

1 Dimension controller array

I Call sub Results on interrupt

! Enabie controller intr on SRQ

! Use voltmeter in mainframe slot 6
! Reset the voltmeter

I Set RQS mode ON

! Enable RQS Mask Reg INTR bit
! Clear FPS, LCL, INTR, LMT,

ALRM bits

! Clear output buffer
! Configure for DC volts
! Close ch 500, sense bus

| 1Set 10.24V range

! Take 10 readings after interrupt

! Take readings at 0.5 sec intervals
! Trigger when input crosses 3.072V
! Enable voltmeter intr capability

! Enable mainframe intr capability
! Trigger on input threshold

! Loop until interrupt cccurs

{ Start controller subroutine

! Query time of day

! Enter time of day

! Print interrupt timefmessage

1 Read ch 500 voitages

{ Enter voltages

! Display header

! Display voltages

! Read/Clear SRQ bit

! Open ch 500

! End controlier subroutine

When the interrupt occurs (input voltage =3.072V), the voltmeter takes 10
measurements separated by 0.5 sec intervals. These measurements can be
used to digitize the waveform for the 5 second interval following the interrupt.
A typical return for an increasing ramp-type function (voltage value in volts)

follows.
Ch 500 intr @ 02:46:50
Ch 500 Voltages

3.2375, 3.8725, 4.4, 4.88, 534, 5675, 6.175, 6.64, 6,87, 695
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System Mode Command Summary

Table 4- 15 summarizes System Mode commands alphabetically, divided by
high-level and low-level commands. High-level commands (CONF,
CONFMEAS, MEAS and MONMEAS) perform a series of operations and
{(when scanning) provide additional measurement functions such as
temperature or strain conversions. Low-level commands perform single
operations such as changing ranges or transferring readings.

Table 4-15. System Mode Command Summary

High-Level Commands

CONF function [USE ch]
Configure the voltmeter measurement function (DCV, OHMF, etc.) and preset
values for other functions {autozero, range, etc).

CONFMEAS function ch-list [NSCAN number] [USE ch] [INTO name} or [fmi]
Configure the voitmeter function, scan, and measure, CONFMEAS is equivalent
to CONF followed immediately by MEAS. CONFMEAS is used for multiplexer
measurements. NSCAN number is valid only for mainframe firmware revision 2.2
and greater.

MEAS function ch_list [NSCAN number} [USE ch} [INTO name} or [im}

Set the voltmeter measurement function and Initiate a scan and measurernent of
multiplexer channels specified by ch_fist. NSCAN number is valid only for
mainframe firmware revision 2.2 and greater.

MONMEAS function ch_list [USE ch]

Select voitmeter measurement function, measure, and display. MONMEAS
selects the voltmeter function, then causes the voltmeter to measure the first
channel In the channel list and display the results on the display. The
measurement sequence is advanced to the next channel in the list when the
front panst SADY KEY key is pressed.

Low-Level Commands

ARMODE mode [USE ch}

Sets the autorange mode {BEFORE or AFTER). For ARMODE AFTER
{power-on} when autoranging is enabled the voltmeter autoranges after a trigger
is received and then takes the reading for each measurermnent.

AZERO [mode] JUSE ch]
Autozero the voltmeter. AZERC ONCE is the only available mode for the
voltmeter.,

caL
Service-related command. Refer to the HP 3852A Assembly Level Service

Manual,
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Tabie 4-15. System Mode Command Summary

CHREAD cf [INTO name} or [fmt]

Transfer a single reading stored in the voltmeter buffer to the mainframe memory
or to the output buffer and/or display. The voltmeter must have been triggered
and data must be available before CHREAD will return a reading.

DELAY irig_delay [sample_period] [USE ch]

Sets the delay between the voltmeter trigger and the start of the channel
measurement {trigger delay) and sets the delay between the start of
measurements {sample periocd) when the voltmeter is in System Mode. DELAY
trig_delay sets the trigger delay {0 to 0.01638375 sec) and DELAY
sample_period {0 1o 1073,741823 sec) sets the sample period.

DISABLE INTR [USE ch]
Provents the voltmeter from generating an interrupt when data is available (as
defined by RDGSMODE).

ENABLE INTR [USE ch]

Enables the voitmeter to generate an interrupt when data is available (as defined
by RDGSMODE). The interrupt can be serviced and handied by the mainframe
or serviced by the mainframe and handled by the controller.

FILTER mode [USE chi (HP 44704A only)
Enables {mode ON), or disables (mode OFF} the HP 44704A’s low-pass input
filter. '

FUNC function frange] [USE chj

Sets the measurement function and range. The function parameter can be set
only for DC voltage or 4-wire ochms measurements. The range parameter
can be set to one of four rangss or to autorange (AUTQO). See Chapter 6 for
controlling range while in 16 bit resolution mode (HP 44704A only).

iD? {slot]
Returns the identity of the accessory in the slot addressed by sfot. An
HP 44702A returns 44702A

INTR? [INTO name] or [imi]

Returns the address of the last chanriel whose Interrupt was serviced. Ifno
interrupt has been serviced since power-on or following a system reset, -1 is
returned.

NRDGS number [USE ch]

Sets the number of readings/irigger for each channel in the channel list. The
range of numberis 110 65535. For the HP 44702A, setting NRDGS 8192 can
cause a variable number of readings to be taken with no error given.

PERC threshold [USE ch]
For TRIG MEAS only, PERC sets the level of the input (in the direction set by
SLOPE) which will cause the volimeter to be triggered.

RANGE [range] [USE ch]
Sels the voltmeter measurernent range or enables the autorange mode. See
Chapter 6 for controlling range while in 16 bit resolution mode (HP 44704A only).
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Table 4-15. Systemn Mode Command Summary

RDGS dest [USE chi
Sets the mainframe or the GPIQ port as the destination for readings stored in the
voltmater buffar memory. RDGS SY$S sets the mainframe, RDGS GPIO sets the

GPIO port.

RDGSMODE mode [USE ch]

Sets the voltmeter reading storage mode and specifies when data can be read
from the voltmeter buffer (data available). Also specifies whether or not data in
the memory will be overwritten by new data. Valid modes are DAV, BURST,
END, and COMPLETE.

RESOL resolution (HP 44704A only}

Sets HP 44704A resolution. resolution can be 13, 14, or 16. For RESCL 16, the
voltmeter must not bs in autorange mode or an error will be generated. See
Chapter 6 for details on 16 bit resolution mode.

SADV source
When MEAS is used, sets the source to advance the scan sequence as defined Lo
by sourcs. W

SCANMODE mode IUSE chi

Sets the voltmeter operating mode. SCANMODE OFF, power-on, reset (RST or
RST slof), CONF, or CONFMEAS sets System Mode operation. The
SCANMODE setiing is not changed by the highdevel commands.

SLOPE mode [USE chj

For TRIG EXTO, TRIG EXT1, TRIG MEAS, or TRIG GP!O SLOPE sets the edge
(LH or HL) of the input which will generate a voltmeter trigger. For TRIG MEAS
only, SLOPE ssts the edge of the input which will trigger the voltmeter when the
Input crossed the threshold set by PERC.

STRIG source
When MEAS Is used, sets the source to start the scan sequence as defined by
source. Valid source parameters are SCAN, CHADV, KEY, and PACER.

TERM terrminal {USE chj
Selects the voltmeter input terminals. TERM INT selects the masnframn
backplane and TERM EXT selects the rear panel terminals.

TRIG [source] [USE ch]

For System Mode (only), TRIG sets the source or mode for the trigger. The
power-on source is HOLD (no trigger) and the default source is SGL (single
trigger from source).

TRIGOUT [mode] [USE ch]

Sets whether EXT0 will output triggers or be enabled to receive triggers. With
TRIGOUT OFF, EXTO can receive triggers. With TRIGOUT ON, EXTO outputs
measurement triggers (not triggers as defined by TRIG).

USEch
Specifies the slot to be used for voltmeter commands.

USE? [INTO name] or [fmt]
Retumns the current USEd channe! (or slot) address last set by the USE
command.
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Table 4-15. System Mode Command Summary

XRDGS ch [number] [INTO nams] or [fmi]

Transfers the number of readings specified by number from the voltmeter buffer
to the mainframe memory or to the output buifer and/or display. Default
number = 1.
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This chapter shows how to program the voltmeter for Scanner Mode
(SCANMODE ON) ribbon cable measurements. Refer to Chapter 4 - System
Mode Programming for System Mode (SCANMODE OFF) measurements.
The chapter does not include GPIO operation (RDGS GPIO is set). Refer to
Chapter 7 - GPIO Operation for GPIO measurements.

NOTE

This chapter applies directly to the HP 44702A/B, and HP 447044 in 13 and 14

bit resolution modes. The fundamentals covered here also apply to the
HP 447044 in 16 bit resolution mode, but some differences exist. These are
covered in Chapter 6 - The HP 447044 tn 16 Bit Mode.

This chapter has six sections:

o Introduction lists the chapter contents, summarizes types of Scanner Mode
measurements, and shows a suggested getting started sequence.

e Measurements Using CONFMEAS shows how to make Scanner Mode
ribbon cable measurements using the CONFMEAS command.
CONFMEAS configures the voltmeter and takes the measurement with a
single command, so this is the easiest way to make Scanner Mode ribbon
cable measurements. However, CONFMEAS presets the voltmeter so
there is no programming flexibility, In addition, CONFMEAS cannot be
used for high-speed measurements.

- o Measurements Using CONF and MEAS shows how to make Scanner Mode

ribbon cable measurements using the CONF and MEAS commands along
with some low-level commands. Using CONF and MEAS along with
low-level commands allows increased programming flexibility, but does not
offer the capabilities of using CONF and low-level commands.

Scanner Mode Programming 5-1



o Measurements Using CONF and Low-Level Commands shows how to use
CONF and low-level commands to make Scanner Mode ribbon cable
measurements. With low-level commands, you can make full use of the
voltmeter capabilities and can make measurements at rates up to 100,000
readings per second.

e Measurement Examples contains typical measurement applications for the
voltmeter, including digitizing waveforms, high-speed data transfers, and
special applications. You may want to refer to this section when reading the
“Measurements Using CONF and Low-Level Commands” section.

® Scanner Mode Command Summary is an alphabetical summary of Scanner
Mode low-level commands.

Scanner Mode with Scanper Mode operation you can program the voltmeter for ribbon
Measure ments cable, backplane, or rear panﬁl measurements or you can make field wiring
checks. Figure 5-1 summarizes Scanner Mode measurements and shows the

programming methods which can be used to program the voltmeter.

For example, for Scanner Mode ribbon cable measurements the voltmeter can
be programmed using the CONFMEAS command; using CONF, low-level,

and MEAS commands; or using CONF, low-level, and CHREAD or XRDGS
commands. A summary of each measurement type follows.

Scanner
Mode
& SCANMCODE. On
Ribbon Cable Rear Panel BacKplane
Measurerments Measur-eaTants Maasuremenis

® TERM RIBBON set
® FET MUX
® Ribbon Cable Corvrected

® TERM £XT set
® No muitiplexers
® No ribbon cable

® TERM INT set
B ANY HP 44TXXX Mux
2 Mo ribbon cabla

CONFMEAS |

[coe ] [eov ]

=

! Low-Leavel [Low-—Leve] I

Low-tevel

Measirerents not
Recomrended for
Scanner Mode

Operation

I | CHRE AL/ XROGS

Field Wiring

Checks

-

CONF

Check wiring
connections to
multiplexers

Figure 5-1. Scanner Mode Measurements
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NOTE

. ; : Although backplane measurements can be made for Scanner Mode operation,
: backplane measurements are not recommended and are not discussed in this
chapter. Unless otherwise indicated, all discussion and measurement examples
are for ribbon cable (TERM RIBBON) operation.

Ribbon Cable Measurements

In Scanner Mode, all features of the voltmeter are available to the user. In
addition, with ribbon cable measurements the voltmeter is capable of
“stand-alone” scanning over the dedicated ribbon cable and measurement
speeds up to 100,000 readings/second (single-channel and
channel-to-channel) are Possible.

‘ - - Measurement results can be transferred to the mainframe at rates up to
- 90,000 readings/second, to an HP Series 200/300 controller via HP-IB at rates
up to about 35,000 readings/sec or to an HP Series 200/300 controller via
GPIO at rates up to 100,000 readings/second. Thus, ribbon cable
measurements are ideal for applications such as capturmg a “window” of data

or digitizing a waveform.

To make ribbon cable measurements HP 44711A/B, 44712A, or 44713A/B
multiplexer(s) must be used, the dedicated ribbon cable must be connected
between the multiplexer(s) and the voltmeter, and the ribbon cable must be
specified as the voltmeter input (with TERM RIBBON).

As noted, three programming methods are available for ribbon cable
measurements: (1) use the CONFMEAS command; (2) use CONF, low-level
commands, and MEAS; or (3) use CONF, low-level commands, and
CHREAD/XRDGS. The method to use depends on your measurement
requirements.

Rear Panel Measurements

For rear panel measurements, the input is to the voltmeter rear panel
terminals, so TERM EXT must be set. You can make Scanner Mode rear
panel measurements using CONF and/or low-level commands.

Backpiane Measurements

For backplane measurements, the user signal is input to any HP 447XXX
multiplexer and is sent to the voltmeter via the mainframe backplane. For
Scanner Mode backplane measurements, TERM INT must be set and ribbon
cable(s) must NOT be connected between HP 44711A/B, HP 447124, or

HP 44713A/B multiplexers and the voltmeter.
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You can make backplane measurements using CONF and MEAS along with
low-level commands or use CONF and/or low-level commands (not using
MEAS). However, as noted, backplane measurements are not recommended
and will not be discussed in this chapter.

Field Wiring Checks

You can also use MONMEAS to make field wiring checks of inputs
connected to multiplexers. To make field wiring checks, first refer to the
MONMEAS command in the HP 3852A Command Reference Manual for
MONMEAS operation. Then, refer to Chapter 3 - Installation and Checkout

for an example program.

Getting Started As noted, this chapter shows how to make Scanner Mode ribbon cable
measurements with one of three programming methods: using CONFMEAS;
using CONF and MEAS; or using CONF and low-level commands. The
chapter contains three sections which correspond to these programming
methods: “Measurements Using CONFMEAS?”, “Measurements Using
CONF and MEAS”, and “Measurements Using CONF and Low-Level

Commands”.

To get started programming the voltmeter for your measurement, first
determine your measurement requirements (refer to Chapter 2 - Delining
Your Measurement for guidelines). Then, use the guidelines shown in Table
5-1 to find the chapter section to use to program the voltmeter for your
measurement. -

If your measurement can be made using CONFMEAS, refer to
“Measurements Using CONFMEAS”. If your measurement can be made
using CONF and MEAS, first refer to “Measurements Using CONFMEAS”
and then to “Measurements Using CONF and MEAS”, If your measurement
requires using low-level commands, first refer to “Measurements Using
CONFMEAS” and then to “Measurements Using CONF and Low-Level
Commands”. A summary of the three programming methods follows.

NOTE
Even if your measurement cannot be make with CONFMEAS, we recommend
you first read “Measurements Using CONFMEAS” to become familiar with
general Scanner Mode operation before reading “Measurements Using CONF
and MEAS” or “Measurements Using CONF and Low-Level Commands”.
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Table 5-1. Scanner Mode Programming Guidelines

Measurements Using CONFMEAS

Easlest programming

Freset operation

One reading per channel

Low-Speed (= 1000 readings/sec)

Mo interrupts

HP-IB operation/mainframe mermory only
Ribbon cable mode

Measurements Using CONF and MEAS

Increased programming flexibility

Can change some presets

Multiple readings per channel

High-speed measurernants [1]

L No interrupts [2]

Lo ’ Maintrarne HP-18 or GPIO operation

= Finbon cable or backplane measurements

Measuraments Using CONF and Low-Level Commands

Maximum prograrmming Hexibility
Can changa zall pressts

Multiple readings per channel
Multiple passes through channel list
High-speed measurements
Interrupts capability

Mainfrarne HP-IB or GPIO operation
All measurerment types

Notes:

[1] = The measurement sequence may abort if a large number
of readings are taken at high speed. :

12] == interrupts are allowed with MEAS in GPIO operation.

Measurements Using CONFMEAS

‘The easiest way to program the voltmeter for Scanner Mode ribbon cable
measurements is to use the CONFMEAS command. CONFMEAS sets the
voltmeter to a known state, takes the measurement, and reads the result all

with a single command.

“Measurements Using CONFMEAS” describes the CONFMEAS command
and operation and shows example programs using CONFMEAS. Even if your
measurement cannot be made using CONFMEAS, you should first read this
section to become familiar with basic Scanner Mode operation.
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- Measurements Using CONF and MEAS

“Measurements Using CONF and MEAS” shows how CONF and MEAS can
be used with some low-level commands for Scanner Mode ribbon cable
measurements. This programming method allows you to select some voltmeter
parameters and has increased programming flexibility. However, since MEAS
presets some parameters, full programming flexibility is not available.

Measurements Using CONF and Low-Level Commands

“Measurements Using CONF and Low-Level Commands” shows how to use
the CONF command and low-level commands to make Scanner Mode ribbon
cable measurements. This programming method offers maximurn flexibility to
configure and trigger the voltmeter for specific rmeasurement requirements,
especially for high-speed requirements.

Measurements Using CONFMEAS

This section shows how to make Scanner Mode ribbon cable measurements
using the CONFMEAS command. It includes a summary of the CONFMEAS
command, describes Scanner Mode operation with CONFMEAS, shows a
recommended sequence to program the voltmeter with CONFMEAS, and
lists measurement examples using CONFMEAS.

[Egiais

1f your measurement can be made with CONFMEAS, refer to “CONFMEAS
Measurement Examples” at the end of this section for D{ voltage, resistance, {
and temperature measurement exampies using CONFMEAS. If your )
measurement cannot be made with CONFMEAS, refer to “Measurements
Using CONF and MEAS” or to “Measurements Using CONF and Low-Level
Commands” as required.

NOTE

To more easily program the voltmeter for Scanner Mode operation, we suggest
that you first read this section and run the example measurements using
CONFMEAS, even it your measurement cannot be made with CONFMEAS.

PR
RSO

CONFMEAS A description of the CONFMEAS command, CONFMEAS operation, and
Pfogramming CONFMEAS programming sequence follows.

CONFMEAS CONFMEAS can be used with the HP 44702A/B or HP 44704 A voltmeter to
Command make DCvoltage, DC current (when a user-supplied shunt is installed), strain,
resistance (2-wire or 4-wire ohms), and temperature (thermocouples,
thermistors, or RTDs) measurements. The advantage of using CONFMEAS is
that it allows you to quickly and easily configure the voltmeter for a wide
variety of measurements with a single command. The CONFMEAS syntax is :
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N CONFMEAS function ch_list [NSCAN number] [USE ch] [INTO name] or
/a [ﬁnt] :

NOTE

1. The NSCAN number parameter applies only to instruments which have
firmware revision 2.2 or greater.

2. For the HP 447174, 447184, 447194, and 447204 strain gage multiplexers,
CONFMEAS includes additional optional and/or required parameters. Refer to
the HP 447174, 447184, 44719A, and 44720A Strain Gage Accessories
Configuration and Programming Manual for details.

CONFMEAS configures the voltmeter for a specific measurement function,
e scans, measures, and transfers data. In Scanner Mode, CONFMEAS can be
SO ' used only for ribbon cable measurements. CONFMEAS does the following:

e Configures the voltmeter to a function appropriate to the specified
measurement function (DCV, OHM, etc.) and sets the voltmeter to a
known programmed state. The measurement function is specified by the
function parameter. '

e Causes specified multiplexer channel(s) to be scanned and measured and
associated data conversion (voltage to temperature in °C or voltage to
strain) to be performed (as required) on the resuits. The channels to be
scanned are defined by the ch_list parameter. (The optional NSCAN
number parameter sets the number of times the channels in the ch_list will
be scanned.)

e As part of thermocouple measurements, measures the isothermal block
reference thermistor on the terminal module to provide a reference value
for temperature conversions. CONFMEAS can also be used to measure the
isothermal block reference temperature only. :

e Transfers measurement data to the mainframe memory (when INTO name
is used) or to the output buffer and/or display (when INTO narne is not
used). .

Table 5-2 shows CONFMEAS function parameters and data returns for
Scanner Mode ribbon cable operation. Note that CONFMEAS is actually two
commands in one: CONF and MEAS. The configuration phase of
CONFMEAS is equivalent to the CONF command, while the measurement
phase of CONFMEAS is equivalent to the MEAS command, That is,
CONFMEAS is equivalent to a CONF command followed immediately by a
MEAS command.
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Table 5-2, CONFMEAS Functions/Data Returns

function:

Conflgure for;

Data Returned:

DC Yoltage
DGV
Resistance
OHM
OHM10K
OHM100K
OHM1M
OHMF
OHMF10K
OHMF100K
OHMF1M
Temperature
TEMPtype

REFT

THMype

THMFtype

RTDtype

ATDFtype

Strain  [2]
STRVEX
STRUN

STRQ
STRFB
STRHEB
STRQTEN

STRQCOMP

STRHP
STRFBP
STRFP

DC voliage

2-wire ohms {same as OHM100K)
2wire ohms up to 10 k2

2-wire chms up to 100 k2

2-wire ochms up to 1 MQ

4-wire ohms {same as OHMF100K} [1]

4awire ohms up 1o 10 kR [i]
4-wire chms up to 100 k& 3
4anire chms up 10 1 MQ i

Raference temperature and

thermocouple voltage measurements

type = B, EJ K N14 [N (AWG 14)],
N23 [N {AWG 28}, R, S,and T

Relerence temperature measurement

of isuthermal block

2ire ohms measurement of thermistor

type = 2252 (2252 Q thernistor)

= BK {5 k2 thermistor)
= 10K (10 kQ thermistor)
4-ire ohms measurement of
thermistor [1]
type = Same type as THMtype
2-wire ochms measurement of RTD
type = B85 (RATDswitha =
0.00385 L/
= S2(RTDswitha =
0.003918 Q/5r)

4-wite chms measurement of RTD [1]
type = same as RTDtype

Bridge excitation voltage {+VS)

Bridge output which is ref for
corresponding strain measurement

1/4 bridge strain

Bending full bridge strain

Bending half bridge strain -

Shunt verification (tension shunt)
diagnostic (HP 44717A or 44718A only)

Shunt verification (compression shunt)
diagnostic (HP 44717A or 447184 only)

12 bridge Poisson strain
Bending full bridge Poisson strain

Full bridge Poisson strain

DC voltage on chs in ch_fist

Resistance on ¢chs in ch_list
Resistance on ¢hs in ch_list
Hesistance on chs in ¢h_fist
Resistance on chs in ch_list
Resistanca on chs in ch_Jist
Resistance on chs in ch_list
Resistance on chs in ch_list
Resistance on chs in ch_jist

Thermocouple temp {°C) on chsin
ch_list, compensated to 0° reference

Reference ternp (°C} of isothermal
biock in slot addressed

Thermistor temp {C) on chrin ch: Jist -

Thermistor ternp {°C) on ¢h in ch_list

ATD temp {°C) on ch in ch_list

RTD temp {°C) on ch in ch_list

Bridge excitation voltage
Biridge output voitage

Strain or microstrain i3]
Strain or microstrain [3]
Strain or microstrain i3]
Strain or microstrain [3}

Microstrain

Strain or microstrain [3]
Strain or microstrain [3}
Strain or microstrain {3]

Notes:

[1] = For 4-wire ohms functions
[2] = Refer to the CONFMEAS command in the HP 38524 Command Reference Manual for

definitions.

{3} = Depends on Gage factor (GF factor).
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1. Configure the Yoltmeter

configured fo a known state.

When CONFMEAS is executed, the voltmeter ks

2 Measurs Refarencea
For thetmaocauphe o steain meas
relerance measurements are macde and stored.

3 Start Scan

The flrst channel in the channel list Is closad
ard the volimeler is intemally triggered to start
the measurament ont the channel.

& End Scan Sequence

Afer dala from the last channel has been
trarsfatred, the channel is opened and the scan
secqueance ends.

# NSCAN Is ot specified, the voltmater raxes
one pass through the channet list, # NSCAN s
spacifiad, the voltrmeter rmakes NSCAN number
passes, Including relerence measurenments for

oach pass.
»
First Sacond Last
Channel Charnreal Charnel
N End
Confligure Referance Start Trigger Advarce  Trigger Trlgger
Voltmater Measurements SesgS:mc Vol tmeter "y Scan Voltmeter ma Voltmeter m Scﬁcu::ce
T %
: b LN
] / \ o5z az2. 8. 2
e K. #easure First Channel & Advance Scan
Bfier the voltmeter la tiggered, a 1 msac delay occurs (8 maec for For fibbot: cable made, the scan
CONFMEAS OHM 1M or OHMF M), Than the voltmeter sutomnges, takes mustexnatically scvarices to the next
he measursmment (my), and siores the data in voltmeter memaory. channsi In the channet st and the first
channel massurament ssquence 1s

rapeated.

This cycle rapsats for all channeks in the
channel list, The voltmeter makes ore
muasurermnent for sach channel In the
channef fist and siores sech reading in
the data buffar,

¥ = 1n scanrer mode. CONFMEAS ts valld for ribbon cable
measuremants anly
¥ ¥ = 8 msec for CONFMEAS OHMIM or OHMFIM

Data stored In the buffer is read by the
mainframe, converded {c equivalent
temperature or strain (as required), and
transferrad to the localion specified by
CONFMEAS,

Figure 5-2. CONFMEAS Operation {Stanner Mode)
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CONFMEAS Figure 5-2 shows simplified voltmeter operation for CONFMEAS with
Operation Scanner Mode ribbon cable measurements. When CONFMEAS is executed
: the voltmeter is configured (1), any required thermocouple or strain
references are measured (2), and the scan sequence is started (3).

When the scan sequence is started, the first channel in the channel list is
closed and the voltmeter is triggered. After a 1 msec delay (6 msec if the
CONFMEAS function is OHM1IM or OHMFIM), a measurement (my) is
made on the first channel in the channel list (4).

When the first channel is measured, the scar: is automatically advanced to the
second channel in the chanpel list (5), and 2 measurement is taken on the
second channel. This sequence repeats for each channel in the channel list.
When the last channel is measured, the channel is opened and the scan ends

(6).

As measurements are taken, they are stored in the voltmeter data buffer and
then transferred to the mainframe or to the output buffer and/or display by
the MEAS phase of CONFMEAS. For ribbon cable operation, the voltmeter
does not wait for readings to be transferred from the data buffer before
advancing to the next channel.

If the CONFMEAS NSCAN parameter (valid only for firmware revision 2.2
and greater) is not specified, the scan sequence ends at (6). If NSCAN number
is specified, the scan sequence is repeated number time:. For example, with
MNSCAN 3 and 10 channels in the channel list, 30 measurements are taken.

To summarize, CONFMEAS sets the voltmeter for one reading per channel
and limits measurement speed to about 1000 readings per second or less. For
Scanner Mode operation, CONFMEAS can only be used for ribbon cable
measurements. Also, unless the NSCAN  number parameter is > 1, the
voltmeter is limited to a single pass through the channel list.

CONFMEAS Figure 5-3 shows the recommended command sequence to program the
Programming voltmeter for Scanner Mode measurements using CONFMEAS. In Figure
Sequence 5-3, the solid line path indicates required commands while the dotted line
shows optional commands. Thus, USE ch, SCANMODE ON, and
CONFMEAS are required commands for Scanner Mode ribbon cable
measurements with CONFMEAS, while RST slof and TEST slot are optional

commands.
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CONFMEAS
Measurement
Examples

www.valuetronics.com

Four example programs using CONFMEAS for Scanner Mode ribbon cable
measurements follow. Table 5-3 shows the example titles. The first three
examples use an HP 44711A/B 24-Channel High-Speed FET Multiplexer in
slot 5 of the mainframe and an HP 44702A/B or HP 44704A voltmeter in slots
6 and 7 of the mainframe (programming slot 6). The fourth example uses an
HP 44713A/B in slot 5 of the mainframe and an HP 44702A/B or HP 44704A

inslots 6 and 7.

See Figure 3-3 for typical connections to the multiplexers. Connect the ribbon
cable from the multiplexer to the voltmeter as shown in Figure 3-6. You
should also refer to the appropriate multiplexer configuration and
programming manual for additional details.

Table 5-3. CONFMEAS Measurement Examples

Thile Description
DC Voltage Msasure DC voltage on 10 channels of an
Measurements HP 44711A/B rnultiplexer.
Rasistance Measure the resistance on an HP 44711A/B
Measurements multiplexer channel using 4-wire ohms.
Temperaturs Measure the temperaiure of a 10 kQ thermistor
Measurements on an HP 44711A/B channel.
Reference Measure the reference temperature of an
Temperature HP 44713A/B muttiplexer
Measurements

USE ch ® Voltmeter slot used

RST sliot | 8 Reset voltmeter

TEST slot] ® Self-test voltmeter

RST slot | # Reset voltmeter

RESOL 14| e Set 14 bit resolution *

SCANMODE ON & Set Scanner Mode

CONFMEAS e Confi gure/measure

¥ = Requires HP 44724A and firmware revision 4.8 and greater

Figure 5-3. CONFMEAS Programming Sequence

Scanner Mode Programming 5-11



Example: DC Voltage This program uses CONFMEAS to measure DC voltages connected to
Measurements channels 560 through 509 of an HP 44711A/B multiplexer. Since
NSCAN number is not specified, the voltmeter makes a single pass through

the channel list.

10 DIM Voits(0:6) : ! Dimension controller array

20 OUTPUT 709;"USE 800" ‘ ! Use voltmeter in mainframe slot 6
30 OUTPUT 709;"SCANMODE ON* ! Set Scanner Mode

40 OUTPUT 708;"CONFMEAS DCV,500-809"  / Confimeas DC volts, ch 500-509
50 ENTER 709;Volts(*) ' ! Enter 10 readings

60 PRINT USING "K./;Volts(*) ! Display 10 readings

70END

For a set of 5V 5% sources, a typical return (values in volts) is:
4.9975, 5.0025, ... 4.8875

Example: Resistance CONFMEAS can also be used for 2-wire or 4-wire ohms resistance
Measurements measurements (refer to Table 5-2). This program measures resistance using
4-wire ohms on channel 500 of an HP 44711A/B multiplerer.

Note that only the Sense channel (channel 500) is specified in the
CONFMEAS ch_list parameter, since CONFMEAS automatically assigns the
carrect channel (channel 512 in this case) as the Source channel. Also, note
that CONFMEAS OHMTF configures the voltmeter for 4-wire ohms
measurements up to 100 kQ (assumed for this program) and measurement
results are returned in Q.

10 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
20 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode

30 OUTPUT 709;,"CONFMEAS OHMF,500" ! Confimeas resistance on ch 500
40 ENTER 709:A - ! Enter results

50 PRINT A { Display results

60 END

A typical return for a 10 k2 5% resistor (value in Q) is:
§993.75

Example: CONFMEAS can be used for a wide variety of temperature measurements,
Temperature including RTDs, thermistors, and thermocouples. This program uses
Measuremenis CONFMEAS to measure the temperature of a 10 kQ thermistor connected to
channel 500 of an HP 44711A/B multiplexer.

5-12 Scanner Mode Frogramming

www.valuetronics.com



16 QUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6

20 QUTPUT 709;"SCANMODE ON® ! Set Scanner Mode

30 QUTPUT 709;"CONFMEAS THMF10K,500" / Conf/meas Type 10K thermistor
40 ENTER 709;A ! Enter temperature

50 PRINT A 4 ! Display temperature

60 END

For a 10 kQ thermistor at room temperature, a typical return (value in °C) is:

24312

Example: Reference Asnoted, the HP 3852A supports Type B, E, J, K, N14 [N (AWG 14)], N28
Temperature [N (AWG 28)}, R, S, and T thermocouples. However, to measure other
Measurement thermocouples, you will need to measure the reference temperature to use in
' your own linearization program. This program uses CONFMEAS to measure
the reference temperature of an HP 44713 A/B multiplexer inslot 5 of the

mainframe.

10 GUTPUT 709;"USE 600" ! Use voltmeter in mainfrafne slot, . . '
20 OQUTPUT 709;,"SCANMODE ON" ! Set Scanner Mode ' .

30 OUTPUT 709;"CONFMEAS REFT,500" ! Measure reference temperature

40 ENTER 708;A ! Enier reference temperature

50 PRINT A I Display reference temperature

60 END '

A typical return at room temperature (value in °C) is:

24.312

| Measurements Using CONF and MEAS

This section shows how to use CONF and MEAS along with some low-level
commands for Scanner Mode ribbon cable measurements. The programming
method in this section will be to use CONF and MEAS to set certain
volimeter parameters to a known state (preset values), modify the preset
values as required with low-level commands, and use MEAS to read and

transfer the results.
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NOTE

1. Although using CONF and MEAS allows increased programming flexibility
over using CONFMEAS, the MEAS command presets some voltmeter operating
and triggering parameters and thus does not offer the full progmmmmg flexibility
of using CONF and low level commands.

2. Scanner Mode backplane measurements can be made with MEAS but are not
recommended. Voltmeter operation and commands in this section assume
Scanner Mode ribbon cable (TERM RIBBON) operation.

3. Commands are not discussed in detail in this section. Refer to the HP 38524
Command Reference Manual andfor to the next section “Measurements Using
CONF and Low-Level Commands” as required for command detalls.

Prog ramming To program the voltmeter using CONF and MEAS along with low-level s
Overvigy commands, first read “CONF and MEAS Overview” for an overview of L
' voltmeter operation with CONF and MEAS, a discussion of CONF and
MEAS preset values, and the low-level commands which apply to CONF and

MEAS ribbon cable operatmn

Next, refer to “Selecting Voltmeter Configuration” and/or to “Selecting
Voltmeter Triggering” to select voltmeter configuration and triggering
parameters required for your measurement. When you have selected required
measurement parameters, program the voltmeter using the command .
sequence shown in Figure 5-4. :

NOTE
For CONF and MEAS Scanner Mode ribbon cable operation, USE,
SCANMODE, CONF, and MEAS are the only commands required to program
the voltmeter. The other commands are optional and can be used as needed. {0
Also, commands are not always presented in the order shown in Figure 5-4. -
When using CONF and MEAS, always program the voltmeter in the sequence
shown in Figure 5-4.
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@_“I ® Voltmeter slot used @
® Reget voltmetesr
FILTER ® lLow puss filter **

PERC ® Scan/stop trlg thshold

# Self-test voltimeter

® Raset voltmater

. ® Set 14 bit Resolution wes _ " SLOPE ® Measure trigger slope
SCSLOPE ® Scan trigger slope

TRIGOUT # EXTO port trigger made

RESOL 14

® Set scarmer mode

Configure voltmeter or

SCIRIG HOLD ! - : p
set scun brigger hald ‘\/ ///
% %,
msmu: INTRY # Dizable interrupt
4 TRIG ® Moamure trigger sourcs
Yoltmeter funclion
SPER & Measure trigger timing

RANGE/ARMODE |  © Ranmge/autoranges
TERM ® Input terminals r
ENABLE IN?’R’ e Enabie interrupts %

! RDGS ] ® Readings destination
CLYRITE ® Set dummy ch list
NRDGS #® Readings per channel
SCIRIG ® Scan trigger source

HEASHH 8 Read resuits

DASTP: A2 S5, 4
@ #%4 = Raguires HP 44704A and firmwere revision 4.0 or greater

m = Mainframe cormmnd

#* = GPIO operation only
¥# = MEAS may change certsln settings

System trigger source

Figure 5-4. CONF and MEAS Programming Sequence
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Example: Getling Started

Suppose the CONF and MEAS preset values shown in “CONF and MEAS

- Commands” (Tables 5-4 and 5-5) are acceptable for your measurement except
for the number of readings per channel (set with the NRDGS command) and
the scan trigger source (set with the SCTRIG command).

In this case, refer to “Selecting Voltmeter Configuration” to select the
NRDGS parameter and to “Selecting Voltmeter 'I'n'ggering” to select the
SCTRIG parameter. Then, program the voltmeter using the command
sequence in Figure 5-4.

CONF and This section summarizes voltmeter operation for Scanner Mode ribbon cable
MEAS Overview measurements when CONF and MEAS are used; lists Scanner Mode
low-level commands which apply when CONF and MEAS are used; and hsts

preset values for CONF and MEAS.

B e,

CONF and MEAS Figure 5-5 shows voltmeter operation when CONF and MEAS are used for
* Operation Scanner Mode ribbon cable measurements and summarizes applicable =~~~
commands by function. A summary of voltmeter operation and related
commands follows. Refer to “Low-Level Commands” for alist of the

commands.

Configure Voltmeter

CONF configures certain voltmeter parameters to a known state and MEAS
ensures that the voltmeter is properly set for the specified measurement (1).
For strain or temperature measurements, the voltmeter antomatically takes
and stores the reference measurements (2).

Start Scan Sequence

For Scanner Mode operation, a “scan sequence” consists of all voltmeter
actions from the time the scan trigger starts the sequence (3) until the last
channel has been measured and the sequence ends (6).

For measurements with MEAS, two types of triggers affect the voltmeter
operation: the scan trigger and the measure trigger. The scan trigger starts the
scan sequence, but does not trigger the voltmeter to take measurements.
After the scan trigger is received, each measurement is initiated by a separate

measure trigger {m;).

The scan sequence started by a scan trigger from the source set by the
SCTRIG command (3). For SCTRIG MEAS, EXT0, EXTI1, or GPIO, the
SCSLOPE command sets the input edge (LH or HL) which will generate the
scan trigger. For SCTRIG MEAS only, PERC sets the input threshold which
will generate a scan trigger. '
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Voltmeter Configuration
Known Sizte

aUSE sats voltmeter slol to be used.
#SCANMODE ON sets Scanner Made opersiion,
@CONF configure's the voiimater,

BMEAS makes moasurements and transfen dota

Opemting Parameless

SFLING sels maasurerment function,

8RANGE sels volimeler range.

SARMODE sels autorangs mods,

STERM sets input terminals,

#RDGS sets raadings destination.

SNFDGS sets number of readings psr channel.
SAZERO sillozeroes the voltmeter,

@CLWRITE asts channel and range list.

Volmatar Triggering
Scan Trigget

aSCTRIG tets scan trigger source.

SSCSUOPE sals acan irigger edge.

SPERC sats sean igger inpul threshold

eSCDELAY trig celay sets ime 1o firl measure trigger.

Mossure Trigger

STRIG sets measure gger source.

STRIGOUT sata scan tigger Inpul threshold
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BSPER sots time between measurs triggan,
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Measure First Channel

Following the scan trigger, a delay set by the SCDELAY #rig delay parameter
occurs before the first measure trigger is enabled. If TRIG INT (internal
measure trigger) is set, the first measurement {m;) is then made. The
voltmeter takes NRDGS readings on the first channel (4) as set by the
NRDGS number parameter. If TRIG INT is set, the time between the start of
each measurement (m; to my, etc.) is set by SPER sample_period.

Each measurement is initiated by a measure trigger from the source set by the
TRIG command. For TRIG EXT0, EXT1, or GPIO, the SLOPE command
sets the input edge (LH or HL) which generates the measure trigger.
TRIGOUT sets whether the EXTO port can generate or receive triggers. As
each measurement is taken, data is stored in the voltmeter data buffer. Stored
readings are transferred to the destination specified by MEAS.

Measure Second Through Last Channels

After the first channel readings have been made, the scan is automatically
advanced to the second channel and NRDGS measurements are taken on the
second channel (5). The scan advances through each of the channels in the
channel list and the second channel measurement sequence is repeated for
each remaining channel. When the data from the last channel has been read,
the last channel is opened and the scan pass ends (6).

End Scan Sequence

I MEAS [NSCAN number] is not specified, the voltmeter executes one scan
sequence and the measurement sequence ends. Otherwise, the voltmeter
executes the number of scan sequences set by NSCAN number (1 to 65,535).
(The MEAS NSCAN parameter is valid only for mainframe firmware revision

2.2 and greater.)

For example, with NSCAN 3, ten channels in the scan list, and ten readings .
per channel the voltmeter makes 300 measurements. Note that a separate
scan trigger is required to start each scan sequence.

CONF and MEAS  Since the CONF and MEAS commands form the starting point for
Commands measurements in this section, CONF and MEAS preset values follow.
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The CONF Command

Table 5-4 shows the command parameters set by the CONF command (called
preset values) for Scanner Mode operation. That is, executing the CONF
command is equivalent to setting the command parameters in Table 5-4 in the
order shown. Note that SCANMODE ON must be set prior to the CONF
command to obtain the settings in Table 5-4.

Some commands in Table 5-4 (such as SADV and STRIG) do not apply to
Scanner Mode ribbon cable operation when MEAS is used. In addition, other
commands, such as PRESCAN and POSTSCAN are set to a specific value by
the MEAS command. Thus, the commands discussed in this section are those
listed in “Low-Level Commands” (refer to Table 5-6).

www.valuetronics.com

Table 5-4, CONF Scanner Mode Preset Values

Command/Parameter Definition
SADV SCAN Advance scan when readings are available, 1]
STRIG SCAN Start scen immadiately. [1
SCTRIG HOLD Scan trigger is disabled. {21
TRIG INT Internal measure trigger source.
STTRIG INT Internal stop trigger source.
FUNC DCV or QHMxx As appropriate for CONF function parameter. )
RANGE AUTC Autorange made. I3
TERM RIBBON Ribbon cabls is the input source,
MNRDGS 1 One reading per channel,
RDGS 8Y8 Readings are returned to the mainirame.
RDGSMODE DAV Reading is available when any reading stored.
ARMODE AFTER Autorange after rmeasure trigger is received.
ASCAN OFF Autoscan off,
SCDELAY 001, .001 1 mssc scan trig_delay, 1 msec scan_pace. [4}
SPER Q01 1 msec between rmeasurernent triggers,
PRESCAN 1 1 prescan before stop trigger accepted.
POSTSCANQ 0 postscans after stop trigger accepted.
AZERQO ONCE Autozero once,
Notas:

[1] = Does not apply to ribbon cable operation when MEAS is used.

{2] = H TERM RIBBON Is set, MEAS changes SCTRIG HOLD to SCTRIG INT,  TERM INT
or TERM EXT is set, MEAS changes SCTRIG HOLD to SCTRIG SCAN.

[3] = For CONF TEMPxx, mainframe firmware revisions before revision 2.2 set the 320 mV
range for xx = E, J, K, and N14 LN{AWG 14)] and set the 40 mV range for xx = B,
R, §, T, and N2B [N(AWG]].

[4] = CONF OHM1M and CONF OHMF1M set & msec trig-delay and 6 msec scan-pace.
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The MEAS Command

MEAS function ch_list [NSCAN number] [USE ch] [INTO name] or [fmt] sets
the measurement function appropriate for the function parameter, initiates a
scan and measurement of the multiplexer channels specified by c_list, and
executes the number of scan sequences set by the NSCAN number parameter

(see Figure 5-5).

‘When measurements have been taken, MEAS automatically transfers the
readings to the mainframe memory (when INTO name is used) or to the
output buffer and/or display (when INTO name is not used). For temperature
or strain measurements, MEAS also causes associated conversions to be
performed on the results.

NOTE
MEAS can also be used for GPIO operation (RDGS GPIO), but no conversion
is done for strain or temperature measurements. Referto Chapter 7 - GPIO
operation for details on GPIO operation.

For thermocouple and strain measurements, all reference measurements are
first made (automatically) and then all channel measurements are made. A
reference measurement is made each time a slot is crossed in the channel list.
For example, MEAS TEMPJ,100-223 makes two reference measurements:
one for slot 100 and the second for slot 200. However, MEAS TEMP]J,
100,200, 101,201 makes four reference measurements: slot 100, slot 200, slot

10G again, and slot 200 again.

MEAS disables all voltmeter interrupts on the voltmeter unless RDGS GPIO
(readings destination is the GPIO port) is set. If MEAS detects that the
voltmeter function set is not compatible with the MEAS function specified,
the voltmeter is reconfigured and autorange is set. In addition, for Scanner
Mode operation, MEAS checks and changes (as necessary) the commands in
Table 5-5.

Since the STTRIG, PRESCAN, POSTSCAN, DISABLE INTR, ASCAN,
and RDGSMODE commands are set by MEAS, they will not be discussed in
this section. Refer to the next section “Measurements Using CONF and
Low-Level Commands” for details on these commands.
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. NOTE -

If an HP-IB device clear or CLEAR key is received during MEAS execution, the
volimeter may be left in an undefined programmed state, since MEAS
temporarily reprograms several features which cannot by restored after a clear.

Table 5-5. Scanner Mode Commands Changed by MEAS

Command Satting
FUNC Changed to function set by MEAS function.
TERM TERM ZERQO changed to TERM INT.
SCTRIG SCTRIG HOLD or SCTRIG SCAN is changed to SCTRIG
INT if TERM RIBBON Is set.  {2]
TRIG TRIG HOLD is changed to TRIG INT.
STTRIG STTRIG INT is set. ‘
. . PRESCAN PRESCAN 1 is set.
| POSTSCAN POSTSCAN Dis set. _
DISABLE INTR DISABLE INTR is set if RDGS SYSis set.
ASCAN ASCAN OFF is set.
RDGSMODE RDGSMODE BURST is changed to RDGSMODE DAV and
RDGSMODE COMPLETE is changed to RDGSMODE END
during MEAS and restored after MEAS is executed.
Notes: )
[1] = Senvice-reiated comrmand. Refer to the HP 38524 Assernbly Level Service Manual.
[2] = SCTRIG HOLD or SCTRIG INT is changed to SCTRIG SCAN if TERMINT or
TERM EXT is set.

Low-Level Commands Table 5-6 is an alphabetical list of Scanner Mode low-level commands which
apply when CONF and MEAS are used. If a command (such as FUNC) has
two parameters, the command is listed twice, once for each parameter. Refer
to the HP 3852A Command Reference Manual and/or to “Scanner Mode
Command Summary” at the end of this chapter for details on the commands.
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Table 5-8. Scanner Mode Low-Leve! Commands - Using MEAS

Command Description Power-On Default MNote
ARMODE mods Autorange mode AFTER -
AZERO [mode] Autozero mode ONCE ONCE
CAL Servica emd - - [1]
FUNC function Meas function DoV -
FUNC [range] Meas range AUTO AUTO
NARDGS number Rdgs/channal 1 -
PERG threshold Trigger threshold 0% -
RANGE {range] Voltreter range AUTO AUTO
RDGS dest Readings dest 8YS -
SCANMODE {mods] Operating mode CFF ON
SCDELAY trig-delay Scan trigger delay Osec -
SCSLOPE mode Scan trigger slope LH - 2]
SCTRIG [source} Scan trigger source HOLD HOLD
SLOPE mode Meas trigger slope LH - 3]
SPER sample-period Meas trigger timing 10 usec -
TERM terminal Input terrninals EXT -
TRIG [source] Meas trigger source INT SGL
TRIGOUT [mode] EXT0 mode OFF ON
USEch Slot or chan used Low valid - [4}
ch/siot
Notes:
[1] =Refer to HP 3852A Assembly Level Service Manual.
2] =Used only when SCTRIG EXTO, EX71, MEAS, or GPIQ is set.
[3] =Used only when TRIG EXTO, EXT1, or GPIO is set.
[4] = Low valid ch/siot (may or may not be the voitmeter slot).

Selecting Table 5.7 shows suggested actions and related commands to select voltmeter
2g
Voltmeter configuration parameters for Scanner Mode ribbon cable measurements when
. . MEAS is used. If required, also refer to “Selecting Voltmcter Tnggermg” to .
Conf:guratlon select voltmeter triggering parameters needed.

Table 5-7. Volimeter Configuration Parameters

Actlon Commands Definition
Set USE ch Voitmeter siot used
Known SCANMODE ON Set Scanner Mode
State CONF Configure voltmeter

MEAS
Set FUNC Voitmeter function
Function/ RANGE Voltmaeter range
Range TERM Input terminals
ARMODE Autorange mode
AZERO Autozero
Set RDGS Readings destination
Readings NADGS Readings per channel
CLWRITE Channel/range lists
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P Setting Known State To begin programming the voltmeter for Scanner Mode measurements with
N CONF and MEAS, set the voltmeter slot used with USE c# and set Scanner
S Mode with SCANMODE ON. Then, use CONF to preset the voltmeter to
the state shown in Table 5-4. Also, refer to Table 5-5 for the MEAS preset
values since the voltmeter will be set to this state when MEAS is executed.

Setling Voltmeter function/range parameters which can be selected for Scanner
Function/Range Mode CONF and MEAS ribbon cable operation include FUNC, RANGE,
TERM, ARMODE, and AZERQO.

Voltmeter Function (FUNG)

Use FUNC function [range] [USE ch] to set the voltmeter to a specified
function and range. FUNC function can be set for DCV, OHMFI10K,
OHMF100K, or OHMF1M only. Refer to the HP 3852A Command
Reference Manual for FUNC [range] values.

Use FUNC [range] [USE ch] to set a measurement range or to set autorange
{CONF sets autorange). Use the word AUTO or the value 0 for the

FUNC [range] parameter to set autorange. To specify a fixed range, you
specify the maximum expected voltage amplitude or maximum expected
resistance on any channel in the channel list. The voltmeter then selects the

correct range.

Note that any value within the range specified sets the voltmeter to that range.
For example, with FUNC DCV, any [range] value >2.56 and <10.24 sets the
voltmeter to the 10.24V DC voltage range.

Voitmeter Range (RANGE)

Use RANGE {[range] [USE ch] to set a measurement range or to set
autorange (CONF sets autorange). Use the word AUTO or the value 0 for
the RANGE [range] parameter to set autorange. To specify a fixed range, you
specify the maximum expected voltage amplitude or maximum expected
resistance on any channel in the channel list. The voltmeter then selects the

correct range.

The RANGE [range] values are the same as the FUNC [range] values. Note
that any value within the range specified sets the voltmeter to that range. For
example, if DC voltage measurements are set (with CONF or FUNC), any
[range]} value >2.56 and =10.24 sets the voltmeter to the 10.24V DC voltage

range.
Input Terminals {TERM)

Use TERM terminal [USE ch] to set the voltmeter input terminals. For
Scanner Mode ribbon cable measurements use TERM RIBBON (as set by

CONF).

Scanner Mode Programming 5-23

www.valuetronics.com



Autorange Mode (ARMODE)

When a fixed range is not used, the voltmeter uses the autorange mode. When
autorange is enabled, ARMODE mode [USE ch] sets the voltmeter autorange
mode. ARMODE BEFORE samples the input when the measure trigger is
received. ARMODE AFTER samples the input 10 gsec after the measure
trigger is received.

ARMODE AFTER (as set by CONF) is typically used with MEAS operation.
If your measurement application requires ARMODE BEFORE, refer to the
next section “Measurements Using CONF and Low-Level Commands” for

details on ARMODE.
Autozero (AZERQ)

When CONF is executed, the voltmeter makes a single autozera
measurement. However, as required, you can also use AZERO ONCE to
autozero the voltmeter. When AZERO ONCE is executed, the voltmeter
nulls out its internal circuitry offset. Thus, executing AZERO ONCE does not
generate a time penalty during the scan, ' :

Setting Readings Voltmeter commands which can be set to specify the voltmeter measurement
: readings method for CONF and MEAS ribbon cable operation include
RDGS, NRDGS, and CLWRITE.

Readings Destination (RDGS)

The destination for readings stored in the voltmeter data buffer is set with
RDGS dest {USE ch]. RDGS SYS sets the mainframe as the destination,
while RDGS GPIO sets the GPIO port. Power-on and default mode and
mode set by CONF is RDGS SYS.

For MEAS operation and RDGS SYS, measurement data is sent to
mainframe memory or to the output buffer and/or display as specified by the
MEAS command. All examples in this chapter assume RDGS SYS. Refer to
Chapter 7 - GPIO Operation for details on RDGS GPIO.

Number of Readings (NRDGS)

Use NRDGS number [USE ch] to set the number of readings per channel,
where the number range is 1 to 65,535. For ribbon cable operation, [NRDGS
number] times [number of channels - 1] must be <4,095 (for NRDGS
number >1). With NRDGS number = 1, the maximum number of readings =
65,535. Or, for example, with 10 channels in the channel list, the maximum
number of readings/channel = 4,094/(10-1) = 454 readings/channel.
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NOTE :
1. For the HP 447024 voltmeter, NRDGS should be <8,192 or the scan
sequence may abort if the voltmeter data buffer fills.

2. For ribbon cable operation when MEAS is used [NRDGS number] times
[number of channels] times [NSCAN number] must be 67,108,863 readings.
(The NSCAN parameter applies only to mainframe firmware revision 2.2 and

greater.) '

Channel/Range Lists (CLWRITE)

For CONF and MEAS operation the MEAS command specifies the channel
list to be measured and sets the scan trigger to SCTRIG INT (Table 5-5).
Thus, if you want the scan trigger source to be other than SCTRIG INT, you
must set up a “dummy” channel list before the SCTRIG command can be
executed. '

One way to set up the dummy channel list is to use CLWRITE. For Scanner
Mode ribbon cable operation, CLWRITE [ribbon_bus] ch_list [RANGE
range_list] {USE ch] sets a channel list and an associated range list. Refer to
the HP 3852A Command Reference Manual for details on CLWRITE.

As noted, for CONF and MEAS ribbon cable operation, CONF sets the scan
trigger to hold (SCTRIG HOLD) while MEAS changes SCTRIG HOLD to
SCTRIG INT (internal trigger). To specify a scan trigger source other than
SCTRIG INT, you must first use the CLWRITE command to set up 2 dummy
channel list.

Then, when MEAS is executed, the actual channel list to be measured is set by
the MEAS command. Refer to “Example: Setting Voltmeter Triggering” for
an example program using CLWRITE. o

Example: Setting This example measures DC voltage on channels 500 through 502 and assumes
Voltmeter that the CONF preset values (Table 5-4) are acceptable except for number of
Configuration readings and range. This program uses the NRDGS and RANGE commands
to modify the CONF settings for these parameters.

In the program, NRDGS 3 sets the number of readings per channel to 3 and
RANGE 9 sets the 10.24V range. (Maximum expected amplitude is 9 volts on
all channels.) MEAS NSCAN 2 is used to make two scan passes, 50 18
readings are taken.
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10 DIM Voits{0:17) I Dimension controller array

20 OUTPUT 709;"USE 600" ! Use voltmeter in MF slot 6

30 QUTPUT 709;"SCANMODE ON" I Set Scanner Mode

40 QUTPUT 709;"CONF DCV" ! Set DC volts

50 QUTPUT 709;"RANGE 9" _ I Set 10.24V range

60 OUTPUT 709;"NRDGS 3" ! Set 3 readings/channel

70 OUTPUT 709;"MEAS DCV,500-502,NSCAN 2 Meas ch 500-502, make 2 scans
80 ENTER 709;Voits(*) ! Enter 18 readings

90 PRINT USING "K,/*;Volts(*) ! Display 18 readings

100 END :

For a set of 9V 5% sources, a typical return (values in volts) is:
89975 | j
90025 |———ch500 7] : o ( )
8,005 ; v
8.9925
89975 | €1 801 ————— pass 1 (9 readings)
8.00 :
8.9975
9.00 ——— ¢h 502
9.0025
8.9975
9.0025 f—— ch 500 7] R S
9.005 ‘
8.9925 ‘
89975 |———ch501
9.0025
8995 ]
880  be——ch502 _|
8.0025

Selectiﬂg As noted, when MEAS is used you can select parameters for the scan trigger
Volimeter and measure triggers. Table 5-8 shows voltmeter scan and measure trigger

pass 2 {9 readings)

. : arameters which can be selected for MEAS operation.
Triggering P A5 0p
Table 5-8. Volimeter Triggering Parameters
Action Commandsa Definldon

Set SCTRIG Scan trigger source

Sean SCSLOPE Scan trigger slope

Trigger PERC Scan trigger threshold
SCDELAY Scan trigger delay

Set TRIG Measure trigger source

Measurs SLOPE Measure trigger slope

Trigger SPER Measure trigger tirming
TRIGOUT EXT0 port trigger mode
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Setting Scan Trigger Guidelines follow to select scan trigger parameters when MEAS is used,
including the scan trigger source (SCTRIG), scan trigger slope (SCSLOPE),
scan trigger threshold (PERC), and scan trigger delay (SCDELAY).

Scan Trigger Source {SCTRIG)

As shown in Figure 5-5, the scan sequence is started when a scan trigger from
the source set by SCTRIG is received. For SCTRIG MEAS, EXT(, EXTI, or
GPIO, the SCSLOPE command sets the edge (LH or HL) of the input which
will generate the scan trigger. For SCTRIG MEAS, the PERC command sets
the input level (threshold) which will generate a scan trigger when the input
crosses the threshold in the direction set by SCSLOPE.

Table 5-9 summarizes SCTRIG sources for ribbon cable operation when
MEAS is used. Although there are nine SCTRIG sources, SCTRIG SCAN is
‘ : not normally used for ribbon cable operation. Also, when MEAS is used,
- : SCTRIG SGL or SCTRIG HOLD are not compatible for ribbon cable
L _ operation since MEAS changes SCTRIG SGL or SCTRIG HOLD to
' SCTRIG INT. Refer to the HP 3852A Mainframe Configuration and
Programming Manual for details on the TRG command.

NOTE
For Scanner Mode ribbon cable operation with CONF and MEAS, the CONF
command sets SCTRIG HOLD while MEAS changes SCTRIG HOLD (or
SCTRIG SCAN) to SCTRIG INT. To set SCTRIG to a source other than INT
when MEAS is used, a “dummy” channel list must be set-up with the CLWRITE
command. Refer to “Example: Setting Volimeter Triggering” for an example

program.

Table 5-9. Scan Trigger (SCTRIG) Sources - Using MEAS

Source/mode ' Description
8YS System trigger {used with TRG command}
INT Voltmeter generates internal scan trigger
MEAS Generate scan trigger on input threshold
EXTO Input to EXTO port generates scan trigger
EXT1 Input fo EXT1 port generates scan trigger
GPID Input to GPIO port generates scan trigger
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Scan Trigger Slope (SCSLOPE)

For SCTRIG MEAS, EXT0, EXT1, or GPIO, the SCSLOPE mode [USE ch]
command sets the direction (edge) of the input (LH or HL) which will
generate the scan trigger. SCSLOPE LH sets low-to-high transitions (positive
slope) while SCSLOPE HL sets high-to-low (negative slope) transitions. The
power-on mode = LH. Note that CONF does not change the previous setting
of SCSLOPE.

Scan Trigger Threshold (PERC)

For SCTRIG MEAS, a scan trigger is generated when the input signal reaches
the percent of full-scale voltage set by PERC in the direction set by
SCSLOPE. When autoranging is not used, the range of PERC is - 128% to
+127% of the full-scale range (as set with RANGE or FUNC). Power-on
PERC threshold value is 0% of full-scale range.

For example, with SCTRIG MEAS and the voltmeter set for DCvolis on the
10.24V range (by RANGE 9 for example), PERC 67 sets (10.24 v)*(0.67) =
6.86 volts as the input signal level which will generate a scan trigger.
SCSLOPE LH sets low-to-high transitions (positive slope) while SCSLOPE
HL sets high-to-low transitions (negative slope).

NOTE

If autoranging is used, the absolute trigger threshold value will change, based on
the current range. Although the same percentage is used, since the full scale
value is different for each range, a different absolute value results. Refer to
“Measurements Using CONF and Low-Level Commands” for details.

Scan Trigger Delay (SCDELAY)

As shown in Figure 5-5, a delay time set by the SCOELAY frig delay
parameter occurs between the scan trigger and the first measure trigger on the
first channel in the channel list. The SCDELAY #rig_delay range is 0 to
0.01638375 sec with 0.25 usec resolution. At power-on, SCTRIG trig_delay =
0 sec. CONF sets 0.001 sec SCDELAY #rig_delay (0.006 sec for OHMIM and

OHMFIM).
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o Measure triggers which occur during the SCDELAY #rig_delay period are
N ignored. The first reading is taken by the first measure trigger after the
' SCDELAY trig_delay time expires. For MEAS operation (with MEAS
NSCAN rumber >1), a scan trigger is required to start each scan sequence.
Also, note that only one scan trigger occurs during each scan sequence.

Setting Measure Guidelines follow to set voltmeter measure trigger parameters for CONF and
Trigger MEAS ribbon cable operation, including measure trigger sources (TRIG),
measure trigger slope (SLOPE), measure trigger timing (SPER) and EXTO

port triggering (TRIGOUT).

As shown in Figure 5-5, each measurement is initiated with a measure trigger
(mt;). For NRDGS 1, the voltmeter makes one reading per channel in the
channel list. For NRDGS > 1, the voltmeter makes NRDGS readings for each
channel in the scan list. If TRIG INT (internal measure trlbger) is set, SPER
sample_period sets the time between measurements.

Measure Trigger Source (TRIG)

TRIG [source] [USE ch] sets the source or mode for the measure trigger.
Power-on source is INT {internal trigger) and default source is SGL (single
trigger). For Scanner Mode ribbon cable operation, CONF sets TRIG INT.

Although there are nine TRIG source parameters, TRIG MEAS is not valid
for Scanner Mode and TRIG SCAN is not normally used for ribbon cable
measurements. Also, when MEAS is used TRIG SGL, TRIG SCAN, and
TRIG HOLD are not compatible for ribbon cable measurements since MEAS
changes TRIG SGL, TRIG SCAN, and TRIG HOLD to TRIG INT. Table
5-10 summarizes TRIG sources for ribbon cable operation when MEAS is
used. Refer to the HP 3852A Mainframe Configuration and Programmm g
Manual for details on the TRG command.

Table 5-10. Measure Trigger (TRIG) Sources - Using MEAS

Source/mads Description
) £33 System trigger {used with TRG command)
INT - -~ - | Volimeter generates internal measure triggers
EXTO Input to EXTO port generates measure triggers
B Input to EXT1 port generates measure triggers
GPIC Input to GPIO port generates measure triggers
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Measure Trigger Slope (SLOPE)

For TRIG EXTO0, TRIG EXT1, or TRIG GPIO, the SLOPE mode [USE ch ]
command sets the edge (direction) of the input (LH or HL) which will
generate the measure trigger. SLOPE LH sets low-to-high transitions
(positive slope) while SLOPE HL sets high-to-low (negative slope)
transitions. The power-on mode = LH. Note that the CONF command does
not change the previous SLOPE setting.

Measure Trigger Timing (SPER)

As shown in Figure 5-5, when TRIG INT (internal trigger) is set the SPER
sample _peziod [USE ch] command sets the time in seconds between the start
of successive measure triggers (mt; to mty, etc.). The SPER sample_period
range is 0 to 1073.74182375 sec with 0.25 usec resolution. SPER
sample_period settings from 0 to 10 ysec are rounded to 10 usec. At power-on,
SPER sample_period = 10 psec.

EXTC Port Triggering (TRIGOUT)

The TRIGOUT [rnode] [USE ch] command specifies whether or not the
EXTY0 port on the voltmeter rear panel will function as a measure trigger
source, When enabled (TRIGOUT ON) the EXTO0 port outputs a trigger
signal that can be used to trigger other HP 44702A/B or HP 44704A
voltmeters. When disabled (TRIGOUT OFF) the EXTO port is set to receive

trigger signals.

. NOTE
When TRIGOUT ON is set, no trigger source (TRIG, SCTRIG, or STTRIG)
can be set to EXT0.

Example: Setling This program generates a scan trigger to start the scan pass when the input to
Voitmeter Triggering channel 501 crosses 3.072 V in the negative (high-to-low) direction. No delay
occurs from the scan trigger to the first measure trigger and each of the ten
measurements is separated by 0.1 sec.

Since RANGE 9 sets the 10.24V range, PERC 30 and SCSLOPE HL set the
voltmeter to generate a scan trigger when the input crosses 3.072V (1024 V
x .30 = 3.072 V) in the negative direction. SCDELAY 0 sets a 0 sec delay
from the scan trigger to the first measure trigger on channel 501 and SPER . 1
sets 0.1 second between each measurement.
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Note that CLWRITE 500 is used to set a “dummy” channel number so that
SCTRIG MEAS can be set. This “dummy” channel is replaced by actual
channel 501 when MEAS is executed.

10 DIM Volts(0:9) ! Dimension controller array
20 OUTPUT 709;"USE 600" ! Use volimeter in mainframe slot 6
30 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode
40 OUTPUT 709;"CONF DCV" ! Set DC volts
50 QUTPUT 709;"RANGE 9" ! Set 10.24V range
60 OUTPUT 709;"NRDGS 10" I Set 10 readings/channel
70 QUTPUT 708;"PERC 30" ! Set 3.072 V as threshold
80 OUTPUT 709;"SCSLOPE HL" ! Trigger on negative slope
0 OUTPUT 709;"SPER .1". ! Set . I sec between meas triggers
100 QUTPUT 709;"SCDELAY 0" ! Set 0 sec scan trigger delay
P 110 OUTPUT 709;"CLWRITE 500° I Set dummy ch 500 as scan list
‘ (;"'. " = : 120 QUTPUT 703;"SCTRIG MEAS" ! Scan trigger on threshold
R 130 OUTPUT 708;"MEAS DCV,501" ! Measure channel 501
140 ENTER 709;Volts(*) _ I Enter 10 readings
150 PRINT USING "K./*;Volts(*) ! Display 10 readings
160 END

For a decreasing ramp-type input to channel 501, a typical return (values in
volts} is:

3.0725, 3.005, ... 0.0725

Measureme'ms Using CONF and Low-Level Commands

This section shows how to use CONF and low-level commands for Scanner
Mode ribbon cable measurements. The programming method will be to use
CONTF to set certain voltmeter parameters to a known state (preset values),
modify the preset values as required with low-level commands, and use
CHREAD or XRDGS to read and transfer the results. Using CONF and
MEAS provides maximum programming flexibility and allows the voltmeter to
be programmed for high-speed measurements.
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NOTE

1. Scanner Mode backplane measurements can be made but are not
recommended. Voltmeter operation and commands in this section assume
Scanner Mode ribbon cable (TERM RIBBON) operation.

2. Commands and examples in this section assume HP-IB operation

(RDGS SYS). Therefore, maximum data transfer speed is 90,000
readings/second to the mainframe memory or about 35,000 readings/second to
an HP series 200{300 controller. GPIO operation (RDGS GFPIO) is required for
data transfer at 100,000 readings/second. Refer to Chapter 7 - GPIO Operation
for details on GPIO.

Programm i NG To program the voltmeter using CONF and low-level commands, first read
Overvieyw "Scapner Mode Overview” for an overview of voltmeter architecture, Scanner
Mode ribbon cable operation, CONF command preset values, and Scanner b
Mode fow-level commands. :

Then, refer to “Selecting Voltmeter Configuration”, “Selecting Voltmeter
Triggering” and/or to “Selecting Data Transfers/Interrupts” to select the
specific parameters required for your measurement. When you have selected
required parameters, program the voltmeter using the cormmand sequence

shown in Figure 5-6. -

NOTE
For Scanner Mode ribbon cable operation using CONF, only the USE,
SCANMODE ON, CONF, SCTRIG, and CHREAD or XRDGS commands are
required to program the voltmeter. The other commands are optional and can
be used as needed. Also, commands are not necessarily presented in the order
shown in Figure 5-6. When using CONF and low-level commands, always £
program the volimeter in the sequence shown in Figure 5-6. : o

Example: Getling Started

For example, suppose the CONF preset values are acceptable for your
measurement except for the number of readings per channel (set with the
NRDGS command), the scan trigger source (set with the SCTRIG command),
and the reading storage mode (set with the RDGSMODE command).
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In this case, refer to “Selecting Voltmeter Configuration” to select the
NRDGS parameter; to “ Selecting Voltmeter Triggering” to select the
SCIRIG parameter; and to “Selecting Data Transfers/Interrupts” to select
the RDGSMODE parameter Then, program the voltmeter usmg the
command sequence in Figure 5-6.

Scanner Mode This overview shows simplified voltmeter command and data paths, describes
Overview voltmeter operation for Scanner Mode ribbon cable operation, summarizes
Scanner Mode low-level commands, and lists the parameter values set by the

CONF command (preset values).

Yoltmeter Figure 5-7 is a simplified block diagram of the voitmeter architecture for
Architecture Scanner Mode ribbon cable operation showing the command and data paths.

Data Path

For ribbon cable operation, the voltmeter is connected to one or more

HP 44711A/B, 44712A, or 44713A/B multiplexers via the ribbon cable.
Multiple user inputs are sent via the multiplexers and the ribbon cable to the
voltmeter. When a measure trigger occurs, the input is sampled and A/D
conversion occurs (A/D conversion requires 10 usec).

e
a

When A/D conversion occurs, the result is transfeired via the 16-bit data bus

to the data buffer. Stored measurement data can then be transferred to the

mainframe or to the GPIO port. The data buffer stores readings in 16-bit e
integer form. The HP 44702A data buffer can hold up ¢o 8,192 (8k) readings, '
while the HP 44702B and HP 44704A data buffer can hold up to 65,536 (64k)
readings. The data buffer has three main “data available” modes, as shown in
Figure 5-7. Refer to “Readings Storage Mode (RDGSMODE)” for details on
reading storage modes.

4.
p

Command Path

The volimeter has an on-board microprocessor which accepts commands from
the mainframe. With ribbon cable operation the volimeter is capable of
independent operation. That is, the voltmeter is configured by commands
issued from the mainframe and can then operate independently via the ribbon
cable to take and store measurements.

An important part of the command path is the Scan RAM. The
microprocessor downloads a channel list for measurements and a range list for
the voltmeter into the Scan RAM which can hold up to 4,096 16-bit words.

For ribbon cable operation, the Scan RAM acts to open and close the
appropriate multiplexer channels for measurements. (The Scan Control is
used with triggering and will be discussed in “Selecting Voltmeter Triggering”.)
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For example, if two channels are to be measured with five measurements on
each channel, the Scan RAM contents are as shown in Table 5-11.

Table 5-11. Typical Scan RAM Contents

ch 1, measurement 1 range, ch 1
ch 1, measuroment 2 rangs, cht
ch 1, measurernent 5 range, ch 1
ch 2, measurament 1 range, ch 2
ch 2, measurement § range,ch 2
£
. : Lo

Voltmeter Operation Figure 5-8 shows the voltmeter scan sequence and summarizes applicable
commands for Scanner Mode ribbon cable operation. The scan sequence does
not include valtmeter configuration and reference measurements made by

CONF.

The commands in Figure 5-8 are grouped into the three categories discussed
in this section: voltmeter configuration, voltmeter triggering, and data
transfers and interrupts. Refer to “Low-Level Commands” (Table 5-13) for
further information on the commands. A description of the scan sequence
follows.

Scan Sequence

A “scan sequence” consists of all voltmeter actions which occur after the scan
trigger is enabled to start the scan until the scan sequence ends. A scan
sequence consists of at least n prescan passes (as set with PRESCAN) plus m
postscan passes as set with POSTSCAN).

A “scan pass”, in turn, consists of NRDGS measurements (as set with
NRDGS) on each channel in the scan list. There are three types of triggers
which control the operation: the scan trigger, the measure trigger, and the

stop trigger.
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The scan sequence is started with a scan trigger. When the scan trigger is
enabled (SCTRIG is set to other than HOLD), the voltmeter makes n prescan
passes. The stop trigger is enabled on the nth pass. When the stop trigger is
received from the source set by STTRIG (on the kth pass), the voltmeter
completes the kth pass and makes m posiscan passes through the scan list.

For example, with PRESCAN 3 and POSTSCAN 4 the voltmeter makes at
least seven passes through the scan list. The stop trigger is enabled on the
third prescan pass. If the stop trigger is also received on the third prescan pass,
the voltmeter makes seven passes (three prescan + four postscan). However,
if the stop trigger is received during the tenth pass, the voitmeter makes 14
passes (ten prescan + four postscan). :

Scan Pass

As noted, a scan pass consists of NRDGS measurements on each channel in

the scan list as defined with CLWRITE. Each measurement is initiated by a o
measure trigger {mt;, etc. in Figure 5-8), If NRDGS 1 is set, one measurement '
is made on each channel. For NRDGS 1, NRDGS measurements are made on
each channel.

For example, with NRDGS 1 and five channels in the scan list, five
measurements (one for each channel) are made in each pass. With NRDGS 5
and five channels in the scan list, 25 measurements are made.

i
L

Two commands affect the time between passes: ASCAN and SCDELAY. If
ASCAN ON is set, a single scan trigger is required to start the first pass, all
subsequent passes are started automatically, and the SCDELAY tng delay
delay time occurs only for the first pass. .

With ASCAN OFF, a separate scan trigger is required to start each pass and
the SCDELAY trig_delay delay time applies to all passes, When TRIG INT is
set, the SCDELAY {scan_pace] parameter sets the time between the start of
successive passes.

Measure Triggers

There is a measure trigger for each measurement. The SCDELAY trig_delay
parameter sets the delay from the time the scan trigger is received until the
measure trigger is enabled (not the delay time to the first measurement).

When the measure trigger is received (mt; ), the first measurement is made.
Each measurement requires 10 usec, after which the measure trigger is
re-enabled. X TRIG INT is set, the SPER sample_period parameter sets the
time between measure triggers.
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Stop Trigger

The stop trigger is enabled after the start of the nth prescan pass and is
accepted on the kth pass (k =n). For example, if PRESCAN 3 is set (three
prescan passes), the stop trigger is enabled on the third prescan pass. If the
stop trigger is received during the third or subsequent passes, the trigger will
be accepted. Stop triggers received before the third pass are ignored.

CONF Preset Values Since the CONF command is the starting point for voltmeter configuration,
the values set by the CONF command (preset values) for Scanner Mode
operation are listed here. Use the CONF preset values to determine which (if
any) voltmeter configuration, triggering, or data transfer and interrupt
parameters need to be modified.

CONF function [USE ch] configures the voltmeter parameters shown to a
known state. That is, setting CONF is equivalent to setting the commands
shown in Table 5-12 in the order shown. SCANMODE ON must be set prior
to CONF to obtain the settings in Table 5-12. (Note that SADV and STRIG
do not apply to Scanner mode ribbon cable operation.)

Table 5-12. CONF Preset Values - Scanner Mode Operation

Command/Parameter Dafinttion

SADV SCAN Advance scan when readings are available  [1]

STRIG SCAN Start scan immediately [1)

SCTRIG HOLD Sean trigger is disabled[2]

TRIG INT Intemnal measure trigger source.

STTRIG INT internal stop trigger source,

FUNC DCV or OHMxx As appropriate for CONF function parameter.

RANGE AUTO Autorange mode.  [3]

TERM RIBBON Ribbon ¢cable is the input source,

NRDGS 1 Cne reading per channel.

RDGS SYS Readings are returned to the mainframe.

RDGSMODE DAV Reading is available when any reading stored,

ARMODE AFTER Autorange after measure trigger is received.

ASCAN OFF Autoscan off.

SCDELAY 001, .00 1 msec scan trig-delay

SPER .001 1 msec between measuremnent triggers,

PRESCAN 1 1 prescan before stop trigger accepted.

POSTSCANO ' 0 postscans after stop trigger accapted.

AZERO ONCE 1 Autozero once.

Motes:

[1] = Does not apply e Scanner Mode ribbon cable operation.

[2] = For CONF TEMPxx, mainframe firmware revisions before revision 2.2 set the 320 mV
range for xx = E, J, K, and N14 [N{(AWG 14)] and set the 40 mV range for xx = B,
R, 8, T, and N28[N{AWG 28}].

{3} = CONF OHM1M and CONF OHMF 1M set 6 msec trigger-delay and 6 msec
scan-pace.
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Low-Level Commands Table 5-13 is an alphabetical summary of Scanner Mode low-level commands
with power-on and default parameters (as applicable). If a command (such as
SCDELAY or FUNC) has two parameters, the command is listed twice, once
for each parameter. Refer to the HP 3852A Command Reference Manual
and/or to “Scanner Mode Command Summary” at the end of this chapter for
details on the commands.

Table 5-13. Scanner Mode Low-Level Commands

Command Description Power-On Default Note
ARMODE mode Autorange mode AFTER -
ASCAN [rnods} Autoscan moda OFF ON
AZERQ [mode] Autozerc mode ONCE ONCE
CAL Servica cmd - - [1]
CHREAD ch Make single rdg - -
CLWRITE ch_list Charnel list - -
CLWRITE {ribbon_bus] Ribbon cable conn - 8ENSE
CLWRITE [RANGE Hangs list - AUTO
range_fist]
DISABLE INTR Disable intr disabled - 2
ENABLE INTR Enable intr disabled -
FUNC function Meas function DoV -
FUNC [range) Meas range AUTO AUTO
NRDGS number Rdgs/channel 1 -
PERC threshold Trigger threshoid 0% -
POSTSCAN number Number postscans 0 -
PRESCAN number Number prescans 1
RANGE {range] Voltrneter range AUTO AUTO
RDGS dest Fleadings dest 8YS -
RDGSMODE mode Rdgs storage DAV -
SCANMODE fmode] Operating mode OFF ON
SCDELAY trig_delay Scan trigger delay Omsec -
SCDELAY [scan_pace] Tirne between scan 2ms unchgd 3]
triggers
SCSLOPE mode Scan trigger slope LH - [4]
SCTRIC [source] Scan trigger source HOLD HOLD
SLOPE mode Meas trigger slope LH - [5]
SPER sample_period Maeas trigger timing 10 usec -
STSLOPE mode Siop trigger slope LH - [5]
STTRIG [source] Stop trigger source INT SGL
TERM terminal nput terminals EXT -
TRIG [source] Meas trigger source INT SGL
TRIGOUT [mode} EXTO mode OFF ON
USE ¢h Siot or chan used Low valid - [7]
ch/slot
XRDGS ch Voltmeter slot - -
XRDGS [nurmnber] Nurnber of readings 1 1
Notes:
[1]1 = Refer to HP 2852A Assembly Level Service Manual,
[2] = Intarrupts disabled at power-on.
[3] = SCDELAY [scan_pace] used only when SCTRIG INT is set.
[4] = Used only when SCTRIG EXTD, EXT1, MEAS, or GPIO Is set,
[5] = Used only when TRIG EXTQ, EXT1, or GPIO is sat,
5] = Used only when STTRIG EXTO0, EXT1, MEAS, or GPIO is set.
{71 = Low valid chfslot (may or may not be the voltmeter siof).
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TN

Selecting
Voltmeter
Configurations

Setting Known state

Voltmeter Slot (USE)

Set Scanner Made
{(SCANMODE)

Guidelines to select voltmeter configuration parameters for Scanner Mode
ribbon cable measurements follow. Table 5-14 shows a suggested sequence to
select the parameters, refer to “Selecting Voltmeter Triggering” and/or to
“Selecting Data Transfers/Interrupts”, as required. Then, program the
voltmeter for your measurement using the sequence in Figure 5-6.

NOTE

The commands in Table 5-14 are not necessarily described in the order shown in
Figure 5-6. Always program the voltmeter as shown in Figure 5-6.

“Table 5-14. Volimeter Configuration Parameters

Action Commands Definition
Set USEch Voltmeter siot used
Known SCANMODE ON Sst Scanner Mode
State CONF Configure voitmeter
Set FUNC Voltmeter function
Operating AZERQ Autozero
Parameters | TERM input terminals
Set Range/ RANGE Voltmeter range
Channel ARMODE Autorange mode
Lists CLWRITE Channelfrange lists
Set PRESCAN Number of prescans
Number of POSTSCAN Number of postscans
Readings NRDGS Readings per channel

To begin programming the voltmeter, first set the system to a known State
with the USE, SCANMODE, and CONF commands.

Set the voltmeter slot to be used with USE ch. (Recall that the voltmeter uses
two slots and the lowest slot is used for programming.)

NOTE
The DISP command turns the mainframe display on or off. Tuming the display
off greatly improves system performance by speeding up command execution and
is highly recommended for high-speed measurements.

At power-on or after a reset, the voltmeter is set for System Mode operation
(SCANMODE OFF). For Scanner Mode measurements, set the voltmeter to
Scanner Mode with SCANMODE ON.
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Configure Voitmeter
{CONF)

Setting Operating
Parameter

input Terminals (TERM)

Autozero (AZERO)

Voltimeter Function
(FUNC)

When the USE ck and SCANMODE ON have been set, configure the
voltmeter to a specified state with CONF (refer to Table 5-12). If CONFis
not used, set SCTRIG HOLD as the first command after SCANMODE ON.
Note that no comimands except RST, ENABLE INTR, DISABLE INTR, and
SCTRIG are allowed unless SCTRIG HOLD is set.

Voltmeter operating parameters which can be set include the input terminals
(TERM) and autoscan mode (ASCAN). You can also set the autozero
control mode with AZERO.

TERM terminal [USE ch] sets the input source to the voltmeter. For scanner
Mode, TERM RIBBON sets the ribbon cable a5 the input, TERM INT sets
the backplane bus, and TERM EXT selects the rear panel terminals.

Note that power-on TERM tefminal = EXT, but CONF sets

TERM RIBBON. (TERM ZERO can also be selected - refer to the

HP 3852A Assembly Level Service Manual for details on TERM ZERQ).
Unless noted, all examples use ribbon cable (TERM RIBBON) operation.

When CONF is executed, the voltmeter makes a single autozero
measurement at the beginning of the measurement sequence. However, as
required, you can also use AZERO ONCE to autozero the voltmeter. When
AZERO ONCE is executed, the voltmeter nulls out its internal circuitry
offsets. Using AZERO ONCE does not impose a time penalty during
scanning.

FUNC function [name] [USE ch] selects a measurement function and a
measurement range, where function selects the measurement function and
[range] selects a measurement range or the autorange mode. Only DCV,
OHMF10K, OHMF100K, or OHMF1M can be used for FUNC function.

To select the FUNC measurement range, you must specify the expected
maximum signal amplitude or maximum resistance. The voltmeter then selects
the correct range. To set autorange, use the word AUTO or the number 0 for
[range]. Power-on and default FUNC [range] = AUTO.

Table 5-15 shows the voltmeter range selected by FUNC [range] for DC
voltage and 4-wire ohms ranges. In Table 5-15, any value between the ranges
shown selects the range shown. For example, if the voltmeter is configured for
DC voltage, any value of FUNC [range] >0.32 through 2.56 sets the volimeter
to the 2.56V range.
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Table 5-15. FUNC [range] Values*

pcy OHMF10K
fange Selects Range range Selects Rangse
0 or AUTO Autorange 0or AUTO Autorange
>0-.040 40 mV >0-40 40 Q
>.04-.32 320mv > 40~ 320 3200
>.32-2.56 2.56V >320 - 2560 2.56 k{2
>2.56-10.24 10.24V > 2560 - 10240 10.24 kQ2

OHMF1 00K OHMF1M
range Selects Range range Selocts Range
Oor AUTO Autorange Qor AUTO Autorange
>0-400 400 Q >0-4000 4k
=400 - 3200 3.2kQ > 4000 - 32,000 32 k2
> 3200 - 25500 256 kD2 > 32,000 - 256,000 256 kQ
> 25600 - 102400 102.4 kQ > 256,000 - 1,024,000 1.024 M2
* = DOV, OHMF10K, OHMF100K, and OHMF1M are voltmeter measurerment functions as set by
CONF or FUNC, at power-on, or by a reset (RST)

Setting Range/ Voltmeter range/channel list parameters which can be set include the
Chanpel Lists volimeter range (RANGE), autorange mode (ARMODE), and channel/range
lists (CLWRITE).

Voltmeter Range At power-on, after a reset (RST or RST slof), or when CONF is executed, the
(RANGE) voltmeter is set for autorange mode. RANGE [range] [USE ch] sets the
voltmeter range or sets autorange. To determine the voltmeter range, you
- must specify the maximum expected signal amplitude or the maximum
expected resistance. The voltmeter then automatically selects the correct
range.

Autorange is selected by entering the word AUTO or the number 0 for the
RANGE [range] parameter. Values for RANGE [range] are the same as those
for FUNC {range] in Table 5-15 (refer to “Voltmeter Function (FUNC)”).

Autorange Mode When autoranging is enabled (with CONF, FUNC, RANGE, etc.),
(ARMODE) ARMODE mode [USE ch] sets the autorange mode. ARMODE has two
modes: Immediate Mode (ARMODE BEFORE) and Delayed Mode
(ARMODE AFTER) which is the power-on mode. As shown in Figure 5-9,
each measurement is initiated by a measure trigger and requires 10 usec to
complete.

When a measurement completes, the measure trigger is re-enabled for the
next measurement. Actual time between the start of successive measurements
(between measure triggers) depends on several factors, such as the CONF
setting, TRIG source, etc.
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immediate Mode (ARMODE BEFORE}

With ARMODE BEFORE, the input is sampled immediately when the
measure trigger is received. For ribbon cable operation, the voltmeter
advances to the next channel and autoranges on that channel during the A/D

conversion time of the current channel.

As shown in Figure 5-9, with ARMODE BEFORE and autoranging enabled,
the channel 1 input is immediately sampled when measure trigger mt; is
received and the multiplexer is advanced to channel 2. During the time the
channel 1 measurement is being converted, the voltmeter autoranges on
channel 2. After 10 usec, the measure trigger is re-enabled.

When the next measure trigger (mty) is received, the channel 2 input is
immediately sampled, the multiplexer is advanced to channel 3, and the

voltmeter autoranges on channel 3, etc.

The advantage of using ARMODE BEFORE is that the input is sampled
immediately when the measure trigger is received (necessary for FFI-type

~ applications). However, with ARMODE BEFORE, since the autorange for
the next channel is made at the same time as the data conversion for the
current channel, an incorrect range may be used for the next channel if a long

delay occurs until the next trigger.

In addition, when the measurement sequence is first started, if the multiplexer
is set to an unknown state, the voltmeter immediately samples the
preamplifier output and advances the scan to the first channel (channel 1).

For these conditions, the first measurement may not contain valid data and
should be disregarded. Thus, you should carefully check the {irst reading when
ARMODE BEFORE is set and the multiplexer is in an unknown state when
the measurement sequence begins. :

Delayed Mode (ARMODE AFTER)

With ARMODE AFTER, when a measure trigger is received the voltmeter
first autoranges on the channel, then samples the input, and then does the
AJD conversion. For example, as shown in Figure 5-9 when the measure
trigger for channel 1 (mt;) is received, the voltmeter autoranges on channel 1
and (after a 5 usec delay) samples the channel 1 input. When the measure
trigger for channel 2 (mt;) is received, the sequence is repeated for channel 2,

etc.
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Since only 5 usec elapses between autoranging and input sampling, the range
selected is valid unless the signal rate of change is greater than about -
1000 volts/second.

Channel/Range Lists For Scanner Mode ribbon cable measurements, CLWRITE [ribbon_bus]
(CLWRITE) ch_list [RANGE range_list] [USE ch] is used to set a channel list and an
associated range list.

NOTE
For ribbon cable operation, a scan list must be defined with CLWRITE before
the scan trigger (SCTRIG) can be set to a source other than HOLD. Refer to
“Scan Trigger Source (SCTRIG)” for details on the SCTRIG command.

Specify Ribbon Cable Connections

LT

CLWRITE [ribbon_bus) specifies the ribbon cable hardware connections:
SENSE (default), COM, SEP, REFT, or STRVEX as defined in Table 5-16.
SENSE is used for DC voltage measurements, COM for 2-wire ohms
measurements, and SEP for 4-wire ohms measurements. REFT allows
thermocouple reference temperatures to be scanned. STRVEX allows the
excitation voltage on strain gage multiplexers to be scanned. (REFT and
STRVEX are valid only for mainframe firmware revision 2.2 and greater.)

LT,

Table 5-16. CLWRITE [ribbon_bus] Parameters

Ribbon_bus Description

SENSE Sets the ribbon cable for voltmeter Sense bus only. Voltmeter
) current source is disconnected. Used for DC voltage
measurements only.

COM Both the voitmeter Sense bus and the current Source bus are
connected in the multiplexer accessory. Used for 2-wire ohms :
measurements only, ¢
SEP Both the voltmeter Sense bus and the current Source bus are :
available to the user, The voltage Sense connects to Bank A
and the current Source connsacts to Bank B, Specify only the
Bank A channels in the ch-ist, since the respective channels in
Bank B will close automatically. Used for 4-wire ohms
measurements only,

REFT* Scan the reference {thermistor) temperature on ﬂnermocoup]e
channels in the scan list.

STRVEX* Scan excitation voltage for strain gage multiplexer channels in
the scan list.

Notes:

* = Applies only to mainfrarme revisions 2.2 and greater
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Specify Channel List

CLWRITE ch_list specifies the channel list. Since CLWRITE is valid only for
ribbon cable measurements, all channels in the ck_list must be connected by
ribbon cable to the voltmeter.

With two exceptions, [NRDGS mumber] times [number of channels - 1} must
be <4095. For NRDGS 1, the maximum number of readings per channel is
4,096. For one channel in the scan list, you can use NRDGS 65535 (NRDGS
8192 for the HP 44702A). Refer to “Number of Readings (NRDGS)” for
details on channel list length.

e Channel List vs. Range List:

Each item in the [RANGE range_list] parameter is associated with a
corresponding channel or channel sequence (ch_list). If the number of items
in [RANGE range_list] is less than the number of channels or channel
o - sequences, the current range as set by the RANGE command is used for the

remaining channels.

If the number of items in [RANGE range_list] is greater than the number of
channels or channel sequences, ERROR 21 - TOO MANY ARGS is
generated. For example, CLWRITE 500-519,RANGE 2, 10 generates an
error since there are two range list entries (2 and 10), but only one channel list

sequence {500-519).
e Channel List Greater '_I'han 10 Hems:

'To use a channel list of more than 10 items with CLWRITE, use an
INTEGER array to store the channel numbers and then specify the array
name for the ch_list parameter. When the array is declared, a valid channel
address must be in each element of the array. There can be no empty or
“extra” array elements.

NOTE
Multiple CLWRITE commands cannot be used to specify a continuous channel
list. Each CLWRITE command will overwrite the previous channel list, Thus,
the channel list actually used for the measurement is that specified by the last
CLWRITE command.
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Specify Range List

As noted, the [RANGE range_list] parameter specifies the list of voltmeter
ranges which correspond to the channels to be scanned. Entries in [RANGE
range_list] apply to corresponding entries in ¢h_listz. One range can be used for
the entire ch_list or separate ranges can be used for the corresponding
channels and/or channel sequences.

The value(s) you specify for [RANGE range_list] should be the maximum
signal amplitude expected on each channel (for voltage measurements) or the
maximum resistance expected on each channel (for resistance measurements).
The voltmeter then selects the correct range.

To select autorange for a channel and/or channel sequence, specify the word
AUTO or the value 0 for [RANGE range_list]. In autorange mode, the
voltmeter samples the input signal and selects the appropriate range before
each measurement. Defanlt setting is the last programmed RANGE command
value. ' ‘

1f [RANGE range_list] is not specified, the last programmed RANGE
command value is used for all channels specified by CLWRITE. If the
RANGE command is executed after CLWRITE, the range set by RANGE is
used for all channels specified by CLWRITE and the range values which were
specified by CLWRITE are cancelled.

NOTE
Changing NRDGS after sending CLWRITE will not affect the old ch_list.

To use a range list of more than 10 items with CLWRITE, use a REAL array

to store the range numbers and then specify the array name for the [RANGE
- range_list] parameter. When the array is declared, a valid range must be in

each element of the array. There can be no empty or “extra” array elements.

Example; Setting CLWRITE sets channel lists, voltmeter ranges and ribbon cable connections
Channel/Range Lists for Scanner Mode ribbon cable measurements. This program uses CLWRITE
to set channels 500 through 509 as the scan list and set the 10.24V range for
measurenent on each channel. The program takes one measurement on each
channel for a total of ten measurements.
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Since CONF DCV sets DC voltage measurements, the optional CLWRITE
[ribbon_bus] parameter is not used and the ribbon cable is configured for DC
volts (since SENSE is the default parameter). The CLWRITE [RANGE
range_list] parameter is set for RANGE 9 which sets the 10.24V range for

each channel.

10 DIM A(0:9) ! Define controller array

20 QUTPUT 709;"USE 600" f Use voltmeter in mainframe slot 6
30 QUTPUT 709;"SCANMODE ON" ! Set Scanner Mode

40 QUTPUT 709;"CONF DCV" ! Configure for DC volts

50 QUTPUT 709:."CLWRITE 500-509,BANGE 9"/ Set scan list and range

60 OUTPUT 708;"SCTRIG INT" ! Trigper the voltmeter

70 QUTPUT 709;"XBDGS 600" ! Read 10 readings

80 ENTER 708;A(*) ! Enter 10 readings

90 PRINT USING "K./5AM) ! Display 10 readings

A : 100 END
= For a set of 9V 5% sources oonnected to channels 500 through 509, a typlcal
return (values in volts) is:

8.99, 9.015, ... 8925

Setting Number of Asshown in Figure 5-8, after the scan trigger is enabled the voltmeter makes
Readings at least n prescan passes (set with PRESCAN) and m postscan passes (set with
POSTSCAN). For each channel in the scan list, the voltmeter makes NRDGS
readings (as set with NRDGS). Guidelines follow to use NRDGS,
POSTSCAN, and PRESCAN to set the number of readings taken by the

volimeter.

Number of Prescans PRESCAN number [USE ch] sets the number of passes the voltmeter makes
(PRESCAN) through the scan list before a stop trigger is accepted. The range of rnumber is
0 to 65,535 with power-on number = 1. CONF sets PRESCAN 1.

Prescan Operation

As shown in Figure 5-8, after the scan trigger is enabled the voltmeter makes
n prescan passes through the scan list and the stop trigger is enabled on the
nth pass. When the stop trigger is received (on the kth pass), the voltmeter
completes the kth pass and makes m postscan passes.

o
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For example, with PRESCAN 3 the stop trigger is enabled on the third pass. If
the stop trigger is also received on the third pass, the voltmeter makes three
prescan passes. However, if the stop trigger is received on the sixth pass, the
voltmeter makes six prescan passes.

Interaction With Stop Trigger

Ifboth PRESCAN and POSTSCAN are set to 0, the scan sequence may
return no results. If STTRIG INT (internal stop trigger) is set, one pass will
always be done (even if POSTSCAN 0 is set) since STTRIG INT will generate
a stop trigger at the end of each pass. With STTRIG MEAS, at least two
passes will be made. For other STTRIG sources, zero passes of the scan list
may occur. Refer to “Stop Trigger Source (STTRIG)” for details on the
STTRIG command. :

Interaction with Readings Storage Mode

When RDGSMODE COMPLETE is set, data in the buffer is trimmed to
exactly (PRESCANS + POSTSCANS) scan passes if the data will all fit in the
buffer. If the data will not all fit, the last buffer load of data taken is stored
(the last 8,192 readings for an HP 44702A or the last 65,536 readings for an
HP 44702B or HP 44704A). ‘

For example, with PRESCAN 3 and POSTSCAN 4 and RDGSMODE
COMPLETE set, the resultant data in the buffer is from the last three
prescans before the stop trigger and the four postscans after the stop trigger
(assuming the buffer can hold the data from the seven scans). Refer to
“Readings Storage Mode (RDGSMODE)” for details on the RDGSMODE
command. :

Number of Postscans POSTSCAN number [USE c] sets the number of postscan passes the
(POSTSCAN)} voltmeter will make after the stop trigger is accepted. The range of number is
from 0 to 65,535 with power-on number = 0. CONF sets POSTSCAN 0.

As shown in Figure 5-8, when the stop trigger is received the voltmeter makes
m postscan passes where m is set with POSTSCAN number. For example, with
POSTSCAN 4, the voltmeter makes four passes after completing the pass in
which the stop trigger is accepted.

Number of Readings NRDGS number [USE ch] sets the number of readings per channe! for each
(NRDGS) channel in the scan list. The range for number is 1 to 65,535 with POWET-0On
: number = 1. As shown in Figure 5-8, a measurement is taken for each
measure trigger and NRDGS number readings are taken on each channel.
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For NRDGS number >1, and more than one channel in the scan list, the
range of NRDGS number is set by [number of channels - 1] times [NRDGS
number] With one channel in the channel list, the maximum value of
NRDGS ruumnber is 65,535 for an HP 44702B or HP 44704A (8,192 for an

HP 44702A). Also, for NRDGS 1, the maximum number of channels is 4,096.

For two channels and NRDGS 1, the maximum number of readings per
channel is 4,094. That is, since [2 channels - 1] times [NRDGS number] must
be, the voltmeter can make a maximum of 4,094 readings per channel
(NRDGS 4,094). For three channels, maximum number of readings per
channel = 4,094/(3-1) = 2,047, etc.

: NOTE
Changing NRDGS after sending CLWRITE does not affect the old channel list.

Example: Setting This example uses PRESCAN, POSTSCAN, and NRDGS to set the number
Number of Readings of measurements on channels 500 through 504 of an HP 44711 A/B '
multiplexer. The program uses internal stop triggering (as set with CONF),
PRESCAN 2, POSTSCAN 1, and NRDGS 2, so the voltmeter makes 2
prescan passes and 1 postscan pass and takes 2 readings on each channel in
the scan list. The total number of readings = [2 readings/channel] times [5
channels] times [3 passes] = 30 readings.
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10 DIM A(0:29) ! Define controller array

20 OUTPUT 709;"USE 600" { Use voltmeter in MF slot 6+
30 QUTPUT 709;"SCANMODE ON" 1 Set Scanner Mode

40 OUTPUT 708;"CONF DCY" ! Configure for DC voits
50 OUTPUT 709;"NRDGS 2" ! Set 2 readings/channel
60 CUTPUT 709;"PRESCAN 2 { Set 2 prescans

70 QUTPUT 709;"POSTSCAN 1" ! Set 1 postscan

80 OUTPUT 709;"CLWRITE 500-504,RANGE 9"/ Set scan list and range
90 OUTPUT 709;*SCTRIG INT" ! Trigger the voltmeter
106 QUTPUT 708;"XRDGS 600" ! Read 30 readings

110 ENTER 709;A(*) ! Enter 30 readings”

120 PRINT USING "K.MA%) ! Display 30 readings
130 END

For a set of 9 V 5% sources connected to channels 500 through 504, a typical
return {values in volts) is:

8.9 |»~— ch 5007

8.015

9.01 ]—ch 801 prescan 1 {10 readings)
8.925 .

9.00 ch 504

8595 ]

900 7] ch 5007

8985, prescan 2 (10 readings)
901 7 ch 504

800 _| ]

899 | ch 5007

8.00 _| postscan 1 {10 readings)
8015 ch 504

901 _| ]

Selecting As noted, there are three triggers which affect voltmeter operation: scan
Volimeter trigger measure trigger and stop trigger. This section gives guidelines to select
Tri gge rin g parameters for these three triggers. The section also provides an overview of
voltmeter triggering, including the voltmeter trigger operation and trigger
sources.
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To select voltmeter triggering parameters, first refer to “Triggering Overview”
for a discussion of voltmeter trigger operation and the sources for voltmeter
triggers. Then, refer to “Selecting Scan Triggering”, “Selecting Measure
Triggering”, or “Selecting Stop Triggering” to select the trigger parameters
for your measurement. Table 5-17 shows the parameters which can be
selected for each of the three triggers.

When you have selected voltmeter triggering parameters, refer to “Data
Transfers and Interrupts”. Then, program the voltmeter using the sequence in
Figure 5-6.

NOTE

The voluneter triggering commands in Table 5-17 are not necessarily in the same
order as shown in Figure 5-6. Always program the voltmeter in the sequence in
- . Figure 5-6. 3

Table 5-17. Voltmeter Triggering Parameters

Action Commands Definition

Set SCTRIG Scan trigger source

Scan SCSLOPE Scan trigger slope

Trigger PERC* Scan trigger threshold
SCDELAY - Scan trigger delay

L ASCAN Autoscan mode

SBet TRIG Measure frigger source

Measure 8LOPE Measure trigger slope

Trigger SPER Measure trigger timing
TRIGOUT EXTO port riggering

Set STTRIG Stop trigger source

Stop STSLOPE Stop trigger slope

Trigger PERC* Stop trigger threshold

MNotes:

* = PERC simultaneously sels scan and stop tigger

thresholds,

Triggering Overview An overview of voltmeter triggering operation and trigger sources follows.
You may want to refer to Figures 5-7 and 5-8 as you read this section.

Voltmeter Trigger Figure 5-10 shows simplified voltmeter trigger operation. The measure trigger
Operation triggers the voltmeter to make a measurement. Each measurement is then
converted and sent to the voltmeter data buffer. There are three main sources
for the scan, measure, and stop trigger: mainframe backplane, voltmeter
internal, and voltmeter port triggering. These sources are discussed in the next
subsection “Valtmeter Trigger Sources”.

Scanner Mode Programming 5-53

www.valuetronics.com



HP HIGH SPEED VOLTMETER

Trigger Voltmeter A/D Conversion

Irput H# i:\‘\\\\\
From .t A/D Converter Data Buffer

Selected
Termimals { L » -
Measure
Trigger
Clear at end of pass
Scan
Trigger .
Selector
Trigger
Sources MHeasure
: Trigger
® Ma inframe
@ Internal Selector ]
®Ports Stop i
Trigger p—={Scan Control Scan RAM I
Selector i

Figure 5-10. Voltmeter Trigger Operation

When a trigger is input to the scan trigger selector, after a delay a latch is set

which enables the scan sequence to start. When a trigger is received by the R
measure trigger selector, a measure trigger is generated which causes the )
voltmeter to make a measurement. The latch remains set (and measure
triggers can be generated) until the first pass ends. At the end of the pass, the
latch is cleared if ASCAN OFF is set. '

If ASCAN OFF is set, a scan trigger is required to start the second (and
subsequent) passes. Thus, for ASCAN OFF, the scan trigger latch must be
re-enabled to start each subsequent pass. For ASCAN ON, only a single scan
trigger is required and the latch is not re-enabled for the second and

subsequent passes.

When a trigger is input to the stop trigger selector, the voltmeter shifts from
the prescan operation to the postscan operation (assuming the PRESCAN
requirement is met), The stop trigger selector then sets the Scan RAM (via
the Scan Control) to generate m postscan passes. Note that the stop trigger
does NOT stop the scan sequence (unless POSTSCAN 0 is set).
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: Voltmeter Trigger Figure 5-11 summarizes the parameters for the scan trigger source (SCTRIG),
L, Sources the measure trigger source (TRIG), and the stop trigger source (STTRIG)
5 normally used for ribbon cable operation. There are three types of trigger
sources: mainframe backplane triggers (SGL and SYS), voltimeter internal

triggers (INT and MEAS), and voltmeter port triggers (EXT0, EXT1, and
GPIO).

Although there are nine trigger sources, the SCAN parameter is not normally
used for ribbon cable operation and the MEAS parameter does not apply to
the measure trigger (TRIG). The following sections describe the sources for
the scan, measure, and stop triggers.

Mainframe Backptane Triggerng [1]

el
#5GL Single tigger when command is axecutad. @ &
#5YS Trigger source Is sel by TRG command. Fio M

o~
2
HP 38524 Lo '
Voltmeter Internal Triggering
.EE‘I CHASSIS ®INT T:}iggef from volimeter infernal lrigger
TRG_mods DE’EAS Trig Trwhen input reaches
Power ©n —— TRG HOLD i
{ro wigger)
HP 38524 H1
GET eommnd ~---= TRG GET o, ’"1
or HP-1B ——.I ® Qoo
Group Execute Trigge 55 \ _)
SYSTEM TRIGGER N~} TRO £XT z Lo
BNC

* TRG or TRG S5GL — TRG SGL
(gwfault moda (_ TRIGHER

* mode retuens to HOLD following
each SGL Trigger Exmqution, 3—.:‘.,

@ P & Yoltmetor Port Triggering

BEXTO Trigger on Input to EXTO port,
oEXT1 Trigger on input to EXT1 port,
#GPIO Trigger on Inpu to GPIO port.

Notes:
[1} = SCAN pamameler not nomally used In ribbon cable mede.

[2] = MEAS paramster does not apply to measurs trigger (TRIG).

Figure 5-11. Volimeter Trigger Sources
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Setting Scan Guidelines to select scan trigger parameters follow, including scan trigger
Triggermg sources (SCTRIG), scan trigger slope (SCSLOPE), scan trigger threshold
(PERC), scan trigger delay (SCDELAY), and autoscan mode (ASCAN).

As shown in Figure 5-8, the scan sequence starts when the scan trigger is
enabled. Depending on the autoscan mods, a scan trigger is required only for
the first pass (ASCAN ON) or a separate scan trigger is required for each pass
through the scan list (ASCAN OFF).

Scan triggers are disabled from the time the scan trigger is received until the
end of the scan pass. For example, in Figure 5-8 the scan trigger is disabled
from the time the scan trigger starts pass 1 until the end of the SCDELAY
[scan_pace] time (when SCTRIG INT is set) or until the last channel is
measured (SCTRIG INT not set). Scan triggers received during this time are
ignored.

Scan Trigger Source SCTRIG [source] [USE ch] sets the source or mode for the scan trigger.
(SCTRIG) Power-on source is HOLD (no trigger) and default source is SGL (single
trigger). For Scanner Mode measurements CONF sets SCTRIG HOLD.

Table 5-18 summarizes SCTRIG sources for ribbon cable opc—:ratzon A
description of each source follows.

NOTE
For ribbon cable operation not using MEAS, a scan list must be defined with
CLWRITE before SCTRIG is set to any source other than HOLD. Also,
SCTRIG SCAN is not normally used in ribbon cable mode.

Table 518. Scan Trigger (SCTRIG) Sources - Ribbon Cable

Source Description
HOLD No triggering. Triggering is held off and scanning halted,
SGL Single trigger from mainframe when command executed.
8YS Systern trigger pulse (used with TRG).
INT Voltmeter interna! trigger.
MEAS Trigger when input crosses threshoid (used with PERC)
EXT0 Trigger voltmater frorm EXTO port, .
BEXT1 Trigger voltmater frorn £XT1 port.
GPIO GPIO trigger.
Notes:
* = SCAN not normally used in ribbon cable mode.
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SCTRIG HOLD

When programming the voltmeter for Scanner Mode operation, SCTRIG
HOLD or CONF (which sets SCTRIG HOLD) must be the first command
after SCANMODE ON (see Figure 5-6). SCTRIG HOLD either completes

or aborts a scan sequence.

When the scan sequence has been enabled by setting SCTRIG to a source
other than HOLD, no programming commands except ENABLE INTR or
DISABLE INTR can be sent until the scan sequence completes or is aborted
by setting SCTRIG HOLD.

When the scan sequence has been completed or aborted by SCTRIG HOLD,
any subsequent programming commands except ENABLE INTR or
DISABLE INTR will cause the data buffer to be cleared and will destroy all
remaining measurements. Therefore, all measurement data must be read (with
( § CHREAD or XRDGS if MEAS is not used) before reprogramming. the
R voltmeter. (Note that CHREAD and XRDGS are not programming
: commands. }

SCTRIG SGL

Use SCTRIG SGL for a single trigger from the mainframe which occurs when
the command is executed. SCTRIG SGL can only be sent during a scan if
SCTRIG SGL was used to enable the scan sequence. Note that SCTRIG SGIL.

causes a single trigger.

SCTRIG SYS

SCTRIG SYS is used along with the TRG (mainframe) command. As shown
in Figure 5-11, TRG has four sources/modes: HOLD, GET, EXT, and SGL.
Note that SCTRIG 5YS must be set for the voltmeter to accept a scan trigger
from the TRG source. Refer to the HP 3852A Mainframe Configuration and
Programming Manual for details on the TRG command.

SCTRIG INT

With SCTRIG INT, the voltmeter internal pacer generates scan triggers as
required. Scan triggers received when scan triggering is disabled are ignored.

With SCTRIG INT set, if the SCDELAY [scan_pace] interval is shorter than
the time required to make a scan pass the voltmeter will ignore the too-fast
scan triggers and will wait for the next generated scan trigger after the current
pass completes. Therefore, the scan pass pacing rate will not be as desired.

R
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For example, assume each scan pass requires 1 second to complete and
SCTRIG INT is set. It SCDELAY [scan_pace] = 0.6 seconds, pass 1 starts at t
= 0. However, the scan trigger which occurs at t = 0.6 seconds is ignored and
pass 2starts at t = 1.2 seconds, ete. :

SCTRIG MEAS

SCTRIG MEAS generates a scan trigger when the input to the voltmeter
crosses a threshold level (percent of full-scale value) as set with the PERC
command in the direction (HL or 1LH) set by the SCSLOPE command.

When SCTRIG MEAS is set, at the start of each pass the voltmeter connects

the first channel and continuously monitors the input. When this level crosses
the threshold in the proper direction, a scan trigger is generated. Refer to
“Scan Trigger Threshold (PERC)” for an example using SCTRIG MEAS. For
ASCAN OFF, monitoring is done for the first pass only.

SCTRIG EXTO/EXT1

For SCTRIG EXTO0 or SCTRIG EXT1, a TTL~compatible pulse into the
EXTO or EXT 1 port, respectively, generates the scan trigger. For SCTRIG
MEAS, EXT0, EXT1, or GPIO, the SCSLOPE command sets the direction
(I.H or HL) of the input which will generate the scan trigger. Refer to “Scan
Trigger Slope (SCSLOPE)” for details on SCSI.OPE.

NOTE
For the EXTO port (only), TRIGOUT OFF must be set to enable EXT0 to
receive a trigger. If TRIGOUT ON is set, the EXTU port outpuls trigger signals
and no trigger source can be set to EXT0, Refer to “EXT0 Port Triggering
(TRIGOUT)” for details.

SCTRIG GPIO

When SCTRIG GPIO is set, the scan trigger source is the GPIO port on the
voltmeter rear panel. Refer to Chapter 7 - GPIO Operation for details on

SCTRIG GPIO.
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Scan Trigger Siope For SCTRIG MEAS, SCTRIG EXTO0, SCITRIG EXT1, or SCTRIG GPIO,
(SCSLOPE) the SCSLOPE mode [USE ch] command sets the edge (direction) of the input
(LH or HL) which will generate a scan trigger. SCSLOPE LH sets low-to-high
transitions (positive slope) while SCSLOPE HL sets high-to-low (negative
slope) transitions. The power-on mode = LH. Note that CONF does not
change the existing setting of SCSLOPE.

Scan Trigger Threshold For SCTRIG MEAS, the voltmeter is triggered when the input signal on the
(PERC) first channel in the scan list reaches the percent of full-scale voltage set by
PERC in the direction set by SCSLOPE.

NOTE

The PERC command sets both the scan trigger and stop trigger to the same
threshold, so you cannot separate thresholds for these two friggers.

Threshold When Autoranging Not Used

The range of PERC is -128% to +127% of the full-scale range (resolution
1%) when autoranging is not used. Power-on PERC threshold value is 0% of

full-scale range.

For example, with SCTRIG MEAS if the volimeter is set for DC volts and the
10.24V range, PERC 67 sets 10.24 x 0.67 = 6.86 volts as the input signal level
which will generate a trigger. SCSLOPE LH sets low-to-high transitions
(positive slope) while SCSLOPE HL sets high-to-low transitions (negative
slope). '

Table 5-19 lists the minimum (-128%) and maximum (+127%) trigger
thresholds allowable for the four voltmeter voltage ranges when autoranging
is not used.

Table 5-19. Scan Trigger Threshold Levels (PERC)

Trigger Threshoid
Range min{-128%) max (+127%)
40 mvV 00512V +0.0508 V
320mv G041V +0.406 V
256V 328V +3.25V
10.24V 131V +13.0V
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Scan Trigger Threshold Sequence

When SCTRIG MEAS is executed, the first channel in the scan list is
connected. When the input to the first channel in the scan list crosses the
threshold in the proper direction, the scan trigger is generated. At the start of
the second (and subsequent) passes through the scan lst, the first channel is
again connected and a 50 usec delay occurs before threshold monitoring

begins.
Threshold When Autorange Is Used

If autoranging is used, the absolute trigger threshold value will change, based
on the current range. Although the same percentage is used, since the full
scale value is different for each range, a different absolute value results.
Autoranging is not recommended for the first channel when SCTRIG MEAS
is used. Therefore, the first channel in CLWRITE ch_list should used a fixed
range or RANGE should be used.

If autoranging is selected, the voltmeter is triggered several times as part of
the SCTRIG execution and selects the range for threshold triggering. This

sets the range for the first channel in the scan list and is acceptable for the first
pass. However, for subsequent passes the range that is used is the range of the
last channel in the channel list. With autoranging, this can cause the voltmeter
to generate a scan trigger for the second (and subsequent) passes with the
wrong level of input.

For example, with (fixed) 10.24V range, SCTRIG MEAS, SCSLOPE LH, and
PERC 30 set, the scan trigger is generated for each pass when the input to the
first channel crosses 3.072 V in the positive direction. But, with autorange set
the range selected for the last channel in the scan list might be the 2.56V
range. In this case, the scan trigger for the second pass will be generated when
the input to the first channel crosses 0.768 V (2.56 v x 0.30), rather than the
desired 3.072 V.

Scan Trigger Delay SCDELAY #rig_delay [scan_pace] [USE ch] sets the delay time between the
(SCDELAY) scan trigger and enabling the first measurement in the scan list and sets the
time between successive scan triggers.

NOTE

Due to hardware constraints, actual scan trigger timing may be slightly different
than programmed time. Refer to “Measure Trigger Timing (SPER)” for details.
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Set Scan Trigger Delay

o0 As shown in Figure 5-8, when a scan trigger is generated SCDELAY
" | trig_delay seis the time from the receipt of the scan trigger to when the first
measure trigger is enabled on the first channel. (The measurement will be
taken by the first measure trigger received after the measure trigger is
enabled.) The SCDELAY #ig _delay range is 0 to 0.01638375 sec with 0.25
asec resolution. At power-on, SCDELAY trig_delay = 0sec. CONF sets
0.001 sec (0.006 sec for OHM1M or OHMFIM).

When ASCAN OFF is set, the SCDELAY trig_delay delay time occurs
between the scan trigger and the first measurement for every pass through the
scan list. With ASCAN ON, the delay is included between the scan trigger and
the first measurement of the first pass only. Refer to “Autoscan Mode

(ASCAN)” for an example.
Set Time Between Scan Triggers

L When SCTRIG INT is set, SCDELAY [scan_pace] sets the time between
: scan passes. The SCDELAY [scan_pace] range is O to 1073.74182375 seconds
with 0.25 usec resolution. At power-on, SCDELAY [scan_pace] = 2 msec.

For ASCAN OFTF, a scan trigger is required to start each pass. For ASCAN
ON, only a single scan trigger is required for the first pass and subsequent
passes start automatically. For ASCAN OFF and SCTRIG INT, SCDELAY
[scan_pace] sets the time between scan triggers (between scan passes).

NOTE

Due to hardware constraints, actual scan delay times may be slightly different
than programmed times. Refer to “Measure Trigger Timing (SPER)” for details.

Autoscan Mode ASCAN [mode] [USE ch] sets the voltmeter autoscan mode. As shown in
(ASCAN) Figure 5-8, a scan trigger starts the first scan pass. For ASCAN ON, a scan
trigger is required for the first scan pass only and subsequent passes start
automatically. With ASCAN OFF, a separate scan trigger is required for each
pass. Power-on [mode] = OFF and defauit {mode] = ON. CONF sets ASCAN

OFF.
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Scan Trigger Delays vs. Autoscan

ASCAN can affect the delays set by the SCDELAY (scan trigger delay)
command. Figure 5-12 shows example timing considerations for autoscan off
(ASCAN OFF) and for autoscan on (ASCAN ON).

For this example, SCTRIG INT, TRIG INT, STTRIG EXT0, NRDGS 1, and
three channels in the scan list are assumed, so the voltmeter makes three
measurements on each pass (mty, mtz, and mtz). Since STTRIG EXTO0 is set,
the voltmeter makes continuous passes until a stop trigger (from the EXTO
port) is received.

-

Example Settings:
SCTRIG INT £
® ASCAN ON SPER or i@ vaaee 111 TRIG INT
STTRIG EXTQ
Pass 1 —" — Pags 2 NRDGS
‘ N ’ ™ 3 chs in scan ligt
]—~ SCOELAY trig.delay -—{——SF'EIR —-—!'-—SPER —-] f—-s#:n +—sm —-{
chi epi2 ch3 chi chz ch3
| —— -
mt, mi, ko ity mt, mt g
Soury [
Trigger
Paws 2 wiarted J—
eutoralical 1y {
® ASCAN OFF B
Paaa | Pass 2
s at 2 " oy

l— SCOELAY trig deiay —-}-—-SF’ER -—,—SPER --I ’—— SCOELAY trlg delay —-I-—SPER ——}—SP‘ER ———l
oh3

i

|

SCDELAY [ecsn_pacel ——-]

chl chad
' ] | {

e @ 2

Scan
Trigger

1
{ i 1 I i i
m‘c.l mi.z m-l'_3

Sean Trigger
(required far each pass)

[11 = SPER for HP 44702A serial number 252400600 or greater for HMP 447028 serial nurnber
2626A00450 or greater, and all HP 44704A’s. For other serial numbers, t= 10 sec.

Figure 5-12. Scan Triggering vs. Autoscan Mode
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Example: Setling Scan
Triggering

www.valuetronics.com

® ASCAN ON:

With ASCAN ON, the delay time set by SCDELAY frig_delay occurs only on
pass 1 between the start of the pass and the first measurement (mf;). Since
TRIG INT is set, SPER sample_period sets the time between measurements

{mt; to mty, etc.).

With ASCAN ON pass 2 and all subsequent passes start automatically. The
time (t) between passes (from mt in pass 1 to mt; in pass 2) is either 10 usec
or is set by SPER sample_period, depending on the voltmeter serial number.

With ASCAN ON, for HP 44702As serial number 2626 A00600 and higher,
HP 44702Bs serial number 2626A00450 and higher, and all HP 44704 As, the
time is set by SPER. For earlier HP 44702A/B serial numbers, the time is fixed

at 10 usec.
e ASCAN OFF:

With ASCAN OFF and SCTRIG INT set, SCDELAY {scan _pace] sets the
time from the start of a pass to the start of the next pass. A scan trigger is
required to start each pass when ASCAN OFF is set.

. Also, the SCDEILAY trig_delay time is inserted in each pass between the scan

trigger and the first measurement (mt;). As with ASCAN ON, the time _
between measurements is set with SPER sample_period since TRIG INT is set.

This example shows one way the SCTRIG, SCSLOPE, PERC and SCDELAY
commands can be used to set scan triggering for the voltmeter. The program
sets the scan trigger source to SCTRIG MEAS and generates a scan trigger
when the input to channel 500 of an HP 44711A/B multiplexer crosses 3.072
V in the negative (high-to-low) direction.

The voltmeter is configured (by CONF) for ope prescan pass and zero
postscan passes. A single channel (channel 500} is to be measured, with 10
readings per channel. Maximum expected amplitude for channel 500 is 9 volts

so RANGE 9 will be used to select the 10.24V range.

SPER .001 sets 1 msec between measurements (between measure triggers).
SCDELAY 0 sets a zero time delay from the time the scan trigger is received
until the first measure trigger is enabled.

Since SCTRIG MEAS and the 10.24V range are set, PERC 30 sets the |
voltmeter to generate a scan trigger at 3.072 V (0.30x 10.24 V = 3.072 V),

SCSLOPE HL sets high-to-low slope, so the scan trigger is generated when
the input to channel 500 crosses 3.072 V in the negative direction.
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Setting Measure
Triggering

10 DIM Voits(0:9)

20 OUTPUT 709;"USE 600"

30 OUTPUT 709;"SCANMODE ON"
40 OUTPUT 709;"CONF DGV

50 OUTPUT 709;"RANGE 9"

60 OUTPUT 709;"NRDGS 10"

70 QUTPUT 709;"PERC 30"

80 OUTPUT 709;"SCSLOPE HL"
90 OUTPUT 709;"SPER .001"

100 OUTPUT 709;"SCDELAY 0"
110 OUTPUT 709;"CLWRITE 500"
120 OUTPUT 709;"SCTRIG MEAS”
130 QUTPUT 709;"XRDGS 800"
140 ENTER 709;Volts(*)

150 PRINT USING "K,”;Valts(*)
160 END

! Dimension controller array
1 Use voltrmeter in slot 6

! Set Scanner Mode

! Set DC volts

! Set 10.24V range

! Set 10 readingsichannel

! Set 3.072 V as threshold

! Trigger on negative slope

1 Set 1 msec between meas triggers
! Set 0 msec scan trigger delay
! Set ch 500 as scan list

! Gen scan trigger on threshold

! Read 10 readings
! Enter 10 readings
! Display I readings

T

For a decreasing ramp-type input connected to channel 500, a typical return

(values in volts) is:

3.07
27725
24175
2085
1.89
17125
1.8375
1.3
1.0075
77

£

AT
Lt

Guidelines to set measure trigger parameters follow, including measure
trigger sources (TRIG), measure trigger siope (SLOPE), measure trigger
timing (SPER), and EXTO port trigger mode (TRIGOUT).

As shown in Figure 5-8, each measurement is initiated with a measure trigger
(mt;). For NRDGS 1, the voltmeter makes one reading per channel for each
channel in the channel list. For NRDGS >1, the voltmeter makes NRDGS
readings for each channel in the channel list. If TRIG INT is set, SPER
sample_period sets the time between measure triggers.

Measure triggers are disabled from the time a valid scan trigger is received
until the time set by SCDELAY #rig_delay expires and for 10 psec following

the start of each measurement.
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With ASCAN OFF, measure triggers are disabled from the end of a pass until
N the time set by SCDELAY #rig_delay following the scan trigger expires. For
L _ example, in Figure 5-12, if ASCAN OFF is set the measure trigger is disabled
from the time mts in pass 1 is generated until the SCDELAY wrig_delay time
for pass 1 expires.

Measure Trigger TRIG [source] [USE ch] sets the source or mode for the measure trigger.
Source (TRIG) Power-on source is INT (internal trigger) and default source is SGL (single
trigger). For Scanner Mode, CONF sets TRIG INT.

Although there are nine TRIG source parameters, TRIG MEAS is not valid
for Scanner Mode measurements and TRIG SCAN is not normally used with
ribbon cable mode. Table 5-20 summarizes TRIG source parameters normally
used for ribbon cable operation.

Table 5-20. Measure Trigger {TRIG) Sources - Ribbon Cable

P - Source Description
HOLD No triggering. Triggering is disabled.
8GL Single trigger from mainframe when command executed.
8Ys Systern tigger pulse (used with TRG).
INT Voitmeter internal trigger. '
EXTO Trigger voltmeter from EXTO port.
EXTi Trigger voltmeter from EXT1 port.
GPIO GPIO trigger,
Notes: ‘
* = TRIG SCAN not normally used in ribbon cable mode.

TRIG HOLD
TRIG HOLD sets measure trigger hold (no triggering).
TRIG SGL

Use TRIG SGL for a single trigger from the mainframe which occurs when
the command is executed. For TRIG SGL to be used during a scan sequence,
TRIG SGL or TRIG HOLD must be set before setting SCTRIG to a source
other than HOLD.

TRIG INT

With TRIG INT, the voltmeter pacer generates internal measure triggers as
required. The internal pace time is set by SPER sample_period.

TRIG SYS

TRIG SYS is used along with the TRG command. As shown in Figure 3-11,
TRG has four sources/modes: HOLD, GET, EXT, and SGL. Note that TRIG
SYS must be set for the voltmeter to accept measure triggers from the TRG
source. Refer to the HP 3852A Mainframe Configuration and Programming
Manual for details on TRG.
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TRIG EXTO/EXT1

With TRIG EXTO0or TRIG EXT1, a TTL-compatible pulse into the EXTC or
EXT 1 port, respectively, generates a measure trigger. SLOPE sets the '
direction (LH or HL) of the input which will generate the measure trigger.
Refer to “Measure Trigger Slope (SLOPE)” for details on SLOPE.

NOTE 1
For the EXTO0 port (only), TRIGOUT OFF must be set to enable EXT0 to
receive a trigger. If TRIGOUT ON is set, the EXTO port outputs trigger signals
and no trigger source can be set to EXT0, Refer to “EXT0 Port Triggering
(TRIGOUT)” for details.

TRIG GPIO

When TRIG GPIO is set, the measure trigger source is the GPIO port on the
voltmeter rear panel. Refer to Chapter 7 - GPIO Operation for details on
TRIG GPIO.

FE

Measure Trigger Slope For TRIG EXT0, TRIG EXT1, or TRIG GPIO, the SLOPE mode [USE ch)
(SLOPE) command sets the edge (direction) of the input (LH or HL) which will
generate a measure trigger. SLOPE LH sets low-to-high transitions (positive
slope) while SLOPE HL sets high-to-low (negative slope) transitions. The
power-onmode = LH. Note that CONF does not affect the current setting of

SLOPE.

Measure Trigger Timing As shown in Figure 5-8, when TRIG INT is set, SPER sample_period
(SPER) [USE ch]sets the time in seconds between the start of successive measure
triggers (mt; to miz etc.). SPER sample_period range is 0 to 1073.74182375
sec, with resolution = 0.25 usec. SPER sample_period settings from 0 to 10
psec are rounded to 10 usec. CONF sets 0.001 sec SPER sample_period £
(0.006 sec for OHMIM or OHMF1M).

With ASCAN OFF, the time between scan passes is set by SPER for

HP 44702As with serial number 2626A00600 and higher, HP 44702Bs with
serial number 2626A00450 and higher, and for all HP 44704 As. For

HP 44702A/Bs with earlier serial numbers, the time is fixed a: 10 usec.
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fMeasure Trigger Timing Accuracy

Due to inherent hardware delays, actual measurement times may be different
than programmed times. Although inaccuracies can apply to the scan,
measure, and stop triggers, measurement trigger timing accuracy will be
discussed here. You can then apply the same criteria for the scan and stop
trigger as required.

e Net Measurement Delay:

As shown in Figure 5-13, the voltmeter has hardware delays for both front end
and triggering circuitry. The Front End delay (A a) caused by the voltmeter
front end circuitry shifts the output from the input.

In addition, there is a Trigger delay ( A 1) causdd By the hatdware which
generates the trigger. The result is that the actual measurement can occur at a
point on the input before or after the desired measurement point. The Net

Delay (in nsec) = Ay - Aa.

® Voltmeter Hardwars
Specified Trigger Point

1 Front End Delay TracKk/Held Switch

‘ A
Trput FAY ~¥ A
A Converter
s s
rigger |
As

HP 44T82A/8
Trigger Delay

& Net Delay

Actual Measurement Point

na

AN

——
///1htﬂﬂaw%AT"AA)

Trigger Pulse Imput To Voltmeter 38526 A2, 5, 13

Figure 5-13. Front End and Trigger Delays
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e Front End Delay;_

The Front End dela:y {Aa) depends on the ARMODE setting and the
voltmeter range as shown in Table 5-21.

Table 5-21. Front End Delays vs. Range/Autorange Mode

Front End Delay (nsec)
Range ARMODE ARMODE
BEFORE AFTER
A0 mV 500 2 498 to 585
320mv 400 =2 393 10 485
256V 200 %2 19810 235
1024V 200 22 198 10 235 -

s Trigger delay:

To determine the trigger delay (A7) for a set of input/trigger conditions, see {
Figure 5-14 which shows the range of delay times with various conditions set '
for the scan trigger, measure trigger, and stop trigger.

For example, assume SCTRIG MEAS, TRIG INT, STTRIG EXTU, the 2.56V

range, ARMODE BEFORE, SPER .001 and SCDELAY 0, 0 are set. From
Table 5-21 with ARMODE BEFORE and the 2.56V range, the Front End
delay = (Aa) = 200 nsec +2 nsec.

For these settings, the trigger delay path in Figure 5-14is from Hto K, K to C,
CtoD,D1toE, and E to F. Since SCDELAY is 0 and SCTRIG INT is not set,
the delay path bypasses the Scan Delay. Since SPER is not 0 and TRIG INT is
set, the path is via the Measurement Pacer which adds 510 to 760 nsec.

Adding the delay times for these path segments gives the Trigger delay (A1)
range as 510 nsec to 915 nsec. Since the Front End Delay (A5) = 200 2
nsec, the Net Delay range = 308 to 717 nsec. That is, for the settings in this
example the first measure trigger can occur from 308 to 717 nsec after the
scan trigger is recetved.

EXTG Port Triggering TRIGOUT [mode] [USE ch] sets whether or not the EXTO port on the
(TRIGOUT) voltmeter rear panel will function as a trigger source. When enabled
(TRIGOUT ON), the EXTO port outputs a trigger signal that can be used to
trigger other HP 44702A/B or HP 44704 A voltmeters. When disabled
(TRIGOUT OFF), the EXTO port is set to receive trigger signals. When
TRIGOUT ON is set, no trigger source (TRIG, SCTRIG, or STTRIG) can be
set to EXTO and vice versa.
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. TRIGOUT ON set
* TRIG EXTO
« TRIG EXT1 eate (D)
= TRIG 5Y5 DELAYS
B
GATE
MEASURE DELAYS
v TRIG SCAN TRIGGER — M SELECTOR & GLK
« TRIG SGL SOURCES —
« TRIG GPIO O o
C ASD TRIGGER
B INT
| TRIG T GATE L‘"— MEASUREMENT g -ENABLE: Measurement Pacer sets
@ DELAYS PACER SPER sampie__peripd when
TRIG INT is set.
: gg;g:g ggﬁu Scan Delay sets
. - SCDELAY trig_dslay when
SCTRIG MEAS SATE K ‘ SCTRIG INT is set
= SCTRIG GFIO BELAYS 3
ot Scan Paceor sels
EXT SCOELAY [scan__pate] when
: SCAN SCAN > ] SCTRIG INT is sat.
; iy S TRIGGER T soLeeTor oAy
Yool + SCTRIG SYS SCURCES v = D
' N INT ©
* SCTRIG INT CATE [ SCAN @
DELAYS f PACER ENABLE
» SYTRIG EXTO
« STTRIG EXTY
= STTRIG 8YS DgQEES ®
STrRiG SeAN || exT
= STTRIG 5GIL,
« STTRIG MEAS STOR
+ STTRIG GPIO T :j> | START/STOP ||
« STTRIG INT e BGER SELECTOR CONTROL.
BN
INT
GATE, I
DELAYS
TRIGGER DELAY TIMES: ()
@@, @7, OO® - o to 30 neec
TO@' @TC)@. ®T0® = @ 1o 28 nsec
®10E = 8 to 25 nsec
®T0© = @ to 27 nsec
@‘{O®- ®T0®. ®TO© = @ to 53¢ nsec
©1@, Do (© = 518 to 760 nsec
_ 2 to 52 nsec or
®re(©), ®T0© ¥ ~45 1125 nsec’ [1]
[31 = @ to 5@ nsec for SCOELAY trig.delay = @ or
= —45 msec I 125 nsec for SCDELAY itrig_delay # 9.
A852P: £92.5. 14

Figure 5-14. Voltmeter Trigger Timing
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Example: Setting
Measure Trigger

When TRIGOUT ON is set, the trigger signal output from EXTO is the same
measure trigger the voltmeter received. The signal is a negative-going pulse
and is a valid measure trigger so any other HP 44702A/B or HP 44704A
voltmeter which receives the signal can be triggered to make a measurement,
depending on the second voltmeter configuration.

A typical application for the TRIGOUT command is to synchronize the
operation of two or more high-speed voltmeters. Refer to “Example:
Synchronize Multiple Voltmeters” in “Measurement Examples” for one way

to use TRIGOUT.

This example shows one way SCDELAY and SPER can be used to set
measure trigger timing. The voltmeter is configured for ASCAN OFF (set
with CONF), PRESCAN 1, POSTSCAN 1, and NRDGS 2. Channels 500-504
are to be measured, so a total of 20 readmgs will be made (one prescan and

one postscan).

With ASCAN OFF a separate scan trigger is required for each pass and a 10
msec scan trigger delay (as set with SCDELAY trig_delay) is inserted into the
start of each pass. SPER 0.001 sets 1 msec between measure triggers.

Thus, with NRDGS 2 and 5 channels, the time for pass 1 = 10 msec (scan
trigger delay) + 9 msec (to make measurements 1 through 10) + 19 usec (to
complete last channel measurement with ARMODE AFTER set) = 0.019019

seconds.

Since SCDELAY [scan_pace] sets 1 second between scan passes, the total
measurement time = 1 sec (start of pass 1 to start of pass 2) + 0.019019 sec
(to complete pass 2) = 1.019019 seconds (plus some time for the voltmeter

microprocessor to signal end of scan).

10 DiM Voits(0:19)

20 OUTPUT 709;"USE 800"

30 QUTPUT 709;"SCANMODE ON"
40 QUTPUT 709;"CONF DCV"

50 OUTPUT 709;"RANGE 9"

60 OUTPUT 709,"NRDGS 2*

70 QUTPUT 709;"SPER .001"

80 OUTPUT 709;"SCDELAY .01,1"
S0 QUTPUT 708;"PRESCAN 1"
100 OUTPUT 709;"POSTSCAN 1~
110 QUTPUT 709;"CLWRITE 500-504"
120 QUTPUT 709;"SCTRIG INT"
130 OUTPUT 709;"XRDGS 600"
140 ENTER 709;Volts(*)

150 PRINT USING "K,/";Volts(*)
160 END
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! Dimension controller array

! Use voltmeter in mainframe slot 6
! Set Scanner Mode

! Set DC volts

! Set 10.24V range

! Set 2 readings/channel

! Set 1 msec between triggers

! 10 msec trig delay, 1 sec pace
! Make 1 prescan pass

! Make 1 postscan pass

! Set ch 500-504 as scan Hst

! Internal scan trigger source

! Read 20 readings

! Enter 20 readings

! Display 20 readings




For a set of 9V 5% sources connected to channels 500-504, a typical return
(value in volts) is:

899757} ch 5007

9.005

8.0025™] ch 501 pragcan 1 {10 readings}
9.005 _|

89975 ch504 |

89975 ]

BOg25™ 1 ¢hB00™

800 _ | « }—— - postscan 2 {10 readings)
8.0025 7] ch 804 |

9.0025 |

Setting Stop Guidelines to set stop trigger parameters follow, including stop trigger sources
L Triggering (STTRIG), stop trigger slope (STSLOPE), and stop trigger threshold (PERC).

NOTE
If PRESCAN 0 is set, the stop trigger is enabled when the scan is enabled. Thus,
if the stap trigger is received before the scan trigger is received, the voltmeter starts
the postscan operation. If POSTSCAN 0 is aiso set, it is possible for no
measurements to be taken, even of SCTRIG INT or SCTRIG SGL is set.

Stop Trigger Source STTRIG [source] [USE ch] sets the source or mode for the stop trigger. When
(STTRIG) the stop trigger is received the voltmeter completes the pass in progress and
then makes m postscan passes {as set with POSTSCAN) to end the scan
sequence. Note that any stop triggers which occur before the nth prescan pass
(as set with PRESCAN) are ignored.

Although there are nine STTRIG source parameters, STTRIG SCAN is not
normally used for ribbon cable maode. Table 5-22 summarizes STTRIG source
parameters normally used for ribbon cable operation.

PR
S .
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Table §-22. Stop Trigger (STTRIG) Sources - Ribbon Cable

Source* Description
HOLD Mo triggering. Triggering is held off.
8GL Single trigger from mainframe when command executed,
8Ys System trigger pulse (used with TRG).
INT Voitmeter internal trigger.
MEAS Trigger when input crasses threshold (used with PERC),
EXTO Trigger voltmeter from EXT0 port.
B Trigger voltmeter from EXT1 port.
GPIO GPIO trigger.
Notes:
* = SCAM not normally used with ribbon cable mode.

STTR!G HOLD

STTRIG HOLD set stop triggering to hold (no stop trigger) and is useful for
applications such as continuous data acquisition. Refer to “Example:
Continuous Data Acquisition” in “Measurement Example” for an example

progratu.
STTRIG SGL

Use STTRIG SGI. for a single trigger from the mainframe which occurs when
the command is executed. STTRIG SGL or STTRIG HOLD must be set prior
to setting SCTRIG to a source other than HOLD for STTRIG SGL to be
used during the scan sequence.

STTRIG SYS

STTRIG SYS is used along with the TRG command. As shown in Figure 5-11,
TRG has four sources/modes: HOLD, GET, EXT, and SGL. Note that
STTRIG SYS must be set for the voltmeter to accept a stop trigger from the
TRG source. Refer to the HP 3852A Mainframe Configuration and
Programming Manual for details on TRG.

STTRIG INT

With STTRIG INT, the voltmeter internal pacer generates a stop trigger as
required at the end of the nth prescan pass. Thus, with PRESCAN 0 set, one
pass must be made for a stop trigger to be generated. (If RDGSMODE
COMPLETE is set, the data from this pass is discarded.)

STTRIG EXTO/EXT1

For STTRIG EXT0 or STIRIG EXT 1, a TTL-compatible pulse into the
EXT0 or EXT1 port, respectively, generates a stop trigger. For STTRIG
MEAS, EXTO0, EX'1'1, or GPIO, the STSLOPE command sets the direction
(LH or HL) of the input which will generate a stop trigger. Refer to “Stop
Trigger Slope (STSLOPE)” for details on the STSLOPE command.
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NOTE
For the EXTO port (only), TRIGOUT OFF must be set to enable EXT0 to
receive a trigger. If TRIGOUT ON is set, the EXT0 port outputs trigger signals
and no trigger source can be set to EXT0, Refer to “EXTO0 Port Triggering
(TRIGOUT)” for details.

,,,,,,,,

STTRIG MEAS

STTRIG MEAS generates a stop trigger when the input to the voltmeter
crosses a threshold level (percent of full-scale value) as set with the PERC
command in the direction (HL or LH} set by the STSLOPE command.

When STTRIG MEAS is set, a minimum of twg passes through the scan list is

_ required to generate a stop trigger. Each time the measure trigger for the first

Lo channel in the scan list is received, the state of an internal analog comparator
is latched. When the output of the comparator makes the transition set by
STSLOPE, a stop trigger is generated.

Since the latch is preset high for STSLOPE LH and low for STSLOPE HL, a
minimum of two passes through the scan list is required to generate a stop
trigger when STTRIG MEAS is set. For example, the first pass could set the
fatch low and the second pass could set the latch back high to generate the LH

transition. :
STTRIG GPIO

When STTRIG GPIO is set, the stop trigger source is the GPIO port on the
voltmeter rear panel. Refer to Chapter 7 - GPIO Operation for details on

STTRIG GPIO.

Stop Trigger Slope For STTRIG MEAS, STTRIG EXT0, STTRIG EXT1, or STTRIG GFIO,
(STSLOPE) the STSLOPE mode [USE ch] command sets the edge (direction) of the input
(LH or HL) which will generate the stop trigger. STSLOPE LH sets
low-to-high transitions (positive slope} while STSLOPE HL sets high-to-low
(negative slope) transitions. The power-on mode = LH.

Stop Trigger Threshold For STTRIG MEAS, the voltmeter is triggered when the input signal on the
(PERC) first channel in the scan list reaches the percent of full-scale voltage set by
' PERC in the direction set by STSLOPE.
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NOTE
1. The PERC command sets both the scan trigger and stop trigger to the same
threshold, so you cannot set separate thresholds for these two Iriggers.
2. When STTRIG MEAS is set, a minimum of two passes through the scan list is
required to generate a stop trigger. Refer to “Stop Trigger Source (STTRIG)” for
details. R

Threshold When Autoranging Not Used

The range of the PERC threshold parameter is -128% to +127% of the
tull-scale range (resolution 1%) when autoranging is not used. Power-on
PERC threshold value is 0% of full-scale range.

For example, with STTRIG MEAS if the voltmeter is set for DC volts and the
10.24V range, PERC 67 sets 10.24 x 0.67 = 6.86 volts as the input signal level
which will generate a trigger. STSLOPE LH sets low-to-hi gh transitions
(positive slope) while STSLOPE HL sets high-to-low transitions (negative
slope).

Table 5-23 lists the minimum (-128%) and maximum (+ 127%) trigger
thresholds allowable for the four voltmeter voltage ranges when autoranging
is not used.

Table 5-23. Stop Trigger Threshold Levels (PERC)

Trigger Threshold
Hange min{-128%) max {+127%)
40mv L0512V +0.0508Y
320mv 041V +0.4068V
256V -3.28V +3.25V
1024V 131V +13.0V

Stop Trigger Threshold Sequence

As noted (see STTRIG MEAS), each time the measure trigger is received on
the first channel in the scan list, the state of an analog comparator is latched.
When the output of the latch makes the transition {LH or HL) specified by
STSLOPE, the stop trigger is generated. Since the latch is preset high for
STSLOPE LH and low for STSLOPE HL, 2 minimum of two passes through
the scan list is required to generate a stop trigger when STTRIG MEAS is
used,

5-74 Scanner Mode Programming
www.valuetronics.com



For example, with STSLOPE LH the first pass could set the latch from high to
low and the second pass could set the latch back high, thus generating the stop
trigger on the LH transition. Because the input is sampled and not
continuously monitored, if the input crosses the threshold and returns to its
original value between samples, no stop trigger will be generated. Therefore,
for proper stop trigger operation when threshold triggering is used, the period
of the input signal must be greater than the time required for one pass
through the scan Iist.

Threshold When Autorange Is Used

If autoranging is used, the absolute trigger threshold value will change, based
on the current range. Although the same percentage is used, since the full
scale value is different for each range, a different absolute value results.
Autoranging is not recommended for the first channel when STTRIG MEAS
is used. Therefore, the first channel in the CLWRITE ch_list should used a
fixed range or RANGE should be used.

If autorange is used, the stop trigger may be generated on an undesired input
threshold. With autorange, the range selected for the first channel in the scan
list may or may not be the desired range. For example, suppose you want the

stop trigger to be generated when the input crosses 30% of the 10.24 V range

(3072 V).

With autoranging selected the voltmeter may select any of the four ranges,
depending on the input signal level. For example, if the 2. 56V range is
selected and PERC 30 is set the stop trigger will be generated when the input
level reaches 0.768 V rather than the 3.072 V desired. To avoid this problem,
use a fixed range for the first channel in CLWRITE ch_list or use the

RANGE command.

Example: Setting Stop  For this example, we want to measure the data from the last two prescans
Trigger before the stop trigger is accepted. To do this, the stop trigger source will be
set to STTRIG EXTO0. The voltmeter is set for PRESCAN 2 and POSTSCAN
0. Channels 500-509 are to be measured with one reading per channel and
SCDELAY [scan_pace] is set for 1 second. That is, the time between the start
of each scan pass is 1 second.

With these settings, the voltmeter continuously makes prescan passes until the
stop trigger is accepted. For PRESCAN 2, the stop trigger will not be enabled
until the second prescan pass. Since RDGSMODE COMPLETE is set, the
data stored in the voltmeter data buffer will be trimmed to that received from
the last two prescans before the stop trigger. Refer to “Readings Storage
Mode (RDGSMODE)” for details on the RDGSMODE command.
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For this program, a stop trigger received before the second prescan pass will

be ignored, a stop trigger received on the second pass will be accepted at the
end of the second pass, and a stop trigger received after the third pass will be
accepted at the end of that pass.

For example, a stop trigger received at t = 1 second (at the end of the first
prescan pass) will be ignored and the voltmeter will continue to make scan
passes until another stop trigger is received and accepted. For a trigger
received at 1 < t = 2 seconds (during the second prescan pass), the program
returns the data from the first two prescans. Or, for a trigger received at 99 <
t = 100 seconds, the program returns the data from the 99th and 100th

prescan passes.

10 DIM Volts{0:19) ! Dimension controller array

20 QUTPUT 709;"USE 800" 1 Use voltmeter in MF slot 6

30 OUTPUT 709;"SCANMODE ON* ! Set Scanner Mode

40 QUTPUT 709;"CONF DCY" ! Set DCvolts

50 OUTPUT 709;"RANGE & ! Set 10.24V range

66 OUTPUT 709;"RDGSMODE COMPLETE" ! Trm data to (PRESCAN +
POSTSCAN) passes

70 OQUTPUT 709;"SCDELAY 0,1" 10 msec scan trig delay, I sec scan
pace

80 OUTPUT 709;"PRESCAN 2" ! Make 2 prescan passes

90 QUTPUT 708;"POSTSCAN ¢ ! Make 0 postscan passes

100 OQUTPUT 709;"CLWRITE 500-509" ! Set ch 500-509 as scan list

110 QUTPUT 708;"STTRIG EXT0" 1 Set EXTO port as stop trigger source

120 OUTPUT 709;"SCTRIG INT" ! Internal scan trigger

130 OUTPUT 709;"XRDGS 600" 1 Read last 2 prescans before stop trig

140 INTER 709;Volts(*) ! Enter last 2 prescans

150 PRINT USING "K,/;Volts(*) ! Display last 2 prescans
160 END '

If the stop trigger is received at t = 4.5 seconds (during prescan pass 5), the
data from prescans 4 and 5 is returned. A typical return for a set of 9V 5%
sources on channels 500-509 (values in volts) is:

8.9975 ™
9.0025
prescan 4 {10 readings)

2.0025_ |
89975 |
8.0025
[ prescan 5 {10 readings)

9005 |
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: Selecting Data Guidelines follow to select data destination and storage modes, to transfer
A Transfers/ readings, and to enable voltmeter interrupts. Refer to the HP 3852A
Interru pts Mainframe Configuration and Programming Manual for addltxonal details on
data transfers and interrupt handling.

As shown in Figure 5-15, readings stored in the voltmeter data buffer can be
transferred to the controller, to mainframe memory, or to the GPIO port.
Maximum transfer rate to an HP Series 200/300 controller is about 35,000
readings/second when the transfer is over HP-IB (via the mainframe memory).
Maximum transfer rate to the mainframe memory is 90,000 readings/second
while maximum transfer rate to the controller via the GPIO port is 100,000

readings/second.

| NOTE
T : This chapter does not discuss GPIO transfers. Refer to Chapter 7 - GPI O
v _ 0peratzon for details on GPIO transfers.

MAXIMUM READING RATES [11

® READINGS TO CONTROLLER VIA HP-IB {33, @9 READINGS/SEC. )

HIGH SPEED | proeoy | HIGH SPEED 1 N
INPUTS ——= FET m  YOLTMETER MAINFRAME HP—-18 CONTROLLER
MiLTIPLEXERS] CABLE . 1/

$ READINGS TO MAINFRAME MEMCORY (92, 889 READINGS/SEC. ) [2]

HIGH SPEED | prapoy | HIGH SPEED MA THERAME
INPUTS ——emd  FET VOUTHETER NEMCRY
MuTIPLEXERS| CABLE

@ READINGS TO CONTROLLER V1A GPIO (100, 900 READINGS/SEC )
HIGH~SPEED HP-18 DISC INTERFACE

HIGH SPEED RIBECH HIGH SPEED CONTROLLER /l l\
INPUTS ————a FET VOLTMETER K [ {e) p DMA B1SC
MULTIPLEXERS] CRELE \J [/

1] = MAAXIMUM READING RATES WITH RIBBON CABLE
OPERATION AND FRONT PANEL DISPLAY OFF. R

FOR VOLTMETER [N MATNFRAME ONLY. OPTIONAL

SLOWER RATE FOR VOLTMETER IN AN EXTENDER,

[zl

Figure 5-15. Maximum Dala Transfer Rates
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Readings Destination RDGS dest [USE ch] sets the destination for readings stored in the voltmeter
(RDGS) data buffer and for voltmeter i interrupt signals. RDGS SYS sets the
mainframe as the destination, while RDGS GPIO sets the GPIO port
Power-on and default mode is RDGS SYS.

With RDGS SYS, measurement data is sent to mainframe memory or to the
output buffer/display as specified by a read command (CHREAD,
CONFMEAS, MEAS, or XRDGS). With RDGS GPIO, CHREAD and
XRDGS are not allowed and voltmeter i mterrupts are sent ONLY to the
GPIO port. - ‘

NOTE

1. RDGS SYS is set for all examples in this chapter. Refer to Chapter 7 GPIO
Operation for operation with RDGS GPJIO.

2. Since changing RDGS disables all voltmeter interrupts, voltmeter interrupts
must be enabled (wzzh ENABLE INTR) after setting RDGS,

Readings Storage All measurements made by the voltmeter are firs: stored in the voltmeter data
Mode (RDGSMODE) buffer and remain in the buffer until read by a CONFMEAS, MEAS,
CHREAD, or XRDGS command (when RDGS SYS is set) or when
destroyed by most other voltmeter commands. Data stored in the voltmeter
buffer can be read only when a “data is available” condition exists, as defined
by RDGSMODE. The RDGSMODE command affects three areas of
voltmeter operation:

o When measurement data becomes available.
& If measurement data overwrites in the data buffer.

e When an interrupt (if enabled) is generated.

RDGSMODE has four modes (DAV, BURST, END, and COMPLETE) and
sets both data and interrupt conditions for the voltmeter, as described in the
following paragraphs and summarized in Table 5-24 (also see Figure 5-7).

NOTE

Since changing RDOGSMODE disables all voltmeter interrupts, set
RDGSMODE before enabling interrupts with ENABLE INTR.

RDGSMODE DAV

. Data is available when any reading is stored in the voltmeter data buffer. If the
buffer fills, the scan sequence is aborted. However, data in the buffer when it
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fills (8,192 readings for an HP 44702A or 65,536 readings for an HP 44702B
or HP 44704A) remains valid and is readable. '

If an interrupt is enabled with ENABLE INTR, an interrupt is generated
whenever there are any measurements in the buffer. DISABLE INTR
disables but does not clear the interrupt. (DISABLE INTR is done implicitly
by the mainframe as part of the servicing routine).

RDGSMODE BURST

Data is available when the voltmeter data buffer has room for only 4,096 more
readings or at the end of a scan sequence. The scan sequence is aborted if the
buffer fills. However, data already in the buffer when it fills remains valid and
is readable.

If enabled, an interrupt is generated when the buffer has room for only 4,096
) more readings or at the end of a scan sequence. DISABLE INTR disables the
¢ Lo interrupt. If the scan sequence is still in progress and the buffer has room for
' more than 4,096 readings (due to some measurements having been read by
CHREAD or XRDGS), DISABLE INTR will also clear the interrupt.
(DISABLE INTR is done implicitly by the mainframe as part of the interrupt
service).

RDGSMODE END

Data is available when any reading is stored in the voltmeter data buffer. The
scan sequence is aborted if the buffer fills but data in the buffer when it fills

remains valid and is readable.

An interrupt, if enabled, is generated ONLY at the end of 2 scan sequence.
DISABLE INTR disables and clears the interrupt. (DISABLE INTR is done
implicitly by the mainframe as part of the interrupt service).

RDGSMODE COMPLETE

Data is available ONLY at the end of the scan sequence. In contrast to the
other three modes, the scan sequence does not stop if the voltmeter data
buffer fills (data is overwritten). For example, with an HP 44702B or

HP 44704A if the scan sequence generates 65,537 readings and RDGSMODE
COMPLETE is set, data from reading 65,537 overwrites the previously stored
data from reading 1.
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For RDGSMODE COMPLETE, data in the buffer is trimmed to exactly
(PRESCAN + POSTSCAN) scan passes if the data will all fit in the buffer. If
the data will not all fit, the last buffer load of data taken is stored (the last
8,192 readings for an HP 44702A or the last 65,536 readings for the

HP 447028 or HP 44704A).

Interrupts, when enabled, are generated ONLY at the end of the scan
sequence. DISABLE INTR disables and clears the interrupt. (DISABLE
INTR is done implicitly by the mainframe as part of the interrupt service.)

Table 5-24. HDGSMODE Data/Interrupt Conditions

RN

Mods Measurement Data interrupts [1]
Data Dzla Over- Scan When Intr Cleared
Avallsble wrile? Aborts? Generated by DISABLE
INTR? [2]
DAy Whern any No Yes - when When any May [3]
reading isin bufter fills reading is in s
the butffer buffer t
BURST, Butfer is No Yeos ~when Buffer is May {4] k
4,096 rdgs - 1 buffar filis 4,096 rdgs
from fult from full
05 ~Qf-
scan ends NRADGS rdgs
after trig
END When any No Yes - when At end of Yes
reading is in buffer fills NRDGS rdgs
buffer after trig
COMPLETE At end of Yes Ne At end of Yes -
scan ONLY NRDGS rdgs i
after trig
Motes:
[1] = Assurmes interrupt enabled by ENABLE INTR.
[2] = DISABLE INTR done by mainfrarne as part of interrupt service.
{3] = # no readings are lsft in the buffer.
[4] = I scan still in progress or if buffer has reorn for more than 4,096 readings {due to read by
CHREAD or XRDGS)

Transferring Readings Guidelines to transfer readings from the voltmeter data buffer to the
mainframe or to the controller follow. Refer to the HP 3852A Mainframe

Configuration and Programming Manual for additional details on data
transfer methods.
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Transfer Single
Reading {CHREAD)

Transfer Multiple
Readings (XRDGS)
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When MEAS (or CONFMEAS) is not used, readings stored in the voltmeter
data buffer can be transferred to the mainframe memory or the output buffer
and/or display one at a time with CHREAD ch [INTO name] or [fmt].
CHREAD with INTO name transfers data to mainframe memory into a
variable or array previously defined with DIM, REATL, INTEGER, or
PACKED. (Use VREAD to transfer data stored in mamframe memory to the

output buffer and/or display.)

CHREAD ch [fnf] transfers one reading from the voltmeter buffer to the
output buffer/display in the format specified by fm¢. If neither INTO name or
fmt is used, data is returned in default format to where the command

originated.

To transfer a reading, data must be stored in the voltmeter buffer and data
must be available (as defined by RDGSMODE). If a reading is not available
when CHREAD is executed, CHREAD waits until the readmg is available
and the mainframe remains busy. _

NOTE
1. When CONFMEAS or MEAS is used, CHREAD s not required (and will not
work) since these commands automatically transfer the data to the mainframe
memory or output buffer/display as part of the command sequence.
2. Any programming command except ENABLE INTR or DISABLE INTR
clears the voltmeter buffer. This guarantees that any data returned by CHREAD
(ar XRDGS) reflects the current programmed state.

When CONFMEAS or MEAS is not used, use XRDGS ch [rumber] INTO
name] ot [fimt] to transfer multiple readings to the mainframe memory or to
the output buffer/display. XRDGS with INTO name transfers data to the
mainframe memory, while XRDGS without INTO rname transiers data to the
output buffer and/or display. (Use VREAD to read data from mainframe

memory to the output buffer and/or display.)

XRDGS ch [number] [fmt] trapsfers multiple readings to the output
buffer/display in the format specified by fint, where number is the number of
readings to be transferred. The range of number is 1 to 2,147,483,647.

If number is specified, XRDGS transfers any reading which is available until
the specified number of readings have been transferred. If number is not
specified, the mainframe waits until the scan sequence completes, determines
how many readings are stored, and then transfers all readings.
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For example, XRDGS 600,100 transfers 100 readings from a voltmeter in slot
6 of the mainframe to the output buffer/display (one at a time) as the readings
become available, However, XRDGS 600 (number not specified) waits until
all readings are available, determines the number of readings, and then
transfers all readings.

NOTE
1. When CONFMEAS or MEAS is used, CHREAD is not required (and will not
work} since these commands automatically transfer the data to the mainframe
memory or output buffer/display as part of the command sequence,
2. Any programming command except ENABLE INTR or DISABLE INTR
clears the voltmeter buffer. This guarantees that any data returned by CHREAD
(or XRDGS) reflects the current programmed state, :
3. Potential Mainframe{Controller Deadlock. With INBUF OFF, the controller ’
and the HP 38524 may deadlock if multiple commands are sent in a single -
command line and a command generates enough data to fill the output buffer e
(XRDGS can fill the output buffer).
The best way to avoid potential deadlock is to send a single command per
command line and read the results as soon as possible after the data-generating
command is sent. Refer to Chapter 5 in the HP 38524 Muinframe
Configuration and Programming Manual for details on potential deadlock.

Setting Interrupts  Guidelines to enable voltmeter interrupts follow. Refer to the HP 3852A
Mainframe Configuration and Programming Manual for additional details on
interrupt handling.

Enabling Interrupts At power-on or when MEAS or CONFMEAS is used, voltmeter interrupts
(ENABLE INTR) are disabled. However, you can enable interrupts by using the ENABLE
INTR command. When enabled, the voltmeter generates an interrupt when RN
data is available (as defined by RDGSMODE).
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NOTE

1. Volimeter interrupts are always serviced by the main iframe, but can be handled
by the mainframe or by the controller. Use DISABLE INTR to disable the

voltmeter from interrupting

2. The RDGSMODE command must be set before the interrupt is enabled. You
can use the INTR? command to query the status of interrupts. INTER? returns

the address of the last channel whose interrupt was serviced. If no interrupt has

been serviced since power-on or following a system reset, -1 is returned.

Table 5-25. Mainframe Interrupt Handling Commands

Command

Descriptlon

SUB name
. sub commands
‘ e SUBEND

USE ch

“{ ONINTR CALL name
ENABLE INTR SYS
ENABLE INTR

Set up servicing subroutine name in mainframe,
Define subroutine servicing action,
End subroutine.

Set which voltmeter is to interrupt.

call servicing subroutine name on interrupt.

Enable mainframe to recognize voltmater interrupt.
Enable voltmster to interrupt.

Handle Interrupt in Mainframe (ENABLE INTR)

To service and handle a voltmeter interrupt in the mainframe, use ON INTR
CALL name where name is the name of the servicing subroutine. When ON
INTR CALL name is executed (as a result of the interrupt), the interrupt is
disabled. Table 5-25 shows a typical sequence of commands to service and
handle a voltmeter interrupt in the mainframe.

Handie interrupt in Controller (ENABLE INTR)

Interrupts can also be serviced in the mainframe but handled by the

controller. Table 5-26 shows a typical set of commands to service a voltmeter
interrupt in the mainframe and handle the interrupt in an HP Series 200/300

or equivalent controller.
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Disabling Interrupts
(DISABLE INTR)

Example: Setting
Voltmeter Interrupis

Table 5-26. Controlier Interrupt Handling Commands
Command Deserlption
Controlier Commands
ON INTR 7 GOSUB Narne Call servicing subroutine name on interrupt.
-or-
CALL Name
e
GOTO Name
ENABLE INTR 7;2 Enable interface to interrupt on SRQ
Name: ! Start controlier suibroutine
subroutine commands* Define subroutine actions
SPOLL(709) Serial Poll - clears SRQ bit
RETURN End controller subroutine
HP 3852A Commands
USE ch Bet which voltmeter is o interrupt.

ROS INTR for RQS 512)
ROS ON
ENABLE INTR SYS

Enable ROS Mask Flegister INTR bit.
Set RGS Mode ON.
Enable mainframe to recognize voltmeter interrupt.

ENABLE INTR Enable voltmeter {o intarrupt on data available.

STA? Clear Status Register FPS, LCL, INTR, LT, ALRM bits,
CLROUT Clear output buffer.

Configuration commands Set voltmeter configuration for measurement.

DISABLE INTR [USE ch] prevents the voltmeter from generating an
interrupt when a reading becomes available (as defined by the RDGSMODE
command). When an interrupt occurs on an enabled channel, the interrupt is
disabled when it is serviced and is cleared when all measurements have been
read from the voltmeter. Note that CONF clears and disables voltmeter

interrupts.

This program enables an HP 44702A/B or HP 44704 A voltmeter in slots 6 and
7 of the mainframe to interrupt when DC voltage measurements on channels

500 through 509 bave been made.

The scan sequence is started by an external trigger into the EXTO port on the
voltmeter rear panel (set by SCTRIG EXT0). The program loops until the
scan sequence completes (all ten readings taken) and then generates the
interrupt. The interrupt is serviced in controller subroutine Results. When the
program completes, the time of the interrupt and the ten readings are
displayed. Note that RDGSMODE END does not allow an interrupt to occur
until all ten readings have been taken.

When the interrupt occurs, the HP-IB SRQ line is set TRUE and the

- interrupt is sent to the controller, Also, the INTR bit (bit 9) and the service
request bit (bit 6) in the status register are set. Because the interrupt is
handled by the controller, both bits must be cleared (STA? clears bit 9,
SPOLL clears bit 6) before the controller can respond to the next channel
interTupt that occurs.
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10 DIM B{0:9)

20 ON INTR 7 GOTO Resuilts
30 ENABLE INTR 7,2

40 OUTPUT 709;"USE 600"
50 OUTPUT 709;"RQS ON"
60 OUTPUT 709;"RQS INTR"
70 OUTPUT 709;"STA?"

80 QUTPUT 709;"CLROUT"
90 QUTPUT 709;"SCANMODE ON"
100 QUTPUT 709;"CONF DCVY*

110 QUTPUT 709;"RDGSMODE END"
120 OUTPUT 709;"ENABLE INTR"
130 OUTPUT 709;"ENABLE INTR SYS"
140 OUTPUT 709;*CLWRITE 500-509"
150 OUTPUT 708;"SCTRIG EXT0"
160 GOTO 160

170 Resulis:

180 OUTPUT 709, TIME"

190 ENTER 709;T

200 PRINT "Intr @ % TIME$(T)

210 OUTPUT 709;"XRDGS 600,10"
220 ENTER 709;B(*)

230 PRINT USING *K./;B{*)

240 A = SPOLL(708)

250 STOP

260 END

! Dimnension controller array

! Call sub on interrupt

! Enable controller intr on SRQ

I Use voltmeter in MF slot 6

! 8et RQS mode ON

! Unmask RQS Mask Reg INTR bit

i Ciear FPS,LCL,INTR LMT, ALRM
Ha

I Clear STA? data from output buffer

! Set Scanner Mode

! Configure for DC voltage
measurermnents

! Interrupt when scan completes

! Enable voltmeter to interrupt

! Enable mainframe to sense interrupt
1 Set ch 500-509 as scan list

! Trigger voltrneter from EXT0 port
! Loop until interrupt occurs

! Start controller subroutine

! Query time of day

{ Enter time of day

! Display interrupt time/message

! Read ch 500-509 voltages

{ Enter ch 500-509 voltages

{ Display ch 500509 voitages

{ Readfclear SRQ bit

! End controller subroutine

When the interrupt occurs, the controller queries the time of day and enters
the ten readings. For a set of 9V 5% sources connected to channels 500-509, a

typical return (voltage value in volts) is:

Intr @ 02:46:50
8.995
8.99
10 readings
g
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Measurement Examples

Typical measurement examples for the voltmeter follow, divided into three
general categories as shown in Table 5-27. Except as noted, the voltmeter is in
mainframe slots 6 and 7 and is connected via the ribbon cable to an

HP 44711A/B multiplexer in slot 5 of the mainframe. Scanner Mode ribbon
cable operation with RDGS SYS is also assumed. See Figure 3-3 for typical
connections to the HP 44711 A/B multiplexer.

NOTE

The examples do not include GPIO transfers or GPIO operation. Refer to
Chapter 7 - GPIO Operation for examples using GPIO.

Table 5-27 Measurement Examples

Thle Description

Digitizing Waveforms

Capture a “Window" of Data Measure voltage values within a specified time frame before and
after an avent.

Digitize a Wavelorm Sample a signal at specified intervals 1o digitize the waveform.

Grephing a Waveform Sample a signal at specified intervals and graphically display the
resufl.

High-Speed Data Transfers -

Transter Data to Mainframe Take rmeasurements at 80,000 readings per second and transier
data to mainframe memory.

Transfer Data to Controiler Take measurements at 80,0600 readin;gs per second and transfer
data to controller {via mainframe) at 35,000 readings per second,

Bear Panel Measurernents Take measurements at 80,000 readings per second for an input
to the rear panef terminals and Yransfer data to mainframe
memory.

Special Applications,

Continuous Data Acquisition Take measurements continuously and transfer the data to the
conyoller when an interrupt occurs,

Synchronizs Multiple Contro! & slave voltmeter with a master voltmeter to make

Voltmeters synchronized measurarnents, '

80 Hz Noise Rejection Set voltmeter timing parameters and use the STAT (statistics)
command o average out 80 Hz fine noise.

Di gitizing Three examples follow to show some ways the voltmeter can be used to
Waveforms digitize input waveforms. They include capturing a “window” of data around
an event, sampling a signal to digitize a waveform, and graphically displaying
an input waveform.
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: Example: Capture of An application for the high-speed voltmeter is to capture a “window” of data
T a “Window” of Data centered around an event. One way to do this is to set the voltmeter to
| continuously make measurements until the event occurs, use the stop trigger

to signal the event, and take data as required after the event.

This program sets the voltmeter for two prescans and one postscan. An
“event” is signaled by a high-to-low input on the EXTO0 port which generates
the stop trigger. The measurement copsists of DC voltage measurements on
channel 500 of an HP 44711A/B multiplexer, with 10 readings per channel.

Readings are made continuously until the stop trigger is received. When the
stop trigger is received (high-to-low input to EXT0), the volimeter completes
the current prescan and makes one postscan. Since RDGSMODE
COMPLETE is set, when the program completes the data in the buffer will be
the last 20 readings before the event plus the 10 readings after the event.

{ AT ' STTRIG EXT0sets the stop trigger source to the EXTO port and SCTRIG
o SGL starts the scan sequence. When SCTRIG SGL is executed, the voltmeter
makes continuous scan passes on channel 500 until a low-going pulse is input -
to the EXTO port and the stop trigger occurs. The voltmeter then completes
the current scan pass, makes one postscan pass and halts.

XRDGS transfers 30 readings (2 prescans + 1 postscan pass of 10 readings
each). As noted, since RDGSMODE COMPLETE is set the readings
transferred are from the last two prescans before the stop trigger occurs plus
the readings from the single postscan. For example, if the stop trigger
occurred on the 8th prescan, XRDGS transfers the 20 readings from prescans

7 and 8 plus the 10 readings from postscan 1. -

10 DIM Volts(0:29) ! Dim controller array

20 QUTPUT 709;"USE 600" I Use voltmeter in MF slot 6

30 OUTPUT 709;"SCANMODE ON* ! Set Scanner Mode |

40 OUTPUT 709;"CONF DCV" ! Set DCvolts

50 QUTPUT 709;"RDGSMODE COMPLETE"  / Trim to 2 prescans + 1 postscan
60 OUTPUT 709;"NRDGS 10" ! Set 10 readings/channel

70 OUTPUT 709;"SPER 10E-6" ! Set 10 psec between meas triggers
80 QUTPUT 709;"SCDELAY 0" ! Set 0 msec scan irigger delay

90 QUTPUT 709;"PRESCAN 2 ! Set 2 prescans

100 QUTPUT 708;"POSTSCAN 1" 1 Set 1 postscan

110 QUTPUT 709;"ASCAN ON" ! Set autoscan mode on

120 QUTPUT 709;"CLWRITE 500" ! Set ch 500 as scan list

130 QUTPUT 709;"STTRIG EXTQ" ! Set EXTO as stop trigger source

140 OUTPUT 709;"STSLOPE HL"
150 QUTPUT 709;"SCTRIG SGL"
160 QUTPUT 709,"XRDGS 600,30"
170 ENTER 709;Vohis(*)
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! Set 1. slope for stop trigger
! Set single scan trigger source
! Transfer 30 readings

! Enter 30 readings
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180 PRINT USING "K./";Voits(*) ' ! Display 30 readings

180 END

For a 9V 5% voltage source connected to channel 500 a typical return (values
in volts) follows if the stop trigger occurs on the 100th prescan pass.

8.9875
8895 | Prascan 99 (10 readings)

8.0025 |
9.0025™]
8.005 |- Prescan 100 {10 readings)

893 _|
900257
89975 —————— Posiscan 1 (10 readings)

9.0025_|

Example: Digitize @ This program triggers a voltmeter in slot 6 of the mainframe when the voltage
Waveform input to channel 500 of an HP 44711A/B multiplexer crosses 3.072 V in the
negative (high-to-low) direction. When the trigger occurs the voltmeter makes
10 measurements at 0.5 second intervals. Since RDGSMODE DAV is set, an L
interrupt also occurs with the first reading. The resulting data is a digitized
version of the input waveform.

NOTE
The 0.5 second intervals in this example are much longer than typical digitizing
applications. The longer interval is used primarily to illustrate the measurement
concept. You can, of course, set the interval as small as 10 usec, if required.

CONF sets RDGSMODE DAV which makes measurements avail ble
immediately. The STA? command reads the Status Register and clears the
FPS, LCL, INTR, LMT, and ALRM bits and CLROUT clears the output
buffer. The SPOLL command clears the Status Register service request bit

(SRQ bit).

10 DIM B(0:9) ! Dimension controller array

20 ON INTR 7 GOTO Resuits ! Call sub Results on interrupt

30 ENABLE INTR 7:2 +! Enable controlier intr on SRQ

40 OUTPUT 709;"USE 600" { Use voltmeter in mainframe slot 6
50 OUTPUT 709;"RQS ON" ! Set RQS mode ON
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60 OUTPUT 709;"RQS INTR" ! Enable RS Mask Reg INTR bit

' i;:"'""'- 70 QUTPUT 709;"STA?" é %'Iear FPS,LCLINTRLMT, ALRM
b i
80 QUTPUT 709;"CLROUT" ! Clear output buffer
80 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode
100 OUTPUT 708;"CONF DCV" ! Set DCvolts
110 OUTPUT 709;"RANGE 9" ! Set 10.24 V range
120 OQUTPUT 709;"NRDGS 10" { Make 10 readings
130 QUTPUT 709;"PERC 30" ! Set 3.072V threshold
140 QUTPUT 709;"5CSLOPE HL" ! Set HL slope for scan trigger
150 QUTPUT 709;"SPER 0.5" ! Measure @ 0.5 sec intervals
160 OUTPUT 709;"SCDELAY 0" ! Set O sec scan trigger delay
170 QOUTPUT 709;"ENABLE INTR" ! Enable voltmeter intr capability
180 OUTPUT 709;"ENABLE INTR SY5" ! Enable mainframe intr capability
L 190 QUTPUT 708;"CLWRITE 500" ! Set ch 500 as scan list
O ' 200 OUTPUT 709;"SCTRIG MEAS" ! Scan trigger on input threshold
o 210 GOTO 210 ! Loop unftil internipt occurs
220 Resuts: ‘ ! Start controller subroutine
230 OUTPUT 709;"TIME" ! Query time of day
240 ENTER 709;,T ! Enter time of day
250 PRINT "Ch 500 intr @ ", TIME$(T) ! Print interrupt time/message
260 OUTPUT 708;"XRDGS 600,10 I Read ch 500 voltages
270 ENTER 709,B(*) { Enter voltages
280 PRINT "Ch 500 Voltages" ! Display header
290 PRINT USING "K";B(*} ! Display voltages
300 A=SPOLL (709) ! Read/clear SRQ bit
- 310 8TOP ! End controller subroutine
320 END

When the trigger occurs (input voltage <3.072V), the voltmeter takes 10
measurements separated by 0.5 sec intervals. These measurements can be
used to digitize the waveform for the S second interval following the trigger. A
typical return for a decreasing ramp-type function (voltage value in volts)
follows.

Ch 500 Intr @ 02:46:50
Ch 500 Voltages
3.0375 2.8725 2.4 1.88 1.34 0.675 0.575 0.44 0.37 0.275
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Example: Graphing a This program samples the voltage of the input connected to channel 500 of an
Waveform HP 44711A/B multiplexer and displays the results in graphical form. The

voltmeter is set for 2 prescans and 2 postscans. The stop trigger threshold is
set for 4.096 volts ( 10.24V range x 40% as set with PERC).

When the input reaches 4,096 volts, the stop trigger is generated. Since _
RDGSMODE COMPLETE is set, readings from the last two prescans before
the stop trigger plus the two postscans after the stop trigger (40 readings total
at 0.1 sec intervals) are transferred to the controller by XRDGS and displayed.

10 DiM Volts{0:39)

20

30

40

50 QUTPUT 709;"USE 600"

60 OUTPUT 709;"SCANMODE ON"
70 OUTPUT 709;"CONF DCV*

80 QUTPUT 709;"RANGE 9"

80 OUTPUT 708;"RDGSMODE COMPLETE"
100 OUTPUT 709;"NRDGS 10"
110 OUTPUT 709;"PERC 40"

120 OUTPUT 709;"SPER .1*

130 QUTPUT 708;"SCDELAY 0"
140 OUTPUT 709;"PRESCAN 2"
150 QUTPUT 709;"POSTSCAN 2"
160 OUTPUT 709;"ASCAN ON*
170 QUTPUT 708;"CLWRITE 500"
180 OQUTPUT 709;"STSLOPE LH"
190 OUTPUT 708;"STTRIG MEAS"
200 OUTPUT 709;"SCTRIG SGL"
210 QUTPUT 709;"XRDGS 6800,40"
220 ENTER 709;Volts(*)

230

240

250

260 GINIT

270 PLOTTER IS 3,"INTERNAL"
280 OUTPUT KBD;CHR$(255)&CHR$(75);
290 GRAPHICS ON

300 VIEWPORT 0,135,25,95

310 WINDOW 0,4,0,9

320 MOVE 0,0

330 AXES,1,,5,0,0,10,2,8

340 MOVE 0,0

350 FOR1=0TO 38
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! Dimension controller array

!

1. Set up voltmeter

!

! Use voltmeter in mainframe slot 6

1 Set Scanner Mode ' 7

! Configure for DC volts o
! Set 10.24V range

! Trim to (prescans + postscans)
! Set 10 readings/channel

! Gen stop trigger at 4.096 V

! Measure trigger @ . I sec intervals _
! Set § msec scan trigger delay e
! Set 2 prescans E
! Set 2 postscans

! Only one scan trigger required
{ Set ch 500 as scan list

! Set LH slope for stop trigger

1 Stop trigger on threshold

{ Single scan trigger o
! Transfer 40 readings &
! Enter 40 readings o

!

! Graph results

!




360 DRAW 1%, Voits(l)

370 NEXT |

380 END

A typical return for this program is shown in Figure 5-16 where the x-axis is
time in seconds and the y-axis is voltage in Volts.

9 —
8 .
X o
(VOLTS) N
8 .
5 o
A
3 |
l -
g lll!|I!Il‘flllllgllllll|||§]l!lll!|il||!
1 2 3 4
t (sec)
NOTE: AXIS LABELS ARE NCT PART OF CRT DISPLAY
3E52P: ADZ. 5. 16

Figure 5-16. Example: Graphing a Waveform

High-Speed Three examples follow to show some ways that data can be acquired and
Data Transfers transferred at high speeds, including transfers to the mainframe memory and
to the controller (via the mainframe memory).

Example: Transfer This program shows how to make high-speed measurements at 80,000

Data to Mainframe readings/second and transfer the readings to the mainframe memory. The
program makes 5,000 measurements on a single channel (channel 500) and
stores them in mainframe array PARR (in PACKED format) for eventual
transfer and unpacking by the controller.

Since SPER is set for 12.5 usec, measurements are taken at 12.5 usec
intervals. SCDELAY 0, 1.25E-3 sets 0 msec scan trigger delay and 1.25 msec
between scans. For DC voltage measurements with the high-speed voltmeter,
PACKED data is returned with two bytes/reading. Thus, PARR must be
dimensioned for 10,000 bytes to store 5000 PACKED readings.

Note that the front panel display is turned off with DISP OFF. This is very
important for high-speed scans as it greatly improves high-speed performance.
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10 ASSIGN @Dac to 709

20 OQUTPUT @Dac;"PACKED PARR(9999)"
30 OUTPUT @Dac;"USE 600"

40 QUTPUT @Dac;"DISP OFF"

50 OUTPUT @Dac;"SCANMODE ON"

60 QUTPUT @Dac;"CONF DCV

70 OUTPUT @Dac;"RANGE 9"

80 OUTPUT @Dac;"NRDGS 100"

90 OUTPUT @Dac;"SPER 12.5E-6"

100 OUTPUT @Dac;"SCDELAY 0,1.25E-3"
110 QUTPUT @Dac;"PRESCAN 56"

120 QUTPUT @Dac;"POSTSCAN 0¢

130 OUTPUT @Dac;"CLWRITE 500"

140 OUTPUT @Dac;"SCTRIG INT"

! Assign Dac as I/O path

! Dim PACKED mainframe array
! Use voltmeter in MF slot 6™
! Mainframe display off

! Set Scanner Mode

! Configure for DC volts

! Set 10.24V range

! Set 100 readings/channel

1 12.5 usec between meas

! 1.25 msec between scans

! Set 50 prescans

! Set @ postscans

1 Set ch 500 as scan lst

! Internal scan triggers

150 QUTPUT @Dac;"XRDGS 600,5000 INTO PARRY Xfer 5,000 rdgs to PARR

160 END

Example:Transfer
Data to Controlier

This program makes measurements at 80,000 readings/second, transfers the
readings to the controller at approximately 35,000 readings per second, and

unpacks the readings in the controller. The example includes unpacking
functions for 13 bit (HP 44702A/B, and HP 44704A after RST) and 14 bit
(HP 44704A after RESOL 14 command) modes. Call the appropriate one by

editing line 310.

The program makes 25 measurements (5 readings on each of 5 channels) and
stores them in mainframe array PARR in PACKED format. The readings are
transferred to the output buffer with the VREAD command and then
transferred to the controller with the TRANSFER statement. The packed
readings are then unpacked by the controller. Since packed DC voltage
readings have a 2 bytes/reading format, PARR must be defined for 50 bytes.

Since SPER is set for 12.5 usec, measurements are taken at 12.5 usec
intervals. SCDELAY 0 sets 0 sec scan trigger delay. Note that the front panel
display is turned off with DISP OFF. This is very important for high-speed
scans as it greatly improves system performance.

NOTE

It may appear that transferring PACKED readings directly from the voltmeter
to the controller is faster than transferring the readings to the mainframe
memorty and then to the controller. However, this is not the case.,

For an HP Series 200/300 controller, maximum transfer rate over HP-IB is
about 3,000 readings/sec, while transfer rate via the mainframe MEemory is
about 35,000 readings/sec. The transfer rate for the small number of readings
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in this program will not be 35,000 readings/sec, but should approach this value
for a large number of readings. '

30 ! Define I/O paths, buffer, array

40 OPTION BASE 0 ! Set option base 0

50 INTEGER Bdata(1:25) BUFFER 1 Define controller buffer
60 ASSIGN @Dac to 709 ! HP 38524 IfO address

70 ASSIGN @Hp_3852 to 709;FORMAT OFF  /Set up HP-IB path
80 ASSIGN @Bdata to BUFFER Bdata(*);FORMAT OFF/ Controller buffer path

90 OUTPUT @Dac;"PACKED PARR{49)" /HP 38524 packed array
100 ' {
110 1 Set up voltmeter and transfer data -
130 QUTPUT @Dac;"USE 600" ! Use voltmeter in MF slot 6
140 QUTPUT @Dac;"DISP OFF" I Mainframe display off
- 150 QUTPUT @Dac;"SCANMODE ON" f Set Scanner Mode
160 QUTPUT @Dac;"CONF DCV" ! Configure for DC volts
170 QUTPUT @Dac;"RANGE ¢" ! Set 10.24V range
180 OUTPUT @Dac;"NRDGS 5" ! Set 5 readingsfchannel
190 OUTPUT @Dac;"SPER 12.5E-6" ! Set 12.5 usec between meas
200 OQUTPUT @Dac;"SCDELAY 0° ! Set 0 msec scan trig delay
210 QUTPUT @Dac;"CLWRITE 500-504" ! Set ch 500-504 as scan list
220 QUTPUT @Dac;"ASCAN ON" ! Single scan trigger required
230 OUTPUT @Dac;"SCTRIG SGL" ! Single scan trigger '

240 QUTPUT @Dac;XRDGS 600,25 INTO PARR'Y Transfer rdgs to mainframe
250 OUTPUT @Dac;"VREAD PARR,PACK" ! Transfer rdgs to output buffer
260 TRANSFER @Hp_3852 TO @Bdata; END,WAIT! Transfer rdgs to controller
280 : '

290 ! Unpack PACKED data

300FORI=17T025 2

310 PRINT FNUnpk13(Bdata(l)) ! Print readings

320 NEXT |

330 END

340 DEF FNUnpk13(INTEGER Bdata) ! Define 13 bit unpack function
350 REAL R(0:3)

360 DATA 256.,32.,4.,1.

370 READ R(*)

380 M== BINAND(Bdata,4095)

390 IF Bdata >0 OR M=4095 THEN

400 RETURN 1.E+38

410 ELSE

420 V = M*.0025/R(BINAND(SHIFT(Bdata,13),3))

430 IF BIT(Bdata,12) THEN V=-V

440 RETURN V
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450 END IF

460 FNEND ! End 13 bit unpack function /
470 DEF FNUnpk14(INTEGER Pack) ! Define 14 bit unpack function ’
480 REAL R{0:3) { Alloc. range factor array

490 DATA 255.,,32.,4.,1. ! Range function data

500 READ R{*) ! Fill array with range factors

510/ Convert AID bits and range bits to volt reading /
520 V=S8HIFT (BINAND(16383,Pack),-2)/4*.00125/R(BINAND(SHIFT(Pack, 1 4),3))
530 RETURNY :

540 FNEND ! End 14 bit unpack function

- For a set of 9V 5% sources connected to channels 500-504, a typical return is:
8.9925 7 ‘ o

8.985 i
channel 500 (5 readings)

9.0075 _|
8995 )
9.01 ;
channel 501 (5 readings)

9.0025 |
89875
8.975

channel 504 {5 readings}

8.9925 |
Example: Rear Panel Typically, high-speed scanning is accomplished using the voltmeter with an
Measurements HP 44711A/B, 447124, or 44713A/B multiplexer and ribbon cable operation.
However, you can make high-speed measurements (up to 90,000 readings per
second) of a single “channel” by sending the input signal to the voltmeter rear
panel terminals.

This program makes 25 measurements of an input to the rear panel terminals
at 80,000 readings/second, stores the readings in mainframe array PARR (in
PACKED format), then transfers and unpacks the readings in the controller,
The example includes unpacking functions for 13 bit (HP 44702A/B, and

HP 44704A after RST) and 14 bit (HP 44704A after RESOL 14 command)
modes. Call the appropriate one by editing line 310. Since SPER is set for 12.5
psec, measurements are taken at 12.5 usec intervals, SCDELAY 0 sets O msec
scan trigger delay.
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Note that CLWRITE is not used, since there are no multiplexer channels to
be measured. Instead, the voltmeter sets up a “dummy” channel in the scan
list for each reading and takes the readings from the source specified by
TERM (TERM EXT in this program). Also, note that the front panel display
is turned off with DISP OFF. This is very important for high-speed scans as it
greatly improves system performance.

30/ Define I/Q paths, buffer, array !

40 OFTION BASE 0 1 Set option base 0

50 INTEGER Bdata(1:25) BUFFER ! Define controller buffer
80 ASSIGN @Dac to 709 1 HP 38524 I/ address

70 ASSIGN @Hp_3852 to 709;,FORMAT OFF  / Set up HP-IB path
80 ASSIGN @Bdata to BUFFER Bdata(*);FORMAT OFF! Controller buffer path

90 OUTPUT @Dac;"PACKED PARR(49)" ! HP 38524 packed array

_ 100 !

v 120 ! Set up voltmeter and transfer data !

i 130 QUTPUT @Dac;"USE 600" ! Use voltmieterin MF slot 6
140 QUTPUT @Dac;'DISP OFF" ! Mainframe display off
150 QUTPUT @Dac;"SCANMODE ON" ! Set Scanner Mode
160 QUTPUT @Dac;"CONF DCV* ! Configure for DC volts
170 OUTPUT @Dac;"TERM EXT" ! Rear terminals are input
180 QUTPUT @Dac;"RANGE &' ! Set 10.24V range
180 OUTPUT @Dac;"NRDGS 25" I Set voltmeter for 25 rdgs
260 OUTPUT @Dag;"SPER 12.5E-6" ! Set 12,5 usec between meas
210 QUTPUT @Dac;"SCDELAY O" ! Set 0 msec scan trig delay
220 OUTPUT @Dac;"ASCAN ON" ! Single scan trigger required
230 OUTPUT @Dac;"SCTRIG SGL" ! Single scan trigger

240 OUTPUT @Dac;"XRDGS 600,25 INTO PARR'/ Transfer rdgs to mainframe
250 QUTPUT @Dac;"VREAD PARR,PACK" [ Transfer rdgs to output buffer
260 TRANSFER @Hp_3852 TO @Bdata;ENDWAIT! Transfer rdgs to controller
270 o !

2906 ! Unpack PACKED data !

30 FORI=1TOQ25 ! Begin unpacking function
310 PRINT FNUnpk13(Bdata{l)) ! Print readings

320 NEXTI

330 END

340 DEF FNUnpk13{INTEGER Bdata)

350 REAL R{0:3)

360 DATA 256.,32..4.,1.

370 READ R(%)

380 M =BINAND(Bdata,4095)

390 IF Bdata >0 OR M =4085 THEN

400 RETURN 1.E +38

410 ELSE

420 V=M *.0025/R(BINAND(SHIFT(Bdata,13),3)}/1
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430 IF BIT(Bdata,12) THEN V=-V

440 RETURN YV

450 END IF

460 FNEND ! End I3 bit unpack function
470 DEF FNUnpk14(INTEGER Pack) ! Define 14 bit unpack function
480 REAL R(0:3) ! Alloc. range factor array

490 DATA 256.,32..4.,1. ! Range function data

500 READ R{* ! Fill array with range factors

510 Convert AlD bits and renge bits ta volt reading

520 V = SHIFT(BINAND(16383,Pack),-2)/4*.00125/R(BINAND (SHIFT (Pack, 14),3))
530 RETURN V

540 FNEND ! End 14 bit unpack function

Special These three examples show some special applications for the voltmeter,
Ap pﬁcatign $ including continuous data acquisition, synchronizing multiple voltmeters, and £
60 Hz noise rejection. L

Example: Continuous This program shows one way to do continuous data acquisition with the
Data Acquisition voltmeter. The program uses an HP Series 200/300 controller with a DMA
card, an HP 447028 or HP 44704A in slot 6 of the mainframe, an
HP 44711A/B multiplexer in slot 5 of the mainframe, and an HP 44721A
digital input accessory in slot 2 of the mainframe. The input to the HP 44721A o
(used for interrupt) is to channel 200. The accessory debounce jumper is set {
for 10 Hz and the channel 200 attenuator jumper is set for 5.

For this program, the voltmeter makes continuous measurements on channel
500 of the multiplexer. Data is continvously transferred from the voltmeter to
the controller via the mainframe memory. When a low-to-high transition {(LH
edge) occurs on channel 200 of the HP 44721A digital input, an interrupt is
generated to the controller. After the interrupt occurs, the voltmeter takes
readings for an additional ¥ second and the program ends.

NOTE

Since the readings stored in the controller are in PACKED format, the readings
must be unpacked to be readable. Refer to “Fxample: Transfer Data to
Controller” for an example unpacking function.

Define Variables and Buffer

Lines 40 - 60 define the variable and buffer names for the program. $300_buff
is an INTEGER buffer in the controller.
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Assign I/O Paths

Lines 100 - 120 assign the mainframe 1/O address and the I/O transfer paths
from the mainframe to the controller buffer S300_buff.

Configure the Voltmeter

Lines 160 - 330 configure the voltmeter for DC voltage measurements on
channel 500. Measurements are made at 27.5 gsec intervals (approximately 36
kHz). Note that STTRIG HOLD (line 330) is set. Thus, the stop trigger is not
enabled (and the voltmeter continuously make measurements) until an
interrupt from the digital input accessory occurs.

Enable Interrupts

Lines 370 - 400 enable controller interrupts and keep the data transfer
operation going. In line 370, if a TRANSFER is completed and an interrupt
S has not occurred, subroutine Xfer_done is called and the transfer process is
Lo p ‘ restarted. :

If an interrupt has occurred (1LH edge on the digital input), line 380 branches
to Terminate which ends the program 0.5 seconds after the interrupt occurs. -
Lines 390 and 400 enable controller interrupt capability. Note; however, that
Xfer_done is always performed since it has a higher priority (priority 5 in line
370) than the interrupt.

Subroutine INTROUT

Subroutine INTROUT is called when the voltmeter has room for only 4,096
more readings (since RDGSMODE BURST is set). This subroutine transfers
4,096 PACKED readings to mainframe array A and then to the output buffer
for transfer to the controller buffer S300_buff. Voltmeter interrupt capability

is then re-enabled.
Subroutine XIT

Subroutine XIT is called when an interrupt (LH edge) occurs on the

HP 44721A digital input accessory. This subroutine generates the stop trigger
for the voltmeter and transfers 4,096 readings from the voltmeter to
mainframe array A and then to the output buffer. A service request is sent to
the controller and a single “BEEP” is generated to advise of the interrupt.
When the subroutine completes, the program branches to Terminate (line
1030). :

In line 560, STA? INTO X clears the status register bits shown and the status
register state is stored in variable X. This ensures that the status register
information is not included in any data transfer operation.
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Call Subroutines

Lines 630 - 640 call subroutines on interrupt. An LH edge on the digital input
calis subroutine XTT. When the voltmeter data buffer has room for only 4,096
more readings, subroutine INTROUT is called.

Enable Accessory Interrupts

Lines 680 - 730 enable the voltmeter and digital inputs to interrupt and enable
the mainframe to recognize the interrupt. RQS FPS and RQS ON enable
service request operation,

Trigger the Voltmeter

Line 770 issues a single scan trigger to start the scan sequence. Since ASCAN
ON is set (line 310), only a single scan trigger is required for continuous passes.

Start Data Transfers

Line 810 transfers data from the output buffer to the controller buffer.

Read Buffer Status

While the transfers are in progress, lines 850 - 920 read the status of buffer
S300_buff and provide a continuous display of the fill pointer posmon
input/output status, and index number.

Restart Transfers .

When a transfer completes, line 370 calls the Xfer done subroutine which
. resets the buffer fill pointer and restarts the transfer operatmn The buffer
+ ..+ index counter is also incremented.

’d Program

When an LH edge on the digital input occurs, the program goes to Terminate
(line 1030). After the interrupt occurs, the voltmeter takes another 14 second-
of data, the I/O path is closed, and the program ends. A typical display after an
interrupt occurs follows the program listing.

30! Define variables and buffer

40 OPTION BASE 0

50 INTEGER Cntr,Done,In_stat_byt,Out_stat byt,Mask / Define variables
60 INTEGER $300_buff(1:24576) BUFFER ! Define buffer

70 !

80 lopath_setup: 1 Define I/O paths

50 ‘

100 ASSIGN @Comp TO 709 1 HP 38524 I]O address

110 ASSIGN @Path_3852 TO 709;FORMAT OFF/ HP-IB /0 path

120 ASSIGN @5300_buff TO BUFFER $300_bufi(*);FORMAT OFF/ Buffer 1/O path
130 !

140 Dvm_setup: ! Configure the voltmeter
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150 I

160 CLEAR @Comp { clear 709

170 OUTPUT @Comp;"AST" ! Reset HP 38524

180 QUTPUT @Comp;"OUTBUF ON" { Turn output buffer on

190 OUTPUT @Comp;"INBUF ON" ! Turn input buffer on

200 QUTPUT @Comp;"PACKED A(8191)" ! Define PACKED array

210 QUTPUT @Comp;" INTEGER X* ! Define INTEGER varigble
220 QUTPUT @Comp;"DISP OFF" ! Turn front panel display off
230 OUTPUT @Comp;"USE 600" ! Use voltmeter in MF siot 6
240 QUTPUT @Comp;"SCANMODE ON" I Set Scanner Mode on

250 QUTPUT @Comp;"CONF DCV" ! Configure for DC volts

260 QUTPUT @Comp;"RANGE 2.5" { Set 2.56V range

270 OUTPUT @Comp;"RDGSMODE BURST" ! Enter when room for 4096 rdgs
280 OUTPUT @Comp;"SPER 27.5E-6" ! Set 27 usec between rdgs

_ | ] 290 QUTPUT @Comp;"SCDELAY 16E-3" { Set 16 msec scan trig delay
Lo 300 OUTPUT @Comp;"POSTSCAN 4096" [ Set 4,096 postscans

310 CUTPUT @Comp;"ASCAN ON" ! Set autoscan on

320 OUTPUT @Comp;"CLWRITE 500" ! Set ch 500 as scon list

330 QUTPUT @Comp;"STTRIG HOLD" 1 Set stop trigger to HOLD
340 !

350 Intr_setup: ! Setup intermupts

370 ON EOT @Path_3852,5 GOSUB Xfer_done /! When transfer stops, restart
380 ON INTR 7 GOTO Terminate ! Stop on dig input intr

390 Mask = 2 ! Set SRQ interrupt mask,
400 ENABLE INTR 7;Mask ! Enable cont intr capability
410 !

430 f subroutine INTRQUT

440 QUTPUT @Comp;"SUB INTROUT" ! Start INTROUT subroutine

450 OUTPUT @Comp;"XRDGS 600,4096 INTO A" Trans 4,096 rdgs to array A
460 OUTPUT @Comp;"VREAD A, PACK" ! Trans rdgs to output buffer
470 CUTPUT @Comp;"ENABLE INTR USE 600"/ Re-enable VM to interrupt

480 OUTPUT @Comp;"SUBEND" ! End INTROUT subroutine
490 !

810G ! Subroutine XIT

520 OUTPUT @Comp;"SUB XIT" ! Start XIT subroutine

530 OUTPUT @Comp;"STTRIG SGL USE 600" / Single trigger voltmeter
540 QUTPUT @Comp;"XRDGS 600,40896 INTO A" Trans 4,096 rdgs to array A

550 QUTPUT @Comp;"VREAD A FACK" ! Trans rdgs to output buffer
560 QUTPUT @Comp;"STA? INTO X" ! Clr FPS,LCLINTR,LMT bits
570 OUTPUT @Comp;"SRQ" ! SRQ message to controller
580 OUTPUT @Comp;"BEEP" ! BEEP once

590 OUTPUT @Comp;"SUBEND" ! End XIT subroutine

600 !

820/ Call subroutines on interrupt !

i
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630 OUTPUT @Comp;"ON INTR USE 216 CALL XIT" Call XIT on digin intr
640 OUTPUT @Comp;"ON INTR USE 600 CALL INTROUTY Call INTROUT

650 !

670 ! Enable voltmeter and digital input interrupts

680 OUTPUT @Comp;"RQS FPS* ! Unmask Service Reguest bit
650 OUTPUT @Comp;"RQS ON" ! Enable Service Request mode

700 QUTPUT @Comp;"ENABLE INTR USE 600" Enable voltmeter interrupt

710 OUTPUT @Comp;"EDGE LH USE 216° 7 Set digital input edge

720 QUTPUT @Comp;"ENABLE INTR USE 216" Enable digital input intr

730 OUTPUT @Comp;"ENABLE INTR SYS"  /Enable mainframe intr

740 !

760 ! Trigger the voltmeter

770 OUTPUT @Comp;"SCTRIG SGL" ! Single scan trigger

780 i

800 ! Start data transfers :

810 Start. TRANSFER @Path_3852 TO @S300_buffi; COUNT 48152,EOR (END)
840 ! Read S300_buff status while transfers run

850 Cntr = 0 '

850 LOOP

870 STATUS @$300_buff,3;Fill_ptr

880 PRINT TABXY(10,5};"Fill Pointer is":Fill | ptr

890 STATUS @8300_buff, 10;In_stat_byt,Out_stat byt

900 PRINT TABXY(10,8);"Status InfOut “In_stat_byt", Out_stat_byt
810 PRINTTABXY{10,11);"Index = "Cntr ' '

920 END LOOP

930 Y

950 ! Reset §300_buff fill pointer and restart transfers

960 Xfer_done:RESET @S$300_buff ! Reset fill pointer to start

970 TRANSFER @Path_3852 TO @SSOOnbuﬁ;ngUNT 49152,EOR (END) / Restart
or .

980 Cntr=Cnir+ 1 ! Increment INDEX counter

930 RETURN I Return

1000 !

1020 ! End program 0.5 sec after digital input interrupt occurs

1030 Terminate:WAIT .50 ! Take more data after intr

1040 OFF EQOT @Path_3852 ! Cancel inbound EQT

1050 ABORTIO @path 3852 ! Clean up HP-IB path

1060 ASSIGN @path 3852 TO * ! Close 1/0 path

1070 STATUS @$300_buff,3;Fili_ptr
1080 PRINT TABXY(10,20);"Ending Fill Pointer is";Fill_ptr
1090 END
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As noted, the voltmeter continuously makes measurements on channel 500
and measurements are transferred via the mainframe memory (array A) to the
controller (BUFFER S300_buff. When an interrupt (LLH edge on the

HP 44721A digital input), the voltmeter takes measurements for 0.5 seconds
after the interrupt and the program ends. A typical return when an interrupt
occurs follows.

Fill Pointer is 4,0961
Status in/Out 64, O

Index = 4

Ending Fill Pointer is 8193
- l/ Exarmple: Another application is to synchronize the operation of two or more
Synchronize Multiple HP 44702A/B or HP 44704A High-Speed Voltmeters. One of the voltmeters
Voltmeters is designated as the master, the other voltmeters as slaves. Each voltmeter
must connect to its own high-speed FET mult:plexers and each should have

identical channel lists.

The TRIGOUT ON command sets the master voltmeter to output measure
triggers from its EXTO port. The measure triggers are sent via BNC
connectors to the EXT0 or EXT1 port (as programmed) of the slave
voltmeters. See Figure 5-17 for typical BNC connections.

The preferred programming method is o set up all voltmeters and use
SCTRIG SGL to start the scan for all slaves. Then, trigger the master to
generate measure triggers which will simultaneously trigger measurements on
all channels. This method ensures that a race condition will not develop which
could cause the slaves to miss a measure trigger.

NOTE
Due to hardware constraints, measure trigger times may be slightly different
between master and slave voltmeters. Refer to “Measure Trigger Timing
(SPER)” for details.

For this program, the voltmeter in slot 6 of the mainframe is designated as the
master voltmeter which synchronizes the operation of a single slave voltmeter
in slot 1 of the mainframe. An HP 44711A/B multiplexer is connected to each
voltmeter via its individual ribbon cable.
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Figure 5-17. Example: Synchronize Multiple Voltmeters

A BNC cable is connected between the master voltmeter EXTO port and the
slave voltmeter EXTY) port as shown in Figure 5-17 to route measure triggers
from the master to the slave. Three passes are made through each multiplexer
channel list and a total of 9 readings are returned by each voltmeter.
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The master voltmeter is set up and configured first, followed by the slave
voltmeter. The slave voltmeter is then enabled to respond to the measure
trigger from the master and the master voltmeter is triggered.

Lines 80 through 150 set up the master voltmeter. Three passes will be made
through the channel list specified by CLWRITE. ASCAN ON sets the master
voltmeter so that only one scan trigger is required for the three passes through

the scan list.

Lines 190 through 270 set up and enable the slave voltmeter. Since the
TRIGOUT signal from the master voltmeter is a negative-going pulse, the
SLOPE command sets the slave voltmeter to trigger on the high-to-low
transition of the signal. TRIG EXTU sets the EX'T0 port on the slave

voltmeter as the measure trigger source.

The slave voltmeter also makes three passes through the channel list specified
by CLWRITE. Again, ASCAN ON sets the slave so that only one scan trigger
is required to make three passes through the list. SCTRIG SGL starts the scan

sequence for the slave voltmeter ONLY. Then, when the measure trigger is
received from the master volitmeter, both volimeters make simultaneous

measurements.

SCTRIG SYS and TRG GET set the scan trigger source for the master
voltmeter as the HP-IB Group Execute Trigger (GET). When the scan trigger
is issued, the master voltmeter outputs measure triggers to the slave so both

measurements are synchronized.

30 f Set up controller arrays
40 DIM Rgs1{0:8),Rgs2(0:8)
80
70 ! Set up master voltmeter
80 OUTPUT 708;"AST"
80 OUTPUT 709;"USE 600"
100 OUTPUT 709;"SCANMODE ON"
110 QUTPUT 709,"CONF DCV"
120 QUTPUT 709;"TRIGOUT ON"
130 OUTPUT 709;"PRESCAN 3"
140 QUTPUT 709;"ASCAN ON*
- 150 QUTPUT 709;"CLWRITE 500-502"
160
180/ Set up and scan trigger slave voltmeter
190 QUTPUT 709;"USE 100°
200 OUTPUT 709;"SCANMODE ON*
210 OUTPUT 708,"CONF DCV”
220 QUTPUT 709,"SLOPE HL"
230 OUTPUT 709;"TRIG EXTO"
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! Dim readings arrays
!

! Reset HP 38524 and voltmeters
! Use VM in MF slot 6 (master)

! Enable Scanner Mode

! Configure for DC voits

! Qutput trig signal to BNC 0

! Make 3 passes through scan list

! Turn autoscan on

! Ch list/ribbon cable connections

!

! Use VM in MF slot 1

f Enable Scanner Mode

! Configure for DC volts

! Trigger on negative-going signal

! Set slave BNC 0 to receive trigger
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Example: 60 Hz Noise
Rejection

240 OUTPUT 709;"PRESCAN 3"

250 OUTPUT 709;"ASCAN ON"

260 OUTPUT 709;"CLWRITE 0-2"
270 OUTPUT 709,"SCTRIG SGL*
280 ‘
300 ! Enable and trigger master voltmeter
310 QUTPUT 709;"SCTRIG SYS,USE 600"
320 OUTPUT 709;"TRG GET*

330 WHILE NOT BIT{SPOLL(709),4)
340 END WHILE

350 TRIGGER 709

360

380 ! Transfer and display readings
390 QUTPUT 709;,"XRDGS 600"

400 ENTER 708;Rgsi(*)

410 PRINT “Slot 5 Readings"

420 PRINT USING "K,/;Rgs1(*)

430 QUTPUT 709;"XRDGS 100"

440 ENTER 709;Rgs2{*)

450 PRINT "Siot 0 Readings”

450 PRINT USING "K./;Rgs2{*)

470 END

For a set of 9V 5% sources connected to channels 0 through 2 and 500

! Make 3 passes through scan list
! Turn autoscan on

! Ch list/ribbon cable connections
! Send scan trigger to slave

!

I System trigger master voltrneter

! Set system trigger source

! Wait until MF ready before GET
!

! Trigger the master voltmeter

!

! Trans readings from master
{ Enter master readings

ST

! Trans readings from slave
! Enter slave readings

through 502, a typical return (values in volts) is:

Slot 5 Readings
89775
9.0025 {9 readings})
8.005

Slot 0 Readings
8.9925
8.0175 {9 readingsj

8.585

This program uses the high-speed voltmeter and the mainframe STAT
command to reject 60 Hz noise across 10 multiplexer channels within the
period of one cycle of noise. The voltmeter scans the channel list 10 times
during the period. SPER is set so that a measurement is taken on each
channel within each scan. As measurements are taken, they are stored in a
mainframe array. The STAT command then averages out the noise on each
channel.
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The voltmeter is set for 10 prescans of 10 channels with one reading per
channel. When the readings have been made, HP 3852A subroutine
CONVERT is called, the noise is averaged out of each reading, and the
converted readings are returned to the controller and displayed.

For this program, SCDELAY and SPER parameters are based on the period
of the noise (16.7 msec for 60 Hz), the number of measurements (scans) to be
taken, and number of channels (10). The following equations show how to
calculate the SPER and SCDELAY parameters so that noise rejection can
occur on several channels within one cycle of the noise signal.

To determine the SCDELAY [scan_pace] and SPER values required to reject
noise, use equation (1) to find the SCDELAY [scan_pace] parameter and
then use equation (2) to find the SPER sample_period parameter.

: = Noise period
| f s ' SCDELAY [scan_pace] = Numbe?‘ offcan passes ey

SCDELAY [scan_pace] 2
Number of measurements )

SPER sample_period =
For this program, the noise signal is assumed to be 60 Hz (period = 16.7
msec). The voltmeter is set for 10 prescans of 10 channels with 1 reading per
channel. From equation (1), SCDELAY [scan_pace] = 16.7 msec/10 = 1.67
msec. Since 10 measurements are made per prescan, from equation (2) SPER
= 1.67 msec/10 = 167 usec. -

10 x !
20 ! Clear interface and reset HP 38524
30 ! -
40 CLEAR 708 ‘ I Clear interfuce
50 OUTPUT 709;"RST" { Reset HFP 38524

60 !
70 ! Declare variables and arrays
80 !
80 DIM Average(0:9) ! Deciare controlier array
100 OUTPUT 709"INTEGER [,J,.K" ! Declare For..Next variables
110 QUTPUT 709;"REAL SAMRDGS(99)" ! Declare mainframe array

120 QUTPUT 704;"REAL MIN,MAX,STD,MEAN"! Declare STAT variables
130 OUTPUT 709;"REAL STAT ARY(9),AVG(9)" Declare STAT arrays

140 _ ! :
150 ! Set up voltmeter, transfer readings
160 . !
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170 OUTPUT 709;"USE 600" ! Use voltmeter in MF slot 6

180 OUTPUT 709;"RST 600" ! Reset voltrmeter ;e
120 QUTPUT 708;"SCANMODE ON" ! Set Scanner Mode

200 QUTPUT 709;"CONF DCV" ! Configure for DC voltage

210 QUTPUT 70S;,"SPER .000167" 1 167 ptsec betwezn meas triggers

220 QUTPUT 709;"SCDELAY 0,.00167" ! 1.67 msec between scans

230 OUTPUT 709;"PRESCAN 10" ! Set 10 prescans

240 QUTPUT 709;"CLWRITE 500-509" ! Set ch 500-509 as scar list

250 OQUTPUT 708;"SCTRIG INT" ! Set internal scan trigger

260 OUTPUT 709;"XRDGS 600 INTO SAMRDGS" Transfer rdgs to MF memory

270 ! '

290 ] Averaging subroutine

300 OUTPUT 709;"SUB CONVERT" 1 Begin averaging subroutine

310 QUTPUT 708, FORJ=0TO & { Extract channel readings,

320 OUTPUT 708;" K=J" ! average out noise on each ch .

330 OUTPUT 709;" FOR1=0TO 9"
340 OUTPUT 709;"STAT_ARRAY(l) = SAMRDGS(K)"

350 OUTPUT 709;"K =K + 10"

360 OUTPUT 709:"NEXT I

370 OUTPUT 709;"STAT MIN,MAX,MEAN,STD,STAT ARY"
380 QUTPUT 709;"AVG(J) = MEAN®

390 OUTPUT 709;NEXT J*

400 OUTPUT 709;"SUBEND" ! End gveraging subroutine
410 QUTPUT 709;"CALL CONVERT" ! Call sub when rdgs available
420 A { /
440 ! Transfer and display readings
450 OUTPUT 709;"VREAD AVG" ! Return readings (without noise)
460 ENTER 709;Average(*) ! Enter readings
470 PRINT Using "K /" Average{*) ' 1 Display readings -
480 END -
For a set of 9V 5% sources connected to channels 500 - 509, a typical return
(values in volts) is:
B.Y725
9.005
. 10 readings
8.5925
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Scanner Mode Command Summary

Table 5-28 summarizes Scanner Mode commands alphabetically, divided by
high-level and low-level commands. High-Level commands (CONF,
CONFMEAS, MEAS and MONMEAS) perform a series of operations and
(when scanning) provide additional measurement functions such as
temperature or strain conversions. Low-level commands perform only simple
operations such as changing ranges or transferring readings.

Table 5-28. Scanner Mode Command Summary

High-Level Commands

CONF function [USE ch]
Configure the voltmeter measurement function {DCV, OMMF, etc.} and preset
values for other functions (autozero, range, etc.).

) CONFMEAS function ch_list [INSCAN number][USE ch] [INTO name] or fmi]

[ ' Configure the voltmeter function, scan, and measure. CONFMEAS is equivalent
- to CONF followed immediately by MEAS. CONFMEAS can only be used for
muitiplexer measurements. NSCAN number is valid only for mainframe firmware
revision 2.2 and greater. For Scanner Mode, CONFMEAS is valid for ribbon
cable (TERM RIBBON) operation only.

MEAS function ch_list [INSCAN number] [USE ch] [INTO name] or {fmt]

Set the voitmeter measurement function and initiate a scan and measurement of
multiplexer channels specified by ch_list. NSCAN number is valid only for
mainframe firmware revision 2.2 and greater.

MONMEAS function ch_list JUSE ch}

Select voltmeter measurement function, scan, measure, and display. MONMEAS
selects the voltmeter function, then causes the voltreter to measure the first
channetl in the channel list and display the results on the display. The
measurement sequence is advanced o the next channel in the list when the
front panel SADV KEY key is pressed.

Low-Level Commands

ARMODE mode [USE ch} _

When autoranging is set, ARMODE sets the autorange mode (BEFORE or
AFTER). For ARMODE AFTER (power-on) the voltmeter autoranges after a
trigger is received and then takes the reading for each measurement. For
ARMODE BEFORE, the voltmeter makes the measurement when the trigger is
received and autoranges on the next channel.

ASCAN [mode] [USE ch]

Sets attoscan function. ASCAN OFF requires a separate scan trigger for each
pass through the scan list. ASCAN ON requires only an initial scan trigger for the
first pass and subsequent passes start automatically.

AZERQ {mode] {USE ch]
Autozero the voltmeter. AZERC ONCE is the only available mode for the

voltmeter.
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Table 5-28, Scanner Mode Command Summary

CAL
Service-related command. Refer to the HP 3852A Assembly Level Service
Manual.

CHREAD ch [INTO name] or [fmi]

Transfer a single reading stored in the voltmeter data buffer to the mainframe
memory or to the output buifer and/or display. The voltmeter must have been
triggered and data must be available before CHREAD will return a reading.

CLWRITE [ribbon_bus] ch_list [RANGE range /list] [USE ch]

Sets channel and range lists to be scanned and used by the voltmeter. The
ribbon_bus parameter specifies the ribbon cable connections: SENSE (default),
COM, SEP, REFT, and STRVEX. (REFT and STRVEX are valid for mainframe
firmware revision 2.2 and greater.)

RANGE range_list specifies the list of voltmeter ranges which correspond to the
channels specified by ch_fist. CLWRITE is valid only when Scanner Mode .
(SCANMODE ON) and ribbon cable (TERM RIBBON) operation are set. See £
Chapiter & for details on CLWRITE when an HP 44704A is in 16 bit resolution

mode. :

DISABLE INTR [USE ch]
Prevents the voltmeter from generating an interrupt when data is available (as
defined by RDGSMODE).

ENABLE INTR [USE ch]

Enables the voltmeter to gensrate an interrupt when data Is avafiable {as defined
by RDGSMODE). The interrupt can be serviced and handled by the mainframe
or serviced by the mainframe and handled by the controller. - _

FILTER mode [USEch]  (HP 44704A only)
Enables (mode ON), or disables {fnode OFF) the HP 44704A’s low-pass input
filter.

FUNC function [range] JUSE ch]

Sets the measurement function and range. The function parameter can be set
only for DC voltage or 4-wire ohms measurements. The range parameter can be [l
set 1o one of four ranges or to autorange (AUTO). See Chapter 6 for controlling L
range while in 16 bit resolution mode (HP 44704A only).

107 [slot]

Returns the identity of the accessory in the slot addressed by slot. An

HP 44702A returns 44702A, an HP 447028 returns 44702B, and an hp 44704A
returns 447044,

INTR? [INTO name] or [imt]

Returns the address of the last channel whose interrupt was serviced. If no
interrupt has been serviced since power-on or following a system reset, -1 is
returned.

‘‘‘‘‘
s
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Table 5-28. Scanner Mode Command Summary

NRDGS number [USE ch}

Bets the number of readings per channel for each channel In the channel fist.
The range of number is 1 10 65,535. For the HP 44702A, setting NRDGS 8192
can cause a variable number of readings to be taken with no error given. For
ribbon cable operation (TERM RIBBON), range for number = (number of
channels - 1) times {NRDGS number)

PERC threshold [USE ch]

For SCTRIG MEAS, PERC sets the threshold level for the scan trigger and for
STTRIG MEAS, PERC sets the threshold level for the stop trigger (separate
levels cannot be set for the scan and stop triggers). The threshold parameter
range is -128% to -+ 127% of the voltmeter full-scale range.

POSTSCAN number [USE ch]

Sets the number of passes the voltmeter will make through the scan list after the
stop trigger is accepted. Range of number = 0 to 65,535. At power-on,
number = 0.

PRESCAN number [USE ch]

Sets the minimum number of passes the voltmeter will make through the scan
list before a stop tngger is accepted. Range of number = 0 to 65,535, At
power-on, number =

RANGE [range] [USE ch]

Sets the voltmeter measurement range or enables the auiorange mode. Select
autorange by entering the word AUTO or the value 0 for range. Power-on and
default range = AUTO. See Chapter 6 for controlling range while in 16 bit
resolution mode (HP 44704A only).

RDGS dest [USE ch]
Sets the mainframe or the GPIO port as the destination for readings stored in the
voltmeter buffer memory. RDGS SYS sets the mainframe, RDGS GPIO sets the

GPIO port.

RDGSMODE mode [USE ch]

Sets the voltmeter reading storage mode and specifies when data can be read
from the voltmeter buffer (data available). Also specifies whether or not data in
the memory will be overwritten by new data. modes are DAY, BURST, END, and

COMPLETE.

RESOL resofution {MP 44704A only)

Sets HP 44704A resolwtion. resolution can be 13, 14, or 16. For RESOL 16, the
voltmeter must not be in autorange mode or an error will be generated. See
Chapter & for details on 16 bit resolution mode.

SADY source
When MEAS is used, sets the source to advance the scan sequence as defined
by source. Valid sources are SCAN, CHADV, KEY, and PACER.
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Table 5-28. Scanner Mode Command Summary

SCANMODE mode [USE ch]

Sets the volimeter operating mode. SCANMODE ON sets Scanner Mode
operation. The SCANMODE setting Is not changed by the high-evel commands.
For Scanner Mode, when TERM RIBBON Is set scanning is under control of the
voltmeter through the dedicated ribban cable. When TERM INT, EXT, or ZERO is
set, scanning is under control of the mainframe.

SCDELAY trig_delay [scan_pace] [USE ch]

Sets the delay time between the scan trigger and when the first measurement
can be triggered and sets the time between successive scan triggers. SCDELAY
trig_delay sets the delay time between the scan trigger and when the first
measurement can be triggered. Range of trig_delay = 0 to 0.01638375
seconds, with power-on value = 0 sec,

SCDELAY [scan_pace] s valid only when SCTRIG INT is set. scan-pace sets the

time between successive scan triggers. Range of scan_pace = 0to
1073.74182375 seconds, with power-on value = 0.002 seconds. P

SCSLOPE mode [USE ch]

When SCTRIG EXT0, EXT1, MEAS, or GPIO is set, SCSLOPE sets the edge of
the scan trigger (LH or HL) which will trigger the voltmeter. Power-on

mode = LH,

SCTRIG [source] [USE chj
Specffies the source for the scan trigger. Power-on source = HOLD and default
source = 8GL.

SLOPE mode {USE ch]
For TRIG EXTO, EXT1, MEAS, or GPIO, SLOPE sets the edge (LH or HL) of the
input which will generate a measure trigger.

SPER sample_period [USE ch]

When TRIG INT is set, SPER sets the time between successive measure triggers
{sample period). Range for sample_period = 0to 1073.74182375 seconds.
(sample_period settings from 0 to 10 usec are rounded to 10 usec.) At
power-on, sample_period = 10 usec.

STRIG source
When MEAS is used, sets the source to start the scan sequence as defined by
source, Valid sources are SCAN, CHADY, KEY, and PACER.

STSLOPE mode [USE ch)
For STTRIG EXT0, EXT1, MEAS, and GPIO, sets the edge (LH or HL} of the input
which will generate a stop trigger. Power-on mode = LH.

STTRIG [source] [USE ch]
Specifies the stop trigger source. Power-on source = INT and default source =
SGL.

TERM terminal [USE ch]

Selects the voltmeter input terminals. TERM INT selects the mainframe
backplane, TERM EXT selects the rear panel terminals, TERM RIBBON selects
the ribbon cable, and TERM ZERO selects an internal zero volt reference.

L

-
&
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Table 5-28. Scanner Mode Command Summary

f : TRIG [source] [USE ch]

: Sets the source or mode for the measure trigger. The power-on source is HOLD
(no trigger) and the default source Is SGL (single trigger from source). TRIG
MEAS Is not valid for Scanner Mode.

TRIGOUT [mode] [USE ch]
Sets whether EXTO will output triggers or be enabled to recelve triggers. With
TRIGOUT OFF, EXT0 can receive triggers. With TRIGOUT ON, EXTO outputs

measurement triggers.

USE ch
Specifies the slot to be used for voltmeter commands.

USE? [INTO name] or [fmt]
Returns the current USEd channe! {or slot) address iast set by the USE
command, '

oo XRDGS ch [number} [INTO name} or [frt}
- Transfers the number of readings specified by number from the voltmeter buffer
to the mainframe memory (f INTO narmne is specified),or to the output buffer
and/or display {if INTO name is not specified). Default nurmber = 1.
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‘The HP 44704A in 16 Bit Mode

Introduction

This chapter explains how the FIP 44704A’s 16 bit resolution mode differs
from operations explained in Chapters 4 and 5. You should be familiar with
subjects covered in Chapters 4 and 5 before reading this chapter.

Chapter This chapter has four sections:
Contents

¢ Introduction provides a chapter overview and summarizes chapter contents.

® The 16 Bit Data Fermat shows why the measurement data format in the
voltmeter buffer forces the use of manual range control.

s Controlling Voltmeter Ranges explains how voltmeter ranges are set in the
absence of auto-ranging. Y

e Managing Range Infermation shows when and how the voltmeter can
determine reading range status, and when and how your program will have
to keep track of measurement range.

The 16 Bit Data Format

_ The HP 44704A has 16 bit wide reading storage memory (Data Buffer). In 13
N or 14 bit resolution modes, the 16 bit data width provides room in each
reading for two bits of range information. These bits indicate which range was
used to make the reading. In 16 bit resolution mode (RESOL 16), all bits are
used to store the A/D converter’s cutput value. No space is available to store
range information. To be able to keep track of the range at which multiple,
buffered readings were made, the voltmeter must not auto-range. Because of
this, the HP 44704A’s 16 bit resolution mode operates in manual range only
(set with RANGE). See Figure 6-1 for the three measurement data formats.

Controliing Voltmeter Ranges

Since the 16 bit resolution mode doesn’t use auto-ranging, the high level
voltmeter configuration commands CONF, CONFMEAS, and MONMEAS
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select preset ranges based on the voltmeter functmn chosen Table 6-1 shows {\ ‘

the functionfrange relationship.
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Changing
Hanges

Table 6-1. CONF, CONFMEAS, and MONMEAS Range Presats

Functon: Mossure: Configure for: Prosst Range:
oGV Voltage DC Voltage 10.24V
COHM(F) Resistance 2or 4Wire Ohms | 100 KQ
OHM(F) 10K 2 . 10.24 KQ
OHM(F)} 100K . * 102.4 KR
OHM(F) 1M ’ - 1.024 MQ
TEMPlype Thermocouples DC Voltage 320mV
REFT Reference Temperature Chms 256 KQ
THM(Ptype Thermistors (2252 & 5K) 2or 4-Wire Ohms | 10.24 KQ [1}

* Thermistors {10K} * 102.4 KQ [1]
RTD{Fitype HTDs . 3z00
STRVEX Strain Bridge Excitation : DC Voitage 1024V
STRUN Bridge Unstrained " 20mv
STRQ Quarter Bridge - .

STHRFE Full Bridge . *

STRHB Half Bridge . *

STROTEN Quarter Bridge in Tension “ "

STRQCOMP | Quarter Bridge in Compreasion . .

STRAHP Half Bridge Poisson = .

STRFEP Full Bridge Bending Poisson " .

STRFP Full Bridge Poisson - -

Notes:

[1] = For thermistor measursmerts, the default range chosen gives good resolution at
moderale tsmperatures. For temperatures nearsr the thermistor's limits, you may
nesd io change to & more appropriate rangs {use CONF then RANGE then MEAS).

Since CONFMEAS, and MONMEAS perform voltmeter configuration and
initiate the measurement cycle, there is no opportunity to change the preset
range. See “Measurements Using CONFMEAS” in Chapters 4 and 5 for more
information.

CONTF selects the same preset ranges as CONFMEAS, and MONMEAS but
since CONF doesn’t initiate a measurement cycle, you can use the RANGE
command to change the preset range before executing the MEAS command.
See “Measurements Using CONF and MEAS” in Chapters 4 and 5 for more
information.

Managing Range Information

www.valuetronics.com

All measurements made with the HP High Speed Voltmeters result in integer
binary (packed) values being created in the voltmeter’s reading buffer. Except
when PACKED format is specified, values transferred to the Mainframe’s
output buffer, or to a Mainframe array (using CONFMEAS, MEAS,
CHREAD, or XRDGS) are “unpacked” or converted into a voltage,
resistance, temperature, or strain value. When measurements are made in the
13 bit (HP 44702A/B and HP 44704A) or 14 bit resolution mode (HP 44704A
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only), the range information is imbedded in the packed readings. The

Mainframe uses this information when unpacking these readings. When o
measurements are made in the 16 bit resolution mode, as mentioned above, e
range information is not part of the packed reading. In this case, the

mainframe will use methods discussed in the next two sections to determine

the range for unpacking these readings.

The same is true when you unpack readings in your controller which are
transferred in PACKED format. The 16 bit resolution readings do not contain
range information so your application program will have to keep track of the
range setting used when the readings where taken.

The following sections discuss managing 16 bit resolution range information
for both System Mode measurements (fundamentals in Chapter 4), and
Scanner Mode measurements (fundamentals in Chapter 5).

System Mode
and Range

When measurements are made in System Mode (SCANMODE OFF), all .
measurements are made on a fixed range. This is true whether a single
reading, multiple readings of a single input (back panel or single multiplexer

channel), or readings from several multiplexer channels are made. Once the
measurement cycle begins, the range used is that set by RANGE, or the preset

selected by CONF or CONFMEAS.

Readings Unpacked
in the Mainframe

As the readings are transferred to the Mainframe (except when using -
PACKED format), they are unpacked using the curreatly set range. Other Lo

than having to conirol the voltmeter range manually (using the RANGE
command), System Mode measurements at 16 bit resolution are executed

exactly as they are explained in Chapter 4.

Example: Changing Preset Voitmeter Ranges (RANGE)

This program uses the RANGE command to modify the preset range set by

CONF (refer to Table 4-5). RANGE 2 sets the voltmeter to the 2.56V range P
for each voltage channel measured. RANGE 1000 sets the voltmeter to the Rt

2.56 K range for each resistance channel.

10 DiM Volts(0:4),0hms{0:7)

20 OUTPUT 709;"USE 600"

30 QUTPUT 709;"RST 00"

40 QUTPUT 709;"RANGE 10"

50 OUTPUT 709;"RESOL 16"

60 OUTPUT 709;*CONF DCV"

70 QUTPUT 709;"RANGE 1"

80 OUTPUT 709;"MEAS DCV,500-504"
S0 ENTER 709;Volts(*)

100 OUTPUT 709;"CONF OHMF10K"
110 QUTPUT 709;"RANGE 1000"

120 QUTPUT 709;"MEAS OHM 10K 505-512"

&-4 The HP 44704A En 16 Bit Mode
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! Dimension controlier array

! Use voltmeter in mainframe slot 6
IReset voltneter :
ISet manual range so can set
Ithe 16 bit resolution mode

{ Set DC volts

I Change to 2.56V range

! Measure channels 500-504

! Enter 5 voltage readings

{ Presets ohms 10K range

I Change to 2.56K range

! Measure channels 505-512



130 ENTER 709;0hms(*) ! Enter 8 resistance readings

P 140 PRINT USING "KM Volts(*), Ohms(*) ! Display 13 readings
" ' 150 END
For asetof 5, 1V and 8, 1KQ2 measurements, typlcai return values are:
S978375 T .
i
5 voltage readings ‘
1.001375 |
993.8125
8 resistance readings
1003.125 |

- Scanner Mode 1n Scanner Mode (SCANMODE ON), you can specify a channel list using the
_ R and Range CONFMEAS, MEAS, and MONMEAS commands. All channels specified by
' these commands will be measured using a single range (whether preset, or set
by RANGE). When transferred, the readings will be unpacked using the
current RANGE setting. So far, this is the same as in System Mcde. But in
Scanner Mode there is an additional way to specify a channel list. By using the
“channel list write” command:

1

CLWRITE [ribbon_bus] ch_list [RANGE range_list] [USE c#]

you can specify a range (RANGE range_list) to be used for each channel in
the channel list (ch_list). In fact, if you execute the CLWRITE ch_list
command, a range list is created even if you don’t specify one. This default
range has an entry for each channel specified by ch Izsr and each entry is set to
the current RANGE setting, :

Correcting Readings To allow high speed reading rates, the CLWRITEs ch_list and range_list

made with CLWRITE values are stored within the voltmeter’s memory rather than the Mainframe’s
memory. Since the Mainframe can’t access this memory, and since 16 bit
resolution readings do not contain range information, the mainframe always
unpacks 16 bit resolution readings made with CLWRITE as if they were made
on the highest range. For the DCV and OHM functions the assumed ranges

are:
Function: Aszsumed Range
DoV 1024V
CHM(F) 102.4 KQ
OHM(F10K 10.24 KQ
CHM{F)100K 102.4 KQ
OHM{F) 1M 1.024 MQ
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This means that each measurement taken on a channel who's range list entry
is set to other than the highest range will need to be corrected. For example, if
we execute CLWRITE with the range entry for channel 1 set to the 2.56 volt
range, apply 1 volt to channel 1 and initiate a measurement cycle. The
returned value will be 4 volts because the actual range setting was 2.56 while
the Mainframe unpacked the reading assuming the 10.24 volt range, a factor
of four higher. The returned value in this example needs to be multiplied by a
factor of v4.

Table 6-2 lists the correction factors for each function and range combination.
Your application program will have to maintain the range values it sends with
CLWRITE in order to select the corrcctzon factor to apply to the returned

readings.
Table 6-2. Comection Factors for CLWRITE

™ For This Function & it CLWRITE Range_list Entry Selects This Range:
DCv 1024V 258V 320 my 40 mv

OHM({F)10K 1024 KQ 255KQ 320 W 00
OHM{F) and OHM(FHO0K 102.4 KQ 256 KQ 32KQ 400W
OHM(F) 1M 1.024 MQ 256 KQ 32KQ 4K

® Uas Correction Factor . {nona) vs Ve Vima

NOTE

Strain and temperature measurements should not be performed using
CLWRITE in 16 bit resolution mode. Their measurement conversions involve
non-linear functions. Simply trying to apply a correction factor to these returned
values will introduce significant errors.

Instead, make voltage or resistance measurements of these transducers. Transfer
the readings to a mainframe array. Apply the correction factor(s) to the array
values. Then convert the corrected values to strain or temperature using the
COMPEN command (mainframe firmware revision 3.5 and greater).

&8 TheHP 44704A_.in 18 Bit Mode
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Example: Correcting Readings Made With CLWRITE

CLWRITE sets channel lists, voltmeter ranges and ribbon cable connections
for Scanner Mode ribbon cabie measurements, This program uses CLWRITE
to set channels 500 through 509 as the scan list and set the 2.56V range for
measurement on each channel. The program takes one measurement on each
channel for a total of ten measurements.

After the measurements have been made and returned to the controller, they

are corrected for display.
10 DiM A(0:9) ! Define controller array
20 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
30 OUTPUT 709;'RST 600" . ! Reset voltmeter |
40 OUTPUT 709;"RANGE 2" ! Set manual range for RESOL 16

; 50 OUTPUT 709;"RESOL 16" 1 Set 16 bit resolution

' f’ ‘ 60 OUTPUT 709;"SCANMODE ON" 1Set Scanner Mode

ot 70 OUTPUT 708;"CONF DGV ! Configure for DC volts
80 OQUTPUT 709;"CLWRITE 500-509,RANGE 2"/ Set scan list and range
o0 OUTPUT 709;"SCTRIG INT® ! Trigger the voltmeter
100 OUTPUT 709;"XRDGS 600° ! Read 10 readings
$10 ENTER 709;A(%) ! Enter 10 readings
120 MAT A= A/(4) ! Correct each reading in array A
130 PRINT USING "K./5A(%) ! Display 10 corrected readings
100 END -

For a set of 2 V 5% sources connected to channels 500 through 509, a typical
return (values in volis) is: '

1.98945325, 2.02266625, ... 1.88253476

Unpacking Readings When you transfer PACKED readings to your controller for unpacking, no
in Your Controlier correction factor needs to be applied to these values, but your application
program will have to maintain the CLWRITE range list values to use while

unpacking the readings.
Example: Unpacking Readings in the Controller Made With CLWRITE

This program makes measurements at 80,000 readings/second, transfers the
readings to the controller at approximately 35,000 readings per second, and
unpacks the readings in the controller. The example includes the unpacking
function for 16 bit resolution (RESOL 16) readings.

The program makes 25 measurements (5 readings on each of 5 channels) and
stores them in mainframe array PARR in PACKED format. The readings are
transferred to the output buffer with the VREAD command and then

) The HP 44704A in 16 Bit Mode 6-7
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transferred to the controller with the TRANSFER statement. The packed
readings are then unpacked by the controller. Since packed DC voltage
readings have a 2 bytes/reading format, PARR must be defined for 50 bytes.

Since SPER is set for 12.5 usec, measurements are taken at 12.5 usec
intervals. SCDELAY 0 sets 0 sec scan trigger delay. Note that the front panel
display is turned off with DISP OFF. This is very important for hxgh-speed
scans as it greatly improves system performance.

30 ! Define I}O paihs, buffer, array

40 OPTION BASE 0 ! Set option base 0
50 INTEGER Bdata(i:25) BUFFER ! Define controller buffer
60 ASSIGN @Dac to 709 LHP 38524 /O address

70 ASSIGN @Hp_3852 TO 709;FORMAT OFF ! Set up HF-IB path
80 ASSIGN @Bdata to BUFFER Bdata(*);FORMAT OFF/ Controller buffer path

80 OUTPUT @Dac;"PACKED PARR({49}" ! HP 38524 packed array

100 ' !

110! Set up voltmeter and transfer data

120 OUTPUT @Dac;"USE 600" 1 Use voltmeter in MF slot 6
130 OUTPUT @Dac;"RANGE 2" ! Set man range for RESOL cmd

140 QUTPUT @Dac;"RESOL 16" I Set 16 bit resolution mode

150 OQUTPUT @Dac;"DISP OFF" ! Mainframe display off

160 OUTPUT @Dac;"SCANMODE ON* I Set Scanner Mode

170 OUTPUT @Dzc;"CONF DCV" ! Configure for DC volts

180 OUTPUT @Dac;"NRDGS 5" 1 8et 5 readings/channel

180 OUTPUT @Dac;"SPER 12.5E-6" I 8et 12.5 usec between meas

200 OUTPUT @Dac;"SCDELAY 0" { Set 0 msec scan trig delay

210 QUTPUT @Dac;"CLWRITE 500-504, RANGE 2"/ Set ch 500-504 gs scan fist, 256V

range
220 OUTPUT @Dac;"ASCAN ON" 1 Single scan trigger requiired
230 OQUTPUT @Dac;"SCTRIG SGL* { Single scan trigger

240 CUTPUT @Dac;"XRDGS 600,25 INTO PARR" Transfer rdgs to mainframe
250 QUTPUT @Dac;"VREAD PARR,PACK" ! Transfer rdgs to output buffer
260 TRANSFER @Hp_ 3852 TO @Bdata,END,WAIT! Transfer rdgs to controller

270 !

280 f Unpack PACKED data

20 FORI=1T025

300 PRINT FNUnpk16(Bdata(l),0,2) ! Unpack rdgs (pass DCV func code,
2.56V range code)

310 NEXT {

320 END

The following example describes the 16 bit unpacking function for this
example.

8-8 The HP 44704A_in 16 Bit Mode
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16 Bit Unpacking The following example shows an HP BASIC function which unpacks 16 bit
Function resolution readings, given the reading, a function code, and a range code. This
‘ example can be used as part of the previous example. The formula used in this

example program is: :

16 bit two’s compliment A to D Value
3200 #(f_range) *(func)

Where: f_range, and f _func are:

Functions Fune_code f_func Ranges
oy, ) 1 Omy | 320mV | 256V | 1024V
OHM{F} 10K 1 1E3 ow 220W | 256KQ | 1024 KW
| o OHM(F) 100K 2 1E4 400W | 32KW | 256KW | 1024KQ
R OHM(F) 1M 3 1E5 4KW 2KW | 256KW | 1026MQ
f range 256 32 4 1
Rangs_code : G 1 2 3

Example: 16 Bit Unpacking Function
Choose Func_code, and Range code from the table above

330 DEF FNUnpk16(INTEGER Bdata,Func_code,Range_code)

340 REAL R(0:3) ! Array holds °f range”

350 DATA 256.,32..4..1. ! Code: 0= 40mYV, 1=320mV,
2=2.56V, 3= 10.24V

360 READ R{*) ;

370 REAL F(0:3) ! Array hoids f func"

380 DATA 1.,1.E3,1.E4,1.F5 ! Code: 0=DCV, 1=0HMIOK,
2=0HMIMK, 3= 0HMIM

380 READ F(¥) S

400 IF Bdata = 32767 OR Bdata=-32768 THEN! Ifmax + ormax - then

410 Hesult=1.E£+38 _ ! Return overload indication

420 ELSE '

430 Result= Bdata/(3200*R(Range_code))*F(Func_code) ; Ato D Value f func)

3200 (f_range)

440 END IF

450 RETURN Result

460 FNEND ! End 16 bit unpack function

) The HP 447044 in 16 Bkt Mode 8-9
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Entering 16 Bit The HP 44704A can not be in auto-range mode when entering the 16 bit
Resolution Mode resolution mode. If a manual range has not been selected since 2 RST
command was executed, the RESOL 16 command will generate an error. To
properly enter the 16 bit resolution mode, execute RANGE range, then

6-10 The
WWW.VaTihU

execute RESOL 16.

Example: Entering 16 Bit Resolution Mode

-

20 QUTPUT 709;"USE 600"

30 OUTPUT 708;"RST 600"

40 OUTPUT 709;"RANGE 10"

50 QUTPUT 709;"RESOL 16"

60 OUTPUT 709;"CONF DCV"

70 OUTPUT 708;"RANGE 1"

80 OUTPUT 709;"MEAS DCV,500-504"

HP 447044 in 16 B} Mode
etronics.com

! Use voltrneter in mainframe slot 6
IReset voltmeter (sets 13 Bit Mode)
ISet arry manual range to

lallow RESOL 16 to work

1 Set DC volts (presets 10.24V range)
! Select measurement range
I Measure channels 500-504
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GPIO Operation

Introduction

This chapter shows how to use the HP 98622A General-Purpose
Input/Output Interface (GPIO Interface) with an HP Series 200/300
controller for data transfer and operation with the HP 44702A/B or

HP 44704 A voltmeter. The voltmeter is set for Scanner Mode ribbon cable
operation with RDGS GPIO set. ’

NOTE

You should be familiar with the HP High-Speed voltmeter in Scanner Mode
operation before using GPIO operation. Refer to Chapter 5 - Scanner Mode
Programming for details on Scanner Mode operation.

The éhapter contains three sections:

® The GPIO Interface summarizes GPIO signals, shows how to set the Option
Select Switches and Data In Clock Source Switches, and summarizes
input/output timing requirements for GPIO operation.

e GPIO Programming summarizes programming the voltmeter over GPIO
for data transfers, triggering, and interrupts.

o Programming Examples shows example programs to use the GPIO
Interface for data transfers, triggering, and interrupts.

The GPIO Interface

www.valuetronics.com

This section describes GPIO interface signals for the HP 44702A/B and

HP 44704A voltmeter, shows how to set the Option Select and Data In Clock
Source switches, and summarizes input/output timing diagrams for GPIO
operation. The descriptions assume an HP Series 200/300 controller (called
the GPIO controller) or equivalent is used.
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GPIO Interface Figure 7-1 shows the GPIO signals which apply to the voltmeter and Table 7-1
Signals defines the signals. It is assumed that the HP High-Speed voltmeter is the
peripheral and the GPIO cortroller is at the other end of the bus. Signals and
the direction of propagation are defined relative to the controller.

Table 7-1. GPIO Signal Definitions

Conn MName Dascription
DOOD - Data Quiput | 16 lines driven by the GPIO controlier which contain valid date
DO1s Bus during WRITE operations.
DG - Data Input 16 lines driven by the voltmetar which contain valid date during
Diis Bus READ opsrations,
PCTL Peripheral Driven by the GPIO controlisr and Initiates a transfer on its falling
Control edge. Acknowledges the peripheral's responss by returning high.
PFLG Peripheral Driven by the voitmeter. indicates when data Is valid during READ
Flag operations and when data is accepted during WRITE operations.
s} Inpuy Driven by the GPIO contoller and indicates data direction relative to / o
Output the controller. A high indicates the GPIQ controller s reacly fo recsive L
1 Control data, -
PSTS Peripheral Driven by the voltmeter. Indicates io the GPIO controller that the
Siatus GPIO cable is connected and the voltmeter is powered up,
PRST Peripheral Forces an unconditional reset to power-on conditions in the
Reoset volimeter, Since HP Series 200/300 controllers generate a Peripheral

Fasst on power-on {and other times), the voltmetsr has & jumper
instafed to disable the Peripheral Reset. As dasired, the user oo~
remove this jurnper to enable the reset (see Figure 7-2 for JMG. .
location). o

EiR External Driven by the voltmster. Can be used to Interrupt the GPIO controlier
interrupt whan user defined conditions occur. This signal can be disabied.

Also, for operation with an HP 1000 or equivalent, the EiR line can be
inverted by removing jumper JMO7 (see Figure 7-2 for JMO7

location).
CTio Control Driven by the GPIO controller and used by the voltmster to
{Data/ determine if information being sent is address or data. Logical 1" £
Address}) {fow voltage level} indicates the information is an address, logical 0" o
indicates the information is data.
CTi Control Driven by the GPIO controlier and is used as a trigger source to the
(Trigger} voltmeter,
STi0and | Status Driven by the voltmeter. Both lines are always active. A loglesl *1" on
STH the 8TiQ line indicates an End of Scan servics request. Alogical *1”

on the STH line indicates a Measurement Available service request
1. :

The user may read these lines at any time to deterrnine thelr status
or may wait for the EIR (external interrupt) signal and then determine
the cause of the interrupt by checking the status o these lines.

Notes:

{1] = An End of Scan service request is generated when RDGSMODE END or RDESMODE
COMPLETE is set and the scan sequence ends. A Measursment Avallable service request s
generated when RDASMODE DAV or ADASMODE BUHST is 82t and & mesauremsnt is
avaitable.

7-2 GPIO Operation_
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GPIO 98822A
—J1 26— GND
po1s —42 27} bl15
po14 —I3 28]—DI114
DO13 — 4 28} DI13
po12 —i5 3o }- D112
po11 —4 86 31}-oI111
Dote —37 32§ DIip
poge —8 33}-pios
nogs — 8 344-pigs
Dop7 —f 19 35— p1ev
Doss — 11 3sl—p1gs
pogs —4 12 37} D105
: Dog4 413 g 38— DIig4
. DOR3 — 14 3a}— pigs
Voo pog2 — 15 49f—Dig2
T pogt —f 18 413 p1g1
DoOge — 17 42§ D1

6ND —{ 18 43]— SAFETY GND (INNER SHIFLD)

PCTL —§ 18 44}—pPFLG
1/0 20 45}~ PSTS
FRST — 21 46}~ EIR
CTLO —f 22 47} 5718
et — 23 4a}-sT11
GND —f 24 48— oND

SAFETY GND (OUTER SHIELD) — 25 56— NC

\/ SEE2P A2, 6.1

Figure 7-1. GPIO Signals

GPIO Sig nal Figure 7-3 shows GPIO signal timing for input and output signals when Full
Timi ng Mode Handshake Mode is set.

GPIO Interface The HP 98622A (GPIO) Interface Card has four switches which can be set for
- Switches desired operation: Interface Select Code, Interrupt Level, Data-In Clock
Source, and Option Select. Figure 7-4 shows switch locations and shows the
Options Select and Data In Clock Source Switch settings required for GPIO
operation with the HP 44702A/B or HP 44704 A voltmeter.

| i GPIO Operation 7-3
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REMOVE JMZS TO ENABLE THE
PERIPHERAL RESET (PRET) LINE

REMOVE JM@7 TO INVERT THE
EXTERNAL INTERRUPT (£IR) LINE HF 447@2A/8 BOARD WITH SHIELD REMOVED

JMET JMOE

| }__
L i

GPIG CONNECTOR 3852P: ADZ. 6.2
EXT2 PORT

et

RELEASE HANDLE

Figure 7-2. Peripheral Reset Jumper Location

When you have configured the GPIO Interface Card, install the card in the
controller and connect the GPIO Interface cable to the card. Then, connect
the other (male) end of the cable to the standard 50—pm female connector on

the voltmeter rear panel.

GPIO Programming

This section gives guidelines to program the voltmeter for GPIO operation,
including data transfers, voltmeter triggering, and enabling interrupts. Refer
to Chapter 8 - Using Read/Write Registers as required for definitions of

voltmeter registers. For convenience, Figure 7-5 shows the HP Series 200/300

Control and Interrupt Registers used with the HP 44702A/B or HP 44704A
voltmeter.

7-4 GPIO Operation
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CUTPUT TO HP 44792A/8:

116 BBET B

PCTL .
1 J I
35805 —] F— e
PFLG f

| e | P
DATA ] bata vaLID v 7] vATA vaLID

AR LY

CINPUT FROM HP 447@2A/B:

o - 15 BEEER B2

I

L
}¢_3%Jﬁ F__gﬂ;s_*{ |
PFLO ] I
l Fiﬁﬂ§&% l it
DATA U727] oata vaLio V727 oata vauio

LSSV

Figure 7-3. GPIO Signal Timing

- GPIO Data wiwn GPIO operations, you can transfer readings directly from the voltmeter
Transfers databuffer to the controller at rates up to 100,000 readings per second. Figure
7-6 shows typical physical configuration required for 100,000 readings per
second transfer rates. (The Disc Interface and Disc Drives shown are not
required unless you want to store data on hard disc.)

www.valuetronics.com GPIO Operation 7-5




. ‘ O ] ] - 1 @
]
NORM o | oo gy [1)
=3 —mr | SWITCHES
fame™] | | —
IR ==
s CuE
(Cx} C& R (Rx) || p-J—
=] LOWER BYTE B DATA
l =] Die-7 w1y
= UPPER BYTE Em | cLocK
DOUT po DI8-15 mL [ SOURCE
CLEAR W | SWITCHES
JUMPER (Ko | | [
SHOWN IN SELECT
CODE 12 PCSITION
P1 12 '
froe 2 )
& (=i Jt | -
[ e B RS (
oM 4 -
2
FR
BURST ENABLED IF [@
1 JUMPER 1S REMCOVED .
+5V. 44 ®
BURST .
L ] I3
{
;‘,_,._1 i
£13
OPTION SELECT SWITCHES
Switch
Position
MName DOUT DIN HS8HK PSTS PFLG FCTL
invert Invert Full/Pulse Invert Invert Invert
Funetion Data Qut Data In Handshake PSTS PFLG PCTL
Logic 1
{Switch
Open)
Logic 0
(Switch
Closed)
Shaded block shows setlings for operation with HP 44702A/B
Figure 7-4. HP 98622A GPIO Interface Card Swiiches
L
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Control Register 2
Most Significant Bit

Peripheral Conrol
Least Significant Bit

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bii 1 Bit 0
PSTS Set CTLY Set CTLO
Error {1 = Low: {1 = Low:
Not Used {t = Report: 0 = High) 0 = High)
0 = ignors)
Value =128 Value =64 Value =32 Value =18 Value=§ Value =4 Valug =2 Value =1
Trigger —J ’
Data
Interrupt Enable Register {ENABLE INTR)
Most Significant Bit Least Significant Bit
Bit 7 Bit & Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Enable Enable
Interface EIR
Not Used Ready Interrupts
interrupis
Value = 128 Value =64 Value =32 Value =18 Yalue=8 Value=4 Value =2 Valve =1

Interrupts ___f

Figure 7-5. GPIO Control and Interrupt Registers

To transfer data via GPIO, RDGS GPIO must be set and CONTROL and

ENTER statements from an HP Series 20613

the data over GPIO.

www.valuetronics.com
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HP 886224 GPIO intarface

Ribben
l i Gabie

HP Series
2004300
Controller HP ad7iAl

_ - HP 38520t Jp HP 4470280 Input
with HP48 HP 447028 :; ﬁ;gﬁf &b
HP $86208
DMA Card

HP 985254 High-Speed
HP-IB Dise interface

HP 7911P/R
HP 7912PiR f—HP Disc Drive
HP 7514PIR

3852P; AP2.6. 8

Figure 7-6. GPIO Data Transier Configuration

NOTE

Data transfers within the digital section of the voltmeter share a common bus.
Therefore, any data transfer request must wait until the internal bus is not busy.
When measurements are being taken and sent to the GPIO controller at the
maximum AfD conversion rate, the bus is about 40% utilized. Excessive access
to voltmeter registers, such as repeated status checks can dominate the bus and
may cause the data to be lost.

www valtaettéiRics.com



GPIO Triggering
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NOTE
Data is transferved over GFIO in unconverted (PACKED) format and must be
unpacked in the controller to be readable. Refer to “Programming Examples”
Jor typical unpacking routines.

Example: Transferring Data (GPIO)

In this example, line 10 assigns an I/O path to a GPIO interface with Interface
Select Code = 12. Line 100 sets Control Register 2 PSTS Error bit {(bit 2)
high and sets CTLO (bit 0) low. Setting CTLO low tells the voltmeter that the
next piece of data is a register address.

Line 110 addresses the voltmeter Data Buffer register (address 4) to provide
access to the data stored in the voltmeter data buffer. Line 120 then sets
CTLO high to allow data transfer from the voltmeter data buffer to the
controller and keeps the PSTS Error bit set. Line 130 enters the data from the
data buffer to the controller. ' '

10 ASSIGN @Gpio TO 12;FORMAT OFF,WORD / Assign 1/O path to GPIO

100 CONTROL. i2,2;5 ! Set PSTS bit and set CTLO low
110 OUTPUT @Gpio;4 1 Address Data Buffer register
120 CONTROL 12,2;4 ! Set PSTS bit and set CTLD high
130 ENTER @GpioA(*) ! Enter Data Buffer register values

The voltmeter can be triggered over GPIO by toggling bit 1 (the CTL1 bit) on
Control Register 2 (recall that CTLO controls data transfers). Depending on
the SCTRIG, SCSLOPE, TRIG, STTRIG, and STSLOPE settings, changing
CTL1 from low to high or high to Jow generates a scan, measure, or stop
trigger. For example, with SCTRIG GPIO and SCSLOPE HL, changing
CTL1 from high to low generates a scan trigger.

Example: Generate GPIO Scan Trigger

A typical sequence to send a scan trigger over GPIO follows, assuming
SCTRIG GPIC and SCSLOPE HL are set. Line 100, sets the PSTS Error bit
and sets the CTL1 bit high. Then, line 110 sets the PSTS Error bit and sets
CTL1 low which generates a scan trigger on the high-to-low transition.

GPIO Operation 7-9



100 CONTROL 12,2;4 ! Set FSTS Error bit and set CTL1 high
110 CONTROL 12,2;6 1 Set PSTS Error bit and set CTLI low
1 {Gen. scan trigger on high-to-low)

GPIO Interru ptS Interrupts to the GPIO controller can be enabled by setting bit 0 (Enable EIR
Interrupts) in the Interrupt Enable Register. For the HP 44702A/B or
HP 44704A voltmeter, setting the EIR line = 1 sets the interrupt line.

Example: Setling GPIO Interrupts
A typical sequence to set EIR interrupts follows.

30 ASSIGN @Hp_3852A TO 709 ! Assign I/O path to HP 38524
40 OUTPUT @Hp_5852A;"RDGS GPIO® ! GPIG is readings destination
50 OUTPUT @Hp_3852A;"ENABLE INTR"  / Enable interrupt capability

-

110 ASSIGN @Gpio TO 12;FORMAT OFF,WORD ! Assign GPIO I/O path

120 INTEGER A(0:9) . ! Define array

130 ON INTR SC(@Gpio) GOSUB Rdgs ! Branch on interrupt
140 ENABLE INTR SC(@Gpio);1 ! Enable interface
350 Rdgs:ENTER @Gpio;A(*) ! Enter readings

Programming Examples

This section shows two programs for GPIO operation, including data
transfers, voltmeter triggering, and interrupts. For each example, the
voltmeter is in mainframe slots 6 and 7 and is connected via ribbon cable to an
HP 44711A/B multiplexer in slot 5 of the mainframe. The GPIO interface
select code is 12,

The first example “GPIO Operations” shows basic methods to transfer data,
generate voltmeter triggers, and generate voltmeter interrupts using GPIO. ©
The second example “Transfer Data @ 100 kHz” shows a way to transfer data
from the voltmeter to a mass storage unit at 100,000 readings per second.
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Exa mpi e: GPIO This program demonstrates GPIO data transfers, triggering, and interrupts.
O perations The voltmeter is configured over HP-IB and then triggered over GPIO. When
all readings have been taken and stored in the voltmeter data buffer, an
interrupt is generated over GPIO. The readings are then transferred via
GPIO to the controller and unpacked.

. NOTE -
Lines 500 - 560 are not required for the program. They are listed to show that
the controller can do other tasks (counting to 1000 for this example) while
waiting for the measurements to complete (interrupt to occur).

N Assign /O Paths, Define Array

Lines 40-70 assign J/O paths for GPIO and the HP 3852A, using GPIO
Interface Select Code = 12 and HP-IB Interface Select Code = 9. Line 50
assigns an J/O path for GPIO, line 60 defines the GPIO Interface Select Code
as 12, and line 70 defines an INTEGER array in the controller.

Set Up Voltmeter

The voltmeter is configured for Scanner Mode ribbon cable operation to take
10 readings on a single channe] (channel 500) at 0.1 second intervals. The scan
trigger source is set for GPIO and the scan trigger slope is high-to-low.

Wait for Mainframe Ready

The controller monitors bit 4 of the mainframe status register (the RDY bit).
When the mainframe is ready to accept inputs from GPIO {not BSY), the
WHILE .. ENDWHILE loop ends. a

Enabie GPIO Interrupt

Lines 330 - 350 enable the GPIO interface for an interrupt from the
voltmeter. Line 340 sets bit 0 of the Interrupt Enable Register {see Figure
7-5) which enables EIR interrupts. Since RDGSMODE END is set (line 180),
an interrupt is generated only when all readings are stored (at the end of the
scan sequence).

!
| S
|
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Set Data Buffer Register

Lines 390 - 460 set access to the voltmeter data buffer or set scan triggering,
For the CONTROL statements in these lines, the PSTS Error bit (bit 2) is
always set in addition to the settings described for CTLO and CTL1.

Lines 390 - 410 access the Data Buffer register. The Data Buffer “register” is
not actually a register, but provides an access path to the voltmeter data
buffer. Line 390 sets Control Register 2 CTL1 bit (bit 1) high and sets CTLO
bit (bit 0) low.

For the voltmeter, the CTL1 bit is used for GPIO triggering while the CTLO
bit is used with the Data Buffer register. Setting CTLO low (line 390) tells the
voltmeter that the next piece of information is data. Line 400 accesses the
Data Buffer register (register address 4) and line 410 resets CTLO to high.

Trigger the Volimeter

Lines 450 and 460 generate the scan trigger for the voltmeter via GPIO. Since
SCTRIG GPIO (line 240) and SCSLOPE HL (line 200) are set, a high-to-low
pulse input to the GPIO port will generate a scan trigger. Note that
CONTROL Gpio,2;4 (line 410) set CTL1 high. Since CONTROL Gpio,2;6
(line 450) sets CTL1 low, a high-to-low pulse is generated which initiates the
voltmeter scan trigger. Line 460 sets CTL1 back to high.

Transfer and Unpack Data

When the 10 readings are taken, a voltmeter interrupt is generated and the
readings are transferred via GPIO to the controller. Since readings are
transferred in PACKED (16-bit) format, they are unpacked in the controller.
Unpacking functions for both 13 bit and 14 bit modes are included in this
example. Call the appropriate one by editing line 620.

|cs.com



10/

A

www.valuetronics.com

20 ! Assign I/O paths, define array
307 |
40 ASSIGN @Comp TO 708 1 Assign IO path to HP 38524
50 ASSIGN @Gpio TO 12;FORMAT OFF,WORD !/ Assign I/O path to GPIO
60 Gpio=12 ! GFIOQ Interface Select Code
70 INTEGER A(1:10) ! Define controlier array
90/
100 / Set up voltmeter
110 CLEAR @Comp ! Clear HP-IB
120 OUTPUT @Comp;"AST" ! Reset HP 38524
130 QUTPUT @Comp;*USE 600" ! Use voltmeter in mainframe slot 6

_ 140 OUTPUT @Comp;"SCANMODE ON" ! Set Scanner Mode

150 OUTPUT @Comp;"CONF DGV ! Configure for DC volts

P 160 OUTPUT @Comp;"RANGE 9" 1 Set 10.24V range

R 170 OUTPUT @Comp;"RDGS GPIO” ! GPIO port is destination
- 180 OUTPUT @Comp;"RDGSMODE END"  / Interrupt when scan seq completes

190 OUTPUT @Comp;"NRDGS 10" ! Set 10 readings per channel
200 OUTPUT @Comp;"SCSLOPE HL" ! Scan trigger on HL siope
210 OUTPUT @Comp;"SPER .1" 1 0.1 sec between measurements
220 OUTPUT @Comp;"ENABLE INTR" ! Enable voltmeter interrupts
230 QUTPUT @Comp;"CLWRITE 500" ! Set ch 500 as scan list
240 QUTPUT @Comp;"SCTRIG GPIO" 1 GPIO is scan trigger source
250/
260 ! Wait until mainframe is ready
270/
280 WHILE NOT BIT(SPOLL(@Comp),4) ! Wait until ready
290 END WHILE
300 f
310 ! Enable GFIQ interrupt
320/
330 ON INTR Gpio GOSUB Get_rdgs ! Go to subroutine on interrupt
340 Eir=1 ! Set Enable Intr Reg bit 0
350 ENABLE INTR Gpio;Eir ! Enable GPIO interface
360 /
370/ Set Data Buffer Register
3807
390 CONTROL Gpio,2;5 ! Set CTL1 high and CTLO Low
400 OUTPUT @Gpio;4 ! Address Data Buffer register
410 CONTROL Gpio,2;4 ! Set CTL1 high and CTLD high
4207
430 [ Trigger the voltmeter
440 7
450 CONTROL Gpio,2;5 ! Set CTL1 low and CTLO high
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460 CONTROL Gpio,2;4 ! Set CTL1 high and CTLO high
4707

480 ! Display count while readings are taken

496/

500 INTEGER Cmt ! Define INTEGER variable
510 Cnt=0

520 WHILE (Cnt < 1000) ! Begin count sequence

530 Cnt=Cnt+1 ! Incremnent count

540 DISP Crt ! Display count

550 END WHILE ! End count sequence

560 STOP

570/ .

580 ! Transfer data from voltmeter to controller

580/ ‘

600 Get_rdgs5; ENTER @Gpio;A(*) ! Enter readings via GPIO

610 FORi=1TO 10 : :

620 PRINT USING "K./*;FNUnpk13(A(0)) ! Display readings

630 NEXT |

640 END

650/

860 ! Unpacking functions _
670/ e
680 DEF FNUnpki13(INTEGER Pack) ! Define 13 bit unpack function {f.; o
690 REAL R(0:3)

700 DATA 256.,32.,4.,1.

710 READ R(*)

720 M = BINAND({Pack,4095)

730 IF Pack >0 OR M =4095 THEN

740 RETURN 1.E + 38 | .
750 ELSE e
760 V = M*.0025/R(BINAND{SHIFT (Pack,13),3)) '

770 IF BiT(Pack,12) THEN V=-V

P

780 RETURN V
790 ENDIF

800 FNEND ! End 13 bit unpack function
810 DEF FNUnpk14(INTEGER Pack) ! Define 14 bit unpack function
820 REAL R(0:3) ! Alloc. range factor array

830 DATA 256.,32.,4.,1. ! Range function data

840 READ R{*) ! Fill array with range factors

850 ! Convert A/D bits and range bits to voit reading

850 V= SHIFT(BINAND(16383,Pack),-2)/4*.00125/R (BINAND(SHIFT(Pack,14),3))
870 RETURN V

880 FNEND { End 14 bit unpack function
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Example:
Transfer Data @
100 kHz

For a 9 volt 5% source connected to channel 500, a typical return follows. If,
for example, 161 counts occurred before the readmgs are displayed, 161 also
appears on the display.

8.985
8.0025
10 readings

8.9975
This example shows how to transfer readings from an HP 44702A/B or

HP 44704A (in 13 bit mode) voltmeter to an HP 7912P/R (CS80) mass
storage unit via an HP 98622A GPIO Interface at 100,000 readings per second.

‘The program requires an HP 200/300 Series controller with an HP 986208

DMA card and requires an HP 98625A High-Speed HP-IB Disc Interface
between the controller and the HP 7912P/R disc. Figure 7-7 summarizes the
1/O path assignments and file names for this program. A program summary

follows.

Define Arrays, Variables, and Buffers

Lines 40 - 90 define arrays, variables, and buffers used and define the default
msus. Two buffers are defined for the HP Series 200/300 controller. Packed is
a 10240 element (20 kbyte) INTEGER array/buffer for temporary storage of
packed readings. Unpacked is a 10240 element (80 Kbyte) REAL array/buffer
for temporary storage of unpacked readings. -

NOTE
The Packed and Unpacked arrays/buﬂ“em ruist contain the same number of
elements.

Tot_rdgs specifies the total number of readings desired, Pre_scan sets the
number of prescans, and Post_scan sets the number of postscans. Select the
number of readings, prescans, and postscans required as long as;

Tot rdgs
(Pre_scan + Post _scan) ~ = 65,535 .

The MASS STORAGE IS specifier sets the HP 7912P/R disc (via the
HP 98625A High-Speed HP-IB Disc Interface) as the default msus.

Error Trap 1

Pack_rdgs is a BDAT file in the HP 7912P/R (created on line 190). This error
trap applies if Pack_rdgs has been previously created by runaing this program

GPIO Operation 7-15
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or by another program. If Pack_rdgs exists, it is purged. If not, the program
continues execution.

Create /O Paths and Data File

Lines 190 - 230 create a data file and assign I/O paths. Pack_rdgs is a BDAT
file in the HP 7912P/R with 2 bytes/record and a capacity of Tot_rdgs.
@Hp_3852 is the J/O path for the HP 3852A and @Gpio is the [/O path for
GPIO (ISC = 12). @Packed_file is the path from the controller to Pack_rdgs
and @Packed_buffis the I/O path for the Packed buffer, ’

Configure the Voitmeter

The voltmeter is configured for Scanner Mode DC voltage measurements on
the 10.24V range. The readings destination is the GPIO port and readings are
taken at 10 usec intervals (100,000 readings/second). For this program, the
voltmeter is set for 10 prescans, 10 postscans, and 100,000 readings on channel
500. {Note the space between NRDGS, PRESCAN, and POSTSCAN and the
" mark in lines 350, 380, and 390 is required.) ‘

Set Data Buffer Register

To transfer data via GPIO, set CTLO low (line 450) then address the Data
Buffer register (line 460), then set CTLO high (line 470) for data.

Trigger the Voltmeter
Trigger the voltmeter with a scan trigger from the mainframe (SCTRIG SGL).

Since ASCAN ON is set, only a single scan trigger is required.

Transfer Packed Data

Lines 560 and 570 transfer packed data from the voltmeter to the controller
and then to the HP 7912P/R. If the transfer stops before all data is
transferred, the program jumps to the GPIO timeout subroutine (lines 1090 -
1130). TRANSFER @Gpio TO @Packed_buff (line 560) transfers packed
data to the Packed buffer. TRANSFER @Packed_buff TO @Packed_file,
(line 570) transfers the data to Packed_rdgs in the HP 7912P/R.

NOTE
While data is being transferred, the controller can do other tasks. The task
statements can be inserted at lines 580 - 600, However, to maintain the 100,000
readings/sec rate, these “other tasks” should not include I/O operations over the
HP 98625A interface.
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Close I/O Paths

Lines 610 - 640 close IO paths @Gpio, @Packed_file, and checks the status
of @Packed_buff. Line 650 prints the number of (packed) readings
transferred to Packed_rdgs.

Error Trap 2

Unpk_rdgs is a BDAT file in the HP 7912P/R (created on line 750). This error
trap applies if Unpk_rdgs has been previously created by running this program
or by another program. If Unpk_rdgs exists, it is purged. If not, the program
continues execution.

Assign I/O Paths and Create Unpacked Readings Fils

Lines 750 - 790 create a file and assign I/O paths for unpacked readings.

Unpk_rdgs is a BDAT file with 8 bytes/record to store the unpacked readings

on the HP 7912P/R. @Packed_file is the /O path to transfer packed readings o
from Pack_rdgs to the Packed array/buffer in the controller. @Unpacked_file (o
is the I/O path to transfer unpacked readings from the Unpacked array/buffer e
in the controller to Unpk_rdgs in the HP 7912P/R. @Packed_buff and
@Unpacked_buff are internal I/O paths in the controller.

Unpack Readings and Store on Disc

Lines 830 - 940 unpack the readings and display each reading value. Line 970
then prints the number of readings unpacked and stored. For this program,
readings are transferred 1024 at a time from Pack_rdgs to the Packed buffer in
the controller and unpacked using the unpacking function (lines 1180 - 1300).

As the 1024 readings are unpacked, they are temporarily stored in the
Unpacked array/buffer. When the buffer fills, the readings are then
transferred to Unpk_rdgs in the HP 7912P/R. This process repeats until all
readings stored in Pack_rdgs have been unpacked and stored in Unpk_rdgs. As
noted, the Packed and Unpacked buffers must contain the same number of

elements.
Close I/O FPaths

Lines 1010 - 1040 close I/O paths @Packed_file, @Unpacked_file,
@packed_buff, and @Unpacked_buff.

GPIO Timeout Subroutine

If, for any reason, the transfer from the voltmeter to the coﬁtroﬂer fails to
complete (GPIQ timeout), this subroutine aborts the GPIO connection and
the @Packed_file 1/O path and updates the EOF pointer.

Unpacking Functions

This example includes unpacking functions for the 13 bit and 14 bit modes.
Call the appropriate one by editing line 890.

7-18 GPIO Operation
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10/ i
20 ! Define arrays, variables and buffe

307 o
40 INTEGER Packed(1:10240) BUFFER 120 Kbyte array/buffer
50 REAL Unpacked(1:10240) BUFFER 1 80 Kbyte array/buffer
60 Tot rdgs=100000 ! Define total rdgs variable
70 Pre_scan=10 { Define prescans varigble
80 Post_scan=10 ! Define postscans variable
90 MASS STORAGE IS *;,1400,0,0" ! Define default msus
1007 :
110 Error trap 1
120/ i
. ‘ . 130 ON ERROR GOTO Conti ! Define error event/branch
s 140 PURGE "Pack_rdgs” ! Purge file at default msus
R 150 Cont1 :OFF ERROR ! Tumn off error event
1607 -
170 / Create IfO paths, data file
180/
190 CREATE BDAT "Pack rdgs",Tot rdgs,2  /Data file in defamult msus
200 ASSIGN @Hp_3852 TO 709 ! Assign I/ path to HP 38524

210 ASSIGN @Packed_file TO "Pack_rdgs®  /.4ssign 1/O path to msus file
220 ASSIGN @Gpio TO 12;WORD,FORMAT OFF / Assign 1/0 path to GPIO
230 ASSIGN @Packed_buff TO BUFFER Packed(*);WORD,FORMAT OFF ! Cont

1/G path
2407
250 ! Configure voltmeter
2607 ' ;
270 CLEAR @Hp_3852 ! Clear HP-IB
280 OUTPUT @Hp_3852;"RST" _ ! Reset HP 38524
250 QUTPUT @Hp_3852;"USE 600" ! Use ym in mainframe slot 6
300 OUTPUT @Hp_3852;"DISP OFF" ! Tumn display off
310 OUTPUT @Hp_3852;"SCANMODE ON" [ Set Scanner Mode
320 OUTPUT @Hp_3852;"CONF DCV" ! Configure for DC volts
330 OUTPUT @Hp_3852;"RANGE 9" ! Set 10.24V range
340 QUTPUT @Hp_3852;"RDGS GPIO" ! GPIQ is readings destination
350 OUTPUT @iip_3852;"NRDGS ";Tot.rdgs/(Pre_scan+ Post_scan) / Number rdgs
360 QUTPUT @Hp_3852,"SPER 10E-6" ! 10 pusec between readings
370 OUTPUT @Hp_3852;"SCDELAY 0" 1 0 sec scan trigger delay

380 OUTPUT @Hp_3852;"PRESCAN ",Pre_scan/ Set prescans
390 OUTPUT @Hp_3852;"POSTSCAN ",Post_scan / Set postscans

400 OUTPUT @Hp_3852;,"ASCAN ON" ! Autoscan on
410 OUTPUT @Hp_3852;"CLWRITE 500" ! Set ch 500 as scan list
4207

T
b
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7-20 GPIQ Operation

430 ! Set Data Buffer Register

4401 i

450 CONTROL SC(@Gpio},2;5 I Set CTLO low

480 OUTPUT @Gpilo USING "# W4 1 Address data buffer register
470 CONTROL SC{@Gpilo),2;4 ! Set CTLO high

480/

490 ! Trigger voltmeter

500/

510 OUTPUT @Hp_3852;"SCTRIG SGL* I Send scan trigger

520/ /

880 / Transfer data to controller and then to disc

540!

550 ON TIMEOUT SC(@Gplo),1 GOSUB Abort_transfer

560 TRANSFER @Gplo TO @Packed_buff, COUNT Tot_rdgs,2, CONT
570 TRANSFER @Packed_buff TO @Packed_file; COUNT Tot_rdgs*2,END,CONT
580/ ;

880 ! Clpse 1/0 paths

600 /

610 ASSIGN @Gpio TO *

620 ASSIGN @Packed _file TO *

630 STATUS @Packed_buff,13;Bytes_trans

640 ASSIGN @Packed_buff TO *

650 PRINT Bytes_trans/2;" readings transferred.”

660/ /

670 ! Error trap 2

680 /

650 ON ERROR GOTO Cont2

700 PURGE "Unpk_rdgs”

710 Cont2:OFF ERROR

T20/

730! Create file for unpacked readings and assign I/0 paths

740 1

750 CREATE BDAT "Unpk_rdgs",Bytes_trans/2,8/ Create unpacked rdgs ﬁIe
760 ASSIGN @Packed_file TO "Pack_rdgs®

770 ASSIGN @Unpacked_file TO "Unpk_rdgs”

780 ASSIGN @Packed_buiff TO BUFFER Packed(*);FORMAT OFF

790 ASSIGN @Unpacked_buff TO BUFFER Unpacked(*);FORMAT OFF
800/

810 / Read packed file, unpack rdgs, store on disc in unpacked file.

B20/

830 REPEAT

840 RESET @Packed buff

850 TRANSFER @Packed_fite TO @Packed_buff,END,WAIT ! Buffer of pkd rdgs
860 STATUS @Packed_buff,12;Bytes trans [/ No. of bytes entered
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870 IF Bytes_trans>0 THEN
880 FOR =1 TO Bytes_trans/2
890 OUTPUT @Unpacked_buff;FNUnpki3(Packed(?));
800 PRINT Unpacked(l);
910 NEXT |
920 TRANSFER @Unpacked_buff TO @Unpacked_file;END,WAIT
930 END iF :
940 UNTIL NOT Bytes_trans
850 STATUS @Unpacked_file,7;! ! Find end of file pointer
60 PRINT
970 PRINT I-1;" readings unpacked and stored"
880!
880 ! Close I/O paths

S 1000/

S ' 1010 ASSIGN @Packed_file TO *

o 1020 ASSIGN @Unpacked_file TO *

1030 ASSIGN @Packed buff TO *

1040 ASSIGN @Unpacked buff TO *

1050 STOP

1060/

1070 ! GPIO timeout subroutine

1080 £

1090 Abort_transfer: ! Execute subroutine if timeout occurs -
on GFIO

1100 ABORTIO @Gpio

1110 ABORTIO @Packed_file

1120 OUTPUT @Packed _file;END ! Update EOF ptr for premature
transfer abort

1130 RETURN

1140 END

150/

1160 / Unpacking functions

11701

1180 DEF FNUnpk13(INTEGER Pack) ! Define 13 bit unpack function
1190 REAL R{0:3)

1200 DATA 256.,32.4.,1.

1210 READ R(*)

1220 M =BINAND(Pack,4095)

1230 IF Pack>0 OR M=4085 THEN

1240 RETURN 1.E + 38

1250 ELSE

1260 V = M*.0025/R(BINAND{SHIFT(Pack,13),3))
1270 IF BIT(Pack,12) THEN V=-V

1280 RETURN V
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.~1280 RETURN V

1290 ENDIF o
1300 FNEND ! End 13 bit unpack function i
1310 DEF FNUnpk14(INTEGER Pack) ! Define 14 bit unpack function

1320 REAL R{0:3) ! Alloc. range factor array

1330 DATA 256.,32.,4.,1. ! Range function data

1340 READ R(*) ! Fill array with range factors

1350 ! Convert A/D bits and range bits to volt reading
1360 V =SHIFT{BINAND(16383,Pack),-2)/4*.00125/R{BINAND(SHIFT (Pack, 14),3})

1370 RETURN V ‘
1380 FNEND ! End 14 bit unpack function

Since 100,000 readings were specified, a typical return for a 9V 5% source
connected to channel 500 follows. Note that the unpacked readings are also
stored in Unpk_rdgs on the HP 7512P/R. S

NOTE
Although the 100,000 unpacked readings are transferred in one second, it
requires about 28 minutes to unpack the readings using an HP Series 217
controller and the unpack function in this program.

T

100000 readings transferred
859 8.00. ... 859 ]
100000 readings
800 8.0, .98 =

100000 readings unpacked and stored

7-22 GPIO Operatic_)n
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Using Read/Write Registers

8

Introduction

Reagister
Definitions

This chapter shows how to access some read and write registers on the HP
44702A/B and HP 44704A voltmeter. You can access these registers via
HP-IB with SREAD or SWRITE commands or can access registers via GPIO
with CONTROL statements. Refer to Chapter 7 - GPIO operation for
further details on GPIO operation.

The voltmeter contains its own microprocessor which allows the voltmeter to
operate independently of the mainframe. This processor allows access to the
internal registers which control the voltmeter and monitor the status.

Although the voltmeter contains several registers, the user can access only
four of the registers: Status, Identity, Data Buffer, and Trigger. The Status,
Identity, and Data Buffer registers are read only (READ) registers while the
Trigger register is a write only (WRITE) registers. Table 8-1 summarizes the
registers and shows register addresses.

NOTE

Although other registers exist in the voltmeter, do not attempt to read from or
write to any registers other than the Identity, Status, Data Buffer, or Trigger
registers as this may cause the voltmeter to enter an unknown state, invalidate all
measurements, or “lock-up”.
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Table 8-1. Register Deﬁn&ions/Adarmes

FRegister [ Address l Description
Read Only (READ) Registors
identity 4] ldentifies the HP 44702A/B and Indicates H the S6K memory
expansion ls installed {HP 44702B) or not (HP 44702A). For the
HP 447044
Status 1 Provides status information without interrupting the milcroprocessor

operation. Information includes availability of data, data or command
readiness, task completion, or error occcurrence.

Data Buffer 4 Supplies the mainframe or GPIO controller with measurement data
from the voltmeter data butfer. |t Is not actually a register, but
provides access to the data buffer.

Write Only (/RITE) Regloter
Trigger 1 Gensrates scan, measure, or stop triggers. All other trigger controls
are generated by the voltmeter microprocessor or are controlied by
the malnfrarne or system controiler via GPIO.

Reading the As noted, there are two methods of reading the Identity, Status, and Data
Registers Buffer registers: HP-IB and GPIO.

HP-IB Reads

Use SREAD slot register_number [INTO name] or [fmt] to read the register
contents over HP-IB where slot is the voltmeter slot and register_number is the

register address as defined in Table 8-1.

For example, to read the value of a register on a high-speed voltmeter in
mainframe slot 6 via HP-IB, use the following lines where Reg_addr is the

address of the register (0, 1, or 4).

160 OQUTPUT 709;"SREAD 600,Reg_addr® ! Read register @ Reg-addr
110 ENTER 709;A { Enter register value .

GPIO Reads

To read register contents over GPIO, first, set Control Register 2 bit 0
(CTLO) low (logical 1) to tell the voltmeter the next piece of data is a register
address. Next, send the register address (as defined in Table 8-1). Then, set.
CTILO high (logical 0) again for data and enter the register value.

This example demonstrates these steps for GPIO interface select code 12.
Reg_addr is the register address (0, 1, or 4) and Reg_value is the value
returned by the register. For this, and all GPIO examples in the chapter, the
PSTS Error bit (bit 2) is always set.

g2 Using Read/Wrjte Registers
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Reading the Data
Buffer Register

10 ASSIGN @Gpio to 12;WORD,FORMAT OFF [Assign 1/0 path to GPIO

100 CONTROL 12,2;5 ! Set CTLG low

110 OUTPUT @Gpio;Reg_addr . . ! Cutput register address
120 CONTROL 12,2;4 ! Set CTLO high

130 ENTER @@Gpio;Reg_value 1 Enter register value

The voltmeters first stores all measurement data as a 16-bit integer in their
internal data storage buffers. Figure 8-1 shows the measurement data format
for the HP 44702A/B, and HP 44704A in 13 bit resolution mode (default after
RST). Figure 8-2 shows the measurement data format for the HP 44704A in
14 bit resolution mode. Figure 8-3 shows the measurement data format for the
HP 44704A in 16 bit resolution mode. To read the measurement data over
HP-IB, access the Data Buffer register with SREAD slot,4. To read the data
over GPIO, access the Data Buffer register with QUTPUT, ENTER, and
CONTROL statements,

Fange Bits
Sign Bit _
/, —— 12-Bit Magnitude

Good Flag Bit

15

4113

12 11110 olslz 615_]4 alza]1]o0 " RESOL13
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Figure 8-1. 13 Bit Resolution Measurement Data Format

In Figure 8-1, the Good Flag bit (bit 15) indicates whether the reading is valid.
A high (logic 1 ) bit indicates a valid reading while a low (logic 0) bit indicates
an invalid reading. The most likely cause for an invalid reading is that the
input amplifier is saturated by common mode voltage greater than + 10.5 volts.

Bits 14 and 13 indicate the voltmeter measurement range, where 00; = the
+40 mv range; 013 = the =320 mv range; 10; = the +2.56V range; and
112 = £10.24V range. Bit 12 high (logic 1) indicates a positive value and bit
12 low (logic 0) indicates a negative value.

Bits 11 through 0 indicate the number of counts for the measurement. (If bits

11 through 0 = FFF (Hex) an overload condition exists.) The following
program segment shows the 14 bit unpacking function for voltage.

Using Head/Write Registers 8-3



L d

100 ENTER @Gpio;A(*) ! Enter readings
10 FORI=0TO n-1 1 Begin print loop
120 PRINT FNUnpki3(A()) ! Print readings
130 NEXT | '

200 DEF FNUnpk13({INTEGER Bdata) ! Define 13 bit unpack function
210 REAL R(0:3) ,

220 DATA 256.,32.,4.,1. E

230 READ R(*)

240 M = BINAND(Bdata,4095)

250 IF Bdata>>0 OR M=4095 THEN -

260 RETURN 1.E+38 '

270 ELSE o

280 V = M*.0025/R(BINAND(SHIFT (Bdata, 13),3))

290 IF BiT(Bdata, 12) THEN V=-V

300 RETURN Y
310 END IF
320 FNEND ! End 13 bit unpacking function
. Range Bits
/ A — 14-Bit Two's Complemsnt A/D Value
15{14{13({12{11|0| 9|81 7]6 (514132110 RESOL 14

Figure 8-2. 14 Bit Resolution Measurement Data Format

In Figure 8-2, bits 15 and 14 indicate the voltmeter measurement range, where
00; = the =40 mv range; 01, = the =320 mv range; 10, = the +2.56 V range;
and 11 = £10.24 V range. Bits 13 through 0 specify a two’s complement value
of the measurement. (If bits 13 through 0 = 8191 a positive overload
condition exists, if bits 13 through 0 = -8192 a negative overload condition
exists.) The following program segment shows the 14 bit unpacking function
for voltage.
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100 ENTER @GpicA(*} ! Enter readings

110 FORI1=0TO n-1 1 Begin print loop

120 PRINT FNUnpk14{A())) ! Print readings

130 NEXT | '

200 DEF FNUnpk14(INTEGER Pack) ! Define 14 bit unpack function
210 REAL R{0:3) ! Alioc. range factor array

220 DATA 256.,32.4.,1. : ! Range function data

230 READ R{®) ! Fill array with range factors

- 240 | Convert AjD bits and range bits to volt reading
250 M = BINAND (Pack, 16383)
260 IF M=8191 OR M=8192 THEN
a _ 270 V=1.E+38
(o 280 ELSE
e 290 V = SHIFT(M,-2)/(3200.*R(BINAND{SHIFT (Pack, 14),3)))
300 ENDIF

310 RETURNY -
320 FNEND 1 End 14 bit unpack function

16-Bit Two's Complement A/D Value

pd
Wi 1B3i12:Mi10jsis8|7i6|514f3]2j11}0 RESOL 16

Figure 8-3. 16 Bit Resolution Measurement Data Format

In Figure 83, bits 15 through 0 form a 16 bit two’s complement measurement
value. If the value equals 32767, a positive overload condition exists - if the
value is -32768, a negative overload condition exists. No range information is
contained in the 16 bit packed data format. Current range status (as set by the
RANGE command) is available in bits 8 and 9 of the Status Register. See
Chapter 6 for more information about managing range information in 16 bit
resolution mode. The following program segment shows the 16 bit unpacking
function.
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100 ENTER @Gpio;A(*) ! Enter readings

110 QUTPUT 709;"SREAD 600,1" ! Read status register
120 ENTER 709;S { Enter status value
130 Range =BINAND(SHIFT(S,8),3) 1 Isolate range info
140 FOR | =0 TO n-1 ! Begin print loop
150 PRINT FNUnpk16(A(*),Range) ! Frint readings

160 NEXT |

L]
-

200 DEF FNUnpk1B(INTEGER Pack,Range) /.Define 16 bit unpack function

210 REAL R(0:3) 1 Alloc. range factor array

220 DATA 256.,32..4.,1. ! Range function data

230 READ R(*) ' I Fill array with range factors

240 | Convert AID bits and range value to voit reading .
250 IF Pack=32767 OR Pack=-32768 THEN N (. ;
260V=1.E+38 S
270 ELSE

280 V =Pack/(3200*R(Range))

290 RETURN Y

300 FNEND ! End 16 bit unpack function

¢
‘.
.

Unpacking Resistance Measurements

To determine the measurement value for a resistance measurement, first
determine V and then use R = V/I where I = 1 mA for the 10 kQ range; G.1
mA for the 100 kQ range; or 0.01 mA for the 1 mQ range.

Data returned either over HP-IB or over GPIO must be unpacked. Refer to
Chapter 5 - Scanner Mode Programming for example unpacking routines.
Refer to Chapter 7 - GPIO Operation for examples on returning data over

GPIO.
Example: Reading the Data Buffer Register (HP-IB)

"This program shows how to enter the Data Buffer register contents over
HP-IB. The Data Buffer register is not actually a register but provides access
to the data in the voltmeter data buffer. Thus, the value returned by the Data
Buffer register is the data in the data buffer. This program uses SREAD to
enter a single DC voltage reading which is unpacked by line 100. (Since the
10.24V range is used, RF = 1.)

88 Us‘rg Read/Write Registers
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NOTE
If there is no data in the Data Buffer register, the program will “hang” at the
SREAD command until the data arrives from the voltmeter.

10 OUTPUT 7089;"USE 600" ! Use voltmeter in mainframe slot 6
20 OUTPUT 709;"RST 600" ! Reset voltmeter
30 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode
40 OUTPUT 709;"CONF DCV" ! Configure for DC volts
50 OUTPUT 709;"RANGE 9 ! Set 10.24V range
60 OUTPUT 709;"CLWRITE 500" ! Set ch 500 as scan list
70 QUTPUT 708;"SCTRIG INT" - ! Internal scax trigger
: 80 QUTPUT 709;"SREAD 600,4" ! Read Datg Buffer register
:'/; 90 ENTER 709;A ! Enter register contents
o 100 PRINT BINAND(4085,A)*.0025 ! Display reading
110 END :
Example: Reading the Data Buffer Register (GPIO) .

This program segment shows how to enter the Data Buffer register contents
over GPIO. The controller is set for GPIO interface select code 12, the
voltmeter is in mainframe slot 6, and the PSTS error bit (bit 2) is set for
Report (1). Again, the data must be unpacked. .

10 ASSIGN @Gpio TO 12,WORD,FORMAT OFF Ldssign 1/0 path to GPIO

100 CONTROL 12,2:5 I Set CTLO low

110 OUTPUT @Gpio;4 ! Output Data Buffer register addr
120 CONTROL 12,2,4 ! Set CTLO high
130 ENTER @Gpig,A ! Enter Data Buffer register value

Reading the Identily The Identity register provides the HP 44702A/B voltmeter identity. Figure 8-4
Register shows the Identity register bit format. This register may be accessed at any
time, but the GPIO handshake may be delayed up to 750 usec immediately
after reset.

The high-speed voltmeter has jdentity code 01000 as indicated by bits 3
through 7. The Option bit (bit 0) indicates if the Extended Memory Card is
installed. Option bit 0 = 0 indicates an HP 44702A (8k reading storage |
memory), while option bit 0 = 1 indicates an HP 44702A/B (64k reading
storage memory (Extended Memory Card installed}).
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For the HP 44704A vo!tmeter the identity reg:ster bits indicate an
HP 44702B.

The Scanmode Flag (bit 1) is used by the mainframe to determine if Scanner
Mode is set (SCANMODE ON = 1 and SCANMODE OFF = 0). Thus, you
can read this bit to determine if Scanner Mode is set. Bit 2 is atways 0 after a
reset. However, the bit may be 0 or 1 during a MEAS operation on the
backplane.

Example: Reading the identity Register (HP-1B)
This example shows how to read the Identity register over HP-IB.

Kentity Code {1000xxx)
Pause Bit (changes during scan}.

Scanmode On Flag
g
7is|85j41312]1]¢C Register Bite
128 64 32 16 8 4 2 i Bh Values,

Figure 8-4. ldentity Register

10 OUTPUT 709; "SREAD 600,0" ! Read Identity register
20 ENTER 708:A ! Enter register confents
30 PRINT A ! Display register contents
40 END :

For an HP 447028 or HP 44704A voltmeter in slot 6 of the mainframe, 65 is
returned, since bit 6 is always set (1000001) and bit 0 is set for an HP 44702B
or HP 44704 A (64k reading storage memory).

Example: Reading the Identity Register (GPIO)

This example shows how to read the Identity register over GPIO. The
controller GPIO interface select code is 12,

10 ASSIGN @Gpio TO 12;WORD,FORMAT OFF / Assign 1/0 path to GPIO
20 INTEGER A '

30 CONTROL 12,2,5 ! Set CTLO low
40 QUTPUT @Gplo;0 { Output Identity register address
50 CONTROL 12,2;4 1 Set CTLO high
60 ENTER @Gpio;A ' ! Enter Identity register value
70 PRINT A ! Display register vaiue
80 END
sters
com




For an HP 44702B or HP 44704A voltmeter in slot 6 of the mainframe, 65 is

e returned, since bit 6 is always set (1000001) and bit 0 is set for an HP 44702B
! ' (64k reading storage memory).

Reading the Status
Register

The Status register provides the mainframe or GPIO controller information
on high-speed voltmeter status. This register may be accessed at any time, but

the GPIO handshake may be delayed up to 750 usec immediately after reset.
Figure 8-5 shows the Status register bit format and Table 8-2 describes each
bit. Note that bits 4 through 0 provide only protocol information between the
mainframe and the voltmeter microprocessor and will not be discussed.

Table 8-2. Status Register Bit Descriptions

Bh Mame . Dascription
04 Protocol Bits Protocol information between the HP 3852A mainframe and the
vehtmeter microprocessor,
5 Almost Full Flag | When RDGSMODE BURST is set, bit 5 is set when the data buffer has
room for only 4096 {or less) additional readings.
& Measurement Set when measurement data is available in the voltmeter data butier.
Data Available
Flag .
7 Service Indicates interrupt status and can be used to indicate available dats.
Request Flag For ROGSMODE END or RDGSMODE COMPLETE, indicates the snd
of the scan sequence,
HP 44704A Only
89 Resolution Bits | Indicate current mode as set by RESOL command.
The bit value/resolution relationship Is:
00 = 13-bit
01 = 14-bit
10 = 16-hit

Example: Reading the Status Register (HP-IB)

Resolution

Service Request
Data

Almost Full
Command Accepted
Scan in Progress
Error Flag

Input Butfer Full
% Qutput Buffer Full

918 176|5|4|312]1]!0] RegisterBHs

612 256 128 64 32 16 8 4 2 1 Bht Values

-
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Figure 8-5. Status Register
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Example: Writing to the Trigger Register (GPIO)

This example shows how to write to the Trigger register to generate a single
scan trigger over GPIO with interface select code 12, Note that the PSTS
Error bit is also set.

10 ASSIGN @Gpilo TO 12,WORD,FORMAT OFF ! Assign I/O path to GFIO

100 CONTROL 12,2;5 1 Set CTLO low

110 OUTPUT @Gpio;1 ! Send Trigger register address
120 CONTROL 12,2;4 ! Set CTLO high

130 CUTPUT @Gpio;2 ! Generate single scan trigoer
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