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Herstallsrbescheinigung

Hiefmit wird bescheinigt, dag das Ger3t/System HP 3852A
in Ubereinstimmung mit den Bestimmungen von Postverfigung 1046/84 funkentst8rt ist.

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

tusatzinformation fur MeS- wnd Testgerits

Werden MefS- und Testgerdte mit ungeschirmten Kabein und/oder in offenen MeBaufbauten
verwendet, so ist vom Betreiber sicherzusteilen, da8 dis Funk-Entst8rbestimmungen unter
Betriebsbedingungen an seiner Grundstiicksgrenze eingehalten werden.

Masufacturer's declarstion

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 Informatien for Test- and Meassrement Equipment

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

NOTICE

The informatio:x coniained in this document is subject to change without notice.

HEWLETT-PACKARD MAKES MO 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 incidentai

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 transiated to another language without the prior written consent
of Hewlett-Packard Company. .

Copyright © 1985 by HEWLETT-PACKARD COMPANY
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HP 3852A DOCUMENTATION MAP

This figure shows the documentation set for the HP 3852A Data Acquisition/Control Unit.
The shaded box identifies this manual or guide.
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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 wiil, at its option, either
repair or replace products which prove to be defective, A

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 10 Buyer. However, Buyer shail
pay ail 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 cther 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.

iv
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WARRANTY FOR HP 14736A BREADBOARD

. CERTIFICATION

Hewleti-Packard Company certifies that this product met its published specifications al the time of shipment from
the factory. Hewleti-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 I[nternational 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 execure
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 resuiting 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.

The design and implementation of any circuit on this product is the sole responsibility of the Buyer. Hewlett-Packard
Company does not warrant the Buyer’s circuitry or malfunctions of the HP 3852A, HP 3853A, or plug-in accessories
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, including but not limited to the following:

1. Analog and digital sections are interconnected.

2. HP 3852A/HP 3853A power supply limitations are exceeded.
3. Componem height/protrusion restrictions are violated.

4. Maximum input on the digital lines is exceeded.

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 maintenarce agreements and other customer assistance agreements are available for Hewlert-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 teilswing general safety precautions must be sbsarved during all phases of speratien, service, and repair of this instrument,
Failurs ta camply with thess pracantions o¢ with specific warsings eisewhers in this manuaf violstes safety standards of design,
manufacture, snd intanded uss of the instrament. Hewlett-Packard Company assumes ne liability for the castemer’s failure
ta comply with these requiremants.

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

Cperating personnel must not remove instrument covers. Component replacement and internal adjustments
must be made by qualified maintenance personnel. Under certain conditions, dangerous voitages may ex-
ist even with the instrument switched off. To avoid injuries, slways disconnect input voltages and discharge
circuits before touching them.

PO NOT SERVICE OR ADJUST ALONE

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

00 NOT SUBSTITUTE PARTS OR MODIFY INSTRUMERT

Bacause 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

Whanever it is possible that the safety protection features built into this instrument have been imgpaired,
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 persannel. 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

NOTE

CAUTION

WARNING

Symbols Used On Products And In Manuasls

AC line voltage input receptacle.

Instruction manual symbol affixed to product. Warns and cautions the user
to refer to respective instruction manual procedures to avoid personal
injury or 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 fauit.

Frame or chassis ground. Indicates equipment chassis ground
terminal - normally connects to eguipment 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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HP 3852A Caution and Warning Labels

{WSM‘;A. FOR SAFTY COMGIEN ALL OMENMELS
| TO BE AT TMD WIGEST VOLTRGE ARMITED TO MNY CHAMMEL.

s REGAD AL ACCISSONY CHAMNDLS A5 BCING AT T SE AOTENTIN
S T HIGEST VOLTRGE APVLIED TO AT Ovese..

A s sev AL
FOR MAXIMUM

NUMBER OF THESE
ASSEMALIES FER
38523853

This symbol and warning statement is found besids the Analog Extender port
on the HP 3852A and HP 3853A. The analog extander port enables the HP
J852A backplane analog bus to be expanded 10 an extender. The anafog bus
routes signals from channefs on multiplexer accessoriss 10 the voltmeter
accessories. Depending on the multiplexer combinations installed and the
application wired to the accessories, up to 350V peak {aquivalent to 250V
AC s or 250V DC) can be present on the bus and, tharefore, on the terminals
of the port.

The symbol and these statements are found balow the locking ring on the
terminal module and on the metal cover fastenad to the component module
of the plug-in accessories. Since all field wiring and most of the configuration
involves the terminal module, the wamings serve as a reminder that sven
when the terminal module is separated from the component module,
hazardous voitages can stiil be present on the terminal module due to the
fleld wiring connectad.

The symbol and these statements are found Inside the terminal moduie and
on the metal cover fastened !o the component module of the plug-in
accessorias. The statements serve as a reminder to be carefuf when wiring
in close proximity to other channels in which field wiring is aiready connected.
Recall that hazardous voltages can still be prasent on the wiring terminals
even though the accessory has been removed from the instrument. Note that
all field wiring and configuration should be performad with the accessory
removed from the instrument and with the terminal moduie separated from
the component module.

This symbol and statement is found above the locking ring on the terminal
module of the HP 44727A, HP 447278, and HP 44727C DAC {Digital-to-Analog
Converter) accessories and on the side of the MHP 44701A and HP 44702A/8
voltmeter accessories. The symbol and statement refer to the fact that whan
a specific number of thess accaessories are instatied in the same instrument,
they place an excessive drain on the MP 3852A and HP 3853A power supply
which in turn, causes degraded and often unpradictable system performance.

This symboi and statement is found on the nama piate of the HP 44702A/8
13 bit High Speed Voltmeter accaasory. The statamaent serves as a reminder
that before removing the accessory, check to ses that an HP 44711A, MP
44T12A, or HP44713A High Speed FET multiplaxer accessory is not connected
to the voltmetsr by the ribbon cable.

vii
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This symbol and statement is found on the botiom “rail” of the HP 44711A,
HP 44712A, and HP 44713A Migh Speed FET muiltiplexer accessories and
is exposed when the accessory’s terminal module is remaved. The "internal
cabie” is the ribbon cable that connects the FET muitiplexer 10 the HP 447024
13 bit High Speed Voltmeter acceasory.

This atatemen? appears at the bottom of the HP 3852A and HP 3853A powar

WRRNING wo orcwrron sowiowmis sers peze. |  Modules and under the CAUTION label on the metal cover of an accessory's

AFER ERVICING TO SERVICK TRAIMED MCRBOMNEL

component module. All squipment configuration and repair shouid be

WERNING
FOR CONTIMAD

USE SSCCIFIED FUBE QMY

STATIC SENSEITIVE.

USE CLEFN HANOLIMG TECHNIQUES,

DO NOY INSTRLL ACCESSORY WITHOUT METAL
MO OPERATOR SERYVICCRBLE PRARTS INSILE.

*
*
*
*

Cl
REFER

performed by service-trained perscnnel only.

This statemant appears by the fuse sockat on the HP 3852A and HP 3853A
power moduies. The HP 3852A and HP 3853A are shipped without the fuse
installed. A 1.5 AT and 750 mAT fuse and a fuse cap are packaged together
in a small static shielding bag which accompanies the instruments. A service-
trained individual shouid install the correct fuse and sat the LINE SELECTOR
switches to the proper position before power is applied to the instrument.

These statements are found under the CAUTION label on the metal cover
of an accessory’s component module. The statements serve as a reminder
to avoid touching the connector contacts and to use care when handling the
accassory. Note that the protective cover should ba attached following any
necessary configuration in order to pravent damage to the components

resuiting from static discharge or when other accessories are installed.
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Chapter 1

Using This Manual

Introduction

The HP 3852A Plug-In Accessories Configuration and Programming Manual has
been designed to serve as a reference document for using the HP 3852A plug-in
accessories. It contains functional information, configuration (wiring) informa-
tion, and programming information for each plug-in accessory.

Familiarize yourself with the manual and the plug-in accessories by looking
through this chapter. The best way to feel at ease with the plug-in accessories is
to sit down with the manual and perform the examples that we have provided
for you. The Plug-In Accessories Manual has been designed to enable you to use
the plug-in accessories in the most effective manner for your data acquisition
and control applications

NOTE

I/ you have just received your new HP 38524, you should refer to the Mainframe
Configuration and Programming M anual before proceeding with this manual. The
Mainframe Configuration and Programming Manual contains important set-up in-
structions and operating procedures. ‘

Related Manuals

In addition to the Plug-In Accessories Manual, the HP 3852A documentation set
includes the Mainframe Configuration and Programming Manual and the HP
3852A Command Reference Manual

Mainframe Configuration and Programming Manual (Volume 1)

The Mainframe Configuration and Programming Manual is a getting started
guide and a detailed reference manual for using the HP 3852A. It discusses the

following topics:
 Initial Unpacking/Inspection.
o HP 3852A mainframe/HP 3853A Extender features.
e Mainframe and accessory installation procedures.
o HP 3852A front panel operation.
e Remote (HP-1B)* operation.

¢ Programming the data acquisition system.

* 1he Hewlett-Packard Interface Bus (HP-1B) is Hewlett-Packard's
implementation of IEEE standard 488-1978 and ANS] MC1.1.

Using This Manual
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Manual Organization

Using This Manual
1-2

HP 3852A Command Reference Manual (Volume 3)

The Command Reference Manual contains an alphabetical listing of the
programming commands used by the HP 3852A and the plug-in accessories. The
following information is included for each command in the Command
Reference Manual:

e Command description.

® Prerequisites.

& Command syntax (with syntax diagram).
o Command parameters.

® Remarks

¢ Example programs.

The Plug-In Accessories Manual consists of 19 chapters including this "getting
started” chapter. Chapters 2 through 19 contain functional information, con-
figuration {wiring) information. and programming information for each plug-in
accessory. The documentation for the plug-in accessories is contained in two
binders: Part | and Part 2. Chapters | through 11 are the analog accessories and
can be found in Part 1. Chapters 12 through 19 are the digital accessories and
can be found in Part 2.

A table of contents is included at the beginning of each chapter to help you lo-
cate specific information. An index is included behind the Index tab page in
each binder. The indexes have been organized by chapter for ease of use

Each chapter contains information on one accessory (or related accessories) and
is essentially independent of the rest of the manual. This organization enables
you to read only those chapters that you need. A typical chapter in the Plug-In
Accessories Manual consists of four primary sections: Introduction,
Specifications, Configuration, and Programming. A brief description of each sec-
tion follows.

Introduction

This section contains an overview of what information is covered in the chapter,
a brief discussion of the accessory and its features. and a discussion of the func-
tions (applications) of the accessory. This section also contains a getting started
section which will help you through the chapter.

Specifications

This section lists the specifications for the accessory. The specifications are the
performance standards or limits against which the accessory was tested.



Configuration

This section contains hardware configuration information for the accessory.
Information such as setting jumpers, setting switches, and connecting field wiring
from your application is covered in this section.

WARNING

In this section, examples and illustrations show connections between the accessory
and external circuitry. Because of the potentially high voltages which may he
present when an external circuit is connecied, only qualified, service-trained person-
nel should install or configure the HP 38524 plug-in accessories.

Programming

This section contains example programs that show how to program the accessory
for each of its functions. This section also includes a command summary which
gives the command syntax and a brief description of each command used by the
accessory in that chapter.

NOTE

The example programs in this section are intended to show how o use the acces-
sory for typical measurements and applications. The examples do not show all of
the details for using the programming commands or programming technigues.
Refer to the HP 38524 Command Reference Manual for a more detailed discirs-
sion of the programming commands.

How To Use This Manual

If you have just received your new HP 3852A, refer to the flowchart in Figure
1-1 for a quick overview of the Plug-In Accessories Manual organization. This
flowchart lists the accessory product numbers, the titles of the plug-in acces-
sories, and in what chapter each accessory is covered, Note that the plug-in ac-
cessories can be grouped into three categories according to the types of
measurements or control that each can perform: Analog Measurements, Digital
Measurements, and Specialized Applications.

Figure 1-1. Plug-In Accessories Manual Organization

Using This Manual
1-3
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Using This Manual
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Table 1-1 lists the chapters in the Plug-In Accessories Manual, the application
categories, and typical applications for each plug-in accessory. Use this table in
conjunction with the flowchart in Figure I-1 to select the accessories for your

application.

Table 1-1. Typical Applications

Example: Using the Plug-In Accessories Manual

This example shows a suggested getting started sequence that will help you begin
using the Plug-In Accessories Manual. The example uses Figure 1-1 and Table i-1

from this chapter.

Suppose that your firm manufacturers high-performance, long-life, lead-acid bat-
teries. Your quality assurance department wants to use the HP 3852A to test the
guality and life-cycle characteristics of the batteries. Twenty batteries will be
tested every 30 seconds.

The first step to get started is to refer to the flowchart in Figure 1-1. Find the
application category which suits your application (for example, Analog
Measurements). The Analog Measurements group is broken down into two
categories. Low-Speed Measurements and High-Speed Measurements. Under
each of the categories you will find the plug-in accessories that can be used for
that type of measurement. From the plug-in accessories listed, choose those that
can be used for your application (for this example, the HP 44701 A Integrating
Voltmeter and one of the multiplexer accessories).

The next step 1s to refer to Table 1-1 for a listing of the typical applications for
the plug-in accessories that you have chosen using Figure 1-1. The columan entit-
led "Typical Applications” shows that the HP 44701 A Integrating Voltmeter and
any of the multiplexer accessories can be used to make low-speed DC voltage
measurements.

The final step is to refer to those chapters that you have selected using Figure
1-1 and Table 1-1. Each chapter has its own getting started section and a brief
description of each function to help you to begin using the accessory for your
application.



Table 1-1. Typlcal Applications

Chapter Application Typicad
Chapter Tithe Catogory Applications
2 HP 44701A Low-Speed Messurements | DC/AC Voltage
5v1-Digit Integrating Yoltmater DCIAC Current (with shunt)
2-Wirn/4-Wire Ohms
3 HP 24702 High-Spesd Maasuremaents | DC Voitage
12-Bit High-Speed Vollmeter DC Cyment {with shunt)
I-Wire/a-Wire Ohms
4 HP 44T05A Low-Speed Measurements | DC/AC Voltage
A 20-Channe! Relay MUX DC/AC Current {with shunt)
2:Wirs/4-Wire QOhma
N L} HP 44708A Low-Spead Measurements | DCIAC Voltage
80-Channsl Ralay MUX 2-Wire Ohms
A 8 | HP 447084 Low-Speed Measursmaents | DCJAC Voltage
20-Channel Relay MUXSTS DCIAC Current (with shunt}
2-Wire Ohms
L Thermocoupte Compensation
7 HP £4709A Low-Spead Measurements | DC/AC Voitage
(2] 20-Channet FET MUX, 2-Wire Ohms
8 HP 44710A LowSpeed Measurements | DC/AC Voltage
a 20-Channel FET MUX/TC DCIAC Current (with shunt)
2Wire/&-Wire Ohma
Thermocoupls Compenaation
9 HP L4T7T11A High-Speed Measursmaents | DC/AC Voltage
24-Channel High-Speed FET MUX DCIAC Current (with shunt)
2-Wire Ohms
10 HP 447124 High-Speed Measuremants | DC/AC Voltage
48-Channel High-Speed FET MIUX 2'Wire Ohma
1 HP £4713A High-Speed Measurements | DCIAC Voltage
24-Channat High-Speed FET MUX/TC DCIAC Current {with shunt)
2-'Wirs Ohms
Thermocoupla Compensation
12 HP 44T15A Digitel Inputs Frequency Measurements
5Channei Counter Period Measurements
Ratlo Measursments
Count Direction
UpDown Counting
] Total Counts
1 13 HP d4721M/44722A Digital Inputs Read Input States
Digitat Inputs Count Input Evants
Enable Event interrupts
<] Enable Counter Interrupts
14 HP 44724A Low-Level Switching Control DC Devices
i t16-Channel Digital Output Drive Logic Levels
15 HP 44T25A Low-Level Switching Switch Voitages
T 16-Channel General Purposs Switch Switch Currant
18 HP UTTNBC Digital Output Programmabis Voltage Scurces
A 4-Channel DACs Programmable Cument Sources
17 HP 44T28A High-Lavel Switching DC/AC Power Switching
L 8-Channe! Relay Actustor
18 | HP 44720a High-Lave! Switching AC Powsr Switching
SChannet Power Controlier
Special 19 Specialized Applications User-Defined Applications

Applications

HP 447384
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Chapter 2
Integrating Voltmeter
HP 44701A

Introduction

This chapter contains a description, specifications, configuration inf ormation,
and programming instructions for the HP 44701A Integrating Voltmeter. It is
made up of the following five sections:

¢ Introduction contains an overview of the chapter and a description of the
voltmeter.

® Specifications lists the voltmeter’s performance characteristics.

¢ Installation and Checkout describes how to verify proper installation of the
voltmeter.

¢ Programming shows you how to make measurements with the voltmeter alone
and with the voltmeter coupled to a multiplexer accessory (scanning).

¢ Command Summary summarizes the voltmeter commands.

The examples used in this chapter are primarily for Hewlett-Packard Series 80 or
Series 200 computers using HP BASIC language. They assume an HP-IB interface
select code of 7 and a device address of 09 (factory address setting) resulting in a
combined HP-IB address of 709. We recommend you retain this address to
simplify programming,

Descriptlon You can use the HP 44701 A Integrating Voltmeter’s external (rear) terminals for
AC or DC voltage measurements and 4-wire ochms measurements, You can also
make current measurements, indirectly, using an external shunt (current sensing
resistor). The HP 44701A has offset compensation for most resistance ranges and
autozero for all types of measurements. A guard terminal provides added com-
mon mode noise rejection
mon mode noise re jection® and the HP 4470{A’s method of analog to digital
conversion (integration) provides normal mode noise rejection. The integration
time can be varied from 0.0005 to 16 power line cycles (PLCs) vielding 3 1/2 to
6 1/2 digits of resolution.

Figure 2-1 shows the backpanel of the HP 44701 A Integrating Voltmeter, 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 measure-
ments. The lever on the bottom of the backpanel allows the HP 44701 A to be
released from its slot. To remove the HP 44701 A from a slot, lift the lever and
pull the voltmeter outward.

When using the HP 44701 A Integrating Voltmeter in conjunction with one of

*For more infermation on gusrded measurements, refer to HP Application Note Number 123 Floating
Measurements and Guarding available through your nearest HP Sales and Service Office.

integrating Voltmeter
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the various multiplexer accessories (through the mainframe’s or extender’s analog
backplane), you can also make a number of additional measurements not possible
with the HP 44701 A alone. These include automatic 2-wire ohms measurements,
4-wire ohms measurements with automatic Source channel designation, and au-
tomatic temperature measurements from thermistors, thermocouples, and RTDs.

CAUTION

The maximum voltage between any of the input terminals (H1, LO, GUARD) is
+/-300V peak AC or DC. Do not exceed this voltage—the HP 447014 and possib-
Iy the mainframe or extender will be damaged. This voltage exceeds the voliage
limits for many of the other plug-in accessories that may be in the mainframe or
extender. Whenever measuring high voltage levels, make sure the TERM command
is set to EXT (selects the HP 447014 rear terminals). If the TERM command is
sel to BOTH, the voltage will be connected to the mainframe's or extender’s analog
bus.

The maximum voltage between the LO input terminal and the HI or LO
CURRENT SOURCE terminal is +/-3V peak AC ar DC. Do not exceed this
voltage—the HP 447014 and possibly the mainframe or extender will be damaged.

WARNING

The mainframe and extender internal analog buses interconnect the multiplexer
and volimeter accessories to form one circuit. To protect against 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 cir-
cuit and chassis). These limitations are listed below for the mainframe, extenders,
and all plug-in accessories. For any given set of accessories installed in the
mainframe or extender, the maximum potential between any (wo points is deter-
mined by the accessory with the LOW EST peak voltage limitation, as follows:

Maximum Allowable

instrument/Accessory Peak Voltage
HP 3852A Mainframe 350V
P 3833A Extender 350v
HP 44701A Integrating Veoltmeter 300v
KP 44702A/8 High-Speed Voltmeter 4L2v
20-Channet Relay Multiplexers 176v
60-Channel Relay Multiplexer 42v
ALL FET Multiplexers 42y

If the analog extender cable is NOT connected between the mainframe
and the extender(s), the mainframe and extender(s) are each
considered as a separaie circuil.

When the HP 447014's TERM command is set to BOTH, or in case of equipnent
faifure, any high voltage present on the analog backplane will be connected to

the HP 447014’s rear terminals. Always regard the HP 44701A4's rear terminals
as being ar a high voltage level,
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How the
HP 44701A
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The A/D
Converter

Integration Time
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The HP 44701 A 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, in-
serted into a mathematical algorithm and so on. Input signals are converted to
digital values by the HP 44701 A’s A/D (analog to digital) converter.

The A/D converter is responsible for many of the HP 44701 A’s operating
characteristica These characteristics include normal mode rejection {ability to
reject signals at the power line frequency from measurements), measurement
speed, resolution, and accuracy. The magnitude of these characteristics is, in
turn, determined by the A/D converter's 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 HP 44701 A then multiplies the specified
number of PLCs times the power line period to determine the integration time.
For example, the period of a 50Hz power line is 1/50 = 20 msec. If you specify
0.1 PLCs, the integration time is 20 msec x 0.1 = 2 msec. The 0.0005 and 0.005
PLC settings, however, are fixed regardless of the line frequency at 10 usec and
100 usec, respectively.

NOTE

When power is applied, the HP 447014 bases its integration time on a line
freqiiency of 60Hz regardless of the actual power line frequency. If your line
[requency is 50 or 400H z you must execute the NPLC command prior to making
rmeasurements. Executing the NPLC command selects the proper line frequency
reference for the A /D converter, Refer to "Setting the Integration Time”, later in
this chapter, for more information.

With longer integration times, the measurement resolution, accuracy, and normal
mode rejection increases, but measurement speed decreases. Table 2-1 shows the
relationship between the number of PLCs, the maximum number of digits avail-
able, and the normal mode rejection. The Specifications Table (Table 2-2) shows
the accuracy and maximum measurement speed for each measurement function
{AC voltage, DC voltage, and 4-wire ohms) based on the integration time.

Table 2-1. A/D Converter Relationships

Power Line |Integration Time | Maximum Number Normal Mode
Cycles | 60Kz | 350Rz | of Digits Rejection
0.0005 | 10ps | tous | 3.5 Od8
0.005 j 100us | 100ps | 4.5 0dB
0.1 | 1.67ms | 2.0ms | 5.5 0ds

1 | 16.7ms | 20.0ms | 6.5 60d8

14 | 267ms | 320ms | 6.5 60d8




Specifications

Table 2-2 lists the specifications for the HP 44701 A Integrating Voltmeter. The
specifications are the performance standards or limits against which the
voltmeter is tested.

Any changes in the specifications due to manufacturing changes, design, or
traceability to the Nationa!l Bureau of Standards will be covered in 2 manual
change supplement

Table 2-2. Specifications

NOTE

For accurate measurements, allow the HP 447014 to warm-up for at least one
hour after power is applied.

DC Volitage Ranges/Resolution

Maximum & 1/2 Digit 5 1/2 Digit 4 172 Digit 3172 Digit
Range bisptay Resolution Resclution Resolution Resclution
30mv +/-30.30000 10nv 100nv v 10FV
300mv  +/-303.0000 i00nv Tuv tepv 100pv
v +/-3.030000 v 10uv 100V 1mv
30v  +/-30.30000 10uv 1QOPV 1mv 10mv
300v  +/-300,0000 100PV imv 10mv 100mv

DC Voltage Accuracy

+/-(%X of reading + number of counts)
(autozero on, rear terminals or backplane)
90 days, 23°C +/-5°C, RH < 85%

Percent i Number of Counts* (Volts)
Range of Reading | 1,16 PLC 0.1 PLC  0.005 pLC  0.0005 PLC
30mv 0.010 | 660 (6}!) 80 (8w 20 (20) 6 (&0
300mv 0.008 | 60 (& 10 (10w 4 (40 4 (400
3y 0.008 ] 8 (8w 4 (40) 4 (400}1} 4 (bm}
k{0 0.008 | 30 (300p> 7 (700) 4 (4m) 4 (40m)
300V 0.008 | 7 (?OOP) 4 (4m) 4 (40m) 4 (400m)

For 1 year, 23°% ¢ +7-5°¢, add 0.01% to the $0 day
accuracies.

{specifications continued &n next page)
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Table 2-2. Specifications {cont.)

DC Yollags Tempersture Cowificient
Add as sn additionsl mccurscy error if outside of 18-28°¢.
+/-(X of reading + number of counts)/°C

(NPLC = 1)

Autozere on:

Range iomv 300my v Jov - 300v

Coefficient™ 0.0006+3C 0.0006+3.0 0.0006+0.3 0.0006+0.3 0.0006+0.3

* For NFLC = 0.0005, muitiply counts times 0.001
For NPLC = 0.005, muitiply counts times 0.01
For NPLC = 0.1, multiply counts times 0.1

Autozero off:

Add a5 an sdditional accuracy error if autozero is off. Assumes stable
environment (+/-1°C) for 24 hours and NPLC = 1 (& 1/2 digits).

| Range 30mv 300mv 3V 30V 300V

Counts® 1000 100 10 10 10

* For NPLC = 0.0005, multiply counts times 0.00t
For KPLC » 0,005, multiply counts times 0.01
For NPLC = 0,1, muitiply counts times 0.1

DC Voltage Measurement Characteristics

RMR = Normel mode rejection (line frequency = 50 or &0 Mz +/- 0.09X)
ECMR = Effective common mode rejection (1000 ohm unbalance in ltow lead)

Integration Max. Number Max, Noise Rejection (dB)

Time of Displayed Reading Rate AC AC ]
RPLC* 60Kz (SCHZ) Digits &0Hz (50H2) KMR ECMR CMR
0.00G5 0ps (10ps) 3 172 1600 (1600) 0 0 120
0.005 100yps {109ys) 4 172 1350 (13500 0 0 120
8.1 1.67m8 (2.0msS) 5 ts2 415 (360) 0 90 120
1.0 16.7mS (20.0mS8) & 1/2 57 (48) 60 150 120
16.0 267Tms (320ms} & 172 2.7 (2.3) 60 150 120

* NPLC = Number of Power Line Cycles

{specifications continued on rext page)
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Table 2-2. Specifications (cont.)

DC Voliage Input/lsoiation Resistance

25°%¢C </= 85X RH or 40°%C </= 40% RH

Low to Guard or

Range High to Low Guard to Chassis
30av to 3v > 09 >10:
3ov, 300V 10 +/-5% >10

DC Veliage Maximum Blas Current

+/- 1nA (from high to low), RH < B5X @ 28°C ;RN <« 60% & 40°%¢

Hi to Low Low to Guard Guard to Chassis

Input Capacitance (pf) <120 <2700 <2500

Resistance Ranges/Resoiution (all values in ohms)

Resolution Current

Maximum 6 1/2 5 1/2 & 1/2 3172 Through

Range Display Digit Digit Digit pigit Unknown
30 +/-30.30000 10p 100}1 1mv t1om 1mA
300 +7-303.0000 100’.1 1m 10m 100m 1mA
3k +/-3.030000 1m 10m 100m 1 100pA
30k +/-30.30000 10m 100m 1 i0 100uA
300k +/-303.0000 100m 1 10 160 tOpA
M +/-3,030000 1 10 160 1k 1A

{specifications continued on next page)
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Table -2, Specificstions (conL})

Resistance Accurscy* (ali values in ohms)

+/-(%X of reading + number of counts;}
(autozero on, &4-wire ohms, rear terminsis or backplane)
90 days, 23°¢C +/-5°¢C

Fercent | Kumber of Counts {(Chma) |Max. Lead

Range of Reading |NPLC= 1,16 0.1 0.005 0.0003 |Resistence
30 0.0135 f &00¢6my BO(BmY  20(20m) 6(60m) | 3k
300 0.015 | 60¢6m)  10¢10m) 4(40m) 4(400m)| 3k
3k 0.015 | 60(60mY  10C100m) 4(400m) 4(4) | Ik
30k 0.015% | B(a0m)  4(400m) &(4) 4040y | 30k
300k 0.015 | 0D (&) 4(40) 404003 | 30Kk
3M 0.015 | 17017 7¢(70) S¢500y 5(5k) | 30k

For 1 year, 23° ¢ +/-5%C, edd 0.001X of reading to the 90
day accuracies

*for lead resistances in current scurce or voltage sense leads </= 3k
ohms or full scale of range, not to exceed 30k ohms.

Reslstance Temperature Coetficlent

Add ms an additionsl accuracy error if outside of 18 - 28%¢.
+7-{% of reading + number of counts)/°C

NPLE = 1 (6 1/2 digits)

Autozero on:

Renge 0 300 b13 30k 300k 3N

Coefficient® 0.0006+508 0.0006+50 0.0006+5 0.006+53 0.001+5 0.001+5

* For NPLC = 0.0005, multiply counts times 0.00%
for NPLC = 0.00%5, muttiply counts times §.01
For NPLC = 0.1, multiply counts times 0.1

{zpocificationa continued oh hexl page)
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Table 2-2. Specifications (cont.)

Autozero oif:

{Changes in lead resistance sre not corrected in 4-wire ohms with
autozero off).

Add as sn additlional sccuracy error if autozero is off. Assumes stable
environment (+/-1°C) for 24 hours.

NPLE = 1 (6 1/2 digits).

Range 30 300 3k 30% 300k kY ]

Number of Counts 1000 100 10 10 10 10
of Zero Offset®

* For NPLC = 0.0005, multiply counts times 0.001
For NPLC = 0,005, multiply counts times 0.01
For NPLC = 0.1, multiply counts times 0.1

Resistance Readiny Rates

Same as for DC measurements, Offset compenssted ohms requires two
readings and therefore siows the reading rete by a factor of two.

AC Voltage Ranges/Resolution

Haximum 3 1/2 Digit
Range pisplay Resotution

200mv +/-202.0000 'IOOPV
2V +/-2.020000 my
20¥ +/-20.20000 10mv
200v +/-202.0000 100mv

AC Yoitage Accurncy
AC measurements are made with & peak detector calibreted in RMS and is in-
tended to messure sine waves. The voltmeter is accurste oniy when the input

voltage is greater the 10X of full scale.

90 days, 23°C +/- 5°C, 45 - 500Hz NPLC = 1 (6 172 digits) All ranges (0.2,
2, 20, 200v) +/- 0.5% of reading + 600 counts

(specifications continued on next page)
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Table 2-2. Specifications (cont.)

AC Voltage Temperalure Coefilclent

Add as an additional error for temperatures outside of 18 - 28%c. atl rang-
es (0.2, 2, 20, 200v) +/- (0.01% of reading + 70 counts)/°¢

AC Voltage Reading Rate

1.5 seconds/reading

Note: changing to the AC volts function requires approximately 2 seconds.
AC Voltage Input/isclation Resistance

Same as for DC

Integrating Voltmeter
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Installation and Checkout

Warnings and
Cautions

AN«

A,
A,

Installation
Verification

Installation of the HP 447¢1A Integrating Voltmeter is described in Chapter 3 of
the HP 3852A Mainframe Configuration and Programming Manual. After in-
stalling the HP 44701 A, you can use the f ollowing programs to verify that the in-
stallation is correct and that the HP 44701A is operational.

Two Warning statements and one Caution statement appear on the HP 44701 A%
case. They are indicated by the symbol 1 followed by a numeric subscript,
These statements are described below referenced by their numeric subscript. For
more complete information refer to the HP 3852A Mainframe Conf iguration
and Programming Manual,

This Warning reminds you that even when the HP 44701 A is removed from the
mainframe or extender, hazardous voltages may still be present due to external
wiring.

This Warning reminds you that hazardous voltages (from another channel) may
be present on any accessory channel.

This Caution states that, because of power consumption constraints, only a
limited number of voltmeter accessories can be installed in the same mainframe
or extender. Refer to "Accessory Power Consumption” in chapter 3 of the
Mainframe Configuration and Programming Manual for more information.

‘The following program verifies that the HP 44701A has been installed correctly.
The program assumes that the voltmeter is installed in slot 1. If your voltmeter
is in an extender or a different slot, the slot number in line 20 (100 and in line
40 (SLOT 1) must be modified accordingly.

10 PRINTER S 1

20 OUTPUT 709;%iD? 10OM

30 ENTER 709; IDENTS

40 PRINT “ACCESSORY IN SLOT 1 =", IDENTS
50 END

NOTE

The command "10? 100" can aiso be entered from the mainframe’s front pancl and
the response will be returned to the display.

If the voltmeter has been correctly installed in slot | of the mainf rame, the mes-
sage ACCESSORY IN SLOT 1= 447014 is displayed on the system computer’s
CRT.

Addressing an empty slot returns a value of 000000 to the controller.

Integrating Voltmeter
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Self-Test The HP 447014’ self-test consists of the f ollowing five tests:

1. Communications check between mainframe/extender & HP 44701 A.
2. A/D converter test.

3. Input amplifier offset test.

4. RAM and ROM checksum verification.

5. Calibration constants verification,

NOTE

The calibration constants verification does not guaranice that the voltmeter is
adequately calibrated. It only verifies that the calibration constants exist. It is pos-
sible to calibrate the voltmeter 1o an inaccurate standard.

Before executing self-test, you must first ensure that the HP 44701A is not busy
performing a measurement or processing a command. If the HP 44701A is busy
when you execute self-test, it will cause a self-test failure. You can set the HP
44701 A to a non-busy state by executing:

OUTPUT 709;"RST 100%
You can now execute self-test by sending:

QUTPUT 709;"TEST 100"

NOTE

You can execuie self-test from the front panel by executing RsT 100 followed b y
TEST 100,

¢ If the self-test passes, the HP 3852A displays SELF TEST OK. When the self-
test passes, you have a high confidence level that the HP 44701 A is operational
and measurements will be accurate.

¢ |f self-test fails, 2 hardware or software failure exists and the HP 3852A dis-
plays ERROR -340: TEST: SELF TEST FAILED. Refer to the HP 44701A
Service Manual for repair information.

Following the self-test, the HP 44701 A reverts to the power-on state.

Integrating Voltmeter
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Programming the HP 44701A

Contiguring
the Voltmeter

Power-On
State

This section contains step-by-step procedures that teach you the fundamentals of
programming your HP 44701 A and how to make measurements. It is divided
into three major subsections (1) Configuring the Yoltmeter, (2) Making
Measurements, and (3) Scanning. The first subsection discusses how to configure
the HP 44701 A for making measurements such as selecting the function, range,
and input terminals, The second subsection shows you how to trigger the
voltmeter, make measurements, and read the results. The third subsection shows
how to make measurements using the HP 44701 A coupled to a multiplexer acces-
sory. To gain a complete understanding of the HP 44701 A, we recommend that
you perform the procedures in ail three subsections.

NOTE

To maintain the highest accuracy, your HP 44701A should be calibrated reguiarly.
For complete calibration information refer to the service manual. Also, for ac-
curate measurements, allow the HP 447014 to warm-up for at least onehour after
power is applied.

This subsection shows you how to prepare the HP 44701 A for making measure-
ments. For more information about the individual commands referenced in this
subsection, refer to the Command Reference Manual

When you apply power, the HP 44701 A sets itself to predefined power-on values.
This is called the power-on state. Table 2-3 shows the HP 44701A’s power-on
state,

Table 2-3. Power-On State

item State
Function DE Voltage
Range Autorange
Terminals External (Rear)
Trigger Mode Hold
0ffset Compensation 0ff (disabled)
Autozero Gn (ensbled)
Integration Time 1 PLL @ 60Kz
Readings per Trigger 1
Delay Time Default (see Tabie 2-6)

Each item in the above table is discussed later in this subsection. The command
descriptions in the Command Reference Manual also list the power-on and
default values. {A default value is the value selected if you execute a command
but do not specify a value),

integrating Voltmeter
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Reset

Selecting the
Voltmeter

USE Query

Selecting the
Input Source
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Many times during operation, you may wish to returs to the power-on state.
The reason may be an error in entering commands, or you just want to return
the voltmeter to a known state. The reset function returns the HP 44701A to its
power-on state without cycling power. However, the reset function aborts any
measurements in progress and destroys any readings in the HP 44701A’ internal
reading buffer. To reset the voltmeter, send:

CUTPUT 709;YRESET 100%
or
GUTPUT 709;%RST 100"

More than one voltmeter accessory can be installed in the mainframe or the ex-
tender(s). This means that, before sending a voltmeter command, you must
designate which voltmeter (by slot number) is to receive the command. This can
be done with the USE command. After executing the USE command, all sub-
sequent commands will be sent to the siot defined in the USE command. The
slot number is a four digit number in the form ES00, where E is the extender
number (mainframe = 0, extenders = | - 7) and S is the slot number.

For example, to designate the voltmeter in slot | of the mainframe, send:
QUTPUT 709;“USE 100"

The USE command is remembered by the system mainframe and remains active
until another USE command is executed, the mainframe is reset (RST command),
or power is cycled. In addition to the USE command, many commands have a
USE parameter. For example, the last parameter in the FUNC command is a
USE parameter:

OUTPUT 709;"FUNC BCV,AUTO,USE 100"

In this example, the USE parameter defines the destination {(slot) for the FUNC
command only. Subsequent commands go to the slot previously defined by the
USE command.

The remaining examples in this chapter assume that you have executed the USE
command, in advance, to select the appropriate voltmeter slot for the commands.

The USE query command (USE?) returns the number of the slot defined by the
USE channel or USE parameter. For exampile, the following program returns
and displays the slot number:

10 QUTPUT 709; “USE?"

20 ENTER 709; A

30 PRINT "Slot number ";A;" is USE channel®
40 END

The HP 44701 A can make measurements from the voltmeter's external (rear)
terminals or from a multiplexer module through the mainframe’s internal analog
bus. The TERM command allows you to select one or both of these input sour-
ces. In the power-on state, the voltmeter’s external terminals are selected. To
make measurements from a multiplexer module, send:



Voitage
Measurements

OUTPUT 70Q9;"TERM BOTH®

Notice that the parameter BOTH selects both the backplane analog bus and the
external terminals. There is no way to select the backplane analog bus alone.
Make sure you disconnect any input signals from the HP 44701 A% external ter-
minals before making a measurement from a multiplexer accessory.

WARNING

When the terminals are set to BOTH, or in casc of equipment failure, any high vol-
fages present on the analog backplane will be connected to the HP 44701A4's rear
terminals. Always regard the HP 44701A's rear terminals as possibly being at a
high voltage level.

To return to the external terminals, send:
OUTPUT 709;:"TERM EXT®

The HP 44701A has five DC voltage ranges and can measure DC voltages from
10nVYDC to 300VDC. The DC Voltage Ranges/Resolution Table (part of Table
2-2) lists the maximum readings for each range and the resolution avaifable for
the various integration times.

The HP 44701 A has four AC voltage ranges and can measure AC voltages from
100uVAC to 200VAC. The AC voltage Ranges/Resolution Table (part of Table
2-2) lists the maximum readings for each range and the resolution available (the
only resolution available for AC voltage measurements is 3 1/2 digits).

The connections for making either AC or DC voltage measurements using the
HP 44701A's external (rear) terminals are shown in Figure 2-2.

Integrating Voltmeter
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4-Wire Ohms
Measurements

Use the voltmeter FUNC command to select the measurement function. For ex-
ample, to measure DC voltage, send:

OUTPUT 709;"FUNC DCV*
To measure AC voltage, send:
OUTPUT TO9;YFUNC ACY™

You can add a parameter to the FUNC command to select the measurement
range. You specify this parameter as the input signal’s maximum expected
amplitude (or the maximum resistance for 4-wire ochms measurements). The HP
44701 A then chooses the correct range. For example, if’ you are measuring DC
voltage with a maximum voltage of 1.5 volts, send:

QUTPUT 709;"FUNC DCV,1.5%

In this situation, the HP 44701 A chooses the 3V range. Additionally, you can
select the autorange mode by defaulting or by specifying AUTO or 0 for the
second parameter. Refer to "Autorange”, later in this subsection for more infor-
mation on autoranging,

‘The HP 44701 A has six resistance ranges and can measure resistances from 10uQ)
to ML The HP 44701 A measures resistance by sourcing a known current
through the unknown resistance being measured. The current passing through
the resistance generates a voltage across it. The HP 44701 A measures this volt-
age and calculates the unknown resistance (resistance = voltage/current).

Refer to Resistance Ranges/Resolution in Table 2-2 for a listing of the ranges,
the maximum reading for each range, the current sourced, and the resolution
available for the various integration times.

The connections for making 4-wire ohms measurements using the HP 44701 A%
external (rear) terminals are shown in Figure 2-3,

Integrating Voltmeter
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Otfset
Compensation

Current
Measurements

Use the FUNC command to select the 4-wire resistance measurement function
For example;

QUTPUT 709;“FUNC OHMF®

Of fset compensation allows the HP 44701 A to correct for small extrernal of fset
voltages on the 30Q through 30k ranges. Offset compensation does not func-
tion on the 300k$: and 3 M(2 ranges.

With offset compensation enabled, the HP 44701 A measures the offset voltage
prior to each resistance measurement. Next, it sources current and measures the
combination of induced voltage and offset voltage. The HP 44701 A subtracts
the offset voltage from the combined voltage leaving only the induced voltage.
The HP 44701 A then uses this induced voltage to determine the resistance (resis-
tance = voltage/current). Table 2-4 shows the maximum combined voltages that
can be present for each range.

Table 2-4, Maximum Combined Voltages

Resistance #aximum Combined
Range Voltage
30 chm 30 mv
300 ohm 300 my
3k ohm 300 mv
30k ohm v
NOTE

Since of fset compensation requires sampling the input, it takes more time per read-
ing than measurements made with of fset compensation disabled.

The QCOMP command turns offset compensation on or off. For example, to
turn offset compensation on, send:

QUTPUT 709;%0COMP ON™

The HP 44701 A can measure current indirectly by measuring the voltage drop
across a small, known resistance (shunt) placed in the current path. The connec-
tions for making both AC and DC current measurements using the HP 44701A’s
external {rear) terminals are shown in Figure 2-4.
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Setting the
integration
Time

To measure DC current, select DC voltage measurements as previously described.
To measure AC current, select AC voltage measurements. You calculate the cur-
rent flowing through the shunt as follows:

Current = Voltage Reading/Known Resistance

For example, if a 2Q resistor is used, and the measured voltage is 350 mVDC, the
current is 350 mVDC/2 = {75 mADC.

The HP 44701 A samples the signal being measured for a period of time (integra-
tion time) based on the power line f requency. You specify this integration time
as a certain number of power line cycles (PLCs} of the line frequency. The in-
tegration time is responsible for the measurement speed, accuracy, maximum
digits of resolution, and the amount of normal mode rejection (ability to reject
the line frequency from the measurement). Refer to "How the HP 44701 A
Works" (near the beginning of this chapter) for more information on integration
time. The power-on integration time is | PLC at a line requency of 60Hz

NOTE

When power is applied, the HP 447014 bases its integration lime on a fine
frequency of 60Hz regardless of the actual power line freguency, If your line
frequency is 50H z you must execute the NPLC or CONF command prior to
making measurements. This sefects the proper line frequency reference for the
A /D converter.

To set the integration time for the fastest measurements (with the jowest ac-

" curacy and no normal mode rejection), send:

QUTPUT 709;"NPLC .0005%
on
QUTPUT 709;"NPLC O

To specif'y the most accurate measurements {with the slowest measurement speed
and 60dB of normal mode rejection), send:

OUTPUT 709;"“NPLC 16"

There are three settings between these high and low limits that provide varying
degrees of measurement speed vs. accuracy. Typically, you should select the in-
tegration time that provides adequate speed while maintaining an acceptable
amount of accuracy. The specifications table (Table 2-2) shows the
speed/accuracy tradeoffs, based on the integration time, for each measurement
function. (For AC voltage measurements, because of settling time constraints,
the reading rate is 1.5 readings per second regardless of the amount of integra-
tion time),
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Autorange

Specifying
the Range

Overload
Indication
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When autorange is enabled, the HP 44701 A samples the input prior to each
measurement and automatically selects the correct range. The ARANGE (auto-
range) command enables or disables the autorange mode.

NOTE

Since autoranging requires sampling the input, it takes more time per reading than
measurements made with autorange disabled.

When power is applied autorange is enabled. Therefore, if you are measuring a
fairly steady input signal or resistance, you can allow autorange to select the cor-
rect range and then disable autorange. This allows you to get the automatic
range selection advantage of autorange and also the speed advantage of readings
made with autorange disabled. For example, to allow autorange to select the
range, trigger a reading by sending:

QUTPUT 709;“TRIG SGLY

The HP 44701A has now gone to the correct range. Now, to disable autorange,
send:

QUTPUT 709;"ARANGE OFFv

The HP 44701 A now stays on the range selected by autorange. Later, if vou
need to enable autorange, send:

OUTPUT 709;"™ARANGE ON"

You can specify the voltmeter’s measurement range either as a parameter of the
FUNC command or separately with the RANGE command. You specify the
range as the input signal’s maximum expected amplitude (or the maximum resis-
tance for resistance measurements), The HP 44701 A then chooses the cerrect
range. for example, if you are measuring DC voltages with a maximum input of
5.5 volts, send either;

OUTPUT 709;"FUNC DCV,5.5"
or
OUTPUT 709;"RANGE 5.5

In both of the above cases, the HP 44701 A selects the 30V range,
You may also specify 4UTO or 0 as the range parameter and the voltmeter will

autorange all measurements,

The HP 44701A indicates an overload condition {input greater than present
range can measure) by sending 1E38 to the output buff er/display instead of a
reading.



The Autozero  The autozero function ensures that any offset errors internal to the voltmeter
Function  are nulled from subsequent readings. The autozers function is controlled using
the AZERO command. With AZERO ON, the HP 44701 A internally disconnects
the input signal and makes a zero reading f ollowing every measurement. It then
subtracts the zero reading from the preceding measurement. This prevents of fset
voltages on the HP 44701A’ internal circuitry from af fecting measurements.

With AZERO OFF or ONCE, the HP 44701 A takes one zero reading (upon
receipt of the command) and subtracts it from all subsequent measurements. It
takes a new zero reading whenever the function or range changes.

NOTE

When the HP 447014 makes a zero reading with AZERO OFF or ONC E, it ac-
tually averages 16 zero readings made using the present integration time setting.
This is done to ensure the zcro reading has maximum line frequency rejection.
Depending on the integration time setting, this zero reading may take 500msec or
longer, When AZERO is ON, the HP 447014 makes a zero reading after each
measurement that is a single reading (not the average of 16 readings). In most
cases, AZERQ ON requires more time per reading than AZERO OFF or ONCE.
However, if you are making a series of measiirements where the range or function
will be changing, you may get faster readings with AZERO ON instead of
AZERQO OFF or ONCE.

In the power-on mode, AZERO is set to ON. You can change it by sending:

OUTPUT 709;"AZERO ONCE™

NOTE

You cannot set AZERO ON for AC voltage measurements. The AZ ERO mode is
always OFF for AC voltage measiurements.

The CONF  The CONF command selects the measurement function and sets the other fune-
Command  tions (range, autozero, etc.) to their preset values. Table 2-5 shows the preset
values.
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Table 2-5. Default Values

[tem State
Range Autorange*
Terminals Both (Backplane § Rear)
Trigger Mode Hold
Offset Compensation Off (digebled)

Autozero
Integration Time
Readings per Trigger

on
1t Power Line Cycle
1

Unchanged

Delay Time

*For all messurement functionc except TEMP. For TEMPtype B, K, §, T, and N2B
the 30m¥Y range is selected. For TEMPtype E, J, K, and N14 the 300mV range is
selected.

NOTE

The CONF command is considered a high level command since it performs more
than one operation. The other high level commands are MEAS, CONFMEAS,
and MONMEAS. The commands discussed earlier in this subsection perform
single operations {such as selecting range or number of power line cycies) and are
considered low level commandss.

Typically, you will want to send the CONF command first and then change some
of the default selections using low level commands For example, to set the
Integrating Voltmeter to the DC volts function and select the default settings for
the other functions, send:

OUTPUT T09:;“CONF DCV"
Now you can change some of the default settings (to suit your application) using
the low level commands discussed earlier in this subsection. For example, to

change the autozero mode from ON to OFF, send:

QUTPUT TO9;MAZEROD QFF"

NOTE

When scanning on a multiplexer accessory using high level commands (CONF &
MEAS together, CONFMEAS, or MONMEAS), you can make a number of ad-
ditional measurements not possible using the low level commands alone. These in-
clude 2-wire ohms measurements, 4-wire ohms measurements with automatic Source
channel designation, and automatic temperature measurements from thermistors,
thermocouples, and RTDs. These additional measurement functions are discussed
in detail under "The CONFMEAS Command” later in this chapter.
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Making
Measurements

Continuous
Readings

When power is applied (power-on mode), the HP 44701 A's trigger mode is set to
HOLD which prevents it from making measurements. All you must do to make
a reading is trigger the HP 44701 A. This subsection shows you a variety of ways
to trigger the voltmeter and read the results. It also shows you how to store
readings in mainframe memory and how to interrupt when readings are
availabfe,

In the continuous trigger mode (TRIG AUTO) the voltmeter triggers whenever it
is not making a measurement or processing a command, This is the easiest way
to make measurements. To specify continuous triggering, send:

QUTPUT 709;"TRIG AUTO"

The voltmeter is now continuously making measurements one after the other.
The HP 44701A’s internal reading buffer, however, can store only 1 reading.
When making automatic measurements, you should transfer the previous reading
to the HP-IB output buffer before the new reading is ready. If not, the HP
44701 A overwrites the previous reading with the new reading.

By now, the HP 44701 A has made (and written over) many readings. To transfer
the present reading from the voltmeter’s reading buffer (voltmeter in stot 1) to
the HP-IB output buffer, send:

QUTPUT 709;"CHREAD 100"

NOTE

If the CHREAD command is entered from remote ( HP-IB), the reading goes (o
the HP-IB output buffer and, in the mainframe’s power-on mode, to the display. 1f
entered from the front panel, the reading goes to the display only.

For a single reading, you can use the following program to enter and display the
reading on your computer:

10 ENTER 709;A
20 DISP A
30 END

To transfer a series of readings, you could repeatedly send the CHREAD com-
mand. A better method, however, is to use the XRDGS command. The XRDGS
command transfers a series of readings {(one reading at a time) to the HP-1B out-
put buffer. For example, the following program line transfers a total of 10 read-
ings (specified by the 2nd parameter) from the voltmeter in slot | (specified by
the Ist parameter) to the HP-IB output buffer:

OUTPUT 709;"XRDGS 100, 10"
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Suspending
Measurements

Single Readings

Multiple Readings
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NOTE

If the XRDGS command is entered from remote (H P-I1B ) the readings go to the
HP-IB output buffer and, in the mainframe's power-on mode, to the display. If en-
tered [rom the [ront panel, the readings go te the display only.

You can uvse the following program to enter all 10 readings (one reading at a
time) into a computer array called Dara and display the readings,

10 DIM Data{i:10)
20 ENTER 709; Data(¥)

30 PRIMT USINGUYK,/";Dats(™*)
40 END

You can stop making measurements by setting the trigger mode to HOLD (the
power-on mode):
OUTPUT 709;"TRIG HOLD®
Measurements are now suspended. The HP 44701 A will not make another
measurement until you select another trigger mode,
You can trigger the HP 44701 A once by setting the trigger mode to single, send:
OUTPUT 709;"TRIG SGL®

The HP 44701A has just made a singie reading and placed it in its internal read-
ing buffer,

To transfer the reading from the voltmeter's reading buffer (voltmeter in slot §]
to the HP-IB output buffer, send:

OUTPUT 709;"CHREAD 100"
You can use the NRDGS (number of readings) command to specify more than-
one reading for each trigger received. For example, to set the number of read-
ings to 10, send;

OUTPUT T709;"NRDGS 10"

Now for each trigger {eg, TRIG SGL) the HP 44701 A will make 10 measure-
ments. To trigger the measurements, send:

OUTPUT 709;"TRIG SGL"



Trigger Delay

NOTE

The HP 44701A4’s internal reading buffer can store only I reading. When making
multiple readings per trigger (in any trigger mode except AUTO), the HP 447014
takes one reading (afiter being triggered) and places it into iis reading buffer. It
then waits until the reading is transferred (by the XRDGS command for example)
before it makes the next reading. This provides a type of synchronization between
the HP 44701A and the mainframe /extender which prevents readings from being
{ost,

When transferring readings over the HP-1B, the mainframe allows the HP 447014
{0 make measurements until the HP-1B output buffer is full {approximately 68
readings using the default format). When the HP-IB output buffer is full, the
mainframe causes the HP 447014 (o wait until the controller removes a reading.

A fter the controller removes a reading, the voltmeter can send another reading fo
the HP-1B output buffer. Soin effect, the volimeter and the mainframe are hand-
shaking the readings and preventing them from being lost. It also means the coni-
puler must transfer readings from the output buffer to prevent stacking-up read-
ings and suspending the measurements,

The following program transfers 10 readings to the HP-IB output buffer. It then
transfers each reading from the output buffer to a computer array (Dara) and
displays the readings.

10 DIM Data{1:10)

20 OUTPUT 709;"XRDGS 10C,10n
30 ENTER 709; Data(*)

40 PRINT USING"K,/H;Data(*)
50 END

You can insert a time interval to delay readings using the DELAY command.
When making a single reading per trigger, (NRDGS = 1), the time interval occurs
between the trigger and the reading. For example, the following program
specifies one reading per trigger and inserts a one second delay between the trig-
ger and the first reading

10 OQUTPUT 709;"NRDGS 1M

20 OQUTPUT 709;"DELAY 1"

30 OUTPUT TO9;"TRIG SGL™
40 OUTPUT 709;“CHREAD 100™
50 END
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Defauit Delays
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When making multiple readings per trigger (NRDGS > 1) the delay interval oc-
curs between the trigger and the first reading and also before each successive
reading. For example, the following program specifies ten readings per trigger,
inserts a one second delay between the trigger and the first reading and before
each successive reading. In other words, a total of !0 seconds is inserted into the
measurement cycle,

10 OUTPUT 709;"NRDGS 10

20 OUTPUT 709;“DELAY 1n

30 OQUTPUT 709;"™TRIG SGL®

40 OUTPUT 709;"XRDGS 100, 10w
50 END

The HP 44701 A automaticaily selects a default delay time for each measurement
function, range, and resclution. This delay time is actually the settling time al-
lowed before each measurement which ensures accurate measurements. For AC
voltage measurements, the default delay time is 1.5 seconds regardless of the
range or resolution. The default delay times for DC voltage and 4-wire ohms
measurements are shown in Table 2-6.

Table 2-6. Default Delay Times

Measurement| | pefault Delay in Pseconds
Function | Range | Digits: 3.5 4.5 5.9 & 6.5
ocy i 3omv | 380 496 500
| 300mv | 200 260 320
! v | 200 260 320
1 3ov | 36 46 57
| 300v | 11 14 17
} |
CHMF | 30 ohm | 320 390 460
| 300 ohm | 200 240 290
} 3 kohm | 00 240 290
| 30 kohm | 200 240 290
|308 kohm | 720 380 1000
| 3 Mohm | 7200 8800 10000

The default delay time is updated automatically whenever the function or range
changes Once you specify a delay time value, however, the value does not
change until you specify another value or reset the HP 44701 A,



The System
Trigger

Scan Triggering

NOTE

You can specify a shorter delay time than the defauit value. However, the resulting
settling time may not produce accurate meastrements.

Because of hardware constraints, specified delay times of less than 50 Wsec.
produce an actual delay time of 35 wsec.

The system trigger function allows the HP 44701 A to be triggered from other
sources such as an external trigger or the HP-IB Group Execute Trigger. To
select the system trigger, send:

OUTPUT 709;"TRIG SYS®

You can now specify the system trigger source using the TRG command. For
example, to specif'y the external trigger, send:

OUTPUT 709;"TRG EXT™

The HP 44701 A will now be triggered by a jow-going pulse on the mainframe’s
Trigger-In BNC connector.

NOTE

When triggering the HP 447014 from an external source, it is possible for succes-
sive trigger(s) to occir before the HP 447014 has finished the present measure-
ment. When this occurs, no error is generated and the first of the successive rig-
gers is stored. When the measurement is completed, the stored trigger initiates
another measurement.

To configure the HP 44701 A to trigger from the HP-IB Group Execute Trigger
signal, send:

QUTPUT TO9;"TRG GET™

The HP 44701 A now triggers whenever the HP-IB Group Execute Trigger (GET)
is sent. For example, to send GET using HP BASIC language, send:

TRIGGER 709

The voltmeter can be set up to trigger immediately after a multiplexer channel is
closed. To do this send:

OUTPUT 709;"TRIG SCAN™

Now, whenever a multiplexer channel is closed, the voltmeter is automatically
triggered once. For example, to trigger the voltmeter send:
QUTPUT 709;"CLOSE 0201"
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Using Variables

Using Arrays
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Scan triggering is very useful when using the HP 44701 A coupled with a multi-
plexer accessory (scanning). This is discussed in detail later in this chapter under
"Scanning”.

Instead of sending a reading to the HP-IB cutput buffer, you can use the
CHREAD command to send the reading to a mainframe variable. For example,
the following program triggers the voltmeter in stot 1 and transfers the reading
to the mainframe variable R.

10 QUTPUT 709;%REAL R"
20 OUTPUT 709;"USE 100

30 OUTPUT 709;"TRIG SGL"

40 OUTPUT 709;"CHREAD 100, INTO R¥
50 END

The VREAD command allows you to access readings stored in a2 mainframe
variable. The following program transfers one reading from variable R, enters
and displays the reading

10 OUTPUT 709;"VREAD R™
20 ENTER 709; A

30 DISP A

40 END

When making multipie readings, you can define a mainframe memory array that
will hold all the readings and transfer the readings into this array automatically

as they become available. For example, to dimension an array to hold 10 read-
ings, send:

QUTPUT TO9;"REAL RGS(9)I®

You have now created an array called RGS large enough to hold 10 readings.

NOTE

The numbering system for arrays starts with the number zero. So by specifying 9
in the preceding statement, you created an array with 10 elements numbered from 0
io 9.

Now, to select 10 readings per trigger send:
OUTPUT T09;=NRDGS 10%

To trigger the measurements, send:
QUTPUT TO9;"TRIG SGL®

To automatically transfer the readings to the array, send:
OUTPUT 709;"XRDGS 100,10, INTO RGS®

Now as each reading becomes available, it is placed into the RGS array and the



Interrupts

interrupt Query

next reading is made. You can access readings in the array using the VREAD
command as follows

OUTPUT 709;"VREAD RGS™
Again, to transfer readings to the computer, use the program:

10 DIM Data(1:10)

20 ENTER 709; Dats(*)

30 PRINT USING®K,/";Data(*)
40 END

The ENABLE INTR command programs the HP 44701 A to interrupt the
mainframe processor when data becomes available or an overrange condition
occurs. The system interrupt capability must be enabled (ENABLE INTR §YS
command) before the ENABLE INTR command can be used to generate an in-
terrupt. (In the power-on state, the system interrupt is enabled. An HP-IB device
clear, however, disables the system interrupt)

Two conditions must be met to have the interrupt signal the system controller:

¢ To have an interrupt set the HP-IB SRQ line true, the status register’s INTR bit
(weight = 512) must be enabled (RQS 512 command) and cleared (STA? com-
mand) and the SRQ must be enabled (RQS ON command). (In the power-on
state, the SR(Q} is enabled).

® Your system controller must be programmed to respond to the interrupt.
The interrupt is disabled when serviced, and cleared when the data is read,

The following program enables the voltmeter in mainframe slot | to interrupt
when a reading is available or an overrange condition occurs.

10 OUTPUT 709;"“USE 100

20 OUTPUT T709;"RQS ON*

30 QUTPUT 709;VRQS 512

40 OUTPUT 709;%STA?®

50 OUTPUT 709;"ENABLE INTR SYS™
60 OUTPUT 7O9;“ENABLE INTR®

70 END

The interrupt query command (INTR?) returns the number of the lowest slot
generating an interrupt. If no slot is generating an interrupt, the number -1 is
returned. The following program returns and displays the lowest interrupting
slot number:

10 QUTPUT 709; =INTRI™

20 ENTER 709; A

30 PRINT "Slot number ";A;™ is interrupting.”
40 END
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As stated above, 2 voltmeter interrupt is disabled when serviced. You can,
however, use the DISABLE INTR command to disable an interrupt without
having to service it. For example, to disable an interrupt, send:

DUTPUY TOF;*DISABLE INTR®

For more information on interrupts, refer to chapter 8 of the Mainframe
Configuration and Programming Manual

Scanning is the process of stepping to one or more multiplexer channels (channel
list) and having the voltmeter make one or more measurements on each channel
Connections between the multiplexer accessory and the voltmeter are made
through the mainframe or extender’s analog backplane. Scanning can be done
using the HP 44701 A and any of the multiplexer accessories.

The scanning process is made up of (1) the configuration phase and, (2) the
measurement phase.

You configure the voltmeter for scanning just as you did earlier (by executing
the individual commands such as FUNC, RANGE, and NRDGS, by executing
CONF: or by executing CONF followed by some of the individual commands).

In the measurement phase, the channel list is defined, and those channels are
scanned and measured.

The following program shows how to perform the configuration phase using the
CONF command followed by certain low level commands and the measurement
phase using low level commands. In this program, the voltmeter makes 10 read-
ings on each multiplexer channel before proceeding to the next channel. The
voltmeter is installed in slot 1 of the mainframe and the multiplexer accessory is
installed in slot 2 of the mainframe. The readings are stored in the mainframe
array RGS.

10 Configuration Phase:

20 CUTPUT 709;“REAL RGS (99)%
30 OUTPUT 709;"USE 100"

40 OQUTPUT 7VO9;"TRIG HOLD®

S0 OUTPUT TU9;*CONF DCV™

60 OUTPUT T09;"NRDGS 10"

70 OUTPUT 709;"CLOSE 291*

80 OUTPUT FO9;"TRIG SCAK®

90 Measurement Phase:

100 FOR [= 200 TO 209 STEP 1
110 QUTPUT 709;"CLOSE *;1

120 OUTPUT 709:;%XRDGS 100,10, INTO RGS™
130 OUTPUT 709;"OPEN ";1

140 NEXT 1

150 OUTPUT TO%;"VREAD RGS™

160 FOR I = 1 TO 100

170 ENTER 709%; A

180 PRINT A

190 NEXT 1

200 END
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NOTE

After using a voltmeter {0 make measurements through a multiplexer accessory, the
voltmeters's input terminals remain connected to the backplane analog bus. When
another voltmeter is used to make measurements in the samc mainframe or extend-
er, the input terminals of both voltmeters are connected in parallel which lowers the
ef fective input impedance of cach. To prevent this, disconncct the unused
voltmeter's input terminals from the backplane by selecting ils rear terminals
(TERM EXT command) or by resciting the voltmeter.

You can use the high level MEAS command to simplify the "Measurement Phase”
in the above program. The MEAS command selects the measurement function
and causes the voltmeter to scan and measure the specified multiplexer channels.
It also automatically closes the appropriate tree relays (line 70 in the preceding
program) when scanning. The characteristics of the MEAS command are:

o If the present voltmeter measurement function is compatible with the function
specified in the MEAS command, the present state of the other functions {auto-
zero, range etc.) are not changed. (To set these other functions to their default
states, execute the CONF command prior to the MEAS command or use the
CONFMEAS command.)

o If the present voltmeter function is nof compatible with the function specified
in the MEAS command, the function is changed and autorange is selected.

o If the present voltmeter trigger mode is set to HOLD or AUTO, executing the
MEAS command changes the trigger mode to SCAN. If the trigger mode was
previously set to SYS, it is not changed by the MEAS command.

NOTE

If the MEAS command is entered from remote (H P-1B), the readings go io the
HP-I1B output buffer and, in the mainframe’s power-on made, o the display. If en-
tered from the front panel, the readings go to the display only.

The following program performs the same functions as the preceding program
but uses the MEAS command. The voltmeter measures each channel on the mul-
tiplexer accessory 10 times before stepping to the next channel

10 OUTPUT 709;"REAL RGS(99)"
20 OUTPUT 709;USE 100"

30 OUTPUT 709;“CONF DCV®

40 OUTPUT T709;"NRDGS 10%

50 OUTPUT 709;"MEAS DCV,200-209,INTO RGS”
60 OUTPUT 709;"VREAD RGS®

70 FOR I=% TO 100

80 ENTER 709; A

90 PRINT A

100 NEXT I

110 END
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In line 20, the CONF command selects the default values, such as autorange, for
the voltmeter. Since the DCV parameter for the MEAS command (line 30) is
compatible with the present measurement function, all other functions, such as
ranging and number of readings per trigger, are not changed by executing MEAS.

NOTE

When scanning with high level commands (CONF & M EAS together,
CONFMEAS, or MONMEAS), you can make @ number of additional measure-
ments not possible using the low level commands alone. These include 2-wire ohms
measurements, 4-wire ohms measurements with antomatic Source channel designa-
tion, and automatic temperature measurements from thermistors, thermocouples.
and RT Ds. These additional measurements are not possible when using only fow
level commands or when using the HP 447014 without a multiplexer accessory.
Refer to "The CONFM EAS Command” below for more information.

Notice that when using the CONF and MEAS commands that other events or
programming steps can occur between the Configuration and Measurement
Phase (such as the NRDGS command, line 40). It is also possible for interrupts,
alarm conditions or limit tests to occur between the CONF and MEAS command
which could reconfigure the voltmeter (if so programmed). !f you do not need
to change any of the voltmeter defaults and/or you want nothing to intervene
between the two phases, both commands can be executed simultaneousty with
the CONFMEAS command.

The CONFMEAS command configures the voltmeter to the specified measure-
ment function (ACV, DCV, etc.) and selects the default values for the other
functions (autozero, range, etc.). This command also causes the specified multi-
plexer channel(s) to be scanned, measured, and the data conversions for resistance
and temperature to be performed on the results The CONFMEAS command
also scans and measures unspecified reference channels when making ther-
mocouple temperature measurements. The CONFMEAS command is equivalent
to the CONF command immediately followed by the MEAS command.

NOTE

If the CONFMEAS command is entered from remote (HP-18B), the readings go (0
the HP-IB output buffer and, in the mainframe’s power-on mode, to the display. I/
entered from the front panel, the readings go to the display only.




The following program performs most of the same functions as the preceding
program but uses the CONFMEAS command to replace the individual com-
mands CONF and MEAS. Notice, however, when using CONFMEAS, vou can-
not change any of the preset settings between the Configuration and
Measurement Phases. This means you cannot execute the NRDGS command to
take 10 readings per trigger. 1n this program, the preset value of | reading per
trigger must be used.

10
20
30
40
50
60
70
B0
90

OUTPUT 709;"REAL RGS{20)"

OUTPUT 709;"USE 100"

OUTPUT 709;"CONFMEAS DCV,200-219,INTO RGS™
OUTPUT 709;"VREAD RGSY

FOR 1=1 TO 20

ENTER 709; A

PRINT A

NEXT I

END

The CONFMEAS command or the separate CONF and MEAS commands, allow
you to make the standard measurements discussed earlier (ACV, DCV, OHMF)
and a number of additional measurements not possible using the low level com-
mands alone. Table 2-7 shows the measurements possible using CONFMEAS,
MEAS, or MONMEAS.

Integrating Voitmeter
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Table 2-7. High Level Command Measurement Functions

THMtype

THMFtype

RTDtype

RIDFtype

Keasurement

Functien Description

ACY Measure AL voltage

bLy Measure 0C voltage

OHM Measure 2-wire chms*

OHNMF Measure 4-wire chms**

TEMPtype Measure the reference temperature then measure the
thermocouple voltage. Convert measured voltage
(compensated by the ref. temp.) to degrees C.
Thermocouple types: J, K, ¥, S, R, B, E, 14, and K2B.

REFT Measure the reference temperature of thermistor

on isothermal biock,

Configure for a 2-wire ohms measurement on »
thermistor.®* Convert the resistance to degrees C.
Thermistor types:

2252 (for 2252 ohm thermistor)
5K (for 5k ohm thermistor)
10k (for 10k ohm thermistor)

Configure for &4-wire chms measurement on a8 thermistor._**
fonvert the resistance to degrees C. Thermistor types:
same as THMtype above.

Configure for 2-wire ohms measurement on an RTD.* The
mainframe converts the resistance to a temperature in
degrees ., RTD types:

85 (for RTDs with alpha = 0.00385 ohms/ohm/degree C)
92 (for RTDs with aiphs = 0.003916 ohms/chm/degree C)

Configure for a 4-wire ohms measurement on an RTD.** The
mainframe converts the resistance to a temperature in
degrees €. RTD types: same as RTDtype sbove.

* For 2-wire ohms measurements (ONM), the multiplexer sccessory connects the

source terminals to the Sense terminals which effectively causes the HP
44701A to make 2-wire chms measurements.

* for 4-wire ohms messurements (OHMF), the Source terminals connect to Bank

8 of the multiplexer and the Sense terminals connect to Bank A,




4-Wire Ohms
Measurements

Making
Current
Measurements

When using high level commands, you can make 4-wire ohms measurements
using the HP 44701 A coupled with any multiplexer accessory capable of switch-
ing 4-wire ohms (such as the HP 44705A 20 Channel Relay Multiplexer). Each
4-wire ohms measurement uses two multiplexer channels. You specify the Sense
channel(s) and the HP 3852A automatically defines the corresponding Source
channel(s). For example, on a 20-channel multiplexer accessory, the Sense and
Source channels are separated by 10. That is, if using channel 0 for the Sense,
channel 10 is defined as the Source, 1 = Sense, 11 = Source, and so on. Refer to
the chapter concerning your particular multiplexer accessory for more informa-
tion,

NOTE

After making resistance measurements using a rnultiplexer accessory, the
voltmeters's current source remains connected to the backplane analog bus. If
another voltmeter is used to make resistance measurements in the same mainframe
or extender, both current sources are connected in parallel which causes erroncous
measurements. After using the HP 447014 for backplane resistance measure-
ments, disconnect the current source from the backplane by selecting the rear ter-
minals (TERM EXT command), by changing the measurement function, or by
resetling the HP 44701 A,

The following program performs a 4-wire ohms measurement using the HP
44701 A voltmeter (slot 1) and a multiplexer accessory (slot 2). Notice that the
channel specified in the CONFMEAS command (slot 2, channel 0} is the Sense
channel (the HP 3852A automatically defines the Source channel). The resis-
tance is scanned and measured once by the voltmeter and the result {in ochms) is
returned to the controller.

10 OUTPUT 709;"CONFMEAS OHMF,200,USE 100"
20 ENTER 709; Chms

30 PRINT Chms

40 END

When using the CONFMEAS command or the separate CONF and MEAS com-
mands, you can make current measurements, indirectly, using the HP 44701 A
coupled with any multiplexer accessory with current shunt capabilities (for ex-
ample, the HP 44705A 20 Channel Relay Multiplexer) When making a current
measurement, the voltage across a shunt resistor (installed on a multiplexer acces-
sory) is measured. You then calculate the current using the equation cutrrent =
measured voltage /shunt resistance.

irtegrating Voltmeter
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The following program uses the CONFMEAS command to scan and measure a
2502 shunt resistor installed on channel 0. The CONFMEAS command con-
figures the voltmeter accessory for DC voltage measurements and measures the
channel once. The voltage value is returned to the controller which then calcu-
lates the current in DC amps.

10 OUTPUT 709;"CONFREAS DCV,200,USE 100"
20 ENTER 709; Volts

30 PRINT Volts/250

40 END

To vse the above program to make AC current measurements, substitute the fol-
lowing line;

10 OUTPUT 709;"CONFMEAS ACV,200,USE 100V
Making When using the CONFMEAS command or the separate CONF and MEAS com-

Temperature mands, you can make automatic temperature measurements from thermistors and
Measurements RTDs using the HP 44701 A coupled with any multiplexer accessory.

NOTE

After making thermistor or RTD temperature measirements, the volimeters's cur-
rent sonrce remains connected to the backplane analog bus. If another voltmeter is
used o make resistance or thermistor / RTD measurements in the same mainframe
or extender, both current sources are connected in parallel which causes erroncous
measurements. After using the HP 447014 for backpiane temperature measure-
ments, disconnect the current source from the hackplane by selecting the rear ter-
minals (TERM EXT command ), by changing the measurement function, or by
reserting the HP 447014,

You can also make automatic temperature measurements from thermocouples
using a multiplexer accessory having thermocouple compensation (such as the HP
44708 A 20-Channel Relay Multiplexer/TC). For all types of temperature
measurements, the HP 3852A automatically converts the measured resistance (for
thermistors and RTDs) or voltage (for thermocouples) into a temperature read-
ing. For thermocouple temperature measurements, the HP 3852A also automati-
cally measures the reference temperature at the connector block, and corrects
the temperature reading accordingly.

Using Thermocouples A thermocouple is a junction of two unlike metals that produces a voltage
proportional to the junction temperature. The HP 3852A temperature conver-
sions support B, E, J, K, N14, N28, R, §, and T type thermocouples.

The voltmeter measures the voltage generated by a thermocouple. Wiring junc-
tions on the isothermal connector block, however, also act like thermocouples
and can cause errors in the measurement. When using a multiplexer accessory
that contains thermocouple compensation and when using the CONFMEAS
command or the separate CONF and MEAS commands, the HP 3852A corrects
for junction voltages as follows,

1. The resistance of the thermistor mounted on the

integrating Voitmeter
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Using RTDs

isothermal connector block is measured and the ref erence
temperature is calculated.

2. The thermocouple voltage is measured,

3. The reference temperature is converted to a reference
voltage. Since the compensation depends upon the type of
thermocouple, this allows different types of thermocouples to
be used.

4. The thermocouple voltage measured in step 2 is added to
the voltage computed in step 3.

5. The total voltage from step 4 is converted to a tempera-
ture in Celsius.

The following program uses the CONFMEAS command to measure 20 J-type
thermocouples connected to multiplexer channels through 9. The program
scans and measures the 20 channels once and returns the results (in °C) to the
controller,

10 REAL Temp(19}

20 OUTPUT T709;“CONFMEAS TENPJS,200-219,USE 100"
30 FOR I =0 70 19

40 ENTER 709; Temp{l)

50 PRINT “Ch.";1, Temp(l)

60 NEXT |

70 END

You can also measure the reference temperature separately. The following
program uses the CONFMEAS command to measure the reference temperature
and also the compensated temperature of a B-type thermocouple mounted on
channel 0 (slot 2).

10 OUTPUT 709:"CONFMEAS REFT,200,USE 100"
20 ENTER 709; Reftemp

30 OQUTPUT 709;"CONFMEAS TEMPB,200,USE 100"
40 ENTER 709; Temp

50 PRINT “isothermal Reference Temperature = ";Reftemp
60 PRINT “Compensated Temperature = ";Temp
70 END

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. The HP 3852A resistance-to-temperature
conversions support RTDs with temperature coefficients (&) of 0.00385 QneC
and 0.003916 ©/Q°C and resistance values of 1000 at 0°C.
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The following program uses the CONFMEAS command to scan and measure 10
RTDs (with o = 000385 /Q°C) using the 4-wire function. The multiplexer
must be capable of making 4-wire ohms measurements (such as the HP 447054
20-Channel Relay Multiplexer). The following program scans channels 0 through
9 (the Source channels are determined automatically) and returns the resuits {in
?C) to the controller,

10 REAL Temp(%)

20 OQUTPUT 709;“CONFMEAS RYDF85,200-209, USE 100v
30 FOR I =G TD 9

40 ENTER 709; Temp(l)

SG PRINT "Ch.m;1, Temp(I)

60 NEXT I

70 END

Thermistors can detect small changes in temperature and are used in a pplications
where the temperature extremes are not too high. The HP 3852A resistance-to-
temperature conversions support thermistors with the following resistance values
at 25°C: 22520, 5kQ, and 10kQL '

The following program uses the CONFMEAS command to measure 20 thermis-
tors using the 2-wire ohms function. The program scans and measures channels 0
through [9 once and returns the results (in °C) to the controller.

16 REAL Temp(19)

20 OUTPUT 709;"CONFMEAS THMSK,200-219,USE 100"
30 FOR I =0 70 19

40 ENTER 709; Temp{l)

S0 PRINT “Ch.%;1, Temp(l)

60 MEXT I

70 END

The MONMEAS command causes the HP 44701A to repeatedly measure each
channel in the scan list and is useful for verifying external connections and
debugging your scan routines. It is similar to the MEAS command in that vou
must configure the voltmeter for scanning beforehand (using the CONF com-
mand for example). You then use MONMEAS to specif'y the scan list and step
to the first multiplexer channel in the list. The MONMEAS command causes the
HP 44701 A to repeatedly make measurements on the first channel and send the
results to the display only (in RASC format), When you press the front panel
SADY KEY, an advance is made to the second channel in the list. The HP
44701 A will then repeatedly make measurements on the second channel until you
press the SADY KEY again,

For example, assuming the voltmeter is installed in slot | of the mainframe and a
multiplexer accessory is installed in slot 2, send:

OUTPUT T09;"MONMEAS DCV,200-219,USE 100"

The HP 3852A displays the channel number in its left display and the voltage
measurement in its right display. Now press the front panel’s SADV KEY. The
scanner advances to the next channel, Continue pressing the SADV key and the
scanner increments through the scan list. When it reaches the last channel in the
list it remains there—pressing the SADV KEY no longer causes an advance.



Command Summary

L.ow Level
Commands

ARANGE
AZERO
CHREAD

DELAY

DISABLE INTR

ENABLE INTR
FUNC

ID?

INTR?

NPLC

NRDGS
OCOMP

RANGE

This section summarizes all applicable commands for the HP 4470A. It is com-
posed of two subsections: Low Level Commands, and High Level Commands.,
For an in-depth discussion of each command and its parameters, refer to the
Command Reference Manual.

A low level command performs only one or two simple functions such as chang-
ing the range, enabling autozero, or transferring readings.

Enables or disables the autorange function.
Controls the autozero function,

Transfers one reading from the specified voltmeter channel to the HP-1B output
buffer/display, or to reading memory.,

Designates a time interval that is inserted into the measurement cycle. If you are
making one reading per trigger, the delay is inserted between the trigger event
and the reading. If you are making multiple readings per trigger, the delay is in-
serted between the trigger event and the first reading and between successive
readings.

Prevents the voltmeter from generating an interrupt when a reading becomes
available.

Enables the voltmeter to generate an interrupt when a reading becomes available.

Selects the voltmeter’s measurement function (DCV, ACY etc.) and the measure-
ment range,

Queries the specified slot for the accessory number installed in that slot. The HP
44701 A returns "44701 A"

Returns the last channel number to cause an interrupt. If no channel has caused
an interrupt, -1 (minus 1) is returned.

Specifies the integration time for the Integrating Yoltmeter. Integration time is
the time, measured in power line cycles (PLCs), during which the voltmeter
samples the input signal.

Sets the number of readings made per trigger.

Enables or disables the offset compensated ohms function on the 308} through
30kS} ranges. Offset compensation does not function on the 300k and 3MQ

ranges.

Allows you to select the voltmeter’s measurement range or the autorange mode.
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RESET
TERM
TEST
TRIG
TRG
USE

USE?
XRDGS

High Level
Commands

CONF

CONFMEAS

MEAS
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Resets the voltmeter to its power-on state.

Selects the voltmeter input terminals for making measurements.

Performs the HP 44701 A’s self-test.

Selects the voltmeter’s trigger mode/source.

Selects the trigger source when using the system trigger (TRIG SYS command).

Since more than one voltmeter can be installed in the mainframe or an extender,
the USE command designates which voltmeter will receive the subsequent com-
mand(s), :

Returns the present USE channel address.

Transfers one or more readings from a voltmeter channel,

The high level commands perform a series of functions and, when scanning,
provide additional measurement functions. These additional measurement func-
tions are automatic 2-wire ohms, 4-wire ochms with automatic Source channel
designation, and automatic temperature measurements from RTDs, thermistors,
and thermocouples.

Configures the voltmeter to the specified measurement function (DCV, OHMF,
etc) and selects the preset values for the other functions (autozero, range, etc.).

Configures the voltmeter to the specified measurement function (ACY, DCYV,
etc.) and selects the preset values for the other functions (autozero, range, etc.).
This command also causes the specified multiplexer channel(s) to be scanned,
measured, and the associated data conversions (ohms, temperature) to be per-
formed on the results. The CONFMEAS command also scans and measures un-
specified reference channels when making thermocouple temperature measure-
ments. The CONFMEAS command is equivalent to the CONF command im-
mediately followed by the MEAS command.

Causes the specified multiplexer channels to be scanned and measured; and, if
applicable, the associated data conversions (chms, temperature} to be performed
on the results. The MEAS command also scans and measures unspecified
reference channels when making thermocouple temperature measurements. You
must set the voltmeter’s terminals to BOTH (using the TERM or CONF com-
mand) before sending the MEAS command,

s if the function of the measurement device is compatible with the function
specified in the MEAS command, the present state of the other functions (auto-
zero, range etc.) are not changed. (To set these other functions to their preset
values, execute the CONF command prior to the MEAS command or use the
CONFMEAS command.)

e If the function of the measurement device is nof compatible with the function
specified in the MEAS command, the function is changed and autorange is
selected,



* If the trigger mode of the measurement device is previously set to HOLD or
AUTO,executing the MEAS command changes the trigger mode to SCAN. If the
trigger mode is previously set to SYS, it is not changed by the MEAS command.

MONMEAS  Similar to the MEAS command except the MONMEAS command advances to
the first multiplexer channel in the scan list, repeatedly makes measurements, and
sends the results to the display only (in RASC format). Pressing the SADV KEY
advances to the next channel in the list. You must set the voltmeter’s terminals
to BOTH (using the TERM or CONF command) before sending the MONMEAS

command.
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Chapter 3
13-Bit High-Speed Voltmeter
HP 44702A/B

Introduction

Description

This chapter provides a description, the specifications, configuration information,
and programming instructions for the HP 44702 High-Speed Voltmeter. For in-
formation on the HP 3852A Data Acquisition/Control Unit mainframe and
other accessories, refer to the HP 3852A DA/C Mainframe Configuration and
Programming Manual

Two models of the High-Speed Voltmeter are available: the HP44702A and the
HP 44702B. They differ only in the amount of on-board reading storage
memory. This chapter covers both models and, except where noted, will use only
the numeric portion of the model number to refer to both voltmeters.

Seven sections are included in this chapter,
# Introduction contains an overview of the chapter and describes the voltmeter.
# Specifications lists the performance characteristics of the voltmeter.

¢ Installation and Checkout describes additional reading storage memory, install-
ing the veltmeter GPIO interface, testing the voltmeter, and more,

® Programming the Voltmeter discusses general operation of the voltmeter, and
one of its two primary modes of operation, the Systems Mode.

¢ General Backplane Scanning shows how to use the High Speed Voltmeter in
general scanning operations.

¢ High-Speed Scanning discusses the second primary mode of operation, the
Scanner Mode. High-Speed scanning over the dedicated interface cable is

explained.

¢ Advanced Programming and the GPIO describes advanced features of the
voltmeter and how to use them for greater measurement capability.

Figure 3-1 shows the backpanel of the HP 44702 High-Speed Voltmeter. Note
especially the Voltmeter Input Terminals, the Current Source Terminals, and the
External Trigger BNC Connectors. The chassis terminal connects to earth
ground inside the mainframe or extender. Lift the Release Lever to remove the
voltmeter accessory from the mainframe.

You can use the HP 44702 Voltmeter for high speed DC voltage or current (with
external shunt resistor) measurements, or 2 and 4-wire chms measurements using
the built-in current source. Resolution is 13 bits (12 bits plus sign bit). The
voltmeter can autorange static signals at up to 100,000 readings per second.
Successive Approximation is used in the analog-to-digital conversion.

Each High-Speed Voltmeter uses two slots in a frame (all other accessories use
only one slot).

13-Bit High-Speed Voltmeter
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Modes of
Operation

Tlgure 3-1. HP 44702A/B Back Panael

Analog nput s via the rear panel terminals, any multiplexer accessory through
the mainframe’s (or extender’s) analog backplane bus or via a dedicated high
speed interface cable connecting up to six (eight in an extender) FET multiplexer
accessories {either HP 447114 44712A or 44713A).

Readings can be stored in main{rame memory, in the voltmeter on-board reading
storage memory buffer, or sent to the GPIO port sending measurements directly

to the system computer. Cver eight thousand readings can be stored in the stan-

dard voltmeter buffer {HP 44702A} or more than 64 thousand readings with en-

hanced memory (HP 444702B).* When readings are stored in the on-board buff-
er, multiple High Speed Voltmeters can be triggered simultaneously,

The High-Speed Voltmeter has balanced inputs. This means that each input has
an equal impedance to ground so that a common mode noise signal is seen equal-
Iy by both high and low inputs. Since the voltmeter measures only the dif-
ference voltage between high and low, this provides good common mode noise
rejection

Two modes of operation are available with the High-Speed Voltmeter: Systems
Mode and Scan Mode, In the Systems Mode, the High-Speed Voltmeter operates
similar to the HP 44701 A Integrating VYoltmeter and can be used for general
voltage measurements and general backpiane scanning. In the Scanner Mode, the
High-Speed Voltmeter can do high speed {(up to 100,000) readings per second)
scan measurements independent of other mainframe operations. This is
accomplished by the voltmeter directly controlling FET multiplexer accessories
through a dedicated high speed interface cable,

*The HP 44703C High-Speed Voltmeter Extender Memory Card may be added to the HP 44702A voltmeter
to extend its reading memory to 64k readings. See the Installation and Checkout section in this chapter.

13-Bit High-Speed Voltmeter

3-2



Applications

Typical applications for the High-Speed Voltmeter include shock and vibration
analysis and high speed multiplexing Programming the voltmeter to digitize ac-
celerometer impulses is one example of shock/vibration analysis. Seismic echo
analysis is another example.

CAUTION

The voltmeter's analog input is protected to £ 12 voits peak. between any of the in-
put terminals (H1, LO, CHASSIS). With the relay 1o backplane open (TERM sct
to EXT) the input is protected to 42 volts peak. Do not exceed this voltage - the
HP 4470 will be damaged.

The maximum compliance voltage for the ohms current source is £10.24 volts. Do
not exceed this voltage — the HP 447024 /B will be damaged.

WARNING

The mainframe and extender internal analog busses interconnect the multiplexer
and voltmeter accessories (o form one circuit. To protect against possible personal
injury due to equipment falure or programming error, limitations are placed on
the potentials that can appear berween any two points on the circuit (or between the
cireuit and chassis). These limitations are listed below for the mainframe, extend-
ers, and all plug-in accessories. For any given set of accessories installed in the
mainframe or extender, the maximum porential between any two points is deter-
mined by the accessory with the LOWEST peak voltage fimitation, as follows:

Maximum ai{lowable

Instrument/Accessory Peak Voltage
RP 3852AA Mainframe 350v
HP 3853A Extender 350v
KP 44701A Integrating Voltmeter 300V
HP &44702A/B High-Speed Yoltmeter 42y
20-Channel Relay Multiplexers 170v
60-Channel Relay Multiplexers 4L2v
ALl FET Multiplexers (¥4}

If the analog extender cable is NOT connected between the mainframe and the ¢x-
tender(s), the mainframe and extender(s) are each considered as a separate circiit.

Consider wiring all high voltages together on one frame with one voltmeter and
all low voltages together on another frame with a second voltmeter. Do not con-
nect the frames together with the analog bus. If high and low voltages must be
mixed on one frame, keep the high voltages together in sequence and the low
voltages together in sequence. Use a "dummy" channe! between the high and low
voltages to allow the internal capacitance to discharge.

13-Bit High-Speed Voltmeter
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Successive
Approximation

Successive approximation is 4 method of digitally approximating an analog volt
age. Figure 3-2 shows a simplified twelve-bit successive approximation converte:
The illustration does not show that negative voltages are inverted and measured
as positive voltages

Figure 3-2. Successive Approximation Example

The control logic closes each of the twelve bits in the D/A, one at a time, start-
ing with the MSB. As each switch is closed , the comparator gives an output in-
dicating whether ithe input signal is greater or smaller in amplitude than the D/A
If the D/A amplitude is greater than the input signal, the switch is opened,
otherwise, the switch remains closed. The control logic does this the next most
significant bit, then the next, and 50 on. After all twelve bits of the D/A have
been tried, the conversion is complete. If all twelve bits in the D/A converter
are set, the volimeter considers the reading to be an overload and therefore
invalid.

For example, we want to measure & voltage source of 5132 volts. Assuming a
scaling factor of ten, the comparate: input voltage is 5132 volts. Also assume a
reference voltage of one volt. After the conversion cycie is complete, the D/A
switches are set:

MSB LSB
10000011 C¢110

With this resolution of twelve bits, the control logic adds the partial V af values
for the switches that remain closed t¢ approximate the voltage input. The MSB
nas a value of 0.500. Respectively, the remaining "set" bits have values of 0.0078,
0.0039, 0.001, and 0.0005. These add 1:p to 05132, Control logic shifts the
decimal point and displays a measurement of 5132 volts,

For specific information on the operation for the High-Speed Voltmeter, refer to
the HP 3852A Service Manual

13-Bit High-Speed Voltmeter
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Specifications

Table 3-1 lists the specifications for the HP 44702 High-Speed Voltmeter. The
specifications are the performance standards or limits against which the
voltmeter is tested. Included in the table are supplemental characteristics of the
voltmeter and should be considersd as additional and general information.
Because of the many operational capabitities of the voltmeter, exercise care
when performance testing the voltmeter’s specifications

Any changes in the specifications due to manufacturing changes, design, or
traceability to the Nationa! Bureau of Standards will be covered in a manual
change supplement.

Table 3-1. HY 44702 Specifications
To meet specifications over the entire operating temperature range, allow | hour
for warm-up.

Yoltage Measurements:

Voltmeter Ranges/Resolution

Resolution/
Range Maximum Display Sensitivity Max. Input Voltage())

40.0 mV 1406.00 9.77 uv
0.32 ¥ £320.0 78.1 uv
2.56 Vv +2.560 625.0 uv 110.4 V peak
10.24 v +10,24 2.5 mVv

(1) protected tc k2 v peak. With reley to backplsne open, protected to %42
V¥ peak.

Yoltmeter Accuracy
% {%of reading + number of counts)
18-28 °C, R.H. <85%, Auto Zero on

90 Days
Range % of Readings Number of counts {volts)
40 mV 0.05 4 (39 uv)
0.32V 0.05 2 (156 uv)
2.56 V 0.05 2 ¢(1.25 nV)
10.24 Vv 0.05 2 {5.00 V)
1 Year

Add 0.05% of reading to 390 day accuracles

13-Bit High-Speed Yoltmeter
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Temperature Coefficlents (0-55°C)

Add as an additional error if ocutside of 18-28°C
% (% of reading + number of counts)/°C

Range % of Reading Number of counts (volts)

40 oV 0.004 0.05 (0.488 uv)

0.32 v 0.002 0.05 (3.91 uv)

2.5 ¥ 0.002 0.05 (31.3 uv)

10.24 ¥ 0.002 0.05 (125 uv)
Autoranging

The High Speed voltmeter can autorange at full speed of 100,000 readings per
second for scanned static signals. Proper autoranging is not guaranteed if the
signal changes at >6 volts/sec.

Bandwidth

Ryource = 50 ohms

Range
40 mV 0.32, 2.56,
10.24 volt
0.1% Flatness 10 kHz 15 kHz
1.0% Flatness 43 kHz 55 kHz
-3dB Bandwidth 250 kHz 400 khz

Settling Time (using HP 44702A and 24 Channel FET multiplexer with ribbon
cable scan)
Ryource = 50 ohms

To 0.1% of full scale of
destination range(2)

Range
(1)
step stze ° Ol} 2En358°° 10.24  2.56  320mv 40wy
$10.24 V <10us <10uS  <30uS  <100uS <ImS
+2.56 <10us <10uS  <10uS  <20uS  <120mS
1320 mv <10us <10us <l0us <lous <20us
+ 40 mV <10us <10uS  <10uS  <l0uS  <10uS

(110 within 0.1% of step size for all ranges (fixed or autorange).

(2314 within 0.1X of full scale of destination range (& counts).
Destination range may be determined by the scan list or by the result
of an auto range.

13-Bit High-Speed Voitmeter



Pacer
Range: 10US to 17 minutes
Accuracy: (0.01% of setting +3.25 uS)
Resolution: 0.25 us
Input/Isolation Resistance

High to Low, Low to Guard, Guard to chassis {25°C at 85% RH
or 40°C at 60% RH)>10* 1

Input Capacitance
At 1 MHz, all inputs (backplane, ribbon cable or banana jacks)

Hi to Low: < [0Qpf
Hi to Low to chassis < 200pf

Bias Currents
Currents sourced by high or low, through the voltmeter to chassis. These cur-
rents may affect accuracy for source impedances >1k{L A current bias path

(<100k€}) to chassis must be provided to insure proper operation.

¥YM inputs at 0 volts with respect to chassis

RH <B85% @ 28°C or

<60% @ 40°C
Voltmeter Inputs
(backplane, ribbon cable, or rear panel) 0-28°C 0-55°¢
Input Closed T 1.4 nA * 18 nA
Input Open 1.2 nA t 13 nA

Effective Common Mode Rejection

ECMR = effective common mode rejection
(To voltmeter rear panel, 100 2 unbalance in low lead, DC to 60 Hz)
RH < 85% @ 28°C or <60% @ 40°C

DC to 60Hz Max CMR
Range ECMR {dB) Voltsg
40 mV 90
320 mV 80 $10.24
2.56 Vv 70
10.24 ¥ 7¢

13-Bit High-Speed Voltmeter
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Resistance Measurements

Resistance Accuracy
90 days, 23°C £ 5°C, RH <85%
% % of reading + counts

Resistance Function

(current source)(!? % of Reading Range Number of
Counts (ohms)
10 kK (1 mA) 0.07 40 4 (39.1m02)
320 0 2 (156 mf))
2.56 k¥ 2 (1.25 mi2)
10.24 kO 2 (5.0 m)
100 k2 (100 wA) 0.07 400 Q 4 (391mQY)
3.2 kO 2 (1.56 )
25.6 kN 2 (12.5 D
102.4 k0 2 (50.0 D
1 MO (10 uA) 0.07 4 kQ 4 (3.91
32 K 2 (15.6
256 k) 2 (125 )
1.024 MQ 2 (500 O

(1) gompliance: T 10.24 v
Output Resistance: >10%

Current Source Accuracy: 2X of full range

Temperature coefficlent(??
(All three resistance functions)
1(% of reading + number of counts)/°C

Range

1 (low) 0.005 + 0.05
2 0.003 + 0.05
3 0.003 + 0.05
4 (high) 0.002 + 0.05

(1" Add this error for temperstures outside of 18 - 28°c.

1 Year Accuracy:

add 0.03% to all ranges

13-Bit High-Speed Yoltmeter
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Installation and Checkout

Reading
Storage
Memory

Installin

the Dedicate
Interface
Cable

Warnings
and
Cautions

A\,
A\,
&3
A

4

This section discusses installation and initial testing of the HP 44702 High-Speed
Voltmeter. Actual installation procedures for the voltmeter may be found in
Chapter 3 of the HP 38524 [DA/C Mainframe Configuration and Programming
Manual

The HP 44702 A voltmeter comes with a standard 8k (actually 8,192) reading
storage memory. The HF 447028 comes with an additional 56k reading storage
memory, for a total of 64k (actually 65.536), installed and tested at the factory.
If you purchased the 1P 44702A with its 8k memory and would like to upgrade
it to 64k memory, contact your local HP sales office and purchase the HP
44703C High-Speed Volimeter Extended Memory Card. An Installation Note ac-
companies the kit to show oualified, service-trained technicians how to install it.

Instructions for installing the dedicated high speed interface cable between the
HP 44702 voltmeter and either the HP 44711A, 44712A, or 44713A High-Speed
FET Mutltiplexers are found in Chapter 3 of the HP 3852A DA/C Mainframe
Configuration and Programming Manval, This cable is necessary only if you in-
tend to do high speed scanuing with the FET multiplexer accessories. For
general backplane scanning, other than high speed, with the FET multiplexer ac-
cessories, the dedicated interface cable must be disconnected from the
High-Speed Voltmeter and connected to the cable connector on the FET acces-
sOries.

iwo Wainings and two Cautions appear on the High-Speed Voltmeter’s case.
These are indicated by the symboiA followed by a numeric subscript. In the
order of the numeric subscript, these warnings are described below. For more
complete information refer to the HP 3852A Mainframe Configuration and
Programming Banual

This Warning reminds you that even when the High-Speed Voltmeter is removed
from the mainframe or extender frame, hazardous voltages may still be present
on the external wiring to the voltmeter backpanetl.

This Warning is found on the metal cover of the voltmeter. It warns you that
hazardous voltages may can still be present on the voltmeter terminals if instru-
ment power and external field wiring are not removed.

This Caution refers to the fact that when a specific number of voltmeter or
other accessories are installed in the same frame (mainframe or extender), they
place an excessive drain on the frame’s power supply. Refer to Chapter 3 in the
HP 3852A Mainframe Configuration and Programming Manual for information
on how many voltmeters and other accessories may be installed in a frame.

This Caution is found on the rear pase! of the High-Speed Voltmeter and on the
high speed FET multiplexer accessories It reminds you that before removing
either accessory, ensure that the dedicated interface cable is disconnected.

13-Bit High-Speed Voltmeter
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The GPIO
Interface

GPIO Connector

Controller
Interface

Figure 3-3 shows the GPIO interface pinout used by the HP 44702 voltmeter.
The GPIO Interface is a flexible parallel interface that sends or receives 16 bits
of data per transfer.

Figure 3-3. GP1O Connector

The GPIO connector on the back of the voltmeter is a standard 50 pin female
connector. Attach the male end of the cable from your system controller’s inter-
face. Make sure it is firmly seated before tightening the screws.

Your system controller’s GPIO interface must be configured with a Full-Mode
Handshake and positive true Logic Sense. Figure 3-4 is a timing diagram showing
the Full-Mode Handshake required by the HP 44702 High-Speed Voltmeter.
Notice that the voltmeter’s data transfer out requires the BSY clock source.
Table 3-2 shows the logic sense of the GPIO peripheral control lines.

Table 3-2. Peripheral Control Lines

Dout bin Handshake PSTS PFLG PCTL
Highs1 High=1 Full Low =0K Low =BSY Low =SET
Low =0 tow =0 Righ=0K- High=zRDY High=CLR

13-Bit High-Speed Yoltmeter
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Figure 3-4. Full-Mode Handshake Timing Diagrams

HP Series 200  Figure 3-5 shows how to set the Data-In Clock Source and Option Select switches
GPIO Controller % the HP 98622A GPIO Interface for an HP Series 200 controlier.

Figure 3-5. Switch Settings for HP98622A GPIO Interface

13-Bit High-Speed Voltmeter
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External
Trigger

Initial
Checkout

ID?

Resetting the
HP 44702

Two External Trigger BNC connectors on the voltmeter backpanel provide «
method of synchronizing the voltmeier to external activities or devices. Both in-
puts are TTL compatible and may be actuated by a simple switch closure (intes-
nal pull-up resistors are provided). The "0" (left hand) BNC connector can out-
put a trigger pulse for simultaneous aperation of up to five other High Speed
Voltmeters. Refer to the programming section under triggering for more infos
mation.

Once the voltmeter accessory has been instalied, check for proper installation by
executing the ID? command. Remember that the High-Speed Voltmeter takes
up two slots in the mainframe or extender. Always address the volimerer by the
lowest slor. That is, if the voltmeter s installed in slots 6 and 7, use slot 6 as the
voltmeter address.

The following four line program verifies whether the voltmeter is correctly in-
stalled in the mainframe. In this example, the voltmeter is installed in slots 6 and
7. If you have instailed your voltmeter in different slots, lines 100 and 120 must
be corrected appropriately.

100 OUTPUT T09; *iD? 0600% 1 CHECKS JD IN MAINFRAME SLOT &00
110 ENTER 709; ident%

120 PRINT “ACCESSORY IN SLOT & =%;ldent$ | PRINT ACCESSORY 1D
130 END

The command ™57 600" ~an also be entered from the mainframe front panel

if the voltmeter has been correctly installed in slots 6 and 7 of the mainframe,
the message "ACCESSORY IN SLOT 6 = 447028" will be displayed on the system con-
troller. If the HP44702B voltmeter (64k memory) is installed, the message would
read "ACCESSORY 1IN SLOT & = 447028"

Addressing an empty accessory will return a value of "000080" to the controller,

Many times during operation, you may wish to return to the power-on state.
The reason may be an error in entering commands, you want to return the
voltmeter to its default values before proceeding to the next program segment,
or you simply don’t know what state the voltmeter is in and you want to reset it
to a known state. The reset function returns the High-Speed Voltmeter to its
power-on state without cycling power. Any readings in the internal reading
storage memeory will be lost after a reset.

To reset the voltmeter, send:

QUTPUT 709; “RESET 0500"

or
QUTPUT 709; *RSYT 0600%

The High-Speed Voltmeter performs a thorough self-test when reset. The results
of this test are saved and returned as part of the confirmation test. Therefore, if
you want to have a complete and up-to-date test, and if you don’t mind loosing
the state of the voltmeter, reset the voltmeter before performing the
confirmation test.

13-81t High-Speed Voltmeter
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Voltmeter The Voltmeter Test ensures that the High-Speed Voltmeter is operating properly
Test  but resets the voltmeter to its power-on state. The checksum on the non-volatile
memory is also tested to ensure that calibration constants are valid.

NOTE

Passing the voltmeter Test does not guarantee that the volimeter is properly
calibrared. It means only that the calibration constants are within an acceptable
range. It is possible to calibrate the voltmeter to an inaccurate standard.,

Execute the following line for the test. When the voltmeter passes its self test
and if no other errors are recorded in the error register, the message “SeLF TEST
ok" is displayed on the mainframe front panel. If the test fails, the message »seLs
TEST FAILED" results,

QUTPUT T7O¥;"TEST 0500

Results of the test are stored in the error register. When the test passes, a "0" is
stored in the error register. The following four line program executes the con-
firmation test from the system controller.

180 OUTPUT 709; "“TEST 0&00; ERR?™

110 ENTER 709; Testr

120 PRINT “VOLTMETER TEST RESULTS: ";Testr
130 END

13-Bit High-Speed Volimeter
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Programming the High-Speed Voltmeter — i

Power-on
Conditions

General
Voltmeter
Operation

The remainder of this chapier contains step-by-step procedures that teach you
how to operate and program your HP 44702 High Speed Voltmeter. It is divided
into four major sections. The first section discusses general operation of the
voltmeter. This includes the measurement functions of the voltmeter, ranging,
trigger control, interrupts, and more. The second section discusses general pur-
pose scanning in the System Mode of operation. High speed scanning with the
voltmeter in the System Mode is covered in the third section. This third section
includes scanning with the FET multiplexers. Finailly, the fourth section discusses
advanced programming and operation with the GPI0 interface.

Table 3-3 shows the power-on voltimeter conditions

Tabie 3-3. Power-on Conditions

Yoltmeter Signal Buffer Reading frigger
Functien wKanging Scurze Type ODestinatlion Source KMode

DC Voltage Autorange Beckpanel FIFOQ Mairiframe Hold/Int System
Terminals

Fach of these power-on conditions will be discussed in this section of the chap-
ter. The Command Reference Manual shows the power-on condition for each

voltmeter function and the default parameters selected when programming the
voltmeter.

To asssure that the voltmeter specifications over its entire operating range, allow
a minimum of ! hour for warm-up.

When the frame (either mainframe or extender) is turned-on, and power applied
to the High-Speed Voltmeter; the voiimeter wakes up in its Systems Mode. In
this mode, the High-Speed Volimeter can be used for general voltage and resis-
tance measurements and backplane scanring. For more detailed information,
refer to the Command Reference Manual

This section gives programmiag and operation basics. All of the examples in this
chapter are given in an enhanced BASIC programming language such as the HP
Series 200 or Series 80 use.

At least six tasks must be perivrmed in making a measurement. In sequential or-
der they are:

¢ Select the voltmeter.

* Select the voltmeter mode

» Seiect the measurement source,

13-Bit High-Speed Voitmeter
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Selecting the
Voltmeter

# Select the measurement function and range.
# Select the type of triggering and trigger the voltmeter.

¢ Read the measurement.

Each of these tasks will be discussed in detail giving an example of each one.
These will be followed by several complete measurement examples. For most of
these tasks you can use the default or power-on conditions. For others you must
specif'y the action.

in addition to these seven main tasks, you also have other settings that you can
select from. For example, you can select the reading destination, interrupts, and
select the data format.

Since multiple voltmeters may reside in the mainframe and/or extenders, you
must specify which voltmeter you are sending commands to. The USE com-
mand specifies the particular voltmeter that is being programmed and has the
format:

USE slot

Specify the slot number where the voltmeter resides. The slot number is a four
digit number in the form ES00, where E is the extender number {0 for the
mainframe) and S is the slot number.

At power-on, the HP 3852A mainframe searches for the lowest numbered slot
that contains a voltmeter, counter, or digital input accessory. Commands for
these accessories require a USE s/or destination. The mainframe saves that slot
number for use with any command that reguires direction to a particular slot.
This USE slor number remains active until it is updated by the USE sfor com-
mand or the mainframe is reset,

The USE command may be sent as a stand-alone command or specified as a pa-
rameter with most other commands. USE sent as a parameter of another com-
mand is valid only for that command.
For example, to send the USE command separately, send:

OUTPUT 709; “USE 0600% t YOLTMETER IN SLOTS 6,7 OF MAINFRAME
To send USE as a parameter of the FUNC command:

OUTPUT 709; “FUNC DLV, AUTO, USE 0600
All examples in this chapter assume the HP 44702 High-Speed Voltmeter is instal-

led in slots 6 and 7 of the mainframe. Therefore, the voltmeter will always be
addressed in slot 6.

13-Bit High-Speed Voltmeter
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Selecting the

Voltmeter
Mode

Selecting the
Measurement

Measurement

Source

Functions

Your HP 44702 Righ-Speed Voltmater has two modes of operation, i tive first
mode, called the System Mode, the HP 38524 mainframe controls all multiplexer
accessories and the High-Speed Yolimeter acts very similar to the HP 447C1A
Integrating Yoltmeter. The System Mode is the power-on mode for the
High-Speed Voltmeter, A/ the examples in this chapler, prior to the secrion on
High-Speed Scanning, must have the voltmeter in Systermn Mode.

The second mode, called the Scannsr Mode, allows the High-Speed YVoltmeter to
act independently of the HP 3852A mainframe. In this mode, the voltmeter can
directly control up to 8 high speed FET multiplexer accessories through s dedi-
cated interface cable. This mode will be discussed in the high speed scanning
section of this chapter.

The SCANMODE command seis the volitmeter mode. Sending SCANMODE ON
sets the voltmeter to the Scanner Mode. Send SCANMODE OFF to set the
voltmeter to the System Mode. %end the following command to ensure the
voltmeter is in the System Mode for the examples in this chapter.

QUTPUT 709; YSCAMMODE GFF®

NOTE

Changing the SCANMODE sctting completely resets the voltmeter. Al voltmeter
configuration should be done after setiing the SCANMODE.

The HP 44702 voitmeter can make measurements from four different sources.
The four sources are: the volimeter’s backpane! terminals (EXT), a muitiplexer
accessory connected to the mainframe’s internat backplane analog bus (INT), the
dedicated high speed interface cable connected to the FET multiplexer acces-
sories (RIBBON), and an internal zero volt input {OFF). The RIBBON destina-
tion is valid in the Scanner Mode only. Refer to the TERM command in the
Command Reference manual

To specif'y the voltmeter’s backpansl terminals as the measurement terminals,
send:

QUTPUT 709, STERM EXNT, USE 0600%

To make measurements from a muliiplexer asccessory via the frame’s backplane,
set the TERM to INT. Uzse the CLOSE command to close the multiplexer acces-
sory’s channel

OUTPUT T7O9; “TERM [dT, USE 0600%

Your High-Speed Voltmeter has four nieasurement functions that can be
programmed from the mainframe or from the system controller. These four
functions are DC volts, four-wire resistance to 10k ohms, four-wire resistance to
100k ohms, and four-wire resistance to 1M ohms. Use the voltmeter FUNC
command to program the measurement function. For example, to program the

13.Blit High-Speed Voltmeter
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DC Voltages

voltmeter to measure DC voltages, send:

OUTPUT T09; “FUNC DCV™

or
OUTPUT 709; “FUNC DCV, USE 0600™ | VOLTMETER IN MAINFRAME SLOT 6

For more information on the FUNC command, refer to the Command
Reference Manual

Your High-Speed Voltmeter can measure DC voltages in four ranges: 40mY (sen-
sitivity 9.77UV), 320 mV (sensitivity 78.1uV), 2.56 Volts (sensitivity 625UV), and
10.24 volts (sensitivity 2.5 mV). Both positive and negative voitages may be
measured.

You can add a parameter to the measurement function command (FUNC) and
specify the maximum voltage to be measured. The voltmeter will automatically
select the appropriate range for the measurements. Specifying AUTO will allow
the voltmeter to autorange for each measurement without a reduction in
measurement speed. See the section on ranging the voltmeter.

For example:
QUTPUT 709; “FUNC DCV, 1.5, USE 0600%

specifies the DC voltage function, a maximum voltage to be measured of 1.5
volts (selects the 2.56 volt range) and the voltmeter in slot 6.

CAUTION

The voltmeter input is protected to 12 volts peak. Do not, under any circumstances.
apply more than 12 volts DC peak to the volimeter. Damage to the voltmeter may
occur.

NOTE

After using a voltmeter to make measurements through a multiplexer accessory, the
volimeters's input terminals remain connected to the backplane analog hus. When
another voltmeter is used to make measurements in the same mainframe or ¢xtend-
er, the input terminals of both voltmeters are connected in parallel which lowers the
ef fective input impedance of each. To prevent this, disconnect the unused
voltmeter’s input terminals from the backplane by selecting its rear terminals
(TERM EXT command ) or by resetting the voltmeter.

Figure 3-6 illustrates the connections to the rear panel terminals for DC voltage
measurements.

13-Bit High-Speed Voltmeter
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DC Current

Resistance
Measurements

Figure 3-6. DC Voltage Connections

An appropriate shunt resistor, located externa! to the voltmeter, allows the
voltmeter to measure DC current. The shunt may be mounted on one of the
relay multiplexer accessories. The voltage drop across the resistor is measured
and divided by the value of the resistor. This yields the value of the current
through the resistor.

The voltmeter has three 4-wire resistance measurement functions. These resis-
tance functions allow you to measure resistance in three broad ranges.
OHMFI0K measures resistances up to 10 kohms with a source current of 1 mA.
The OHMF 100K function measures resistances up to 100 kohms with a source
current of 100 LA, Finally, the OCHMFIM function measures resistances up to 1
Mohm with a source current of 10 UA. The relay and FET multiplexer acces-
sories automatically switch the High-Speed Voltmeter’s internal current source
from the mainframe or extender's backplane to the resistance measured.

CAUTION

After performing resistance measurement backplane scanning operations, the
voltmeter's current source remains connecied 1o the backplane current bus. If
another voltmeter is used to make backplane resistance measurements, the current
sources will be connected in parallel yielding erroneous measurements. A fter using
the High-Speed voltmeter for backplcne resistance measurements, either set the
voltmeter's TERM (o external, set the voltmeter's function to DCV or reset the
voltmeter.

13-Bit High-Speed Voitmeter
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NOTE

For 4-Wire resistance measuremenis, eackh rudiiplexer accessory chanvnel spectficd
in a channel list identifies an independent 4-Wire ohms measurement. The channe!
number specified must indicate the voltage “sense” input channel on Bank A. The
respective current “source” channel on Bank B will close aitomatically for each
multiplexer accessory. For more information, refer fo the individual multiplexer
accessory manuals.

For example, to set the voltmeter to the OHMF100k function, send:
OUTPUT 709; WFUWC OHMFIOOK, USE 060G

Within each measurement function you may specify one of four measurement
ranges (see the FUNC and RANGE commands) by specifying the maximum
resistance to be measured within that function. You may also specify AUTO for
autoranging within the function. For example:

OUTPUT 709; MFUNC OMNFI00K, SE3" 1§ SELELTS 25.6 K{) RANGE
or

QUTPUT 709; “FUNC OHMFIOUK, AUTOY { SELECTS AUTORANGING

Figure 3-7 illustrates the rear panel terminal connections for making 2- and 4-
wire resistance measurements.

Figure 3-7. Re:istance Measurement Connections

13-Bit High-Speed Voltmeter
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Ranging the
Voltmeter

NOTE

The “on” resistance of he FET swiiches is 25k82 to 3.6kQ) per FET switch. This
resistance must be accounted for when using the FET multiplexer accessories for
resistance measuremenis, The Z-wire ohms measurcments do not remove the "on”
resistance of the FET switches. The 4-wire ohms micasurements do remove the "on”
resistance of the FET switches.

You can specify the measurement range of the voltmeter either as a parameter
of the FUNC command or separately with the RANGE command. You specify
the range as the input signal’s maximum expected amplitude {or the maximum
resistance for ohms measurements), The HP 44702 voltmeter then chooses the
cofrect range for the measurement. for example, if you are measuring DC vol-
tages with a maximum input of 5.5 volts, send either

QUTPUT 709; “FUNC piy, 5.5
or
OUTPUT 709; “RANGE %5+

Overload Indication. Input voltages in excess of the measurement range gives a
value of 1€+38. This will result with common mode voltages in excess of 105V
from chassis.

You may also specifs AUTO as the range parameter and the voltmeter will auto-
range all measuremsenis with no measurement speed penalty. In the autorange
mode, the voltmeter selects the most sensitive range where the input (either volt-
age or resistance) is less than 90% of the full scale,

With high speed scanning (Scanner Mode), autorange has a small amount of set-
tling time delay when switching {from a high range to a lower range. Therefore,
all large value voltages should be connected in sequence and all lower voltages
should be connected in sequence. You may want to include a "dummy” channel
between the higher voitages and the lower voitages to give the adequate time for
the voltmeter to settle on the lower range

If the voltmeter is in Scanner Mixde and the terminals selected are RIBBON (for
high speed scanning with the FET muitiplexers), and if autorange is enabled, then
the ARMODE command lets you select when the autoranging will occur. If you
select AFTER (power-on condition), then autoranging takes place after the
measurement trigger is received. Although this mode does not inject any delay
or jitter, if a significant amount of time passes between measurements, the auto-
range may be premature. AFTER is used when the signal measured are static
(thermocouple voltages, resistances, etc.). ARMODE may be used in either
voltmeter mode, but it is most useful in the Scanner Mode.

If you select BEFORE, then autoranging is done as soon as the channel is advan-
ced and prior to the measurement trigger. Note that this injects a 9.75 uS
measurement delay with 87nS jitter. BEFORE should only be used when digitiz-
ing dynamic signals (AC voltages, etc),

For example, to set ARMODE tc AFTER, send,

13-Bit High-Speed Voltmeter
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Zeroing the
Voitmeter Input

Triggbering the

oltmeter

QUTPUT 709; ™“ARMODE AFTER, USE 0600"

The AZERO ONCE command insures that any offset errors internal to the
voltmeter are nulled from subsequent readings. The voltmeter zero's only when
you instruct it to. Therefore, for highest accuracy especially on lower ranges, you
should execute AZERQ ONCE just prior to each group of measurements. This is
done by sending:

QUTPUT 709; "AZEROC ONCE, USE 0600"

Triggering is the function that carefully controls the timing of measurement
samples. The High-Speed Voltmeter derives its triggering capabilities from its
eight trigger sources and three trigger functions. The three trigger functions are
called Measure, Scan, and Stop.

Before discussing these three functions let’s first look at a typical triggering
scheme. Figure 3-8 illustrates the timing relationships with the three trigger func-
tions. Notice that the Scan Trigger initiates the triggering sequence. Each in-
dividual measurement is initiated by a Measurement Trigger. The Stop Trigger
disables the next scan trigger and halts the voltmeter operation as soon as the
current scan is compiete. A scan may be only one measurement, several
measurements on one input or channel, or a group of measurements made on
different multiplexer channels.

Figure 3-8. Trigger Control

In this diagram, s denotes the "Scan Pacer” period — that is, the time interval be-
tween Scan Triggers. The Scan Delay, td, is the programmable time delay from
the Scan Trigger to the first measurement in each scan. The time period be-
tween Measurement Triggers, called the Measure Pacer period, is denoted by rm.

13-Bit High-Speed Voltmeter
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Scan and
Measure
Triggering

Stop
Trigger

Trigger
Sources

The Scan Trigger enables the High-Speed Voltmeter for a single pass through the
specified measurements. Remember, the specified measurements may be one
measurement from a specified source, several measurements from one source, or
several measurements from several sources. The successive recurrence of the
Scan Trigger determines the rate at which scans are initiated. No measurement is
directly related to the occurrence of the Scan Trigger. Instead, the Scan Trigger
only enables the Measure Trigger to initiate measurements and cause passage
through the specified Scan List.

The successive recurrence of the Measure Trigger determines the rate at which
the measurements are made. After the scan is complete, the Measurement
Trigger is disabled until a new Scan Trigger is received.

NOTE

In the voltmeter System Mode, you have control over the Scan trigger only. The
Measure and Stop triggers are controlled by the mainframe.

A Scan or Measurement Trigger that recurs before its function is complete is ig-
nored. It is up to you to decide whether missed triggers are significant to your
application.

The Stop trigger function disables the Scan Trigger. The measurement operation
will subsequently terminate at the end of the current scan. No more Scan
Triggers, and hence no more Measurement Triggers, will be accepted. After the
Stop trigger occurs, the mainframe or GPIO controller may be flagged (see
Interrupts later in this section). This allows measurements to continue until ter-
minated by an external event.

Associated with the Stop Trigger is the ability to specify how many scans must
be completed before the Stop Trigger is accepted and the ability to specify how
many scans will be completed after the Stop Trigger is accepted. These will be
discussed later under Scanning

The High-Speed Voltmeter has eight trigger sources. Some of these trigger sour-
ces have a user-definable slope (positive or negative). Trigger sources with fixed
slopes are automatically generated internally when the source is selected. Table
34 lists the Trigger Sources for the three Trigger Functions and indicates the
whether or not the slopes are user defined. For additional information, refer to
the TRIG command in the Command Reference Manual

13-Bit High-Speed Voltmeter
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Table 3-4. Trigger Sources

Trigger Functions

Trigger Trigger
Source Slope* Stap Trigger Scen Trigger Meas Trigger
EXTO v Backpanel 0 Backpanel 0 Backpanet O
EXTT U gackpanel 1 Backpanel 1 Backpanel 1
SYS fF 8ackplane Trig Backplane Trig Backplane Trig
SCAN F Closing Glosing Closing

GP1O 1 GPIO Trigger GP1O Trigger GP1O Trigger
MEAS u Threshold Threshold off

SGL/HOLD F Soft Halt Soft Scan** Soft Meas
INY F Scan End** Scan Pacer Mess Pacert*

* U means user definable slope, F means fixed slope.
** Default sources for the specified tigger function.

EXTO and EXT1 use the BNC connectors on the High-Speed voltmeter’s
backpanel. They refer to BNC 0 and BNC ! respectively. These trigger inputs
are TTL compatible and may be actuated with a switch closure to ground. BNC
0 can also output a trigger pulse. See the TRIGOUT command for more
information,

SYS trigger refers to a system trigger such as the HP-IB Group Execute Trigger
command. Refer to the mainframe TRG command for more information.
Backplane Trigger simply implies that the triggering information is controlted by
the mainframe,

The SCAN trigger source is a signal on the mainframe’s (or extender’s) backplane
that indicates when a relay or FET channel has closed. Hence the function is
named CLOSING. This is the normal trigger source when the mainframe is con-
trolling scanning operations. The voltmeter may be in either System or Scanner
mode.

The GPIO controller can also trigger the voltmeter as one of the control signals.
It can also be generated externally. This will be discussed in more detail later in
this chapter.

The THRESHOLD trigger function, for the MEAS trigger source, is generated by
the analog portion of the voltmeter when the signal input crosses a predeter-
mined value (see the PERC command) in a predetermined direction (see the
SLOPE command). Note that this is truly edge triggering and not simply level
triggering. This is valid in either System or Scanner mode.

The SGL/HOLD trigger source takes the number of reading specified by
NRDGS. The Trigger impulse may come from either the HP-IB controller or the
HP 3852A mainframe front panel

INT trigger is effectively an automatic SGL trigger. When one measurement has
been made, the voltmeter will sit idle until the measurement is read. The
voltmeter wiil then trigger again and wait until the measurement is read.

13-Bit High-Speed Voltmeter
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Soft Halt, Soft Scan, Soft Meas, Scan End, Scan Pacer, and Meas Pacer are inter-
nal functions and will be discussed later in this chapter under Advanced
Programming.

Let’s look at a few triggering examples before proceeding In the Systems Mode.,
to set the voltmeter to external trigger from the BNC 0 connector, send:

QUTPUT 709; “TRIG EXTO, USE 06400*
If you want the voltmeter to trigger as soon as a channel is closed, send:

OUTPUT 709; "TRIG SCAN, USE 0400%
OUTPUT 709; ®CLOSE 0215" | CLOSE CHANNEL 15 IN SLOT 2, & TRIG VM.

Several other triggering commands are available to enhance your control of the
voltmeter. The following discussions give general information about using the
commands. For more detailed information about each command, refer to the
Command Reference Manual

The TRIGOUT command sets the external "0" BNC connector to either output
trigger pulses or receive trigger pulses. Sending OFF as the TRIGOUT parameter
cause the BNC to receive TTL level trigger pulses. In which case the slope is
determined by the SLOPE command. TRIGOUT OFF is the power-on setting.

Sending ON as the TRIGOUT parameter causes the BNC connector to output
measurement trigger pulses. This TTL output pulse is an 9.9US negative going
pulse. It marks exactly when samples of the input signal are taken. It can also
synchronize several other HP 44702 High-Speed Voltmeters. In this case, one
voltmeter acts as the master, generating the trigger pulse while all other
High-Speed Voltmeters unconditionally trigger upon receipt of the trigger pulse.
TRIGOUT OFF is the power-on setting, TRIGOUT ON is the default parameter.
Note that when TRIGOUT ON is set, no trigger source can be set to EXTO.

For example, to set TRIGOUT ON, send either:

QUTPUT 70%9; "TRIGOUT ON, USE Q600"
or :
OUTPUT 709; “TRIGOUT, USE 0600" | USE DEFAULT VALUE

In the Systems Mode, the NRDGS command specifies the number of readings
(measurements) per trigger. Thus, when the voltmeter receives the trigger signal,
it will take the specified number of measurements.

In the Scanner Mode, NRDGS specifies the number of readings per channel.
Multiple channels may be specified in a scan list and each channe! will be
measured the specified number of times before closing the next channel.

The maximum number that may be specified with the NRDGS command is
65535, For example, to set the number of readings to 50 send:

QUTPUT 709; "NRDGS 50, USE 0600

13-Bit High-Speed Yoltmeter
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The DELAY command has two parameters trigger delay and sample period.
The trigger delay simply delays the effect of the Scan Trigger and thus the scan
itself. Typically, you would use the trigger delay in situations where the input
sources need time to settle before the measurements are made. The trigger delay
has a programmable range of 0 to 16.38 mS (16.38E-3).

The sample period is the delay tine between readings. It has a programmabie
range of 0 to 1073.74 seconds,

NOTE

When a random scan trigger source is used with an internally gencrated Measure
Trigger, there is an additional -250 n§ to O nS uncertainty. When the Scan Trigger
is generated internally the uncertainty is eliminated since all triggering is
synchronized to the same clock. When the trigger delay is set to zero the unceriain-
ty is also eliminated since the scan delay generator is is removed from the system
timing.

For example, to set the trigger delay to 10 mS and the sample period to 5 mS,
send;

DUTPYT 709: "DELAY 0.01,0.005, USE 060G

The PERC command sets the trigger threshold level for the high speed voltmeter.
You specif'y the threshold as a percentage (£ 127%) of the full scale value of the
measurement range. For example, to set the threshold to =4 volts DC with the
voltmeter on the 10.24 volt range, send:

ODUTPUT 709; “PERC 40, USE 0600™ | SET PERC TQ 40% = 4 VOLIS

The threshold trigger source is generated by the analog portion of the voltmeter
when the input signal crosses a predetermined value (set by the PERC command)
in a predetermined direction (set by the SLOPE command). When using the
Threshold Trigger Source to trigger a scan, the trigger occurs when the First
channel in the scan list crosses the preset threshold. This is because the first
channel in the scan list is closed while waiting for the Scan Trigger.

SLOPE sets the trigger slope for the voltmeter. It is used only with the EXTO,
EXT!, MEAS, and GPIO modes for the TRIG command. All other modes use an
internally generated slope. You have 3 choice of two parameters with the
SLOPE command; LH for a low-to-high (positive) transition, or HL for a high-to-
low {negative) transition.

For example, to set the stope for the GPIO trigger to low-to-high (positive) tran-
sition, send:

QUTPUY 709; “USE &600; TRIG GPIO; SLOPE LH® I LO-TO-HI TRANSITION

13-Bit High-Speed Yoltmeter
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Three commands are available to assist you in getting measurement data from
the voltmeter to your system computer. Two of these commands (CHREAD and
XRDGS) actually transfer the measurement data, and the third (RDGS) sets the
reading destination. Again, for more information, refer to the Command
Reference Manual,

All measurements made by the High-Speed Voltmeter are stored in the internal
reading storage memory. They will remain in this buffer until called for by the
CHREAD or the XRDGS command. The reading storage memory is a circular
buffer and old readings may be over-written by new readings. The RDGSMODE
command determines when interrupts will occur for readings left in the reading
storage memory and whether or not new readings will overwite old readings.
Data is always read in a First-In-First-Out mode,

Up to 8192 readings may be stored in the standard memory. Up to 65536 read-
ings may be stored with the Extended Memory module in the HP44702B
voltmeter.

The RDGS command sets the destination for the measurement data. If the des-
tination is set to the SYStem (HP 3852A mainframe), then measurement data is
sent to the mainframe and can be sent the system controller via the HP-IB inter-
face. Voltmeter interrupts are sent to the mainframe also. SYS is the power-on
and default value.

You may also specify GPIO as the reading destination. This disables the
voltmeter interrupts and sends measurement data directly to the voltmeter GPIO
interface. Readings sent to the GPIO interface are sent in 16-bit binary format.
Refer to the GPIO section later in this chapter for more information.

To set the reading destination to the mainframe, send:
OUTPUT 709; MRDGS SYS, USE 0600

‘The two commands for reading the measurement data from the voltmeter are
CHREAD and XRDGS. When you execute CHREAD, the mainframe will wait
until the measurement result is available. No other commands may be executed
during this time. You have a choice of either storing the measurement result in
an array {you must specif'y the array name) or numeric variable, or sending the
result to the HP-IB buffer and front panel display (if MON is enabled or the
programming command came from the front panel) in a specified format.

To store the measurement result in an array or numeric variable, send:

OUTPUT 709; "DIM [array namel* QUTPUT 709; ¥CHREAD 0600, INTQ {array
namel®

All variables, whether array or numeric, need to be defined in a DIM, REAL,
INTEGER, or PACKED statement. If a numeric variable is specified, the
measurement will be stored in the variable and may be recalled later for data
manipulation. If you specify an array, the measurement may be indexed into a
specific element of the array. Measurements stored in an array or variable may
be read with the VREAD command,

13-Bit High-Speed Voltmeter
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Readings
Format

Using
Arrays

Configuring
the Voltmeter

Yariable and array names may be up to eight characters Jong. The first character
must be a letter (A-Z) but the r2maining seven may be numbers {3-9). Variable
and array names must aci be the same as HP 3852A keywords (Le CLOSE,
CHREAD, RDGS, etc). For more information on using arrays and variables
refer to Chapter 6 of the HP 1%52A Mainfram: Configuration and Programming
MAnual

The measuremernt will be ;ent to the HP-IB inte:face buffer and front panel dis
play if MON is enabled and the command came from the HP-IB interface or to
the front panel display only if the command came from the front panel

Allowable formats are: RASC for real numbers, DASC for double precision real
numbers, lASC for short integers, LASC for long integers, PACK for 16-hit bi-
nary format {see later in this chapter for more information), IN16 for [6-bit in-
teger, and RL64 for 64-bit veal numbers. Default for the HP-IB interface and
front panel display is RASC: the GPIO interface allows only the 16-bit binary.
For more information, refer to Chapter 6 in the HP 3832 Mainframe
Programming and Configuration Manual

The XRDGS command acts siivilar to the CHREAD command but allows you to
transfer more than one reading. Like the CHREAD command, the mainframe
will wait for the measurement data to become available if they are not all im-
mediately available. If you do aot specify how many readings to transfer, the
readings will be transferred after the current scan ans send all available readings.

For example, to transfer 50 readings into an array R(5], send:
OUTPUT 709; “REAL Rgs1 (49); XRDGS 0605,50, INTO RGSIN

Once the measurement resulis are stored in a mainframe array vse the VREAD
command to read the measurements to the system computer:

10 QUTPUT 709; MINEUF ONM
i OUTPUT 709; “VREAD Rgstv
30 FOR I=1 TO 56

LU ENTER T709; A

S0 DISP A

55 NEXT 1

70 END

or

10 DM A(4Y)

20 QUTPUT 709; “INBUF {H; VREAD Rgs?
30 ENTER 709; aA(t)

40 PRINT A(*)

5¢ EMb

Let's look at one more commiand before some actual program examples. The
CONF command lets you specify a measurement function and initializes the
High-Speed Voltmeter for the correct measurement, Fourteen measurement
functions are available with the CONF command. They are: DTV, OHM,
OHMI0K, OHM 00K, OHMIM, OHMF, CHMF10K, OHMF100K, OHMF1M,
TEMPtype, REFT, THMtype, THMFtype, and RTDtype. These are explained in
Table 3-5.
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Table 3-5. CONF Measurement Functions

Measurement
Function

Description

ocy

OHM

OHM 10K
OHM 100K
OHMIN
OHMF
OHMF 10K
OHMF 160K
OHNF 1M

TEMPtype

REFT

THMtype

THMFtype

RTDtype

RTDFtype

Measure DC voltage

Measure 2-wire ohms* (same as OHM100K)
Measure 2-wire ohms up to 10K ochas*
Measure 2-wire chms up to 100K ohms*®
Measure 2-wire ohms up to 1N ohms*

Measure 4-wire ohms**  (same as OHMF100X)
Measure 4-wire ohms up to 10K ohms**
Measure 4-wire chms up to 100K chms**
Measure 4-wire ohms up to 1M ohmg**

Measure the reference temperature then measure the
thermocouple voltage, Convert measured voltege
(compensated by the ref. temp.) to degrees C.
Thermocouple types: J, K, T, 5, R, B, E, N4, and NZ2B.

Measure the reference temperature of thermistor
on isothermal block.

Configure for & 2-wire chms meessurement on a
thermistor.* Convert the resistance to degrees C.
Thermistor types:

2252 (for 2252 ohm thermistor)

5 (for 5k ohm thermistor)

10K (for 10k ohm thermistor)

Configure for 4-wire ohms measurement on a thermistor.**
Convert the resistance to degrees C. Thermistor types:
same as THMtype above,

Configure for 2-wire ohms measurement on an RTD.* The
mainframe converts the resistance to a temperature in
degrees C. RTD types:
85 (for RTDs with slpha = 0.00385 ohms/chm/degree C)
92 (for RTDs with alpha = 0.003916 ohms/ohm/degree C)

Configure for a 4-wire ohms measurement on an RID.** The
mainframe converts the resistance to a temperature in
degrees C. RID types: same as RTDtype above.

13-Bit High-Speed Voltmeter
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Program
Examples

Example 1.
Reading from the
Backpanel
Terminals

Example 2.
Multiple
Readings

L 5
For 2-Wire resistance messuremenis, the currenti source connects to the

voltmeter sense inside the muitinlexsr sccesscry, ALl accessory channals are
avajlable for measurements.

** for 4-Wire resistance measuremznts, the current source confpcts to Bank S
of the multiplexer sccessory The voltmeter sense connects to Bank R of the
sccessoly. 7You are responsibis for connecting the current source to the
resistance to be measured. Specify only the voiimeter sense channel on Eank
A for measurement; the respective channel om Bank B will close automatically,

CONF can then be used with the multiplexer OPEN and CLOSE commands to
take measurements, To set the High-Speed voltmeter to the DC volts function
and all other default conditions. sead:

QUTPUT T09; "CONF DLV 88 G600

Although the following program examples are simple, they show the fundamen-
tals of programming the High-Speed Yoltmeter. ln the next section of this
manual we will ook at scanuing through a series of multiplexer channels,

In this example we will use the High-Speed Voltmeter to take a simple DC volt-
age measurement from its backpanel terminals. The system controller will dis-
play the voltage reading. Connect the voitage to be measured to the backpanel
terminals and exacute the following program.

1 GUTPUT F09; “USE 000" § VOLTMETER N MAINFRAME 5107 600

3 OUTPUT 709; “COMF DCY; TERM EXT; TRIG SGLY

25 1 GC VOLTAZE, ENTERNAL TERMIRALS, SINGLE VRIGGER

20 QUTPUT T09; “CHREAD N500,RASCY IREAD MEASUREMENT, REAL NUKMBER FMT
40 ENTER 709, A § EMYER WEASUREMENT

50 DISP A ) DISPLAY MEASUREMENT

40 END

L

In this program we specified the voltmeter with the USE command in line 10.
Line 20 then configures the voltmeter, and triggers the voltmeter for the
measurement. The measurement will appear on the system controller display.

The following program takes 50 readings from the backpanel terminals, stores
them in an array called RGS], and then transfers the readings to the controller
where they are displayed.

10 QUTPUT T709; BREAL RGST (493" | DIMENSION ARRAY

20 OUTPUT T09; “USE 0&0G; CONMF DCY; TERM EXT; NRDGS 50; TRIG SGL™
25 ! DC VOLTAGE, EXTERNAL TERM'S, 50 READINGS/TRIG, SINGLE TRIGGER
30 QUTPUT 709; "XRDGS 0600,50,INTO RGS1* ITRAHSFER READINGS TO RGS1
40 OUTPUT TO09; “VREAD RGS1¥ | GET MEASUREMENTS

50 FOR I=1 TO 50

60 ENTER 709; A § EMTER MEASUREMENY

70 PRINT A t PRINYT THE MEASUREMENTS

80 NEXT 1

13-Bit High-Speed Voltmeter
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Example 3.
Measurements
from a
Multiplexer
Accessory

Interrupts

90 END

If you system computer has advance array handling capabilities, modifying the
following lines will transfer the readings faster:

S DIM A(49)

50 ENTER 70%; A(%)
60 PRINT A(™*) | OR PRINT USING "(K},/";A(*)
70 END

This example is similar to the first except the source of the measurement will be
from a multiplexer accessory installed in slot 4 of the mainframe. The program
takes a voltage reading from channet § of the accessory.

10 QUTPUT T09,"USE 0400% | VOLTHETER IN MAINFRAME SLOT 600

20 OUTPUT 709;"CONF DCV; TERM INT™

25 | DC VOLTAGE, INTERNAL BACKPLANE

30 OUTPUT 709; “CLOSE 405,491"™ | CLOSE MULTIPLEXER CHANNEL 405 & TR
40 QUTPUT 709; "TRIG sGL™ I SINGLE TRIGGER

50 QUTPUT 709;"CHREAD 0600,RASC™ | READ MEASUREMENT, REAL NUMBER FMT
60 ENTER 709, A | ENTER MEASUREMENT

70 DISP A ) DISPLAY MEASUREMENT

80 END

With a reading rate of 100,000 readings per second it would take only a short
time to fiil the internal reading storage memory. Consequently, the High-Speed
voltmeter must interrupt mainframe or the GPIO controller (the destination is
determined by the RDGS command) when data becomes available. You also
need to determine whether new readings will over-write old readings in the read-
ing storage memory. The RDGSMODE command gives you this capability.

With the RDGSMODE command you have four alternatives:

e DAY causes the voltmeter to interrupt as soon as any measurement data is
available, The data will not over-write the old data in the reading storage
Memory.

¢ BURST causes the interrupt to occur only when the reading storage memory
has room for 4096 more readings New readings will not over-write old read-
ings in the memory. This mode is primarily used when high speed scanning
with the FET multiplexer accessories,

¢ COMPLETE causes the voltmeter to interrupt only when the scan sequence is
complete. New readings will over-write old readings in the reading storage
memory. Only the readings specified by PRESCAN and POSTSCAN will be
available,

¢ END causes the interrupt to occur when the scan sequence is complete or the
reading storage memory is full, whichever occurs first. An abortive situation
occurs if the number of readings specified is greater than the buffer size. New

13-Bit High-Speed Voitmeter
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Interrupts
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Disabling
interrupts

readings wili not over-write in the reading memory.
For example, to set the interrupt mode to END, send:
OUTPUT 70%; “RDGSMODE ENG . USE 0800W
Once you have decided what will cause the reading storage interrupt you must
enable the voltmeter to actually interrupt the controller. The ENABLE INTR

command allows the voltmeter to interrupt the GPIO controller or the HP
3852A mainframe,

NOTE
The RDGSMODE must be set prior to enabling the interrupt.

If your destination (see RDGS) is the HP 3852A mainframe, you must have the
RQS mask set to acknowledge the Slot lnterrupt bit. A service request can then
be sent through the HP-IB interface to the system controller. This can be done
by sending

10 CUTPUT 709; "RCS 512; RQS ON™ | SET RQS MASK FOR DATA READY
20 OUTPUT 709; “ROGS $YS; RDGSHODE END®
30 OUTPUT 7O9; “ENABLE INTR:; ENABLE INTR SYS®

Your system controller must, whether it is an HP-IB controller or a GPIO con-
troller, be programmed to adequately respond to the interrupt. We will give
GPIO interrupt examples later in this chapter. For more information regarding
the HP-IB interrupts, refer to the HP 3852A DA/C Installation and Programming
Manual. The voltmeter will clear the interrupt when either the mainframe or
system controller (HP-1B or GPIO) reads the data from the reading storage
memory.

The interrupt query command (IINTR7} returns the lowest slot generating a sys-
tem interrupt. If no slot is generating an interrupt, the number -1 is returned,
The following program demonsirates its use:

10 cUTPUT 709; "IRTR?*®

20 ENTER 709; A

30 PRINT #Slot number ®:A;¥ 4s interrupting.™
40 END

To disable the voltmeter interrupts send the DISABLE INTR command.
Interrupts are also disabled by changing the RDGS or RDGSMODE setting. For
example, to disable interrupts, send:

QUTPUT 709; “DISABLE INTR, USE D400"

13-Bit High-Speed Vollmeter
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Calibration

To maintain the highest accuracy, your HP 44702 voltmeter should be calibrated
periodicaily. For complete calibration information refer to the service manual.

NOTE

Attempling lo calibrate the voltmeter without adequate voltage and resistance stan-
dards will result in a loss of accuracy. Do not attempt to calibrate the volimeter or
read the calibration constants without following the specific directions in the service
manual,

13-Bit High-Speed Voltmeter
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General Backplane Scanning : -

Configuration
Phase

Measurement
Phase

Example 4,
Individual
Commands

Scanning is the process of sequencing through a list of multiplexer relays or FET
switches making one or more measurements on each channel. Connections be-
tween the multiplexer accessories and the voltmeter are made on the mainframe
or extender's analog backplane. Hence the name Backplane Scanning. In the
Systems Mode of the HP 44702 High Speed Voltneter, scanning can be done
through the mainframe or extender backplane using any of the available HP
3852AA multiplexer accessories. High speed scanning using only the FET muiti-
plexer accessories will be discussed in a later section of this chapter.

Two phases, the configuration phase and the measurement phase, compose each
scanning/measurement sequence. You configure the High-Speed Voltmeter by
executing the CONF command {discussed earlier) with the appropriate function
parameter or by executing individual configuration commands such as FUNC,
RANGE, NRDGS, etc. Of course you can execute the CONF command fol-
lowed by some of the individual commands (such as RANGE or NRDGS) to
change the default parameters of CONF,

The measurement phase performs the actual scanning and measuring associated
with the specified configuration and channel list. The channel list is the list of
multiplexer channels the voltmeter is to measure. There are two general methods
of accomplishing the measurement phase, The first approach is to execute in-
dividual commands such as OPEN, CLOSE, TRIG SGL, CHREAD, etc. The
second approach use more sophisticated commands such as MEAS, CONFMEAS,
1ind MONMEAS,

Let's ook at a simple example demonstrating the individual command approach,
In this example, the voltmeter will make 10 readings on each multiplexer channel
before proceeding to the next channel. The voltmeter is instailed in slots 6 and 7
of the mainframe and the HF 44705A 20 channel Relay Multiplexer is instalied
in slot 5 of the mainframe.

10 QUTPUT 709, ®REAL RGSY (199)™ 1 LIMERSION ARRAY

20 OUTPUT 709; ®USE 0400; AZERC ONCE; CONF BCV; TRIG HOLD; NRDGS 10
25 t BC VOLYAGE, 10 READINGS/TRIGGER, AND HOLD TRIGGER
30 OUTPUT 709; "CLOSE 591% | CLOSE TREE SWITCH

40 OUTPUT 709; "TRIG SCAN®

50 FGR = 0 TO 19 STEP 1

60  QUTPUT 709; “CLOSE®;500+1

70 OUTPUT 709; “TRIG SGL™ 1| TRIGGER THE VOLTMETER FOR 10 READINGS
80  OUTPUT 709; “XRDGS 0400, 10, IKTO RGSI®

85 | TRANSFER READINGS TO RGS1
90  OUTPUT 709; “OPEN";500+]
100 NEXT I

110 QUTPUT 709 “VREAD RGS1® i READ ARRAY VALUES
120 FOR | = 0 TQ 200

130 ENTER 799; A

140 DISP A

130 NEXT 1

160 END

13-Bit High-Speed Voltmeter
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Simple
Scanning

This individual command approach is slow and awkward. The MEAS command
allows you to do the same task much easier. The MEAS command causes the
voltmeter to scan and measure the specified multiplexer channels.

MEAS reconfigures the voltmeter as needed for the scanning process. Trigger,
for example, is changed from HOLD/SGL to SCAN. You must configure the
voltmeter for the appropriate measurement function before executing the MEAS
command. MEAS also disables any interrupts that were previously enabled for
the voltmeter. MEAS has the same measurement functions as CONF, these are
explained in Table 3-6.

13-Bi High-Speed Yoltmeter
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Trble 3-6. MEAS, {ONFMEAS, AND MGOIRMEAS Measurement Funciions

Measurement

Function Description

ey Memsure D€ voétaga ]
OhM Heagure Z2-wiie chms® {seme as CHNIGOK)

ONM10K Measyre 2-uics chms up to 0¥ ohms*

ORMI100K Hegsure 2-wi-e ohms up to 100K chmst

OHMIM Hepgure 2-yire ohms up to 1 ohmg?

ORMF Measure 4-uire chms*® {same as CHMFI0OK)

OHMF10K Hepsure L-wire ohms up to 10K ohms**

OHMF 100K Messure 4-wire ohms up to 00K ohmewe

OHMF 1IN Megzure 4-wire ohms up to 1M ochms*®*

TEMPtype Messure the reference temperaturs then measure the

thermocouple voitage. Convert measured voltage
(compensated by the ref, temp.) to degrzes (.
Thermocouple types: 4, K, T, $, R, B, £, W14, and W28,

REF #easure the reference temperature of thermistor
an isothermal bilock.

THMTYpe Configure for 8 2-wire ohms measurement on a
thermistor.* Convert the resistance t¢ degrees €,
Thermistor types:
2252 (for 2252 ohm thermistor)
%K (for 5k ohm thermistor)}
10K {for 10k ohm thermistor)

IHMFrype Configure for 4-wire ohms measurement cn s thermistor.*¥
Convert the resistance to degrees £, Thzrmistor types:
same ns THMtype shove.

RTDtyp= Configure for 2-wire ohms measurement on an RTD.* The
mainframe converts the resistance to s temperature in
degrees £, RID types:

8% {%or RTDs with alpha = 0,00385 ohms/ohm/degree C)
@2 (for RTDs with alpha = 0.003%16 ohms/ohm/degree C)

RTDFtype Configure for a 4-wire ohms measurement on an RTD.** The
mainfreme converts the resistance to a temperature in
degrees £. RTD types: same as RTDtype sbove.

13-Bit High-Speed Voltmeter
3-35



Example &.
MEAS and
CONFMEAS
Commands

* for 2-Wire resistance measurements, the current scurce connects to the
voltmeter sense inside the multiplexer accessory. All accessory chamnels are
available for measurements.

bkl for 4-wWire resistance measurements, the current source connects to Bank B
of the multiplexer accessory. The voltmeter sense connects to Bank A of the
accesgory. You are responsible for connecting the current source to the
regsistance to be measured. Specify only the voltmeter sense channel on Bank
A for measurement; the regpective channel on Bank B will close automatically,

Let’s look at the same example we had earlier but using the MEAS command.
The voltmeter will measure each channel on the multiplexer accessory 10 times
before progressing to the next channel The readings will be stored in the array
RGS1.

10 QUTPUT 709; "REAL RGST (199)® { DIMENSION ARRAY
20 OUTPUT 709; "USE 0&00; CONF DCV; NROGS 10W

25 i DC VOLTAGE, 10 READINGS/TRIGGER, TRIGGER HOLD
30 OUTPUT 709; "MEAS DCY, 0500-0519, INTO RGS1®
35 | DC VOLTAGE, CHANNELS 0500 TO 0519, STORE INTO RGS1

40 OUTPUT 709; "VREAD RGS1I™
50 FOR 1=0 TO 200

60 ENTER 70%; A

70 DISP A

80 NEXT I

90 END

In line 20, the CONF command sets all the defaults, such as autorange, for the
voltmeter. The DCY parameter for the MEAS command (line 30) sets only the
measurement function. All other functions, such as ranging or number-of-
readings-per-trigger, must be established before executing MEAS.

Using the separate CONF and MEAS commands allows other events or
programming steps to intervene between the two commands. For example, we
could specify manual ranging on the voltmeter and zero the input. It is also pos-
sible for interrupts, alarm conditions or limit tests to occur between the CONF
and MEAS command which could reconfigure the voltmeter (if so programmed).

if you do not need to change any of the voltmeter defaults (such as NRDGS,
ranging, delays, etc.) and you want nothing to intervene between the two steps,
both commands can be executed simultaneousty with the CONFMEAS command.
CONFMEAS has the same measurement functions as CONF and MEAS. Refer
to Table 3-6 for the CONFMEAS measurement functions,

The following line can replace lines 20 and 30 of the provious program exam-
pole. CONFMEAS does not allow for multiple readings per channel (NRDGS)
though, so only a total of 20 readings will be taken.

20 OUTPUT 709; "USE 0600; TRIG HOLD; CONFMEAS DCV, 0500-0519, INTO
RGSI™
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Scanner
Control

Monitoring
the Scan

Two commands allow you te contro! the timing of the Scan Trigger and scanner
advance. These commands ave not valid if the TERM command is set to
RIBBON.,

The first of these commands, STRIG, specifies the source of the trigger signal
that initiates the scanning. The power-on/defauli parameter, SCAN, causes the
scanning to begin as soon as a scanning command {either MEAS or CONFMEAS)
is executed. This power-on/def’zuit condition was used in the earlier MEAS ex-
ample and will be assumed in ali scanning examples in this chapter. Other

STRIG parameter choices are: CHADYV which uses the external Channel Advance
BNC connector, KEY which initiates scanning when the HP 3§52A front panel
SADY key is pressed, and PACER where the mainframe pacer is vsed to initiate
scanning,

If you set SCANMODE ON (£:anner Mode), then you must also meet SCTRIG
and TRIG requirements, You need to meet only TRIG requirements if
SCANMODE is OFF (System Maorla)

The second scanner control corrmand is SADY, This command specifies the
source of the channel advance signal which indicates when to open the current
multiplexer channel, close the .iext channel in the scan list, and trigger the
voltmeter. This command is especially helpful if vou need multiple readings on a
channel per trigger. The power-on/default parameter for SADY is SCAN,

SCAN advances to the next ¢channel only when the specified number-of-readings-
per-trigger (NRDGS command) have been made. Other SADV parameter choices
are; CHADY which uses the exiernal Channel Advance BNC connector, KEY
which advances scanning when the HP 3852A front panel Scan Advance key is
nressed, and PACER where the mainframe pacer is used to advance scanning.

The MONMEAS command can help vou check your field wiring It functions
similar to the CONFMEAS command in that you define a measurement func-
tion. MONMEAS repeatedly samples a channel in the scan list and the results are
displayed on the mainframe front panel, The scanner will advance to the next
channel in the scan list only when you press the front panel SADV key.

Consider the following example. As before, the voltmeter is installed in slots 6
and 7 of the mainframe, an HP 44705A Relay Multiplexer accessory is installed
in slot 5. Execute the command:

GUTPUT 709; YRONMEAS L0V, 0500-0519, USE 0600M

The HP 3852A displays the measurement function and channel number in the
left-hand display and the voltage mezsurement in the right-hand display. Now
press the SADY key on the froni panel. The scanner will advance to the next
channel. Continue pressing the SAIY key as the scanner increments through the
scan list.

13-Bit High-Speed Voltmeter
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High Speed Scanning

This section of the chapter discusses scanning with the high speed FET multi-
plexers using the dedicated interface cable. We will look at more of the advan-
ced features of the HP 44702 High Speed Voltmeter and how you can use them
to solve your scanning needs,

For information on instailing the dedicated interface cable between the high
speed FET multiplexer assemblies and the High Speed Voltmeter, refer to the HP
3852A Installation and Programming Manual Only the HP 44711 A 24 channel,
44712A 48 channel, and the 44713A Thermocouple Compensated 24 channel
High Speed FET multiplexer accessories may be used with the dedicated inter-
face cable. For information on installing, configuring and using the high speed
FET multiplexer accessories, refer to the respective chapter in this manual.

Up to 6 of these high speed FET multiplexers may be connected with the dedi-
cated interface to one High-Speed Voltmeter in the mainframe. Eight multi-
plexers may be connected to a voltmeter in an extender frame.

NOTE

Error [28, NO VALID CHANNEL IN LIST occurs when you attempt to execute a
scanning sequence but the dedicated interface cable is not connected.

The High-Speed Voltmeter commands discussed in this section are valid only
with the voltmeter in the Scanner Mode. To set the voltmeter in this mode.
execute:

OUTPUT 709; “SCANMODE ON, USE 060Qw

NOTE

Anytime you change the setting of SCANMODE, the voltmeter completely resets.
All of your voltmeter configuration should be done after setting the SCANMODE.
With SCANMQODE ON, the SCTRIG must be set to HOLD when any other con-
figuration command is i{ssued.

Set the As before, you must set the measurement function and ranging prior to starting
Function thescan Use either the individual commands such as FUNC and RANGE or
the CONF default command. Any of the four measurement functions are valid
in high speed scanning with the FET multiplexers.
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Triggering

Scan
Trigger

In the earlier programming se¢ction of this chapter we learned about the three
trigger functions and the eight trigger sources. As a brief review, consider Figure
3-9. This figure illustraies the timing relationships with the three trigger func-
tions. Notice that the Scan Trigger initiates the triggering sequence. The
Measurement Trigger initiates each individual measurement. The Stop trigger
disables the Scan Trigger and halts the voltmeter operation as soon as the curren
pass is complete,

¥igure 3-9. Trigger Coatrol

in this diagram, /s denotes the "Scan Pacer" period -- that is, the time interval be-
tween Scan Triggers. the Scan Delay, rd, is the programmable time delay from
the Scan Trigger to the first measurement in each scan. The time period between
Measurement Triggers, called the Measurement Pacer period, is denoted by fm.
For more information on triggering the volimeter, refer back to the Triggering
the Yoltmeter section of this chapter.

The Scan Trigger enables the High-Speed volimeter for a single pass through the
specified scan list. The successive recurrence of the Scan Trigger determines the
rate at which scans are initiated. No measurement is directly related to the oc-
currence of the Scan Trigger. Instead, the Scan Trigger only enables the
Measurement Trigger to initiate measurements and cause passage through the
specified scan list, In the Scanner Mode you have full control over the Scan
Trigger with three commands SCTRIG, SCSLOPE and SCDELAY.

SCTRIG sets the source of the Scan Trigger. SCTRIG must be set to HOLD
when issuing other setup commands. Table 3-7 lists the possible Scan Trigger
source parameters and their meanings

13-Bit High-Speed Voltmeter
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Table 3-7. Scan Trigger Sources

Source

Paramater bescription
SCAN Trigger when & multiplexer channel (backplane) closes
SGL Single trigger (default)
HOLD Trigger off (power-on condition)
EXTO Externsl BNC connector 0 (see also TRIGOUT)
EXT1 External BNC connector 1
SYS System trigger pulse*
INT Yoltmeter Internal Trigger
MEAS Trigger on measurement ievel (see PERC command)
GPiO GP10 Trigger

* pefer to the mpinframe TRG command for more information,
For example, to set the Scan Trigger off, send:
QUTPUT 709; “SCTRIG HOLD®

For more information on these trigger sources, refer back to the section on
Trigger Sources.

If you have selected either MEAS, EXTO, EXTI, or GPlO as the source for
SCTRIG, yvou can also set the Scan Trigger slope. SCSLOPE sets the slope to
either a high-to-low (HL) transition or a low-to-high (LH} transition. To set the
slope for a low-to-high transition, send:

QUTPUY 709; “SCSLOPE LH, USE Q600"

This trigger slope is stored and used whenever any one of the above trigger
modes are set.

With the SCDELAY command you can specify two things. First, the scan trigger
delay parameter sets the minimum amount of time between the Scan Trigger and
the enabling of the Measurement Trigger. You specify this delay within the
range of 0 to 1638 mS (16.38E-3 seconds).

Second, if you have specified INT as the SCTRIG source, you can specif’y the
minimum time allowed between successive Scan Triggers. This is called the Pace
Delay. You specify this parameter in seconds with a range of {f to 1073.74
seconds.

For example, to set a 10mS delay before the first Measurement Trigger and a ore
minute delay between Scan Triggers, send:

QUTPUT 709; "USE &00; SCTRIG INT; SCDELAY 10E-3, 60%

13-Bit High-Speed Voltmeter
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If you need to make multiple passes through your scanlist, you can select
whether each pass will require a separate Scan Trigger or whether only the lirst
pass will require a Scan Trigger with all subsequent passes starting automatically,
The ASCAN command sets this automatic scanning feature either on or off.

To turn the automatic scanning feature on, send:

OQUTPUT T09; ™ASCAK ON*
The Measure Trigger source is set by the TRIG command discussed earlier. It in-
itiates the individual measurements. Table 3-8 lists the possible parameters. Nate,
in the Scanner Mode TRIG sets the Scan Trigger, in System Mode TRIG sets the

Measure Trigger.

Table 3-8, Measure Trigger Sources

Source
Parameter Description
SCAN Trigger when & multiplexer channel closes
SGL Single trigger (default)
HOLD Trigger off (poswer-on condition)
EXTO External BNC connector 0 {see also TRIGOUT)
EXT1 Externsl BNC connector 1
SYS System trigger pulse*
INT Voltmeter Internel Trigger
MEAS Trigger on measurement level (see PERC command)
(valid only in System Mode)
GPID GPIO Trigger

* Refer to the mainfreme TRG command for more information.

For example, to set the Measurement Trigger to the external BNC 0 connector,
send:

QUTPUT T09; “TRIG EXTO®

For more information on these trigger sources, refer back to the section on
Trigger Sources.

The slope of the Measure Trigger can be set with the SLOPE command. This
command is valid only in the EXTO, EXT1, MEAS, and GPIO settings of TRIG.
SLOPE sets the slope to either a high-to-low transition (HL) or a low-to-high
(LH) transition. To set the slope for a high-to-low transition, send:

QUTPUT 709; "“SLOPE HL®

13-Bit High-Speed Voltmeter
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Sample If you have set the Measurement 1rigger to INT (TRIG iINT) then you can aiso
Period specify the sample period (SPER command). The sample period is the iime be-
tween successive Measurement Triggers. Its function is similar to the DELAY
command in the voltmeter System Mode. You specify SPER in seconds with s
range of 0 to 1073.74,

For example, to set SPER o 30 =wconds, send:
QUTPUT 709; "TRIG 1#Y; $PtR 3Qw
Stop The Stop Trigger function (STTRIG) disables the Scan Trigger, The ineasure-
Trigger ment operation will will subsequently terminate at the end of the current pass.
No further Scan Triggers and hence no further Measure Triggers will be acceg

ted. When a Stop Trigger occu:s, SCTRIG is set to HOLD.

Eight sources are available for the Stop Trigger. These are explained ir Table
39,

Tabiz 3-9. Stop Trigger Sources

Source

Parameter Description
SCAN Irigger when a multiplexer channel closes
SGL Single trigger (default)
HOLD Trigger off {power-on condition}
ERi{ External BHC connector 0 (see aiso TRIGOUT)
EXT1 External BNL connector 1
5YS System trigger puiser*
I¥Y Stop when Prescan and Postscan are satisfied*s
MEAS Trigger on measurement Level {see PERC command)
GPIQ GPIG Trigger

Refer to the mainframs TRG commsnd for more information. ¥* One scoemn
default

For example, to set the Stop Trigger to internal (INT), send:
QUTPUT 709; »STTHIG 1T

For more information on these trigger sources, refer back to the section on
Trigger Sources.

Stop  If you have selected either EXTO, EXT1, MEAS, or GPIQ as the source for
Trigger STTRIG, you can also set the Stop Trigger slope. STSLOPE sets the slope for a
Slope high-to-low (HL) transition or a low-to-high (LH) transition. To set the siope for
a high-to-low transition, send’

QUTPUY 709; ®STSLOPEY ™
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Setup

If you have a need to center your data measurements around some particular
event, you can use the POSTSCAN and PRESCAN commands. The event should
coincide with the Stop Trigger.

PRESCAN specifies the number of passes through the scan list before the Stop
trigger will be accepted. The default is one (Prescan) pass through the scan list
before the Stop Trigger is recognized.

For example, if you need at least five passes through your scan list before you
stop triggering, send:

QUTPUT 70%; ®PRESCAN 5"

Similarly, if you need a specific number of passes through the scan list after the
Stop Trigger occurs, use the POSTSCAN command. The power-on value for this
command is zero.

To specif'y three passes through the scan list after the Stop Trigger is accepted,
send:

CUTPUT 709; “POSTSCAN 3v

If RDGSMODE were set to COMPLETE, these last two examples would yield a
total of eight scans; five before the Stoop Trigger is received and three after the
Stop Trigger is received.

When you begin taking multiple readings with the High-Speed Voltmeter and
storing them in internal arrays, you need to allot adequate memory space if
RDGSMODE is set to complete. The equation for determining memory space is
very simple, Add the number of Postscans to the number of Prescans. Multiply
this number by the number of channels in the scan list. Finally, multiply this
number by the number of readings per channel (NRDGS command)

(C(PRESCANS + POSTSCANS) * NO. OF CHAMNMNELS IN LIST) * NRDGS VALUE

For example, if you specify 10 prescans, 10 postscans, twenty channels in the
scan list, and 10 readings per channel; you would need to allot space for 4000
readings

(10 + 10) * 20) * 10 = 4000

When you are ready to start scanning you will need to define a list of channels
to scan through. This is called the scan list. The scan list may consist of one
channel that you want to measure a number of times or it may consist of any
group of chanpels. You may want to measure each channel a number of times
before moving on to the rext channel. The CLWRITE command allows you to
specify the channel list, the type of ranging, and configure the dedicated inter-
face cable for the type of measurement you want to make,

CLWRITE is valid only in the Scanner Mode and TERM must be set to RIBBON
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and has three parameters: Interface Bus, Channel List, and Range List.

‘The Interface Bus parameter configures the dedicated interface bus for the type
of measurements you want to make. You have three choices SENSE, CGM and
SEP.

SENSE turns on only the voltmeler sense bus The current source bus is of .
"This is used for DC voltage measurements only.

COM turns on the current scurce bus but connects it to the voltmeter sense bus
at the multiplexer assembly. This is useful for 2-wire resistance measurements
and retains full channel vsage on the FET multiplexer assembly.

SEP turns on the current source bus but connects it to the second decade in the
FET multiplexer accessory. This is useful for making 4-wire resistance measure-
ments. The number of usable channels in the multiplexer accessory is reduced by
half because the current source connects tc the bank B on the accessory. In the
channel list, specify only channels in Bank A; the respective channel in Bank B
will close automatically.

The channel list is the list of channeis that are scanned through when the proper
triggers are received. All channels in this list must be connected o the
High-Speed Voltmeter through the dedicated interface cable.

You may specify the measurement range for each channel or channel list in the
scan list or you can specii’y one range for the entire channel list. You may also
specify auto ranging. Each range is the maximum value expected for the cor-
responding channel in the channel list. This parameter is optional. If it is not
specified, then antoranging is assumed.

For example, to set the scan list for DC voltage measurements, on channels 500
through 523, send:

GUTPUT 709; “USE &0%° SCANMODE ON; TERM RIBBOUN™ OUTPUT 709; “CLWRITE
SENSE, 500-523%»

or
OUTPUT 709; “CLYRITY SENSE, 500-523, RANGE AUTD®

If you want to make ter. measurements with channels 0 through 4 and 6 through
3 on the 2.56 range and channel: 5 and 9 on the 1024 range, send:

OQUTPUT 709; CLWRIYE TFHSE, 500-504,505,506-508,509 RANGE 2,10,2,10"

The following examples show the fundamentals of high speed scanning with the
HP 44702 voltmeter and the high speed FET multiplexers. In all of these ex-
amples, the measurements are stored in the voltmeter’s internal reading storage
memory and later transferred to the system controller via the HP-IB interface.
In the next section of this chapter we will demonstrate how to use the GPIO in-
terface for high speed transfer of measurement data.

13-Bit High-Speed Voltmeter
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Example 6.
Simplitied
High Speed
Scanning

Example 7.
High Speed
Scanning
with Scan
Trigger

Example 8.
Scanning
with
Interrupts

In this first high speed scanning example, we will make one pass through a small
scan list and use all the default triggers. The voltmeter will scan FET channels

500-519. The FET multiplexer accessory must connect to the voltmeter through
the dedicated interface cable. Install the FET multiplexer accessory in slot five
of the mainframe.

S DIM Rdg (20)
10 QUTPYT 709; “USE 600%

15 | VOLTHETER IN MAINFRAME SLOT &

20 DUTPUT 709; “SCANMODE ON; SCTRIG HOLD; FUNC DCY; TERM RIBBON"

25 I RIGH SPEED SCAK, TRIGGER HOLD, DC VOLTS, RIBBON TERMINAL
30 OUTPUT 709; "CLWRITE SENSE 500-519; AZERC ONCE; SCTRIG SGL*“

35 t INT. BUS FOR DCV, CHANS, 500-519, AUTO 2ERQC, TRIGGER ONC
40 OUTPUT 709; "XRDGS 0600

&5 t TRANSFER READINGS TO CONTROLLER

SO FOR T = 1 10 20

60 ENTER 709; Rdg(l)

70 PRINT "READING #v:1.» = ":Rdg(l)
80 NEXT 1

90 END

This example is similar to the last one except that we have added a Scan Trigger
source and a 10 mS Scan Trigger delay. The voltmeter will scan through the scan
list (channels 500-519) one time. The Scan Trigger source is the BNC connector
0. The Measure Trigger source remains internal After the twenty measurements
are made, they are sent to the system controller.

S DIM Rdg (20)
10 QUTPUT 709; ~USE 400% | VM IN MAINFRAME SLOT 6
15 | VOLTMETER IN MAINFRAME SLOT 6
20 QUTPUT 709; =SCANMODE ON; SCTRIG HOLD; FUNC DCY™
30 OUTPUT T709; “ASCAN OFF; TERM RIBBON®
35 ! -5 SCAN,TRIG OFF, DC VOLYS, DEDICATED INTERFACE
40 QUTPUT 709; ®CLWRITE SENSE 500-51%; AZERO ONCE; SCTRIG EXTO™
45 t INT. BUS FOR DCV, CHANS 500-519, AUTO ZERO, TRIG EXT.
50 QUTPUT 709; ®XRDGS &00%
55 f TRANSFER READINGS TO CONTROLLER
&0 FOR I = 1 TO 20
70 ENTER 709; Rdg(l)
BO PRINT WREADING #%;1;" = "; Rdg(l)
90 NEXT 1
100 END

This third high speed scanning example interrupts the controller when the

voltmeter finishes its scan. The Yoltmeter will take {0 readings on each of 20
channels for a total of 200 readings. The Scan Trigger source is the BNC con-
nector 0. The Measure Trigger is internal. The Readings Mode (RDGSMODE) is
set to COMPLETE although END could also be used.

10 OPTION BASE 1

13-8it High-Speed Voltmeter
3-45



20 DIN Readingw (2003

30 OUTPUT T09: “RQS 512; RQS ON™

35 { IMTERRUPT CONTROLLER UM SLOT INTERRUPY

40 ON INTR 7 GOSUB 1008

50 EKABLE INTR 7;2

55 1 SET-UP CONTROLLER IHTVERRUPT HANDLING

60 OUTPUT 70Y; WUSE 600" 1 VM [ MATHFRAME SLOT 6

70 OUTPUT TO09; “SCANMODE OM; 3CTRIG HOLD; FUNC DCVH

80 OUYPUT 709; “TERM RIBIOM: uRUGS 0%

85 | M-S SCAM, TRIG #OLD, DL VOLYS, RIBBON, 10O READS/TRIG
S0 QUTPUT T709: "RDGSMODE COMPLETE®™ i INTERRUPT WHEM (OMPLETE
160 QUTPUT 70%; “ERKABLE JMTR £v8; EWABLE INTR, USE 400V

105 | ENABLE THE VOLTMETER TG INTERRUPY MAINFRAME

110 QUTPUT 709; MSTTRIG EXY1; TRIG INT® | SET TRIGGER:Y

120 OUTPUT 709; PCLWRIYE SENSE S90-519; AZERO ONCE™ | SET SCANLISY
130 outPUT 709; "SCTRIG EXTOM § SCAM TRIGGER SET-UF

140 GGTO 140 1| WAIT FOR INTERRUPT

1000 P=SPOLL(709)

1010 QUTPUT 7O09: SXRDLS &0GQ%

1020 FOR {=1 TO 200 ! SET ALL READIHGS FROM READING MEMORY
1030 EXTER 709; Readings{(l}

1040 PRIKT “READING #4;§;" . ¥ Regadings{l)

1050 NEXT I

1060 END

Example 9.  This last example of high speed scanning is similar to Example § but adds Pre-
Pre- and  and Post- Scanning. At least five complete scans wills be taken before the Stop

Post-

Trigger is accepted. Three complete scans will be made after the Stop Trigger is
accepted. By setting the Pre- and Post- Scan counters, the voltmeter retains only

Scanning the specified number of measurements in its reading storage memory. There are
twenty readings per scan (channels 500-519) and a minimum of eight scans. This
means that the voltmeter wili retain only the last 160 readings in its reading
storage memory.

13-Bit High-Speed Voltmeter
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10 DIM Readings(160)

20 OUTPUT 709;"RQS 512; RGOS (oW

25 } INTERRUPT HAIKFRAME OH SLOT INTERRUPT

3D ON INTR 7 GOSUS 106D

40 ENABLE INTR 7;2

45 I SET-UP CONTROLLER I[NTERRUPT HANDLING

50 QUTPUT TO9; "JSE 400™1 wM ¥ MAINFRAME SLOT &

60 QUTPUT 709; “SCANMODE ON; SLYRIG HOLD; FUNC DCV®

70 OUTPUT 709; “ASCAN ON; TERM R1DBON"

80 QUTPUT 709; NSTTRIG EXT1; TRIS INT® | SET TRIGGERS

80 QUTPUT 709; “EDGSMODE COMPLETE® | INTERRUPT WHEN COMPLETE

90 OUTPUT 709; "PRESCAN 5, POSTSECAN 3" | SET PRE- AND POST- SCAN
100 OUTPUT 709; “CLWRITE SEWSE 500-519; AZERO ONCE® | SET SCANLIST
140 QUTPUT 709; ™ENABLE IKTR, USE 600; ENABLE INTR SYSW

115 1 SET-UP VOLTMETER IWTERRUPT

120 OUTPUT 709; #SCTRIG EXTO™ ! SCAN YRIGGER SETUP

130 GOTD 130 I WAIT FOR INTERRUPT

1000 CUTPUT T09;“XRDGS 600



1010 ENTER 709; Readings(®)
1020 PRINT Readings(*)
1030 END

Synchronizing Up to 6 High-Speed Yoltmeters may be synchronized for simultaneous operation.
Multipl@  One of the voltmeters is designated as the master, the remaining five are slaves.
Each voltmeter must connect to its own FET multiplexer accessories through the
Voitmeters dedicated interface and should have identical length channel lists.

The TRIGOUT ON command sets the BNC 0 connector on the master voltmeter
to output each measurement trigger. This trigger is cascaded to the other
voltmeters which must be programmed to accept the measurement pulse from
one of the external BNC connectors; either TRIG EXTO or TRIG EXTI1. Thus,
each voltmeter will increment the scan list and take a measurement synchronized

to the master voltmeter.
The preferred method is to set up all the voltmeters and single trigger (Scan) the
slaves. The Measure Triggers will be held off by the master. Then trigger the

master to initiate measurements. This guarantees that no race condition will
develop causing any of the slaves to miss a Measure Trigger.

Figure 3-10 shows how to connect the BNC connectors together.

Figure 3-10. Synchronizing Multiple Voltmeters
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Example 10,
Synchronizing
Three
Voltmeters

The following program shows how to program three voltmeters for synchronous
operation. The voltmeter is mainframe slot 6 is designated the master voltmeter.
The other two, one in extender | slot 6 and the other in extender 2 slot 6, are
slaves. Two 24 channel FET multiplexer accessories connect to each High-Speed
Voltmeter through their dedicated interface cables. The Scan Trigger is a system
Group Execute Trigger and the Measure Trigger is input through the external
BNCO connector on both slaves. This program makes one pass through the scan
list and stops. Of course, the digital interface must also connect the mainframe
to the extenders.

10 OPTION BASE ¢
20 DIN Readingsi1(48), Readings2{48), Readings3(48)

30

40

S0

60

70

80

90

100
110
120
130
140
150
160
{70
173
180
190
195
200
210
220
230
240
250
260
270

13-Bit High-Speed Voltmeter
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ouTPUT
outPuT
QUTPUT
QUTPUT

QUTPUT
QUTPUT
QUTPUT
CUTPUT

QUTPUT
QUTPUT
QUTPUT
QUTPUT

GUTPUT
TRIGGE

QUTPUT
ENTER
OUTPUT
ERTER

| SET UP THE MASTER VOLTMETER, NEXT 4 LINES
709; "USE 600; SCANMODE ON; SCTRIG KOLD; FUNC DCV™
709; "TERM RIBEBON; ASCAN ON; AZERO ONCE; TRIGOUT ON™
709; *CLWRITE SENSE 400:523; RDGSHMODE COMPLETE"
709; "SCTRIG SYsS®
| SET UP SLAVE NUMBER 1, NEXT 3 LINES
709; “USE 1600; SCANMODE ON; SCTRIG HOLD; FUNC DCV®
709; "TERM RIBBON; ASCAN ON; AZERO ONCE; TRIG EXTO"
709; “CLWRITE SENSE 1400-1523; RDGSMODE COMPLETE™
709; “SCTRIG SGL®
1 SET UP SLAVE NUMBER 2, NEXT 3 LINES
709; “USE 2600; SCANMODE ON; SCTRIG HOLD; FUNC DCve
709; WTERM RIBBOK; ASCAN ON; AZERD ONCE; TRIG EXTQW
709; “"CLWRITE SENSE 2400-2523; RDGSMODE COMPLETE™
709; YSCTRIG sSGL®
{ VOLTHMETERS ARE SET-UP, PREPARE TRIGGER
709; *TRIG SGL,USE 400%"1 SET SCAN TRIGGER FOR THE MASTER
R 709 | TRIGGER THE VOLTMETERS
I TRANSFER READINGS
709; “XRDGS 600, 48»
709; Readingsi(*)
70%; "XRDGS 1600, 48%
709; Readings2(™)

OUTPUT 709; "XRDGS 2600, 48%

ENTER
PRINT
END

709; Readings3(*)
Readings1(*); Readings2(*); Readings3(*)



Advanced Programming and the GPIO Interface

Accessing the

Registers

Status
Register

Identity
Register

Control
Register

Trigger
Register

Data Buffer
Register

Other
Registers

This section of the chapter shows you how to get more measurement and control
capabilities from your High-Speed Voltmeter, Specifically, we will show you
how to directly control triggering and interrupts, how to read the complete
status of the voltmeter, and how to do high speed data transfers from the
voltmeter’s reading storage memory.

This section of the chapter is intended for those individuais who thoroughly un-
derstand the operation of the High-Speed Voltmeter. Make sure you read
through the entire Advanced Programming section and follow each example
carefully otherwise data los: may occur or you may set the voltmeter to an un-
known state.

The High-Speed Volimeter has its own micro-processor which allows it to run
independently of the HP 3852A mainframe. This processor allows access to the
internal registers which actually control the veltmeter and monitor its status
Two registers provide status information: the Status Register and the Identity
Register. Two other registers provide voltmeter controk the Control Register and
the Trigger Register. A fifth register provides access to the voltmeter's reading
storage memory and is called the Data Buffer Register.

The Status Register is 2 read-only register which means that you can read the
contents of the register but you cannot write data to the register. It provides in-
formation on the High-Speed Voltmeter’s status in a2 manner that does not inter-
rupt the volimeter’s microprocessor. This includes information on the
availability of data, the readiness for data or commands, the completion of
requested tasks, and the occurrence of ervors

This register is also & read-only register and identifies the High-Speed Voltmeter
and also indicates whether or not the 56k memory expansion is installed or not
{HP 44702A or 447028},

The Control Register is a write-only register which means that you are allowed
to write data to it but not read data from it. It controls interrupts and resets the
voltmeter. This means that interrupts can be selectively enabled or disabled.

The Trigger Register is also a write-only register. It is used only for generating
software triggers {either Scan, Measure, or Stop triggers). All other trigger con-
trols are generated by the voltmeter's own microprocessor as directed by the HP
3852A mainframe or the GPIO system controller.

The Data Buffer Register supplies the HP 3852A mainframe or the GPIO con-
troller with measurement data from the voltmeter’s reading storage memory. It
is not really a register but provides access to the reading storage memory where
measurements are stored.

Other registers exist in the High-Speed Voltmeter but they do not provide useful
information or control functioas for the user. For exampie, commands are sent
to the voltmeter's microprocessor through the Command Register. It is the
receipt of a command that initiates actions by the microprocessor and gives
meaning to ssbsequent data transfers.

13-Bit High-Speed Voltmeter
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Using the
Registers

Another register is the Data Register. This register is used for all data transfers
(except measurement data) between the voltmeter’s microprocessor and either the
HP 3852A mainframe or the GPIO controller,

These two registers are mentioned in the following discussion even though you
do not have access to either the Data or Command registers.

NOTE

Although other registers do exist in the High-Speed Voltmeter, do nor artemp! ro
read from or write to any registers other than the Status, Control, Identity, Trigger
and Data Buffer Registers. Attempting 1o read from or write to any other regist-
ers may caitse the volimeter to go fo an unknown state, invalidate all measurements,
or "lock-up”.

Data transfers within the digital section of the High-Speed Voltmeter share a
common bus. This means that any request for data transfers must wait until a
time slot is found when 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 approximately 40% utilized. Excessive access to any of the regist-
ers by either the HP 3852A mainframe or the GPIO controller, such as repeated-
Iy checking status, can dominate the bus, causing the Data Buffer to overflow.

Let’s ook at each register in more detail and see how to use the five registers.
There are two methods of reading from or writing to the registers. One method
uses the HP-IB interface with the HP 3852A mainframe. The second method
directly accesses the registers through the GPIO interface. Both methods require
a Register Address. The Register Addresses for the five registers are shown in
Table 3-10.

Table 3-10. Register Addresses

Register Register
Register Type* Address
identity R 1]
Status R 1
Data Buffer R 4
Control W 0
Trigger ¥ 1

* R means rend-only register, W means write-only register

13-Bit High-Speed Voltmeter
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Reading the
Registers

Reading
the Data
Buffer

We mentioned before that two methods exist For reading the contents of the
registers The first method reads the register contents through the HP 3852A
mainframe over the HP-IB interface. The command for doing this ts SREAD. ¢
has the form:

SREAD slot, register address [ storage or fmt]

The slor parameter specifies the HP 3852A mainframe or extender slot where the
High-Speed Voltmeter is installed. The Register Address is defined in Table 3-16.
Storage or Fmt allows you to specifs the destination or format of the returned
register valuve,

The following example shows how 10 read a value from a register

OUTPUT 70%; “SREAD 400,73y address™
ENTER 709; A

The second method of reading the contents of registers is over the GPIO inter-
face. This involves a four-step process. First, set the GPIO interface Control line
to low. This tells the voltmeter that the next piece of data is a Register Address.
Then we send the Register Address. Next set the GPIO interface Control line
high again for data. Finally, we enter the register value. The following example
demonstrates these four steps:

10 CONTROL 12,2;5 I SET CONTROL LINE LOW
20 OUTPUT 12 USING "#,W"; Reg_address ! OUTPUT REGISTER ADCRESS
30 CONTROL 12,2;4 1 SET COMTROL LINE HIGH
40 ENTER 12 USING »#,u"; Reg_value | ENTER REGISTER VALUE

50 END

in this exampie, 12 iz the sysiem controller’'s GPIO interface select code.

The reading storage memory retains the measurement data as a 16-bit integer
word, One bit indicates whether the reading is valid or not, Two bits indicate the
measurement range. The remaining thirteen bits form 3 sign/magnitude number.
Figure 311 illustrates the measurement data format.
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/] W e mmmn e masece e ee—crm—— Range
/ / = mmmmemmee—ececaeo—- Sign
/ / /  memm—mmee- Mantissa
/ / / / (11-8)
/ / / /
/ /
15 14 13 12 11 10 9 B Register Bits

32768 16284 8192 4096 2048 1024 512 256 Bit values

____________________ Mantissa

/ (7-0)

7 6 5 b 3 2 1 0 Register Bits

13-BIit High-Speed Yoltmeter
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128 64 32 16 8 4 2 1  Bit Values

Figure 3-11. Measurement Data Format

The most significant bit (bit 15) indicates whether the reading is valid or not.
A high (logic 1) bit indicates a good or valid reading. If the bit is returned low
(logic 0), then the measurement is invalid. The most likely cause for invalid
measurements is saturated input amplifiers caused by a common mode voltage
greater than 10.5 volts or too large of a voltage applied to the voltmeter input
for the given range,

Bits 14 and 13 indicate the voltmeter’s measurement range. These two bits can
be decoded as shown in Table 3-11.

Table 3-11. Measurement Range Bits

Bit Bit

14 13 Range

0 1] +/- 40 mV

0 1 +f- 320 mv
1 0 +/- 2.56 ¥
t 1 +/- 10.24 ¥

Bit 12 of the measurement data word indicates the sign of the measurement. A
low (logic 0) indicates a positive voltage. A high (logic 1) indicates a negative
voltage.

The mantissa, the lower 12 bits of the word, represent the absolute value or
magnitude of the measurement, This value is skewed by a factor of 4095. To



Example 11.
Decoding
Measurement
Data

Reading the
Identity
Register

obtain the actual measurement vaiue, do & Binary AND operation with the
returned measurement data and 4095,

Example 11 demonstrates how to read a measurement value over the GPIO in-
terface and decode it for the actunl reading.

This program, written exclusively Jor the HP series 200 desktop computers with
BASIC 30, shows how to decode one word of measurement data. Of course, the
program must be run for each measurement made by the High-Speed Voltmeter.
The voltmeter is configured over the HP-IB interface , through the HP 3852A
mainframe as usual. The measurement data is returned to the system controller
over the GPIO interface (interface select code 12).

10 GUYPUT 709; "USE 00, SORF BCOV) TERHM EXT™ | CONFIGURE FOR DC VOLY
20 GUTPUT 709; "RDGS GPits; AZERD ONCE: TRIG SGL™ I READING DEST, 1
30 CONTROL 12,2;%

40 OUTPUT 12 USING "#, W4

50 CONTROL 12,2:4

50 ENTER 12 USING "#,WH¥; Reacding

70 Good_flag = BIT (Resding,15)

80 Sign = BIT (Reading,12)

90 Range = BINAND (Reading,24576) DIV 8192
100 value = BINAND (Reading, 4095}

110 1Ff Good_flag THEX Volts =Valuesi02400.0
120 [F Sign THEN Volts = -Volts

130 SELELT Range

140 CASE D

150 ¥elta ¢ ¥olts

160 CASE 1

170 Volts = 8§ % volts

180 CASE 2

190 Volts = &4 * Yolts

200 CASE 3

210 Volts = 256 * vJolts

220 END SELECY

230 PRINT

240 PRINT Volts

250 END

if you want to look at the binary represeniation of the measurement data, add
the following lines.

63 FOR I = 15 TO 0 STEP -3
&4 PRINT BI!T {(Reading,I):
65 MEXT )

The HP 3852A mainframe determines the identity of the accessory in each
mainframe or extender slot. The Identity Register on the High-Speed Voltmeter
provides this information to the mainframe controller. The High-Speed
Yoltmeter has been assigned an identity code of 08 (Hex). The presence of the
High-Speed Voltmeter Extended Memory Card {provides a total of 64k reading
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storage memory) is indicated in the Card Option bit (bit 0). This register may be
accessed at any time; however, the GPIO handshake may be delayed up to 750uS
immediately after reset.

Figure 3-12 shows the bit format of the Identity Register.

----------------- Identity Code

/ (08H)

/  ====== Always 0

/ /
/ / -~ === Identity Flag
/ /7
/ / / -~ Option
/ /[
/[

7 6 | 5 4 3 2 1 0 Register Bits

128 64 32 16 8 4 2 1 Bit Values

Figure 3-12, Identity Register

The Identity Flag (bit 1) is set with the Control Register as you desire. It has
no effect or meaning other than what you ascribe to it.

The Option Bit (Bit 0) is encoded as shown in Table 3-12.

Table 3-12. Option Bit Encoding

Option
Bit Meaning
v} 8K Reading Storage Memory

1 64K Reading Storage Memory

The following programs show how to read this register.

10 OUTPUT 709; "SREAD 600,0%
20 ENTER 709; A

30 PRINT A

40 END

or,

10 CONTROL 12,2;5
20 OUTPUT 12 USING ™#,W*;0
30 CONTROL 12,2;4
40 ENTER 12 USING *#,W";A
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Reading the
Status
Register

Bit 0

Bit1

50 PRINT A
460 END

The Status Register provides the HP 3852A mainframe or the GPIO controller
information on what the High-Speed Volitmeter is doing and what it has done.
This register may be accessed at any time;, however, the handshake may bhe
delayed for up to 750 uS immediately after reset.

Figure 3-13 shows the bit format of the Status Register,

Service Request

/ Data Available

Almost Full

Command Accepted
{Done)

Scan in Progress

Error Flag

Input Buffer Full
(Busy)

Qutput Buffer Full
{Data Ready)

Register Bits

128 64 32 16 8 4 2 1 Bit Values

Figure 3-13. Status Register

The OQutput Buffer Full Flag (Bit 0} indicates that the voltmeter’s microprocessor
has acquired the requested data and placed it into the Data Buffer Register.
Therefore, it is ready to be acquired by neither the GPIO controiler or the HP
3852A mainframe. Once the data has been read, the bit is cleared. Data may be
read from the Data Buffer Register at any time except the first 750 uS after
reset, regardless of the state of Bit 0 in the Status Register. However, attempting
to read data from the Data Buffer Register when this flag is not set may result
in data to be read more than once, skipped data, or erroneous data to be
received.

Similarly, the Input Buffer Full Flag (Bit 1) indicates that the High-Speed
Yoltmeter is not prepared to receive data. Any attempt to send data to the
High-Speed Voltmeter while the voltmeter is busy (Bit 1 is high, logic 1) may
cause lost data, muitiple reads or erroneous data.
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Bit 3

Bit 4

Bit 5

Bit 8

Bit 7

Example 12,
Reading the

Status
Register

The Error Flag (Bit 2) indicates that an error has been detected since the recep-
tion of the last command. The Error Flag is cleared by sending a new command.

The Scan-in-Progress Flag indicates that the High-Speed Voltmeter is still taking
measurements according to previous instructions. Any command received during
this time that reconfigures the High Speed Voltmeter in such a way that might
affect the ongoing scan will be rejected. Requests for certain data and status in-
formation will also be rejected while the scan is in progress.

The Command Accepted Flag (Bit 4) indicates that the voltmeter's microproces-
sor has received and checked a command and any associated parameters. It has
also performed as much of the requested task as possible upon receipt of the
command and parameters. This means that commands that expect data to be
returned will see the Command Accepted Flag go true (logic High, 1) after the
first datum to be returned is placed in the Data Register. Other commands will
be completely finished when the Command Accepted Flag goes true.

When the Command Accepted Flag does become true, the Error Flag is valid,
having been set according to the partial check done so far. If an error has not
been detected, the microprocessor is ready to carry out the command, which
may include returned data. The Command Accepted Flag returns to a false state
when the microprocessor notices a new command in the Command Register.
This occurs before the Command Register is read by the microprocessor and
therefore the Input Buffer Full flag returns to false

When the voltmeter is set to the Burst Mode (see the RDGSMODE command),
the occurrence of the Data Available Flag and/or its associated interrupt normal-
ly indicates that the reading storage memory is almost full The Almost Full Flag
is set when the reading storage memory contains room for only 4096 (or less)
more readings.

The Data Available Flag (Bit 6) indicates that measurement data is available in
reading storage memory.

The Service Request (Bit 7) indicates interrupt status and can also be used to in-
dicate available data. This feature is enabled by the control register. However, it
can and should be used for other situations where service is needed.

The following program reads the High-Speed Voltmeter's Status Register and
decodes the results. The GPIO interface select code is 12.

10 CONTROL 12,2;5

20 QUTRUT 12 USING "#,u";1

30 CONTROL 12,2;4

40 ENTER 12 USING "#,W";Status
50 PRINT ®*  STATUS REGISTER™

60 PRINT Mevvvcrnonnrananonanas .
70 PRINT "SERVICE REQUEST  =";BiT(Status,7)
80 PRINT "DATA AVAILABLE  =*;BIT(Status,6)
90 PRINT “ALNOST FULL =";BIT(Status,S)

100 PRINT ®COMMAND ACCEPTED =";BIT(Status,d)
$10 PRINT “SCAN I[N PROGRESS =";BIT(Status,3)

13-Blt High-Speed Voltmeter
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120 PRINT “ERROR FLAG anoEIT{Statue,2)
130 PRINT ®INPUT BUFFER FULL =M;gl¥(Status,1)
140 PRINT "OUTPUY BUFFER FULL=";81T{Status,D)
130 END

Writing Just as there are two methods for reading from the internal registers, s there are
to the two methods for writing dats to certain registers The first method writes data
to the register through the H¥ 3852A mainframe over the HP-IB interface. The
REgIStel'S command for doing this is SWRITE. It has the fornt

SWRITE siot, register uddress, register value

Again, the slor parameter indicates the mainframe or extender slot where the
High-Speed Voltmeter is instalted. The Regisier Address is defined in Table 3-10.
Register value is the numeric value that you are setiing the register to.

The following example shows how to send data to a register,
DUTPUT T709; "SWRIv¢ 600,Reg address,Reg_value®

The second method of writing a value to a register is over the GPIO interface.
Just as when reading from & register, writing to a register involves a four-step
process. First, set the GPIO interface Control Line to low. This tells the
voltmeter that the next piece of data is a Register Address. Next, send the regist-
er address. Third, set the GPIO interface Control Line high again for data.
Finaily, send the vaive for the register. The following example demonsirates
these four seps

10 CONTROL 12,2;% I SET CONTROL LINE LOW

20 QUTPUT 12 USIHG “,W"; Reg address | SEND REG ADDRESS

30 CONTROL 12,2;¢ t SET CONTROL LINE HIGHE
&0 OUTPUT 12 USIHG ®#,WM; Reg value ! SEXD REGISTER VALUE

In this example, 17 is the system controller’s GPIO interface
select code,

Writing  The Control Register allows ihe HP 38524 mainframe or GPIO controler to
to the override certain functions ¢! the High-Speed Voltmeter. This register may be
Co nthI written to at any time but the handshake may be delayed for up to 750 uS after

Register =

NOTE

Remember, these instriictions are carried out immediately and unconditionally.
They will disrupt anything the the High-Speed Volimeter is doing.
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Bit 0

Bit 1

Bits 24 3

Bits 4-7

Figure 3-14 shows the bit format of the Control Register.

___________________ Inferrupt
/ Control
/] mememmeaaa Always 0

/ / -==~ Reset

/ / / == Data Available
/ / / / Clear (Burst)
/ /-

7 6 51 & 3 2 |11 0 Register Bits

128 64 32 16 g8 4 2 1 Bit Values

Figure 3-14. Control Register Format

In the Burst Mode, Data Available is indicated when the reading storage buffer
almost becomes full {only 4096 readings left) Data Available normally remains
true until the reading storage memory is totally emptied by reading the
measurements out. However, the user may wish to read only a portion of the
available data and then be notified when the reading storage memory again
reaches the almost full mark. The most common example of this is where
measurements are still being made and entering the reading storage memory
while you are reading out earlier measurements. Thus it may require an un-
known number of measurements to empty the reading storage memory.

Writing a "1" (fogic high) to the Data Available Clear bit of the Control Register
will clear Data Available unless the reading storage memory is already almost
full. Of course, if the reading storage memory is already empty, Data Available
will have been cleared. This bit has no effect if the voltmeter is not in the Burst
Mode,

The Reset Bit (Bit 1) causes the High-Speed Voltmeter to unconditionaily initial-
ize itself to its power-on state. You cannot directly write to this bit. The GPIO
controller should use its Peripheral Reset Line or the Reset command.

Bits 2 and 3 are always 0.

The Interrupt Control Field of the Control Register allows you to enable and
disable portions of the interrupt system. This includes selectively enabling and
disabling General Purpose (GP) and high speed scanning (HS) interrupts to the
HP 3852A mainframe or GPIO controller. it also aflows you to direct the
DataAvailable indication and Service Request to the General Purpose Interrupt
of the HP 3852A mainframe. Data Available is the only allowable cause of 2
high speed scanning (SCANMODE ON) interrupt.

The Interrupt Control Field consists of a four-bit code encoded as shown in
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Setting and
Reading the
Identity Flag

Table 3-13,

Table 3-1 3. Int~rrunt Contrel Fleld Encoding

Code
(Bit 7-8it &)

Action

4000
0001t
0010
IR
010x
2110
3
1000
100
1010
By
1100
101
1110
1"n

No ketlion

Rezervea - 00 NOT USE

Clear ldentity Flag (see Identity Register)
Set Idenzity Flag {(see Identity Register)
Reserved - DO NOT USE

Dizable yave Available to GP of msinframe
Ermble Sate Available to GP of mainframe
Dimable sackplane CP interrupt

Enable seckplane GP interrupt

f:isable bsckplane HS Interrupt

Enable hHackplane KS interrupt

Disable GPIO GP intercrupt

Enabte 3PI0 GP interrupt

Dissble GPI0 HS interrupt

Enable GPIG HS interrupt

All of these features come up in the disabled state when the High Speed

voltmeter powers-up or resets. The Identity Flag shows up in Bit 1 of the

Identity Register. It has no other effect and can be used for any purpose vou

ascribe to it

The following example shows how to set the Identity Flag in the Identity

Register and then read the Identity Register.

10 CONTROL 12,2;5

20 QUTPUT 12 USING *#,u ;0

30 CONTROL 12,2;4

40 QUTPUT 12 USING "#,4" 148
50 CONTROL 12,2;5

50 OUTPUT 12 USING “#,4",C
70 CONTROL 12,2:4

80 ENTER 12 USING ## wh:2

90 PRINT A
160 END

13-Bit High-Speed Voltmeter
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Writing The Trigger Register allows the HP 3852A mainframe or GPIO controller to
to the senerate triggers. It may be written at any time except the first 750 uS im-
Tri er mediately after reset. Refer to the section on triggers for more information,

Regls er The bit format for the Trigger Register is shown in Figure 3-15.

----- Soft Stop
/ Trigger
/ -—— Soft Scan
/ ! Trigger
/ / - Soft Measure
/o / Trigger

7 6 5 4 3 2 1 0 Register Bits

128 64 32 16 8 4 2 1 Bit Yalues

Figure 3-15, Trigger Register
Remember that this register generates the specified triggers
To generate a Soft Scan Trigger, execute the following sequence:

10 CONTROL 12,2;5

20 OUTPUT 12 USING “¥,W"

30 CONTROL 12,2;4

40 OUTPUT 12 USIHG "#,Wv; 2
50 END

ngh-s peed Many times it is just as important to transfer the readings to the system controll-
Date er just as quickly as the measurements can be taken. The program examples in
Transfer this final section demonstrate how to do just that These four programs were
written specifically for the HP 200 series desktop computers with HP 3.0 Basic.
No attempt was made to optimize these programs for general purpose use.
Instead, they were designed to demonstrate the fundamentals of high speed data
transfer,

Example 14,  This program shows the general sequence of events required to transfer data
General Purpose from the High-Speed Voltmeter to the system controller over the GPIO interface.
High-Speed Data The program assumes that the \fo!?meter can store all the readmgs. within its

reading storage memory. That is, if the voltmeter has an 8K reading storage
Transfer memory (HP 44702A), fewer than 8192 readings will be taken. If the voltmeter
has a 64K reading storage memory, fewer than 64K readings will be taken.

All the readings will be transferred to the system controller and then stored on a
mass storage disc. The readings will then be re-transferred back to the system
controlier and converted to normal reading format.
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Example 15.
Faster Data
Transfer

1]

20

30

40

50

&0

70

a0

20

108
110
120
136
140
150
160
170
180
190
200
210
220
230
240
250
260
70
ZBE
290
300
310
320
330
340
35%
1560
376
380
396

OPTION BASE 4
DIN A(8000)
MASS STORAGE I35 *:(u8%,700,9, 0
CREATE BDAT "Dste_file® 500
ASSIGN dPath_1 TO "Dats file®
GUTPUT TO0¥; “USE &00; SCAKMODE GH; SCYRIG HOLDY
CUTPUT T709; “FUKC OCY: ASCANM OH; TERM RIBBONY
CUTPUT 709; ®RDGS GPIL; MRDGS 40; PRESUAN 5; POSTSUAN 5#
QUTPUT TOP; =CLYRITE SEMSE “00-%519; A2ERD OWCE: SCTYRIG SGLW
COMTROL 12,2;5
GUTPUT 12 USING ¥ WY:4
CONTROL 12,2:4
ENTER 12 USING ™#,u% 4{%3
ASSIGN apath ! TO *
[
i
ASSIGN BPath_2 T¢ “ODats file:C380,705,0,0%
ENTER &Path_2;A(*)
ASSIGN &Path 2 TO ~
FOR J=1 TO B0GO
Sood_flag = BIT(A{J),15)
Sign = BIT(ALS) 322
Range » BINAND(R{.J)Y,24575) U1V 8192
Vatue = BIRAND(AZ{J),4005)
1F Good_flag THEM Volts= Value/102400.0
{F Sign THEN Yalis = -Volis
SELECT Range
TASE ©
yolts = Velts
CASE 1
volts = 8*¥olits
CASE 2
Yolts = H4%Valts
LASE 3
volts = 256%Voits
END SELECT
PRINT Volts
NEXT 4
END

This program illustrates a faster method of transferring data from the voltmeter
to the system controller. Again, this program assumes that the voltmeter can

store ali the

readings taken. The program stores the data on a mass storage disc

and then transfers them back to the system controller for conversion. The data
conversion routine is not repeated in this example; refer to Example 14, lines 200

through 380.
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Exampte 16.
Data Transfer
on Interrupt

NOTE

The remaining programs in this chapter require an HP 98620B Two-channel DM A
card to be installed in the system compuder.

10 OPTION BASE 1

20 INTEGER A(BO0O) BUFFER

30 MASS STORAGE IS *:Cs80,700,0,0%

40 CREATE BDAT "Data_filen

50 ASSIGN @Peth_1 TO “Data_file®, 500

60 ASSIGN @8uffer_1 7O 12;WORD

70 ASSIGN @Buffer 2 TO BUFFER A(®);WORD

80 QUTPUT 70%; “USE &00; SCANMODE ON; SCTRIG HOLD™®

90 DUTPUT 709;“FUNC DCV; ASCAN ON; TERM RIBBON®

100 OUTPUT T709;MRDGS GPIO; NRDGS 40; PRESCAN 5; POSTSCAN 5¢
110 OUTPUT FO9;"CLWRITE SENSE 500-519; A2ERO ONCE; SCTRIG SGL"
120 CONTROL 12,2;5

130 CGUTPUT 12 USING"#,W4;4

140 CONTROL 12,2;4

150 TRANSFER @8uffer_) to aBuffer 2

160 TRAKSFER 8Buffer_2 70 aPath_1

§70 ASSIGN aPath_1 to *

180 t

190 1

200 ASSIGN arath_2 to "Data_file:C$80,700,0,0%

210 TRANSFER aPath_2 to BBuffer_2

220 ASSIGN @Path_2 TO *

230 1

240 | ADD READING CONVERSION FROM EXAMPLE 14, LINES 200-380

This third program shows how the voltmeter can interrupt the system controller
when the reading storage memory is almost full Once the interrupt occurs, the
system controller transfers the readings from the voltmeter to the mass storage
disc. The readings are re-transferred to the system controller for conversion. As
with the previous two programs, this program assumes that the voltmeter can
store all of the readings in its reading storage memory.

10 OPTION BASE 1
20 INTEGER A{80CO) BUFFER

30 MASS STORAGE 1S “:CS8&0,700,0,0%

40 CREATE BOAT "Data file" 500

50 ASSIGN SPath_1 to "Data_file®

60 ASSIGN Buffer_1 TO 12; WORD

70 ASSIGN @Buffer_2 TO BUFFER A(*); WORD

80 QUTPUT 709; “USE 600; SCANMODE ON; SCTRIG HOLD"
90 OUTPUT 709;"FUNC DCVY; ASCAN ON; TERM RIBHON; RDGSMODE BURST™
100 OUTPUT 709;%RDGS GP10; EXABLE INTR; NRDGS 40%
110 OUTPUT 709; “PRESCAN 5; POSTSCAN 5

120 OUTPUT 709;"CLWRITE SENSE 500-519; AZERO ONCE®
130 CONTROL 12,2;5 :
140 ODUTPUT 12 USING™#,W";é
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Example 17,
Multiple Data
Transfers

150
1460
170
180
190
200
216
220
250
240
250
260
279
£80
<90
300
31
320

CONTROL 12,2:4

ON INTR 12 §0TG Intr_trep

ENABLE INTR 12:1

SUTPUT 709; "SCTRIG SGL=

Loop: STATUS 12,5;6pfc_state
iF BIT(Gpio_stee, 2)=1 THEW Intr_trap
GOTOD Loop

Intr_trap: OFF INTR 12

TRANSFER @Buffer-1 7O aBuffer ¢

TRANSFER 88uffer_2 TO SPath_ !

ASSIGN &Peth_1 TQ *

|

i

ASSIGN &Path_2 to 'Data*filezcsaﬁ,?ﬁﬁ,ﬁ,gﬂ

TRANSFER aPath_2 to &Buffer 2

ASSIGN aPath_2 10 *

1

1 ADD READING CONVERSION FROM EXAMPLE 14, LINES 200-380

The previous three examples assumed that the voltmeter could store all the read-
ings in its reading storage memory. But what if you need to make more readings
than the reading storage memory can hold For example, what if your voltmeter
has the 8K reading storage memory (HP 44702A) but you need to make 32,000
readings? This program example shows how the interrupt capability is used to
transfer more readings than the reading storage memory can hold to the system

controller.

10
20
30
LYY
0
60
7
&4
k4Y
109
110

OPTION BASE 1

INTEGER A(32000) BUFFER

NASS STORAGE 1§ #:CS80,700,0,0%

CREATE BDAT"Data_file®, 500

ASSIGN @Path_{ to "Data_file®

ASSIGN Buffer_1 TO 12; WORD

ASSIGN 8Buffer_2 TO BUFFER A(*); WORD

OUTPUT 709;“USE 600; SCANMODE ON; SCTRIG HOLD™

QUTPUT 709;"FUKC DCV; ASCAN ON; TERM RiBBON; RDGSMODE BURSTY
OUTPUT 709;"RDGS GP10; ENABLE INTR; NRDGS S0%
DUTPUT T09; MPRESCAN 10; POSTSCAN 10%

120 OUTPUT 709;%LLWRITE SENSE 500-519; A2ERD ONCE®
130 CONTROL 12,2:5

140 DUTPUT 12 USING"#, W" 4

150 CONTROL 12,2;4

1460 ON EOT @Path_1 GOTC 240

170 OX INTR 12 GOTO Intr_trap

180 ENABLE INTR 12;1

190 QUTPUT 709; “SCTRIG SGL™

200 Loop: STATUS 12,5;Gplo_state

210 IF BIT(Gpio_state,2)=1 THEN [ntr_trap
220 G070 Loop

230 Intr_trap: | INTERRUPT VALID

240 TRANSFER #Buffer-1 TO 8Buffer_2

250 TRANSFER aduffer_2 TO BPath_3

260 ASSIGN @Path_1 10 *
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2704

280t

290 ASSIGN @Path_2 to"Data_file:(s80,700,0,0"

300 TRANSFER @Path_2 to @Buffer 2

310 ASSIGN @Path_2 TO *

3204

3301 ADD READING CONVERSION FROM EXAMPLE 14, LINES 200-339
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Command Summary

Low-Level
Commands
ARMODE

ASCAN

AZERO
CHREAD

CLWRITE
DELAY
DISABLE INTR
ENABLE INTR
FUNC

iD?

INTR?

NRDGS

This section summarizes !l applicable commands for the HP 44702A/B. It is
composed of two subsections Low-Level Commands, and High Level Commands.
For an in-depth discussion of each command and its parameters, refer to the
Command Reference Manual

A low-level command perforins only simple operations such as changing the
range, enabling autozer. or transferring readings.

Selects when autoranging wili occur; either before or after the Measure Trigger is
received. (System or Scannzr Mode)

Selects the Autoscan function. ASCAN OFF requires a separate Scant Trigger
for each pass through the scan list. ASCAN ON requires only a initial Scan
Trigger for the first pass through the scan list, subsequent passes start automati-
caily. (Scanner Mode only)

Controls the autozerc function, (System or Scanner Mode)

Transfers one reading from the specified voltmeter channel to the HP-IB output
buffer/display, or to reading memory. (System or Scanner Mode)

Stores the channe] and range lists to be scanned when the proper triggers are
received, (Scanner Mode only and TERM RIBBON)

Sets the Trigger deluy and Sample Period (time between triggers) for the
voltmeter. (System Mode only)

Prevents the voitmeter from generating an interrupt when a reading becomes
available. (Scanner or System Mode)

Enables the voltmeter to generate an interrupt when 2 -eading becomes
available(System or Scanner Mode)

Selects the voltmeter’s measurament function(DCV, OHMF etc) and the
measurement range. (Svsteru or Scanner Mode)

Queries the specified slot for the accessory number installed in that slot. The
High-Speed Voltmeter should return either "44702A" or "44702B", (System or
Scanner Mode)

Returns the last channel niumber to cause an interrupt. if no channel has caused
an interrupt, -! {minus 1) is returned.

Sets the number of readings made per trigger in the Systermn Mode. Sets the pum-
ber of readings per channel in ihe Scanner Mode, (Scanner or System Mode)
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PERC

POSTSCAN

PRESCAN

RANGE

RDGS

RDGSMODE

RESET
SCANMODE

SCDELAY

SCSLOPE

SCTRIG

SLOPE

SPER

SREAD

STSLOPE

Sets the trigger threshold to the specified percentage of the voltmeter range
when used in a threshold trigger mode. (Scanner or System Mode)

Selects the number of complete scans the voltmeter will make after the Stop
Trigger is received. (Scanner Mode only)

Selects the number of complete scans through the scan list before the Stop
Trigger is acknowledged. (Scanner Mode only)

Allows you to select the voltmeter’s measurement range or the autorange mode.
(System or Scanner Mode}

Determines whether measurement data and interrupts will be sent to the HP
3852 mainframe or the GPIO interface, (Scanner or System Mode)

Determines when an interrupt will be generated for readings left in the
voltmeter’s reading storage memory and whether or not new readings will over-
write old readings when stored. (Scanner or System Mode)

Resets the voltmeter to its power-on state. (System or Scanner Mode)

Selects the voltmeter mode; either Scanner Mode or System Mode. In the System
Mode, the voltmeter may be used for single measurements or backplane scanning
with the high level commands. In the Scanner Mode, the voltmeter has extra
capabilities such a independent high speed scanning with the FET multiplexer
accessories using the dedicated interface cable. (Scanner or System Mode)

Sets the Scan Trigger Delay and the time between successive Scan Triggers,
{Scanner Mode only)

Selects which edge (rising or falling) of the Scan Trigger input signal will trigger
the voltmeter. (Scanner Mode only)

Selects the Scan Trigger source for the voltmeter. The Scan Trigger enables the
Measure Trigger for all measurements in the scan list. (Scanner Mode only)

Selects which edge (rising or falling) of the voltmeter trigger (System Mode) or
Measure Trigger (Scanner Mode) will trigger the voltmeter, (Scanner or System
Mode)

Sets the Sample Period (time between start of successive scans) when TRIG INT
is selected for the Scan Trigger. (Scanner Mode only)

Permits reading the status of an internal voltmeter register. (System or Scanner
Mode)

Selects which edge (rising or falling) of the Stop Trigger input signal will trigger
the voltmeter when using a threshold triggering mode. (Scanner Mode only)

13-Bit High-Speed Voltmeter

3-66



STTRIG  Selects the Stop trigger Source {15 the voltmeter. (Scanner Mode only)
SWRITE  Permits writing to certain irternal volimeter registers (Scanner or System Mode}

TERM  Selects the voltmeter input i2rmina's for making measvrements (Scanner or
System Mode)

TEST  Performs & nondestructive confirsiation test of the voltmeter. A more in-depth
test is performed when the voltinster ie reset (Scanner or Systemn Mode)

TRIG  Selects the voltmeter's trigger mude {(System Mode) or the Measure Trigger
source (Scanner Mode) (Scanner «+ System ModepMY="no"ME set TRIGOUT

TRIGOUT  Determines if the voltmeter’s re:: sanel BNC 0 connector will receive or output
the Measure Trigger pulse. (Systerns or Scanner Mode)

TRG  Selects the trigger source when suing the system trigger (TRIG SYS).

USE  Since more than one voltmeter can be installed in the mainframe or an extender.
the USE command designates which voltmeter wiil receive the subsequent com-
mand(s).

USE?  Returns the present USE channel address.

XRDGS  Transfers one or more readings from a voltmeter channel (System or Scanner
Mode)

H!gh-LeveI The high-level commands perform a series of operations and, when scanning,
Commands provide additional measurement functions. These additional measurement func-
tions are 2-wire ohms, 4-wire ohms with automatic Source channel designation.
and automatic temperature messurements from RTDs, thermistors, and ther-
mocouples.

CONF  Configures the voltmeter to the specified measurement function (DCY, OHMF.
ete.) and selects the default values for the other functions (autozero, range, etc.).
(System or Scanner Mode)

CONFMEAS  Configures the voltmeter to the specified measurement function (OHMF, DCV,
etcdand selects the default values for the other functions (autozero, range, etc.).
This command also causes the specified multiplexer channel(s) to be scanned,
measured, and the associated data conversions (ohms, temperature) to be per-
formed on the results. The CONFMEAS command also scans and measures un-
specified reference channels when making thermocouple temperature measure-
ments. The CONFMEAS command is equivalent to the CONF command im-
mediately followed by the MEAS command. (System or Scanner Mode)

MEAS  Causes the specified multiplexer channels to be scanned and measured; and, if
applicable, the associated data conversions (ohms, temperature) to be performed
on the results. The MEAS command aiso scans and measures unspecified
reference channels when making thermocouple temperature measurements

13-Bit High-Speed Voltmeter
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If the function of the measurement device is compatible with the function
specified in the MEAS command, the present state of the other functions (auto-
zero, range etc.) are not changed. (To set these other functions to their default
states, execute the CONF command prior to the MEAS command or use the
CONFMEAS command.)

If the function of the measurement device is not compatible with the function
specified in the MEAS command, the function is changed and autorange is
selected.

If the trigger mode of the measurement device is previously set to HOLD or
INT, executing the MEAS command changes the trigger mode to SCAN. If the
trigger mode is previously set to SYS, it is not changed by the MEAS command.
(System or Scanner Mode)

MONMEAS  Selects the voltmeter measurement function (OHMF, DCV, etc.) and selects the
default values for the other functions (autozero, range etc.) The MONMEAS
command also steps to the first multiplexer channel in the list, repeatedly makes
measurements, and sends the results to the display only (in RASC format).
Pressing the SADV KEY advances to the next channel in the list. (System or

Scanner Mode)

13-Bit High-Speed Voltmeter
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Chapter 4
20-Channel Relay MUX
HP 44705A

Introduction

Description

Functions

This chapter shows how to configure and program the HP 44705A 20-Channel
Relay Multiplexer (MUX) Accessory. The chapter has four sections:
Introduction, Specifications, Configuring the 20-Channel Relay MUX, and
Programming the 20-Channel Relay MUX.

* Introduction contains a chapter overview, a description of the relay MUX, a
description of its functions, and shows suggested steps to get started.

* Specifications lists the specifications for the accessory.

¢ Configuring the 20-Chanael Relay MUY contains a block diagram description
of the accessory, shows how to hardware configure the terminal module, and
shows how to connect field wiring to the terminal module.

& Programming the 20-Channel Relay MUX shows how to program the acces-
sory for voltage, current, resistance, and temperature measurements,

The relay MUX accessory is an analog signal multiplexer which is used to switch
(multiplex) signais from up to 20 channels for measurement by the HP 3852A
voltmeter accessories or by external voltmeters. This accessory provides switch-
ing capability for the 20 channels at scanning speeds up to 450 channels per
second using an HP 3852A voltmeter accessory. This accessory can switch signals
up to {70 VDC or 120 YAC rms (1 70V peak).

The relay MUX accessory consists of a 20-channel terminal module and a relay
MUX component module. Field wiring from your application sensors, such as
voltage sources, will be connected to the terminal module and the signals wiil be
sent to the switches located on the component module.

The relay MUX accessory is used to switch signals for measurement by the HP
3852A voltmeter accessories or by external voltmeters. This accessory can be
used to switch signals for four primary functions:

* Voltage Measurements,
® Current Measurements,
¢ Resistance Measurements.

¢ Temperature Measurements.

20-Channe! Relay MUX
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NOTE

Lach channel on the relay MUX can be independently configured 1o allow nuidsi.
ple functions to be measwred using the same accessory.

Yoltage Measurements

The relay MUX can be used to switch signals for guarded (3-wire) DC voltage
and AC voltage measurements. In the guarded voltage measurement function,
HIGH, LOW, and GUARD lines are switched on each selected channel for max-
imum common mode noise rejection. Use this function to make up to 20 voliage
measurements per relay MUX accessory.

Current Measurements

The relay MUX can be vsed to switch signals for DC and AC current measure-

ments using current sensing. Current sensing is a method of determining current
using a shunt resistor that you install on the terminal module. Use this function
to make up to 20 current measurements per relay MUX accessory,

Resistance Measurements

The relay MUX can be used to switch signals for 2-wire and 4-wire resistance (or
ohms) measurements. The primary difference between the two types of resis-
tance measurements is the accuracy. In applications where the resistance of the
test leads is not critical, the 2-wire ohms function can be used. Generally, the
larger the resistance being measured, the less you have to be concerned about test
lead resistances. Use the 2-wire ohms function to make up to 20 resistance
measurements per relay MUX accessory.

The use of the 4-wire ohms measurement virtually eliminates the error caused by
the test lead resistances. The current through the unknown resistance is the same
regardless of the lead resistance but the voltmeter measures only the voltage
across the resistance, not across the combined test lead and resistance. The
4-wire ohms function is essential when the highest accuracy is required. Since
each 4-wire chms measurement requires two channels, up to 10 resistance
measurements can be made per relay MUX accessory.

Temperature Measurements

The relay MUX can be used to switch signals for temperature measurements
using resistance temperature detectors (RTDs) and thermistors. RTDs are typical-
Iy more stable and accurate than thermistors. Thermistors are more sensitive to
ternperature changes than RTDs. Because of the low resistance values of RTDs
and thermistors, the most accurate method of measurement is the 4-wire ohms
function. The 2-wire ohms function can be used in temperature applications
where accuracy is not so important, such as when checking the integrity of vour
transducers.



Gettin
Starte

Use the temperature measurement function to make up to twenty 2-wire
measurements or ten 4-wire measurements (each 4-wire measurement requires
two channels) per relay MUX accessory,

The HP 3852A resistance-to-temperature conversions support the following
RTDs and thermistors:

RTDs supported:

& = 000385 Q/Q°C (10002 at 6°C)
a = 0003916 Q/Q°C (100Q2at 0°C)

Thermistors supported:

2252 at 25°C
5kQat 25°C
10 kG at 25°C

NOTE

Other transducers can be measured using the relay MUX but only those listed
above are supported by the HP 38524 conversions.

To use the relay MUX accessory for your application, you will need to follow
three steps:

* Define your application.
® Configure the accessory for your application.

® Program the accessory for your application.
Define your Application

The first step is to define your application and determine if the accessory can
meet the requirements of your application. The relay MUX can switch DC or
AC inputs up to 170 YDC or 120 VAC rms (170V peak). Since each of the 20
channels can be independently configured, up to 20 different devices can be
connected to the accessory. When selecting devices to be connected, refer to
Table 4-1 "20-Channel Relay MUX Specifications” to ensure that the voltage and
current requirements of your application are within the specifications for this
accessory.

Configure the Accessory

The next step is to configure the accessory for your application. Refer to
"Configuring the 20-Channel Relay MUX" for information on hardware con-
figuration (setting jumpers and switches) and connecting field wiring to the
terminal module for voltage, current, resistance, and temperature measurements.

20-Channel Relay MUX
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Prograin the Accessory

The third step is to program the relay MUX for vour application. Refer to
"Programming the 20-Channel Relay MUX" to program the accessory for volt-
age, current, resistance and temperature measurements.

Tabie 4-1 lists the specifications for the relay MUX. This table contains four
categories: Input Characteristics, Operating Characteristics, RTD Characteristics,
and Thermistor Characteristics.

WARNING

The HP 38524 and the HP 38534 internal analvg buses interconneet the nilii.
plexcr and volimeter accessorivs to form one circuit. To protect against possible
personal infury due ro equipment failure or programming error, lintitations are
placed on the potentials that can appear between any (wo points on the cirenit {or
between the circuit and chassis). These limitations are lisied below for the HP
38524, HP 38534, and all plug-in accessorics. For any given set of accessories in-
stalled in the mainframe or extender, the maximum potential berween any (wo
points is determined by the aceessory with the LOWEST peak voltage limitation, as
follows:

Maximum Allowable

Instrument/Accessory Psak Voltage
HP 3852A Mainframa 350V
HP 3853A Extender 350v
HP 44701A iIntegrating VYoltmeter 350v
HP 44702A/B MHigh-Speed Voltmeter L2V
20-Channel Reflay Multiplexers 170V
&0-Channel Relay Multiplexer 42v
Atl FET Multiplexers 42v

1f the analog extender cable is NOT connected between the mainframe and the
extenders, each instrument s considered as a separate circuit.




Table 4-1. 20-Channel Relay MUX Specifications

INPUT CHARACTERISTICS:

Maximum input Voltage:
Between any two input terminals or to chassis:
170v peak, 170 VDC, 120 VAC rms

Maximum Curent: 50 mA per channel non- inductive

injected Curment: 1 nA DC
(Injected currents are sourced by the accessory into
RIGH and LOW; RN < 85% @ 28°C or < 60% 3 40°c.)

Maximum Power: 1 VA per channel

DC Offset:
HIGH and LOW Relays: *1 uVv Per Relay
To backplane including tree switches: 2 uv Differential
Guard Relays (Not low-thermal): 400 wv

Closed Channel Resistance:
In Series: 100§ £10% in WIGH, LOW, and GUARD Lines
Contacts Onty: 1{1 per contact

OPERATING CHARACTERISTICS:
Maximum Scan Rate (channels per second):
Using HP 3852A Voltmeter Accessories: 450

Using External Voltmeter: S00

Relay Characteristic Lifetime: *

Voltage Number of Cycles
10v > 0%

40V 1.5 x 107

100V 107

Tenargcteristic Lifetime of a single relay on the HP 44705A
in the mainframe with one HP 44701A Integrating Voltmeter.

%1otal peak voltage between one scanned channe! and the next
or from a scanned channel to OV {whichever is greater).

Synchronization: Break-Before-Make in scanning operation

20-Channel Relay MUX
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Table 4-1. 20-Channel Helay MUX Specifications (eoni'd)

RTD CHARACTERISTICS:

RTD Types Supported:
Type: Platinum, O = 0.0038% 9729 "
10000 ot 8°C
Type: Pletinum, O < 3.003214 e,
100{2 at 0°C

THERMISTOR CHARACTERISTICS:

Themlstor Types Supported:
Type: 2252() st 5%
Type: § Kl at 25°¢
Type: 10 &) 2t 25°%¢

Configuring the 20-Channel Relay MUX

A\,

20-Channet Relay MUX
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This section shows how tc configure the relay MUX accessory. It contains a
block diagram description of the accessory, information on hardware configur-
ing the terminal module, and information on connecting field wiring to the ter-
minal module.

Refer to "Programming the 20-Chanuet Relay MUX" to program the accessory
for voltage, current, resistance, and ‘smperature measurements.

WARNING

SHOCK HAZARD. Only qualified, service-(rained personnel who are aware of
the hazards invoived should instaii, remove, or configure any accessory. Before

rouching any installed accessory, iurn of | all power 1o the mainframe, extenders,
and 1o all external devices connecied to the mainframe, extenders, or AeCessorics.

WARNING

POSSIBLE OPERATOR INJURY. Under most conditions of failure, the relays
on the relay MUX will remain in whatever state your program has set them,
However, for some equipment failures, the relays may not remain in their
programmed state. 1f the relays seftle in the closed state, the relay contacts may
weld rogether and the highest voltage present on any eone channel may be present
on all channels. This condition may caiise operator injury if the terminals are
towched or equipment damage may resull.

For example, sce Eigure 4-1 which shows the block diagram for the relay MUX.
If Channel 0 is ai 100 volts and a failure occiirs which causes the relay contacts to
weld fogether, the 100 voits may be present on all 20 channels of the accessory.




Block
Diagram
Description

CAUTION

STATIC SENSITIVE. Use clean-handling technigues when handling the acces-
sory. Do not install an accessory without the metal covers attached.

The relay MUX accessory consists of a 20-channel terminal module and relay
MUX component module as shown in Figure 4-1. Field wiring from your ap-
plication sensors, such as voltage sources, will be connected to the terminal
module and the signals will be sent to the switches located on the component
module.

Figure 4-1. 20-Channel Relay MUX Block Diagram

The component module is made up of 24 switches which are divided into two
categories: bank switchcs and tree switches Each of the 24 switches consists of
three reed-actuated relays, one each for HIGH, LOW, and GUARD lines. There
are a total of 20 bank switches which are divided into two groups of 10 channels
each: BANK A and BANK B. The channels in BANK A are numbered 0
through 9 and the channels in BANK B are numbered 10 through i9.

NOTE

Only one channel per bank can be closed at a time. Closing a second channel in a
bank will open any previously closed channel in that bank,

The component module contains four tree switches which are of two types:
Source Bus tree switches and Sense Bus tree switches. Fach of the two banks has
one Source Bus tree switch and one Sense Bus tree switch. The tree switches
control signal flow to and from the HP 3852A backplane and also isolate the
bank switches from the backplane when they are not in use. The Sense Bus tree
switches provide the connections to the backplane for making voltage measure-
ments. The Source Bus tree switches provide the current source connections {+1
and -I) to the backplane for resistance measurements.

An Isolation Jumper on the component module allows you to disconnect the tree
switches from the HP 3852A backplane for special signal routing applications.
For more information on the Isolation Jumper, refer to "Setting the Isolation
Jumper”.

Table 4-2 shows the channel definitions for the relay MUX accessory. Channels
0 through 19 control the bank switches and Channels 91 through 94 control the
tree switches.

20-Channe! Relay MUX
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Table $-2. 20-Channel Relay MUX Channel Definitions

Channel pefinitions

0o-9 BANK A switches

10 - 19 BANX 8 switches
N Sense Bus Tree Switch {BANK A)
92 Sense Bus Tree Switch (BANK B)
%3 Source Bus Tree Switch (BANK A)
F6 Source Bus Tree Switch (BANK B)

NOTE

Two (ree switches of the same type cannot be closed simultaneously (e.g.. only one
of the two Sense Bus tree switches can be closed at a time). Closing a sccond tree
switch will open any previously closed tree switch of the same type.

The BANK A COMMON and BANK B COMMON terminals on the terminal
module can be used to connect an external voltmeter or for diagnostic
procedures. As factory configured, there are three 1000} current limiting resistors
in series with the BANK A COMMON terminal and three 100£) current limiting
resistors in series with the BANK B COMMON terminal

Five 1000} resistors on the component module connect the tree switches to the
HP 3852A backplane. These resistors provide current limiting protection for the
relays on the component module The resistors do not affect resistance
measurements (2-wire ohms error due to contact and trace resistance <2€}). The
resistors can be shorted out, but this will seriously shorten relay life if high vol-
tages or currents are switched.

This section explains how to hardware configure the terminal module. It shows
how to set the Isolation Jumper and how to install low pass filters and at-
tenuators on the terminal module for input signal conditioning.

The tree switches on the relay MUX can be connected or disconnected from the
HP 3852A backplane using the Isolation Jumper. Figure 4-2 shows the location
of the Isolation Jumper (J1) on the component module. Note that the jumper
has an EN (enable) position and a DIS (disable) position. For normal operation,
the Isolation Jumper should be in the enable position to connect the tree
switches to the HP 3852A backplane. For special applications that require tree
switch isolation from the backplane, you can move the Isolation Jumper to the
disable position.
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Figure 4-2. Setling the Isciation Jumper
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Filters
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Attenuators

Connecting
Field Wiring

NOTE

As factory configured, the Isolation Jumper is in the EN (enable) position.

Figure 4-2. Setting the Isolation Jumper

Space has been provided on the terminal module for you to install one-pole low
pass filters for input signal conditioning on each channel Figure 4-3 shows the
normal channel configuration and the low pass filter channel configuration,

Figure 4-3. Low Pass Filter Channel Configuration

Figure 4-4 shows how to install a low pass filter on Channel 10 of the terminal
module. To install the low pass filter, remove the jumper (SERIES JM 10} and
install your resistor in its place. Install your capacitor in the SHUNT 10 position
as shown. Precision components should be used to maintain accuracy.

Figure 4-4, Installing Low Pass Filters

The space for low pass filters on the terminal module can also be used to install
attenuators to reduce input signals to a usable level for the relay MUX. Figure
4-5 shows the normal channel configuration and how the channels are ¢con-
figured to attenuate input signals.

Figure 4-5. Attenuator Channel Configuration

Figure 4-6 shows how to install an attenuator on Channel 0 of the terminal
module. To install the attenuator, remove the jumper (SERIES JM 0) and install
resistor R1 in its place. Install resistor R2 in the SHUNT 0 position as shown.
Precision components should be used to maintain accuracy.

Figure 4-6. Installing Attenuators

The next step is to connect field wiring from your application to the appropriate
terminals on the terminal module. The following section contains examples that
show how to connect field wiring to the terminal module for voltage., current,
resistance, and temperature measurements.

Figure 4-7 shows the terminal module with the cover removed. Each of the 20
channels has 2 HIGH, LOW, and GUARD terminal. Terminals 0 through 9 in
BANK A are for Channels 0 through 9, respectively. Terminals 0 through 9 in
BANK B are for Channels 19 through 19, respectively.

Figure 4-7. 20-Channel Relay MUX Terminal Module

20-Channel Relay MUX
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When connecting fleld wiring to the terminal module, route the wires through
the strain relief clamp and tighten the clamp screw to reduce the chance of
wires being puiled out of the terminai connectors. If the clamp screw is loosened
far enough, the strain relief clamp can be rotated to make it easier to route the
wiring.

NOTE

When connecting components such as resistors, RT Ds, or thermistors, the lead
length may be too short to route through the strain relief clamp. [In this case, the
components will have to be stored inside the terminal module. When connecting
these components, make sure that no leads are shorted together and bend the lead's
to allow the terminal module cover to be replaced.

In the guarded (3-wire) voltage measurement function, the relay MUX accessory
can switch signals for up to 20 DC or AC voltage measurements. When making
guarded voltage measurements, HIGH, LOW, and GUARD lines are switched on
each selected channel for maximum common mode noise rejection.

CAUTION

The maximum non-destructive voltage which can be applied to the 20~channel relay
MUX is 170 VDC or 120 VAC rms (170V peak). Refer to Table 4-1 for the
specifications.

CAUTION

POSSIBLE EQUIPMENT DAMAGE. When making high-voltage measure-
ments using the relay MUX, the HP 38524 analog backplane becomes charged o
the voltage on the last channel connected fo it. The next channel that you close 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. To maximize relay
life and prevent damage fo sensitive {ransducers by high backplane discharge vol-
tages, see Figure 4-8.

Figure 4-8. Discharging the HP 3852A Backplane



« When measuring high-voitages, connect the line which has the highest maximum
absoluta peak voitage of the sourcs to the HIGH tarminal on the terminal module.
Connect the line which has the lowsst absolute peak voltage of the source tc the
LOW terminal on the terminai moduls. Connect the guard line ONLY it high com-
mon moda noise rajection is necessary, otherwise, do not connect the guard lina.
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Figure 4-8. Discharging t!-: HP 3852A Backpiane
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Example: Connecting Voltage Sources to the Terminal Module

A voltage source (V0) is connected to Channel 0 on the terminal module as
shown in Figure 4-9. Connect the high (+) lead from the voltage source to the
HIGH terminal Connect the low (-) lead from the voitage source to the LOW
terminal. If a guarded (3-wire) voltage measurement is being made, connect the
shield from the shielded twisted pair to the GUARD terminal. The shielded
twisted pair is used to reduce electrical noise in the measurement.

Figure 4-9. Connecting Voltage Sources to the Terminal Module

The relay MUX uses current sensing to make current measurements. When
making a current sensing measurement, the voltage across a shunt resistor is
measured and the current is calculated using the measured voltage and the resis-
tance value of the shunt. The relay MUX can be used to switch signals for up to
20 DC or AC current measurements. When making current measurements,
HIGH, LOW, and GUARD are switched on each selected channel for maximum
common mode noise rejection. Figure 4-10 shows the normal channel configura-
tion and how channels are configured for current sensing measurements.

NOTE

The maximum non-destructive voltage which can be applied to the 20-channel relay
MUX is 170 VDC or 120 VAC rms {170V peak). Refer to Table 4-1 for the
specifications.

Figure 4-10, Current Sensing Configuration

Example: Installing Shunt Resistors for Current Measurements

A 2500 shunt resistor {R0) is installed in the shunt position (SHUNT 0) for
Channel 0 on the termina] module as shown in Figure 4-11.

NOTE

The SERIES JM (jumper) must be in place on the terminal module for ¢ach
channel being used for current measurements (see Figure 4-11).

Figure 4-11. Installing Shunt Resistors for Current Measurements

20-Channel Reiay MUX
4-11
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One of the functions of the relay MUX accessory is to switch signals for resis-
tance measurements. This section contains a 2-wire ohms and a 4-wire ohms
configuration example.

Example: Connecting Resistors for 2-Wire Ohms Measurements

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to switch signals for up to 20 resistance measurements per relay
MUX accessory. :

A resistor (R0) is connected to Channel 0 on the terminal module as shown in
Figure 4-12. Connect one lead of the resistor to the HIGH terminal. Connect
the other lead of the resistor to the LOW terminal. Connect the guard lead (if
high common mode noise rejection is required) from the resistor low lead to the
GUARD terminal

Figure 4-12. Connecting Resistors for 2-Wire Ohms Measurements

Example: Connecting Resistors for 4-Wire Ohms Measurements

The use of the 4-wire chms measurement virtually eliminates the error caused by
the test lead resistances. The current through the unknown resistance is the same
regardless of the lead resistance but the voltmeter measures only the voltage
across the resistance, not across the combined test lead and the resistance. The
4-wire ochms function is essential when the highest accuracy is required. Since
each 4-wire ohms measurement requires two channels, up to 10 resistance
measurements can be made per relay MUX accessory.

NOTE

Each 4-wire ohms measurement reguires two channels, one from BANK A and one
from BANK B. When connecting a resistor (o the terminal module for a 4-wire
ohms measurement, use two channels that are separated by one decade {ie.,
Channels 0 and 10, Channels I and 11, etc.).

A resistor (R1) is connected to Channels 0 and 10 on the terminal module for a
4-wire ohms measurement as shown in Figure 4-13. Channel 0 is used as the
voltage sense channel for the measurement and Channel 10 is used as the current
source channel for the measurement

Figure 4-13. Connecting Resistors for 4-Wire Ohms Measurements

To mzke the connections for Channel 0 (the Sense channel), connect one lead of
the resistor to the HIGH terminal. Connect the other lead of the resistor to the
LOW terminal Connect the guard lead (f high common mode noise rejection is
required) from the resistor low lead to the GUARD terminal
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Connections
for Temperature
Measurements

To connect the resistor to Channel 10 (the Source channei), repeat the above
procedure using the HIGH and LOW terminals for Channel 10. Note that it iz
not necessary to connect the guard lead to both the sense channel and the souice
channel

One of the functions of the relay MUX accessory is to switch signals for tem-
perature measurements. This section contains examples that show how to con-
nect RTDs and thermistors to the terminal module.

Example: Connecting RTDs for 2-Wire Temperature Measurements

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. The HP 3852A resistance-to-temperature
conversions support RTDs with temperature coefficients (G} of 0.00385 {/Q°C
and 0.003916 £/Q°C and resistance values of 1000 at 0°C,

An RTD (RTDO) is connected to Channel 0 on the terminal module as showa in
Figure 4-14. Connect one lead of the RTD to the HIGH terminal. Connect the
other lead of the RTD to the LOW terminal. Connect the guard lead (if high
common mode noise rejection is required) from the RTD low jead to the
GUARD terminal

Figure 4-14. Connecting RTDs for 2-Wire Temperature Measurements

Fxample: Connecting RTDs for 4-Wire Temperature Measurements

The HP 3852A also allows RTDs to be measured using the 4-wire ohms function.
Since each measurement 4-wire ohms measurement requires two channels, up 1o
10 RTD measurements can be made per relay MUX accessory.

NOTE

Each 4-wire RTD measurement requires two channels, one from BA NK A and ore
‘rom BANK B. When connecting an RTD to the terminal module for a 4-wire
measurement, tse (wo channels that are separated by one decade (ie. Channels O
and 10, Channels 1 and 11, etc.).

An RTD (RTD1) is connected to Channels 0 and 10 for a 4-wire measurement as
shown in Figure 4-15. Channel 0 is used as the voltage sense channel and
Channet 10 is used as the current source channel for the measurement.

Figure 4-15. Connecting RTDs for 4-Wire Temperature Measurements

To make the connections to Channel 0 (the Sense channe!), connect one lead of
the RTD to the HIGH terminal. Connect the other lead of the RTD to the
LOW terminal Connect the guard lead (if high common mode noise rejection is
required) from the RTD low lead to the GUARD terminal

To connect the RTD to Channel 10 (the Source channel), repeat the above pro-
cedure using the HIGH and L.OW terminals for Channel 10. Note that it is not
necessary to connect the guard lead to both the sense channel and the source
channel.

20-Channel Relay MUX
4-13
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Example: Connecting Thermistors for 2-Wire Temperature Measurements

Thermistors are capable of detecting small changes in temperature and are used
in applications where the temperature extremes are not too high. Thermistors
are highly dependent upon variables such as thermistor composition and size.
Most thermistors have negative temperature coefficients which means that their
resistance values decrease with increasing temperature.

Up to twenty 2-wire thermistor measurements can be made per relay MUX. The
HP 3852A resistance-to-temperature conversions support thermistors with the
following resistance values at 25°C: 22522, 5 k{2, and 10 kL

A thermistor (THMO) is connected to Channel 0 on the terminal module as
shown in Figure 4-16. Connect one lead of the thermistor to the HIGH terminal
Connect the other lead of the thermistor to the LOW terminal. Connect the
guard lead (if high common mode noise rejection is required) from the thermis-
tor low lead to the GUARD terminal.

Figure 4-16. Connecting Thermistors for 2-Wire Temperature Measurements

Example: Connecting Thermistors for 4-Wire Temperature Measurements

The HP 3852A also allows thermistors to be measured using the 4-wire function.
Since each 4-wire ohms measurement requires two channels, up to 10 tempera-
ture measurements can be made per relay MUX accessory.

NOTE

Each 4-wire thermistor measurement require two channels, one from BANK A and
one from BANK B. When connecting a thermistor to the terminal module for a
4-wire measurement, use two channels that are separated by one decade fie.,
Channels 0 and 10, Channels 1 and 11, etc.).

A thermistor (THM1) is connected to Channels 0 and 10 for a 4-wire measure-
ment as shown in Figure 4-17. Channel 0 is used as the voltage sense channel for
the measurement and Channel 10 is used as the current source channel for the
measurement.

Figure 4-17. Connecting Thermistors for 4-Wire Temperature Measurements

To make the connections to Channel 0 {the Sense channel), connect one lead of
the thermistor to the HIGH terminal. Connect the other lead of the thermistor
to the LOW terminal Connect the guard lead (if high common mode noise
rejection is required) from the thermistor low lead to the GUARD terminal.

To connect the thermistor to Channel 10 (the Source channel), repeat the above
procedure using the HIGH and LOW terminals for Channel 10. Note that it is
not necessary to connect the guard lead to both the sense channel and the source
channel

20-Chanhel Relay MUX
4-14
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Installation/
Checkout

Checking the
Accessory
Identity

The following section explains how to check the accessory identity, how to
verify the field wiring connections, and how to read the state of the channeis

NOTE
The example programs in this section use *709" as the HP-IB address for the HFP
3852A4. Specific slot and channel numbers are also used. Program syntax and

data return formais apply to HP Series 2007300 Controllers. Modify slot and
channel numbers as required.

After you have connected field wiring from your application to the terminal
module, replace the terminal module cover and install the accessory in the
desired mainframe or extender slot. Refer to the Mainframe Configuration and
Programming Manual to connect the terminal module to the component module
and to install the accessory.

To check the accessory identity, you can use the ID? (Identity?) command. The

ID? command provides a way to check, from the HP 3852A front panel or from
a controller, in what slot an accessory has been installed. The 1D? command will
return ® 44705A" for the 20-Channel Relay MUX and " 447X XX" if the terminal
module is not connected to the component module. If the ID? command is sent
to a slot with no accessory installed, " 000000" will be returned.

Example: Reading the Accessory Identity

1t 1

20 iUse the 10?7 commend to read the identity of &
30 1relay MUX instelled in stot 7 of the mainframe.
40 1

50 QUTPUT 709 “ip? 200°

&0 ENTER 709; identity%

70 PRINT ldentity$

BO END

Output with terminal module connected:

4470%A

NOTE

If you have addressed the correct slol and have made sure that the terminal module
is connected, but the proper 1D number is not returned, refer to the HP 38524
Assembly Level Service Manual for service procedures.

20-Channel Relay MUX
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To verify that your field wiring has been properly connected to the terminal
module, send the MONMEAS (Monitor/Measure) command from the HP 3852A
front panel keyboard or from a controller. This command can be used to check
DC and AC voltage connections, 2-wire and 4-wire ohms connections, RTD con-
nections, and thermistor connections.

The following program segment shows how to use the MONMEAS command
with a controller to verify DC voltage connections on Channels 200 through 219.
The CONF command configures the voltmeter accessory for DC voltage
measurements. For this example, a relay MUX is installed in slot 2 of the
mainframe and a voltmeter accessory is installed in slot 0 of the mainframe.

10 OUTPUT 709; “USE O

20 OUTPUT 70%; ®CONF DCV"

30 OQUTPUY 709; “MONMEAS DCV,200-219%
40 END

The 20 channels will be scanned and measured one at a time starting with
Channel 200. Press "SADV KEY" on the HP 3852A front panel to advance the
scanning to the next channel. When the scan is advanced past the last channel
(Channel 219 in this example), scanning will stop and the last measurement will
remain on the display.

The CLOSE? command can be used to determine the state of the relay MUX
channels. This command returns one of five numbers for each channel queried.
The numbers returned indicate if a channel is open or closed and to which bus
the channel is connected. Table 4-3 shows the channel state for each value that
can be returned by the CLOSE? command when used with the 20-Channel Relay
MUX.

Table 4-3. Values Returned by the CLOSE? Command

Dats Channel
Returned State
0 Channel Open
1 Channel Closed
2 Channel Closed - connected to Sense Bus
3 Channel Closed - connected to Source Bus
4 Channel Closed - connected to Both Buses




NOTE

The CLOS E? command will return 2, 3, or 4 only to indicate the state of Channels
0 through 19 (ie. these values will not be returned for the (ree switches),

Example: Reading Channel State

This example shows how to use the CLOSE? command to read the state of
Channels 0 through 4 on a relay MUX. The RST command resets the relay
MUX to its power-on state where all channels are open. The CLOSE command
closes Channe! 3 and the BANK A Sense Bus tree switch {Channel 91). The
OPEN command is used to open the channels and disconnect them from the
backplane. For this example, a relay MUX is installed in slot 2 of the
mainframe.

10 OQUTPUT 709; “RST 200%

20 INTEGER State(s)}

30 QUTPUT 709; “CLOSE 203,291%
40 QUTPUT 709; “CLOSE? 200-204"
S0 ENTER 709; State(*)

60 PRINT State(™)

70 OUTPUT 709; “OPEN 203,291%
80 END

Typical Output (Channel 3 closed - connected to Sense Busy

8 6 o0 2 ¢

20-Channel Relay MUX
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Programming the 20-Channel Relay MUX

Command
Summary
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As noted in the Introduction section of this chapter, the relay MUX has four
primary functions voltage measurements, current measurements, resistance
measurements, and temperature measurements. This section contains examples
that show how to program the accessory for each function. it includes a
description of each function, applicable commands for the functions, and
programming examples. Each example includes a sample program and (where
applicable) typical outputs for the assumed conditions.

This section also summarizes the programming commands used with the relay
MUX (refer to "Command Summary”) and lists the titles of the example
programs (refer to "Program Titles").

NOTE

The example programs in this section use 709" as the HP-IB address for the HP
3852A4. Specific slot and channel numbers are aiso used. Program syntax and
data return formais apply to HP Series 200/300 C ontroilers. Modify slot and
channel numbers as required.

NOTE

The example programs show how to make typical measurements using the relay
MUX with the HP 447014 Integrating Voltmeter Accessory or the HP 44702
High-Speed Voltmeter Accessory (when used on the backplane). Refer to the
Mainframe Configuration and Programming Manual for instructions on making
measurements using an external voltmeter.

Table 4-4 is an alphabetical listing of commands which apply to the relay MUX
accessory. Refer to the HP 3852A Command Reference Manual for a complete
description of these commands.



Table 4-4. Commands for the 20-Channel Relay MUX

CLOSE c# list

Closes a single multiplexer channel or a list of channels specified by ch fist. This
command is intended for individual switch control in special signal-routing ap-
plications. It is not the easiest way to do routine measurements since the tree
switches are not automatically configured as in the scanning commands.

CLOSE? ch list [(INTO name) or [fmi]

Queries the state of channels specil ied by ch list.

CONFMEAS function , ch list {USE ch} [INTO rname) or [/mi}

Configures the voltmeter accessory and measures a function on the channels
specified by ch list. This command automatically configures the voltmeter ac-
cessory and the tree switches on the multiplexer for the measurement.

107 [slor}

Reads the identity of the accessory in the slot specified by slot.

MEAS funcrion , ch list TUSE ck] (INTO name}or [frmi]

Scans and measures a function on the channels specified by ch fist. This com-
mand does not configure the voltmeter accessory but it does configure the tree
switches on the multiplexer for the measurement.

MONMEAS Funcrion , ok list [USE ch]

Monitors and measures a function on the channels specified by ch list. This
command is vseful to check wiring connections made on the terminal module.

OPEN ch list

Opens a single multiplexer channel or a list of channels specified by ch list. This
command is used to open channels and place them in a safe state after the
measurements have been made.

RST [slon]

Resets the accessory in the slot specified by slof to its power-on state.

20-Channet Relay MUX
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The discussion for each function includes one or two examples that show how to
program the relay MUX for that function. Table 4-5 lists the titles of the ex-
ample programs in this section.

Table 4-5. Program Titles

NOTE

When using more than one refay multiplexer function, it is recommended that
similar types of measurements be grouped together in order (o maximize relay life
and minimize voltmeter function changes.

For example, if you are making DC voltage measurements and 2-wire ohms
measurements, group all of the voltage measurements together and all of the resis-
tance measturements fogether. In this way, the tree switches will be opened and
closed fewer times and the voltmeter function won't be changed as of ten.

One of the functions of the relay MUX accessory is to make voltage measure-
ments. This section explains how to program the accessory to make guarded
(3-wire) DC and AC voltage measurements.

CAUTION

The maximum non-destructive voltage which can be applied to the 20~channel relay
MUX is 170 VDC or 120 VAC rms (170V peak). Refer to Table 4-1 for the
specifications. _

NOTE

The AC voltage function is considerably slower than the DC voltage function. It
takes approximately rwo seconds for the HP 447014 Integrating Voltmeter o
configure for AC voltage measurements and approximately 15 seconds per
reading.

The HP 44702 High-Speed Voltmeter Accessory cannot be used (o make AC volt-
age measurements.




Table 4.5, Frogram Titles

TITLE GESCRIFYICN COMMANDS

Yoltage Heasurements
wasguring DC and Messures the outputs from 20 voltage CONFMEAS
AC Yoltage Sources { SOLPCES using the relay MUX,
Meansuring Voltage Heasures the ouout from & voltaege CLOSE,
Sources using the i pource using tha ELOSE and UPEN commands OPEN

1
CLOSE Command Lote contrel the tree switches and the
bank switches ¥for the measurement.

Cyrrent Messurements
Making 0E and Makes 2 current sensing meajurement CONFMERS
AC Currents using 1 shunt resistor installed on
Measurements the relay MUX,

Resistance Measyremeants
Making Resistance Heasures 20 resistors using the relay CONFMEAS
Measurements #UX and the 2-wire ohms measurement
(2-Wire function} fupnction.
Making 2 -Wire Mapsures & single resistor using the CLOSE,
Chms Measurements PLOSE and OPEN commands to control the OPEN
using the CLOSE tree switches and the bank switches for
Command the messursement.
Making Resistance HMessures the resistance of & single CONFMEAS
Keasurements resistor using the retay MUX and the
(4-Wire Function) 4L-wire ohms measurement function.

Temperature Measurements
Reasuring Hakes 20 temperature measurements COKFMEAS
Temperature using using the relay HUX and the 2-wire
R1Ds RID messurement function,
(2-Wire Function)
Meaguring Temparature dnkes & remperafure messuyrement using CONFMEAS
using RIDs the relay MUX and the &-uwire RTD
{(4-Wire Function) azmgurement function,
Meaauring Wakes 20 temperature messurements using CONFMEAS
Temperature using ¢he relay MUX and the Z-wire thermistor
Thermistors ressurement function.
(2-Wire Function}
Messuring Makes a tempersture measurement using CONFMEAS
Temperature using the releay MUX and the 4-wire thermistor
Thermisteors measuremant function.

{é-Wire Function)




Example; Measuring DC and AC Voltage Sources

Suppose that you want to measure the outputs from 20 voltage sources using the
relay MUX and the guarded voltage function. See Figure 4-9 to connect voltage
sources to the terminal module.

The following example program uses the CONFMEAS command to measure 20
DC voltage sources connected to Channels 0 through 19. The CONFMEAS
command configures the voltmeter accessory for DC voltage measurements and
measures the 20 channels once.

NOTE

To use the following program to make AC voltage measurements with the HP
447014 Integrating Voltmeter Accessory, substitute the [ollowing line for the exist-
ing line 70:

70 OUTPUT 709: “CONFMEAS ACV,200-219,USE O®

19 |

20 1Use the CONFMEAS command to measure 20 DC voltages
30 lusing a relsy Mux in slot 2 of the mainframe. Install
40 1a voltmeter sccessory in slot 0 of the mainframe.
50 |

60 REAL Volts(19)

70 OUTPUT 709; “CONFMEAS pcv,200-219,USE Qo™

80 FOR [ = ¢ T0 19

90 ENTER 709; Yolts(l)
100 PRINT BCh.";1, Volts(l)

110 NREXT | -

120 END

Typical DC voltage values for the assumed conditions:

ch. 0 4.30300
ch. 1 4.33350

.

th. 18 4.58580
Ch. 19 3.49490

Example: Measuring Voltage Sources using the CLOSE Command

Suppose that you want to measure the output from a voltage source using the
CLOSE command to control the tree switches and bank switches. See Figure 4-9

to connect a voltage source to the terminal module.

20-Channel Relay MUX
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NOTE

The CLOSE command is a low-evel command intended for individual switch cor-
trol in special signal-routing applications. It is not the easicst way to do routine
measurements since the tree switches are not automatically configured as in the
scanning commands.

In this example program, CLOSE is used to close Channel 0 and the BANK A
Sense Bus tree switch (Channel 91), The FUNC command configures the
voltmeter accessory for DC voltage measurements. The TRIG command triggers
the voltmeter accessory to take a single measurement. The CHREAD command
returns the DC voltage from the voltmeter channet! to the controller. The OPEN
command is used to open the channels and disconnect them from the backplane
after the measurements have been taken.

NOTE

To use the following program to make AC voltage measurements with the HP
447014 Integrating Voltmeter Accessory, substitute the following line for the exist-
ing line 90:

90 OQUTPUT 709; “FUNC ACYY

1w !
20 1Use the CLOSE command te make a DC voltege measurement of

30 1the voltage source connected to Channel 0 on a relay MUX
40 1in siot 2 of the meinframe. Install a voltmeter accessory
50 tin slot O of the meinframe.

60 1

76 OUTPUT 709; “USE Q"

80 OUTPUT 70%; ®CLOSE 200,291%

$0  OUTPUT 709; “FUNC DCV™

100 OUTPUT 709; "TRIG SGL™

110 OUTPUT 709; "CHREAD 0*

120 ENTER 709; VYolts

130 PRINT Volts

140 OUTPUT TFO9: “OPEN 200,291%

130 END

Typical DC voltage value for the assumed conditions

3.94940



Makin
Curren
Measurements

The relay MUX uses current sensing to make current measurements. YWhen
making a current sensing measurement, the voltage across a shunt resistor is
measured and the current is calculated using the measured voltage and the resis-
tance value of the shunt This section shows how to program the relay MUX to
switch signals for DC and AC current measurements.

CAUTION

The maximum non-destructive voltage which can be applied fo the 20-chaniel relay
MUX is 170 VDC or 120 VAC rms (170V peak). Refer to Table 4-1 for the
specifications.

NOTE

The AC voliage function {used for AC current sensing ) is considerably slower than
the DC voltage function. It takes approximately two seconds for the HP 447014
Integraring Voltmeter to configure for AC voltage measurements and ap-
proximately 1.5 seconds per reading.

The HP 44702 High-Speed Voltmeter Accessory cannot be used to make AC cur-
rent measirements.

Example: Making DC and AC Current Measurements

Suppose that you want to make a current measurement using a 250€2 shunt resis-
tor installed on the terminal module. See Figure 4-11 to install a shunt resistor
on the terminal module for a current measurement.

The following example program uses the CONFMEAS command to measure a
25002 shunt resistor installed on Channel 0. The CONFMEAS command con-
figures the voltmeter accessory for DC voltage measurements and measures the
channel once. The voltage value is returned to the controller which then calcu-

lates the current in DC amps.

NOTE

To use the following program to make AC current measurements with the HP
44701A Integrating Voltmeter Accessory, substitute the following line for the exist-

ing line 70:

70 OUTPUT 709; “CONFMEAS ACV,200,USE 0"

20-Channel Relay MUX
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10
20 tuse the CONFMEAS command to measure a 250{) shunt resistor

30 tend caleculate the DC current on Channel 0. Use & relay MUK
40 tin slot 2 of the msinframe. Install s volimeter sccessory
S0 lin slot 0 of the mainframe.

60

70 QUTPUT 70%; “CONFMEAS DLV, 200,USE o*

80 ENTER 70%; volts

0 1

100 iCurrent = Yoltege Messured/Resistance of Shunt

110

120 Current = Veits/250

130 PRINT Current
140 END

Typical current value (in DC Amps) for the assumed conditions

.03034

One of the functions of the relay MUX accessory is to make resistance
measurements. This section explains how to program the relay MUX for 2-wire
and 4-wire ohms measurements.

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to make up to 20 resistance measurements per relay MUX
accessory.

When using the relay MUX accessory for 2-wire ohms measurements, the
voltmeter accessory is actually configured for a 4-wire ohms measurement. The
relay MUX converts the 4-wire function on the voltmeter to a 2-wire function
on the component module. It does this by connecting the high voltage sense lead
to the high current source lead and the low voltage sense lead to the low current
source lead. Therefore, only two leads are used on the relay MUX for the
2-wire ohms measurement.

Example: Making Resistance Measurements (2-Wire Function)

Suppose that you want to measure 20 resistors connected to the relay MUX
using the 2-wire ohms function See Figure 4-12 to connect resistors to the ter-
rainal module for 2-wire ohms measurements.

The following example program uses the CONFMEAS command to measure 20
resistors connected to Channels 0 through 19. The CONFMEAS command con-
figures the voltmeter accessory for 2-wire ohms measurements and measures the
20 channels once.



10 1
20 1Use the CONFMEAS command to measure 20 resistors using a

30 1relay MUX in slot 3 of the mainframe. Install » voltmeter
40 asccessory in slot O of the mainframe,
50 1

&0 REAL Ohms(19)

70 OUTPUT 709; “CONFMEAS ONM,300-319,USE 0"
B0 fOR 1 =0 TO 19

90 ENTER 709; ohms(l)

100 PRINT “Ch.";1, Ohms(l)

110 NEXT 1

120 EwND

Typical resistance values (in Ohms) for the assumed conditions

th. 0 4628.340
Ch. 1 5024.900

Ch, 18 4039.400
Ch. 19 6528.380

Example: Making 2-Wire Ohms Measurements using the CLOSE Command

Suppose that you want to make a 2-wire ohms measurement of a resistor using
the CLOSE command to control the tree switches and bank switches. See Figure
4-12 to connect resistors to the terminal module for a 2-wire ohms measurement.

NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest way (o do routine
measurements since the tree switches are not automatically configured as in the
scanning commands.

In this example program, CLOSE is used to close Channel 0, the BANK A Sense
Bus tree switch (Channel 91), and the BANK A Source Bus tree switch (Channel
93). The FUNC command configures the voltmeter accessory for 4-wire ohms
measurements (the relay MUX converts the 4-wire function to a 2-wire function
on the component module). The TRIG command triggers the voltmeter acces-
sory to take a single measurement. The CHREAD command returns the resis-
tance value from the voltmeter channel to the controller. The OPEN command
is used to open the channels and disconnect them from the backplane after the
measurements have been taken

20-Channel Relay MUX
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NOTE

The following program uses the HEP 447014 Integrating Voltmeter Accessory. To
use this program with the HP 44702 H igh-Speed Voltmeter Accessory on the
backplane, substitute the foilowing line for the existing line 80:

B0 QUTPUT 709; “FUNC OHMF100KM

10 |

20 tuse the CLOSE command to make a 2-wire chms measurement
30 tof Chennel 0 on a relsy MUX in slot 3 of the mainframe.
40 install & voltmeter accessory in slot 0 of the mainframe.
56 1

60 OUTPUT 709; "USE OF

70 OQUTPUT 709; "CLOSE 300,391,393"

80 COUTPUT 709; “FUNC OHMFY

®0 OQUTPUT 709: ™TRIG SGL"

100 OQUTPUT 709; "CHREAD 0O¢

110 £NTER 709; Ohms
120 PRINT Ohms

130 OUTPUT 709; “OPEN 300,391,393
140 END

Typical resistance value (in Ohms) for the assumed conditions

11623.570

The use of the 4-wire ohms measurement virtuaily eliminates the error caused by
the test lead resistances. The current through the unknown resistance is the same
regardless of the lead resistance but the voltmeter measures only the voltage
across the resistance, not across the combined test lead and the resistance. The
4-wire ohms function is essential when the highest accuracy is required. Since
each 4-wire ohms measurement requires two channels, up to 10 resistance
measurements can be made per relay MUX accessory.

Example: Making Resistance Measurements (4-Wire Function)

Suppose that you want to measure a resistor using the relay MUX and the 4-wire
ohms function. See Figure 4-13 to connect resistors to the terminal module for
4.wire ohms measurements.

The following example program uses the CONFMEAS command to measure a
resistor using the 4-wire ohms function. Channel 0 is used as the voltage sense
channel and Channel 10 is used as the current source channel. Note that the
channel specified in the channel list with the CONFMEAS command (Channel 1)}
is the sense channel (the HP 3852A automatically configures the channel that is
one decade from the sense channel as the source channel). The resistor is scan-
ned once by the voltmeter accessory and the result (in Ohms) is returned to the
controller.



Making
Temperature
Measurements

Measuring
Temperature
using RTDs

10 1
20 1Use the CONFMEAS command to make a 4-wire ohms measurement

30 tusing & relay MUX in slot 3 of the mainfreme. Instatl »
40 1voltmeter accessory in slot 0 of the mainframe,

S0 1

60 OUTPUT 709; "CONFMEAS OHMF, 300, USE 0"

70 ENTER 709: Ohms

80 PRINT Ohms

90 END

Typical resistance value (in Ohms) for the assumed conditions:

205.9535

One of the functions of the relay MUX accessory is to make temperature
measurements. This section shows how to program the relay MUX accessory to
make RTD measurements and thermistor measurements

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. The HP 3852A resistance-to-temperature
conversions support RTDs with temperature coefficients (&) of 0.00385 (/Q°C
and 0003916 /Q°C and resistance values of 1002 at 0°C.

Most RTDs have small resistance values (typically less than 300Q) which makes
the test lead resistance a significant factor when making resistance measurements.
The most accurate method to measure an RTD using the relay MUX is the
A-wire ohms measurement function. The 2-wire ohms function can be used in
temperature applications where accuracy is not so important, such as when
checking the integrity of your transducers. Up to twenty 2-wire RTD measure-
ments or up to ten 4-wire measurements (each 4-wire chms measurement requires
two channels) can be made per relay MUX accessory.

Example: Measuring Temperature using RTDs (2-Wire Function)

Suppose that you want to make 20 temperature measurements using RTDs and
the 2-wire function. See Figure 4-14 to connect RTDs to the terminal module
for 2-wire temperature measurements.

The following example program uses the CONFMEAS command to scan and
measure 20 RTDs (with & = 0.00385 Q/Q°C) using the 2-wire function. The
program scans Channels 0 through 19 and returns the results (in °C) to the con-
troller.

10 1

206 1Use the CONFMEAS commend to make twenty 2-wire RTD measurements
30 lusing a relay MUX in slot 2 of the mainframe. Install a

40 tvoltmeter accessory in slot 0 of the meinframe.

50 ¢

20-Channel Reiay MUX
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&0 REAL Temp(t?9)

70 oQuUTPUY T09; “CONFHMERS ETURS,200-219,USE o=
80 FOR 1 = © TD 19

90 ENTER 709; Temp(l}

100 PRINT "Ch.%";i, Yemp{i}

110 WEXT 1

120 END

Typical temperature values {in 2y {or the assumed conditions

th, 0  24.54297
th. 1 26.54299

Ch. 18 25.55805
Ch. 19 25.85645

Example: Measuring Temperature using RTDs (4-Wire Funciion)

Suppose that you want to make a temperature measurement using an RTD and
the 4-wire function. See Figure 4-15 to connect RTDs to the terminal module

for 4-wire temperature measurements

The following example program uses the CONFMEAS command to scan and
measure one RTD (with ¢ = 0.003916 £/Q°C) using the 4-wire ohms function.
Channel 0 is used as the voltage sense channel and Channel 10 is used as the cur-
rent source channel. Note that the channel specified in the channel list with the
CONFMEAS command (Channel 0) is the sense channel (the HP 3852A con-
figures the channel that is one decade from the sense channel as the source
channel). The RTD is scanned once by the voltmeter accessory and the result {in
*(C) is returned to the controller.

i !
20 1Use the LONFNEAS command to measure an RTD using the 4-wire

30 1ohms function., Use a relay MUX in slot 2 of the mainframe.
40 1lmstall a woltmeter eccessory in slot 0 of the mainframe.
50 1t

40 OUTPUT 70U; "CONFMEAS RIDF92,200,USE 0%

70 ENTER 709; Temp

80 PRINT Temp

90 END

Typical temperature value (in °C) for the assurned conditions

24.56297

20-Channel Relay MUX
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Measuring
Temperature
using Thermistors

Thermistors are capable of detecting small changes in temperature and are used
in applications where the temperature extremes are not too high. They are high-
ly dependent upon variables such as thermistor composition and size. Most
thermistors have negative temperature coefficients which means that their resis-
tance values decrease with increasing temperature.

The HP 3852A allows thermistors to be measured using either the 2-wire or the
4-wire function. Up to 20 thermistors can be measured per accessory using the
2.wire ohms function. Since each 4-wire measurement requires two channels, up
to 10 thermistors can be measured per relay MUX. The HP 3852A resistance-to-
temperature conversions support thermistors with the following resistance values
at 25°C: 225201, 5 k€, and 10 kfd

Example: Measuring Temperature using Thermistors (2-Wire Function)

Suppose that you want to make 20 temperature measurements using 5 k{} ther-
mistors and the 2-wire function. See Figure 4-16 to connect thermistors to the
terminal module for 2-wire temperature measurements.

The following example program uses the CONFMEAS command to measure 20
thermistors using the 2-wire function. The program scans and measures Channels
0 through 19 once and returns the results (in °C) to the controller.

10 1

20 1Use the CONFNEAS command to measure twenty 5 k{2

30 1{1thermistors using & relay MUX in slot 2 of the mainframe.
40 ilnstall a voltmeter accessory in slot 0 of the mainframe,
50 !

60 REAL Temp(1i9)

70 OUTPUT TO09; “CONFMEAS THM5K,200-219,USE O"

BO FOR I = 0 TO 19

90 ENTER 709; Temp(l)

100 PRINT "Ch."; [, Temp(l}

110 NEXT 1

t20 END

Typical temperature values (in °C) for the assumed conditions:

Ch. 0 24.54297
ch. 1 24.5429%

ch. 18 25.55800
Ch. 19 25.85645

20-Channel Relay MUX
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Example: Measuring Temperature using Thermistors {4-Wire Function)

Suppose that you want to make a temperature measurement using 2 22520
thermistor and you have decided that you will need the accuracy of a 4-wire
measurement. See Figure 4-17 to connect a thermistor to the terminal module
for a 4-wire temperature measurement,

The following example program uses the CONFMEAS command to scan and
measure a 225201 thermistor using the 4-wire ohms function. Channel 0 is used as
the voltage sense channel and Channel 10 is used as the current source channel
Note that the channel specified ir: the channel list with the CONFMEAS com-
mand (Channel 0) is the sense channel (the HP 3852A configures the channel that
is one decade from the sense channel as the source channel). The thermistor is
scanned once by the voltmeter accessory and the result {in°C) is returned to the

controller.

10
20 1Use the CONFMEAS command to measure & thermistor (2252{1) using

30 Ithe 4-wire function. Use 2 relay MUX in siot 2 of the mainframe.
40 tinstall a voltmeter accessory in stot & of the mainframe.

50

60 OUTPUT 709; "CONFMEAS THMF2252,200,USE O"

70 ENTER 709; Temp

80 PRINT Temp

90 END

Typical temperature value {in °C) for the assumed conditions

25.646463
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Chapter 5

60-Channel Relay MUX
HP 44706A

Introduction

Description

Functions

This chapter shows how to configure and program the HP 44706 A 60-Channel
Single-Ended Relay Muitiplexer (MUX) Accessory. The chapter has four sec-
tions. Introduction, Specifications, Configuring the 60-Channel Relay MUX, and
Programming the 60-Channel Relay MUX.

¢ Introduction contains a chapter overview, a description of the relay MUX, a
description of its functions, and shows suggested steps to get started.

o Specifications lists the specifications for the accessory.

o Configuring the 60-Channel Relay MUX contains a block diagram description
of the accessory and shows how to connect f ield wiring to the terminal
module.

e Programming the 60-Channel Relay MUX shows how to program the acces-
sory for voltage, resistance, and temperature measurements.

The relay MUX is an analog signal multiplexer accessory which is used to switch
(muitiplex) signals from up to 60 single-ended channels for measurement by the
HP 3852A voltmeter accessories or by external voltmeters. This accessory
provides switching capability for the 60 channels at scanning speeds up to 450
channels per second using an HP 3852A voltmeter accessory. This accessory can
switch signals up to 42 YDC or 30 VAC rms {42V peak).

The relay MUX accessory consists of a 60-channel terminal module and a relay
MUX component module. Field wiring from your application sensors, such as
voltage sources, will be connected to the terminal module and the signals will be
sent to the switches located on the component module,

The relay MUX accessory is used to switch signals in applications that don’t
require the accuracy of a guarded (3-wire) measurement but high channel count
is required. This accessory can be used to switch signals for three primary
functions

¢ Voltage Measurements.
e 2.Wire Resistance (or Ohms) Measurements.

e Temperature Measurements.

60-Channel Relay MUX
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NOTE

Each channel on the relay MUX can be independently configured to atlow mulii-
ple functions te be measured using the same accessory.

Voltage Measurements

The relay MUX can be used to switch signals for single-ended DC voltage and
AC voltage measurements. In the single-ended voltage measurement function,
only the HIGH line is switched to allow for more channels at low cost per chan-
nel. LOW and GUARD are common to all channels but are not switched. Use
this function to make up to 60 single-ended voltage measurements per relay
MUX accessory.

2-Wire Ohms Measurements

The relay MUX can be used to switch signals for 2-wire ohms measurements. in

applications where the resistance of the test leads is not critical, the 2-wire ohms

function can be used. Generally, the larger the resistance being measured, the less
you have to be concerned about test lead resistances. Use the 2-wire ohms func-

tion to make up to 60 resistance measurements per relay MUX accessory.

NOTE

Four-wire ohms measurements cannot be made using the 60-channel relay MUX
accessory.

Temperature Measurements

The relay MUX c¢an be used to switch signals for temperature measurements
using resistance temperature detectors (RTDs) and thermistors. RTDs are typical-
ly more stable and accurate than thermistors. Thermistors are more sensitive to
temperature changes than RTDs. The relay MUX can be used in temperature
applications where accuracy is not so important, such as when checking the in-
tegrity of your transducers.

Use the 2-wire function to make up to 60 temperature measurements per relay
MUX accessory. The HP 3852A resistance-to-temperature CoOnversions support
the following RTDs and thermistors

RTDs Supported:

o = 0.00385 /0°C (100Q22at 0°C)
a = 0003216 (/Q°C (100Qat 0°C)



Gettin
Starte

Thermistors Supported:

2252C at 25°C
SkfYat25°C
10 k€2 at 25°C

NOTE

Other transducers can be measured using the relay MUX but only those listed
above are supported by the HP 38524 conversions.

To use the relay MUX for your application, you will need to follow three steps:

® Define your application
¢ Configure the accessory for your application.

® Program the accessory for your application.

Define your Application

The first step is to define your application and determine if the accessory can
meet the requirements of your application. The relay MUX can switch DC or
AC inputs up to 42 VDC or 30 VAC rms (42V peak). Since each of the 60 chan-
nels can be independently configured, up to 60 different devices can be connec-
ted to the accessory. When selecting devices to be connected, refer to Table 5-1
"60-Channel Relay MUX Specifications" to ensure that the voltage and current
requirements of your application are within the specifications for this accessory.

Configure the Accessory

The next step is to configure the accessory for your application. Refer to
“Configuring the 60-Channel Relay MUX" for information on hardware con-
figuration (setting jumpers and switches) and connecting field wiring to the ter-
minal module for voltage, 2-wire ohms, and temperature measurements.

Program the Accessory
The third step is to program the relay MUX for your application. Refer to

"Programming the 60-Channel Relay MUX" to program the accessory for volt-
age, 2-wire chms, and temperature measurements.

60-Channel Relay MUX
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Specifications
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Table $-1 lists the specifications for the relay MUX. This table contains four
categories: Input Characteristics, Operating Characteristics, RTD Characteristics,
and Thermistor Characteristics.

WARNING

The HP 38524 and the HP 3853A internal analog buscs interconnect the mulii-
plexer and volimeter accessories to form one circuit. To protect against possible
personal injury due to equipment failure or programming error, fimitations arc
placed on the potentials that can appear between any iwo points on the circuil {or
between the circuit and chassis). These limitations are listed below for the HP
38524, HP 38534, and all plug-in accessories. For any given set of accessories in-
stalled 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:

Maximum Allowable

Instrument/Accessoly Peak Voitage
#P 38524 Mainframe 350V
¥P 3853A Extender 3sov
HF 44TO1A Integrating Voltmeter Isav
HP 44T02A/B High-Speed Voltmeter 4av
20-channel Relay Multiplexers 170V
60-thanne! Reley Multiplexer 42v
ALt FET Multiplexers 42V

1f the analog extender cable is NOT connected between the mainframe and the
extenders, each instrument is considered as a separate circuit.




Table 5-1. 60-Channel Relay MUX Specifications

INPUT CHARACTERISTICS:

Maximum Input Voltage:
Between any two input terminals or to chassis:
42v peak, 42 VDC, 30 VAC rms
Maximum Current: 50 mA per channei non-inductive
Maximum Power: 1 VA per channel
DC Offset: 100 u¥ (not low-thermal)
Closed Channel Resistance (In Beres): 100{} 110X
OPERATING CHARACTERISTICS:
Maxlmum Scan Rate (channels per second)
Using HP 3852A Voltmeter Accessories: 450

Using External Voltmeter: 300

Relay Characteristic Lifetime: b

voltage? Number of Cycles
1oV > 10°
40V 1.5 x 107

characteristic Lifetime of a single relay on the HP 44706A
in the mainframe wWith one HP 44701A Integrating Voltmeter.

trotal peak voltage between one scenned channel and the next
or from a scanned channel to 0OV (whichever is greater).

Synchronization: Break-Before-Make in scanning operation.
RTD CHARACTERISTICS:

RTD Types Supported:
Type: Platinum, & = 0.00385 (/Q°¢
10082 at 0°¢
Type: Platinum, & = 0.003916 (/Q°¢
100£2 st 0°¢C

THERMISTOR CHARACTERISTICS:

Thermistor Types Supported:
Type: 22520 at 25°¢
Type: 5 kil at 25%¢
Type: 10 kQ et 25°¢C

60-Channel Relay MUX
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Configuring the 60-Channel Relay MUX

60-Channel Relay MUX
5-6

This section shows how to configure the relay MUX accessory. It contains a
block diagram description of the accessory, information on hardware configur-
ing the terminal module, and information on connecting field wiring to the ter-
minal module,

Refer to "Programming the 60-Channel Relay MUX" to program the accessory
for voltage, 2-wire ohms, and temperature measurements

WARNING

SHOCK HAZARD. Only qualified, service-irained personnel who are aware of
the hazards invelved should install, remove, or configure any accessory. Before

touching any instatled accessory, turn of [ all power to the mainframe, extenders,
and to all external devices connected 1o the mainframe, extenders, or accessories.

WARNING

POSSIBLE OPERATOR INJURY. Under most conditions of failure, the relays
on the relay MUX will remain in whatever state your program has set them,
However, for some equipment failures, the relays may not remain in their
programmed state. 1f the relays settle in the closed state, the relay contacts may
weld together and the highest voltage present on any one channel may he present
on alt channels. This condition may cause operator injury if the terminals are
toiched or equipment damage may resull.

For examp;e. see Figure 5-1 which shows the block diagram for the relay MUX,
1f Channel 0 is ar 30 volts and a failure occurs which causes the relay contacts to
weld together, the 30 volts may be present on all 60 channels of the accessory.

CAUTION

STATIC SENSITIVE, Use clean-handling techniques when handling the acces-
sory. Do nort install an accessory without the metal covers attached.




Block
Diagram
Description

The relay MUX accessory consists of a 60-channel terminal module and a relay
MUX componrent module as shown in Figure 5-1. Field wiring from your ap-
plication sensors, such as voltage sources, will be connected to the terminal
module and the signals will be sent to the switches located on the component
module.

Figure 5-1. 60-Chamnnel Relay MUX Block Diagram

The component module is made up of two types of switches: bank switches and
tree switches. There are a total of 60 bank switches which are divided into two
groups of 30 channels each: BANK A and BANK B. Unlike the guarded multi-
plexer accessories, the relay MUX switches only the HIGH line. LOW and
GUARD are common to all channels but are not switched.

NOTE

Only one bank switch can be closed at time. Closing a second bank switch will open
any previously closed hank switch.

The component module contains four tree switches which are of two types
Source Bus tree switches and Sense Bus tree switches There are three Sense Bus
tree switches and one Source Bus tree switch. The tree switches control signal
flow to and from the HP 3852A backplane and also isolate the bank switches
from the backplane when they are not in use. The Sense Bus tree switches
provides the connections to the backplane for making voltage measurements.
The Source Bus tree switches provide the current source connections (+1 and -1)
to the backplane for making resistance measurements.

Table 5-2 shows the channel definitions for the relay MUX accessory. Channels
0 through 59 control the bank switches and the Sense Bus tree switches (when a
command is executed to close a channel, the Sense Bus tree switches are auto-
matically closed). Channel 91 controls the Source Bus tree switch for all 60
channels.

Table 5-2. 60-Channel Relay MUX Channel Definitions

Channel Definitions
0 - 59 Bank Switches/Source Bus Tree Switch
3| Source Bus Yree Switch

As factory configured, there are two 100Q) protection resistors in series with the
LOW and GUARD terminals on the terminal module, Five 100f) resistors on the
component module connect the tree switches to the HP 3852A backplane.

60-Channel Relay MUX
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Connecting
Field Wiring

A\,

Connections
for Voltage
Measurements

60-Channel Relay MUX
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The next step is to connect field wiring from your application to the appropriate
terminals on the terminal module. The following section contains examples that

show how to connect field wiring to the terminal module for voltage, resistance,
and temperature measurements.

Figure 5-2 shows the terminal module with the cover removed. There are 60
CHANNEL HIGH terminals (numbered 0 through 59), a common LOW terminal,
and a common GUARD terminal

Figure 5-2. 60-Channel Relay MUX Terminal Module

When connecting field wiring to the terminal module, route the wires through
the strain relief clamp and tighten the clamp screw to reduce the chance of
wires being pulled out of the terminal connectors. If the clamp screw is loosened
far enough, the strain relief clamp can be rotated to make it easier to route the
wiring.

NOTE

When connecting components such as resistors, RTDs, or thermistors, the lead
length may be too short to route through the strain relief clamp. In this case, the
components will have to be stored inside the terminal module. When conneciing
these companents, make sure that no leads are shorted together and bend the leads
to allow the rerminal module cover to be replaced.

In the voltage measurement function, the relay MUX accessory can switch sig-
nals for up to 60 single-ended DC or AC voltage measurements. When making
single-ended voltage measurements, only the HIGH line is switched. LOW and
GUARD are common to all channels but are not switched.

CAUTION

The maximum non-destructive voliage which can be applied to the 60-channel refay
MUX is 42 VDC or 30 VAC rms {42V peak). Refer to Table 5-1 for the
specifications.

Example: Connecting Voltage Sources to the Terminal Module

A voltage source (V0) is connected to Channel 0 on the terminal module as
shown in Figure 5-3. Connect the high (+) lead from the voltage source to the
CHANNEL HIGH terminal for Channel 0, Connect the low (-) lead from the
voltage source to the LOW terminal

Figure 5-3. Connecting Voltage Sources to the Terminal Module
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Connections
for Resistance
Measurements

Connections
for Temperature
Measurements

One of the functions of the relay MUX accessory is to switch signals for resis-
tance measurements. This section contains a 2-wire ohms configuration example.

Example: Connecting Resistors for 2-Wire Ohms Measurements

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to switch signals for up to 60 resistance measurements per relay
MUX accessory.

NOTE

There is a 10052 of fset error when making 2-wire ohms measurements using the
relay MUX. This of fset is due to the 10081 protection resistor in series with the
LOW terminal on the terminal modide. The resisior can be shorted out, but this will
seriously shorten relay life if high voltages or currents are swilched.

A resistor (R0) is connected to Channel 0 on the terminal module as shown in
Figure 54. Connect one lead of the resistor to the CHANNEL HIGH terminal
for Channel 0. Connect the other lead of the resistor to the LOW terminal.

Figure 5-4. Connecting Resistors for 2-Wire Ohms Measurements
One of the functions of the relay MUX accessory is to switch signals for tem-

perature measurements. This section contains configuration examples that show
how to connect RTDs and thermistors to the terminal module.

NOTE

There is a 1000 of [set error when making 2-wire temperature medasurements using
the relay MUX. This of fset is due to the 100€} protection resistor in series with the
LOW terminal on the termingl module. The resistor can be shorted out, but this will
seriously shorten relay life if high voltages or currents are swiiched.

Example: Connecting RTDs for Temperature Measurements

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. Up to sixty 2-wire RTD measurements
can be made per relay MUX accessory. The HP 3852A resistance-to-temperature
conversions support RTDs with temperature coefficients () of 0.00385 Q/Q°C
and 0.003916 £/1°C and resistance values of 1002at 0°C.

An RTD (RTDO) is connected to Channel 0 on the terminal module as shown in
Figure 5-5. Connect one lead of the RTD to the CHANNEL HIGH terminal for
Channel 0. Connect the other lead of the RTD to the LOW terminal

Figure 5-5. Connecting RTDs for Temperature Measurements

60-Channei Relay MUX
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Checkout

Checking the
Accessory
Identity
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Example: Connecting Thermistors for Temperature Measurements

Thermistors are capable of detecting small changes in temperature and are used
in applications where the temperature extremes are not too high. Thermistors
are highly dependent upon variables such as thermistor composition and size.
Most thermistors have negative temperature coefficients which means that their
resistance values decrease with increasing temperature.

Up to 60 thermistor measurements can be made using a single relay MUX acces-
sory and the 2-wire ohms function. The HP 3852A resistance-to-temperature
conversions support thermistors with the following resistance values at 25°C:
225240 5 kY, and 10 kL

A thermistor (THMO) is connected to Channel 0 on the terminal module as
shown in Figure 5-6. Connect one lead of the thermistor to the CHANNEL
HIGH terminal for Channel 0. Connect the other lead of the thermistor to the
LOW terminal

Figure 5-6. Connecting Thermistors for 2-Wire Temperature Measurements

The following section explains how to check the accessory identity, how to
verif'y the field wiring connections, and how to read the state of the channels.

NOTE

The example programs in this section use "709" as the HP-IB address for the HP
38524, Specific slot and channel numbers are also used. Program syniax and
data return formats apply to HP Series 200,300 Controllers. Modify slot and
channel numbers as required.

After you have connected field wiring from your application to the terminal
module, replace the terminal module cover and install the accessory in the
desired mainframe or extender slot. Refer to the Mainframe Configuration and
Programming Manual to connect the terminal module to the component module
and to install the accessory.

To check the accessory identity, you can use the ID? (Identity?) command. The
iD? command provides a way to check, from the HP 3852A front panel or from
a controller, in what slot an accessory has been installed. The ID? command will
return " 44706A" for the 60-Channel Relay MUX and " 447XXX" if the terminal
module is not connected to the component module. If the ID? command is sent
to a slot with no accessory installed, " 000000" will be returned.
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Veritying
Wiring
Connections

Reading
Channel
State

Example: Reading the Accessory Identity

10

20 1Use the ID? command to read the identity of @
30 trelay MUX installed in slot 2 of the mainframe,
40 |

S0 OuUTPUT 709; "ID? 200"

60 ENTER 709; Identitys

70 PRINT ldentity$

BGC END

Qutput with terminal module connected:

44TO6A

NOTE

If you have addressed the correct slot and have made sure that the terminal module
is connected, but the proper 1D number is not returned, refer to the HP 38524
Assembly Level Service Manual for service procedures.

To verify that your field wiring has been properly connected to the terminal
module, send the MONMEAS (Monitor/Measure) command from the HP 3852A
front panel keyboard or from a controller. This command can be used to check
DC and AC voltage, 2-wire ohms, RTD, and thermistor connections.

The following program segment shows how to use the MONMEAS command
with a controller to verify DC voltage connections on Channels 200 through 204.
The CONF command configures the voltmeter accessory for DC voltage
measurements. For this example, a relay MUX is installed in slot 2 of the
mainframe and a voltmeter accessory is installed in slot § of the mainframe.

10 QUTPUT 709; "“USE O~

20 OUTPUT 709; "CONF DCV¥

30 OQUTPUT 709; "MONMEAS DLV, 200-204%
40 END

The five channels will be scanned and measured one at a time starting with

Channel 200. Press "SADV KEY" on the HP 3852A front panel to advance the
scanning to the next channel. When the scan is advanced past the last channel
(Channel 204 in this example), scanning will stop and the last measurement will

remain on the display.

The CLOSE? command can be used to determine the state of the relay MUX
channels ‘This command returns one of four numbers for each channel queried.
The numbers returned indicate if a channel is open or closed and to which bus
the channe! is connected. Table 5-3 shows the channel state for each value that
can be returned by the CLOSE? command when used with the 60-Channel Relay

MUX

60-Channel Relay MUX
511
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Table §-3. Values Returned by the CLOSE? Command

bata Channel
Returned State
4] Channel Open
1 channe! Ciosed (valid only for Source 8us
Yree Switch « Chennel 91}
2 Channe! Closed - connected to Sens+ Bus
[4 Channel Closed - connected to Senseé Bus

and Source Bus

NOTE

The CLOSE? command will return 2 or 4 only to indicate the state of Channels 0
through 59 (ie. these values will not be returned [or the iree switches).

Example: Reading Channel State

This example program shows how to use the CLOSE? command fo read the state
of Channels 0 through 4 on a relay MUX. The RST command resets the relay
MUX to its power-on state where all channels are open. The CLOSE command
closes Channe! 3 and the Sense Bus tree switch. The OPEN command is used to
open the channels and disconnect them from the backplane. For this example, a
relay MUX is installed in slot 2 of the mainframe.

10
20
30
&0
50
&G
70
gu

CUTPUT 70%; ®“RST 200"
INTEGER State{d)

OUTPUT 709; “CLOSE 203¢
OUTPUT 709; “CLOSE? 200-204¥
EMTER 709; State{*®}

PRINT Statef™)

DUTPUT 709; “OPEK 203

END

Typical OQutput (Channel 3 closed - connected to Sense Bus)

0

8 0 2 @



Programming the 60-Channel Relay MUX

Command
Summary

As noted in the Introduction section of this chapter, the relay MUX has three
primary functions voltage measurements, 2-wire ohms measurements, and tem-
perature measurements. This section contains examples that show how to
program the accessory for each function. It includes a description of each func-
tion, applicable commands for the functions, and programming examples. Each
example includes a sample program and (where applicable) typical outputs for
the assumed conditions.

This section also summarizes the programming commands used with the relay
MUX (refer to "Command Summary") and lists the titles of the example
programs (refer to "Program Titles”).

NOTE

The example programs in this section use "709" as the HP-1B address for the HP
38524. Specific slot and channel numbers are also used. Program syntax and
data return formats apply to HP Series 200300 Controilers. Modify slot and
channel numbers as required.

NOTE

The example programs show how to make typical measirements using the relay
MUX with the HP 447014 Integrating Voltmeter Accessory or the HP 44702
High-Speed Voltmeter Accessory (when used on the backplane). Refer to the
Mainframe Configuration and Programming Manual for instructions on making
measurements using an external voltmeter.

Table 54 is an alphabetical listing of commands which apply to the relay MUX
accessory. Refer to the HP 3852A Command Reference Manual for a complete
description of these commands.

60-Channel Relay MUX
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Table §-4. Commands for the 60-Channel Relay MUX

CLOSE ch fist

Closes a single multiplexer channel or a list of channels specified by ch list. This
command is intended for individual switch control in special signal-routing ap-
plications. It is not the easiest way to do routine measurements since the tree
switches are not automatically configured as in the scanning commands.

CLOSE? ch list [INTO name} or {fri]

Queries the state of channels specified by ch list.

CONFMEAS function . ch list [USE ch] [INTO name] or [fmi]

Configures the voltmeter accessory and measures a function on the channels
specified by ch list. This command automatically configures the voltmeter ac-
cessory and the tree switches on the multiplexer for the measurement.

ID? [slof]

Reads the identity of the accessory in the slot specified by sfor.

MEAS function , ch list [USE ch} [INTO name} or { fmi}
Scans and measures a function on the channels specified by ch /ist. This com-

mand does not configure the voltmeter accessory but it does configure the tree
switches on the multiplexer for the measurement.

MONMEAS runction , ch list [USE ch]

Monitors and measures a function on the channels specified by ch list. This
command is useful to check wiring connections made on the terminal module.

OPEN ch list

Opens a single muitiplexer channel or a list of channels specified by ch list. This
command is used to open channels and place them in a safe state after the
measurements have been made.

RST {slor]

Resets the accessory in the slot specified by s/of to its power-on state.

§0-Channel Relay MUX
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Program
Titles

Making
Voitage
Measurements

The discussion for each function includes one or two examples that show how to
program the relay MUX for that function. Table 5-5 lists the titles of the ex-
ample programs in this section.

Table 5-5. Program Titles

NOTE

When using more than one relay multiplexer function, it is recommended that
similar types of measurements be grouped together in order to maximize relay life
and minimize voltmeter function changes.

For example, if you are making DC voltage measuremonts and 2-wire ohms
measurements, group all of the voltage measurements together and all of the resis-
tance measurements together. In this way, the tree swirches will be opened and
closed fewer times and the voltmeter function won't be changed as often.

One of the functions of the relay MUX accessory is to make single-ended volt-
age measurements. This section explains how to program the accessory to make
single-ended DC and AC voltage measurements.

CAUTION

The maximum non-destructive voltage which can be applied to the 60-channel relay
MUX is 42V DC or 30 VAC rms (42V peak). Refer to Table 5-1 for the
specifications.

NOTE

The AC voltage function is considerably slower than the DC voltage function. 1(
takes ap proximately rwo seconds for the HP 447014 Integrating Voltmeter 1o
configure for AC voltage measurements and approximately 1.5 seconds per
reading.

The HP 44702 High-Speed Volimeter Accessory cannot be used to make AC volr-
age measurements.

Example: Measuring DC and AC Voltage Sources

Suppose that you want to measure the outputs from 60 voltage sources using the
relay MUX and the single-ended voltage function. See Figure 5-3 to connect
voltage sources to the terminal module,

60-Channel Relay MUX
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Table §-5. Program Titles

TITLE

DESCRIPTION

COMMANDS

Measuring DC and
AC Voltage Sources

Measuring Voltage
Sources using the
CLOSE Command

Measuring Resistors
using the 2-Wire
Chms Function

Making 2-Wire
Ohms Measurements
using the CLOSE
Command

Measuring
Temperature using
RTDs

Measuring
Temperature using
Thermistors

Voltsge Measurements

Mausures the outputs frow &0 voltage
scurces uging the relay MUX.

Measures the output from a voltage
source using the CLOSE and OPEN commands
to control{ the tree switches and the
bank switches for the measurement.

2-Wire Ohms Measurements

Measures 60 resistors using the relay
MUX and the 2-wire ohms measurement
function,

Measures a single resistor using the
CLOSE and GPEN commands to control the
tree switches and the bank switches for
the measurement.

Temperature Measurements

Makes 60 temperature measurements
using the relay MUX and the 2-wire
RTD measurement function.

Makes 60 temperature measurements using
the relay MUX and the 2-wire thermistor
measurement function.

CONFMEAS

CLOSE,

OPEN

CONFMEAS

CLGSE,

OPEN

CONFMEAS

CONFMEAS




The following example program uses the CONFMEAS command to measure 60
DC voltage sources connected to Channels 0 through 59. The CONFMEAS
command configures the voltmeter accessory for DC voltage measurements and
measures the 60 channels once.

NOTE

To use the following program to make AC voltage measirements with the HP
44701A Integrating Volimeter Accessory, substitute the following line for the exist-

ing line 70:

70 OUTPUT 709; “CONFMEAS ACV,200-259 ,USE O

i 1

20 1Use the CONFMEAS command to messure &0 DC voltages using =
30 Irelay MUX in slot 2 of the mainframe. Instail a voltmeter
40 taccessory {n slot 0 of the mainframe,

50 %

&0 REAL volts(59)

70 OUTPUT 709; “CONFMEAS DCV,200-259,USE O

80 FOR 1 =0 10 59

90 ENTER 709; Volts(l}

100 PRINT =Ch.";1, Yelts(l)

110 REXT 1

120 END

Typical DC voltage values for the assumed conditions

ch. 0 4.30300
Ch. 1 4.33350

.

Ch. .58 4.58580
Ch. 59 3.494%0

Example: Measuring Voltage Sources using the CLOSE Command

Suppose that you want to measure the output from a voltage source using the
CLOSE command to control the tree switches and bank switches. See Figure 5-3
to connect a voltage source to the terminal module.

80-Channel Relay MUX
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NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest way to do routine
measurements since the tree switches are not automatically configured as in the
scanning commands.

In this example program, CLOSE is used to close Channel 0 and the Sense Bus
tree switch. The FUNC command configures the voltmeter accessory for DC
voltage measurements. The TRIG command triggers the voltmeter accessory to
take a single measurement. The CHREAD command returns the DC voltage
from the voltmeter channel to the controller. The OPEN command is used to
open the channels and disconnect them from the backplane after the measure-
ments have been taken.

NOTE

To use the following program to make AC voltage measurements with the H P
447014 Integrating Voltmeter Accessory, substitute the following line for the exist-
ing line 90:

90 OQUTPUT 709; "FURC ACV®

10

20 fUse the CLOSE command to make a DC voltege measurement of
30 i1the voltage source connected to Channel O on & relay MUX
40 1in slot 2 of mainfreme. Install s voltmeter accessory
50 tin slot 0 of mainframe.

60 ¢

70 QUTPUT 709; “USE o»

80 GUTPUT 709; “CLOSE 200"

90 OUTPUT 709; “FUNC DCV®

100 QUTPUT 709; =TRIG SGL®

190 OUTPUT 709: WCHREAD O™

120 ENTER 709; Volts

130 PRINT Volts

140 OUTPUT T0%:; “OPEN 200®

150 END

Typical DC voltage value for the assumed conditions.

3.94940

60-Channel Relay MUX
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Making
2-Wire Ohms
Measurements

60-Channel Relay MUX
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One of the functions of the relay MUX is to make resistance ohms measure-
ments. The section explains how to program the relay MUX for 2-wire ohms

measurements.

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to make up to 60 resistance measurements per relay MUX.

NOTE

There is a 1000 of fset error when making resistance measurements using the relay
MUX. This of fset is due to the 1008 protection resistor in series with the LOW
terminal on the terminal module. The resistor can be shorted owt, but this will
seriously shorten relay life if high voltages or currenis are switched.

When using the relay MUX for 2-wire ohms measurements, the voltmeter acces-
sory is actually configured for a 4-wire ohms measurement. The relay MUX
converts the 4-wire function on the voltmeter to a 2-wire function on the com-
ponent module. It does this by connecting the high voltage sense lead to the high
current source lead and the low voltage sense lead to the low current source lead.
Therefore, only two leads are used on the relay MUX for the 2-wire chms
measurement.

Example: Measuring Resistors using the 2-Wire Qhms Functien

Suppose that you want to measure 60 resistors connected to the relay MUX
using the 2-wire ohms function. See Figure 5-4 to connect resistors to the ter-
minal module for 2-wire ohms measurements.

The following example program uses the CONFMEAS command to measure 60
resistors connected to Channels 0 through 59. The CONFMEAS command con-
figures the voltmeter accessory for the 2-wire ohms measurement and measures

the 60 channels once.

10 )

20 1Use the CONFKEAS commend to measure 60 resistors using
30 ta relay MUX in slot 3 of the mainframe. fnstail a
40 ivoltmeter accessory in slot 0 of the mainframe,

50 1

60 REAL Ohms{59)

70 OUTPUT 709; "CONFMEAS OHM,300-359,USE OV

80 FOR I = 0 TO 59

90 ENTER 709; Ohms(1)

180  PRINT *ch.%;1, chms(l)

110 NEXT 1

120 ENWD



Typical resistance values (in Ohms) for the assumed conditions

Ch. 0 4628.340
Ch, 1 5024.960

Ch. 58 4039.460
ch. 59 6528.380

Example: Making 2-Wire Ohms Measurements using the CLOSE Command

Suppose that you want to make a 2-wire ohms measurement of a resistor using
the CLOSE command to control the tree switches and bank switches, See Figure
54 to connect a resistor to the terminal module for a 2-wire chms measurement.

NOTE

The CLOSE command is a low-level command intended for individual switch con-
irol in special signal-routing applications. It is not the easiest way (e do routine
measurements since the tree switches are not automaticafly configured as in the
scanning commands.

In this example program, CLOSE is used to close Channel 0, the Sense Bus tree
switch, and the Source Bus tree switch {Channel 91). The FUNC command con-
figures the voltmeter accessory for 4-wire ohms measurements (the relay MUX
converts the 4-wire function to a 2-wire function on the component module).
The TRIG command triggers the voltmeter accessory to take a single measure-
ment. The CHREAD command returns the resistance value from the voltmeter
channe! to the controller. The OPEN command is used to open the channels and
disconnect them from the backplane after the measurements have been taken.

NOTE

The following program uses the HP 447014 Integrating Voltmeter Accessory. To
use this program with the HP 44702 High-Spced Volimeter Accessory on the
backplane, substitute the following line for the existing line 80:

30 OUTPUT 709; "FUNC OHMF10K®

1@

20 1Use the CLOSE command to make a 2-wire ohms measurement
30 1of Channel O on a relay MUX in slot 3 of the mainframe,
40 1lrstatl a voltmeter accessory in slot 0 of the meinframe.
0 1

60 OUTPUT Y0%; “USE O

70 OUTRUT 709; ®CLOSE 300,391

80 OQUTPUT 709; MFUNT OHMF®

60-Channel Relay MUX
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Temperature
using RTDs
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90 OQUTPUT 709; “TRIG SGL"
100 OQUTPUT 709; “CHREAD 0%
110 ENTER 709; Qhms

120 PRINT Ohms

130 OQUTPUT 709; “OPEN 300,391
140 END

Typical resistance value (in Ohms) for the assumed conditions:
5623.570
One of the functions of the relay MUX accessory is to make temperature

measurements. This section shows how to program the accessory 1o make RTD
measurements and thermistor measurements.

NOTE

There is @ 1000 of fset error when making 2-wire temperature measurements using
the relay MUX. This of fset is due to the 1002 protection resistor in series with the
LOW terminal on the terminal module. The resistor can be shorted out but this will
seriously shorten relay fife if high voltages or currents are switched.

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. The HP 3852A resistance-to-temperature
conversions support RTDs with temperature coefficients (&) of 000385 Q/Q°C
and 0003916 £/Q°C and resistance values of 1001 at 0°C.

Most RTDs have small resistance values (typically less than 30002 which makes
the test lead resistance a significant factor when making measurements. The
relay MUX can be used in temperature applications where accuracy is not so
important, such as when checking the integrity of your transducers. Up to sixty
7.wire RTD measurements can be made per relay MUX accessory.

Example: Measuring Temperature using RTDs

Suppose that you want to make 60 temperature measurements using RTDs and
the 2-wire ohms function. See Figure 5-5 to connect RTDs to the terminal
module for 2-wire temperature measurements.

The following example program uses the CONFMEAS command to scan and
measure 60 RTDs (with & = 0.00385 /Q°C) using the 2-wire function. The
program scans Channels 0 through 59 once and returns the results (in °C) to the
controller.



10 1

20 1tUse the CONFMEAS command to make sixty 2-wire RTD messuresments
30 tusing & relay MUX In slot 2 of the mainframe. Install a
&0 Ivoltmeter accessory in stot O of the mainframe.

50 ¢

60 REAL Temp(5%)

70 OUTPUT 709; “CONFMEAS RTDS5,200-259,USE o=

80 FOR 1 = 0 Y0 59 '

90 ENTER T09; Temp{l)

100 PRINT ®Ch.";1, Temp(})

110 NEXT 1

120 END

Typical temperature values (in °C) for the assumed conditions:

Ch., 0  24.54297
Ch. 1 24.54299

»
-

Ch. 58 25.5580%
Ch. 59 25.85645

Measuring  Thermistors are capable of detecting small changes in temperature and are used
Temperature in applications where the temperature extremes are not too high. Thermistors
ina Th ist are highly deendent upon w:ariables such as thermistor compomt:on and size. -
using Thermistors Most thermistors have negative temperature coefficients which means that their
resistance values decrease with increasing temperature.

Up to sixty 2-wire thermistor measurements can be made per accessory using the
relay MUX accessory. The HP 3852A resistance-to-temperature conversions sup-
port thermistors with the following resistance values at 25°C; 2252Q0, 5 k), and

10 k€2

Example: Measuring Temperature using Thermistors

Suppose that you want to make 60 temperature measurements using 5 k2 ther-
mistors and the 2-wire function. See Figure 5-6 to connect thermistors to the
terminal module for 2-wire temperature measurements.

The following example program uses the CONFMEAS command to measure 60
thermistors using the 2-wire function. The program scans Channels 0 and 59
once and returns the results {in °C) to the controller.

60-Channel Relay MUX
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10 1
20 Iuse the CONFMEAS command to measure 60 5 k{2 thermistors

30 lusing & relay MUX in stot 2 of the mainframe. Install a
40 Ivoitmeter sccessory in slot 0 of the mainframe.

50 1

60 REAL Temp(5%)

70 OUTPUT 709; *"CONFMEAS THMSK,200-259,USE o#

80 FOR 1 = 0 YO 59

90 ENTER 709; Temp(l)

100 PRINT "Ch.";1, Temp(I)

110 NEXT I

120 END

Typical temperature values (in °C) for the assumed conditions:

Ch. 0 24.54297
ch. 1 24.54299

th. 58 25.5580%5
ch. 59 25.85645

60-Channel Relay MUX
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Chapter 6
20-Channel Relay MUX/TC
HP 44708A

Introduction

Description

Functions

This chapter shows how to configure and program the HP 44708A 20-Channel
Relay Multiplexer (MUX) with Thermocouple Compensation Accessory. The
chapter has four sections Introduction, Specifications, Configuring the
20-Channet Relay MUX/TC, and Programming the 20-Channel Relay MUX/TC.

¢ Introduction contains a chapter overview, a description of the relay MUX, a
description of its functions, and shows suggested steps to get started.

o Specifications lists the specifications for the accessory.

¢ Configuring the 20-Channel Relay MUX/TC contains a block diagram descrip-
tion of the accessory, shows how to hardware configure the terminal module,
and shows how to connect field wiring to the terminal module.

e Programming the 20-Channel Relay MUX/T C shows how to program the ac-
cessory for voltage, current, resistance, and temperature measurements.

The relay MUX is used to switch (multiplex) signals from up to 20 channels for
measurement by the HP 3852A voltmeter accessories or by external voltmeters.
This accessory provides switching capability for the 20 channeis at scanning
speeds up to 450 channels per second using an HP 3852A voltmeter accessory.
This accessory can switch signals up to 170 VDC or 120 VAC rms (170V peak).

The relay MUX accessory consists of a 20-channel terminal module and a relay
MUX component module. This accessory uses the same component module as
the HP 44705A 20-Channel Relay MUX Accessory but adds a special isothermal
connector block on the terminal module. The isothermal connector block is used
to eliminate unwanted measurement errors when making thermocouple
measurements.

The relay MUX accessory is used to switch signals for measurement by the HP
3852A voltmeter accessories or by external voltmeters. This accessory can be
used to switch signals for four primary functions:

® Voltage Measurements.
e Current Measurements.
e 2-Wire Resistance (or Ohms) Measurements.

o Temperature Measurements.

20-Channel Relay MUX/TC
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NOTE

Lach channel on the relay MUX can be independently configured to allow muidti-
ple functions fo be measured using the same accessory.

Voltage Measurements

The relay MUX can be used to switch signals for guarded (3-wire) DC voltage
and AC voltage measurements. In the guarded voltage measurement function,
HIGH, LOW, and GUARD lines are switched on each selected channel for max-
imum common mode noise rejection. Use this function to make up to 20 voltage
measurements per relay MUX accessory.

Current Measurements

The relay MUX can be used to switch signals for DC and AC current measure-

ments using current sensing. Current sensing is a method of determining current
using a shunt resistor that you install on the terminal module. Use this function
to make up to 20 current measurements per relay MUX accessory.

NOTE

Current sensing measirements are not recommended when making femperature
measurements on the same terminal modide. The keat produced by the shunt resis-
tor may affect the accuracy of the temperature measurement.

2-Wire Ohms Measurements

The relay MUX can be used to switch signals for 2-wire ohms measurements. In
applications where the resistance of the test leads is not critical, the 2-wire ohms
function can be used. Generally, the larger the resistance being measured, the less
you have to be concerned about test lead resistances. Use the 2-wire chms func-
tion to make up to 20 resistance measurements per relay MUX accessory.

NOTE

Four-wire ohms measurements cannol be made using the 20-Channel Refay
MUX /TC accessory.




Temperature Measurements

The relay MUX can be used to switch signals for making temperature measure-
ments using thermocouples, resistance temperature detectors (RTDs), and ther-
mistors. Thermocouples provide simple, durable, inexpensive, and relatively ac-
curate temperature measurements over a wide range of temperatures. RTDs are
typically more stable and accurate than thermocouples or thermistors.
Thermistors are more sensitive to temperature changes than thermocouples or
RTDs

Use the measurement function to make up to twenty 2-wire temperature
measurements per relay MUX accessory. The HP 3852A temperature conver-
sions support the following thermocouples, RTDs, and thermistors.

Thermocouple types supported (Software compensation used})

B, E, J, K, N(awg 14), N(awg 28), R, S,and T

RTDs supported:

o = 0.00385 /Q°C (1002 at 0°C)
« = 0003916 Q/Q°C (10002 at 0°C)

Thermistors supported:

22520 at 25°C
5kfat25°C
10 k2 at 25°C

NOTE

Other transducers can be measured using the relay MUX but only those listed
above are supported by the HP 38524 conversions.

Gettin To use the relay MUX accessory for your application, you will need to follow
Starte three steps

¢ Define your application.
¢ Configure the accessory for your application.

¢ Program the accessory for your application.

20-Channel Refay MUX/TC
6-3



20-Channel Refay MUX/TC
-4

Define your Application

The first step is to define your application and determine if the accessory can
meet the requirements of your application. The relay MUX can switch DC or
AC inputs up to 170 YDC or 120 VAC rms (170V peak). Since each of the 20
channels can be independently configured, up to 20 different devices can be
connected to the accessory. When selecting devices to be connected, refer to
Table 6-1 "20-Channe! Relay MUX/TC Specifications” to ensure that the voltage
and current requirements of your application are within the specifications for

this accessory.
Configure the Accessory

The next step is to configure the accessory for your application. Refer to
*Configuring the 20-Channel Relay MUX/TC" for information on hardware
configuration (setting jumpers and switches) and connecting field wiring to the
terminal module for voltage, current, 2-wire ohms, and temperature
measurements.

Program the Accessory

The third step is to program the relay MUX for your application. Refer to
*Programming the 20-Channel Relay MUX/TC to program the accessoiy for
voltage, current, 2-wire ohms, and temperature measurements.



Specifications

Table 6-1 lists the specifications for the relay MUX. This table contains five
categories. Input Characteristics, Operating Characteristics, Thermocouple
Characteristics, RTD Characteristics, and Thermistor Characteristics.

WARNING

The HP 38524 and the HP 3853A internal analog buses interconnect the mulfi-
plexer and volimeter accessories o form one circuil. To protect against personal
injury due to equipment failure or programming error, limitations are placed on
the potentials that can appear between any two points on the circuif (or between the
cirenit and chassis). These limitations are listed below 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 (wo points is deter-
mined by the accessory with the LOW EST peak voltage limitation, as follows:

Maximum Allowsble

Instrument/Accessory Peak Voltage
HP 3852A Mainframe 350¥
HP 3853A Extender 350V
H#P 44TO1A Integrating Voltmeter 350v
HP 44T02A/8 High-Speed Yoltmeter 42y
20-Channel Reiay Mu(tiplexers 170v
60-Channel Relay Multiplexer 42v
Atl FET Multiplexers 42y

1f the analog extender cable is NOT connected between the mainframe
and the extenders, each instrument is considered as a separate circuit.

20-Channe! Relay MUX/TC
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Table 6-1. 20-Chanuel Relay MUX/TC Specifications

INPUT CHARACTERISTICS:

Maxkmum input Voitage:
Between any tuo input terminals or to chassis:
170V peak, 170 vOC, 120 VAC rms

Maximum Cument: 50 BA per channel non-inductive

Injected Current: 11 nA DC
(Injected currents are sourced by the &ccessory into
HIGH and LOW; RM < BSX @ 28°C or < 60% & 40°¢C.)

Maximum Power. 1 VA per channel

DG Offset:
HIGH and LOW Relays: %1 uV Per Relay
To backptane including tree switches: +2 uv Differential
Guard Relays (Mot low-thermat): 100 uv

Closed Channel Resistance:
In Series: 100§ 110% in HIGH, LOW, and GUARD Lines
Contacts Oniy: 1§l per contact
OPERATING CHARACTERISTICS:
Max!mum Scan Rate (channels per second):
Using HP 38524 Yoltmeter Accessories: 450

Using Externsl ¥oltmeter: 3500

Relay Characteristic Litetime; *

Vottagg' Number of Cycles
10v > 10°

40V 1.5 x 18”7
100y 10’

lenarascteristic tifetime of a single relay on the HP 44705A
in the mainfreme with one HP 44701A integrating Voltmeter.

*1otal peak voltage between one scanned channel and the next
or from a scanned channel to OV (whichever is greater)}.

Synchronization: Break-Before-Make in scanning operation

20-Channel Relay MUX/TC
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Table 6-1. 20-Channel Relay MUX/TC Specifications (cont’d)

THERMOCOUPLE CHARACTERISTICS:

Sense Accurscy (one year): 18-40°¢C 10.1%¢
0-60°c 20.2°%

Temperature Gradlent {one hour warm-up): *0.2%¢

Thernmocoupls Types Supporied:
Type 8: Platinum/6X Rhodium -
Type E: Chromel - Constantan
Type d: {ron - Constantan
Type k: Chromel - Alumet
Type K: Nicrosil - Nisil (14 awg)
Type N: Nicrosil - Nisil (28 awg)
Type R: Pletinum - Piatinum/13% Rhodium
Type §: Platinum - Platinum/10% Rhodium
Type T: Copper - Constantan

RTD CHARACTERISTICS:

RTD Types Supported:
Type: Platinum, O = 0.00385 Q/Q°¢,
10002 at G°C
Type: Piatinum, O = 0.003916 e,
10082 at 0°¢C

THERMISTOR CHARACTERISTICS:

Thenmistor Types Supported:
Type: 225200 at 5°%¢c
Type: 5 k{? at 25°¢
Type: 10 k€ at 25°¢C

Platinum/30X Rhodium

20-Channe! Relay MUX/TC
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Configuring the 20-Channel Relay MUX/TC

This section shows how to configure the relay MUX accessory. It contains a
block diagram description of the accessory. information on hardware configur-
ing the terminal module, and information on connecting field wiring to the ter-
minal module.

Refer to "Programming the 20-Channel Relay MUX/TC" to program the acces-
sory for voltage, current, 2-wire ohms, and temperature measurements.

WARNING

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

WARNING
POSSIBLE OPERATOR INJURY. Under most conditions of [ ailure, the relays

. on the relay MUX will remain in whatever state your program has sel them.

Block
Diagram
Description

20-Channel Relay MUX/TC
6-8

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

For example, see Figure 6-1 which shows the block diagram for the refay MUX.
If Channel 0 (BANK A rerminal 0) is at 100 volts and a failure occurs which
causes the relay contacts to weld together, the 100 volts may be present on afl 20
channels of the accessory.

CAUTION

STATIC SENSITIVE. Use clean-handling fechniques when handling the acces-
sory. Do not install an accessory without the metal covers aftached.

The relay MUX accessory consists of a 20-channel terminal module and a relay
MUX component module as shown in Figure 6-1. Field wiring from your ap-
plication sensors, such as thermocouples, will be connected to the terminal
module and the signals will be sent to the switches located on the component
module.

Figure 6-1. 20-Channe! Relay MUX/TC Block Diagram
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A special isothermal connector block on the terminal module eliminates unwant-
ed measurement errors when making thermocouple measurements. A 5 kQ
thermistor is mounted on the isothermal connector block to measure the
reference temperature. The HP 3852A uses software compensation to automati-
cally compensate for the reference temperature when making thermocouple
measurements.

The component module is made up of 24 switches which are divided into two
categories bank switches and tree switches. Each of the 24 switches consists of
three reed-actuated relays, one each for HIGH, LOW, and GUARD lines. There
are a total of 20 bank switches which are divided into two groups of 10 channels
each. BANK A and BANK B. The channels in BANK A are numbered 0
through 9 and the channels in BANK B are numbered 10 through 19.

NOTE

Only one channel per bank can be closed at a time. Closing a second channel in a
bank will open any previously closed channel in that bank.

The component module contains four tree switches which are of two types:
Source Bus tree switches and Sense Bus tree switches. BANK A and BANK B
share a Source Bus tree switch and a Sense Bus tree switch. The other Source
Bus and Sense Bus tree switches are used to measure the reference temperature
when making thermocoupie measurements. The tree switches control signal flow
to and from the HP 3852A backplane and also isolate the tree switches from the
backplane when they are not in use. The Sense Bus tree switches provide the
connections to the backplane for making voltage measurements. The Source Bus
tree switches provide the current source connections (+1 and -I) to the backplane
for resistance measurements.

An Isolation Jumper on the component module allows you to disconnect the tree
switches from the HP 3852A backplane for special signal routing applications.
For more information on the Isolation Jumper, refer to "Setting the Isolation
Jumper®.

Table 6-2 shows the channel definitions for the relay MUX accessory. Channels
0 through 19 control the bank switches and Channels 91 through 94 control the
tree switches. Note that Channels 91 and 94 control the tree switches for BANK
A and BANK B. Channels 92 and 93 control the tree switches for the thermistor
on the isothermal connector block.

Table 6-2. 28-Channel Relay MUX/TC Channel Definitions

Channel pefinitions
0-9 BANK A switches
i - 19 BANK 8 switches
21 Sense Bus Tree Switch (bank switches)
92 Sense Bus Tree Switch (thermistor)
o3 Source Bus Tree Switch (thermistor)
?4 Source Bus Tree Switch (benk switches)

20-Channel Relay MUX/TC
6-9



A v Configurin

the Termina
Module

Setting the
Isolation
Jumper

Installing
Low Pass
Filters

20-Channel Relay MUX/TC
€-10

NOTE

Two tree swiiches of the same type cannot be closed simultancously (e.g. only one
of the two Scnse Bus tree switches can be closed at a time). Closing a second tree
switch will open any previously closed tree switch of the same (ype.

The BANK A and BANK B terminals are connected together on the terminal
module to form the CARD COMMON terminal. As factory configured, there
are three 1000 current limiting resistors in series with the CARD COMMON
terminal ‘

Five 10002 resistors on the component module connect the tree switches to the
HP 3852A backplane. These resistors provide current limiting protection for the
relays on the component module. The resistors do not af fect resistance
measurements (2-wire ohms error due to contact and trace error < 2Q). The
resistors can be shorted out, but this will seriously shorten relay life if high vol-
tages or currents are switched.

This section shows how to hardware configure the terminal module. It shows
how to set the Isolation Jumper and how to install low pass filters and at-
tenuators for input signal conditioning.

The tree switches on the relay MUX can be connected or disconnected from the
HP 3852A backplane using the Isolation Jumper. Figure 6-2 shows the location
of the Isolation Jumper (J1) on the component module. Note that the jumper
has an EN (enable) position and a DIS (disable) position. For normal operation,
the Isolation Jumper should be in the enable position to connect the tree
switches to the HP 3852A backplane. For applications that require tree switch
isolation from the backplane, you can move the Isolation Jumper to the disable
position.

NOTE

As factory configured, the Isolation Jumper is in the EN {enablc} position.

Figure 6-2. Setting the Isolation Jumper

Space has been provided on the terminal module for you to install one-pole low
pass filters for input signal conditioning on each channel. Figure 6-3 shows the
normal channel configuration and the low pass filter channel configuration.

Figure 6-3. Low Pass Filter Channel Configuration
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Installing
Attenuators

Connecting
Field Wiring

Figure 6-4 shows how to install a low pass filter for Channel [0 on the terminal
module. To install the low pass filter, remove the jumper (BANK A SERIES M
0) and install your resistor in its place. Install your capacitor in the BANK A
SHUNT 0 position as shown. Precision components should be used to maintain
accuracy.

Figure 6-4. Installing Low Pass Filters

The space for low pass filters on the terminal module can also be used to install
attenuators to reduce input signals to a usable level for the relay MUX. Figure
6-5 shows the normal channel configuration and how the channels are con-
figured to attenuate input signals.

Figure 6-5. Attenuator Channel Configuration

Figure 6-6 shows how to install an attenuator for Channel 0 on the terminal

module. To install the attenuator, remove the jumper (BANK B SERIES IM 0)
and install resistor R1 in its place. Install resistor R2 in the BANK B SHUNT O
position as shown. Precision components should be used to maintain accuracy.

Figure 6-6. Installing Attenuators

The next step is to connect field wiring from your application to the appropriate
terminals on the terminal module. The following section contains examples that
show how to connect field wiring to the terminal module for voltage, current,
2-wire ohms, and temperature measurements.

Figure 6-7 shows the terminal module with the cover removed. Each of the 20
channels has a HIGH, LOW, and GUARD terminal. Terminals 0 through 9 in
BANK A are for Channels 0 through 9, respectively. Terminals 0 through 9 in
BANK B are for Channels 10 through 19, respectively.

Figure 6-7. 20-Channel Relay MUX/T C Terminal Module

When connecting field wiring to the terminal module, route the wires through
the strain relief clamp and tighten the clamp screw to reduce the chance of
wires being pulled out of the terminal connectors. if the clamp screw is loosened
far enough, the strain relief clamp can be rotated to make it easier to route the
wiring.

NOTE

When connecting components such as resistors, RT Ds, or thermistors, the lead
lengih may be too short to route through the strain relief clamp. In this case, the
components will have to be stored inside the terminal module. When connecting
these components, make sure that no leads are shorted together and bend the leads
to allow the terminal module cover to be replaced.

20-Channel Relay MUX/TC
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In the guarded (3-wire) voltage measurement function, the relay MUX accessory
can switch signals for up to 20 DC or AC voltage measurements. When making
guarded voltage measurements, HIGH, LOW, and GUARD lines are switched on
each selected channe! for maximum common mode noise rejection.

CAUTION

The maximum non-destructive voltage which can be applied 1o the 20-channel relay
MUX/TCis 170 VDC or 120 VAC rms (170V peak). Refer to Tahle 6-1 for the
specifications,

CAUTION

POSSIBLE EQUIPMENT DAMAGE. When making high-voltage meastire-
ments using the relay MUX, the HP 38524 analog backplane becomes charged (v
the voltage on the last channel connected to it. The next channel that you close 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 refay contact voltage. To maximize relay
life and prevent damage to sensitive transducers by high backplane discharge vol-
tages, see Figure §-8.

Figure 6-8. Discharging the HP 3852A Backplane

Example: Connecting Voltage Sources to the Terminal Module

A voltage source (V0) is connected to Channel 0 on the terminal module as
shown in Figure 6-9. Connect the high (+) lead from the voltage source to the
11iIGH terminal. Connect the low (-) lead from the voltage source to the LOW
terminal If a guarded (3-wire} voltage measurement is being made, connect the
shield from the shielded twisted pair to the GUARD terminal The shielded
twisted pair is to reduce electrical noise in the measurement.

Figure 6-9. Connecting Voitage Sources to the Terminal Module

The relay MUX uses current sensing to make current measurements. When
making a current sensing measurement, the voltage across a shunt resistor is
measured and the current is calculated using the measured voltage and the resis-
tance value of the shunt. The relay MUX can be used to switch signals for up to
20 DC or AC current measurements. When making current measurements,
HIGH, LOW, and GUARD are switched on each selected channel for maximum
common mode noise rejection. Figure 6-10 shows the normal channe! configura-
tion and how channels are configured for current sensing measurements.



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

LINE WITH MRXIMM
ABSOLUTE PEAK VOLTRGE

HIGH
@LCM K
@ LINE WITH MINIMM
GURRD

ABSOLUTE PEAK VOLTRGE

OR

+ Discharge tha HP 3852A analog backplane to earth ground through 10 k2 resistors
connecled to HIGH, LOW, and GUARD on an unused channel,
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Figure 6-8. Discharging the HP 3852A Backpiane
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Connections
for Resistance
Measurements

CAUTION

The maximum non-destructive voltage which can be applied to the 20channel retay
MUX /TC is 170 VDC or 120 VAC rms (170V peak). Refer to Table 6-1 for the
specifications.

NOTE

Current sensing measurements are not recommended when making temperature
measurements on the same terminal module. The heat prodiced by the shunt resis-
tor may affect the accuracy of the temperature measurements.

Figure 6-10. Current Sensing Configuration

Example: Installing Shunt Resistors for Current Measurements

A 25002 shunt resistor (RO) is instailed in the shunt position (BANK A SHUNT 9)
for Channel 0 on the terminal module as shown in Figure 6-11.

NOTE

The SERIES JM (jumper) must be in place on the terminal module for each
channel being used for current measurements (see Figure 6-11).

Figure 6-11. Installing Shunt Resistors for Current Measurements

One of the functions of the relay MUX accessory is to switch signals for resis-
tance measurements. This section contains a 2-wire ohms configuration example.

Example: Connecting Resistors for 2-Wire Ohms Measurements

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to switch signals for up to 20 resistance measurements per relay
MUX accessory.

A resistor (RO) is connected to Channel 0 on the terminal module as shown in
Figure 6-12. Connect one lead of the resistor to the HIGH terminal. Connect
the other lead of the resistor to the LOW terminal. Connect the guard lead (if
high common mode noise rejection is required) from the resistor low lead to the
GUARD terminal .

Figure 6-12. Counecting Resistors for 2-Wire Ohms Measurements

20-Channel Relay MUX/TC
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One of the functions of the relay MUX accessory is to switch signals for tem-
perature measurements. This section contains examples that show how to con-
nect thermocouples, RTDs, and thermistors for temperature measurements.

Example: Connecting Thermocouples for Temperature Measurements

Thermocouples provide a simple, durable, inexpensive, and relatively accurate
temperature sensor for a wide variety of applications and environmental condi-
tions. The thermocouple is a junction of two unlike metals that produces a volt-
age related to the junction temperature. Up to 20 thermocouple measurements
can be made per relay MUX accessory. The HP 3852A temperature conversions
support B, E, J, K, Ni4, N28, R, S,and T type thermocouples.

Before connecting thermocouples to the terminal module, refer to Table 6-3 for
some connection guidelines.

Table 6-3. Guldelines For Connecting Thermocouples

1. Use the iargest wire possible that will not shunt heat
away from the thermocoupie area.

2. Use thermocouple wire that is well within its rating,

3. Avoid mechsnical stress and vibration that could strain
the wires.

4. For long runs, use 8 shielded twisted pair and connect the
shietd to the GUARD terminal on the terminal module.

5, Avoid steep temperature gradients.

6. In hostile environments, use proper shesthing material
to reduce adverse effects on thermocouple wires,

NOTE

Since the channels on the relay MUX can be independently configured and sofi-
ware compensation is used, any mixture of thermocouple types can be measured
using the relay MUX.




A thermocouple (TCO) is connected to Channel 0 on the terminal module as
shown in Figure 6-13. Connect the negative metai lead (red lead) to the LOW
terminal. Connect the positive metal lead to the HIGH terminal. Connect the
guard lead (if high common mode noise rejection is required) from the ther-
mocouple low lead to the GUARD terminal. Figure 6-14 shows three possible
thermocouple wiring configurations.

Figure §-13. Connecting Thermocouples for Temperature Measurements

Figure 6-14. Thermocouple Wiring Configurations

Example: Connecting RTDs for Temperature Measurements

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. Up to twenty, 2-wire RTD measurements
can be made per relay MUX accessory. The HP 3852A resistance-to-temperature
conversions support RTDs with temperature coefficients () of 000385 Q/Q°C
and 0003916 ©/Q°C and resistance values of 1000 at 0°C.

An RTD (RTDO) is connected to Channel 0 on the terminal module as shown in
Figure 6-15. Connect one lead of the RTD to the HIGH terminal. Connect the
other lead of the RTD to the LOW terminal. Connect the guard lead (if high
common mode noise rejection is required) from the RTD low lead to the
GUARD terminal.

Figure 6-15. Connecting RTDs for Temperature Measurements

Example: Connecting Thermistors for Temperature Measurements

Thermistors are capable of detecting small changes in temperature and are used
in applications where the temperature extremes are not too high. Thermistors
are highly dependent upon variables such as thermistor composition and size.
Most thermistors have negative temperature coefficients which means that their
resistance values decrease with increasing temperature.

Up to 20 thermistor measurements can be made using a single relay MUX and
the 2-wire function. The HP 3852A resistance-to-temperature conversions sup-
port thermistors with the following resistance values at 25°C: 2252€1 5 k(L and

10 kQL

A thermistor (THMO) is connected to Channel 0 on the terminal module as
shown in Figure 6-16. Connect one lead of the thermistor to the HIGH terminal.
Connect the other lead of the thermistor to the LOW terminal. Connect the
guard lead (if high common mode noise rejection is required) from the thermis-
tor low lead to the GUARD terminal

Figure 6-16. Connecting Thermistors for Temperature Measurements

20-Channel Relay MUX/TC
6-15



812345670081 23450708

LY 777 ] ETAL(RED)
i S LA >

| Wt wETAL
%\ 8
3832A F1GE_13

Figure 6-13. Connecting Thermocouples for Temperature Measurements

9]




SHIELD

e | O

CONNECT
THERMOCOUPLE GUFRD

Figure 8-14. Alternate Thermocouple Wiring Configurations



B8 L88FEZ LI B

10}

Figure B-15. Connecting RTDs for Temperature Measurements



LAY A\

LR
S0L98vE2 1 W

Figure 6-16. Connecting Thermistors for Temperature Measuremants



Installation/
Checkout

Checking the
Accessory
Identity

20-Channe! Relay MUX/TC
6-18

The following section explains how to check the accessory identity, how to
verify the field wiring connections, and how to read the state of the channels.

NOTE

The example programs in this scction use 709" as the HP-1B address for the HP
3852A. Specific slot and channel numbers are also used. Program syntax and
data return formats apply 1o H P Series 200,300 Controllers. Modify slot and
channel numbers as reqitired.

After you have connected field wiring from your application to the terminal
module, replace the terminal module cover and instali the accessory in the
desired mainframe or extender slot. Refer to the Mainframe Configuration and
Programming Manual to connect the terminal module to the component module

and to install the accessory.

To check the accessory identity, you can use the ID? (Identity?) command. The
ID? command provides a way to check, from the HP 3352A front panel or from
a controller, in what slot an accessory has been installed. The 1D? command will
return * 44708A" for the 20-Channel Relay MUX/TC and " 447XXX" if the ter-
minal module is not connected to the component module. If the ID? command
is sent to a slot with no accessory installed, " 000000" will be returned.

Example: Reading the Accessory Identity

19 1%
20 1Use the ID? command to read the identity of a relay

30 IMUX fnstailed in slot 2 of the mainframe.
40 1

50 OUTPUT 709; “Ib? 200%

&0 ENTER 709; ldentity$s

70 PRINT identity$

80 END

Output with terminal module connected:

L4T0BA



Verifying
Wiring
Connections

Reading
Channel
State

NOTE

If you have addressed the correct slot and have made sure that the rerminal modulc
is connected, but the proper ID number is nol returned, refer to the HP 38524
Assembly Level Service Manual for service procedures.

To verify that your field wiring has been properly connected to the terminal
module, send the MONMEAS (Monitor/Measure) command from the HP 3852A
front panel keyboard or from a controller. This command can be used to check
DC and AC voltage connections, 2-wire ohms connections, RTD connections,
and thermistor connections.

The following program segment shows how to use the MONMEAS command
with a controller to verify DC voltage connections on Channels 200 through 219.
The CONF command configures the voltmeter accessory for DC voltage
measurements. For this example, a relay MUX is installed in slot 2 of the
mainframe and a voltmeter accessory is installed in slot 0 of the mainframe.

10 OUTPUT 709; ™USE 0%
20 OUTPUT 709; “CONF DCV™

30 OUTPUT 709; "MONMEAS DCY,200-219%
40 END

The 20 channels will be scanned and measured one at a time starting with
Channel 200. Press SADY KEY" on the HP 3852A front panel to advance the
scanning to the next channel. When the scan is advanced past the last channel
(Channel 219 in this example), scanning will stop and the last measurement will
remain on the display.

The CLOSE? command can be used to determine the state of the relay MUX
channels This command returns one of five numbers for each channel queried.
The numbers returned indicate if a channel is open or closed and to which bus
the channel is connected. Table 6-4 shows the channel state for each value that
can be returned by the CLOSE? command when used with the 20-Channel Relay

MUX/TC.
Table 6-4. Values Returned by the CLOSE? Command

Data Channel

Returned State
v} Channei Open
1 Channel Closed
2 Channel Closed - connected to Sense Bus
3 Channel Closed - connected to Source Bus
4 Channel Closed - connected to Both Buses

20-Channel Relay MUX/TC
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NOTE

The CLOSE? command will return 2. 3, or 4 only to indicate the state of Channels
0 through 19 (ie. these values will not be returned for the iree switches).

Example: Reading Channel State

This example shows how to use the CLOSE? command to read the state of
Channels 0 through 4 on a relay MUX. The RST command resets the relay
MUX to its power-on state where all channels are open. The CLOSE command
closes Channel 3 and the Sense Bus tree switch (Channel 91). The OPEN com-
mand is used to open the channels and disconnect them from the backplane. For
this example, a relay MUX accessory is installed in slot 2 of the mainframe.

10 OQUTPUT T709; *RST 200"

20 INTEGER Stete(d)}

30 OUTPUT 709; "CLOSE 203,291
40 OQUTPUT 709; “CLOSE? 200-204%
50 ENTER 709; State(*)

60 PRINT State(*)

70 OUTPUT 709; "OPEN 203,291»
80 END

Typical Output (Channel 3 closed - connected to Sense Bus)

e ¢ 0 2 O



Programming the 20-Channel Relay MUX/TC

As noted in the Introduction section of this chapter, the relay MUX has four
primary functions voltage measurements, current measurements, 2-wire ohms
measurements, and temperature measurements. This section contains examples
that show how to program the accessory for each function It includes a
description of each function, applicable commands for the functions, and
programming examples. Each example includes a sample program and (where
applicable) typical outputs for the assurned conditions.

This section also summarizes the programming commands used with the relay
MUX (refer to "Command Summary") and lists the titles of the example
programs {refer to "Program Titles").

NOTE

The example programs in this section use "709" as the HP-1B address for the HP
38524. Specific slot and channel numbers are also used. Program syntax and
data return formats apply to HP Series 2007300 Controllers. Modify slor and
channel numbers as reguired.

NOTE

The example programs show how to make typical measurements using the relay
MUX with the HP 447014 Integrating Voltmeter Accessory or the HP 44702
High-Speed Volimeter Accessory (when used on the backplane). Refer to the
Mainframe Configuration and Programming Manual for instructions on making
measirements using an external voltmeter.

Command  Table 6-5 is an alphabetical listing of commands which apply to the relay MUX
Summary  accessory. Refer to the HP 3852A Command Reference Manual for a complete
description of these commands.

20-Channel Relay MUX/TC
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Table 6-5. Commands for the 20-Channel Relay MUX,/TC

CLOSE ch list
Closes a single multiplexer channel or a list of channels specified by c/ /ist. This
command is intended for individual switch control in special signal-routing ap-

plications. It is not the easiest way to do routine measurements since the tree
switches are not automatically configured as in the scanning commands.

CLOSE? ¢k list [INTO namec} or {fmi]

Queries the state of channels specified by c# list.

CONFMEAS runction , ch list [USE ch] [INTO name] or [fm]
Configures the voltmeter accessory and measures a function on the channels

specified by ch list. This command automatically configures the voltmeter acces-
sory and the tree switches on the multiplexer for the measurement.

ID? [siof)

Reads the identity of the accessory in the slot specified by slor.

MEAS function , ch list [USE ch] [INTO name} or { fr)
Scans and measures a function on the channels specified by ¢4 list. This com-

mand does not configure the voltmeter accessory but it does configure the tree
switches on the multiplexer for the measurement.

MONMEAS /unction, ch list [USE ch]

Monitors and measures a function on the channels specified by ck /ist. This
command is useful to check wiring connections made on the terminal medule.

OPEN ch iist

Opens a single multiplexer channel or a list of channels specified by ch list. This
command is used to open channels and place them in a safe state after the
measurements have been made

RST {sion)

Resets the accessory in the slot specified by slor to its power-on state.

20-Channel Relay MUX/TC
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Program
Titles

Making
Voltage
Measurements

The discussion for each function includes one or two examples that show how to
program the relay MUX for that function. Table 6-6 lists the titles of the ex-
ample programs in this section.

Table 6-6. Program Titles

NOTE

When using more than one relay multiplexer function, it is recommended that
similar types of measurements be grouped (ogether in order to maximize relay life
and minimize voltmeter function changes.

For example, if you are making DC voltage measurements and 2-wire ohms
measurements, group all of the voltage measurements together and all of the resis-
tance measurements together. In this way, the tree switches will be opened and
closed fewer times and the volimeter function won't be changed as of ten.

One of the functions of the relay MUX accessory is to make voltage measure-
ments. This section explains how to program the accessory to make guarded
(3-wire) DC and AC voltage measurements.

CAUTION

The maximum non-destructive voliage which can be applied to the 20channel relay
MUX/TC is 170 VDC or 120 VAC rms (170V peak). Refer to Table 6-1 for the
specifications.

NOTE

The AC voltage function is considerably slower than the DC voltage function. It
takes approximately two seconds for the H P 447014 Integrating Voltmeter (v
configure for AC voltage measurements and approximately 1.5 seconds per
reading.

The HP 44702 High-Speed Voltmeter Accessory cannot be used to make AC volt-
age measirements.

Example: Measuring DC and AC Voltage Sources

Suppose that you want to measure the outputs from 20 voltage sources using the
relay MUX and the guarded voltage { unction. See Figure §-9 to connect voltage
sources to the terminal module.

20-Channel Relay MUX/TC
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Table 6-6. Program Titles

using Thermistors

measurement function.

TITLE DESCRIPTION COMMAND S

Volteage Measurements
Messuring DC and Measures the outputs from 20 voltage CONFMEAS
AC Voltage Sources sources using the relay MUX,
Measuring Voltage Measures the output from a voltage CLOSE,
Sources using the source using the CLOSE and OPEN commands OPEN
CLOSE Command to control the tree switches and the

bank switches for the measurement,

Current Measurements
Making DL and Makes a current sensing measurement CONFHEAS
AC Currents using a shunt resistor installed on
Measurements the relsy MUX.

2-Wire QOhms Measurements
Measuring Resistors Measures 20 resistors using the relay COMFMEAS
using the 2-Wire MUX and the 2-wire cohms measurement
Chms Function. function,
Making 2-Wire Measures a single resistor using the CLOSE,
Ohms Measurements CLOSE and OPEN commands to control the QPEN

~usfing the CLOSE tree switches and the bank switches for

Command the measurement.

Temperature Measurements
Messuring Makes 20 temperature measurements CONFMEAS
Temperature using using the relay MUX and J-type
Thermocouples thermocouples.
Measuring Measures the reference temperature CONFMEAS
the Isothermal of the isothermal connector block and
Reference also the compensated temperature of &
Temperature B-type thermocouple.
Measuring Makes 20 temperature measurements using CONFMEAS
Temperature the relay MUX snd the 2-wire RTD
using RTDs measurement function.
Measuring Makes 20 temperature meesurements using CONFMEAS
Temperature the relay MUX and the 2-wire thermistor
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The following example program uses the CONFMEAS command to measure 20
DC voltage sources conaected to Channels 0 through 19. The CONFMEAS
command configures the voltmeter accessory for DC voltage measurements and
measures the 20 channels once.

NOTE

To use the [ollowing program to make AC voltage measurements with the HP
447014 Integrating Voltmeter Accessory, substitute the following line for the exist-

ing line 70:

70 OUTPUT 709; “CONFREAS ACY,200-219,USE Q"

10 1 .

20 1Use the CONFMEAS command to messure 20 DC voitages using
30 ta relay MUX in slot 2 of the meinframe. Install @
40 1voltmeter accessecry in glot ¢ of the mainframe.

s0 i

&0 REAL Volts(i9?)

70 OUTPUT 709; “CONFNEAS pcv,200-219,USE o=

80 FOR I = 0 T0 19

90 ENTER 709; Yolts(l)

100 PRINT "Ch."; 1, velts(l)

110 NEXT 1

120 END

Typical DC voltage values for the assumed conditions

ch. 0 &.30300
Ch. 1 4.33350

ch. 18 4.58580
Ch. 19 3.49470

Example Measuring Voltage Sources using the CLOSE Command

Suppose that you want to measure the output from a voltage source using the
CLOSE command to control the tree switches and bank switches. See Figure 6-9
to connect a voltage source to the terminal module.



NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest way to do routine
measurements since the tree switches are not automatically configured as in the
scanning commands.

In this example program, CLOSE is used to close Channel 0 and the Sense Bus
tree switch (Channel 91). The FUNC command configures the voltmeter acces-
sory for DC voltage measurements. The TRIG command triggers the voltmeter
accessory to take a single measurement. The CHREAD command returns the DC
voltage from the voltmeter channel to the controller. The OPEN command is
used to open the channels and disconnect them from the backplane after the
measurements have been taken.

NOTE

To use the following program to make AC voltage measurements with the HP
44701A Integrating Voltmeter Accessory, substitute the following line for the exist-
ing line 90:

90 OCUTPUT 70%; “FUNC ACV™

10 ¢

20 tuse the CLOSE command to meke a DC voltage measurement of
30 tthe voltage source connected to Channel 0 on a relay

40 1MuX in slot 2 of the mainframe. Install a voltmeter accessory
S0 tin stot D of the mainframe.

60 1

70 OUTPUT 709; "“USE 0%

80 OUTPUT 709; “CLOSE 200,291"

¢0 OUTPUT 709; “FUNL DCV®
100 OQUTPUT 709; "“TRIG SGL™
110 OUTPUT 709; “CHREAD 0%

120 ENTER 709; Volts

130 PRINT Volts

140 OQUTPUT 709; "OPEN 200,291

150 END

Typical DC voltage value for the assumed conditions:

3.94940

20-Channel Relay MUX/TC
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The relay MUX uses current sensing to make current measurements. When
making a current sensing measurement, the voltage across a shunt resistor is
measured and the current is calcuiated using the measured voltage and the resis-
tance value of the shunt. This section shows how to program the relay MUX to
switch signais for DC and AC current measurements.

CAUTION

The maximum non-destructive voltage which can be applied to the 20~channe! relay
MUX/TC is 170 VDC or 120 VAC rms ( 170V peak). Refer to Table 6-1 for the
specifications.

NOTE

Current sensing measurcenents are not recommended when making temperature
measirements on the same terminal module, The heat produced by the shunt resis-
tor may af fect the accuracy of the temperature measurements.

NOTE

The AC voltage [unction {used for AC current sensing ) is considerably slower than
the DC voltage function. It takes approximately two seconds for the HP 447014
Integrating Voltmeter to configure for AC voltage measurements and ap-
proximately 1.5 seconds per reading.

The HP 44702 High-Speed Voltmeter Accessory cannot be used to make AC cur-
renf measurements.

Example: Making DC and AC Current Measurements

Suppose that you want to make a current measurement using a 250€1 shunt resis-
tor installed on the terminal module. See Figure 6-11 to install a shunt resistor
on the terminal module for a current measurement.

The following example program uses the CONFMEAS command to measure a
25002 shunt resistor installed on Channel 0. The CONFMEAS command con-
figures the voltmeter accessory for DC voltage measurements and measures the
channel once. The voltage value is returned to the controller which then calcu-
lates the current in DC amps.



Making
2-Wire Ohms
Measurements

NOTE

To use the following program to make AC current measurements with the H P
447014 Integrating Volimeter Accessory, substitute the following line for the exisi-
ing line 70:

70  OUTPUT 709; “CONFMEAS ACV,200,USE 0%

10 1

20 1Use the CONFMEAS command to measure a 250{) shunt
30 tresistor and calculate the DC current on Channel 0,
40 IUse & relay MUX in stot 2 of the mainfreme. I[nstall a
50 Ivoltmeter accessory in siot O of the mainframe.

60 |

70 OUTPUT 709; YCONFMEAS DCV,200,USE O%

80 ENTER 709; Volts

90

100 1Current = Voltage Measured/Resistance of Shunt

110

120 Current = Volts/250

130 PRINY Current

1490 END

Typical current value {in DC Amps) for the assumed conditions:

.03034

One of the functions of the relay MUX accessory is to make resistance
measurements. This section explains how to program the relay MUX for 2-wire
ohms measurements.,

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to make up to 20 resistance measurements per relay MUX,

When using the relay MUX accessory for 2-wire ohms measurements, the
voltmeter accessory is actually configured for a 4-wire ohms measurement. The
relay MUX converts the 4-wire function on the voltmeter to a 2-wire function
on the component module. It does this by connecting the high voltage sense lead
to the high current source fead and the low voltage sense lead to the low current
source lead. Therefore, only two leads are used on the relay MUX for the
2-wire ohms measurement.

20-Channe! Refay MUX/TC
6-25



Exampie: Mesasuring Resistors using the 2-Wire Chms Function

Suppose that you want to measure 20 resistors connected to the relay MUX
using the 2-wire ohms function. See Figure 6-12 to connect resistors to the ter-
minal module for a 2-wire ohms measurement.

The following example program uses the CONFMEAS command to measure 20
resistors connected to Channels 0 through 19, The CONFMEAS command con-
figures the voltmeter accessory for 2-wire ohms measurements and measures the

20 channels once.

0

20 1Use tha CONFMEAS command to measure 20 resistors using a
30 irelay MUX in stot 3 of the mainframe. Install » voltmeter
40 laccessory in siot 0 of the mainframe.

50 1

6D REAL Ohms{19)

70 OQUTPUT 709; ®CONFMEAS OHM,3060-319,USE O¥

80 FOR I = O TO 19

90 ENTER 709; Ohms(l)

100 PRINT #Ch.";i, Ohms(l)

110 NEXY ¢

120 END

Typical resistance values (in Ohms) for the assumed conditions:

Ch. 0  4628.340
th. 1 5024.%900

Ch. 18 4039.400
Ch. 19 4528.380C

Example: Making 2-Wire Ohins Measurements using the CLOSE Command

Suppose that you want to make a 2-wire ohms measurement of a resistor using
the CLOSE command to control the tree switches and bank switches. See Figure
6-12 to connect a resistor to the terminal module for 2-wire chms measurements.

NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest way to do routine
measurements since the tree switches are not automatically configured as in the
scanning commands.

In this example program, CLOSE is used to close Channe! 0, the Sense Bus tree
switch (Channef 91), and the Source Bus tree switch (Channel 94). The FUNC

20-Channel Relay MUX/TC
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command configures the voitmeter accessory for 4-wire ohms measurements (the
relay MUX converts the 4-wire function to a 2-wire function on the component
module). The TRIG command triggers the voltmeter accessory to take a single
measurement. The CHREAD command returns the resistance value from the
voltmeter channel to the controller. The QPEN command is used to open the
channels and disconnect them from the backpiane after the measurements have
been taken,

NOTE

The following program uses the HP 447014 Integrating Voltmeter Accessory. To
tse this program with the HP 44702 High-Speed Voltmeter Accessory on the
backplane, substitute the following line for the existing line 50:

80 OUTPUT 709; "FUNC OHMFIQ0OK™

10 1

20 1Use the CLOSE command to make a 2-wire ohms measurement
30 tof Channel 0 on & retay MUX in siot 3 of the mainframe.
40 1Install & voltmeter accessory in slot 0 of the mainfreme.
50

60 OUTPUT 709; ®USE Qv

70 OUTPUT 709; MCLOSE 300,391,3940

B0 OUTPUT 709; WFUNC OHMF®

90 OUTPUT 709; “TRIG SGL"

100 OUTPUT 709; “CHREAD 07

110 ENTER 709; Chms

120 PRINT Ohis

130 OQUTPUT 709; “OPEN 300,391,394"

140 END

Typical resistance value (in Ohms) for the assumed conditions:

11623.57

One of the functions of the relay MUX accessory is to switch signals for tem-
perature measurements, This section shows how to program the relay MUX ac-
cessory to make thermocouple measurements, RTD measurements, and thermistor
measurements.

Thermocouples provide a simple, durable, inexpensive, and relatively accurate
temperature sensor for a wide variety of applications and environmental condi-
tions. The thermocouple is a junction of two unlike metals that produces a volt-
age that is related to the junction temperature. Up to 20 thermocouple
measurements can be made per relay MUX accessory. The HP 3852A tempera-
ture conversions support B, E, J, K, N4, N28, R, § and T type
thermocouples.

20-Channel Relay MUX/TC
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The HP 3852A does not directly measure the temperature of thermocouples but
rather, it measures the voitages generated by the thermocouples The measured
voltage is a function of the actual temperature of the thermocouples. The
problem with this approach is that the voltage measured by the HP 3852A is dif-
ferent from the actual thermocouple voltage (due to junction voltages on the
terminal module) unless some compensating technique is used. The relay MUX
uses a technique called software compensation. In performing software compen-
sated thermocouple measurements, the following steps occur:

1. Measure the resistance of the thermistor mounted on the isothermal connec-
- tor block and compute the isothermal block reference temperature.

2. Measure the voltage produced by the thermocouple

3. Convert the isothermal block reference temperature to a thermocouple
reference voltage. Since the thermocouple voltage depends upon the type of
thermocouple being compensated, this allows different types of ther-

mocouples to be used on an accessory.

4. Add the thermocouple voltage measured in step 2 to the voltage computed in
step 3.

5. Convert the total voltage in step 4 to a temperature in °C.

NOTE

When used with the scanning commands (CONFMEAS for example), the HP
38524 auromatically performs the compensation steps when making thermocouple
measurements.

When using low-level commands such as CLOSE and OPEN, the compensation
steps are not performed airomatically.

NOTE

Since the channels on the relay MUX can be independently configured and soft-
ware compensation is used, any mixture of thermocouple types can be measitred.
However, separate commands will have to be executed for each type of ther-
mocouple.

Example; Measuring Temperature using Thermocouples

Suppose that you want to make 20 température measurements using ther-
mocouples and the relay MUX. See Figure 6-13 to connect thermocouples to the
terminal module for temperature measurements. '



The following example program uses the CONFMEAS command to measure 20
J-type thermocouples connected to Channels 0 through 19. The program scans
the 20 channels once and returns the results (in °C) to the controller.

10
20
30
40
50
60
70
80
0
100
110
120

I

1Use the CONFMEAS command to messure 20 J-type thermocouples
lusing a relay MUX in slot 2 of the mainframe, instail a
Ivoltmeter accessory in slot O of the mainframe.

i

REAL Temp(19)

OUTPUT 70%; “CONFMEAS TEMPJ,200-219 ,USE 04

FOR 1 « 0 TO 19

ENTER 709; Temp(l)

PRINT “Ch.%";I, Temp(l)}

NEXT 1

END

Typical temperature values (in °C) for the assumed conditions

Ch. 0 24.54257
th. 1 24.54200

Ch.
Ch.

-

18 25.55800
19 25.8%5600

Example: Measuring the Isothermal Reference Temperature

Suppose that you want to measure the temperature (the reference temperature)
of the thermistor mounted on the isothermal connector block. The following
program uses the CONFMEAS command to measure the reference temperature
and also the compensated temperature of a B-type thermocouple connected to
Channel 0. See Figure 6-13 to connect thermocouples to the terminal module.

10
20
30
40
50
60

ao

90
100
110
120
130
140
150
160

t

fUse the CORFMEAS command to meesure the reference temperature and
Ithe compenhsated temperature of a B-type thermocouplie. Use a
frelay MUX in slot 2 of the mainframe. Install a voltmeter
laccessory in slot O of the mainframe.

!

{Measure isothermal reference temperature.

'

DUTPUT 709; "CONFMEAS REFT,200,USE O%

ENTER 709; Reftemp

i

IMeasure compensated temperature of B-type thermocoupie on Channel 0.
1

OUTPUT 709; "CONFMEAS TEMPB,200,USE O

ENTER 709; Temp

1

20-Channel Relay MUX/TC
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Measuring
Temperature
using RTDs

170 1Print results.

180 ¢

190 PRINT *jsothermai Reference Temperature = M:Reftemp
200 PRINT

210 PRINT "Compensated Temperature = “;Temp

220 EWD

Typical Output:
Isothermal Reference Temperature = 246.43848

Compensated Temperature = 24.55176

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. The HP 3852A resistance-to-temperature
conversions support RTDs with temperature coefficients (&) of 0.00385 Q/Q°C
and 0.003916 ©/Q1°C and resistance values of 1000 at 0°C.

Most RTDs have small resistance values (typically less than 30042 which makes
the test lead resistance a significant factor when making resistance measurements.
The relay MUX can be used in RTD applications where accuracy is not so im-
portant, such as when checking the integrity of your transducers. Up to twenty
3.wire RTD measurements can be made per relay MUX accessory.

Example: Measuring Temperature using RTDs

Suppose that you want to make 20 temperature measurements using RTDs and
the 2-wire function. See Figure 6-15 to connect RTDs to the termina! module
for 2-wire temperature measurements

The following example program uses the CONFMEAS command to scan and
measure 20 RTDs {with & = 0.00385 0/Q°C) using the 2-wire function. The
program scans Chanaels 0 through 19 and returns the results (in °C) to the con-
troller.

19 1
20 1Uss the CONFMEAS command to make twenty 2-wire RID measurements

30 Jusing & relay MUX in slot 2 of the mainfreme. Install a
&0 Ivoltmeter accessory in slot 0 of the mainfreme.

50 ¢

60 REAL Temp(19)

70 OUTPUT TO09; =COKRFMEAS R/TD8S,200-219,USE O

80 FOR I =0 10 319

@0 ENTER 709; Temp(l}

100 PRINT *Ch.";1, Temp(I)
110 MNEXT 1

120 END



Measuring
Temperature
using Thermistors

Typical temperature values (in °C) for the assumed conditions:

24.542%7
24.54299

¢h. O
Ch. 1

-
-

Ch., 18 25.55805
Ch. 19 25.85645

Thermistors are capable of detecting small changes in temperature and are used
in applications where the temperature extremes are not {00 high. They are high-
ly dependent upon variables such as thermistor composition and size. Most
thermistors have negative temperature coefficients which means that their resis-
tance values decrease with increasing temperature.

Up to 20 thermistors can be measured per accessory using the relay MUX. The
HP 3852A resistance-to-temperature conversions support thermistors with the
following resistance values at 25°C: 2252€1, 5 k£, and 10 kQ2

Example: Measuring Temperature using Thermistors

Suppose that you want to make 20 temperature measurements using 5 kQ ther-
mistors and the 2-wire function See Figure 6-16 to connect thermistors to the
terminal module for 2-wire temperature measurements.

The following example program uses the CONFMEAS command to measure 20
thermistors using the 2-wire function. The program scans and measures Channeis
0 through 19 once and returns the results (in ?C) to the controller.

10

20 {Use the CONFMEAS commsnd to meesure twenty 5 k{2 thermistors
30 tusing a relay MUX in slot 2 of the mainframe. Instail a voltmeter
40 taccessary in slot 0 of the mainframe.

50 1

60 REAL Temp(19)

70 OUTPUT 709; “CONFMEAS THM5K,200-219,USE 0"

80 FOR I = O T0 19

90 ENTER 709; Temp(l)

100 PRINT "Ch.%;i, Temp(l}

110 NEXT I

120 END

Typical temperature values (in °C) for the assumed conditions

24.54297
24.54299

Ch. 0
ch. 1

-

Ch. 18 25.55800
Ch. 19 25.85645

20-Channel Relay MUX/TC
6-31
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Chapter 7

20-Channel FET MUX
HP 44709A

Introduction

Description

Functions

This chapter shows how to configure and program the HP 44709A 20-Channel
FET Multiplexer (MUX) Accessory. The chapter has four sections
Introduction, Specifications, Configuring the 20-Channel FET MUX, and
Programming the 20-Channel FET MUX.

e Introduction contains a chapter overview, a description of the FET MUX, a
description of its functions, and shows suggested steps to get started.

® Speclfications lists the specifications for the accessory.

+ Configuring the 20-Channel FET MUX contains a block diagram description
of the accessory, shows how to hardware configure the terminal module, and
shows how to connect field wiring to the terminal module.

¢ Programming the 20-Channel FET MUX shows how to program the accessory
for voltage, current, resistance, and temperature measurements.

The FET MUX is used to switch (multiplex) signals from up to 20 channels for
measurement by the HP 3852A voltmeter accessories or by external voltmeters.
This accessory is designed to perform high-speed switching of low signal-level
devices with input voltages less than 1024 VDC or 724 VAC RMS (1024YV peak).
The 20 channels can be switched at speeds up to 600 channels per second using
an HP 3852A voltmeter accessory.

The FET MUX accessory consists of a 20-channel terminal module and a FET
MUX component module. Field wiring from your application sensors, such as
voltage sources, will be connected to the terminal module and the signals will be
sent to the switches located on the component medule.

The FET MUX accessory is used to switch signals for measurement by the HP
3852A voltmeter accessories or by external voltmeters. This accessory can be
used to switch signals for four primary functions

* Voltage Measuremenis.
® Current Measurements.
¢ Resistance Measurements.

e Temperature Measurements.

20-Channel FET MUX
71
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NOTE

Fuach channel on the FET MUX can be independently configured to alfow mulii-
ple functions to be measured using the same accessory.

Voltage Measurements

The FET MUX can be used to switch signals for guarded (3-wire) DC voltage
and AC voltage measurements. In the guarded voltage measurement function,
HIGH, LOW, and GUARD lines are switched on each selected channel for max-
imum common mode noise rejection. Use this funciion to make up to 20 voltage
measurements per FET MUX accessory.

Curreni Measurements

The FET MUX can be used to switch signals for DC and AC current measure-
ments using current sensing. Current sensing is a method of determining current
using a shunt resistor that you instali on the terminal module. Use this function
to make up to 20 current measurements per FET MUX accessory.

Resistance Measurements

The FET MUX can be used to switch signals for 2-wire and 4-wire resistance (or
ohms) measurements. The primary difference between the two types of resis-
tance measurements is the accuracy. In applications where the resistance of the
test leads is not critical, the 2-wire ohms function can be used. Generally, the
larger the resistance being measured, the less you have to be concerned about test
lead resistances. Use the 2-wire ohms function to make up to 20 resistance
measurements per FET MUX accessory.

NOTE

The high "on” resistance of the FET switches (approximately 3 k§2) limits
the accuracy of 2-wire ohms measurements.

The use of the 4-wire ohms measurement virtually eliminates the error caused by
the test lead resistances. The current through the unknown resistance is the same
regardless of the lead resistance but the voltmeter measures only the voltage
across the resistance, not across the combined test lead and the resistance. The
4-wire ohms function is essential when the highest accuracy is required. Since
each 4-wire ohms measurement requires two channels, up to 10 resistance
measurements can be made per FET MUX accessory.

Temperature Measurements

The FET MUX can be used to switch signals for ternperature measurements
using fesistance temperature detectors (RTDs) and thermistors. RTDs are
typically more stable and accurate than thermistors. Thermistors are more
sensitive to temperature changes than RTDs. Because of the low resistance
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values of RTDs and thermistors and the high "on" resistance of the FET switches.
the only temperature measurement technique available for this accessory is the
4-wire ohms function. Since each 4-wire ohms measurements requires two chan-
nels, up to 10 temperature measurements can be made per FET MUX accessory.

The HP 1852A resistance-to-temperature conversions support the following
RTDs and thermistors

RTDs supported:

o = 0.00385 /Q°C (10002 at 0°C)
o = 0003916 Q/Q°C (1002 at 0°C)

Thermistors supported:

2252Q at 25°C
5 k2 at 25°C
10 kQ at 25°C

NOTE

Other transducers can be measured using the FET MUX but only those listed
above are supported by the HP 38524 conversions.

To use the FET MUX accessory for your application, you will need to follow
three steps

* Define your application
¢ Configure the accessory for your application.

¢ Program the accessory for your application.

Define your Application

The first step is to define your application and determine if the accessory can
meet the requirements of your application. The FET MUX can switch DC or
AC inputs up to 1024 VDC or 724 VAC RMS (16.24V peak). Since each of the
20 channels can be independently configured, up to 20 different devices can be
connected to the accessory. When selecting devices to be connected, refer to
Table 7-1 "20-Channei FET MUX Specifications” to ensure that the voltage and
current requirements of your application are within the specifications for this
aCCessory.

Conflgure the Accessory

The next step is to configure the accessory for your application. Refer to
"Configuring the 20-Channel FET MUX" for information on hardware con-

20-Channel FET MUX
7-3
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figuration and connecting field wiring to the terminal module for voltage, cur-
rent, resistance, and temperature measurements

Program the Accessory
The third step is to program the FET MUX for your application. Refer to

"Programming the 20-Channel FET MUX" to program the accessory for voltage,
current, resistance, and temperature measurements.

Table 7-1 lists the specifications for the FET MUX. This table contains six
categories: Input Characteristics, Channel Specifications, Operating
Characteristics, AC Performance, RTD Characteristics, and Thermistor
Characteristics.

WARNING

The HP 38524 and the HP 38534 internal analog buses inferconnect the multi-
plexer and voltmeter accessories to form one circuif. To protect against 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 below 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 rwo poinis is deter-
mined by the accessory with the LOWEST peak voltage limitation, as follows:

saximum Allowable

Instrument /Accessory Peak Voltage
HP 38%2A Mainframe 350v
HP 3B853A Extender 350v
KP 44TO1A Integrating Voltmeter 3sav
HP 447D02A/B High-Speed Voltmeter 42V
20-Channel Relay Multiplexers 170V
60-Channel Relay Multipiexer L2V
Ail FET Multiplexers 42V

1§ the analog extender cable is NOT connected between the mainframe and the
sxtenders, each fnstrument is considered as a separate circuit.




Table 7-1. 20-Channel FET MUX Specificatlons

INPUT CHARACTERISTICS:

Maximum Signai Voliage:
Setween any two input terminals or to chassis:
10.24V peak, 10.24 YDC, 7.24 VAL RMS

Input Volitage Protection Limi:
Channel Inputs: 112v pesk maximum
Backpiane with isoletion relays open: 142v pesk maximum

CHANNEL SPECIFICATIONS:

Bias Currents:
(Channel at OV with respect to Chassis)
Currents are sourced by the accessory from HIGK or LOW to Chassis,

into Transducer or Backplane
(0-28°¢/0-55°¢C)

Channel Closed Channel Open
HIGH or LOW S5 nA/4S nA 2 nASf11 nA
GUARD 65 nA/TT0 nA & nA/110 nA

Into Backplene
(0-28°¢/0-55°C)

Chennel Open Max i mum
Isolation Relay Differential
tlosed? Offset Voltage®
HIGH or LOW 2 nA/11 nA 20 uvs120 uv
GUARD 65 nA/67D nA -

Latt channelis open, isolation retay closed.

Inifferential offset voltage between HIGH and LOW with a source
resistance < 1 k{); RH < 85X @ 28°C or RH < 60X @& 40°¢C.

Maximum Signal Current: 1 mA per channel

Isolation:
HIGH to LOW, HIGH to Chassis:
Channet On or 0ff: 10°Q2
Power Off: vin < 10v 1 k(2
vin > 10y 20002

Low to Chassis: 10002

20-Channel FET MUX
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Table 7-1. Z0-Channel FET MUX Specifications (cont'd)

riosed Channel “On" Resfstance:
HIGH or LOW: 3.0 k)
GUARD: 3.2 k)

OPERATING CHARACTERISTICS:

Maximum Scan Rate (channels per zacond):
Using HP 3852A Voltmeter Accessories: &00
Using Externatl Voltmeter: 8,000

Synchronization: fBresk-Before-HMake in scanning operation.

AC PERFORMANCE:

Fﬁquomy Responase relstlve 10 1 kHz:
(50£2 source, 1 M{l termination)

S0 kHz: -0.6 dB
200 kHz: -3.0 dB

Capacitence with Channe! On;
HIGH to LOW: 200 pF
HIGH, LOW to Chassis: 200 pf

Crosstalk, Channel-ta-Channel:
(506} source, 1 M{) losd); =< 3 Vrms

18 k¥#z: 50 dB
100 kHMz: ~-35 dB

RTD CHARACTERISTICS:

ATD Types Supporied:
Type: Platinum, O = 0.00385 {/N2°%¢,
{100,002 at 2°C)
Type: Platinum, & = 0,003916 SW/Q°c,
¢100,00) a1 6°0)

THERMISTOR CHARACTERISTICS:

Thermisior Types Supported:
Type: 225202 at 25°C
Type: 5 k) st 25°¢C
Type: 10 k) at 25°¢




Configuring the 20-Channel FET MUX

This section shows how to configure the FET MUX accessory. It contains a
block diagram description of the accessory, information on hardware configur-
ing the terminal module, and information on connecting field wiring to the ter-
minal module.

Refer to "Programming the 20-Channel FET MUX" to program the accessory for
veltage, current, resistance, and temperature measurements.

WARNING

SHOCK HAZARD. Only qualified, service-trained personnel who are aware of
the hazards involved should install, remove, or configure any accessory. Before

1 fouching any installed accessory, turn of f all power to the mainframe, extenders,
and 1o all exrernal devices connected to the mainframe, extenders, or accessories,

CAUTION

STATIC SENSITIVE. Use clean-handling technigues when handling the acces-
sory. Do not install an accessory without the metal covers attached.

BIOCK  The FET MUX accessory consists of a 20-channel terminal module and 2 FET
Diagram MUX component module as shown in Figure 7-1. Field wiring from your ap-
De scription plication sensors, such as voltage sources, will be connected to the terminal
module and the signals will be sent to the switches located on the component

é modute,
2 Figure 7-1. 20-Channel FET MUX Block Diagram

The component module is made up of 24 switches which are divided into two
categories: bank switches and tree switches. Each of the 24 switches consists of
three Field Effect Transistors (FETs), one each for HIGH, LOW, and GUARD
lines. There are a total of 20 bank switches which are divided into two groups
of 10 channels each: BANK A and BANK B. The channels in BANK A are
numbered 0 through 9 and the channels in BANK B are numbered 10 through
19, '

20-Channet FET MUX
7-7
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NOTE

Only one channel per bank can he closed at a time. Closing a second channel in a
bank will open any previously closed channel in that bank.

The component module contains four tree switches which are of two types
Source Bus tree switches and Sense Bus tree switches Each of the two banks has
one Source Bus tree switch and one Sense Bus tree switch, The tree switches
control signal flow to and from the HP 3852A backplane and also isolate the
bank switches from the backplane when they are not in use. The Sense Bus tree
switches provide the connections to the backplane for making voltage measure-
ments. The Source Bus tree switches provide the connections (+] and -I} to the
backplane for making resistance measurements.

The component module also includes isolation relays which allow the accessory
to be isolated from the HP 3852A backplane. The isolation relays are used to
reduce the leakage current on the backplane for critical measurements or for
using the backplane at voltages greater than the FET MUX voltage specification.
The FET MUX has overvoltage protection circuitry which will automatically
open the isofation relays when voltages greater than 215V peak are detected on
the HP 3852A backplane

Table 7-2 shows the channel definitions for the FET MUX accessory. Channels
0 through 19 control the bank switches, Channel 90 controls the isolation relays,
and Channels 91 through 94 control the tree switches.

Table 7-2. 20-Channel FET MUX Channel Definitions

Channel Definitions

Q-9 BANK A switches

10 - 19 8ANK B switches
90 Isolation relays
o1 Sense Bus Tree Switch (BANK A)
92 Sense Bus Tree Switch (BAKK B)
93 Source Bus Tree Switch (BANK A)
9% Source Bus Tree Switch (BANK B)




A ' Configurin

the Termina
Module

Installing
Low Pass
Filters

Installing
Attenuators

NOTE

Two tree switches of the same type cannot be closed simultaneously (e.g. only ane
of the iwo Sense Bus tree switches can be closed at a time). Closing a second iree
switch will open any previously closed tree switch of the same type.

The BANK A COMMON and BANK B COMMON terminals on the terminal
module can be used to connect an external voltmeter or for diagnostic
procedures. As factory configured, there are three 1002 current imiting resistors
in series with the BANK A COMMON terminal and three 1002 current limiting
resistors in series with the BANK B COMMON terminal

This section explains how to hardware configure the terminal module. It shows
how to install low pass filters and attenuators on the terminal module for input
signal conditioning.

Space has been provided on the terminal module for you to install one-pole low
pass filters for input signal conditioning on each channel. Figure 7-2 shows the
normal channel configuration and the low pass filter channel configuration,

Figure 7-2. Low Pass Filter Channel Configuration

Figure 7-3 shows how to install a low pass filter on Channel 10 of the terminal
module. To install the low pass filter, remove the jumper (SERIES JM 10) and
install your resistor in its place. Install your capacitor in the SHUNT 10 position
as shown, Precision components should be used to maintain accuracy.

Figure 7-3: Installing Low Pass Filters

The space for low pass filters on the terminal module can also be used to install
attenuators to reduce input signals to a usable level for the FET MUX. Figure
7.4 shows the normal channel configuration and how the channels are con-
figured to attenuate input signals.

Figure 7-4. Attenuator Channel Configuration

Figure 7-5 shows how to install an attenuator on Channel 0 of the terminal
module. To install the attenuator, remove the jumper (SERIES JM 0) and install
resistor R1 in its place. Install resistor R2 in the SHUNT 0 position as shown.
Precision components should be used to maintain accuracy.

Figure 7-5. Installing Attenuators

20-Channel FET MUX
7-9
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The next step is to connect field wiring from your application to the appropriate
terminals on the terminal module. The following section contains examples that
show how to connect field wiring to the terminal module for voltage, current,
resistance, and temperature measurements.

Figure 7-6 shows the terminal module with the cover removed. Each of the 20
channels has 2 HIGH, LOW, and GUARD terminal. Terminals 0 through 9 in
BANK A are for Channels 0 through 9, respectively. Terminals 0 through 9 in
BANK B are for Channels 10 through 19, respectively.

Figure 7-6. 20-Channel FET MUX Terminal Module

When connecting field wiring to the terminal module, route the wires through
the strain relief clamp and tighten the clamp screw to reduce the chance of
wires being pulled out of the terminal connectors. If the clamp screw is loosened
far enough, the strain relief clamp can be rotated to make it easier to route the
wiring.

NOTE

When connecting components such as resistors, RT Ds, or thermistors, the lead
length may be too short 10 route through the strain relief clamp. In this case, the
components will have to be stored inside the terminal module. When connecting
these components, make sure that no leads are shorted together and bend the leads
fo allow the terminal module cover to be replaced.

In the guarded (3-wire) voltage measurement function, the FET MUX accessory
can switch signals for up to 20 DC or AC voltage measurements. When making
guarded voltage measurements, HIGH, LOW, and GUARD lines are switched on
each selected channel for maximum common mode noise rejection.

CAUTION

The maximum non-destructive voltage which can be applied to the 20charmel FET
MUX is 1024 VDC or 7.24 VAC RMS (1024V peak). Refer to Table 7-1 for the
specifications.

Example: Connecting Voltage Sources to the Terminal Module -

A voltage source (V0) is connected to Channel 0 on the terminal module as
shown in Figure 7-7. Connect the high (+) lead from the voltage source to the
HIGH terminal Connect the low (-) lead from the voltage source to the LOW
terminal. If a guarded (3-wire) voltage measurement is being made, connect the
shield from the shielded twisted pair to the GUARD terminal The shielded
twisted pair is used to reduce electrical noise in the measurements,

Figure 7-7. Connecting Voltage Sources to the Terminal Module
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The FET MUX uses current sensing to make current measurements. When
making a current sensing measurement, the voltage across a shunt resistor is
measured and the current is calculated using the measured voltage and the resis-
tance value of the shunt. The FET MUX can be used to switch signals for up to
20 DC or AC current measurements. When making current measurements,
HIGH, LOW, and GUARD are switched on each selected channel for maximum
commen mode noise rejection. Figure 7-8 shows the normal channel configura-
tion and how channels are configured for current sensing measurements.

CAUTION

The maximum non-destructive voltage which can be applied (o the 20-channel FET
MUX is 1024 VDC or 724 VAC RMS (10.24V peak). Refer to Table 7-1 for the
specifications.

Figure 7-8. Current Sensing Corfiguration

Example: Installing Shunt Resistors for Current Measurements

A 2500 shunt resistor {R0) is instalied in the shunt position (SHUNT 0) for
Channel 0 on the terminal module as shown in Figure 7-9.

NOTE

The SERIES JM (jumper) must be in place on the terminal module for each
channel being used for curremt measurements (see Figure 7-9).

Figure 7-9. Instailing Shunt Resistors for Current Measurements

One of the functions of the FET MUX accessory is to switch signals for resis-
tance measurements. This section contains a 2-wire ohms and a 4-wire chms
configuration example.

Example: Connecting Resistors for 2-Wire Ohms Measurements

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to switch signals for up to 20 resistance measurements per FET
MUX accessory.

20-Channel FET MUX
7-11
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NOTE

The high "on” resistance of the FET switches (approximately 3 kQ) limits
the accuracy of 2-wire ohms measurements.

A resistor (R0) is connected to Channel 0 on the terminal module as shown in
Figure 7-10, Connect one lead of the resistor to the HIGH terminal. Connect
the other lead of the resistor to the LOW terminal. Connect the guard lead (if
high common mode noise rejection is required) from the resistor low lead to the
GUARD terminal

Figure 7-10. Connecting Resistors for 2-Wire Ohms Measurements

Example: Connecting Resistors for 4-Wire Ohms Measurements

The use of the 4-wire ohms measurement virtually eliminates the error caused by
the test lead resistances. The current through the unknown resistance is the same
regardless of the lead resistance but the voltmeter measures only the voltage
across the resistance, not across the combined test lead and the resistance. The
4-wire ohms function is essential when the highest accuracy is required. Since
each 4-wire ohms measurement requires two channels, up to 10 resistance
measurements can be made per FET MUX accessory.

NOTE

Each 4-wire ohms measurement requires two channels, one from BANK A and one
from BANK B. When connecting a resistor to the terminal module for a 4-wire
ohms measurement, use two channels that are separated by one decade (ie.,
Channels 0 and 10, Channels 1 and 11, efc.).

A resistor (R1) is connected to Channels 0 and 10 on the terminal module for a
4-wire ohms measurement as shown in Figure 7-11, Channel 0 is used as the
voltage sense channel and Channel! 10 is used as the current source channel for
the measurement.

Figure 7-11. Connecting Resistors for 4-Wire Ohms Measurements

To make the connections to Channel 0 (the Sense chaanel), connect one lead of
the resistor to the HIGH terminal. Connect the other lead of the resistor to the
LOW terminal. Connect the guard lead (if high common mode noise rejection is
required) from the resistor low lead to the GUARD terminal

To connect the resistor to Channel 10 (the Source channel), repeat the above
procedure using the HIGH and LOW terminals for Channel 10. Note that it is
not necessary to connect the guard lead to both the sense channel and the source
channel
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Connections
for Temperature
Measurements

One of the functions of the FET MUX accessory is to switch signals for tem-
perature measurements. This section contains examples that show how to con-
nect RTDs and thermistors to the terminal module.

NOTE

Because of the low resistance values of RT Ds and thermistors and the high "on”
resistance of the FET switches on the FET MUX, the only temperatirre measure-
ment technigue available for this accessory is the 4-wire ohms function,

Example: Connecting RTDs for 4-Wire Temperature Measurements

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. Since each 4-wire measurement requires
two channels, up to 10 RTD measurements can be made per FET MUX acces-
sory. The HP 3852A resistance-to-temperature conversions support RTDs with
temperature coefficients () of 0.00385 Q/Q°C and 0003916 Q/C°C and resis-
tance values of 10002 at 0°C.

NOTE

Each 4-wire RT'D measurement requires two channels, one from BANK A and one
from BANK B. When connecting an RT D to the terminal module for a 4-wire
measurement, nse two channels that are separated by one decade (ie. Channels 0
and 10, Channels 1 and 11, etc.).

An RTD (RTD1) is connected to Channels 0 and 10 for a 4-wire measurement as
shown in Figure 7-12. Channel 0 is used as the voltage sense channel and
Channel 10 is used as the current source channel for the measurement.

Figure 7-12. Connecting RTDs for 4-Wire Temperature Measurements

To make the connections to Channel 0 (the Sense channel), connect one lead of
the RTD to the HIGH terminal Connect the other lead of the RTD to the
LOW terminal. Connect the guard lead (if high common mode noise rejection is
required) from the RTD low lead to the GUARD terminal,

To connect the RTD to Channel 10 (the Source channel), repeat the above pro-
cedure using the HIGH and LOW terminals for Channel 10. Note that it is not
necessary to connect the guard lead to both the sense channel and the source
channel,

Example: Connecting Thermistors for 4-Wire Temperature Measurements

Thermistors are capable of detecting small changes in temperature and are used
in applications where the temperature extremes are not too high. Thermistors
are highly dependent upon variables such as thermistor composition and size.
Most thermistors have negative temperature coefficients which means that their
resistance values decrease with increasing temperature.

20-Channe! FET MUX
7-13
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Since each 4-wire measurement requires two channels, up to 10 temperature
measurements can be made per FET MUX. The HP 3852A resistance-to-
temperature conversions support thermistors with the following resistance values
at 25°C: 22520 5 k€L and 10 k&L

NOTE

Each 4-wire thermistor measurement requires two channels, one from BANK A and
one from BANK B. When connccting a thermistor to the terminal module for a
4-wire measurement, lise two channels that are separated by one decade (ie,
Channels 0 and 10, Channels I and 11, erc.).

A thermistor (THM ) is connected to Channels 0 and 10 for a 4-wire measure-
ment as shown in Figure 7-13. Channel 0 is used as the voltage sense channel for
the measurement and Channel 10 is used as the current source channel for the
measutrement,

Figure 7-13. Connecting Thermistors for 4-Wire Temperature Measurements

To make the connections to Channel 0 (the Sense channel), connect one lead of
the thermistor to the HIGH terminal. Connect the other lead of the thermistor
to the LOW terminal. Connect the guard lead (if high common mode noise
rejection is required) from the thermistor low lead to the GUARD terminal.

To connect the thermistor to Channel 10 (the Source channet), repeat the above
procedure using the HIGH and LOW terminals for Channel 10. Note that it is
not necessary to connect the guard lead to both the sense channel and the source
channel

The following section explains how to check the accessory identity, how fo
verif'y the field wiring connections, and how to read the state of the channels.

NOTE

The example programs in this section use "709" as the HP-IB address for the HP
38524. Specific slot and channel numbers are also used. Program syniax and
data return formars apply to HP Series 200,300 Controllers. Modify stot and
channel numbers as required.

After you have connected field wiring from your application to the terminal
module, replace the terminal module cover and install the accessory in the
desired mainframe or extender slot. Refer to the Mainframe Configuration and
Programming Manua! to connect the terminal module to the component module
and to install the accessory.

To check the accessory identity, you can use the ID? (Identity?) command. The
[D? command provides a way to check, from the HP 3852A front panel or from
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Verifying
Wiring
Connections

a controller, in what slot an accessory has been instailed. The ID? command will
return " 44709A" for the 20-Channe!l FET MUX and " 447XXX" if the terminal
module is not connected to the component module. If the ID? command is sent
to a slot with no accessory installed, * 000000" wiil be returned.

Example: Reading the Accessory Identity

10 !

20 JUse the 1D? command to read the identity of »
30 1FET MUX fnstalled in siot 2 of the mainframe.
40 i

50 OUTPUT 709; “ID? 200%

&0 ENTER 709; Identity$

70 PRINT Identity$

80 END

Output with terminal module connected:

44709A

NOTE

If you have addressed the correct slot and have made sure that the terminal module
is connected, but the proper 1D number is not returned, refer to the HP 38524
Assembly Level Service Manual for service procedures.

To verify that your field wiring has been properly connected to the terminal
module, send the MONMEAS (Monitor/Measure) command from the HP 3852A
front panel keyboard or from a controller. This command can be used to check
DC and AC voltage connections, 2-wire and 4-wire ohms connections, RTD con-
nections, and thermistor connections.

The following program segment shows how to use the MONMEAS command
with a controller to verify DC voltage connections on Channels 200 through 219.
The CONF command configures the voltmeter accessory for DC voltage
measurements. For this example, a FET MUX is installed in slot 2 of the
mainframe and a voltmeter accessory is instailed in slot 0 of the mainframe.

10 OUTPUT T09; “USE 0%

20 OUTPUT 709; “CONF DCVY

30 OUTPUT 709; "MONMEAS DCV,200-219%
40 END

The 20 channels will be scanned and measured one at a time starting with
Channel 200. Press SADV KEY" on the HP 3852A front panel to advance the
scanning to the next channel. When the scan is advanced past the last channel
(Channel 219 in this example), scanning will stop and the last measurement will
remain on the display.

20-Channel FET MUX
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The CLOSE? command can be used to determine the state of the FET MUX
channels. This command returns one of five numbers for each channel queried.
The numbers returned indicate if a channel is open or closed and to which bus
the channel is connected. Table 7-3 shows the channel state for each value that
can be returned by the CLOSE? command when used with the 20-Channel FET
MUX.

Table 7-3. Values Returned by the CLOSE? Command

Data Channel

Returned State
0 Channel Open
1 Channel Closed
2 thannelt Closed - connected to Sense Bus
3 channel Closed - cennected to Source Bus
[ channel Closed - connected to Both Buses

NOTE

When the CLOSE? command is used with the FET multiplexcr accessorics, the
state of the isolation relays is ignored.

NOTE

The CLOSE? command will return 2, 3, or 4 only to indicate the state of Channels
0 through 19 {ie. these values will not be returned for the tree swifches).

Example: Reading Channel State

This example shows how to use the CLOSE? command to read the state of
Channels 0 through 4 on 2 FET MUX. The RST command resets the FET MUX
to its power-on state where all channels are open and the isolation relays are
open. The CLOSE command Channel 3, the BANK A Sense Bus tree switch
(Channel 91), and the isolation relays (Channel 90). The OPEN command is used
to open the channels and disconnect them from the backplane. For this example,
a FET MUX is installed in slot 2 of the mainframe.



10
20
30
4“0
50
&80
70
80

OUTPUT 709; "RST 200

INTEGER State{d)

QUTPUT 70%; "CLOSE 203,291, 290"
QUTPUT 70%9; "CLOSE? 200 04
ENTER 709; State(™)

PRINT State(®)

OUTPUT 709, "OPEK 203 29% 290"
END

Typical Qutput (Channel 3 elosed - connected to Sense Busk

0

o o 2 0

20-Channel FET MUX
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As noted in the Introduction section of this chapter, the FET MUX has four
primary functions: voltage measurements, current measurements, resistance
measurements, and temperature measurements. This section contains examples
that show how to program the accessory for each function. It includes a
description of each function, applicable commands for the functions, and
programming examples. Each example includes a sample program and (where
applicable) typical outputs for the assumed conditions.

This section also summarizes the programming commands used with the FET
MUX (refer to "Command Summary") and lists the titles of the example
programs (refer to "Program Titles"™.

NOTE

The example programs in this section use "709" as the HP-1B address for the HP
3852A. Specific slot and channel numbers are also used. Program syntax and
data return formais apply 1o HP Series 200/300 Controllers. Modify slot and
channel numbers as required.

NOTE

The example programs show how to make typical measurements using the FET
MUX with the HP 447014 Integrating Voltmeter Accessory or the HP 44702
High-Speed Voltmeter Accessory (when used on the backplane). Refer to the
Mainframe Configuration and Programming Manual for instructions on making
measurements using an external voltmeter.

Table 74 is an alphabetical listing of commands which apply to the FET MUX
accessory. Refer to the HP 3852A Command Reference Manual for a complete
description of these commands.



Table 7-4. Commands for the 20-Channel FET MUX

CLOSE ch list

Closes a single multiplexer channel or a list of channels specified by ch list. This
command is intended for individual switch control in special signal-routing ap-
plications, It is not the easiest way to do routine measurements since the tree
switches and the isolation relays are not automatically configured as in the scan-
ning commands.

CLOSE? ch list [INTO name] or [fm]

Queries the state of channels specified by ch list.

CONFMEAS runction , ch list [USE ch] [INTO name) or [fmi]

Configures the voitmeter accessory and measures a function on the channels
specified by c¢h /ist. This command automatically configures the voltmeter ac-
cessory and the tree switches on the multiplexer for the measurement.

ID? {slor}

Reads the identity of the accessory in the slot specified by slor.

MEAS function , ch list [USE ch] [INTO name] or { fmi)
Scans and measures a function on the channels specified by ch list. This com-

mand does not configure the voltmeter accessory but it does configure the tree
switches on the multiplexer for the measurement.

MONMEAS function , ck list [USE ch)

Monitors and measures a function on the channels specified by ch list. This
command is useful to check wiring connections made on the terminal module.

OPEN ch list

Opens a single multiplexer channel or a list of chanaels specified by ch list. This
command is used to open channels and place them in a safe state after the
measurements have been made,

RST [slor]

Resets the accessory in the slot specified by slof to its power-on state.

20-Channel FET MUX
7-19
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The discussion for each function includes one or two examples that show how to
program the FET MUX for that function. Table 7-5 lists the titles of the ex-
ample programs in this section.

Table 7-5. Program Titles
One of the functions of the FET MUX accessory is to make voltage measure-

ments. This section explains how to program the accessory to make guarded
(3-wire) DC and AC voltage measurements.

CAUTION

The maximum non-desiructive voltage which can be applied to the 20-channel FET
MUX is 1024 VDC or 7.24 VAC RMS (10.24V peak). Refer to Table 7-1 for the
specifications.

NOTE

The AC voltage function is considerably slower than the DC voltage function. It
takes approximately two seconds for the HP 447014 Tnregrating Voltmeter (o
configure for AC voltage meastrements and approximately 135 seconds per
reading.

The HP 44702 High-Speed Voltmeter Accessory cannol be used to make AC volt-
age measurements.

Example: Measuring DC and AC Voltage Sources

Suppose that you want {o measure the outputs from 20 voltage sources vsing the
FET MUX and the guarded voltage function. See Figure 7-7 to connect voltage
sources to the terminal module.

The following example program uses the CONFMEAS command to measure 20
DC voltage sources connected to Channels 0 through 19. The CONFMEAS
command configures the voltmeter accessory for DC voltage measurements and
measures the 20 channels once.



Table 7-5. Program Titles

TITLE

DESCRIPTION

COMMANDS

Messuring DC and
AC Voltage Sources

Measuring Voltage
Sources using the
CLOSE Command

Making DC and
AC Currents
Measurements

Making Resistance
Heasurements
(2-Wire Function)

Making 2-Wire
Ohms Measurements
using the CLOSE
Command

Making Resistance
Measurements
(4-Wire Functien}

sepsuring Temperature
using R1Ds
(4-Wirs Function)

Measuring
Tempereture using
Thermistors
(4-Wire Function)

Yoltage Measurements

Measures the outputs from 20 voltage
sources using the FET MUX.

Mecasures the cutput from » voltage

source using the CLOSE and OPEN commands
to control the tree switches and the bank
¢witches for the measurement.

Current Messurements

Mskes a current sensing measurement
using & shunt resistor installed on
the FET MUX.

gResistance Measurements

Measures the 20 resistors using the
FET MUX and the 2-wire ohms function.

Measures a single resistor using the
CLOSE and OPEN commands to control the
tree switches and the bank switches for
the measurement.

Measures the resistance of a single
resistor using the FET WUX and the

4-wire ohms function.

Temperature Measurements

Makes s temperature messurement using
the FET MUX and the 4-wire RID
measurement function.

Makes 8 temperature messurement using
the FET WUX end the é4-wire thermistor
measurement function, '

CONFMEAS

CLOSE,
OPEN

CONFMEAS

CONFMEAS

CLOSE,
OPEN

CONFMEAS

CONFMEAS

CONFMEAS




NOTE

To use the following program to make AC voltage measurements with the HP

44701A Integrating Voltmeter Accessory, substitute the following line for the exist-

ing fine 70:

70 OUTPUT 709; “CONFMEAS ACY,200-219,USE 0"

10 |
20 tUse the CONFMEAS command to measure 20 DC voltages

30 lusing & FET MUX in slot 2 of the mainframe. Install
40 1a voltmeter accessory in slot 0 of the mainframe.

50 1}

60 REAL Volts(1¥)

70 OUTPUT 709; “CONFKEAS DCv,200-219,USE O

80 FOR 1 =0 70 19

90 ENTER 709; Volts(l)

100 PRINT ®Ch.®;1, Volts(l}

110 NEXT I

120 END

Typical DC voltage values for the assumed conditions

¢h. 0 4.30300
th. 1 4.,33350

ch. 18 &.58580
Ch. 19 3.49490

Example: Measuring YVoltage Sources using the CLOSE Command

Suppose that you want to measure the output from a voltage source using the
CLOSE command to control the tree switches and bank switches. See Figure 7-7
to connect a voltage source to the terminal module.

20-Channel FET MUX
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NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. 1 is not the easiest way to do routine
measurements since the tree switches and the isolation relays are not automaticafly
configured as in the scanning commands.

In this example program, CLOSE is used to close Channel ¢, the BANK A Sense
Bus tree switch (Channel 91), and the isolation relays (Channel 90). The FUNC
command configures the voltmeter accessory for DC voltage measurements. The
TRIG command triggers the voltmeter accessory to take a single measurement.
The CHREAD command returns the DC voltage from the voltmeter channel to
the controller. The OPEN command is used to open the channels and disconnect
them from the backplane after the measurements have been taken

NOTE

To use the following program to make AC voltage measurcments with the HP
447014 Integrating Voltmeter Accessory, substitute the following line for the exist-
ing line 90:

$0 OUTPUT T709; “FUNC ACV"

190 1t
20 {use the CLOSE command to sake a DT voltage measurement

30 iof the voltage source connected to Channel 0 on a FET
40 IMUX in slot 2 of the mainframe. 1nstall a voltmeter
50 laccessory in slot 0 of the mainframe.

60 ¢

70  OUTPUT T09; “USE O®

80 OUTPUT 709; "CLOSE 200,291,290"

$0 OUTPUT 709; *FUNC BCv®

100 OUTPUT 709; "TRIG SGL™

110 OUTPUT T09; "CHREAD OM

120 ENTER T09; Yolts

130 PRINT Volts

140 OUTPUT 709; “OPEN 200,291,290

150 END

Typical DC voltage value for the assumed conditions:

3.94940



Makin
Curren
Measurements

The FET MUX uses current sensing to make current measurements. When
making a current sensing measurement, the voltage across a shunt resistor is
measured and the current is calculated using the measured voltage and the resis-
tance value of the shunt. This section shows how to program the FET MUX to
switch signals for DC and AC current measurements.

CAUTION

The maximum non-destructive voltage which can be applied to the 20-channcl 1'I'T
MUX is 1024 VDC or 7.24 VAC RMS (10.24V peak). Refer to Table 7-1 for the
specifications.

NOTE

The AC voltage function (used for AC current sensing ) is considerably slower than
the DC voltage function. It takes approximately two seconds for the HP 447014
Integraring Voltmeter to configure for AC voltage measurements and ap-
proximately 15 seconds per reading.

The HP 44702 High-Speed Volimeter Accessory cannot be used to make AC cur-
renl measurements.

Example: Making DC and AC Current Measurements

Suppose that you want to make a current measurement using a 2502 shunt resis-
tor installed on the terminal moduie. See Figure 7-9 to install a shunt resistor on
the terminal module for a current measurement.

The following example program uses the CONFMEAS command to measure a
25062 shunt resistor installed on Channel 0. The CONFMEAS command con-
figures the voltmeter accessory for DC voltage measurements and measures the
channel once. The voltage value is returned to the controller which then calcu-
lates the current in DC amps.

NOTE

To use the following program to make AC current measurements with the HP
447014 Integrating Voltmeter Accessory, substitute the following line for the exist-
ing line 70:

70 CQUTPUT 709; “CONFMEAS ACV,200,USE 0%

20-Channel FET MUX
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19
20 1Use the CONFMEAS command to messure s 250(7 shunt

10 tresistor end calculate the DC current on Channel 0. Use

L0 ta FET MUX in siot 2 ¢f ihe mainframe., Install a veltmeter
50 taccessory in slot 0 of the mainframe,
60 1

70  OQUTPUT 7T09:; “CONFMEAS DCY,200,USE O%

B0 ENTER 709; volts

20 1

100 ICurrent = Voltage Meadursd/Resis:tance of $hunt
110 1

120 Current = Volts/250

130 PRINT Current

140 END

Typical current valuz (in DC Amps) for the assumed conditions

.03034

One of the functions of the FET MUX accessory is to make resistance measure-
ments. This section explains how to program the FET MUX for 2-wire and
4.wire ohms measurements.

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have tc be concerned about test lead resistances. Use the 2-wire
ohms function to make up to 20 resistance measurements per FET MUX acces-

sOry.

NOTE

The high "on” resistance of the £ ET switches {ap proximately 3 kQ) limits
the accuracy of 2-wire ohms measuremenis.

When using the FET MUX for 2-wire ohms measurements, the voltmeter acces-
sory is actually configured for a 4-wire ohms measurement. The FET MUX
converts the 4-wire function on the voltmeter to a 2-wire function on the com-
ponent module. It does this by connecting the high voltage sense lead to the high
current source lead and the low voltage sense lead to the low current source lead.
Therefore, only two leads are used on the FET MUX for the 2-wire ohms

measurement.

Example: Making Resistance Measurements (2-Wire Function)

Suppose that you want to measure 20 resistors connected to the FET MUX using
the 2-wire ohms function. See Figure 7-10 to connect resistors to the terminal
module for 2-wire ohms measurements.



The following example program uses the CONFMEAS command to measure 20
resistors connected to Channels 0 through 19. The CONFMEAS command con-
figures the voltmeter accessory for 2-wire ochms measurements and measures the

20 channels once.

10 |

20 tUse the CONFMEAS command to measure 20 resfstors using a FET
30 IMUX in slot 3 of the meinfreme, Instail a voltmeter accessory
40 1in slot D0 of the mainframe.

50 1

60 REAL Ohms(19)

70 OUTPUT 709; “CONFMEAS OHM,300-319 ,USE 0" .
80 FOR | =0 TO i¥

¢0 ENTER 709; Ohms(1)

100 PRINT "Ch.”:1, Ohms(l)

110 NEXT 1

120 END

Typical resistance values (in Ohms) for the assumed conditions:

Ch. 0 4628.340
th. 1 5024.%00

ch. 18 403%9.400
Ch. 19 6528.380

Example: Making 2-Wire Ohms Measurements using the CLOSE Command

Suppose that you want to make a 2-wire ohms measurement of a resistor using
the CLOSE command to control the tree switches and bank switches. See Figure
7-10 to connect resistors to the terminal module for a 2-wire ohms measurement.

NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. It is not the easicst way (0 do routine
measiirements since the tree swilches and the isolation relays are not automatically
configured as in the scanning commands.

In this example program, CLOSE is used to close Channel {, the BANK A Sense
Bus tree switch (Channel 91), the BANK A Source Bus tree switch (Channel 93),
and the isolation relays (Channel 90). The FUNC command configures the
voltmeter accessory for 4-wire ohms measurements (the FET MUX converts the
4-wire function to a 2-wire function on the component module). The TRIG
command triggers the voltmeter accessory to take a single measurement. The
CHREAD command returns the resistance value from the voltmeter channel to
the controller. The OPEN command is used to open the channels and disconnect
them from the backplane after the measurements have been taken

20-Channel FET MUX
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NOTE

The f&llom’ng program uses the HP 447014 Integrating Voltmeter Accessory. To
use this program with the HP 44702 High-Speed Voltmeter Accessory on the
backplane, substitute the following line for the existing line 80:

80 OQUTPUT 709; =FUNC OKNFI0OK"

10 !

20 Use the CLOSE command to make a 2-wire chms messurement
30 fof Channel 0 on a FET MUX in slot 3 of the mainframe.
40 iInstall a voltmeter accessory in slot 0 of the mainframe.
50 1

60 OUTPUT 709; "uUSE O®

70 OUTPUT 709; “CLOSE 300,391,393,390%

80 OUTPUT T09; "FUNC OHMF™

90 OUTPUT 709; “TRIG SGL®
100 OUTPUT 709; “CHREAD 0%
116 ENTER 709; Ohms
120 PRINT Ohms
130 OUTPUT 709; “OPEN 300,391,393, 390¢
140 END

Typical resistance value (in Ohms) for the assumed conditions:
11623.570

The use of the 4-wire ohms measurement virtually eliminates the error caused by
the test lead resistances. The curreat through the unknown resistance is the same
regardless of the lead resistance but the voltmeter measures only the voltage
across the resistance, not across the combined test lead and the resistance. The
4-wire ohms function is essential when the highest accuracy is required. Since
each 4-wire chms measurement requires two channels, up to 10 resistance
measurements can be made per FET MUX accessory.

Example: Making Resistance Measurements (4-Wire Function)

Suppose that you want to measure a resistor using the FET MUX and the 4-wire
ohms function. See Figure 7-11 to connect resistors to the terminal module for
4-wire ohms measurements.

The following example program uses the CONFMEAS command to measure a
resistor using the 4-wire ohms function. Channel 0 is used as the voltage sense
channel and Channel 10 is used as the current source channel. Note that the
channel specified in the channel list with the CONFMEAS command {Channet )
is the sense channel (the HP 3852A automatically configures the channel that is
one decade from the sense channel as the source channel). The resistor is scan-
ned once by the voltmeter accessory and the result (in Ohms) is returned to the
controller,
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Measurements

Measuring
Temperature
using RTDs

10 1
20 [Use the CONFMEAS command to make a 4-wire chms measurement

30 Jusing & FEY MUX in stot 3 of the mainframe. Iastall a
40 1voltmeter accessory in slot 0 of the mainframe,

50 ¢

60 OUTPUT 70%; “CONFMEAS OKMF,300,UuSg O

70 ENTER 709; Ohms

80 PRINT Ohms

90 END

Typical resistance value (in Ohms) for the assumed conditions

205.955

One of the functions of the FET MUX accessory is to make temperature
measurements. T his section shows how to program the FET MUX accessory to
make RTD measurements and thermistor measurements.

NOTE

Because of the high “on” resistance of the FET swilches and the low resistance
values of RT Ds and thermistors, the only temperature measurement techniqie
available for the FET MUX is the 4-wire function.

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. The HP 3852A resistance-to-temperature
conversions support RTDs with temperature coefficients (o) of 0.00385 Q/Q°C
and 0.003916 £2/Q2°C and resistance values of 1002 at 0°C.

Most RTDs have small resistance values (typically less than 3000}) which makes
the test lead resistance a significant factor when making resistance measurements.
The only usable RTD measurement method with the FET MUX accessory is the
4-wire ohms measurement function. Since each 4-wire ohms measurement
requires two channels, a single FET MUX accessory can be used to make up to
10 RTD measurements,

Example: Measuring Temperature using RTDs (4-Wire Function)

Suppose that you want to make a temperature measurement using an RTD and
the 4-wire function. See Figure 7-12 to connect RTDs to the terminal module
for 4-wire temperature measurements.

The following example program uses the CONFMEAS command to scan and
measure one RTD (with & = 0.003916 Q/Q°C) using the 4-wire ohms function.
Channel 0 is used as the voltage sense channel and Channel 10 is used as the cur-
rent source channel. Note that the channel specified in the channel list with the
CONFMEAS command (Channel 0} is the sense channel (the HP 3852A
configures the channel that is one decade from the sense channel as the source

20-Channel FET MUX
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channei)l The RTD is scanned once by the voltmeter accessory and the result (in
°C) is returned to the controller.

190 1

20 [Use the CONFMEAS command to measure an RYD using the 4-wire
30 rtohms function., Usze o FET MUX in slot 2 of the mainframa.
40 1Instal! s voltmeter accessory in slot O cof the mainframe.
50 1 )

40 OUTPUY T09; "CONFMEAS RTDF92Z,200,USE Q%

70 ENTER 709; Temp

80 PRINT Temp

90 END

Typical temperature value (in °C) for the assumed conditions

24.54297

Thermistors are capabie of detecting small changes in temperature and are used
in applications where the temperature extremes are not too high. They are high-
ly dependent upon variables such as thermistor composition and size. Most
thermistors have negative temperature coefficients which means that their resis-
tance values decrease with increasing temperature.

The HP 3352A allows thermistors to be measured using the 4-wire function.
Since each 4-wire measurement requires two channels, up to {0 thermistors can
be measured per FET MUX accessory. The HP 33852A resistance-to-temperature
conversions support thermistors with the following resistance values at 25°C:

225202, 5 ki) and 10 k2

Example: Measuring Temperature using Thermistors (4-Wire Function)

Suppose that you want to make a 4-wire temperature measurement using a
225202 thermistor. See Figure 7-13 to connect a thermistor to the terminal
module for a 4-wire temperature measurement.

The following example program uses the CONFMEAS command to scan and
measure a 2252€} thermistor using the 4-wire ohms function. Channel 0 is used as
the voitage sense channel and Channel 10 is used as the current source channel.
Note that the channel specified in the channe! list with the CONFMEAS com-
maad (Channel 0) is the sense channel (the HP 3852A configures the channel that
is one decade from the sense channel as the source channel). The thermistor is
scanned once by the voltmeter accessory and the result (in°C) is returned to the
controller.



10
20
30
40
50
80
70
80
g0
100

1
IUse the CONFMEAS command to measure s thermistor 22528

fusing the G-wire function. Use a FET MUX in slot 2 of the
imainframe, Install s voltmeter sccessory in slot Q@ of the
Imainframe.

1
OUTPUT 709; “CONFMEAS THMF2252,200,USE 0"

ENTER 709; Temp -
PRINT Temp
END

Typical temperature value (in °C) for the assumed conditions:

25.69674

20-Channel FET MUX
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Chapter 8

20-Channel FET MUX/TC
HP 44710A

Introduction

Description

Functions

This chapter shows how to configure and program the HP 44710A 20-Channel
FET Multiplexer (MUX) with Thermocouple Compensation Accessory. The
chapter has four sections: Introduction, Specifications, Configuring the
20-Channel FET MUX/TC, and Programming the 20-Channel FET MUX/TC.

® Introduction contains a chapter overview, a description of the FET MUX, a
description of its functions, and shows suggested steps to get started.

® Specifications lists the specifications for the accessory.

¢ Configuring the 20-Channel FET MUX/TC contains a block diagram descrip-
tion of the accessory, shows how to hardware configure the terminal module,
and shows how to connect field wiring to the terminal module.

¢ Programming the 20-Channel FET MUX/TC shows how to program the acces-
sory for voltage, current, resistance, and thermocouple measurements.

The FET MUX is used to switch (multiplex) signals from up to 20 channels for
measurement by the HP 3852A voltmeter accessories or by external voltmeters.
This accessory is designed to perform high-speed switching of low signal-level
devices with input voltages less than 1024 YDC or 724 YAC RMS (1024V peak).
The 20 channels can be switched at speeds up to 600 channels per second using
an HP 3852A voltmeter accessory.

The FET MUX accessory consists of a 20-channel terminal module and a FET
MUX component module. This accessory uses the same component module as
the HP 44709A 20-Channel FET MUX Accessory but adds a special isothermal
connector block on the terminal module. The isothermal connactor block is used
to eliminate unwanted measurement errors when making thermocouple
measurements.

The FET MUX accessory is used to switch signals for measurement by the HP
3852A voltmeter accessories or by external voltmeters. This accessory can be
used to switch signals for four primary functions:

® Voltage Measurements.
¢ Current Measurements.
* 2-Wire Resistance {or Ohms) Measurements.

* Thermocouple Measurements,

20-Channel FET MUX/TC
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NOTE

Each channel on the FET MUX can be independently configured to allow multi-
ple functions to be measured using the same accessory.

Voltage Measurements

The FET MUX can be used to switch signals for guarded (3-wire) DC voltage
and AC voltage measurements. In the guarded voltage measurement function,
HIGH, LOW, and GUARD lines are switched on each selected channel for max-
imum common mode noise rejection. Use this function to make up to 20 voltage
measurements per FET MUX accessory.

Current Measurements

The FET MUX can be used to switch signals for DC and AC current measure-
ments using current sensing. Current sensing is a method of determining current
using a shunt resistor that you install on the terminal module. Use this function
to make up to 20 current measurements per FET MUX accessory.

NOTE

Current sensing meashrements are not recommended when making temperature
measurements on the same terminal module. The heat produced by the shunt resis-
tor may affect the accuracy of the temperature measurements.

2-Wire Ohms Measuremenis

The FET MUX can be vsed to switch signals for 2-wire ohms measurements. In
applications where the resistance of the test leads is not critical, the 2-wire ohms
function can be used. Generally, the larger the resistance being measured, the less
vyou have to be concerned about test lead resistances. Use the 2-wire ohms func-
tion to make up to 20 resistance measurements per FET MUX accessory,

NOTE

The high "on”™ resistance of the FET swirches (approximately 3 kQQ) limits
the accitracy of 2-wire ohms measurements.
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Starte

NOTE

Four-wire ohms measurements cannot be made using the 20-Channel FET
MUX /TC accessory.

Thermocouple Measurements

The FET MUX can be used to switch signals for making 2-wire temperature
measurements using thermocouples. Thermocouples provide simple, durable, in-
expensive, and relatively accurate measurements over a wide range of tempera-
tures. The HP 3852A temperature conversions support the following ther-
mocouple types: B E, J, K, N (awg [4), N (awg 28}, R,S. and T.

The HP 3852A uses software compensation to compensate for the effect of the
isothermal block reference temperature. With software compensation, up to 20
thermocouples can be measured uvsing a single FET MUX and any mixture of
thermocouples can be used.

NOTE

Orher transducers can be measnred using the FET MUX but only those listed
above are supported by the HP 38524 conversions.

To use the FET MUX accessory for your application, you will need to follow
three steps:

+ Define your application.
* Configure the accessory for your application

# Program the accessory for your application.

Define your Application

The first step is to define your application and determine if the accessory can
meet the requirements of your application. The FET MUX can switch DC or
AC inputs up to 1024 YDC or 7.24 YAC RMS (10.24V peak). Since each of the
20 channels can be independently configured, up to 20 different devices can be
connected to the accessory. When selecting devices to be connected, refer to
Table 8-1 "20-Channel FET MUX/TC Specifications" to ensure that the voltage
and current requirements of yvour application are within the specifications for
this accessory.

20-Channel FET MUX/TC
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Conflgure the Accessory

The next step is to configure the accessory for your application. Refer to
“Configuring the 20-Channel FET MUX/TC" for information on hardware con-
figuration and connecting field wiring to the terminal module for voltage, cur-
rent, 2-wire ohms, and thermocouple measurements.

Program the Accessory
The third step is to program the FET MUX for your application. Refer to

"Programming the 20-Channel FET MUX/TC to program the accessory for
voltage, current, 2-wire ohms, and thermocouple measurements.

Specifications
Table 8-1 lists the specifications for the FET MUX. This table contains five
categories Input Characteristics, Channel Specifications, Operating
Characteristics, AC Performance, and Thermocouple Characteristics.
WARNING
The HP 38524 and the HP 3853A internal analog buses interconnect the multi-
plexer and voltmeter accessories to form one circuit. To protect against 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 below 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 derer-
mined by the accessory with the LOWEST peak voltage limitation, as follows:
Maximum Allowable
instrument/Accessory Peak Voltage

HP 3852A Mainframe 350V

%P 3853A Extender 3sov

KP 44T01A Integrating Voltmeter 350V

HP 44TO2A/B High-Speed Voltmeter 42v

20-Channel Relay Multiplexers 170¥

60-Channel Relay Multiplexer &2y

ALL FET Multiplexers 4ev
1f the analog extender cable is NOT connected between the mainframe and the
extenders, each instrument is considered es a separate circuit.

20-Channel FET MUX/TC

8-4



Table 8-1. 20-Channel FET MUX/TC Specifications

INPUT CHARACTERISTICS:

Maximum Signal Yoltage:
Between any two input terminals or to chassis:
10.24V peak, 10.246 VDG, 7.24 VAC RMS

Input Voltage Protection Limit:
thannel I[nputs: £12v peak maximum
Backplane with isclation releays open: 242V peak maximum

CHANNEL SPECIFICATIONS:

Bias Currenis:
(Chennel at DV with respect to Chassis)
Currents are sourced by the accessory from HIGH or LOW to Chassis.

into Transducer or Backplane
(0-28°¢/0-55°%¢)

Channe! Closed Channel Open

HIGH or LOW 5 nAJ/4S nk 2 rAJ1Y nA
GUARD &5 nA/770 nA & nA/110 nA

Into Backplane
c0-28%cs0-55°%¢C)

Channel Open Mex i mum
Isolation Relay Differential
Closed® Offset Vultragel
HIGH or LOW 2 nA/11 nA 20 uv/120 uv
GUARD 65 nA/670 nA -

ALl channels open, isolation relay closed.

lnifferential offset voltage between HIGH and LOW with a source
resistance < 1 k§}; RH < B5% @ 28°C or RK < 60% @ 40°C.

Maximum Signal Cument: 1 mA per channel

Isolation:
HIGH to LOW, HIGH to Chassis:
Channel On or Off: 10°Q2
Power Off: Vin < 10v 1 k2
vin > 10v 20002

Low to Chassis: 1002

20-Channel FET MUX/TC
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Table 8-1. 20-Channel FET MUX/TC Specifications (cont'd)

Closed Channel "On® Resistance:
HIGH or LOW: 3.0 k(2
GuARD: 3.2 k§

OPERATING CHARACTERISTICS:

Maximum Scan Rate (channels per sscond):
Using WP 3852A Voltmeter Accessories: 600
Using External Voltmeter: 8,000

Synchronization: Break-Before-Make in scanning operstion.

AC PERFORMANCE:

Frequency Response relative to 1 kHz:
(5082 source, 1 M) termination)

50 kMz: -0.6 dB
200 kHz: -3.0 d8

Capacitance with Channel On:
HIGH to 1LOW: 2060 pF
HIGH, LOW to Chassis: 200 pf

Crosstatk, Channel-to-Channel:
(5082 source, 1 M{2 load); < 5 vrms

10 kHz: -50 d8
100 kWz: -35 dB

THERMOCOUPLE CHARACTERISTICS:

Sense Accuracy (one yearj 18-40° 10.1°C
0-60° *0.2%¢

Thermocouple Types Supported:
Type B: Platinum/6X Rhodium - Platinum/30% Rhodium
Type E: Chromel - Constantan
fype 4: Iroen - Constantan
Type K: Chromel - Alumel
Type N: MNicrosil - Kisit (14 awg)
Type N: Nicrosil - Nisil (28 ewg)
Type R: Platipue - Platinum/13X Rhodium
Type S: Platinum - Platinum/10X Rhodium
Type T: Copper - Constantan

20-Channel FET MUX/TC
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Configuring the 20-Channel FET MUX/TC

Block
Diagram
Description

N

This section shows how to configure the FET MUX accessory. It contains a

" block diagram description of the accessory, information on hardware configur-

ing the terminal module, and information on connecting field wiring to the ter-
minal module,

Refer to "Programming the 20-Channel FET MUX/TC" to program the accessory
for voltage, current, resistance, and thermocouple measurements.

WARNING

SHOCK HAZARD. Only qualified, service-trained personnel who are aware of
the hazards involved should install, remove, or configure any accessory. Beforce

touching any installed accessory, turn of f all power to the mainframe, extenders,
and to all external devices connected to the mainframe, extenders, or accessories.

CAUTION

STATIC SENSITIVE. Use clean-handling technigues when handling the acces-
sory. Do not install an accessory without the metal covers attached.

The FET MUX accessory consists of a 60-channel terminal module and a FET
MUX component module as shown in Figure 8-1. Field wiring from your ap-
plication sensors, such as thermocouples, will be connected to the terminal
module and the signals will be sent to the switches located on the component
module.

Figure 8-1, 20-Channel FET MUX/TC Block Diagram

A special isothermal connector block on the terminal module eliminates unwant-
ed measurement errors when making thermocouple measurements. A 5 kQ
thermistor is mounted on the isothermal connector block to measure the
reference temperature. The HP 3852A uses software compensation to automati-
cally compensate for the reference temperature when making thermocouples
measurements.

The component module is made up of 24 switches which are divided into two
categories bank switches and tree switches. Each of the 24 switches consists of
three Field Effect Transistors (FETs), one each for HIGH, LOW, and GUARD
lines. There are a total of 20 bank switches which are divided into two groups
of 10 channels each: BANK A and BANK B. The channels in BANK A are
numbered 0 through 9 and the channels in BANK B are numbered 10 through
19.

20-Channel FET MUX/TC
8-7
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NOTE

Only one channel per bank can be closed at a time. Closing a second channel in a
bank will open any previously closed channel in that bank.

The component module contains four tree switches which are of two types
Source Bus tree switches and Sense Bus tree switches. The 20 bank switches
share a Source Bus tree switch and a Sense Bus tree switch. The other Source
Bus and Sense Bus tree switches are used to measure the reference temperature
when making thermocouple measurements. The tree switches control signal flow
to and from the HP 3852A backplane and also isolate the bank switches from
the backplane when they are not in use. The Sense Bus tree switches provide the
connections to the backplane for making voltage measurements. The Source Bus
tree switches provide the current source connections (+1 and -I} to the backplane
for making resistance measurements.

The component module also includes isolation relays which allow the accessory
to be isolated from the HP 3852A backplane. The isolation relays can be used to
reduce the leakage current on the backplane for critical measurements or for
using the backplane at voltages greater than the FET MUX voltage specification,
The FET MUX has overvoltage protection circuitry which will automatically
open the isolation relays when voltages greater than 15V peak are detected on
the HP 3852A backplane.

Table 8-2 shows the channel definitions for the FET MUX accessory. Channels
0 through 19 control the bank switches, Channel 90 controls the isolation relays,
and Channels 91 through 94 control the tree switches. Note that Channels 91
and 94 control the tree switches for the measurement channels. Channels 92 and
93 control the tree switches for the thermistor on the isothermal connector

block.

Table 8-2. 20-Channel FET MUX/TC Channel Definitions

Channel Definitions
0 - 1% Bank Switches
90 Iselation relays
91 Sense Bus Tree Switch (bank switches)
92 Sense Bus Tree Switch (thermistor)
93 Source Bus Tree Switch (thermistor)
o4 Source Bus Tree Switch (bank switches)




A ' Configurin

the Termina
Module

Installing
Low Pass
Filters

Installing
Attenuators

NOTE

Two free switches of the same type cannot be closed simultaneously (e.g.. only one
of the twa Sense Bus tree switches can be closed at a time). Closing a second (rev
switch will apen any previously closed tree switch of the same type.

The bank switch terminals are connected together on the terminal module to
form the CARD COMMON terminal As factory configured, there are three
10002 current limiting resistors in series with the CARD COMMON terminal.

This section explains how to hardware configure the terminal module. It shows
how to install low pass filters and attenuators on the terminal module for input

signal conditioning.

Space has been provided on the terminal module for you to install one-pole low
pass filters for input signal conditioning on each channel. Figure 8-2 shows the
normal channel configuration and the low pass filter channel configuration.

Figure 8-2. Low Pass Filter Channel Configuration

Figure 8-3 shows how to install a low pass filter for Channel 10 on the terminal
module. To install the low pass filter, remove the umper (BANK B SERIES JM
0) and install your resistor in its place. Install your capacitor in the BANK B
SHUNT 0 position as shown. Precision components should be used to maintain
accuracy.

Figure 8-3. Installing Low Pass Filters

The space for low pass filters on the terminal module can also be used to install
attenuators to reduce input signals to a usable level for the FET MUX. Figure
8-4 shows the normal channel configuration and how the channels are con-
figured to attenuate input signals.

Figure 8-4. Attenuator Channel Configuration
Figure 8-5 shows how to install an attenuator for Channel 0 on the terminal
module. To install the attenuator, remove the jumper (BANK A SERIES JM 0)
and install resistor R1 in its place. Install resistor R2 in the BANK A SHUNT 0
position as shown. Precision components should be used to maintain accuracy.

Figure 8-5. Installing Attenuators

20-Channel FET MUX/TC
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The next step is to connect field wiring from your application to the appropriate
terminals on the terminal module. The following section contains examples that
show how to connect field wiring to the terminal module for voltage, current,
2-wire ohms, and thermocoitple measurements.

Figure 8-6 shows the terminal module with the cover removed. Each of the 20
channels has a HIGH, LOW, and GUARD terminal. Terminals 0 through 9 in
BANK A are for Channels 0 through 9, respectively. Terminals 0 through 9 in
BANK B are for Channels 10 through 19, respectively

Figure 8-6. 20-Channet FET MUX/TC Terminal Module

When connecting field wiring to the terminal module, route the wires through
the strain relief clamp and tighten the clamp screw to reduce the chance of

wires being pulled out of the terminal connectors. If the clamp screw is loosened
far enough, the strain relief clamp can be rotated to make it easier to route the
wiring.

NOTE

When connecting components such as resistors, the lead length may be too short 1o
route through the strain relief clamp. In this case, the components will have to he
stored inside the terminal module. When connecting these components, make sure
that no leads are shorted together and bend the leads to allow the terminal module
cover fo be replaced.

In the guarded (3-wire) voltage measurement function, the FET MUX accessory
can switch signals for up to 20 DC or AC voltage measurements. When making
guarded voltage measurements, HIGH, LOW, and GUARD lines are switched on
each selected channel for maximum common mode noise rejection.

CAUTION

The maximum non-destructive voltage which can be applied to the 20-channel FET
MUX /TC is 1024 VDC or 7.24 VAC RMS (1024V peak). Refer to Table 8-1 for
the specifications.

Example: Connecting Voltage Sources to the Terminal Module

A voltage source (V0) is connected to Channel 0 on the terminal module as
shown in Figure 8-7. Connect the high (+) lead from the voltage source to the
HIGH terminal. Connect the low (-} lead from the voltage source to the LOW
terminal. If a guarded (3-wire) voltage measurement is being made, connect the
shield from the shielded twisted pair to the GUARD terminal. The shielded
twisted pair is used to reduce electrical noise in the measurements.

Figure 8-7. Connecting Voltage Sources to the Terminal Module
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Connections
for Current
Measurements

Connections
for Resistance
Measurements

The FET MUX uses current sensing to make current measurements. When
making a current sensing measurement, the voltage across a shunt resistor is
measured and the current is calculated using the measured voltage and the resis-
tance value of the shunt. The FET MUX can be used to switch signals for up to
20 DC or AC current measurements. When making current measurements,
HIGH, LOW, and GUARD are switched on each selected channel for maximum
common mode noise rejection. Figure §-8 shows the normal channel configura-
tion and how channels are configured for current sensing measurements

NOTE

The maximum non-destructive voltage which can be applied to the 20channel FET
MUX/TC is 1024 VDC or 724 VAC RMS (10.24V peak). Refer to Tabie 8-1 for
the specificarions.

NOTE

Current sensing measiiremenis are not recommended when making temperature
measurements on the same terminal module. The heat produced by the shunt resis-
tor may affect the accuracy of (he femperatiire measirements.

Figure 8-8. Current Sensing Configuration

Example: Installing Shunt Resistors for Current Measurements

A 2500 shunt resistor (R0) is installed in the shunt position (BANK A SHUNT 0)
for Channel 0 on the terminal module as shown in Figure 8-9.

NOTE

The SERJES JM (jumper) must be in place on the terminal module for cach
channel being used for current measurements (see Figiire 8-9).

Figure 8-9. Installing Shunt Resistors for Current Measurements

One of the functions of the FET MUX accessory is to switch signals for resis-
tance measurements. This section contains a 2-wire ohms configuration example.

Example: Connecting Resistors for 2-Wire Ohms Measurements

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to switch signals for up to 20 resistance measurements per FET

MUX accessory.
~ 20-Channel FET MUX/TC
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NOTE

The high “on” resistance of the FET switches (approximately 3 k) limits
the accuracy of 2-wire ohms measurements.

A resistor (RO) is connected to Channel 0 on the terminal module as shown in
Figure 8-10. Connect one lead of the resistor to the HIGH terminal. Connect
the other lead of the resistor to the LOW terminal. Connect the guard lead (if
high common mode noise rejection is required) from the resistor low lead to the
GUARD terminal.

Figure 8-10. Connecting Resistors for 2-Wire Ohms Measurements

One of the functions of the FET MUX accessory is to make temperature
measurements using thermocouples. This section contains an example that shows
how to conaect thermocouples for temperature measurements.

Thermocouples provide a simple, durable, inexpensive, and relatively accurate
temperature sensor for a wide variety of applications and environmental condi-
tions. The thermocouple is a junction of two unlike metals that produces a volt-
age related to the junction temperature. Up to 20 thermocouple measuremersts
can be made per FET MUX accessory. The HP 3852A temperature conversions
support B, E, J, K, Ni4, N28, R, S, and T type thermocouples.

Before connecting thermocouples to the terminal module, refer to Table 8-3 for
some connection guidelines.

Table 8-3. Guidelines for Connecting Thermocouples

1. Use the largest wire possible that will not shunt heat
away from the thermocouple area.

2. Use thermocouple wire that is well within its rating.

3. Avoid mechanical stress and vibration that could strain
the wires,.

4. Ffor long runs, use & shietded twisted pair and connect the
shield to the GUARD terminal on the terminal module.

5. Avoid steep temperature graedients.

&. In hostile environments, use proper sheathing material
to reduce adverse effects on thermocouple wires.
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Figure 8-10. Connecting Resistors for 2-Wire Ohms Measurements



NOTE

Since the channels on the FET MUX can be independently configured and soft-
ware compensation is used, any mixture of thermocouple types can be measured
using the FET MUX. :

Example: Connecting Thermocouples for Temperature Measurements

A thermocouple (TCD) is connected to Channel 0 on the terminal module as
shown in Figure 8-11. Connect the negative metal lead (red lead) to the LOW
terminal. Connect the positive metal lead to the HIGH terminal Connect the
guard lead (if high common mode noise rejection is required) from the ther-
mocouple low lead to the GUARD terminal. Figure 8-12 shows three possible
thermocouple wiring configurations,

Figure 8-11. Connecting Thermocouples for Temperature Measurements
Figure 8-12. Thermocouple Wiring Conflgurations

Installation / The following section explains how to check the accessory identity, how to
Checkout verify the field wiring connections, and how to read the state of the channels.

NOTE

The example programs in this section use 709" as the HP-1B address for the HP
3852A4. 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 as required.

Checking the  After you have connected field wiring from your application to the terminal
Accessory module replace the terminal module cover and install the accessory in the
Identity desired mainframe or extender sfot. Refer to the Mainframe Configuration and
Programming Manual to connect the terminal module to the component module
and to instalf the accessory.

To check the accessory identity, you can use the ID? (Identity?) command. The
ID? command provides a way to check, from the HP 3852A front panel or from
a controller, in what slot an accessory has been instalied. The ID? command will
return " 44710A" for the 20-Channel FET MUX/TC and " 447XXX" if the ter-
minal module is not connected to the component module, If the ID? command
is sent to a slot with no accessory installed, " 000000" will be returned.

20-Channel FET MUX/TC
' 8-13
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Example: Reading the Accessory ldentity

10 !

20 tuse the ID? command to read the identity of a FET
30 (MUX installed in siot 2 of the mainframe,

40 |

S0 OQUTPUT T09; wib? 200@

60 ENTER 709; Identity$

70 PRINT ldentity$

80 END

Qutput with terminal module connected:

44T10A

NOTE

If you have addressed the correct slot and have made sure that the terminal module
is connected, but the proper 1D number is not returned, refer to the HP 38524
Assembly Level Service Manual for service procedtires.

To verify that your field wiring has been properly connected to the terminal
module, send the MONMEAS (Monitor/Measure) command from the HP 3852A
front panel keyboard or from a controller. This command can be used to check
DC voltage, AC voltage, and 2-wire ohms connections.

The following program segment shows how to use the MONMEAS command
with a controller to verify DC voltage connections on Channels 200 through 219.
The CONF command configures the voltmeter accessory for DC voltage
measurements. For this example, a FET MUX is installed in slot 2 of the
mainframe and a voltmeter accessory is installed in slot 0 of the mainframe.

10 OUTPUT 70%9; "USE O~

20 OUTPUT 709; PCONF DCV™

30 OUTPUT TO%; "MONMEAS DCV, 200-219%
40 END

The 20 channels will be scanned and measured one at a time starting with
Channel 200, Press "SADV KEY" on the HP 3852A front panel to advance the
scanning to the next channel. When the scan is advanced past the last channel
(Channe! 219 in this example), scanning will stop and the last measurement will
remain on the display.

The CLOSE? command can be used to determine the state of the FET MUX
channels. This command returns one of five numbers for each channel queried.
The numbers returned indicate if a channel is open or closed and to which bus
the channel is connected. Table 84 shows the channel state for each value that
can be returned by the CLOSE? command when used with the 20-Channet FET

MUX/TC.



Table 8-4. Values Returned by the CLOSE? Command

Data Channel
Returned State
0 Channei Open
1 Channel Closed
2 thannel Closed - connected to Sense Bus
3 Channel Closed - connected to Source Bus
4 channel Closed - connected to Both Buses

NOTE

When the CLOSE? command is used with the FET multiplexer accessories, the
state of the isolation relays is ignored.

NOTE

The CLOSE? command will return 2, 3, or 4 only to indicate the state of Channels
0 through 19 {ie., these vaiues will not be returned for the tree switches).

Example: Reading Channel State

This program shows how to use the CLOSE? command to read the state of
Channels 0 through 4 on a FET MUX. The RST command resets the FET MUX
to its power-on state where all channels are open and the isolation relays are
open.. The CLOSE command closes Channel 3, the Sense Bus tree switch
(Channel 91), and the isolation relays (Channel 90). The OPEN command is used
to open the channels and disconnect them from the backplane. For this example,
a FET MUX is installed in slot 2 of the mainframe.

10 OUTPUT T709; “RST 200%

20 INTEGER State(d)

30 OUTPUT 709; "CLOSE 203,291,290%
&0 OUTPUT 709; “CLOSE? 200-204%

SO ENTER 709; State(*)

60 PRINT State(*)

70 OUTPUT 70%; VOPEN 203,291,2%0"
B0 END

Typical Qutput (Channel 3 closed - connected to Sense Bus):

¢ 0 0o 2 ¢

20-Channel FET MUX/TC
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As noted in the Introduction section of this chapter, the FET MUX has four
primary functions voltage measurements, current measurements, 2-wire ohms
measurements, and thermocouple measurements. This section contains examples
that show how to program the accessory for each function. It includes a
description of each function, applicable commands for the functions, and
programming examples. Each example includes a sample program and (where
applicable) typical outputs for the assumed conditions.

This section also summarizes the programming commands used with the FET
MUX (refer to "Command Summary”) and lists the titles of the example
programs (refer to "Program Titles").

NOTE

The example programs in this section use “709" as the HP-1B address for the HP
38524, 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 as required. :

NOTE

The example programs show how (o make typical measurements using the FET
MUX with the HP 44701A Integrating Voltmeter Accessory or the HP 44702
High-Speed Voltmeter Accessory (when used on the backplane). Refer to the
Mainframe Configuration and Programming Manual for instructions on making
measurements using an external voltmeter.

Table 8-5 is an alphabetical listing of commands which apply to the FET MUX
accessory. Refer to the HP 3852A Command Reference Manual for a complete
description of these commands.



Table 8-5. Commands for the 20-Channel FET MUX/TC

CLOSE ch ilist

Closes a single multiplexer channel or a list of channels specif ied by ¢k list. This
command is intended for individual switch control in special signal-routing ap-
plications. It is not the easiest way to do routine measurements since the tree
switches and the isolation relays are not automatically conf igured as in the scan-
ning commands.

CLOSE? ch list [INTO name] or Ifmi]

Queries the state of channels specified by ch list.

CONFMEAS funcrion , ch list [USE ch] [INTO name} or [fmi]

Configures the voltmeter accessory and measures a function on the channels
specified by ch list. This command automatically configures the voltmeter ac-
cessory and the tree switches on the multiplexer for the measurement.

ID? [slor)

Reads the identity of the accessory in the slot specified by slot.

MEAS function , ch list {USE ch) [INTO name} or { fmi]

Scans and measures a function on the channels specified by ch /ist. This com-
mand does not configure the voltmeter accessory but it does configure the tree
switches on the multiplexer for the measurement

MONMEAS function , ch list [USE ch]

Monitors and measures a function on the channels specified by ch list. This
command is useful to check wiring connections made on the terminal module.
OPEN ch list

Opens a single multiplexer channel or a list of channels specified by ch list. This
command is used to open channels and place them in a safe state after the
measurements have been made.

RST {sior]

Resets the accessory in the slot specified by slof to its power-on state.

20-Channel FET MUX/TC
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The discussion for each function includes one or two examples that show how to
program the FET MUX for that function. Table 8-6 lists the titles of the ex-
ample programs in this section.

Table §-6. Program Titles
One of the functions of the FET MUX accessory is to make voltage measure-

ments. This section explains how to program the accessory to make guarded
(3-wire) DC and AC voltage measurements.

CAUTION

The maximum non-destructive voltage which can be applied to the 20-channel FET
MUX/TC is 1024 VDC or 724 VAC RMS (10.24V peak). Refer to Table 8-1 for
the specifications.

NOTE

The AC valtage [function is considerably slower than the DC voltage function. It
rakes approximately two seconds for the HP 447014 Integrating Voltmeter to
configure for AC voltage measurements and approximately 1.5 seconds per
reading.

The HP 44702 High-Speed Voltmeter Accessory cannot be used to make AC volt-
age meastirements.

Example: Measuring DC and AC Voltage Sources

Suppose that you want to measure the outputs from 20 voltage sources using the
FET MUX and the guarded voltage function. See Figure 8-7 to connect voltage
sources to the terminal module.

The following example program uses the CONFMEAS command to measure 20
DC voltage sources connected to Channels 0 through 19. The CONFMEAS
command configures the voltmeter accessory for DC voltage measurements and
measures the 20 channels once.



Table 8-6. Program Titles

TITLE DESCRIPTION COMMANDS
- — = == — —— |

Voltage Meesurements
Measuring OC and Measures the ocutputs from 20 voltage CONFMEAS
AC Voltage Sources sources using the FET MUX,
Measuring Voltage Measures the output from a voltage CLOSE,
Sources using the source using the CLOSE and OPEN commands OPEN
CLOSE Commend to control the tree switches and the bank

switches for the measurement.
Current Measurements

Making DC and Makes a current sensing measurement CONFMEAS
At Currents using a shunt resistor installed on
Measurements the FET MUX.

2-Wire Ohms Measurements
Measuring Resistors Measures 20 resistors using the FET CONFMEAS
using the 2-Wire MUX end the 2-wire ohms function.
Ohms Function
Making 2-Wire Measures a single resistor using the CLOSE,
Ohms Measurements CLOSE and OPEN commands to controi the OFEN
using the CLOSE tree switches and the bank switches for
Command the measurement.

Temperature Measurements
Measuring Makes 20 temperature measurements using CONFMEAS
Temperature using the FET MUX and J-type thermocouples.
Thermocouples
Measuring the Measures the reference temperature of CONFMEAS
1sothermal the isothermal connector bleck end alsc
Reference the compensated temperature of a B-type
Temperature thermocouple.




NOTE

To use the following program to make AC voltage measurements with the HP
44701A Integrating Voltmeter Accessory, substitute the following line for the ¢xist-
ing line 70:

70 OUTPUT 709; “CONFMEAS ACY,200-219,USE 0%

10
20
30
40
50
&0
70
30
90
100
110
120

i

IUse the CONFMEAS command to measure 20 DC veltages
lusing a FET MUX in slot 2 of the msinframe. Instalt
Ia voltmeter accessory in slot 0 of the mainframe,
1

REAL Volts(19)

OUTPUT 709; Y“CONFMEAS DCV,200-219,USE 0%

FOR | = 0 TO 19 '

ENTER 709; Volts(l)

PRINT “Ch.";I, Volts(l)}

NEXT |

END

Typical DC voltage values for the assumed conditions:

Ch.
ch.

Ch.
Ch.

0 4.30300
1 4.33350

18 4.58580
19 3.49470

Example: Measuring Voltage Sources using the CLOSE Command

Suppose that you want to measure the output from a voltage source using the
CLOSE command to control the tree switches and bank switches See Figure 8-7

to connect a voltage source to the terminai module.

20-Channel FET MUX/TC
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NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. 1l is nof the easiest way (0 do routine
measurements since the tree switches and the isolation relays are not aitomaticall y
configured as in the scanning commands.

In this example program, CLOSE is used to close Channel 0, the Sense Bus tree
switch (Channel 91), and the isolation relays (Channel 30). The FUNC command
configures the voltmeter accessory for DC voltage measurements. The TRIG
command triggers the voltmeter accessory to take a single measurement. The
CHREAD command returns the DC voltage from the voltmeter channel to the
controller. The OPEN command is used to open the channels and disconnect
them from the backplane after the measurements have been taken.

NOTE

To use the following program to make AC voltage measuremenis with the HP
44701A Integrating Voltmeter Accessory, substitide the following line for the exist-
ing line 90:

90 OQUTPUT 709; "FUNC ACV™

10 1

20 iUse the CLOSE command to make o DC voltage measurement
10 tjof the voltage source connected to Channel O on a FEY
40 IMUX in slot 2 of the mainframe. Install a voltmeter
50 taccessery in stot O of the mainframe.

60 )

70 OUTPUT 709: “USE On

B0 OUTPUT 709; “CLOSE 200,291,290

90 OUTPUT 709; YFUNC DCV™

100 OUTPUT 709; "TRIG SGL®

110 OQUTPUT 709; “CHREAD (™

120 ENTER 709; volts

130 PRINT Volts

140 OUTPUT 70%; "OPEN 200,291,290%

150 END

Typical DC voltage value for the assumed conditions:

3.94940



Making The FET MUX uses current sensing to make current measurements. When
Current making a current sensing measurement, the voltage across the shunt resistor is
measured and the current is calculated using the measured voltage and the resis-
Measurements tance value of the shunt. This section shows how to program the FET MUX to

make DC and AC current measurements,

CAUTION

The maximum non-destructive voltage which can be applied to the 20-channel FLT
MUX/TC is 1024 VDC or 724 VAC RMS (1024V peak). Refer to Tahic 8-1 for
the specifications,

NOTE

Current sensing measurements are not recommended when making temperature
measirements on the same terminal module. The heat produced by the shunt resis-
tor may af fect the accuracy of the femperarure measirements.

NOTE

The AC voltage function {used for AC current sensing) is considerably slower than
the DC voltage function. It takes approximately two seconds for the HP 447014
Integrating Voltmeter to configure for AC voltage meastrements and ap-
proximately 1.5 seconds per reading.

The HP 44702 High-Speed Voltmeter Accessory cannol be used (o make AC cur-
ren{ measurenents,

Example: Making DC and AC Current Measurements

Suppose that you want to make a current measurement using a 25002 shunt resis-
tor installed on the terminal module. See Figure 8-9 to install a shunt resistor on
the terminal module for current measurements.

The following example program uses the CONFMEAS command to measure a
25002 shunt resistor installed on Channel 0, The CONFMEAS command con-
figures the voltmeter accessory for DC voltage measurements and measures the
channel once. The voltage value is returned to the controller which then calcu-
lates the current in DC amps,

20-Channel FET MUX/TC
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NOTE

To use the following program to make AC current measurements with the HP
447014 Integrating Valimeter Accessory, substitute the following line for the exist-
ing line 70:

70 OQUTPUT 709; “CONFMEAS ACV,200,USE Q%

10 1

20 1Use the CONFMEAS command to measure a 250§2 shunt
30 Iresistor and calculate the DL current on Channel 0.
40 JuUse a FET MUX in slot 2 of the mainframe. Install a
50 Ivoltmeter accessory in stot 0 of the mainframe.

60 |

70 OUTPUT 709; “CONFMEAS DCY,200,USE Ov

B0 ENTER 709; vVolts

90 |

100 i1Current = Voltage Memsured/Resistance of Shunt

10 ¢

$20 Current = volts/250

130 PRINT Current

140 END

Typical current value (in DC Amps) for the assumed conditions:

.03034

Maklng One of the functions of the FET MUX accessory is to make resistance measure-
2.Wire Ohms ments This section explains how to program the FET MUX for 2-wire ohms

Measurements measurements.

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to make up to 20 resistance measurements per FET MUX
aCCESSOTY.

20-Channe! FET MUX/TC
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NOTE

The high "on” resistance of the FET switches (approximately 3 k) limits
the accuracy of 2-wire ohms measiirements.

When using the FET MUX accessory for 2-wire ohms measurements, the
voltmeter accessory is actually configured for a 4-wire ohms measurement. The
FET MUX converts the 4-wire function on the voltmeter to a 2-wire function
on the component module. It does this by connecting the high voltage sense lead
to the high current source lead and the low voltage sense lead to the low current
source lead Therefore, only two leads are used on the FET MUX for the 2-wire
ohms measurement.

Example: Measuring Resistors using the 2-Wire Ohms Function

Suppose that you want to measure 20 resistors connected to the FET MUX using
the 2-wire ohms function. See Figure 8-10 to connect resistors to the terminal
module for 2 2-wire ohms measurement.

The following example program uses the CONFMEAS command to measure 20
resistors connected to Channels 0 through 19. The CONFMEAS command con-
figures the voltmeter accessory for 2-wire ohms measurements and measures the
20 channels once.

0w

20 Use the CONFMEAS command to measure 20 resistors using e
30 IFET MUX in stot 3 of the mainframe. Install a voltmeter
40 Isccessory in slot 0 of the mainframe. )

50 1

60 REAL Ohms(19)

70 OUTPUT 709; ™CONFKEAS OHM,300-319,USE 0=

80 FOR } = 0 7O 19

Q0 ENTER 709; Ohms(l)

300 PRINT =Ch.";I, Ohms(i)

110 NEXT 1

120 END

Typical resistance values (in Ohms) for the assumed conditions

Ch, 0 44628.340
Ch. 1 5024.900

Ch. 18 4039.400
Ch. 19 6528.380

20-Channel FET MUX/TC
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Example: Making 2-Wire Ohms Measurements using the CLOSE Command

Suppose that you want to make a 2-wire ohms measurement of a resistor using
the CLOSE command to control the tree switches and bank switches. See Figure
8-10 to connect a resistor to the terminal module for 2-wire ohms measurements.

NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. 11 is not the easiest way 1o do routine
measirements since the tree switches and the isolation relays are not antomatically
configured as in the scanning commands.

In this example program, CLOSE is used to close Channel 0, the Sense Bus tree
switch (Channel 91), the Source Bus tree switch (Channel 94), and the isolation
relays (Channel 90). The FUNC command configures the voltmeter accessory
for 4-wire ohms measurements (the FET MUX coanverts the 4-wire function to a
2-wire function on the component module). The TRIG command triggers the
voltmeter accessory to take a single measurement. The CHREAD command
returns the resistance value from the voltmeter channel to the controller. The
OPEN command is used to open the channels and disconnect them from the
backplane after the measurements have been taken.

NOTE

The following program uses the HP 447014 Integrating Volimeter Accessory. To
use this program with the HP 44702 High-Speed Voltmeter Accessory on the
backplane, substitute the following line for the existing line 80:

80 OUTPUT 709; “FUNC OHMF100X"

10 1

20 1Use the CLOSE command to make a 2-wire chms messurement
30 1of Channel 0 on a FET MUX in stet 3 of the mainframe.
40 tInstall a voltmeter accessory in siot 0 of the meinframe.
50 1

60 OUTPUT 709; "USE O®

70 OGUTPUT 709; “CLOSE 300,391,394, 390"

80 OUTPUT TO%; "FUNC OHMF®

©0 OUTPUT 709; "TRIG SGL™
100 OQUTPUT 709; "CHREAD 0"

110 ENTER 709; Obms

120 PRINT Chms

130 OUTPUT 709; M"OPEN 300,391,394,390"

140 END



Making
Thermocouple
Measurements

Typical resistance value (in Ohms) for the assumed conditions:

11423.57

Thermocouples provide a simple, durable, inexpensive, and relatively accurate
temperature sensor for a wide variety of applications and environmental condi-
tions. The thermocouple is a junction of two unlike metals that produces a volt-
age that is related to the junction temperature. Up to 20 thermocouple
measurements can be made per FET MUX accessory. The HP 3852A tempera-
ture conversions support B, E, J, K, Ni4, N28, R, §, and T type
thermocouples.

The HP 3852A does not directly measure the temperature of thermocouples but
rather, it measures the voltages generated by the thermocouples. The measured
voltage is a function of the actual temperature of the thermocouples., The
problem with this approach is that the voltage measured by the HP 3852A is dif-
ferent from the actual thermocouple voltage (due to junction voltages on the
terminal module) unless some compensating technique is used. The FET MUX
uses a technique called software compensation. In performing software compen-
sated thermocouple measurements, the following steps occur:

1. Measure the resistance of the thermistor mounted on the isothermal connec-
tor block and compute the isothermal block reference temperature.

2. Measure the voltage produced by the thermocouple.

3. Convert the isothermal block reference temperature to a thermocouple
reference voltage. Since the thermocouple voltage depends upon the type of
thermocouple being compensated, this allows different types of ther-
mocouples to be used on an accessory.

4. Add the thermocouple voltage measured in step 2 to the voltage computed in
step 3.

5. Convert the total voltage in step 4 to a temperature in °C.

NOTE

When used with the scanning commands (CONFMEAS for example), the HP
3852A automatically performs the compensation steps when making thermocouple
meastirementss,

When using low-level commands such as CLOSE and OPEN, the compensation
steps are not performed automatically.

20-Channel FET MUX/TC
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NOTE

Since the channels on the FET MUX can be independently configured and soft-
ware compensation is used, any mixture of thermocouple types can be measured.
However, separate commands will have to be executed for each type of ther-
mocouple.

Example: Measuring Temperature using Thermocouples

Suppose that you want to make 20 temperature measurements using ther-
mocouples and the FET MUX. See Figure 8-11 to connect thermocouples to the
terminal module for temperature measurements.

The following example program uses the CONFMEAS command to measure 20
J-type thermocouples connected to Channels 0 through 19. The program scans
the 20 channels once and returns the results (in °C) to the controller.

10 i

20 1iUse the CONFMEAS command to measure 20 J-type thermocouples
30 tusing & FET MUX in slot 2 of the mainframe. Install a

40 Ivoltmeter accessory in slot 0 of the mainframe.

50 1

60 REAL Temp(1®)

70 OUTPUT 709; “CONFMEAS TEMPJ, 200-219,USE 0%

80 FOR I = 0 TO 19

90 ENTER 709; Temp(I)

100G  PRINT nCh.";1, Temp({I)
110 NEXT 1

120 END

Typical temperature values (in °C) for the assumed conditions:

Ch. 0 24.54297
Ch. 1 24.54200

Ch. 18 25.55300
cth. 19 25.85600

Example: Measuring the Isothermal Reference Temperature

Suppose that you want to measure the temperature (the reference temperature)
of the thermistor mounted on the isothermal connector block. The following
program uses the CONFMEAS command to measure the reference temperature
and also the compensated temperature of a B-type thermocouple connected to
Channel 0. See Figure 8-11 to connect thermocouples to the terminal module.



10 1
20 {Use the CONFMEAS commend to measure the reference temperature

30 tand the compensated temperature of & B-type thermocouple. Use
40 Ia FET WUX in siot 2 of the mainframe. Install a volimeter

50 taccessory in slot 0 of the mainfreme.

60 !

70 tMeasure isothermsl reference temperature,

BD 1

90 OUTPUT 709; “CONFMEAS REFT,200,USE O®

100 ENTER 709; Reftemp

110 ¢

120 iMeasurs compensated temperature of 8-type thermocouple on Channel 0.
130 1

140 OUTPUT 709; YCONFMEAS TEMPB,200,USE O®

150 ENTER 70%; Temp

160

170 tPrint results.

180 ¢

190 PRINT "Isothermel Reference Temperature = ®;Reftemp
200 PRINT

210 PRINT “Compensated Temperature = Y;Temp

220 END

Typical Output:
Isothermal Reference Temperature = 24.43848

Compensated Temperature = 24.55176

20-Channel FET MUX/TC
' 8-27
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Introduction

Chapter 9
24-Channel High-Speed FET MUX
HP-44711A

24-Channel
High-Speed

FET MUX
Description

Chapter 9 explains how to program and configure the HP 44711 A 24-Channel
High-Speed General Purpose FET Multiplexer Accessory (24-Channel High Speed
FET MUX). This chapter is divided into four sections:

® Introduction contains an overview of the chapter, a general description of the
24-Channel High-Speed FET MUX and its functions, and suggested steps to "get
started”.

e Specifications lists the specifications for the 24-Channel High-Speed FET
MUX.

® Configuring the 24-Channel High-Speed FET MUX contains a block diagram
description of the accessory, illustrates how to wire and configure the terminal
module, and how to connect external wiring,

* Programming the 24-Channel High-Speed FET MUX explains how to program
the accessory to make voltage, current, resistance and temperature measurements.

NOTE

Additional information relating to the High-Speed FET MUX can be found in the
HP-38524 Manframe Configuration and Programming Manual.

The 24-Channel High-Speed FET Multiplexer Accessory consists of a 24-channel
FET switching assembly and a 24-channel general purpose terminal assembly. The
unit is used to multiplex {switch) up to 24 two-wire input signals at a maximum

switching rate of 100,000 times per second. Maximum input voltage is limited to
1 1024 volts peak.

The 24-Channel High-Speed FET MUX is unique to other switching options in
that it can be operated under control of the HP-3852A Data Acquisition and
Control Unit through the backplane interface or it can be controiled by the
HP-44702 13-Bit High-Speed Voltmeter by interconnecting the two with a dedi-
cated interface bus. This interconnection aliows the 13-Bit Voltmeter/24-Channel
High-Speed FET MUX combination to operate as a scanner system independent
of the HP-3852A mainframe.

External connection to the 24-Channel High-Speed FET MUX is made through
the general purpose terminal module. The terminal module is also used to con-
figure the assembly to measure voltage, 4-wire or 2-wire ohms, current, and tem-
perature.

24-Channel High-Speed FET MUX
9-1



24-Channel
High-Speed
FET MUX
Functions

The 24-Channel High-Speed FET Multiplexer accessory is used to switch input
signals for measurement by one of the HP-3852 optional voltmeter accessories or
by an external voltmeter. The accessory is used to switch signals for the follow-
ing types of measurements:

¢ Voltage Measurements,

¢ Current Measurements.

* 4-Wire and 2-Wire Resistance Measurements.

¢ Temperature Measurements.

NOTE

2-Wire resistance measurements are not recommended with this accessory because
of the high "on” resistance of the FET switches.

Voltage Measurements.

The 24-Channe! High-Speed FET Maultiplexer is vsed to make standard DC and
AC voltage measurements. Both the HIGH and LOW input lines are switched on
all channels, Input voltage is limited to £ 1024 volts peak. Use this function to
measutre up to 24 individual voltage inputs per accessory.

Cumrenl Measurements.

The 24-Channel FET Multiplexer is used to measure AC and DC current by using
current sensing. Current sensing is a method of determining current using a shunt
resistor which you install on the terminal module. The value of current which
can be measured depends upon the shunt resistance value and the * 1024 volt
input limitation. Use this function to measure up to 24 individual current inputs
per accessory.

Resistance Measurements.

The 24-Channel High-Speed FET Multiplexer is used to make 4-Wire or 2-Wire
Ohms measurements, The 2-Wire Ohms function should only be used in applica-
tions where test lead resistance and resistance of the analog switches will not af-
fect the accuracy of the measurement. Use the 2-Wire Ohms function to measure
up to 24 individual resistance inputs. Use the 4-Wire Ohms function to measure
up to 12 individual resistance inputs per accessory.

Temperature Measurements,

The 24-Channel High-Speed FET Multiplexer is used to measure temperature
using resistance temperature detectors (RTDs) or thermistors. The RTD is typical-
ly more stable and accurate than the thermistor while the thermistor is more sen-
sitive to temperature changes than the RTD. Use the temperature measurement
function to measure up to 24 individual temperature sensor inputs.

24-Channel High-Speed FET MUX
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Getting
Started

The HP-3852A firmware supports temperature conversions for the f cllowing
RTDs and thermistors:

RTDs

a = 0.00385 Q/Q°C (Resistance of 10002 at 0°C)

& = 0.003916 C/02°C (Resistance of 100Q at 0°C)
Thermistors:

225200 at 25°C

5k at 25°C

10 k2 at 25°C

To use the 24-Channel High-Speed FET Multiplexer for your application, deter-
mine what external devices are to be connected to the accessory, configure the
accessory for the type of measurement to be made, connect the external devices
to the terminal module, and program the 24-Channel High-Speed FET MUX for
your application.

Selecting Devices

The first step is to determine what devices you wish to connect to the
High-Speed FET MUX. The accessory can switch AC or DC inputs of up to

% 1024 volts peak. Since each of the 24 inputs can be configured independently,
it is possible to connect 24 different devices to the accessory, When selecting a
device, refer to Table 9-1 "24-Channel High-Speed FET MUX Specifications” to
ensure that the voltage and current requirements of your application are within
the rated specifications of this accessory.

Configuring the Accessory

The second step is to configure the 24-Channel FET MUX for the devices selec-
ted. Refer to the "Configuring the 24-Channel High-Speed FET MUX" section of
this chapter for information concerning hardware conf iguration and wiring the
terminal block for the measurement functions required.

WARNING

For SAFETY when wiring the Terminal Module, consider all channels to be at the
highest voltage applied 10 any channel.

Programming the Accessory

The third step is to program the 24-Channel High-Speed FET MUX for your ap-
plication. Refer to the "Programming the 24-Channel High-Speed FET MUX"
section of this chapter to program the accessory for measuring voltage, current,
resistance, or temperature.

24-Channel High-Speed FET MUX
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Specifications

Table 9-1 lists specifications for the 24-Channe! High Speed FET MUX. This
table contains six catagories: Input Characteristics, Channel Specifications.
Operating Characteristics, AC Performance, RTD Characteristics and Thermistor
Characteristics.

Table 9-1. 24-Channel High Speed FET MUX Specifications

INPUT CHARACTERISTICS:

Maximum Signal Voltage, HIGH to LOW:

%+ 10.24V peak between any two input terminals
Input Voltage Protection Limit:

Channel Inputs: % 12 volts peak maximum
Backplane (tree switches open): * 42 peak max

CHANNEL SPECIFICATIONS:

Bias Currents: (chsnnel st 0 volts with respect to chassis)
Bias currents are sourced by the accessory
from High end Low input terminals to chassis,

Into Transducer or Backplane:

Channel Closed Channel Open
(0-28°C/0-55°C) (0-28°C/0-55°C)
1

!
HIGH or LOW 5 nA / 45 nA 2nA /11 nA
Into Backplane:

Maximum
Channel Open Differential
Tree Switch Closed® Offset Voltage'®
(0-28°C/0-55°C) : (0-28°C/0-55°C)

1
HIGH or LOW 2nA /11 nA 20 uV / 230 uv
YAll channels open, tree switch closed.
*pifferential offset voltage between Nigh and
Low With a source resistance < 1 kohm.

Maximum Signal Current: % 1 mA

Closed Channel ON Resistance:

n

High or Low: 3.0 kQ

24-Channel High-Speed FET MUX
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Table 9-1. 24-Channel High-Speed FET MUX Specifications Cont'd

Isclation (High to Low, High or Low to chassis):
Channel ON or OFF: 107’
Power OFF: Vin <= 10V 1 kQ
Vin > 10V 200 &
OPERATING CHARACTERISTICS:

Maximum Switching Rate:

Using the HP-44702 Voltmeter Accessory:
100,000 readings/second

Synchronization: Break-Before-Make in scan operation

AC PERFORMANCE:

Frequency Response relative to 1 kHz:
(500 source, 1 M termination)

50 kHz: -0.6 4B
200 kHz: -3.0 dB

Capacitance with Channel On:

High to Low: 200 pF
High or Low to Chassis: 200 pF

Crosstalk, channel to channel:
{500 source, 1 MO termination)

10 kHz: -50 dB
100 kHz: -35 dB
RTD CHARACTERISTICS:

Type: Platinum, « = 0,00385 (}/Q°C
{Resistance = 100.0 £} at 0°C)

Type: Platinum, « = 0.003916 /Q°C
{Resistance = 100.0 Q) at 0°C)

24-Channel High-Speed FET MUX
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Configuring the 24-Channel High-Speed FET MUX

Az

Block Diagram

Description

Table 9-1. 24-Channel High-Speed FET MUX Specifications Cont'd

THERMISTOR CHARACTERISTICS:
Type: 2252( at 25°C
Type: 5 k) at 25°C
Type: 10 k) at 25°C

This section explains how to configure the 24-Channe! High-Speed FET MUX.

The section contains a block diagram description of the accessory, information
on configuring the terminal module, and how to connect external wiring to the
terminal module.

Refer to "Programming the 24-Channel High-Speed FET MUX" section of this
chapter for information concerning programming the accessory to measure voit-
age, current, resistance, and temperature.

WARNING

SHOCK HAZARD. Only qualified, service-trained personnel, who are aware of the
hazards involved, should install, remove, or configure any accessory. If an acces-
sory is to be removed or installed, turn of f all power to the mainframe, extenders,
all accessories, and all external devices connected to the mainframe, extenders, or
accessories.

WARNING

For SAFETY when wiring the Terminal Module, consider all channels to be ar the
highest voltage applied to any channel.

CAUTION

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

The 24-Channel High-Speed General Purpose FET Multiplexer accessory consists
of a 24 channel FET switching module and a 24 channel terminal module as
shown in Figure 9-1. Signais from devices external to the HP-3852A are connec-
ted to the terminal module. The terminal module connects to the FET switching
module.

Figure 9-1. 24-Channel High-Speed FET MUX Block Diagram

24-Channel High-Speed FET MUX
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The FET MUX switch module is made up of 28 switches which are divided into
two catagories tree switches, and bank switches. Each of the 28 switches consists
of two Field Effect Transistors (FETs), one each for HIGH and LOW input lines.
There are a total of 24 bank switches which are divided into two groups; BANK
A and BANK B. Each bank contains 12 input channels The 12 channels in
BANK A are numbered 0 through 11 while the 12 channels in BANK B are
numbered 12 through 23.

The switch module has four tree switches divided in two types: Source Bus tree
switches and Sense Bus tree switches Each bank (A & B) has one Source Bus tree
switch and one Sense Bus tree switch. The tree switches determine the signal
flow to and from the HP-3852A backplane or the high speed voltmeter interface
bus. The tree switches also act to isolate the unused bank switches from the
backplane and high speed interface bus.

NOTE

The HP-3852A firmware does not allow two tree switches of the same (ype (0 be
closed simultaneously. For example, only one of the Sense Bus tree switches can be
closed at a time. If you attempt to close both Sense Bus tree switches, the result will
be that neither switch will close.

The FET MUX switch module has two isolation relays which allow the acces-
sory to be isolated from the HP-3852A backplane. The isolation relays can be
used to reduce leakage currents on the backplane during critical measurements or
for using the backplane at voltages greater than the ¥ 10.24 volt peak limitation
of the 24-Channel FET MUX. The isolation relays automatically open when vol-
tages greater than 12 volts peak are detected on the backplane. The Isolation
relays are also opened when the FET MUX is used with the high speed voltmeter
accessory. Table 9-2 shows the channel definitions for the 24-Channel
High-Speed FET Multiplexer accessory. Channels 0 through 23 control the bank
switches, channel 90 controls the isolation relays, and channels 91 through 94
control the tree switches,

Table 9-2. 24-Channel FET MUX Channe! Definitions

Channel Definitions

¢ -1 BANK A Channel Switches

12 - 23 | BANK B Channet Switches
20 Isolation Relays

* o9 Scurce Bus to BANK A or B

v 92 Sense Bus to BAKK A or B
°3 2-¥Wire Chms Configuration
94 &-Wire Ohms Configuration

* The Source or Sense Bus Is connected to Bank A if a channel from 0
through 11 is selected. The Source or Sense Bus is connected to Bank B if a
channel from 12 through 13 is selected.

24-Channel High-Speed FET MUX
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Installing
Low Pass
Filters

Installing
Attenuators

Connecting
Field Wiring

A,

The BANK A COMMON and BANK B COMMON terminals can be used to con-
nect an external monitoring device to the accessory or be used for diagnostic
procedures. As configured at the factory, each of the channel input lines and the
BANK A and B COMMON output lines (High, Low, and Shield) has a 1000 cur-
rent limiting resistor in series with the line.

Space is provided on the 24-Channel FET MUX terminal module for you to in-
stall single-pole, low-pass, filters to condition the input signal. Figure 9-2 shows
the normal channel configuration and the channel configuration with the low-
pass fiiter installed on the terminal module.

Figure 9-2. Low-Pass Filter Channel Configuration

Figure 9-3 shows how to install the low-pass filter components on channel i1 of
the terminal module. To install the components, remove SERIES JM 22 and in-
stall the resistor in its place. Install the capacitor in the SHUNT UC 11 solder
pads as shown.

Figure 8-3. installing Low-Pass Fiiters

The solder pads provided on the terminal module are also used to install at-
tenuator networks for reducing high level input signals to a usable level. Figure
9-4 shows the normal channel configuration and the channel configuration after
installing the attenuator network.

Flgure 9-4. Channel Configuration with Attenuator

Figure 9-5 shows how to install attenuator components on Channel 0 of the ter-
minal module. To install the components, remove jumper SERIES JM 0 and in-
stall resistor R1 in its place. Install resistor R2 in the SHUNT UC 0 position as
shown.

Figure 9-5. Installing Attenuators

The next step is to connect wiring from the instrumentation used in your ap-
plication to the appropriate terminals on the terminal module. The following sec-
tion contains examples of how to connect the wiring for making voltage, current,
resistance and temperature measurements.

WARNING

For SAFETY when wiring the Terminal Module, consider all channels to be at the
highest voltage applied (o any channel,

Figure 9-7 shows the terminal module with the cover removed, Each of the 24
channels has a HIGH, LOW, and SHIELD terminal. Terminals 0 through i1 in
BANK A are channels 0 through 11. Terminals 0 through 11 in BANK B are
channels 12 through 23,

Figure 9-6. 24-Channel High-Speed FET MUX Terminal Module

24-Channel High-Speed FET MUX
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Connections
For Voltage
Measurements

Connections
For Current
Measurements

When connecting wiring to the terminal module, route the wires through the
strain relief clamp and tighten the clamp screw to reduce the chance of wires
being pulled out of the terminal connectors. If the clamp screw is loosened far
enough, the strain relief clamp can be rotated to make it easier to route the
wiring. Replace the protective cover after wiring

The 24-Channel High-Speed FET MUX can switch up to 24 AC or DC voltage
inputs, HIGH and LLOW lines are switched on all channels. A SHIELD terminal is
provided for connecting shielded cables. Shielded cables are used to reduce
electrical noise when making low-level voltage measurements.

CAUTION

The maximum non-destructive voltage which can be applied to the FET switching
assembly is £ 1024 volts peak. Refer to Table 9-1 for the 24-channel High-Speed
FET MUX specifications.

Example: Connecting Yoitage Sources to the Terminal Module

A voltage source is to be connected to Channel 0 (BANK A terminal 0) on the
terminal module as shown in Figure 9-7. Conanect the high (+) lead of the voltage
source to the HIGH terminal on the terminal module. Connect the low (-) lead of
the voltage source to the LOW terminal on the terminal module, If you are
using a shielded cable from the voltage source, connect the shield to the SHIELD
terminal on the terminal module. A shielded cable is used to reduce electrical
noise in the measurement.

Figure 8-7. Connecting Voltage Sources to the Terminal Module

The 24-Channel High-Speed FET MUX uses a current sensing technique to
measure current. Current sensing is a method of determining current by measur-
ing the voltage drop across a current sensing resistor which you install on the
terminal module. The Multiplexer Assembly can be used to switch up to 24 AC
or DC current inputs. Figure 9-8 shows the normal channel configuration and the
configuration for making current measurements. Figure 9-9 shows the installation
of the current sensing resistors on the terminal module.

Figure 9-8. Current Sensing Configuration.

NOTE

The series jumpers (SERIES JM ) nust be installed on the terminal module for
each channel being used to measure current.

Figure 9-9, installing Current Shunt Resistors

24-Channel High-Speed FET MUX
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Connections
For Resistance
Measurements

Example: Installing Shunt Resistors for Current Measurements

A 25092 shunt resistor is installed in the Channel 0 shunt position on the terminal
module as shown in Figure 9-9. Connect the high (+) lead of the current source
to the HIGH terminal on the terminal module. Connect the low (-) lead of the
current source to the LOW terminal of the terminal module, If a shielded cabie is
used, connect the shield wire to the SHIELD terminal of the terminal module.

The 24-Channel High-Speed FET MUX can be configured to make 4-wire or
2-wire resistance measurements. The 2-wire ohms function should only be used in
applications where test lead resistance and resistance of the FET switches will
not affect the accuracy of the measurement. Up to twenty four 2-wire inputs or
twelve 4-wire inputs can be switched by the 24-Channel FET MUX.

Example: Connecting Resistors for 2-Wire Ohms Measurements

The 2-wire ohms function is normally used for measuring high resistances where
the resistance of the test leads and FET switches has a minimal effect on the
measurement.

NOTE

The high “on " resistance of the FET switches limits the accuracy of 2-Wire Ohms
measurements.

Figure 9-10 shows the connection of a resistor (R0) to Channel 0 (BANK A, ter-
minal 0) of the terminal module. Connect one lead of the resistor to the HIGH
terminal of the terminal module. Connect the other resistor lead to the LOW
terminal. If a shielded cable is being used to connect the resistor, connect the
shield to the SHIELD terminal

Figure 9-10. Connecting Reslstors for 2-Wire Ohms Measurements

Example: Connecting Resistors for 4-Wire Ohms Measurements

With 4-Wire Ohms measurements, the current source as well as the sense leads
are connected to the resistor to be measured. Since current does not flow
through the sense leads, the error due to test lead and FET switch resistance is
eliminated. Up to twelve 4-wire inputs can be switched by the 24-Channel FET
MUX. - :

NOTE

Each 4-wire measurement requires two separate channels, one from BANK A and
one from BANK B. When connecting resistors to the terminal module for 4-wire
ohms measurements, select two channels which are separated by 12 (ie. Channel 0
and channel 12, chammel 1 and channel 13, ete ).

24-Channel High-Speed FET MUX
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Connections
For Temperature
Measurements

Figure 9-11 shows resistor R1 connected to channels 0 and 12 on the terminal
module for a 4-wire ochms measurement, Channel 0 is used as the "sense” channel
for the measurement while channel {2 is used as the "source” channel To make
the sense connections (channe! 0) connect one lead of the resistor to the HIGH
terminal connect the other lead to the LOW terminal If shielded cable is being
used, connect the shield to the SHIELD terminal. To make the source connections
(channel 12) connect the high lead of the resistor to the channel 12 HIQH ter-
minal Connect the low lead of the resistor to the channel 12 LOW terminal If
the cable is shielded, connect the shield to the channel 12 SHIELD terminai.

Figure 9-11, Connecting Reslistors for 4-Wire Ohms Measurements

The following paragraphs explain how to connect the 24-Channel High-Speed
FET MUX to make temperature measurements using resistance temperature
detectors (RTDs) and thermistors. Because of the high "on" resistance of the FET
switches, only the 4-Wire function can be used to measure temperature using
RTDs and thermistors,

NOTE

Each 4-Wire temperature measurement requires two channels, one from BANK A
and one from BANK B. When connecting RT Ds or thermistors to the terminal
module for 4-Wire temperatiire measurements, select two channels which are
separated by 12 (ie. Channel 0 and Channel 12, Channel | and Channel 13e1c.})

Example: Connecting RTDs for 4-Wire Temperature Measurements

The resistance temperature detector (RTD) is a temperature sensitive resistor
which is stable, accurate, and linear. Up to twelve 4-Wire RTD measurements
can be made using the 24-channel FET MUX accessory. The HP-3852A resistance
to temperature conversions support RTDs with temperature coefficients («) of
0.00385 Q/Q2°C and 0.003916 3/Q°C with resistance values of 100002 at 0°C.
Figure 9-12 shows temperature detector RTD1 connected to channels 0 and 12
on the terminal module. Channel 0 is used as the "sense” channel for the
measurement while channel 12 is used as the *source" channel. To make the sense
connections (channel 0) connect one lead of the RTD to the HIGH terminal
connect the other lead to the LOW terminal. If shielded cable is being used, con-
nect the shield to the SHIELD terminal. To make the source connections {chan-
nel 12) connect the high lead of the RTD to the channel 12 HIGH terminal
Connect the low lead of the RTD to the channel 12 LOW terminal. If the cable
is shielded, connect the shield to the channe! 12 SHIELD terminal

Figure 9-12. Connecting RTDs for 4-Wire Temperature Measurements

Example: Connecting Thermistors for 4-Wire Temperature Measurements

Thermistors detect very small changes in temperature and are used in applica-
tions where the temperature extremes are not too great. The thermistor is highly
dependent upon variables such as thermistor composition and size. Most thermis-
tors have a negative temperature coefficient, that is, their resistance decreases
with an increase in temperature.

24-Channel High-Speed FET MUX
9-11



e 0 000 00O OCE O eENT

TN

I

IR R RERREARE I

= (]

@
SHUNT

SOURCE
LOw{=)

SENSE
LOW(~)

Figurs 8-11. Connecting Resistors for 4-Wire Ohms Measurements



0O & 000 000O0QO0CO0

)
o

SOURCE
LOK{=)

SENSE
LOW{=)




| Installation/

Checkout

Checking the
Accessory
Identity

Up to twelve 4-wire thermistor inputs can be switched by the 2d-channel FET
MUX The HP-3852A resistance to temperature conversions support thermistors
with a resistance of 2252 £, 5 kQ or 10 k€ at 25°C.

Figure 9-13 shows thermistor THMI connected to channels 0 and 12 of the ter-
minal moduie. Channel 0 is used as the "sense” channel for the measurement
while channel 12 is used as the "source” channel To make the sense connections
(channel 0) connect one lead of the thermistor to the HIGH terminal of channel
0. Connect the other lead to the LOW terminal of channel 0. If shielded cable is
being used to make the connections, connect the shield to the channel 0 SHIELD
terminal. To make the source connections (channel 12), connect the high lead of
the thermistor to the HIGH terminal of channel 12. Connect the low lead of the
thermistor to the LOW terminal of channel 12. If the cable is shielded, connect
the shield to the SHIELD terminal of channel 12.

Figure 8-13. Connecting Themmistors for 4-Wire Temperature Measurements

The following paragraphs explain how to check the identity of the accessory,
how to verify wiring connections, and how to read the channel states of the
24-Channel High-Speed FET MUX.

After you have connected the wiring from your application to the terminal
module, reconnect the terminal module to the 24-channel switching modute and
install the assembled unit in the desired slot of the HP-3852A mainf rame or
HP-3853A extender. Refer to the HP-3852A Mainframe Conf iguration and
Programming Manual for installation instructions.

To check the identity of the 24-Channel High-Speed FET MUX, use the 1D?
(Identity?) command. The ID? command provides a way to determine, from the
3852A front panel or from a controller, what accessory is installed in a par-
ticular slot. The ID? command will return " 44711A" for the 24-Channel
High-Speed FET MUX assembly if both the switching module and terminal
module were installed when the HP-3852A was "powered-up". If the terminal
modulie is not attached to the switching module at power-on, the ID? command
will return " 447XXX". If the {D? command is used to interrogate a slot which
does not contain an accessory, the return will be " 000000".

NOTE

If the 24-channel FET MUX does not return the proper ID number, be sure that
you have addressed the correct slot and that the terminal module is installed. 1 /
you have addressed the correct slot and the terminal module is installed. but the
praper 1D number is not returned, refer to the HP-38524 Assembl y Level Service
Manual for service procedures.

The following is an éxample program which shows how to use the {D? command
to check the identity of a 24-Channel FET MUX which is installed in slot 4 of
the HP-3852A mainframe, :

24-Channel High-Speed FET MUX
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Veritying
Wiring
Connections

Reading
Channel
State

Example: Reading the Accessory identity

w1

20 iUse the [07 command to read the identity of the
30 12é-channel FET mUX installed in siot & of the
40 13852A mainframe,

50 1t

40 OUTPUT TO9; =iD? 400"

70 ENTER 709: ldentitys

80 PRINT ldentitys

90 END

Typical output (with the terminal module installed) will be:
44711A

To verif'y that your wiring has been properly connected, send the MONMEAS
(Monitor/Measure) command from the HP-3852A front panel key board or from
a controller. This command verifies DC and AC voltage connections, 2-wire and
4-wire resistance connections, RTD connections, and thermistor connections on
the terminal module,

The following program statements show how to use the MONMEAS command to
verify DC voltage connections on channels 0 through 23 using a controller. The
CONF command configures the voltmeter accessory for DC voltage measure-
ments. In this case, the 24-channel FET MUX is in slot 3 of the mainframe and
a voltmeter accessory is installed in siot 0.

10 OUTPUT 709; "USE O%

20 OUTPUT 709; “COMF DCV™

30 OUTPUT 709; "MONMEAS DCY,300-323,USE O»
40 END

The 24 channels will be scanned and measured one at a time. Press the SADV key
on the HP-3852A front panel to advance to the next channel When the scan has
advanced beyond the last channel {channel 23), scanning will stop and the last
measurement will remain displayed.

Use the CLOSE? command to determine the state of each channel on the
24-Channel High-Speed FET MUX accessory. The CLOSE? command returns
one of five numbers for each channel interrogated. The number returned indi-
cates whether a channel is open or closed and which bus the channel is connec-
ted to. Table 9-3 shows the channel state for each value that can be returned
using the CLOSE? command.

Example: Reading Channel State

The following program example shows how to use the CLOSE? command to
read the channel state of channels 0 through 4 on the 24-Channel FET MUX.
The RST command, used in this program, resets the 24-channel FET MUX to its
power-on state (all channels and isolation relays open). The CLOSE command
(line 30) closes channel 3, the BANK A Sense Bus “jee Switch (channel 92) and
the isolation relays (channel 90). The OPEN command (line 79) is used to open
the channels and disconnect them from the HP-3852A backplane after the

24-Channel High-Speed FET MUX
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Programming the 24-Channel High-Speed FET MUX

measurements have been completed. For this example, the 24-channel FET
MUX is installed in slot | of the mainframe.

10 OUTPUT 709; "RST 100%

20 INTEGER State(1:5)

30 OUTPUT 709; “CLOSE 103,192, 190%
40 OUTPUT 709; “CLOSE? 100-104%

50 ENTER 709; State(%)

40 PRINT State(™)

70 OUTPUT 709; "OPEN 103,192, 190"
30 END

Typical Output {channel 3 closed - connected to the Sense Bus)
00020

Table 8-3. Values retumed by the CLOSE? Command

* Value Channel
Returned State
0 Channel Open
1 Channel Closed - not connected to a Bus
2 ‘Channel Closed - connected to $ense Bus
3 Channel Closed - connected to Source Bus
4 Channel Closed - connected to Both Busses

* Onaly 2,3 or 4 will d¢ returned for channels ( through 23.

The 24-Channel High-Speed General Purpose FET Multiplexer has four primary
functions: voltage measurements, current measurements, resistance measurements,
and temperature measurements.

This section contains examples which show how to program the 24-Channel FET
MUX to perform each function. Included is a description of each function, ap-
plicable commands for the function, and programming examples. Each example
includes a sample program and typical outputs for the assumed conditions.

NOTE

The example programs in this section use "709" as the HP-1B address for the
HP-38524. Specific slot and channel mumbers are used. Program syntax and data
return formats apply to the HP 200 Series controllers. Modify slot and channel
addresses as requared for your particular configuration.

24-Channel High-Speed FET MUX
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Command Table94isan alphabetical listing of commands which apply to the 24-Channel

Summary

Table 8-4. Commands for the 24-Channe! High-Speed FET MUX

FET Multiplexer accessory, Refer to the HP-3852A Command Reference Manual
for a complete description of these commands.

CLOSE ch list

Closes » single FET multiplexer channel or a st of channels specified by ck /st
{channel list). This command Is Intended for indlvidusal switch control In special
signai-routing appiications. it Is not the easiest way to do routine measurements
since the tree switches are not automaticaily configured as in the scanning
commands,

CLOSE? ch list [INTO name] or {,fmi}
Gueries the state of channels specifled by ck list (channel list).

CONFMEAS funcrion, ch list [JUSE ch] [INTO name] or [,fm]
Configures the voltmeter sccessory and scans/measures a function on the channels

specified by ck list {channel list). This command automatlcaily configures the
tree switches lor the measurement.

ID? [sior]
Aeads the identity of the accessory in the slot specified by slot.
MEAS function, ch tist [[USE ch] [,INTO name] or [,fmi]

Scans and measures a function on the channels specifted by ch list.
Automatically configurss the tres switches for the measurement.

MONMEAS sunction, ch list [, USE c#]

‘Monitors and measures a function on the channels specified by ck list.
Automaticaily configures the tree switches for the measurement. This
command Is useful In verifying wiring connections made on the terminal
module.

OPEN ch list
Opens a single channe! or a group of channels ss specified by ck list.
RST [slor]

Rasets the accessory in the slot specified by siot to its power-on state.

24-Channel High-Speed FET MUX
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Mak'“g One of the functions of the 24-Channe! High-Speed FET MUX is to make volt-
Voltage 2se measurements The following paragraphs explain how to program the
Measurements 24Channel FET MUX to make AC and DC voltage measurements.

DC Voltage In the DC voltage measurement function, the High-Speed FET MUX can switch
Measurements up to 24 DC voltages for measurement by the HP-3852A voltmeter accessories or
by external voltmeters.

Example: Measuring DC Voltage Sources

Suppose that you wish to measure the outputs from 24 DC voltage sources using
the 24-Channel FET MUX. (Refer to Figure 9-7 for wiring DC voltage sources to
the 24-Channel terminal module).

The following program example uses the CONFMEAS command to measure 24
DC voltage sources connected to channels 0 through 23 on the 24-Channel FET
MUX. The CONFMEAS command configures the voltmeter accessory for DC
voltage measurements and scans/measures the 24 channels once.

For this example, the 24-Channel High-Speed FET Multiplexer is installed in slot
1 of the mainframe and the voltmeter accessory used for the measurement is in-
stalled in slot 0 of the mainframe.

10 ¢

20 1Use CONFMEAS command to messure 24 DC voltages
30 lusing the 24-channel FET MUX in stot 1 of the
40 imainframe. Use the voltmeter accessory in slot
50 10 of the mainframe.

40 1

7O REAL Volts(1:24)

80 OUTPUT 709; MCONFMEAS DCV,100-123 Usg (Q»

90 ENTER 709; Volts(*)

100 PRINT USING "K,/®;Volts(*)

116 END

Typical DC voltage values for the assumed conditions

.303000 <———— Channel 0
.333500
. 204400
602300

-

o T S

-595000
. 345600
.203000
897400 &————— channel 23

[V I VI

24-Channel High-Speed FET MUX
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Example: Measuring a8 DC Voltage Source using the CLOSE Command

Suppose that you wish to measure a single voltage source using 24-Channel FET
MUX. This can be accomplished by using the CLOSE command. (Refer to
Figure 9-7 for wiring DC voltage sources to the 24-Channel FET MUX terminal
module).

NOTE

The CLOSE command is a lowlevel command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest way to do routine
meastrements since the tree switches are not automatically configured as with the
scanning commands. Channels are not opened and closed in break-before-make
fashion with the CLOSE command.

In this program example, CLOSE is used to close Channel 0, close the BANK A
Sense tree switch (Channel 92), and close the isolation relays (Channel 90). The
FUNC command configures the voltmeter accessory for DC voltage measure-
ments. The TRIG command triggers the voltmeter accessory to take a single
measurement. The CHREAD command returns the measurement result to the
controller. The OPEN command is used to open the channel and tree switches
and isolation relays after the measurement has been taken.

For this example, the 24-Channel High-Speed FET MUX is installed in slot 1 of
the mainframe and the voltmeter accessory is installed in slot 0.

10 1

20 luse CLOSE command to make DT voltage measurement
30 fof the voltage scurce connected to Channel 0 on
40 1the 24-channel FET MUX installed in slot 1 of the
50 Imainframe, Use the voltmeter in slot 0 of the

60 Imainframe.

70

80 OUTPUT 709; “USE O™

90 OUTPUT 709; “CLOSE 100,192,1%0"

100 OUTPUT 70%9; “FUNC DCV™

110 OUTPUT 709; "TRIG SGL™

120 OUTPUT 709; “CHREAD 0w

130 ENTER 709; Volts

140 PRINT Yolts

150 OUTPUT 709; *OPEN 100,192,190+

160 END

Typical DC voltage value for assumed conditions

4.949400

24-Channel High-Speed FET MUX
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AC Voltage
Measurements

In the AC voltage measurement function, the High-Speed FET MUX can switch
up to 24 AC voltages for measurement by the HP-3852A voltmeter accessories or
by external voltmeters,

Example: Measuring AC Voltage Sources

Suppose that you wish to measure the outputs from 24 AC voltage sources using
the 24-Channel FET MUX. (Refer to Figure 9-7 for wiring AC voltage sources to
the 24-Channel FET MUX terminal module).

The following program example uses the CONFMEAS command to measure 24
AC voltage sources connected to channels 0 through 23 on the 24-Channel FET
MUX. The CONFMEAS command configures the voltmeter accessory for AC
voltage measurements and scans/measures the 24 channels once.

For this example, the 24-Channel FET Multiplexer is installed in slot 3 of the
mainframe and the HP-4470] A Integrating Voltmeter Accessory is installed in
slot 0 of the mainframe.

10 1

20 1lise CONFMEAS commend to measure 24 AC voltages
30 tusing the 24-chennel FET WUX in slot 3 of the
40 Imainframe. Use the Integrating Voltmeter

50 tAccessory in slot 0 of the mainframe.

60 1

70 REAL Volts(1:24)

B0 QUTPUT T709; "CONFMEAS ACY,100-123,USE 0»

90 ENTER 709; volts(*)

100 PRINT USING "K,/":Volts(*)

110 END

Typical AC voitage values for the assumed conditions

4.303000 <—— Channel 0
4.333500
1.204400
4.602300

-
-

4.595000
2.345600
4.203000
3.897400 «——— Channel 23

24-Channel High-Speed FET MUX
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Makin
Curren
Measurements

DC Current
Measurements

AC Current
Measurements

The 24-Channel High-Speed FET Multiplexer uses a current sensing technique to
make current measurements Current sensing is & method to determine the cur-
rent through a shunt resistor which you install on the terminal module. The fol-
lowing paragraphs describe how to program the 24-Channel FET MUX to make
DC and AC current measurements,

In the DC Current measurement function, the 24-channel FET MUX accessory
can switch up to 24 current inputs for measurement by the HP-3852A voltmeter
accessory or external voltmeters

Example: Making a DC Current Measurement

Suppose that you want to make a DC current measurement using a 250€1 shunt
resistor instalied on the terminal module. (Refer to Figure 9-9 for information on
instaifing shunt resistors on the terminal module)

The following program example uses the CONFMEAS command to scan and
measure the voltage drop across the 2500 shunt resistor installed in channel 0 of
the 24-channel FET MUX. The CONFMEAS command configures the voltmeter
accessory for DC voltage measurements and scans and measures the channel
once. The voltage value is then returned to the controller which is programmed
to convert the voltage measurement to a DC current value

For this example, the High-Speed FET MUX is installed in siot 2 of the .
mainframe and the voltmeter accessory is installed in slot 0.

16 1

20 1Use the CONFMEAS command to measurs the voltage
30 ldrop scross a 250 Chm shunt resistor and celcutate
40 Ithe € current spplied to channel 0. Use the

50 124-channel FEY MUX installed in slot 2 and the
60 ivoltmeter accessory installed in stot 0O,

70 ¢

80 OUTPUT 709: “CONFKEAS DCY,200,USE O"

90 ENTER 709; Volts

100 1

11¢ 1Current = Yoltege/Shunt Resistance

120 1

130 Current = Yolts/250

140 Print Current

150 END

Typical DC current value (in DC amps) for the assumed conditions
030344
In the AC Current measurement function, the 24channel FET MUX accessory

can switch up to 24 AC current inputs for measurement by the HP-3852A
voltmeter accessories or external voltmeters

24-Channef High-Speed FET MUX
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Making
Resistance

Measurements

2-Wire Ohms
Measurements

Exampie: Making an AC Current Measurement

Suppose that you want to make a AC current measurement using a 25002 shunt
resistor installed on the terminal module. (Refer to Figure 9-9 for information on
installing shunt resistors on the terminal module).

The following program example uses the CONFMEAS command to scan and
measure the voltage drop across the 25002 shunt resistor installed in channel 0 of
the 24-channel FET MUX. The CONFMEAS command conf igures the voltmeter
accessory for AC voltage measurements and scans and measures the channel
once. The voltage value is then returned to the controller which is programmed
to convert the voltage measurement to an AC current value.

For this example, the 24-Channet FET MUX is installed in slot I of the
mainframe and the voltmeter accessory is instalied in slot 0.

10 1

20 IUse the CONFMEAS command to measyre the voltage
30 Idrop across a 250 Chm shunt resistor and calculate
40 ithe AC current applied to channel 0. Use the

50 12&-Channel FET MUX instalied in slot 1 snd the
40 Ivoltmeter accessory installed in slot 0.

70

80 OUTPUT 709; “CONFMEAS ACY,100,USE O

90 ENTER 709; Yolts
100 |\

110 tCurrent = Voltage/Shunt Resistance

120

130 Current = Volts/250
140 Print Current

150 END

Typical AC current value (in AC amps) for the assumed conditions

.034210

The 24-Channe! High-Speed FET MUX can be configured to make resistance
measurements. The following paragraphs explain how to program the 24-Channel
FET MUX to make 2-wire and 4-wire Ohms measurements.

The 2-wire ohms function is most commonly uvsed to measure continyity or large
resistances where the resistance of the test léads and FET switches will not be a

factor in the measurement. In the 2-wire ohms function, the measurement path
is through a FET switch and current limiting resistor to the input terminals. This
makes the test lead and FET switch resistance appear as part of the unknown
resistance. When measuring large resistances the error is less significant. As many
as twenty-four 2-Wire resistance inputs can be switched by the 24-Channel FET
MUX. :

24-Channel Migh-Speed FET MUX

9-20



NOTE

The high “on” resistance of the FET switches limits the accuracy of 2-Wire Ohms
measurements.

Example: Measuring Resistance using the 2-Wire Ohms Function

Suppose you wish to check the continuity of 24 inputs connected to the
High-Speed FET MUX using the 2-Wire Ohms function. (Refer to Figure 9-10
for information on connecting devices for 2-Wire Ohms measurements.)

The following program example uses the CONFMEAS command to measure 24
devices connected to channels 0 through 23 on the 24-Channel High-Speed FET
MUX. The CONFMEAS command configures the voltmeter accessory for 2-wire
resistance measurements and scans and measures each of the 24 channels once.

For this example, the 24-Channel High-Speed FET MUYX is installed in slot 4 of
the mainframe and the voltmeter accessory is installed in slot 0.

19 ¢

20 iUse the CONFMEAS command to measure 24 devices
30 lusing the 24-Channel High-Speed FET MUX in slot &
40 lof the mainfreme. Use the voltmeter accessory
50 linstailed in slot 0 of the mainframe,

60 1

70 REAL Ohms(1:24)

B0 OUTPUT '0); “CONFMEAS OHM,400-42%,USE O"

90 ENTER 70%; OHMS{®)

100 PRINT USING ™K, /";0hmz(*)

110 END

Typical resistance values (in Ohms) for the assumed conditions

3628.340 4———— Channel 0
4024 .900
4030.400
3460.230

3459.500
3234.560
4203.000
3389.740 «—-—— Channel 23

24-Channel High-Speed FET MUX
9-21



4-Wire Ohms
Measurements

The 4-Wire Ohms function is most commonly used in applications where the
test-lead resistance would affect measurement accuracy., With the 4-Wire Ohms
function, the ohms current source is connected to the unknown resistance
through separate leads. Since current does not flow through the measurement
circuit, lead resistance is no longer a problem. Each 4-Wire Ohms input requires
two input channels, therefore, a maximum of twelve 4-Wire measurements can
be made using a single 24-Channel FET Muiltiplexer.

Example: Measuring Resistance using the 4-Wire Ohms Function

Suppose you wish to measure a group of resistors using the 24-Channel FET
MUX configured for 4-wire measurements. (Refer to Figure 9-11 for informa-
tion on wiring the terminal module for 4-wire ohms measurements).

The following program example uses the CONFMEAS command to measure
resistors using the 4-Wire Ohms function. Channels 0 through 11 are used as the
"Sense” channels and channels 12 through 23 are used as the "Source" channels.
Note that the channels specified with the CONFMEAS command (channels 0
through 11) are the Sense channels. The HP-3852A determines the proper Source
channels. The channels are scanned and measured once by the voltmeter acces-
sory and the results (in Ohms) are returned to the controller.

For this example, the 24-Channel FET MUX is installed in slot 4 of the
mainframe and the voltmeter accessory is installed in slot 0.

10 1

20 1Use the CONFMEAS command to make &-wire Ohms
30 !'measurements using the 24-channel FET MUX In
40 Islot & of the mainframe snd the voltmeter

S0 taccessory in slot 0.

60 !

70 REAL Chms (1:24)

B0 OUTPUT 709; PCONFMEAS OHMF,400-411,USE Q"

90 ENTER 709; Ohms(*)

100 PRINT USING *K,/%;Ohms(*)

110 END -

Typical resistance values (in Ohms) for the assumed conditions:

628.340 <+ Channel 0
1024 .900
460,230

459.500
1203.000
389.740 +——— Channel 11

24-Channel High-Speed FET MUX
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Making
Temperature
Measurements

Measuring
Temperature
using RTDs

The 24-Channel High-Speed FET Multiplexer can be configured to make tem-
perature measurements. The HP-3852A firmware is designed to support tempera-
ture conversions for RTDs and thermistors, This section shows how to program
the 24-Channel FET MUX accessory to measure RTDs and thermistors

The resistance temperature detector (RTD) is a temperature-sensitive resistor that
is typically stable, accurate, and linear. The HP-3852A resistance-to-temperature
conversions support RTDs with temperature coefficients () of 0.00385 Q2/Q°C
and 0.003916 }/Q°C.

Example: Measuring RTDs using the 4-Wire Function

Suppose you want to measure the temperature of 24 solar collectors using the
4-Wire temperature function. (Refer to Figure 9-12 for information on connect-
ing the RTDs to the terminal module.)

The following program example uses the CONFMEAS command to scan and
measure twelve RTDs (with « = 0.00385) using the 4-Wire function. Channels 0
through 11 are used as the "Sense” channels and channels 12 through 23 are used
as the "Source” channels. Note that the channels specified with the CONFMEAS
command are the Sense channels (the HP-3852A determines the Source channels).
The channels are scanned and measured once and the results (in degrees C) are
returned to the controller.

For this example, the High-Speed FET MUX is installed in slot 2 of the
mainframe and the voltmeter accessory is installed in slot 0.

10 1

20 lUse the CONFMEAS command to measure RTUs using the
36 14&-Wire Ohms function. Use the 24-Channel FET MUX in
40 tslot 2 of the mainfreme. Use the voltmeter accessory
50 tin slot 0.

&0 1

70 REAL Temp(1:12)

80 OUTPUT 709; YCONFMEAS RTD85,200-211,USE Q¥

90 ENTER 709; Temp(®*)

100 PRINT USING "K,/";Temp(*)

110 END

Typical temperature values (in degrees C) for the assumed conditions:

24.542970 ¢——— Channel 0
24.542990
24.549390

»

24.,.959990
25.558050
25.856450 +——— Channel 11

24-Channel High-Speed FET MUX
9-23



Measuring
Temperature
Using Thermistors

Thermistors are capable of detecting small changes in temperature and are used
in applications where the temperature extremes are not too great. The thermistor
is highly dependent upon variables such as composition and size. Most thermis-
tors have negative temperature coefficients, that is, their resistance decreases as
temperature increases,

The HP-3852A measures thermistors using the 4-Wire function. Each 24-Channel
FET MUX can switch up to 12 thermistor inputs using the 4-Wire function. The
HP-3852A resistance-to-temperature conversions support thermistors with the
following values at 25°C: 2252 Q, 5 k€, and 10 k2.

Example: Measuring Thermistors using the 4-Wire Function

Suppose you wish to measure two temperatures using 5 k€2 thermistors and the
4-Wire function. (Refer to Figure 9-13 for information on connecting thermis-
tors to the terminal module.)

For this program example, the 24-Channel FET MUX is installed in slot 2 of the
mainframe and the voltmeter accessory is installed in slot 0.

10 &

20  1Use the CONFMEAS command to messure two thermistors
30 lusing the 4-Wire Chms function. Use the 24-Channel
40 IFET MUX in slot 2 of the mainframe. Use the voltmeter
50 ‘faccessory in slot 0.

&0

70 REAL Temp(1:2)

80 OUTPUT 709; ®CONFMEAS THMF5K, 200,209 ,USE 0w

90 ENTER 709; Temp(*)

100 PRINT USING K, /%;Temp(*)

110 END

Typical temperature values (in degrees C) for the assumed conditions:

24.542970
24.542990

24-Channel High-Speed FET MUX
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Chapter 10

48-Channel High-Speed FET MUX
-- HP 44712A

Introduction

Description

This chapter shows how to configure and program the HP 44712A 48-Channel
High-Speed Single-Ended FET Multiplexer (MUX) Accessory. The chapter has
four sections Introduction, Specifications, Configuring the 48-Channel FET
MUX, and Programming the 48-Channel FET MUX.

e Introduction contains a chapter overview, a description of the FET MUX, a
description of its functions, and shows suggested steps to get started.

o Specifications lists the specifications for the accessory.

e Configuring the 48-Channel FET MUX contains a block diagram description
of the accessory and shows how to connect field wiring to the terminal
module.

s Programming the 48-Channel FET MUX shows how to program the accessory
for single-ended voltage and resistance measurements.

The FET MUX is used to switch (multiplex) signals from up to 48 single-ended
channels for measurement by the HP 3852A voltmeter accessories or by external
voltmeters. This accessory is designed to perform high-speed switching of low
signal-level devices with input voltages less than 1024 VDC or 724 VAC rms
(1024V peak).

The FET MUX can be controlied by the HP 3852A on the analog backpiane or
it can be independently controlled by the HP 44702 High-Speed Yoltmeter
Accessory using a dedicated ribbon cable. The ribbon cable allows the HP 44702
High-Speed Voltmeter to perform high-speed scanning operations with the FET
MUX while leaving the HP 3852A free to perform other operations. The 48
channels can be switched at speeds up to 600 channels per second on the HP
3852A backplane or up to 100,000 channels per second using the ribbon cable
and the HP 44702 High-Speed Voltmeter Accessory.

The FET MUX accessory consists of a 48-channel terminal module and a FET
MUX component module. This accessory uses the same componeént module as
the HP 44711A 24-Channel High-Speed FET MUX and the HP 44713A
24-Channel High-Speed FET MUX/TC. Field wiring from your application sen-
sors, such as voltage sources, will be connected to the terminal module and the
signals will be sent to the switches located on the component module.

48-Channel High-Speed FET MUX
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Functions

The FET MUX accessory is used to switch signals in applications that don't
require the accuracy of a guarded (3-wire) measurement but high channel count
is required. This accessory can be used to switch signals for two primary
functions

* Voltage Measurements.

¢ 2-Wire Resistance (or Ohms) Measurements.

NOTE

Each channel on the FET MUX can be independently configured to allow mudti-
ple functions to be measured using the same accessory.

Voltage Measurements

The FET MUX can be used to switch signals for single-ended DC voltage and
AC voltage measurements. In the single-ended voltage measurement function,
only the HIGH line is switched to allow for more channels per accessory at low
cost per channel (LOW is common to all channels but is not switched). Use this
function to make up to 48 single-ended voltage measurements per FET MUX

accessory.
2-Wire Ohms Measurements

The FET MUX can be used to switch signals for 2-wire ohms measurements. In
applications where the resistance of the test leads is not critical, the 2-wire ohms
function can be usedd Generally, the larger the resistance being measured, the less
you have to be concerned about test lead resistances. Use the 2-wire ohms func-
tion to make up to 48 resistance measurements per FET MUX accessory.

NOTE

The high "on” resistance of the FET switches (approximately 3 kQ) limits
the accuracy of 2-wire ohms measurements.

48-Channei High-Speed FET MUX
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Gettin
Starte

NOTE

Four-wire ohms measurements cannof be made using the 48-Channel FET MUX
accessory.

To use the FET MUX accessory for your application, you will need to follow
three steps

¢ Define your application.
e Configure the accessory for your application.

® Program the accessory for your application

Define your Application

The first step is to define your application and determine if the accessory can
meet the requirements of your application. The FET MUX can switch DC or
AC inputs up to 1024 VDC or 724 YAC rms (10.24VY peak). Scanning can take
place at speeds up to 600 channels per second on the HP 3852A backplane or up
to 100,000 channels per second using the HP 44702 High-Speed Voltmeter
Accessory and the ribbon cable. Since each of the 48 channels can be indepen-
dently configured, up to 48 different devices can be connected to the FET
MUX. When selecting devices to be connected, refer to Table 10-1 "48-Channel
FET MUX Specifications” to ensure that the voltage and current requirements of
your application are within the specif ications for this accessory.

Configure the Accessory

The next step is to configure the accessory for your application. Refer to
*Configuring the 48-Channel FET MUX" for information on hardware con-
figuration and connecting field wiring to the terminal module for voltage
measurements and 2-wire chms measurements

Program the Accessory

The third step is to program the FET MUX for your application. Refer to
"Programming the 48-Channel FET MUX" to program the accessory for voltage
measurements and 2-wire ohms measurements.

48-Channel High-Speed FET MUX
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Specifications

Table 10-1 lists the specifications for the FET MUX. This table contains four
categoriess Input Characteristics, Channel Specifications, Operating
Characteristics, and AC Performance.

WARNING

The HP 38524 and the HP 3853A internal analog buses interconnect the multi-
plexer and volimeter accessories to form one circuit. To protect against personal
injury due to equipment failure or programming error, linutations are placed on
the potentials that can appear between any two points on the circuit (or befween the
circuit and chassis). These limitations are listed below 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 deter-
mined by the accessory with the LOWEST peak voltage limitation, as follows:

Maximm Allowabte

Instrument/Accessory Peak Voltage
HP 3852A Mainframe 350V
HP 3853A Extender isov
HP 44T0%A Integreting Voltmeter xsov
HP 44702A/8 High-Speed Voltmeter 42v
20-theannel Relay Multiplexers 170¥
60-Channe! Relay Rultiplexer A2y
ALl FEY Multiplexers &2v

1f the analog extender cable fs NOT connected between the mainframe
and the extenders, each fnstrument is considered as a separate circuit.

48-Channel High-Speed FET MUX
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Table 10-1. 48-Channel FET MUX Specifications

INPUT CHARACTERISTICS:

Maxlmum Signal Yoitage:
Between any input terminal and chassis:
10,24V peak, 10.24 VDC, 7.24 VAC rms

Input Yoitage Protection Limit:
thannel Inputs: 112v pesk maximum
Backpiane with isolstion relays open: 142V pesk maximum

CHANNEL SPECIFICATIONS:

Blas Currents:
(Channel at 0V with respect to Chassis)
Currents are sourced by the accessory from HIGK or LOW to Chassis.

Into Transducer or Backplane
(0-28°¢/0-55°¢C)

Channel Closed Channel Open

HIGH or LOW S nA/4S nA 2 nA/11 nA

into Beckplane
(6-28°¢/0-55°¢C)

chennel Open Max imum
Isolation Relay Differential
Closed® Dffset Voltage?
HIGR or LOW 2 nA/1Y nA 20 uv/120 uy

1511 channels open, isolation relay closed.

Thifferential offset volitage between HIGH and LOW with 8 source
resistance < 1 k{l; RH < B5% @ 28°C or RR < 60% @ 40°C.

Maximum Signal Current: 11 mA per channel

Isolation:
HIGH to LOW, HIGN to Chassis:
Channel On or Dff: 10°0
Power Off: vin < 10v 1 k{2
vin > 10V 20002

Low to Chassis: 100{}

48-Channel High-Speed FET MUX
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Table 10-1. 48-Channel FET MUX Specifications (cont'd)

Closed Channel *0On" Resistance:
Kigh: 3.0 kQQ
tow: 1.5 k2

OPERATING CHARACTERISTICS:
Maximum 8can Rete {channels per second):
Using HP 3852A Voltmeter Accessories on backplane: 600
Using HP 44702 Nigh-Speed Voltmeter and ribbon cable: 100,000

Using External voltmeter: 8,000

8ynchronization: Break-Before-Make in scanning operation,

AC PERFORMANCE:

Frequency Response relative to 1 kHz:
(50§ source, 1 ML} termination)

50 kHz: -0.6 dB
200 khz: -3.0 <8

Capacitance with Channel On:
HIGH to LOW: 200 pF
HiGH, LOW to Chessis: 200 pF

Crosstalk, Channel-to-Channel:
500 source, 1 M{Y load); < 5 vrms

10 kHz: -S0 dB
100 kHz: -35 d8

48-Channel High-Speed FET MUX
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Configuring the 48-Channel FET MUX

Block
Diagram
Descﬁpﬁon

A\,

This section shows how to configure the FET MUX accessory. It contains a
block diagram of the accessory, information on connecting field wiring to the
terminal module, and information on the measurement modes,

Refer to "Programming the 48-Channel FET MUX" to program the FET MUX
for voltage measurements and 2-wire ohms measurements,

WARNING

SHOCK HAZARD. Only gudlified, service-trained personnel who are aware of
the hazards involved should install, remove, or configure any accessory, Before

touching any installed accessory, turn of f all power o the mainframe, extenders,
and to all external devices connected to the mainframe, extenders, or accessorics.

CAUTION

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

The FET MUX accessory consists of a 48-channel terminal module and a FET
MUX component module as shown in Figure 10-1. Field wiring from your ap-
plication sensors, such as voltage sources, will be connected to the terminal
module and the signals will be sent to the switches located on the component
module,

Figure 10-1, 48-Channel FET MUX Block Diagram

The component module is made up of two types of switches: bank switches and
tree switches. There are a total of 48 bank switches which are divided into two
groups of 24 channels each: BANK A and BANK B. Unlike the guarded muiti-
plexer accessories, the FET MUX switches only the HIGH line (LOW is common
to all channels and to chassis but is not switched).

The component module has four tree switches which are of two types Source
Bus tree switches and Sense Bus tree switches. There are two Source Bus tree
switches and two Sense Bus tree switches. The tree switches control signal flow
to and from the HP 3852A backplane and also isolate the bank switches from
the backplane when they are not in use. The Sense Bus tree switches provide the
connections to the backplane for making voltage measurements. The Source Bus
tree switches provide the current source connections (+I and -I} to the backplane
for resistance measurements.

48-Channel High-Speed FET MUX
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Connecting
Field Wiring

The component module also includes isolation relays which allow the accessory
to be isolated from the HP 3852A backplane. The isolation relays can be used to
reduce the leakage current on the backplane for critical measurements or for
using the backplane at voltages greater than the FET MUX voltage specification.
The accessory has overvoltage protection circuitry which will automatically open
the isolation relays when voltages greater than 15V peak are detected on the
backplane,

Table 10-2 shows the channel definitions for the FET MUX accessory, Channels
0 through 47 control the bank switches, Channel 90 controls the isolation relays,
and Channels 91 through 93 control the tree switches.

Table 10.2. 48-Channel FET MUX Channel Definitions

Channel Definitions
0 - 47 Bank Switches
90 Isolation Relays
91 Source Bus Tree Swuitch
9e Sense Bus Tree Switch
93 Sense Bus Tree Switch and
Source Bus Tree Switch

The next step is to connect field wiring from your application to the appropriate
terminals on the terminal module. The following section contains examples that
show how to connect field wiring to the terminal module for making voltage
measurements and 2-wire ohms measurements.

Figure 10-2 shows the terminal module with the terminal module cover removed.
There are 48 CHANNEL HIGH terminals (numbered 0 through 47) and 24 LOW
terminals on the terminal module. All 24 LOW terminals are common to one
another and to chassis ground.

Figure 10-2. 48-Channel FET MUX Terminal Module

When connecting field wiring to the terminal module, route the wires through
the strain relief clamp and tighten the clamp screw to reduce the chance of

wires being pulled cut of the terminal connectors. If the clamp screw is loosened
far enough, the strain relief clamp can be rotated to make it easier to route the
wiring.

48-Channel High-Speed FET MUX
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Voltage
Measurements

2-Wire Ohms
Measurements

NOTE

When connecting components such as resistors, the lead length may be (oo short to
route through the strain relief clamp. In this case, the components will have to he
stored inside the terminal module. When connccting these components, make sire
that no leads are shorted together and bend the leads to allow the terminal module
cover o be attached.

In the voltage measurement function, the FET MUX accessory can switch signals
for up to 48 single-ended DC or AC voltage measurements. When making single-
ended voltage measurements, only the HIGH line is switched (LOW is common
to all channels and to chassis but is not switched).

CAUTION

The maximum non-destructive voltage which can be applicd to the FET MUX is
1024 VDC or 7.24 VAC rms (1024V peak). Refer to Table 10-1 for the specifica-
tions.

Example: Connecting Voltage Sources to the Terminal Module

A voltage source (V0) is connected to Channel 0 on the terminal module as
shown in Figure 10-3. Connect the high (+) lead from the voltage source to the
CHANNEL HIGH terminal for Channel 0. Connect the low lead (-) from the
voltage source to one of the LOW terminals.

Figure 10-3. Connecting Voitage Sources to the Terminal Module
One of the functions of the FET MUX accessory is to switch signals for resis-
tance measurements. This section contains a 2-wire ohms configuration example.

Example: Connecting Resistors for 2-Wire Ohms Measurements

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generally, the larger the resistance being measured.
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to make up to 48 resistance measurements per FET MUX acces-

sory.

48-Channe! High-Speed FET MUX
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Installation/

Checkout

A\,

Measurement
Modes

Checking the
Accessory
Identity

NOTE

The high "on" resisiance of the FET switches {approximately 3 kQ3) limils
the accuracy of 2-wire ohms measurentents,

A resistor (R0O) is connected to Channel 0 on the terminal module as shown in
Figure 10-4. Connect one lead of the resistor to the CHANNEL HIGH terminal
for Channel 0. Connect the other lead of the resistor to one of the LOW
terminals.

Figure 10-4. Connecting Resistors for 2.Wire Ohms Measurements

The following section explains how to check the accessory identity, how to
verify the field wiring connections, and how to read the state of the channels.

NOTE

The example programs in this section use *709" as the HP-1B address for the HP
3852A4. Specific slor and channel numbers are also used. Program syntax and
data return formats apply to HP Series 200,300 Controllers. Modify slot and
channel numbers as required.

The FET MUX can be used in two modes: the System Mode and the Scanner
Mode. In the System Mode, the accessory can be used either with the HP
44701 A Integrating Voltmeter or the HP 44702 High-Speed Voltmeter (on the
backplane). This mode can be used for low-speed scanning on the backplane and
the ribbon cable must be disconnected.

For high-speed scanning, the FET MUX can be used in the Scanner Mode. In the
Scanner Mode, the ribbon cable from the FET MUX must be connected to the
HP 44702 High-Speed Voltmeter Accessory. Up to six high-speed FET MUX ac-
cessories can be connected together (up to eight in an extender) using the ribbon
cable. Refer to the Mainframe Configuration and Programming Manual for in-
formation on installing and removing the ribbon cable and connecting multiple
FET multiplexer accessories.

After you have connected field wiring from your application to the terminal
module, replace the terminal module cover and install the accessory in the
desired mainframe or extender slot. Refer to the Mainframe Configuration and
Programming Manual to connect the terminal module to the component module
and to instail the accessory.

To check the accessory identity, you can use the ID? (Identity?) command. The
ID? command provides a way to check, from the HP 3852A front panel or from
a controller, in what slot an accessory has been installed. The ID? command will

48-Channel High-Speed FET MUX
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Veritying
Wiring
Connections

return * 44712A" for the 48-Channel FET MUX and " 447XX X" if the terminal
module is not connected to the component module. If the ID? command is sent
to a slot with no accessory installed, " 000000" will be returned.

Example: Reading the Accessory Identity

10 |

20 luse the ID? command to read the identity of a
30 IFET WUX instailed in siot 2 of the mainframe,
40

50 OQUTPUT 709; ®]D7? 200"

60 ENTER 709; Identity$

70 PRINT Identitys

80 END

Output with terminal module connected:

44T12A

NOTE

If you have addressed the correct slot and have made sure that the terminal modufe
is connected, but the proper 1D number is not returned, refer to the HP 38524
Assembly Level Service Manual for service procedures.

To verify that your field wiring has been properly connected to the terminal
module, send the MONMEAS (Monitor/Measure) command from the HP 3852A
front panel keyboard or from a controller. This command can be used to check
DC voltage, AC voltage, and 2-wire ohms connections

The following program segment shows how to use the MONMEAS command
with a controller to verify DC voltage connections on Channels 200 through 204.
The CONF command configures the voltmeter accessory for DC voltage
measurements in the System Mode (no ribbon cable connected). For this ex-
ample, a FET MUX in slot 2 of the mainframe and an HP 44702 High-Speed
Voltmeter in slots 0 and 1 (or just slot 0 for the Integrating Voltmeter) of the
mainframe are used.

10 OUTPUT 709; "USE O®

20 OUTPUT 709; “CONF DCV™

30 OUTPUT 709; “MONMEAS DCV,200-204"
40 END

The five channels will be scanned and measured one at a time starting with
Channel 200. Press "SADY KEY" on the HP 3852A front panel to advance the
scanning to the next channel. When the scan is advanced past the last channei
(Channel 204 in this examplie), scanning will stop and the last

48-Channel High-Speed FET MUX
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Reading
Channel
State

The CLOSE? command can be used to determine the state of the FET MUX
channels. This command returns one of five numbers for for each channel
queried. The numbers returned indicate if a channel is open or closed and to
which bus the channe! is connected. Table 10-3 shows the channel state for each
value that can be returned by the CLOSE? command when used with the FET
MUX

Table 10-3. Vaiues Returned by the CLOSE? Command

Data Channet
Returned State

Channel Open

Channel Closed

Channel Closed - connected to Sense Bus
Channel Ciosed - connected to Source Bus
Channel Closed - connected to Both Buses

NOTE

When the CLOSE? command is used with the FET multiplexer accessories, the
state of the isolation relays is ignored.

NOTE

The CLOSE? command will return 2, 3, or 4 only to indicate the state of Channels
0 through 47 (ic. these valies will not be returned for the iree switches).

Example: Reading Channel State

This example program shows how to use the CLOSE? command to read the state
of Channels 0 through 4 on a FET MUX when used in the System Mode. The
RST command resets the FET MUX to its power-on state where all channels are
open and the isolation relays are open. The CLOSE command closes Channel 3,
the Sense Bus tree switch (Channel 92), and the isolation relays (Channel 90). The
OPEN command is used to open the channels and disconnect them from the HP

"3852A backplane, For this example, a FET MUX is installed in slot 2 of the

mainframe.

48-Channel High-Speed FET MUX
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10
20
30
40
50
60
70
80

OUTPUT 709; "RST 200"
INTEGER State(4)

CUTPUT T09; “CLOSE 203,292,290%
OUTPUT T09; "CLOSE? 200-204n
ENTER 709; State(™)

PRINT State(®)

QUTPUT 709; “OPEN 203,292,290%
END

Typical Output (Channel 3 closed - connected to Sense Bus)

0

o 0 2 0

48-Channel High-Speed FET MUX
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Programming the 48-Channel FET MUX

Command
Summary

As noted in the Introduction section of this chapter, the FET MUX has two
primary functions voltage measurements and 2-wire ohms measurements. This
section contains examples that show how to program the FET MUX for each
function. It includes a description of each function, applicable commands for
the functions, and programming examples. Each example includes a sample
program and (where applicable) typical outputs for the assumed conditions.

This section also summarizes the programming commands used with the FET
MUX (refer to "Command Summary”) and lists the titles of the example
programs (refer to "Program Titles").

NOTE

The example programs in (his section tise “709" as the HP-IR address for the HP
38524. Specific slot and channel numbers are also used. Program syntax and
data return formats apply to HP Series 200,/300 C ontrollers. Modify slot and
channel numbers as required.

NOTE

The example programs show how to make typical measurements using the FET
MUX and the HP 38524 Volimeter Accessories. Refer to the M ainframe
Configuration and Programming Manual for instructions on making measurcments
using external voltmeters.

Table 104 is an alphabetical listing of commands which apply to the FET MUX
accessory. Refer to the HP 1852 A Command Reference Manual for a complete
description of these commands.

48-Channel High-Speed FET MUX
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Table 10-4. Commands for the 48-Channel FET MUYX

CLOSE ch tist

Closes a single multiplexer channel or a list of channels specified by ch list. This
command is intended for individual switch control in special signal-routing ap-
plications. Tt is not the easiest way to do routine measurements since the tree
switches and the isolation relays are not automatically configured as in the scan-
ning commands.

CLOSE? ck list [INTO name] or [fmt]

Queries the state of channels specified by ch /ist.

CONFMEAS fsunction , ch list {USE ch] [INTO namc] or [fmt]

Configures the voltmeter accessory and measures a function on the channels
specified by ck list. This command automatically configures the voltmeter ac-
cessory and the tree switches on the multiplexer for the measurement,

1D? [s/or]

Reads the identity of the accessory in the slot specified by sfat.

MEAS function . ch list [USE ch] [INTO name] or [fmi]

Scans and measures a function on the channels specified by ch lis7. This com-
mand does not configure the voltmeter accessory but it does configure the tree
switches on the multiplexer for the measurement.

MONMEAS function , ch list [USE ch]

Monitors and measures a function on the channels specified by ch fisz. This
command is useful to check wiring connections made on the terminal module.

OPEN ch iist

Opens a single multiplexer channel or a list of channels specified by ck fist. This
command is used to open channels and place them in a safe state after the
measurements have been made.

RST [s/o]

Resets the accessory in the slot specified by s/or to its power-on state.

48-Channel High-Speed FET MUX
10-15




Program
Titles

Measurement
Modes

Making
Voltage
Measurements

The discussion for each function includes one or two examples that show how to
program the FET MUX for that function. Table 10-5 lists the titles of the ex-
ample programs in this section.

Table 10-5. Program Titles

The FET MUX can be used in two modes the System Mode and the Scanner
Mode, In the System Mode, the accessory can be used either with the HP
44701A Integrating Voltmeter Accessory or the HP 44702 High-Speed Voltmeter
(on the backplane). This mode can be used for low-speed scanning on the
backplane with the ribbon cable disconnected.

For high-speed scanning, the FET MUX can be used in the Scanner Mode. In the
Scanner Mode, the ribbon cable from the FET MUX must be connected to the
HP 44702 High-Speed Voltmeter Accessory. Up to six high-speed FET MUX ac-
cessories can be connected together (up to eight in an extender) using the ribbon
cable. Refer to the Mainframe Configuration and Programming Manual for in-
formation on installing and removing the ribbon cable and connecting multiple
FET multiplexer accessories.

One of the functions of the FET MUX accessory is to make single-ended voltage
measurements. This section explains how to program the accessory to make
single-ended DC and AC voltage measurements.

NOTE

The maximum non-destructive voltage which can be applied to the FET MUX is
1024 VDC or 7.24 VAC rms (10.24V peak). Refer to Table 10-1 for the specifica-
tions.

NOTE

The AC voltage function is considerably slower than the DC voltage function. It
takes approximately two seconds for the HP 447014 Iniegrating Voltmeter 1o
configure for AC voltage measurements and approximately 15 seconds per
reading. '

AC voltage measurements cannoi be made using the HP 44702 H igh-Speed
Voltmeter Accessory.

Example: Making High-Speed DC Voltage Measurements (Scanner Mode)

Suppose that you want to measure the outputs from 48 DC voltage sources using
the FET MUX in the high-speed Scanner Mode. See Figure 10-3 to connect
voltage sources to the terminal module.

48-Channel High-Speed FET MUX
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Table 10-5. Program Titles

TITLE

DESCRIPTION

Making Kigh-Speed
0C voltege
Measurements
(Scanner Wode)}

Measuring DC end
AC Voltage Sources
{System Mode)

Measuring VYoltage
Sources using
CLOSE Command
(System Moce)

Meking High-Speed
2-Wire Chms
Measyrements
{Scanner Mode)

Measuring Resistors
using 2-Wire

Ohms Function
(System Mode)

Measuring Resistors
using the CLOSE
Command

(System Mode)

COMMANDS

yoltage Measurements

Measures the outputs from 48 voltage
sources using the FET MUX with &
High-Speed Voltmeter Accessory in

the high-speed scanner mode. For this
example, the FET MUX {s completely
controlled by the Righ-Speed Voltmeter
commands .

Measures the outputs from 48 voltage
sources using the FET MUX with a
voltmetar accessory on the backplane.

Keasures the ocutput from a voltage
source using the CLOSE and QPEN commands
to control the tree switches and the
bank switches for the measurement.

Z2-Wire Ohms Measurements

Measures 48 resistors using the FET MUX
with a High-S5peed Voltmeter Accessory
in the high-speed scanner mode. For
this example, the FET MUX is completely
controlied by the High-Speed Voltmeter
commands.

Measures 48 resistors using the FET
MUX and the 2-wire ohms measurement
function in the system mode.

Measures a single resistor using the
CLOSE and OPEN commands to control the
tree switches and the bank switches for
the measurement.

SCANMODE ,
CONF,
CLWRITE,
SCTRIG,
XRDGS

COKFMEAS

CLOSE,
CPEN

SCANMODE,
CONF,
CLWRITE,
SCTRIG,
XRDGS

CONFMEAS

CLOSE,
OPEX




NOTE

This example shows how to make simple, high-speed DC voltage measurements
using the FET MUX and the HP 44702 High-Speed Voltmeter Accessory. Refer
to Chapter 3 "High-Speed Voltmeter” for more detailed informarion on high-speed
scanning.

NOTE

Since this example uses the Scanner Mode, the ribbon cable from the FET MUX
must be connected to the HP 44702 High-Speed Voltmeter. Refer to the
Mainframe Configuration and Programming Manual for information on connect-
ing the ribbon cable and installing the accessories.

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
90
200
210
220
230
240

i
1Use the HP 44702 High-Speed Voltmeter instatled in slots &

tand 7 of the mainframe to make 48 high-speed DC voltage
imeasurements. Instsll a FET MUX in stot 5§ of the mainframe.
!

REAL Volts(4T)

OUTPUT T09; “USE &00™

|

iEnable Scanner Mode; Select voltmeter function.

!

QUTPUT 709; “SCANMODE ON;CONF DCvw®

|

1Select chennel tist for the voltage measurements.

|

QUTPUT 709; "CLWRITE SENSE 500-547

§

iTrigger voltmeter accessory; Transfer readings from channel.
!

QUTPUT 709; “SCTRIG SGL; XRDGS 600"

FOR 1 = 0 TO 47

ENTER 709; volts(I)}

PRINT "Ch.";1, Volts(l)

NEXT 1

END

Typical DC voltage values for the assumed conditions:

Ch.
Ch.

ch.
Ch.

0 4.30300
1 4.33350

48 &4.58580
&7 3.49490

48-Channel High-Speed FET MUX
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Example: Measuring DC and AC Voltage Sources (System Mode)

Suppose that you want to measure the outputs from 48 voltage sources using the
FET MUX and the System Mode. See Figure 10-3 to connect voltage sources to
the terminal module.

The following example program uses the CONFMEAS command to measure 43
DC voltage sources connected to Channels 0 through 47. The CONFMEAS
command configures the voltmeter accessory for DC voltage measurements (in
the System Mode) and measures the 48 channels once.

NOTE

To use the following program to make AC voltage measurements with the HP
447014 Integrating Voltmeter Accessory, substitute the following line for the exist-
ing line 80:

80 OUTPUT 709; “CONFKEAS ACV,500-547 USE 600"

10 1

20 1Use the CONFMEAS command to measure 48 DC voltages using
30 s FET MUX instatled in slot 5 of the mainframe. Install
40 la& voltmeter sccessory in slots & end 7 (or just sliot 6
50 1for the integrating Voltmeter) of the mainframe,

60

70 REAL Yolts(&7?)

B0 OUTPUT 709; “CONFMEAS DCV,500-547,USE 600%

%0 FOR I = 0 TO 47

100 ENTER 709; Voits(I)

110 PRINT “"Ch.*;I, Volts(l)

120 NEXT !

130 END

Typical DC voltage values for the assumed conditions:

ch. ¢ 4.30300
Ch. 1 4.33350

.
-

ch. 46 4.58580
Ch. 47 3.494%90

48-Channet High-Speed FET MUX
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Example: Measuring Voltage Sources using CLOSE Command (System Mode)

Suppose that you want to measure the output from a voltage source using the
CLOSE command in the System Mode. See Figure 10-3 to connect a voitage
source to the terminal module.

NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-roufing applications. It is not the easiest way te do routine
measurements since the tree switches and the isolation relays are not antomaticall y
configured as in the scanning commands.

In this example program, CLOSE is used to close Channel 0, the Sense Bus tree
switch (Channel 92), and the isolation relays (Channel 90). The FUNC command
configures the voltmeter accessory for DC voltage measurements (in the System
Mode). The TRIG command triggers the voltmeter accessory to take a single
measurement. The CHREAD command returns the DC voltage from the
voltmeter channel to the controller. The OPEN command is used to open the
channels and disconnect them from the HP 3852A backplane after the measure-
ments have been taken.

NOTE

To use the following program to make AC voltage measurements with the HP
447014 Integrating Voltmeter Accessory, substitute the following line for the exist-
ing line 100:

106 OUTPUTY 709; "FUNC ACV™

16 1

20 luse the CLOSE command to make a DL voltage measurement of

30 Ithe voltage source connected to Channel 0 on a FET MUX in stot
40 1slot 5 of mainframe. Install a voltmeter accessory in siots
50 1é and 7 (or just slot 6 for the Integrating Voltmeter)

60 lof the mainframe.

70 1

80 OQUTPUT T709; "USE 600"

90 OQUTPUT 709; “CLOSE 500,592,590®

100 OUTPUT 709; ™FUNC DCV"

110 OUTPYUT 709; "“TRIG SGL"

120 OUTPUT 709; “CHREAD &400%

130 ENTER 709; volts

140 PRINT Volts

150 OUTPUT 709; YOPEN 500,592,590"

160 END

48-Channel High-Speed FET MUX
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Making
2-Wire Ohms
Measurements

Typical DC voltage value for the assumed conditions

3.94940

One of the functions of the FET MUX is to make 2-wire ohms measurements.
The section explains how to program the FET MUX for 2-wire ohms
measurements.

In applications where the resistance of the test leads is not critical, the 2-wire
ohms function can be used. Generaily, the larger the resistance being measured,
the less you have to be concerned about test lead resistances. Use the 2-wire
ohms function to make up to 48 resistance measurements per FET MUX.

NOTE

The high “on” resisiance of the FET switches (approximarcly 3 kQj limits
the accuracy of 2-wire ohms measurements.

When using the FET MUX accessory for 2-wire ohms measurements, the
voltmeter accessory is actually configured for a 4-wire ochms measurement. The
FET MUX converts the 4-wire ohms function on the voltmeter to a 2-wire ohms
function on the component module. It does this by connecting the high voltage
sense lead to the high current source lead and the low voltage sense lead to the
low current sense lead. Therefore, only two leads are used on the FET MUX for
the 2-wire ochms measurement.

Example: Making High-Speed 2-Wire Ohms Measurements (Scanner Mode)

Suppose that you want to make 48 2-wire resistance measurements using the FET
MUX in the high-speed Scanner Mode. See Figure 104 to connect voltage sour-
ces to the terminal module,

NOTE

This example shows how to make simple, high-speed 2-wire ohms measurements
using the FET MUX and the HP 44702 High-Speed Voltmeter Accessory. Refer
to Chapter 3 "High-Speed Voltmeter” for more detaifed information on high-speed
scanning.

48-Channel High-Speed FET MUX
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NOTE

Since this example uses the Scanner Mode, the ribbon cable from the FET MUX
must be connected to the HP 44702 High-Speed Voltmeter. Refer (o the
Mainframe Configuration and Programming Manual for information on connect-
ing the ribbon cable and installing the accessories.

10
20
30
40
50
60
70
ao
%0
100
119
120
130
140
150
160
170
180
190
200
210
220
230
240

1

JUse & HP 44702 High-Speed Voltmeter in slots & and 7 of
fthe mainframe to make 48 high-speed 2-wire ohms measurements.
1install a FET MUX in slot 5 of the mainframe.

f

REAL Ghms(47)}

OUTPUT 709; “USE 600®

f

1Enabte Scanner Mode; Select voltmeter function.

|

QUTPUT 709; YSCANMODE ON; CONF OHMF10K®

i

1Select the channel Llist.

I

CUTPUT 709; "CLWRITE COM 500-547"

|

1Trigger the voltmeter accessory; Transfer readings from voltmeter.
1

QUTPUT 709; "SCTR1G SGL; XRDGS 600

FOR I = 0 TQ 47

ENTER 70%; Ohms(l)

PRINT “Ch.*;I, Ohms(1l)

REXT 1

END

Typical resistance values (in Ohms) for the assumed conditions:

Ch.
ch.

Ch.
ch.

0 6628.340
1 5024.960
46 8039.460

&7 6528.380

Example; Measuring Resistors using 2-Wire Ohms Function (System Mode)

Suppose that you want to measure 43 resistors connected to the FET MUX uwsing
the 2-wire ohms function and the System Mode. See Figure 10-4 to connect
resistors to the terminal module for 2-wire ohms measurements.

48-Channel High-Speed FET MUX
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The following example program uses the CONFMEAS command to measure 48
resistors connected to Channels 0 through 47. The CONFMEAS command con-
figures the voltmeter accessory for 2-wire ohms measurements and measures the
48 channels once.

10 1

20 IUse the CONFMEAS command to measure &8 resistors using s FET
30 (MUX $nstalled in slot 5 of the mainframe. Install a voltmeter
40 leccessory in s{ots & and 7 (or Just slot & for the Integrating
50 1voltmeter) of the mainframe.

60 1

70 REAL Ohms(47)

B0 OUTPUT 709; “CONFMEAS CKM,500-547,USE 400"

Q0 FOR [ = 0 TO 47

100 ENTER 70%; Ohms{l)

110 PRINT "Ch.%;1, Ohms(!)

120 MEXT 1

130 END

Typical resistance values (in Ohms) for the assumed conditions

Ch. 0  6628.340
CCh. 1 5024.960

Ch. 46 B8039.460
Ch. 47 6528.380

Example: Measuring Resistors using the CLOSE Command (System Mode)

Suppose that you want to make a 2-wire ohms measurement of a resistor using
the CLOSE command and the System Mode. See Figure 10-4 to connect a resis-
tor to the terminal module for a 2-wire ohms measurement.

NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest way to do rolitine
measurements since the tree switches and the isolation relays are not automatically
configured as in the scanning commands.

In this example program, CLOSE is used to close Channel 0, the Sense Bus and
Source Bus tree switches (Channel 93), and the isolation relays (Channel 90). The
FUNC command configures the voltmeter accessory for 4-wire ohms measure-
ments (the FET MUX converts the 4-wire function to a 2-wire function on the
component module). The TRIG command triggers the voltmeter accessory to
take a single measurement. The CHREAD command returns the resistance value

48-Channel High-Speed FET MUX
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from the voltmeter channe! to the controller. The OPEN command is used to
open the channels and disconnect them from the HP 3852A backplane after the

measurements have been taken

NOTE

The following progrant uses the HP 44702 High-Speed Voltmeter Accessory in the
System Mode. To use the program with the H P 447014 Integrating Voltmeter
Accessory, substitite the following line for the existing line 90:

90 OUTPUT T09; "FUNC OHMFM

10
20
30
40
50
60
70
&0
%0
100
110
120
130
140
150

1
jUse the CLOSE command to make a 2-wire ohms messurement of a

fresistor connected to Channel G. Install a FET MUX in slot 5 of
tthe mainframe. 1Install a voltmeter accessory in slots & and 7
I{or just siot 6 for the Integrating voltmeter) of the mainframe.
1

QUTPUT 709; ®SUSE 400"

OUTPUT 709; ®CLOSE 500,593,570

QUTPUT T709; YFUNC OHMFIOX®

QUTPUT T09; "TRIG SGL®

OUTPUT 709; “CHREAD 600

ENTER 709; Ohms

PRINT Ohms

OUTPUT 709; “OPEN 500,593,590"

END

Typical resistance value (in Ohms) for the assumed conditions:

6623.570

48-Channel High-Speed FET MUX
10-23






Contents
Chapter 11

HP 44713A 24-Channel High-Speed FET MUX/TC
Introduction . . . . & . . v e e e e e e e e e s e e e e e e e e e e e -1
24-Channel High-Speed FET MUX/TC Description . . . . . . . . . . .« o v o v o v 11-1
24-Channel High-Speed FET MUX/TC Functions . . . . . . . . . v c s v o v v v v v a v oo 112
Getting Started . . . . . . L L e e e e e e e e e e 11-3
Specificalions . . . . . . L L L L e e e e e e e e e e e e e e e e s 114
/\, Configuring the 24-Channel High-Speed FETMUX/TC . . . . . . . . . . oo 11-6
Block Diagram Description . . . . . . . . . . . . 0 . e e e e e e e e e 11-7
Installing Low Pass Filters. . . . . . . . . . . i i i v i i it ot e v e e e s e e a e e e u s 11-8
Installing ATtenuators . . . . . . . . . . . . i i i s e e e e e e e e e e e 11-8
A, Connecting Field Wiring . . . . . ... .. .. it 11-8
Connections for Voltage Measurements , . . . . . . . . . . . . o it ittt 119
Connections for Current Measurements . . . . . . . . . .« v v v v v s b b e e 11-10
Connections for Resistance Measurements . . . . . . . . . . o v v v v v v v v v e s e 1-10
Connections for Temperature Measurements. . . . . . . . « ¢ s+ s o s v o 0 s 0 0 v v a0 s 1i-11
Installation/Checkout . . . . . . . . . v i i i e e e e e e e e e e e e e e 11-12
Checking the Accessory Identity . . . . . . . . . . . . . . . . i e 11-12
Verifying Wiring Connections . . . . . . . . . .« . v it ittt e 11-13
Reading Channel State . . . . . . . . . . . . i i v it e i e e e e e i1-13
Programming the 24-Channel FETMUX/TC. . . . . . . .. . . oo i oo 11-14
Command SUMMATY. . . . . & ¢ & v v v v e s bttt e b e e e e e e e e e e e {1-14
Making Voltage Measurements . . . . . . . . . . & . - i vt v vt e e e e e e 11-16
DC Voltage Measurements . . . . . . . . o v v v v s n v v b 0 v 8 i n i e e e 11-16
AC Voltage Measurements . . . . . . . v v« o v v v v v ot i s o n i s e n e 1117
Making Current Measurements . . . . . . . . . v v o o vt v v v b e e e e 11-18
DCCurrent Measurements . . . . . . . . o o v v v v v n et e e e e e e e e e 11-19
ACCurrent Measurements . . . . . . . . & . & vt v vt b bt e e e e 11-20
Making Resistance Measurements. . . . . . . . . . . . . ... .o oo e 11-20
Making Temperature Measurements . . . . . . . ¢ v v v v v b bt e n e e e e 11-22






Chapter 11

24-Channel High Speed FET MUX/TC

HP-44713A

Introduction

24-Channel
High-Speed
FET MUX/TC
Description

Chapter 11 explains how to program and configure the HP-44713A 24-Channel
High-Speed Thermocouple Compensated FET Multiplexer Accessory (24-Channel
High-Speed FET MUX/TC). This chapter is divided into four sections

¢ Introduction contains an overview of this chapter, a general description of the
24-Channel FET MUX/TC and its functions, and suggested steps to "get started".

¢ Specifications lists the specifications for the 24-Channel FET MUX/TC.

¢ Configuring the 24-Channel High-Speed FET MUX/TC contains a block
diagram description of the accessory, illustrates how to wire and configure the
terminal module, and how to connect external wiring.

* Programming the 24-Channel High-Speed FET MUX/TC explains how to
program the accessory to make voltage, current, resistance and temperature
measurements.

NOTE

Additional information relating to the 24-Channel FET MUX /TC can be found in
the HP-3852 Configuration and Programming Manual.

The 24-Channel FET MUX/TC Accessory consists of a 24-channel FET switch-
ing assembly and a 24-channel terminal assembly. The unit is used to multiplex
{switch) up to twenty-four 2-wire input signals at a maximum switching rate of
100,000 times per second. Maximum input voltage is limited to £ 1024 volts
peak.

External connection to the assembly is made through the terminal module. The
terminal module is also used to configure the assembly to measure voltage, 2-wire
ohms, current and temperature,

A thermistor, mounted on the isothermal terminal block, is used to measure the
temperature of the connection terminals, The HP-3852 then uses a "software
compensation” technique to compensate for the error generated by the ambient
temperature of the connection terminals,

The High-Speed FET MUX/TC is unique to other switching options in that it
can be operated under control of the HP-3852 Data Acquisition and Control
Unit through the backplane interface or it can be controlled by the HP-44702
13-Bit High-Speed Voltmeter Accessory by connecting the two with a dedicated
interface bus. This connection allows the 13-Bit Yoltmeter/24-Channel
High-Speed FET MUX/TC combination to operate as a scanner system indepen-
dent of the HP-3852 mainframe.

24-Channel High Speed FET MUX/TC
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24-Channel
High-Speed

FET MUX/TC

Functions

The 24-Channel Thermocouple Compensated FET Multiplexer is used to switch
input signals for measurement by one of the HP-3852 opticnal voltmeters or by
an external voltmeter. The accessory is used to switch signals for the following

types of measurements

¢ Voltage Measurements,

s Current Measurements.

® 2-Wire Resistance Measurements.

® Thermocouple Temperature Measurements.
Yoltage Measurements.

The 24-Channel FET MUX/TC is used to make standard two-terminal DC and
AC voltage measurements. Both the HIGH and LOW input lines are switched on
all channels. Input voltage is limited to * 1024 volits peak. Use this function to
measure up to 24 individual voltage inputs per accessory.

Current Measurements.

The High-Speed Multiplexer is used to measure AC and DC current by using cur-
reat sensing, Current sensing is a method of determining current using a shunt
resistance which you install on the terminal module. The value of current which
can be measured depends upon the shunt resistance value and the * 1024 volt
input limitation. Use this function to measure up to 24 individual current inputs
per accessory.

Resistance Measurements.

The 24-Channel FET MUX/TC is used to make 2-Wire Ohms measurements. This
function should only be used in applications where test lead resistance and resis-

tance of the FET switches will not affect the accuracy of the measurement. Use

the 2-Wire Ohms function to measure up to 24 individual inputs per accessory.

Temperature Measurements.

The High-Speed FET MUX/TC assembly is specifically designed to measure
temperature using thermocouples. Thermocouples provide simple, durable, inex-
pensive, and relatively accurate temperature measurements over a wide range of
temperatures. Use the temperature measurement function to measure up to 24
individual thermocouple inputs per accessory.

The HP-3852 firmware supports temperature conversions for the following
thermocouples

Types Supported: B, E, J, K, NI4, N28, R, §,and T

24-Channel High Speed FET MUX/TC
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Getting
Started

To use the 24-Channel High-Speed Thermocouple Compensated FET Multiplexer
for your application, determine what external devices are to be connected to the
accessory, configure the accessory for the type of measurement to be made, con-
nect the external devices to the terminal module, and program the unit for your

application,

Selecting Devices

The first step is to determine what devices you wish to connect to the
24-Channel FET MUX/TC. The accessory can switch AC or DC inputs of up to
1 1024 volts peak. Since each of the 24 inputs can be configured independently,
it is possible to connect 24 different devices to the accessory. When selecting a
device, refer to Tabie 11-1 "24-Channel High-Speed FET MUX/TC
Specifications” to ensure that the voltage and current requirements of your ap-
plication are within the rated specifications of this accessory.

Configuring the Accessory

The second step is to configure the accessory for the devices selected. Refer to
the "Configuring the 24-Channel High-Speed FET MUX/TC section of this
chapter for information concerning hardware configuration and wiring the ter-
minal block for the measurement functions required.

WARNING

For SAFETY when wiring the Terminal Module, consider all channels 1o be at the
highest voltage applied to any channel.

Programming the Accessory

The third step is to program the High-Speed Multiplexer for your application.
Refer to the "Programming the 24-Channel High-Speed FET MUX/TC" section
of this chapter to program the accessory for measuring voltage, current, resis-
tance, or temperature,

24-Channel High Speed FET MUX/TC
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Specifications

Table 11-1 lists specifications for the 24-Channel High Speed FET MUX/TC.
This table contains five catagories Input Characteristics, Channel Specifications,
Operating Characteristics, AC Performance, and Thermocouple Characteristics.

Table 11-1. 24-Channel High-Speed FET MUX/TC Specifications

INPUT CHARACTERISTICS:
Maximum Signal Voltage, HIGH to LOW:

t 10,24V peak between any two input terminals
Input Voltage Protection Limit:

Channel Inputs: % 12 volts peak maximum
Backplane (tree switches open): * 42 peak max

CHANNEL SPECIFICATIONS:

Bifas Currents: (channet at 0 volts with respesct to chassis)
8ias currents are sourced by the accessory
from High and Low input termfnals to chassis.

Into Transducer or Backplane:

Channel Closed Channel Open
(0-28°G/0-55°C) ¢(0-28°C/0-55°C)
l

I
HIGH or LOW 5 nA / 45 nA 2 nA /11l nA

Into Backplane:

Maximum
Channel Open Differential
Tree Switch Closed? Offset Voltage®

(0-28°¢/0-55°C) | (0-28°C/0-55°C)

1
HIGH or LOW 2 nA /11 nA 20 uv / 230 uVv
ALt channels open, tree switch closed.
*pifferential offset voltage between High and
tow with a source resistance < 1 kohm.
Maximum Signal Current: % 1 mA per channel
Closed Channel ON Resistance:

High or Low: = 3.0 Kk

24-Channel High Speed FET MUX/TC
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Table 11-1. 24-Channel High-Speed FET MUX/TC Specifications Cont'd

Isolation (High to Low, High or Low to chassis):
Channel ON or OFF: 1070}
Power OFF: Vin <= 10V 1 Kk}
Vin > 10V 200 (2
OPERATING CHARACTERISTICS:
Maximum Switching Rate:

Using HP-44702 Voltmeter Accessory:
100,000 readings/second

Synchronfzation: Break-Before-Make in scan operation

AC PERFORMANCE:

Frequency Response relative to 1 kHz:
(500 source, 1 M) termination)

50 kBz: -0.6 dB
200 kHz: -3.0 dB

Capacitance with Channel On:

High to Low: 200 pF
High or Low to Chassis: 200 pF

Crosstalk, channel toc channel:
(50Q source, 1 M{} termination)

10 kHz: -50 dB
100 xHz: -35 dB

24-Channel High Speed FET MUX/TC
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Table 11-1. 24-Channel High-Speed FET MUX/TC Specliications Cont'd

THERMOCOUPLE CHARACTERISTICS:

Type B: Platinum/6% Rhodium - Platinum/30% Rhodium
Type E: Chromel - Constantan

Type J: Iron - Constantan

Type K: Chromel - Alumel

Type N14: Nicrosil - Risil (14 awg)

Type N28: Nicrosil - Nisil (28 awg)

Type R: Platinum - Platinum/13% Rhodium

Type S: Platinum - Platinum/10% Rhodium

Type T: Copper - Constantan

Configuring the 24-Channel High-Speed FET MUX/TC ———

This section explains how to configure the High-Speed Mutiplexer. The section
contains a block diagram description of the accessory, information on configur-
ing the terminal module, and how to connect external wiring to the terminal
module.

Refer to "Programming the 24-Channel High-Speed FET MUX/TC" section of
this chapter for information concerning programming the accessory to measure
voltage, current, resistance, and temperature.,

WARNING

SHOCK HAZARD. Only qualified, service-frained personnel, who are aware of the
hazards involved, should install, remove, or configure any accessory. If an acces-
sory is to be removed or instatled, turn of [ all power to the mainframe, extenders,
accessories, and all external devices which are connected to the mainframe, extend-
ers, or accessories.

24-Channel High Speed FET MUX/TC
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N,

Block Diagram
Description

WARNING

For SAFETY when wiring the Terminal Module, consider all channels to be at the
highest voltage applied to any channel.

CAUTION

STATIC SENSITIVE. Use clean-handling techniques when handling the acces-
sory. Do not install an accessory without the metal covers in place.

The 24-Channel High-Speed FET MUX/TC assembly consists of the 24 channel
FET switching module and a 24-Channel terminal module as shown in Figure
11-1. Inputs from external devices are connected to the terminal module which is
connected to the switching module.

An isothermal connector block, in conjunction with a thermistor, is used to
eliminate thermocoupie measurement errors. The 5 k) thermistor is used to
measure the temperature of the isothermal connector. The HP-3852 then uses a
"software compensation” technique to compensate for the error generated by the
terminal connections.

Figure 11-1, 24-Channel High-Speed FET MUX/TC Black Diagram

The FET MUX switching module is made up of 28 switches which are divided
into two catagories; tree switches, and channel switches, Each of the 28 switches
consists of Field Effect Transistor (FET) pairs, one each for HIGH and LOW in-
put lines. The switch module has four tree switches divided in two types Source
Bus tree switches and Sense Bus tree switches. The tree switches determine the
signal flow to and from the HP-3852 backplane or the high speed voltmeter in-
terface bus. The tree switches also act to isolate the unused bank switches from
the backplane and high speed interface bus

NOTE

Only one measurement channel can be closed af a time on the 24-Channel FET
MUX /TC. Closing a measurement channel will open any previously closed chan-
nel.

The FET MUX switch module has two isolation relays which allow the acces-
sory to be isolated from the HP-3852 backplane. The isolation relays can be used
to reduce leakage currents on the backplane during critical measurements or for
using the backplane at voltages greater than the * 1024 volt peak limitation of
the 24-Channel FET MUX/TC. The isolation relays automatically open when
voltages greater than t 12 volts peak are detected on the backplane or when the
FET Multiplexer is connected to the HP-44702 High Speed Voitmeter Accessory.
Table 11-2 shows the channel definitions for the 24-Channel FET MUX/TC ac-
cessory. Channels 0 through 23 control the channel switches, channel 90 controls
the isolation relays, and channels 91 through 94 control the tree switches.

24-Channel High Speed FET MUX/TC
11.7
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Installing
Low Pass
Filters

Installing
Attenuators

Connecting
Field Wiring

Table 11-2. 24-Channel FET MUX/TC Channel Definitions

Channel Definitions

0 - 23 Channel Switches

90 Isotation Relays

21 Source Bus Tree Switch to ell Channels

92 Sense Bus Tree Switch to ail Channels

9?3 Source L Sense Bus Tree Switches to Channels
96 Source & Sense Bus Tree Switches to Thermistor

The COMMON terminals can be used to connect an external monitoring device
to the accessory or be used for diagnostic procedures. As configured at the fac-
tory, each of the channel! input lines and the COMMON output lines (High, Low,
Shield) has a 1001 series current limiting resistor.

Space is provided on the High-Speed FET MUX/TC terminal module for you to
install a single-pole, low-pass, filter on each channel to condition the input signal.
Figure 11-2 shows the normal channel configuration and the channel configura-
tion with the low-pass filter installed on the terminal module.

Figure 11-2. Low-Pass Filler Channel Configuration

Figure 11-3 shows how to install the low-pass filter components on channel 11 of
the terminal module. To install the components, remove series jumper SERIES
JM 22 and install the resistor in its place. Install the capacitor in the SHUNT UC
11 solder pads as shown,

Figure 11-3. Installing Low-Pass Filters

The solder pads provided on the terminal module are also used to instalt at-
tenuator networks to reduce high level input signals to a usable level. Figure 114
shows the normal channel configuration and the channel configuration after in-
stalling the attenuator network.

Figure 11-4. Channel Configuration with Attenuator

Figure 11-5 shows how to install attenuator components to Channel 0 on the
terminal module. To install the components, remove jumper SERIES JM 0 and
install resistor R1 in its place. Install resistor R2 in the SHUNT UC 0 position as
shown.

Figure 11-5. Installing Attenuators

The next step is to connect wiring from the instrumentation used in your ap-
plication to the appropriate terminals on the terminal module. The following sec-
tion contains examples of how to connect the wiring for making voltage, current,
resistance and temperature measurements.

24-Channel High Speed FET MUX/TC

11-8



SERIES JUMPER @2
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HIGH
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Figure 11-2. Low-Pass Fliter Channel Configuration
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Figure 11-4. Channel Configuration with Attenuator
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Connections
For Voltage
Measurements

WARNING

For SAFETY, consider all channels to be at the highest voltage applied to any
channel,

Figure 11-6 shows the terminal module with the cover removed. Each of the 24
channels has 2 HIGH, LOW, and SHIELD terminal. Terminals 0 through 11 in
BANK A are channels 0 through 11. Terminals 0 through 11 in BANK B are
channels 12 through 23.

Figure 11.6. 24-Channel High-Speed FET MUX/TC Terminal Module

When connecting wiring to the terminal module, route the wires through the
strain relief clamp and tighten the clamp screw to reduce the chance of wires
being pulled out of the terminal connectors. If the clamp screw is loosened far
enough, the strain relief clamp can be rotated to make wire routing easier. When
you have completed wiring the terminal module, replace the protective cover.

The 24-Channel FET MUX/TC can switch up to 24 AC or DC voltage inputs.
Both HIGH and LOW input lines are switched on all channels. A SHIELD ter-
minal is provided for connecting shielded cables. Shielded cables reduce electrical
noise when making low-level voltage measurements,

CAUTION

The maximum non-destructive voltage which can be applied to the FET switching
assembly is  10.24 volts peak. Refer to Table 11-1 for the 24~channel High-Speed
FET MUX /TC specifications.

Example: Connecting Voltage Sources to the Terminal Module

A voltage source is to be connected to Channel 0 (BANK A, terminal 0) on the
terminal module as shown in Figure 11-7. Connect the high (+) lead of the volt-
age source to the HIGH terminal on the terminal module. Connect the low (-)
lead of the voltage source to the LOW terminal on the terminal module. If you
are using a shielded cable from the voltage source, connect the shield to the
SHIELD terminal on the terminal module. A shielded cable is used to reduce
electrical noise in the measurement.

Figure 11-7. Connecting Voltage Sources to the Terminal Module

24-Channel High Speed FET MUX/TC
11-9
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Connections
For Current
Measurements

Connections
For Resistance
Measurements

The High-Speed FET MUX/TC uses a current sensing technique to measure cur-
rent. Current sensing is 28 method of determining current by measuring the volt-
age drop across a current sensing resistor which you instail on the terminal
module. The Multiplexer Accessory can be used to switch up to 24 AC or DC
current inputs. Figure | [-8 shows the normal channel configuration and the con-
figuration for making current measurements. Figure {1-9 shows how to install
the current sensing resistors on the terminal module.

NOTE

Current sensing is not recommended when the 24-Channel FET MUX /TC will
also be used to measure temperature. Heating produced by the shunt resistors can
af fect the accuracy of the temperatire measurements,

The series jumpers (SERIES JM ) must be installed on the terminal modulie for
each channel being used to measure current.

Figure 11-8. Current Sensing Configuration.
Figure 11-9. Installing Cuerent Shunt Resistors

Example: Installing Shunt Reslistors for Current Measuremenis

A 25002 shunt resistor is installed in the Channel 0 shunt position on the terminat
module as shown in Figure 11-9. Connect the high (+) lead of the current source
to the HIGH terminal on the terminal module. Connect the low (-} lead of the
current source to the LOW terminal of the terminal module. If a shielded cable is
used, connect the shield wire to the SHIELD terminal of the terminal module.

The 24-Channel High-Speed FET MUX/TC can be configured to make 2-wire
ohms measurements only. This function should only be used in applications
where test lead resistance and resistance of the FET switches will not significant-
ly affect the accuracy of the measurement. Up to twenty four 2-wire inputs can
be switched by the assembly.,

NOTE

The 2-wire ohms function is normally used for measuring high resistances where
the resistance of the test leads and FET switches has a minimal effect on the
meastremcni.

24-Channel High Speed FET MUX/TC
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Connections
For Temperature
Measurements

Example: Connecting Resistors for 2-Wire Ohms Measurements

Figure 11-10 shows the connection of a resistor (R0} to Channel 0 (BANK A ter-
minal 0) of the terminal module. Connect one lead of the resistor to the HIGH
terminal of channel § and the other lead to the LOW terminal of channel 0. if a
shielded cable is being used to connect the resistor, connect the shield to the
channel 0 SHIELD terminal on the terminaf module,

Figure 11-10. Connecting Resistors for 2-Wire Ohms Measurements

The following paragraphs explain how to connect the 24-Channel High-Speed
FET MUX/TC to make temperature measurements using thermocouples.

Thermocouples provide a simple, durable, inexpensive, and relatively accurate
temperature sensor for a wide variety of applications and enviromental condi-
tions. The thermocouple is a junction of two dissimilar metals which produce a
voltage when the junction undergoes a temperature change.

Up to 24 thermocouple measurements can be made using a single High-Speed
FET MUX/TC accessory. The HP-3852 temperature conversion routine supports
B, E J, K, NIi4, N28, R, §, and T type thermocouples,

NOTE

Since all chavmnels on the 24-Channel FET MUX /TC can be independently con-
figured and software compensated, any combination of thermocouple types can be
connected to the terminal module,

Table 11.3. Guldelines for Connecting Thermocouples

1. Use the targest wire possible which will not shunt heat away
from the thermocouple area.

2. Use thermocouple wire which is rated for your application.

3. Avoid mechanicetl stress and vibration that might strain the
wires.

4. For long wire runs, use a twisted shielded pair and connect
the shield to the SHIELD terminat on the terminal module,

5. Avoid extreme temperature gradients,

6. In hostite enviroments, use proper sheathing material to
reduce adverse effectt on the thermocouple wires.

24-Channel High Speed FET MUX/TC
11-11



i

o o'F
2d
o
n.

[}
14
LA R A
t"‘

]
13
<)

4

2 0 0 0 0 0 0 0 0 0 0 08NT
Q
. ]

4 Ny

-]
12

—
A —
N -
— "
~a
—_—
o
o — KA
=
— "
\)
ou >
J— Y
of i 3 L
—— \)
o >
" e A
—— &
—
—
—
—
p—

iy
Y

™

5]
',
V4

L]
o G
a1
g
W

o
| ]

]
4

"‘A
"
;
N
= :
=
R
=
N ‘l
=
o
>

I
IR ARAS O
R OEORNORC IR

-]
+

o
»

TeN PN Fp
NG
NSRS

?

9 00 000 0O0OOCO0O
o
]

7
BT
u

——
t—
iridirerae
Srmr—
—
—
——
e
——
—
—e
it
]
——
——
g
P
—
E

Figure 11-10, Connecting Resisiors for 2-Wire Ohms Measurements



Example: Connecting Thenmocouples for Temperature Measurements

Figure 11-1]1 shows a thermocouple (TCq) connected to channel 0 (BANK A, ter-
minal 0) of the terminal module. Connect the negative lead to the LOW terminal
of the selected channel Connect the positive lead to the HIGH terminal of the
selected channel If a shielded cable is used, connect the shield to the SHIELD
terminal of the channel selected

Figure 11-11, Connecting Thermocouples for Temperature Measurements

Installation/ The following paragraphs explain how to check accessory identity, how to verif'y
wiring connections, and how to read channel states of the 24-Channel
Checkout High-Speed FET MUX/TC.

Checking the  After you have connected the wiring from your application to the terminal
Accessory  module, reconnect the terminal module to the 24-channel switching module and
Identity install the assembled unit in the desired slot of the HP-3852 mainframe or
HP-3853 extender. (Refer to the HP-3852 Mainframe Configuration and
Programming Manual for installation instructions.)

To check the identity of the 24-Channel High-Speed FET MUX/TC, use the 107
(Identity?) command. The ID? command provides a way to determine, from the
HP-3852 front panel or from a controller, what accessory is installed in a par-
ticular slot. The ID? command wili return " 44713A" for the 24-Channel
High-Speed FET MUX/TC assembly if both the switching module and terminal
module were installed when the HP-3852 was "powered up”. If the terminal
module is not attached to the switching module at power-on, the ID? command
will return * 447XXX" If the ID? command is used to interrogate a slot which
does not contain an accessory, the return will be " 000000",

The following is an example program which shows how to use the ID? command
to check the identity of a 24-Channel FET MUX/TC which is installed in slot 4
of the HP-3852 mainframe.

Example: Reading the Accessory identity

10 1

¢0 lUse the IBY command to read the identity of the
30 124-Channel FET MUX/TC instailed in siot & of the
40 13852 mainframe.

50 1

60 OUTPUT 709; "ID? 400%

70 ENTER 709; ldentitys

80 PRINT identitys

90 END

Typical output {with the terminal module installed) is

A4T13A

24-Channel High Speed FET MUX/TC
11-12
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Verifying
Wiring
Connections

Reading
Channel
State

NOTE

If the 24-Channcl FET MUX docs not return the proper 1D number, be sure that
you have addressed the correct slot and that the terminal module is instailed. 1f
yout have addressed the correct slof and the terminal module is installed, but the
praper ID mumber is not returned, refer to the HP-38524 Assembly Level Service
Manual for service procedures.

To verify that your wiring has been properly connected, send the MONMEAS
(Monitor/Measure) command from the HP-3852 front panel key board or from a
controller, This command verifies DC and AC voltage connections, 2-wire resis-
tance connections, and thermocouple connections.

The following program statements show how to use the MONMEAS command to
verify DC voltage connections on channels 0 through 23 with a controller. The
CONF command configures the voltmeter accessory for DC voltage measure-
ments. In this case, the 24-Channel FET MUX/TC is in siot 3 of the mainframe
and the voltmeter accessory is installed in slot 0.

10 OUTPUY 709; "USE O"

20 OUTPUT 709; ™CONF DCV™

30 OUTPUT TO9; "MONMEAS DCV,300-323,USE 0%
40 END

The 24 channels will be scanned and measured one at a time. Press the SADV key
on the HP-3852 front panel to advance to the next channel. When the scan has
advanced beyond the last channel (channel 23), scanning will stop and the last
measurement will remain displayed.

Use the CLOSE? command to determine the state of each channel on the
24-Channel High-Speed FET MUX/TC accessory. The CLOSE? command
returns one of five numbers for each channel interrogated. The number returned
indicates whether a channel is open or closed and which bus the channel is con-
nected to. Table 1-4 shows the channel state for each value that can be return-
ed using the CLOSE? command,

Table 11-4. Values retumed by the CLOSE? Command

* Yalue Channel

Returned State
0 Channe! Open
1 Channel Closed - not connected to a Bus
2 Channel Closed - connected to Sense Bus
3 Channel Closed - connected to Source Bus
4 Channel Closed - connected to Both Busses

*Only 2, 3 ov £ will be returned for channels O throxgh 23,

24-Channel High Speed FET MUX/TC
11-13



Programming the 24-Channel FET MUX/TC

Command
Summary

Example: Reading Channel State

The foilowing example program shows how to use the CLOSE? command to
read the channel state of channels 0 through 4 on the 24-Channe! FET
MUX/TC. The RST command used in this program resets the accessory to its
power-on state where all channels and isolation relays are open. The CLOSE
command (line 30) closes channel 3, the Sense Bus Tree Switch (channel 92) and
the isolation relays (channel 90). The OPEN command (line 70) is used to open all
channels and disconnect them from the HP-3852 backplane after the measure-
ments have been completed. For this example, the 24-Channel FET MUX/TC is
installed in slot | of the mainframe.

10 OUTPUT 709; “RST 100w

20 INTEGER State(1:5)

30 OUTPUT 709; ®CLOSE 103,192,190%
40 OUTPUT 709; “CLOSE? 100-104"
50 ENTER 709; State(¥)

60 PRINT State(®)

70 OUTPUT 709; "OPEN 103,192,150
80 END

Typical Output (channel 3 closed - connected to the Sense Bus)

co0o02¢

The 24-Channel High-Speed Thermocouple Compensated FET Multiplexer has
four primary functions voltage measurements, current measurements, resistance
measurements, and temperature measurements. Its main function, however, is
measuring temperature using thermocouples

This section contains examples which show how to program the 24-Channel FET
MUX/TC to perform each function. Included is a description of each function,
applicable commands for the function, and programming examples. Each ex-
ample includes a sample program and (where applicable) typical outputs for the
assumed conditions.

NOTE

The example programs in this section use "709" as the HP-IB address for the
HP-3852. Specific slot and channel numbers are used. Program syntax and data
return formats apply to the H P-200 Series controllers. Modify slot and channel
addresses as required for your particular configuration.

Table 11-5 is an alphabetical listing of commands which apply to the 24-Channel
High-Speed FET MUX/TC accessory. Refer to the HP-3852 Command
Reference Manual for a complete description of these commands.

24-Channel High Speed FET MUX/TC
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Table 11-5. Commands for the 24-Channe! High-Speed FET MUX/TC

CLOSE ch iyt

Closes a single FET multiplexer channel or a list of channeis specified by ck list
(channel Hst). This command ls intended for Individual switeh eontrol In special
signal-routing spplications. it Is not the sasiest way to do routine measurements
since the ires switches are not automatically configured as In the scanning
commands.

CLOSE? ch fist [,INTO name] or [,fmi]
Queries the state of channels specified by ch lst (channe! list).

CONFMEAS sunction, ch list [JUSE ch] [,INTO name] or [,/m]
Configures the voltmeter sccessory and scans/measures a function on the channels

specifled by ck list (channel list). This command sutomatically configures the
trew switches for the messurement.

ID? [sior]
Reads the identity of the accessory in the slot specified by slor,
MEAS function, ch list [[JUSE ch] [,INTO name] or [,fmi)

8cans and measures a function on the channels specifled by ch list.
Automatically configures the tree switches for the measurement.

MONMEAS furcrion, ch list [JUSE ch]

Monltors and measures a function on the channels specified by ck Zist.
Automatically configures the tree switches for the messurement. This

command Is useful In vertying wiring connections made on the terminat
modidle.

OPEN ch list

Opens a single channe! or a group of channels as specified by ck lisz.

RST [slor]

Resats the accessory in the slot specified by slof to s power-on state,

24-Channel High Speed FET MUX/TC
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Making
Voltage

Measurements

DC Voitage
Measurements

One of the functions of the 24-Channel High-Speed FET MUX/TC is to make
voltage measurements. The following paragraphs explain how to program the
24-Channet FET MUX/TC to make AC and DC voltage measurements.

In the DC voltage measurement function, the High-Speed FET MUX/TC can
switch up to 24 DC voltages for measurement by the HP-3852 voltmeter accas-
sories or by external voltmeters.

Example: Measurng DC Voitage Sources

Suppose that you wish to measure the outputs from 24 DC voltage sources using
the 24-Channel FET MUX/TC. (Refer to Figure 11-7 for wiring DC voltage
sources to the 24-Channel FET MUX/TC terminal module),

The following program example uses the CONFMEAS command to measure 24
DC voltage sources connected to channels 0 through 23 on the 24-Channel FET
MUX/TC. The CONFMEAS command configures the voltmeter accessory for
DC voltage measurements and scans/measures the 24 channels once.

For this example, the 24-Channel High-Speed FET MUX/TC is installed in slot |
of the mainframe and the voltmeter accessory used for the measurement is in-
stalled in slot 0.

10 1

20 tUse the CONFMEAS command to measure 24 DC voltages
30 tusing the 24-Channel FET MUX/TC in slot 1 of the
40 Imainframe. Use the voltmeter accessory in slot
50 10 of the mainframe.

60 I

70 REAL Volts{1:24)

80 OUTPUT TO9; “CONFMEAS DCY,L100-123,USE O»

90 ENTER 709; Volts(*)

100 PRINT USING »K,/";Volts(*)

110 END

Typical DC voltage values for the assumed conditions

.303000 4———— Channel O
.333500
.204400
602300

L I S

.59%5000
.345600
.203000
.897400 <+—— Channet 23

W o~

24-Channel High Speed FET MUX/TC
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AC Voltage
Measurements

Example: Measuring a DC Voltage Source using the CLOSE Command

Suppose that you wish to measure a single voltage source using the 24-Channel
FET MUX/TC. This can be accomplished by using the CLOSE command. (Refer
to Figure 11-7 for wiring DC voltage sources to the 24-Channel FET MUX,/TC
terminal module).

NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest method of doing
routine measurements since the tree switches are rot automarically configured as
with the scanning commands. Channels are not opened and closed in break-before-
make sequence with the CLOSE command.

In this program example, CLOSE is used to close Channel 0, the Sense Bus Tree
switch (Channel 92), and the isolation relays (Channel %0). The FUNC command
configures the voltmeter accessory for DC voltage measurements. The TRIQ
command triggers the voltmeter accessory to take a single measurement. The
CHREAD command returns the measurement result to the controller. The OPEN
command is used to open the channel, tree switches and isolation relays after the
measurement has been taken .

For this example, the 24-Channel High-Speed FET MUX/TC is installed in slot |
of the mainframe and the voltmeter accessory is installed in slot 0.

10 ¢

20 1Use the CLOSE command to make a DC voltage measurement
30 lof the voltage source connected to Channel 0 on the
40 124-channel FET MUX/TC instelled in slot 1 of the

50 Imainframe. Use the voltmeter in slot 0.

70 1

80 OQUTPUT 709; “USE gw

90 OUTPUT 709; *CLOSE 100,192,190%

100 OUTPUT 709; “FUNC DCV™

110 OUTPUT T709; *TRIG SGL™

120 OUTPUT 709; “CHREAD 0%

130 ENTER 709; Volts

140 PRINT Volts

150 OUTPUT 709; "OPEN 100,192, 190w

160 END

Typical DC voltage value for assumed conditions
4.949400
In the AC voltage measurement function, the 24-Channel High-Speed FET

MUX/TC can switch up to 24 AC voltages for measurement by the HP-3852
voltmeter accessories or by external voltmeters.

24-Channel High Speed FET MUX/TC
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Making
Current
Measurements

Example: Measuring AC VYoitage Sources

Suppose that you wish to measure the outputs of 24 AC voltage sources using the
24-Channel FET MUX/TC. (Refer to Figure 11-7 for wiring AC voltage sources
to the 24-Channel FET MUX/TC terminal module).

The following program example uses the CONFMEAS command to measure 24
AC voltage sources connected to channels 0 through 23 on the 24-Channe! FET
MUX/TC. The CONFMEAS command configures the voitmeter accessory for
AC voltage measurements and scans/measures the 24 channels once,

For this example, the 24-Channel High-Speed FET MUX/TC is installed in slot 3
of the mainframe and the HP-44701 Integrating Voltmeter Accessory is installed
in slot 0 of the mainframe,

i ¢

20 1ituUse CONFMEAS command to measuyre 24 AC voltages
30 fusing the 24-channel FEY MUX/TC in slot 3 of the
40 imainframe., Use the integrating Voltmeter

50 1Accessory in slot 0 of the mainframe.

60 1

70 REAL Yolts(1:24)

80 OQUTPUT 709; "CONFMEAS ACY,300-323,USE O"

90 ENTER 709; volts(*)

100 PRINT USING "K,/";Volts(*)

110 END ‘

Typical AC voltage values for the assumed conditions

.303000 <*——— Channel 0
.333500
.204400
.602300

"y -

.395000
345600
.203000
897400 < Chennel 23

W N

The High-Speed FET MUX/TC uses a current sensing technique to make current
measurements. Current sensing is a method to determine the current through a
shunt resistor which you install on the terminal module. The following para-
graphs describe how to program the accessory to make DC and AC current
measurements.

24-Channel High Speed FET MUX/TC
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DC Current
Measurements

NOTE

Current sensing is not recommended when the 24-Channel FET MUX /TC will
also be used to measure temperature. Heating produced by the shunt resistors can
affect the accuracy of the temperature measurements.

In the DC Current measurernent function, the 24-channel FET MUX/TC acces-
sory can switch up to 24 current inputs for measurement by the HP-3852
voltmeter accessory or external voltmeters,

Example: Making a DC Current Measurement

Suppose that you want to make a DC current measurement using a 25082 shunt
resistor installed on the terminal module. (Refer to Figure 11-9 for information
on installing shunt resistors on the terminal module).

The folliowing program example uses the CONFMEAS command to scan and
measure the voltage drop across the 2508} shunt resistor installed in channel 0 of
the 24-channel FET MUX/TC. The CONFMEAS command configures the
voltmeter accessory for DC voltage measurements and scans and measures the
channel once. The voltage value is then returned to the controller which converts
the voltage measurement to a DC current value,

For this example, the 24-Channel High-Speed FET MUX/TC is installed in slot 2
of the mainframe and the voltmeter accessory is installed in slot 0.

10 1

20 tlUse the CONFMEAS command to measure the voltage
30 lIdrop scross a 250 Ohm shunt resistor and calculate
40 tthe DC current applied to channel 0. Use the

56 12&-channel FET MUX/TC installed in slot 2 and the
60 ivoltmeter accessory instslled in slot O,

70 ¢

80 OUTPUT 709; "CONFMEAS DLV, 200,USE O®

90 ENTER T709; Voits

100 1

110 ICurrent = Voltage/Shunt Resistance

126 1|

130 Current = Volts/250

140 Print Current

150 END

Typical DC current value (in DC amps) for the assumed conditions

030344

24-Channel High Speed FET MUX/TC
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AC Current
Measurements

Making
Resistance
Measurements

In the AC Current measurement function, the 24-Channel FET MUX/TC acces-
sory can switch up to 24 AC current inputs for measurement by the HP-3852
voltmeter accessories or external voltmeters

Example: Making an AC Current Measurement

Suppose that you want to make an AC current measurement using a 25002 shunt
resistor installed on the terminal module (Refer to Figure 11-9 for information
on installing shunt resistors on the terminal module).

The following program example uses the CONFMEAS command to scan and
measure the voltage drop across the 2500 shunt resistor installed in channel 0 of
the 24-Channel FET MUX/TC. The CONFMEAS command configures the
voltmeter accessory for AC voltage measurements and scans and measures the
channel once. The voltage value is then returned to the controlier which converts
the measurement to an AC current value

For this example, the 24-Channel FET MUX/TC is installed in slot 1 of the
mainframe and the voltmeter accessory is installed in slot 0.

10 1

20 lUse the CONFMEAS command toc measure the voltage
30 |Idrop scross a 250 Ohm shunt resistor and calculate
40 Ithe AC current applied to chennel 0. Use the

50 124-channel FET MUX/TC installed in slot 1 and the
60 Ivoltmeter accessory installed in slot 0.

70 1

80 OUTPUT 709; "CONFMEAS ALY, 100,USE 0%

90 ENTER 709; Volts

160 |

110 ICurrent = vYoltage/Shunt Resistance

120 }

130 Current = Yolts/250

140 Print Current

156 END

Typical AC current value (in AC amps) for the assumed conditions:
.034210

The 24-Channel High-Speed FET MUX/TC can be configured to measure resis-
tance using the 2-Wire Ohms function. This function should only be used to test
for continuity or for measuring high resistances because the resistance of the
FET switches and the test-leads is in series with the measurement. The "on" resis-
tance of the FET switches is = 3.0 k{1 Up to twenty-four 2-Wire resistance in-
puts can be switched by this accessory.

Example: Measuring Resistance using the 2-Wire Ohms Function

Suppose you wish to measure 24 resistors connected to the High-Speed FET
MUX/TC using the 2-wire Ohms function. (Refer to Figure 11-10 for informa-
tion on connecting resistors to the terminal module)

24-Channel High Speed FET MUX/TC
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The following program example uses the CONFMEAS command to measure 24
resistors connected to channels 0 through 23 on the 24-Channel FET MUX/TC.
The CONFMEAS command configures the voltmeter accessory for 2-wire resis-
tance measurements and scans and measures each of the 24 channels once.

For this example, the 24-Channei High-Speed FET MUX/TC is installed in slot 4
of the mainframe and the voltmeter accessory is installed in slot 0.

10 1

20 iUse the CONFMEAS command to measure 24 resistors
30 lusing the 24-Channel High-Speed FET MUX/TC in slot 4
40 lof the mainframe, Use the voltmeter accessory

S0 linstalied in slot O of the mainfraame,

60 1

70 REAL Ohms(1:24)

86 OUTPUT 709; “CONFMEAS OHM,400-423,USE Ov

90 ENTER 709; OHMS(™)

100 PRINT USING "K,/*;0hma(*)

110 END

Typical resistance values (in Ohms) for the assumed conditions

1.026701+£8 4= Channel 0
1.014304+£6
1.213264+E6
1.000432+E6

-
-

-

0.997543+E6
1.234432+E6
1.203000+E6
1.389740+E6  +—————= Channel 23

Example: 2-Wire Resistance Measurements using the CLOSE Command

Suppose that you wish to make a single 2-wire resistance measurement using the
CLOSE command. Refer to Figure 11-10 for information on connecting resistors
to the terminal module.

NOTE

The CLOSE command is a lowlevel command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest method of doing
routine measurements since the tree switches are not automatically configured as
with the scanning commands. Channels are not opened and closed in break-before-
make sequence with the CLOSE command.

in this program example, the CLOSE command is used to close Channel 0, close
the Source and Sense Bus Tree Switches (Channel 93), and close the isolation
relays (Channel 90). The FUNC command configures the voltmeter accessory for
4-Wire ohms measurements. {The 4-Wire Ohms function is converted to a 2-Wire
Ohms function on the terminal module). The TRIG command triggers the

24-Channel High Speed FET MUX/TC
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Making
Temperature
Measurements

voltmeter accessory to take a single measurement. The CHREAD command
returns the resistance reading from the voltmeter accessory to the controller. The
OPEN command opens the input channel, tree switches, and isolation relays after
the measurement has been made.

For this example the 24-Channel High-Speed FET MUX/TC is installed in slot 4
of the mainframe and the voltmeter accessory is installed in slot 0.

0 ¢

20 {Use the CLOSE command to make a 2-wire ohms measurement
30 lof » resistor connected to channel 0, Use the 24-Channel
40 )FET MUX/TC in slot 4 of the mainframe. Use the voltmeter
50 laccessory in slot 0 of the mainframe.

60 1

70 OUTPUT 709; “yUsSE O»

B0 OUTPUT 709; “CLOSE 400,493,490"

90 OUTPUT T709; “FUNC OHMF®

100 OUTPUT 709; ®»TRIG SGL®

110 OUTPUT 709; MCHREAD O™

120 ENTER 709; Ohms

130 PRINT Ohms

140 OUTPUT 709; "OPEN 400,493,450%

150 E¥D

Typical resistance value {in Ohms) for the assumed conditions

1.623570E+6

The 24-Channel High-Speed FET MUX/TC accessory can be configured to make
temperature measurements using thermocouples. Thermocouples provide a
simple, durable, inexpensive, and relatively accurate temperature sensor for a
wide variety of applications and enviromental conditions. The thermocouple is a
junction of two dissimilar metals which produce a voltage when the Jjunction
undergoes a temperature change. The HP-3852 temperature conversion routine
supports B, E, J, K, Ni4, N28, R, S, and T type thermocouples

The HP-3852 determines the temperature of the thermocouple by measuring its
voltage. This voltage is a function of the actual thermocouple temperature,
When using the scanning commands (such as CONFMEAS) the HP-3852 auto-
matically converts the voltage reading to an equivalent temperature in degrees
centigrade.

A problem with using thermocouples is that a voltage is generated by the ter-
minal module connection. This voltage is measured, along with the actual ther-
mocouple voltage, creating an error. A software compensation technique is used
to eliminate this error. The 3852 determines the temperature of the terminal
moduile by measuring the resistance of a thermistor mounted on the terminal
block and converting the resistance value to temperature. The temperature of the
thermocouple is then determined by subtracting the error temperaturs from the
total temperature reading.

24-Channel High Speed FET MUX/TC
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NOTE

Since all channels on the 24-Channel FET MUX /TC can be independently con-
figured and software compensated, any combination of thermocouple types can be
connected to the terminal module.

Example: Measuring Temperature using Thermocouples

Suppose you wish to use thermocouples to measure the temperature of 24 solar
collectors, Refer to Figure 11-11 for information on connecting thermocouples
to the terminal module.

The following program example uses the CONFMEAS command to measure 24
J-type thermocouples connected to channels 0 through 23 on the 24-Channel
FET MUX/TC accessory. The program scans and measures the 24 channels once
and returns the results {in degrees centigrade) to the controller.

For this exampie, the 24-Channel FET MUX/TC is installed in slot 2 of the
mainframe and the voltmeter accessory is installed in slot 0,

16 1

20 1Use the CONFMEAS command to measure 24 J-type
30 1thermocouples using the 24-Channel FET MUX/TC
40 1in slot 2 of the mainframe. Uss the voltaster
S0 laccessory in siot 0 of the mainframe,

60 |

70 REAL Temp(1:24)

80 OUTPUT 709; “CONFMEAS TEMPJ, 200-223,USE Q"
90 ENTER 709; Temp(*)

106 PRINT USING "K,/";Temp(*)

110 END

Typical temperature values (in degrees C) for the assumed conditions

24.542970 <+ Channet 0
24.542990
24.549390

25.535300
25.558050
25.856450 4= Channel 23

Example: Measuring Thermocouples using the CLOSE Command

Suppose you wish to measure a single thermocouple using the CLOSE command.
Refer to Figure 11-11 for information on connecting thermocouples to the ter-
minal module.

24-Channel Migh Speed FET MUX/TC
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NOTE

The CLOSE command is a low-level command intended for individual switch con-
trol in special signal-routing applications. It is not the easiest method of doing
routine measurements since the tree switches are not automatically configured as
with the scanning commands. Channels are not opened and closed in break-before-
make sequence with the CLOSE command.

This program example is divided into two sections. The first section measures the
voltage of a T-type thermocouple. The second section measures the resistance of
the thermistor mounted on the isothermal connector block.

In the first section of the program, the CLOSE command is used to close the
channe! 0 FET switches, the Sense Bus Tree switch (channel 92), and the isolation
relays (channel 90). The FUNC command configures the voltmeter accessory for
DC voltage measurements. The TRIQ command triggers the voltmeter accessory
to take a single measurement. The CHREAD command returds the DC voltage
measurement from the voltmeter to the controller, The OPEN command is used
to open the channels, tree switches, and isolation relays.

In the second section, the CLOSE command is used to connect the thermistor to
the Sense and Source Bus (Channel 94) and to close the isolation relays (channel
90). The FUNC command configures the voltmeter accessory to make a 4-wire
ohms measurement of the thermistor. The TRIG command triggers the voltmeter
accessory to take a single measurement. The CHREAD command returns the
resistance reading from the voltmeter to the controller. The OPEN command
opens the input channels, the tree switches, and the isolation relays.

For this example, the 24-Channel High-Speed FET MUX/TC is installed in stot 1
of the mainframe and the voltmeter accessory is installed in slot 0.

10 ¢

20 tUse the CLOSE command to make s DL voltage measuyrement
30 jof the thermocouple connected to channel D of the
40 124-Channel FET MUX/TC in slot 1 of the mainfreme.
50 fUse the voltmeter accessory in stot 0.

69 |

76 OUTRPUT T709; "USE O

80 OUTPUT 709; ®CLOSE 100,192,190

90 OUTPUT TO09; “FUNC DCV™

160 OUTPUT 709; “TRIG S&L*

10 OUTPUT 709; ®“CMREAD C®

120 ENTER 709; Yolts

130 OUTPUT 709; "OPEN 100,192"

140 PRINT Volts

24-Channel High Speed FET MUX/TC
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150 1

160 IUse the CLOSE command to make @ 4-wire chms measurement
170 lof the tharmistor on ths {sothersal connector block.
180 |

190 OUTPUT 709; ®“CLOSE 194"

200 OUTPUT 709; “FUNC OHMF®

210 OUTPUT T09; ®"TRIG SGL"

220 OUTPUT 709; ®CHREAD 0"

230 ENTER 709; Ref

240 OUTPUT 709; “OPEN 194,190%

250 PRINT Ref

260 END

Typical voltage reading for the assumed conditions

-.000822 (Thls DC voltage Is the combination of the thermocouple voitage and
the voltage from the junction created by the terminal connections.)

Typical resistance value for the 5 kQ2 thermistor:

2664E+3  (This resistance is equivalent to a temperature of 0°Cora)
thermoconple voltage of DO1611 volts)

To find the temperature at the thermocouple, add the voltage generated by the
terminal connections to the total voltage reading and convert the remainder to

temperature.

-.000822 (Total roltage reading)
001611  (Voltage generated by the terminal connections)
.000789  (Foltage generated by the thermocouple)

The voltage generated by the thermocouple (000789 volts) is equivalent to a
temperature of 20°C. The HP-3852 determines the temperature of the terminal
module by measuring the resistance of a thermistor mounted on the terminal
block and converting the resistance value to voltage. The temperature of the
thermocouple is then determined by adding the error voltage to the total voltage
reading and converting the results to temperature.

24-Channe! High Speed FET MUX/TC
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Chapter 2 -- HP 44701A Integrating Voltmeter

1E38, 2-22
4-wire ohms, 2-17, 2-18. 2-36
A/D converter, 2-4
AC current measurcments, 2-19
AC voltage
accuracy, 2-9
input resistance, 2-10
isolation resistance, 2-109
measurements, 2-15
ranges/resolution, 2-9
reading rate, 2-10
temperature coef ficient, 2-10
Accuracy, 2-4

Alphabetical command summary, 2-4 |

ARANGE, 2-23, 2-41

Array numbering system, 2-30
Arrays. using, 2-30
Auiorange, 2-21

Autozero, 2-22

AZERQ, 2-23,2-4]
Backpanef, 2-3

Calibration, 2-13

CHREAD, 2-25, 2-41
CLOSE, 2-29

Command summary. alphabetical, 2-4

Commands, high-level, 2-42
Commands, low-level, 2-4 1
Compensation, offset, 2-19
CONF, 2-23, 2.24, 2.42
Configuration phase, 2-32
Conliguring, 2-13
CONFMEAS, 2-34, 2-42
Connections

4-wire ohuns, 2-18

current measuretment, 2.20

voltage measurcment, 2-16
Continuous readings, 2-25
Converter, A/D, 2-4

‘Current measurement connections, 2-20

Current measurements, 2-19
DC current measurements, 2-19
DC voltage
accuracy, 2-5
characteristics, 2-6
inpH resistance, 2-7
isclation resistance, 2-7
maximum bias current, 2.7
measurements, 2-15
ranges/resolution, 2-5
temperature coef (icient, 2-6
Default defays, 2-28

Delault values, 2413, 2-24
DELAY. 2-27. 2-41

Detay, trigger, 2-27

Delays, default, 2-28
Description, 2-1

DISABLE INTR, 2-32,2-41
Disabling interrupts, 2-3 1
ENABLE INTR SYS, 2-3¢
ENABLE INTR, 2-.31, 2-41
Floating measurements, 2-1
FUNC, 2-17, 2-41

Guard terminal, 2-1
Guarding. 2-1

HI current sourve, 2-1

HE terminal, 2-1

High-level commands, 2-24, 2-42

Iigh-level measurements, 2-36
High-voltage, 2-2

HP-IB address, 2-1

HP-IB output bulfer, 2-27
iD? 2-11, 2-4]

Indication, overload. 2

Input impedance, two voftmciers
Input source, selecting. 2-14
Input terminals, 2-1
Installation/checkout, 2-11
Integration time, 2-4
Integration time, setting. 2-21
Internat reading bulfer, 2-27
Interrupts disabling. 2-3 1
Interrupts, 2-3 14

INTR?, 2-31, 2-41
Introduction, 2-1

LO current source, 2-1

LO terminal, 2-!

-33

Low-level command definition, 2-24

Low-level commands, 2-32, 2.4
Making measurements, 2-24
current, 2-37
chms, 2-17, 2-36
temperature, 2-38
voltage, 2-15
Maximum of fset voltages, 2-19
Maximum potential, 2-2
Maximum voitage, 2-2
MEAS, 2-33, 2-42
Measurement phase, 2-32
Measurements
4-wire ohms, 2-17, 2-36
current, 2-19, 2-37
high-levei, 2-36

Measurements {cont'd)

making, 2-24

suspending, 2-26

temperature, 3-38

voltage, 2-1%
Monitoring scan, 2-40
MONMEAS, 2-40, 2-43
Muliiple readings, 2-26
Norma! mode rejection, 2-4
NPLC, 2-21, 2-41}
NRDGS. 2-24, 2-41
Numbcring system, arrays, 2-30
OCOMP, 2-41
Offsel compensation. 2 19
Offset voltage, maximum, 2-19
Overfoad indication, 2-22
Phase, configuration, 2-32
Phase, measurement, 2-32
PLCs, 2-4, 2-21
Power line cycles, 2-4
Power line frequency, 2-21
Power-on state, 2-12, 2.13
Programmiug. 2-13
RANGE, 2-22, 2-41
Range, specifying. 2-22
Readings

conlinuous, 2-25

multiple, 2-26

single, 2-26
REAL 2-30
REFT, 2-36, 2-
Refcasc lever, 2-
Reset, 2-13
RESET, 2-14, 2-41
Resistance

39
1

accuracy. 2-8
note, 2 voltmeters, 2-37
ranges/resolution, 2.7
reading rates, 2-9
temperaiure coefficient, 2-8

Resolution, 2-4

RQS 2-31

RST. 2.

RTDF8S, 2-40

RTDFtype, 2-36

RTDs 2-39

RTDtype. 2-36

Scan {riggering, 2-29

Scan, monitoring. 2-40

Scanning (low-level commands).

Scanning, 2-32

2-32

INDEX
I-1



Chapter 2 -- HP 44701A Integrating Voltmeter (cont’d)

Selecting input source, 2-14
SELF TEST FAILED. 2-12
SELF TEST OK, 2-12
Sclf-Test, 2-11

Setting integration time, 2-21
Shunt resistor, 2-19, 2-37
Single readings, 2-26
Specifications, 2-5

Specilying range, 2-22

SRQ, 2-31

STA?

State, power-on, 2-13
Successive Iriggers, 2-29
Suspending measurements, 2-26
System trigger, 2-29

TEMPB, 2-39

Temperature note, 2 volumeters, 2-38

INDEX

TEMPJ, 2-39
TEMP1ype, 2-36
TERM, 2-15, 2-42
TEST, 2-12, 2-42
Thermistors, 2-40
Thermocouples, 2-38
TIIMSK, 2-40
THMFtype, 2-36
THMiype. 2-36
Time, intcgration, 2-4
Transfer readings, 2-24
TRG, 2-29, 2-42

TRIG, 2-22, 2-24, 2.29, 2-42

TRIGGER 709, 2-29%
Trigger delay. 2-27

Trigger too fast, 2-29
Trigger. system, 2-29

Triggerving, scan, 2-29
USE parameter, 2-14
USE, 2-14, 2-42

USE?, 2-14, 2-42
Using arrays, 2-30
Using RTDs, 2-39
Using thermistors, 2-40

Using thermocouples, 2-38

Using variables, 2-30
Valucs, default, 2-24
Variables, using, 2-30

Verification, installation, 211
Voltage measurement connections, 2-16
Voliage measurements, 2-15

VREAD. 2-30
Warm-up time, 2-5
XRIDGS, 2-24, 2-42



Chapter 3 -- HP 44702 13-Bit High-Speed Voltmeter

Accessing registers, 3-49
Addresses, register. 3-50
Advanced programming. 3-49
Allotting memory, 3-43
Alphabetical command summary, 3-65
Applications, 3-3
ARMODE, 3-20, 3-65
Arrays, using, 3-27
ASCAN, 3-41, 3-65
Automatic repeat scanning. 3-40
AZERQ, 3-21, 3-65
Backpanel, 3-2
Calibration, 3-31
CHREAD, 3-25, 3-65
CLWRITE. 3-43, 3-65
Command summary, alphabetical, 3-6 5
Commands, high-tevel, 3-67
Commands. low-level, 3-65
CONF measurement functions, 3-28
CONF, 3-27, 3-67
Configuration phase, 3-33
Configuring voltmeter, 3-27
Confirmation test, 3-13
CONFMEAS functions, 3-35
CONFMEAS, 3-36, 3-67
Connections

DC voltage. 3-18

resistance, 3-19
Connector, GPIO, 3-10
Control register, 3-49
Control register, writing to, 3-57
Controller interface, 3-10
Data buffer register, 3-49
Data buffer, reading, 3-51
DC current, 3-17
DC voltage connections, 3-18
DC voltages, 3-17
Dedicated inlerface cable, installing, 3-9
DELAY. 3-24. 3-65
Delay, trigger, 3-24
Description. 3-1
Destination, reading, 3-26
DISABLE INTR, 3-31, 3-65
Disabling interrupts, 3-31
ENABLE INTR. 3-31, 3-65
Enabling interrupts, 3-31
External trigger, 3-12
Format, meastirement data, 3-27, 3-52
Format, readings. 3-27, 3-52
FUNC, 3-16, 3-65
Functions, measurement, 3-16

General backplane scanning, 3-33
General voltmeter operation, 3-14
GPIQ (general purpose input/out put)

connector, 3-10

controller interface, 3-10

full-mode handshake, 3-11

interface, 3-10. 3-49

peripheral conteol lines, 3-10
High-level commands, 3-67
High-speed data transfer. 3-60
High-speed scanning, 3-38
D7, i-12, 365
Identity register. 3-49
Identily register, reading. 3-53
Initiat checkout, 3-12
Instatiation/checkout, 3-9
Installing dedicated interface cable, 3-9
Interface bus parameler, 3-44
Intecface, GPIO, 3-10, 3-49
Interrupts, 3-30

disabling, 3-31

enabling. 3-3§
INTRY, 3-31, 3-65
Introduction, 3-1
Low-level commands, 3-65
MEAS mecasurement functions, 3-35
MEAS. 3-34, 3-67
Measure

trigger slope, 3-4 1

trigger sources, 3-4

trigger, 3-41

triggering. 3-21
Measurement

data Format, 3-52

data, reading, 3-25

functions, 3-16

phase, 3-33

source selection, 3-16
Measurenients

DC current, 3-17

DC voltage, 3-17

resistance, 3-18
Memory allocation, 3-4)
Memory, reading storage, 3-9. 3.26
Modes of operation, 3-2
Monitoring scan, 3-37
MONMEAS functions, 3-35
MONMEAS, 3-37, 3-68
Multiple voltmeters, synchronizing. 3-46
NRDGS, 3-24, 3-65
Number of readings per trigger, 3-24

Operation. modes of, 3.2
Olher regisicrs, 3-49
Other triggering commntands, 3-24
PERC, 3-25. 3-65
Post-scanning. 3-43
POSTSCAN. 3-43. 3-66
Power-on conditions, 3-t4
Pre-scanning. 3-43
PRESCAN., 3-43. 3-66
RANGEL. 3-20, 3-66
Ranging voltmeter. 3-20
RDGS, 3-25. 3-66
RDGSMODEL, 3-30. 3-66
Reading

data buffer. 3-51

daia, 3-26

destination, 3-26

format, 3-27

identity registcr, 3-53

measurement Jdata, 3-25

registers, 3-50

slatus register, 3-55

storage mcmory, 3-26

storage memory, 3-9
Regislers

addresses, 3-50

accessing, 3-49

reading. 3-50
RESET. 3-12. 3-66
Resetting the voltmeter, 3-12
Resistance connections. 3-19
Resistance measurements. 3-18
Sample period. 3-4 1
Scan list setup, 3-43
Scan monitering, 3-37
Scan triggering. 3-21

trigger delay. 3-40

trigger stope, 3-40

trigger sources, 3-40

trigger. 3-39
SCANMODE, 3-16. 3-37. 3-66
Scanner control. 3-36
SCDELAY, 3-19, 3-66
SCSLOPE. 3-39, 3-66
SCTRIG. 3-39, 3-66
Selecting

measurement source, 3-16

voltmeter mode, 3-15

voltmeter, 3-15
Series 200 GPIO controlter, 3-11
Set funclion. 3-38
Simple scanning. 3-34
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Chapter 3 -- HP 44702 13-Bit High-Speed Voitmeter (cont'd)

SLOPE, 3-25, 3-41, 3-66
Slope. trigger, 3-25
Sources

measure trigger, 3-4 |

scan trigger, 3-40

stop trigger, 3-42

trigger, 3-23
Specifications, 3-5
SPER, 3-66
SREAD, 3-51, 3-66
Status register. 3-49
Status register, reading. 3-55
Stop trigger, 3-22, 3-42

trigger slope, 3-42

trigger sources, 1-42
STSLOPE, 3-42, 3-66
STTRIG, 3-42, 3-66
Successive approximation, 3-3
SWRITE, 3-57, 3-67
Synchronizing multiple voltmeters, 3-46
TERM. 3-16, 3-67
TEST. 3-13, 3-67

INDEX

I-4

Test, confirmation, 3-13
Threshold. trigger, 3-25
TRG. 3-67

TRIG, 3-23. 3-41. 3-67

) Trigger delay, 3-24

Trigger delay, scan, 3-40
Trigger output, 3-24
Trigger register, 3-49
Trigger register, writing 1o, 3-60
Trigger slope, 3-25
Trigger slope. measure, 3-4 1
Trigger slope, scan, 3-40
Trigger slope, stop, 3-42
Trigger sources, 3-22
Trigger threshold, 3-25
Trigger

external, 3-12

measure. 3-21

measure, 3-41

number of readings per, 3-24

scan, 3-21, 3-39

stop, 3-22, 3-42

Triggering the voltmeter, 3-21
Triggering; 3-38
TRIGOUT, 3-24, 3-67
USE, 3-15, 3-67
USE?, 3-67
Using arrays, 3-27
Using registers. 3-50
Voltmeler
confliguration. 3-27
inp zeroing. 3-21
mode selection, 3-15
selection, 3-15
triggering, 3-21
ranging. 3-20
Writing to
control register, 3-57
registers, 3-57
trigger register, 3-60
XRDGS, 3-25, 3-67
Zeroing voltmeter input, 3-21



Chapter 4 -- HP 44705A 20-Channel Relay MUX

2-wire ohuns
examplc programs, 4-24
mieasurement connections, 4-12
4-wire ochms
example programs, 4-26
measurement connections, 4-12
AC current
example programs. 4-23
neasurement connections, 4-11
AC voltage
example programs, 4-21
measurement connections, 4-10
Alphabetical command summary, 4-19
Attenuators. installing. 4-9
Bank switches, 4-7
Block diagram description, 4-7
Channel definitions, 4-8
Checking the accessory identity. 4-15
CLOSE, 4-19
CLOSE?, 4-19
Command summary, aiphabetical, 4-19
CONFMEAS. 4-19
Connections
current, 4-11
resistance, 4-17
temperature, 4-13
vollage. 4-10
Current sensing. See AC, DC current
Current, example programs, 4-23
DC current
example programs, 4-23
neasurement connections, 4-11

DC voltage

example programs, 4-2 1

measurenent connections, 4-10
Description, 4-1
Discharging the backplane, 4-10
Four-wire ochims. See 4-wire ochms
Functions, 4-1
1D?, 4-19
Idemtity, checking. 4-15
Instaltation/checkout, 4-15
Installing

attenuators, 4-9

low pass Tilters, 4-9

shunt resistors, 4-11
Introduction, 4-1
Isolation jumper

factory setting, 4-9

location, 4-9

setting, 4-8
Low pass {ilters. installing. 4-9
Making measurements

current, 4-23

resistance, 4-24

temperature, 4-27

voltage, 4-20
MEAS, 4-19
Measurement conneutions

current, 4-1 1

resistance. 4-12

temperature, 4-13

voltage, 4-10

Mecasurements

2-wire ohms, 4-24

4-wire ohms, 4-26

AC current, 4-23

AC voltage, 4-21

DC current, 4-23

DC voltage, 4-2 1

RTDs, 4-27

thermistors, 4-29
MONMEAS, 4-19
QPEN, 4-1%
Reading channel stale, 4-16
Reed-actuated iclays, 4.7
Resistanve, example programs, 4-24
RST, 4-19
RTDs

example programs, 4-27

measurement conneclions, 4-13
Setting the isolation umper, 4-8
Shunt resistors, instalting. 4-11
Specilications, 4-4
Strain relief, 4-10
Temperature, example programs, 4-27
Thermistors

example programs, 4-29

measurement connections, 4-14
Tree switches, 4-7
Two-wire ohms. See 2-wirc ohms
Verifying wiring connections, 4-16
Voltage, example programs. 4-20
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Chapter 5 -- HP 44706A 60-Channel Relay MUX

2-wire ohms
example programs, 5-18
measurement connections, 5-9
AC voliage
example programs, 5-15
measurement connections, 5-8
Alphabetical command summary, §5-14
Bank switches, 5-7
Block diagram description, 5-7
Channel definitions, 5-7
Checking the accessory identity, §-10
CLOSL. 5-14
CLOSE?, 5-14
Command summary, aiphabetical, 5-14
CONFMEAS. 5-14
Connections
resistance, 5-9
temperature, 5-9
vollage, 5-8
DC voltage
example programs, 5-15
measurement connections, 5-8

INDEX

I-6

Description, 5-1

Functions, 5-1

D7, 5-14

Identity. checking. 5-10

Installation/checkowt, 5-1¢

Introduction, 5-1

Making measurcments
resistance, 5-1 8
temperature, 5-20
voltage, 5-15

MLEAS. 5-14

Mcasurement connections
resistance, 5-9
temperature, 5-9
voltage, 5-%

Measurements
2-wire chms, 5-18
AC voliage, 5-15
DC voitage, 5-15
RTDs, 5-20
thermistors, 5-21

MONMEAS, 5-14
Offsct error (100 chms), 5-9
OPCN. 5-14
Reading channel state, 5-11
Resistance, example programs. 5-18
RST, 5-14
RTDs
example programs, 5-20
measurement connections, 5-9
Specifications, §-4
Strain relicf, 5-8
Temperature, example programs. 5-20
Thermislors
example programs, 5-21
measurement connections, 5-10
Tree switches, 5-7
Two-wire chims. See 2-wire ohims
Verifying wiring connections, §-11
Voitage. example programs, 5-15



Chapter 6 -- HP 44708A 20-Channel Relay MUX/TC

2-wire ohms
example programs, 6-25
measurement connections, 6-13
AC current
example programs, 6-24
measurement connections, 6-12
AC voliage
example programs, 6-2 1
measurcnient connections, 6-12
Alphabetical command summary, 6-20
Attenuators, installing, 6-11
Bank switches, 6-9
Block diagram description, 6-8
Channel definitions, 6-9
Checking Lhe accessory identity, 6-16
CLOSE, 6-20
CLOSE?, 6-20 )
Command simmary, alphabetical, 6-20
CONFMEAS, 6-20
Connections
current, §-12
resistance, 6-13
temperature, 6-14
voltage, 6-12
Current sensing. See AC, DC current
Current, example programs, 6-24
DC current
example programs, 6-24
measurement connections, §-12
DC voltage
example programs, 6-21
measurement connections, 6-§ 2
Description, §-1

Discharging the backplane, 6-12
Functions, 6-1
Identity, checking, 6-16
Instatiation/checkowt, 6-16
Installing
attenuators, 6-11
low pass lilters. 6-10
shunt resistors, 6-13
latroduction. 6-1
Isolation jumper
{actory setting. 6-10
location, 6-10
setting, 6-10
Iscthermal connector block
description, 6-9
measuring, 6-29
Low pass filters, installing, 6-10
Making measurements
current, 6-24
resistance, 6-25
temperature, 6-27
vollage, 6-21
MEAS, 6-20
Measurement connections, 6-12
current, 6-12
resistance, 6-13
temperature, 6-14
voltage, 6-12
Measurements
AC current, 6-24
AC voltage, 6-21
DC current, 6-24
DC voltage, 6-21

Measurements (cont'd)
reference lemperatitre, 6-29
RTDs, 6-30
thermistors, 6-3 1
thermocotiplies, 6-27
MONMLEAS, 6-20
OPECN, 6-20 .
Reading channel state, 6-17
Reed-actuated relays, 6-9
Reference temperature transducer. §-9
Reference temperature, measuring, 6-29
Resistance, example programs. 6-25
RST, 6-20
RTDs
example programs, 6-30
measurement conneclions, 6-15
Setting the isolation gmper, 6-10
Shunt resistors, installing. 6-13
Software compensation, 6-18
Specifications. 6-5
Strain relief, 6-11
Temperature, example programs, 6-27
Thermistors
exaniple programs, 6-3 |
measurement connections, 6-15
Thermocouples
conncetion giidelines, 6-14
example programs. 6-27
measurenieM connections, 6-14
Tree swilches, 6-9
Two-wire ohms. See 2-wire ohms
Verifying wiring connections. 6-1 7
Voltage. example programs. 6-2 1
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Chapter 7 -- HP 44709A 20-Channel FET MUX

2-wire ohms
example programs, 7-24
measurcment connections, 7-11
4-wire ohms
example programs, 7-26
measurement connections, 7-12
AC current
example programs, 7-23
measurement connections, 7-11
AC vollage
example programs, 7-20
measurenient connections, 7-10
Alphabetical command summary, 7-19
Allenuators, installing, 7-9
Bank switches, 7-8
Block diagram description, 7-7
Channel definitions, 7-8
Checking the accessory identity, 7-14
CLOSE, 7-19
CLOSEY 7-19
Command summary. alphabetical, 7-19
CONFMEAS, 7-19
Connections
current, 7-11
resistance, 7-11
temperature, 7-13
voltage, 7-10
Current sensing. See AC, DC current
Current, example programs, 7-23

INDEX

DC current
example programs, 7-213
neasurcnient connections, 7-1 1
DC voltage
example programs, 7-20
measurement connections, 7-10
Description, 7-1
Four-wire chms. See 4-wire ohms
Functions, 7-1
I, 7-19
Identity, checking. 7-14
Instaflation/checkout, 7-14
Installing
allenualors, 7-9
low pass filters, 7-9
shunt resistors, 7-11
Introduction, 7-1
Isclation relays. 7-8
Low pass filters, installing. 7-9
Making measurements
current, 7-23
resistance, 7-24
temperature, 7-27
voltage, 7-20
MEAS, 7-19
Measurement connect iOnS
current, 7-11
resistance, 7-11
temperature, 7-13
voltage, 7-10

Measurements

2-wire chims, 7-24

4-wire chms, 7-26

AC current, 7-23

AC voltage, 7-20

DC current, 7-23

DC voltage. 7-20

RTDs, 7-27

thermistors, 7-28
MONMEAS. 7-19
OPEN, 7-19
Overvoltage proteclion ciscuitry, 7-8
Reading chanael siate, 7-16
Resistance, example programs, 7-24
RST, 7-19
RTDs

example programs, 7-27

measurement connections, 7-13
Shunt resistors. instailing, 7-11
Specifications, 7-4
Strain relief, 7-10
Temperature, example programs, 7-27
Thermistors

example programs, 7-28

measurement connections, 7-13
Tree switches. 7-8
Two-wire ohms. See 2-wire ohms
Yerilying wiring connections, 7-15
Yoltage, example programs. 7-20



Chapter 8 -- HP 44710A 20-Channel FET MUX/TC

2-wire ohins
example programs, §8-22
measurcimeat connections, 8-11
AC current
example programs, 8-21
meastrement conneclions, 8-11
AC vollage
example programs, 8-18
meastrement connections, 8-10
Alphabetical command summary, 8-17
Attenuators, installing, §-9
Bank switches, 8-7
Block diagram description, 8-7
Channel definitions, 8-8
Checking the accessory identity, 8-13
CLOSE, §-17
CLOSE?, 8-17
Command summary, alphabetical. §-17
CONFMEAS. 8-17
Connections
current. 8-t 1
resistance, B-11
temperature, 8-12
voliage, 8-10
Current sensing. See AC, DC current
Current, example programs, §-2 |
DC current
example programs, 8-21
measurement connections, 8-1 1

DC vollage
example programs, 8-18

measurement connections, 8-10

Description. §-1
Functions. 8-1
Identity. checking. 8-13
Installation/checkout, §-13
Instailing
atienualors, §-9
low pass lilters, §-9
shunt resistors, 8-11
Introduction, 8-1
Isolation refays, 8-8
Isolhermal connector block
description, 8-7
measuring, 8-26
Low pass [ifters, instaling, 8-9
Making measurements
current, §-21
resistance, 8-22
temperature, §-27
voltage, 8-18
MECAS, B-17
Measurement connections. §-10
curremt, B-11
resistance, 8-11
temperature, §-12
voltage, 8-10

Measurements
AC current, 8-21
AC voltage, 8-18
DC current, 8-21
DC voliage. 8-18
reference lemiperature, 8-26
thermocouples, 8-25
MONMEAS. 8-17
OPEN, 8-17
Overvoitage protection circuitry, 8-8
Reading channel state, 8-14
Relerence temperature transducer, §-7
Reference temperature, measuring. 8-26
Resistance. example programs, 8-22
RST, 8-17
Shunt resistors, instaifing. §-11
Software compensation, 8-25
Specifications, §-4
Strain relief, 8-10
Temperalure, example programs, §-25
Thermocou)sles
connection guidelines, §-12
example programs. §-25
measurement connections. 8-12
Tree swiiches, 8-7
Two-wire ohms. See 2-wire ohms
Veri{ying wiring connections, 8- 14
Yoltage. example programs. 8-18
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Chapter 9 -- HP 44711A 24-Channel High-Speed FET MUX

, 2-wire ohms DC voltage Measurements

example programs, 9-20 example programs, 9-16 2-wire ohms, 9-20

measurement connections, 9-10 measerenient connections, 9-9 4-wire ohms, 9.22
d-wire oluns Description, 9-1 AC current, 9-19

example programs, 9-22 Discharging the backplane, 4-10 AC voltage. 9-18

measurement connections, 9-10 Four-wire ohms. See 4-wire chms DC current, $-19
AC current Functions, 9-2 DC voltage, 9-16

example programs, 9-19 15?2, 9-15 RTDs, 9-23

nieasurement connections, 9-91 Identity, checking. 9-12 thermistors, 9-24
AC voltage Instailation/checkout, 9-12 MONMEAS, 9-15

example programs, 9-18 Instailing OPEN, 9-15§

measuremeit connections, 9-90 attenuators. 9-8 Overvollage protection circuitry. 9-7
Alphabetical command summary, 9-15 low pass Fillers, 9-8 Reading channel slate, 9-13
Attenuators. installing, 9-8 shunt resistors, 9-9 Resislance. examplc programs, 9-20
Bank switches, 9-7 Introduction, 9-1 RST, 9-15
Block diagram descriplion, 9-6 Isclation relays, 9-7 RTDs
Channel definitions, 9-7 Low pass filters, installing, 9-8 example programs, 9-23
Checking the accessory identity, 9-12 Making measurements measurcment connections, 9-1 1
CLOSE, 9-15 curreat, 3-19 Shunt resistors, installing, 9-9
CLOSE?, 9-15 resistance, 9-20 Specifications, 9-4
Command summary, alphabetical, 9-15 temperature, 9-23 Strain relief, 9-9
CONFMEAS, 9-15 voltage, 9-16 Temperature, example programs, 9-2 3
Conncections MECAS, ¢-15 Thermistors

current, 9-9 Measurement connections cexample programs, 9-24

resistance, 9-10 current, -9 measuremient connections, 9-1 1

temperature, 9-1 1 resistance, 9-1¢ Tree switches, 9-7

voltage, 9-9 temperature, 9-1 § Two-wire chms. See 2-wire chms
Current sensing. See AC, DC current voltage, 9-9 Verifying wiring connections, 9-13
Current. example programs. 9-19 Voltage. example programs. 9-16
DC cugrent

example programs, 9-19
measurement connections, 9-9
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Chapter 10 -- HP 44712A 48-Channel High-Speed FET MUX

2-wire ochims
example programs, {0-20
measurement connections, (-9
AC voltage
example programs
measurement connections, 10-9
Alphabetical command summary, 10-14
Bank switches, 10-7
Block diagram description, 10-7
Channe! definitions, 10-11
Checking the acvessory identity. 10-10
CLOSE, 10-15
CLOSE?, 10-15
Command summary, alphabetical, 10-14
CONFMEAS, 10-15
Conneclions
vesistance, | (-9
voltage, 10-9
DC voltage
example programs, 10-16
measurement connections, 10-9

Description, 10-§
Functions, 10-2

High-speed measurement examples

resistance, 10-20

voltage, 10-16
ID?, 10-15
Identity, checking, 10-10
Installation/checkout, 10-10
Introduction, 10-1
Esolation relay, 10-8
Making measurenicnls

resistance, 10-20

voltage, 10-16
MEAS, 10-15
Measurement connections, 10-9

voltage, 10-9

resistance, 10-9
Measurement modcs, 10-16
Measurements

2-wire ochms, 10-20

AC voltage, 10-16

Measurements {cont'd}
DC voltage, 10-16
high-speed voltage, 10-16
high-speed resistance. 10-20
MONMEAS, 10-15
OPEN, 10-15
Overvoltage protection circnitry, 10-8
Reading channel state, 10-12
Resistanve, example programs. 10-20
R8T, 10-15
Scanner mode, 10-10, 10-16
Specifications, 10-4
Strain relief, 10-8
System mode, 10-10, 10-16
Tree switches, 10-7
Two-wire ohms. S'ee 2-wire ohms
Verif ying wiring connections, 10-1 1
Voltage. example programs, 10-16
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Chapter 11 -- HP 44713A 24-Channel High-Speed FET MUX/TC

2-wire chins
example programs, 11-19
measurement connections. 11-10
AC current
example programs. 11-19
measurcment connections, 1 1-9
AC voltage
cxample programs, 11-16
wicasurement connections, 11-9
Alphabetical command summary, 14-14
Attenuators, instatting. 11-8
Bank swilches, 11-6
Block diagram description, 11-6
Channel delinitions, 11-7
Checking the accessory identity, 11-11
CLOSE. 11-14
CLOSE?, 11-14
Command sumwmary, alphabetical, 11-14
CONFMEAS, 11-14
Connections
current, 11-9
resistance, 11-9
temperature, 11-10
voltage, 11-8
Current sensing. See AC, DC current
Current, example programs, 11-17
DC current
exampie programs, 11-18
measurement connections, 1-9

INDEX
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DC voliage

example programs, 11-15

measurcment connections, 1 1-9
Description, 11-1
Functions, 11-2
Identitly, checking, 1 1-11
Installation/checkout, 11-11
Installing

attenuators, 11-8

low pass filters, 11-7

shunt resistors, 1 1-9
Introduction, 11-1
kolation relays, 11-7
Isothermal connector block. 11-6
Low pass [ilters, installing, 11-7
Making measurements

current, 11-17

resistance, 11-19

temperature, 11-21

vollage, 11-15
MEAS, 11-14
Measurcment connections

current, §1-9

resistance, 11-9

temperature, i 1-10

voltage, 11-8

Measurements

2.wire ohms. 11-19

AC current, f1-19

AC voliage, 11-16

DC current, 11-18

DC voltage, 11-15

thermocouples, 11-21
MONMEAS, 11-14
OPEN, [1-14
Overvollage protection cireuitry, T1-7
Reading channcl state. 11-12
Reference temperature transducer, 11-6
Resistance, example programs, ) 1-19
RST, 11-14
Shunt resistors, instafling, 11-9
Software compensation, 1§-21
Specifications, 11-3
Strain relief. § L-8
Temperature, example programs, 11-21
Thermocouples

connection guidelines, 11-10

example programs, 11-21

measuremenl connections, 1 1-190
Tree switches, 1 i-6
Two-wire chims. See 2-wire chms
Verifying wiring connections. 11-12
Vollage. example programs. 11-15








