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Herstellerbescheinigung

Hiermit wird bescheinigt, dag das Ger#dt/System HP 3852A
in Ubereinstimmung mit den Bestimmungen von Postverfiigung 1046/84 funkentstért ist.

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

Zusatzinformation fur Mes- und Testgerite

Werden MeB- und Testgerdte mit ungeschirmten Kabeln und/oder in offenen MegBaufbauten
verwendet, so ist vom Betreiber sicherzustellen, dag die Funk-Entstdrbestimmungen unter
Betriebsbedingungen an seiner Grundstiicksgrenze 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.

Additional 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 to 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 shall 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 proprietary information which is protected by copyright. All rights are reserved. No part of
this document may be photocopied, reproduced or translated to another language without the prior 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 United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’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 products which prove to be defective.

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

Duration and conditions of warranty for this instrument may be superceded when the instrument is integrated into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

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute
its programming instructions when properly 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 improper site preparation or maintenance.

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

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the back
of this manual.
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SAFETY SUMMARY

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

GROUND THE INSTRUMENT

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel 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 NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DO NOT OPERATE A DAMAGED INSTRUMENT

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

vii




~ LINE

(ﬁ/” HEWLETT

PACKARD

Operating and Safety Symbols

Symbois Used On Products And In Manuals

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.

be connected to earth ground before operating equipment — protects against

L @ Protective conductor terminal. Indicates the field wiring terminal that must
— OR

7 ©OR

7N
ATTENTION
Static Sensitive

NOTE

CAUTION

WARNING

£

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. '

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

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

WARNING
Calls attention to a procedure, practice, or condition that could possibly

cause bodily injury or death.
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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 manuals 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

Symbol

Meaning

Shock hazard originating
outside the instrument
(field wiring)

Location

. Analog 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 safety
purposes.

. Inside terminal modules

on plug-in accessories

. Metal cover on component

modules of plug-in
accessories

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

. HP 44701A, HP 44702A/B,

HP 44727A/BI/C plug-in
accessories

If High-Speed FET multi-
plexers are used with the
HP 44702A/B, ribbon cable
may be connected.

. HP 44711A, 44712A, 44713A

(referenced on HP 44702A
and HP 44702B)
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Chapter 1
Introduction

Manual Contents

This manual shows how to configure and program the HP 44701A
Integrating Voltmeter (voltmeter). The manual has four chapters:

¢ Chapter 1 - Introduction contains a manual overview, summarizes
voltmeter features, and shows a suggested getting started sequence.

® Chapter 2 - Defining Your Measurement gives guidelines to select
measurement requirements and voltmeter operating parameters for the
measurement,

e Chapter 3 - Installation and Checkout shows how to connect user inputs
and how to install and check the voltmeter.

e Chapter 4 - Programming the Voltmeter shows how to program the
voltmeter for multiplexer and rear panel measurements.

Voltmeter Description

The HP 44701 A Integrating Voltmeter can be used with an HP 447XXX
multiplexer to make AC or DC voltage, AC or DC current (with external
shunt resistor), resistance (2-wire ohms and 4-wire ohms), strain, or
temperature (RTD, thermistor, and thermocouple) measurements. You can
also use the voltmeter with the external (rear) terminals for AC or DC
voltage or 4-wire ohms measurements.

The HP 44701A uses offset compensation for most resistance ranges and
autozero for all types of measurements. A guard terminal provides added
common mode noise rejection and the voltmeter’s method of analog to
digital conversion (integration) provides normal mode noise rejection.
Integration time can be varied from 0.0005 to 16 power line cycles (PLCs)
to provide 3%z to 6% digits of resolution.

Introduction 1-1
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Introduction

Physical Description

Figure 1-1 shows the voltmeter rear panel. The upper three terminals (HI, ‘
LO and GUARD) are the input terminals for both voltage and resistance
measurements. The lower two terminals (HI and LO CURRENT SOURCE)

are the current source terminals for resistance measurements. The lever at

the bottom of the panel allows the voltmeter to be released from its slot.

To remove the voltmeter from a slot, lift the lever and pull the voltmeter

outward.

(@])4a701A

5 1/2 DIGIT VOLTHETER

HI N

ﬂ > INPUT TERMINALS

3

300V PEAK BETWEEN
ANY TWO TERMINALS OR CHASSI

CURRENT SOURCE CURRENT SOURCE

L LO TERMINALS
O-
J

|_— RELEASE LEVER

3852P2_1

Figure 1-1. HP 44701A Rear Panel

The A/D Converter

The voltmeter measures an analog signal by converting it to a digital value.
Once the signal is in digital form it can be displayed, sent over the HP-IB
bus, inserted into a mathematical algorithm, etc. Input signals are
converted to digital values by the voltmeter A/D (analog to digital)

——eonverter. - ——-—-  ———- e e - -




The A/D converter is responsible for many voltmeter operating
characteristics such as normal mode rejection (ability to reject signals at the
power line frequency from measurements), measurement speed, resolution,
and accuracy. The magnitude of these characteristics are, in turn,
determined by the A/D converter integration time.

Integration Time

Integration time is the amount of time that the A/D converter samples the
input signal. You specify integration time as a certain number of power line
cycles (PLCs) with the NPLC command. The voltmeter then multiplies the
specified number of PLCs times the power line period to determine the
integration time. With longer integration times, measurement resolution,
accuracy, and normal mode rejection increase but measurement speed
decreases.

Getting Started

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

® Define your measurement
¢ Configure the voltmeter
¢ 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 Measurement for guidelines to define your measurement and select
voltmeter operation.

Configure the Voltmeter

The next step is to hardware configure the voltmeter for the measurement.
Refer to Chapter 3 - Installation and Checkout to connect user inputs and
to install and initially check the voltmeter.

Program the Voltmeter

The third step is to program the voltmeter for the measurement. Refer to

Chapter 4 - Programming the Voltmeter to program the voltmeter for
multiplexer and rear panel measurements.

Introduction 1-3
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Chapter 2
Defining Your Measurement

Introduction

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

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

* Defining Measurement Requirements gives guidelines to define
measurement parameters and data/interrupt requirements.

* Selecting Voltmeter Configuration gives guidelines to select the voltmeter
measurement function, the multiplexer(s) used, and the voltmeter triggering
method for your measurement.

* Configuration Example shows an example way to characterize a DC
voltage measurement and select the voltmeter configuration for the
measurement.

Measurements Overview

Measurement
Types

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

There are two types of voltmeter measurements: multiplexer measurements
and rear panel measurements.

Multiplexer Measurements

AC or DC voltage, AC or 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
measurements.

Defining Your Measurement 2-1
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Rear Panel Measurements

AC and DC volts and 4-wire ohms (only) inputs can be sent directly to the
rear panel terminals of the voltmeter. These are called rear panel
measurements.

Voltmeter The voltmeter can be programmed for multiplexer or rear panel
Programming measurements using high-level or low-level commands. Refer to the
Command Summary in Chapter 4 - Programming the Voltmeter for a list
of commands which apply to the HP 44701 A voltmeter.

Data For any voltmeter measurement, the reading is first stored in the voltmeter
Transfers data buffer and must be transferred to the mainframe memory or to the
output buffer and/or display before the next reading is taken. (Refer to
Chapter 6 - Managing Data in the HP 3852A Mainframe Configuration
and Programming Manual for details on data storage and transfers.)

Transfer Data to Mainframe Memory

Data stored in the voltmeter data ‘buffer can’ be transferred to mainframe
memory in unconverted (PACKED) format and stored in a PACKED array
or can be converted into RL64 or IN16 and stored in a REAL or
INTEGER array (or variable) respectively Data stored in mainframe
memory can then be transferred to the output buffer in unconverted or
converted format : :

Transfer Data to Output Buffer

Data can be transferred directly from voltmeter memory to the output
buffer in unconverted (PACKED) format or in any of six converted
formats (IASC, LASC, RASC, DASC, RL64, or IN16). For IASC, LASC,
RASC or DASC, data can also be displayed.

Defmmg Measurement Requirements

Guidelines to help you characterize your measurement follow. The
guidelines include a discussion of measurement parameters and
data/interrupt requirements. The example numbers used in the discussion
are from the Specifications appendix in the HP 3852A Mainframe
Configuration and Programming Manual. Refer to this appendix for
complete specifications when characterizing your measurement.

Defining Your Measurement 2.3



Defining This subsection includes guidelines to select the following measurement

Measurement parameters: ‘
Parameters
¢ Type
® Speed
® Accuracy

e Resolution
¢ Noise Rejection
¢ Number of Measurements

Type of Measurement

The first step is to select the type of measurement (AC or DC voltage, AC
or DC current, resistance, strain, or temperature) to be made. The
voltmeter can measure DC voltages up to +300 V; AC voltages up to
+200 VAC rms; resistances up to 3 MQ with 2-wire or 4-wire techniques;
strain from strain gages or rosettes; or temperatures (in °C) from
thermocouples, thermistors, or RTDs.

Measurement Speed

Measurement speed (maximum reading rate) is a function of the number of
power line cycles (PLC) selected and the power line frequency. For
example, from the Specifications appendix in the HP 3852A Mainframe
Configuration and Programming Manual, maximum reading rate for DC
voltage measurements with a 60 Hz power line frequency varies from

2.7 readings/second with NPLC = 16.0 to 1600 readings/second with
NPLC = 0.0005. That is, measurement speed increases as the number of
PLCs (and resultant integration time) decreases.

Measurement Accuracy

Measurement accuracy is a function of NPLC and the voltmeter range. For
example with NPLC = 0.1 and the 30V range, DC voltage measurement
accuracy is +(0.008% + 700 uV) where 0.008% refers to the % of
reading. Thus, for a 10 V reading, maximum error is £(800 pV + 700 pV)
= + 1.5 mV. For any range, note that measurement accuracy increases as
NPLC (and resultant integration time) increases.

Measurement Resolution
Measurement resolution is also a function of NPLC and the voltmeter

range. For example, with NPLC = 0.1 and the 3V range, resolution is
10 xV. For any range, note that measurement resolution (the smallest

" change which canbe detected) increases as"TNPLEC-increases-since the——— ————-
number of digits converted increases. ’

2-4 Defining Your Measurement



Defining
Data/
Interrupt
Requirements

Noise Rejection

Noise rejection also depends on the NPLC setting. For example, for DC
voltage measurements CMR is 120 dB for all NPLC settings; NMR is 0 dB
for all settings except NPLC 1 and NPLC 16 (60 dB for NPLC 1 and
NPLC 16); and ECMR is 90 dB for all settings except NPLC 1 and NPLC
16 (150 dB for NPLC 1 and NPLC 16).

Number of Measurements

To determine the number of measurements to be made, define the number
of sources to be measured and the number of measurements per source.
This will determine the number of multiplexers required for your
measurement. For example, to measure more than 20 inputs you will need
two HP 44705A 20-channel multiplexers or one HP 44706A 60-channel
multiplexer, etc. (Refer to Table 2-4 in ‘‘Selecting Multiplexer Used’’ for
the maximum number of channels per multiplexer.)

When you have defined your measurement parameters, define how to
handle the data from the measurement. Two main considerations are:

® Data transfer mode
¢ [nterrupt requirements

Data Transfer Mode

As shown in Figure 2-1, data stored in the voltmeter data buffer can be
transferred to the mainframe memory or to the output buffer and/or
display. Select the data transfer mode required for your measurement.

Interrupt Requirements

Determine if interrupts are required for your measurement. When enabled,
interrupts can be handled in the mainframe or in the controller. Refer to
Chapter 8 - Using Interrupts in the HP 3852A Mainframe Configuration
and Programming Manual for guidelines on handling interrupts. Refer to
Chapter 4 - Programming the Voltmeter for an example interrupt program.

Defining Your Measurement 2-5




Selecting Voltmeter Configuration

Selecting
Voltmeter
Function

When you have defined your measurement requirements, the next step is to .
select voltmeter configuration for the measurement. Three voltmeter

configuration areas are summarized, as shown. Again, refer to the

Specifications Appendix of the HP 3852A Mainframe Configuration and
Programming Manual for detailed specifications when selecting voltmeter
configuration parameters.

* Voltmeter function
® Multiplexer used
¢ Triggering method

As noted, the voltmeter can make AC or DC voltage, AC or DC current
(with multiplexer shunt), resistance (2-wire and 4-wire ohms), strain, and
temperature (RTD, thermistor, or thermocouple) measurements. Some
voltmeter ranges/resolutions and accuracies follow.

DC Voltage Measurements
As shown in Table 2-1, the voltmeter has five DC voltage ranges (30 mV,

300 mV, 3V, 30V, and 300V). The effective range of DC voltage
measurements is from about +10 nV to +300V.

Table 2-1. DC Voltage Ranges/Resolution

Maximum 62 Digit 5v2 Digit 4> Digit 32 Digit

Range Display Resolution Resolution Resolution Resolution
30mV + 30.30000 10 nV 100 nV 1V 10 pV
300mV + 303.0000 100 nV 1uV 10 uV 100 uV
3v + 3.030000 1V 10 uV 100 pV 1mv
30V + 30.30000 10 pVv 100 pV 1mv 10 mV
300V + 300.0000 100 pV 1mv 10 mV 100 mV

AC Voltage Measurements

The voltmeter has four AC voltage ranges (200 mV, 2V, 20V, and 200V).
AC measurements are made with a peak detector calibrated in rms which is
intended to measure sine waves. The voltmeter is accurate only when the
input voltage is greater than 10% of full scale. Table 2-2 shows AC voltage
ranges/resolutions.

2.6 Defining Your Measurement



Table 2.2. AC Voltage Ranges/Resolution

Maximum 312 Digit

Range Display Resolution
200mV +202.0000 100 pV
2v +2.020000 1 mVv
20V +20.20000 10 mV
200V +202.0000 100 mV

Resistance Measurements

The voltmeter can make 2-wire or 4-wire ohms measurements lising

HP 447XXX multiplexers or can make 4-wire ohms measurements using the
rear panel terminals. Six resistance ranges are available, as shown in

Table 2-3.

Table 2-3. Resistance Ranges/Resolution

Resolution Current

Maximum 62 5%2 42 32 Through

Range Display Digit Digit Digit Digit Unknown
300 + 30.30000 10 xQ 100 uQ 1 mQ 10 mQ 1 mA
300Q + 303.0000 100 p0 1 mQ 10 mQ 100 mQ 1 mA
3kQ +3.030000 1 mQ 10mQ 100 mQ 190 100 pA
30k +30.30000 10 mQ 100 m@ 10 10 0 100 pA
300kQ + 303.0000 100 mQ 10 10 Q 100 @ 10 uA
3me + 3.030000 1Q 10Q 100 © 1 kQ 1 uA

Strain Measurements

The voltmeter and the HP 44717A, 44718A, 44719A, or 44720A Strain
Gage multiplexers can be used to make strain measurements, including

Va4 bridge, V2 bridge, and full-bridge measurements of strain gages or
rosettes. Measurement data returned is the equivalent strain (or microstrain)
value.

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, SK, and 10K
thermistors, and Type 85 (o« = .00385 Q/2/°C) or Type 92 (« = 0.003916
Q/9/°C) RTDs. Other types of thermocouples can be measured with user-
supplied linearization programs.
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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.

Selecting As shown in Figure 2-1, there are two types of voltmeter measurements:
Multip|exer multiplexer measurements and rear panel measurements.

Used

Multiplexer Measurements

The voltmeter can be used with appropriate HP 447XXX multiplexers to
make DC or AC voltage, DC or AC current, resistance, strain, or

temperature measurements. The type of measurement selected determines
the multiplexer(s) to be used. Table 2-4 summarizes multiplexers available

for use with the voltmeter and typical measurements for each multiplexer.

Table 2-4. Multiplexer Characteristics

Multiplexer| Ch | Range Primary Measurement(s)

Relay Multiplexers:
HP 44705A| 20 | =170V | ACV, DCV, ACI, DCI, 2W/4W ohms, RTDs, thermistors
HP 44705H} 20 | =354V | ACV, DCV, ACI, DCI, 2W/4W ohms, RTDs, thermistors
HP 44706A | 60 | = 42V | ACV, DCV, 2W ohms

HP 44708A| 20 | =170V | ACV, DCV, ACI, DCI, 2W ohms, thermocouples

HP 44708H| 20 | 354V [ ACV, DCV, ACI, DCI, 2W ohms, thermocouples

HP 44717A| 10| = 42V | 120 ohm strain gage, rosettes

HP 44718A| 10 | = 42V | 350 ohm strain gage, rosettes

FET Multiplexers:

HP 44709A [ 20 | =10.24V| ACV, DCV, ACI, DCi, 2W/4W ohms, RTDs, thermistors
HP 44710A| 20 | £ 10.24V| ACV, DCV, ACI, DCI, 2W ohms, thermocouples

HP 44719A | 10 | £10.24V| 120 ohm strain gage, rosettes

HP 44720A1 10 | £10.24V| 350 ohm strain gage, rosettes

High-Speed FET Multiplexers:

HP 44711A| 24 | £10.24V]| ACV, DCV, ACI, DCI, 4W ohms, RTDs, thermistors
HP 44712A| 48 | +10.24V| ACV, DCV
HP 44713A| 24 | =10.24V| ACV, DCV, ACI, DCI, thermocouples
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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 GUARD) for DC or AC
voltage measurements. You can also use the CURRENT SOURCE (HI and
LO) terminals with the voltage terminals for 4-wire ohms measurements.

Selecting When the voltmeter measurement function and multiplexer(s) have been
Triggering selected, next select the type of voltmeter triggering required. The voltmeter
M ethOd can be triggered from the mainframe or internally from the voltmeter.

Mainframe Backplane Triggering

The voltmeter can be triggered via the mainframe backplane by using the
TRIG SCAN or TRIG SYS command. Refer to Chapter 7 - Triggering and
Pacing in the HP 3852A Mainframe Configuration and Programming
Manual for a discussion of mainframe triggering.

Voltmeter Internal Triggering

The voltmeter can be internally triggered by a single trigger (TRIG SGL) or
triggered as required (TRIG AUTO).

o Configuration Example

This section shows an example way to define a measurement and select
voltmeter configuration for the measurement. When you have characterized
your measurement and selected the voltmeter parameters, refer to Chapter
3 - Installation and Checkout to install the voltmeter and multiplexer(s)
used and to initially check the voltmeter.

Example: DC Voltage Measurements
For this example, the application is DC voltage measurements of twenty
5 V inputs. Each input is to be measured 10 times so 200 readings are

required. Table 2-6 show typical measurement requirements and voltmeter
configuration for this measurement. T~
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Table 2-6. DC Voltage Measurements Selections

Measurement Requirements
Measurement Parameters

e Type DC volts (5V max input)
* Speed 300 readings/second
® Accuracy imVv
* Resolution 100 pV
¢ Noise Rejection 0 dB NMR, 120 dB CMR, 90 dB ECMR
* Number 200 readings
Data/Interrupt Requirements
* Transfer Mode To output buffer/display
¢ Interrupts Not required

Voltmeter Configuration

Voltmeter Function DCV (30V range), NPLC = 0.1
Multiplexer Used HP 44705A 20-Channel Relay Multiplexer
Triggering Method Internal triggering

Interrupts Disabled

For this example, the voltmeter function selected is DCV (30V range),
NPLC = 0.1, and internal voltmeter triggering. An HP 44705A 20-Channel
Relay Multiplexer will be used since it has the required number of channels
and accuracy (refer to Table 2-4). Data destination will be the output
buffer (and display) and interrupts will be disabled.

From the Specifications appendix in the HP 3852A Mainframe
Configuration and Programming Manual, NPLC = 0.1 and the 30V range
sets the voltmeter for 5% digits (100 4V of resolution); maximum reading
rate of 415 readings/second @ 60Hz (360 readings/second @ 50Hz);
(£0.0008% + 700 uV) accuracy; and noise rejections of 0 dB NMR, 120
dB CMR, and 90 dB ECMR.

With these selections, we can now refer to Chapter 3 - Installation and
Checkout to configure the voltmeter and then to Chapter 4 - Programming
the Voltmeter to program the voltmeter for the measurement. (As required,
refer to the HP 44705A Configuration and Programming Manual for
additional details.)
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Chapter 3
Installation and Checkout

Introduction

Chapter
Contents

Warnings,
Cautions,
and Notes

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

This chapter has three sections:

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

e Connecting User Inputs shows recommended connections to multiplexers
used with the voltmeter and connections to the voltmeter rear panel
terminals.

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

This section summarizes WARNINGS, CAUTIONS, and NOTES which
apply to the HP 44701A voltmeter and associated multiplexers. You should
review the WARNINGS and CAUTIONS before handling or configuring
any accessory.
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WARNING o

A 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.

[SUEN

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
ﬁ whatever state the program sets them.
2

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 equipment damage may result.
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WARNING
MAXIMUM VOLTAGE LIMITATIONS. The HP 3852A and the
HP 3853A internal analog buses interconnect the multiplexer and voltmeter
accessories to form one circuit. To protect against possible personal injury
due to equipment failure or programming error, limitations are placed on
the potentials that can appear between any two points on the circuit (or
between the circuit and chassis).

These limitations are listed for the HP 3852A, HP 3853A, and all plug-in
accessories. For any given set of accessories installed in the mainframe or
extender, the maximum potential between any two points is determined by
the accessory with the LOWEST peak voltage limitation, as follows. (If the
analog extender cable is NOT connected between the mainframe and the
extenders, each instrument is considered as a separate circuit.)

Instrument/Accessory Peak Voltage
HP 3852A Mainframe 354V
HP 3853A Extender 354 V
HP 44701A Integrating Voltmeter 354V
HP 44702A/B High-Speed Voltmeter 492 7
HP 44705A/08A/17A/18A 20-Channel Relay Multiplexers 170 vV
HP 44705H/08H 20-Channel High-Voltage Relay Multiplexers 354V
HP 44706A 60-Channel Relay Multiplexer 422V
HP 44709A/10A/11A/12A/13A FET Multiplexers 2 v

* = 42 V maximum on backplane analog bus, but NOT on rear
terminals/terminal module.

Maximum voltage between any of the HP 44701A input terminals (HI, LO,
GUARD) or between any two points (terminals or chassis) is + 354 V peak
or £250 VDC. Maximum voltage between the LO input terminal and the
HI or LO CURRENT SOURCE terminal is +3 V peak AC or DC. Do not
exceed these voltages since the HP 44701A and possibly the mainframe or
extender will be damaged.

When measuring high voltage levels, be sure TERM EXT is set (selects the
HP 44701A rear terminals). If TERM BOTH is set, the voltage will be
connected to the mainframe or extender analog bus.

When TERM BOTH is set or in case of equipment failure, any voltage
present on the analog backplane will be connected to the HP 44701A rear
panel terminals. For safety, always regard the HP 44701A rear panel
terminals as being at a high potential.
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CAUTION o

POSSIBLE EQUIPMENT DAMAGE. When making high-voltage
measurements with the HP 44705A/44705H or HP 44708A/44708H, the
HP 3852A analog backplane becomes charged to the voltage on the last
channel connected to it. Thus, the next channel that is closed may have to
absorb all of the stored energy 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 relay
contact voltage. See Figure 3-1 for guidelines to maximize relay life and
prevent damage to sensitive transducers by high backplane discharge
voltages.

CAUTION
STATIC SENSITIVE. Use clean-handling techniques when handling the
accessory. Do not install an accessory without the metal covers attached.

NOTE
SHIELDED CABLE RECOMMENDED. Shielded, twisted-pair cable is
highly recommended for connection to multiplexer inputs terminals or to
HP 44701 A rear panel terminals to reduce noise and keep measurement
error to a minimum.

You can order the appropriate cable from your nearest Hewlett-Packard
Sales and Support Office. Order HP part number 03498-61602 which is a 2
metre shielded, twisted-pair cable with crimped and heat-shrunk wires
attached to the braided shield at both ends.
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NOTE
HP-IB ADDRESS. The example programs in this manual use ‘709’ as the
HP-IB address for the HP 3852A. Specific slot and channel numbers are
also used. Program syntax and data return formats apply to HP Series

200/300 controllers. Modify slot and channel numbers and program syntax
as required.

* When measuring high-voltages, connect the line which has the highest maximum
absolute peak voltage of the source to the HIGH terminal on the terminal module.
Connect the line which has the lowest absolute peak voltage of the source to the
LOW terminal on the terminal module. Connect the guard line ONLY if high com-
mon mode noise rejection is necessary, otherwise, do not connect the guard line.

LINE WITH MAXIMUM
ﬁ ABSOLUTE PEAK VOLTAGE
HIGH

Low \
LINE WITH MINIMUM

ﬁ ABSOLUTE PEAK VOLTAGE
]

GUARD

OR

* Discharge the HP 3852A analog backplane to earth ground through 1 MQ - 10 MQ resistors
connected to HIGH, LOW, and GUARD on an unused channel.

EHIGH

IMO- | 1m0

10M0 il oM

%{—J

TO CUSTOMER
EARTH GROUND

1oM0

3852P4_8

Figure 3-1. Discharging the HP 3852A Backplane
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Connecting User Inputs

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

Multiplexer Always use shielded, twisted-pair cable when connecting user inputs to
Connections multiplexers. This is especially important when the transducer used floats
above earth ground. With this configuration, the voltmeter can indicate an
overload condition even when the transducer outputs a signal which is
within the voltmeter range.

This can occur due to bias currents at the voltmeter inputs which cause the
voltage with respect to chassis (earth) ground to rise to a level which can
cause an overload condition on the input. Good grounding and shielding
practices can solve this problem.

Figure 3-2 shows typical voltage, 2-wire ©, and 4-wire Q connections to an
HP 44705A 20-Channel Relay Multiplexer. If you use another multiplexer,
refer to the appropriate multiplexer configuration and programming manual
for specific details.

Rear Panel Figure 3-3 shows typical connections to the rear panel terminals for AC
Connections and DC voltage 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 GUARD for
voltage or HI, LO, GUARD 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.

Initial Checks

When the voltmeter and/or multiplexer connections have been made, install
the voltmeter in a desired slot as shown in the HP 3852A Mainframe
Configuration and Programming Manual. When the voltmeter and
multiplexers are installed, the next step is to initially check the voltmeter
for proper operation. This section shows how to check the voltmeter 1D,
how to perform the voltmeter self-test, how to check multiplexer wiring
connections, and how to check the mainframe firmware revision number.

Voltmeter when the voltmeter has been installed, check the voltmeter identity by
ID Check entering the 1D? slot command from the front panel. For example, ID? 400
checks the ID of an accessory in slot 4 of the mainframe. If an HP 44701A
is installed in this slot, ““44701A”’ is displayed. If no accessory is installed
in the slot addressed, ‘000000’ is displayed.

3:6 Installation and Checkout



DC VOLTAGE OR 2-WIRE 3 CONNECTIONS

HP 44705A/44705H TERMINAL MODULE

-

°

171810

01999 806 oo

°

°

o

o
© Q00 000 000
8 H® ®Mig 111213 141818

o
¢ c

1]

91 23456788

- — - —BANK B — ~

3

Le

B

0

12345678

W~ e BANK A

&
R\?iﬁ

i

SHIELDED TWISTED
PAIR CABLE

10K-100K 0

3852 A01.3.2
4-WIRE (} MEASUREMENTS
HP 44705A/44705H TERMINAL MODULE
IFDO ........................................... f
5 8
k= 8 fs :
C o 0% :
— oo &>
= o of -
C oo &
o 00— [
= oo X -
: o 0% -
oo % {9
— o0z ——
[ o0 23
= x
b= ©ewkB e e
= bewka oo
3
=
- o o0e . SOURCE CABLE
[, o0 o -3 (CHl@g @
- oo~ \ G /
= ©0 0 ®© -} . [T Y ——L
0o 0w {3
: o0 v - f - H H ®
— o on —— 8 4 HI Re Lo
[, 60 w~-— ®
. 00~ [ \
- o o a -B?_ [B Y H L
= Sz . H
g B ooas, ——ts R,
= —— :
: / 10K-100K 0
QoL . senst crsLE
(CHO)

Notes:

)]

2]

(3]

Shielded cable is highly recommended for
measurements with the HP 44701A Voltmeter.

Do NOT connect Source channel shield lead to RO LO as this
will reduce the effective compliance voitage.

RO can be a resistor, and RTD, or a thermistor. The
HP 3852A supports Type 85 and 92 RTDs and Type 2252, 5K, and
10K thermistors.

Figure 3-2. HP 44705A Multiplexer Connections
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Voltmeter 1o self-test the voltmeter, enter the TEST slot command from the front

Self-Test

Checking
Wiring
Connections

panel. For example, enter TEST 400 to self-test the accessory in slot 4 of
the mainframe. If the voltmeter passes the self-test check, you can be
reasonably sure the voltmeter is operating correctly. The self-test checks the
voltmeter for proper operation and resets the voltmeter to its power-on
state. The HP 44701A voltmeter self-test consists of the following tests:

~ ® Communications check between mainframe/extender and HP 44701A.
¢ A/D converter test.
¢ Input amplifier offset test.
* RAM and ROM checksum verification.
¢ Calibration constants verification.

NOTE

The calibration constants verification does not guarantee that the voltmeter
is adequately calibrated. It only verifies that the calibration constants exist.
It is possible to calibrate the voltmeter to an inaccurate standard.

Before executing the self-test, ensure that the voltmeter is not busy, since a
busy voltmeter will cause a self-test failure when the TEST command is
executed. You can set the voltmeter to a non-busy state by entering the
RST slot command followed by the TEST slot command.

If the self-test passes, the HP 3852A displays SELF TEST OK and there is
a high confidence level that the voltmeter is operational. If the self-test
fails, the HP 3852A displays an error message and you should refer to the
HP 3852A Assembly Level Service Manual for details. Followmg the self-
test, the HP 44701A reverts 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 and resistance connections only.)

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.
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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 44701A
voltmeter in slot 6 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 QUTPUT 709;"'USE 600" Use voltmeter in mainframe slot 6
30 OUTPUT 709;“CONF DCV"' ISelect DC volts measurements

40 QUTPUT 709;MONMEAS DCV,200-204" IMeas/display volts on ch 200-204
50 END

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

DCV 200 4.999874E + 00

Mainframe cCertain voltmeter commands (such as MEAS and DELAY) have additional
Firmware capability in mainframe firmware revision 2.2 and greater. To determine if
Revision your instrument has this capability, use the following program or enter the
IDN? command from the front panel to determine the mainframe firmware

‘ revision number.

10 DIM Identity${1:4)(17]

20 OUTPUT 709;”IDN?"”

30 ENTER 709;ldentity$(*)

40 PRINT USING "“K,/”;Identity${*)
50 END

For example, a typical return for firmware revision 2.2 is:

HEWLETT PACKARD {Company name)

3852A {(Model number)

0 {Mainframe serial number unknown) g
2.2 {Firmware revision 2.2)
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Chapter 4
Programming the Voltmeter

Introduction

Program
Titles

This chapter shows how to program the HP 44701A voltmeter for
multiplexer and rear panel measurements. The chapter has five sections:

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

¢ Measurements Using CONFMEAS shows how to make multiplexer
measurements using the CONFMEAS command.

¢ Measurements Using CONF and MEAS shows how to make 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 Command Summary is an alphabetical summary of commands which
apply to the HP 44701A voltmeter.

Table 4-1 lists the titles of the example programs in this chapter, listed by
section title.
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Getting
Started

Table 4-1. Example Program Titles

Title Description Command (s)
Measurements Using CONFMEAS
| ‘DC Voltage Measdfe’DC“Voltages on CONFMEAS -
Measurements multiplexer channels.
Resistance Measure the resistance on a CONFMEAS
Measurements multiplexer channel.
Temperature Measure the temperature of a CONFMEAS
Measurements thermistor.
Reference Measure the isothermal block CONFMEAS
Temperature block temperature.
Measurement
Measurements Using CONF and MEAS
Setting Voltmeter Set integration time, number of NPLC,
Operation readings/trigger, delays and NRDGS,
range. DELAY,
RANGE
Setting Voltmeter | Set voltmeter trigger source, TRIG,

triggering _ TRG

Setting Scan " Set scan trigger source and SADV,
Triggering scan advance source. STRIG
Measurements Not Using MEAS
Low-level Use CONF and low-level CLOSE,
Multiplexer commands for multiplexer AZERO,
Measurements measurements. CHREAD
Rear Panel * Usée low-level commands for FUNC,
Measurements rear panel measurement. OCOMP,
XRDGS ‘
Enabling Use low-level commands to ENABLE
Interrupts enable a voltmeter interrupt. INTR

As shown in Figure 4-1, you can program the voltmeter or multiplexer or
rear panel measurements or you can make field wiring checks.

Multiplexer Measurements

Yoﬁ 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).

e Measurements Using CONFMEAS:

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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VOLTMETER

MEASUREMENTS
MULTIPLEXER REAR PANEL FIELD WIRING
MEASUREMENTS MEASUREMENTS CHECKS
CONFMEAS’ { CONF I ’ CONF I l CONEiIILOW—LEVEL' 1 CONF

(and/or)

LOW-LEVEL MONMEAS

3852P: AB1. 4.1

lLOW—LEVé[1 |LOW—LEVEL|

]

Figuré 4-1. Voltmeter Measurements Overview
¢ Measurements Using CONF and MEAS:

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.

* Measurements Not Using MEAS:

Using CONFMEAS or CONF and MEAS along with low-level commands
will probably meet most multiplexer melasurement 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.
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Rear Panel Measurements

You can make rear panel measurements using CONF and/or low-level .
commands. Refer to "Measurements Not Using MEAS” for details.

Field Wiring Checks

Refer to Chapter 3 - Installation and Checkout to check multiplexer field
wiring connections using MONMEAS.

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, shows the
preset values for the CONF phase of CONFMEAS, and shows
measurement examples using CONFMEAS.

CON FM EAS CONFMEAS can be used with the HP 44701A voltmeter to make AC or
Command DC voltage, AC or DC current (when 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:

CONFMEAS function ch__list{INSCAN number] [USE ch] [INTO name] or [fm{]

NOTE

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

2. For the HP 44717A, 44718A, 44719A, and 44720A strain gage multiplexers,
CONFMEAS includes additional optional and/or required parameters. Refer
to the HP 44717A, 44718A, 44719A, and 44720A Strain Gage Accessories
Configuration and Programming Manual for details.
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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
measurement function (DCV, OHM, etc.) and sets the voltmeter to a
known programmed state. The measurement function is specified by
the function parameter.

¢ 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__list will be scanned.)

* 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.

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

Table 4-2 shows CONFMEAS function parameters and data returns for the
Sfunction. 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 4-2. CONFMEAS Functions/Data Raturns

function: Configure for: Data Returned:

Voltage

ACV AC voltage AC voltage on chs in ch__list

DCV DC voltage DC voltage on chs in ch__list

Resistance

OHM 2-wire ohms. Resistance on chs in ch__list

OHMF 4-wire ohms [1]. Resistance on chs in ch__list

Temperature

TEMPtype Reference temperature and Thermocouple temp (°C)

thermocouple voltage measurements on chs in ch__list, compen-
type = B, E, J, K, N14 [N (AWG sated to 0°C reference.
14)], N28 [N (AWG 28)],
R,S,and T.
REFT Reference temperature measurement Reference temp (°C) of
of isothermal block. isothermal block in slot
addressed.
THMtype 2-wire ohms measurement of Thermistor temp (°C)
thermistor. on chs in ch__list.
type = 2252 (2252 Q thermistor)
= 5K (5 k@ thermistor)
= 10K (10 k@ thermistor)
THMFtype 4-wire ohms measurement of Thermistor temp (°C})
thermistor [1]. on ch in ch__list.
type = same as THMtype.
RTDtype 2-wire ohms measurement of RTD. RTD temp (°C) on ch
type = 85 (RTDs with o = in ch__list.
0.00385 Q/Q/°C)
= 92 (RTDs with o =
0.003916 Q/Q/°C)

RTDFtype 4-wire ohms measurement of RTD [1]. RTD temp (°C) on ch

type = same as RTDtype. in ch__list.

Strain [2]

STRVEX Bridge excitation voltage (+VS) Bridge excitation voltage

STRUN Bridge output which is ref for Bridge output voitage

corresponding strain measurement.

STRQ 14 bridge strain. Strain or microstrain [3]

STRFB Bending full bridge strain. Strain or microstrain [3]

STRHB Bending 12 bridge strain. Strain or microstrain [3]

STRQTEN Shunt verification (tension Microstrain

shunt) diagnostic (HP 44717A
or 44718A only)

STRQCOMP Shunt verification (compression Microstrain

shunt) diagnostic (HP 44717A
. or 44718A only).

STRHP 12 bridge Poisson strain. Strain or microstrain [3]

STRFBP Bending full bridge Poisson strain. Strain or microstrain [3]

STRFP Full bridge Poisson strain. Strain or microstrain [3]

Notes:

[1] = For 4-wire ohms functions, specify only the Sense channel. CONFMEAS
automatically selects the proper Source channel.

[2) = STRVEX, STRUN, DCV, and OHMxx apply to function1. STRQ, STRHB,
STRFB, STRQTEN, and STRQCOMP apply to function2. STRHP, STRFBP,
and STRFP apply to function3. Refer to the CONFMEAS command in the
HP 3852A Command Reference Manual for definition of functiont,
function2, and function3.

[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.
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 default delay time t, a
measurement (m1) is made on the first channel in the channel list (4). The
default delay time depends on the function, range, and NPLC settings for
the voltmeter.

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 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) which
are the same as those 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 CONFMEAYS) 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 commands not
shown in Table 4-3.
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Figure 4-2. CONFMEAS Operation
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Examples:
Measurements
Using
CONFMEAS

Table 4-3. CONFMEAS Command Preset Values

Command/Preset(s) Definition Notes

STRIG SCAN Start scan immediately.
SADV SCAN Advance scan when NRDGS rdgs available.
TR!IG HOLD Trigger is disabled (no trigger). (1}
DELAY t Built-in delay as set by CONF. [2])
AZERO ON Autozero after every reading.
FUNC DCV, ACV, or OHMF As appropriate for CONFMEAS function. (3]
RANGE AUTO Autorange mode. [4]
TERM BOTH Backplane bus/rear panel are both inputs.
NRDGS 1 One reading/trigger.
NPLC 1 One power line cycle (PLC) @ 60 Hz.
OCOMP OFF Offset compensation disabled.
DISABLE INTR Voltmeter interrupts disabled.

Notes:

[1] = TRIG HOLD is changed to TRIG SCAN by the MEAS phase of CONFMEAS.
[2] = Built-in default delay based on voltmeter function/range/NPLC.

[3) = Function set (ACV, DCV, or OHMF) depends on function parameter of
CONFMEAS command.

[4] = For mainframe firmware revisions 2.2 and greater, CONF TEMPtype sets
RANGE AUTO. For earlier firmware revisions, the 30 mV range is selected
for B, N28 [N (AWG 28)], R, S, and T type thermocouples and the 300 mV
range is selected for E, J, K, and N14 [N (AWG 14)] thermocouples.

CAUTION
CONFMEAS sets TERM BOTH which allows inputs to both the rear panel
terminals and the mainframe backplane bus (i.e., multiplexers). Thus, any voltage
on a closed multiplexer channel also appears on the rear panel terminal. Also,
any voltage on the rear panel terminals appears on the multiplexer channel. To
avoid damage to the voltmeter or to the system, do not connect any input to
the rear panel terminals when making backplane (multiplexer) measurements.

Four program examples using CONFMEAS for multiplexer measurements follow.
The first example measures DC voltage, the second measures resistance using
4-wire ohms, the third measures the temperature of 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 44701A voltmeter in slot 6 of the mainframe.
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.
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NOTE
The HP 44701A can be used to indirectly measure AC or DC currents by
measuring the voltage drop across a resistor mounted on a multiplexer
which has current shunt capabilities. Refer to the appropriate multiplexer
configuration and programming manual for 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) IDimension controller array

20 QUTPUT 709;"USE 600" IUse voltmeter in mainframe slot 6
30 OUTPUT 709;“CONFMEAS DCV,500-509" IConf/meas DC volts, ch 500-509
40 ENTER 709;Volts(*) IEnter 10 readings

50 PRINT USING “K,/"";Volts{*) IDisplay 10 readings

60 END

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

4.9975
5.0025
10 readings

4.9875
Example: Resistance Measurements (CONFMEAS)

CONFMEAS can also be used for 2-wire or 4-wire ohms resistance
measurements (refer to Table 4-2). This program measures resistance using
4-wire ohms on channel 500 of an HP 44705A multiplexer.
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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 and that measurement results are returned in Q.

10 OUTPUT 709;"'USE 600" IUse voltmeter in mainframe slot 6
20 OUTPUT 709;"'CONFMEAS OHMF,500" IConf/meas resistance on ch 500
30 ENTER 709;A IEnter results

40 PRINT A 'Display results

50 END

A typical return for a 10 kQ 5% resistor (value in Q) is:
9993.75
‘Example: Temperature Measurements (CONFMEAS)

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

The HP 3852A supports 2252, 5 kQ, and 10 kQ thermistors; Type 85 and
92 RTDs; and Type B, E, J, K, N14 [N (AWG 14)], N28 [N (AWG 28)],
R, S, 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 ohms 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 connections to channels 500 and 510 of
the multiplexer.

10 OUTPUT 709;"'USE 600" 1Use voltmeter in mainframe slot 6
20 OUTPUT 709;""CONFMEAS THMF2252,500""  !Conf/meas Type 2252 thermistor
30 ENTER 709;A IEnter temperature

40 PRINT A IDisplay temperature

50 END

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

24.312
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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, S, 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 program. This program uses
CONFMEAS to measure the reference temperature of an HP 44708A
multiplexer in slot 5 of the mainframe.

10 OUTPUT 709;"USE 600" : IUse voltmeter in mainframe slot 6

20 OUTPUT 709;""CONFMEAS REFT,500" IMeasure reference temperature
30 ENTER 709;A IEnter reference temperature
40 PRINT A IDisplay reference temperature
50 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 multiplexer measurements. Low-level commands discussed in

this section are ARANGE, DELAY, NPLC, NRDGS, RANGE, SADV,

STRIG, TRG, and TRIG. (Note that SADV, STRIG, and TRG are

mainframe rather than voltmeter commands.) Refer to ‘‘Measurements Not ‘
Using MEAS” for a discussion of other low-level commands.

Programming 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.

The programming sequence used in this subsection 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’ll show how to use nine
low-level commands to modify the voltmeter settings: ARANGE, DELAY,
NPLC, NRDGS, RANGE, SADV, STRIG, TRG, and TRIG.

Refer to “‘Setting Voltmeter Operation’ for the ARANGE, DELAY,
NPLC, NRDGS, and RANGE commands. Refer to ‘‘Setting Voltmeter
Triggering’’ for the TRG and TRIG commands. Refer to ‘‘Setting Scan
Triggering’’ for the SADV and STRIG commands.
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NOTE

You can probably make most multiplexer measurements using CONF,
MEAS, and one or more 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”’.

Voltmeter Table 4-4 summarizes commands for the voltmeter. The table has three
Commands parts. The first part shows the four high-level commands (CONF,
CONFMEAS, MEAS, and MONMEADS) associated with the voltmeter. The
second part shows associated low-level commands for which power-on and
default values do not apply. The third part shows low-level voltmeter
commands which have a power-on and/or default value.

* In Table 4-4, since FUNC has two parameters the command is listed twice,
once for each parameter. Also note that the power-on state is the same as
the reset (RST or RST slot) state. Refer to the HP 3852A Command
Reference Manual for details on the commands.
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Table 4-4. Voltmeter Commands

High-Level Commands

CONF . Configure the voltmeter.

CONFMEAS Configure, scan, and measure.

MEAS ‘Set function, scan, and measure.
MONMEAS Monitor measurements (wiring checks only).

Low-Level Commands - Data Reads/Queries

CHREAD Single data read.

1D? Query accessory ID.

INTR? Query last interrupt channel serviced.
TEST Self-test the voltmeter.

USE? Query USEd channel (voltmeter slot used).
VREAD Read data from mainframe memory.
XRDGS Multiple data reads.

Low-Level Commands - Power-On/Default Settings

Command Description Power-On Default Note
ARANGE [mode] Autorange mode ON ON
AZERO [mode] Autozero mode ON OFF/ONCE
CAL Service cmd [
DELAY trig__delay Trigger delay 0 sec
DISABLE event Disable intr INTR {2}
FUNC function Meas function DCV .-
FUNC [range] Meas range AUTO AUTO
NPLC number Integration time 1@ 60 Hz ce-- 3]
NRDGS number Rdgs/trigger 1 —ee-
OCOMP [mode] Offset comp OFF ON 4]
RANGE [range] Voltmeter range AUTO AUTO
SADV source Scan adv source SCAN - (51
STRIG source Scan start source SCAN 5]
TERM terminal Input terminals EXT .-
TRG [source] System trigger HOLD SGL [6]
TRIG [source] Trigger source HOLD SGL
USE ch Voltmeter slot Low - 7
valid
slot
Notes:

Refer to HP 3852A Assembly Level Service Manual.

Interrupts disabled at power-on.

1 based on a 60 Hz line frequency.

OCOMP valid only for 30 Q through 30 kQ ranges.

Valid for HP 44701A operation only when MEAS is used. STRIG and SADV are
mainframe commands.

TRG is a mainframe command.

May or may not be the slot the voltmeter is in.

)

—_———
PNECS
nwanu

(5]

~] O
I

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

The CONF Command
Executing CONF function [USE ch] is equivalent to setting the twelve low-level

commands shown in Table 4-5 in the order shown. CONF does not change the
previous settings of any other commands.
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Table 4-5. CONF Command Preset Values

Command/Preset(s) Description Notes
STRIG SCAN Start scan immediately.
SADV SCAN Advance scan when NRDGS rdgs available
TRIG HOLD Trigger is disabled (no trigger).
DELAY t Built-in delay as set by CONF (1]
AZERO ON Autozero after every reading.
FUNC DCV, ACV, or OHMF As appropriate for CONF function. 2]
RANGE AUTO Autorange mode set. [3]
TERM BOTH Backplane bus/rear panel are both inputs.
NRDGS 1 One reading/trigger
NPLC 1 One power line cycle (PLC) @ 60 Hz.
OCOMP OFF Offset compensation disabied.
DISABLE INTR Voltmeter interrupts disabled.

[1] = Built-in delay based on voltmeter function/range/NPLC.

[2) = Function set (ACV, DCV, or OHMF) depends on function parameter of CONF
command. -

[38] = For mainframe firmware revisions 2.2 and greater, CONF TEMPtype sets
RANGE AUTO. For earlier firmware revisions, the 30 mV range is selected for
B, N28 [N (AWG 28)], R, S, and T type thermocouples and the 300 mV range is
selected for E, J, K, and N14 [N (AWG 14)] thermocouples.

The M-EAS Command

MEAS function ch__list NSCAN number] [USE ch] [INTO name] or [fmf] sets
the measurement function appropriate for the function parameter, initiates a
scan and measurement of the multiplexer channels specified by ch__list, and
makes the number of passes set by the NSCAN number parameter.

NOTE
For MEAS and CONFMEAS, (NSCAN number) x (number of channels in
ch__list) x (NRDGS number) must be < 67,108,863.

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.

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 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 channels measured. If MEAS
detects that the voltmeter function set is not compatible with the MEAS function
specified, the voltmeter is reconfigured and autorange is set. MEAS checks and
changes (as necessary) the commands shown in Table 4-6.
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CONF and MEAS
Operation

Table 4-6. Voitmeter Commands Changed by MEAS

Command Setting
FUNC Changed to function set by MEAS function
TRIG TRIG-HOLD or TRIG AUTO. changed to TRIG SCAN
DISABLE INTR DISABLE INTR is set.

Since CONF followed immediately by MEAS is equivalent to a CONFMEAS
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 and also
shows how some low-level commands can be used to modify voltmeter settings.
A summary of voltmeter operation and the related commands shown in Figure
4-3 follows.

When CONF is executed, the voltmeter is configured to a known state 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, the first channel
is closed, and the voltmeter makes a single autozero measurement (3). Then,
the voltmeter is triggered from the source set by TRIG (4).

After the voltmeter is triggered, the voltmeter takes NRDGS readings on the
first channel (5) as set by the NRDGS number parameter. DELAY trig__delay
sets the delay between the trigger and the start of the first measurement (mj).

For NRDGS > 1, DELAY also sets the time between the end of a measurement
and the start of the next measurements (from the end of measurement mj to
the start of measurement mj, etc). As each measurement is taken, the data is
stored in the voltmeter data buffer. Note that the time for each measurement
(m;) depends on the NPLC, OCOMP, and ARANGE settings and if the
measurement caused an overload condition.

Stored readings are transferred to the destination specified by MEAS. Each
reading from the first channel must be transferred out of voltmeter memory
before the voltmeter will take the next measurement (MEAS automatically
transfers readings as required).
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Figure 4-3. CONF and MEAS Operation
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Setting
Voltmeter
Operation

Setting
Integration
Time (NPLC)

After NRDGS readings have been made on channel 1, 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 number 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; 10 channels in the channel list; and 10
readings/trigger, the voltmeter makes 300 measurements. Note that a
separate trigger (frdm STRIG source) is required to start each pass.

This subsection shows how to use the NPLC, NRDGS, DELAY, RANGE,
and ARANGE commands to set voltmeter operation for multiplexer
measurements.

’I_‘he HP 44701A samples the input signal for a period of time (integration
time) based on the power line frequency as specified with the NPLC
number command, where number is the number of power line cycles
(PLO).

You specify integration time as a number of power line cycles (PLCs) with
the NPLC command. The voltmeter then multiplies the specified number of
PLCs by the power line period to determine the integration time. For
example, the period of a 50 Hz power line is 1/50 = 20 msec. If NPLC

_ number = 0.1 (0.1 PLCs), integration time = 20 msec x 0.1 = 2 msec.

Integration time controls measurement speed, accuracy, maximum digits of
resolution, and the amount of normal mode rejection (ability to reject the
line frequency from the measurement). Power-on integration time is 1 PLC
at a line frequency of 60Hz.

NOTE

At power-on, the voltmeter bases its integration time on a line frequency of
60 Hz regardless of actual power line frequency. For 50 Hz or 400 Hz line

' frequency, you must execute the NPLC or CONF command before making

measurements to select the proper line frequency reference for the A/D

converter.
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Setting Number
Readings/Trigger
(NRDGS)

Setting Measurement
Delays
(DELAY)

With longer integration times, measurement resolution, accuracy, and
normal mode rejection increases but measurement speed decreases. Table
4-7 shows the relationship between the number of PLCs, maximum number
of converted digits, maximum reading rate, and normal mode rejection.
Note that only integral numbers of PLCs (1 and 16) provide normal mode
rejection. Also, for AC voltage measurements, reading rate is 1.5
readings/sec regardless of integration time.

Table 4-7. NPLC vs. Measurement Values

Power Integration Time Number of Reading Rate [1] Normal [2]
Line Converted Mode
Cycles 60 Hz 50 Hz Digits 60 Hz 50 Hz Rejection

0.0005 10 us 10 us 3 1600 1600 0dB
0.005 100 us 100 ps 4 2 1350 1350 0dB
0.1 1.67 ms 20 ms 52 415 360 0d8
1 16.7 ms 20.0 ms 6 V2 57 48 60 dB
16 267 ms 320 ms 6 V2 2.7 23 60 dB

[1] = Maximum reading rate (readings/sec) with autorange and autozero off. For AC voltage
measurements, reading rate is 1.5 readings/sec regardless of integration time.

[2] = Normal Mode rejection @ 50 or 60 Hz +0.09%.

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].
For power-on, reset (RST), or when CONEF is sent the number of readings
is set at 1 for each channel in the channel list (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.

For example, with NRDGS 10 and 10 channels in the channel list, the
voltmeter makes 100 readings. Note however, that each reading must be
read from the voltmeter buffer before the voltmeter will take the next
measurement. (MEAS automatically transfers the readings as required.)

NOTE
For MEAS NSCAN, (NSCAN number) x (number of channels in ch__list)
x (NRDGS number) must be < 67,108,863.

DELAY trig__delay sets the delay interval between measurement cycles. As
shown in Figure 4-3, for NRDGS 1 (one reading/trigger) the delay is
inserted between the trigger and the start of the first measurement (mj).
For NRDGS >1, the delay is between the trigger and start of the first
measurement and between the end of a meaurement and the start of the
next measurement (from the end of measurement mj to the start of
measurement mpy, etc.).
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NOTE
Measurement (mj) time depends on several factors, such as the NPLC,
OCOMP, and ARANGE settings and if the reading causes an overi..d.
Thus, the DELAY trig__delay time is the minimum delay between
measurements.

The range of DELAY trig__delay is 0 to 4294.967295 seconds. For
mainframe firmware revisions 2.2 and greater, trig__delay = AUTO can be
used which restores default values used at power-on or following a reset
(RST or RST slot).

For example, DELAY 0.1 sets a 0.1 second delay from the trigger to the
start of the first measurement (for NRDGS = 1) or sets a 0.1 second delay
from the trigger to the start of the first measurement and sets a 0.1 second
interval between the end of a measurement an the start of the next
measurement (for NRDGS > 1). Thus, for ten readings/trigger (NRDGS
10), total measurement time for each channel in the channel list is at least 1
second.

The voltmeter automatically selects a default delay time (settling time) for
each measurement function, range, and resolution. The default delay time
is automatically updated whenever the function or range changes. However,
when a delay time is specified, the value does not change until another
delay time is specified; until the voltmeter is reset or power is cycled; or
until CONF is executed.

The default delay time for AC voltage measurements is 1.5 seconds
regardless of range or resolution. Table 4-8 shows default delay times for
DC voltage and 4-wire chms measurements.

Table 4-8. Default Delay Times

Default Delay Times (usec)
NPLC
Function Range 0.0005 0.005 0.1,1, and 16
DCV 30mV 380 496 600
300mV 200 260 320
3V 200 260 320
30V 36 46 57
300V 11 14 17
OHMF 30Q 320 390 460
300 @ 200 240 290
3 k2 200 240 290
30 kQ 200 240 290
300 kQ 720 880 1000
- e o - 3Me- 7200-—-——- - 8800 ——m10000— —|——— — - -
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Setting Voltmeter
Range (RANGE)

NOTE

1. You can specify a shorter delay time than the default value. However,
the resulting settling time may not produce accurate measurements. Also,
because of hardware constraints, specified delay times between 1 psec and
58 usec produce an actual delay time of 30 usec.

2. With OCOMP ON, a delay occurs before the measurement with the
current source on and after the measurement with the current source off.

At power-on, after a reset (RST), or when CONF is executed, the voltmeter
is set for autorange mode. RANGE [range] [USE ch] 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 O for the RANGE [range] parameter.

NOTE
The HP 44701 A indicates an overload condition (input greater than the
present range can measure) by sending 1.E+ 38 to the output buffer and
display instead of a reading.

Table 4-9 shows the voltmeter range selected by the RANGE [range]
parameter for DC and AC voltages and 4-wire ohms ranges (the only valid
functions for RANGE). In Table 4-9, any value between the ranges shown
selects the range shown. For example, if the voltmeter is configured for DC
voltage, any value of RANGE range >0.3 through 3 sets the voltmeter to
the 3V range.
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Setting Autorange
Mode (ARANGE)

Example: Setting
Voltmeter
Operation

Table 4-9.

RANGE [range] Parameter Values

DC Voltage AC Voltage 4-Wire Ohms
range sets range sets range sets
Oor AUTO Autorange | Oor AUTO Autorange 0 or AUTO  Autorange
>0-.03 30 mv >0- 2 200 mv >0-30 309
>.03-.3 300 mVv >2- 2 2V > 30 - 300 300 @
>3- 3 3 v >2- 20 20 Vv >300 - 3E3 3 kQ
>3- 30 30 V >20 - 200 200 V >3E3 - 3E4 30 kQ
>30 - 300 300V >3E4 - 3E5 300 k@

>3ES - 3E6 3 MQ

The ARANGE (autorange) command enables or disables the autorange
mode. When autorange is enabled (ARANGE ON), the HP 44701A
samples the input prior to each measurement and automatically selects the
correct range. With autorange disabled (ARANGE OFF), the range used
for previous measurements is used for the subsequent measurements.
Power-on and default mode is ARANGE ON.

NOTE
With autorange enabled (ARANGE ON), the voltmeter samples the input
before each measurement which may affect measurement speed.

The following example shows a way to change voltmeter operating
parameters using NPLC, 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 (N PLCINRDGSIDELAYIRANGE)

This program uses the NPLC, NRDGS, DELAY, and RANGE command
to modify the settings made with CONF (refer to Table 4-5). NRDGS 5
changes the number of readings/trigger to 5; DELAY 0.1 sets 0.1 sec delay
from the trigger to the first measurement and sets 0.1 sec between the end
of a measurement and the start of the next; and RANGE 5 sets the
voltmeter to the 30V range for each channel measured (refer to Table 4-9).
The program assumes the maximum expected voltage for channels 500
through 504 is 5 volts.

Since NPLC 0.1 (line 50) sets 0.1 PLC @ 60 Hz and RANGE 5 (line 80)
sets the 30V range, the voltmeter is configured for 5 1/2 digits (100 uV of
resolution), maximum reading rate of 415 readings/second (@ 60 Hz),
0.0008% + 700 pV accuracy, and noise rejection of 0 dB NMR, 120 dB

CEMR-and-90-dB-ECMR. -(Refer to the Specifications-appendix-in -the
HP 3852A Mainframe Configuration and Programming Manual).
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Setting
Voltmeter
Triggering

Setting Trigger
Source/Mode
(TRIG)

10 DIM Volts(0:24) IDimension controller array

20 QUTPUT 709;"'RST 600" IReset voltmeter

30 QUTPUT 709;"'USE 600" IUse voltmeter in mainframe slot 6
40 OUTPUT 709;"CONF DCV" 1Set DC volts

50 QUTPUT 709;"NPLC 0.1" ISet 0.1 PLC integration time
60 OUTPUT 709;""NRDGS 5" ISet 5 readings/trigger

70 OUTPUT 709;"'DELAY 0.1" ISet 0.1 sec delay

80 OUTPUT 709;"'RANGE 5" ISet 30V range

90 OUTPUT 709;""MEAS DCV,500-504" IMeasure channels 500-504
100 ENTER 709;Volts(*} IEnter 25 readings

110 PRINT USING “K,/"";Volts(*) IDisplay 25 readings

120 END

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

4.997
5.003
25 readings

5.001

When CONFMEAS (or CONF followed by MEAS) is used, the voltmeter is
automatically triggered as required by a trigger from the mainframe.
However, you can use the TRIG and TRG commands to trigger the
voltmeter from one of several sources. This subsection describes the TRIG
and TRG command parameters and shows an example use of these
commands.

TRIG [source] [USE ch] sets the source or mode to trigger the voltmeter,
as shown in Figure 4-4 and Table 4-10. Power-on source is HOLD (no
trigger) and default source is TRIG SGL (single trigger). CONF (or the
CONF phase of CONFMEAS) sets TRIG HOLD, while MEAS (or the
MEAS phase of CONFMEAS) changes TRIG HOLD or TRIG AUTO to
TRIG SCAN.

Table 4-10. Trigger (TRIG) Sources/Modes

source/mode Definition
AUTO Voltmeter internal triggering.
HOLD No triggering. Triggering is held off.
SCAN Trigger when multiplexer channel is closed.
SGL Single trigger when TRIG SGL is executed.
SYS System trigger pulse (used with TRG command).
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Setting System
Trigger Source
(TRG)

Example: Setting
Voltmeter
Triggering

Mainframe Backplane Triggering (TRIG SCAN, TRIG SYS)

TRIG SCAN and TRIG SYS set mainframe backplane triggering. 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 SYS is used with the TRG command (refer to the
TRG command discussion).

Voltmeter Internal Triggering (TRIG AUTO, TRIG SGL)

You can use TRIG AUTO or TRIG SGL to internally trigger the voltmeter.
With TRIG AUTO, the voltmeter generates internal triggers as required
during the measurement scan. Use TRIG SGL for a single internal trigger
which occurs when TRIG SGL is executed.

As shown in Figure 4-4, the TRG command has four modes: TRG HOLD,
GET, EXT, and SGL. (Note that TRIG SYS must be set for the voltmeter
to respond to any trigger from the TRG source.) For TRG GET, the
trigger source is either the HP 3852A GET command or the HP-IB Group
Execute Trigger. For TRG EXT, the source is an input to the SYSTEM
TRIGGER IN BNC. For TRG or TRG SGL, the source is an internal
(mainframe) trigger generated when the command executes.

NOTE

When triggering the HP 44701 A from an external source, it is possible for
successive trigger(s) to occur before the voltmeter completes the present
measurement. In this case, no error is generated and the first of the
successive triggers is stored. When the measurement completes, the stored
trigger initiates another measurement.

This program sets the SYSTEM TRIGGER IN BNC as the voltmeter
trigger source and measures the voltage on channels 500-504 of an

HP 44705A multiplexer in slot 5 of the mainframe. See Figure 3-2 for a
typical connection diagram.

With this setting, a low-going pulse into the SYSTEM TRIGGER IN BNC
triggers the voltmeter. Note that TRIG SYS must be set for the system
trigger to actually trigger the voltmeter. Also note that five trigger pulses
into the SYSTEM TRIGGER IN BNC are required to make the pass
through the channel list.
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Setting Scan

Triggering

Setting Scan .|
:th“e mainframe to close the first channel in the channel list. The source set
by STRIG starts the scan sequence but the source set by SADV advances

Trigger Source
(STRIG)

Example: Setting Voltmeter Triggering (TRIG/TRG)

In this program, the voltmeter is triggered by a low-going pulse input to ‘
the SYSTEM TRIGGER IN BNC. (Five triggers are required - one for each
channel).

10 DIM Volts(0:4) IDimension controller array

20 OUTPUT 709, "RST 600" 'Reset the voltmeter

30 QUTPUT 709;"'USE 600" IUse voltmeter in mainframe slot 6

40 OUTPUT 709;""CONF DCV” IConfigure for DC volts

50 OUTPUT 709;"TRG EXT" fSelect SYSTEM TRIGGER IN BNC as source
60 QUTPUT 709;"TRIG SYS” ISelect system triggering

70 OUTPUT 709;"MEAS DCV,500-504" IMeasure ch 500-504

80 ENTER 709;Volts(*) IEnter 5 readings

90 PRINT USING “K,/"";Vaits(*} IDisplay 5 readings

100 END

For a set of S V 5% sources, a typical return (values in volts) is:

4.996
5.001
4.99

4.986
5.002

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 SADYV act to opén and/or close multiplexer channels and are NOT
voltmeter commands.

When MEAS is used, STRIG source sets the trigger source which directs

~ the scan sequence.

i Note that STRIG is a mainframe command and is NOT a voltmeter
" command. Also, for NSCAN number parameter >1, a separate trigger

from STRIG source is required for each of the NSCAN passes through the
channel list. Refer to Table 4-11 for STRIG source parameter descriptions.

41{3"Qv'v'er'-on and reset source is STRIG SCAN.

Table 4-11. Mainframe Scan Trigger (STRIG) Sources

CHADV | Rear panel CHANNEL ADVANCE BNC pulse starts scan.

KEY Front panel SADV KEY key (scan advance key) starts scan.
PACER | Pulse output from PACER OUT BNC starts scan.
SCAN Close first channel automatically at beginning of scan.

4-26

Programming the Voltmeter



Setting Scan
Advance Source
(SADV)

Example: Setting
Scan Triggering

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 4-12 for SADV source
parameter descriptions. Power-on and reset source is SADV SCAN.

Table 4-12. Scan Advance (SADV) Sources

CHADV Advance scan when the number of readings set by CONF,
CONFMEAS, or NRDGS have been taken and readings
transferred and an input to the CHANNEL ADVANCE BNC port
occurs.

KEY Advance scan when the number of readings set by CONF,
CONFMEAS, or NRDGS have been taken and readings
transferred and the front panel SADV KEY key is pressed.

PACER Advance scan when the number of readings set by CONF,
CONFMEAS, or NRDGS have been taken and the readings
transferred and a pacer pulse occurs.

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

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.

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 panel 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 ﬁass.

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.
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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).

10 DIM Volts(0: 14) IDimension controller array

20 OUTPUT 7089;"RST 600 IReset the voltmeter

30 OUTPUT 709;"'USE 600" IUse voltmeter in mainframe slot 6
40 OUTPUT 709;"CONF DCV" 1Set DC volts, set SADV SCAN

50 QUTPUT 709;"'STRIG KEY"" IStart when SADV KEY key pressed
60 OUTPUT 709;"SADV PACER" ISet pacer pulses as ch adv source
70 OUTPUT 709;"PACER 0.1" 1Set pacer pulses 0.1 sec apart

80 OUTPUT 709;"PDELAY 1" IDelay 1st pacer pulse 1 sec

90 OUTPUT 709;"PTRIG SGL" 1Send pacer trigger pulse

100 OUTPUT 709;"MEAS DCV,500-504 NSCAN 3" IMeas ch 500-504; make 3 passes
110 ENTER 709;Volts{*) IEnter 15 readings

120 PRINT USING "'K,/";Volts(*} !Display 15 readings

130 END

For a set of S V 5% sources, a typical return (values in volts) is:

4.9975
4,9925
15 readings

5.005

Measurements Not Using MEAS

All previous examples in this chapter have used MEAS (or the MEAS
phase of CONFMEAS) to make the measurement and transfer the data.
However, for some applications MEAS cannot be used. This section shows
some ways to use 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 as noted, when MEAS is not used, STRIG and SADV are not valid to
Mu|tip|exer start or advance the scan, respectively, and CLOSE and OPEN must be
Measurements used to close and open multiplexer channels. Also, when MEAS is not
used, CHREAD or XRDGS must be used to read the data from voltmeter
memory. This subsection shows how to use the AZERO, CHREAD,
CLOSE, and OPEN commands to make low-level multiplexer
measurements.
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Controlling
Multiplexer
Channels
(CLOSE/OPEN)

Setting Autozero
Mode (AZERO)

When MEAS is not used, you can use the CLOSE cA__/ist command to
close channels in the channel list and use the OPEN cA__list command to
open the channels in the channel list. Note that CLOSE and OPEN do
NOT automatically set the tree switches or 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 can 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 to 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.

The autozero function ensures that internal voltmeter offset errors are
nulled from measurement readings. The autozero mode is set with the
AZERO [mode] parameter. With AZERO ON, the HP 44701A internally
disconnects the input signal and makes a zero reading following every
measurement. It then subtracts the zero reading from the preceding
measurement.

With AZERO OFF or ONCE, the HP 44701A takes one zero reading and
subtracts it from all subsequent measurements. The voltmeter also takes a
new zero reading whenever the function or range changes. Power-on mode
is AZERO ON and the default mode is OFF/ONCE. AZERO ON cannot
be set for AC voltage measurements. Autozero has no effect on resistance
measurements.
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When the HP 44701A makes a zero reading with AZERO OFF or ONCE,
it actually averages 16 zero readings made using the present integration
time setting to ensure the zero reading has maximum line frequency
rejection. Depending on integration time (set by NPLC), this zero reading
may take 500 msec or longer. With AZERO ON, the HP 44701A makes a
single zero reading after each measurement (not the average of 16
readings).

In most cases, AZERO ON requires more time per reading than AZERO
OFF or ONCE. However, if you are making a series of measurements
where the range or function will be changing, you may get faster readings
using AZERO ON rather than AZERO OFF or ONCE.

Transferring When MEAS is not used, readings stored in voltmeter memory can be
Readings transfered to the mainframe memory or the the output buffer and/or
(CHREAD) 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 a DIM, REAL, INTEGER, or PACKED
command. (Use VREAD to transfer data stored in mainframe memory to
the output buffer and/or display.)

Use CHREAD ch [fmt] to transfer one reading from the voltmeter memory
to the output buffer and/or display in the format specified by fmz. 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 memory and
data must be available. If a reading is not available when CHREAD is
executed, CHREAD waits until the reading 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 and/or display as part of the
command sequence.

2. Any programming command except ENABLE INTR or DISABLE INTR
clears the voltmeter memory data buffer. This guarantees that any data
returned by CHREAD (or XRDGS) reflects the current programmed state.
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Example:
Low-Level
Multiplexer
Measurements

Rear Panel
Measurements

Setting Input
Terminals (TERM)

This example shows how to use CLOSE and OPEN to control multiplexer
channels and how to use CHREAD to transfer the data from channel
measurements for an HP 44705A multiplexer. (See Figure 3-2 for typical
connections to the multiplexer.) In addition, AZERO OFF is used so that
only a single autozero measurement is made.

Example: Low-Level Multiplexer Measurements (CLOSE/AZERO/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 SGL, and data transferred to the controller. Then,
channel 500 is opened with OPEN and the sequence repeated for channel
501. AZERO OFF (line 40) sets the voltmeter to autozero once.

10 OUTPUT 709;"'RST 600" IReset voltmeter

20 OUTPUT 709;‘USE 600" IUse voltmeter in mainframe slot 6
30 OUTPUT 709;"'CONF DCV" © ISelect DC volts

40 QUTPUT 709;"'AZERO OFF" IAutozero once

50 OUTPUT 709;"'CLOSE 500,591" IClose ch 500, sense bus
60 OUTPUT 709;"'TRIG SGL" ITrigger the voltmeter

70 OUTPUT 709;"'CHREAD 600" IRead ch 500

80 ENTER 709;A IEnter ch 500 reading

90 PRINT A : - IDisplay c¢h 500 reading
100 OUTPUT 709;"'OPEN 500" 10pen ch 500

110 OUTPUT 709;*CLOSE 501" . IClose ch 501

120 OUTPUT 709;"TRIG SGL" ) ITrigger the voltmeter
130 OUTPUT.709;"'CHREAD 600" IRead ch 501

140 ENTER 709;B IEnter ch 501 reading
150 PRINT B IDisplay ch 501 reading
160 QOUTPUT 709;"'OPEN 501" 10pen ch 501

170 END

If 5V 5% sources are connected, a typical return (values in volts) is:

5.01
4.99

This subsection shows how to use CONF and low-level commands to make
rear panel measurements (only AC and DC volts and 4-wire ohms are
allowed for rear panel measurements).

The TERM terminal parameter sets the input source to the voltmeter.
TERM EXT (set at power-on) selects the rear panel terminals while TERM
BOTH selects both the analog backplane bus and the rear panel terminals
as inputs. Note that CONF sets TERM BOTH (refer to Table 4-5). Also
note that there is no way to select the analog backplane bus only.
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NOTE ()

After using a voltmeter for multiplexer measurements, the voltmeter input
terminals remain connected to the analog backplane bus. If another
voltmeter is used to make measurements in the same mainframe or
extender, the input terminals of both voltmeters are connected in parallel
which lowers the effective input impedance of both. In addition, ohms
measurements will be in error since there will be two current sources. To
prevent this, disconnect the unused voltmeter input terminals from the
backplane bus by using TERM EXT or by resetting the voltmeter.

Setting Measurement FUNC function [range] [USE ch] selects a measurement function and a
Function measurement range, where function selects the measurement function and
(FUNC) range selects a measurement range or the autorange mode. Only ACV,
DCV, or OHMF 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. Values for the FUNC [range] parameter are the same
as for the RANGE [range] parameter shown in Table 4-9.

Setting Offset OCOMP [mode] controls the offset compensation function on the 30 Q
Compensation through 30 kQ ranges for both 2-wire and 4-wire ohms measurements.
(OCOMP) Offset compensation allows the HP 44701A to correct for small external
offset voltages on these ranges. (Offset compensation is not done for the
300 kQ and 3 MQ ranges.)

With offset compensation enabled (OCOMP ON), the voltmeter sources
current and measures the total induced and offset voltage. Then, the
voltmeter turns off the current source, measures the offset voltage, and
subtracts the offset from the combined voltage to determine induced
voltage. The voltmeter then uses this induced voltage value to calculate the
unknown resistance (resistance = voltage/current). Table 4-13 shows
maximum combined (induced plus offset) voltages for each range.

NOTE
With offset compensation enabled (OCOMP ON), the voltmeter measures
the external offset voltage after each resistance measurement which may
increase the time per reading. Also, with OCOMP ON, autozero is not
done on the 30 Q through 30 k) ranges.
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Transferring
Multiple
Readings
(XRDGS)

Table 4-13. Maximum Combined Voltages by Range

Resistance Maximum Combined
Range Voltage
30 @ 30 mv
300 @ 300 mV
3 k2 300 mV
30 k©Q 3V

When CONFMEAS or MEAS is not used, you can use XRDGS ch
[number] [INTO name] or [fmt] to transfer readings to the mainframe
memory or to the output buffer and/or 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] [fmt] transfers multiple readings to the output buffer
and/or display in the format specified by fimt, where number is the number
of readings to be transferred (default = 1). The range of number is 1 to
2147483647,

If number is specified, XRDGS transfers readings as they become available
until the specified number of readings have been transferred. If number is
not specified, the voltmeter returns one reading each time XRDGS is
executed. That is, if number is not specified, XRDGS is the same as

CHREAD.

For example, XRDGS 600,100 transfers 100 readings from a voltmeter in
slot 6 of the mainframe to the output buffer and/or display (one at a time)
as the readings become available. However, XRDGS 600 (number not
specified) will transfer only one reading.

Recall that the voltmeter data buffer can store only one reading. Thus, for
multiple readings, when a measurement is made the reading is transferred
by XRDGS before another measurement is made. When readings are to be
transferred over HP-IB, the mainframe allows the voltmeter to make
measurements until the output buffer is full (about 68 readings for default
format).

When the output buffer is full, the voltmeter must wait until sufficient data
is removed from the buffer before it can take another reading. This means
that the controller must remove data from the output buffer at a rate high
enough to prevent the buffer from filling. (See the following NOTE on
Potential Mainframe/Controller Deadlock.)
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NOTE ()

1. When CONFMEAS or MEAS is used, XRDGS is not required (and will

. not work) to transfer data from voltmeter memory to mainframe n...::ory
or output buffer and/or 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 memory data buffer. This guarantees that any data
returned by XRDGS (or CHREAD) reflects the current programmed state.

3. Potential Mainframe/Controller Deadlock. With INBUF OFF, the
controller and the HP 3852A may deadlock if multiple commands are sent
in a single command 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 - HP-IB Communication
in the HP 3852A Mainframe Configuration and Programming Manual for
details on potential deadlock.

Example: The following program makes five 4-wire ohms measurements of a
Rear Panel resistance connected to the voltmeter rear panel terminals. (See Figure 3-3
Measurements for typical connections.) Offset compensation is used. For the program,
maximum expected resistance to be measured is 1 kQ.

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

In this program, FUNC OHMF, 1000 sets the voltmeter for 4-wire ohms
-measurements on the 3 kQ range. (TERM EXT is set by the RST
command). Since the number parameter is specified, XRDGS transfers the
5 readings (one at a time) to the output buffer and display.

10 DIM Ohms(0:4) - . IDimension controller array

20 QUTPUT 709;"'RST 600" IReset the voltmeter
30 OUTPUT 709;''USE 600" IUse voltmeter in mainframe slot 6
40 OUTPUT 709;""FUNC OHMF,1000" ISet 4-wire ohms, 3 kohm range
50 QUTPUT 709;""OCOMP ON"’ IEnable offset compensation
60 OUTPUT 709;""NRDGS 5" ITake 5 readings
“ 70 OUTPUT 709;"'TRIG SGL” ITrigger the voltmeter
" 80 OUTPUT 709;"XRDGS 600,5" ITransfer 5 readings to output buffer
90 ENTER 709;0hms(*) IEnter 5 readings
100 PRINT USING “’K,/*';Ohms(*} IDisplay 5 readings
“MOEND— - T ' s

'4-34 Programming the Voltmeter



Enabling
Interrupts

Setting Interrupts
(ENABLE INTR)

A typical return for.a 1 kQ 5% resistor (values in Q) follows.

8999.7
9998.6
9998.3
8999

9999.9

This subsection shows how to enable the voltmeter to interrupt and shows
an example way to handle the interrupt in an HP Series 200/300 controller.

At power-on or when MEAS or CONFMEAS is used, voltmeter interrupts
are disabled. However, you can enable interrupts by using the ENABLE
INTR command. When enabled, the voltmeter generates an interrupt when
a reading is avalable.

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. Use the INTR? command to query the status of interrupts. INTR?

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 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 4-14 shows a typical sequence of commands to
service and handle a voltmeter interrupt in the mainframe.

Table 4-14. Mainframe Interrupt Handling Commands

command Description
SUB name Set up servicing subroutine name in mainframe.
sub comands Define subroutine servicing action.
SUBEND End subroutine.
USE ch Set which voltmeter is to interrupt.
ON INTR CALL name Call servicing subroutine name on interrupt.
ENABLE INTR SYS Enable mainframe to recognize voltmeter interrupt.
ENABLE INTR Enable voltmeter to interrupt.
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Example: Enabling This program enables a voltmeter in slot 6 of the mainframe to interrupt

Interrupts when a trigger is input to the SYSTEM TRIGGER IN BNC. When the
interrupt occurs, the HP-IB SRQ line is set TRUE and the interrupt is sent
to the controller. The interrrupt is handled in controller subroutine Results.

Handle Interrupt in Controller (ENABLE INTR)

Interrupts can also be serviced in the mainframe but handled by the
controller. Table 4-15 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.

Table 4-15. Controller Interrupt Handling Commands

command

Description

Controller Commands

ON INTR 7 GOSUB Name”®
ENABLE INTR 7;2

Name: !

subroutine commands’
SPOLL(709)

STOP

HP 3852A Commands

USE ¢ch

RQS INTR (or RQS 512)
RQS ON

ENABLE INTR SYS
ENABLE INTR

STA?

CLROUT

configuration commands

Call servicing subroutine name on interrupt.
Enable interface

Start controller subroutine

Define subroutine actions

Serial Poll - clears SRQ bit

End controller subroutine

Set which voltmeter is to interrupt.

Enable RQS Mask Register INTR bit.

Set RQS Mode ON.

Enable mainframe to recognize voltmeter interrupt.
Enable voltmeter to interrupt on data available.
Clear Status Register FPS,LCL,INTR,LMT,ALRM bits.
Clear output buffer.

Set voltmeter configuration for measurement.

* = HP 200/300 Series controller and/or HP 3852A commands.

Example: Enabling Interrupts (ENABLE INTR)

When the interrupt occurs (trigger to the SYSTEM TRIGGER IN BNO),
this program measures the DC voltage on channel 500 of an HP 44705A
multiplexer. (See Figure 3-2 for typical connections.) 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).
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10 ON INTR 7 GOSUB Results

20 ENABLE INTR 7;2

30 OUTPUT 709;'RST 600"

40 QUTPUT 709;"USE 600"

50 QUTPUT 709;'‘RQS ON"

60 OUTPUT 709;"'RQS INTR"

70 OUTPUT 709;"'STA?"

80 OUTPUT 709;"CLROUT"

90 OUTPUT 709;“CONF DCV"’

100 OUTPUT 709;’'CLOSE 500,591"
110 OUTPUT 709;"'TRG EXT"

120 OUTPUT 709; 'ENABLE INTR"
130 QUTPUT 709; ‘ENABLE INTR SYS”’
140 OUTPUT 709;“TRIG SYS"

150 GOTO 150

160 Results: !

170 QUTPUT 709;" TIME"

180 ENTER 709;T

190 PRINT "'Ch 500 Intr @ “*;TIMES(T)
200 OUTPUT 709;"'CHREAD 600"
210 ENTER 709;B

220 PRINT *“Ch 500 Voltage = ;B
230 A=SPOLL {709}

240 QUTPUT 709;"OPEN 500"

250 STOP

260 END

ICall sub Results on interrupt
IEnable controller intr on SRQ
IReset the voltmeter

Use voltmeter in mainframe slot 6
ISet RQS mode ON

IEnable RQS Mask Reg INTR bit
IClear FPS,LCL,INTR,LMT,ALRM bits
IClear output buffer

!Configure for DC volts

IClose ch 500, sense bus

ISet EXTERNAL TRIGGER IN as source
IEnable voltmeter intr capability
|Enable mainframe intr capability
1Set system triggering

ILoop until interrupt occurs

IStart controller subroutine

!Query time of day

IEnter time of day

IPrint interrupt time/message
IRead ch 500 voltage

IEnter ch 500 voltage

IDisplay ch 500 voltage
IRead/clear SRQ bit

0pen ch 500

IEnd controller subroutine

When a trigger pulse is input to the SYSTEM TRIGGER IN BNC, the
interrupt occurs and a typical return (value in volts) is:

Ch 500 Intr @ 02:46:50
Ch 500 Voltage = 3.075

Command Summary

Table 4-16 summarizes commands which apply to the HP 44701 A voltmeter
divided by high-level and low-level commands. High-Level commands
(CONF, CONFMEAS, MEAS and MONMEAYS) 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.
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Table 4-16. Command Summary

High-Level Commands

CONF function [USE ch]

Coﬁfigure the voltmeter measurement function (DCV, OHMF, 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 multiplexer measurements. NSCAN number is valid only
for mainframe firmware revision 2.2 and greater.

MEAS function ch__list INSCAN number] [USE ch] [INTO name] or [fmt]

Set the voltmeter 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 [USE ch]

Select voltmeter measurement function, scan, 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 panel SADV KEY key is pressed.

Low-Level Commands

ARANGE [mode] [USE ch]

Sets the autorange mode. With ARANGE ON (power-on and default), the
voltmeter samples the input and selects the appropriate range before
each measurement. With ARANGE OFF (autorange disabled), the range
used for previous measurements is used for subsequent measurements.

AZERO [mode] [USE ch]

Autozero control mode. AZERO ON (autozero always) and AZERO OFF
are used only for DC voltage measurements. AZERO ON cannot be used
for AC voltage measurements.

CAL

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

CHREAD ch [INTO name] or [fmi]

Transfer readings stored in the voltmeter data 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.
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Table 4-16. Command Summary (Cont’d)

DELAY trig__delay [USE ch)

For one reading/trigger, sets the delay between the voltmeter trigger and
the measurement. For multiple readings/trigger sets the time between
the voltmeter trigger and the first measurement and sets the time
between successive measurements.

DISABLE INTR [USE c#]
Prevents the voltmeter from generating an interrupt.

ENABLE INTR [USE c/]

Enables the voltmeter to generate an interrupt when data is available.
The interrupt can be serviced and handled by the mainframe or serviced
by the mainframe and handied by the controller.

FUNC function [range] [USE ch]

Sets the measurement function and range. The function parameter can
be set only for AC or DC voltage or 4-wire ohms measurements. The
range parameter can be set to one of several ranges or to autorange
(AUTO).

ID? [slof]

Returns the identity of the accessory in the slot addressed by slot. An
HP 44701A returns 44701A.

INTR? [INTO name] or [fmf]

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.

NPLC number [USE ch]

Sets number of power line cycles (PLC) (integration time) during which
the HP 44701A samples the input signal. Integration time = (#PLC) x
(power line period).

NRDGS number [USE ch]

Sets the number of readings/trigger for each channel in the channel list.
The range of number is 1 to 65535.
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Table 4-16. Command Summary (Cont’d)

OCOMP [mode] [USE ch]

Enables or disables the HP 44701A offset compensation function on the
30 @ through 30 kQ ranges for both 2-wire and 4-wire ohms
measurements. Offset compensation is not done on the 300 kQ or 3 MQ
ranges.

RANGE [range] [USE ch)
Sets the voltmeter measurement range or enables the autorange mode.

SADV source

When MEAS is used, sets the source to advance the scan sequence as
defined by source. Valid source are CHADV, KEY, PACER, and SCAN.

STRIG source

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

TERM terminal [USE ch]

Selects the voltmeter input terminals. TERM BOTH selects the
mainframe backplane bus and rear panel terminals as inputs. TERM EXT
selects the rear panel terminals only.

TRG [source]
System trigger source. Power-on source = HOLD. Default source = SGL.

TRIG [source] [USE ch]

Source or mode for the voltmeter trigger. Power-on source is HOLD (no
trigger) and the default source is SGL (single trigger from source).

USE ch
Specifies the slot to be used for voltmeter commands.

USE? [INTO narmne] or [fmt]

Returns the current USEd channel (or slot) address last set by the USE
command or parameter.

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

Transfers a specified number of readings from the voltmeter data buffer
to the mainframe memory or to the output buffer and/or display.
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Herstellerbescheinigung

Hiermit wird bescheinigt, daf das Ger4t/System HP 3852A
in Ubereinstimmung mit den Bestimmungen von Postverfligung 1046/84 funkentstdrt ist.
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Zusatzinformation fur MeS3- und Testgeriite
Werden Meg- und Testgerdte mit ungeschirmten Kabeln und/oder in offenen MepBaufbauten

_verwendet, so ist vom Betreiber sicherzustellen, dag die Funk-Entstdrbestimmungen unter
Betriebsbedingungen an seiner Grundstiicksgrenze 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.

Additional information for Test- and Measurement Equipment
If Test- and Measurement Equipment is operated with unscreened cabies 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.
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CERTIFICATION

Heuwlett-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 Technologies, 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 products which prove to be defective.

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

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

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute
its programming instructions when properly 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 improper site preparation or maintenance.

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

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the back
of this manual.
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service, and repair of this instrument.
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards of design,
manufacture, and intended use of the instrument. Hewlstt-Packard Company assumes no liability 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 NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel 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 NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DO NOT OPERATE A DAMAGED INSTRUMENT

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

~ LINE

h or L

ad
ATTENTION
Static Sensihtive

NOTE

CAUTION

1——- WARNING —

Symbols Used On Products And In Manuals

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.

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

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

WARNING

Calls-attention to a procedure, practice, or condition that could possibly

cause bodily injury or death.
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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 manuals 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

Symbol Meaning Location
Shock hazard originating . Analog Extender Connector
outside the instrument on Power Supply Modules
(field wiring)
1 . Terminal modules on plug-in

accessories

. Component module covers
on plug-in accessories

Treat all channels as . Inside terminal modules
“one circuit” for safety on plug-in accessories
purposes.

2 . Metal cover on component
modules of plug-in
accessories

Maximum number of certain . HP 44701A, HP 44702A/B,
A plug-in accessories to be HP 44727A/B/C plug-in
3 installed into an HP 3852A accessories
or HP 3853A.
If High-Speed FET multi- . HP 44711A, 44712A, 44713A
A plexers are used with the (referenced on HP 44702A
4 HP 44702A/B, ribbon cable and HP 44702B)

may be connected.
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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:

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

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

o Chapter 3 - Installation and Checkout shows how to connect user inputs
. and how to install and check the voltmeter.

o Chapter 4 - System Mode Programming shows how to use System Mode
commands 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.

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

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

o Chapter 8 - Using Read/Write Registers shows how to access the voltmeter
read and write registers.

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 44704A who will use its 16 bit resolution mode should refer to
Chapter 6 for a discussion of programming differences for this mode.
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Voltmeter Measurements
The High Speed Voltmeters can directly

measure DC voltage and resistance. By using User Signal Inputs
an appropriate multiplexer, you can make DC User signals can be input to the voltmeter on one of three
voltage, DC cument, resistance, strain, o ways:

1) Directly into the reas panet terminals (rear pansl
Four ranges (40 mV, 320 mV, 2.56 V, and 10.24 Sn)onumr?em) ¢
V) plus autorange are avallable for voitage [ Via muttiplexers and the mainframe baciplane Into the
measurements. Three cumrent source leveis (10 lane connectors (multipk meast
A, 100 A, and 1 mA) are available for resistance @ Via High-Speed FET multiplexers and a dedicated ribbon
measurements. cabile into the ribbon cable connector (ribbon cable

measurements).

Reading Rates

Make up to 100,000 readings/second with autoranging.
Proper autoranging is ensured as long as a single-channel

7 —_ signal does not change more than 600 volts/sec during
GPIO Port 11 autoranging.
Use the GPIO port to directly output data @ @ For multiplexer meas: ts, make 15 at
fc'roml lh;m%mm&ww user HI speeds up to 100,000 readlngslmond on a single channel
; * 5500 channeis/second
must convert raw voltmater data (— ::::nt:l-!o-ehnnnd acans. {with FET muftiplexers) an
(PACKED forma) to readable data. N For ribbon cable measursments, maks measurements at
speeds up to 100,000 readings/second for single-channe!
LO channel-to-channel measurements.
™~ Operating Modes
CHASSIS The volt has two modes of ion: System Mode
and Scanner Mode. In Scanner Mode, lho user has the full
@ set of commands and capabilities to use the voltmeter. In
System Mode, the user has a simplified version of the
commands available.
4 - Use Systemn Mode operation for rear panel or multiplexer
measurements. Use Scanner Mode operation for panel,
Rear Panel Terminals HI1 muttiplexers, or ribbon cable measurements. For rear panel
Use the voltage input terminals Hi, LO, of multiplexer measurements, the volimeter is controlled by
CHASSIS) to make DC voitzg N’ CURRENT the mainframe. For ribbon cable maasuremems, the
measurements. Use the cumm source @ SOURCE is capable of & dent op
inals and the voltag Is for
4-wire ohms measurements. When these JLO
terminals are used, muitiplexer inputs to
the volimeter are not required (or allowsd). . ~ On-Board Bufter
The voltmeter has an on-board storage buffer. All readings
EXTERNAL are first stored in the buffer. Readings stored in the buffer
r- TRIGGER j can be sent to mainframe memory, to the HP-1B output
bufter, or to the GPIO podt.

- Differential Input
our —"" The voltmeter uses a balanced input, differential
|~ measurement technique. With this method, equal

impedances between high to chassis and low to chassis

@ Sv mMax @ provide good common mode noise rejection.
TIONA The voltmeter does not have overranging. Maxiumum signal
CAUTI . (hlgh to low) plut common mode voltage (low to chassis) to
External Tiger Po P d indication (1€ + 38) must be 1024 V.
Use the EXTERNAL TRIGGER Ports (EXTO and
EXT1) to input an extemnal trigger to the voitmeter.
When programmed, EXTO can also output a trigger

signal for applications such as synchronizing
operation of cther HP 44702A/B voltmeters.

Release Lever

UR and pull on the release lever to remove
the voltmeter from its slots. Since the HP

High Speed Voltmeter requires two slots, It
cannot be installed in slots 3 and 4 of the

maimovlnnlouSandofaHPassaA
Extender.

Figure 1-1. Voltmeter Features
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Voltmeter Descriptions

‘ The HP 44702A, 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 44704A voltmeter provides a choice of three resolutions:

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

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

o 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 44704A 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 44702A can store up to 8,192 readings (8k). The HP 44702B (has the
44703C memory card added) can store 65,536 readings (64k). The HP 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 44704A can store 65,536 (64k) readings.

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

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

o Define your measurement
o 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
Measurement for guidelines. .. .

Configure the Voltmeter

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
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 programming.

If you intend to use the HP 44704A in its 16 bit resolution mode (RESOL 16
command), refer to Chapter 6 - The HP 44704A in 16 Bit Mode for

programming differences for this mode.

If you need to access the voltmeter read/write registers, refer to Chapter

oo 8-Using Read/Write Registers. .
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2

Defining Your Measurement

Introduction

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

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

® Defining Measurement Requirements gives guidelines to define
measurement parameters and data/interrupt requirements.

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

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

Measurements Overview

Measurement
Types

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

There are three main types of voltmeter measurements: multiplexer
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.
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MEASUREMENT TYPES

Multiplexer
Measurements

Measure DC volts, DC current

° > GP10 Paort
{with shunt), resistance, strain, or

VOLTMETER
PROGRAMMING

DATA TRANSFERS

13

@® ®
\ fx:é — l

L0

CHASSIS

Conmands/Data via GPIO

Controlter

=,

DATA
Via Backplane
?f‘" D%I HP 44700¢ \_J _\m output
. €,
L (O Multiplexer Backplane el % e — Buf Fer
Connectors _)
L0|
Yia Ribbon Cable -
ocv, DCI HP FET Display
Q1,0 Multiplexer r_ et j :I
Ribbon ° H
Cable
Ribbon Cable Connector ™ Transfer Data to
Measurements ot @ H:lﬁ::;g’“ to Controller
(i shon) eisance,or ® —ne—_® Tonsior dsiafomvotmeter v ler i g GPYO port and
lempermure' using HP F:'EI’ CaUTIONZhe x Mr er (memory) to z‘ GPIO Interface (up to 100,000
muﬂiplaxor.s inputs to the %0 &‘” rd mgé“'p rdga/sec for ribbon cable
voltmeter via the ribbon cable. mg" ': )b.bOro' " dm:;s‘:r;ce:;:)tm C‘)It;’lmnsfe‘;‘ .
Ml anste dis output bufter output buffer via HP-1B.
DCV, 4-Wire Q only { or display.
System Mode
Use Systemn Mode for low speed
measurements (up to 450 ch/sec
Rear Panel with relay muttiplexers or up to
Measurements 8500 ch/sec with FET
Measure DC colts or resistance multipiexers).
(4-Wire ohms) with input to the
voltmeter rear panel terminals. Scanner Mode
Use Scanner Mode for high
speed measurements (up to
100,000 ¢h/sec for ribbon cable
measurements).

Figure 2-1. Voltmeter Measurements Overview
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Voltmeter
Programming

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 Measurements

DC volts, DC current (with multiplexer shunt), resistance (4-wire ohms), and
temperature inputs can also be sent to the voltmeter via an HP 44711A/B,
44712A, 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 readings/sec 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.

Rear 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 44701A Integrating Voltmeter
command set.
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Data Transfers

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 100,000
channels/sec are available for ribbon cable measurements.

For 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-IB
output buffer and/or display, or directly to the controller via the 16-bit parallel
(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 voltmeter range
information.

Transfer Data to Mainframe Memory

Data 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 RL64 or IN16 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-IB
output buffer in unconverted (PACKED) format or in any of six converted
formats (IASC, LASC, RASC, DASC, RL64, or INI6). IASC, LASC, RASC,
or DASC data can also be displayed.

Transfer Data via GPIO

Data can also be 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




Defining Measurement Requirements

Measurement
Parameters

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.

Guidelines follow for these measurement parameters:

e Type of measurement
e Scanning speed
e 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 MQ 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.
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Data/ Interrupt When you have defined your measurement parameters, determine how to ‘
Requirements handle the data from the measurement. Three main considerations are:

e Data storage mode
o Data transfer mode

o 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
transferred 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 44702A 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.

o when the buffer has room for only 4096 more readings. : ‘
o when measurements are complete (data 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 controller. 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 44702B 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.
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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

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

e Voltmeter function ... .
e Multiplexers used

o Triggering method

e Programming mode

Voltmeter Asnoted, the voltmeter can make DC voltage, DC current (with multiplexer
Function 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 Voltage/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 4V with the HP 44702A/B or about +1.3 4V with the
HP 44704A in 16 bit mode.

Resistance Measurements

The voltmeter can make 2-wire or 4-wire ohms measurements using

HP 447XXX multiplexers or make 4-wire ohms measurements using the rear
panel terminals. Three resistance ranges are available: up to 10 kQ (1 mA
‘current source); up to 100 kQ (100 4 A source); or up to 1 MQ (10 uA source).

Strain Measurements

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

V5 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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Multiplexers
Used

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/Q/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.

As shown in Figure 2-1, there are three types of voltmeter measurements:
multiplexer measurements, ribbon cable measurements, and rear panel
measurements. The type of measurement selected determines the
multiplexer(s) to be used.

Up to six multiplexers (up to eight in an HP 3853A 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.
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Table 2-1. Multiplexer Characteristics

Muttiplexer | Ch | Range [ Speed* Primary Measurement
Relay Multiplexers:
HP 44705A 20 | =170V 450 DCV, DCI, 2W/aW Q, RTDs, thermistors
HP 44705H 20 | +354V 250 DCV, DCI, 2W/aW Q, RTDs, thermistors
HP 44706A 60 | x42v 450 DCV, DCI, 2W ochms**
HP 44708A 20 | 170V 450 DCV, DCI, 2W Q, thermocouples**
HP 44708H 20 | £354V 250 DCV, DC, 2W Q, thermocouples**
HP 44717H 10 | 42V 450 120 Q strain gage, rosettes
HP 44718A 10 | 242V 450 350 Q strain gage, rosettes
FET Multiplexers:
HP 44708A 20 | £10.24V §500 | DCV, DCI, 2W/4W Q, RTDs, thermistors
HP 44710A 20 | £10.24V 5500 | DCV, DCI, 2w Q, thermocouples
HP 44719A 10 | £10.24Vv |. 5500 120 Q strain gage, rosettes
HP 44720A 10 | £10.24V | 5500 | 350 Q strain gage, rosettes
High Speed FET Multiplexers:
HP 44711A/B 24 | +10.24Vv 100,000 | DCV, DCI, 4W Q, RTDs, thermistors
HP 44712A 48 | +10.24V 100,000 | DCV, DC!
HP 44713A/B 24 | +10.24V 100,000 | DCV, DCI, thermocouples

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

=* = 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 44712A, 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 sources are input to HP 44711A/B,

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

HP 44712A, 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.
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Rear Panel Measurements

/4

With rear panel measurements, user sources are input directly to the “
voltmeter rear panel terminals (HI, LO, and CHASSIS) for voltage A
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.

Triggering 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 ports.

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 triggered by a suitable input from an external
source into the EXTO or EXT 1 port or into the GPIO port.

PI’OQ ramming 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.
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Table 2-2. System Mode vs. Scanner Mode

System Mode Scanner Mode
Max Speed 450 ch/sec (relay mux) 100,000 rdgs/sec (mainframe)
5500 ch/sec (FET mux) 100,000 rdgs/sec (GPIO)
Measurement Type DCV, DCI ohms, strain, temp DCV, DCI, ohms, strain, temp (all
(all muxs) muxs)
DCV, 4W ohms (rear panel) DCV, 4W ohms (rear panel)
DCV, DCI, ohms, temp (ribbon cable,
HP 44711A/B, 44712A, 44713A/B
muxs)
input Source Backplane (all muxs) Backplane (all muxs)
Rear panel Ribbon cable (44711A/B,12A,13A/B)
Rear panel
Commands/Operation Subset - requires mainframe Full set - independent operation with
for operation ribbon cable
Typical Applications Low-speed measurements High-speed measurements
General scanning Digitize waveforms
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
switching speed of 200 readings/second. Each input is to be measured 10 times

so 200 readings are required. Table 2-3 show typical selections for this

measurement.

Table 2-3. System Mode Measurements Selections

Measurement Requirements
Measurement Characteristics
Type DC voltages (5V input)
Speed 200 readings/sec
Accuracy 0.10%
Number 200 readings
Data/Interrupt Requirements
Storage Mode Data available when reading stored
Transfer Mode To controller via HP-IB
Interrupts Not required
Voltmeter Configuration
Voitmeter Function DC volts, autorange
Multiplexer Used HP 44705A 20-Channel Relay Multiplexer
Triggering Method Voltmeter internal triggering
Programming Mode System 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
System Mode operation, since the speed requirements are <450
readings/second. Data destination will be the output buffer, data storage will
be set so 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 voltages (5V input)
Speed 30,000 readings/sec
Accuracy 0.07%
Number 2000 readings
Data/Interrupt Requirements
Storage Mode Data available when reading stored
Transfer Mode To HP-IB output buffer (via mainframe memory)
interrupts When meas completes (no overwrite) - handle in
controller
Voltmeter 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)

For 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-1B output buffer via

the-mainframe-memory. Data storage-mode will be set so-that readingsare __...
available when the measurements are complete. Interrupts will be enabled ‘
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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.
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3
Installation and Checkout

Introduction

Chapter
Contents

Warnings,
Cautions, and
Notes

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

This chapter has four sections:

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

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

terminals.

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

o 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.

This section summarizes WARNINGS, CAUTIONS, and NOTES which
apply to the HP 44702A/B, HP 44704A, and associated multiplexers. You
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.
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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 setile 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 to
form one circuit. To protect against possible personal injury due to equipment
failure or programming error, limitations are placed on the potentials 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, the maximum potential between any two points is determined by the
accessory with 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 354V
HP 3853A 354V
HP 44701A Integrating Voltmeter . . .. 3/AV
HP 44702A/B or HP 44704A High-Speed Voltmeter 42V
HP 44705A, 08A, 17A, 18A 20-Channel Relay Multiplexers 170V
HP 44705H, 08H 20-Channel High-Voltage Relay Multiplexers 354V
HP 44706A 60-Channel Relay Multiplexer 42V
HP 44709A, 10A, 11A/B, 12A, 13A/B FET Multiplexers 42V

The HP 447024/B and HP 44704A voltmeter analog input is protected to + 12
volts 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 HP 44704A will
be damaged.

Maximum compliance voitage for the HP 44702A/B or HP 44704A voltmeter
CURRENT SOURCE terminals (HI, LO) is +10.24 volts. Do NOT exceed this
voltage or the HP 44702A/B or HP 447044 will be damaged.
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CAUTION
POSSIBLE EQUIPMENT DAMAGE. When making high-voltage
measurements with the HP 44705A 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 to the HIGH terminal on the terminal module. Connect the line which
has the lowest absolute peak voltage on the source to the LOW terminal on the terminal module.
Connect the guard line ONLY if high common mode noise rejection is necessary, otherwise, do
not connect the guard line.

OR

Discharge the HP 3852A analog backplane to earth ground through 1 M-10 M resistors
connected to HIGH, LOW, and GUARD on an unused channel.

D H1GH

Low

1M0- ] 1M - | IO -
10M0 >1oM0 > 1m0

TO CUSTOMER
EARTH OROUND

[1] = li the backplane is not discharged, high common mode voltage may appear on the
backplane and cause the HP High Speed Voltmeter to generate an overload reading even
though the signal input is within the voltmeter range.

Figure 3-1. Discharging the HP 3852A Backplane
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Voltmeter Input The HP 44702A/B and the HP 44704A 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 44704A 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
rely 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 measurements with the
HP 44702A/B and HP 44704A voltmeter.

Since the HP High-Speed voltmeters use a high-speed successive approximation
technique for measurements (rather than an integrating technique), 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 inputs 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 1o a
minimum.

You can order the appropriate cable from your nearest Hewlett-Packard 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 slot 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 Inputs

Multiplexer
Connections

Rear Panel
Connections

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

Always used shielded, twisted-pair cable when connecting user inputs to
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
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 44713A/B
multiplexer is connected to the voltmeter, ONLY ribbon cable measurements
with Scanner Mode (SCANMODE ON) and TERM RIBBON can be made. If
the ribbon cable is not connected, the HP 44711A/B, HP 447124, or

HP 44713A/B can be used for backplane measurements, but ribbon cable
measurements cannot be made.

Figure 3-4 shows typical connections to the rear panel terminals for voltage
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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Figure 3-2. HP 44705A Multiplexer Connections
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Installing the Voltmeter

Multiplexer
Measurements
Installation

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
“Mainframe Firmware Revision”.

When user inputs are connected to the multiplexers, replace the terminal
module(s) and install the multiplexer(s) and voltmeter(s) in the slot(s) desired
as shown in Figure 3-5.

For multiplexer measurements, you can install 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
multiplexer measurements, the ribbon cable must be attached attached (looped
back) to the connector on the multiplexer.
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S Figure 3-5. Multiplexer Measurements Installation =
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Voltmeter Not Installed in Each Frame:

When an HP High Speed voltmeter is NOT installed in the mainframe and in
each extender which contains multiplexers, a Digital Extender Cable and an
Analog Extender Cable must be connected between the mainframe and in the
first extender and between each extender.
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Voltmeter Installed in Each Frame:

When and HP High Speed voitmeter IS installed 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. Multiplexer Measurements Installation (Cont)
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Ribbon Cable with ribbon cable measurements, user signals are input to the voltmeter via a
Measurements dedicated ribbon cable from one or more (up to eight) HP 44711A/B. ’
Installation 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 installed 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.

Initial Checks

When the voltmeter and multiplexers have 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.

Voltmeter ID When the voltmeter has been installed, check the voltmeter identity by
Check entering the ID? slot command from the front panel. Since the voltmeter
takes two slots, always address the voltmeter by the Jowest slot 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 ‘
44702A. If an HP 44702B is installed, 44702B is returned. An HP 44704A

installed in a mainframe with firmware revision 4.2 or greater returns 44704A.

An HP 44704A installed in a mainframe with firmware revisions earlier than

4.2 returns 44702B. If no accessory is installed in the slot addressed, 000000 is

returned. o

Voltmeter To self-test the voltmeter, enter the TEST slot command from the front
Self-Test panecl. If the voltmeter passes 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 slof) command to reset the
voltmeter to its power-on state after executing the TEST command.
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Ribbon Cable Operation
Connection/installation Steps

Caution

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

RIBBON CABLE CONNECTOR

1. Position Voltmeter

Place the HP High Speed Voltmeter with
ribbon cable connector side up.

2.Disconnect Ribbon Cable

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

(a) REMOVE TERMINAL MODULE

3. Connect Cable to Voltmeter

Attach ribbon cable from multiplexer to voltmeter ribbon
cable connector. Replace multiplexer terminal module..

Figure 3-6. Ribbon Cable Measurements Installation
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4. Connect Multiplexers

For each frame, join multiplexers by
connecting the ribbon cable between
multiplexers. For ribbon cable
operation, an HP High Speed Voltmeter
required in the mainframe and in EACH
extender, containing multiplexers.

SLOT O SLOT 4 SLOT S SLOTS 6&7
= = = LI
® "@"
= — — @1
LI I » (©hn
CE

. B

i
i

RIBBON CABLE

— UP TO 6 MULTIPLEXERS IN MAINFRAME
- UP TO 8 MULTIPLEXERS IN EACH EXTENDER

5. Install Voltmeter(s) Multiptexer(s)

Install voltmeter(s) and multiplexers in desired slots. The
voltmeter cannot be installed in slots 3 and 4 of

mainframe or in slots 4 and 5 of and extender.

Recommend installing voltmeter in mainframe slots 6
and 7 and in extender slots 8 and 9.

Notes

1. Procedures shown apply only to ribbon cable inputs.
See Figure 3-5 for (backplane) multiplexer inputs.

2. if an HP FET Multiplexer is used in other than ribbon
cable mode, the ribbon cable must be connected to the
connector on the multiplexer.

Figure 3-6. Ribbon Cable Measurements Installation (Cont)
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Checking
Wiring
Connections

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 only.)

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 OUTPUT 709;"RST 600" IReset the voltmeter

20 OUTPUT 709;"USE 600" [Use voltmeter in mainframe slot 6
30 OUTPUT 709;"CONF DCV" ! Select DC volts measurements
40 OUTPUT 709;"MONMEAS IMeas/display 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
Firmware
Revision

With early versions of the HP 44702A/B voltmeters, backplane (multiplexer
measurements) scanning rate was limited to about 450 channels/second with

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 serial number 2626A 00450 and higher or when the UPGRADES box is
checked on the "HP 44702 VOLTMETER ENHANCEMENTS" label on the
voltmeter.

The HP 44704A requires mainframe firmware revision 4.2 or higher.
HP 44704A 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 OUTPUT 709;"IDN?" ‘
30 ENTER 709;Identity$(*)

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

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)

3852A (Model number)

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

'

Introduction

Chapter
Contents

Program Titles

This chapter shows hew 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 447024/B, and HP 44704A in 13 and 14
bit resolution modes. The fundamentals covered here also apply to the
HP 44704A in 16 bit resolution mode, but some differences exist. These are
covered in Chapter 6 - The HP 44704A in 16 Bit Mode.

This chapter has five sections:

o 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.

e 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.

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

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

Measurements Using CONFMEAS

DC Voltage Measurements Measure DC voltages on CONFMEAS
multiplexer channels. )

Resistance Measurements Measure the resistance on CONFMEAS
multiplexer channel.

Temperature Measurements Measure the temperature of a | CONFMEAS
thermistor.

Reference Temperature Measure the isothermal block | CONFMEAS

Measurement temperature.

Measurements Using CONF and MEAS
Setting Voltmeter Operation Set number readings/trigger, NRDGS, DELAY, RANGE
delays, and range.

Setting Voltmeter Triggering Set voltmeter trigger source TRIG, SLOPE

and input edge.
Setting Scan Triggering Set scan trigger source and SADV, STRIG
scan advance source.
Measurements Not Using MEAS
Low-Level Multiplexer Use CONF and low-level CLOSE, TRIG, CHREAD
Measurements commands for multiplexer
measurements.
Rear Pane! Measurements Use low-level commands fora | FUNC, TERM, XRDGS
rear panel measurement.
Digitizing a Waveform Use low-level commands to ENABLE INTR
digitize a waveform and to

enable a voltmeter interrupt.

Getting 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 field 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

CONFMEAS
Command

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 can be used with the HP High-Speed voltmeter to make DC
voltage, DC current (when 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:

CONFMEAS function ch_list NSCAN number] [USE ch] [INTO name] or
id
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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 44717A, 44718A, 447194, and 44720A strain gage multiplexers,
CONFMEAS includes additional optional and/or required parameters. Refer to
the HP 44717A, 447184, 447194, 44720A 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: '

o 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.

o 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_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.

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
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 4-2. CONFMEAS Functions/Data Returns

function: Configure for: Data Returned:
DC Voltage
DeV DC voltage DC voltage on chs in ch-list
Resistance
OHM 2-wire ohms (same as OHM100K) Resistance on chs in ch_list
OHM10K 2-wire ohms up to 10 kQ Resistance on chs in ch_list
OHM100K 2-wire ohms up to 100 kQ Resistance on chs in ch_list
OHM1M 2-wire ohms up to 1 MQ Resistance on chs in ch_list
OHMF 4-wire chms (same as OHMF100K) [1] Resistance on chs in ch_list
OHMF10K 4-wire ohms up to 10 kQ 1] Resistance on chs in ch_list
OHMF100K 4-wire ohms up to 100 kQ (11 Resistance on chs in ch_list
OHMF1M 4-wire ohms up to 1 MQ' ) Resistance on chs in ch_list
Temperature
TEMPtype Reference temperature and ] Thermocouple temp (°C) on chs in
thermocouple voltage measurements ch_list, compensated to 0° reference
type = B, E, J, K, N14 [N (AWG 14)],
N28 [N (AWG 28)], R, S,and T
REFT Reference temperature measurement Reference tamp (°C) of isothermal
of isothermal biock block in slot addressed
THMtype 2.wire ohms measurement of thermistor | Thermistor temp (°C) on ch in ch_list
type = 2252 (2252 Q thermistor)
= 5K (5 kQ thermistor)
= 10K (10 kQ thermistor)
THMFtype 4-wire ohms measurement of Thermistor temp (°C) on ch in ch_list
thermistor 1
type = Same type as THMtype
RTDtype 2-wire ohms measurement of RTD RTD temp (°C) on ch in ch_list
type = 85 (RTDswitha =
0.00385 Q/Q/F)
= @2 (RTDswitha =
0.003916 Q/QF)
RTDFtype 4-wire ohms measurement of RTD [1] RTD temp (°C) on ch in ch_list
type = same as RTDtype
Strain (2]
STRVEX Bridge excitation voltage (+VS) Bridge excitation voltage
STRUN Bridge output which is ref for Bridge output voltage
corresponding strain measurement
STRQ 1/4 bridge strain Strain or microstrain 3]
STRFB Bending full bridge strain Strain or microstrain [3)
STRHB Bending half bridge strain Strain or microstrain [3)
STRQTEN Shunt verification (tension shunt) Strain or microstrain [3]
diagnostic (HP 44717A or 44718A only)
STRQCOMP Shunt verification (compression shunt) Microstrain
diagnostic (HP 44717A or 44718A only)
STRHP 1/2 bridge Poisson strain Strain or microstrain (3]
STRFBP Bending full bridge Poisson strain Strain or microstrain 3]
STRFP Full bridge Poisson strain Strain or microstrain [3]
Notes:
(1] = For 4-wire chms functions .
[2] = Refer to the CONFMEAS command in the HP 3852A Command Reference Manual for
definitions.
13] = 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 (m;) 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
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 or following a reset (RST or RST slof), System Mode
(SCANMODE OFF) i set.
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1. Configure the Voltmeter

When CONFMEAS is executed, the
volimeter Is configured to a known
state.

2 Measure References
For thermocouple or strain measurements,
reference measurements are made and
stored.
3. Start Scan
The first channel In the channel iist is
closed and the voltmeter is intemnally
triggered to start the measurement on
the channel. FIRST . . SECOND LAST
\ CHANNEL CHANNEL CHANNEL
CONF IGURE - REFERENCE START TRIGGER ADVANCE  TRIGGER TRIGGER END
VOLTMETER  MEASUREMENTS SCAN VOLTMETER m SCAN VOLTMETER my VOLTMETER ma. SCAN
4. Measure First Channel
After the voltmeter is triggered, a defauit delay occurs. Then
the voltmeter autoranges, takes the measurement m4 and 7. End Scan
stores the data in voltmeter memory. Afer the data from the last
i has been ferred,
& Advance Scen the channel is opened and the
When data is transferred, the scan scan sequence ends. If NSCAN
Read/T dor Dat advances to the next channel in the Is not specified, the voitmeter
by channel list and the first channel makes one pass through the
After measurement m, data is read by measurernent sequence is repeated. channel list. if NSCAN Is
the mainframe, converted to equivalent This cycle repeats for alt channels in specified, the voltmeter makes
temperature or strain (es required), and the channel list. The voitmeter makes NSCAN number passes
transferred to the location specified by one measurement for sach channel (including reference
CONFMEAS. In the channel list (one pess). measurements for each pass).

¥ = 6 meec for CONFMEAS OHMIM OR OHMF1M
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Examples:
Measurements
Using
CONFMEAS

Table 4-3. CONFMEAS Presets (System Mode)

Command/Preset(S) Definitions

TRIG SCAN Starts scan immediately.

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

TRIG HOLD Trigger is disabled. [1]

FUNC DCV or OHMxx As appropriate for CONF function parameter.

RANGE AUTO Autorange mode. [2]

NRDGS 1 _ One reading per trigger.

RDGSMODE DAV Reading is available when any reading stored.

DELAY 0.001, 0.00001 1 msec trigger-delay, 10 zsec sample-period.
[3]

AZERO ONCE . Autozero once

Notes:

{1] = Voltmeter is triggered (TRIG SCAN) by the MEAS phasa of CONFMEAS.

[2] = Mainframe firmware revisions before revigsion 2.2 set a fixed range for CONF TEMPxx,

{3] = CONF OHM1M and CONF OHMF1M set 8 msec trigger delay and sample period.

Four program examples using CONFMEAS for System Mode multiplexer
measurements follow. The first example measures DC voltage, the second
measures resistance using 4-wire ohms, the third measures the temperature of
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 44704A 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 Voits(0:9) ! Dimension controller array
20 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
30 OUTPUT 709;"CONFMEAS DCV,500-509" /! Confimeas DC volts, ch 500-509
40 INTER 709;Voits(*) ! Enter 10 readings
50 PRINT USING "K,/";Volts(*) ! Display 10 readings
60 END
For a set of 5V 5 % sources, typical return values (in volts) are:
4.9975
5.0025
4.98875
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Example: Resistance Measurements (CONFMEAS)

CONFMEAS can also be used for 2-wire or 4-wire ohms 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 kQ (assumed for this program) and that

measurement results are returned in Q.

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

9993.75

Example: Temperature Measurements (CONFMEAS)

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

The HP 3852A supports 2252 Q, 5 kQ, and 10 kQ thermistors; Type 85 and 92
RTDs; and Type B, E, J, K, N14 [N (AWG 14)], N28 [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 ohms measurements are NOT recommended for FET
multiplexers).

This program uses CONFMEAS to measure the temperature ofa2252 Q
thermistor connected to channel 500 of an HP 44705A multiplexer. See
Figure 3-2 for typical thermistor connections to channels 500 and 510 of the
multiplexer.
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10 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
20 OUTPUT 709;"CONFMEAS THMF2252,500" ! Conf/meas Type 2252 thermistor

30 ENTER 709;A ! Enter temperature

40 PRINT A ! Display temperature

50 END

For a 2252 Q thermistor at room temperature, a typical return (value in °C) is:
24.312

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, S, 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 program. This program uses CONFMEAS to
measure the reference temperature of an HP 44708A multiplexer in slot 5 of
the mainframe.

10 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
20 OUTPUT 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:
24.312

Measurements Using CONF and MEAS

Programming
Overview

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”.

As previously shown, CONFMEAS configures the voltmeter, takes the
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.

System Mode Programming 4-11



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 twice -
once for each parameter. Refer to the HP 3852A Command Reference
Manual for details on the commands.
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Table 4-4. System Mode Low-Level Commands

Command Description Power-On Default Note
ARMODE mode Autorange mode | AFTER -
AZERO [mode] Autozero mode ONCE ONCE
CAL Service cmd - - [1]
CHREAD ch Single dataread | - -
DELAY trig-delay Trigger delay 0 usec -
DELAY [sample-period] | Sample period 10 usec unchd
DISABLE INTR Disable intr - - [2)
ENABLE INTR Enable intr - -
FUNC function Meas function bcv -
FUNC [range] Meas range AUTO AUTO
NRDGS number Rdgsftrigger 1 -
PERC threshold Threshold level 0% -
RANGE {range) Voltmeter range | AUTO AUTO
RDGS dest ’ Readings dest S§YS -
RDGSMODE mode Rdgs storage DAV -
SADV source Scan adv source | SCAN - (3]
SCANMODE [mode] Operating mode | OFF ON
SLOPE mode Input slope H -
STRIG source Scan start source | SCAN - [3]
TERM terminal Input terminals EXT -
TRIG [source] Trigger source HOLD SGL
TRIGOUT [mode} EXTO trig mode | OFF ON
USE ch Voltmeter slot Lowest - [4]
valid slot
and
channel
XRDGS ¢h . Slot to be read - -
XRDGS [Number] Number - NRDGS | (5]
readings
Notes:
[1] = Refer to HP 3852A Assembly Leve! Service Manual.
[2] = interrupts disabled at power-on.
{3] = Valid for HP 44702A/B or HP 44704A operation only when MEAS Is used.
{4]) = May or may not be the slot the voltmeter is in.
[5] = For System Mode, defautt 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.

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)
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Command/Preset(s) Definition
STRIG SCAN Start scan immediately
SADV SCAN Advance scan as soon as NRDGS readings are available.
TRIG HOLD Trigger is disabled.
FUNC DCV or OHMxx As appropriate for CONF function parameter.
RANGE AUTO Autorange mode [1].
TERM INT Backplane bus is the input terminal.
NRDGS 1 One reading per trigger
RDGS SYS Readings are returned to the mainframe.
RDGSMODE DAV Reading is available when any reading stored.
ARMODE AFTER Autorange after measurement.
DELAY 0.001,0.00001 1 msec trigger-delay
AZERO ONCE Autozero once.
Notes:
[1] = Mainframe firmware revisions before revision 2.2 seta fixed range for CONF
TEMPxx.
[2] = CONF OHM1M and CONF OHMF1M set 6 msec trigger-delay and sample-period.

The MEAS Command

. MEAS function ch_list INSCAN 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 ch_list, and
makes the number of passes set by the NSCAN number parameter.

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.

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 TEMPIJ, 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 re-configured 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 to TERM INT [1].
DISABLE INTR DISABLE INTR is set if RDGS SYS is set.

Note:
[1] = TERM ZERO is a service-related command. Refer to the HP 3852A Assembly
Level Service 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, SADV, SLOPE, STRIG, and TRIG) can be used to
modify voltmeter settings). (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 CONF 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, EXTO, 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 my, 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
Voitmeter
Operation

Setting 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 number 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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Setting Measurement
Delays (DELAY)

Setting Voltmeter
Range (RANGE)

NOTE
For the HP 44702A, if NRDGS is set >8192 the voltmeter will stop the ‘
measurement sequence early if the voltmeter data buffer flls. In this case, the
number of measurements taken will vary and no error indication will be given.

CONF sets a 1 msec delay from the trigger to the first measurement on each
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 mj to m; in Figure
4-3).

At power-on, after a reset (RST), or when CONF is executed, the voltmeter is
set for autorange mode. RANGE [range] [USE ch] 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 0 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
configured for DC voltage by CONF DCV any value of RANGE [range]
>0.32 through 2.56 sets the voltmeter to the 2.56V range.
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Setting Autorange
Mode (ARMODE)

Example: Setting
Voltmeter Operation

Table 4-7. RANGE [range] Parameter Values

DCV OHMF10K
range Selects Range range Selects Range
0or AUTO Autorange Q0 or AUTO Autorange
>0-.040 4O mv >0-40 40Q
>.04-.32 320 mV >40-320 320Q
>.32-2.56 2.56V >320 - 2560 2.56 kQ
>2.56 - 10.24 10.24V > 2560 - 10240 10.24 kQ

OHMF100K OHMF{IM
range Selects Range range Selects Range
0 or AUTO Autorange 0or AUTO Autorange
>0-400 400 Q >0 - 4000 4 kQ
>400 - 3200 3.2kQ >4000 - 32,000 32kQ
> 3200 - 25600 25.6kQ > 32,000 - 256,000 256 kQ
> 25600 - 102400 102.4 kQ >256,000 - 1,024,000  1.024 MQ
* = DCV, OHMF10K, ORMF 100K, and OHMF1M are voltmeter measurement functions as set by
CONF or FUNC, at power-on, or by a reset (RST)

The ARMODE command can be used to set the autorange mode when
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 S - Scanner Mode Programming for a
discussion of the ARMODE command.

The following example program shows a way to change voltmeter operating
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 S; 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.
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10 DIM Volts(0:24) ! Dimension controller array

20 OUTPUT 709;"USE 600" ! Use voitmeter in mainframe slot 6
30 QUTPUT 709;"RST 600" [Reset voltmeter
40 OUTPUT 709;"CONF DCV" ! Set DC volts
50 OUTPUT 709;"RANGE 9" ! Set 10.24V range
60 OUTPUT 709;"NRDGS 5" ! Set 5 readings/trigger
70 OUTPUT 709;"DELAY .01,1" ! Set 10 msec delay/1 sec period
80 OUTPUT 709;"MEAS DCV,500-504" ! Measure channels 500-504
90 ENTER 709;Volts(*) : ! 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 gg 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.

Setting Trigger TRIG [source] [USE ch] sets the source 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 Definttion

HOLD | No triggering. Triggering is heid off.

SCAN Trigger when multiplexer channel is closed.

SGL Single trigger when TRIG SGL is executed, then set TRIG HOLD.*
INT Voltmeter internal triggering (internal pacer).

SYS System trigger pulse (used with TRG command).

EXTO Trigger on input to the EXTO port.

EXTY Trigger on input to the EXT1 port.

MEAS | Trigger when input crosses threshold level.

GPIO__ | Trigger on input to GPIO port.

* = Cannot be used with MEAS, since MEAS sets TRIG HOLD to TRIG SCAN.

4-20 System Mode Programming



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
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/EXT1

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

NOTE
For the EXTO port (only), TRIGOUT OFF must be set to enable EXTO0 to
receive a trigger. If TRIGOUT ON is set, the EXT0 port outputs trigger signals
and no TRIG source can be set to EXT0. Refer to Chapter 5 - Scanner Mode
Measurements for examples using TRIGOUT.

System Mode Programming 4-21



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 EXTY, TRIG EXT]1, 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 Voltmeter Triggering (TRIG/SLOPE)

In this program, SLOPE HL and TRIG EXTO set the voltmeter to be
triggered by a high-to-low pulse input to EXTO. (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 OUTPUT 709;"RST 600" ! Reset the voltmeter
30 OUTPUT 709;"CONF DCV" ! Configure for DC volts
40 OUTPUT 709;"SLOPE HL" ! Trigger on high-to-low input to EXT0
50 OUTPUT 709; TRIG EXT0" ! Select EXTO as input source
60 OUTPUT 709;"MEAS DCV,500" ! Measure voltage on ch 500
70 ENTER 709;A 1 Enter reading
80 PRINT A ' ! Display reading
90 END
For a 5V 5% source, a typical return (value in volts) is:
4.9925
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Setting Scan When MEAS is used, you can use the STRIG and SADV commands to set
Triggering 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.

Setting Scan Trigger When MEAS is used, STRIG source sets the trigger source which directs the
Source (STRIG) 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 at beginning of scan.
CHADV Rear panel CHANNEL ADVANCE BNC pulse starts scan.
KEY Front panel SADV KEY key (scan advance key) starts scan.
PACER Puise output from PACER OUT BNC starts scan.

Setting Scan When MEAS is used, SADV source sets the trigger source to advance the
Advance Source scan sequence from channel to channel. Note that the source set by STRIG
(SADV) 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 transferred. (CONF and CONFMEAS set one
reading/trigger.)

CHADV Advance scan when the number of readings set by CONF,
CONFMEAS, or NRDGS have been taken and readings
transferred and an input to the CHANNEL ADVANCE BNC
port occurs.

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

Example: Setting This example uses the system pacer and the STRIG and SADV commands to
Scan Triggering 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
panel 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).
10 DIM Volts(0:14) ! Dimension controller array
20 OUTPUT 709;"USE 600" ! Use voltmeter in slot 6
30 QUTPUT 709;"RST 600" ! Reset the voltmeter
40 OUTPUT 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" ! Set pacer pulses at .1 sec apart
80 OUTPUT 709;"PDELAY 1" ! Delay 1st pacer pulse 1 sec
90 OUTPUT 709;"PTRIG SGL" ! Send pacer trigger pulse ‘
100 OUTPUT 709;"MEAS DCV,500-504,NSCAN 3"/ Meas ch 500-504; make 3 passes
110 ENTER 709;Voits(*) , ! 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:
4.9975
4.9925
5.005

Measurements Not Using MEAS

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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Low-Level
Multiplexer
Measurements
Controlling

Multiplexer Channels
(CLOSE/OPEN)

When MEAS is not used, STRIG and SADYV are not valid, temperature and
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 voltmeter 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.

This subsection shows how to use the OPEN, CLOSE, TRIG, and CHREAD
commands to make low-level multiplexer measurements.

When MEAS is not used, you can use the CLOSE ch_list command to close
channels in the channel list and use the OPEN ch_list command to open the
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 can 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
10 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 [fmt]. 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 fmt. 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 mode). If a reading is not
available when CHREAD is executed, CHREAD waits until the reading 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 programming commands 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.

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 SGL, and the reading transferred to the controller and displayed.
Then, channel 500 is opened with OPEN and the sequence is repeated for
channel 501.
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Rear Panel
Measurements

Setting Input
Terminals (TERM)

Setting Input
Threshold (PERC)

10 OUTPUT 709;"USE 600"
20 OUTPUT 709;"RST 600"

160 END

! Use voltmeter in mainframe slot 6
! Reset voltmeter

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

40 OUTPUT 709;"CLOSE 500,591" ! Close ch 500, sense bus
. 50 OUTPUT 709;'TRIG SGL" ! Trigger the voltmeter

60 OUTPUT 708;"CHREAD 600" ! Read ch 500

70 ENTER 709;A ! Enter ch 500 reading

80 PRINT A ! Display ch 500 reading

90 OUTPUT 709;"OPEN 500" ! Open ch 500

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

110 OUTPUT 709;'TRIG SGL" ! Trigger the voltmeter

120 OUTPUT 709;"CHREAD 600" ! Read ch 501

130 ENTER 709;B ! Enter ch 501 reading

140 PRINT B ! Display ch 501 reading

150 OUTPUT 709;"OPEN 501" ! Open ch 501

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

5.0125
4.9975

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

The TERM terminal command sets the input source to the voltmeter. TERM
EXT sets the rear panel terminals. 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).

For TRIG MEAS, the voltmeter is triggered when the input signal reaches the
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.

Table 4-11. PERC Thresho!d Levels

Trigger Threshold
Range min(-128%) max (+127%
40 mV 0.0512V +0.0508 V
320mV o4V +0.406 V
258V 328V +3.25V
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 voltmeter.

Transferring Multiple When CONFMEAS or MEAS is not used, use XRDGS ch [number] [INTO
Readings (XRDGS) name] or [fmi] 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] [fm] transfers multiple readings to the output
buffer/display in the format specified by fm¢, 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, XRDG'S 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/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
(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 DCYV, 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 Volts(0:9)

20 OUTPUT 709;"USE 600"

30 OUTPUT 709;"RST 600"

40 OUTPUT 708;"FUNC DCV, 10"
50 OUTPUT 709;' TERM EXT"

60 OUTPUT 709;"NRDGS 10"

70 OUTPUT 709;"DELAY 0,.1"

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

100 OUTPUT 709;"SLOPE HL"
110 OUTPUT 709;'TRIG MEAS"

120 OUTPUT 709;"XRDGS 600"

130 ENTER 709;Volts(*)
140 PRINT USING "K,/*;Volts(*)
150 END

! Dimension controller array

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

! Set DCV, 10,24V range

! Set rear terminals as input

! Take 10 readings

! Take readings @ 0.1 sec intervals
! Make autozero measurement

! Trigger when input is 5.12V

! Trigger on high-to-low transition

! Trigger when threshold reached

! Transfer 10 readings to output buffer
! Enter 10 readings

! Display 10 readings

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

5.1125
5.1075
4.99

3.98

This subsection shows how to enable the voltmeter to interrupt on data
available and shows example 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 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). Note that with RDGS GP10O, 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 GPIO.
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Setting 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 (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 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 aborted but
data in the buffer when it fills 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 and may clear the interrupt. (DISABLE INTR is done implicitly by
the mainframe as part of the servicing routine).

RDGSMODE 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.

If 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).
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RDGSMODE COMPLETE

Data is available ONLY 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 done implicitly by the mainframe as part of the interrupt
service).

NOTE

For an HP 44702A voltmeter, setting NRDGS 8192 with RDGSMODE
COMPLETE results in having only the last 8192 readings available.

Table 4-12. RDGSMODE Data/Interrupt Conditions

Mode Measurement Data Interrupts [1]
Data Data Over- Scan When Intr Cleared
Avallable write? Aborts? Generated by DISABLE
INTR? [2]
DAV When any No Yes - when When any May [3]
reading is in buffer fills reading Is in
the buffer buffer
BURST Buffer is No Yes - when Buffer is May [4]}
4096 rdgs buffer fills 4096 rdgs
from full from full
-or- -or-
scan ends NRDGS 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 No At end of Yes
scan ONLY NRDGS rdgs
after trig
Notes:
[1] = Assumes interrupt enabled by ENABLE INTR.
{2] = DISABLE INTR done by mainframe as part of interrupt service.
[3] = i no readings are left in the butfer.
(4] = K scan still in progress or if butfer has room for more than 4096 readings (due to read by
CHREAD or XRDGS)

Setting 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
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
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 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 ch Set which voitmeter is to interrupt.
ON INTR CALL name call servicing subroutine name on interrupt.
ENABLE INTR SYS Enable mainframe to recognize voltmeter interrupt.
ENABLE INTR ) Enable voltmeter to interrupt.

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 controller.
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Table 4-14. Controller Interrupt Handling Commands

Command Description
Controller Commands
ON INTR 7 GOSUB Name Cali servicing subroutine name on interrupt.

-or-
CALL Name
-or-

GOTO Name
ENABLE INTR7;2 Enable interface
Name: | Start controller subroutine
subroutine commands* Define subroutine actions
SPOLL(709) Serial Poll - clears SRQ bit
RETURN End controlier subroutine
HP 3852A Commands
USE ch Set which voltmeter Is to interrupt.
RQS INTR (or RQS 512) Enable RQS Mask Register INTR bit.
RQS ON Set RQS Mode ON.
ENABLE INTR SYS Enable mainframe to recognize voltmeter interrupt.
ENABLE INTR Enable voltmeter to interrupt on data available.
STA? Clear Status Register FPS, LCL, INTR, LMT, ALRM bits,
CLROUT Clear output buffer.
Configuration commands Set voltmeter configuration for measurement.

Example:Enabling This program samples an input waveform and enables a voltmeter in slot 6 of
Interrupts 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 0.5 second intervals and returns the result to the controller.
The interrupt is serviced in controller 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 clears 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 Restilts
30 ENABLE INTR 7;2

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

90 OUTPUT 709;"CLROUT"

100 OUTPUT 709;"CONF DCV"

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

130 OUTPUT 709;"NRDGS 10"

140 OUTPUT 709;"DELAY 0,,5"

150 OUTPUT 709;"PERC 30"

160 OUTPUT 709;"ENABLE INTR"
170 OUTPUT 709;"ENABLE INTR SYS"
180 OUTPUT 709;'TRIG MEAS"
190 GOTO 190

200 Results: |

210 OUTPUT 709;"TIME"

220 ENTER 709;T

230 PRINT "Ch 500 Intr @ "; TIMES$(T)
240 OUTPUT 709;"XRDGS 600,10"
250 ENTER 709;B(*)

260 PRINT "Ch 500 Voltages"

270 PRINT USING "K,/;B(*)

280 A=SPOLL 1709)

290 OUTPUT 709;"OPEN 500"

300 STOP '

310 END

! Dimension controller array

! Call sub Results on interrupt

! Enable controller intr on SRQ

! Use voltmeter in mainframe slot 6
! Reset the voltmeter

! 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

! Set 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 occurs

! Start controller subroutine

! Query time of day

! Enter time of day

! Print interrupt time/message

! Read ch 500 voltages

! Enter voltages

! Display header

! Display voltages

! Read/Clear SRQ bit

! Open ch 500

! End controller 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, 5.34, 5.675, 6.175, 6.64, 6.87, 6.95
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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 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 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 [fmf]

Set the voltmeter 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 [USE ch]

Select voltmeter 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 panel SADV 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 measurement.

AZERO [mode] [USE ch]
Autozero the voltmeter. AZERO 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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Table 4-15. System Mode Command Summary

CHREAD ch [INTO name] or [fmt]

Transfer a single reading stored in the voitmeter 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 trig_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 period) when the voltmeter is in System Mode. DELAY
trig_delay sets the trigger delay (0 to 0.01638375 sec) and DELAY
sample_period (0 to 1073,741823 sec) sets the sample period.

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 generate an interrupt when data is available (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 [USE ch] (HP 44704A only)
Enables (mode ON), or disables (mode OFF) the HP 44704A’s low-pass input
filter.

FUNC function [range] [USE 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 set to one of four ranges or to autorange (AUTO). See Chapter 6 for
controlling range while in 16 bit resolution mode (HP 44704A only).

ID? [slof]
Returns the identity of the accessory in the slot addressed by s/ot. An
HP 44702A retumns 44702A

INTR? [INTO name] or [fmtf]

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.

NRDGS number [USE ch]

Sets the number of readings/trigger for each channel in the channel list. The
range of number is 1 10 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 voltmeter to be triggered.

RANGE [range] [USE ch]
Sets the voltmeter measurement 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. System Mode Command Summary

RDGS dest [USE ch]

Sets the mainframe or the GPIO port as the destination for readings stored in the
voitmeter 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 datain
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 RESOL 16, the
voltmeter must not be 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
by source.

SCANMODE mode [USE ch]

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

SLOPE mode [USE ch]

For TRIG EXT0, TRIG EXT1, TRIG MEAS, or TRIG GPIO, SLOPE sets the edge
(LH or HL) of the input which will generate a voltmeter trigger. For TRIG MEAS
only, SLOPE sets 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 terminal [USE ch]
Selects the voltmeter input terminals. TERM INT selects the mainframe
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 EXTO 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).

USE ch
Specifies the slot to be used for voltmeter commands.

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

XRDGS ch [number] [INTO name] or [fmt]

Transfers the number of readings specified by number from the voltmeter buffer

to the mainframe memory or to the output buffer and/or display. Default
-number = 1.
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Scanner Mode Programming
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Introduction

Chapter
Contents

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 447024/B, and HP 44704A in 13 and 14
bit resolution modes. The fundamentals covered here also apply to the
HP 44704A in 16 bit resolution mode, but some differences exist. These are
covered in Chapter 6 - The HP 44704A in 16 Bit Mode.

This chapter has six sections:

e 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.
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o Measurements Using CONF and Low-Level Commands shows how to use
CONTF 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.

¢ 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.

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

Scanner Mode Wwith Scanner Mode operation you can program the voltmeter for ribbon

Measurements cable, backplane, or rear panel 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
® SCANMODE ON
Ribbon Cable Rear- Panel BacKkplane Field Wiring
Measurerents Measurarents Heasurements Checks
e TERM RIBBON set ® TERM EXT set ® TERM INT set ® Check wiring
® FET MUX ® No multiplexers ® ANY HP 447XXX Mux connections to
® Ribbon Cable Connected| ® No ribbon cable ® No ribbon cable multiplexers
{ ] CONF
rCON-'MEAS | rcoN-'J rcon-'J | oowj Neasurements not
Recommended for
Scanner Mode MONI
Operation MEAS
Low—Level

[ Low-Level I [Low—Levﬂ

| I CHRE AD/ XRDGS
[ vess | [crero moss | I::]

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 capturing 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.

Backplane 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 44712A, 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 Asnoted, 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 - Defining
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

Easiest programming

Preset operation

One reading per channel

Low-Speed (s 1000 readings/sec)

No interrupts

HP-IB operation/mainframe memory only
Ribbon cable mode

Measurements Using CONF and MEAS

Increased programming flexibility

Can change some presets

Multiple readings per channel

High-speed measurements [1]

No interrupts [2]

Mainframe HP-IB or GPIO operation
Ribbon cable or backplane measurements

Measurements Using CONF and Low-Level Commands

Maximum programming flexibility
Can change all presets

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

Mainframe HP-1B or GPIO operation
All measurement types

Notes:

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

[2] = 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 maximum flexibility to
configure and trigger the voltmeter for specific measurement 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 CON FMEAS, shows a
recommended sequence to program the voltmeter with CONFMEAS, and
lists measurement examples using CONFMEAS.

If your measurement can be made with CONFMEAS, refer to “CONFMEAS
Measurement Examples” at the end of this section for DC voltage, resistance,
and temperature measurement examples 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.

CONFMEAS A description of the CONFMEAS command, CONFMEAS operation, and
P rog ramming CONFMEAS programming sequence follows.

CONFMEAS CONFMEAS can be used with the HP 44702A/B or HP 44704A voltmeter to
Command make DC voltage, 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 awide -
variety of measurements with a single command. The CONFMEAS syntax is: ‘
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CONFMEAS function ch_list [NSCAN number] [USE ch] [INTO name] or
[fmi]

NOTE

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

2. Forthe HP 44717A, 447184, 44719A, and 44720A strain gage multiplexers,
CONFMEAS includes additional optional and)or required parameters. Refer to
the HP 44717A, 447184, 447194, and 44720A Strain Gage Accessories
Configuration and Programming Manual for details.

CONFMEAS configures the voltmeter for a specific measurement function,
scans, measures, and transfers data. In Scanner Mode, CONFMEAS can be
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 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_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.

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 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: Configure for: Data Returned:
DC Voltage
bCv DC voltage DC voltage on chs in ch_list
Registance
OHM 2-wire ohms (same as OHM100K) Resistance on chs in ch_list
OHM10K 2-wire ohms up to 10 kQ Resistance on chs in ch_list
OHM100K 2-wire ohms up to 100 k2 Resistance on chs in ch_list
OHM1M 2-wire chms up to 1 MQ Resistance on chs in ch_list
OHMF 4wire ohms (same as OHMF100K) 1] Resistance on chs in ch_list
OHMF10K 4-wire ohms up to 10 kQ [1 Resistance on chs in ch_list
OHMF100K 4-wire ohms up to 100 kQ 1] Resistance on chs in ch_list
OHMF1M 4-wire ohms up to 1 MQ [1 Resistance on chs in ch_list
Temperature
TEMPtype Reference temperature and Thermocouple temp (°C) on chs in
thermocouple voltage measurements ch_list, compensated to O° reference
type = B, E J, K N14 [N (AWG 14)],
N28 [N (AWG 28)], R, S,and T
REFT Reference temperature measurement Reference temp (°C) of isothermal
of isothermal block block in slot addressed
THMtype 2.wire ohms measurement of thermistor | Thermistor temp (°C) on ch in ch_list
type = 2252 (2252 Q thermistor)
= 5K (5 kQ2 thermistor)
= 10K (10 k£ thermistor)
THMFtype 4-wire ohms measurement of Thermistor temp (°C) on ch in ch_list
thermistor 1
type = Same type as THMtype
RTDtype 2-wire ohms measurement of RTD RTD temp (°C) on ch in ch_list
type = 85 (RTDswitha =
0.00385 Q/Q/)
= @2 (RTDswitha =
0.003916 Q/QX°)
RTDFtype 4-wire ohms measurement of RTD [1} RTD temp (°C) on ch in ch_list
type = same as RTDtype
Strain  {2]
STRVEX Bridge excitation voltage (+VS) Bridge excitation voltage
STRUN Bridge output which is ref for Bridge output voltage
corresponding strain measurement
STRQ 1/4 bridge strain Strain or microstrain ©  {3]
STRFB Bending full bridge strain Strain or microstrain (3}
STRHB Bending half bridge strain Strain or microstrain [3]
STRQTEN Shunt verification (tension shunt) Strain or microstrain [3]
diagnostic (HP 44717A or 44718A only)
STRQCOMP Shunt verification (compression shunt) Microstrain
diagnostic (HP 44717A or 44718A only)
STRHP 1/2 bridge Poisson strain Strain or microstrain 31
STRFBP Bending 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] = Refer to the CONFMEAS command in the HP 3852A Command Reference Manual for
definitions.
[3] = Depends on Gage factor (GF factor).
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1. Configure the Voltmeter
When CONFMEAS is executed, the voltmeter is
configured to a known state.

2. Measure References

For thermocoupie or strain measurements,
reference measurements are made and stored.

3. Start Scan

The first channel in the channel list is closed
and the voltmeter is Intemally triggered to start
the measurement on the channel.

6. End Scan Sequence

Afer data from the tast channel has been
transferred, the channel is opened and the scan
sequence ends.

i NSCAN is not specified, the volimeter makes
one pass through the channel list, It NSCAN Is
specified, the volimeter makes NSCAN number
passes, including reference measurements for
each pass.

First Second Last
Channel Channal Channe |
Configure Reference Ss'-:a’;‘ Trtgger Advance Trigger Trigger sc:dn
Voltmeter Measurements Sequence Voltmeter m Scan Voltmeter my Voltmeter ma smugm,
*u "
LX)
/ \ sasziaa2.s.2
. Measure First Channel S, Advance Scan

A\fter the voltmeter Is triggered, a 1 msec delay occurs (8 msec for
CONFMEAS OHM 1M or OHMF 1M). Then the voltmeter autoranges, takes
he measurement (m,), and stores the data in voltmeter memory.

¥ = In scanner mode. CONFMEAS is valld for ribbon cable

measuremants only

¥ ¥ = 6 msec for CONFMEAS OHMIM or OHMFIM

For ribbon cable mode, the scan
automatically acvances to the next
channel in the channel list and the first

q is

repeaied.

This cycie repeats for all channels in the
h { list. The

2ot

makes one

the data buffer.

CONFMEAS.,

measurement for each channel in the
channel list and stores each reading in

Data stored in the buffer is read by the
mainframe, converted to equivalent

temperature or strain (as required), and
transferred to the location specified by

Figure 5-2. CONFMEAS Operation (Scanner Mode)
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CONFMEAS
Operation

CONFMEAS
Programming
Sequence

Figure 5-2 shows simplified voltmeter operation for CONFMEAS with
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 OHM1M or OHMF1M), a measurement (my) is
made on the first channel in the channel list (4).

When the first channel is measured, the scan is automatically advanced to the
second channel in the channel list (5), 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

(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 times. For example, with
NSCAN 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.

Figure 5-3 shows the recommended command sequence to program the
voltmeter for Scanner Mode measurements using CONFMEAS. In Figure
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 slot and TEST slot are optional

commands.
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CONFMEAS
Measurement
Examples

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

Title Description
DC Voltage Measure DC voltage on 10 channels of an
Measurements HP 44711A/B muiltiplexer.
Resistance Measure the resistance on an HP 44711A/B
Measurements multiplexer channel using 4-wire ohms.
Temperature Measure the temperature of a 10 kQ thermistor
Measurements on an HP 44711A/B channel.
Reference Measure the reference temperature of an
Temperature HP 44713A/B multiplexer
Measurements

Voltmeter slot used

RST slot | ® Reset voltmeter

TEST slot| ® Self-test voltmeter

RST slot | ® Reset voltmeter

RESOL 14 | ® Set 14 bit resolution *

SCANMODE ON ® Set Scanner Mode

CONFMEAS ® Configure/measure

* = Requires HP 44704A and firmware revision 4. @ and greater

Figure 5-3. CONFMEAS Programming Sequence
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Example: DC Voltage This program uses CONFMEAS to measure DC voltages connected to
Measurements channels 500 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 Volts(0:9) ! Dimension controller array

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

40 OUTPUT 709:"CONFMEAS DCV,500-509" ! Conf/meas DC volts, ch 500-509
50 ENTER 709;Volts(*) ! Enter 10 readings

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

70 END

For a set of 5V 5% sources, a typical return (values in volts) is:
4.9975, 5.0025, ... 4.9875

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 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 512 in this case) as the Source channel. Also, note
that CONFMEAS OHMF 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 voltmeler in mainframe slot 6
20 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode

30 OUTPUT 709;"CONFMEAS OHMF,500" ! Conf/meas resistance on ch 500
40 ENTER 709;A ! Enter results

50 PRINT A ! Display results

60 END

A typical return for a 10 kQ 5% resistor (value in Q) is:
9993.75

Example: CONFMEAS can be used for a wide variety of temperature measurements,
Temperature including RTDs, thermistors, and thermocouples. This program uses

Measurements CONFMEAS to measure the temperature of a 10 kQ thermistor connected to
T T T 7 channel 500°of an HP 44711A/B multiplexer. - - - oo e e ) o o
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10 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6

‘ 20 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode
30 OUTPUT 709;"CONFMEAS THMF10K,500" ! Confimeas Type 10K thermistor
40 ENTER 709;A ! Enter temperature
‘50 PRINT A 1 Display temperature
60 END

For a 10 kQ thermistor at room temperature, a typical return (value in °C) is:
24.312

Example: Reference As noted, 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 44713A/B multiplexer in slot 5 of the

mainframe.
10 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
20 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode
30 OUTPUT 709;"CONFMEAS REFT,500" ! Measure reference temperature
40 ENTER 709;A ! Enter reference temperature

- . 50 PRINT A ! 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
voltmeter 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 programming 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 and/or to the next section “Measurements Using
CONF and Low-Level Commands” as required for command details.

Prog ramming To program the voltmeter using CONF and MEAS along with low-level
Overview commands, first read “CONF and MEAS Overview” for an overview of
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 operation.

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.
Also, commands are not always presented in the order shown in Figure 54.
When using CONF and MEAS, always program the voltmeter in the sequence
shown in Figure 5-4. .
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@———‘ ® Voltmeter slot used

® Reset voltmeter

FILTER e Low pass filter #**
® Self-test voltmeter

L4 / ig thshold
® Reset voltmeter Scan/stop trig thsho

® Set 14 bit Resolution e=e " SLOPE ® Measure trigger slope

RESOL 14

SCSLOPE ® Scan trigger slope

® Set scanner mode
® EXTQ port trigger mode

Configure voltimeter or

® set scan trigger hold 7// ///A

e Disable interrupt

SCTRIG HOLD

System trigger source

C—Vo1ShELE INTR)

TRIG ® Measure trigger source

Yoltmeter function
® Measure trigger timing

RANGE/ARMODE ® Range/autorange
SCDELAY ® Scan trigger delay

o it semonre ,
ENABLE ]NTR ® Enable interrupts %
e Readings destination
CLWRITE ® Set durmmy ch list
® Readings per channel
SCTRIG ® Scan trigger source

38529: 402.95. 4

T

Read results

@

+ss = Requires HP 44704A and firmware revision 4.0 or grecter

W//A = Malnframe command

* = GP1O operation only
#% = MEAS may change certain settings

Figure 5-4. CONF and MEAS Programming Sequence
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' MEAS Overview

CONF and

CONF and MEAS
Operation

Example: Getting 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 Triggering” to select the
SCTRIG parameter. Then, program the voltmeter using the command
sequence in Figure 5-4.

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

Figure 5-5 shows voltmeter operation when CONF and MEAS are used for
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 a list 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 automatically 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, EXTO0, EXT1, 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 State

®USE sets voltmeter slot to be used.
®SCANMODE ON sets Scanner Mode operation.
®CONF configure's the voltmeter.

#MEAS makes measurements and transfers data.

Operating Parameters

OFUNC sets measurement function.

SRANGE sets voltmeter range.

e ARMODE sets autorange mode.

OTERM sets input terminals.

®RDGS sets readings destination.

oNRDGS sets number of readings per channel.
®AZERO autozeroes the voltmeter.

OCLWRITE sets channel and range list.

Voltmeter Triggering
Scan Trigger

oSCTRIG sets scan trigger source.

@SCSLOPE sets scan trigger edge.

®PERC sets scan trigger input threshokd

SCDELAY trig_delay sets time to first measure trigger.

Measure Trigger

oTRIG sets measure trigger source.

STRIGOUT sets scan trigger input threshold
SSLOPE sets measure trigger edge.

SSPER sets time between measure triggers.

© TRIGOUT sets EXTO port trigger output mode.

Scan Segquence
/ Firet Charvel / Second Charvel Last Charnel
A A -
~ Al £ Y s
Configure Referonce Scan g::"
Voltmatar MCASUREMINTS rigger my my M0Gs 3 ™NROCS m "\GDG5 Se o
po—— SCDELAY —wage—— SPER SPER
trig_ssisy rwle_peried lo_purs
LY ] [ XJ os —i e
0] @ ® ® ®

l

J ®

g

NADGS Measursmonts

Figure 5-5. CONF and MEAS Operation (Ribbon Cable)
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Measure First Channel

Following the scan trigger, a delay set by the SCDELAY trig_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 EXTO, 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

If 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.

5-18 Scanner Mode Programming



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).

Table 5-4. CONF s\canner Mode Preset Values

Command/Parameter Definition

SADV SCAN Advance scan when readings are available. 1

STRIG SCAN Start scan immediately. 1

SCTRIG HOLD Scan trigger is disabled. [2]

TRIG INT Internal 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 One 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, .001 1 msec scan trig_delay, 1 msec scan_pace. 4]

SPER .001 ] 1 msec between measurement triggers,

PRESCAN 1 1 prescan before stop trigger accepted.

POSTSCAN O 0 postscans after stop trigger accepted.

AZERO ONCE Autozero once.

Notes:

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

[2] = i TERM RIBBON is set, MEAS changes SCTRIG HOLD to SCTRIG INT, if 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, S, T, and N28 [N(AWG)].

[4) = CONF OHM1M and CONF OHMF1M set 6 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 ch_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. Refer to 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
100 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
voltmeter 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 Setting

FUNC Changed to function set by MEAS function.

TERM TERM ZERO 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 D is set.

DISABLE INTR DISABLE INTR is set if RDGS SYS is 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] = Service-related command. Refer to the HP 3852A Assembly Level Service Manual.

[2) = SCTRIG HOLD or SCTRIG INT is changed to SCTRIG SCAN if TERM INT 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 FU NC) 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 5-6. Scanner Mode Low-Level Commands - Using MEAS

{1] = Refer to HP 3852A Assembly Level Service Manual.

[2] = Used only when SCTRIG EXTO, EXT1, MEAS, or GPIO is set.
[3] = Used only when TRIG EXTO, EXT1, or GPIO is set.

{4] = Low valid ch/slot (may or may not be the voltmeter slot).

Command Description Power-On Detault | Note
ARMODE mode Autorange mode AFTER -
AZERO [mode] Autozero mode ONCE ONCE
CAL Service emd - - 1]
FUNC function Meas function pcv -
FUNC [range] Meas range AUTO AUTO
NRDGS number Rdgs/channel 1 -
PERC threshold Trigger threshold 0% -
RANGE [range) Voltmeter range AUTO AUTO
RDGS dest Readings dest sYS -
SCANMODE [mode) Operating mode OFF ON
SCDELAY trig-delay Scan trigger delay 0sec -
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 terminals EXT -
TRIG [source] Meas trigger source INT SGL
TRIGOUT [mode) EXTO mode OFF ON
USEch Slot or chan used Low valid - (4]
ch/slot
Notes:

Selecting Table 5-7 shows suggested actions and related commands to select voltmeter
Voltmeter configuration parameters for Scanner Mode ribbon cable measurements when
: . is used. If required, also refer to “Selecting Voltmeter Triggering” to
Conflguratlon select voltmeter triggering parameters needed.

Table 5-7. Voltmeter Configuration Parameters

Action Commands Definition

Set USE ch Voltmeter slot used

Known SCANMODE ON Set Scanner Mode

State CONF Configure voltmeter
MEAS

Set FUNC Voltmeter function

Function/ RANGE Voltmeter range

Range TERM input terminals
ARMODE Autorange mode
AZERO Autozero

Set RDGS Readings destination

Readings NRDGS ‘Readings per channel

T 1 - - - CLWRITE -Channel/range.lists. A
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Setting Known State

Setting
Function/Range

To begin programming the voltmeter for Scanner Mode measurements with
CONF and MEAS, set the voltmeter slot used with USE ch and set Scanner
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.

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

Voltmeter Function (FUNC)

Use FUNC function [range] [USE ch] to set the voltmeter to a specified
function and range. FUNC function can be set for DCV, OHMF10K,
OHMF100K, or OHMFIM 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.

Voltmeter 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 ck] to set the voltmeter input terminals. For
Scanner Mode ribbon cable measurements use TERM RIBBON (as set by

CONF). -
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Setting Readings

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 usec 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 (AZERO)

When CONF is executed, the voltmeter makes a single autozero
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.

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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Example: Setting
Voltmeter
Configuration

NOTE
1. For the HP 447024 voltmeter, NRDGS should be <8,192 or the scan
sequence may abort if the voltmeter data buffer fuls.
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, CONEF 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 a 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.

This example measures DC voltage on channels 500 through 502 and assumes
that the CONF preset values (Table 5-4) are acceptable except for number of
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, 5o 18
readings are taken.
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10 DIM Volts(0:17)
20 OUTPUT 709;"USE 600"

30 OUTPUT 709;"SCANMODE ON"
40 OUTPUT 709;"CONF DCV"

50 OUTPUT 709;"RANGE 9"

60 OUTPUT 709;"NRDGS 3"

70 OUTPUT 709:"MEAS DCV,500-502,NSCAN 2"/ Meas ch 500-502, make 2 scans
80 ENTER 709;Volts(*)
90 PRINT USING "K,/";Voits(*)

100 END

! Dimension controller array
! Use voltmeter in MF slot 6

! Set Scanner Mode
! Set DC volts
1 Set 10.24V range

! Set 3 readings/channel

! Enter 18 readings
! Display 18 readings

For a set of 9V 5% sources, a typical return (values in volts) is:

——

8.9975
9.0025
9.005
8.9925
8.9975
900
8.9975

L ch500 )

——— ch 501

9.00

9.0025
8.9975
9.0025

ch 502

9.005
89925 |
8.9975
9.0025
8.995
9.00

It

ch 500 ]

——— ¢h 501

| —— c¢h 502

9.0025

| pass 1 (9 readings)

pass 2 (9 readings)

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

Triggerin
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g parameters which can be selected for MEAS operation.

Table 5-8. 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

Set TRIG Measure trigger source

Measure SLOPE Measure trigger slope

Trigger SPER Measure trigger timing
TRIGOUT EXTO port trigger mode




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, EXT0, EXT1, 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
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 Voltmeter Triggering” for an example

program.

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

Source/mode Description
SYS 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 to EXT1 port generates scan trigger
GPIO Input to GPIO port generates scan trigger
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Scan Trigger Slope (SCSLOPE)

For SCTRIG MEAS, EXTO, 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 DCvolts 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 SCDELAY trig_delay
parameter occurs between the scan trigger and the first measure trigger on the
first channel in the channel list. The SCDELAY trig_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 trig_delay (0.006 sec for OHM1M and
OHMF1M).
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Setting Measure
Trigger

Measure triggers which occur during the SCDELAY trig_delay period are
ignored. The first reading is taken by the first measure trigger after the
SCDELAY trig_delay time expires. For MEAS operation (with MEAS
NSCAN number >1), a scan trigger is required to start each scan sequence.

~ Also, note that only one scan trigger occurs during each scan sequence.

Guidelines follow to set voltmeter measure trigger parameters for CONF and
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 trigger) 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 Programming
Manual for details on the TRG command.

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

Source/mode Description
sYs System trigger (used with TRG command)
INT - - - | Voltmeter generates internal measure triggers
EXTO Input to EXTO port generates measure triggers
EXT1 Input to EXT1 port generates measure triggers
GPIO 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_period [USE ch] command sets the time in seconds between the start
of successive measure triggers (mt; to mt, 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 usec are rounded to 10 usec. At power-on,
SPER sample_period = 10 usec.

EXTO Port Triggering (TRIGOUT)

The TRIGOUT [mode] [USE ch] command specifies whether or not the
EXTO port on the voltmeter rear panel will function as a measure 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 44704A
voltmeters. When disabled (TRIGOUT OFF) the EXTO port is set to receive

trigger signals.

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

Example: Setting This program generates a scan trigger to start the scan pass when the input to
Voltmeter 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 3.072 V (10.24 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)
20 OUTPUT 709;"USE 600"

30 OUTPUT 709;"SCANMODE ON"

40 OUTPUT 709;"CONF DCV"

50 OUTPUT 709;"RANGE 9"

60 OUTPUT 709;"NRDGS 10"

70 OUTPUT 709;"PERC 30"

80 OUTPUT 709;"SCSLOPE HL"
90 OUTPUT 709;"SPER .1".

100 OUTPUT 709;"SCDELAY 0"
110 OUTPUT 709;"CLWRITE 500"

! Dimension controller array

! Use voltmeter in mainframe slot 6
! Set Scanner Mode

! Set DC volts

! Set 10.24V range

! Set 10 readings/channel

! Set 3.072 V as threshold

! Trigger on negative slope

! Set .1 sec between meas triggers
! Set 0 sec scan trigger delay

! Set dummy ch 500 as scan list

120 OUTPUT 709;"SCTRIG MEAS" ! Scan trigger on threshold

130 OUTPUT 709;"MEAS DCV,501" ! Measure channel 501
140 ENTER 709;Volts(*) ! Enter 10 readings
150 PRINT USING "K,/";Voits(*) ! 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

Measurements 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
CONF 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-1B operation

(RDGS SYS). Therefore, maximum data transfer speed is 90,000
readings/second to the mainframe memory or about 35,000 readings/second 1o
an HP series 200/300 controller. GPIO operation (RDGS GPIO) is required for
data transfer at 100,000 readings/second. Refer to Chapter 7 - GPIO Opera tion
for details on GPIO.

Prog ramming To program the voltmeter using CONF and low-level commands, first read
Overview “Scanner Mode Overview” for an overview of voltmeter architecture, Scanner
_ Mode ribbon cable operation, CONF command preset values, and Scanner

Mode low-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 command 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 voltmeter in the sequence shown in Figure 5-6.

Example: Getting 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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Figure 5-6. Low-Level Commands Programming Sequence
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In this case, refer to “Selecting Voltmeter Configuration” to select the
NRDGS parameter; to “ Selecting Voltmeter Triggering” to select the
SCTRIG parameter; and to “Selecting Data Transfers/Interrupts” to select
the RDGSMODE parameter. Then, program the voltmeter using 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).

Voltmeter Figure 5-7is a simplified block diagram of the voltmeter 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 44713 A/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).

When A/D conversion occurs, the result is transferred 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
integer form. The HP 44702A data buffer can hold up to 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.

Command Path

The voltmeter has an on-board microprocessor which accepts commands from
the mainframe. With ribbon cable operation the voltmeter 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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Figure 5-7. Voltmeter Command and Data Paths
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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 rangs,ch 1
ch 1, measurement 2 range, ch1
ch 1, measurement 5 range,ch 1
ch 2, measurement 1 range, ch 2
ch 2, measurement § range, ch 2

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 voltmeter 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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Scan Sequence
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Scanner Mode Commands
Voltmeter Configuration

OPERC sets stop trigger input threshold,

ORDGSMODE sets reading storage and interupt modes.

Transterring Readings

OCHREAD transfers single reading.
OXRDGS trandsers multiple readings.
Settings Interrupts

OENABLEINTRemNuvonmetertolmerrupt.
ODISABLE INT disables volimeter form i pling

Figure 5-8. Voltmeter Scan Sequence
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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 postscan 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 voltmeter 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
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.

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 trig_delay
delay time occurs only for the first pass.

With ASCAN OF°F, 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. If TRIG INT is set, the SPER sample_period parameter sets the
time between measure triggers.
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CONF Preset Values

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.

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 Definition

SADV SCAN Advance scan when readings are available [1]

STRIG SCAN Start scan immediately [1]

SCTRIG HOLD Scan trigger is disabled[2]

TRIG INT Internal 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 One 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, .001 1 msec scan trig-delay

SPER .001 1 msec between measurement triggers,

PRESCAN 1 1 prescan before stop trigger accepted.

POSTSCANO 0 postscans after stop trigger accepted.

AZERO ONCE 1 Autozero once.

Notes:

[1] = Does not apply to 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, S, T, and N28[N(AWG 28)].

[3] = CONF OHM1M and CONF OHMF1M 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 [mode] Autoscan mode OFF ON
AZERO [mode] Autozero mode ONCE ONCE
CAL Service cmd - - 11
CHREAD ¢h Make single rdg - -
CLWRITE ch_list Channel list - -
CLWRITE [ribbon_bus] Ribbon cable conn - SENSE
CLWRITE [RANGE Range list - AUTO
range_list]
DISABLE INTR ' Disable intr disabled - (2]
ENABLE INTR Enable intr disabled -
FUNC function Meas function DCV -
FUNC [range) Meas range AUTO AUTO
NRDGS number Rdgs/channel 1 -
PERC threshold Trigger threshold 0% -
POSTSCAN number Number postscans 0 -
PRESCAN number Number prescans 1
RANGE [range] Voltmeter range AUTO AUTO
RDGS dest Readings dest SsYS -
RDGSMODE mode Rdgs storage DAV -
SCANMODE [mode] Operating mode OFF ON
SCDELAY trig_delay Scan trigger delay 0 msec -
SCDELAY [scan_pace] Time between scan 2ms unchgd [3]
triggers
SCSLOPE mode Scan trigger slope LH - 4]
SCTRIG [source] Scan trigger source HOLD HOLD
SLOPE mode Meas trigger slope LH - [5]
SPER sample_period Meas trigger timing 10 usec -
STSLOPE mode Stop trigger slope LH - [6}
STTRIG [source] ' Stop trigger source INT SGL
TERM terminal Input terminals EXT -
TRIG [source] Meas trigger source INT SGL
TRIGOUT [mode] EXTO mode OFF ON
USE ¢ch Slot or chan used Low valid - 7
ch/slot
XRDGS ch Voltmeter slot - N
XRDGS [number] Number of readings 1 1
Notes:
(1] = Refer to HP 3852A Assembly Level Service Manual.
[2] = Interrupts disabled at power-on.
[3] = SCDELAY [scan_pace] used only when SCTRIG INT is set.
[4] = Used only when SCTRIG EXTO, EXT1, MEAS, or GPIO is set.
T : - - - -} 5] = Used only when TRIG-EXTO, EXT1, or GPIO-is set. - —
[6] = Used only when STTRIG EXT0, EXT1, MEAS, or GPIO is set.
[7] = Low valid ch/slot (may or may not be the voltmeter slot).
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Selecting
Voltmeter
Configurations

Setting Known state

Voltmeter Slot (USE)

Set Scanner Mode
(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. Voltmeter Configuration Parameters

Action Commands Definition
Set USE ch Voltmeter slot used
Known SCANMODE ON Set Scanner Mode
State CONF Configure voltmeter
Set FUNC Voltmeter function
Operating AZERO 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. Turning 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 Voltmeter
(CONF)

Setting Operating
Parameter

Input Terminals (TERM)

Autozero (AZERO)

Voltmeter Function
(FUNC)

When the USE ch and SCANMODE ON have been set, configure the
voltmeter to a specified state with CONF (refer to Table 5-12). If CONF is
not used, set SCTRIG HOLD as the first command after SCANMODE ON.
Note that no commands 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 as the input, TERM INT sets
the backplane bus, and TERM EXT selects the rear panel terminals.

Note that power-on TERM terminal = 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 ZERO).
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 voltmeter
to the 2.56V range.
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Voltmeter Range

(RANGE)

Autorange Mode

(ARMODE)

Table 5-15. FUNC [range] Values*

DCV OHMF10K
range Selects Range range Selects Range
0 or AUTO Autorange 0 or AUTO Autorange
>0-.040 40mv >0-40 , 40Q
>.04-.32 320mV >40 - 320 320Q
>.32-256 2.56V >320 - 2560 2.56kQ
>2.56 - 10.24 10.24V > 2560 - 10240 10.24 kQ

OHMF100K OHMFIM
range Selects Range range Selects Range
0or AUTO Autorange 0or AUTO Autarange
>0-400 400 Q >0-4000 4kQ
>400 - 3200 3.2kQ >4000 - 32,000 32kQ
>3200 - 25600 25.6kQ > 32,000 - 256,000 256 kQ
> 25600 - 102400 102.4 kQ > 256,000 - 1,024,000  1.024 MQ
* = DCV, ORMF10K, OHMF100K, and OHMF1M are voltmeter measurement 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
Channel Lists

voltmeter range (RANGE), autorange mode (ARMODE), and channel/range
lists (CLWRITE).

At power-on, after a reset (RST or RST slot), or when CONF is executed, the
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)”).

When autoranging is enabled (with CONF, FUNC, RANGE, etc.),
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 FFT-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 first 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
A/D 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.

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

NOTE

“Scan Trigger Source (SCTRIG)” for details on the SCTRIG command.

Specify Ribbon Cable Connections

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.)

Table 5-16. CLWRITE [ribbon_bus] Parameters

Ribbon_bus

Description

SENSE

COM

SEP

REFT*

STRVEX*

Sets the ribbon cable for voltmeter Sense bus only. Voltmeter
current source is disconnected. Used for DC voltage
measurements only.

Both the voltmeter Sense bus and the current Source bus are
connected in the multiplexer accessory. Used for 2-wire ohms
measurements only.

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 connects to Bank B. Specify only the
Bank A channels in the chAist, since the respective channels in
Bank B will close automatically. Used for 4-wire ohms
measurements only.

Scan the reference (thermistor) temperature on thermocouple
channels in the scan list.

Scan excitation voltage for strain gage multiplexer channels in
the scan list.

Notes:

* = Applies only to mainframe 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 ch_list must be connected by
ribbon cable to the voltmeter.

With two exceptions, [NRDGS number] 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.

o 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
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).
o Channel List Greater Than 10 Items:

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 ch_list. 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. Default setting is the last programmed RANGE command
value.

If [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
measurement 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 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
30 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode

40 OUTPUT 709;"CONF DCV" ! Configure for DC volts
50 OUTPUT 709;"CLWRITE 500-509,RANGE 9"/ Set scan list and range
60 OUTPUT 709;"SCTRIG INT" - I Trigger the voltmeter
70 OUTPUT 709;"XRDGS 600" ! Read 10 readings

80 ENTER 709;A(*) ! Enter 10 readings

90 PRINT USING "K,/;A(*) ! Display 10 readings
100 END

For a set of 9 V 5% sources connected to channels 500 through 509, a typical
return (values in volts) is:

8.99, 9.015, ... 8.925

Setting Number of As shown 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
voltmeter.

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 number 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.
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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

If both 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 (S'I'I‘RIG)” 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 ch] 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 channel for each
(NRDGS) channel in the scan list. The range for number is 1 to 65,535 with power-on
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 number is 65,535 for an HP 44702B or HP 44704 A (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 44711A/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.

Scanner Mode Programming 5-51



Selecting
Voltmeter
Triggering

10 DIM A(0:29)

20 OUTPUT 709;"USE 600"

30 OUTPUT 709;"SCANMODE ON"
40 OUTPUT 709;"CONF DCV"

50 OUTPUT 709;"NRDGS 2"

60 OUTPUT 709;"PRESCAN 2

70 OUTPUT 709;"POSTSCAN 1

I Define controller array

! Use voltmeter in MF slot 6+
! Set Scanner Mode

! Configure for DC volts

! Set 2 readings/channel

! Set 2 prescans

! Set 1 postscan

80 OUTPUT 709:"CLWRITE 500-504,RANGE 9"/ Set scan list and range

90 OUTPUT 709;"SCTRIG INT*
100 OUTPUT 709;"XRDGS 600"
110 ENTER 709,A(*)

120 PRINT USING "K,/A(*)
130 END

! Trigger the voltmeter
! Read 30 readings

! Enter 30 readings”

! Display 30 readings

For a set of 9 V 5% sources connected to channels 500 through 504, a typical

return (values in volts) is:

899 ] ch 5007
9.015 _|
8.01 | ch 501

8.925 _

9.00 :I-—— ch 504
8.995 _

8.00 | ch 5007
8.985 _|

9.01 | ch 504
9.00 __

899 | ch 500
9.00 _|

9.015 ch 504
9.0t _|

prescan 1 (10 readings)

prescan 2 (10 readings)

postscan 1 {10 readings)

As noted, there are three triggers which affect voltmeter operation: scan
trigger measure trigger and stop trigger. This section gives guidelines to select
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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Triggering Overview

Voltmeter Trigger
Operation

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 voltmeter 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.

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
ASCAN Autoscan mode

Set TRIG Measure trigger source

Measure SLOPE Measure trigger slope

Trigger SPER Measure trigger timing
TRIGOUT EXTO port triggering

Set STTRIG Stop trigger source

Stop STSLOPE Stop trigger slope

Trigger PERC* Stop trigger threshold

Notes:

* = PERC simultaneously sets scan and stop trigger

thresholds.

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.

Figure 5-10 shows simplified voltmeter trigger operation. The measure trigger
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 “Voltmeter Trigger Sources”.
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HP HIGH SPEED VOLTMETER

Trigger Voltmeter A/D Conversion
Input He +
Se]Zzde el A/D Converter Data Buffer
Terminals L ® -
Measure
Trigger
Clear at end of pass
Scan
Trigger .
Selector
Trigger
Sources Measure
® Ma inframe ;r{gg:r
®Internal e ector
®Ports Stop
Trigger —={Scan Control Scan RAM
Selector

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
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),
Sources the measure trigger source (TRIG), and the stop trigger source (STTRIG)
normally used for ribbon cable operation. There are three types of trigger
sources: mainframe backplane triggers (SGL and SYS), voltmeter internal
triggers (INT and MEAS), and voltmeter port triggers (EXTO0, 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 Backplane Triggering [1]

®SGL Single trigger when command s executed.
#SYS Trigger source Is set by TRG command.

HP 3852A

TRG_mode

Power On ——< TRG HOLD
{no trigger)
HP 38524
GET commeand —= TRG GET —l

Group Execute Trigger

SY§

SYSTEM TRIGGER IN— | TRG EXT
BNC J

* TRG or TRG SGL ——{ TRG SGL
(default mode)

# mode returns to HOLD following
each SGL Trigger Execution.

Notes:

®

Hl

2 (©

Lo

CHASSIS

N>
N

EXTERNAL'

r‘ TRIGGER

90\

U
ON
O,

CAUTION Ao B

Voltmeter Internal Triggering
®INT Trigger from voltmeter Internal trigger

"—(Pauf)

OMEAS Trigger when input reaches
threshold. (%1

& Voltmeter Port Triggering

SEXTO Trigger on Input to EXTO port.
®EXT1 Trigger on input to EXT1 port.
oGPIO Trigger on input to GPIO port.

[1] = SCAN parameter not normally used in ribbon cable mode.

[2] = MEAS parameter does not apply to measure trigger (TRIG).

Figure 5-11. Voltmeter Trigger Sources
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Setting Scan Guidelines to select scan trigger parameters follow, including scan trigger
Triggering 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 mode, 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 operation. 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 5-18. 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.
SYS System trigger pulse (used with TRG).
INT Voltmeter internal trigger.
MEAS Trigger when input crosses threshold (used with PERC).
BEXTO Trigger voltmeter from EXTO port.
EXT1 Trigger voltmeter from EXT1 port.
GPIO GPIQ 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
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 SGL
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 SYS 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.
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For example, assume each scan pass requires 1 second to complete and

SCTRIG INT is set. If 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 2 starts at t = 1.2 seconds, etc.

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 LH) 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 EXT0/EXT1

For SCTRIG EXTO or SCTRIG EXT1, a TTL-compatible pulse into the
EXTO or EXT 1 port, respectively, generates the scan trigger. For SCTRIG
MEAS, EXTO0, EXT1, or GPIO, the SCSLOPE command sets the direction
(LH or HL) of the input which will generate the scan trigger. Refer to “Scan
Trigger Slope (SCSLOPE)” for details on SCSLOPE.

NOTE
For the EXTO0 port (only), TRIGOUT OFF must be set to enable EXTO0 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 “EXTi 0 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 Slope

(SCSLOPE)

Scan Trigger Threshold

(PERC)

For SCTRIG MEAS, SCTRIG EXT0, SCTRIG EXT1, or SCTRIG GPIO,
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.

For SCTRIG MEAS, the voltmeter is triggered when the input signal on the
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 triggers.

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 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. 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 Threshold
Range min(-128%) max (+127%)
40 mV 0.0512V +0.0508 V
320 mvV 041V +0.406 V
256V 328V +325V
10.24V -13.1V +13.0V
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Scan Trigger Delay
(SCDELAY)

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 list, 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 vx 0.30), rather than the
desired 3.072 V.

SCDELAY trig_delay [scan_pace] [USE ch] sets the delay time between the
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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Autoscan Mode
(ASCAN)

Set Scan Trigger Delay

As shown in Figure 5-8, when a scan trigger is generated SCDELAY
trig_delay sets 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 trig_delay range is 0 to 0.01638375 sec with 0.25
usec 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 #rig_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

When SCTRIG INT is set, SCDELAY [scan_pace] sets the time between
scan passes. The SCDELAY [scan_pace] range is 0 to 1073.74182375 seconds
with 0.25 usec resolution. At power-on, SCDELAY [scan_pace] = 2 msec.

For ASCAN OFF, 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.

ASCAN [mode] [USE ch] sets the voltmeter autoscan mode. As shown in
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 default [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 EXTO, NRDGS 1, and
three channels in the scan list are assumed, so the voltmeter makes three
measurements on each pass (mt;, mtz, and mts). Since STTRIG EXTO 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 io usec {1) TRIG INT
STTRIG EXTO
Pass 1 " — Pass 2 NRDGS 1
’ N ! N 3 c¢chs in scan list
I—— SCOELAY trig.delay —+—SPER —-l-——SPER —-| |——9=ER -—+-—sa:n -—{
ohl ch2 ch3 chi ch2 ch3
| ] | | ] | | °
J T J ! i 1 ¢
mt mt, mty ™ mt, Sty
Scan I
Trigger
Pass 2 started
autoratically
® ASCAN OFF
Pass | Pass 2
s A ~ r A N

l»—————— SCOELAY [(scan_pace) —————|
I"— SCDELAY trig_delay ——l——SPER —-+—SPER —-l
chl ehe

|-—— SCOELAY trig_delay +SPER —-l-—SPER —-l
ch3 chl ch2 ch3

| i | | | | lo o

|

Scan

| | | | ] | |
mt 1 mt.z rm.3 mt 1 rm.z ms

Scan Trigger

Trigger (required for each paas)
[1] = SPER for HP 44702A serial number 262A00600 or greater for HP 44702B serial number
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: Setting Scan
Triggering

e ASCAN ON:

With ASCAN ON, the delay time set by SCDELAY trig_delay occurs only on
pass 1 between the start of the pass and the first measurement (mt). Since
TRIG INT is set, SPER sample_period sets the time between measurements
(mt; to mt,, etc.). - -

With ASCAN ON pass 2 and all subsequent passes start automatically. The
time (t) between passes (from mts 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 2626A00600 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.

o 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 SCDELAY 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 one 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 Volts(0:9)

20 OUTPUT 709;"USE 600"

30 OUTPUT 709;"SCANMODE ON"
40 OUTPUT 709;"CONF DCV"

50 OUTPUT 709;"RANGE &"

60 OUTPUT 709;"NRDGS 10"

70 OUTPUT 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 OUTPUT 709;"XRDGS 600"
140 ENTER 709;Volts(*)

150 PRINT USING "K,/";Volts(*)
160 END

! Dimension controller array

! Use voltmeter in slot 6 ‘
! Set Scanner Mode

! Set DC volts

I Set 10.24V range

! Set 10 readings/channel

! Set 3.072 V as threshold
! Trigger on negative slope

! 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 10 readings

For a decreasing ramp-type input connected to channel 500, a typical return

(values in volts) is:

3.07
27725
24175
2.065
1.89
1.7125
1.8375
1.3
1.0075
77

Guidelines to set measure trigger parameters follow, including measure
trigger sources (TRIG), measure trigger slope (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

the start of each measurement.
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Measure Trigger
Source (TRIG)

With ASCAN OFF, measure triggers are disabled from the end of a pass until
the time set by SCDELAY trig_delay following the scan trigger expires. For
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 #rig_delay time
for pass 1 expires.

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, 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

Source Description
HOLD No triggering. Triggering is disabled.
SGL Single trigger from mainframe when command executed.
SYS System trigger pulse (used with TRG).
INT Voltmeter internal trigger.
EXTO Trigger voitmeter from EXTO port.
EXT1 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 5-11,
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 EXT0/EXT1

With TRIG EXTO or TRIG EXT1, a TTL-compatible pulse into the EXTO 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
For the EXTO port (only), TRIGOUT OFF must be set to enable EXTO0 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. '

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-on mode = 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 mt; etc.). SPER sample_period range is 0 to 1073.74182375
sec, with resolution = 0.25 usec. SPER sample_period settings from 0 to 10
usec are rounded to 10 usec. CONF sets 0.001 sec SPER sample_period
(0.006 sec for OHM1M 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 44704As. For

HP 44702A/Bs with earlier serial numbers, the time is fixed at 10 usec.
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Measure 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.

o 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 o) caused by the voltmeter
front end circuitry shifts the output from the input.

In addition, there is a Trigger delay ( A T) caused by the hardware 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) = At - Aa.

® Voltmeter Hardware

Specified Trigger Point

l ‘/Front End Delay Track/Hold Switch
(\/ VY _ __
Input ZXA r Converter
. gL
Trigger A
T

HP 447@2A/B

Trigger Dela
® Net Delay 89 Y

__Zx?_;
Actual Measurement Point
aieNY
/T
. N
e t
Net Delay=(Ar-Ay)

Trigger Pulse Imput To Voltmeter 3852P: A02.5.13

Figure 5-13. Front End and Trigger Delays
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e Front End Delay:

The Front End delay (A ) 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

40 mV 500 +2 498 to 585

320mVv 400 2 393 to 485

256V 200 £2 198 to 235

10.24 V 200 +2 198 to 235

EXTO Port Triggering
(TRIGOUT)

e Trigger delay:

To determine the trigger delay (At) 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 EXTO0, 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 5-14 is from HtoK, K to C,
CtoD,D to E, 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 (AT)
range as 510 nsec to 915 nsec. Since the Front End Delay (Aa) = 200 x2
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 received.

TRIGOUT [mode] [USE ch] sets whether or not the EXTO port on the
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 44704A 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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* TRIG EXTO
¢ TRIG EXT1
* TRIG SYS

¢ TRIG SCAN
* TRIG SGL
* TRIG GPIO

* TRIG INT

TRIGOUT ON set

GA D
2l ©
& exT

TE

AYS
MEASURE
TRIGGER ]
SOURCES

SELECTOR

©

GATE
DELAYS

MEASUREMENT| _ [ENABLE

PACER

A/D TRIGGER

Measurement Pacer sets
SPER sample__period when

TRIG INT is set.
: gg;::g gg‘L‘N Scan Delay sets
SCDELAY trig__delay when
* SCTRIG MEAS GATE K J —
« SCTRIG GPIO DELAYS O SCTRIG INT is set,
S Scan Pacer sets
EXT SCDELAY [scan__pace] when
SCAN LK SCTRIG INT is set.
* SCTRIG EXTO SCAN —
* SCTRIG EXTY TRIGGER Y SELECTOR pELAY T
* SCTRIG SYS SOURCES =t D
& T ©)
DELAYS PACER ENABLE
+ STTRIG EXTO
* STTRIG EXT1
+ STTRIG SYS Dgﬁss ®™
< STTRIG SCAN || NexT ' I
« STTRIG SGL I
¢ STTRIG MEAS STOP
* STTRIG GPIO TRIGGER :> SELECTOR [——{ START/STOP |
+ STTRIG INT SOURCES CONTROL
RN —
INT i i
GATE
DELAYS
TRIGGER DELAY TIMES: (ay)
@TO@' ®T°®. @T()@ = @ to 3@ nsec
TO@. @TO®, ®TO® = @ to 20 nsec
@TO @ = @ to 25 nsec
@TO @ = @ to 27 nsec

@ to S@ nsec

®1m@. @@, W)
©m@®. @K
®10©), ®WT0® =

? to 50 nsec for SCDELAY trig_delay = @ or
= -45 nsec ! 125 nsec for SCDELAY trig_delay # 0.

510 to 760 nsec

@ to 50 nsec or
~45 * 125 nsec [11]

[11

3852P: 402.5. 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 readings 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 600"

30 OUTPUT 709;"SCANMODE ON"
40 OUTPUT 709;"CONF DCV"

50 OUTPUT 709;"RANGE ¢"

60 OUTPUT 709;"NRDGS 2"

70 OUTPUT 709;"SPER .001"

80 OUTPUT 709;"SCDELAY .01,1"
90 OUTPUT 709;"PRESCAN 1"

100 OUTPUT 709;"POSTSCAN 1"
110 OUTPUT 709;"CLWRITE 500-504"
120 OUTPUT 709;"SCTRIG INT"
130 OUTPUT 709;"XRDGS 600"

o _ 440ENTER709Volts(*)

150 PRINT USING "K,/*;Voits(*)
160 END
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..l Enter 20 readings _ _____ .

! Dimension controller array

! Use voltmeter in mainframe slot 6
1 Set Scanner Mode

1 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 list

! Internal scan trigger source

! Read 20 readings

! Display 20 readings




Setting Stop
Triggering

Stop Trigger Source
(STTRIG)

For a set of 9V 5% sources connected to channels 500-504, a typical return
(value in volts) is:

8.9975 |———— ch 500 ]

9.005 __

9.0025~ ———— ch 501 prescan 1 (10 readings)-
9.005 _

8.9975 ) ch504_|

8.9975_|

89925 — ¢h 5007

9.00 _| .  |———— postscan 2 (10 readings)
9.0025 ].———— ¢h 504 _|

9.0025 _|

Guidelines to set stop trigger parameters follow, including stop trigger sources
(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 stop trigger is received before the scan trigger is received, the volimeter starts
the postscan operation. If POSTSCAN 0 is also set, it is possible for no
measurements to be taken, even of SCTRIG INT or SCTRIG SGL is set.

STTRIG [source] [USE ch] sets the source or mode for the stop trigger. When
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 mode. Table 5-22 summarizes STTRIG source
parameters normally used for ribbon cable operation.
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Table 5-22. Stop Trigger (STTRIG) Sources - Ribbon Cable

Source* Description
HOLD No triggering. Triggering is held off.
SGL Single trigger from mainframe when command executed.
SYS System trigger pulse (used with TRG).
INT Voltmeter internal trigger.
MEAS Trigger when input crosses threshold (used with PERC).
EXTO Trigger voltmeter from EXTO port.
EXT1 Trigger voltmeter from EXT1 port.
GPIO GPIO trigger.
Notes:
* = SCAN not normally used with ribbon cable mode.

STTRIG 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
program. :

STTRIG SGL

Use STTRIG SGL 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. (It RDGSMODE
COMPLETE is set, the data from this pass is discarded.)

STTRIG EXTO0/EXT1

For STTRIG EXTO0 or STTRIG EXT 1, a TTL-compatible pulse into the
EXTO0 or EXT1 port, respectively, generates a stop trigger. For STTRIG
MEAS, EXT0, EXT1, 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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Stop Trigger Slope
(STSLOPE)

Stop Trigger Threshold
(PERC)

NOTE
For the EXTO port (only), TRIGOUT OFF must be set to enable EXTO0 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 “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 two passes through the scan list is
required to generate a stop trigger. Each time the measure trigger for the first
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
STSLORPE, 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 i set. For example, the first pass could set the
latch 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.

For STTRIG MEAS, STTRIG EXTO0, STTRIG EXT]1, or STTRIG GPIO,
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.

For STTRIG MEAS, the voltmeter is triggered when the input signal on the
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 triggers.
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.

Threshold When Autoranging Not Used

The range of the PERC threshold parameter 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 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-high 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
Range min(-128%) max (+127%)
40 mVv -0.0512V +0.0508 V
320mvV 041V +0.406 V
256V -3.28V +3.25V
10.24V -13.1V +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, a minimum of two passes through
the scan list is required to generate a stop trigger when STTRIG MEAS is
used.
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Example: Setting Stop
- Trigger

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 list.

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
(3.072V).

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.

For this example, we want to measure the data from the last two prescans
before the stop trigger is accepted. To do this, the stop trigger source will be
set to STTRIG EXTO. 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 s 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 Voits(0:19) - ! Dimension controller array

20 OUTPUT 709;"USE 600" 1 Use voltmeter in MF slot 6

30 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode

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

50 OUTPUT 709;"RANGE 9" ! Set 10.24V range

60 OUTPUT 709;"RDGSMODE COMPLETE" ! Trim data to (PRESCAN +
POSTSCAN) passes

70 OUTPUT 709;"SCDELAY 0,1" ! 0 msec scan trig delay, 1 sec scan
pace

80 OUTPUT 709;"PRESCAN 2" ! Make 2 prescan passes

90 OUTPUT 709;"POSTSCAN 0" ! Make 0 postscan passes

100 OUTPUT 709;"CLWRITE 500-509" ! Set ch 500-509 as scan list

110 OUTPUT 709;"STTRIG EXTO0" ! Set EXTO port as stop trigger source

120 OUTPUT 709;"SCTRIG INT" ! Intemal scan trigger

130 OUTPUT 709;"XRDGS 600" ! 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)

9.0025 _|
8.9975 |
9.0025

prescan § (10 readings)

9005-..J) - -
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Selecting Data Guidelines follow to select data destination and storage modes, to transfer
Transfers/ readings, and to enable voltmeter interrupts. Refer to the HP 3852A

Interrupts

Mainframe Configuration and Programming Manual for additional 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

This chapter does not discuss GPIO transfers. Refer to Chapter 7 - GPIO
Operation for details on GPIO transfers.

@ READINGS TO CONTROLLER VIA HP-1IB (35, 000 READINGS/SEC.)

INPUTS ———=r

HIGH SPEED
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RIBBON

MAXIMUM READING RATES (1]
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CABLE

@® READINGS TO MAINFRAME

INPUTS ———=
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CABLE

MULTIPLEXERS

(11

{23

MEMORY
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CONTROLLER

HIGH-SPEED HP-1B DISC INTERFACE

CONTROLLER
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)

<
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OPERATION AND FRONT PANEL DISPLAY OFF.

FOR VOLTMETER IN MAINFRAME ONLY.

OPT IONAL

SLOWER RATE FOR VOLTMETER IN AN EXTENDER.

38529 402.5.18

Figure 5-15. Maximum Data 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 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 interrupts 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 GPIO.

2. Since changing RDGS disables all voltmeter interrupts, voltmeter interrupts
must be enabled (with ENABLE INTR) after setting RDGS.

Readings Storage All measurements made by the voltmeter are first 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:

e When measurement data becomes available.
o 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 RDGSMODE disables all voltmeter interrupts, set
RDGSMODE before enabling interrupts with ENABLE INTR

RDGSMODE DAV

- Datais a‘;aiiébié;\rrhc;n 7én7y }eadi»ng_ is stored in the voltmeter data buffer. Ifthe  gma
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
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 a 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 44702B 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. RDGSMODE Data/Interrupt Conditions

Mode Measurement Data Interrupts [1]
Data Data Over- Scan When Intr Cleared
Avallable write? Aborts? Generated by DISABLE
INTR? [2]
DAV When any No Yes - when When any May [3]
reading is in buffer fills reading is in
the buffer buffer
BURST, Buffer is No Yes - when Bufferis May [4]
4,096 rdgs buffer fills 4,096 rdgs
from full from full
-or- -or-
scan ends NRDGS rdgs
after trig
END When any No Yes - when At end of Yes
reading is in buffer fills NRDGS rdgs
buffer after trig
COMPLETE | Atend of Yes No At end of Yes
scan ONLY NRDGS rdgs
after trig
Notes:
[1] = 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] = If scan still in progress or if buffer has room 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)

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, REAL, INTEGER, or
PACKED. (Use VREAD to transfer data stored in mainframe memory to the
output buffer and/or display.)

CHREAD ch [fmt] transfers one reading from the voltmeter buffer to the
output buffer/display in the format specified by fmt. 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 reading 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 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.

When CONFMEAS or MEAS is not used, use XRDGS ch [number] [INTO
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] [fmt] 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 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
(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.

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
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.

Table 5-25. 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 ch Set which voltmeter is to interrupt.
ON INTR CALL name call servicing subroutine name on interrupt.
ENABLE INTR SYS Enable mainframe to recognize voltmeter interrupt.
ENABLE INTR Enable voltmeter 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.

Handle 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 Interrupts

__interrupt that occurs.

Table 5-26. Controller Interrupt Handling Commands

Command Description
Controller Commands
ON INTR 7 GOSUB Name Call servicing subroutine name on interrupt.

-or-
CALL Name
-or-

GOTO Name
ENABLE INTR7;2 Enable interface to interrupt on SRQ
Name: ! Start controller subroutine
subroutine commands* Define subroutine actions
SPOLL(709) Serial Poll - clears SRQ bit
RETURN End controller subroutine
HP 3852A Commands
USE ch _ Set which voltmeter is to interrupt,
RQS INTR (or RQS 512) Enable RQS Mask Register INTR bit.
RQS ON Set RQS Mode ON.
ENABLE INTR SYS Enable mainframe to recognize voltmeter interrupt.
ENABLE INTR Enable voltmeter to interrupt on data available.
STA? Clear Status Register FPS, LCL, INTR, LMT, ALRM bits,
CLROUT Clear output buffer.
Configuration commands Set voltmeter configuration for measurement.

DISABLE INTR [USE ck] 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 44704A voltmeter in slots 6 and
7 of the mainframe to interrupt when DC voltage measurements on channels
500 through 509 have been made.

The scan sequence is started by an external trigger into the EXTO port on the
voltmeter rear panel (set by SCTRIG EXTO). 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

5-84 Scanner Mode Programming




10 DIM B(0:9)

20 ON INTR 7 GOTO Results
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 OUTPUT 709;"CLROUT"
90 OUTPUT 709;"SCANMODE ON"
100 OUTPUT 709;"CONF DCV"

110 OUTPUT 709;"RDGSMODE END"
120 OUTPUT 709;'"ENABLE INTR"
130 OUTPUT 709;"ENABLE INTR SYS"
140 OUTPUT 709;"CLWRITE 500-509"
150 OUTPUT 709;"SCTRIG EXT0"

160 GOTO 160

170 Results:

180 OUTPUT 709;"TIME"

190 ENTER 709;T

200 PRINT "Intr @ ":TIMES$(T)

210 OUTPUT 709;"XRDGS 600,10"
220 ENTER 709;B(*)

230 PRINT USING "K,/*;B(*)

240 A = SPOLL(709)

250 STOP

260 END

! Dimension controller array

! Call sub on interrupt

! Enable controller intr on SRQ

! Use voltmeter in MF slot 6

! Set RQS mode ON

! Unmask RQS Mask Reg INTR bit

2 _CL;Iear FPS,LCLINTR,LMT, ALRM
i

! Clear STA? data from output buffer

! Set Scanner Mode

! Configure for DC voltage
measurements

! Interrupt when scan completes

! Enable voltmeter to interrupt

! Enable mainframe to sense interrupt
1 Set ch 500-509 as scan list

! Trigger voltmeter from EXTO port
! Loop until interrupt occurs

1 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 500-509 voltages

! Read/clear 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

9.01
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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 44711A/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

Title

Description

Digitizing Waveforms
Capture a “Window"” of Data

Digitize a Waveform
Graphing a Waveform

High-Speed Data Transfers
Transfer Data to Mainframe

Transfer Data to Controller

Rear Panel Measurements

Special Applications,
Continuous Data Acquisition

Synchronize Multiple
Voltmeters

60 Hz Noise Rejection

Measure voltage values within a specified time frame before and
after an event.

Sample a signal at specified intervals to digitize the waveform.
Sample a signal at specified intervals and graphically display the
result.

Take measurements at 80,000 readings per second and transfer
data to mainframe memory.

Take measurements at 80,000 readings per second and transfer
data to controller (via mainframe) at 35,000 readings per second.
Take measurements at 80,000 readings per second for an input
to the rear panel terminals and transfer data to mainframe
memory.

Take measurements continuously and transfer the data to the
controller when an interrupt occurs.

Control a slave voltmeter with a master voitmeter to make
synchronized measurements.

Set voltmeter timing parameters and use the STAT (statistics)
command to average out 60 Hz line noise.

.Digitizing 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
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 EXTO port which generates
the stop trigger. The measurement consists 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 voltmeter 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.

STTRIG EXTO sets the stop trigger source to the EXTO port and SCTRIG
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)

20 OUTPUT 709;"USE 600"

30 OUTPUT 709;"SCANMODE ON"
40 OUTPUT 709;"CONF DCV"

50 OUTPUT 709;"RDGSMODE COMPLETE"

60 OUTPUT 709;"NRDGS 10"

70 OUTPUT 709;"SPER 10E-6"
80 OUTPUT 709;"SCDELAY 0"

90 OUTPUT 709;"PRESCAN 2"
100 OUTPUT 709;"POSTSCAN 1"
110 OUTPUT 709;"ASCAN ON"
120 OUTPUT 709;"CLWRITE 500"
130 OUTPUT 709;"STTRIG EXT0"
140 OUTPUT 709;"STSLOPE HL"
150 OUTPUT 709;"SCTRIG SGL"
160 OUTPUT 709;"XRDGS 600,30"
170 ENTER 709;Volts(*)

! Dim controller array

! Use voltmeter in MF slot 6

! Set Scanner Mode

! Set DC volts

! Trim to 2 prescans + 1 postscan
! Set 10 readings/channel

! Set 10 usec between meas triggers
! Set 0 msec scan trigger delay

! Set 2 prescans

! Set 1 postscan

! Set autoscan mode on

1 Set ch 500 as scan list

! Set EXTO as stop trigger source

1 Set HL 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

190 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 ]
8995 |———— Prescan 99 (10 readings)

9.0025 _|
9.0025 ]
9.005 [————— Prescan 100 (10 readings)

899 _|
9.0025 ]
8.9975 ——— Postscan 1 (10 readings)

9.0025_|

Example: Digitize a 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 .
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 available
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 Results ! Call sub Results on interrupt
30 ENABLE INTR 7;2 -1 Enable controller intr on SRQ
T T 40 QUTPUT 709:"USE 600" ~— ~~ °  I'Usé voltmeter i mainframeslot 6~~~ 7~
50 OUTPUT 709;"RQS ON" ! Set RQS mode ON '
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60 OUTPUT 709;"RQS INTR"
70 OUTPUT 709;"STA?"

80 OUTPUT 709;"CLROUT"

90 OUTPUT 709;"SCANMODE ON"
100 OUTPUT 709;"CONF DCV"
110 OUTPUT 709;"RANGE 9"

120 OUTPUT 709;"NRDGS 10"

130 OUTPUT 709:"PERC 30"

140 OUTPUT 709;"SCSLOPE HL"
150 OUTPUT 709;"SPER 0.5"

160 OUTPUT 709;"SCDELAY 0"
170 OUTPUT 709;"ENABLE INTR"
180 OUTPUT 709;"ENABLE INTR SYS"
190 OUTPUT 709;"CLWRITE 500"
200 OUTPUT 709;"SCTRIG MEAS"
210 GOTO 210

220 Results:

230 OUTPUT 709;'TIME"

240 ENTER 709;T

250 PRINT "Ch 500 Intr @ ";TIMES$(T)
260 OUTPUT 709;"XRDGS 600,10"
270 ENTER 709;B(*)

280 PRINT "Ch 500 Voltages"

290 PRINT USING "K";B(*)

300 A=SPOLL (709)

310 STOP

320 END

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

! Clear output buffer

! Set Scanner Mode

! Set DC volts

! Set 10.24 V range

! Make 10 readings

! Set 3.072V threshold

! Set HL slope for scan trigger

! Measure @ 0.5 sec intervals

! Set 0 sec scan trigger delay

! Enable voltmeter intr capability

! Enable mainframe intr capability
! Set ch 500 as scan list

! Scan trigger on input threshold

! Loop until interrupt occurs

! Start controller subroutine

! Query time of day

! Enter time of day

! Print interrupt time/message

! Read ch 500 voltages

! Enter voltages

! Display header

! Display voltages

! Read/clear SRQ bit

! End controller subroutine

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 5 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 OUTPUT 709;"USE 600"

60 OUTPUT 709;"SCANMODE ON"
70 OUTPUT 709;"CONF DCV"

80 OUTPUT 709;"RANGE 9"

90 OUTPUT 709;"RDGSMODE COMPLETE"
100 OUTPUT 709;"NRDGS 10"
110 OUTPUT 709;"PERC 40"

120 OUTPUT 709;"SPER .1"

130 OUTPUT 709;"SCDELAY 0"
140 OUTPUT 709;"PRESCAN 2"
150 OUTPUT 709;"POSTSCAN 2"
160 OUTPUT 709;"ASCAN ON*
170 OUTPUT 709;"CLWRITE 500"
180 OUTPUT 709;"STSLOPE LH"
190 OUTPUT 709;"STTRIG MEAS"
200 OUTPUT 709;"SCTRIG SGL"
210 OUTPUT 709;"XRDGS 600,40"
220 ENTER 709;Volts(*)

230

240

250

260 GINIT

270 PLOTTERIS 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,1,50,0,1028 - - -

340 MOVE 0,0
350 FOR1=0TO 39
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! Dimension controller array

!

! Set up voltmeter

!

! Use voltmeter in mainframe slot 6
! Set Scanner Mode

! Configure for DC volts

! Set 10.24V range

! Trim to (prescans + postscans)
! Set 10 readings/channel

! Gen stop trigger at 4.096 V

! Measure trigger @ .1 sec intervals
! Set 0 msec scan trigger delay

I Set 2 prescans

! Set 2 postscans

! Only one scan trigger required

! Set ch 500 as scan list

! Set LH slope for stop trigger

! Stop trigger on threshold

! Single scan trigger

! Transfer 40 readings

! Enter 40 readings

!

! Graph results

!




High-Speed
Data Transfers

Example: Transfer
Data to Mainframe

360 DRAW..1*|,Volts(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 ~
s L
v oL
(VOLTS) B
s
5 [
L
= L
> L
LB
o Lol bl
1 2 3 4
t (sec)

NOTE: AXIS LABELS ARE NOT PART OF CRT DISPLAY

3852P: A@2.5. 16

Figure 5-16. Example: Graphing a Waveform

Three examples follow to show some ways that data can be acquired and
transferred at high speeds, including transfers to the mainframe memory and
to the controller (via the mainframe memory).

This program shows how to make high-speed measurements at 80,000
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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. Example:Transfer
Data to Controller

10 ASSIGN @Dac to 709

20 OUTPUT @Dac;"PACKED PARR(9999)"
30 OUTPUT @Dac;"USE 600"

40 QUTPUT @Dac;"DISP OFF"

50 OUTPUT @Dac;"SCANMODE ON"

60 OUTPUT @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 OUTPUT @Dac;"PRESCAN 50"

120 OUTPUT @Dac;"POSTSCAN 0"

130 OUTPUT @Dac;"CLWRITE 500"

140 OUTPUT @Dac;"SCTRIG INT"

! Assign Dac as 1/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 1.25 msec between scans
! Set 50 prescans

! Set 0 postscans

! Set ch 500 as scan list

! Intemal scan triggers

150 OUTPUT @Dac;"XRDGS 600,5000 INTO PARR"/ Xfer 5,000 rdgs to PARR

160 END

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
memory 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 35,000 readings/sec. The transfer rate for the small number of readings . L
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__about 3,000 readings/sec, while transfer rate via the mainframe memory is




in this program will not be 35,000 readings/sec, but should approach this value
for a large number of readings.

30/ Define 1/0 paths, buffer, array

40 OPTION BASE 0 ! Set option base 0
50 INTEGER Bdata(1:25) BUFFER ! Define controller buffer
60 ASSIGN @Dac to 709 ! HP 38524 I/O 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 3852A packed array
100 !

110/ Set up voltmeter and transfer data -

130 OUTPUT @Dac;"USE 600" ! Use voltmeter in MF slot 6
140 OUTPUT @Dac;"DISP OFF" ! Mainframe display off
150 OUTPUT @Dac;"SCANMODE ON" 1 Set Scanner Mode

160 OUTPUT @Dac;"CONF DCV" ! Configure for DC volts
170 OUTPUT @Dac;"RANGE 9" ! Set 10.24V range

180 OUTPUT @Dac;"NRDGS 5" 1 Set 5 readings/channel
190 OUTPUT @Dac;"SPER 12.5E-6" ! Set 12.5 usec between meas
200 OUTPUT @Dac;"SCDELAY 0" ! Set 0 msec scan trig delay
210 OUTPUT @Dac;"CLWRITE 500-504" ! Set ch 500-504 as scan list
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 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=1TO 25

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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Example: Rear Panel
Measurements

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 256.,32.,4.,1. ! Range function data

500 READ R(*) ! Fill array with range factors

510 / Convert A/D bits and range bits to 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

For a set of 9V 5% sources connected to channels 500-504, a typical return is:

8.9925 7]
8.985

channel 500 (5 readings)

9.0075 _|
8.995
9.01

channel 501 (5 readings)

9.0025 _|
8.9875 7]
8.975

channel 504 (5 readings)

8.9925 _|
Typically, high-speed scanning is accomplished using the voltmeter with an
HP 44711A/B, 44712A, 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
usec, measurements are taken at 12.5 usec intervals. SCDELAY 0 sets 0 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 1/O paths, buffer, array !

40 OPTION BASE 0 1 Set option base 0

50 INTEGER Bdata(1:25) BUFFER ! Define controller buffer
60 ASSIGN @Dac to 709 ! HP 3852A I/0O 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 3852A packed array
100 !

120 / Set up voltmeter and transfer data !

130 OUTPUT @Dac;"USE 600" ! Use voltmeter in MF slot 6
140 OUTPUT @Dac;"DISP OFF" ! Mainframe display off

150 QUTPUT @Dac;"SCANMODE ON" ! Set Scanner Mode

160 OUTPUT @Dac;"CONF DCV" ! Configure for DC volts

170 OUTPUT @Dac;'TERM EXT" ! Rear terminals are input
180 QUTPUT @Dac;"RANGE 9" ! Set 10.24V range

190 OUTPUT @Dac;"NRDGS 25" 1 Set voltmeter for 25 rdgs
200 OUTPUT @Dac;"SPER 12.5E-6" ! Set 12,5 usec between meas
210 OUTPUT @Dac;"SCDELAY 0" ! Set 0 msec scan trig delay
220 OUTPUT @Dac;"ASCAN ON" ! Single scan trigger required
230 OUTPUT @Dac;"SCTRIG SGL" 1 Single scan trigger

240 OUTPUT @Dac;"XRDGS 600,25 INTO PARR"/ 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
270 !

290 ! Unpack PACKED data !

300 FOR1=1TO 25 ! Begin unpacking function
310 PRINT FNUnpk13(Bdata(l)) ! Print readings

320 NEXT I

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=4095 THEN

400 RETURN 1.E +38

410 ELSE

420 V=M *.0025/R(BINAND(SHIFT (Bdata, 13),3))/1
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Special
Applications

Example: Continuous

Data Acquisition

is an INTEGER buffer in the controller.

430 IF BIT(Bdata,12) THENV =-V

440 RETURN V

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 256.,32.,4.,1. ! Range function data

500 READ R(*) ! Fill array with range factors

510 / Convert A/D bits and range bits to 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

These three examples show some special applications for the voltmeter,
including continuous data acquisition, synchronizing multiple voltmeters, and
60 Hz noise rejection.

This program shows one way to do continuous data acquisition with the
voltmeter. The program uses an HP Series 200/300 controller with a DMA
card, an HP 44702B 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

(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 SV.

For this program, the voltmeter makes continuous measurements on channel
500 of the multiplexer. Data is continuously 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 v2 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 “Example: 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. S300_buff
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Assign |/O Paths

Lines 100 - 120 assign the mainframe I/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 usec 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
has not occurred, subroutine Xfer_done is called and the transfer process is
restarted.

If an interrupt has occurred (LH 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 .
calls subroutine XIT. When the voltmeter data buffer has room for only 4,096
more readings, subroutine INTROUT s 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
$300_buff and provide a continuous display of the fill pointer position,
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 operation. The buffer
index counter is also incremented.

End 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 1, 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 S300_buff(1:24576) BUFFER ! Define buffer

70 !

80 lopath_setup: 1 Define 1/0O paths

90

100 ASSIGN @Comp TO 709 ! HP 38524 I/0O address

110 ASSIGN @Path_3852 TO 709;FORMAT OFF! HP-IB I/O path
- 120 ASSIGN @S300_buff TO BUFFER $300_buff(*);FORMAT OFF! Buffer I/O path
130 T
140 Dvm_setup: ! Configure the voltmeter
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150

160 CLEAR @Comp

170 OUTPUT @Comp;"RST"

180 OUTPUT @Comp;"OUTBUF ON"
190 OUTPUT @Comp;"INBUF ON"

200 OUTPUT @Comp;"PACKED A(8191)"
210 OUTPUT @Comp;"INTEGER X"

220 OUTPUT @Comp;"DISP OFF"

230 OUTPUT @Comp;"USE 600"

240 OUTPUT @Comp;"SCANMODE ON"
250 OUTPUT @Comp;"CONF DCV"

260 OUTPUT @Comp;"RANGE 2.5"

270 OUTPUT @Comp;"RDGSMODE BURST"

280 OUTPUT @Comp;"SPER 27.5E-6"
290 OUTPUT @Comp;"SCDELAY 16E-3"
300 OUTPUT @Comp;"POSTSCAN 4096"
310 OUTPUT @Comp;"ASCAN ON"

320 OUTPUT @Comp;"CLWRITE 500"
330 OUTPUT @Comp;"STTRIG HOLD"
340

350 Intr_setup:

!

! clear 709

I Reset HP 38524

! Tum output buffer on

! Tumn input buffer on

! Define PACKED array

! Define INTEGER variable
! Tumn front panel display off
! Use voltmeter in MF slot 6
! Set Scanner Mode on

! Configure for DC volts

! Set 2.56V range

! Enter when room for 4096 rdgs
! Set 27 usec between rdgs

! Set 16 msec scan trig delay
1 Set 4,096 postscans

! Set autoscan on

1 Set ch 500 as scan list

! Set stop trigger to HOLD

!

! Set up interrupts

370 ON EOT @Path_3852,5 GOSUB Xfer_done ! When transfer stops, restart

380 ON INTR 7 GOTO Terminate

390 Mask = 2

400 ENABLE INTR 7;Mask

410

430 ! subroutine INTROUT

440 OUTPUT @Comp;"SUB INTROUT"

! Stop on dig input intr

! Set SRQ interrupt mask,

! Enable cont intr capability
!

! 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 OUTPUT @Comp;"ENABLE INTR USE 600"/ Re-enable VM to interrupt

480 OUTPUT @Comp;"SUBEND"
490

510 ! Subroutine XIT

520 OUTPUT @Comp;"'SUB XIT"

! End INTROUT subroutine
!

! Start XIT subroutine

530 OUTPUT @Comp;"STTRIG SGL USE 600" ! Single trigger voltmeter
540 OUTPUT @Comp;"XRDGS 600,4096 INTO A"/ Trans 4,096 rdgs to array A

550 OUTPUT @Comp;"VREAD A,PACK"
560 OUTPUT @Comp;"STA? INTO X"
570 OUTPUT @Comp;"SRQ"

580 OUTPUT @Comp;"BEEP"

590 OUTPUT @Comp;"SUBEND"

600

620 ! Call subroutines on interrupt

! Trans rdgs to output buffer

1 Cir FPS,LCL,INTR,LMT bits
! SRQ message to controller

! BEEP once

! End XIT subroutine

!

!
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_1090END

630 OUTPUT @Comp;"ON INTR USE 216 CALL XIT"/ Call XIT on dig in intr

640 OUTPUT @Comp;"ON INTR USE 600 CALL INTROUT"/ Call INTROUT ‘
650 !

670 | Enable voltmeter and digital input interrupts

680 OUTPUT @Comp;"RQS FPS" ! Unmask Service Request bit

690 OUTPUT @Comp;"RQS ON" ! Enable Service Request mode

700 OUTPUT @Comp;"ENABLE INTR USE 600"/ Enable voltmeter interrupt

710 OUTPUT @Comp;"EDGE LH USE 216" ! Set digital input edge

720 OUTPUT @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 !

800 ! Start data transfers

810 Start: TRANSFER @Path_3852 TO @S300_buff; COUNT 49152,EOR (END)
820 !

840 ! Read S300_buff status while transfers run

850 Cntr = 0 '

860 LOOP

870 STATUS @S300_buff,3;Fill_ptr

880 PRINT TABXY(10,5);"Fill Pointer is";Fill_ptr

890 STATUS @S300_buff, 10;In_stat_byt,Out_stat_byt '

900 PRINT TABXY(10,8);"Status In/Out *;In_stat_byt;", *;Out_stat_byt
910 PRINTTABXY(10,11);"Index = “;Cntr

920 END LOOP

930 !

950 / Reset S300_buff fill pointer and restart transfers

960 Xfer_done:RESET @S300_butf ! Reset fill pointer to start

970 TRANSFER @Path_3852 TO @SSOO_buff;E;)UNT 49152,EOR (END) / Restart
er

980 Cntr=Cntr+ 1 ! Increment INDEX counter

990 RETURN ! Retumm

1000 ' !

1020 / End program 0.5 sec after digital input interrupt occurs

1030 Terminate:WAIT .50 ! Take more data after intr

1040 OFF EOT @Path_3852 ! Cancel inbound EOT

1050 ABORTIO @path_3852 ! Clean up HP-IB path

1060 ASSIGN @path_3852TO * ! Close I/O path

1070 STATUS @S300_buff,3;Fill_ptr
1080 PRINT TABXY(10,20);'Ending Fill Pointer is";Fill_ptr
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Example:
Synchronize Multiple
Voltmeters

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 (LH 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, 0

index = 4

Ending Fill Pointer is 8193

Another application is to synchronize the operation of two or more

HP 44702A/B or HP 44704A High-Speed Voltmeters. One of the voltmeters
is designated as the master, the other voltmeters as slaves. Each voltmeter
must connect to its own high-speed FET multiplexers 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 EXTO or EXT1 port (as programmed) of the slave
voltmeters. See Figure 5-17 for typical BNC connections.

The preferred programming method is to 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 EXTO 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 EXTO sets the EXTO 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 voltmeter, both voltmeters 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 !/ Set up controller arrays

40 DIM Rgs1(0:8),Rgs2(0:8) ! Dim readings arrays

50 !

70/ Set up master voltmeter

80 OUTPUT 709;"RST" ! Reset HP 3852A and voltmeters
90 OUTPUT 709;"USE 600" ! Use VM in MF slot 6 (master)
100 OUTPUT 709;"SCANMODE ON" ! Enable Scanner Mode

110 OUTPUT 709;"CONF DCV* ! Configure for DC volts

120 OUTPUT 709;'TRIGOUT ON" ! Output trig signal to BNC 0
130 OUTPUT 709;"PRESCAN 3" ! Make 3 passes through scan list
140 OUTPUT 709;"ASCAN ON" ! Tumm autoscan on

150 OUTPUT 709;"CLWRITE 500-502"
160
180 ! Set up and scan trigger slave voltmeter

! Ch list/ribbon cable connections
!

190 OUTPUT 709;"USE 100" ! Use VM in MF siot 1

200 OUTPUT 709;"SCANMODE ON" ! Enable Scanner Mode

210 OUTPUT 709;"CONF DCV" ! Configure for DC volts

220 OUTPUT 709;"SLOPE HL" ! Trigger on negative-going signal

230 OUTPUT 709;'TRIG EXT0"

! Set slave BNC 0 to receive trigger
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240 OUTPUT 709;"PRESCAN 3" ! Make 3 passes through scan list

250 OUTPUT 709;"ASCAN ON" ! Tum autoscan on

260 OUTPUT 709;"CLWRITE 0-2" ! Ch list/ribbon cable connections
270 OUTPUT 709;"SCTRIG SGL" ! Send scan trigger to slave

280 !

300 ! Enable and trigger master voltmeter
310 OUTPUT 709;"SCTRIG SYS,USE 600" 1 System trigger master voltmeter

320 OUTPUT 709;"TRG GET" ! Set system trigger source

330 WHILE NOT BIT(SPOLL(709),4) ! Wait until MF ready before GET
340 END WHILE !

350 TRIGGER 709 ! Trigger the master voltmeter

360 !

380 ! Transfer and display readings

390 OUTPUT 709;"XRDGS 600" ! Trans readings from master

400 ENTER 709;Rgs1(*) ! Enter master readings

410 PRINT "Slot 5 Readings"

420 PRINT USING "K,/*;Rgs1(*)

430 OUTPUT 709;"XRDGS 100" ! Trans readings from slave
440 ENTER 709;Rgs2(*) ! Enter slave readings

450 PRINT "Slot 0 Readings"

460 PRINT USING "K.,/*;Rgs2(*)

470 END

For a set of 9V 5% sources connected to channels 0 through 2 and 500
through 502, a typical return (values in volts) is:

Slot 5 Readings
8.9775
9.0025 (9 readings)

9.005

Slot 0 Readings
8.9925
9.0175 (9 readings)

8.985

Example: 60 Hz Noise This program uses the high-speed voltmeter and the mainframe STAT
Rejection 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
SCDELAY [scan_pace] = §pmper of{s’can passes M
. . _ SCDELAY [scan_pace]
SPER sample_period = s por of measurements @

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 !

20 ! Clear interface and reset HP 38524
30 !

40 CLEAR 709 ! Clear interface

50 OUTPUT 709;"RST" ! Reset HP 38524

60 !

70 ! Declare variables and arrays
80 !

90 DIM Average(0:9) ! Declare controller array

100 OUTPUT 709;"INTEGER I,J,K" ! Declare For..Next variables
110 OUTPUT 709;"REAL SAMRDGS(99)" ! Declare mainframe array

120 OUTPUT 709:"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 voltmeter

190 OUTPUT 709;"SCANMODE ON" ! Set Scanner Mode

200 OUTPUT 709;"CONF DCV" ! Configure for DC voltage

210 OUTPUT 709;"SPER .000167" A ! 167 usec between meas triggers
220 OUTPUT 709;"SCDELAY 0,.00167" ! 1.67 msec between scans

230 OUTPUT 709;"PRESCAN 10" ! Set 10 prescans

240 OUTPUT 709;"CLWRITE 500-509" ! Set ch 500-509 as scan list
250 OUTPUT 709;"SCTRIG INT" ! Set intemal scan trigger

260 OUTPUT 709;"XRDGS 600 INTO SAMRDGS"/ Transfer rdgs to MF memory
270 !

290 ! Averaging subroutine

300 OUTPUT 709;'SUB CONVERT" ! Begin averaging subroutine
310 OUTPUT 709;" FORJ=0TO 9" ! Extract channel readings,

320 OUTPUT 709;" 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 OUTPUT 709;"AVG(J) = MEAN"

390 OUTPUT 709;"NEXT J"

400 OUTPUT 709;"SUBEND" ! End averaging subroutine

410 OUTPUT 709;"CALL CONVERT" ! Call sub when rdgs available
420 , !

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(*) ! Display readings

480 END

For a set of 9V 5% sources connected to channels 500 - 509, a typical return
(values in volts) is:

8.9725
9.005
. 10 readings

8.9925
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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, OHMF, etc.) and preset
values for other functions (autozero, range, etc.).

CONFMEAS function ch_list INSCAN number][USE ch] [INTO name] or [fmt]
Configure the voltmeter function, scan, and measure. CONFMEAS is equivalent
to CONF followed immediately by MEAS. CONFMEAS can only be used for
multiplexer 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 [fmf]

Set the voltmeter 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 [USE ch]

Select voltmeter measurement function, scan, 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 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 autoscan 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.

AZERO [mode] [USE ch]
Autozero the voltmeter. AZERO ONCE is the only available mode for the
voltmeter.
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CAL
Service-related command. Refer to the HP 3852A Assembly Level Service
Manual.

CHREAD ch [INTO name] or [fmt]

Transfer a single reading stored in the voltmeter data 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.

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_list. CLWRITE is valid only when Scanner Mode
(SCANMODE ON) and ribbon cable (TERM RIBBON) operation are set. See
Chapter 6 for details on CLWRITE when an HP 44704A is in 16 bit resolution
mode.

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

ENABLE INTR [USE ch]

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

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

FUNC function [range] [USE 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
set to one of four ranges or to autorange (AUTO). See Chapter 6 for controlling
range while in 16 bit resolution mode (HP 44704A only).

ID? [slof]

Returns the identity of the accessory in the slot addressed by s/ot. An

HP 44702A returns 44702A, an HP 44702B returns 44702B, and an hp 44704A
returns 44704A.

INTR? [INTO name] or [fmt]

Retumns 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.
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NRDGS number [USE ch]

Sets the number of readings per channel for each channel in the channel list.
The range of number is 1 to 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 voitmeter 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 trigger is accepted. Range of number = 0 to 65,535. At
power-on, number = 0.

RANGE [range] [USE ch]

Sets the voltmeter measurement range or enables the autorange 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 DAV, BURST, END, and
COMPLETE. ‘

RESOL resolution (HP 44704A only)

Sets HP 44704A resolution. 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 6 for details on 16 bit resolution mode.

SADV 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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_the-ribbon-cable, and TERM.ZERO selects an.internal.zero volt reference.

Table 5-28. Scanner Mode Command Summary

SCANMODE mode [USE ch]

Sets the voltmeter 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
voitmeter through the dedicated ribbon cable. When TERM INT, EXT, or ZEROis
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 = 010 0.01638375

seconds, with power-on value = 0 sec.

SCDELAY [scan_pace] Is valid only when SCTRIG INT is set. scan-pace sets the
time between successive scan triggers. Range of scan_pace = 0 to
1073.74182375 seconds, with power-on value = 0.002 seconds.

SCSLOPE mode [USE ch]

When SCTRIG EXTO0, 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 ch]
Specifies the source for the scan trigger. Power-on source = HOLD and default
source = SGL.

SLOPE mode [USE ch]
For TRIG EXT0, 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 = 0 to 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, CHADV, 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
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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 receive triggers. With
TRIGOUT OFF, EXTO 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 [fmf]
Returns the current USEd channel (or slot) address last set by the USE
command.

XRDGS ch [number] [INTO name] or [fmt]

Transfers the number of readings specified by number from the voltmeter buffer
to the mainframe memory (if INTO name is specified),or to the output butfer
and/or display (if INTO name is not specified). Default number = 1.
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6
® The HP 44704A in 16 Bit Mode

Introduction

This chapter explains how the HP 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

o Introduction provides a chapter overview and summarizes chapter contents.

o The 16 Bit Data Format shows why the measurement data format in the
voltmeter buffer forces the use of manual range control.

e Controlling Voltmeter Ranges explains how voltmeter ranges are set in the
. absence of auto-ranging.

e Managing Range Information 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
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 output 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.

Controlling 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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Figure 6-1. The Three Measurement Data Formats

select preset ranges based on the voltmeter function chosen. Table 6-1 shows
the function/range relationship. .
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Table 6-1. CONF, CONFMEAS, and MONMEAS Range Presets

Function: Measure: Configure for: Preset Range:

pcv Voltage DC Voltage 10.24v

| OHM(F) Resistance ' 20r 4Wire Ohms | 100 KQ
OHM(F)10K ’ . 10.24 KQ
OHM(F) 100K . . 102.4 KQ
OHM(F)1M * . 1.024 MQ
TEMPtype Thermocouples DC Voitage 320mV
REFT Reference Temperature Ohms 256 KQ
THM(F)type Thermistors (2252 & 5K) 2 or 4-Wire Ohms | 10.24 KQ [1)

. Thermistors (10K) . 102.4 KQ [1}
RTD(F)type RTDs . 320Q
STRVEX Strain Bridge Excitation : DC Voltage 10.24V
STRUN Bridge Unstrained . 320mv
STRQ Quarter Bridge . .
STRFB Full Bridge . .
STRHB Half Bridge . .
STRQTEN Quarter Bridge in Tension . .
STRQCOMP Quarter Bridge in Compression . .
STRHP Half Bridge Poisson * .
STRFBP Full Bridge Bending Poisson * .
STRFP Full Bridge Poisson . .
Notes:
[1] = For thermistor measurements, the default range chosen gives good resolution at
moderate temperatures. For temperatures nearer the thermistor's limits, you may
need to change to a more appropriate range (use CONF then RANGE then MEAS).

Changing Since CONFMEAS, and MONMEAS perform voltmeter configuration and
Ranges 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.

CONEF 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

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
measurements are made in the 16 bit resolution mode, as mentioned above,
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 controliler 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 When measurements are made in System Mode (SCANMODE OFF), all
and Range measurementsare 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 As the readings are transferred to the Mainframe (except when using
in the Mainframe PACKED format), they are unpacked using the currently set range. Other
than having to control 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 Voltmeter 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
for each voltage channel measured. RANGE 1000 sets the voltmeter to the
2.56 KR range for each resistance channel.

10 DIM Volts(0:4),0hms(0:7) ! Dimension controller array

20 OUTPUT 709;"USE 600" 1 Use voltmeter in mainframe slot 6

30 OUTPUT 709;"RST 600" [Reset voltmeter

40 OUTPUT 709;"RANGE 10" ISet manual range so can set

50 OUTPUT 709;"RESOL 16" Ithe 16 bit resolution mode

60 OUTPUT 709;"CONF DCV" ! Set DC volts

70 OUTPUT 709;"RANGE 1" ! Change to 2.56V range

80 OUTPUT 708;"MEAS DCV,500-504" 1 Measure channels 500-504

90 ENTER 709;Voits(*) 1 Enter 5 voltage readings
e~ .- .100 OUTPUT 709;"CONF OHMF10K" _. ... ! Presets ohms 10K range

110 OUTPUT 709;"RANGE 1000" ! Change to 2.56K range

120 OUTPUT 709;"MEAS OHM10K,505-512" ! Measure channels 505-512
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Scanner Mode
and Range

Correcting Readings
made with CLWRITE

130 ENTER 709;0hms(*) ! Enter 8 resistance readings
140 PRINT USING "K,/;Volts(*),Ohms(*) ! Display 13 readings

150 END

For a set of 5, 1V and 8, 1KQ measurements, typical return values are:

9975375 |

§ voitage readings
1.001.375 —
993.8125 —]

8 resistance readings
1006:125 —

In Scanner Mode (SCANMODE ON), you can specify a channel list using the
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 Mode. But in
Scanner Mode there is an additional way to specify a channel list. By using the
“channel list write” command:

CLWRITE [ribbon_bus] ch_list [RANGE range_list] [USE ch]

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_list and each entry is set to
the current RANGE setting.

To allow high speed reading rates, the CLWRITE's ch_list and range_list
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: Assumed Range
DCv 10.24V

OHM(F) 102.4 KQ
OHM(F)10K 10.24 KQ
OHM(F)100K 1024 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 va.

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 correction factor to apply to the returned
readings.

Table 6-2. Correction Factors for CLWRITE

™ For This Function @ it CLWRITE Range_list Entry Selects This Range:
DCv 1024V 256V 320mv 4omv
OHM(F)10K 10.24 KQ 256 KQ 320W 00
OHM(F) and OHM(F) 100K 1024 KQ 256KQ 3.2KQ 400W
OHM(F)IM 1.024 MQ 256 KQ 32KQ 4KQ
® Use Correction Factor . (none) Va Va2 vess
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).
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Unpacking Readings
in Your Controller

Example: Correcting Readings Made With CLWRITE

CLWRITE sets channel lists, voltmeter ranges and ribbon cable connections
for Scanner Mode ribbon cable 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) 1 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

60 OUTPUT 709;"SCANMODE ON" I Set Scanner Mode

70 OUTPUT 709;"CONF DCV" ! Configure for DC volts

80 OUTPUT 709;"CLWRITE 500-509,RANGE 2"/ Set scan list and range

90 OUTPUT 709;"SCTRIG INT" ! Trigger the voltmeter

100 OUTPUT 709;"XRDGS 600" ! Read 10 readings

110 ENTER 709;A(*) ! Enter 10 readings

120 MAT A= A/(4) ! Correct each reading in array A
130 PRINT USING "K,/;A(*) ! Display 10 corrected readings
100END

For a set of 2 V 5% sources connected to channels 500 through 509, a typical
return (values in volts) is:

1.98945325, 2.02265625, ... 1.98253476

When you transfer PACKED readings to your controller for unpacking, no
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 (S 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
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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 high-speed

scans as it greatly improves system performance.

30 ! Define I/O paths, buffer, array

40 OPTION BASE 0 1 Set option base 0
50 INTEGER Bdata(1:25) BUFFER ! Define controller buffer
60 ASSIGN @Dac to 709 ! HP 3852A 1/O address

70 ASSIGN @Hp_3852 TO 709;FORMAT OFF / Set up HP-1B path
80 ASSIGN @Bdata to BUFFER Bdata(*);FORMAT OFF! Controller buffer path

90 OUTPUT @Dac;"PACKED PARR(49)" ! HP 3852A4 packed array

100 !

110/ Set up voltmeter and transfer data

120 OUTPUT @Dac;"USE 600" - ! Use voltmeter in MF slot 6

130 OUTPUT @Dac;"RANGE 2" ! Set man range for RESOL cmd
140 OUTPUT @Dac;"RESOL 16" ! Set 16 bit resolution mode

150 OUTPUT @Dac;"DISP OFF" ! Mainframe display off

160 OUTPUT @Dac;"SCANMODE ON" ! Set Scanner Mode

170 OUTPUT @Dac;"CONF DCV" ! Configure for DC volts ‘
180 OUTPUT @Dac;"NRDGS 5" ! Set 5 readings/channel

190 OUTPUT @Dac;"SPER 12.5E-6" ! Set 12.5 usec between meas
200 OUTPUT @Dac;"SCDELAY 0" 1 Set 0 msec scan trig delay

210 OUTPUT @Dac;"CLWRITE 500-504,RANGE 2"/ Set ch 500-504 as scan list, 2.56 V

: range
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 OUTPUT @Dac;"VREAD PARR,PACK"

! Transfer rdgs to output buffer

260 TRANSFER @Hp_3852 TO @Bdata;END,WAIT/ Transfer rdgs to controller

270
280 !/ Unpack PACKED data
290 FORI1=1TO 25

!

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.
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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) *(f_func)

Where: f _range, and f_func are:

Functions Func_code f_func Ranges

DCv (o] 1 40mV 320 mV 25V 1024V
OHM(F)10K 1 1E3 40w 320w 256 KQ | 10.24 KW
OHM(F)100K 2 1E4 400 W 3.2KW 256 KW | 1024 KQ
OHM(F)1M 3 1E5 4 KW 32 KW 256 KW | 1.024 MQ
f_range 256 R 4 1
Range_code 0 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=40mV, 1=320mV,
2=256V,3=10.24V
360 READ R(*)
370 REAL F(0:3) ! Array holds "f func"
380 DATA 1.,1.E3,1.E4,1.E5 ! Code: 0=DCV, 1=0HM10K,
‘ 2=0HMI0OK, 3=0OHMIM
390 READ F(*)
400 IF Bdata =32767 OR Bdata=-32768 THEN! If max + or max - then
410 Result=1.E+38 ! Retum overload indication
420 ELSE
430 Result = Bdata/(3200*R(Range_code))*F(Func_code) / A to D Value (f func)
3200 (f_range)
440 END IF
450 RETURN Result
460 FNEND ! End 16 bit unpack function
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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 a RST

command was executed, the RESOL 16 command will generate an error. To -

properly enter the 16 bit resolution mode, execute RANGE range, then
execute RESOL 16.

Example: Entering 16 Bit Resolution Mode

20 OUTPUT 709;"USE 600" ! Use voltmeter in mainframe slot 6
30 OUTPUT 709;"RST 600" ' [Reset voltmeter (sets 13 Bit Mode)
40 OUTPUT 709;"RANGE 10" ISet any manual range to

50 OUTPUT 709;"RESOL 16" * lallow RESOL 16 to work

60 OUTPUT 709;"CONF DCV" ! Set DC volts (presets 10.24V range)
70 OUTPUT 709;"RANGE 1" ! Select measurement range

80 OUTPUT 709;"MEAS DCV,500-504" ! 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 44704A 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:

e 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.

¢ 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

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
Slg nals defines the signals. It is assumed that the HP High-Speed voltmeter is the ‘
peripheral and the GPIO controller 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 Name Description

DO0O - Data Output | 16 lines driven by the GPIO controlier which contain valid data

DO15 Bus during WRITE operations.

DI00 - Data Input 16 lines driven by the voltmeter which contain valid data during

DI1s Bus READ operations.

PCTL Peripheral Driven by the GPIO controller and initiates a transfer on its falling
Control edge. Acknowiedges the peripheral's response by returning high.

PFLG Peripheral Oriven by the voltmeter. indicates when data is valid during READ
Fag operations and when data is accepted during WRITE operations.

vo Input/ Driven by the GPIO controller and indicates data direction relative to
Output the controiler. A high indicates the GPIO controller is ready to receive
Control data.

PSTS Peripheral Driven by the voltmeter. Indicates to the GPIO controller that the
Status GPIO cable is connected and the voltmeter Is powered up.

PRST Peripheral Forces an unconditional resst to power-on conditions in the
Reset voltmeter. Since HP Series 200/300 controllers generate a Peripheral

Reset on power-on (and other times), the voitmeter has a jumper
installed to disable the Peripheral Reset. As desired, the user can
remove this jumper to enable the reset (see Figure 7-2 for JMO8

location).
ER External Driven by the voltmeter. Can be used to interrupt the GPIO controlier
Interrupt when user defined conditions occur. This signal can be disabled.

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).
CTLwo Control Driven by the GPIO controller and used by the voltmeter to
(Data/ determine if information being sent is address or data. Logical “1°
Address) (low voitage level) indicates the information is an address, logical “0”
indicates the information is data.
CTLY Control Driven by the GPIO controller and is used as a trigger source to the
(Trigger) voltmeter.
STi0and | Status Driven by the voltmeter. Both lines are always active. A logical 1" on
ST the STIO line indicates an End of Scan service request. A logical *1°

on the STi1 line indicates a Measurement Available service request
). -

The user may read these lines at any time to determine their status
or may wait for the EIR (external interrupt) signal and then determine
the cause of the interrupt by checking the status of these lines.

Notes:

[1] = An End of Scan service request is generated when RDGSMODE END or RDGSMODE
COMPLETE is set and the scan sequence ends. A Measurement Available service request is

e — oo L. . generated when RDGSMODE DAV or RDGSMODE BURST is set and a measurementis

available.
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GPIO Signal
Timing

GPIO Interface
Switches

-1
po1s —{2
Dot4 —{3
po13 — 4
po12 —{5
pot1 —{6
po1e —{7
pogs —{8
poos —{ 8
poo7 — 10
poos —| 11
Doos — 12
Dogs —{13 =
poe3 —{ 14
poo2 — 15
D021 — 16
pooe —{ 17
oND —{ 18
PCcTL —{18
170 {20
" PRST {21
ctLe — 22
cTL1 {23
onD —{ 24

SAFETY GND (OUTER SHIELD) —|25

GPIO 98622A

(N

26— GND
27— DI1S5
28— DI14
29— DI13
30— DIl12
31— DI11
32— D110
33— D1es
34— DI@8
35— D1e7
36— DIg6
37— DI1@s
38— D1g4

_—

— DIG3
— D1@2
— DIg1
— D129

[ psrs
— EIR
s
— STI1
— GND
— NC

39

49

41

42

43— SAFETY GND (INNER SHIELD)
441 PFLG
45

46

47

48

49

3852P: AC2.8. 1

Figure 7-1. GPIO Signals

Figure 7-3 shows GPIO signal timing for input and output signals when Full

Mode Handshake Mode is set.

The HP 98622A (GPIO) Interface Card has four switches which can be set for
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 44704A voltmeter.

GPIO Operation 7-3




REMOVE JM@E6 TO ENABLE THE
PERIPHERAL RESET (PRST) LINE

REMOVE JM@7 TO INVERT THE
EXTERNAL INTERRUPT (EIR) LINE HP 44702A/B BOARD WITH SHIELD REMOVED

JMOT ' JMPE

[
L] 1
GPIO CONNECTOR 3852P: AG2.6.2
EXT@ PORT

/

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-pin female connector on
the voltmeter rear panel.

GPIO Programming

7-4 GPIO Operation

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.




OUTPUT TO HP 447@2A/B:

1/0 R

PCTL ———l l !
— %8 [ 3905 —
PR L I
e | pmed
DATA V7 /] oata vaL1p v/ pata vaLio ;

. INPUT FROM HP 44702A/B:

/o BEERS R

| ®

300 nS
MIN

—]

I
ot

PFLG ‘ [
| 2207 | 228} p
DATA v /) oaTA vALID /] oaTa vaLID ;

Figure 7-3. GPIO Signal Timing

GPIO Data with Grio 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.)
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r | OPTION (11
| SELECT
—mm | SWITCHES
-
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— ]
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g
o | =1
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=)
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F1 JUMPER IS REMOVED
+5V. 4A °
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[ ]
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[11
OPTION SELECT SWITCHES 3852P: AB2. 6. 4
Switch
Position ’
Name DOUT DIN HSHK PSTS PFLG PCTL
L MR
Invert Invert Full/Pulse Invert Invert Invert
Function Data Qut Data In Handshake PSTS PFLG PCTL
Logic 1
{Switch
Open)
Logic 0
(Switch
Closed)
Shaded block shows settings for operation with HP 44702A/B
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Figure 7-4. HP 98622A GPIO Interface Card Switches




Control Register 2
Most Significant Bit

Peripheral Conrol
Least Significant Bit

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PSTS Set CTL1 Set CTLO
Error (1 = Low: (1 = Low:
Not Used (1 = Report: 0 = High) 0 = High)
0 = Ignore)
Value =128 Value =64 Value = 32 Value =16 Value=8 Value=4 Value =2 Value=1
' 4
Trigger —f }
Data
Interrupt Enable Register (ENABLE INTR)
Most Significant Bit Least Significant Bit
Bit 7 Bit 6 Bit § Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Enable Enable
Interface EIR
Not Used Ready Interrupts
Interrupts
Value =128 Value =64 Value = 32 Value = 16 Value=8 Value=4 Value=2 Value =1

Interrupts ——-T

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 200/300 controller are used to transfer

the data over GPIO.
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HP 98622A GPIO Interface

|

HP Series
200/300

HP 986208
DMA Card

Controller
o WP 38520 |—

Ribbon
l Cable
e srozn W 12 24722
HP 447028 HP 44713A

‘_Input

HP 7911P/R
HP 7914P/R

HP 98625A High-Speed
HP-IB Disc Interface

HP 7912P/R [@—HP Disc Drive

3852P: A02.6.6

Figure 7-6. GPIO Data Transfer Configuration

may cause the data to be lost.

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 A/D conversion rate, the bus is about 40% utilized. Excessive access
to voltmeter registers, such as repeated status checks can dominate the bus and




GPIO Triggering

NOTE
Data is transferred over GPIO in unconverted (PACKED) format and must be
unpacked in the controller to be readable. Refer to “Programming Examples”

_ for 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 12,2;5 ! Set PSTS bit and set CTLO low
110 OUTPUT @Gpio;4 ! Address Data Buffer register
120 CONTROL 12,2;4 ! Set PSTS bit and set CTLO high
130 ENTER @Gpio;A(*) ! 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 low 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 GPIO 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.
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GPIO Interrupts

100 CONTROL 12,2;4 ! Set PSTS Error bit and set CTL1 high
110 CONTROL 12,2;6 ! Set PSTS Error bit and set CTL1 low
! (Gen. scan trigger on high-to-low)

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: Setting GPIO Interrupts
A typical sequence to set EIR interrupts follows.

30 ASSIGN @Hp_3852A TO 709 1 Assign I/O path to HP 38524
40 OUTPUT @Hp_3852A;"RDGS GPIO" ! GPIO 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(@Gplo);1 ! Enable interface

350 Rdgs:ENTER @Gpio;A(*) ! Enter readings

Programming Examples

7-10 GPIO Operation

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 44711 A/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 persecond. — —————



Example: GPIO
Operations

This program demonstrates GPIO data transfers, triggering, and interrupts.
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).

Assign 1/O Paths, Define Array

Lines 40-70 assign I/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 I/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 channel (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.

Enable 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).
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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 Voltmeter

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.
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10/

20 ! Assign I/O paths, define array
30/

40 ASSIGN @Comp TO 709 ! Assign I/O path to HP 38524
50 ASSIGN @Gpio TO 12;FORMAT OFF,WORD ! Assign 1/0 path to GPIO ~ -
60 Gpio=12 ! GPIO Interface Select Code
70 INTEGER A(1:10) 1 Define controller array

90/

100 / Set up voltmeter

110 CLEAR @Comp ! Clear HP-IB

120 OUTPUT @Comp;"RST" ! Reset HP 38524

130 OUTPUT @Comp;"USE 600" 1 Use voltmeter in mainframe slot 6
140 OUTPUT @Comp;"SCANMODE ON" ! Set Scanner Mode

150 OUTPUT @Comp;"CONF DCV" ! Configure for DC voits

160 OUTPUT @Comp;"RANGE 9" ! Set 10.24V range

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 slope

210 OUTPUT @Comp;"SPER .1" 1 0.1 sec between measurements
220 OUTPUT @Comp;"ENABLE INTR" ! Enable voltmeter interrupts
230 OUTPUT @Comp;"CLWRITE 500" ! Set ch 500 as scan list

240 OUTPUT @Comp;"SCTRIG GPIO" ! 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/

310 ! Enable GFPIO interrupt
320/

330 ON INTR Gpio GOSUB Get_rdgs
340 Eir=1

350 ENABLE INTR Gpio;Eir
360/

370/ Set Data Buffer Register
380/

390 CONTROL Gpio,2;5
400 OUTPUT @Gpio;4

410 CONTROL Gpio,2;4
420/

430 ! Trigger the voltmeter
440!/

450 CONTROL Gpio,2;6

! Go to subroutine on interrupt
! Set Enable Intr Reg bit 0
! Enable GPIO interface

! Set CTL1 high and CTLO Low
! Address Data Buffer register
! Set CTL1 high and CTLO high

! Set CTL1low and CTLO high
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7-14 GPIO Operation

460 CONTROL Gpio,2;4
470!/

480 / Display count while readings are taken
490/

500 INTEGER Cnt
510Cnt=0

520 WHILE (Cnt < 1000)
530 Cnt=Cnt+1

540 DISP Cnt

550 END WHILE

560 STOP

570/

580 | Transfer data from voitmeter to controller

590/

600 Get_rdgs5; ENTER @Gpio;A(*)
610FORI=1TO 10

620 PRINT USING "K,/";FNUnpk13(A(l))
630 NEXT |

640 END

650/

660 ! Unpacking functions

670/

680 DEF FNUnpk13(INTEGER Pack)
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

! Set CTL1 high and CTLO high

! Define INTEGER variable
! Begin count sequence

! Increment count

! Display count
! End count sequence

! Enter readings via GFIO

! Display readings

! Define 13 bit unpack function

760 V = M*.0025/R(BINAND(SHIFT (Pack,13),3))

770 IF BIT(Pack,12) THEN V=-V
780 RETURN V

790 END IF

800 FNEND

810 DEF FNUnpk14(INTEGER Pack)
820 REAL R(0:3)

830 DATA 256.,32.,4.,1.

840 READ R(*)

! End 13 bit unpack function

! Define 14 bit unpack function
! Alloc. range factor array

! Range function data

! Fill array with range factors

850 ! Convert A/D bits and range bits to volt reading
860 V = SHIFT(BINAND(16383,Pack),-2)/4*.00125/R(BINAND(SHIFT(Pack, 14),3))

~~~—-870RETURNV - -~ -

880 FNEND

! End 14 bit unpack function




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 readings are displayed, 161 also
appears on the display.

8.995
9.0025
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 98620B
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
I/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/buffers must 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) S 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 running this program
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or by another program. If Pack_rdgs exists, it is purged. If not, the program
continues execution.

Create 1/0 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 1/O path for the HP 3852A and @Gpio is the I/O path for
GPIO (ISC = 12). @Packed_file is the path from the controller to Pack_rdgs
and @Packed_buff is the I/O path for the Packed buffer.

Configure the Voltmeter

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 1/O operations over the
HP 98625A interface. :
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_ This example includes unpacking functions for the 13 bit and 14 bit modes.

Close I/O Paths

Lines 610 - 640 close I/O 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 1/O Paths and Create Unpacked Readings File

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 1/O path to transfer packed readings
from Pack_rdgs to the Packed array/buffer in the controller. @Unpacked_file
is the I/O path to transfer unpacked readings from the Unpacked array/buffer
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 1/O Paths

Lines 1010 - 1040 close I/O paths @Packed_file, @Unpacked_file,
@packed_buff, and @Unpacked_buff.

GPI10 Timeout Subroutine

If, for any reason, the transfer from the voltmeter to the coﬁtroller fails to
complete (GPIO timeout), this subroutine aborts the GPIO connection and
the @Packed_file 1/O path and updates the EOF pointer.

Unpacking Functions

Call the appropriate one by editing line 890. ‘




10/
20 / Define arrays, variables and buffers

30/

40 INTEGER Packed(1:10240) BUFFER 120 Kbyte array/buffer
50 REAL Unpacked(1:10240) BUFFER ! 80 Kbyte array/buffer

60 Tot_rdgs = 100000 ! Define total rdgs variable
70 Pre_scan=10 ! Define prescans variable
80 Post_scan=10 ! Define postscans variable
90 MASS STORAGE IS ";,1400,0,0" ! Define default msus
100/ :

110/ Emor trap 1

120/, ,

130 ON ERROR GOTO Contt ! Define error event/branch
140 PURGE "Pack_rdgs" ! Purge file at default msus
150 Cont1 :OFF ERROR ! Tum off error event

160!/

170 ! Create I/O paths, data file

180/

190 CREATE BDAT "Pack_rdgs",Tot_rdgs,2  /Data file in default msus
200 ASSIGN @Hp_3852 TO 709 ! Assign I/O path to HP 38524

210 ASSIGN @Packed_file TO "Pack_rdgs"  !Assign I/O path to msus file
220 ASSIGN @Gpio TO 12;WORD,FORMAT OFF ! Assign 1/O path to GPIO
230 ASSIGN @Packed_buff TO BUFFER PackeIc/!g}),;thVhORD.FORMAT OFF ! Cont

240/

250 ! Configure voltmeter

260/

270 CLEAR @Hp_3852 ! Clear HP-IB

280 OUTPUT @Hp_3852;"RST" I Reset HP 38524

290 OUTPUT @Hp_3852;"USE 600" ! Use vm in mainframe slot 6
300 OUTPUT @Hp_3852;"DISP OFF" ! Tum 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 " ! Set 10.24V range

340 OUTPUT @Hp_3852;"RDGS GPIO" ! GPIQ is readings destination
350 OUTPUT @Hp_3852;"NRDGS ";Tot.rdgs/(Pre_scan + Post_scan) / Number rdgs
360 OUTPUT @Hp_3852;"SPER 10E-6" ! 10 usec 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
420!/
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430 ! Set Data Buffer Register
440!
450 CONTROL SC(@Gpio),2;5 ! Set CTLO low
460 OUTPUT @Gpio USING "#,W";4 ! Address data buffer register
470 CONTROL SC(@Gpio),2;4 ! Set CTLO high
480/
490 ! Trigger voltmeter
500/
510 OUTPUT @Hp_3852;"SCTRIG SGL" ! Send scan trigger
520/
530 / Transfer data to controller and then to disc
540/ ‘
550 ON TIMEOUT SC(@Gplo),1 GOSUB Abort_transfer
560 TRANSFER @Gpio TO @Packed_buff; COUNT Tot_rdgs,2,CONT
570 TRANSFER @Packed_buff TO @Packed_file; COUNT Tot_rdgs*2,END,CONT
580/
590 !/ Close I/O 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/
690 ON ERROR GOTO Cont2
700 PURGE "Unpk_rdgs"
710 Cont2:0FF ERROR
720!
730 ! Create file for unpacked readings and assign 1/O paths
740!
750 CREATE BDAT "Unpk_rdgs",Bytes_trans/2,8 / Create unpacked rdgs file
760 ASSIGN @Packed_file TO "Pack_rdgs"
770 ASSIGN @Unpacked_file TO "Unpk_rdgs"
780 ASSIGN @Packed_buif TO BUFFER Packed(*);FORMAT OFF
790 ASSIGN @Unpacked_butf TO BUFFER Unpacked(*);FORMAT OFF
800/
810 ! Read packed file, unpack rdgs, store on disc in unpacked file.
820/
830 REPEAT
.. ________BAORESET @Packed buff
850 TRANSFER @Packed_file 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;FNUnpk13(Packed(l));
900 PRINT Unpacked(l);

910 NEXT |

920 TRANSFER @Unpacked_buff TO @Unpacked_file;END,WAIT
930 END IF

940 UNTIL NOT Bytes_trans

950 STATUS @Unpacked_file, 7| ! Find end of file pointer
960 PRINT '

970 PRINT I-1;" readings unpacked and stored"

980/

990 / Close 1/0 paths

1000/

1010 ASSIGN @Packed_file TO *

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

1150/

1160 ! Unpacking functions

1170/

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=4095 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 END IF

1300 FNEND ! End 13 bit unpack function ‘
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 7912P/R.

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.

100000 readings transferred
8.99 9.00.....cc00u0s00000s 8.99

100000 readings
9.00 900 .................. 8.98

100000 readings unpacked and stored
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Using Read/Write Registers

Introduction

Register
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 Definitions/Addresses

Register | Address | Description
Read Only (READ) Registers
Identity 0 Identifies the. HP 44702A/B and indicates if the 56K memory
expansion ls installed (HP 447028) or not (HP 44702A). For the
HP 44704A
Status 1 Provides status information without interrupting the microprocessor

operation. Information includes availability of data, data or command
readiness, task completion, or error occurrence.

Data Buffer 4 Supplies the mainframe or GPIO controller with measurement data
from the voltmeter data buffer. it is not actually a register, but
provides access to the data buffer.

Write Only (WRITE) Register
Trigger 1 Generates scan, measure, or stop triggers. All other trigger controls
are generated by the voltmeter microprocessor or are controlied by
the mainframe or system controller 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).

100 OUTPUT 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
CTLO 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.
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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 CTLO low

110 OUTPUT @Gpio;Reg_addr ! Output register address
120 CONTROL 12,2;4 : 1 Set CTLO high

130 ENTER @Gpio;Reg_value ! 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 OUTPUT, ENTER, and
CONTROL statements.

Sign Bit
// _— 12:Bit Magnitude

Good Flag Bit
Range Bits

15

14

13

12|M1|10(9|8|7]|6|5]|4|3|[2]|1]0 RESOL 13

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; 01, = the +320 mv range; 10, = the +2.56V range; and
11; = +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.
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100 ENTER @Gpio;A(*) I Enter readings
110 FOR 1=0 TO n-1 ! Begin print loop
120 PRINT FNUnpk13(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.

230 READ R(*)

240 M =BINAND(Bdata,4095)

250 IF Bdata>0 OR M=4095 THEN

260 RETURN 1.E+38

270 ELSE

280 V =M*.0025/R(BINAND(SHIFT (Bdata, 13),3))

290 IF BIT(Bdata,12) THENV=-V

300 RETURN V
310END IF
320 FNEND ! End 13 bit unpacking function
Range Bits
/// — 14-Bit Two’s Complement A/D Value
15|14|13}12|11|10{9 |87 |6 5|43 [2([1]0 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 @Gpio;A(*) ! Enter readings

110 FOR1=0TO n-1 ! Begin print loop

120 PRINT FNUnpk14(A(l)) ! Print readings

130 NEXT |

200 DEF FNUnpk14(INTEGER Pack) ! Define 14 bit unpack function
210 REAL R(0:3) ! Alloc. range factor array

220 DATA 256.,32.,4.,1. ! Range function data

230 READ R(*) ! Fill array with range factors

240 | Convert A/D bits and range bits to volt reading

250 M = BINAND(Pack, 16383)

260 IF M=8191 OR M=8192 THEN

270 V=1.E+38

280 ELSE

290 V = SHIFT(M,-2)/(3200.*R(BINAND(SHIFT(Pack, 14),3)))

300 ENDIF

310 RETURN YV

320 FNEND ! End 14 bit unpack function

16-Bit Two's Complement A/D Value

7

15

14

13

12

1M{10(9{8|7|6|5|4|3|2]|]1(0 RESOL 16

Figure 8-3. 16 Bit Resolution Measurement Data Format

In Figure 8-3, 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 OUTPUT 709;"SREAD 600,1" ! Read status register
120 ENTER 709;S ! Enter status value
130 Range = BINAND(SHIFT(S,8),3) ! Isolate range info
140 FOR 1=0TO n-1 ! Begin print loop
150 PRINT FNUnpk16(A(*),Range) ! Print readings

160 NEXT |

200 DEF FNUnpk16(INTEGER Pack,Range)  / Define 16 bit unpack function

210 REAL R(0:3) ! Alloc. range factor array
220 DATA 256.,32.,4.,1. I Range function data
230 READ R(*) ! Fill array with range factors

240 | Convert A/D bits and range value to volt reading

250 IF Pack = 32767 OR Pack =-32768 THEN

260 V=1.E+38

270 ELSE

280 V =Pack/(3200*R(Range))

290 RETURNV

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 k2 range; 0.1
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.)

8-6 Using Read/Write Registers



Reading the Identity
Register

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 709;"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" 1 Set 10.24V range

60 OUTPUT 709;"CLWRITE 500" ! Set ch 500 as scan list

70 OUTPUT 709;"SCTRIG INT" - ! Intemal scan trigger

80 OUTPUT 709;"SREAD 600,4" ! Read Data Buffer register
90 ENTER 709;A ! Enter register contents
100 PRINT BINAND(4095,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 GPIOQ. 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 (Assign 1/0 path to GPIO

100 CONTROL 12,2;5 ! Set CTLO low

110 OUTPUT @Gpio;4 ! Output Data Buffer register addr
120 CONTROL 12,2;4 ! Set CTLO high

130 ENTER @Gpio;A ! Enter Data Buffer register value

The Identity register provides the HP 44702A/B voltmeter identity. Figure 8-4
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 identity 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 voltmeter, the identity register 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 always 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-1B.

identity Code (01000xxx)

Pause Bit {changes during scan)

Scanmode On Flag
i“’“"""
7|61514|312]1]0 Register Bits
1286 64 32 16 8 4 2 1 Bit Values

Figure 8-4. Identity Register

10 OUTPUT 709; "SREAD 600,0" ! Read Identity register
20 ENTER 709;A ! Enter register contents
30 PRINT A ! Display register contents
40 END

For an HP 44702B 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 44704A (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 OUTPUT @Gpio;0 ! Output Identity register address

50 CONTROL 12,2;4 1 Set CTLO high

60 ENTER @Gpio;A ! Enter Identity register value
we--——70PRINFA-~ -- -~ -~ —— . -—-lDisplayregistervalue ______

80 END ‘
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For an HP 44702B or HP 44704 A 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
(64k reading storage memory).

Reading the Status The Status register provides the mainframe or GPIO controller information
Register 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

BRt Name Description

04 Protocol Bits Protocol information between the HP 3852A mainframe and the
voltmeter microprocessor.

5 Amost Full Flag | When RDGSMODE BURST is set, bit 5 is set when the data buffer has
room for only 4096 (or less) additional readings.
6 Measurement Set when measurement data Is available in the voltmeter data buffer.
Data Available
Flag
7 Service indicates interrupt status and can be used to indicate available data.

Request Flag For RDGSMODE END or RDGSMODE COMPLETE, indicates the end
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-bit

Example: Reading the Status Register (HP-IB)

Resolution

Service Request
Data

Almost Full
Command Accepted
Scan In Progress

Error Flag
Input Buffer Full
//—-‘ Output Butfer Full

9(8|7|6(51413(2(1] 0| ReglsterBits
512256 128 64 32 16 8 4 2 1 Bit Values

Figure 8-5. Status Register
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This example shows how to read the Status register over HP-IBfora
voltmeter in mainframe slot 6.

10 OUTPUT 709; "SREAD 600,1" ! Read Status register

20 ENTER 709;A ! Enter register contents
30 PRINT A ! Display register contents
40 END

If measurement data is available (bit 6 set) and all other bits are zero, 64 is
returned.

Example: Reading the Status Register (GPIO)

This example reads bits 5 through 9 of HP 44704A’s Status register and
decodes the results. The GPIO interface select code is 12.

10 ASSIGN @Gpio TO 12;WORD,FORMAT OFF ! Assign I/O path to GFIO

20 INTEGER A

30 CONTROL 12,2;5 ! Set CTLO low

40 OUTPUT @Gpio;1 ! Status register address

50 CONTROL 12,2;4 » 1 Set CTLO high

60 ENTER @Gpio;A 1 Enter status reg value

70 PRINT "Status Register" ! Display header

80 PRINT

90 PRINT "Range bit 1=",BIT(A,9) ! Display bit 9 state 44704 only
100 PRINT "Range bit 0 =";BIT(A,8) ! Display bit 8 state 44704 only
90 PRINT "Service Request=";BIT(A,7) ! Display bit 7 state

100 PRINT "Data Available =";BIT(A,6) ! Display bit 6 state

110 PRINT "Almost Full =";BIT(A,5) ! Display bit 5 state

120 END

Writing to the Trigger The Trigger register allows the mainframe or the GPIO controller to generate
Register single scan, measure, or stop triggers. The register may be written to at any
time except during the first 750 usec immediately after reset. Figure 8-6 shows
the Trigger register bits.

You can write to the Trigger register over HP-IB or over GPIO. Use
SWRITE to write to the register over HP-IB or use CONTROL statements to
write to the register over GPIO. From Figure 8-6, note that writes to bits 3
through 7 of the Trigger register are ignored.
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ignored
Stop Trigger
Scan Trigger

//: Measure Trigger

7(6|5(4}3]2(1}0 Register Bits

128 64 32 16 8 4 2 1 Bit Values
Figure 8-8. Trigger Register
NOTE

To generate the appropriate scan, measure, or stop trigger by writing to the
Trigger register, SCTRIG SGL, TRIG HOLD/SGL, and/or STTRIG
HOLD/SGL must first be set. -

HP-IB Writes

Use SWRITE slot register_number register_value to write to the Trigger
register over HP-IB where slot is the voltmeter slot, register_number = 1 is the
trigger register address as defined in Table 8-1, and register_value is the value
to be written to the register (1 sets a measure trigger, 2 sets a scan trigger, and
4 sets a stop trigger).

Example: Writing to the Trigger Register (HP-IB)

For example, to generate a single scan trigger by writing to the Trigger register
of an HP 44702A/B voltmeter in mainframe slot 6 via HP-IB, use the
following line where 1 is the address of the Trigger register and 2 generates a
single scan trigger.

100 OUTPUT 709;"SWRITE 600,1,2" ! Generate a single scan trigger

GPIO Writes

To write to the Trigger register over GPIO, first set Control Register 2 bit 0
(CTLO) low to tell the voltmeter that the next piece of data is a register
address. Next, send the Trigger register address = 1. Then, set CTLO high
again for data transfer and send the value desired to the Trigger 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 @Gplo TO 12;WORD,FORMAT OFF / Assign I/O path to GPIO

100 CONTROL 12,2;5 !Set CTLO low

110 OUTPUT @Gpio; 1 1 Send Trigger register address
120 CONTROL 12,2;4 ! Set CTLO high

130 OUTPUT @Gpio;2 ) ! Generate single scan trigger
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A

Specifications

DC Voltage

Accuracy:

1 Year Accuracy

*(% 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.

90 Days, 18 to 28 °C

Range Accuracy

40mvV 03% + 304V
320mv 015% + 504V
256V 015% + 3404V
1024V 015% + 1.35mV

Averaged Readings, 90 Days, 18 to 28 °C

Accuracy if 100 readings are averaged.

Range Accuracy

40 mV .03% + 104V
Accuracy if 10 readings are averaged: (little advantage to averaging more readings)

Range Accuracy

320mV 015% + 18uV

256V 015% + 1134V

10.24V 015% + 450uV

Add .005% of reading to 90-day specifications

Specifications A-1



Temperature

Add as an additional accuracy error using + of reading per °C change outside

coefficient: 18to28°C, aslong as the operation temperature is maintained between 0 to
18 0or 28 to 55°C.,
Range Add %,°', reading
40mv .002%
all other ranges .001%
Resolution: 13, 14, or 16 bits including sign bit
Range Resolution
13-bht 14-bit 16-bit
40 mv 9.77 uV 4.88 pV 122 4V
320mV 78.1 uV 39.1 uV 9.71 uV
256V 625 uV 313 uv 781 uV
1024V 25mV 1.25 mV 313 uV
Over-ranging: None; maximum signal (high to low) + common mode voltage (low to chassis)

Reading Rate:

A-2 Specifications

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.




* @ Resistance

Accuracy:

1

+(% 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
multiplexer is recommended for measuring resistance properly.

90 Days, 18 t0 28 °C

10 kohm Function (1 mA current source) .
Range Accuracy
40 ohms .055% + 60 mohms
320 ohms .04% + 70 mohms
2.56 kohms .04% + 450 mohms
10.24 kohms .04% + 1.8 ohms
100 kohm Function {100 uA current source) Range:
400 ohms 055% + 0.6 ohms
3.2 kohms .04% + 0.7 ohms
25.6 kohms .04% + 4.50hms
102.4 kohms .04% + 18 ohms
1 Mohm Function (10 uA current source) Range:
4 kohms ' .055% + 6 ohms
32 kohms 04% + 7ohms
256 kohms 04% + 45ohms
1.024 kohms .04% + 180 ohms

Averaged Readings, 90 Days, 18 to 28 °C

Accuracy if 100 readings are averaged:
Range Accuracy
40 ohm 055% + 15 mohms
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 .04% + 18 mohms
3.2 kohm .04% + 180 mohms
32 kohm .04% + 1.8 ohms
2.56 kohm .04% + 113 mohms
25.6 kohm .04% + 1.13ohms
256 kohm .04% + 11.3ohms
10.24 kohm .04% + 450 mohms
102.4 kohm .04% + 4.50hms
1.024 Mohm .04% + 45 ohms

1 Year Accuracy Add.01% of reading to 90-day specifications
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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 28 to 55 °C.
Range Add % of reading Range:
40 ohm, 400 chm, 4 kohm .003%
all other ranges -002%

Reading Rate: 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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Acquisition, continuous data, example, 5-96
Advance source (SADV), 4-23

Applications, special, examples, 5-96
ARMODE (autorange mode), 4-19, 5-24, 543
ASCAN (autoscan mode), 5-61

Autorange mode (ARMODE), 4-19,5-24, 543
Autoscan mode (ASCAN), 5-61

Autozero (AZERO), 4-28, 5-24, 542
AZERO, 4-28, 5-24, 542

Backplane measurements, 5-3
Buffer register, reading the data, 8-3

C

Cable, ribbon, instailation, 3-12
Capture data "window”, example, 5-87
Cautions, notes, and warnings, 3-1
Channel/range lists (CLWRITE), 5-25, 546
Channel read (CHREAD), 4-26, 581
Channels, controlling multiplexer, 4-25
Checks,
initial, 3-12
voltmeter ID, 3-12
wiring connections, 3-15
CHREAD, 4-26, 5-81
CLOSE, 4-25
Close channels (CLOSE), 4-25
CLWRITE, 5-25, 5-46
correcting 16 bit readings, 6-5
Commands,
scanner mode, 5-21, 540, 5-107
system mode, 4-36
CONF,
and MEAS operation, 4-15, 5-16
command, 4-13, 5-19, 5-39
preset values, 4-14, 5-19, 5-39 :
Configure voltmeter (CONF), 4-13, 5.19,5-39
CONFMEAS
command, 44, 5-6
measurement examples, 4-9, 5-10
operation, 4-7, 58
presets, 4-7
Connections
multiplexer, 3-5
rear panel, 3-5
Contents
chapter, 2-1, 3-1,4-1,5-1,7-1,8-1
manual, 1-1
Continuous data acquisition, example, 596
Controlling multiplexer channels, 4-25
Correcting readings made with CLWRITE, 6-5
example program, 6-7
Correction factors for CLWRITE, 6-6

D

Data buffer register, 8-3

Data management,
data/interrupt requirements, 2-6
destination/storage, setting, 5-78
transfer to controller, example, 5-92
transfer to mainframe, example, 5-91

Data transfers,
to controller via HP-IB, example, 5-92
to mainframe, example, 5-91
to controller via GPIO, example, 7-14
DC voltage measurements, examplie, 5-10
Defining measurement requirements, 2-5
Definitions, register, 8-1
Delay,
example, measure trigger, 568
measurement (DELAY), 4-18
scan trigger (SCDELAY), 5-28, 5-60
DELAY, 4-18
Descriptions, voltmeter, 1.2
Destination,
readings (RDGS), 4-30, 5-24-, 540
storage, setting readings, 5-78
Digitize a waveform, example, 5-88
DISABLE INTR, 5-84
Disabling interrupts (DISABLE INTR), 5-84
Discharging mainframe backplane, 3-3
DISP, 541
Display mode (DISP), 541

E

ENABLE INTR, 4-32, 5-82
Enable interrupts (ENABLE INTR), 4-32, 5-82
Eatering 16 bit resolution mode, 6-10
example program, 6-10
Examples,
capture a "window” of data, 587
channel/range lists, 548
continuous data acquisition, 5-96
DC voltage measurements, 4-9, 5-10
digitize a waveform. 4-34, 588
GPIO interrupts, 7-10
GPIO operations, 7-11
graphing a waveform, 5-90
fow-level multiplexer measurements, 4-26
mainframe firmware revision, 3-16
measure trigger delay, 5-68
measure trigger, setting, 5-70
monitor multiplexer inputs, 3-15
noise rejection, 60 Hz, 5-104
number of readings, setting, 5-51
reading data buffer register (GPIO), 8-7
reading data buffer register (HP-IB), 8-6
reading identity register (GPIO), 8-8
reading identity register (HP-IB), 8-8
reading status register (GP1O), 8-10
reading status register (HP-IB), 8-10
rear pancl measurements, 4.29,5-94

reference temperature measurement, 4-11, 5.12

resistance measurements, 4-10, 5-12

scan trigger, setting, 4-24, 5-63

scanner mode measurements, 2-12

stop trigger, setting, 5-75

synchronize multiple voltmeters, 5-101
system mode voltage measurements, 2-11
temperature measurements, 4-10,5-12
transfer data @ 100 kHz, 7-14

transfer data (GP1O), 7-9

transfer data to controller, 5-92

transfer data to mainframe, 5-91
voltmeter configuration, setting, 4-19, 5-25
voltmeter interrupts, setting, 4-34, 5-84
voltmeter triggering, setting, 4-22, 5-30
writing to trigger register (GP1O), 8-12
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writing to trigger register (HP-IB), 8-11
EXTO port triggering (TRIGOUT), 5-30, 5-68

F

Features, voltmeter, 1-3

Field wiring checks (MONMEAS), 54
Firmware revision, mainframe, 3-16
FUNC, 4-28, 5-23,542

Punction (FUNC), 4-28, 5-23, 542

G

Getting started, 14, 4-2, 54

GPIO,
data transfers, 7-5
interface signals, 7-2
interface switches, 7-3
interrupts, 7-10
operations, example, 7-11
programming, 74
signal timing, 7-5
triggering, 7-9

Graphing a waveform, example, 5-90

H
High-speed data transfers, examples, 5-91, 7-14
I

ID check (ID?), 3-12
Identity register, 8-8
Input,
slope (SLOPE), 4-22
terminals (TERM), 4-27, 5-23, 542
threshold (PERC), 4-27, 5-28, 5-59
Inputs, connecting user, 3-5
Installation,
multiplexer measurements, 3-9
ribbon cable measurements, 3-12
Installing the voltmeter, 3-9
Interrupts,
disabling (DISABLE INTR), 5-84
enabling (ENABLE INTR), 4-32, 5-82
enabling interrupts, example, 4-34, 5-84

K

Known state, setting, 5-23, 541
L

Lists,
channel/range (CLWRITE), 5-25, 546
setting channcl/range, example, 54-8
Low-level commands, 4-13, 5-21, 54-0

M

Mainframe,
firmware revision, 3-16
transfer data to, example, 5-91
Managing range information, 6-3
mainframe readings, 6-4
Manual contents, 1-1
MEAS,

command, 4-14-, 520 - — — - -

operation, 4-15, 5-16
Measure trigger,

slope (SLOPE), 5-30, 566
source (TRIG), 5-29, 565
timing (SPER), 5-30, 5-66
timing accuracy, 567
Mecasurements,
backplane, 5-3
DC voltage, example, 5-10
delays (DELAY), 4-18
function (FUNC), 4-28, 5-23, 542
low-level multiplexer, example, 4-26
overview, 2-1
parameters, 2-5
rear panel, example, 4-29, 5-94
reference temperature, example, 5-12
resistance, example, 5-12
requirements, defining, 2-5
temperature, example, 5-12
types, 2-5,4-2, 5-2
using CONF and low-level commands, 4-24, 5-31
using CONF and MEAS, 4-11, 5-13
using CONFMEAS, 44, 5-6
Mode,
autorange (ARMODE), 4-19, 5-24, 543
autoscan (ASCAN), 5-61
autozero (AZERO), 4-28, 5-24, 542
display (DISP), 541
readings storage (RDGSMODE), 4-31, 5-78
scanner (SCANMODE), 4-13, 5-23, 541
Multiple readings (XRDGS), 4-28, 5-81
Multiple voltmeters, synchronize, examPle, 5-101
Multiplexer,
characteristics, 2-9
connections, 3-5
installation, 3-5
types, 2-9

N

Noise rejection, 60 Hz, example, 5-104

Notes, warnings, cautions, 3-1

NRDGS, 4-17, 5-24, 5-50

Number,
postscans (POSTSCAN), 5-50
prescans (PRESCAN), 549
readings/channel (NRDGS), 5-50
readings, setting, example, 5-51
readings/trigger (NRDGS), 4-17, 5-24, 5-50

0

OPEN, 4-25
Operation,
CONF and MEAS, 4-15, 5-16
CONFMEAS, 44,58
GPIO, example, 7-11
Overview,
CONF and MEAS, 4-11, 5-16
programming, 4-11, 5-14
scanner mode, 5-2
system mode, 4-15

P

PERC, 4-27, 5-59, 5-713
POSTSCAN, 5-50
Postscans (POSTSCAN), 5-50
PRESCAN, 549
Prescans (PRESCAN), 5-49
Preset values,
CONF, 4-14,5-19, 5-39
MEAS, 4-15, 5-20

Lng,
GPIO, 74
HP-IB, 4-1
overview, 4-11, 5-14




selecting mode, 2-10
Programming sequence,

using CONFMEAS, 5-11

using CONF and low-level, 5-33

using CONF and MEAS, 5-15

R

RANGE, 4-18, 5-23, 543

Changing (RANGE cmd), 6-3

CONF presets, 6-3

controlling, 6-2

in 16 bit resolution, 6-1

information, managing, 6-3
Range (RANGE), 4-18, 5-23, 543, 6-2
Range/channel lists (CLWRITE), 5-25, 5-46
RDGS, 4-30, 5-24-, 5-78
RDGSMODE, 4-31,5-78
Reading registers,

data buffer register, 8-3

identity register, 8-7

status register, 8-9
Readings,

destination (RDGS), 4-30, 5-24, 7-1

number of (NRDGS), 4-17, 5-24, 5-50

storage mode (RDGSMODE), 4-31, 5-78

transfer singie (CHREAD), 4-26, 5-81

transfer multiple (XRDGS), 4-28, 5-81
Rear panel,

connections, 3-S

measurements, 4-27, 5-94
Reference temperature measurement, examPle, 5-12
Register,

definitions, 8-2

reading the data buffer, 8-3

reading the identity, 8-7

reading the status, 8-9

writing to the trigger, 8-10
Resistance measurements, example, 5-12
RESOL

entering 16 bit resolution, 6-10

exampie program (16 bit), 6-10
Resolution

entering 16 bit mode, 6-10

16 bit data format, 6-1

16 bit mode, 6-1

16 bit unpacking function, 6-9
Revision, mainframe firmware, 3-16
Ribbon cable,

installation, 3-12

measurements, 5-3

S

SADV,4.23
Scan advance source (SADV), 4-23
Scan pass, 5-36
Scan RAM, 5-34
Scan sequence, 5-36
Scan trigger,
delay (SCDELAY), 5-28, 5-60
slope (SCSLOPE), 5-28, 5-59
source (SCTRIG), 5-27, 5-56
threshold (PERC), 5-28, 5-59
SCANMODE, 4-13, 5-23, 541
Scanner Mode,
commands, summary, 5-22, 5-40, 5-107
setting (SCANMODE), 4-13, 5-23, 54-1
16 bit resolution, 6-5
SCDELAY, 5-28, 5-60
SCSLOPE, 5-28, 5-59
SCTRIG, 5-27, 5-56
Self-test, voltmeter, 3-12
Signals, GP10,
interface, 7-2
timing, GPIO, 7-3

16 bit resolution mode, 6-1, 6-9
entering, 6-10
example program, 6-9
16 data format, 6-1
using CLWRITE, 6-5
SLOPE, 4-22, 5-30, 5-66
Slope,
measure trigger (SLOPE), 5-30, 5-66
scan trigger (SCSLOPE), 5-28, 5-59
stop trigger (STSLOPE), 5-73
SPER, 5-30, 5-66
Stop trigger,
setting, example, 5-75
slope (STSLOPE), 5-73
source (STTRIG), 5-71
STRIG, 4-23
STSLOPE, 5-73
STTRIG, 5-11
Source,
measure trigger (TRIG), 5-29, 5-65
scan advance (SADV), 4-23
scan trigger (SCTRIG), 5-27, 5-56
scan start (STRIG), 4-23
stop trigger (STTRIG), 5-71
Status register, 8-9
Stop trigger,
slope (STSLOPE), 5-73
source (STTRIG), 5-71
threshold (PERC), 5-28, 5-59
Storage mode, readings (RDGSMODE), 5-78
Summary,
scanner mode commands, 5-107
system mode commands, 4-12
Switches, GPIO, 7-3
Synchronize multiple voitmeters, example, 5-101
System Mode,
commands, 4-12
operation, 4-15
16 bit resolution, 64

T

Temperature measurements, example, 5-12
TERM, 4-27, 5-23, 542
Terminals, setting (TERM), 4-27, 5-23, 542
Threshold,

scan trigger (PERC), 5-28

stop trigger (PERC), 5-59

iming,
GPIO signal, 7-3
measure trigger (SPER), 5-30, 5-66
scan trigger (SCDELAY), 5-28, 5-60

Transferring data,
at 100 kHz, example, 7-14
multiple readings (XRDGS), 4-28, 5-81
single reading (CHREAD), 4-26, 5-81
to controller, example, 5-92
to mainframe, example, 5-91

TRIG, 4-20, 5-29, 565

Trigger,
measure, delay (DELAY), 4-18
measure, delay (SPER), 5-30, 5-66
register, 8-10
scan delay (SCDELAY), 5-28, 5-60
setting measure, example, 5-70
setting scan, example, 5-63
setting stop, example, 5-75
slope, measure (SLOPE), 5-30, 5-66
slope, scan (SCSLOPE), 5-28, 5-59
slope, stop (STSLOPE), 5-73
source, mainframe advance (SADV), 4-23
source, mainframe scan (STRIG), 4-23
source, measure (TRIG), 4-20, 5-29
source, scan (SCTRIG), 5-27, 5-56
source, stop (STTRIG), 5-71
threshold, scan (PERC), 5-28, 5-59
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threshold, stop (PERC), 5-73
timing (SPER), measure, 5-30, 5-56
TRIGOUT, 5-30, 5-68

U
Unpacking readings in your controller
exampie program, 6-7
16 bit resolution mode, 6-7, 6-9
USE, 5-23, 141

User inputs, connecting, 3-5
Using this manual, 1-1

\4

Values, CONF preset, 5-19, 5-39
Voltage measurements, DC, example, 5-10
Voltmeter,
architecture, 5-34
configure (CONF), 5-19, 5-39
configuration, exampie, 5-25
configuration, selecting, 2-7
description, 1-1
function, 2-7
function (FUNC), 5-23, 542
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ID check (ID7), 3-12
installing, 3-9

interrupts, example, 5-84
range (RANGE), 4-18, 5-23, 543
slot used (USE), 5-23, 541
ronize multiple, example, 5-101
triggering, examples, 4-24, 5-30
triggering, setting, 4-20, 5-26, 5-53
triggering, sources, 5-55
w
‘Warnings, cautions, and notes, 3-1
Waveforms,
digitizing, example, 588
graphing. crampie, 5-90
Wiring connections, checking, 3-15
Writing to trigger register, 8-10

X
XRDGS, 4-28, 581
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Serial Numbers

Attached to the backplane connector of the instrument is a serial number plate. The serial
number is in the form: 0000A00000. The first four digits and the letter are the serial number
prefix. The last five digits are the suffix. The prefix is the same for identical instruments; it
changes only when a configuration change is made to the instrument. The suffix, however,
is assigned sequentially and is different for each instrument. This manual applies directly to
instruments with serial numbers prefixed with 3108A.
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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 United States National
Institute of Standards and_Technology (formerly National Bureau of Standards), to the extent allowed by that
.organization’s calibration facility, and to the calibration facilities of other International Standards Organization
members.

WARRANTY

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

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

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

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer-supplied products or
interfacing, unauthorized modification or misuse, operation outside of the environmental specifications for the product, or improper site
preparation or maintenance.

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

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

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT BE LIABLE FOR
ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT,
TORT, OR ANY OTHER LEGAL THEORY.

NOTICE

The information contained in this document is subject to change without notice. HEWLETT-PACKARD (HP) MAKES NO WARRANTY
OF ANY KIND WITH REGARD TO THIS MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. HP shall not be liable for errors contained herein or for
incidental or consequential damages in connection with the furnishing, performance or use of this material. This document contains
proprietary information which is protected by ight. All rights are reserved. No part of this document may be photocopied, reproduced,
or translated to another language without the prior written consent of Hewlett-Packard Company. HP assumes no responsibility for the use
or reliability of its software on equipment that is not furnished by HP.

Restricted Rights Legend

Use, duplication, or disclosure by the Government is subject to restrictions as set forth in subdivision (b)(3)(ii) of the Rights in Technical
Data and Computer Software clause at 52.227-7013. Hewlett-Packard Company; 3000 Hanover Street; Palo Alto, California 94304

Herstellerbescheinigung

Hiermit wird bescheinigt, dass dieses Gerdt/System HP 44704A in
Ubereinstimmung mit den Bestimmungen von Postverfiigung
1046/84 funkentstort ist. Der Deutschen Bundespost wurde das
Inverkehrbringen dieses Gerdtes/Systems angezeigt und dic
Berechtigung zur rprfung der Serie auf Einhaltung der Be-
stimmungen cingerdumt.

Zosatzinformation fir Mess- und Testgerite:

Werden Mess- und Testgerdte mit ungeschirmten Kabeln
und/oder in offenen Messaufbauten verwendet, so ist vom
Betreiber sicherzustellen, dass die Funk-Entstorbestimmungen
unter Betricbsbedingungen an seiner Grundstiicksgrenze cin-
gehalten werden.

Manufacturer’s Declaration

This is to certify that the equipment HP 44704A mecets the radio
frequency interference requirements of Directive FTZ 1046/84.
The German Bundespost has been notified that this equipment
was put into circulation and has been granted the right to check
the product type for compliance with these requirements.

Additional Information for Test and Measurement Equipment:
If test and measurement equipment is operated with unscreened
cables and/or used for measurements on open sct-ups, the user has
to assure that under operating conditions the Radio Interference
Limits are still met at the border of the user’s premises.




Printing History

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

updates.

Edition 1 (Part Number44704-90010) ............cocviiininnnnes September 1991
Safety Symbols
Instruction manual symbol affixed to /~\/ Alternating current (AC).
A product. Indicates that the user must
refer to the manual for specific Wamning . - .
or Caution information to avoid personal === Directcurrent (DC).
injury or damage to the product. q Indicates h ous voltages.
i azard 2
1 Indicates the field wirinﬁ terminal that
= mustbe connected to carth ground before Calls attention toa procedure, practice, or
operating the equipment —protects WARNING condition that could cause bodily injury or
against electrical shock in case of fault. death.
Frame or chassis ground terminal —typi- Callsattention to a procedure, practice, or
2 R _]_ cally connects to %: equipment’s metal CAUTION condition that could possH)ly cause
frame. damage to equipment or permanent loss
of data.

WARNINGS

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

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

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

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

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

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

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

DO NOT substitute parts or modify equipment: Because of the danger of introducing additional hazards, do not install substitute parts or
perform any unauthorized modification to the product. Return the product to a Hewlett-Packard Sales and Service Office for service and
repair to cnsure that safety features are maintained.
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Manual Descriptions

Getting Started Guide. Contains step-by-step instructions for configuring the mainframe, along with an introduction
to operating and programming the mainframe.

HP 3852A Mainframe Configuration and Programming Guide. Contains detailed information about operating and
programming the mainframe.

HP 3852A Command Reference Manual. Contains an alphabetic listing of all commands associated with the
mainframe and plug-in accessories.

HP 3852A Plug-in Accessories Configuration and Programming Manuals. Contains plug-in module configuration
and wiring information, and information on commands that apply to the specific accessory.

HP 3852A Assembly Level Service Manual. Contains service information for the mainframe and most plug-in
accessories. Information about verification tests, adjustments, repair, and user-replaceable parts is included.

Plug-in Module Service Manuals. Some plug-in accessories have Service Manuals that are separate from the /P
38524 Assembly Level Service Manual. Depending on the plug-in accessory, information about verification tests,
adjustments, repair, and user-replaceable parts is included.
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What’s in this Manual

#

Manual Overview

This manual shows how to service the HP 44704A 16-Bit High-Speed Voltmeter. Consult the HP
44702A/B and HP 44704A Configuration and Programming Manua! for additional information on
installing, configuring, and operating the voltmeter. General service information for the HP 3852A Data
Acquisition/Control Unit and its accessories can be found in the HP 38524 Assembly Level Service
Manual.

Manual Content

1 General Provides a basic description, and lists available options and
Information accessories. Also lists the test equipment required for service.
2 Installation Procedures for installation, initial inspection, and shipping.
3 Operating Procedures to operate the voltmeter, perform scheduled preventive
Instructions maintenance, and perform the operator’s check.
4 Verification Functional verification, operation verification, and performance
Tests verification tests.
5 Adjustments Procedures for adjusting the voltmeter to within its rated specifications.
6 Replaceable Lists part numbers for user-replaceable parts in the voltmeter.
Parts Provides information on ordering spare parts and module/assembly
exchange.
7 Manual Information to adapt this manual to instruments whose serial numbers
Changes are lower than those listed on the title page.
8 Service Procedures to aid in fault isolation and repair of the voltmeter.
v



|

Contents

Chapter 1 - General Information

Introduction . . . . . v v v v v i e et e st 11
Safety Considerations . . . . . ..o o vt vt v i n et e 1-1
Voltmeter Description . . . . ..t o v v ittt et 13
Recommended Test Equipment . . . . . . .. ..o v v ee oot 14
Chapter 2 - Installation
Introduction . . . o v v v v e vttt e et e i e 2-1
Initial Inspection . . . . .. .. ittt e e 2-1
PreparationforUse . . .. ... ... ..., 2-1
EDVIFOMMENE . . . o v v v i vt v e v e oo o oo onssosnesneassoness 22
Shippingthe Voltmeter . . . ... .......:. ..ot 22
Chapter 3 - Operating Instructions
INtroduction . . v v v v v v e e e e e e e e e 31
Multimeter Operation . . . ... .. ...t ive ottt 31
Operator'sCheck . ........ ..o 31
Self-TestProcedure . . . . ..« . v i ittt it i ittt neeaonoenns 3-1
Chapter 4 - Verification Tests
Introduction . . . . . v i ittt e it et e e e e 4-1
Functional Verification Tests . . . . . .. v vttt ittt e e inenanan 43
Self-TestProcedure . . . ... .o oo i i it it it it ononneneos 43
GPIO Test Procedure (Optional) . .. ..................0. 43
Ribbon Cable Test Procedure (Optional) . ................... 4-6
Performance Verification .. ........ .0ttt 410
Test 4-1: DC Voltage TestProcedure . . . ................... 4-10
Test4-2: OhmsTestProcedure . ... ...... ...t 417
Test4-3: AutorangeTest .. ... ...... ... 4-21
Operation VerificationTests . . .. ... ... ... ... 423
Performance Test Record . . .. ... . ... ittt iinnn.s 423
Chapter S - Adjustments
INtroduCtiOn . . . . v v v vt vt et e e e et e e 5-1
DC Voltage Adjustment Procedure . . .. .......... ..o 53
Offset Adjustment . .. ... ... .ot eennnenns 53
Gain Adjustment . ..........c.ccuieetiiieiaean 53
Ohms Adjustment Procedure . . .. ................ ... 55
Gain Adjustment . . ... .... ...ttt 5-5



Chapter 6 - Replaceable Parts
Introduction . ... ... ...t vttt it in ettt oeae oo 6-1
Replaceable PartsList . . ............¢c00i e enneenns.n 6-1
Chapter 7 - Manual Changes
Introduction . ... ... . ...t iiii ittt 7-1
Chapter 8 - Service
Introduction . ... .... ...t ii ittt enennenan 81
Troubleshooting Techniques . . ... ... ....... ... 82
Repair/Maintenance Guidelines . . . . ... ..... ...t 8-4

P B & B S . RS S NS E SRR E R E O E R EEEEEEERE®



Introduction

Safety

Considerations

1
General Information

This manual contains information required to test, adjust, troubleshoot,
and repair the HP 44704A 16-Bit High-Speed Voltmeter. See the HP
44702A/B and 44704A Configuration and Programming Manual for
additional information. Figure 1-1 shows the HP 44704A voltmeter.

44704A F_1_1

Figure 1-1. HP 44704A Voltmeter

This product is a Safety Class I instrument that is provided with a
protective earth terminal when installed in the mainframe. The
mainframe, voltmeter, and all related documentation should be
reviewed for familiarization with safety markings and instructions before
operation or service.

Refer to the WARNINGS page (page iii) in this manual for a summary
of safety information. Safety information for preventive maintenance,
testing, adjusting, and service follows and is also found throughout this
manual.
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Warnings and
Cautions

WARNING

This section contains WARNINGS which must be followed for your
protection and CAUTIONS which must be followed to avoid damage to
the equipment when performing instrument maintenance or repair.

SERVICE-TRAINED PERSONNEL ONLY. The information in this
manual is for service-trained personnel who are familiar

with electronic circuitry and are aware of the hazards involved.
To avoid personal injury or damage to the instrument, do not
perform procedures in this manual or do any servicing unless
you are qualified to do so.

CHECK MAINFRAME POWER SETTINGS. Before applying
power, verify that the mainframe setting matches the line
voltage and that the correct fuse is installed. An uninterruptible
safety earth ground must be provided from the main power
source to the mainframe input wiring terminals, power cord, or
supplied power cord set.

GROUNDING REQUIREMENTS. Interruption of the protective
(grounding) conductor (inside or outside the mainframe) or
disconnecting the protective earth terminal will cause a
potential shock hazard that could result in personal injury.
(Grounding one conductor of a two-conductor outlet is not
sufficient protection.)

IMPAIRED PROTECTION. Whenever it is likely that instrument
protection has been impaired, the mainframe must be made
inoperative and be secured against any unintended operation.

USING AUTOTRANSFORMERS. If the mainframe is to be
energized via an autotransformer (for voltage reduction) make
sure the common terminal is connected to neutral (that is, the
grounded side of the main’s supply).

CAPACITOR VOLTAGES. Capacitors inside the mainframe may
remain charged even when the mainframe has been
disconnected from its source of supply.

USE PROPER FUSES. For continued protection against fire
hazard, replace the line fuses only with fuses of the same
current rating and type (such as normal blow, time delay, etc.).
Do not use repaired fuses or short-circuited fuseholders.
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CAUTION

Voltmeter
Description

Voltmeter
Specifications

Voltmeter

Serial Numbers

Static electricity is a major cause of component failure. To prevent
damage to the electrical components in the voltmeter, observe
anti-static techniques whenever working on the voltmeter.

The HP 44704A is a high-speed voltmeter capable of directly measuring
DC volts and 4-wire ohms. 65,536 (64k) readings can be stored in
voltmeter memory. The voltmeter can make measurements from the
following sources:

e HP 3852A backplane analog bus .
o Rear panel terminals
e Ribbon cable analog bus

The HP 44704A can be programmed for 13-bit, 14-bit, or 16-bit
resolution. Autoranging is not allowed in 16-bit mode.

The voltmeter can be controlled through the HP 3852A backplane
digital bus. The GPIO port allows measurements to be transferred
directly to computer memory.

Voltmeter specifications are listed in Appendix A of the HP 447024/B
and 44704A Configuration and Programming Manual. These
specifications are the performance standards or limits against which the
instrument may be tested.

Voltmeters covered by this manual are identified by a serial number
prefix listed on the title page. Hewlett-Packard uses a two part serial
number in the form XXXXAYYYYY, where XXXX is the serial prefix,
A is the country of origin (A=USA) and YYYYY is the serial suffix.
The serial number prefix identifies a series of identical instruments. The
serial number suffix is assigned sequentially to each instrument.

If the serial number prefix of your instrument is greater than the one
listed on the title page, a Manual Update (as required) will explain how
to adapt this manual to your instrument. If the serial number prefix of
your instrument is lower than the one listed on the title page,
information contained in Chapter 7 (Manual Changes) will explain how
to adapt this manual to your instrument.
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Recommended  Table 1-1lists the test equipment recommended for testing, adjustintg, .
i and servicing the voltmeter. Essential requirements for each piece o
Test Eq UIpment test equipment are described in the Requirements column.

Table 1-1. Recommended Test Equipment

Controller, HP-1B HP-iB compatibility as defined by IEEE HP 9000 Series 300 A,OF,
Standard 488-1978 and the identical P,T
ANSI Standard MC1.1: SH1, AH1, T2,
TEO, L2, LEO, SR0, RLO, PPO, DCO,
DT0,and Ct, 2, 3, 4, 5.

Mainframe Compatible with voltmeter HP 3852A, Rev. 4.2 or AOF,
later P,T
DC Standard Voltage Range: -10Vto +10V Datron 4708 with A0,
Accuracy: 36mV  +0.011% Option 10 PT
300 mV  £0.003%
125V +0.038%
25V +0.003%
5V +0.053%
10V +0.003%
Resistance Standard | Values: 10 kQto 1 MQ Datron 4708 with A0,
Accuracy: 0.006% Option 30 P.T
Test Cables Shielded twisted pair cables HP part number A,OF,
03498-61602 P,T
GPIO Interface** Compatible with controller HP 98622A F
GPIO Cable** Compatible with GPIO interface and HP 44744A/B F
voltmeter
High-speed FET Must be one of the recommended HP 44711A/B F
Multiplexer*** models HP 44712A
HP 44713A/B
Test Fixture*** 24-channel high-speed FET mux HP 44711AT F
terminal module HP 44711BT

* F = Functional Verification, O = Operation Verification Tests,
P = Performance Verification Tests, A = Adjustments, T = Troubleshooting

** Required only if performing optional GPIO Test.

**+ Required only if performing optional Ribbon Cable Test.
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Installation

—

Introduction

Initial

Inspection

Preparation

for

WARNING

Se

This chapter provides information for installing the HP 44704A
voltmeter, including:

e initial inspection

e preparation for use
e environment

e shipping

Inspect the shipping container for damage. If the shipping container or
cushioning material is damaged, keep the container until the shipment
contents have been checked and the instrument has been checked
mechanically and electrically. See Chapter 4 for procedures to check
electrical performance.

To avoid possible hazardous electrical shock, do not perform
electrical tests if there are signs of shipping damage to any
portion of the outer enclosure (covers, panels, etc.).

If the contents are incomplete, if there is mechanical damage or defect,
or if the instrument does not pass the electrical performance tests, notify
your nearest Hewlett-Packard Sales and Service Office. If the shipping
container is damaged or the cushioning material shows signs of stress,
notify the carrier as well as Hewlett-Packard, and keep the shipping
materials for the carrier’s inspection.

See Chapter 2 of the HP 447024/B and HP 447044 Configuration and
Programming Manual to prepare the HP 44704A voltmeter for use. See
the HP 38524 Mainframe Configuration and Programming Manual to
prepare your mainframe.
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Environment

The recommended environment for the HP 44704A voltmeter is:

Warm-up time 1 hour

Operating temperature 0°t0 55°C

Storage temperature -40° to 75°C

Operating humidity 28°C @ RH=85%
40°C @ RH=60%
55°C @ RH=25%

Altitude (operating) 4600m (15000 ft)

Altitude (storage) 15300m (50000 ft)

Shipping
the Voltmeter

If you need to return the HP 44704A voltmeter to Hewlett-Packard,
first remove any adapters or connectors before packaging the
instrument for shipment. When you return the instrument to
Hewlett-Packard, attach a tag to the instrument identifying the owner
and indicating the service or repair required. In any correspondence,
refer to the instrument by model number and full serial number.

When shipping the instrument, we recommend using containers and
materials identical to those used in factory packaging, which are
available through Hewlett-Packard Sales and Service Offices. Mark the
shipping container "FRAGILE" to assure careful handling.

If you use other (commercially available) shipping materials, place the
instrument in an anti-static bag, then wrap it in heavy paper or plastic.
Use a strong shipping container. A double-wall carton of 2.4 MPa (350
psi) test material is adequate.

Use enough shock-absorbing material (75 to 100 mm layer; 3 to 4
inches) around all sides of the instrument to provide a firm cushion and
prevent movement in the container. Protect the front panel with
cardboard. Seal the shipping container securely and mark the container
"FRAGILE" to assure careful handling.

2-2 Installation
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Operating Instructions

Introduction

This chapter provides operating information for the HP 44704A
voltmeter, including:

e Voltmeter operation
e Operator’s check (self-test)

Voitmeter
Operation

Oﬁerator’s
Check

Self-Test
Procedure

See the HP 44702A/B and 44704A Configuration and Programming
Manual for voltmeter operation, including:

o Introduction

o Defining your measurement
o Installation and checkout

o System mode programming
o Scanner mode programming
e 16-bit mode operation

e GPIO operation

o Using read/write registers

o Specifications

The Operator’s Check for the HP 44704A voltmeter consists of sending
the self-test command and checking the response. The operator’s check
can be used at any time to verify that the voltmeter is connected
properly and is responding to the self-test command.

1. Verify that the voltmeter is installed in the mainframe and that the
mainframe has passed its power-on test. No input signals should be
present at the voltmeter inputs.

2. Execute the voltmeter self-test using the TEST ES00 command
(where E = extender number, S = slot number).

3. The HP 3852A right display should read SELF TEST OK. If a
different message is displayed, or if the ERR annunciator is on, the
voltmeter may have failed its self-test. See Chapter 8 for
troubleshooting information.
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Introduction

WARNING

TeSt Conditions/
Procedures

4
Verification Tests.

The three levels of test procedures described in this chapter are used to
verify that the HP 44704A voltmeter:

o is fully functional (Functional Verification)
o meets all testable specifications (Performance Verification)
e meets selected testable specifications (Operation Verification)

The Operation Verification tests are a subset of the Performance
Verification tests, and are usually adequate for ensuring that the
voltmeter is operating within its specifications.

Do not perform any of the following verification tests unless you
are a qualified, service-trained technician and have read the
WARNINGS and CAUTIONS in Chapter 1.

For valid tests, the voltmeter must have a one hour warm-up, and the
voltmeter should perform an auto-zero within one minute of any
measurement. Unless stated otherwise, measurements should be made
from the rear terminals of the voltmeter. For best test accuracy, the
ambient temperature of the test area should be between 18°C and 28°C
and stable to within +1°C.

See Table 1-1, Recommended Test Equipment, for test equipment
requirements. For adequate noise rejection, shielded twisted pair cables
are recommended for all measurements. Coaxial cables are not
recommended.
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Test Cycle

Performance
Test Record

Verification Test
Examples

The HP 44704A requires periodic verification to ensure that it is
meeting its specifications. To maintain 90 day specifications, check the
voltmeter at 90 day intervals. To maintain 1 year specifications, check
the voltmeter at 1 year intervals. For normal operation, a 90 day test
cycle is recommended.

Tables 4-5 and 4-6, at the end of this chapter, provide space to enter the
results of each Performance Verification test and to compare the results
with the upper and lower limits for the test. Both 1 year (Table 4-5) and
90 day (Table 4-6) versions of the test record are included. You can
make a copy of these forms, if desired. If Operation Verification tests
are performed, use the Performance Test Record, leaving blank any
sections that do not apply.

The value in the Measurement Uncertainty column is derived from the
specifications of the source used for the test, and represents the
expected accuracy of the source. The value in the "Test Accuracy Ratio
(TAR)" column is the ratio of voltmeter accuracy to measurement
uncertainty.

Most verification test procedures include an example program that
performs the test. All example programs assume that the mainframe
address is 709, and that the voltmeter is installed in slots 1 and 2. The
programs are written for an HP 9000 Series 200/300 computer running
HP BASIC.
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‘ Functional
Verification

Tests

Self-Test
Procedure

GPIO Test
Procedure
(Optional)

NOTE

The procedures in this section are used to quickly verify that the HP
44704A is functioning. The self-test should be performed anytime the
user wants to verify that the HP 44704A is connected ‘properly-andis -
responding to basic commands. The GPIO Test and the Ribbon Cable
Test are optional, and should only be performed if applicable to the
voltmeter’s intended use.

This test verifies that the voltmeter is communicating with the
mainframe and external controller by performing a voltmeter self-test.
See Chapter 3 for the self-test procedure.

This test verifies that the voltmeter can transfer readings over the GPIO
interface. The voltmeter receives a word, then echoes the word in
inverted and non-inverted form.

This test is only necessary if the voltmeter is going to be used to transfer
readings over the GPIO interface.

1. Verify that the HP 98622A GPIO Interface card is configured as
shown in Figure 4-1(a).

2. Remove power from the HP 3852A mainframe.

3. Connect the GPIO cable between the HP 44704 A and the
computer as shown in Figure 4-1(b).

4. Apply power to the HP 3852A mainframe.

5. RUN the test program that follows. The program will display a pass
or fail message on the computer screen.
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Figure 4-1(a). HP 98622A Configuration for GPIO Test
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Figure 4-1(b). GPIO Test‘Setup
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‘ GPIO Test Program  This program performs a GPIO test. The voltmeter echoes a word in
inverted and non-inverted form. Change line 40 if the address of your
GPIO interface card is not 12.
10 REAL Test_word,Not_test_word,Inverted,Non_inverted
20 INTEGER Gpio,Failed
30 !
40 Gpio=12
50 Failed=0
60 Test_word=21846
70 Not_test_word =-21847
80 !
90 CONTROL Gpio,2;5
100 OUTPUT Gpio USING "#,W",3 Register 3
110 CONTROL Gpio,2;4
120 OUTPUT Gpio USING "#,W";193 Send echo command
130 WAIT .1
140 !
150 CONTROL Gpio,2;5
160 OUTPUT Gpio USING "#,W";2 Register 2
170 CONTROL Gpio,2;4
180 OUTPUT Gpio USING "#,W";Test_word Send test word
‘ 190 WAIT 1
200 !
210 CONTROL Gpio,2;5
220 OUTPUT Gplo USING "# ,W";2
230 CONTROL Gpio,2;4
240 ENTER Gpio USING "#,W";Inverted Echo inverted test word
250 WAIT .1
260 !
270 CONTROL Gpio,2;5
280 OUTPUT Gpio USING "#,W";2
290 CONTROL Gpio,2;4
300 ENTER Gpio USING "#,W";Non_inverted  Echo oniginal test word
310 !
320 IF Non_inverted < >Test_word THEN Failed =1
330 |IF Inverted < >Not_test_word THEN Failed =1
340 !
350 |IF Failed THEN
360 PRINT "HP 44704A’s GPIO failed to echo data properly.”
370 PRINT “inverted = " Inverted
380 PRINT "Non-inverted = ",Non_inverted
‘ 390 PRINT 'This test is complete."
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Ribbon Cable
Test Procedure
(Optional)

NOTE

400 ELSE

410 PRINT "Inverted = " Inverted

420 PRINT "Non-inverted = ",Non_inverted
430 PRINT "HP 44704A passed the GPIO Test."
440 PRINT "This test is complete.”

450 ENDIF

460 END

This test verifies that measurements can be transferred to the voltmeter
over the ribbon cable using a high-speed FET multiplexer. Any of the
following component modules can be used: HP 44711A, HP 44712A,
HP 44713A, HP 44711B, or HP 44713B. A test fixture, which can be
manufactured using an HP 44711A/B terminal module, is required for
this test.

This test is only necessary if the voltmeter will be used with a high-speed
FET multiplexer.

1. Configure the HP 44711A/B terminal module as shown in Figure
4-2(a) and Figure 4-2(b). On the test fixture, connect a jumper
between the shorted HIGH lines and the shorted LOW lines.

2. Remove power from the HP 3852A mainframe.

3. Install the FET multiplexer component module in the mainframe
next to the voltmeter. Connect the ribbon cable between the FET
multiplexer and the voltmeter as shown in Figure 4-3. Note the slot
numbers where the modules are installed.

4. Install the test fixture on the FET multiplexer.
5. Apply power to the HP 3852A mainframe.

6. Setup the voltmeter as follows:

USE ES00 (where E = extender, S = voltmeter slot number)
FASTDISP OFF

SCANMODE ON

TERM RIBBON
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HP 44704A

HP 44711A/8B

44704A F_4_2

Figure 4-3. Ribbon Cable Test Setup

7. Enter the following command to perform the measurements:
CONFMEAS OHM ES00-ES23

where E = extender number, S = FET mux slot number.

8. Each measurement will be shown in the HP 3852A right display.
The left display will indicate each channel as it is scanned. Verify
that the resistance of each channel is less than 6.2 kQ. This
resistance will include the on-resistances of the channel FET switch
and the tree FET switch, and the resistance of the series protection
resistors.

NOTE If the FET multiplexer component module is an HP 44711B or an HP
44713B, the resistance for all channels should be less than 2.6 kQ.

9. Remove the FET multiplexer from the HP 3852A mainframe when
finished. If the test fails, the voltmeter, multiplexer, or ribbon cable
may need repair. Test the multiplexer and ribbon cable and check
test fixture wiring before assuming that the voltmeter is not working
correctly.
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Example: Ribbon
Cable Test

This program performs the Ribbon Cable Test. The resistance of

each channel will be displayed on the computer screen. Change the
mainframe address (line 20), and/or the voltmeter slot number (line 30)
if necessary. -If you are-using an HP 44711B or HP 44713B component
module, change line 70 to Limit=2.6E+3.

10
20
30
40
50
60
70
80
90
100
110
120
130

DIM Rdgs(0:23)

Addr=709

Slot=100

Mux = Slot-100

First =Mux

Last=Mux+23

Limit=6.2E+3

]

OUTPUT Addr;"RST" Reset mainframe
OUTPUT Addr;"USE "&VALS$(Slot)

OUTPUT Addr;"RST "&VALS$(Slot) Reset voltmeter
OUTPUT Addr;'DIM A(24); SCANMODE ON;TERM RIBBON"
OUTPUT Addr;"CONFMEAS OHM "&VAL$(First)&"-"&VALS$(Last)&"

INTO A"

140
150
160
170
180
190
200
210
220
230
240
250
260
270
280

OUTPUT Addr;'"VREAD A"
ENTER Addr;Rdgs(*)
]
FORI=0TO 23 Display readings
PRINT USING "8A,2D,11A,D.5DE";"Channel “;I;" reading = “;Rdgs(l)
NEXT |
PRINT
!
Max_rdg = MAX(Rdgs(*))
IF Max_rdg > =Limit THEN
PRINT 'Test failed —- highest reading was ";Max_rdg
ELSE
PRINT 'Test passed"
END IF
END

Transfer readings to computer
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Performance
Verification

The procedures in this section are used to test the electrical
performance of the voltmeter using the specifications in Appendix A
of the HP 44702A4/B and HP 44704A Configuration and Programming
Manual as the performance standards. These tests are suitable for
incoming inspection, troubleshooting, and preventive maintenance.

Performance tests for the HP 44704 A include:
e DC Voltage Test
e Ohms Test

e Autorange Test

Test 4-1: DC Voltage Test Procedure

DC Voltage
Offset Test

The purpose of this test is to verify DC voltage accuracy on all four
ranges with inputs at 0 V and at full-scale. Linearity will also be verified
at the 10.24 V range.

=

Connect a low thermal short (copper wire) across the front panel
HI and LO input terminals and across the LO and CHASSIS
terminals as shown in Figure 4-4.

2. Specify the voltmeter slot number:

USE ES00 (where E = extender number, S = slot number)

3. Set the voltmeter to measure DC volts and take 1000 readings:

RST ES00 (where E = extender number, S = slot number)
REAL MIN,MAX,MEAN,STDD

DIM A(999)

TERM EXT

NRDGS 1000

FUNCDCV

4. Set the voltmeter to the 40 mV range:

RANGE .04

5. Set voltmeter resolution to 16 bits:

RESOL 16

4-10 Verification Tests




447048 (G Rttt i
GP10 .
O (—
1w
H
]
CHASSIS
; ™~ SHORT
H
§ Be sure to keep wire lengths
L/ 3 wl to o minimum.
1]
O & o
e SOURCE
LO .

44704A F_4_4

Figure 4-4. DC Voltage Offset Test Setup

6. Trigger the voltmeter and transfer the readings to the HP 3852A:

TRIG SGL
XRDGS ES00,1000 INTO A

where E = extender number, S = slot number.

7. Determine the minimum and maximum values of the readings as
follows. On the HP 3852A right display, the minimum value will be
shown first, followed by the maximum value. Note both values.

STAT MINMAX,MEAN,STDD,A
VREAD MIN (note the minimum reading)
VREAD MAX (note the maximum reading)

8. Repeat steps 4 through 7 for the 320 mV, 2.56 V, and 10.24 V
ranges. Use the appropriate command below to set the voltmeter
range:

320 mV Range - RANGE .32
2.56 V Range - RANGE 2.56
10.24 V Range - RANGE 10.24

9. Remove the low thermal shorts from the voltmeter input terminals.
If any of the readings are not within the limits shown in Table 4-1,
perform the DC voltage calibration procedure in Chapter 5.
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DC Voltage
Gain Test

1

Connect the DC Standard to the voltmeter terminals as shown in
Figure 4-5.

Specify the voltmeter slot number:

USE ES00 (where E = extender number, S = slot number)

Set the voltmeter to measure DC volts and take 1000 readings:

RST ES00 (where E = extender number, S = slot number)
REAL MINMAX,MEAN,STDD

DIM A(999)

TERM EXT

NRDGS 1000

FUNCDCV

Set the DC Standard to 36 mV.

Set the voltmeter to the 40 mV range:

RANGE .04

Set voltmeter resolution to 16 bits:

RESOL 16

Trigger the voltmeter and transfer the readings to the HP 3852A:

TRIG SGL
XRDGS ES00,1000 INTO A

where E = extender number, S = slot number

Determine the minimum and maximum values of the readings as
follows. On the HP 3852A right display, the minimum value will be
shown first, followed by the maximum value. Note both values.

STAT MINNMAX,MEAN,STDD,A
VREAD MIN (note tlie minimum reading)
VREAD MAX (note the maximum reading)

Repeat steps 7 and 8 for an input of -36 mV.
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Repeat steps 4 through 9 for the 320 mV, 2.56 V, and 10.24 V
ranges. Use the appropriate command below to set the voltmeter

320 mV Range - RANGE .32 (inputs of +/- 300 mV)
2.56 V Range - RANGE 2.56 (inputs of +/-2.5 V)
10.24 V Range - RANGE 10.24 (inputs of +/- 10 V)

If any of the readings are not within the limits shown in Table 4-1,
perform the DC voltage calibration procedure in Chapter 5.
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Figure 4-5. DC Voltage Gain/Linearity Test Setup
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DC Voltage
Linearity Test

i

10.

Connect the DC Standard to the voltmeter terminals as shown in
Figure 4-5.

Specify the voltmeter slot number:

USE ES00 (where E = extender number, S = slot number)

Set the voltmeter to measure DC volts and take 1000 readings:

RST ES00 (where E = extender number, S = slot number)
REAL MIN,MAX,MEAN,STDD

DIM A(999)

TERM EXT

NRDGS 1000

FUNCDCV

Set the voltmeter to the 10.24 V range:

RANGE 10.24

Set voltmeter resolution to 16 bits:

RESOL 16

Set the DC Standard to 5 V.
Trigger the voltmeter and transfer the readings to the HP 3852A:

TRIG SGL
XRDGS ES00,1000 INTO A

where E = extender number, S = slot number

Determine the minimum and maximum values of the readings as
follows. On the HP 3852A right display, the minimum value will be
shown first, followed by the maximum value. Note both values.

STAT MINMAX,MEAN,STDD,A
VREAD MIN (note the minimum reading)
VREAD MAX (note the maximum reading)

Repeat steps 6 through 8 for inputs of 2.5 Vand 1.25 V.

If any of the readings are not within the limits shown in Table 4-1,
perform the DC voltage calibration procedure in Chapter 5.
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Table 4-1. DC Voltage Performance Test Limits

DC Voltage Offset Test Limits
90 Day Test Limits 1 Year Test Limits
HP 44704A HP 44704A HP 44704A
Input Range Set-Up High Low High Low
Short 40 mV FUNC DCV 0.0000300 - 0.0000300 0.0000300 - 0.0000300
Short 320 mV FUNC DCV 0.0000500 | -0.0000500 0.0000500 | -0.0000500
Short 256V FUNC DCV 0.0003400 -0.0003400 0.0003400 -0.0003400
Short 10.24 V FUNC DCV 0.0013500 -0.0013500 0.0013500 -0.0013500
DC Voltage Gain Test Limits
90 Day Test Limits 1 Year Test Limits
HP 44704A HP 44704A HP 44704A
Input Range Set-Up High Low High Low
+36 mV 40 mv FUNC DCV 0.0360408 0.0359592 0.0360426 0.0359574
-36 mv 40 mV FUNC DCV -0.0359592 - 0.0360408 -0.0359574 -0.0360426
+300 mV 320 mv FUNC DCV 0.3000950 0.2999050 0.3001100 0.2998900
-300 mV 320 mV FUNC DCV -0.2999050 - 0.3000950 -0.2998900 -0.3001100
+25V 256V FUNC DCV 2.5007150 2.4992850 2.5008400 2.4991600
-25V 256V FUNCDCV | -2.4992850 | -2.5007150 | -2.4991600 | -2.5008400
+10V 10.24V FUNC DCV 10.0028500 9.9971500 10.0033500 9.9966500
-10V 10.24V FUNC DCV -9.9971500 | - 10.0028500 -9.9966500 |- 10.0033500
DC Voltage Linearity Test Limits
90 Day Test Limits 1 Year Test Limits
HP 44704A HP 44704A HP 44704A
Input Range Set-Up High Low High Low
+5V 10.24V FUNC DCV 5.0021000 4.9979000 5.0023500 4.9976500
+25V 10.24V FUNC DCV 2.5017250 2.4982750 2.5018500 2.4981500
+1.256V 10.24V FUNC DCV 1.2515375 1.2484625 1.2516000 1.2484000
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Example: DCV Test

This program performs the DC Voltage Offset, Gain, and Linearity
tests. Change the mainframe address (line 30) and/or voltmeter slot
number (line 40) if necessary.

10
20

30
40
60
70
80
90
100

110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330

350
360
370
380
390
400

OPTION BASE 1
DIM Range(15),Volt(15)
Addr=709
Slot=100
DATA .04,.32,2.56,10.24,.04,.04,.32,.32,2.56,2.56,10.24,10.24
DATA 10.24,10.24,10.24
READ Range(*)
DATA 0,0,0,0,.036,-.036,.3,-.3,2.5,-2.5,10,-10
DATA 5,2.5,1.25
READ Voit(*)
!
OUTPUT Addr;"USE "&VALS$(Slot)
OUTPUT Addr;"RST "&VALS$(Slot) Reset voltmeter
OUTPUT Addr;"REAL MIN,MAX,MEAN,STDD"
OUTPUT Addr;"DIM A(999);TERM EXT;NRDGS 1000;FUNC DCV"
DISP “"Connect low thermal short to voltmeter, then press *Continue™
PAUSE
DISP
!
FORI=1TO 15
IF1=5THEN
DISP "Set DC Standard to *;Volit(l);"Volts, then press 'Continue™
PAUSE
DISP
END IF
OUTPUT Addr;"RANGE "&VAL$(Range(l))  Set range
OUTPUT Addr;"RESOL 16" 16-bit resolution
OUTPUT Addr;'TRIG SGL" Trigger the voltmeter
OUTPUT Addr;"XRDGS "&VAL$(Slot)&",1000 INTO A"
OUTPUT Addr;"STAT MIN,MAX,MEAN,STDD,A"
OUTPUT Addr;"VREAD MIN"
ENTER Addr;Min_rdg
OUTPUT Addr;"VREAD MAX"
ENTER Addr;Max_rdg
PRINT "Min reading = ";Min_rdg
PRINT “Max reading = ";Max_rdg
PRINT
NEXT 1
END
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Test 4-2: Ohms Test Procedure
10 @

The purpose of this test is to verify accuracy of ohms measurements.
Depending on the resistance values of your Resistance Standard, you -
can use values of 10 kQ, 100 k, and 1 MQ, or values of 3 kQ, 30 kQ,
and 300 kQ. Standard resistors can also be used, as long as they they
meet the accuracy requirements listed in Table 1-1.

1

Connect the Resistance Standard to the voltmeter terminals as
shown in Figure 4-6.

Specify the voltmeter slot number:

USE ES00 (where E = extender number, S = slot number)

Set up the voltmeter to take a single reading:

RESET ES00 (where E = extender number,S = slot number)
TERM EXT
NRDGS 1

Set the voltmeter to measure ohms using the 1 mA current source
and the 10 kQ range:

FUNC OHMF10K 10E3
Set the Resistance Standard to 10 kQ or 3 kQ.

Set voltmeter resolution to 16 bits:

RESOL 16

“Trigger the voltmeter and transfer the reading to the HP 3852A

(note the reading on the display):

TRIG SGL
XRDGS ES00,1

where E = extender number, S = slot number.
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Figure 4-6. Ohms Test Setup

8. Set the voltmeter to measure ohms using the 100 A current source
and the 100 kQ range:

FUNC OHMF10(0K 100E3

9. Set the Resistance Standard to 100 kQ or 30 kQ.

10. Trigger the voltmeter and transfer the reading to the HP 3852A
(note the reading on the display):

TRIG SGL
XRDGS ES00,1

where E = extender number, S = slot number.
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11.  Set the voltmeter to measure ohms using the 10 #A current source
and the 1 MQ range:

FUNC OHMF1IM 1E6

12. Set the Resistance Standard to 1 MQ or 300 kQ.

13. Trigger the voltmeter and transfer the reading to the HP 3852A
(note the reading on the display):

TRIG SGL
XRDGS ES00,1

where E = extender number, S = slot number.

14. If any of the readings are not within the limits specified in Table
4-2, perform the ohms calibration procedure in Chapter 5.

Table 4-2. Ohms Performance Test Limits

90 Day Test Limits 1 Year Test Limits
HP 44704A HP 44704A HP 44704A
Input Range Set-Up High Low High Low
10 kQ* 10.24 kQ2 OHMF10K 10005.8 9994.2 10006.8 9993.2
3kQ 10.24 kQ OHMF10K 3003.0 2997.0 3003.3 2996.7
100 kQ* 102.4 kQ OHMF100K 100058.0 999420 100068.0 99932.0
30 kQ 102.4 kQ OHMF100K 30030.0 29970.0 30033.0 29967.0
1 MQ* 1.024 MQ OHMF1M 1000580.0 999420.0 1000680.0 999320.0
300 kQ 1.024 MQ OHMF1M 300300.0 299700.0 300330.0 299670.0
* Preferred Resistance Values
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Example: Ohms Test

This program performs the Ohms Test. Change the mainframe address

(line 30) and/or the voltmeter slot number (line 40) if necessary.

10
20
30
40
50
60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260

OPTION BASE 1
DIM Func$(3)[10],Range(3)
Addr=709
Slot=100
!
DATA OHMF10K,OHMF100K,OHMF1M
DATA 10E3,100E3,1E6
READ Func$(*)
READ Range(*)
]
OUTPUT Addr;"USE "&VAL$(Slot)
OUTPUT Addr;"RESET "&VAL$(Slot) Reset voltmeter
OUTPUT Addr;"TERM EXT"
OUTPUT Addr;"NRDGS 1"
FORI=1TO3
DISP "Set input to ";Range(l);" ohms, then press 'Continue™
PAUSE
DISP
OUTPUT Addr;"FUNC "&Func$(l)&" "&VAL$(Range(l))
IF 1=1 THEN OUTPUT Addr;"RESOL 16"  16-bit resolution
OUTPUT Addr;"TRIG SGL" Trigger the voltmeter
OUTPUT Addr;"XRDGS "&VALS$(Slot)&",1"
ENTER Addr;A
PRINT A
NEXT |
END
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Test 4-3: Autorange Test

This test verifies the voltmeter’s autoranging capability and determines
the crossover points for each range. The program given on the following
page continuously displays the voltmeter range on the computer while

the user varies the input voltage.

1. Connect the DC Standard to the voltmeter rear terminals as shown
in Figure 4-5. Set the output to +28 mV.

2. RUN the test program listed on the next page. Change the
mainframe address and/or the voltmeter slot location if necessary.

3. Determine the uprange and downrange points of the voltmeter
using the following procedure and compare to the values in Table

4-3.

a. With the HP 44704A input at +28 mV, the 40 mV range
should be displayed on the computer.

b. While observing the range on the computer, increment the
DC Standard in +2 mV steps until the range goes to 320 mV.
Note the input voltage when this occurs. Verify that the
uprange voltage is at or below the value listed in Table 4-3.

c. Decrement the DC Standard by +2 mV. The voltmeter
should downrange to 40 mV.

d. Repeat the above steps for the 320 mV and 2.56 V ranges.
Use the appropriate values in Table 4-3 for each range.

Table 4-3. HP 44704A Autorange Test

HP 44704A HP 44704A Initial Input Voltage Maximum Voltage Range after
Range Input Voltage Incremented by for Upranging Upranging
40 mv +28 mV +2mV +36 mV 320 mv
320 mV +224 mV +20mV +304 mV 256V
256V +1.8V +200 mV +24V 10.24V
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Autorange
Test Program

This program performs the Autorange Test for the HP 44704A. The
voltmeter range will be continuously displayed on the computer screen,
while the user varies the input voltage. Change the mainframe address
(line 30) or the voltmeter slot number (line 40) if necessary.

10 !AUTORANGE TEST PROGRAM FOR HP 44704A

]

Addr=709

Slot=100

OUTPUT Addr;"RST" Reset mainframe
DISP "RESETTING THE HP 3852A, PLEASE WAIT."

WAIT .5

DISP

OUTPUT Addr;"USE "&VAL$(Slot)&"; TERM EXT;FUNC DCV;TRIG INT"
100 OUTPUT Addr;"XRDGS "&VAL$(Slot)&",1,PACK"

110 ENTER Addr USING "%,W";Packed

120 Good_flag=BINAND(Packed,-32768)  Check bit 15

130 IF NOT (BIT(Good_flag,15)) THEN

140 PRINT "INPUT AMP SATURATION DETECTED BY HP 44704A."
150 PRINT "PROGRAM ABORTED."

160 STOP

170 ELSE

180  Range=SHIFT(BINAND(Packed,24576),13)  Check bits 14 and 13
190 ENDIF

200 Sign=1

210 IF BIT(Packed,12) THEN Sign=-1

220 Raw_mag =BINAND(Packed,4095) Strips 4 MSB’s
230 IF Range=0 THEN Volts = Raw_mag*.04/4096*Sign

240 |F Range=1 THEN Volits =Raw_mag*.32/4096*Sign

250 |IF Range=2 THEN Volts =Raw_mag*2.56/4096*Sign

260 |F Range=3 THEN Volts = Raw_mag*10.24/4096*Sign

270 PRINT "VOLTAGE = “Volts

280 IF Range=0 THEN PRINT "RANGE = 40 mV"

290 IF Range=1 THEN PRINT "RANGE = 320 mV"

300 IF Range=2 THEN PRINT "RANGE = 2.56 V"

310 IF Range=3 THEN PRINT "RANGE = 10.24 V"

320 PRINT

330 WAIT 1

340 GOTO 100

350 END

88388888
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‘ Operation

Verification
Tests

The procedures in this section are a subset of the Performance
Verification tests. They are designed to provide a moderate level of
confidence that the instrument is meeting specifications. -

Operation Verification is performed by completing the following
portions of the Performance Verification tests:

Table 4-4. HP 44704A Operation Verification

DC Volts
Offset Test 40 mV
10.24V

Gain Test 320 mV
256V

Ohms Test 10.24 kQ

Autorange All

short
short

300 mV
25V

10.24 kQ2

Same as
Performance Test

Performance
Test Record

NOTE

The Performance Test Record for the HP 44704A Voltmeter is a form
you can copy and use to record performance verification test results for
the voltmeter. Table 4-5 has 90 day test limits, and Table 4-6 has 1 year

test limits.

The accuracy, measurement uncertainty, and TAR values shown in the
Performance Test Record are valid ONLY for the specific test conditions,
test equipment, and assumptions described. If you use different test
equipment or change the test conditions, you will need to compute the

specific values for your test setup.

Verification Tests 4-23



Voltmeter Accuracy

Measurement
Uncertainty

Test Accuracy
Ratio (TAR)

Accuracy is defined for DC voltage and resistance measurements using
the 90 day and 1 year specifications in Appendix A of the HP 447024/B
and HP 44704A Configuration and Programming Manual. In the
Performance Test Record, the High Limit and Low Limit columns
represent voltmeter accuracy for the specified test conditions.

For the performance verification tests in this manual, measurement
uncertainties are calculated assuming a Datron 4708 Multical Standard
as the source for all measurements. The measurement uncertainty is
equal to the accuracy of the Datron 4708. The uncertainties are based
on 90 day accuracy specifications.

The Test Accuracy Ratio (TAR) is calculated from (high limit -
expected measurement)/measurement uncertainty. "N/A" indicates that
measurement uncertainty and TAR do not apply to the measurement, as
in the DC Voltage Offset Test and the Autorange Test. For the
specified conditions and test equipment, all measurements for which
measurement uncertainty applies have TARs that are greater than 10:1.
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Table 4-5. Performance Test Record for the HP 44704A Voltmeter (Page 1 of 4)

90 Day Test Limits

Test Facility:
Name Report No.
Address Date
City/State Customer
Phone Tested by
Model Ambient temperature °C
Serial No. Relative humidity %
Options Line frequency Hz (nominal)
Firmware Rev.
Special Notes:
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Table 4-5. Performance Test Record for the HP 44704A Voltmeter (Page 2 of 4)

90 Day Test Limits

Model

Report No.

Date

Test Equipment Used:
Description

Model No.

Trace No.

Cal Due Date
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14.

15.

16.

17.

18.

19.
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Table 4-5. Performance Test Record for the HP 44704A Voltmeter (Page 3 of 4)
90 Day Test Limits

Model Report No. Date
Test Test HP 44704A Low Measured High Meas Test Acc
No. input Range Limit Reading* Limit Uncert Ratio
Oftset Test
Short 04V - 0.0000300 0.0000300 N/A N/A
Short 320V - 0.0000500 0.0000500 N/A N/A
Short 256V - 0.0003400 0.0003400 N/A N/A
Short 10.24 V -0.0013500 0.0013500 N/A N/A
Gain Test
+36 mV 40 mv 0.0359592 0.0360408 6.52E-7 >10:1
-36 mV 40 mV - 0.0360408 - 0.0359592 6.52E-7 >10:1
+300 mV 320 mVv 0.2999050 0.3000950 2.00E-6 >10:1
- 300 mV 320 mv - 0.3000950 - 0.2999050 2.00E-6 >10:1
+25V 256V 2.4992850 2.5007150 9.25E-6 >10:1
-25V 256V - 2.5007150 - 2.4992850 9.25E-6 >10:1
+10V 10.24 V 9.9971500 10.0028500 2.80E-5 >10:1
-0V 10.24V - 10.0028500 - 9.9971500 2.80E-5 >10:1
Linearity Test
+5V 10.24 V 4.9979000 5.0021000 1.55E-5 >10:1
-25V 10.24V 2.4982750 2.5017250 9.25E-5 >10:1
+1.25V 10.24V 1.2484625 1.2515375 6.13E-5 >10:1
* Space is provided for minimum and maximum readings for each test point.
Verification Tests 4-27



Table 4-5. Performance Test Record for the HP 44704A Voltmeter (Page 4 of 4)
90 Day Test Limits .

Model Report No. Date
Test Test HP 44704A Low Measured High Meas Test Acc
No. Input Range Limit Reading Limit Uncert Ratio

10 kQ* 10.24 kQ 9994.2 10005.8 0.07 >10:1
3kQ 10.24 kQ 2997.0 3003.0 0.021 >10:1
100 kQ* 102.4 kQ 99942.0 100058.0 0.9 >10:1
30 k2 102.4 kQ2 29970.0 30030.0 0.27 >10:1
1 MQ* 1.024 MQ 999420.0 1000580.0 22 >10:1
300 kQ 1.024 MQ 299700.0 300300.0 6.6 >10:1

* Preferred resistances

Test Initial Increment HP 44704A Uprange Test Meas Test Acc
No. Input Voltage Range Voltage Limit Uncert Ratio

+28 mV +2mV +40 mV < +36mV N/A N/A
+224 mV +20mV +320 mV < +304 mV N/A N/A
+18V +200 mV +256V < +24V N/A N/A
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Table 4-6. Performance Test Record for the HP 44704A Voltmeter (Page 1 of 4)
1 Year Test Limits

Test Facility:

Name Report No.

Address Date

City/State Customer

Phone Tested by

Model Ambient temperature °C
Serial No. Relative humidity %
Options Line frequency Hz (nominal)
Firmware Rev.

Special Notes:
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Table 4-6. Performance Test Record for the HP 44704A Voltmeter (Page 2 of 4)

1 Year Test Limits

Model

Report No.

Date

Test Equipment Used:
Description

Model No.

Trace No.

Cal Due Date

E

© ® N o v

14.

15.

16.

17.

18.

19.
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Table 4-6. Performance Test Record for the HP 44704A Voltmeter (Page 3 of 4)
1 Year Test Limits

Model Report No. Date
Test  Test  HP44704A Low Measured High Meas TestAcc
No. Input Range Limit Reading* Limit Uncert Ratio
Offset Test
Short .04V -0.0000300 0.0000300 N/A N/A
Short 320V - 0.0000500 0.0000500 N/A N/A
Short 256V - 0.0003400 0.0003400 N/A N/A
Short 10.24V - 0.0013500 0.0013500 N/A N/A
Gain Test
+36 mV 40 mV 0.0359574 0.0360426 6.52E-7 >10:1
-36 mV 40 mV - 0.0360426 -0.0359574 6.52E-7 >10:1
+300 mV 320 mV 0.2998900 0.3001100 2.00E-6 >10:1
-300 mV 320 mV -0.3001100 -0.2898900 2.00E-6 >10:1
+25V 256V 2.4991600 2.5008400 9.25E-6 >10:1
-25V 256V - 2.5008400 - 2.4991600 9.25E-6 >10:1
+10V 10.24V 9.9966500 10.0033500 2.80E-5 >10:1
10V 10.24V - 10.0033500 - 9.9966500 2.80E-5 >10:1
Linearity Test
o+ 5V 10.24V 4.9976500 5.0023500 1.55E-5 >10:1
-25V 1024V 2.4981500 2.5018500 9.25E-5 >10:1
+1.25V 10.24V 1.2484000 1.2516000 6.13E-5 >10:1
* Space is provided for minimum and maximum readings for each test point.
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Table 4-6. Performance Test Record for the HP 44704A Voitmeter (Page 4 of 4)
1 Year Test Limits

Model Report No. Date
Test Test HP 44704A Low Measured High Meas Test Acc
No. Input Range Limit Reading Limit Uncert Ratio

10 kQ* 10.24 kQ 9993.2 10006.8 0.07 - >101
3 kQ 10.24 kQ 2996.7 3003.3 0.021 >10:1
100 kQ* 102.4 kQ 99932.0 100068.0 0.9 >10:1
30 kQ 102.4 kQ 29967.0 30033.0 0.27 >10:1
1 MQ* 1.024 MQ 999320.0 1000680.0 22 >10:1
300 k2 1.024 MQ 299670.0 300330.0 6.6 >10:1

* Preferred resistances

Test Initial Increment HP 44704A Uprange Test Meas Test Acc
No. Input Voltage Range Voltage Limit Uncert Ratio

+28 mV +2mvV +40 mV < +36mV N/A N/A
+224 mV +20 mV +320 mV < +304 mV N/A N/A
+1.8V +200 mV +256V < +24V N/A N/A
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5
Adjustments

Introduction

NOTE

Adjustment
Conditions/
Procedures

Equipment
Required

This chapter contains procedures for adjusting the HP 44704A
voltmeter. All adjustments are performed electrically, so manual
adjustment of the voltmeter is not necessary. The voltmeter should be
adjusted every 90 days or 1 year, depending on accuracy requirements.

Adjustment procedures should be performed in the order shown in this
chapter. The DC voltage adjustments must be performed before the ohms
adjustment.

For valid adjustments, the HP 44704A voltmeter must have at least a 1
hour warm-up. For best accuracy, the temperature of the area where
adjustments are made should be within +5°C of the actual operating
environment.

To perform adjustments on the voltmeter, the following test equipment
is required. For adequate noise rejection, only shielded twisted pair
cables should be used.

1. DC Voltage Standard (Datron 4708 - Opt. 10 recommended)

Table 5-1 shows preferred and allowed values for adjusting each DC
voltage range, as well as the accuracy required.

Table 5-1. DC Voltage Adjustment Requirements

HP 44704A Preferred Permissable Required

Range Cal Values Cal Values Accuracy
40 mV 36 mV 30mVto39mv +0.011%
320 mV 300 mV 240 mVto 318 mV +0.003%
256V 25V 1.92Vto25V +0.003%
10.24V 0V 7.68Vto10.1V +0.003%
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Calibration
Error Codes

2. Resistance Standard (Datron 4708 - Opt. 30 recommended)

A single calibration constant is required for the ohms calibration, so only
one resistance value is needed. The recommended value is 10 k<.
However, any resistance value that falls within one of the following
ranges may be used. The required accuracy is 0.006%.

240 Q through 318 Q
1.92 kQ through 3.18 kQ
7.68 kQ through 10.1 kQ
19.2 kQ through 31.8 kQ
76.8 kQ through 101 kQ
192 kQ through 250 kQ
768 kQ through 1.01 MQ

If the HP 3852A beeps after executing the CAL command, look for an
error message on the HP 3852A display. The errors most likely to occur
during calibration are described below. Information about other errors
can be found in Appendix B of the HP 38524 Mainframe Configuration
and Programming Manual.

ERROR 3: BAD NUMBER FORMAT - CAL XXXX (where XXXX
is number entered)

This message indicates that a non-numeric character was
included in the number following the CAL command.

ERROR 24: ARGUMENT OUT OF RANGE

This message indicates that the number following the CAL
command was neither zero nor within 75% to 99.6% of full-scale
for the range selected.

ERROR 62: CALIBRATION FAILURE

This message indicates that the voltmeter was unable to
compensate for the difference between the voltage/resistance
measured and the value entered with the CAL command. Use
another instrument to verify that the applied input agrees with
the value entered with the CAL command. Then, reset the
voltmeter and repeat the procedure. If the error persists, repair
of the voltmeter may be necessary.

ERROR 71: UNDEFINED WORD - XXXX (where XXXX is number
entered)

This message indicates an invalid command. Check the syntax
and try again.
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. DC Voltage
Adjustment
Procedure

Offset Adjustment

NOTE

Gain Adjustment

This procedure adjusts the offset and gain calibration constants for all
DC voltage ranges. Perform a self-test as described in Chapter 4 before
performing the following adjustments. For gain-adjustments, values
listed in Table 5-1 can be substituted for the values given in the
procedure.

1. Specify the voltmeter slot location:

USE ES00 (where E = extender number, S = slot number)

2. Set up the voltmeter as follows:

RST ES00 (where E = extender number, S = slot number)
TERM EXT

FUNCDCV

TRIG SGL

Nothing should be connected to the input terminals during this
adjustment. The voltmeter connects a short internally before making the
offset measurement.

3. Perform the adjustment:

CALO

4. If the voltmeter has been reset or power has been removed since
the offset adjustment, perform steps 1 and 2 again before
continuing.

5. Connect the DC Standard as shown in Figure 5-1.

6. Set the DC Standard to +36 mV.

7. Perform the adjustment for the 40 mV range:

RANGE .036
CAL .036

8. Set the DC Standard to +300 mV.
9. Perform the adjustment for the 320 mV range:

RANGE 3
CAL 3

B B B G B R E DR EEAES | |

‘ 10. Set the DC Standard to +2.5 V.
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» 16 bit HIGH SPEED
[@]44704A (g TUeTER-100KkHz

O ( @L SHIELDED TWISTED i
PAIR_CABLE
() | I oc
E Lo r)OOOOOO(X VOLTAGE

-£ ILO STANDARD
CHASSIS

Be sure to make proper shield connections at each
end as shown.

HI
Keep the length of unshielded cable ends to a

CURRENT int
SOURCE minimum.

10 VOLTS MAX BETWEEN ANY TERMINAL AND CHASSIS

44704A F_4_5

Figure 5-1. DC Voltage Gain Adjustment Setup

11. Perform the adjustment for the 2.56 V range:

RANGE2.5
CAL 2.5

12. Setthe DC Standardto +10 V.

13. Perform the adjustment for the 10.24 V range:

RANGE 10
CAL 10

14. Disconnect the DC Standard from the voltmeter terminals.
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. Ohms
Adjustment
Procedure

A single resistance value is required for ohms calibration of the HP
44704A. The recommended value is 10 kQ, but any value within the
ranges listed in the Equipment Required section of this-chapter-may be
used. If the recommended value is not available, use the following
priorities to select a resistance value:

a. Use a value that adjusts the largest current source/lowest
resistance function (i.e., 1 mA/10 kohm function).

b. Use a value that is nearest to 99.6% of full-scale of a range.

c. Use the highest range within a function.

Table 5-2 shows the voltmeter ohms functions and ranges, along with
the allowed resistance values for the ohms gain adjustment.

Table 5-2. HP 44704A Ohms Calibration

HP 44704A Function HP 44704A Range Allowed Resistances
OHMF10K 40 Q None
(1 mA source) 320 Q 240 Q -318Q
2.56 kQ None
10.24 kQ2 7.68 kQ - 10.1 kQ
OHMF100K 400 Q None
(100 uA source) 3.2kQ 1.92 k2 - 3.18 kQ
25.6 kQ None
102.4 kQ 76.8 kQ2 - 101 kQ
OHMF1M 4 kQ None
(10 uA source) 32kQ 19.2kQ - 31.8 kQ
256 kQ2 192 kQ - 250 kQ2
1.024 MQ 768 k2 - 1.01 MQ

Gain Adjustment Make sure that the DC voltage adjustments have been performed

before performing the ohms adjustment.

1. Connect the Resistance Standard to the voltmeter as shown in
Figure 5-2. Set the output to 10k (recommended value).

2. Specify the voltmeter slot location:

USE ES00 (where E = extender number, S = slot number)
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O § CURRENT

Be sure to make proper shield connections at each
end as shown.

Keep the length of unshielded cable ends to a
minimum.

44T04A F_4_8

Figure 5-2. Ohms Gain Adjustment Setup

3. Set up the voltmeter as follows:

RST ES00 (where E = extender number, S = slot number)
TERM EXT
TRIG SGL

4. Select the function to be calibrated. If you are using a resistance
other than 10 kQ, select the appropriate function using Table 5-2.

FUNC OHMF10K

5. Perform the ohms adjustment as follows. If you are using a value
other than 10 kQ, substitute that value into the following commands.

RANGE 10E3
CAL 10E3

6. Disconnect the Resistance Standard from the voltmeter.
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Introduction

Exchange
Assemblies

Ordering
Information

6

Replaceable Parts

‘#

This chapter contains information for ordering replaceable parts for the

HP 44704 A voltmeter.

Table 6-1 lists assemblies that may be replaced on an exchange basis

(EXCHANGE ASSEMBLIES). Factory-repalred and tested exchange

assemblies are available only on a trade-in basis. Defective assemblies
must be returned for credit. Assemblies required for spare parts stock
must be ordered by the new assembly part number. Contact your

nearest Hewlett-Packard Sales and Service Office for details.

To order a part listed in Table 6-1, specify the Hewlett-Packard part
number and the quantity required. Send the order to your nearest
Hewlett-Packard Sales and Service Office.

Replaceable
. Parts List

Table 6-1 lists the replaceable parts for the HP 44704A voltmeter. See

Figures 6-1, 6-2, and 6-3 for locations of parts listed in Table 6-1.

Table 6-1. HP 44704A Replaceable Parts

EXCHANGE ASSEMBLIES

4470466201 | 1 | VOLTMETER MODULE (NEW) 28480 | 44704-66201

4470469201 | 1 | VOLTMETER MODULE (EXCHANGE) 28480 | 44704-69201
A1 44704-66501 | 1 | PCA-HI SPD DIGITAL BRD 16 BIT [a] 28480 | 44704-66501
A106 1250-1846 1 | CONNECTOR-RF 50-OHM 24931 | 28JR342-1
A1P1 4470261604 | 1 | CABLE-RBN 50 PIN,65MM LONG-PCB/SOCKET | 28480 | 44702-61604
A1P3 4470261603 | 1 | CABLE-RBN 10 PIN,65MM LONG-PCB/SOCKET | 28480 | 44702-61603
A2 4470466502 | 1 | PCA-HI SPD ANALOG BRD 16 BIT [a] 28480 | 44704-66502
A2J4 1250-1846 1 | CONNECTOR-RF 50-OHM 24931 | 28JR342-1
(Continued on next page)
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Table 6-1. HP 44704A Replaceable Parts (continued)

MECHANICAL PARTS

CVRt 44704-04101 1 COVER-LEFT SIDE 28480 44704-04101
CVR2 44704-04102 1 COVER-RIGHT ALU 28480 44704-04102
HDW1 21900577 5 { WASHER- NO. 10.194-IN-ID .294-IN-OD 28480 21900577
HDW2 2950-0001 5 NUT-HEX-DBL-CHAM 3/8-32-THD .094-IN-THK 28480 9002

HDOW3 3050-0593 5 | WASHER-SPR CRVD 3/8 IN .379-IN-ID 73734 3050-0593
MP1 03852-45002 1 LEVER MOLDED PU 28480 03852-45002
MP2 1510-0091 5 BINDING POST SGL SGL-TUR JGK RED 28480 1510-0091
PNL1 44704-00201 1 PNL-RR HI SPD VM 28480 44704-00201
SCwi 0515-0886 8 SCREW- X 6MM-LG -HD 28480 0515-0886
SCw2 0515-1322 4 SCREW- X 30MM-LG -HD 28480 0515-1322
SHD1 44702-00601 1 SHIELD, CNTRLRA 28480 44702-00601
STD1 5180-6650 2 STANDOFF, HEX 28480 5180-6650
wi 44702-61601 1 CBL ASSY- 11P F/F HIZ .1CNTRS,KEYED PIN 2 28480 44702-61601
w2 44702-61602 1 CBL ASSY- 6P VOLTMETER IN, . 1IN C/C,KEYED 28480 4470261602

* See Table 6-2 for Reference Designator definitions
** See Table 6-3 for Code List of Manufacturers
{a] Repair limited to replacement of parts listed - see Introduction for ordering information

Table 6-2. HP 44704A Reference Designators

N ISR electrical connector (jack) STD e standoff
MP ...eene misc. mechanical part W et soec s cable, wire
Porerene electrical connector (plug)

Table 6-3. HP 44704A Code List of Manufacturers

00000 Any satisfactory supplier

24931 Specialty Connector Co Franklin, IN 46131
28480 Hewlett-Packard Company Palo Alto, CA 94304
73734 Federal Screw Products Co Chicago, IL 60618
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Figure 6-2. Assembly A1 Replaceable Parts
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Figure 6-3. Assembly A2 Replaceable Parts

6-4 Replaceable Parts



7
Manual Changes

Introduction

This chapter contains information to adapt this manual to instruments
for which the content does not directly apply. Since this manual applies
directly to instruments with serial numbers listed on the title page,
change information is not required. See Voltmeter Serial Numbers in
Chapter 1 for HP 44704A serial number information.
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Service

#

Introduction

WARNING

Equipment
Required

Service Aids

This chapter contains information for servicing the HP 44704A
voltmeter, including troubleshooting guidelines and repair/
maintenance guidelines.

Do not perform any of the service procedures shown unless you
are a qualified, service-trained technician, and have read the
WARNINGS and CAUTIONS in Chapter 1.

Equipment required for voltmeter troubleshooting is listed in Table 1-1,
Recommended Test Equipment. Any equipment that satisfies the

requirements listed in the table may be substituted. To avoid damage to
the screw head slots, use Pozidriv drivers as specified in the instructions.

Service aids on printed circuit boards include pin numbers, some
reference designations, and assembly part numbers. See Chapter 6 for
descriptions and locations of HP 44704A replaceable parts.

Service notes, manual updates, and service literature for the HP
44704A voltmeter may be available through Hewlett-Packard. For
information, contact your nearest Hewlett-Packard Sales and Service

Office.
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Trou bleShOOting There are two main steps in troubleshooting an HP 44704A voltmeter

Techniques

Identifying
the Problem

Testing
Assemblies

NOTE

problem: (1) identifying the problem, and (2) isolating the cause to a
user-replaceable component.

Voltmeter problems can be divided into four general categories:

o Self-test errors

o Operator errors

e Catastrophic failures

e Performance out of specification

Self-Test Errors

If the voltmeter or mainframe fails its self-test, cycle power and try
again. If the error repeats, the voltmeter or mainframe may need repair.
See the HP 38524 Assembly Level Service Manual for system
troubleshooting information, including error codes.

Operator Errors

Apparent failures may result from operator errors. See Appendix B
in the HP 44702A/B and HP 44704A Configuration and Programming
Manual for information on operator errors.

Catastrophic Failures

If a catastrophic failure occurs, see "Testing Assemblies” to troubleshoot
the voltmeter.

Performance Out of Specification

If the voltmeter performance is out of specification limits, use the
adjustment procedures in Chapter 5 to correct the problem. If the
condition repeats, see "Testing Assemblies” to troubleshoot the
voltmeter.

You can use the tests and checks in Table 8-1 to isolate the problem to a
user-replaceable part. See Chapter 6 for locations of user-replaceable
parts.

If the problem cannot be traced to a user-replaceable part listed in Table
6-1, retum the voltmeter to Hewlett-Packard for exchange.
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Table 8-1. HP 44704A Tests/Checks

Heat Damage Discolored PC boards T
Damaged insulation
Evidence of arcing

Frame Cable damage
Pane! binding posts
Panel BNC connectors

PCAs Cable damage
Connector contacts
IC contact/connections

Checking for Heat Damage

Inspect the voltmeter for signs of abnormal internally generated heat
such as discolored printed circuit boards or components, damaged
insulation, or evidence of arcing. If there is damage, do not operate the
voltmeter until you have corrected the problem.

Voltmeter Frame

Inspect rear panel binding posts, BNC connectors, and cables. If you
need to remove and/or replace the rear panel binding posts, see the
appropriate section in this chapter.

A1/A2 PCAs

To check the Al and A2 PCAs, remove mainframe power and remove
the voltmeter from the mainframe. Then, disassemble the voltmeter
(see "Disassembly” for instructions). See Table 8-1 for guidelines to
isolate the problem to a user-replaceable part.
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Repair/

This section provides guidelines for repairing and maintaining the HP

Maintenance 44704A voltmeter, including:
Guidelines o ESD precautions
o Disassembly
o Removing binding posts
o Soldering printed circuit boards
e Post-repair safety checks
ESD Electrostatic discharge (ESD) may damage MOS, CMOS, and other
Precautions static sensitive devices in the HP 44704A voltmeter. This damage can
range from slight parameter degradation to catastrophic failure. When
handling voltmeter assemblies, follow these guidelines to avoid
damaging voltmeter components:
e Always use a static-free work station with a pad of conductive
rubber or similar material when handling voltmeter components.
e After you remove an assembly from the voltmeter, place the
assembly on a conductive surface to guard against ESD damage.
Do not stack assemblies.
Disassembly Perform the following steps to disassemble and reassemble the
voltmeter. Refer to Figures 8-1(a) and 8-1(b) as necessary.
CAUTION It is especially important to use anti-static procedures during the
following procedure.
1. Remove the four Pozidriv screws on the voltmeter rear panel.
2.  Remove the two Pozidriv screws on each side panel.
3.  Remove the left and right covers. When the right cover is removed,
the lever will fall out.
4. If necessary, the front panel can be removed by removing the hex
standoffs and lock washers above and below the GPIO connector.
5. If necessary, the Al and/or A2 PCAs can be removed by removing
the screws that hold them in place.
6. To reassemble, repeat the above steps in reverse order.
8-4 Service
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Figure 8-1(a). HP 44704A Voltmeter Disassembly
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SIDE VIEW s

4470 F_0_18

Figure 8-1(b). Removal of PCAs and Front Panel
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Removing Use the following steps to remove the HP 44704A rear panel binding
Binding Posts  Pposts (see Figure 8-2).

Unsolder the wire.

Remove the 3/8-32 nut and spring washer.
Remove the binding post.

Reverse the order to reinstall the binding post.

PwNp

3\8-32 NUT

\
e

SPRING
WASHER

BINDING
POST

447044 F_2_2

Figure 8-2. Binding Post Removal

Soldering  The etched circuit boards in the voltmeter have plated-through holes
Printed Circuit that allow a solder path to both sides of the insulating material.
Boards Soldering can be done from either side of the board with equally good
results. When soldering to any circuit board, keep in mind the following
guidelines.

e Do not use a sharp metal object such as an awl or twist drill, since
sharp objects may damage the plated-through conductor.

o Do not use a high power soldering iron on etched circuit boards,
as excessive heat may lift a conductor or damage the board.

¢ Use a suction device or wooden toothpick to remove solder from
component mounting holes. When using a suction device, be sure
the equipment is properly grounded to prevent electrostatic
discharge from damaging CMOS devices.

Post-Repair  After making repairs to the HP 44704A voltmeter, inspect the voltmeter
Safety Checks for any signs of abnormal internally generated heat, such as discolored
printed circuit boards or components, damaged insulation, or evidence
of arcing. Determine and correct the cause of the condition. Then run
the self-test as described in Chapter 3 to verify that the voltmeter is
functional.
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HEADQUARTERS OFFICES

If there is no sales office listed for your area, contact one of these

headquarters offices.

NORTH/CENTRAL AFRICA
Hewlett-Packard S.A.

7, rue du Bois-du-Lan

CH-1217 MEYRIN 1, Switzerland
Tel: (022) 83 12 12

Telex: 27835 hmea

Cable: HEWPACKSA Geneve

ASIA

Hewlett-Packard Asia Ltd.
47/F, 26 Harbour Rd.,
Wanchai, HONG KONG
G.P.O. Box 863, Hong Kong
Tel: 5-8330833

Telex: 76793 HPA HX
Cable: HPASIAL TD

EASTERN EUVROPE
Hewtett-Packard Ges.m.b.h.
Liebigasse 1

P.O.Box 72

A-1222 VIENNA, Austria
Tel: (222) 2500-0

Telex: 13 4425 HEPA A

NORTHERN EUROPE
Hewlett-Packard S.A.

V. D. Hooplaan 241
P.O.Box 999

NL-1183 AG AMSTELVEEN
The Netherlands

Tel: 20 547999

Telex: 18 919 hpner

SOUTH EAST EUROPE
Hewlett-Packard S.A.

World Trade Center

110 Avenue Louis Casai

1215 Cointrin, GENEVA, Switzeriand
Tel: (022) 98 96 51

Telex: 27225 hpser

EASTERN USA
Hewtett-Packard Co.
4 Choke Cherry Road
ROCKVILLE, MD 20850
Tel: (301) 948-6370

MIDWESTERN USA
Hewiett-Packard Co.

5201 Tollview Drive

ROLLING MEADOWS, iL 60008
Tel: (312) 255-9800

SOUTHERN USA
Hewlett-Packard Co.
2000 South Park Place
ATLANTA, GA 30339
Tel: (404) 955-1500

WESTERN USA
Hewlett-Packard Co.

5161 Lankershim Bivd.
NORTH HOLLYWOOD, CA 91601
Tel: (818) 505-5600

MEDITERRANEAN

AND MIDDLE EAST
Hewlett-Packard S.A.
Mediterranean and Middle East
Operations

Atrina Centre

3¢ Kifissias Ave.
Paradissos-Amarousion, ATHENS
Greece

Tel: 682 88 11

Telex: 21-6588 HPAT GR
Cable: HEWPACKSA Athens

OTHER INTERNATIONAL
AREAS

Hewlett-Packard Co.
Intercontinental Headquarters
3495 Deer Creek Road

PALO ALTO, CA 94304

Tel: {415) 857-1501

Telex: 034-8300

Cable: HEWPACK

SALES & SUPPORT OFFICES [,

ARGENTINA
Hewlett-Packard Argentina S.A.
Montaneses 2140/50

1428 BUENOS AIRES

Tel: 781-4059/69

Cable: HEWPACKARG

AUSTRALIA

Hewlett-Packard Australia Ltd.
31-41 Joseph Street

P.0. Box 221

BLACKBURN, Victoria 3130

Tel: 895-2895

Telex: 31-024

Cable: HEWPARD Melbourne

Hewlett-Packard Australia Ltd.
17-23 Talavera Road

P.0O. Box 308

NORTH RYDE, N.S.W. 2113

Tel: 888-4444

Telex: 21561

Cable: HEWPARD Sydney

AUSTRIA
Hewlett-Packard Ges.m.b.h.
Liebigasse 1

P.O. Box 72

A-1222 VIENNA

Tel: (0222) 2500-0

Telex: 134425 HEPA A

BELGIUM

Hewlett-Packard Beigium S.A./N.V.
Bivd de la Woluwe, 100

Woluwedal

B-1200 BRUSSELS

Tet: (02) 762-32-00

Telex: 23-494 paloben bru

BRAZIL

Hewlett-Packard do Brasil
l.e.C. Lida.

Alameda Rio Negro, 750
ALPHAVILLE

06400 Barueri SP

Tel: (011) 421.1311

Telex: (011) 33872 HPBR-BR
Cable: HEWPACK Sao Paulo

Hewtett-Packard do Brasil

l.e.C. Lida.

Praia de Botafago 228

6° Andar-conj 614

Edificio Argentina - Ala A

22250 RI0 DE JANEIRO, RJ

Tel: (021) 552-6422

Telex: 21905 HPBR-BR

Cable: HEWPACK Rio de Janeiro

CANADA

Hewiett-Packard (Canada) Ltd.
11120-178th Street
EDMONTON, Alberta T5S 1P2
Tel: (403) 486-6666

Hewlett-Packard (Canada) Ltd.
17500 Trans Canada Highway
South Service Road
KIRKLAND, Quebec H9J 2X8
Tel: (514) 697-4232

Telex: 058-21521

Hewlett-Packard (Canada) Ltd.
6877 Goreway Drive
MISSISSAUGA, Ontario L4V 1M8
Tel: (416) 678-9430

Telex: 069-8644

Hewiett-Packard (Canada) Ltd.
2670 Queensview Dr.

OTTAWA, Ontario K2B 8K1

Tet: (613) 820-6483

Arranged alphabetically by country [ﬁﬁ]

CHINA, People's
Republic of

China Hewiett-Packard Co., Ltd.

P.0. Box 9610, Beijing

4th Floor, 2nd Watch Factory Main
Bldg.

Shuang Yu Shou, Bei San Huan Road
Hai Dian District

BEWING

Tel: 28-0567

Telex: 22601 CTSHP CN

Cable: 1920 Beijing

DENMARK
Hewlett-Packard A/S
Kongevejen 25
DK-3460 BIRKEROED
Tol: (02) 81-66-40
Telex: 37409 hpas dk

FINLAND
Hewlett-Packard Oy
Pitspankalliontie 17

Tei: 00358-0-88721
Telex: 121563 HEWPA 5F

FRANCE
Hewlett-Packard France
Chemin des Mouilies

Boite Postale 162

69131 ECULLY Cedex (Lyon)
Tet: (78) 133-81-25

Telex: 310617F

Hewlett-Packard France

Parc d'activités du Bois Briard
Avenue du Lac

91040 EVRY Cedex

Tel: (80) 77-83-83

Telex: 6923 15F

Hewlett-Packard France

Zone Industrielle de Courtaboeuf
Avenue des Tropiques

91947 LES ULIS Cedex (Orsay)
Tel: (69) 07-78-25

Telex: 600048F

GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrum Mitte
Hewlett-Packard-Strasse
D-6380 BAD HOMBURG
Tel: (06172) 400-0

Telex: 410 844 hpbhg

Hewlett-Packard GmbH
Vertriebszentrun Sidwest
Schickardstrasse 2
D-7030 BOBLINGEN

Tel: (07031) 645-0

Telex: 7265 743 hep

Hewlett-Packard GmbH
Vertriebszentrum Sid
Eschenstrasse 5
D-8028 TAUFKIRCHEN
Tel: (089) 6120 7-0
Telax: 0524985

GREECE

Hewlett-Packard A.E.

178, Kifissias Avenue

6th Floor

Hatandri-ATHENS

Greece

Tolk: 6471543, 6471673, 6472871
Telex: 221 286 HPHLGR

HONG KONG
Hewlett-Packard Hong Kong, Lid.
G.P.O. Box 795

5th Floor, Sun Hung Kai Centre
30 Harbour Road -

HONG KONG

Tel: 5-8323211

Telex: 66678 HEWPA KX

Cable: HEWPACK HONG KONG

ICELAND
Hewlett-Packard iceland
Hoefdabakka 9

110 REYKJAVK

Tel: (1) 67 1000

INDIA

Blue Star Ltd.

13 Community Center
New Friends Colony
NEW DELHI 110 065
Tel: 633182, 636674
Telex: 031-61120
Cable: BLUEFROST

INDONESIA

BERCA Indonesia P.T.
P.0.Box 2497/Jkt

Antara Bidg., 11th Floor

JI. Medan Merdeka Selatan 17
JAKARTA-PUSAT

Tel: 343989

Telex: 46748 BERSAL IA

IRELAND
Hewlett-Packard Ireland Ltd.
82/83 Lower Leeson Street
DUBLIN 2

Tet: 0001 608800

Telex: 30439

ISRAEL

Computation and Measurement
Systems (CMS) Ltd.

11 Masad Street

67060

TEL-AVIV -

Tel: 388 388

Telex: 33569 Motit IL

ITALY

Hewilett-Packard Italiana S.p.A.
Via G. di Vittorio 9

1-20063 CERNUSCO SUL
NAVIGLIO

(Milano)

Tel: (02) 923691

Telex: 334632

Hewtett-Packard Italiana S.p.A.
Viale C. Pavese 340

1-00 144 ROMA EUR

Tet: (06) 54831

Telex: 610514

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Chuo Bldg.,

4-20 Nishinakajima, 5 Chome
Yodogawa-ku

OSAKA, 532

Tel: (06) 304-6021

Tedex: YHPOSA 523-3624

Yokogawa-Hewiett-Packard Ltd.
29-21 Takaido-Higashi, 3 Chome
Suginami-ku TOKYO 168

Tei: (03) 3318111

Telex: 232-2024 YHPTOK

Yokogawa-Hewlett-Packard Ltd.
Yasuda Seimei Nishiguchi Bldg.
304 Tsuruya-cho, 3 Chome
Kanagawa-ku, YOKOHAMA 221
Tel: (045) 312-1252



Q]

KOREA

Samsung Hewlett-Packard Co. Ltd.
Dongbang Yeoeuido Building
12-16th Floors

36- 1 Yeoeuido-Dong
Youngdeungpo-Ku

SEOUL

Tel: 784-4666, 764-2666

Telex: 251668 SAMSAN K

MALAYSIA

Hewlet!-Packard Sales (Malaysia)
Sdn. Bhd.

8th Floor

Chung Khiaw Bank Bullding

46, Jalan Raja Laut

50350 KUALA LUMPUR

Tel: 2986555

Telox: 31011 HPSM MA

MEXICO

Hewlett-Packard de Mexico,
S.A.deC.v.

Monte Pelvoux No. 111

Lomas de Chapultepec

11000 MEXICO, DF.

Tel: 5-40-62-28, 72-86, 50-25
Telex: 17-74-507 HEWPACK MEX

NETHERLANDS
Hewlett-Packard Nederiand B.V.
Startbaan 16

NL-1187 XR AMSTELVEEN

P.0. Box 667

NL-1180 AR AMSTELVEEN

Tel: (020) 547-6911

Telex: 13 216 HEPA NL

NORWAY
Hewlett-Packard Norge A/S
Osterndalen 16-18
P.0. Box 34
N-1345 OESTERAAS
Tel: 0047/2/24 60 90
Telex: 76621 hpnas n

PUERTO RICO
Hewlett-Packard Puerto Rico
101 Munoz Rivera Av

Esu. Calle Ochoa

HATO REY, Puerto Rico 00918
Tel: (809) 754-7800

SAUDI ARABIA

Modern Electronics Establishment
Hewlett-Packard Division

P.O. Box 1228

Redec Plaza, 6th Floor

JEDDAH

Tel: 644 96 28

Telex: 4027 12 FARNAS SJ
Cable: ELECTA JEDDAH

SINGAPORE

SPAIN

Hewlett-Packard Espafiola, S.A.
Crta. de!a Corufia, Km. 16, 400
Las Rozas

E-MADRID

Tel: (1) 637.00.11

Tetex: 23515 HPE

SWEDEN
Hewlett-Packard Sverige AB
Skalholtsgatan 9, Kista

Box 19

S-16393 SPANGA

Tel: (08) 750-2000

Telox: (854) 17886

Telefax: (08) 7527781

SWITZERLAND
Hewlett-Packard (Schweiz) AG
7, rue du Bois-du-Lan

Case postale 365

CH-1217 MEYRN 1

Tet: (0041) 22-83-11-11
Telex:27333 HPAG CH

TAIWAN

Hewlett-Packard Taiwan Ltd.

8th Floor, Hewistt-Packard Buliding
337 Fu Hsing North Road

TAIPE

Tel: (02) 712-0404
Telex: 24439 HEWPACK
Cable:HEWPACK Taipei

TURKEY

Teknim Company Ltd.
tran Caddesi No. 7
Karaklidere

ANKARA

Tel: 275800

Telex: 42155 TKNM TR

UNITED KINGDOM
ENGLAND
Hewlett-Packard Ltd.
Heathside Park Road
Cheadte Heath
STOCKPORT

Cheshire

SK3 ORB

Tet: 061-428-0828
Telex: 668068

Hewiett-Packard Ltd.

King Street Lane

Winnersh, WOKINGHAM

Berkshire RG11 5AR

Tel: 0734 784774

Telex: 847178
SCOTLAND
Hewlett-Packard Ltd.
SOUTH QUEENSFERRY
West Lothian, EH30 9TG

Hewlett-Packard Singapore (Sales) Tei: 031331 1188

Pte. Ltd.

#08-00 Inchcape House
450-2 Alexandra Road
Alexandra P.0. Box 58
SINGAPORE, 9115

Tei: 4731788

Telex: 34209 HPSGSO RS
Cable: HEWPACK, Singapore

SOUTH AFRICA
Hewilett-Packard So Africa (Pty.) Ltd.
9 Eastern Service Road

Eastgate Ext. 3

SANDTON 2144

Tel: 802-5111, 802-5125

Telex: 4-20877 SA

Cable: HEWPACK Johannesburg

Telex: 72682
UNITED STATES

Alabama
Hewlett-Packard Co.
420 Wynn Drive
HUNTSVILLE, AL 35805
Tel: (205) 830-2000
Arizona
Hewlett-Peckard Co.
8080 Pointe Parkway West
PHOENIX, AZ 85044
Tel: (602) 273-8000
California
Hewlett-Packard Co.
1421 S. Manhattan Av.
FULLERTON, CA 92631
Tel: (714) 999-6700

.| SALES & SUPPORT OFFICES
Arranged alphabetically by country

Hewlett-Packard Co.

5651 West Manchester Ave.
LOS ANGELES, CA 90045
Tel: (213) 337-8000

Telex: 910-325-6608

Hewlett-Packard Co.
9606 Aero Drive

SAN DIEGO, CA 92123
Tel: (619) 279-3200

Hewlett-Packard Co.
3003 Scott Boulevard
SANTA CLARA, CA 95054
Tel: (408) 968-7000
Telex: 910-338-0586

Colorado
Hewlett-Packard Co.

24 Inverness Place, East
ENGLEWO0D, CO 80112
Tel: (303) 649-5000

Connecticut
Hewlett-Packard Co.

47 Barnes Industrial Road South

WALLINGFORD, CT 06492
Tel: (203) 265-7801

Florida

Hewiett-Packard Co.

2501 N.W. 62nd Street

FORT LAUDERDALE, FL 33309
Tel: (305) 973-2600

Hewlett-Packard Co.
6177 Lake Elienor Drive
ORLANDO, Fi. 32809
Tel: (305) 859-2900

Georgia
Hewlett-Packard Co.
2000 South Park Place
ATLANTA, GA 30338
Tel: (404) 955-1500
Telex: 810-766-4890

filinois
Hewlett-Packard Co.
5201 Tollview Drive
ROLLING MEADOWS, IL 60008
Tel: (312) 255-9800
Telex: 910-687-1066
Indiana
Hewlett-Packard Co.
11911 N. Meridian St.
CARMEL, IN 46032
Tel: (317) 844-4100

Louisiana
Hewlett-Packard Co.
160 James Drive East
8T. ROSE, LA 70087
P.0. Box 1449
KENNER, LA 70063
Tel: {504) 467-4100

Maryland
Hewlett-Packard Co.
3701 Koppers Street
BALTIMORE, MD 21227
Tel: (301) 644-5800
Telex: 710-862-1943

Hewlett-Packard Co.
2 Choke Cherry Road
ROCKVILLE, MD 20850
Tet: (301) 948-6370

Massachusetts
Hewlett-Packard Co.
1775 Minuteman Road
ANDOVER, MA 01810
Tel: (617) 682-1500

Michigan
Hewlett-Packard Co.
39550 Orchard Hill Place Drive
NOVI, M1 48050

Tei: (313) 349-9200
Minnesota
Hewlett-Packard Co.
2025 W. Larpenteur Ave.
8T. PAUL, MN 55113

Te!: (612) 644-1100
Missouri
Hewlett-Packard Co.

1001 E. 101st Terrace Suite 120

KANSAS CITY, MO 64131-3368
Tel: (816) 941-0411

Hewiett-Packard Co.
13001 Hollenberg Drive
BRIDGETON, MO 63044
Tel: (314) 344-5100
New Jersey
Hewlett-Packard Co.
120 W. Century Road
PARAMUS, NJ 07653
Tel: (201) 265-5000

New Mexico
Hewlett-Packard Co.
7801 Jetferson N.E.
ALBUGUERQUE, NM 87109
Tel: (505) 823-6100

New York
Hewlett-Packard Co.
9600 Main Street
CLARENCE, NY 14031
Tel: (716) 759-8621

Hewiett-Packard Co.
7641 Henry Clay Bivd.
UVERPOOL, NY 13088
Tel: (315) 451-1820

Hewlett-Packard Co.

3 Crossways Park West
WOODBURY, NY 11797
Tel: (516) 682-7800

North Carolina
Hewlett-Packard Co.
5605 Roanne Way
GREENSBORO, NC 27420
Tel: (919) 852-1800

Ohio
Hewlett-Packard Co.
15885 Sprague Road
CLEVELAND, OH 44136
Tel: (216) 243-7300

Hewlett-Packard Co.
9080 Springboro Pike
MIAMISBURG, OH 45342
Tel: (513) 433-2223

Hewlett-Packard Co.
675 Brooksedge Bivd.
WESTERVILLE, OH 43081
Tel: (614) 891-3344

Okiahoma
Hewiett-Packard Co.

3525 N.W. 56th St.

Suite C-100

OKLAHOMA CITY, OK 73112
Tel: (405) 946-9499

Oregon
Hewlett-Packard Co.
9255 S. W. Ploneer Court
WILSONVILLE, OR 87070
Tei: (503) 682-8000

Pennsyivania

Hewlett-Packard Co.
111 Zeta Drive
PITTBBURGH, PA 15238
Tel: (412) 782-0400

Hewtett-Packard Co.
2750 Monroe Boulevard
VALLEY FORGE, PA 19482
Tel: (215) 666-9000

Texas
Hewlett-Packard Co.
1826-P Kramer Lane
AUSTIN, TX 78758
Tet: (512) 835-6771

Hewtett-Packard Co.
10535 Harwin Drive
HOUSTON, TX 77038
Tel: (713) 776-6400

Hewlett-Packard Co.
930 E. Campbell Rd.
RICHARDSON, TX 75081
Tel: (214) 231-6101

Hewlett-Packard Co.

1020 Central Parkway South
SAN ANTONIO, TX 78232

Tel: (512) 494-9336

Utah

Hewlett-Packard Co.

3530 W. 2100 South St.
SALT LAKE CITY, UT 84119
Tel: (801) 974-1700

Virginia
Hewlett-Packard Co.
4305 Cox Road

GLEN ALLEN, VA 23060
Tel: (804) 747-7750

Washington
Hewlett-Packard Co.
15815 S.E. 37th Street
BELLEVUE, WA 98006
Tel: (206) 643-4000

Wisconsin
Hewiett-Packard Co.
275 N. Corporate Dr.
BROOKFIELD, Wi 53005
Tel: (414) 794-8800

VENEZUELA

Hewlett-Packard de Venezuela C.A.
3A Transversal Los Ruices Norte

Edificio Segre 24& 3
Apartado 50933
CARACAS 1050

Tet: (582) 233-4133
Telex: 251046 HEWPACK

YUGOSLAVIA
Do Hermes

General Zdanova 4
YU-11000 BEOGRAD
Tel: (011) 342 641
Telox: 11433
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Programming the HP3852
with Series 200/300
Controllers

Using the 44701 and 44702



This application paper is designed to demonstrate some common data
acquisition applications wusing the Series 200/300 controller and the
HP3852 Data Acquisition System and its two voltmeter accessories. The
applications are presented in detail so that a user can gain a deeper
understanding of the interactions of the HP3852, the 44701 and 44702,
and the Series 200/300 controller. Hopefully, the Programming Trees for
the voltmeter accessories will be very useful. They indicate a preferred
programming sequence for both accessories that should prevent most
coding errors and alleviate some of the dread of using the 44702 High
Speed DVM.

The 44701 accessory is discussed first followed by four example programs
demonstrating various capabilities of the 44701. The 44702 accessory is
discussed next followed by ten example programs ranging in difficulty
from simple examples to complex examples requiring a great deal of
interaction between the accessory, the HP3852 mainframe and the Series
200/300 controller. Start with the discussions of the Programming Trees.
These will provide a refresher for SE's who have attended the HP3852
class. For those that haven't, the Programming Trees will give a
framework on which to build programming knowledge. This paper is
structured to be used as an addition to the manuals. The manuals contain
detailed reference data on the various commands but do not address their
usage in great detail. These application examples were written to show
some typical solutions and to give a basis from which to modify the
programs to solve a particular application problem.

You may see this information in other documents. Where it is appropriate,

this information may be given to customers. Comments and suggestions are
both solicited and appreciated.

John M. da Cunha, Applications Engineer



- Programming the HP44701/HP3852
’ with the Series 200/300

- L Introduction

The HP44701 Integrating Voltmeter uses a technique which allows a
tradeoff between speed and resolution/noise rejection. Integrating
voltmeters sample the input for a period of time and then digitize the
result. By varying the sample period, the customer is able to optimize
the voltmeter characteristics to suit the application. This allows a
great deal of flexibility. If high resolution is desired, longer in-
tegration times, expressed as number of power line cycles, can be
specified to gain noise rejection and resolution. If the application
does not require full resolution, shorter integration times can be
specified to gain greater speed. The HP44701 can measure DC volts,
resistance and AC volts with variable integration time. It holds a
single reading in its register.

Il. High Level Programming Commands

The HP44701 Voltmeter is programmed by and sends its readings to the
HP3852 Data Acquisition mainframe. The HP3852 has a high level command
set that programs the HP44701 Voltmeter. The command set was designed to
provide a means to control the voltmeter with a minimum of understanding
of its workings as well as to provide for more advanced capabilities. A

‘ beginning user can take readings very simply, while a more advanced user
can modify the default values of the voltmeter to customize it for a
particular application.

To take readings in the easiest manner possible, use the CONFMEAS com-
mand. This command sets up the voltmeter in a default mode and advances
the multiplexer channels while readings are taken. The mainframe
(HP3852) takes the readings and puts them in an array in memory or in
the HPIB output buffer. A typical command line looks like this:

100 OUTPUT 709;"CONFMEAS DCV 100-109 USE Q"

With this command, the mainframe and voltmeter work together to take ten
DG voltage readings on channels 100 through 109 using the voltmeter in
slot 0. The readings are placed in the HPIB output buffer where they can
be accessed by the Series 200/300 controller. As long as the user is
content with the default values as specified in the command reference
manual for the CONF command, then CONFMEAS is sufficient. However, to
use the full flexibility of the voltmeter, the customer must use other
commands.

A Simple Example

For the following example, consult Figures PTl, Programming Tree for the
44701 Integrating Voltmeter, and EX1. Also consult the HP3852 Command
‘ Reference Manual for further information on the following commands.
Begin the programming sequence with a USE command. This tells the



mainframe which module it will be programming. In this examnple, the
voltmeter is in slot 0. Voltmeter programming should begin with a CONF
command. This command sets the voltmeter to a known state which can be
modified to suit the application. Alternately, the TRIG HOLD command can
be used instead of the CONF command. TRIG HOLD does not set the
voltmeter to a defined state. It only suspends triggering of the
voltmeter. After CONF or TRIG HOLD, the FUNC command may be used. It is
typically used with TRIG HOLD since CONF sets a function. Then the
RANGE/ARANGE parameter should be specified. RANGE sets a fixed range for
the voltmeter. ARANGE sets the voltmeter to autorange. In the example,
the RANGE is set to three volts. Optionally, the terminals can be set
next with TERM. Then the integration time is set with the NPLC command.
This command sets the speed and resolution of the voltmeter. The example
sets NPLC to 0.005. At this setting, a good blend of accuracy and speed
is achieved. It provides 4 1/2 digit resolution at speeds approaching
the maximum with this voltmeter. The NRDGS parameter sets the number of
- readings per trigger which translates to the number of readings per
channel. AZERO selects autozero on or off. With autozero off, measure-
ments are taken almost twice as fast. The autozero option can be
specified with the ohms functions, but has no effect. Next, DELAY can be
specified. DELAY sets the time between the trigger and when the actual
measurement is taken. Use OCOMP next if offset-compensated four wire
ohms is desired. The last parameter is the trigger source. It is set
with the TRIG command. If TRIG SYS is used, the system trigger source
must be set with TRG. After all these parameters are set, the MEAS com-
mand is used to begin taking the measurements. Any or all the commands
between CONF and MEAS may be deleted as appropriate. If a programmer
follows this sequence, most problems caused by programming errors will
be avoided.

In the example, the voltmeter commands reside in a subroutine called
TAKE_RDG. To begin taking measurements, call the subroutine.

200 OUTPUT 709;"CALL TAKE_RDG"
210 ENTER QCFORMOFF;A(*)

Notice that the last command in the example subroutine is:
180 OUTPUT 709;"VREAD RD,RL64"

This command tells the mainframe to output the readings from the array
RD in RL64 binary format. This format is compatible with Series 200/300
internal REAL binary format so the ENTER is done with FORMAT OFF allow-
ing faster transfer rates.

lll. Applications

In addition to the previous example, three other appilications will be
considered. The first illustrates the use of a low level command,
SWRITE, which can be used to talk to module registers under special cir-
cumstances. In this case, the program will set the integration time
base to reject 400 Hz noise. A routine to unpack HP44701 readings in
BASIC is also included. The second application example will demonstrate
taking static strain measurements with the multiplexer and voltmeter




timed by the HP3852 system pacer. The final application shows real-time
limit checking on temperature measurements. Consult the programming tree
and the sample programs when following the text. For more information on
the commands that are discussed, consult the HP3852 Command Reference
Manual.

Example 1: 400 Hz Noise Rejection with 60 Hz Power

Aircraft systems can present special problems for data acquisition sys-
tems. In countries that use 60 Hz power, integrating voltmeters are
generally configured to reject 60 Hz noise. They do this by integrating
over an integral number of power line cycles. The HP44701 is set to
either 60 or 50 Hz integration time at power up of the HP3852. If the
HP44701 is configured for 60 Hz, it does not reject the 400 Hz noise
from an aircraft power system. However, there is a procedure to change
to 50 Hz operation which will reject 400 Hz noise.

In the example, Figure EX2, the voltmeter is configured normally with
the USE, CONF, TERM and RANGE commands. These commands are followed by:

140 OQUTPUT 709;"SWRITE 0,2,117"

This command writes directly to slot O, register 2 which is the slot ad-
dress of the HP44701. The value 117 is the decimal equivalent of a com-
mand to the voltmeter to set up 50 Hz operation at one power line cycle
integration time of 20 msec. This integration time corresponds to eight
power line cycles of 400 Hz. Since the integration period is more than
one power line cycle of 400 Hz, additional noise rejection is obtained.
If more rejection is required, the value may be set to 149. This con-
figures the voltmeter for sixteen power line cycles at 50 Hz, which cor-
responds to 128 power line cycles at 400 Hz. The voltmeter can be
returned to 60 Hz operation by executing an NPLC command.

The next portion of code in the example, shows a method of getting
single readings from the HP44701 using the TRIG SGL and CHREAD commands.
These commands are used when the voltmeter terminals are set to exter-
nal. They can also be used in other applications where appropriate. Two
sets of readings are taken in FOR/NEXT loops. The first is in the
default format, RASC. The second set is taken in packed format with the
PACK parameter for the CHREAD command. This format requires that the
readings be unpacked later. An unpacking routine is included at the end
of the program.

The packed data from the HP44701 consists of four bytes. Twenty-four
bits represent the mantissa and the remaining eight bits represent the
exponent. In the example, the variables X and Y become the mantissa and
the variable Z contains the exponent information. The upper two bytes,
variable X, are shifted left by multiplying by 256. Then the lowest byte
of the mantissa, variable Y, is added to it. The mantissa is now cor-
rectly evaluated. The variable Z is sign corrected and manipulated to
form the exponent. The result is then printed.

Example 2: Paced Strain Gauge Measurements



In this application, the customer wanted to take strain measurements at
known time intervals. The most natural way to do this was to take
advantage of the pacing function of the HP3852 to pace the readings.
Refer to Figure EX3.

Two real arrays are configured in the HP3852 with the REAL command to
hold the strained and unstrained readings. The unstrained readings are
necessary to calculate the value of the strain for each channel. The
readings in the array called STRAIN will be in microstrains.

The voltmeter is configured with the USE and CONF STRQ to take quarter
bridge strain measurements. Then the trigger source is set to TRIG SCAN.
The voltmeter will be triggered each time a channel is closed. The com-
mand MEAS STRUN then takes the unstrained measurements and stores them
in the array UNSTR. The pacer now needs to be set up.

100 OUTPUT 709;"SADV PACER"
110 QUTPUT 709;"PACER 85E-3,26"
120 OUTPUT 709;"PDELAY .015"

The first command, SADV PACER, sets the scan advance source to the pacer
output. Next the pacer is set to put out 26 pulses at a time interval of
85 milliseconds with the PACER command. Twenty-six pulses are output be-
cause the first pulse 1is used to close the first channel and the last
pulse opens the last channel. The PDELAY command sets a delay after the
pacer trigger before the first pulse comes out. When measuring strain in
this manner, PDELAY should be set to a large enough value to ensure that
a preliminary reading of the supply voltage on each multiplexer module
can be accomplished. This time will vary depending on the NPLC setting
and the number of different multiplexer modules involved. For instance,
if NPLC is set to one and there are four multiplexer modules, then the
delay should be sufficient to make at least four one power line cycle
measurements plus some additional time for autoranging and processing
(approx. 180 msec.).

A subroutine is used to trigger the pacer and take the strain measure-
ments. In many cases, placing the measurement commands in a subroutine
can yield speed improvements since only the string "CALL X" needs to be
parsed by the mainframe rather than each command in the subroutine. If
all the programming is done in subroutines, set up commands should be
put in a separate subroutine than the measurement commands for best
speed performance.

Example 3: Temperature Limit Checking

The customer in this application needed to monitor the temperature on a
thermocouple and be signalled by the HP3852 when the temperature was out
of limit. The real time limit checking feature of the HP3852 is a good
match for this application. A limit subroutine is called in the HP3852
mainframe that asserts SRQ on the HPIB bus to signal the controller that
the temperature is out of bounds.

Refer to Figure EX4 for the example program. The HP3852 does real time
limit checking in the mainframe as the measurements are put into the




array (RTEMP in the example). If a measurement is out of limit, the
index of that reading is placed into an integer array (IDX in the
example). Also, an interrupt condition is set if enabled. This inter-
rupt can cause an SRQ on the HPIB bus or other actions.

S - - 120 OUTPUT -709;WINTEGER -IDX(O)™ ~ - . = - = —— - - Cm e
130 OUTPUT 709;"REAL RTEMP(0),MIN,MAX"
140 OUTPUT 709;"MIN=22;MAX=28"

Note that IDX and RTEMP must be arrays. The variables MIN and MAX are
the limit variables against which the measurements are compared. MIN and
MAX can also be arrays if the expected measurements will vary greatly
from channel to channel. MIN and MAX must also be real variables or ar-
rays to prevent mixed mode arithmetic errors.

The DVM is set up in the default mode with the USE and CONF commands.
Speed was not a consideration in this application. The limit subroutine
(SUB WARN) displays a message, asserts SRQ and beeps. Then the limit
conditions are set.

250 OUTPUT 709;"LMT MIN,MAX,IDX"
260 OUTPUT 709;"ON LMT CALL WARN"
270 OUTPUT 709;"ENABLE LMT®

280 OUTPUT 709;"RQS FPS,RQS ON"

The LMT command in line 250 sets up real time limit checking. The sub-
routine WARN will be called on limit (line 260). Then the limit inter-
rupt is enabled. Line 280 sets the SRQ mask for software SRQ and enables
SRQ on the bus. '

The measurement subroutine (SUB MEAS_) takes the readings and displays a
message. The channel 1list length is a significant variable when using
real time limit checking. The limit interrupt is serviced at the end of
the measurement subroutine. Therefore, if the channel list is very long
and an out of limit reading is taken early in the channel list, the in-
terrupt won't be serviced until the subroutine is finished. Short chan-
nel lists and command sequences are desirable when using this feature of
the HP3852.

The controller is set up to receive the SRQ interrupt with the ON INTR
and ENABLE commands. The ON INTR command directs the controller to stop
when an interrupt is present on the HPIB bus. The ENABLE command ac-
tivates the interrupt on the HPIB interface and sets the SRQ mask. Only
SRQ interrupts will be recognized.

IV. Summary

Three application examples using the HP44701/HP3852 and a Series 200/300
controller running BASIC were presented as well as a simple example to
show a way to get fast readings from the HP44701 integrating DVM. The
DVM is quite flexible in choice of integration time to optimize it for a
particular application. When coupled with the multiplexer control, con-
version and interrupt features of the HP3852 mainframe, it can solve a
great many data acquisition problems.
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10 | THIS PROGRAM SHOWS A WAY TO GET HIGH SPEEDS FROM THE 44701
20 | INTEGRATING DUM. -

30 |

40 |

5@ ASSIGN 8Comp TO 708 .
6@ ASSIGN BCformoff TO 709;FORMAT OFF
78 REAL A(1:100)

go !

9@ CLEAR @Comp

100 OQUTPUT @Comp; "RESET"

110 OUTPUT @Comp; “PACKED RD(399)"

120 OUTPUT ®Comp; “SUB TAKE_RDG"

130 QUTPYT @Comp; " USE Q"

140 OQUTPUT @Comp;" CONF DCu"

158 QUTPUT @Comp;” RANGE 3*

16@ OUTPUT 8Comp; " NPLC 0.005"

1780 QUTPUT @Comp;” AZERO OFF"

180 OQUTPUT €Comp;" MEAS DCV 100-119,100-119,100-119,100-119,100-119 INTO RD"
18@ OUTPUT @Comp;" UREAD RD,RLE4"

200 QUTPUT @Comp;"SUBEND:;DISP OFF"

210 !

220 !

230 QUTPUT @Comp; "CALL TAKE_RDG"
24@ ENTER BCformoffi;A(«+)

250 FCOR I=20 TO 100 STEP 20

260 PRINT A(I)

270 NEXT I

280 END

Figure EXI
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( THIS PROGRAM DEMONSTRATES HOW TO REJECT 4@@Hz NOISE WITH THE
| 44701 INTEGRATING DUM ON THE 3852.
I THIS PROGRAM ALSO INCLUDES AN UNPACKING ROUTINE FOR THE DUM.
§
ASSIGN RComp TO 709
ASSIGN @Cformoff TO 709;FORMAT OFF
DIM A(1:25)
INTEGER B(@:49) ,X,Y,2,1,J
OUTPUT @Comp; “RST"
OUTPUT @Comp;“USE 0“-
QUTPUT @Comp; “CONF DCV"
QUTPUT BComp; "RANGE 3.0°" a
OUTPUT @Comp; "TERM EXT"
i
{ THE FOLLOWING COMMAND SETS UP THE DUM FOR SQHZ(4@@HZ) REJECTION.
|

QUTPUT @Comp; “SWRITE @,2 117" } USE 149 FOR 128 PLC'S, 117 FOR 8 PLC'S

!

QUTPUT @Comp; "DISP 'REAL MEAS’*

WAIT 2

FOR I=1 TO 25 { THIS LOOP READS DATA IN RASC FORMAT
QUTPUT @Comp;"TRIG S6L;CHREAD 0" I AND PUTS IT INTO A REAL ARRAY.
ENTER @Comp;sA(I)

NEXT 1

|
QUTPUT @Comp; "DISP 'PACK MEAS'*
WAIT 2
FOR J=0 T0O 24
QUTPUT @Comp;"TRIG SGL;CHREAD @ PACK®
ENTER BCformoff;B(2#J) B(2+«]J+1)
NEXT J
|
|
PRINT B(+)
PRINT A(+)
| .
i UNPACK ROUTINE STARTS HERE.
i
FOR I=0 TO 24
X=B(2+1I)
I=BINAND(B(Z*I+1),2585)
Y=SHIFT(B(2+I+1),8)
IF Z=128 THEN

UPPER TWO BYTES

LOWEST ORDER BYTE

SHIFT BYTE TO LOWEST BYTE
OVERLOAD CONDITION

PRINT 1.E+38
ELSE
PRINT (X#256.+Y)*10°(Z-256%(Z>127)-6), | PRINT RESULT
END IF
NEXT I

!

! END OF UNPACK ROUTINE.
!

END

Figure EX2
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320
330
340
350
60
379
380
230
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420
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4490
450
460
470
480
490
500
510
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! THIS PROGRAM DEMONSTRATES HOW TO TAKE STRAIN GAUGE MEASUREMENTS
} THAT ARE PACED BY THE PACER. FIRST THE GAUGES ARE MEASURED UN-
I STRAINED, THEN THE GAUGES ARE SCANNED USING THE PACER.

I
|
! PROGRAM STARTS HERE.

i

!

!

!

REAL A(1:25),B(1:29)

ASSIGN @Comp TO 709

CLEAR @Comp

OUTPUT @Comp; "RESET"

QUTPUT BComp; "REAL UNSTR(24),STRAIN(Z24)"
!

i SET UP DUM

|

QUTPUT @Comp; "USE 2"

OUTPUT @Comp;"CONF STRQ*
QUTPUT @Comp;"TRIG SCAN"

OUTPUT @Comp;"MEAS STRUN 100-109,100-109,100-104 INTO UNSTR"

!

!

!

I SET UP SCANNER

;

OUTPUT @Comp; "SADY PACER"
QUTPUT @Comp; "PACER 85E-3,26"
QUTPUT @Comp; "PDELAY .015"

!

QUTPUT @Comp;"SUB X"

OQUTPUT @Comp;" PTRIG SGL"

QUTPUT @Comp; " MEAS STRQ 100-109,100-109,100-104 ,REF UNSTR INTQ

OUTPUT @Comp; "SUBEND"
!

QUTPUT @Comp; "CALL X"
QUTPUT @Comp; "UREAD UNSTR®
ENTER @Comp;Al#)

OUTPUT ®Comp; "VREAD STRAIN"
ENTER RComp;B(+)

PRINT A(#)

PRINT B(#*)

END

Figure EX3

STRAIN"



THIS PROGRAM DEMONSTRATES AN EXAMPLE OF REAL TIME LIMIT

10 !

20 ! CHECKING ON THE HP3852. TEMPERATURE MEASUREMENTS ARE
30 I TAKEN AND THEN COMPARED TO THE LIMITS. IF A LIMIT IS
40 I EXCEEDED, A WARNING IS DISPLAYED.

=1 LI

60 !

70 ! {SET UP

80 ASSIGN @Comp TO 709

90 CLEAR ®Comp

100  QUTPUT @Comp; "RESET"

1192 | ,

120 OUTPUT @Comp; "INTEGER IDX(Q)" IDECLARE VARIABLES IN 3852
136  OUTPUT @Comp; "REAL RTEMP(Q) ,MIN ,MAX"

149 QUTPUT @Comp; "MIN=22;MAX=28"

150 !

160 OUTPUT BComp; "USE 0:;CONF TEMPT" ISET UP DUM
170

180 !

130 OUTPUT ®@Comp; "SUB WARN"

200 OQUTPUT @Comp; " DISP 'WARNING'"

210  OUTPUT @Comp;" SRQ"

220 QUTPUT @Comps” BEEP"

230 OQUTPUT @Comp; "SUBEND"

240 !

250 QUTPUT @Comps"LMT MIN,MAX ,IDX" I SET UP 3852 CONDITIONS

260  QUTPUT BComp; "ON LMT CALL WARN"
270  OUTPUT @Comp; "ENABLE LMT"
280  OUTPUT @Comps; "RQS FPS;RQS ON*

290 !

300 {

310 OUTPUT @Comp; "SUB MEAS_" i MEASUREMENT ROUTINE
320 QUTPUT ®Comp; " MEAS TEMPT 100 USE @ INTO RTEMP(®)"

339 QUTPUT @Comp; " DISP 'TEMP OK®"

340 QUTPUT @Comp; "SUBEND"

350 |

360 !

370 !

380 INTEGER Flg,Mask I SET UP CONTROLLER
390 Flg=t

490 ON INTR 7 GOSUB Stop_

410 Mask=2

429 ENABLE INTR 7;Mask

430 !

449 WHILE Flg I BEGIN MEASUREMENT LOOP
450 QUTPUT @Comp; "CALL MEAS_"

469 WAIT

470 END WHILE

480 ]

490 Stop_:STOP

500 !

S10 END

Figure EX4



Programming the HP44702/HP3852
with the Series 200/300

l. Introduction - o

The HP44702 High Speed Voltmeter is a successive approximation type of
digital voltmeter which has great speed and flexibility. Successive ap-
proximation voltmeters sample the input for a short period of time and
use a fast technique to digitize the reading.' This technique allows
reading speeds of one hundred thousand readings per second. The HP44702
also has some intelligence built into it. It can stand alone as a sub-
system taking readings with high speed multiplexers connected to it via
a ribbon cable. Intelligence and high speed make the HP44702 a potent
addition to the HP3852 Data Acquisition System. With this capability
comes complexity. The purpose of this document is to help the user bet-
ter understand how to use the HP44702 to meet his or her data acquisi-
tion needs.

The HP44702 has two modes of operation, the system mode and the scanner
mode. In the system mode, the user programs the HP44702 much like the
HP44701 Voltmeter. In the scanner mode, the HP44702 can achieve 100
thousand readings per second speed while scanning or do a variety of
other types of measurements. The high speed voltmeter can make both DC
voltage and ohms readings. When using the MEAS command, which will be
discussed later, temperature and strain measurements can be made. The
HP44702 has differential inputs. Differential inputs allow only a
moderate common mode input signal to be connected to them with respect
to earth ground. The HP44701, which is a floating voltmeter, can
tolerate much higher common mode voltages. Also, the high speed
voltmeter has a reading buffer built into the module. This is useful to
store readings until they can be conveniently retrieved. The HP44702A .
has an 8K reading buffer and the HP44702B has a 64K reading buffer.

Il. High Level Programming Commands

Like the HP44701, the HP44702 High Speed Voltmeter is programmed by- and
can send its readings to the HP3852 Data Acquisition mainframe. The
HP3852 has a high level command set to comunicate with the HP44702. This
command set is similar to the one for the HP44701 but has more commands
since the high speed voltmeter has more intelligence and capability than
the integrating voltmeter. The command set provides a means to take
measurements with a minimum of understanding of the internal workings of
the high speed voltmeter. Other commands. take advantage of the full
feature set of the voltmeter. The customer has the choice.

The CONFMEAS command allows measurements to be taken most easily. Use
this command in the system mode, which is the power up configuration.
CONFMEAS sets up the voltmeter in the default mode and advances the mul-
tiplexer channels while the readings are taken. The readings are trans-
ferred to either the HPIB buffer or an array in memory. A typical com-
mand looks like this:



100 OUTPUT 709;"CONFMEAS DCV 400-419 USE 500"

The voltmeter and HP3852 mainframe work together to take twenty readings
on channels 400 through 419 using the voltmeter in slot 5. The readings
then go to the HPIB output buffer of the HP3852 where they can be ac-
cessed by the Series 200/300 controller. If the customer is content with
the default values found in the Command Reference Manual under the CONF
command, then using CONFMEAS is sufficient. However, to use the full
capabilities of the voltmeter, the customer must use other commands.

Two Simple Examples

As mentioned before, the HP44702 high speed voltmeter has two modes of
operation. In the system mode, the commands wused to program the
voltmeter look and act like the corresponding commands for the HP44701
integrating voltmeter. This promotes ease of use and compatibility be-
tween the two modules. The other mode of operation is the scanner mode.
In this mode of operation, the £full capability of the high speed
voltmeter is available. The scanner mode allows the HP44702 to act as a
measurement subsystem to take measurements without the intervention of
the HP3852 mainframe. The scanner mode gives access to the two levels of
triggering and all the features of the module. For the following ex-
amples, refer to Figure PT2, Programming Tree for the 44702 High Speed
Voltmeter, as well as, the HP3852 Command Reference Manual.

System Mode Example

Refer to Figure SYS while following the example. Start with the USE com-
mand. This tells the HP3852 mainframe which slot you are programming.
In the example, the voltmeter is in slot 6. Then use the SCANMODE com-
mand to set which mode the voltmeter is in. The example program sets the
system mode for the voltmeter with SCANMODE OFF. Then, like the 44701,
use the CONF command. CONF puts the voltmeter into a known default
state. It makes a good starting point from which to modify the program
to fit a particular application. The user may choose TRIG HOLD in place
of CONF, but it does not set the voltmeter to a known state. It only
suspends triggering. After CONF or TRIG HOLD, the FUNC command may be
used. Use FUNC when specifying TRIG HOLD since no function is set by the
TRIG command. Next, the RANGE/ARMODE command sets the voltmeter range or
autorange mode. The use of ARMODE will be discussed under the scanner
mode example. TERM selects the input terminals. The example selects the
HP3852 analog backplane as the signal source. With the 44702, readings
may be output to the HP3852 mainframe or the GPIQO port. The RDGS command
selects the output port. The example sends the readings to the HP3852
mainframe. RDGSMODE is a command that is unique to the 44702. The high
speed voltmeter has many different interrupt modes. RDGSMODE chooses
which interrupt will be used. Consult the Command Reference Manual for
the choices available. The next choice in line on the Programming Tree
is the NRDGS command. It sets the number of readings per trigger in the
system mode. In the scanner mode, the action of NRDGS varies depending
on the specified terminals. Specify DELAY next, if desired. It sets the
time between the trigger and the start of the first measurement on a
particular channel, as well as, the time between successive measurements
on the same channel if NRDGS is set to more than one. Autozero on the




high speed voltmeter differs from the integrating voltmeter. It is only
done when the AZERO command is executed. Another unique feature of the
44702 is its ability to trigger on a threshold level. The PERC and SLOPE
commands set up this feature. PERC sets the trigger level to percentage
of full scale. If you are using auto range, this trigger level changes
with range but remains at the same percentage of full scale. The SLOPE
command tells the voltmeter to trigger when the signal crosses the
threshold on a rising or falling slope. SLOPE also sets the sense of
the trigger edge for external triggers. TRIGOUT enables trigger pulses
to be output on the EXTERNAL TRIGGER 0 BNC at the back of the voltmeter.
Finally, the TRIG command sets the trigger source for the voltmeter. If
TRIG SYS is used, then the TRG command must specify the system trigger
source. When scanning, send the MEAS command after setting the trigger
source. MEAS also makes it possible to take temperature measurements by
using the appropriate function parameter. If the external terminals are
used, then read the measurements with CHREAD or XRDGS. Any of the com-
mands between CONF and MEAS may be deleted to fit the application. This
programming sequence should avoid most of the programming errors intro-
duced by users.

The example program has the voltmeter set up and measurement commands in
a subroutine called HS_RDGS. To take measurements, simply call the
subroutine.

250 QUTPUT 709;"CALL HS_RDGS"
260 ENTER QCFORMOFF;A(*)

As in the 44701 example, the last command in the subroutine is:
220 OQUTPUT 709;" VREAD RD,RL64M

This command tells the mainframe to output the readings from the array
RD in RL64 binary format. This format is compatible with Series 200/300
internal REAL binary format. Therefore, the ENTER is done with FORMAT
OFF allowing faster data transfer rates.

Scanner Mode Example

Refer to Figure SCN and Figure PT2 while following the example. In scan-
ner mode, all of the commands described in the system mode example are
valid plus a number of others not presented yet. Scanner mode gives the
user full control of the 44702 voltmeter. Some of the commands described
in the system mode discussion have slightly different functions in the
scanner mode. These differences will be pointed out.

The 44702 High Speed Voltmeter has two levels of triggering. The two
levels are the scan level and the measurement level. The scan level en-
ables the measurement level. Each level has independent pacing and
delay. At the scan level, the user can specify more than one PRESCAN or
POSTSCAN. These terms will be discussed later. Independent trigger sour-
ces can be set for each level also. The voltmeter is quite flexible so
the commands can be confusing. Consult the Command Reference Manual for
more information, if needed.



As in system mode, the USE command should be used first. Then set
SCANMODE ON. The high speed voltmeter is now in the scanner mode. The
CONF command can be sent next, which puts the voltmeter in a predefined
state. The state for scanner mode is different than the one for system
mode. Consult the Command Reference for the differences. SCTRIG HOLD can
be sent instead of CONF. It acts the same way as TRIG HOLD for system
mode, that is, it only suspends triggering. Use the FUNC command with
SCTRIG HOLD. Next set RANGE/ARMODE. ARMODE specifies when autorange will
be performed. The AFTER parameter puts the voltmeter in a mode where au-
toranging is done after a measurement trigger. This 1is the default mode
and will work well for most applications. The only exception is when
gathering data for FFT's. In the ARMODE AFTER setting, there is a slight
amount of timing jitter between the measurement trigger and the actual
measurement. ARMODE BEFORE does away with the jitter by autoranging in a
look-ahead fashion before the measurement trigger. The example sets a
fixed range. TERM, RDGS and RDGSMODE have the same function as in system
mode. NRDGS is slightly different in scanner mode. NRDGS sets the num-
ber of readings per channel. The number allowed depends on the TERM set-
ting. AZERO, PERC and SLOPE have the same function as in system mode.
SCSLOPE is a command used only in scanner mode. It sets the slope of the
scan trigger source in SCTRIG EXT, MEAS or GPIO. TRIGOUT and TRG have
the same functions as in the system mode. TRIG sets the source for the
measurement triggers in scanner mode. This is the lowest trigger level
of the voltmeter. Consult the 44702 Configuration and Programming Manual
for details of scan and measurement triggering.

The following commands refer to scan and measurement programming. They
are unique to the scanner mode. SPER sets the time interval between suc-
cessive measurement triggers when TRIG INT is specified. SCDELAY sets
the time between the scan trigger and the first measurement trigger at
the start of a scan, as well as, the time between successive scan trig-
gers. The number of scans before the stop trigger is enabled is set with
PRESCAN. POSTSCAN sets the number of scans after the stop trigger. These
two commands allow data to be captured around an event. There will be
an example program showing how to do this later. After this, ASCAN sets
whether scans will start automatically at the completion the previous
scan (ASCAN ON), or will require a separate scan trigger for each pass
through the scanlist (ASCAN OFF). CLWRITE is only valid in scanner mode
with TERM set to RIBBON. CLWRITE specifies the channel and range list,
as well as, setting the analog bus configuration on the ribbon cable.
STSLOPE sets the slope of the stop trigger when the stop trigger is set
to an external source or threshold trigger. STTRIG sets the stop trigger
source. In scanner mode, the scan trigger source set with the SCTRIG
command starts the high speed voltmeter. If the ribbon cable is used,
after a SCTRIG command is issued, the voltmeter works independently. It
can be thought of as a measurement subsystem. The CHREAD and XRDGS com-
mands remove measurements from the HP44702 voltmeter. MEAS can also be
used in the scanner mode. However, MEAS changes some parameters, so it
must be used with caution. Consult the Command Reference to see the
parameters that are changed. If MEAS is used, SCTRIG performs the same
function as STRIG does in the system mode. MEAS is used in the example
for simplicity. The other scanner mode commands will be used in the ap-
plication examples.




. Applications

The two previous examples illustrate how simple it is to take measure-
ments with the HP44702 if the application is not complicated. This is
often not the case. Many users will want to use the more advanced fea-
tures of the high speed voltmeter. The following application examples
show a few typical instances of the use of these more advanced features.
Each application example illustrates a particular use of the HP44702
High Speed Voltmeter.

Example 1: Using Interrupts with the HP44702

One source of confusion arising from the use of the high speed voltmeter
is how to use its interrupt capabilities. There are four interrupt
choices available to the user. RDGSMODE specifies when interrupts occur
and when data is available. The default mode is DAV which stands for
Data AVailable. With this parameter specified, the voltmeter interrupts
when it has any reading available. This is used when you want the
voltmeter to signal when any reading is available or when you want to
take out readings immediately. In the BURST mode, the voltmeter inter-
rupts when there is only room for 4K more readings in the voltmeter
reading buffer. Use this mode when you want the mainframe to be free to
do other things (like service other interrupts) while readings are being
taken. Data is not available until the interrupt occurs. When END is
specified, the interrupt occurs after the end of the scan sequence. Data
is available immediately, however. Use END when you want to signal the
end of the scan, but wish to take some of the readings out of the buffer
before the scan sequence is finished. If COMPLETE is set in the RDGSMODE
command, data is available and the interrupt occurs at the end of the
scan sequence. Since data may be overwritten, this mode can be used to
capture a window of data around an event. The only limitation to the
size of the window is the size of the voltmeter reading buffer. If a
larger window of data is needed, other techniques must be used. These
will be shown in a later example.

Refer to the program listing in Figure INTR during the following discus-
sion. This example demonstrates the use of the voltmeter interrupt to
signal the HP3852 mainframe when the scan sequence is finished. The
mainframe is free to do other things while waiting for the interrupt.
The readings are accessed when the interrupt is received. A subroutine
called TAKE RDG sets up the voltmeter. Then the subroutine called X
transfers the readings.

The USE, SCANMODE, CONF and RANGE commands configure the voltmeter in
the subroutine called TAKE_RDG. Then the interrupt is set up.

180 outpuT 709;" RDGSMODE END"

190 oOuTPUT 709;" SPER 250E-6"

200 ouTPUT 709;" ENABLE INTR"

210 OuTPUT 709;" CLWRITE SENSE 500-509"
220 QUTPUT 709;" SCTRIG SGL"“

The RDGSMODE END command sets the voltmeter to interrupt after the scan
is finished. Then the SPER command sets the period between measurement



triggers. The interrupt is enabled by the ENABLE INTR command. This
command only sets up the interrupt at the module; the system level
interrupt must also be enabled later. The CLWRITE command sets the con-
figuration of the ribbon cable analog bus and sends the channel list to
the voltmeter. SCTRIG then triggers it.

The subroutine called X, consists of a single command.
260 OUTPUT 709;" XRDGS 600,RL64M

This command will transfer the readings from the voltmeter after the
voltmeter has interrupted the HP3852 mainframe. Note that the format
specified is RL64 to increase transfer speed. This binary format is com-
patible with the internal real binary format of the Series 200/300 so
that no formatting on either the controller end or the HP3852 end is
necessary.

290 OUTPUT 709:"ON INTR USE 600 CALL X"
300 OUTPUT 709;"ENABLE INTR SYS*"

310 ¢

320 OUTPUT 709;"CALL TAKE_RDG"

330 ENTER aCformoff;A(*)

The interrupt from the voltmeter is directed with the ON INTR command in
line 290 to call subroutine X. System interrupts are enabled on the fol-
lowing line. Recall that the module interrupt was enabled earlier in
line 200. The set up for measurement sequence is now complete. All that
is required to set the process in motion is to CALL the measurement sub-
routine and acquire the data in lines 320 and 330. The controller will
wait on the ENTER statement until the voltmeter completes its measure-
ment sequence, signals the mainframe, and the mainframe begins to output
data.

Example 2: Using GPIO with the HP44702

The full speed capabilities of the HP44702 are available with the use of
the GPIO interface. Triggering, interrupts and data can all be passed
via this interface. Refer to the program listing in Figure GPIO during
the following discussion. This example demonstrates triggering, inter-
rupt handling and data transfer over GPIO with the HP44702 High Speed
Voltmeter. The voltmeter is set up via HPIB, then triggered over GPIO.
When the scan sequence is complete, a GPIO interrupt is generated. The
controller then reads in the data in packed format. The data is then un-
packed using the routine furnished.

Setting up the I/0O paths in the Series 200/300 is the first thing that
must be done. The ASSIGN statements accomplish this. Next, program the
GPIO interrupt.

130 ON INTR Gpio GOSUB Get_rdgs
140 Eir_=1
150 ENABLE INTR GpiojEir-

The ON INTR statement directs the controller to a routine called




Get_rdgs. This routine will acquire the data from the voltmeter. Then,
the ENABLE INTR command enables the interrupt and sets the mask. Only
EIR interrupts are enabled in this case.

Next, set up the voltmeter over HPIB. The USE and SCANMODE commands are

~ similar to the commands in the previous example. The CONF command puts

the voltmeter in a state to measure two wire ohms up to 10 K ohms. Then
set up the voltmeter for GPIO operation.

220 OUTPUT 709;"RDGS GPloO"

230 OUTPUT 709;"RDGSMODE BURST"

240 OUTPUT 709;"SCSLOPE HL"

250 OUTPUT 709;"SPER .10%

260 OUTPUT 709;"ENABLE INTR®

270 QUTPUT 709;"CLWRITE COM 500-509"
280 OUTPUT 709;"SCTRIG GPIOQ"

The RDGS command directs the data and interrupts to the GPIO port of the
voltmeter. The RDGSMODE command will not make data available until there
is room for only 4096 readings in the voltmeter buffer or when the scan
sequence is complete. In this case, RDGSMODE COMPLETE would have done
the same thing as BURST since the number of readings is small. However,
RDGSMODE COMPLETE allows readings to be overwritten which is undesirable
in this application. Set the slope of the GPIO trigger with the SCSLOPE
command. The SPER, ENABLE and CLWRITE commands set the sample period,
enable the interrupt and select the channels to be scanned. Then the
SCTRIG command sets the scan trigger source to GPIO. At this point, the
voltmeter is ready to accept a trigger and begin the scan sequence.
However, further programming over the GPIO interface is necessary to get
data and trigger the voltmeter. Since the voltmeter is being programmed
from two different sources, HPIB and GPIO, care must be taken to insure
that the two interfaces do not get out of synchronizaton. A good way to
do this is to monitor the BUSY bit in the status register with the SPOLL
command. The BUSY bit will not be released until the HPIB commands have
been completed. This assures that the voltmeter is programmed via HPIB
before the user attempts to program it via the GPIO interface.

300 WHILE NOT BIT(SPOLL(709),4)
310 END WHILE

320 !

330 CONTROL Gpio,2;5

340 OUTPUT aGpio USING "#,wW";4
350 CONTROL Gpio,2;4

360 !

370 CONTROL Gpio,2;6

380 CONTROL Gpio,2;4

The WHILE loop waits until the HP3852 is ready (BUSY bit is cleared).
Then the CONTROL and OUTPUT statements in lines 330 through 350 select
the data register. These statements tell the voltmeter to output data on
the GPIO interface. The voltmeter now only requires a trigger to begin.

The CONTROL statements in 1lines 370 and 380 accomplish this. The
voltmeter is actually triggered at the first CONTROL statement (remember
the SCSLOPE command); the second command just returns the trigger bit to



its original state. The voltmeter now begins to take readings and will
signal the controller, via the GPIO ‘interrupt, when the readings are
ready to be transferred. An ENTER statement accomplishes the transfer.
The user must keep in mind that the data returned is in PACKED format
since the HP3852 mainframe is not available to do formatting on the GPIO
interface.

This brings us to the unpacking routine, which starts at the line label
Unpack. This routine is written in BASIC but could just as easily be
written in a CSUB. The packed data comes out as sixteen bits. The most
significant bit is the good reading bit. It will always be a 1 for a
good reading. This corresponds to a negative integer so the Unpack
routine gives a bad reading (1.0E+38) if the integer is positive. The
next two most significant bits are the range bits. A correct reading
requires the mantissa to be divided by one of four values dictated by
the range bits. The four values are shown in Figure UNPK, as well as,
the bit configuration of the data word. The next most significant bit is
the sign bit and the remaining twelve bits are the mantissa. The mantis-
sa is the total number of voltmeter counts. The reading is evaluated as
a positive number and then negated if the sign bit is negative,

Example 3: Capturing a Window of Data Around an Event

Often, a user wants to acquire data about an event that happens at an
unknown time. In many of these cases, the user wants some data about the
events leading up to the phenomenon, as well as, data after the event.
Examples include seismic testing, failure analysis and capturing random
transient events. The HP44702 Voltmeter can make this type of measure-
ment. In this application, the voltmeter will record data both before
and after an event. The event will be signalled by the value of the
measurement on the first channel. When the value of the measurement
crosses a threshold value in the proper direction, that will be the sig-
nal to stop. Data will be kept from before the event in addition to data
taken after the event. The key to success in this applicaton is to use
the stop trigger capability of the High Speed Voltmeter. Threshold trig-
gering is used to reject similar but lower level events.

Refer to the example program in Figure EVNT during the following discus-
sion. 1In this example, the voltmeter is set up and triggered. It takes
readings until it receives a threshold stop trigger, then the final set
of readings is taken and an interrupt is generated. The interrupt
routine outputs the readings to the controller. The RESET, USE and
SCANMODE commands are similar to the commands used in previous examples.
Next, SCTRIG HOLD and FUNC commands disable scan triggers and set the
function. A CONF command could have been used instead of SCTRIG and
FUNC, but these commands were used for variety. Remember, when using
SCTRIG and FUNC rather than CONF, all parameters of the voltmeter must
be specified to insure a known state since these commands only suspend
triggering and set function; they do not change any other settings. The
range, terminals and readings destination are set next with RANGE, TERM
and RDGS, respectively. The interrupt and threshold are set next.

220 OUTPUT 709;"RDGSMODE COMPLETE"
230 OUTPUT 709;"PERC 80"




With RDGSMODE COMPLETE set, data is not available nor is the interrupt
asserted until the scan sequence, consisting of the number of prescans
immediately preceding the stop trigger and the number of postscans af-

ter, is completed. Data in the buffer of the voltmeter is overwritten.

~Scans occur until a valid stop trigger is received. A valid stop trigger
occurs when the measured value of the first channel in the scan list
crosses a set percentage of the full scale range in the proper direc-
tion. The percentage is set with the PERC command and represents the

percent of the full scale on the particular range. Use a. range .other

than autorange when wusing threshold triggering since the value
represented by the percent on one range is very different from the value
represented by the same percent on a higher or lower range. The percent
remains the same in autorange, but the value changes with each range. In
this example, the threshold is set to 80% of full range ( 80% of 2.56V =
2.05v),

240 QUTPUT 709;"SPER .05"
250 OUTPUT 709;"SCDELAY .01,.5"

The combination of the SPER and SCDELAY commands with the channel list
of ten channels causes readings to be taken at equally spaced intervals
of .05 seconds. The SPER command sets the interval between successive
measurement triggers. Then the SCDELAY command sets the interval between
successive scan triggers. Since there are ten channels being measured,
the scan pace parameter of SCDELAY (.5 seconds) is set to ten times the
SPER setting (.05 seconds) to get equal intervals between all the chan-
nels. The interval between the last channel in the scan and the first
channel in the next scan will be the same as the interval between the
channels within the scan. All the measurements will be spaced at equal
time intervals.

The interrupt is enabled next with ENABLE. Then the number of prescans
~and postscans is set to five each and the channel list is set with the
CLWRITE command. The entire number of prescans must be completed before
the stop trigger will be enabled. The channel that will be monitored for

threshold trigger is channel 500 in this example. Remember that it is

always the first channel in the channel list that is monitored.

The last thing that must be done in the set up is to set the slope and
source for the stop trigger. In the example, the STSLOPE command sets
the slope to a falling edge. The stop trigger is set with STTRIG MEAS to
threshold triggering. The measurement process now only requires a scan
trigger to begin.

As mentioned above, the intent in this application is to have the
voltmeter hold the data in its reading buffer until the scan sequence
completes and then pull the interrupt. When that interrupt is received,
the readings need to be output to the controller. An interrupt service
routine in the HP3852 mainframe can accomplish this. The subroutine is
called X and consists of a single statement, XRDGS. Note again that the
output format is RL64, a binary format. This was done to increase trans-
fer speed. ON INTR directs the accessory interrupt to the subroutine,
and the system interrupt is enabled to allow the interrupt to be



recognized and serviced. The SCTRIG INT command starts the scan
sequence. The INT parameter is used so that the scan Pace parameter of
SCDELAY will be used to pace the scans. Once the SCTRIG command is
sent, the voltmeter will take the specified number of pPrescans and then
enable the stop trigger. Scans will continue until a stop trigger is
received. That stop trigger will happen when the value of channel 500
crosses 2.05V from a higher previous wvalue. The result will be one
hundred readings, five on each channel before the stop trigger (50 to-
tal) and five on each channel (50 total) after the stop trigger. This
data represents a window around the stop trigger event.

Exan_nple 4: Synchronizing Two or More Voltmeters

Some applications require that data be taken simultaneously on two or
more different channels or sets of channels. A common way to accomplish
this is to use two voltmeters and synchronize them. The HP44702
Voltmeter has a trigger out BNC connector to allow easy synchronization
with other HP44702's. This application example will show a way to exter-
nally trigger a voltmeter, as well as, a way to synchronize them,

There are two basic ways of implementing this type of application. The
first way is to simply set up both voltmeters identically and trigger
them with the same signal. The voltmeters then work independently of
each other after the initial trigger. Another approach to the problem is
to have one voltmeter act as the master and the other voltmeter be the
slave. In the first implementation, there is some risk of the voltmeters
being slightly out of synchronization due to small variations in the
pacer clocks of each voltmeter. The second implementation assures
synchronization since only the pacer clock of the master is used to con-
trol all the voltmeters. This second type of implementation is used in
the example. '

Refer to the program listing in Figure SYNC during the following discus-
sion. The two voltmeters in this application are set up and triggered
in separate subroutines appropriately named MASTER and SLAVE. Then the
two subroutines are called. The main program in the Series 200/300 con-
troller pauses until the external triggers are received and all the
readings taken. Then the readings are taken out of the voltmeters in
REAL binary format.

The subroutine called MASTER sets up the master voltmeter first. The
USE, SCANMODE and CONF commands do the initial set up. Note that the
function set in the CONF command is two wire ohms. The slave will be set
up to measure volts. It is not necessary that both voltmeters be set up
for the same function, but they should have the same number of channels
and scans in their respective scan sequences. The master will be set up
to scan trigger externally so the SCSLOPE command is necessary to set
the trigger edge. In this example, it is set to falling edge. The
TRIGOUT command is the key to synchronizing multiple voltmeters. With
"TRIGOUT ON, measurement trigger pulses are output on the EXT 0 BNC. By
connecting a cable from the EXT 0 BNC to the slave BNC external input,
measurement trigger pulses from the master will trigger the slaves at
the same time. In the example, the SPER, PRESCAN and CLWRITE commands
are similar to those discussed previously. The last command in the




subroutine is SCTRIG EXTL. It sets the master voltmeter to accept
external triggers at the EXT 1 input for each scan. These scan triggers
need not come at regular intervals. Both voltmeters will remain
synchronized with the measurement triggers being output at the EXT 0 BNC
of the master. When the subroutine is called, the master will be waiting
for external triggers to start its scans.

The slave voltmeter is set up in the subroutine called SLAVE. The slave
voltmeter is set up with USE, SCTRIG HOLD, FUNC and TERM commands in-
stead of the CONF command. Since the slave will be triggered from the
master, its lowest level triggers, the measurement triggers, will be set
to external. The SLOPE and TRIG commands set the trigger edge and source
respectively. The ASCAN command causes the slave to automatically ad-
vance to the next scan while awaiting the next measurement trigger.
Note that the number of PRESCANs and the number of channels in the scan
list agree with the corresponding values set for the master. The last
command in the subroutine is the SCTRIG SGL command. This command trig-
gers the scan sequence and the slave voltmeter then waits for its exter-
nal measurement triggers.

All that is necessary is for both subroutines to be called with the CALL
command. The slave subroutine should be called first and then the master
.subroutine. When the slave subroutine is called, the first scan on the
slave voltmeter begins and the voltmeter waits for measurement triggers
to take readings. The measurement triggers will come from the master
voltmeter. The master subroutine starts the whole measurement process.
When it is called, the master will output trigger pulses after it is
triggered from an external source. The controller is paused until all
the readings are taken. Then the controller is continued and the read-
ings are transferred to the controller.

Example S: Programming Voltmeters in Real Time

In some applications, a single voltmeter set up won't do an adequate job
of taking measurements. The ability to stop the voltmeter and reprogram
it to a different state without unduly disrupting the measurement
process could be valuable. This application example shows a method to
reprogram the voltmeter in an interrupt service routine to a different
state and then retrigger it to take readings again. All the readings are
kept in the same array with the boundary indices of the different
measurement states logged in variables to facilitate later evaluation.

Refer to the program listing in Figure RTPRG during the following dis-
cussion. In this application example, the HP44702 High Speed Voltmeter
will be triggered by an interrupt on a digital input card to begin
taking readings. The readings will be taken on a single channel at in-
tervals of 20 milliseconds until a second interrupt is generated on the
same digital input channel. Then the readings will be read into the ar-
ray, the index logged, the voltmeter reprogrammed and the interrupt on
the digital input redirected. When a third interrupt is generated on a
different digital input channel, readings are read into the same array,
the index logged and the voltmeter restarted. A fourth interrupt on the
first digital input channel causes the measurement sequence to complete.
The last readings are read out and the final array index saved.



Since this application is entirely interrupt driven, all the triggering
and data transfer commands are in subroutines. The program listing shows
the voltmeter being set up first to take continuous readings on one
channel at 20 millisecond intervals. The range, function, scan delay and
pacing, channel list and stop trigger are set accordingly. The interrupt
subroutine called X issues the scan trigger to start the measurement se-
quence. Since a subroutine must exist before it can be called or have
interrupts directed to it, the subroutines are entered into the HP3852
in reverse order. That means that the user must enter the last sub-
routine to be called in the HP3852 first. '

260 OUTPUT 709;"sSuB 2"

270 OUTPUT 709;% STTRIG SGL"
280 ouTPUT 709;" XRDGS 600 INTO A®
290 OUTPUT 709;" INDEX? A INTO X3»

300 OUTPUT 709;"“SUBEND"

This terminating subroutine consists of a stop trigger command which
terminates the scan sequence, an XRDGS command to transfer the readings
and a command to log the position of the of the last reading. All the
other subroutines begin with commands similar to these three,

310 QUTPUT 709;"suB Y"

320 OQUTPUT 709;" STTRIG SGL"

330 OUTPUT 709;" XRDGS 600 INTO A"

340 OUTPUT 709;" INDEX? A INTO X"

350 ouTtput 709;" CLWRITE SENSE 500-501"
360 OUTPUT 709;" SCDELAY 0,0.5"

370 OUTPUT 709;" SCTRIG INT®

380 OUTPUT 709;" ON INTR USE 216 CALL 2zv
390 ouTPUT T709;" ENABLE INTR USE 216"

400 QUTPUT 709;"SUBEND"

This subroutine has all the elements of the application. Measurements
are gathered in the first three commands just as in SUB Z. The next com-
mand, CLWRITE, changes the channel list to include a total of two chan-
nels. The SCDELAY command changes the pacing of the scans. The time be-
tween measurement triggers on the two channels was set in the voltmeter
initialization section with the SPER command. The voltmeter is then
retriggered with SCTRIG. Finally, the interrupt on the digital input
channel is redirected to use sub Z as a service routine and then enabled
with ON INTR and ENABLE. Thus, the voltmeter has been reprogrammed and
the interrupt redirected.

The starting subroutine, X, consists of just a scan trigger and an in-
terrupt redirection set of commands. The last subroutine, T, is being
called when an interrupt occurs on the second digital input. This sub-
routine gathers the data and logs the index, then it restarts the
voltmeter. Since the second digital channel will be used as an interrupt
source only once, it is not necessary to redirect it.

Before all the subroutines can be called, the interrupts must be set up
for the digital input channels. This requires that the edges be set, the
initial service subroutine designated and the channel and system




interrupts enabled. After this is done, the entire process is ready to
begin.

When an edge appears at the first digital input, the subroutine called X
is executed. The voltmeter begins to take readings at the rate of one
reading every 20 milliseconds on channel 500. When the next valid edge
occurs at the first digital input, the voltmeter is reprogrammed to take
readings on channels 500 and 501 at 500 millisecond intervals. When an
interrupt occurs at the second digital input channel, the voltmeter
readings are gathered and the voltmeter restarted. Finally, at the last
interrupt which occurs on the first digital input channel, the measure-
ment sequence stops and the data is stored in the array.

Obviously, it takes some amount of time to reprogram the voltmeter and
the interrupts. In this particular application, speed was not a critical
issue. This type of approach will not work as well when interrupts are
coming at close time intervals since the voltmeter may have just been
restarted when a new interrupt occurs and will not have taken many read-
ings. The example does illustrate that voltmeter measurement parameters
can be changed in the middle of an application.

Example 6: Continuous Data Acquisition

There are often applications which require data to be taken for long
periods of time. In many of these cases, a large amount of data is
desired about an event but it is not known when the event will occur.
The HP44702 voltmeter is a natural fit for this type of application
since it can be programmed and left alone to take readings by itself. If
less than 64K readings are desired, the output buffer of the HP44702B
can accomodate all the data. However, if more than this number of read-
ings is desired, other methods must be used. The basic idea presented
here is to create a large circular buffer using high level software.
Luckily, Series 200/300 BASIC with its rich I/0 handling capabilities
allows us to do this. This section will show three examples of con-
tinuous data acquisition with the HP3852 and a Series 200/300 controller
running BASIC.

Hardware and Software Options

First we need to recognize some of the system limitations. The HP44702
can take readings at a rate of 100 thousand readings/second. Since each
reading is two bytes, this translates to a transfer rate exceeding 200
thousand bytes/second. This can be a big problem if full voltmeter speed
is needed. GPIO has the capability of transferring data at these kinds
of speeds. If high speeds are not a necessity, other means besides GPIO
can be wused. Passing data over HPIB is an alternate possibility.
However, some speed penalty is paid since all the data must first go
through the HP3852 mainframe. Speeds achievable over HPIB are ap-
proximately 35 thousand readings/second. We will discuss the issues
necessary to implement three different examples.

The I/0 software capabilities of the Series 200/300 controllers funning
BASIC are quite good. The customer has two options available to move
data from the HP3852 to the controller, the ENTER statement and the



TRANSFER statement. Each command involves choices in ease of
programming, speed, the way data is stored and whether or not the task
will run in foreground or background. Which command statement to use is
often dictated by the way in which the data is to be stored in the con-
troller. If the data can be stored in an array in the controller, both
TRANSFER and ENTER may be used. If the data is to be stored in a file,
then TRANSFER is the preferred command. The ENTER statement 1is the
easiest to use. Since it runs serially, it is a foreground task and com-
pletely occupies the controller. For continuous data acquisition, cus-
tomers may not want to tie up their controller in this way. The TRANSFER
statement allows data transfer to run either in the foreground or in the
background. Since the TRANSFER statement also gives the best data trans-
fer speed, this note will concentrate on the use of the TRANSFER state-
ment option.

Data Transfer Models

There are several ways to model the data transfer process. Each has ad-
vantages and disadvantages associated with it. One way to model the
process 1s to pass the data into an array (see Fig. CDAARR). The ENTER
command would be used normally in this situation. Since it runs serial-
ly, however, a speed penalty is encountered in some applications. There
are other problems with this method also. If the number of readings to
be transferred is not known, as is the general case in continuous data
acquisition, the ENTER statement can hang up waiting for data and lock
up the controller. This is a typical problem when trying to fill large
arrays of data. Even when receiving data in small blocks, this model is
cumbersome because of the difficulty of appending new data to data al-
ready in an array.

Passing the data into an array configured as a buffer affords much
greater flexibility (see Fig. CDABUF). The customer can now use the
TRANSFER command. This model turns out to be the easiest and most
flexible to implement for continuous data acquisition. It can also be
used for both HPIB and GPIO data transfers. It works like this. The high
speed DVM takes data which is sent to the controller and stored in a
buffer. The buffer is an array of data in the controller of sufficient
size to hold all the data of interest. When the data fills the buffer,
the TRANSFER statement terminates. Readings are then buffered in the
local buffer of the high speed DVM until the TRANSFER is restarted. You
can see that this is only possible if the transfer rate to the controll-
er is faster than the reading rate. This is indeed the case and this
model works well as a result.

A third model is one in which data is passed from the high speed DVM
through the controller to a file (see Fig. CDAFL). Such a file can exist
on disc or in a memory volume. The procedure is the same in either case.
The model works like this. Readings are taken by the high speed DVM and
sent to a buffer in the controller via GPIO. At the same time, readings
are taken from the buffer and copied to a file residing in a memory
volume or on disc. Again you can see that the reading rate must be
slower than the transfer rate to the buffer or file if data is to be
taken continuously. The writing speed of the disc is generally the
limiting factor when sending data to a disc file. Check to be sure that




the dise drive can receive data at the speed necessary for the
particular application. The buffer in the controller does not need to be
as large as the amount-of data to be recorded since it is just an inter-
mediary in the process. TRANSFER statements are used for both the incom-

ing and outgoing data transfers for maximum speed. For the following ex-

- amples follow the flow chart for clarity (Fig. CDAFC).
Example 6A: Data Transfer Over GPIO to Buffer

Refer to Fig. CDAl while reading about this example. The. simplest ex-
ample to implement is data transfer via GPIO to an array configured as a
buffer in the controller. At first, using an array as a buffer may seem
to be a restriction since only 32767 elements are allowed per dimension.
However, more than-one dimension can be used to obtain as large an array
as necessary to hold the data. A typical group of set up commands would
look like this.

200 INTEGER S300_buff(1:32767) BUFFER

310 ASSIGN aHp3852 70 Hpib_addrs

320 ASSIGN aGpio TO Gpio_addrs

330 ASSIGN aPath_3852 TO Gpio;WORD

340 ASSIGN @S300_buff TO BUFFER $300_buff(*); FORMAT OFF

In line 200, the INTEGER statement configures the array as a buffer with
the BUFFER suffix. The first two ASSIGN statements are straighforward.
The third ASSIGN statement sets up the GPIO path with the WORD at-
tribute. This path will be used to handle the 16-bit data coming from
the DVM. The FORMAT OFF attribute in the last ASSIGN statement is used
to increase speed and insure data integrity since the data will be in a
form that is a valid integer, even though the data is in a packed
format.

The DVM must now be programmed to take the readings. In this example,
the DVM will be set up to take DG voltage readings on one channel con-
tinuously. The high speed FET multiplexer will be attached to the DVM
with the ribbon cable and will send its readings out over the GPIO port.

440 OUTPUT QHp3852;"USE 600; SCANMODE ON; SCTRIG HOLD"

450 OUTPUT aHp3852;"FUNC DCV; RANGE 2.5; TERM RIBBON; RDGS GPIO"
460 OUTPUT @Hp3852;"NRDGS 1; SPER 10E-6; SCDELAY 16E-3; ASCAN ON"
470 OUTPUT @Hp3852;"CLWRITE SENSE 500; STTRIG HOLD"



510 CONTROL Gpio_addrs,2;5 ! Set control line 0 low, DVM expects addr
520 OUTPUT Gpio_addrs USING "#,u";4 ! Set read register address to 4.
530 CONTROL Gpio_addrs,2;4 ! Set control line 0 high, DVM sends data.

The key command to set the DVM up to take continuous readings is the
STTRIG HOLD command in line 470. This command disables the stop trigger
on the high speed DVM which allows the DVM to continue taking readings
indefinitely. With ASCAN ON in line 460, only an initial trigger 1is
required. Subsequent scans start automatically. Note the CONTROL state-
ments. They are necessary to set up the GPIO transfer. Consult the
Plug-In Accessories Programming Manual (P/N 03852-90002, pp. 3-49
through 3-65) for further detail. The SPER and SCDELAY commands set the
pacing of the readings.

To implement the circular buffer in software, we need to be able to res-
tart the transfer process when the buffer in the controller fills and
stop the process when the data of interest has been taken. Interrupts
are used to accomplish this. The Series 200/300 is set up to interrupt
on an END OF TRANSFER (EOT) and on an SRQ in this example. The interrupt
in the HP3852 is set to pull SRQ on a rising edge of the first channel
of a digital input card in slot 2.

580 ON EOT @Path_3852,5 GOSUB Xfer_done

590 ON INTR 7 GOSUB Terminate ! HPIB interrupt (SRQ)
610 ENABLE INTR 7;SRQ_mask

620 OUTPUT @Hp3852;"ENABLE INTR SYS"

630 OUTPUT @Hp3852;"RAQS ON; RAS INTR"

640 OUTPUT aHp3852;"EDGE LH USE 216"

650 OUTPUT @Hp3852;"ENABLE INTR USE 216"

All that is required now is to trigger the DVM and start the data trans-
fer. A TRANSFER statement is executed which will terminate on a count
and run continuously. Then a trigger is sent to the high speed DVM to
start taking readings.

670 TRANSFER aPath_3852 TO 2S300_buff;COUNT 65534,CONT
680 OUTPUT QHp3852;"SCTRIG SGLY




The high speed DVM in the HP3852 will now take readings and transfer
them until the TRANSFER terminates. At that time, an EOT interrupt will
be generated in the controller and the TRANSFER can be restarted in the
interrupt subroutine called Xfer done.

890 xfer_done:RESET aS300_buff
900 TRANSFER 3Path_3852 TO @S300_buff;COUNT 65534 ,CONT
920 RETURN

When the SRQ interrupt comes from the HP3852, a termination subroutine
is called.

950 Terminate: WAIT .05 ! Take more data after the interrupt.

960 OFF EOT dPath_3852 ! Cancel inbound EOT.
970 ABORTIO aPath_3852 ! Clean up - GPI10 path.

980 ASSIGN aPath_3852 71O *
990 STATUS @S300_buff,3;Fill_ptr ! Read ending fill pointer.

Reading the fill pointer in line 990 allows the programmer to know where
the last reading was entered. The buffer can then be read back beginning
with the last reading.

Example 6B: Data Transfer Over GPIO to File

Refer to Fig. CDA2 while reading about this example. This example is
useful for storing the data of interest in a file. The file can be on a
memory volume or on a disc. If storing data on disc, pay careful atten-
tion to the transfer rates available for the particular disc you are
using. A good guide for approximate transfer rates can be found in Table
4-1, p.4-12 of the HP44456 System Software Manual (P/N 44456-90001). The
set up commands look like this.

280 INITIALIZ2E ":MEMORY,0,1%" 512 ! Create memory volume
290 CREATE BDAT “File_name:MEMORY,0,1",384,256 ! Total bytes=98304

330 ASSIGN @Hp3852 TO Hpib_addrs



340 ASSIGN aGpio TO Gpio_addrs

350 ASSIGN aPath_3852 10 Gpio_addrs;WORD

360 ASSIGN @s300 buff TO BUFFER [Buff_sizel;FORMAT OFF
370 ASSIGN dFile_name TO "file_name:MEMORY,0, 1"

Lines 280 and 290 create a memory volume and a file on that volume. Note
that the file is a binary data file. Also note that in line 360 an un-
named buffer is declared. This buffer will act as the intermediary buff-
er to hold the data between the inbound and outbound TRANSFER state-
ments. The buffer size should be an integral number of 256 byte blocks
for greatest speed. A typical size is 16 to 32 Kbytes.

The DVM set up is identical to the set up in the previous example. The
interrupt set up is also the same except that the EOT is generated from
the destination file TRANSFER.

600 ON EOT aFile_name,5 GOSUB Xfer_done

Starting the DVM and transferring the readings is considerably more in-
volved in this example.

710 TRANSFER @Path_3852 TO &S300_buff;COUNT Xfer_length,
EOR (COUNT Rec_length),CONT

720 TRANSFER @s300_buff TO @File_name;COUNT Xfer_length,
EOR (COUNT Rec_length),CONT

730 OUTPUT @Hp3852;"SCTRIG SGL"

The variables Xfer_length and Rec_length should be an integral number of
256 byte blocks for greatest speed. Xfer length is the total number of
bytes of data of interest. It is normally larger than the size of the
buffer in the Series 200/300 controller. It is important that Rec_length
be an integral number of blocks to speed up DMA transfer of the data.
When an EOT is generated at the destination file, the subroutine
Xfer_done is called as before. However, it is necessary to reset both
the record and byte pointers to the start. This is done with a CONTROL
command.




910 Xfer_done: CONTROL @File_name,5;1,1 ! Reset record and byte
pointers to start.

920 TRANSFER ... ! Same as line 710
930 TRANSFER ... ! Same as line 720
940 RETURN

The HP3852, Series 200/300 controller and disc, if used, are now taking
data continuously. To stop the process, the HP3852 will generate an SRQ
from a digital input. A termination routine similar to the previous ex-
ample is called in the controller to complete the data transfer.

970 Terminate: WAIT .05 ! Take more data after the interrupt.

980 OFF EOT &File_name ! Cancel outbound EOT.
990 ABORTIO @Path_3852 ! Clean up GPIO path.
1000 ASSIGN @Path_3852 TO *

1010 ABORTIO aFile_name ! Clean up file path

1020 STATUS aFile_name,5;End_rec_num,End_byte_num
1030 ASSIGN aFile_name TO *

In this example, the ending record and ending byte numbers are stored so
that the data may be read back starting with the last entry (see line
1020). ‘

Example 6C: Data Transfer Over HPIB to Buffer

Refer to Fig. CDA3 containing the listing for this example. This example
is different from the previous two since only the HPIB path is used. A
different interrupt structure is used in the HP3852. Continuous data ac-
quisition is still implemented but in a different way in the HP3852
since both data and control is transmitted via the HPIB link. The HP3852
mainframe must move the readings from the high speed DVM into an array
in the HP3852. The array is then read out to the Series 200/300 con-
troller. This process takes place serially so speed suffers. With this
method, 35 thousand readings/second can be achieved.

It may be instructive to compare Example 6A to this example to under-

stand the differences between the HPIB implementation and the GPIO im-
plementation. The set up commands look like this.

200 INTEGER S300_buff(1:24576) BUFFER



300 ASSIGN aHp3852 TO Hpib_addrs
310 ASSIGN @Path_3852 TO Hpib_addrs; FORMAT OFF
320 ASSIGN @s300_buff TO BUFFER S300_buff(*); FORMAT OFF

As in Example 6A, the INTEGER statement declares a buffer in the con-
troller. For greatest speed, note that the ASSIGN statements in lines
310 and 320 use the FORMAT OFF attribute.

The HP3852 and high speed DVM set up is also similar but somewhat dif-
ferent than Example 6A. The DVM will be programmed to take readings over
the ribbon cable and one channel will be scanned repeatedly.

400 OUTPUT @Hp3852;"PACKED A(8191); INTEGER X"

430 OUTPUT @Hp3852;"USE 600; SCANMODE ON; SCTRIG HOLD; FUNC DCV"

440 OUTPUT QHP3852;"RANGE 2.5; TERM RIBBON; RDGSMODE BURST; SPER 27.5E-6"
450 OQUTPUT QHp3852;"SCDELAY 16E-3; POSTSCAN 4096; ASCAN ONY

460 OUTPUT QHP3852;"CLWRITE SENSE 500; STTRIG HOLD"

A packed array and an integer variable are declared in line 400. The ar-
ray will be used to buffer readings in the HP3852 mainframe until they
are read out. The variable will be used to hold a status word. In this
particular example, a POSTSCAN command is used in line 450 to ensure
that enough data will be available after the stop trigger to be read
using an XRDGS command which will be described later. Also, the high
speed DVM is set up to interrupt when there is room for only 4096 more
readings in its buffer with the RDGSMODE BURST statement. This is done
so that readings can be moved in large blocks into the memory array and
out to the controller to increase speed.

The interrupts in this example are quite different than the previous ex-
amples. Two interrupts will be active in the HP3852 as well as the two
in the controller which have already been described. One of the inter-
rupt subroutines in the HP3852 will transfer the data from the high
speed DVM into the array in the HP3852 and then from the internal array
to the controller when the RDGSMODE BURST interrupt occuxrs. The other
subroutine will send a stop trigger to the high speed DVM to end scan-
ning. Then it will transfer a final block of data to the controller and
assert SRQ. The terminating interrupt will again be generated by a digi-
tal input in the HP3852.




540 ON EOT aPath_3852,5 GOSUB Xfer_done ! Same as Example 1.

550 ON INTR 7 GOSUB Terminate ! HPIB interrupt (SRQ)

570 ENABLE INTR 7;SRa_mask ’

580 OUTPUT aHp3852;"suB INTROUT; XRDGS 600,4096 INTO A; VREAD A,PACK"

590 OUTPUT @Hp3852;"  ENABLE INTR USE 600; SUBEND® )

600 QUTPUT aHp3852;"SUB XIT; STTRIG SGL USE 600; XRDGS 600,4096 INTO A"

610 OUTPUT aHp3852;" VREAD A,PACK; STA? INTO X; SRQ; BEEP; SUBEND"

620 !

630 OUTPUT DHpP3852;"ON INTR USE 216 CALL XIT" ! Call termination sub.

640 OUTPUT @Hp3852;"ON INTR USE 600 CALL INTROUT" I cCall subroutine to
transfer data.

650 OUTPUT aHp3852;"ENABLE INTR USE 600"

660 OUTPUT aHp3852;"RQAS FPS; RQS ONY ! Enable SRQ and mask.

670 OUTPUT 2Hp3852;"EDGE LH USE 216" ! Set edge on digital card.
680 OUTPUT AHP3852;"ENABLE INTR USE 216"

690 OUTPUT @Hp3852;"ENABLE INTR SYS" ! Enable 3852 interrupts.

Lines 580 through 590 contain the subroutine which sends the data to the
controller. It is an interrupt routine that is called when an interrupt
occurs from the high speed DVM (see RDGSMODE BURST in line 440). By
using the XRDGS command followed by the VREAD command, we gain two ad-
vantages. The first is a speed increase since the command set up times
are only incurred once for each command. The second advantage is that
the HP3852 mainframe is not tied up sending data continuously and can
thus do other tasks and service other interrupts. If you intend to use
the HP3852 with this interrupt structure and the other tasks in the
HP3852 take a long time to execute, the DVM buffer may fill before the
interrupt subroutine can be called to take the data out. Be careful that
this does not occur since the DVM will stop taking data when its buffer
is full.

Lines 600 through 610 contain the termination subroutine: An STTRIG SGL
command signals the DVM to begin the postscans. The last block of read-
ings is then sent and SRQ is asserted. This signals the controller to
begin its termination subroutine. The interrupts are now all activated.

The interrupts are now all activated. The whole data acquisition process
must now be started by triggering the DVM and executing the TRANSFER
statement in the controller.

710 Start: OUTPUT aHp3852;"SCTRIG INTH
720 TRANSFER @Path_3852 TO @S300_buff;COUNT 49152,EGR (END)

The COUNT parameter in line 720 corresponds to the number of bytes in
the buffer declared in the controller. The EOR (END) parameter is



specified so that the TRANSFER will not terminate since EOI is sent by

the HP3852 after each block of data. When the buffer in the controller

is full, an EOT interrupt is generated in the controller. The subroutine ‘
Xfer_done is called which resets the buffer and restarts the TRANSFER.

930 Xfer_done: RESET 3S300 buff
940 TRANSFER @Path_3852 TO @S300_buff;COUNT 49152, EOR (END)
960 RETURN

- The HP3852 and Series 200/300 controller are now taking data continuous-
ly. When the signal to stop is received by the digital input card, the
HP3852 goes into its termination subroutine and then signals the con-
troller via the SRQ line to go into its termination subroutine. The ter-
mination subroutine in the controller is identical to the one in Example
1.

Final Considerations

Three different examples of continuous data acquisition have been
described. They are by no means an exhaustive list of possibilities for
applications of this type. They are presented here as examples of the ‘
capabilities of the high speed DVM in the HP3852 working with a Series
200/300 controller. Many other variations are possible. For instance,
error checking is available over GPIO though it was not demonstrated in
any of the examples. Additional control capabilities are also available
over GPIO. Examples of both HPIB and GPIO data transfers were presented.
Speed as well as some control capability is sacrificed with HPIB,
however, for many applications HPIB data transfer may be completely
adequate.

Other triggering modes are also available. A set number of prescans and
postscans may be desired. This can be easily accomplished by changing
the programming of the high speed DVM in the HP3852. External triggering
for either scan or stop triggers can also be programmed. Considerable
flexibility is possible in this area.

In these examples no mention was made as to how to get data out of the
buffers or files. The key to this task is to save the pointers to the
last entry in the buffer or file in the controller. Then the data can be
read out of the buffer or file by beginning at the last entry and read-
ing the data.

Where maximum speed is not important, more complex tasks can be perform-
ed in either the HP3852 or the Series 200/300 controller. The pos-
sibilities are many and varied. The examples -presented here should be an
aid in getting started on a continuous data acquisition application with
the HP44702 and a Series 200/300 controller.




IV. Summary

Several application examples have been presented. They have ranged from
simple examples like the first two which used the MEAS command, to very
complex examples like the continuous data acquisition examples which
used the low level commands. A GPIO example showed the capability of the
44702 with this interface. One example focused on the use of interrupts.
Then interrupts were used in later examples. One example demonstrated a
way to gather data around an event. Then the stop trigger feature was
used in other examples. The external triggering capabilities were
demonstrated in an example that showed how to synchronize two or more
voltmeters. Interrupt driven programming was shown as an example also.
The most difficult applications are the continuous data acquisition ex-
amples. These applications require complex interraction with the Series
200/300 controller, though they are similar in concept to gathering data
around an event. The window is much larger, however. The low level com-
mand set gives the user access to a wide range of interrupt, pacing and
triggering possibilities. The HP44702/HP3852 data acquisition system can
solve some very difficult application problems with its capability and
flexibility.
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230
240
250
2E0

270

280

THIS PROGRAM SHOUS‘H WAY TO TAKE DCY READINGS IN THE SYSTEM

!

! MODE.
!

[

|
ASSIGN
ASSIGN

THIS IS A BASIC APPLICATION AND USES CONF AND MEAS.

@Comp TO 709 _
@Cformoff TO 709;FORMAT OFF

REAL A(1:20)

CLEAR @Comp

OUTPUT
OUTPUT
ouTPUT
QUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
i

OUTPUT

@Comp; "RESET"
@Comp; "PACKED RD(39)"

@Comp; “SUB HS_RDGS"

RComp; " USE 600"

BComp ;" SCANMODE OFF"
®Comp; * CONF DCU*"
@Comps " RANGE 2.5"
RComp; " TERM INT"
®Comps ” RDGS SyYS*"
BComp; " RDGSMODE DAV"
@Comp ; " MEAS DCVY 100-113 INTO RD"
@Comp; " VREAD RD ,RLG4"
B8Comp; “"SUBEND"

@Comp; "CALL HS_RDGS®

ENTER @Cformcff;A(#*)
PRINT A(#)

END

Figure SYS
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20
30
49
50
60
70
80
30
120
110
120
130
140
150
160
170
180
130
200
210
230
240
250
260
270
280

ASSIGN
ASSIGN

THIS PROGRAM SHOWS A WAY TO TAKE DCV READINGS IN THE SCANNER
MODE.

THIS IS A BASIC APPLICATION AND USES CONF AND MEAS.

@Comp TO 708
@Cformoff TO 7@9;FORMAT OFF

REAL A(1:20)

CLEAR @Comp

QUTPUT @Comp; "RESET"

QUTPUT @Comp; "PACKED RD(39)»"

QUTPUT ®Comp; "SUB HS_RDGS"

QUTPUT e@Comp;" USE 600"

QUTPUT eComp:" SCANMODE ON*

QUTPUT @Comp:" CONF Dcv"

QUTPUT @Comp;" RANGE 2.5"

QUTPUT @Comp;" TERM RIBBON®

QUTPUT @Comp;" RDGS Sys*

QUTPUT @Comp;" RDGSMODE DAV"

QUTPUT @Comp; " MEAS DCV 5@0-504 ,500-504 ,500-504 ,500-504 INTO RD"
QUTPUT @Comp; " UREAD RD ,RLE4" :
QUTPUT @Comp; "SUBEND"

I

QUTPUT eComp; "CALL HS_RDGS"

ENTER @Cformoff;A{+*)

PRINT A(»)

END

Figure SCN
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110
120
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150
160
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200

210
230
240
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i~

280
290
300
710
32

330
340
350

|
|

I THEN
|

]

i

THIS
WITH

PROGRAM DEMONSTRATES A SIMPLE EXAMPLE OF USING INTERRUPTS
THE HIGH SPEED DUM. THE MEASUREMENT SEQUENCE IS STARTED.

AN INTERRUPT ‘IS GENERATED AT THE END OF THE SEQUENCE, AND

THE READINGS ARE TRANSFERRED.

ASSIGN.

ASSIGN

@Comp TO 708

@Cformoff TO 7@9:FORMAT OFF

REAL A(1:1@)

CLEAR @Comp

QUTPUT @Comp.: "RESET" . .

QUTPUT @Comp; "SUB TAKE_RDG"
QUTPUT @Comp:" USE 600"

OUTPUT @Comp; " SCANMODE ON*
QUTPUT @Comp; " CONF DCU"
QUTPUT @Comps " RANGE .25"
QUTPUT @Comp;:" ROGSMODE END"
OUTPUT @Comps" SPER 250E-6"
‘OUTPUT BComps " ENABLE INTR"
QUTPUT @Comps" CLWRITE SENSE 5@0-5@9"
QUTPUT @Comp; " SCTRIG SGL”
QUTPUT @Comp;: "SUBEND"

]

OUTPUT @Comp;"SUB X"

QUTPUT @Comp;" XRDGS B60@ ,RLE4"
QUTPUT @Comp; “SUBEND"

| .
QUTPUT @Comp;"ON INTR USE 50Q CALL X"
"OUTPUT @Comp; "ENABLE INTR SYS*®

!

QUTPUT @Comp; "CALL TAKE_RDG"
ENTER @CformoffiA(+)

PRINT A(#)

END

Figure INTR



I THIS IS A PROGRAM THAT DEMONSTRATES 6PI0 TRIGGERING, INTERRUPT
| HANDLING AND DATA TRANSFER. THE HIGH SPEED DVM IS SET UP OVER

| HPIB, THEN TRIGGERED OVER G6PIO. AFTER AN INTERRUPT IS GENERATED
1 ON 6PI0, THE DATA IS READ OVER GPIO. FINALLY, THE DATA IS

! UNPACKED IN THE CONTROLLER.

| :

]

ASSIGN @Comp TO 709
ASSIGN Q6pio TO 12.
Gpio=12
i
INTEGER A(1:1@),Cnt
ON INTR 6pio 60SUB Get_rdgs
Eir_=1
ENABLE. INTR 6pioiEir_
1
CLEAR @Comp
QUTPUT @Comp; “RESET" -
QUTPUT @Comps "USE 500"
QUTPUT @Comp; “SCANMODE ON*
QUTPUT @Comps “CONF OHMIQK"
QUTPUT @Comp; "ROGS GPIO"
QUTPUT @Comp; “RDGSMODE BURST" |
OUTPUT @Comp; "SCSLOPE HL" ! SET TRIGGER SENSE
QUTPUT @Comp; “SPER .10@°
OUTPUT @Comp: "ENABLE INTR"
QUTPUT @Comp: “CLWRITE COM S@0-509"
QUTPUT @Comp; "SCTRIG GPIO"
1
WHILE NOT BIT(SPOLL(®@Comp),4) | WAIT UNTIL READY
END WHILE
]
CONTROL Gpio,h2:S | SET DATA REGISTER
OUTPUT @Gpic USING “#,W";4
CONTROL Gpio,2:4
]
CONTROL Gpio,2:6 b TRIGGER DOUM
CONTROL Gpio,2:4
]
Cnt=0
WHILE ‘Cnt<1000)
Cnt=Cnt+l
DISP Cnt
END WHILE
STOP
1
Get_rdgs:ENTER @Gpio USING "% W":A(#)
]
!
Unpack :REAL R(@:3),M,U(1:10) X
pATA 256.,32.,4.,1.
READ R(#)
X=,001 t FACTOR FOR OHMIQK
FOR I=1 TO 10
M=BINAND(A( 1) ,4095)
IF A(I)>0 OR M=4095. THEN
U(I)=1 . QE+38
ELSE
U(I)=Ms,0025/R(BINAND(SHIFT(A(I),13),3))/X
IF BIT(A(I), 12) THEN W(I)=-VU(I)

END " IF
- NEXT 1. : — - .
PRINT U(»)
f
!
END

.FlunGPlO




BIT

BITS

15 14 13 12 1N

_ 12 BIT MANTISSA |

BIT 15= Good reading bit
BIT 14-13= Range bits
BIT 12= Sign bit

BIT 11-0= 12 Bit mantissa

14/13 RANGE FACTOR FUNCTION

OHMS FACTOR
00 256 ocv 1
01 32 OHM10K .001
10 4 OHM100K .0001
11 -1 . OHM1M .00001

Figure UNPK



10 THIS PROGRAM DEMONSTRATES AN EXAMPLE OF DATA BEING COLLECTED
20 BOTH BEFORE AND "AFTER AN EVENT. THE HIGH SPEED DUM IS SET UP
30 AND TRIGGERED. IT WILL TAKE READINGS UNTIL THE VALUE ON THE

50 THEN THE READINGS WILL BE TAKEN OUT OF THE DVM.
60

70 !

8@ ASSIGN 8Comp TO 709

30 ASSIGN @Cformoff TO 709;FORMAT OFF
100 ! .

110 DIM AC1:100)

120 !

130 CLEAR BComp

140 QUTPUT @Comp; "RESET"

189 OUTPUT @Comp;"USE 600"

16@ OUTPUT @Comp; "SCANMODE ON"

170 OUTPUT @Comp; "SCTRIG HOLD*

180 OUTPUT @Comp; "FUNC DCV*"

198 OUTPUT @Comp;: "RANGE 2.5"

200 OQUTPUT @Comp;“"TERM RIBBON"

210 . QUTPUT @Comp; “RDGS SYS"

22 OUTPUT @Comp; "RDGSMODE COMPLETE™"
23@ OUTPUT @Comp; "PERC 80"

240 QUTPUT e@Comp;"SPER .05

250 OQUTPUT @Comp;"“SCDELAY .@1,.5*

260 OUTPUT @Comp; "ENABLE INTR™

270 QUTPUT 8Comp; “PRESCAN 5"

286 OUTPUT @Comp; "PQSTSCAN 5"

290 OUTPUT @Comp;"CLWRITE SENSE S@0-509"
300 OUTPUT @Comp;"STSLOPE HL"

310 OQUTPUT @Comp;"STTRIG MEAS"

320 !

330 OUTPUT @Comp;"SUB X"

348 OQUTPUT @Comp;" XRDGS 600,100 ,RLE4"
350 OQUTPUT @Comp;"SUBEND"

360 |

370 OUTPUT @Comp:“ON INTR USE 600 CALL X"
380 OQUTPUT @Comp; "ENABLE INTR SYS"

3390 !

490 OQUTPUT @Comp; "SCTRIG INT*®

410

4720 ENTER @Cformoff;A(s)

430 PRINT A(#*)

440 ¢

450 END

I
!
!
40 ! FIRST CHANNEL CROSSES THE THRESHOLD IN THE PROPER DIRECTION.
!
!
|

Figure EVYNT
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259
261
262
270
27
272
273
280

! THIS PROGRAM DEMONSTRATES A WAY TO EXTERNALLY TRIGGER AND
! SYNCHRONIZE TWO OR MORE 44702 HIGH SPEED DUM'S. THE DUM
! IN SLOT 2 IS THE MASTER AND THE DUM IN.SLOT 6 IS THE SLAVE.

ASSIGN @Comp TO 709

ASSIGN @Cformoff TO 709;FORMAT OFF
REAL A(1:100),B(1:100) -

CLEAR @Comp .
@Comp; "RESET"
@Comp; "SUB MASTER"

OQUTPUT
QUTPUT
OUTPUT
QUTPUT
OUTPUT
QUTPUT
QUTPUT
OUTPUT
OQUTPUT
QUTPUT
OUTPUT
QUTPUT
I

!
ouTPUT
OUTPUT
QUTPUT
OUTPUT
QUTPUT
QUTPUT
QUTPUT
OUTPUT
QUTPUT
QUTPUT
QUTPUT
QUTPUT
QUTPUT
]

!
QUTPRPUT
QUTPUT
]

[
PAUSE
(

]

@Comp;*
@Comp; "
@Comps "
@Comp; "
QComp; "
@Comp;s "
@Comp; "
@Comp; "
Q®Comp; "

USE 200"

SCANMODE ON*

CONF COHMI1OK™

SCSLOPE HL"

TRIGOUT ON"

SPER .0@50"

PRESCAN 18"

CLWRITE COM 10@-109"
SCTRIG EXTI"

@Comp; "SUBEND" '

BComp: "SUB SLAVE"

®Comp;
@Comp ;"
@Comp "
@Comp: "
@Comp; "
RComp; "
@Comp; "
@Comp;
@Comp;
@Comp; "
@Comp; "

USE 500"
SCANMODE ON"
SCTRIG HOLD"
FUNC DCV,2.5"
TERM RIBBON"
SLOPE HL"
TRIG EXTOQ"
PRESCAN 10"
ASCAN ON*
CLWRITE SENSE 500-509*
SCTRIG s6L”

®Comp; "SUBEND"

@Comp; "CALL SLAVE"
@Comp; “CALL MASTER"

QUTPUT @Comp; "XRDGS 200 ,RLE64"
ENTER @CformoffsA(+)
OUTPUT @Comp; "XRDGS 600 ,RLE4"
ENTER @Cformoff;B(+*)

PRINT A(*)
PRINT B(#)

g
I
END

Figure SYNC



S 1e THIS IS A PROGRﬁﬂ‘THﬁT ILLUSTRATES PROGRAMMING THE 44702

20 HIGH SPEED VOLTMETER OF THE HP3852 DURING AN APPLICATION.
30 THE HS OUM IS STARTED BY AN INTERRUPT ON A DIGITAL CARD.

40 THE DUM TAKES READING6S AT 208 MS INTERVALS UNTIL ANOTHER

=1 INTERRUPT. THEN THE HS DUM 1S REPROGRAMMED TO TAKE READINGS
60 ON TWO CHANNELS AT 200MS INTERVALS UNTIL A THIRD INTERRUPT.

]
]
]
]
]

!

7@ ° 1 THE THIRD INTERRUPT COMES FROM A DIFFERENT SOURCE THAN THE

]
)
]
]
!

8@ FIRST INTERRUPT. THE THIRD INTERRUPT SUBROUTINE TRANSFERS
99 THE READINGS, LOG6S THE INDEX AND RESTARTS THE VOLTMETER
100 UNTIL A FINAL INTERRUPT. THE LAST INTERRUPT OCCURS ON THE
110 ORIGINAL DIGITAL INPUT CHANNEL. THE READINGS ARE STORED IN
120 AN ARRAY AND ALL THE DATA BOUNDARIES (INDICES) ARE LOG6ED.
130 !

140 ASSIGN @Comp TO 709
150 ASSIGN @Cformoff TO 709;FORMAT OFF
160 DIM A(S@@)

170 !

180 Dvm_setup: [

190 QUTPUT @Comp:“RST; INBUF ON; OUTBUF ON*

200 OUTPUT @Comp; “REAL X1 ,X2,X3,A(500)"

210 OUTPUT @Comp;"USE 600; SCANMODE ONs SCTRIG HOLODs FUNC DCV”
220 QUTPUT BCompi"RANGE 2.S5; TERM RIBBON; TRIS INT:. SPER 0*

230 QUTPUT @Comp; "SCDELAY 0,.02; CLWRITE SENSE 50Q0:; STTRIG HOLD"
240 !

250 Dig_intr: !

260 QUTPUT @Comp;“SUB Z~ ! THIS IS THE FINAL SUBROUTIME
270 OUTPUT @Comps” STTRIG S6L”

280 QUTPUT @Comp; ™ XRDGS 609 INTO A"

290 QUTPUT RComp; INDEX? A INTO Xx2°*

300 QUTPUT @Comp;“SUBEND"

310 QUTPUT @Comp;"SUB Y" ! THIS IS THE SECOND
320 QUTPUT @Comp;* STTRIG SGL USE 800" t INTERRUPT SUBROUTINE
330 QUTPUT RComps* XRDGS 600 INTO A“

340 QUTPUT @Comp;s” INDEX? A INTO X1*®

350 OUTPUT @Comp;" CLWRITE SENSE S00-501"

360 QUTPUT RCompi" SCDELAY @,2.5 USE 600"

370 OUTPUT @Comps" SCTRIG INT USE 690"

780 QUTPUT @Caomp;" ON INTR USE 218 CALL Z°

390 _ QUTPUT ®Comp; " ENABLE INTR USE 216"

400 NUTPUT @Comp; “SUBEND"

410 OUTPUT RComp;"SUB X" 1 THIS SUB STARTS EVERYTHING
420 OUTPUT @Comp;" SCTRIG INT USE 620"

430 QUTPUT RComp;* ON INTR USE 216 CALL Y*

440 QUTPUT @Comps " ENABLE INTR USE 218"

450 QUTPUT RAComp; “SUBEND"

460 QUTPUT @Comp;~“SUB T* ! THIS IS THE THIRD INTERFUFT
479 QUTPUT @Comp; " BEEP;STTRIG6 SGL*" I SUBROUTINE

480 QUTPUT R@Comp; " XRDGS 609 INTO A"

490 OUTPUT @Comp:* INDEX? A INTO X3*

500 OUTPUT @Comp; " SCTRIG INT USE 600"

510 OUTPUT RAComp; "SUBEND"

520 OUTPUT @Comp;"EDGE LH USE 216:EDGE LH USE 217*

530 OUTPUT @Comp:“ON INTR USE 2168 CALL X:;ENABLE INTR USE 218"

540 QUTPUT @Comp;"ON INTR USE 217 CALL T;ENABLE INTR USE 217*

11 OUTPUT QCompi “ENABLE INTR SYS*

560 !

570 PAUSE

S8@ QUTPUT ®Comp:"VREAD A ,RLE4" ! GET ARRAY OF READINGS

S90 ENTER QCformoffiA(e)

60@ OQUTPUT @Compi"VREAD Xt ,RLE4" t GET FIRST DATA BOUNDARY

610 ENTER @CformoffiX!|

620 OQUTPUT @Comps "VREAD X2 ,RLE4"™ ! GET SECOND OATA BOUNDARY

630 ENTER ®CformoffiX2

640 OQUTPUT QComps "VREAD X3 ,RLB4" | GET THIRD DATA BOUNDARY .

858 ENTER @CformoffiX3

B66@ PRINT TABXY(5,5)3:"Xt IS "X}
670 PRINT TABXY(5,8):"X2 IS "iX2
680 PRINT TABXY(S,11);"X3 IS "iX3

699 END
Figees RTPRG
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1@ | This program demgnatratas a mathod of doing continuous data acquisition
20 ! usingpthg HP 38536 and a Series 300 BASIC computar, The-conpstgg :uat

3¢ ! have a GPI0 card and approximately | Megabyte of memory. The HP 3852A

40 ! contains a HSDUM. and is assumed to have no optional memory in the

S@ ! HSDVM or in the mainframe. A |16 channel digital input card is also - —
6@ ! necessary. For maximum throughput, a OMA card is necessary in the

70 1 Series 300 computer. . -

go ! : :

9@— |- The programstarts the TRANSFERs then triggers the DUM to start

100 | taking readings continuously. The TRANSFERs move the readings

110 | into a buffer in tha Series 30@. No unwrap is performed, nor is the
120 | OVM's data buffer cleared out. The OUM will stop when its data buffer

130 t fills. The TRANSFERs will terminate on a digital interrupt over HPIB. i
140} e — . I , - —
159 ¢ '

160: v

170 1 :

18@ OPTION BASE 1

198 INTEGER Cntr ,Done,In_stat_byt ,Out_stat_byt ,Mask Gpio

200 INTEGER S300_buff(1:32767) BUFFER

219 !

220 !

230 lopath_setup: ! This code sets up the file and 10 paths.

240 |

250 Create a file of thea length needed to accomodate the data of

!

260 | interest. Highast parformance can be obtained if the number of
|
t

270 bytes per record is an integral number of 256 byte blocks.

280

290 !

3ee Gpio=12

310 ASSIGN QHp3852 TO 709 | HP 3852A I0 address

220 ASSIGN @Gpio TO 6Gpio

330 ASSIGN @APath_3852 TO 6GpiosWORD | Set up GPIO path using word attr

340 ASSIGN @S300_buff TO BUFFER S300_buff(+);FORMAT OFF | Series 300 buffer.
350 !

360 Ovm_setup: | This code sets up the HSDUM to take continuous readings.
370 ! DUM is in slot 6 with HS FET mux in slot S. DUM is set up to take
380 ! DCV readings. One channel will be scanned repeatedly (500).

390 '

400 CLEAR @Hp3852

410 OUTPUT @Hp3852;"RSTs OUTBUF ONy INBUF ON; DISP OFF"

420 !

430 !

440 QUTPUT @Hp3852;"USE 6Q@:; SCANMODE ON; SCTRIG HOLD®

459 OUTPUT @Hp3852:“FUNC DOCV; RANGE 2.S: TERM RIBBON; RDGS GPIO*
480 OUTPUT @Hp3852;"NRDGS 1; SPER 1@E-6; SCDELAY 16E-3; ASCAN ON"
479 OUTPUT @Hp38S2;"CLWRITE SENSE 50@; STTRIG HOLD*®

480 !

490 !

=1) !

510 CONTROL 6Gpio,h2:S ! Set control line low, OUM expects addr
520 QUTPUT 6pio USING "$,W";4 ! Set read reqg addr to 4.

530 CONTROL 6Gpio,2:4 : | Set control line high, DUM sends data.
S40 !

S50 Intr_setup: ! Set up interrupts in HP 38S2A and Series 300.

560 |

570 ' :

580 ON EOT QPath_3852,5 60SUB Xfer_done ! When transfer stops, rastart.
S90 ON INTR 7 60SUB Terminate | When 3852 interrupts, stop.

600 Mask=2 ! Set SRQ interrupt mask.
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610  OUTPUT @Hp3852:°°  UREAD A,PACK:STA? INTO X1SRQ:BEEPiSUBEND®

620 |

630 - OUTPUT @HpBBSZl'ON INTR{USE 216 CALL XIT"

640 OUTPUT? QHp3B§21'0Nm§NTR ~USE 60@ CALL INTROUT® i

650 OUTPUI"QHp38$Z; "ENABLE INTR USE 608° ! Enable interrupt on DUM.

660.. OUTPUT”.ﬂD38525'ﬂd§ FPSiRQS ON" | Set up SRQ mask.

670. OUTPUT-@Mp385275 *EDGE LH USE 216" ! Set edge on digital input card.
680: . OUTPUF- @Hp3852; "ENABLE INTR USE 216° | Enable interrupt on digital card.
690 OUTPUEJBH938523'EN68LE INTR SYS*" | Enable 3852 interrupts.

700 ! ’

710 OUTPUT‘GHpBBSZu'SCTRIG SeL” | Start transfers and: trigger the DUM.
720 Start TRANSFER ‘QPath_3852 TO @5300_buff;COUNT 49152, EOR (END) ! Start conti
nuous-transfér:

730

789 |

750 I

7605  Cntr=9: | ‘

7707 Done=@: | The “folléuing code reads status while the transfers run.
780 © REPEAT -

790 STATUS @5300_buff;31F1ll _ptr

80@:  PRINT TABXY(1@-.53:1°FILL POINTER IS";Fill_ptr

81@ STATUS 95300 buff 10;In stat_byt ,Out_stat_byt _
820 PRINT TABXY(.1Q' 8)1'STATUS IN/OUT "3In_stat_byti®, “ij0ut_stat_byt
83@ - PRINT TﬁBXY(Jq;rf):'INDex = ";Cntr

840.  UNTIL Done’ '

850+ !
g6@: |
g7@: |- .
8807 STOP:
890 |
300 |
910 !
o ge@ .t
~836mxfec~dpne@BEQ§¥ #6300 buff | Reset Lyte porhtéwn=to start.
9403 . TRANSFERF@PEth:3852 T0'@5300_buff;COUNTIT49152 EGRA(END) ! Restart transf
ar. .
95@% . Chtr=Cntr+1
9685  RETDRN.
a7@s 1.
gaeﬂ F— :

'SSOLTGFnznate wﬁiT” ;; : !’Iﬁ&é'more data qﬁier intr.
-lﬂ@ﬁ@. OFF EQT - @Path 3852 >+ | Cancel inbound EOT.’

- 19E0. ABQRFTO»@Path 3882 . | Clsan up HPIB pgath.

1020: * ASSIGN @Path:3852 TO »

1039 STATUS”®S300_buff.3:Fill_ptr

104935 PRINF.TABXY(10), 201 “ENDING FILL POINTER ISiFill_ptr
1058 -PRINT TABXY.(1@,183"REACHED A 600D END."

10682 STORP

10785 |-

1080 |

1098% 1

118@% ENDS:-

; :::“i ¥ Fn‘r i

g

Y W
@




99

108
11e
120
13¢
14&

1S& ¥

16&
17¢

@D
S

This program demonstrates a method of doing continuous data acqutsitxon

using the HP 3852A and a Series 380 BASIC computer. The computer must

have a GPI0 card and approximately | Megabyte of memory..-The HP 3852A .

contains a HSDUM and is assumed to have no optional memory .in *the" ”=f!

HSOUM or in the mainframe. A 16 channel digital input card iﬁgaﬁsa‘

necessary. For maximum throughput, a2 DMA card is necessary in the

Serias-30Q@ computer. o &3T

The program starts the TRANSFERs,then triggers the DUM ta start ..

taking readings continuously. The TRANSFERs move the readings '

into a buffer in the Series 30@ and then into a disc or memory

fila. No unwrap is performed, nor is the DUM’s data buffer cleared

out. The DUM will stop when its data buffer fills. The TRANSFERs

will terminate on a digital interrupt over HPIB. s
~ye

t ETR

18@ OPTION BASE 1
19@ INTEGER Rec_length,Done ,Rec ,Byt,In_stat_byt ,Out_stat_byt , End_rec_num End _byt
e_num ,Mask ,6pio

200 [}

210 )

220 lopath_setup: ! This code sets up the file and I0 paths.

230 ]

240 | Create a fila of the length nseded to accomodate the data of

250 | interast. Highest performanca can be obtained if the number of

260 ! bytes per record is an integral number of 256 byte blocks.

279 !

280 INITIALIZE ":MEMORY,0,1" ,S12 | Create memory volume.

290 CREATE BDAT “HS_DATA:MEMORY ,0,1" ,384,256 | Total Bytes= 38304

300 |

310 Buff_size=685536

320 Gpio=12

330 ASSIGN @Hp3852 TO 709 ! HP 3852A 10 address

340 ASSIGN @Gpio TO Gpio

350 ASSIGN RPath_3852 TO 6p10;WORD | Set up G6PI0 path using word attr
360 ASSIGN @S300_buff TO BUFFER (Buff_sizel;FORMAT OFF ! Series 300 buffer
379 ASSIGN OF1le TO "HS_DATA:MEMORY ,0,1" | Destination fila

380 |

399 Dvm_setup: ! This code sets up the HSDUM to take continuous readings.
400 | DUM is in slot 6 with HS FET mux in slot 5. DUM is set up to scan
410 | taking OCY readings. One channel will be scanned repeatedly (500).
420 !

430 CLEAR @Hp3852

449 QUTPUT OHp38S2;"RST: OQUTBUF ON; INBUF ON:; DISP QFF*

450 ) <%

460 ]

470 QUTPUT @Hp3852:"USE 60@: SCANMODE ON; SCTRIG HOLD®

480 QUTPUT @Hp3852;"FUNC DCV: RANGE 2.5+ TERM RIBBON: RDGS GPIO"®

490 OUTPUT @Hp38523"NRDGS 13 SPER 1QE-6; SCDELAY 1QE-3; ASCAN ON"

S00 OUTPUT @Mp38S2;“CLWRITE SENSE 500; STTRIG HOLD"

s1e |

52@ |

530 CONTROL 6pio,2:15 | Set control line low, DVUM expacts addr
S40 OUTPUT Gpio USING "#.,UW"i4 | Set read reg addr to 4.

550 CONTROL Gpio, 234 ! Set control line high, DUM sends data.
560 !

§70 Intr_setup: | Set up interrupts in HP 3852A and Seriass 300.

s8e !

S9¢ |
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6080 ON EOT OFile 5. 60SUB Xfer_done | When transfer stops, restart.

61@  ON INTR 7 60SUE Terminate | When 3852 interrupts, stop.
620  Mask=2 | . Y | Set SRQ interrupt mask.

638  ENABLE INTR 7jMask

6540 OUTPUT, @Hp3852; "ENABLE INTR SYS® | Enable 3852 interrupts.

650 OUTPUT ®4p38523;°RQS ONs RQGS INTR® | Send SRQ on interrupt at 3852.
660 QUTPUT ®Np3852; "EDGE LM USE 216° | Set adge on digital input card.

878 OUTPUT @Hp3B52:"ENABLE INTR USE 216"! Enable interrupt on digital card.
68@ | S

690 Start: Xfer_langth=98304 | Xfer_langth= 98 Rec_length

708 Rec_length=1024 | Rec_length= 512 readings

ne TRANSFER @Path_3852 TO @S300_buffiCOUNT Xfer_length,EOR (COUNT Rec_length
) ,CONT

728 TRANSFER 0S30@_buff TO OFile;COUNT Xfer_langth ,EOR (COUNT Rec_length),CON
T

T3¢ OUTPUT @Hp3852:°"SCTRIG S6L" | Start transfers and trigger the DUM.
740 !

750 |

760 Done=0 ! The following code reads status while the transfers run.
770 REPEAT o

780 STATUS ©5300_buff ,35Fill _ptr ’

790 PRINT TABXY(19,5)s"FILL POINTER IS";Fill_ptr

800 STATUS @File,SiRec Byt

810 PRINT TABXY(10,8); "FILE RECORD AND BYTE= “"jRec:", “iByt

820 STATUS 9S300_buff ,1@sIn_stat_byt ,Out_stat_byt

830 PRINT TABXY(1@,11);“STATUS IN/QUT "iIn_stat_byts"*, “;0ut_stat_byt

849 UNTIL Done

850 } o

gee v - W

870 STOP

880 ! ’

890 ]

900 |

910 Xfer_done:CONTROL O&File,5:1,1 | Reset record and byte pointer to start.
920 TRANSFER @Path_3852 TO 0S30@_buffiCOUNT Xfer_lergth ,EOR (COUNT Rec_length
) ,CONT

930 TRANSFER 0S300_buff TO @File;COUNT Xfer_length ,EOR (COUNT Rec_length) , CON

T | Restart the transfars.

940 RETURN

950 i ’

960 t

97@ Terminate:WAIT .05 | Take more data after intr.

980 OFF EOT oFile ! Cancel outbound EOT.
" 990 ABORTIO @Path_3852 ! Clean up GPIO path.

1008 ASSIGN ®Path_3852 TO »

1@1@ ABORTIO OFile - - = | Clean up destination file path.

102@ STATUS OFile,SiEnd_rec_num,End_byte_num

1030 ASSIGN OFile TO +

1040 PRINT TABXY(1Q,20);"ENDING RECORD= "iEnd_rec_num;" ENDING BYTE= ";End_by
te_num L

1058 PRINT TABXY(10,18):"REACHED A 600D END."

106@ STOP
te7e¢ |
1086 |
109¢ !

1168 ENO




10

20

30

49

50

60

70

80

99

100
110
120
130
140
15@
16@
170
180
198
200
210
220
23@
240
250
260
27@
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
430
see
510
g20
530
549
S50
560
57¢
580
590
600

: : a - Y 5 Y . F
| oing R RR ‘3’8232’323*3“sir'i'§§“§3o°§a8?é"20283§é?‘.‘°‘r‘vﬁg,°:"c_éﬁpﬂ‘i§‘#i:‘;§if'f .
| have an HPI8 card and approximately | Megabyte of memory. Tha HP 8§gh; ;v
! contains a HSDUM and is assumed to have no optional memory Q?ghqfﬁezéf b
| HSDUM or in the mainframe. A 16 channel digital input %tard is dlgz® *% -
| necessary. For maximum throughput, a DMA card is nocqapﬁry‘iﬁt; g:f*fuf
| Serias 300 computer. S A by P
! ’ S e toT
| The program starts the TRANSFERs,then triggers the DUM t®=38%tart . -7 L0 .
| taking readings continuously. The TRANSFERs move the readings : F
! into a buffer in the Series 300. No unwrap is performed,.nor is.the : s.psx -
} DUM's data buffer cleared out. The OUM will stop whean thg;nuﬂﬁhq of ..; P
| postacans is finished. The TRANSFERs will terminate on antSRQ interrugg- fry
| over HPIB. B C o o
] TN o
' | S T wETT o7
\ -
OPTION BASE O R C TG
INTEGER Cntr ,Done,In_stat_byt Out_stat_byt Mask i §
INTEGER S300_buff(1:24576) BUFFER . et
! S .ar
{ -
lopath_setup: ! This code sets up the file and 10 paths,. ;
| LR =
| Create a buffer of the length needed to acconod&te.ihg:data of
| interest. Highest performance can be obtained if the ﬁunber of
| bytes per record is an integral number of 256 byte ‘blocks.
| ke v
; - o ‘o
ASSIGN @Hp3852 TO 7@9 I HP 3852A 10 address e R
ASSIGN @Path_3852 TO 7@9:FORMAT OFF | Set up HPIB path ; ¢
ASSIGN @S300_buff TO BUFFER S300_buff(+);FORMAT OFF 1 Series 300 buffer. 5.
] .. e
Ovm_setup: ! This code sets up the HSDUM to take continucus readings. e
| DUM is in slot 6 with HS FET mux in slot S. DUM is set up to take o
I DCV readings. One channel will be scanned repeatadly (500).
i s
CLEAR @Hp38S2 wo TOTWLD wmh_ RN B
OUTPUT @Hp38S52;“RST; OUTBUF ON; INBUF ON; DISP OFF* e SR &
QUTPUT @Hp3852: "PACKED A(8191); INTEGER X* M Tk
L RRETF A :

1

QUTPUT @Hp3852:"USE 60Q; SCANMODE ON; SCTRIG HOLD; FUNC DCV" .
OUTPUT RHp3852:"RANGE 2.5: TERM RIBBON: ROGSMODE BURST; SPER 27.SE-6" s
OUTPUT @Hp3852:“SCDELAY 16E-3s; POSTSCAN 40963 ASCAN ON" =

OUTPUT BHp38523"CLWRITE SENSE S@@; STTRIG HOLD" . }i*
\ . ot A
! . .o - 3 e’
! - ¢ rues ars
! IS 2 T £ .4
Intr_setup: ! Set up interrupts in HP 3852A and Series 300, st
J - LT ’ v
} . : e Ty
ON EOT @Path_3852,5 G0SUB X fer_done ! When transfer stops, reéféﬁgrz R
ON INTR 7 GOSUB Terminate I When 3852 interrupts, stop. ! ) f'
Mask=2 | Set SRQ interrupt mask. e nE
ENABLE INTR 7iMask v A RTh
OUTPUT @Hp3852;"SUB INTROUTXRDGS £0@,4096 INTO A3sUREAD A ,PACK" T A
OUTPUT OHp3852:" ENABLE INTR USE 500;SUBEND" 87

QUTPUT @Hp3852:“SUB XIT3STTRI6 SGL USE E@0Q:XRDGS 600 ,4096 INTO A"
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610 OUTPUT ®Hp3852:° UREAD A ,PACK:STA? INTO Xi1SRQiBEEP;SUBEND" '
620 ! :
630 QUTPYT @Hp3BSZ: "ON INTR{USE 216 CALL XIT"

640  CQUTPUT @Hp3882: "ON INTR USE 600 CALL INTROUT"

650  OUTPUT @Hp3852)°ENABLE INTR USE 600° | Enable interrupt on DUM. “
660 OUTPUT @Hp38S2;:"RGS FPSIRQS ON® | Set up SRQ mask.

6570 OUTPUT @Mp3852i “EDGE LH USE 216" | Set edge on digital input card.

68@ OUTPUT- @Hp38523; "ENABLE INTR USE 216° | Enable interrupt on digital card.

590 QUTPUT - OHp38523 "ENABLE INTR SYS* | Enable 3852 interrupts.

700 ]

71@ ouTPUT .ﬂp3952;'SCTRIG SeL" ! Start transfers and trigger the DUM.

728 Start:TRANSFER OPath_3852 TO ©S300_buff;COUNT 49152 EOR (END) ! Start conti
mious - transfer.

730 )

T8 {

TS0 §

760 Cntr=9 .

770 Oona=0 ! The following code reads status while the transfers run.
780 REPEAT

798  STATUS €5300_buff 3:iFill_ptr

geo PRINT TABXY(1@,533°FILL POINTER IS"iFill_ptr

810 STATUS @5300_buff ,10;In_stat_byt ,Out_stat_byt

828  PRINT TABXY(1@:874"STATUS IN/OUT *jIn_stat_byt:", "sOut_stat_byt
83@ PRINT TABXY(1@,11)3"INDEX = “;Cntr

840 UNTIL Done

850 : !
868 {
870 : ! ~
888. STOP-
830 | : *
900 ! ‘
910 |
29 . !
--'«aadwsxfw—doaedﬁﬁﬁﬁ? B5300_buff | Reset Lyte potmtem=to start.
949 TRANSFER-@PEth_3852 TO @S300_buff;CCUNTT49152 [EGRR(END) ! Restart transf
er.
95@8% Cntr=Cntr+i
9685 RETURN
q7@> 1
98@ t B
99@ Tédrminate :WAET -..50 ! Tdke more data efter intr.
18@82 OFF EOT @fath_3852 : | Cancel inbound EOT.
1980 . ABORPIO - OP&th_3852 | Clean up HPIB path.

1020  ASSISN OPath 3852 TO »

1938 STATUS 9S300_buff,3:Fill_ptr

10482 PRINFE "TABXY(10 zm;'ENoms FILL POINTER IS*;Fill_ptr
1058.¢ PRINT TABXY(1@,18%"REACHED A 600D END."

1060 STOP=

1079 |

1088 |

te98b

11885 END::






