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NOTICE
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Manual Changes

This document is a supplement to the HP 34884 Switch/Control Unit
Operating, Programming, and Configuration Manual (HP part number
03488-90003) and contains important information. Please review this
document and keep the information with your manual.

Summary of
Changes

® Prior to April 1, 1997, the option assembly modules were orderable

in two ways: as add-on options to the HP 3488A (Options 010
through 020), or as individual product numbers (HP 4447XX).
Please note that, although the manual refers to the modules in both
ways, effective April 1, 1997, the modules are orderable only by
their individual product number (HP 4447XX). Options 010 through
020 to the HP 3488A are no longer orderable.

On page 1, the manual indicates that there are six (6) such option
assembly modules. This is incorrect; there are actually ten (10).

e The "Unpacking Instructions" on page 101 should read as follows:

When you are unpacking your HP 3488A for the first time, make
certain that the options you ordered have been received. The
following items should also have been included:

Qty Description
1 HP 3488A Operating, Programming, and Configuration Manual
1 Power Cord
1 T500mA/250V Fuse and Fuse Cap

e The Power Line Fuse Replacement procedure has changed. There is

now only one replaceable fuse required and provided with the
HP 3488A. The section on page 103, "Power Line Fuse
Replacement,"” should read:

One T500mA/250V fuse is provided with your HP 3488A.
Replacement fuses are available from Hewlett-Packard by
ordering HP part number 2110-0907.

The power line fuse is located on the rear panel of the HP 3488A
in the lower right-hand corner. To install or replace the fuse, turn
the instrument off and remove the power cord from the rear of
the instrument. With a small flatblade screwdriver, rotate the
fuse cap counterclockwise. Remove the fuse cap and replace
the fuse with the appropriate type. Reinstall the fuse cap and
apply power.
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¢ The following information should appear on page 104 in Chapter 5,
"Operator Information":

Mains Disconnect

To disconnect mains power from the HP 3488A, unplug the
power cord from the building supply outlet or remove the cord
from the input power receptacle located at the rear of the product.

e This information applies to the "Grounding Requirements"” section
appearing on page 104:

To ensure the maintenance of a ground, even with the power
cord disconnected, connect a green-with-yellow-stripe wire of no
less diameter than 18 AWG from the rear panel chassis terminal
to a good earth ground.

Chassis symbol: nl‘7

e An additional power cord is now available and can be added to the
"Power Cords and Receptacles” section (Figure 5-2) on page 104 as
follows:

Country ‘Part Number IOpt. lVoltage
China ‘8120-8376 ‘922 l250V10A

(PRC)

China (PRC)
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® These additional specifications should be noted in Table 5-2,
“3488A General Specifications,” on page 113:

ENVIRONMENTAL
Operating Location: For indoor use only
Operational Altitude: 3,000 meters (9,800 ft.) maximum

Line Voltage (Mains): The product may be connected to
IEC 644 CAT | or CAT Il mains.

Pollution Degree: 1EC 644 Pollution Degree 2

POWER

Table 6-3. Expected Impulse Voltage Guide
for Mains Instaliations (applies to mainframe and plug-ins):

Mains Installation Category
(overvoltage category)

Mains Voltage | ] W
Phase to Earth

Expected impulse voltages, Vpk,
associated with mains circuits

50 330 500 800
100 500 800 1,500
150 800 1,500 2,500
300 1,500 2,500 —

HP 3488A Mainframe Mains Input

Operating Altitude Maximum Transient (impulse) Overvoltage, Vpeak

Up to 3,000 meters 2,500
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® The following information should appear on pages 140, 168, 213,
and 303:
HP 44470A, 44471A, 44473A, 44477A Specification
Maximum Transient (impulse) Overvoltage, Vpeak

44473A 4447TA
1,500 1,200

Operating Altitude

44470A 44471A

Up to 3,000 meters 1,500 1,500
Refer to Table 5-3 for the Expected Transient (impulse)

Overvoltages for Mains.

e The following information should appear on page 187:

HP 44472A Specification
Operating Altitude Maximum Transient (impulse) Overvoltage, Vpeak
Up to 3,000 meters 1,100
Up to 2,000 meters 1,200

Refer to Table 5-3 for the Expected Transient (impuise)
Overvoltages for Mains.

e The following information should appear on page 245:

HP 44474A Specification
Maximum Transient (impulse) Overvoltage, Vpeak

Operating Altitude

150

Up to 3,000 meters
Refer to Table 5-3 for the Expected Transient (impulse)

Overvoltages for Mains.

e The following information should appear on page 282:

HP 44476A/B Specification
Maximum Transient (impulse) Overvoltage, Vpeak

Operating Altitude

500

Up to 3,000 meters
Refer to Table 5-3 for the Expected Transient (impulse)

Overvoltages for Mains.
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® The following information should appear on page 325:

HP 44478A/B Specification

Operating Altitude

Maximum Transient (impulse) Overvoltage, Vpeak

Up to 3,000 meters

500

Refer to Table 5-3 for the Expected Transient (impuise)
Overvoltages for Mains.

e The following information should appear at the bottom of page ii:

U.S. Government Restricted Rights

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

® The Declaration of Conformity for the HP 3488A is included with
this Manual Changes document (see following page).
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Declaration of Conformity
according to ISO/IEC Guide 22 and EN 45014

Manufacturer’s Name: Hewlett-Packard Company
Loveland Manufacturing Center

Manufacturer’s Address: 815 14th Street S.W.
Loveland, Colorado 80537

declares, that the product:

Product Name: Switch/Control Unit
Model Number(s): HP 3488A

and associated 44470A to 44478B plug-in modules
Product Options: All

conforms to the following Product Specifications:

Safety: IEC 1010-1(1990) Incl Amend 2(1996)/EN61010(1993)
CSA C22.2 #1010.1(1992)
UL 3111-1(1994)

EMC: CISPR 11:1990/EN55011 (1991): Groupl, Class A

EN61000-3-2:1995 Class A

EN50082-1:1992
IEC 801-2:1991: 4kVCD, 8kVAD
IEC 801-3:1984: 3 V/m
IEC 801-4:1988: 1kV Power Line, 0.5kV Signal Lines
ENV50141:1993/prEN50082-1 (1995): 3 Vrms
ENV50142:1994/prEN50082-1 (1995): 1 kV CM, 0.5kV DM
TIEC1000-4-8:1993/prEN50082-1 (1995): 3 A/m
EN61000-4-11:1994/prEN50082-1 (1995):30%,10ms 60%,100ms

Supplementary Information: The product herewith complies with the requirements of the Low Voltage Directive
73/23/EEC and the EMC Directive 89/336/EEC and carries the "CE" marking accordingly.

%/Mi—&:

June 25, 1997 Jlm White, QA Manager

European contact: Your local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Department
HQ-TRE, Herrenberger Strafie 130, D-71034 Boblingen, Germany (FAX +49-7031-143143).

HP 3488A Switch/Control Unit Manual Changes 8




How To Use This Manual

This Operating, Programming and Configuration Manual has been designed as both
a tutorial operating manual for the 3488A and a reference manual for each of the
3488A options. You will find concise operating and programming information in the
first four chapters. Chapter 5 shows you how to install your 3488A and also provides
specification and warranty information.

The last half of this manual is composed of six chapters, one for each of the six
3488A option assemblies. These option reference chapters provide installation and
configuration information for qualified service-trained personnel. Option dependent
programming information is also provided for each option.

Finally, to help you in setting up your test or measurement system, two appendices
have been included. The first helps you document your test system. The second,
gives a technical description of the HP-IB interface.

Here is an overview of what this manual contains:

P> Meet the 3388A Switch/Control Unit, Chapter 1 (Page 1)

This chapter is designed to get you familiar with the 3488A. It describes the
major features of the 3488A and the six different option assemblies available
for the 3488A.

P> Using the 3488A, Chapter 2 (Page 21)
Chapter 2 teaches you how to operate your 3488A. Remote programming as

well as front panel operation is discussed. Several exercises are provided to
enhance the discussion.

» More Functions and Features, Chapter 3 {Page 51)

In Chapter 3 you will learn to use the more advanced features of the 3488A.
This includes scanning through a list of channels, pairing option assemblies
together, and much more.

» Advanced Remote Programming, Chapter 4 (Page 79)

As the title says, this chapter deals with topics in advanced remote pro-
gramming. Chapter 4 shows you how to increase throughput or program the
3488A to interrupt the system computer for any of a number of specific
reasons. Program examples are given to enhance the discussion.



> Operator Information, Chapter 5 (Page 95)

Instructions forinstallingthe 3488A, specifications, accessories, warranty infor-
mation and much more is discussed in Chapter 5. You will need to read Chapter
5 before doing initial 3488A installation.

> Option Reference Chapters (Chapters 6 - 11)

Each of these chapters is devoted to one of the 3488A option assemblies and
provides information unique to that option. Specific programming information
is given with many application examples. In addition, complete installation and
configuration procedures are provided.

> Documentation Worksheet, Appendix A (Page 259)

This simple worksheet will help you to plan your test system both with hardware
wiring connections and when programming the system computer. Furthermore,
it can be an aid in diagnosing system failures should they occur.

P>  HPIB, Appendix B (Page 265)

HP-1B (IEEE 488-1978) is a carefully defined interface for instrumentation. This
appendix gives a technical description of HP-IB for those unfamiliar with it.

The following chart shows chapters which are recommended reading for various types
of 3488A users. You may fall into more than one category. For example, you may
be an inexperienced programmer who installs the test system.

Chapters Option
Command | Reference | Appendix | Appendix
Reader/User 1123|445 |Summary| Chapters A B
Installation Personnel . . . .
First time user o | o
Advanced user e | o . .
Test System Programmer e e | . .
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Chapter 1
Meet the 3488A
Switch/Control Unit

Introduction

Whether you are involved in large production test systems or small R&D bench systems,
the 3488A Switch/Control Unit can make the task of signal switching much easier.
The 3488A, with its various options, is designed to switch analog signals from low
level voltmeter inputs to 250 @ 2A power supplies. The option assemblies can be com-
bined for many topologies providing the combination you need for your test system.

Your 3488A is fully programmable from any HP-IB* compatible computer. But more
than that, it has a full function keyboard complete with its own built-in quick reference
guide.

Six option assemblies are available for the 3488A to cover many types of switching
or control needs. All option assemblies, except for the VHF switch, are provided with
a removable terminal block assembly for convenience in wiring. Any combination of
up to five option assemblies can be instalied in your 3488A. The assemblies are easy
to install and can identify themselves to the 3488A front panel or the system computer.

The Options

Six Option assemblies are available for the 3488A including:

44470A A 10 Channel {2 wire) Relay Multiplexer provides high impedance for
Option 010 switching low level signals (with < 3 nV differential offset) but can also
switch high level signals {250V, 2A).

44471A A 10 Channel General Purpose Relay Module designed to cover miscella-
Option 011 neous switching needs, this module consists of 10 Single Pole Single
Throw (SPST) relays, each capable of switching up to 250V @ 2A.

44472A A Dual 4 channel VHF Switch provides high frequency (DC to 300 MHz,
Option 012 usable to 500 MHz) switching. Crosstalk is —80 dB to 100 MHz and
— 60 dB to 300 MHz. BNC connectors are provided for coaxial systems.

* HP-IB (Hewlett-Packard Interface Bus) is Hewlett-Packards’s implementation of IEEE Standard 488-1978
and ANSI MC1.1.



44473A
Option 013

44474A
Option 014

44475A
Option 015

44476A
Option 016

44476B
Option 018

44477A
Option 17

44478A/B
Option 19/20

A 4 channel by 4 channel {2 wire) Matrix Switch for those applications
requiring a convenient way to connect a group of test instruments to multi-
ple test points. Each channel is rated at 250V @ 2A.

A 16 channel Digital Input/Output Module. Sixteen bidirectional data lines
with a variety of handshake modes make up this option. All lines are TTL
compatible. Use this card to sense limit switches, actuators for (up to
30 Vdc, 125 mA), or communication via a digital logic interface.

A Breadboard for mounting custom designed circuits for use in a test
system.

A 3 channel,single-pole, double-throw coaxial switch module. The
coaxial switches have excellent electrical characteristics for 50 Ohm
transmission systems operating from dc to 18 GHz.

Similar to the 44476A but does not have the coaxial switches installed.
The module panel has two 53.8 X 9.6 mm cutouts for multi-port coaxial
switches with mounting holes that allow you to install two 3-, 4-, or
5-port +5V coaxial switches.

A module with seven independent, break-before-make, SPDT Form C
relays (one contact normally open, one contact normally closed). The
relay contacts (common C; normally open NO; normally closed NC),
are accessible at the terminal block for field wiring connections.

These modules consist of two 4-to-1 multiplexers (group 00 and group
01) that provide bidirectional switching. The module relays are config-
ured in a "tree" structure for high isolation and low VSWR. User
connections are through BNC connectors. Each channel has an SMB
connector to connect resistive terminations on unconnected channels.
The 44478A is a 50Q impedance; the 44478B is a 75Q impedance.

These options are described in more detail at the end of this chapter.

Installation of Options

When you initially received your 3488A from the factory, the option assemblies you
ordered were not installed in the mainframe. In order to perform the examples given
in this manual, the option assemblies should be installed before continuing. Instruc-
tions for qualified service-trained personnel to install and configure the option assemblies
are found in the individual option reference chapters at the end of this manual.



Power-on Operations
Before you apply ac power to the 3488A, check to be sure that the ac line voltage
selection switch was set correctly and the proper fuse installed. For installation in-

formation, refer to Chapter 5 of this manual.

When the 3488A is turned on, it automatically executes a power-on reset sequence.
This sequence includes the following steps:

1. ldentify all option assemblies present and reset them (all relays open).

2. Reset all HP-IB interface functions (i.e., SRQ, TALK, REMOTE, etc. See Chapter
4).

3. Read the HP-IB address switches.

4. Set all parameters to default values (i.e., no scan list or card pair, Static mode
on Digital 1/0 option, etc.}.

5. Perform internal self test.
6. Assert power-on SRQ if enabled by rear panel switch (see Chapter 4).
After pressing the LINE switch, wait for the display to contain only a lazy “'T"" on

the far left side. A “"beep’’ will sometimes be heard as the 3488A power supplies
turn on.

IABBA
MATGE 1 GONTRCL LT

I = = B ==
% 'QE T[LOCAL l ,{ ADAS ]3 ;[snrusﬂ ;{MASK ]; fi SRO lf

The entire power-on sequence takes approximately 2 seconds to complete. After this,
while the instrument is operating, it will periodically (5 times per second) poll the
five option slots to verify that all options are still in place. The 3488A will perform
a complete power-on reset if an option has been removed or a new one inserted
while the instrument is operating. This provides faster operation of the 3488A
because it knows what options are in each of the slots and doesn’t have to verify
for the proper option each time a command is executed.
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If an error is encountered during the turn on self test, a message would be displayed
instead of the lazy T. This error message has the form: FAILED N, where N is the
sum of the failures of the tests. Possible test results are:

Test #1, RAM (Random Access Memory) Failure
Test #2, ROM (Read Only Memory) Failure

Test #4, Internal Timer Failure

Test #8, 10 Chip Failure

For example, FAILED 1 means that the RAM test failed, FAILED 3 means that both
RAM and ROM tests failed. The self test is discussed in detail in Chapter 2.

In addition to the self test, several other failures are possible. At power-on, the
3488A will verify that all relays are open on 44470A, 44471A, and 44473A op-
tions after the instrument has been reset. If one or more relays did not open, the
message 'ERR 8: LOGIC"" will be displayed. Error messages are also described in
detail in Chapter 2.

Note that if the Power-On SRQ switch on the 3488A back panel is on, the PRON
and SRQ annunciators will also be on in the display. Power-On SRQ is a means of
signaling the computer that the 3488A has been turned on and is discussed in more
detail in Chapter 4.

Reset and Test

At any time while you are using the 3488A, you can reset it to its turn on state
by pressing the orange coiored RESET button. The only things that are not changed
are the stored states (see Chapter 3).

You can also perform the internal self tests by pressing the TEST button. When you
do this, watch the display carefully. First, the display indicates the model number,
then every segment in the display (except for the top dot on the colon between
characters) turns on, including the annunciators.

HEWLETY 3q88A
PACKARD T _ SMATCH/CONTRIL. UNIT

SHO.  TALK LSTN  REM  LLOC OVLF  8BUSY ERR  PRAON PAIR MON  DISP :

| ) (=1 (=3

|iLQCAL l{ }{ ADRS ] ‘{STATUSIE ,I m\sx] {




ik
OVLP  BUSY ERR  PRON PAIR MON  DISP

b 2 =
i[smms ]% { MASK }f { SEO_J

Following this ‘‘starburst’’ display, the internal self tests are run. When all tests pass,
the message “SELF-TEST OK’’ appears in the display. Remember, the self test can
be done at any time because no relay or digital 1/0 bits change state during the test.

HEWLETT 34g8aA
aisppckARD L SWITCH/CONTROL UNIT

“REM LLOC OVLP BUSY ~ERR  PRON PAIR  MON  DiSP

:x B =] = = &=
o] Tiocac | [ooms §| [srarus]] [wasc | [sno )|

Should any of the tests fail, a message is displayed in the form ""FAILED N'* where
N is the sum of all failures found in the series of tests. These internal self tests can

greatly reduce inital troubleshooting time. More information on self test can be found
in Chapter 2.



Determining Option Card Type

Throughout this manual, we will provide several examples showing the versatility
and friendliness of the 3488A. This first example demonstrates how the display is
used to hold messages and one of the keyboard functions: CARD TYPE.

CARD TYPE is provided so that you can determine the type of option assembly
installed in any of the five 3488A slots. Be sure to write down what options are

installed in each of the five slots. You will need this information as you perform the
exercises throughout this manual.

To determine what option is in slot 1 of the 3488A, perform the following steps:

Press:

The 3488A display will show:

BAG . TALK . LSIN. RENM  LLOU. OWIP  BUSY ERR . PRON . BAR | MON ISP

CTYPE is an acronym of CARD TYPE. The underline bar (cursor) means that the
3488A is waiting for a slot number. Since we want to investigate slot 1, press the
numeric key 1.

Sasas
SWITCHACONTHO LINT

SRQ THLK  LHIN REM  LLOC  OVLF  BUSY ERE FRON  PAR MON  DISP

Now, press the execute key. I EXEC

The 3488A display should show the slot number on the far left followed by the name
of the assembly installed in that slot. For example, if a 44470A 10 Channel Relay
Multiplexer is instalted in slot 1, the display will show:

byl HEWLETT ) - aassa

i ; BRQ TALK  LSTH REM LLGE Gl Bosy £RR FRON  PAR MON  DISP

8



Now, press and hold the left arrow key to scroll the display window. The option
assembly model number will appear in the display.

Now let's do the same for siots 2 through 5. Press the CARD TYPE key, a numeric
key for the slot you want to investigate, followed by the Execute [EXEC] key. Don't
forget to scroll the display and write down the type of option in each slot.

The following chart shows the responses for the six different option assemblies
available for the 3488A as well as the display if no card is present in the specified
slot.

Card Type Display
Slot is empty NO CARD 00000
10 CH. Relay Multiplexer RELAY MUX 44470
10 CH. General Purpose GP RELAY 44471
Dual 4 Channel VHF Switch | VHF SW 44472
4X4 Matrix Switch MATRIX SW 44473
16 Bit Digital 1/0 DIGITAL 1O 44474
Breadboard BREADBOARD 44475

The following BASIC language program, written for an -hp- Series 80 computer,
shows how this same information can be obtained from the system computer. If you
are not familiar with computer programming, Chapter 2 will show you how to begin
programming to control the 3488A.

10 ' CARD TYPE PROGRAM

20 ' -HP- 85 VERSIUN

30 ' -HP- 3488A AT ADDRESS 709
40 DIM ASL16]

50 PRINT "SLOT CARD TYPE™ & PRINT
60 FOR I=1 TD 5

/0 OUTPUT 709 ;"CTYPE":I

80 ENTER 709 ; A%

90 PRINT TAB(2):I;TAB(10) ;A%
100 NEXT I

110 END



WARNING

The 3488A uses latching relays on the 44470A, 44471A,
44472A, and 44473A Option assemblies, The state of these
relays can only be altered under front panel or program
control. This is an advantage in the sense that, under most
conditions of failure, the relays will remain in whatever state
your program has set them. However, in the case of power
or equipment failure, any application requiring a failsafe
method of insuring that the circuits under control are in a
known state must be provided by the installer.

In case of component failure or programming error, any
voltage input to an option card may be present on any other
terminal on the same option card.

L

CH 09 \\ H @ @

ok @
CH 08 w_H @

o N @
CH 07 w _H @

hpu S

CH 06 .»_ H @ @

9 o ™ol @

CH 05 _w_ H

LOW @

COMMON BUS @
L HIGH @
CH 04 % H @ @

] oLl @ 44470A RELAY MULTIPLEXER
o H

oL @ @
CH 02 w_H @

S N @
CH 01 w_H @

oLk @
CH 00 w_H @

34g6-1-1

Figure 1-1. 44470A Simplified Schematic
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44470A

10 Channel Relay Multiplexer Option
Option 010

Description

The -hp- Model 44470A (3488A Option
010) provides 10 channels to switch
{multiplex) signals to a common point.
Typically, the common point will be con-
nected to some measuring device such as
a voltmeter. In this case, the individual relays
will connect to separate signal sources. Con-
versely, the common point may be con-
nected to one signal source and each relay
to a different test device.

Each channel on this option consists of two
sets of contacts {double pole - single throw}.
The relays have low thermal offset
characteristics making them ideal for precision low level measurements. Multiple channel
closures are allowed or it can be operated in a mode where only one relay is closed
at a time (break-before-make}).

Each relay is rated at 250V, 2A. A removable terminal block is provided for convenience
in wiring and also provides strain relief for cables.

Applications

Figure 1-1 is a simplified schematic of the 44470A. Use this 10 channel multiplexer
to switch analog signals to a DMM or other instruments. Low differential offset
characteristics ensure accurate measurements on low level signals. In addition, this op-
tion has the capacity to switch high level signals up to 250V & 2A. Provisions are made
on board for series/shunt components on each channel. Two 44470A options can be
combined with the Card Pair function for performing 4-Wire resistance measurements.

11



44471A

10 Channel General Purpose Relay Module
Option 011

Description

The General Purpose relay option contains
10 independent single pole, single throw
switches. Two main uses for this option are
providing independent signal switch con-
tacts and use as an actuator* (to apply
operating power to a device). Any combina-
tion of channels can be closed at any time.

All of the relays have low thermal offset
characteristics making them ideal for
independent (not multiplexed) signal
switching. Space is provided on board for
arc suppression components for switching
inductive loads. A detachable terminal block
that provides easy wire connections and strain relief is also provided.

Applications

Use this option where non-multiplexed signal switching is needed. Because multiple
channels can be closed sequentially, two channels can be used to switch signal High
and Low. The option can also be used as an actuator for line voltage. Figure 1-2 is a
simplified schematic of the option assembly.

[ CH 09 @ @
@
[ CH 08 ° @
[ CH 07 " @
@ @
[ cH 06 @ o
[cH o5 @
[ oz o 12, 2 SN NN N G e e N s ST
[ CH 03 @ @ 44471A GENERAL PURPOSE RELAY
[ CH 02 @ @
@
[ CH 01 @
@
[ CH 00 @ ®

34pe-1-2

Figure 1-2. 44471A Simplified Schematic
*The 44474A Digital I/O option can also be used as an actuator with signals up to 125 mA and 30V.
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44472A

Dual 4 Channel VHF Switch Option
Option 012

Description

This option provides dual 4 channel coaxial
multiplexers for broadband signal switching
to 300 MHz (usable to 500 MHz). Cross talk
is —80dB to 100 MHz and —60 dB from

100 MHz to 300 MHz (50 © termination). ‘ .
The 2 groups of 4 channels are isolated from ] “ '
each other and from chassis ground to i -,

reduce ground loops. The shield {low) of
each channel is common to its group of four
channels.

Connections are made via BNC connectors
mounted directly on the option.

Applications

This option is excellent for high frequency signal where isolation and a 50 characteristic
impedance is important. Multiple options can be connected together forming various
types of multiplexers. This option can also be used with pulse and digital circuits where
signal integrity and fast rise time is important.

Almost anywhere BNC connectors are used, this option will find a place. It is ideal for

wide dynamic range measurements with oscilloscopes or spectrum analyzers. The
simplified functional schematic shown in Figure 1-3 shows both groups of channels.

13
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Figure 1-3. 44472A Simplified Schematic



44473A

4-by-4 Matrix Switch Option
Option 013

Description

The 44473A is a 4X4 matrix with each
switch in the matrix switching both signal
high and signal low. Refer to the simplified
schematic below. Any combination of the
4 ““rows’’ may be connected to any com-
bination of the 4 *columns’’.

Multiple 44473 A Matrix Switch options can
be combined to create a 4X8, 4X12, 8X8,
4X16, or even 4X20 matrix, Connections to
the matrix option are made via a removable
terminal block which also provides strain
relief for the wires.

Applications

Matrix switching provides a convenient way to connect a group of test instruments
to multiple points on a device or to multipie devices. The matrix offers highly flexible
switching for testing multi-port devices over a frequency range of DC to 100kHz.
Multiplexer options (44470A) can be used to connect the matrix switched signals to
each one of several devices under test.

oraoon
= o0
nNroo
wroo

HL HL HL HL

RAOW ©

AOW 1

ROW 2 LOW

ROW 3 1% Vs LOW
I

Ll 2 3
44473A MATRIX SWITCH ‘

Figure 1-4. 44473A Simplified Schematic
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44474A

16 Channel Digital I/0 Option
Option 014

Description

The 44474A consists of 16 bi-directional
lines plus four handshake (interface control)
lines. Each of the 16 I/O lines is TTL com-
patible and can act as a digital input or sense
line, or as a + 5 volt driven output. With an
external power supply and pull-up resistors,
this option can act as a digital I/O port for
logic ‘’'High’’ levels of up to 30 volts and 125
mA. The lines can be programmed for
"‘positive’’ or ‘‘negative’’ logic (high true or
low true) and share a common signal Low.

Control of the 16 1/O lines can be done on
an individual, line by line basis. When
controlled this way, the lines are assigned addresses of OO to 15. For other opera-
tions, the data lines can be divided into two 8-bit ports, port O is data lines 00 through
07 and port 1 is data lines 08 through 15. Alternately, all 16 lines can be addressed
simultaneously as a word.

Three basic modes of operation are available for I/O control or handshaking. These modes
are discussed in detail in chapter 3.

» The Static mode (default) allows asynchronous data I/0. Use this mode for ac-
tuating or sensing switch contact closures to ground. (Asynchronous means that

inputs and outputs are independent of any handshaking.)

» The ‘“Strobe’’ modes can trigger 16 bit words to be written to or read from ex-
ternal circuits (such as counter and A/D converter outputs).

» The “"Handshake’’ mode allows communication with digital equipment by provid-
ing a 2-wire handshake plus direction line for input and output.

16



Applications
Scanning:

Each of the 16 |/O lines can sink up to 125 mA at 30 volts for actuation of external
devices including:

» High voltage/high current relays and switches

» Programmable coaxial switches (such as -hp- 33311B/C, 8761A/B)

» Programmable attenuators {such as -hp- 355E/F, 8490 & 33320 series)
Sensing:

» Limit switch sensing

» Monitoring position of test fixture in production

» Digital communication (bidirectional)
.In addition, the lines can be used to sense switch contact closures. Features such as
““External Increment’” and ““Channel Closed’’ are also provided for hardware synchroniza-
tion of the 3488A with other equipment in the system. Typical uses include scanning

of channels synchronized to the measuring voltmeter and incrementing stored states.
A detachable terminal block with strain relief is provided for wire connections.

-
OPEN COLLECTOR/ f ] ONE OF 16
NES

CURRENT SINK w5y | 1/0 LI
(VMOS FET) 47 T

. TERMINAL
() CONNECTION
BLOCK
DRIVER QUTPUT
a7v

INPUT
SENSE

REFERENCE

VDLTAGE

LO BYTE HI BYTE
[

|
0 1+ 2 3 4 5 &6 7 0 41 2 3 4 5 6 7

[ Lopric/ExT InC CHAN CLOSEC—
44474 DIGITAL I/0

Figure 1-5. 44474A Simplified Schematic
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44475A

Breadboard Option
Option 015

Description

The Breadboard option provides a place for
design engineers or technicians to mount
custom designed circuits for use with the
3488A. Occasionally, some desired function
may not be available on a standard option
module. In such instances, the Breadboard
option provides the ideal solution.

Components are specified (but not supplied
with the breadboard card) for interfacing the
breadboard to the 3488A backplane. When
these components are used, the breadboard
then provides 8 static input and 8 static out-
put lines. Two commands are available to
read and write to the breadboard.

Note. At reset, the 3488A writes the value “O’’ to the output port.

Applications
A combination of perforated holes (0.1’' centers) and bus strips (for external power
supplies) is provided. No power supplies are provided from the 3488A mainframe (ex-
cept for the interface circuitry) and headroom limitations preclude wire wrap sockets.
Uses for the breadboard include:

» Mounting signal conditioning circuits prior to multiplexing.

» Mounting small components such as buzzers for alarms, etc.

The following schematic shows the interface circuitry for the 3488A backplane. Refer
to the 44475A option reference chapter for more information on using the Breadboard.
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Figure 1- 6. Breadboard Interface Circuitry
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44476A/B

Microwave Switch Module
Options 16/18

HP 44476A Description

The HP 44476A module contains three HP
33311B Option 011 Microwave Switches
designated as channels 00, 01, and 02 (see
Figure 1-7). Switch operation is controlled
by Form C relays K901, K902, and K903.
The HP 33311B is a break-before-make
switch controlled by a latching solenoid.
Once switched, coil voltage can be re-
moved and the switch remains in the
switched position. Internal coil contacts
open and remove coil voltage after a
switching operation to minimize the amount
of heat dissipated near the switch contacts.

HP 444768 Description

The HP 444768 differs from the "A" version
in two ways: 1) It is not supplied with micro-
wave switches (but does have the Form C
relays). You provide your own microwave
switches, mount them on the assembly, and
connect one of the module's Form C relay
drive circuits to each switch. 2) Instead of
three cutouts, the HP 44476B panel has
two 53.8 X 9.6 mm cutouts for HP 33313
Option 011 5-port +5V microwave switches
supplied by the user. The panel also allows
mounting of the HP 33311B Option 011 (18
GHz) 3-port, HP 33311C Option 011 (26.5
GHZ) 3-port, or HP 33312B Option 011 4-
port microwave switches. Figure 1-8 is a
simplified schematic of the HP 44476B.
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Figure 1-7. HP 44476A Simplified Schematic
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44477A
JUMPER LOCATIONS

Form C Relay Module JM801-MS14
Option 017

Description

The HP 44477A module consists of 7 inde-
pendent, break-before-make, SPDT Form
C relays (one contact normally open, one
contact normally closed). The relay con-
tacts (common C; normally open NO; nor-
mally closed NC), are accessible at the
terminal block for field wiring connections.
See Figure 1-9 for a simplified schematic.

Applications

Typical uses for the HP 44477A are signal switching and power applications (250V,
2A). Additionally, this module is ideally suited for driving remote RF, coaxial and
microwave devices such as the HP 8761, 33311B/C, 33312B, and 33313B switches,
or programmable step attenuators such as the HP 33300 series.

Each relay circuit provides mounting holes so you can add a pull-up resistor from the
NO and NC contacts to +5V (JM901 - JM914). Also, there are mounting holes at the
+5V supply for the addition of a protection resistor or inductor if the internal supply is
used (JM921 and JM922). If the internal supply is not used, and external power supply
voltage can be applied through the terminal block via the terminal labeled "H". The
addition of pull-up resistors is useful in driving logic circuits. The common terminal can
be connected to ground and used to pull either the NO or the NC line low.
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Figure 1-9. HP 4447A Simplified Schematic
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44478A/B

1.3 GHz Multiplexer Modules
Options 19/20

Description

The modules consist of two 4-to-1 multi-
plexers (group 00 and group 01) that pro-
vide bidirectional switching. The module
relays are configured in a "tree" structure
providing high isolation and low VSWR.
User connections are through BNC connec-
tors. Each channel has an SMB connector
which allows you to connect resistive termi-
nations on unused channels. The 44478A

SMB CONNECTORS (8)

schematic for the modules FOR RESISTIVE TERMINATIONS

Applications

The multiplexers can be connected together with external cabling to form a "tree"
configurations, a 4X4 matrix, etc. See Chapter 14 later in this manual for cabling

details.
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Figure 1-10. HP 44478A/B Simplified Switching Schematic
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Chapter 2
Using the 3488A

Introduction

In Chapter 1 we learned how to turn on the 3488A and were introduced to the six
option assemblies. We also discovered that the instrument is easy to operate and
instructed it to show us what option assembly is installed in each of the mainframe
slots. Now it is time to put the 3488A to work on your own application. Your
3488A, whether used stand alone or with a system computer, puts signal switching
and device control at your disposal.

Scope

This chapter looks at operating the 3488A remotely via HP-IB as well as from the
front panel. Emphasis will be placed on remote programming the instrument from
a system computer. If you are not familiar with the Hewlett-Packard Interface Bus
{HP-1B) or some of the terms used in this chapter, Appendix B contains a concise
description of HP-IB.

The descriptions used in this chapter are written in general terms to optimize the
flow of information regardless of the computer you are using. This means that both
the novice and experienced programmer will be operating the 3488A productively
with minimum instruction time. Many example programs are provided to enhance the
discussion. All of these example programs are given in an enhanced BASIC {Begin-
ners All-purpose Symbolic Instruction Code} programming language such as the
-hp- Series 200 or Series 80 desktop computers use.

Note on Remote HP-IB Programming

If you are interested in controliing the 3488A only from the front panel, you may
skip this section. It is important to understand the following information for remote
programming regardless of the type of computer used.

Do This
Press: The 3488A will display its HP-IB ad-

- dress in the form: ADDRESS: XX. The
=3

factory preset address is 09.
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Each instrument you connect to the HP-IB interface has a unique address assigned
to it. The address provides a method for the system computer to select individual
instruments for sending data to or receiving information from. In upcoming program-
ming examples, we will use the statement OUTPUT 709. The word OUTPUT is a
statement specific to certain -hp- computers for moving data out of the computer.
The number 709 refers to the computers interface select code (isc), which is 7, and
the 3488A HP-IB address which is 09. Only one instrument connected to the inter-
face can have the address 09. If you need to change the address of the 3488A,
refer to the HP-IB Address section in Chapter 5 of this manual. All examples in this
manual will have the 3488A at address 09.

The following diagram shows how commands are sent to the 3488A.

Interface

Select ' 3488A HP-IB Address

Code l l

OUTPUT 7 09,7 CLOSE 101,103”

l~The computer OUT- |~Specific 3488A LData appropriate for
PUT statement will command code. the specified com-
depend on the actual mand code.

computer being used.

Almost all of the 3488A command codes require some type of information follow-
ing it. This information is simply called data. At the end of Chapter 3 are several
brown pages that describe all of the command codes the 3488A responds to and
the types of data required for each code.
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Trying a Command

Operation of the 3488A, whether remotely from the system computer or from its
front panel, is simple and straightforward. In fact, almost any command that can
be executed from the 3488A front panel can be done remotely just by duplicating
the front panel activities.

To illustrate this, press the 3488A TEST key. We saw in Chapter 1 that when you
do this, the 3488A goes into its Self Test mode. First, it displays its Model number,
then a ‘‘starburst’’ pattern, and finally the message ‘'SELF TEST OK’’ (or if any have
failed the appropriate message is displayed).

How can we do the same thing from the system computer? It's simple, just send
the message "TEST’’ to the 3488A. If you have an -hp- Series 200 or Series 80
desktop computer,* execute the following command exactly as shown:

OUTPUT 709; “TEST” [EXECUTEI
{on the Series 80,
press [END LINE])

Note that whether the TEST key is pressed on the front panel, or the message TEST
is sent from the system computer, the 3488A executes its internal test. The only
observable difference is the instrument does not display its model number or the star-
burst pattern when TEST is executed from the computer. The 3488A will display
the SELF TEST OK message.

Later in this chapter we will learn to read back the results of the Self Test to the
system computer. Remember, virtually any command you can execute from the
3488A front panel can be duplicated on the system computer and sent to the
3488A.

* If you don’t have a Series 80 or Series 200 computer, read through this section anyway as it pro-
vides a basis for later discussions. Be sure to read through the 1/O Programming manual for your com-
puter to find out how to send command messages.
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Channel and Slot Definition

Before we look further at operating the 3488A, we need to define the word
‘channel’. A channel refers to an individual relay on an option assembly (or individual
bits on the 44474A Digital 1/O option). Therefore, when we speak of closing a
channel, we are referring to closing a specified relay (or bit). Channel numbers are
always two digit numbers.

Channel addresses, on the other hand, are determined by which slot a particular op-
tion assembly is installed in. The Channel Address is a three digit number where the
first digit specifies the slot (1-5) and the last two digits are the channel number. For
example, channel address 102 specifies slot 1, channel number 02.

The following chart shows the two digit channel numbering sequence for the dif-
ferent option assemblies. Refer to the simplified schematics in Chapter 1 if necessary.

Option Module Channel Numbering Sequence

44470A, 10 Channel Multiplexer | 00, 01, 02, 03 ... 08, 09

44471A, 10 Channel General 00, 01, 02, 03 ... 08, 09
Purpose Switch

44472A, VHF Switch Group 0: 00, 01, 02, 03
Group 1: 10, 11, 12, 13

44473A Matrix Switch Row: 0O, 1, 2, 3
Column: 0, 1, 2, 3

Specify the channel number in Row-
Column format. i.e., channel number 12
means row 1, column 2.

44474 A Digital I/O Assembly Individual Bits: 00, 01, 02, 03, ...15
(The 44474A has other modes where
8-bit bytes or 16-bit words can be
specified. These modes are discussed in
detail in Chapter 3.)
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How to Close/Open a Channel

Regardless of the type of option assembly you are using, CLOSE and OPEN com-
mands can be used to control the channels. At turn-on or after reset, all channels
in the 3488A are open.

The structure of the command for closing a channel is:

CLOSE {(channel address)

Pressing the 'CLOSE’ key on the 3488A front panel causes the word ‘CLOSE’ to
appear in the display. Now, enter the address of the channel you want to close.
Follow this by pressing the gray 'EXECute’ key. For example, if you have a 44470A,
10 channel multiplexer in slot 1 and you want to close channel 3, you would press
the following sequence of keys:

CLOSE a Slot Channel Execute
channel 1 3

Closing channels remotely is just as easy. Press the CLOSE 103 keys again {do not
press EXEC). Now look at the 3488A display. To close channel 103 from a system
computer simply duplicate (without the cursor) what you see in the 3488A display.

OUTPUT 709; “"CLOSE 103"

Anything that you can do from the 3488A front panel can also be done remotely
by simply duplicating what you see in the display.

More than one channel can be closed at a time by separating the channel addresses
with a comma. For example:

(CLOSE 103, 104, 207, 302)

Note in this last example, channels from different slots were closed with one CLOSE
command.
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To close multiple channels remotely, again simply duplicate the display:

OUTPUT 709; ““CLOSE 103, 104, 207, 302" [EXECUTEI or
[END LINE]

When using the CLOSE command with the 44474A Digital I/0 Assembly, the
specified bits will be ‘cleared’ to a logical O state (low impedance). Remember also,
to use CLOSE and OPEN with the Digital I/O assembly, the assembly must be in
either Static Mode 1 or Mode 2 (Mode 1 is default). Refer to the DMODE command
for more information.

Opening a channel is just as easy as closing one. The command structure for opening
a channel is:

OPEN (channel address)
If you need to open channel 03 in slot 1, simply execute the command OPEN 103.

OUTPUT 709; ""OPEN 103" [EXECUTE] or
[END LINE]

Open the Slot channel EXECute
channel 1 add. 03

More than one channel can be opened with the OPEN command just by separating
the addresses with a comma.

OUTPUT 709; “"OPEN 103,104,207,302"

or
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If you should try to close a channel that does not exist, an execution error will be
displayed: ERR 2: EXEC. Scrolling the display to the left shows the last twelve
characters up to and including the error. This provides a simple way to determine
where an error occurred.

m Command

SYSTEMS

CLOSE <relay address> [, <relay Address>, ...]
OPEN <relay address> [, <relay Address>, ...]

Note, < > means a mandatory item, [] is an optional item. These are not
keystrokes or displayed.

How to VIEW a Channel

There are times when you will want to fook at a particular channel to determine if
it is open or closed. The VIEW command allows you to do this very easily. To view
a channel, execute the VIEW command followed by a channel address. To acquire
the response, execute the computer’'s ENTER* command:

OUTPUT 709; "VIEW 103"
ENTER 709; AS$
DISP A$

The computer display will show either ""CLOSED 0" OR ““OPEN 1'". If a simple
numeric variable had been used (A instead of A$), only the number “0’" or “'1"
would be displayed.

To do this from the 3488A front panel, duplicate the procedure:

* {f you are using an -hp- Series 200 desktop computer, remember that all variables must be used
in a running program before they can be used in statements executed from the keyboard.
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If the channel specified is closed, the 3488A response will be “CLOSED 0. If the
channel is open, the response will be “‘OPEN 1’'. Note that in the display, the chan-
nel address precedes the response.

HEWLETY
PACKARD

sRQ THRLE  ASTN RE®  LLDC  OVIP BysY ERR PRGN PAK MON OISR

or

TUGR TTALK LSTN REM LLOC . DWP  BUSY _ERR PAON PAR. MON ISP

DESIGNED F
m Command
SYSTEMS

VIEW {channel address)

How to Monitor an Entire Option Assembly

The VIEW command allowed viewing only one channel at a time and allowed reading
the state of that relay with the system computer. For viewing all the channels on
an option card, use the Card Monitor feature.

Card Monitor places the 3488A display in a mode where it is dedicated to monitoring
the option assembly in a specified 3488A slot. Note that you cannot read back the
monitor display to the computer. To enter the Card Monitor mode, execute CMON
{acronym for Card MONitor} followed by a slot number (1-5).

OUTPUT 709; “CMON 3"

Implementing the Card Monitor mode from the keyboard is just as simple:

CARD |
MON |

The following section describes the unique card monitor displays for each of the six
options and the Monitor Tracking mode. A simplified schematic is provided for each
of the options to help you visualize what the card monitor display is showing.
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Monitoring a 44470A 10 Channel Multiplexer or 44471A General
Purpose Relay Assembly

When using the monitor mode with either 44470A 10 Channel Multiplexer or
44471A 10 Channel General Purpose Relay options, the display will show the slot
number (far left) and only those channels that are closed. The following photograph
shows the format of the monitor for these two options.

Slot 1, Channels O, 4, 7 and 9 are closed
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Figure 2-1. Simplified Schematic for 44470A and 44471A
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Monitoring a 44472A VHF Switch

Because the 44472A assembly has two groups of 4 channel multiplexers (O and 1),
the monitor display is broken into two parts. The left half of the display monitors
group O, the right half monitors group 1. The following photograph shows the display
after closing channels 302,313.

o ‘LEW LETY
e

BRG TALK D LSTN - BEM  LLO0 VP BUSY  ERR PBION P&;!ﬁ

Slot 3 Group O has Group 1 has
channel 2 channel 3
closed closed

CHANNEL 3W

COMMON O CHANNEL 2
GROUP O

CHANNEL 1

CHANNEL O

-~

NOTE: GROUNDS ARE NOT COMMON
BETWEEN GROUP O AND GROUP 1.

CHANNEL 13

COMMON 1 CHANNEL 12

GROUP 1

CHANNEL 11

CHANNEL 10

Figure 2-2. Simplified Schematic for 44472A
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Monitoring a 44473A Matrix Assembly

There are two types of monitoring displays for the 44473A Matrix Assembly:
monitoring ROWS and monitoring COLUMNS. A total of eight displays are possible,
one for each of the four rows and four columns. When initially entering the Card
Monitoring mode, the display will show which columns have a channel closed in row
0. Use the front panel arrow keys to sequence through the displays. The following
displays show how the same matrix option can be monitored after executing the
commands: CLOSE 301,303,323; CMON3.

aasan
SRR DOI IR, LY

SRV T SO VRHTIL ¢ b

TALK  LSTN  REM  LLOC OViP  8USY ERR  PRON  PAIR MON  Dise

Slot 3, Row 1, nothing closed

o TALL L6TH mEm
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BRG TERK BTN REM LOU DWW BuSy ERM FRON PRI MON (ISP

Slot 3, (Row) O in Column 1 is closed
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NEM BACKABRD

SRG T TALR TLBTN REM  TLDC  OVLP (BUSY ERR | PRON | PAM  MON | DISP

Slot 3, (Rows) O and 2 in Column 3 are closed
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0 1 2 3
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44473A MATRIX SWITCH

3488-1-4

Figure 2-3. 44473A Simplified Schematic
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Monitoring a 44474A Digital I/O Assembly

The monitor display for the 44474A Digital 1/0 assembly is similar to the photograph
below. The H and L represent the High order 8-bit byte and Low order 8-bit byte,
respectively. A trailing decimal point for either byte indicates that the last operation
on that byte was a write (or close) command (i.e., it is an output byte). If the decimal
point does not appear, the byte was last read from (i.e., it is an input byte).

When initially entering the monitor mode, the display will indicate a decimal value.
If the byte is an input byte (no trailing decimal point) the value is equal to the sum
of the values of the bits that are high tlogic 1, +5v). If the byte is an output byte,
the value is equal to the sum of the values of the bits that are open (logic 1, high
impedance). Refer to the following chart for a description of the bit values.

Bit Number: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10

8-bit byte l128 64 32 16 8 4 2 11128 64 32 16 8 4 2 1
value I I

High order 8-bit Low order 8-bit
Byte Byte

Execute the commands:
CLOSE 500, 501, 502, 503, 505, 506, 507; CMON 5

The display will show:

This indicates that the high byte (H) is operated as an input byte (default), and the
low byte (L) is an output byte (indicated by the decimal point). Since only channel
4 was left open in the low byte, the displayed value is 16.
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Pressing the front panel arrow keys causes the display to toggle between a decimal
display and a hexadecimal display.

SRG TALKE L8TN EAR  PRON  PAIR  MON  DISP )

REM  LLOC  OVLP  BUSY

Here, the last H after each byte emphasizes the hexadecimal display.

If the last command sent to the 44474A option put it into the 16 bit word mode
{port 2, see DWRITE in Chapter 3), the Monitor would be displayed as a 16 bit word:

TALK Lﬁi‘N kﬂEM LLQC s !"

A positive number indicates that the value displayed is the sum of the bit values
that are clear (logical true). A negative number indicates the displayed number is the
2’s complement of the sum of the bit values. This is valid only for the default polari-
ty. If the polarity has been changed by the DMODE command, the displayed value
will still be in 2's complement format. Chapter 3 discusses the 16 bit mode in detail.

Pressing either of the arrow keys changes the display to hexadecimal format:
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Figure 2-4. 44474A Simplified Schematic

Monitor Tracking

A second form of the Monitor mode is called Monitor Tracking. Monitor tracking per-
mits the dispiay to monitor the 3488A slot where the last operation (channel closure
or open) was performed. To enter the Monitor tracking mode, execute CMON with
a negative slot number, i.e., CMON-2. The slot number specified will be the first slot
monitored. Then if you perform some other operation, such as close a channel in
slot b, the display will track the operation and begin monitoring slot 5.

m Command
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CMON n where n is the slot number of the card to be monitored.
CMON-n Monitor tracking mode starting with slot n.

CMONO Exit card monitor mode.
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Resetting Individual Option Assemblies

The orange RESET key on the front panel of the 3488A is used to reset the entire
instrument. There may be times though when you need to reset only one option
assembly to its power on state. That is the function of the CARD RESET command.

To reset a particular option from the system computer, execute the CRESET com-
mand with a specific slot number:

OUTPUT 709; “CRESET 2" (Resets the option in slot 2)
More than one option can be reset by separating the slot numbers with commas.
OUTPUT 709; "CRESET 1, 37 (Resets options in slots 1 and 3)

Option assemblies 44470A, 44471A, 44472A, and 44473A are reset to all chan-
nels open. For the 44470A, 44471A, and 44473A options only, the 3488A checks
sense lines after the CRESET command to verify that all relays actually did open.
If one or more relays remains closed, ERROR 8 is set. The 44474A Digital 1/0
assembly is reset to its static mode, 16 bit input configuration. The 44475A Bread-
board Card is reset to all of its output lines low.

w Command
SYSTEMS

CRESET (slot number)l,(slot number), ...]

Self Test

The Self Test feature of the 3488A provides you with a method of verifying pro-
per instrument operation. When the front panel TEST key is pressed, or the com-
mand TEST is sent from the computer, the 3488A performs tests on its control cir-
cuitry (ROM, RAM, timer, etc.). The self test can be executed at any time because
the option assemblies will not change state during the test.
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Do This:

OUTPUT 709; “TEST"
ENTER 709; A
DISP A

or

Either of these two methods will initiate
the functional tests of the internal con-
trol circuitry. If the test is initiated
remotely from the computer, only the
internal tests are performed. If the self
test is initiated from the front panel, the
test starts by displaying the model
number: HP3488A. Self test then pro-
ceeds to turn on every segment in the
display (except top dot in the colon bet-
ween characters). The internal tests are
then performed. When all the tests have
passed, the 3488A displays: SELF TEST
OK. If a failure is found, the message:
FAILED nn is displayed, where nn is the
sum of the values of all the tests that
failed. Test results may also be read
over the HP-IB interface. In this case,
only the number nn is returned (O is
returned for no failures).

Table 2-1. Self Test Errors

Error Number Description
1 The internal storage RAM (Random Access Memory) has failed its self
test.
2 ROM (Read Only memory) has failed.
4 The timer, used for delay timing, etc., has failed.
8 A limited self test on the HP-IB controller I.C. has failed.

For all failures, refer to the 3488A Mainframe service manual.

{m Command
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TEST
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Using the Display

Three commands that can be executed from the system computer but not directly
from the 3488A front panel involve the display. The first command we will look at
enables you to write messages up to 128 characters long to the 3488A display. Ex-
ecute the following command exactly as shown, substituting your real name after
the DISP mnemonic.

OUTPUT 709; "'DISP your name"’ [EXECUTE] or
[END LINE]

Your message can contain any of the 64 ASCI| characters with decimal values from
32 to 95 except the # sign and colon {:). All other characters will either cause an
error {such as # or :) or will be ignored. If 129 characters are sent, the display will
not respond. If 130 characters or more are sent, an error will result. Quotation marks
(") are ignored. Lower case alphabet characters are displayed as upper case.

The displayed message will remain in the display until a RESET, LOCAL, CMON,
DON, DOFF or another DISP command is executed.

The display can also be turned off. Executing the command

OUTPUT 709; "DOFF"”’

causes the 3488A to fill the display with hyphens and then ignore the display. The
display is not updated after this although it takes approximately 10 minutes for the
display to actually go blank. Turning the display off allows the 3488A to process
commands quicker because it does not update the display. Normal rate of update
is b times per second.

Turn the display back on by executing:

OUTPUT 709; "DON"’

or by pressing the LOCAL key on the front panel.
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Handling Errors

Perhaps you have tried to execute a command on the 3488A, but it only beeps and
displays a cryptic error message. What do you do now?

The 3488A has the ability to show you where in the executed command an error
was detected. For example, attempt to close channel 703. This can be done remotely
from the computer or from the front panel. The 3488A display would show the
following message:

Now, press (and hold) the left arrow key. The last character in the display is the
character that caused the error:

[ SR

In this case, there is no slot 7. Therefore, that is the invalid character.

When an error occurs, a message is displayed and the error annunciator is turned
on. To clear the annunciator, the Error Register must be read.
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The possible error messages are:

Errors

Description

ERR 1: SYNTAX

ERR 2: EXEC
ERR 4: TRIG
ERR 8: LOGIC

ERR 16: POWER

Error messages appear in the display until the error is cleared or the display is writ-
ten over by another command. When remote programming, it is possible to miss an
error message. You would know that an error occurred by the error annunciator in
the display. The Error Register can be used to determine the nature of the error in

such a case.

An unknown command was sent to the 3488A. For
example, CLSE instead of CLOSE.

The command mnemonic was correct, but for one
or more of the following reasons, the command
cannot be executed.

a. Channel number out of range.

b. Card type mismatch (i.e., execute DMODE on a
Multiplexer, etc.)

c. Attempt to recall a non-existent stored state,
scan list or assembly program.

The External Increment trigger pulse is occurring too
fast. The 3488A cannot close channels as fast as

the trigger pulse is occurring.

A relay bit that was instructed to close or open did
not change state.

The ac power line is out of the allowable voltage
range.

46



Reading the Error Register

The front panel ERROR REG key or the ERROR command can be used to read the
value of the 3488A’s error register. This causes the instrument to display and send
(to the system computer) a decimal value which is the sum of the values of the
possible error conditions. The error register is cleared when it is read or when the
3488A is reset.

OUTPUT 709; "ERROR"’
ENTER 709; A
DISP A

In addition, the 3488A can be programmed to halt all activities when an error oc-
curs. Normally, after an error occurs, the 3488A will continue to accept commands.
It is possible, as mentioned earlier, to miss an error message. The Error Halt (EHALT)
mode, when enabled, will cause ALL HP-IB activity to cease. If EHALT is im-
plemented, the computer should be programmed to timeout and reset the interface
when HP-IB instruments do not respond. The 3488A can then be reset with an HP-IB
CLEAR command (CLEAR 709). Also, pressing the front panel LOCAL key will return
control to the 3488A.

m Command
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ERROR Read the Error Register
EHALT O Turn off the Error Halt mode
EHALT 1 Turn on Error Halt mode
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The STATUS Command

The current state of the 3488A is monitored in a Status Byte. This Status Byte can
be read, either remotely from the system computer or from the front panel to deter-
mine the current value. The decimal value displayed (or returned) is equal to the sum
of the values in the Status Byte that are set:

Status Byte Weighted
Bit Number Value Description

0 1 This bit will be set when a scan list has sequenced
through to the last item in the list.

1 2 Bit 1 will be set when the 3488A has been asked
for information and the data is available.

2 4 Power-on SRQ occurred. Note that this feature is
switch selected on the back panel of the 3488A.

3 8 Front Panel SRQ key has been pressed.

4 16 The 3488A is ready to accept and process instruc-
tions (not busy).

5 32 An Error condition has occurred, refer to the section
on handling errors.

6 64 The 3488A is setting the SRQ line in the HP-IB
interface. See Chapter 4 for information and ex-
amples on remote interrupt programming.

7 128 Unused (always O)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Unused. Set: SRQ interrupt. | Set: ERROR condi- | Set: 3488A is ready | Set: Front Panel SRQ | Set: Power-On SRQ | Set: Requested infor- | Set: End of Scan List.
ion occurred. for new instruction. | key has been | switch set and | mation is available.
pressed. power-on occurred.
Always O Cleared: Condition | Cleared: Error register | Cleared: 3488A is | Cleared: STATUS | Cleared: STATUS | Cleared: STATUS | Cleared: STATUS
causing SRQ is | is read or 3488A is | busy executing pre- | command or 3488A | command or 3488A | command, reading | command.

cleared or HP-IB
SPOLL command or
3488A is reset.

reset.

vious instruction.

reset.

is reset.

the data, or reset-
ting the 3488A.
Note, STATUS
deletes old informa-
tion.

Figure 2-b. Status Byte

48




Bits O, 1, 2 and 3 will be cleared after the Status Byte is read by the STATUS com-
mand. The Error bit, bit 5, will be set until the error register is read or the 3488A
is reset. Bit 2 will be set when the rear panel Power-on SRQ switch is set (switch
in up position} and the 3488A is turned on.

Bit 1 will be cleared by either reading the data that is available, requesting new data,
or resetting the 3488A. Note that because bit 1 is cleared when new data is re-
quested, executing the STATUS command remotely (requesting the value of the
Status Byte) deletes the data that was available.

Similarly, bit 4 will be clear while the 3488A is busy executing an instruction.
Therefore, bit 4 will always appear clear in response to the STATUS command. The
SPOLL command (see Chapter 4) must be used to properly detect when the 3488A
is not busy (bit 4) or when output data is available (bit 1).

Bit 6 is set when there is any one-to-one correspondence between bits set in the
SRQ mask (see Chapter 4, Require Service} and bits set in the Status Byte. Bit 6
will only be cleared when the condition causing it to be set is cleared or by the HP-IB
SPOLL message (see Chapter 4, Serial Poll}. No other bits are cleared by SPOLL.

Do This:

OUTPUT 709; ““STATUS"”
ENTER 709; Z
DISP Z “Z'" will have a value of O.

or

STATUS The display will show: STATUS: 000

Now, press the front panel SRQ key:

Again, execute the STATUS command.

OUTPUT 709; ““STATUS"

ENTER 709; Z

DISP Z “Z'"" will have a value of 8 which is the
value for the front or panel SRQ key.

The display will show: STATUS: 008

49



As a second example, attempt to close an invalid channel:

OUTPUT 709; "CLOSE 7"
OUTPUT 709; “"STATUS”

ENTER 709; Z
DISP Z “Z'" will have a value of 32 which in-
dicates an error condition.
or

The display will show: STATUS: 032

Notes

1. The value returned is the sum of all condition values that are true.

2. Bit 6 is set only if a condition is true and the SRQ Mask has been set for that
bit. See Chapter 4.

3. The Status Register is cleared at Reset.

4. Bit 2
m Command
SYSTEMS
STATUS

Using the Built-in Quick Reference Guide

After becoming familiar with the 3488A, you will use this operator’'s manual less
frequently. The structure of the various commands is straightforward. However, if
you should forget the command structure, and not have this manual present to help,
it is comforting to know that the 3488A has a Quick Reference Guide built into it.
The Quick Reference Guide is available only from the front panel with the SYNTAX
key.

To use the Quick Reference Guide, press the SYNTAX key followed by a command
key. For example, to find out the command structure for closing a relay, press:
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The display will show the following message (scroll the display to see all of it):
CLOSE <ADDRESS>[,<ADDRESS>]...; SEE REFERENCE 5 FOR ADDRESS

This means that to close a channel, use the command code CLOSE. This is to be
followed by an address. But what is an address? And what are the brackets (< >,

[ 7} for?

The Quick Reference Guide says to SEE REFERENCE 5 FOR ADDRESS. Reference
5 contains a definition of an address. Press:

The display will show the following definition for ADDRESS:

ADDRESS: A THREE DIGIT NUMBER WITH THE FIRST NUMBER BEING SLOT AND
THE NEXT TWO DIGITS BEING EITHER A RELAY NUMBER OR A BIT NUMBER

The numeric keypad contains rules and definitions. For example, to define the
brackets < >, look at reference O:

< >: PARAMETRIC ITEMS Which means anything enclosed in this
type of bracket is mandatory.

[ 1. OPTIONAL ITEMS Which means anything enclosed in this
type of bracket is optional.

Getting back to closing a channel, we see that the command mnemonic is the word
CLOSE. This is to be followed by a mandatory three digit channel address. Optional
channel addresses can also be included by separating the addresses with a comma.

In general, the command and control keys provide instruction information. The
numeric keys provide definitions. There are some keys that do not have a remote
programming command code associated with them. These keys are shown as NA
(Not Applicable}. The following list shows the possible displays for each of the keys
on the front panel.
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For more

information
Key Display see page:
RESET 6
NA; SEE REFERENCE 3
NA; SEE REFERENCE 3
NA; SEE REFERENCE 3
NA; SEE REFERENCE 3 82
NA; SEE REFERENCE 3 100

STATUS; RETURNS WEIGHTED SUM OF 1:END 42
OF SCAN, 2:0UTPUT AVAILABLE, 4:POWER ON,
8:FRONT PANEL SRQ, 16:READY, 32:ERROR,
64:RQS

MASK[<#>1]; #: WEIGHTED SUM OF 1:END OF 85
SCAN, 2:0UTPUT AVAILABLE, 4:POWER ON,
8:FRONT PANEL SRQ, 16:READY, 32:ERROR,

NA; SEE REFERENCE 3 84

CLOSE <ADDRESS>|[,<ADDRESS>]...; SEE 25
REFERENCE 5 FOR ADDRESS

OPEN <ADDRESS>[,<ADDRESS>]...; SEE 25
REFERENCE 5 FOR ADDRESS

VIEW <ADDRESS>; SEE REFERENCE 5 FOR 27
ADDRESS
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Display

CMON [-]<0O/SLOT >; NEGATIVE SIGN SELECTS
TRACKING MONITOR. TO EXIT, USE A
PARAMETER OF O. SEE REFERENCES 2 AND 4.

CRESET <SLOT>[,<SLOT>]...; SEE REFER-
ENCE 4 FOR SLOT

CTYPE <SLOT >; SEE REFERENCE 4 FOR SLOT

STORE <SETUP>; SEE REFERENCE 7 FOR
SETUP

RECALL <SETUP>; SEE REFERENCE 7 FOR
SETUP

SLIST <ADDRESS/SETUP > (<,/->
<ADDRESS/SETUP> ...]I; USE NEGATIVE SIGN
TO SCAN A CONSECUTIVE LIST. SEE
REFERENCES 2, 5, AND 7.

CHAN [<ADDRESS >]; SEE REFERENCE 5 FOR
ADDRESS

CPAIR [<SLOT>,<SLOT>]; SEE REFERENCE 5
FOR ADDRESS

STEP
DWRITE<SLOT > <0> <PORT>,<DATA>],
<DATA>]...; SEE REFERENCES 4 AND 6

DREAD <SLOT> <0> <PORT>[,<NUMBER OF
READINGS >]; SEE REFERENCES 4 AND 6

DMODE <SLOT>[,<HANDSHAKE MODE>]|,

<POLARITY>] [,<EXTERNAL INCREMENT>];
SEE REFERENCES 4, 8 AND 9
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36

51

51

53

55

58

55

216

218
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Display

DELAY [<TIME IN MILLISECONDS > |

< >: PARAMETRIC ITEMS

[ I: OPTIONAL ITEMS

X/Y: USE EITHER X OR Y

NA: NOT APPLICABLE

SLOT: A NUMBER FROM 1 TO 5 THAT SELECTS
ONE OF THE 3488A SLOTS

ADDRESS: A THREE DIGIT NUMBER WITH THE
FIRST NUMBER BEING SLOT AND THE NEXT
TWO DIGITS BEING EITHER A RELAY OR A BIT
NUMBER

PORT: USE O TO SELECT LOWER BYTE, 1 TO
SELECT UPPER BYTE AND 2 TO SELECT THE
WORD.

SETUP: USE ANY NUMBER BETWEEN 1 AND 40.
THE HANDSHAKE MODES ARE 1:STATIC R OR
W, 2:STATIC R & W, 3:R/W & STROBE, 4:RD &
WR, 5:FULL HANDSHAKE.

TO INVERT LOGIC, USE A WEIGHTED SUM OF
1:LOW BYTE, 2:HIGH BYTE, 4: PCTL, 8:PFLG,

16:1//0 DIRECTION. SET E.I. TO 1 TO ENABLE.

NA; SEE REFERENCE 3.
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Display

NA; SEE REFERENCE 3.

NA; SEE REFERENCE 3

ERROR; RETURNS WEIGHTED SUM OF
1:SYNTAX, 2:EXECUTION, 4:HARDWARE TRIG-
GER TOO FAST, 8:LOGIC, 16:POWER SUPPLY.

NA; SEE REFERENCE 3

TEST; RETURNS WEIGHTED SUM OF 1:RAM
FAILURE, 2:ROM FAILURE, 4:TIMER FAILURE,
8:1/0 FAILURE
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Chapter 3
More Functions and Features

Introduction

So far you have learned the rudiments of closing and opening channels. But the
3488A opens up a wider range of possibilities with channel scanning, store and recall
of channel setups, pairing cards together, and more. This chapter is devoted to help-
ing you get the most efficient use out of your 3488A.

This chapter is broken down into two main sections for easy reference. The first of
these sections shows you how to store up to 40 channel setups and recall them
when needed. Scanning through a list of channels is discussed in the second sec-
tion. You will also learn to pair options together for special measurement needs such
as 4-wire ohms.

Storing and Recalling Channel Configurations

Often you may find it convenient to have a particular, repeatable channel configura-
tion that encompasses several option assemblies. Opening and closing each individual
channel each time you want the configuration becomes time consuming and cumber-
some. The STORE and RECALL commands make this task very easy.

To store a channel configuration, simply set the channels to the configuration you
need. Now, STORE the configuration in any of 40 registers (numbered 1 to 40). For
example, to store a configuration in register 28, press:

Only the states of relays and digital I/O options in either static mode 1 or 2 will be
stored. Digital 1/O options that are not in the static mode are ignored. The current
state of the 3488A will not be changed by executing the command. Also, display
monitor mode, scan list, etc. are not stored.
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Do This

Lets try a simple experiment to see how configurations are stored. First,
press the front panel RESET key. Now close several channels on different
option assemblies. For example:

CLOSE 101,103,106,204,302,206,410

Monitor one of the slots to make sure the channels are closed:

CMON 1

Store this setup in register 28

STORE 28

Now, at any time you want to reassert that same channel configuration, simply recall
the register where the configuration was stored.

When a stored state is recalled, the 3488A reconfigures itself one slot at a time,
beginning with slot 1, channel 00. Only relays and static digital output lines are
stored and recalled.

Now, let’'s recall the configuration we stored earlier. First though, reset the
3488A by pressing the front panel RESET key. All the channels should
open.

Now, recall the configuration:

RECALL 28

Monitor each of the slots and you will see that the channels we closed
earlier are now closed again.

NOTE. When recalling stored setups, the 3488A begins with slot 1, channel O and
sequences through each channel before proceeding to slot 2. After slot 2 is con-
figured, then comes slot 3, and so on until slot 5 is configured. Configuring is done
by either opening or closing appropriate channels.

When recalling a register, if no state was stored in the selected register, the 3488A
will show an Error 2. If properly enabled, the 3488 will generate an SRQ interrupt
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to the system computer (See Chapter 4). In this event, the 3488A will remain in
its previous configuration.

Scanning Through a List of Channels

Scanning allows you to sequence through a list of relays, digital 1/O lines, or stored
setups. The scan list is made up of 85 channels (or setups) separated by commas.
Contiguous channels may be specified by entering the first and last numbers
separated with a hyphen.

The Scan List (SLIST) command is used to specify the channel sequence. A typical
scan list command might look like:

SLIST 104,205,300-309,403

In this case, the scanning would start with channel 104. Then channel 205, followed
by channel 300, then 301, 302, ... 308, 309 and finally, channel 403. Each closed
channel is opened before the next channel closes (break-before-make). Channels may
be scanned in any sequence. For example, if the sequence were specified as
309-300, then channel 309 would be closed first, followed by 308, 307, ... 302,
301, and finally 300. Scanning beyond the last channel in the list causes a
wraparound to the first channel.

Before going further, let’s look at a simple example. In this example, a 44470A
Multiplexer card is installed in slot 1 of the 3488A.

Do This:

We now have a scan list composed of channels 100 through 109 specified.
Now, let’s monitor slot 1.

=

Now, step through the scan list by repeatedly pressing the STEP key. The
first time you press it, channel 100 will close (O in the monitor display).
The next time STEP is pressed, channel 100 opens and channel 101 closes.
Press the STEP key several times and watch the scan list wraparound to
channel 100 again.
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Scan lists can include any or all option assemblies except the 44475A Breadboard.
A simple scan list to include all channels on the 44473A Matrix option would be:
SLIST 400-433. This scan list will start with row O, column O and step through
column 1, column 2, and column 3; then it will move to Row 1, column O, column 1,
etc. Likewise, a scan list for the 44472A VHF Switch would be: SLIST 400-413.
This scan list would step through each channel in group O and then group 1.

Remember that any command you can execute from the front panel can also be ex-
ecuted remotely from the system computer. The following program shows how the
simple exercise we did earlier can be done from the computer.

(228
fun}

QUTRUT 7e% "seI=st 1dg-1ge
CMOH 1"

FOr I=1 TO Z@

QUTPLUT F@an  "STEPY

WAIT San

NEXT 1
END

L0

T g
AU A A

The WAIT statement in line 40 is only to allow you to watch the 3488A Monitor
display. Line 40 can be eliminated but the 3488A display, which is updated 5 times
per second, will not catch all the channel closures. Line 30 can be replaced by the
HP-IB TRIGGER command (i.e., 30 TRIGGER 715). This can provide slightly faster
operation.

Another feature of the scan list is a stop channel. Including the channel number 'O*’
in the scan list, causes the previous channel to open but no channels to close. As
an example, look at the scan list 100-104,0,105-109,0. After stepping to channel
104, the next STEP command opens channel 104 but no other channels close. Ex-
ecuting STEP again closes channel 105. The O channel at the end simply opens the
last channel closed.
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Using the STEP Command

The STEP command is used to sequence through a scan list. If STEP is executed
and no scan list has been specified, an error will occur.

The 3488A uses a ‘'pointer’’ to keep track of which channel in the list is currently
closed. Whenever STEP is executed, the 3488A checks the pointer. If the current
channel is either a relay or a digital 1/0 line, that channel is opened and the next
channel in the list is checked. If the next channel in the list is a relay or digital 1/0
line, that channel will be closed. If the next channel in the list is a stored setup, that
setup is recalled.

If the current channel is a stored setup, the pointer simply moves to the next channel
in the list. Channels that were closed by the setup will remain ciosed. Resetting the
3488A does not clear the scan list.

Using the OPEN, CLOSE, or Card RESET commands will have no effect on the scan
list pointer, even though the channel pointed to may change state. Furthermore, other
closed channels on an option will remain closed until they are reached in the scan-
ning sequence.

When a RECALL command is executed outside of the scan list, the 3488A will
restore the specified state and will search the scan list and reset the pointer if that
setup is found. This operation is identical to recalling a stored setup during scan-
ning using the STEP command. Channels closed by recalling a setup will remain
closed.

Remember also, any 44474A Digital I/O option in either static mode 1 or 2 will have
been saved and recalled. If the 44474A option was reset (all bits clear) when the
setup was stored, they will be reset when the setup is recailed.

Using the CHAN command

CHAN is used to open any channel previously closed by either CHAN or STEP and
then close the new channel specified. Contrast this with the CLOSE command that
does not open any other channels.

If a Scan List is in effect when CHAN is executed, the 3488A will not only close
the specified channel but will also search through the scan list looking for the
specified channel. If that channel is found in the Scan List, the Scan List pointer will
be repositioned to it. Therefore, when STEP is executed, the next channel closed
will be the next channel in the list, not the first channel in the list.
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If CHAN is used to close a channel that is not found in the scan list, and then STEP
is executed, the 3488A will open the channel closed by CHAN and close the first
channel in the Scan List.

Example

10 QUTPUT 709 ;"SLIST 100-109,205,207,209,0"

20 DUTPUT 709 ;"CHAN103" ! Closes channel 103 and positions pointer to 103
30 OUTPUT 709 ;"STEP" ! channel 103 opens and 104 closes

40 OUTPUT 709 :;"CHAN 207" ' opens channel 104, closes 207 and pointer to 207
50 ODUTPUT 709 ;"CHAN 313" ! opens 207, closecs 313 and pointer to 100

If CHAN is executed with no channe! number specified, the 3488A will output the
channel that was last closed by either CHAN or STEP. If neither CHAN nor STEP
were executed since the last reset, channel O will be output.

For Example:

10 OUTPUT 709 ;"CHAN"
20 ENTER 709 ; A
30 DISP A

External Increment and Channel Closed

There is yet another way to step through the Scan List. External Increment is a
feature of the 44474A Digital 1/O option that can be used to sequence through a
scan list without system computer intervention. A typical application of the Exter-
nal Increment (El) feature is to connect it to the Voltmeter Complete* connector on
a voltmeter. In this way, when the voltmeter has completed a measurement it will
cause the 3488A to increment (STEP) its scan list.

In addition, a Channel Closed (CC) pulse is available from the 44474A Digital |/O
option which can be used to trigger the voltmeter when the next channel closes.
The CC pulse is a 10uS, TTL compatible pulse.

The following program shows how a voltmeter with internal reading storage
capabilities (-hp- 3456A) makes the task of scanning very easy. The main advan-
tage with this type of measurement system is speed. Overall measurement speed
is not dependent on the system computer. Furthermore, the system computer can
be performing other tasks while the voltmeter and 3488A are making the
measurements. When the 3488A has reached the end of the scan list, it can inter-
rupt the system computer.

* Voltmeter Complete is a feature on cetain -hp- digital voltmeters that signals the completion of a
measurement. This is done by outputting a digital (TTL level) pulse.
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In this example we will use two 44470A Multiplexers (channels 100-209). Connect
the common bus of both options to the voltmeter input terminals. Also, remember
to connect the 3456’s Voltmeter Complete and External Trigger to the 44474A’s
Channel Closed line and External Increment, respectively.

10 ! EXTERNAL INCREMENT AND CHANNEL CLOSED EXAMPLE

20 ' -HP- 85 VERSION HITH -HP- 3488A SWITCH AND -HP- 3456A DVM
30 ! 3488A AT ADDRESS 709, 3456A AT ADDRESS 722

40 CLEAR 7

50 OUTPUT 709 ;"SLIST 100-209,0; DMODE S5,1,1,1: MASK 1"
60 OUTPUT 722 ;"T2RS1™

70 ON INTR 7 GOSUB 1000

80 ENABLE INTR 7;8

?gOTBIGGER 709

110 ! MAINLINE PROGRAM GOES HERE

120 !

930 END

1000 P=SPOLL(709)

1010 OUTPUT 722 ;"SO1-20STRRER"™

1020 FOR I=20 TO0 1 STEP -1

1030 ENTER 722 ; ACD

1040 NEXT I

1050 RETURN

Line Description
40 CLEAR is used to reset the two instruments
50 This line sets the 3488A to the following
conditions:
glc_)IQST 100-209 Scan list channels 100 to

DMODE 5,1,1,1 The 44474A option is in
slot 5, It is set for handshake mode 1,
polarity 1, and El enabled.

MASK 1 means End of Scan SRQ interrupt.

60 Sets 3456A to reading storage and external
trigger.

70-80 Enables the -hp- 85 to respond to SRQ in-
terrupt on End of Scan.

90 TRIGGER 709 same as STEP command for
3488A.

100 Body of the mainline program goes here.

1000 Serial Poll to clear the 3488A’s interrupt.

1010 Set 3456A to recall readings

1020-1040 Recall the readings to the system computer.
(last reading taken is first reading read back)
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As noted before, using Channel Closed or External Increment requires the use of a
44474A Digital 1/0 option. This deprives the user of the PFLG handshake line
because it is used as El. In other words, the Digital /O option cannot be configured
in the handshake mode when it is used for scanning. The program demonstrates the
use of the DMODE command (for enabling El) which is discussed in the next section.

Only one 44474A Digital option card at a time may be configured for El scanning.
If one card is enabled and another is subsequently enabled, the first will become
disabled (and CC will be routed to the new card). A CC pulse will be generated
whenever either STEP or CHAN is executed if the Digital 1/0 card is enabled for El.

Card Pair

Card Pair is used to pair up two option assemblies of the same type, for example,
two 44470A’s. This operation effectively assigns both options to both slot numbers
so that closing or opening a channel on either option performs the same operation
on the corresponding channel on the paired option. This feature is especially useful
when doing 4-wire scanning using a scan list.

Assigning the card pairs is accomplished with the CPAIR command. For example,
to assign the options in slots 1 and 3 as a pair, execute: CPAIR 1,3

Two pairs of slots may be asserted at any time as long as they do not share a com-
mon slot. You can, for example, assign slot 1 with 3 as one pair and slot 4 with
5 as a second pair. Executing a Card Pair command will cancel any previous Card
Pairing that involved either of the two specified slots.

To illustrate the CPAIR command, assume there are two 44470A Multiplexer options,
one installed in slot 1, the second in slot 3. The command CPAIR 1,3 pairs the two
options together. If you now execute CLOSE 105, both channels 105 and 305 will
close. Likewise, if you execute CLOSE 307, both channels 307 and 107 will close.

The commands that can be used with CPAIR are: CLOSE, OPEN, CRESET, CHAN
and STEP. The CHAN and STEP commands make the CPAIR feature useful for scan-
ning. If two 44474A Digital I/O options are paired together, the DWRITE command
can be used to write the same value to both options.

if CPAIR is executed with no slots specified, the 3488A will return the current slot
pair information. When responding over HP-IB, four numbers are sent, separated by
commas. The first two numbers specify the slots of pair 1, the second two numbers
specify the slots of pair 2. For a front panel inquiry, the displayed response is
preceded with the CPAIR: header and the two pairs are separated by spaces. The
response for an inactive pair is 0,0 will be designated.

The following simple program illustrates the use of the Card Pair command.

64



10 ' CARD PAIR EXAMPLE

20 DIM ASI301

30 OUTPUT 709 ;"CPAIR 1,2; CMON 2" ' setup card pair and card monitor
40 OUTPUT 709 ;"CPAIR" ! return card pair

50 ENTER 709 ; A%

60 DISP A% ' A% will show cards 1 and 2 paired together
70 OUTPUT 709 ;"SLIST 100-109" ! setup scan list

80 FOR I=1 TO 10

90 OUTPUT 709 ;"STEP"™ ! Step through scan list

100 WAIT 100

110 NEXT I

120 END

Using the Time Delay

When using the External Increment and Channel Closed features, a time delay can
be programmed between when the channel is closed and when the CC pulse is out-
put. This time delay can be used to allow test signals to settle before the measure-
ment is made.

You specify the delay time as any time period between O and 32,767 mS (32.767
seconds) in 1 mS intervals. For example, to set an 0.1 second delay, execute: DELAY
100.

If no time period is specified with the DELAY command, the 3488A responds with
the current value of the delay. For example:

10 OUTPUT 709 ;"DELAY"
20 ENTER 709 ; A
30 DISP A

Figure 3-1 shows the timing relationships for the scanning sequence using El and
CC. If either El or the HP-IB TRIGGER command is received by the 3488A during
the delay time, the instrument will wait until the delay time is complete before
executing the channel STEP. If External Increment is received while the 3488A is
executing a previous El, an error will be generated (Trigger too fast) and STEP will
be executed.

(NEG. EDGE TRIGGERED)

EXTERNAL
INCREMENT

CHANNEL

CLOSED r]\ —
<
.
!
3488-3-1
t1 te—«>l

NORMAL TIME OPTIONAL
FOR RELAY  ADDITIONAL
TO CLOSE. DELAY TIME

3488A BUSY.

Figure 3-1. Delay Timing
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COMMAND DIRECTORY

This command table for the 3488A is divided into three main categories:
» Standard Commands, appropriate for all 3488A option assemblies.
» Digital Commands used particularly with the 44474A Digital {/O module

» 3488A System commands

Refer to Chapters 2 and 3 in this manual for more information on channel address-
ing, etc. The following format is used to describe the commands.

Command Format and Command Description includes command

Parameters Function function and action of the option
\ assemblies. /
Y

CLOSE a channel

CLOSE <ch. address > [, <ch. address >, <ch, address>,...]

Description

The CLOSE command is used to simply close one or more relays on the 44470A, 44471A, 44472A, or 4447 3A option assemblies.

CLOSE can also be used to ‘clear’ bits (logical 0) on the 44474A Digital /O module. When CLOSE is used with the Digital /0O assembly,
it must be in either default Static Mode #1 or Static Mode #2. In these modes there is no read or write handshaking.

Note that the CLOSE command does not open any channels that were previously closed. Several channels can be closed with one close
command by separating the channel addresses with a comma. Channels are closed {or bits ‘cleared’) in the order listed in the command.

Examples

OUTPUT 709;""CLOSE 102,103,105"
OUTPUT 709;"CLOSE 104,305"

| Closes channels 2, 3, and 5 in slot number 1

! Closes channel number 4 in slot 1 and channel number 5 in slot 3

Notes

1. Attempting to open or closg/ines on a Digital I/O assembly that is not in either ic Mode #1 or #2 will cause an error.

/ T~

Exampies are typical BASIC language statements Notes include power-on state, where to look for
with the 3488A at HP-IB address 709. more information, and special operating notes.

The 3488A expects numbers in either integer or floating point format. Note however,
that numbers in floating point format are rounded to the nearest integer. For exam-
ple, the command CLOSE 202.37 will be interpreted as CLOSE 202; CLOSE 202.5
will be interpreted as CLOSE 203. Numbers in exponential format will cause an error.
Multiple commands separated by semicolons (;) may be used on one OUTPUT com-
mand. The 3488A complies with IEEE Standard P728.
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Channel and bit address definitions adhere to the following conventions for the
various option assemblies.

44470A 10 Channel Relay Multiplexer Module

Channel address is a three digit number. The first digit refers to the 3488A
slot where the assembly is installed. This must be a number from 1 to 5.
The next two digits refer to the specific channel number (00 - 09) on the
assembly.

44471A 10 Channel General Purpose Relay Module

Channel address is a three digit number. The first digit refers to the 3488A
slot where the assembly is installed. This must be a number from 1 to 5.
The next two digits refer to the specific channel number (00 - 09) on the
assembly.

44472A Dual 4 Channel VHF Switch

Channel address is a three digit number. The first digit refers to the 3488A
slot where the assembly is installed. This must be a number from 1 to 5.
The next digit refers to a specific channel group on the assembly. The third
digit refers to a specific relay in that group. Relays are assigned channel
numbers 00 - 03 and 10 - 13, corresponding to relay groups O and 1
respectively.

44473A 4X4 Matrix Switch Module

Channel address is a three digit number. The first digit refers to the 3488A
slot where the assembly is installed. This must be a number from 1 to 5.
The next digit represents the row (O - 3) where the switch is located, and
the third digit represents the column (0 - 3).

44474A 16 Channel Digital I/O Module

Bit address (used with CLOSE and OPEN) is a three digit number. The first
digit refers 10 the 3488A slot where the assembly is instalied. This must
be a number from 1 to 5. The next two digits refer to a specific bit
(00 - 15) on the assembly. Refer to Chapter 10 for more information on
port modes and handshake modes.

In the following command descriptions, items in square brackets ([]) are optional,
whereas items in < > brackets are mandatory.
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CLOSE a channel

CLOSE <ch. address>|[,<ch. address >, <ch, address>,...]

Description

The CLOSE command is used to simply close one or more relays on the 44470A, 44471A, 44472A, or 44473 A option assemblies.

CLOSE can also be used to ‘clear’ bits {logical O) on the 44474 A Digital /O module. When CLOSE is used with the Digital 1/0 assembly,
it must be in either default Static Mode #1 or Static Mode #2. In these modes there is no read or write handshaking.

Note that the CLOSE command does not open any channels that were previously closed. Several channels can be closed with one close
command by separating the channel addresses with a comma. Channels are closed (or bits ‘cleared’) in the order listed in the command.

Examples
OUTPUT 709;"'"CLOSE 102,103,105"" ! Closes channels 2, 3, and 5 in slot number 1
OUTPUT 709;'CLOSE 104,305"" | Closes channel number 4 in slot 1 and channel number 5 in slot 3
Notes

1. Attempting to open or close lines on a Digital I/O assembly that is not in either Static Mode #1 or #2 will cause an error.

OPEN a channel

OPEN <ch. address>[, <ch. address >, <ch. address >...]

Description

OPEN is used to open individual relays on the 44470A, 44471A, 44472A and 4447 3A assemblies. Relays are opened in the order listed.

In addition, OPEN can also be used to 'set’ {logical 1) individual bits on the 44474A Digital 1/0 assembly. The Digital I/0O assembly
must be in either the default Static Mode #1 or Static Mode #2. In either static mode there is no read or write handshaking.

Examples
OUTPUT 709;"'OPEN 103,105,107"" ! Relays 3, 5, and 7 are opened in slot number 1
Notes
1. Attempting to open or close lines on a Digital /O assembly that is not in either Static Mode #1 or #2 will cause an error.

2. Use the CARD RESET command to open all relays or set all digital {/O bits on an assembly. It is easier than listing each channel
individually.
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VIEW a channel

VIEW <ch. address >

Description

The VIEW command is used to look at the state, either open or closed of a particular channel or digital I/O bit. The 3488A responds
with the string “OPEN 1"’ if the specified channel is open. If the specified channel is closed, the 3488A responds with the string *“CLOSED
0’". In the 3488A display, the channel address is displayed followed by a colon and the appropriate string.

Example
QUTPRUT 709;”VIEW 105"’ ! VIEWs channel 5 on slot number 1
ENTER 709; AS ! input alphanumeric response from the 3488A
DISP A$ I A$ will either be "OPEN 1'" or "CLOSED 0"’
or
ENTER 709; A I input numeric response from the 3488A
DISP A 1 *A’ will be either 1 or O for open or closed, respectively
Notes

1. When VIEWing a 44474A Digital line (bit), OPEN 1 means that the bit is set (pulled high, +5 volt). CLOSED O indicates that the
bit is cleared ({low impedance to ground).

CARD TYPE

CTYPE <slot>

Description

This command causes the 3488A to output the model name and number of the option module installed in the specified slot. If CTYPE
is executed from the keyboard, the display shows both the slot and the option model number.

Card Type Description
Slot is empty NO CARD 00000
10 Channel Multiplexer RELAY MUX 44470
General Purpose Card GP RELAY 44471
High Frequency Scanner VHF SW 44472
Matrix Card MATRIX SW 44473
Digital 1/0 Card DIGITAL IO 44474
Breadboard BREADBOARD 44475
Example

QUTPUT 709;" ' CTYPE 3" ! look for the card in slot 3

ENTER 709; A$

DISP A$ I Card description will be displayed

or
ENTER 709; A
DISP A ! only the numeric option model number is displayed i.e., 44470’ for the 10 Ch. Multiplexer
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CARD RESET

CRESET <slot>[, <slot>,...]

Description

CARD RESET is used to reset all channels on the specified siot to their open state. Only options in the slots specified are affected.

The 44474A Digital 1/0 option is reset to its default mode. This means that the 16 lines are set open (high impedance) and the option
is in the Static Mode #1 (no handshaking).

Example

QUTPUT 709;"CRESET2"" ! resets the option assembly in slot 2

CARD PAIR

CPAIR <slot>, <slot>

Description

CARD PAIR is used to pair up two cards of the same type, e.g., two 44470A’s or two 44474A’s. This operation will effectively assign
both cards to both slot numbers so that closing or opening a channel on either card will perform the same operation on the respective
channel on the other card. This feature is especially useful when doing 4-wire scanning with the 44470A’s.

Executing a CPAIR command cancels any previous CPAIR command that involved either of the two cards. It is possible, however, to
have two sets of card pairs, e.g. slots 1 paired with 2 and 3 paired with 4.

Example
OUTPUT 709; "CPAIR 1,3" | sets the options in slots 1 and 3 as pairs
QUTPUT 709; "CLOSE 105" ! closes channels 105 and 305 simultaneously
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CARD MONITOR mode

CMON <slot>

Description

CARD MONITOR places the 3488A display in a mode where it is dedicated to monitoring the option assembly in the specified slot
{1 - 5). Specifying slot O causes the monitor mode to be cancelled.

Each option’s monitor display and its meaning are summarized in the following displays:

44470A Multiplexer I S: n,n,n,n,n,n,n,n,n,nl
44471A General Purpose Ii n,n,n,n,n,n,n,n,n,n]
44472A VHF Multiplexer I s:  n,n,n,n;n,n,n,n I
4447 3A Matrix (monitoring Rows) Ii ROW r ;c,c,c,c [
4447 3A Matrix {monitoring Columns) | s: r,r,r,r; COL ¢ |
44474A Digital 1/0 [ s: Hibbb Libbb |
(Decimal monitoring of bytes)
44474A Digital 1/0 [ = HbbH LibbbH |
{Hexadecimal monitoring of bytes)
44474A Digital 1/O [0 wwwwwww |
(Decimal monitoring of word)
44474 Digital 1/0 [ s wiwwwwH ]
{Hexadecimal monitoring of word)
where:

s = slot number

n = channel number

r = row number

c = column number

bbb = digital data byte

www = digital data word

Example
OUTPUT 709; "CMON 1" I monitor only slot 1
OUTPUT 709; "CMON -1"" I monitor tracking mode starting with slot 1
Notes

1. A decimal point after the data byte or word on the 44474A monitor display indicates the port is configured as a write port.

2. When monitoring the 44474A Digital I/O option, pressing the front panel arrow keys causes the mode to toggle between decimal
and hexadecimal display.

3. Monitor Tracking mode is asserted by specifying a negative slot number. The monitor starts with the specified slot but tracks
to subsequent slots where channels are closed or opened. In other words, the monitor display shows the option slot where the last
channel closure or opening took place.

4. Turn card monitor off by executing CMON O.
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SCAN LIST

SLIST [<ch. address>{(, or -) <ch. address > ... <ch. address >]

Description

Scanning allows you to specify a sequence of channels to be scanned. The sequence is specified as a list of up to 85 channel addresses
(relay or digital 1/0) and/or stored setups separated by commas. Channels from any of the option assemblies may be included in the
list. Contiguous channels may be specified by entering the first channel address and the last channel address separated by a hyphen.

Use the STEP command to sequence through the scan list. When STEP is used to initiate scanning, the first channel in the list will
be closed. Subsequently executing STEP causes the currently closed channel to open and the next channel in the list to close.

Normally, executing STEP after the end of the scan list is reached causes a wraparound to the beginning of the list. However, the number
0 may be inserted in the scan list to act as a stop channel. When ‘0"’ is reached in the course of scanning, the 3488A will open the
last channel closed but will not close another channel and the Channel Closed pulse will not be generated.

CHAN may be used to specify a particular channel to close. If CHAN is used, any channel previously closed in the scan list will open

and the channel specified by CHAN will close. In addition, if the channel closed by CHAN is specified in the scan list, subsequent scan-
ning with the STEP command will start with that channel.

Example

OUTPUT 709;''SLIST104,205,300-309,410"

In this example, the scan list starts with channel 104, followed by channel 205, followed by channels 300, 301, 302, ... 309 and
finally channel 410.

Notes

1. Any gaps or improper card types included in a {channel-channel] sequence will be ignored as long a the two numbers specified are valid.
2. Relays may be scanned in any sequence, i.e., 309-300.

3. STEPping beyond the last channel specified in the scan list causes a wraparound to the first channel in the list unless *0"’ is used
as stop channel.

4. Refer to the Advanced Operation section of this manual for information on using the External increment and Channel Closed features.

5. If CHAN is used to close a channel outside of the scan list and then STEP is executed, the 3488A will open the channel first
closed by CHAN and then close the first channel in the scan list.

6. The commands OPEN, CLOSE, CRESET, or RECALL will have no effect on the scan list even though the state of individual chan-
nels may change. Conversely, STEP, CHAN and SLIST have no effect on channels closed by CLOSE, or RECALL if those channels do
not exist in the scan list.

7. Stored setups are specified by a number from 1 to 40 inclusive. See STORE and RECALL.
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STEPing through the channel list

STEP

Description

The STEP command is used to sequence through a scan list. If STEP is executed and no scan list exists, the 3488A will generate an
execution error; ERR 2.

Example
10 OUTPUT 709;""SLIST100-109,0,CMON 1" | sets up scan list
20FOR 1=1TO 10
30 OUTPUT 709;"'STEP"’ ! STEPs through the scan list
40 NEXT |
Notes

1. For more information, see topics of Channel Closed and External Increment.

CHANnNel command

CHAN [<ch. address > |

Description

CHAN is used to open the last channel closed by either STEP or CHAN and close the specified channel. If no channel is specified with
CHAN, the 3488A will display or output to the interface the number of the last channel closed by either STEP or CHAN. If no channel
has been closed since the last reset, then CHAN returns the number O.

Example

OUTPUT 709; ""CHAN 105" | Any channel previously closed by CHAN or STEP will open and channel 105 will close
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Digital Mode Command

DMODE <slot>[, <mode >][, <polarity > ][, <ElI>1]

Description

Digital Mode is used to establish the handshake mode and polarity of the 44474A Digital I/O assembly. It is also used to enable the
External Increment and Channel Closed Pulse functions. The Mode specifier is as follows:

Mode Type Value
Static (default) Mode 1
Static 2 (read what was written) 2
R/W & Strobe mode 3
Read & Write Strobe mode 4
Handshake (no Ext. Inc.) mode 5

The polarity specifier is as follows:

Definition Value
Lower byte polarity 1 = low true
Upper byte polarity 2 = low true
PCTL Polarity (low ready) 4 = low busy
PFLG Polarity (low ready) 8 = low busy
1/0 direction line polarity 16 = low input mode
{High = input mode normally)

External Increment and Channel closed is enabled by a 1 in the El specifier. They are disabled with an El specifier of O.

Example

OUTPUT715;"DMODES5,1,0,1"" 1 set the EXT. INC. & CH. CLOSED Mode and STATIC Mode #1

Notes

1. Contents of the DMODE register can be read by deleting the parameters and executing only: DMODE <slot>. The 3488A will
respond with a display in the same form as you would send to set the DMODE in. {i.e., mode, polarity, El)

2. At power on, all 44474A Digital I/O assemblies are put in Static Mode, with High True Logic on all lines, EI/CC are disabled.

3. For a more detailed explanation of the DMODE command, refer to Chapter 10.
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Write to a Digital 1/0

DWRITE <slot> <port>, <data>[, <data>]...

Description

Digital Write configures all or part of the 44474A to digital output ports and writes data to it. The ‘PORT’ portion of the command
is always a two digit number and determines whether the high order eight bit byte {port 01) is written to, the low order eight bit byte
{port O0) or the entire 16 bit word {port 02).

Example

OUTPUT 715; 'DWRITE 501,124" | Write the value 124 to Slot 5, port 01

OUTPUT 715; “DWRITE 502,24561"" | Write the value 24561 to the 16-bit port (port 02}

Notes

1. When writing to either of the 8-bit ports (ports 00 or O1), the value of the Data parameter must be between O and 255. When
writing to the 16-bit port (port 02), the Data value can be between — 32768 and + 32767.

2. There is no limit to the number of data items that can be sent with the Digital Write command.

3. In the 16 bit mode (port 02) the data must be sent in 2’s complement format.

Read From a Digital |1/O

DREAD <slot> <port>|[,# of times to read]

Description

Digital Read allows you to read the current status of the 44474A ports designated as inputs. The decimal value read back is equal
to the sum of the values of the bits that are set. See the DWRITE command for an explanation of the port specifier.

Example

OUTPUT 715; ""DREAD 502" | Read the 16-bit input port one time only

OUTPUT 715; "DREAD500,10"" | Read the low order 8-bit port 10 times

Notes

1. If no value for number of reading is given, the specified port will be read only once.

2. The maximum number of times a port can be read with this command is 32767. For multiple readings, the 3488A must be in
OLAP 1 mode.

3. When reading an 8-bit port, the values read back will be between 0 and 255. When reading the 16-bit port, the values read back
will be between —32768 and +32767 (2's complement format).
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Delay

DELAY [<time in mS>]

Description

The DELAY command is used to insert a time delay between the time that a channel is closed and the time that the next command
can be executed and the Channel Closed pulse is output. The delay time can be specified from 0 to 32767 mS (32.767 seconds} in
1 mS increments. The delay time does not become effective until either CHAN or STEP is executed.

if there is not a time value sent with the DELAY command, the 3488A will respond by displaying the current value of the delay time.

Remember that the Channel Closed pulse will use whichever 44474 A assembly has External Increment enabled.
Example
OUTPUT 715; "'DELAY 45'" | The delay time is 45 mS =.045 Sec.
Notes

1. Commands received by the 3488A during the delay time will be executed after the delay time is complete.

Digital Binary Write

DBW <slot> <port>,#l<block of data>

Description

When the DBW command is received, the 3488A will interpret the block of data information that follows as a block of binary data
to be output according to the slot/port specification and DMODE (polarity, handshake) command. In 16-bit mode (port 02), the data
block is interpreted as being most significant byte first. The transfer is completed by setting the HP-IB EOI line true concurrently with
the last byte of data.

Example
The following example is for an -hp- Series 80 computer:
10 CONTROL 7,16:128 ! Sets computer for EOI on last data byte
20 DIM A${30]
30 IOBUFFER A$
40 A$ =""CMON5;DBWS502,#IAS"" I ““AS"" is block of data sent to 44474A

50 TRANSFER A$ TO 708 INTR

Digital Binary Read

DBR <slot> <port>,[<number of times to read >|]

Description

In the Digital Binary Read mode, data items are read and output according to the format setup by the slot/pot specifier and the DMODE
(for polarity and handshaking) command. If the 16-bit mode (port 01) is specified, data will be sent with the most significant byte first.
The data transfer is terminated with the 3488A setting the HP-IB EOI line true concurrently with the last data byte sent.

When requesting multiple readings, the 3488A must be in the OLAP1 mode. The maximum number of readings that may be specified
is 32,767.

Example
10 DIM A$[30]
20 IOBUFFER AS$
30 A$ =""DBR502,1"’ ! one digital binary reading
40 TRANSFER A$ TO 709 INTR
50 ENTER 709 USING "“%,K'’; B$ I qualifiers "% ,K’" set computer to concurrent EQl and last data byte.
860 DISP B$
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Reset the 3488A

RESET

Description

The RESET command is used to reset the 3488A to its power-on state. This includes the following sequence.
1. ldentify all option assemblies and reset them (all relays open).
2. Read HP-IB address switches to establish the HP-IB address.
3. Set all parameters to their default conditions.

The following exceptions are made:

1. If RESET is executed from the system computer, interface functions are not affected (i.e., the 3488A stays in Remote mode,
etc.). If the front panel RESET key is pressed, interface functions are reset.

2. Stored States are not destroyed (see STORE and RECALL).

Example

OUTPUT 709; ““RESET"’

Perform Internal 3488A Self Test

TEST

Description

TEST causes the 3488A to perform its internal self tests. When TEST is executed remotely from the system computer, only the internal
tests are performed. When all the tests have passed, the message ‘‘SELF TEST OK'’ appears in the display. If any tests have failed,
the message ‘'FAILED nn'’ is displayed where nn is the sum of the values of the tests that have failed. Results of the tests can also
be read back to the system computer; a value of O read back indicates all tests have passed.

Example

OUTPUT 709; ""TEST”
ENTER 709; A
DISP A

When the front panel TEST key is pressed, the tests begin by turning on every segment in the display {except the top dot on the colon.)
Following this, a complete power-on self test is performed. If no failures are found, the display indicates "SELF-TEST OK."’ If a failure
is found, ""FAILED nn'’ is displayed where nn is the sum of the values of all errors found.

The following table shows all possible failures and associated values.

RAM (Random Access Memory) failed
ROM (Read Only Memory) failed
Timer failed (used for delay, etc.)

10 chip failed {HP-IB interface)

hN =
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Identify the 3488A

ID?

Description

If the 3488A is addressed to talk after sending the ID? command, it will output the string: HP3488A. This allows you to identify the
HP-1B address of the 3488A.

Example
10 OUTPUT 709; “ID?"’
20 ENTER 709; A3
30 DISP A$ | The computer display should show: HP3488A
OR
20 ENTER 709; A
30 DISP A ! The computer display should show: 3488

Status of the 3488A

STATUS

Description

STATUS permits reading the 3488A’s Status Byte (See also SPOLL, Chapter 4}. The STATUS command returns a decimal value which
is the sum of the values of the individual bits that are set (condition is true).

Bits O, 2, and 3 will be cleared after the STATUS command is executed. Bit 1 will be cleared only after the data is read from the 3488A,
new data is requested, or the 3488A is reset. The Ready for Instructions bit (bit 4) will be cleared whenever the 3488A is busy ex-
ecuting instruction. For this reason, bit 4 will always be clear when STATUS is executed. SPOLL should be used to determine when
the 3488A is ready for instructions. The Error bit (bit 5) will only be cleared after the Error Register is read. Bit 6, RQS, will only be
cleared after STATUS if the condition that caused bit 6 to be set is cleared.

The following table shows the bits and their values.

Bit Weighted Value Definition
0 1 End of scan sequence
1 2 Output available
2 4 Power-on SRQ asserted
3 8 Front panel SRQ key pressed
4 16 Ready for instructions
5 32 Error
6 64 RQS
7 128 Not used
Example

10 OUTPUT 709; “STATUS"’
20 ENTER 709; A
30 DISP A
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Store the current channel setup

STORE <register number 1 to 40>

Description

Store is used to record the current state of the 3488A (closed channels, static digital output states, etc.) in the specified register number.
This setup can be used later to return the 3488A to that state, it can also be used as part of a scan list.

Example

OUTPUT 709; ‘“CLOSE 103,105,203,204,205; STORE 25"
This command stores the channel setup in register 25

OUTPUT 709; ""RECALL 25"
This command recalls the setup from register 25

Notes

1. 44474A Digital I/0 assemblies that are not in static mode are ignored.
2. The 3488A will not change the state of any channels when STORE is executed.

3. Resetting the 3488A does not affect the stored setups.

Recall the stored states

RECALL <register number 1 to 40>

Description

Once a setup has been stored, the RECALL command is used to re-assert that setup. When a stored state is recalled, the 3488A recon-
figures itself, one slot at a time, beginning with slot 1, relay 00. Only relays and static Digital Outputs are recalled. This means that
only those channels that are closed in the stored setup will be closed when the setup is recalled.

Example

OUTPUT 709; ""CLOSE 103,104,202,204,206; STORE 10"
This command stores the channel setup in register 10

OUTPUT 709; “RECALL 10"
This command recalls register 10

Notes

1. If no state has been stored in the setup number selected, an error will result and the 3488A will send SRQ if it was enabled (see
MASK). In this case, the 3488A remains in its previous state.
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Error conditions

ERROR

Description

Error allows you to read the 3488A’s error register. The decimal value returned is equal to the sum of the values of the possible error
conditions, as defined below.

Weighted Value Error Condition

1 Syntax Error
Execution Error
possible meanings include:
a. Parameter out of range
b. Card type mismatch
c. Attempt to access a nonexistent stored state or scan list.

4 Hardware Trigger too Fast
8 Logic Failure
16 Power Supply Failure

Example

10 OUTPUT 709; “"ERROR""
20 ENTER 709; A
30 DISP A

Set the SRQ Mask

MASK [ < decimal value>]

Description

The MASK command allows you to set the SRQ mask for certain conditions. (See Request Service, Chapter 4.) The decimal value load-
ed into the mask is equal to the sum of the values of the conditions that will cause an SRQ interrupt. The following table shows the
possible conditions and values for an SRQ interrupt.

Mask Bit Weighted Value Description

End of Scan Sequence
Output Available

Power-on SRQ true

Front panel SRQ key pressed
Ready for instructions

Error

RQS (This bit is not maskable)
Not used

N0 PN =

NOOP~,WN=O0
W =

If no value is sent with the MASK command, the 3488A will display or output to the computer the current value of its SRQ mask.

Examples
OUTPUT 709;"MASK 8" | Set the mask for Front Panel SRQ Key
OUTPUT 709;""MASK 33" ! Set mask for ERROR (32) and End of Scan Sequence (1)
10 OUTPUT 709; “MASK"’
20 ENTER 709; A
30 DISP A I THE CURRENT MASK VALUE IS DISPLAYED
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Overlap on received command strings

OLAP <1 o0or 0>

Description

In the Overlap disabled mode (default, OLAP 0), the 3488A holds up HP-IB |/O communications while it processes received messages.
If Overlap is enabled (OLAP1), the 3488A will release the HP-IB as soon as the command message is received. Overlap enabled allows
faster /O operations but does not guarantee sequential operation of other devices on the bus. For more information, refer to Chapter 4.

Example

OUTPUT 709; “OLAP 1'" ! Overlap is enabled

Notes

1. Overlap goes into effect on the first Bus communication after the OLAP message sent.
2. Overlap is only for commands received by the 3488A, not for data sent by the 3488A.
3. Defauit is Overlap disabled.

4. In Overlap enabled, users should monitor bit 4 in the 3488A Status Register to help insure sequential operation of other instruments
on the HP-IB interface.

5. OLAP 1 is necessary for multiple readings from the 44474A Digital 1/0 option with the DREAD and DBR commands.

Stop on an Error (Error Halt)

EHALT <O or 1>

Description

This command is used to enable (EHALT 1) the stop-on-error mode of the 3488A. When the 3488A discovers an error {see ERROR
commanad), it will lockup the HP-IB interface {no HP-IB communication). ONCE THE HP-IB IS LOCKED UP, YOU MUST RESET THE HP-1B
INTERFACE. THE 3488A CAN BE RESET BY EITHER PRESSING THE FRONT PANEL LOCAL KEY OR EXECUTING THE HP-IB CLEAR
COMMAND. Default condition is EHALT disabled (EHALT Q) which allows HP-IB communication after an error is discovered.

Example

10 OUTPUT 709;"'EHALT 1"
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Write to the 3488A Display

DISP < ASCIl character string>

Description

DISP lets you write messages up to 127 characters long to the 3488A’s display. Any printable ASCH character (decimal value 32 and
greater) can be displayed except for colons (:), semicolons (;) and pound signs {#). These two characters are interpreted as terminators
thus ending the string. All other characters and any characters in excess of 127 will be discarded. Use the two arrow keys to scroll
the display.

Example

OUTPUT 709; “DISP THIS IS THE 3488A SWITCH/CONTROL UNIT"*

Notes

1. Delimiters such as Line Feed (If}), Carriage Return (cr}, colons and semicolons are not allowed in the data string and will cause
a 3488A error.

2. Quotation Marks within the ASCIt character string are ignored.

Turning the Display ON or OFF

DON or DOFF

Description

The DOFF command allows you to turn the 3488A’s display off. This allows the 3488A to operate faster because it no longer needs
to update the display. After DOFF has been executed, the display will show a series of hyphens and then turn off. This hyphen series
may stay in the display for approximately 10 minutes before the display actually clears.

The display wilt be reactivated by either the DON command or pressing the LOCAL key. Use DON to remove a message written to
the display with the DISP command.

Example

OUTPUT 709; "DOFF”’

OUTPUT 709; “DON"

Lockout the Keyboard

LOCK 1 activates LOCKOUT
LOCK O (default) deactivates LOCKOUT

LOCK is similar to sending the Local Lockout command from the computer. Locking out the keyboard prevents the keyboard from being
scanned thus permitting faster operation.

Example

OUTPUT 708; "'LOCK1"" 1 Lockout the keyboard
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Chapter 4
Advanced Remote Programming

Introduction

This chapter discusses topics useful to programmers experienced in HP-IB remote
programming. The vast majority of all 3488A remote programming can be done
without knowing or using the material in this chapter.

Using the 3488A Input Buffer

The 3488A has two modes for receiving commands from the system computer: Se-
quential and Overlap (OLAP). Sequential Mode (which is the default mode) simply
means that the 3488A will not complete the HP-IB handshake process until the
received command has been fully executed. Refer to Appendix B for more informa-
tion on HP-IB handshake.

Picture the Sequential Mode this way:

Computer 3488A completes 3488A completes
sends execution of the HP-IB Handshake
command command process

This means that the computer cannot send commands to any other device until the
3488A has completed execution of its command. This is beneficial because it
guarantees that the 3488A will be ready (channel closed, etc.) before the computer
tells some other device to do something (TRIGGER, etc.).

The Overlap Mode can be pictured like this:

Computer 3488A completes 3488A completes
sends HP-IB Handshake execution of the
command process command

The advantage of the Overlap Mode is more ‘‘throughput’’. This means the com-
puter can be performing other tasks while waiting for the 3488A to complete ex-
ecution. Its disadvantage is that it does not guarantee sequential operation of other
instruments on the interface bus.
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The following two programs demonstrate the use of the Overlap mode. In the first
program, with Overlap off, the 3488A will close channel 101 and then inhibit all
HP-IB communication until the delay time is complete. When the delay is complete,
the 3478A voltmeter is triggered.

In the second program, the 3488A releases the HP-IB interface allowing the voltmeter
to trigger immediately, probably before the channel is closed. No other command will
be executed by the 3488A until the delay time is complete.

Note in both program examples, the Overlap mode is asserted on a separate line in
the program. This is because the Overlap mode (whether on or off) is not asserted
until the next transmission from the system computer. Either carriage return (cr) line
feed (If) or some combination of two delimeters {e.g., two semicolons) must be
received at the end of all command strings for OLAP off to work properly.

10 ' OVERLAP OFF EXAMPLE

20 ' -HP- 85 VERSION

30 ! 3488A AT ADDRESS 709, 3478A AT ADDRESS 723

40 CLEAR 7

50 OUTPUT 723 :"T3" ! 3478A in single trigger mode
60 QUTPUT 709 ;"OLAP 0" ! default condition

70 OUTPUT 709 ;"DELAY 5000; CHAN 101"

gg ES%GGER 723 ! trigger the voltmeter

10 ' OVERLAP ON EXAMPLE

20 ' -HP- 85 VERSION

30 ! 3488A AT ADDRESS 709, 3478A AT ADDRESS 723

40 CLEAR 7

50 OUTPUT 723 ;T3 ! 3478A in single trigger mode
60 OUTPUT 709 :"0OLAP 1" ' overlap mode on

70 OQUTPUT 709 ;"DELAY S5000; CHAN 101"

gg Eﬁ%GGER 723 ' trigger the voltmeter

With the Overlap mode on, the Ready bit in the 3488A’s Status Register can be
checked with a serial poll {SPOLL, discussed later in this chapter) to insure sequential
operation. Do not use the 3488A’'s STATUS command because the instrument will
be busy executing the STATUS command and therefore the Ready bit will always
be clear.

The next program shows how to continuosly monitor the Status byte with a Serial
Poll (SPOLL) to determine when the 3488A has completed it's task and is ready for
the next event to occur. Bit 4 in the Status byte is the Ready for instruction bit and
is checked in program line 80.
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10 ' MONITOR STATUS BYTE EXAMPLE

20 ' -HP- 85 VERSION

30 ' 3488A AT ADDRESS 709

40 CLEAR 7

50 OUTPUT 723 ;"T3"

60 QUTPUT 709 ;"OLAP 1" ! overlap mode on
70 QUTPUT 709 ;"DELAY 10000;CHAN101"
80 P=SPOLL(709)

90 IF BIT(P,4)<>1 THEN GOTO 70

100 TRIGGER 723

110 END

{% Command

SYSTEMS

OLAP1 turns Overlap on
OLAPO turns Overlap off

3488A HP-IB Capabilities

The following topics, arranged in alphabetical order, deal with specific HP-IB com-
mand messages (see Appendix B). These commands are functions of the HP-IB in-
terface and all HP-IB compatible instruments will respond, in some manner, to them.
Refer to the remote HP-IB programming manual for each instrument connected to
the interface of your test system to see how they respond to these commands.

Refer also to the I/0 programming manual for the computer you are using for specific
information on the syntax and actions taken by the interface when sending the
messages. The examples given here apply to the -hp- Series 80 and Series 200
desktop computers except where noted.

Many of the commands in this chapter have counterparts that can be executed from

the 3488A front panel. This makes the commands both easy to learn as well as more
valuable.
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CLEAR

Examples

CLEAR 7 (device Clear)
CLEAR 709 (selected device Clear)

Comments

Upon receiving the CLEAR message, the 3488A will go into its reset routine. This
means that all relays will open, the 44474A Digital I/O option will go to its default
mode (all bits high impedance, static mode). Setups that have been stored are NOT
destroyed.

LOCAL

Examples

LOCAL 7
LOCAL 709

Comments

The LOCAL 709 message clears the 3488A from the REMOTE mode and re-enables
the front panel keyboard. Pressing the front panel LOCAL key accomplishes the same
thing, provided the key has not been disabled with the LOCAL LOCKOUT message.
LOCAL 7 removes every instrument on interface 7 from the REMOTE mode.

If the 3488A is in REMOTE with LOCAL LOCKOQUT set (see next topic), the only
way to return to front panel control is to either turn power off and then on again,
or to execute the LOCAL 7 message. The command LOCAL 7 takes all instruments
out of LOCAL LOCKOUT that are connected to that interface. The command LOCAL
709 would return the 3488A to front panel control but a subsequent REMOTE com-
mand (or OUTPUT 709) would return it to LOCAL LOCKOUT.
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LOCAL LOCKOUT

Example

LOCAL LOCKOUT 7

Comments

The LOCAL LOCKOUT command locks out the 3488A’s front panel keyboard in-
cluding the LOCAL and SRQ keys. The lockout will remain in effect until it is cleared
over the interface bus by sending the LOCAL message to the instrument or by cycling
the 3488A’s line switch.

REMOTE

Examples

REMOTE 7
REMOTE 709

Comments

The REMOTE message is used to disable the 3488A’s front panel switches (except
the LOCAL and SRQ keys) and put it in remote program control. When the 3488A
has been addressed to Listen, the REM annunciator in the display turns on to indicate
that the instrument is in the Remote mode. To disable even the SRQ and LOCAL
keys, use the LOCAL LOCKOUT message.

You will seldom find it necessary to execute the REMQOTE command. The REMOTE
command is independent of any other HP-IB activity and is sent on a single inter-
face bus line called REN (see Appendix B). Most controllers set the REN line true
at power-on or when reset, which has exactly the same effect as sending only
REMOTE 7. Before any instrument will actually go into the remote state it must be
addressed. Therefore, when the 3488A is first addressed, such as OUTPUT 709;
““CLOSE 101", it will then go to the remote state.
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REQUEST SERVICE (SRQ)

A very important feature of the 3488A is its ability to interrupt the system com-
puter when certain specified conditions are met. Of course the system computer
must be programmed to respond to the interrupt. The Require Service (SRQ) message
is used to implement this feature and is independent of all other HP-IB activity. SRQ
is sent on a single Interface Bus line (see Appendix B) called the SRQ line. The
3488A MUST BE PROGRAMMED to interrupt before it will actually attempt to in-
terrupt the computer. The following list gives the possible causes of interrupt that
the 3488A can be programmed for.

1. End of Scan Sequence. A series of channels can be designated as a scan list.
The STEP command or HP-IB TRIGGER command causes the 3488A to increment
through the scan list. When the last channel of the scan list is closed, the 3488A
can interrupt the computer.

2. Output Available. If the computer has asked for some type of information, the
3488A can signal the computer that the information is available.

3. Power-on SRQ. The 3488A can interrupt the system computer when the
3488A is turned on (for example, if power to the 3488A were lost and later restored,
the 3488A could signal the computer of the failure).

4. Front Panel SRQ. You can use the 3488A front panel SRQ key to manually
interrupt the computer.

5. Ready for Instructions. When the 3488A completes some preassigned task,
such as closing a list of relays, it can interrupt the computer. This is most useful
in OLAP1 mode.

6. Error. There are several types of errors that can cause an interrupt. These in-
clude: syntax error, execution error, hardware trigger too fast, relay failure, and
power supply failure. Refer to Chapter 2, Handling Errors, for more information.

How to Use SRQ

When the Require Service message {SRQ) is sent, the computer must first determine
which instrument is requesting service (if more than one is capable of requesting ser-
vice). This is done by conducting a SERIAL POLL (SPOLL) of each instrument con-
nected to the interface. When an instrument is polled, it responds by sending a
STATUS BYTE which indicates whether it requested service and if so, the nature
of the request. If the Status Byte for the instrument polled indicates that the instru-
ment was not requesting service, the computer would continue to poll the other in-
struments on the bus until the proper one is located. This, of course, assumes that
the computer has been programmed to respond to SRQ and for the Serial Polling.
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REQUEST SERVICE (SRQ) (Cont’d)

Status Register and Status Byte

The Status Register {see Status Command in Chapter 2) is used to monitor the six
possible interrupt conditions. It is possible for one or more interrupt conditions to
be true without the 3488A causing an interrupt. The interrupt will only occur when
the SRQ mask has been set for particular conditions. Refer to Figure 4-1. Imagine
the SRQ mask sitting over part of the Status Byte. If the SRQ mask is set for a cer-
tain condition, and that condition occurs, bit 6 of the Status Byte will go ‘‘true”
{true being a logical 1). When bit 6 of the Status Byte is true, the 3488A will send
the SRQ message to the computer and the SRQ annunciator will turn on. Remember,
the system computer must be programmed to respond to the SRQ interrupt.

The Status Byte is an 8-bit byte that may be used to determine the current status
of the 3488A regardless of whether an SRQ interrupt has occurred. The Status Byte
comes from the Status Register and is output to the HP-IB in response to a Serial
Poll or it can be displayed on the 3488A by pressing the STATUS key.

SRQ Mask

Mask set by
Rear Panel
switch.

Bit 7, Bit 6, Bit 5, Bit 4, Bit 3, Bit 2, Bit 1, Bit 0,
Value = 128 Value = 64 Value =32 Value= 16 Value=8 Value=4 Value=2 Value=1
Error Ready for Front Panel SRQ Power-On SRQ Output available End of Scan
Request instructions. Sequence
Not Used Service SET: Error SET: Front Panel SET: Rear Panel SET: Requested
(RQS) has occurred. SET: 3488A SRQ key pressed swilch set to data is SET: 3488A has
(See Chapter waiting for new 1" and sub- available. reached end of
SET: 2) instructions. Cleared: RESET quently power is ) scan list.
One-to-one or STATUS Cleared: Entering

applied.

.
i
correspondence 1 Cleared: Cleared: 348BA command data, or RESET Cleared: RESET
between SRQ : Read error busy executed. Cleared: RESET command. or STATUS
mask and t register or executing or STATUS command
status [] reset. previous command executed.
bits. : instructions. executed.
Cleared: [} (See text)
sEmaL PoLL, {1
STATUS, or H
RESET. 1

Status Register

Figure 4-1. Status Byte and SRQ Mask
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REQUEST SERVICE (SRQ) (Cont’'d)

Setting the SRQ Mask

Setting the 3488A SRQ mask can be done from either the front panel or remotely
from the system computer. The mask can even be interrogated to determine its
setting.

The SRQ mask can only be set to mask bits O through 5 of the Status Register.
Default mask value is 000. To set the mask, first determine which conditions you
want to interrupt the system computer, e.g., End of Scan Sequence, Errors, Front
Panel SRQ, etc. Sum together the weighted decimal values for those conditions (bits).
Then, execute the MASK command with the decimal sum; that is, MASKxxx where
xxx is the sum of the weighted values.

Do This:

To determine the current mask setting, execute the MASK command:

OUTPUT 709; "MASK"’
ENTER 709; A
DISP A “A" will have a value of O.

The display should indicate: MASK: 000

Now, let's set the mask for front panel SRQ. To do this, look at
Figure 4-1. The weighted value for front panel SRQ is 8. So execute:

OUTPUT 709; “MASK 8"

Verify that the mask is set to 8 by executing the MASK command.

Now, since the SRQ mask is set for front panel SRQ, pressing the SRQ
key should cause the SRQ annuciator to turn on. This means that the
3488A is requesting service from the computer. But what is the benefit
of all of this? The following examples demonstrate possible uses for the
SRQ interrupts.
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REQUEST SERVICE (SRQ) (Cont'd)

Example 1. Front Panel SRQ

The Front Panel SRQ feature of the 3488A provides you with a way of manually
interrupting the controller from the instruments front panel. This feature is enabled
by setting Bit 3 in the SRQ mask, command ‘“MASK 8’'. Once this is done, press-
ing the 3488A front panel SRQ key causes the 3488A to request service (SRQ) from
the system computer. The SRQ annunciator turns on in the display until the com-
puter responds by executing a Serial Poll or a CLEAR command.

Line Description

= 40 The MASK 8 command sets the 3488A to
respond to the front panel SRQ key.
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50 Line 50 tells the computer where to go in
its program (line 1000) when an SRQ inter-
rupt occurs.

60 ENABLE INTR actually enables the -hp- 85

3 computer to respond to interrupts on HP-1B

THEH OISF "SRG interface 7. The number 8 is the octal code

FELSE OISF "F= for SRQ interrupts (as described in the -hp-
85 |/0O Programming Guide).
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T STATLST 70 Line 70 is a simple loop that allows the pro-

TURH gram to continue running until someone
presses the SRQ key on the 3488A front
panel.

1000 SPOLL returns the 3488A Status Byte to
variable P.

[
e a i B X
I

1010 Bit 3 of the Status Byte is tested to make
sure it is set. If it is, the message '‘SRQ
KEY PRESSED’’ is displayed. If bit 3 is not
set, something else caused the interrupt.

1020 The STATUS command clears the -hp- 85
HP-IB Status/Control register so that it can
respond to the next interrupt.

1030 The Status register in the 3488A should be
read and cleared so that it can cause future
interrupts if necessary.

1040 Return to where program was interrupted.
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REQUEST SERVICE (SRQ) (Cont’d)

Example 2. SRQ on End of Scan Sequence

Scanning (see SCAN LIST, Chap. 2) is a feature of the 3488A that allows it to se-
quence through a series of channels. When the 3488A has reached the end of that
series, it would interrupt the system computer {SRQ). This allows the computer to
perform other tasks while the 3488A keeps track of the scanning progress.

To enable the SRQ feature in the 3488A, bit O of the SRQ mask must be set.
Remember that bit O will be true any time the end of a scan list is reached, but for
the SRQ interrupt to occur the SRQ mask must be set. The mask bit pattern for End
of Scan Sequence would look like:

Bit # 5 4 3 2 1 0

Value: 0O 0 0 0O 0O 1

To set the SRQ mask, we need to execute the command: MASK 1. Now, when the
3488A reaches the end of a scan sequence, it will interrupt the system computer
via SRQ. The computer will only be interrupted if bit O is true, meaning end of scan
sequence. Bits 1 through 5 will not interrupt the computer because the mask was
not set for those bits. When the scan sequence reaches its end, the SRQ annun-
ciator turns on in the 3488A display and will remain on until the computer responds
by doing a serial poll, executing the CLEAR command, or the 3488A is turned off.

Let’s illustrate how the SRQ on End of Scan Sequence could be used. In this illustra-
tion, two 44470A Multiplexer assemblies are used to scan through 20 channels of
test points. An -hp- 3456A voltmeter connects to the common bus of both 44470A
assemblies and will be used for voltage measurements.

In this particular example, the Channel Closed and External Increment functions of
the 44474A Digital 1/0 assembly will be used. When a channel is closed, the 3488A
will output a Channe! Closed Pulse to the 3456A’s External Trigger. Thus, the 3456A
takes one voltage reading. After the voltmeter has completed the reading for that
channel, it will output a Voltmeter Complete pulse to the 3488A’s External Incre-
ment line. This in turn causes the current channel to open and closes the next chan-
nel in the list. This cycle continues until the end of the scan list.
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REQUEST SERVICE (SRQ) (Cont’d)

Figure 4-2. 3488A Channel Scanning
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REQUEST SERVICE (SRQ) (Cont’d)

Line
b Emcl ¢ = 40
wamrle
i —-HP- 25
I 324883 = 2455
B 3t addr 50
oM IMTR 7
EHABLE IH
QUTRUT 7@ A
o OMODE =
QUTFUT 72 60
TRIGGER 7
GOTO Sa 2
oes hers
EHD
P=cPOLLYT
IF BITOP. HEH OIZF YEHO
OF SCAM RE EQ"
QUTPUT 722 :"0OAZASTR"
FOoR I=1 T
QUTFUT 72, “RER®
EMTER 7oz Fit.I.- 70
DISFE ACIS
MEXT 1
pUTFEUT 725 Yo
STATUS 7.1 & R 80
DUTFUT TLP “STARTUS®
FETURH
90-990
1000
1010
1020-1060
1080
1090
1110
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Description

Instructs the computer where to go (line
1000) when an interrupt occurs on interface
7.

ENABLE INTR 7;8 actually enables the -hp-
85 to respond to the SRQ. SRQ is octal
code 8" in the -hp- 85 HP-IB control
register.

SLIST 100-209 sets the 3488A to scan the
channels 100 through 209, these are the
44470A channels. The channel O means
stop scanning. If the O is not used, the
3488A will start scanning through the chan-
nels again. DMODE 5,1,0,1 sets the
44474A {(slot 5) for Channel Closed and Ex-
ternal Increment. MASK 1 sets the SRQ
mask for End of Scan SRQ.

These commands set the 3456A for DCV,
Auto ranging, Autozero on, External Trigger,
and Reading Storage on; respectively.

TRIGGER 709 causes the 3488A to close
the first channel in the list and begin the
scan seguence.

These lines contain the main body of the
program.

This is the start of the interrupt subroutine.
SPOLL returns the 3488A Status byte to
variable “P’’.

If bit O in the 3488A Status Byte is set,
then display the message. If the bit is not
set, something else caused the interrupt.

These lines recall the 20 voltage readings
from the 3456A.

This STATUS command is used to clear the
-hp- 85’s Status/Control Register so that it
can respond to the next interrupt. Do not
confuse this STATUS with the STATUS for
the 3488A.

The Status register in the 3488A should be
read and cleared so that it can cause future
interrupts if necessary.

Return to where the program was
interrupted.



SPOLL

Example

P=SPOLL (725)

Comments

Serial Poll {(SPOLL), like the 3488A STATUS command, allows you to determine the
current status of your 3488A. When the 3488A receives the SPOLL message, it
returns the value of its Status Byte to the system computer. The value returned is
the sum of the values of the individua! bits that are set. Note that SPOLL does not
clear any of the bits in the Status Register except for bit 6, RQS. Use the STATUS
command to clear the remaining bits.

SPOLL differs from the STATUS command in that STATUS actually interrupts the
internal processor. Thus, with STATUS, the 3488A will always appear busy (bit 4
clear). SPOLL simply extracts the Status byte without interrupting the processor.
Therefore, SPOLL should always be used when determining the readiness of the in-
strument for further instructions (see OLAP).

The other main difference between SPOLL and STATUS is with bit 1. If bit 1 is set,
meaning data is available, and the STATUS command is sent, whatever data was
available becomes lost and the value of the Status Byte replaces it in the output buf-
fer. SPOLL allows you to determine if data is available without destroying the data.

Figure 4-3 shows each of the eight bits in the Status Byte and their respective
values. A description of the bits follows the figure.

Bit 7 Bit 6 Bit § 8it 4 Bit 3 Bit 2 Bit 1 Bit 0
Unused. Set: SRQ interrupt. | Set: ERROR condi- | Set: 3488A is ready | Set: Front Panel SRQ | Set: Power-On SRQ{ Set: Requested infor- { Set: End of Scan List.
ion occurred. for new instruction. | key has been| switch set and| mation is available.
pressed. power-on occurred.
Always O Cleared: Condition | Cleared: Error register | Cleared: 3488A is| Cleared: STATUS | Cleared: STATUS| Clearad: STATUS | Cleared: STATUS
causing SRQ is| is read or 3488A is| busy executing pre- | command or 3488A | command or 3488A | command, reading] command.

cleared or HP-I8
SPOLL command or
3488A is reset.

reset.

vious instruction.

reset.

is reset.

the data, or reset-
ting the 3488A.
Note, STATUS
deletes old informa-
tion.

Figure 4-3. Status Byte
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Bit O
End of Scan
Sequence
(value = 1)

Bit 1

Output
Available
(value = 2)

Bit 2
Power-on
SRQ
(value = 4)

Bit 3
Front Panel
SRQ
(value = 8)

Bit 4
Ready for
Instructions
(value = 16)

Bit 5
Errors
(value = 32)
Bit 6
Service
Request

(value = 64)

Bit 7

SPOLL (Cont'd)

If a scan list has been set up and sequenced through, this bit
will be set to a “’1”" when the last channel in the list is closed.

This bit will be set when the computer asks for some piece of
information and the information becomes available. For example,
if the computer asks for the card type in slot 1, this bit will be
set when that information becomes available.

This bit is set to a 1 when a power-on reset has occurred. If
the Power-on SRQ switch on the rear panel is set to the 1"’ or
““up’’ position, bit 6 in the Status Byte will also be set, generat-
ing an SRQ interrupt. Bit 2 will be cleared if a reset due to the
HP-IB CLEAR command or the RESET or STATUS keys on the
front panel are pressed.

When bit 3 is set to a ‘“1"’, it indicates that the front panel SRQ
key has been pressed.

This bit indicates that the 3488A has completed its last
command and is ready for the next command. Note: this bit will
always appear to be clear (low) (meaning busy) when executing
STATUS. This is because the 3488A is busy while executing
the STATUS command.

When this bit is set, it indicates that an error of some type has
occurred. Refer to Chapter 2, Handling Errors, for more informa-
tion on the nature of possible error messages.

This bit indicates that the 3488A is requesting service (SRQ)
from the system computer. The bit is set to “*1"" whenever the
SRQ mask is set for a particular event and the event occurs.
This bit is also set to ““1’" at power on if the Power-on SRQ
switch (3488A rear panel) is set to the up position. This bit is
cleared by either a reset or a Serial Poll.

This bit is not used and is always O.
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SPOLL (Cont’d)

Try this simple exercise

Press the 3488A RESET key followed by the STATUS key. The display
should show:

STATUS: 000
This indicates that none of the conditions are true. (Remember, Bit 4 is
clear because the 3488A is busy executing the STATUS command and

therefore not ready for more instructions until the command is finished.)

Now, execute the same commands from the system computer:

10 OUTPUT 709 ;"RESET"™ 10 OUTPUY 709 ;"RESET"
20 OUTPUT 709 ;"STATUS" 20 A=SPOLL(709

30 ENTER 709 ; A 30 DISP A

40 DISP A 40 END

50 END

The value of A should be O in the left hand example, and 16 (Ready for
Instructions) in the right hand example.

Now, set up a simple scan list, for instance SLIST 200-202 and STEP
through each of the channels. Execute lines 20 through 40 in either of
the programs above (or simply press the STATUS key). The value returned
should be 1 (End of Scan List) if you either pressed the STATUS key or
executed the left hand program. If you executed the right hand program
(SPOLL), the value returned is 17 (End of Scan List and Ready for
Instructions).

Reset the 3488A and press the front panel SRQ key. Check the value of
the Status byte. It should be either 8 (execute STATUS) or 24 (SPOLL).
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TRIGGER

Examples

TRIGGER 7
TRIGGER 709

Comments

If the 3488A has been addressed to listen, the TRIGGER message (also known as
the GET for Group Execute Trigger) will cause the same action as the 3488A STEP
command. In other words, the commands TRIGGER 709 and OUTPUT 709; ‘STEP’’

perform exactly the same function.
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Chapter 5
Operator Information

Introduction

Your 3488A Switch/Control Unit was engineered for ease of use and reliability. The
instrument was carefully inspected before shipping and should be free of mechanical
and electrical flaws and should be in proper working condition.

The information in this chapter covers initial setup, installation and checkout of your
new 3488A. This chapter should be read prior to installing the instrument for use.

Warranty information, specifications, accessories, etc., are also covered in this
chapter.

Preparation For Use

Unpacking Instructions
When you are unpacking your 3488A for the first time, make certain that the options
that you ordered have been received with your 3488A. The following items should

also have been included:

Qty. Description

1 3488A Operating, Programming and Configuration Manual
1 3488A Mainframe Service Manual
1 Power cord

1 250mA line fuse and black fuse cap

1 500mA line fuse and gray fuse cap
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WARNING

If any of the following symptoms. exist, or are even
suspected, remove the instrument from service.. Do not use
the instrument until safe operation can be verified by service-
trained personnel.

1. Visible damage.

2. Severe transport stress.

3. Prolonged storage under adverse conditions.

4. Failure to perform intended measurements or functions.

If-necessary, return the instrument to a Hewlett-Packard Sales
and Service Office for service and repair to ensure that safety
features are maintained.

Initial Inspection

Your 3488A was carefully inspected before it left the factory. It should be free of
mars or scratches and in proper working order upon receipt. You should, however,
inspect the instrument for any damage that may have occurred in transit.

If the shipping container or cushioning material is damaged, it should be kept until
the contents of the shipment have been checked for completeness and the instru-
ment has been mechanically and electronically inspected. Save the shipping materials
for the carrier.

Procedures for checking the electrical performance of the 3488A are given in the
3488A SERVICE MANUAL. If there is any mechanical damage, the contents are in-
complete, or the instrument fails to pass its Operational Verification or Performance
Tests, promptly notify the nearest Hewlett-Packard office.

CAUTION

Before connecting the 3488A to an ac power source, verify
that the ac power source matches the setting of the 3488A
line ‘voltage selection switch.

Power Requirements

The 3488A requires a power source either 86-127Vac or 195-253Vac, 48 to 66 Hz
single phase. Maximum power consumption is 15VA (Volt-Amps). Remove all op-
tions from the left side (facing the back panel of the instrument) and verify that the
ac line voltage selection switch is set to the nominal line voltage for your area.
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Line Voltage Selection

If it is necessary to reset the ac line voltage selection switch (Figure 5-1), turn the
instrument power off and remove the power cord from the rear of the instrument.
With a small flatblade screwdriver move the switch to the appropriate position.

NANEEENo3o0 10923251 EE A

WAL 1K USA

68884888 = 5|
"0 Pl nn MO
23489-86518 [ § ]

Figure 5-1. AC Line Voltage Selection Switch

Power Line Fuse Replacement

Two fuses with fuse caps and labels are provided with your 3488A. Select the one
that is appropriate for the nominal line voltage in your area.

Replacement fuses are available from -hp- with the following part numbers:

Line Voltage Power Line Fuse Fuse Cap
115Vac Nomi 500mA
15Vac Nominal (-hp- Part Number Gray
(87 to 127 Vac) 2110-0012) 2110-0565
5 ) 250mA
3(;Va;: Iiommal (-hp- Part Number Black
(196-254 Vac) 2110-0489) | 2110-0567

The power line fuse is located on the rear panel of the 3488A in the lower right hand
corner. To install or replace the fuse, turn the instrument off and remove the power
cord from the rear of the instrument. With a small flatblade screwdriver rotate the fuse
cap counterclockwise. Remove the fuse cap and replace the fuse with the appropriate
type (see Figure 5-1). Reinstall the fuse cap and apply power.
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Grounding Requirements

The 3488A is equipped with a three-conductor ac power cable. The power cable must
either be plugged into an approved three-contact electrical outlet or used with a three-
contact to two-contact adapter with the grounding wire (green) firmly connected to
an electrical ground (safety ground). The 3488A°'s power jack and supplied power cable
meet IEC (International Safety Commission) safety standards. A ground lug is mounted
on the rear panel and is to be connected to a reliable earth ground when the power
cord ground is unavailable.

Power Cords and Receptacles

Figure 5-2 shows the various power cord configurations that are available to provide
power to the 3488A. The -hp- part number shown directly below the individual power
plug drawing is the part number for the power cord complete with plug. If the appropriate
power cord is not included with the instrument, notify the nearest -hp- Sales and Ser-
vice Office.

POWER CORDS

oty P10 B

AUSTRALIA DENMARK EUROPE GREAT BRITAIN SWITZERLAND  UNITED STATES UNITED STATES
12ev 240v

Country Part Number | Opt. Voltage

Australia 8120-1369 301 250V 6A

Denmark 8120-2956 912 | 250V 6A

Europe 8120-1689 902 250V 6A

Great Britain 8120-1351 900 | 250V 6A

Switzerland 8120-2104 906 | 250V 6A

“United States 8120-1378 903 120V 10A

“United States 8120-0698 904 240V 10A

Power cords supplied by HP have polarities matched to the power input socket on the instrument:
* L = Line or Active Conductor (also called "live” or "hot”).
* N = Neutral or Identified Conductor
e E = Earth or Safety Ground

NOTE: Plugs are viewed from connector end. Shape of motded plug may vary within country.

* CSA certification includes only these Power Plugs

Figure 5-2. Power Cords

Instrument Mounting

The 3488A is equipped with feet and tilt stand in place, ready for use as a bench in-
strument. The front of the instrument may be elevated for convenience of operating
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and viewing by extending the tilt stand. The instrument can also be mounted in a stan-
dard 19’ rack with the optional rack mounting kits. See Table 5-1.

HP-IB Interface Connections

HP-1B (Hewlett-Packard Interface Bus) is Hewlett-Packards implementation of IEEE Stan-
dard 488-1978, Standard Digital Interface for Programmable Instrumentation. Refer to
Appendix B for more detailed information on HP-IB.

The 3488A’s HP-IB connection is made by an HP-IB interface cable to the 24 pin HP-IB
connector on the rear panel of the instrument. A typical interconnection of HP-IB com-
patible instruments is shown in Figure 5-3.

EEERERENIRERRRRRER

Figure 5-3. Typical HP-IB System Interconnection

A total of 15 HP-IB compatible instruments can be connected together by the same
interface bus. Cables used with the interface bus have single male-female connectors
at each end so that several cables can be stacked, thus allowing more than one cable
to be attached to any instrument.

For best HP-IB performance, total HP-IB cable length for the system must not exceed
2 metres (6.5 feet) times the total number of instruments to be connected or 20 metres
(65 feet), whichever is less.

HP-1B Address Selection

The HP-IB address of the 3488A is determined by the setting of five switches on the
rear panel. These switches are read when the 3488A is turned on or reset. Normally,
the 3488A leaves the factory with the address switches set to decimal *‘09’’. The cor-
responding ASCII code is a listen address of *’)’’ and a talk address of "'I”’. Refer to
Figure 5-4 for other HP-IB address codes. The factory setting of the Power-on SRQ switch
is off.
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Shown at Factory
Default Address
{09). This number is

3488A Switch/Control Unit

]

6L

-«+—— Factory Default

called the Primary
Address.
/
POWER-ON INSTRUMENT
SRQ ADDRESS
ASCII Code
Character Address Switches b-bit
Listen Talk A4 A5  AG A7 A8 Decimal Code
SP @ 0 0 0 Q0 Q 00
! A 0 0 0 0 1 01
" B 0 0 0 1 0 02
--# C 0 0 0 1 1 03
$ D 0 0 1 0 ] 04
-% E 0 0 1 0 1 05
& F 0 0 1 1 0 06
! G 0 0 1 1 1 07
{ H 0 1 0 0 0 08
) | 0 1 Q 0 1 03
* J 0 1 0 1 0 10
+ K 0 1 0 1 1 11
! L 0 1 1 0 0 12
- M o] 1 1 0 1 13
. N 0 1 1 1 0 14
/ o} 0 1 1 1 1 15
[} P 1 0 0 0 0 16
1 Q 1 0 0 0 1 17
2 R 1 0 o] 1 0 18
3 S 1 0 0 1 1 19
4 T 1 0 1 0 0 20
5 U 1 0 1 0 1 21
6 \% 1 0 1 1 0 22
7 w 1 0 1 1 1 23
Select Codes can 8 X 1 1 0 0 0 24
be any integer 1 9 Y 1 1 0 0 1 25
thru 12, Primary : 4 1 1 0 1 0 26
Addresses can be { 1 1 o] 1 1 27
any integer O thru < 1 1 1 0 0 28
30. 31 is not a = 1 1 1 0 1 29
valid HP-I1B ad- > ~ 1 1 1 1 0 30
dress. Talk Only 1 1 1 1 1

Figure 5-4. 3488A HP-IB Address Codes

106



Options and Accessories
Table 5-1 lists the available accessories and options for your 3488A. These ac-
cessories are offered to help you maximize the useability and convenience of your

3488A.

Table 5-1. Accessories

Use this number when Use this number when

Description of Option/Accessory ordering with 3488A ordering separately
10 Channel Relay Multiplexer Option with Option 010 44470A
terminal connector
Extra terminal connector biock for 44470A 44480A 44480A
10 Channel General Purpose Relay Option Option 011 44471A
with terminal connector
Extra terminal connector block for 44471A 44481A 44481A
Dual 4 channel VHF switch Option Option 012 44472A
4X4 Matrix Switch Option with terminal Option 013 44473A
connector
Extra terminal connector block for 44473A 44483A 44483A
16 Bit Digital /0 Option 014 44474A
Extra terminal connector block for 44474A 44484A 44484A
Breadboard Option 015 44475A
Extra terminal connector block for 44475A 44485A 44485A
Side Handle Kit Option 401 5061-1171
Front Handle Kit Option 907 5061-1170
Rack Mount Kit Option 908 5061-1168
Rack Mount Kit with Front Handle Option 909 5061-1169
Additional set of 3488A Documentation Option 910 Order by part number:
1 Metre HP-IB Cable 10833A 10833A
2 Metre HP-IB Cable 10833B 10833B
4 Metre HP-IB Cable 10833C 10833C
0.5 Metre HP-IB Cable 10833D 10833D
23 cm (9 in) BNC-BNC Cable 10502A 10502A
122 ¢m {48 in) BNC-BNC 10503A 10503A
Dual Banana Plug (no cable) 1251-2816 1251-2816
BNC Tee (male-female-female) 1250-0781 1250-0781
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Warranty Information

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 calibra-
tion measurements are traceable to the United States National 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 product is warranted against defects in material and workman-
ship for a period of one year from the date of shipment. During the warranty period,
Hewlett-Packard will, at its option, either repair or replace products which prove to be
defective.

For warranty or service repair, this product must be returned to a service facility
designated by -hp-. Buyer shall prepay shipping charges to -hp- and -hp- shall pay ship-
ping 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 in-
strument is integrated into {becomes part of} other -hp- 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 instru-
ment, 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 modifica-
tion or misuse, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFI-

CALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE.
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Exclusive Remedies

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

Assistance

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

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

/n addition to the above warranty, the following LIMITATION OF WARRANTY applies
to the option 015, Breadboard assembly.

Limitation of Warranty for Option 015

The foregoing warranty shall not apply to defects resulting from improper or inadequate
maintenance by Buyer. Buyer supplied software or interfacing, unauthorized modifica-
tion or misuse, operation outside of the environmental specifications for the product,
or improper site preparation or maintenance.

The design and implementation of any circuit used on this product is solely the respon-
sibility of the Buyer. Hewlett-Packard Company does not warrant the Buyers circuitry
or malfunctions of the 3488A or plug-in options that result from the Buyers circuitry.
In addition, -hp- does not warrant any damage that occurs as a result of the Buyers
circuit, including but not limited to the following:

Analog and digital sections are interconnected.
3488A power supply limitations are exceeded.
Component height/protrusions restrictions are exceeded.
Maximum input voltage on the digital lines is exceeded.

Pwn =

Safety Summary

General safety precautions must be adhered to during all phases of operation of the
3488A. Failure to comply with these precautions or with specific warnings elsewhere
in this manual violates safety standards of design manufacture, and intended use of
the instrument. The Hewlett-Packard Company assumes no liability for the customer'’s
failure to comply with these requirements.
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Operating personnel must not remove instrument covers. Component replacement must
be made by qualified service-trained personnel with a knowledge of the hazards involved.
Under certain conditions, dangerous voltages may exist even with the power cable
removed. To avoid injuries, always disconnect power and discharge circuits before
touching them.

Do not 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.

Warnings and Cautions precede potentially dangerous procedures throughout this
manual. Instructions contained in the warnings and cautions must be followed. Safety
symbols used on the instrument or in the manual inciude the following:

The WARNING sign denotes a hazard. It calls attention to a
procedure, practice, condition, or the like, which, if not cor-

WARNING rectly performed or adhered to, could result in injury or death
to personnel.
The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition, or the like, which,
CAUTION

if not correctly performed or adhered to, could result in damage
to all or part of the product.

The NOTE sign denotes important information. [t calls at-
NOTE tention to a procedure, practice, condition, or the like which
is essential to highlight.

INSTRUCTION MANUAL SYMBOL. The product will be marked
with this symbol when it is necessary for the user to refer to
the instruction manual in order to protect against damage to
the instrument.

indicates dangerous voltage (terminal fed from the interior by
voltages exceeding 1000 volts must be so marked in red).

Alternating Voltage/Current

¢ =P

Direct Voltage/Current.

@ This instrument or option assembly contains static sensitive

devices. Use anti-static handlin rocedures t rev
ATTENTION Al g procedures to prevent
Static Sensitive electro-static discharge.
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DO NOT OPERATE A DAMAGED INSTRUMENT

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

Specifications

The specifications for the 3488A are the performance characteristics of the instru-
ment which are certified. These specifications are listed at the end of this chapter,
and are the performance standards or limits against which the instrument is tested.
Included in the table are some supplemental characteristics of the 3488A. These
should be considered as additional and general information for you, the user. Because
of the many operating capabilities -of the 3488A, exercise care when checking the
instrument specifications.

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

Environmental Requirements

The 3488A should not be operated outside the ambient temperature range of 0°C
to 55°C (32°F to 131°F) or stored outside the ambient temperature range of -40°C
to +75°C (-40°F to +167°F).

WARNING

/f —any of the following symptoms -exist, or are even
suspected, remove the instrurment from service. Do not use
the instrument until safe operation can be verified by service-
trained- personnel.

1. Visible damage.

2. Severe transport stress.

3. Prolonged storage under adverse conditions.

4. Failure to perform intended measurements or functions.

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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Miscellaneous

How to Obtain Repair Service

You may have your 3488A repaired at an -hp- service center at anytime, whether
it is under warranty or not. There is a charge for repairs after the one year warranty
period. Contact you local Sales and Service office for shipping instructions prior to
returning the instrument.

3488A Serial Number

Each 3488A has a serial number printed on a plate on the bottom cover. This serial
number has the form XXXXAYYYYY where the XXXX is the serial prefix, A is the
country of origin {(A- = USA) and YYYYY is the serial suffix.

We recommend that owners keep a separate record of this serial number. Should
your instrument be lost or stolen, the complete serial number is often necessary for
tracing and recovery, as well as for insurance claims.

In addition, each 3488A option assembly will have a Warranty Datecode label and
an Electrical Revision Code label permanently applied to the circuit board. These
numbers should also be recorded. Any communication with -hp- about the options
should include these numbers.

General Shipping Instructions

Should you ever need to ship your 3488A, remove all option assemblies from the
mainframe. Use clean handling and anti-static techniques when removing and
packaging the option assemblies. WRAP THE OPTIONS IN ANTI-STATIC BAGS. Be
certain that the mainframe and each option is packaged in a protective package (use
the original shipping container and cushioning material) to avoid transit damage. Such
damage is not covered by the warranty.

Attach a tag to the instrument identifying the owner and indicating the service or
repair needed. Include the model number and serial number of the instrument and/or
option cards. In any correspondence, identify the instrument by model and full serial
number. We suggest that you always insure shipments.

Cleaning

Disconnect the 3488A from its power source before cleaning. Also, remove sources
of power from the option assemblies. The instrument can be cleaned with a soft
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cloth dampened either in clean water or in water containing a mild detergent. Do
not use an excessively wet cloth or allow water inside the instrument. Do not use
any abrasive cleaners, especially on the display. Do not press hard on the display.

WARNING

The 3488A uses latching relays on the 44470A, 44471A,
44472A, and 44473A Option assemblies. The state of these
relays can: only be altered under front panel or program
control. This is an advantage in the sense that, under most
conditions of failure, the relays will remain in whatever state
your program has set them. However, in case of power or
equipment failure, any application requiring a failsafe method
of insuring that the circuits under control are in a known
state must be provided by the installer.

In case of component faijlure or programming error, any

voltage input to an option card may be present on any other
terminal on the same option card.

Table 5-2. 34BBA General Specifications

ENVIRONMENTAL WEIGHT

Operating: O - 55°C {32 - 130°F);

Storage: —40 - 76°C (—40 - 165°F);

Humidity: 95%, O - 40°C (32 - 104°F) Net Shipping

POWER kg. Ibs. kg. Ibs.

Line Voltage (Mains): 86-132V (115V) or 195-250V (230V) switch 3488A mainframe— 5.0 11.0 8.5 { 19.0
selectable, 48 - 440 Hz. Fused at 0.5A (115V) or 0.25A (230V).

Consumption: 6 VA (mainframe); 18 VA {maximum). Modules (ea.— 0.7 1.5 15 35

SIZE Maximum Total- | 8.5 | 18.6 | 16.0 | 36.5

89mm H (without removable feet) x 425mm W x 292mm D
(3.5 x 16.75"" x 11.5"").

Height (with removable feet): 100mm (4").

Allow 76mm ({ 3’*) additional depth for wiring.

HP-1B (IEEE-488) Capabilities:
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Chapter 6
44470A

Relay Multiplexer

Introduction

-hp- Model 44470A (3488A Option 010) Relay Multiplexer provides 10 channels of
2 wires each to switch analog signals to a common bus. The relays exhibit low ther-
mal offset characteristics making them ideal for precision low level measurements™.

The individual relays on this option are rated at 250 Volts @ 2 Amps and can be
operated in either a BBM mode (break before make) or in a mode where multiple
channels may be closed together. This multiplexer option offers many possibie uses
including multiplexing signals directly to a measuring instrument or as an Input/Output
multiplexer with the 44473A Matrix option. A removable terminal block assembly
is provided for convenience in wiring and also provides strain relief for cables.

This chapter is designed to serve as a reference guide for using the 44470A Relay
Multiplexer. As such, it contains programming information, installation and configura-
tion information, and application examples.

WARNING

The 3488A Option 010, 44470A Multiplexer Assembly uses
latching relays. The state of these relays can only be altered
under program control. -This is an advantage in ‘the sense
that, under most conditions of failure; the relays will remain
in whatever state your program has set them. However, in
case of power or equipment failure, any application requiring
a failsafe method of insuring that the circuits under control
are in-a known state must be provided by the installer,

Operation

As shown in Figure 6-1, the 44470A Relay Multiplexer assembly consists of ten
2-wire relays connected to a common analog bus. Two modes of operation are possi-
ble: single channel, break-before-make or multiple channels closed together. Basically,
there are two different ways the 44470A may be used: inputs from 10 different
sources may be switched to the one common bus or one input (common bus) may
be switched to 10 different places.

* Although the 44470 Multiplexer can be used to switch thermocouples, there is no offset compen-
sation built-in and errors may occur.
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An example of the first case would be when measuring up to 10 different voltage
sources. Each channel connects to one voltage source and the common bus would
connect to a digital voltmeter. As each relay is closed, the voltmeter measures that
voltage. In this case only one relay would be closed at any one time.

To illustrate the second case, consider a dc voltage source being switched to several
different loads. More than one relay might be closed at any one time.
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Figure 6-1. 44470A Simplified Schematic

At turn on or reset {either from the front panel RESET key or the HP-IB CLEAR com-
mand), all channels on the 44470A will be opened.

Channels

A channel, as described in Chapter 2, refers to an individual relay, in this case a
relay on the 44470A assembly. Therefore, when speaking of closing a channel, we
are refering to closing a particular relay. Channel numbers are two digit numbers 00
through 09 and are repeated on each 44470A assembly. This can be seen by the
numbering on the Terminal Block Edge Connector.

Channel addresses, on the other hand, are determined by which slot the 44470A
assembly is mounted in. Channel addresses are a three digit number where the first
digit specifies the particular slot where the 44470A option is installed. The last two
digits are the channel number. For example, channel address 102 means slot number
1, channel 02.
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The following table shows the channel addressing scheme for the five different slots.

Table 6-1. Channel Addressing Scheme

Channel address if 44470A
assembly is in slot number:
Channel number as shown
on the terminal block Siot 1 Slot 2 Slot 3 Slot 4 Slot §
00 100 200 300 400 500
01 101 201 301 401 501
02 102 202 302 402 502
03 103 203 303 403 503
04 104 204 304 404 504
05 105 205 305 405 505
06 106 206 306 406 506
07 107 207 307 407 507
08 108 208 308 408 508
09 109 209 309 409 509

Commands

Most of the 3488A commands can be used in controlling the 44470A option. In ad-
dition to the standard 3488A commands, two HP-IB interface commands directly ef-
fect the 44470A. All of these commands are described using a simple format of
explanation.

In the following summary of command descriptions, square brackets ([ 1) indicate op-
tional parameters, whereas items in < > brackets are mandatory. For further explana-
tion of the command code mnemonics, refer to Chapters 2 and 3.

CLOSE a channel

Command Format: CLOSE <ch. address>|[, <ch. address>, <ch, address>,...]

Description

The CLOSE command is used to simply close one or more channels on the 44470A.
Note that the CLOSE command does not open any channels that were previously
closed. Several channels can be closed with one CLOSE command by separating the
channel addresses with a comma. If more than one channel is specified with the
command, they are closed in the order listed.

Examples

OUTPUT 709;"'"CLOSE 102,103,105 | Closes channels 2, 3, and 5 in slot
number 1

OUTPUT 709;'""CLOSE 104,305" I Closes channel number 4 in slot 1 and

channel number 5 in slot 3.
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OPEN a channel

Command Format: OPEN <ch. address>|[, <ch. address>, <ch.address>...]

Description

OPEN is used to open individual channels on the 44470A assembly. If more than
one channel is specified in the OPEN list, they are opened in the order listed. Use
the CARD RESET command to open all channels on an assembly. It is easier than
listing each channel individually.

Example
OUTPUT 709;""OPEN 103,105,107 ! 1 Relays 3, 5, and 7 are opened in siot
number 1
VIEW a channel
Command Format: VIEW <ch. address>
Description

The VIEW command is used to look at the state (either open or closed) of a par-
ticular channel. The 3488A responds with the string “OPEN 1" if the specified chan-
nel is open. If the specified channel is closed, the 3488A responds with the string
""CLOSED 0. In the 3488A display, the channel address is displayed followed by
a colon and the appropriate string.

Example

10 OUTPUT 709;”VIEW 105" | VIEWs channel 5 on slot number 1

20 ENTER 709;A$ I input the response from the 3488A

30 DISP A% I A$ will either be “OPEN 1" or ‘“CLOSED 0"
OR

20 ENTER 709; A
30 DISP A U A will either be 1 or O (open or closed,
respectively)

118



CARD TYPE

Command Format: CTYPE <slot>

Description

This command causes the 3488A to respond with a description of what type of op-
tion card is located in the specified slot. The description includes the name of the
card as well as the option number. In the display, the description is preceded by the
specified slot number.

Card Type Description
Slot is empty NO CARD 00000
10 Channel Multiplexer RELAY MUX 44470
General Purpose Card GP RELAY 44471
High Frequency Scanner VHF SW 44472
Matrix Card MATRIX SW 44473
Digital I/O Card DIGITAL 10 44474
Breadboard Card BREADBOARD 44475
Example
10 OQUTPUT 709;'CTYPE 3" | look for the card in slot 3
20 ENTER 709;A$
30 DISP AS ! Card description will be displayed
CARD RESET
Command Format: CRESET <slot>|[, <slot>,...]
Description

CRESET is used to reset all channels on the 44470A assembly to their open state.
Only cards in the slots specified are affected.

Example

OQUTPUT 709;""CRESET 2" ! resets the option assembly in slot 2
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CARD PAIR

Command Format: CPAIR <slot>, <slot>

Description

Card PAIR is used to pair up two option assemblies of the same type, e.g.,
44470A’s. This operation will effectively assign both options to both slot numbers
so that closing or opening a channel on either option will perform the same opera-
tion on the respective channel on the other option. This feature is especially useful
when doing 4-wire scanning.

Commands used with the Card PAIR function are: CLOSE, OPEN, CRESET, CHAN
and STEP. Of course, paired slots can be used as part of a scan list.

Executing a CPAIR command cancels any previous CPAIR command that involved
either of the two options. It is possible, however, to have two sets of card pairs,
e.g. slots 1 paired with 2 and 3 paired with 4.

Example
OQUTPUT 709;'CPAIR 1,3 ! sets the options in slots 1 and 3 as pairs
OUTPUT 709;"'CLOSE 105" I closes channeis 105 and 305 simultaneously

Executing the CPAIR command without specifying slot numbers allows you to deter-
mine which, if any, slots are paired together. Four numbers are returned separated
by commas. The first two numbers specify slots in the first pair, the second two
numbers specify the second pair. An inactive card pair is denoted by 0,0.

Example

OUTPUT 709; “CPAIR"

ENTER 709; A$

DISP A$ String variable A$ will have the four slot numbers.
Note, you may have to dimension A$ to 30.

At the back of this chapter is a section on applications. One of the application ex-

amples demonstrates the use of the CPAIR mode with 4-wire resistance
measurements.
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SCAN LIST

Command Format: SLIST [<ch. address>{, or —)<ch.address> . ... <ch. address>]

Description

Scan List allows you to specify a sequence of channels to be scanned. The sequence
is specified as a list of up to 85 channel addresses {relay or digital 1/0 lines) and/or
stored setups separated by commas. Contiguous channels may be specified by enter-
ing the first channel address and the last channel address separated by a hyphen.
STEP is used to sequentially close channels in the list.

Example

10 OUTPUT 709;’'SLIST 104,205,300-309,410,0"
20 FOR I=1 TO 14

30 OUTPUT 709; “STEP”

40 NEXT |

In this example, the scan would start with channel 104, followed by channel 205,
followed by channels 300, 301, 302, ... 309 and finally channel 410. The O chan-
nel specified at the end of the list is a stop channe! and opens the last channel closed
(channel 410) but does not close any other channel.

Notes
1. Channels may be scanned in any sequence, i.e., 309-300.

2. Stepping beyond the last channel specified in the Scan List causes a wrap-around
to the first channel in the list. The number O can be used as a stop channel.

3. Refer to the Advanced Operations section in this chapter for information on us-
ing the External Increment and Channel Closed features.

4. The commands OPEN, CLOSE, CRESET, or RECALL will have no effect on the
Scan List even though the state of individual channels may change.

5. Stored setups may be recalled as part of the Scan List simply by specifying the

register number. For example: SLIST 104,105,106,25,200,201. Here, register 25 has
the stored setup.
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STEPping Through the Scan List

Command Format: STEP

Description

STEP is used to open the the last channel closed and close the next channel in the Scan
List. If STEP is executed and no Scan List exists, the 3488A will generate an execution
error.

The 3488A uses a pointer to keep track of which channel in the Scan List is currently
closed. When STEP is executed, that channel is opened and the next item in the list
is checked. If the next item in the list is a relay or Digital I/O line, that channel is closed.
If the next item in the list is a stored setup, that setup is recalled. Channels that are
closed by a setup will remain closed, that is, they are not opened by the next execution
of the STEP command.

For additional information see the Advanced Operation section of this chapter for Channel
Closed and External Increment.

Example

10 OUTPUT 709;"'SLIST 100 - 109;CMON 1"
20FOR 1=1TO 10

30 OUTPUT 709;"'STEP"”

40 NEXT |

CHANnNel command

Command Format: CHAN [<ch. address >]

Description

CHAN is used to open the last channel closed by either STEP or CHAN and close the
specified channel. If no channel is specified with CHAN, the 3488A will respond with
the number of the last channel closed by either STEP or CHAN. If no channel has been
closed since the last reset, then CHAN returns the number O.

If a Scan List is in effect when CHAN is executed, the 3488A will search through the
list and position the Scan List pointer to the channel specified by CHAN. If CHAN specifies
a channel that is not in the Scan List, and then STEP is executed, the 3488A will open
the channel closed by CHAN and go to the beginning of the Scan List.
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Example
OUTPUT 709; ““CHAN 203’ | Closes channel 203

OUTPUT 709; ““CHAN"’

ENTER 709; A
DISP A I Variable A will contain the last channel closed, i.e.,
203
CARD MONITOR mode
Command Format: CMON <slot>
Description

Card Monitor is used to look at the state of the individual option assemblies in the
specified slot (1-b). Specifying O as the slot will cause the monitor mode to be can-
celled. If a negative number is used for the slot, the 3488A will go to its monitor track-
ing mode.

When used to monitor the 44470A assembly, the display shows the slot number (ex-

treme left) and those channels that are closed, separated by commas. The MONitor
annunciator also comes on:

Example

OUTPUT 709;""CLOSE 103,105,107, CMON 1"

This photo shows slot 1, channels 3, 5 and 7 closed.

The format of the display can be summarized as:

S: n,Nn,N.nNn,N,N,N,N0nN,N

where s represents the slot number being monitored and n is a one digit channel number.
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Advanced Operations

Advanced Operations provide you with more capabilities when using the 3488A. It may
be important, for example, to tell the system voltmeter when a channel has been
closed and thus take a measurement. Or maybe you need to close the next channel
in a scan list when some external event has taken place, perhaps as soon as the voltmeter
has completed its reading. Most operations can be performed with only the basic com-
mands, but for those times when you need something more, the advanced operations
should meet your switching needs.

External Increment and Channel Closed

External Increment (El) provides a method of sequencing through a scan list without
system computer intervention. Typically, El is connected to the Voltmeter Complete*
output on a system voltmeter. Thus, when the voltmeter has completed its measure-
ment, it signals the 3488A to step to the next channel in the list. The El input is
rising-edge triggered and TTL compatible.

Channel Closed (CC) provides a 15uS TTL pulse for signaling when a channel has
been closed in the 3488A. This signal can be tied to the External Trigger input of
a voltmeter to trigger it when a channel is closed. Together, El and CC can be
used with a system voltmeter to sequence through a scan list without any interven-
tion by the system computer. Later in this chapter, examples number 2 and 3 will
show how this can be done.

Using the External Increment and Channel closed features requires the use of a
44474A Digital 1/0 option. This also means that the Digital 1/O option cannot be con-
figured in Handshake Mode #5 when it is used for scanning (it can be used statically,
however). The DMODE command is used to specify the handshake mode, Polarity,
and External Increment (El). Only one Digital I/O option can be configured for El at
a time. If one option is configured to accept El and another is subsequently en-
abled, the first card will be disabled.

Even though the only specifier we are interested in is El, the mode and polarity
specifiers must be included. The format for specifying DMODE is as follows:

DMODE <slot>[, <mode>1[, <polarity >][, <El >1]

* Voltmeter Complete is a feature on most Hewlett-Packard digital voltmeters to signal the comple-
tion of a measurement by means of a TTL compatible pulse.
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The MODE specifier is as follows:

Definition Value
Static Mode 1
Static mode for read back 2
R/W and Strobe 3
Rd & Wrt Strobe 4
Handshake {no El) 5

Any of the modes may be specified for use with External Increment except the Hand-
shake mode (value 5).

The Polarity specifier is the sum of weighted values and is defined as follows:

Definition Value
Lower 8-bits polarity 1 = Low true
Upper 8-bits polarity 2 = Low true
PCTL Polarity 4 = Low busy
PFLG Polarity 8 = Low busy
I/O Direction line polarity 16 = Low input mode

El is enabled by specifying 1. It is disabled with a specifier of O.

Refer to Chapter 10 for more information on setting up the 44474A Digital |/O op-
tion for External Increment and Channel Closed.

Delay

Command Format: DELAY [<time in mS>]

Description

The DELAY command is used to insert a time delay between the time that a chan-
nel is closed and the time that the next command can be executed and the Chan-
nel Closed pulse is output. The delay time may be specified from O to 32,767 mS
(32 seconds) in 1 mS increments. The delay time does not become effective until
either CHAN or STEP is executed.

If any command is sent to the 3488A during the delay time, the command will be
executed as soon as the delay time is complete. If there is not a time value sent
with the DELAY command, the 3488A will respond with the current value of the
delay time.
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Remember that the Channel Closed pulse will be output from whichever 44474A
assembly has External Increment enabled.

Examples

OUTPUT 709; "DELAY 2000; CHAN 101" | The delay time is 2000 mS = 2
seconds

OUTPUT 708; ""DELAY"’

ENTER 708; A

DISP A I Display the delay time

HP-IB Interface Commands

Only two interface commands affect the state of the 44470A channels: TRIGGER
(Group Execute Trigger) and CLEAR (Device Clear or Selected Device Clear). TRIG-
GER performs the same function as the 3488A STEP command. In other words, the
two commands:

TRIGGER 7 (or TRIGGER 709)
and
OUTPUT 709; "'STEP”
perform the same function as far as the 44470A assembly is concerned.

CLEAR, whether a Device Clear or Selected Device Clear, simply resets the 3488A
and hence all relays will go to their open state.

44470A Assembly Installation

This portion of the chapter is written specifically for the service trained technician.
It provides the necessary information for a person trained in electronic circuitry to
configure and install the option assembly. Carefully read through this section and
adhere to all cautions and warnings.

WARNING

Only qualified service trained personnel should remove, con-
figure, or install the 3488A option assemblies. Disconnect the
3488A power cord from the back of the instrument prior to
installing the option assemblies.
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WARNING

The 3488A Option 010,44470A Relay Multiplexer, uses lat-
ching relays. The state of these relays can only be altered
under program control. This is an advantage in the sense
 that, under most conditions of failure, the relays will remain
in whatever state your program has set them. However, in
case of power of equipment failure, any application requiring
a failsafe method of insuring that the circuits under control
are ih a known state must be provided by the installer.

In case of component failure or programming error, any
voltage input to an option card may be present on any other
terminal on the same option card.

When vyou initially received your 3488A, the option assemblies were not installed
in the mainframe. Each option assembly was packaged separately along with a ter-
minal block edge connector and a two piece strain relief housing. In addition, two
labels were provided for option identification.

CAUTION

Use clean handling and anti-static procedures when remov-
ing, configuring and installing the option assemblies. The
circuit boards must be kept clean to ensure compliance with
impedance specifications. The option assemblies as well as
the 3488A mainframe contains CMOS devices which are
susceptible to static discharges.

A few simple steps are required to install the 44470A assembly. Carefully observe
the orientation of the assembly and terminal block as you install them.

1. Pre-installation

a. Remove the ac power cord from the 3488BA before installing any option
assembly.

b. Position the 3488A with the rear panel towards you.

c. Select a slot. Refer to Figure 6-2, the 3488A has five slots for installing
option assemblies. The 44470A can be used in any of the five slots.
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Figure 6-2. Rear Panel View Of The 3488A

2. Option assembly installation

a. Hold the option assembly, component side down, by the metal shields. In-
sert the circuit card into the slot guides and slide toward the front of the in-
strument. Push firmly until the assembly ‘snaps’ into place. Fold the plastic
levers toward the assembly. These levers lock the option into the mainframe.

NOTE
To remove the option assembly, simply unfold the plastic tab

levers. This will release the locking mechanism and pull the
option out of the mainframe connector.
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Figure 6-3. Option Card
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3. Terminal Block Wiring

4.

a. Wire the Terminal Block Edge Connector. The following photograph shows
the channel connection sequence for the 44470A Terminal Block Edge Con-
nector. This terminal biock is keyed to fit only the 44470A assembly. Extra
terminal blocks are available under the -hp- part number 44480A. This terminal
block was desighed to accept wires in the range of 18 to 26 AWG.

00 1] oz 03 04 L 0B 08 o7 08 (]
t:\ L L H L H L HLHLHILHL

H L H H L H

- ® . . e [ " S [

4447DA RELAY MULTIPLEXER

Figure 6-4. Terminal Block

Strain Relief

a. Secure the terminal block to the strain relief housing with the captive screws
on the terminal block. Make certain that the screws used to tighten the con-

nector wires to the terminal block are accessible through the strain relief
housing.

TERMINAL BLGCK

STRAIN RELIEF HOUSING

3486-8-5

STRAIN RELIEF PLATE

Figure 6-5. Strain Relief Housing

b. Route the wires evenly through the three strain relief cutouts. This will en-
sure a uniform amount of strain relief. If only a few wires are used, they should
go through the middle cutout.
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c. To protect wires smaller than 22AWG it is recommended that these wires
be bundled together starting no more than 4’ from the back of the 3488A.
Failure to do so may cause wires to break at the strain relief. To illustrate the
need for this, a 26AWG wire can survive about 7 to 8 pounds of tension
before breaking. A bundle of 10, however, could survive up to 70 pounds of
tension.

Figure 6-6. Cable Routing

d. Secure the strain relief plate to the strain relief housing (ribbed side toward
housing). Do not over tighten the screws.

e. Push the terminal block with strain relief housing onto the option assembly
connector. Tighten the two screws on either end of the housing.

Figure 6-7. Attaching the Terminal Block
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5. Labels

a. Two labels were provided with the option assembly. One identifies the
assembly as a 44470A Relay Multiplexer. There is space on the bottom of this
label to type or write in a description of where this particular option is being
used.

b. Second, a series of numbered labels {1 to 5) is provided to help you iden-
tify the slot where the assembly is located. Select the appropriate number and
place it in the upper left hand corner of the strain relief housing.

Configuration

Provisions have been made on the 44470A circuit board for installing simple at-
tenuators or filter networks. An attenuator is composed of two resistors that act as
a voltage divider. Three jumper locations are provided for installing components in
the signal High lead, Low lead and as a shunt from High to Low. Consider the follow-
ing diagram:

(series
element)
AN~ 2
R1
R2
SIGNAL Ghunt SIGNAL
INPUT shun QUTPUT

Vin element) Vout

152

Vo = Vi 5 (R2/ (R1+R2)

Figure 6-8. Diagram of Simple Attenuator
In order to install attenuators on the 44470A circuit board, the circuit board must
be removed from the protective shields. Use caution as the 44470A assembly uses

CMOS device which are susceptible to static discharge. Figure 6-9 shows the
44470A circuit board with the locations of where attenuators are to be installed.
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HIGH SERIES

SHUNT

LOW SERIES

Figure 6-9. Attenuator Board Locations

One typical use for the shunt component is with 4 —20 mA transducers. A 50 ,
+ 1%, 0.5 watt resistor (-hp- part number 0699-0064) can be installed in the shunt
location. The resultant voltage drop (transducer current through the resistor) can be
measured by a system voltmeter. Thus, the 50 Q resistor converts the 4 —20 mA
current to an 0.2 — 1 volt signal.

Accessories

-hp- part number 44480A provides an extra Screw Terminal Connector Block for the
44470A assembly.

Specifications

The specifications at the end of this chapter apply to only the 44470A assembly.
These specifications are the performance standards or limits against which the
assembly is tested. Do not exceed or surpass the specified limits.

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

Applications

The following four application examples demonstrate various uses of the 44470A
Multiplexer option. Consideration should be given to your particular application before
deciding which option assembly to use. The 44470A option is designed for use in
measurements where noise bandwidth is not important, with a voltmeter for exam-
ple. If your application requires higher isolation for noise rejection, such as with a
spectrum analyzer, the 44472A VHF switch should be used.
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Example 1. 4-Wire Ohms

In this example, we want to show how channel pair scanning is useful when mak-
ing 4-wire ohms measurements. Two 44470A assemblies are required. Slots 1 and
2 of the 3488A will be used for the 44470A assemblies. Let’s use an -hp- 3478A
to make the measurements on 10 thermistors. The resistance value of the thermistors
can be converted to temperature by the computer.

Connect the I's sense leads of the 3478A to the common bus of one of the 44470A
assemblies. It doesn’t matter which assembly, but for this example, lets use the one
in slot 2. Now, connect the 3478A’s voltmeter input terminal to the common bus
of the 44470A assembly in slot 1.

Figure 6-10 shows the voltmeter connections and how the thermistors are connected
to both 44470A assemblies

A program to scan through the channels and trigger the voltmeter for the
measurements is shown below. This program was written for -hp- Series 80 com-
puters. For clarity, the program does not show the resistance to temperature con-
version routine.

3 KL
= Line Description
SL IS
40 CLEAR resets the 3488A and 3478A.
GUTRIL S2E i "H4Tg"
FOR I=1 Tt 1@ . .
naTeuT 7 CNSTER™ 50 Line 50 sets the 3488A to card pair slots
TRIGGER 722 1 and 2 (CPAIR1,2) and sets the scan list
EN T E & 727 Hilzx
HE“T 1 for channels 100-1089.
|
I RPazzistance O temFerature I .
" ::ZI j: " :H. L r:em;-:n;; t;:,; e 60 This line programs the 3478A for 4-wire
! ohms measurements (H4) and trigger hold
EHLD (T4)

70-110 Lines 70 through 110 set up a loop to
scan through the channel list. The
readings are stored in array A(l).
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Figure 6-10. 4-Wire Ohms Measurements
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Example 2. Scanning Using Channel Closed

Suppose we want to scan channels 100 through 209 (44470A options in slots 1
and 2) using Channel Closed. The 44474A Digital 1/0 option will be in slot 5. For
this example, we will again use an -hp- 3478A Digital Voltmeter.

Remember to connect both 44470A’s common bus to the input terminals of the
3478A. Also, connect the 3478A’s External Trigger Input port to the 44474A’s

Channel Closed line.

44470A IN SLOTS #1 & #2 HIGH LOW -hp-3488A REAR PANEL 44474A IN SLOT #5

©6[[[_lol—
® @i ol >
B8l I oL
).

CO-AX OR TWISTED PAIR

2

Mig="

EXT

@ TRIG @@

® )

3400-8-12
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The following program, written for an -hp- 85, shows the fundamental requirements
for such a measurement system. Note the 3478A is triggered only by the Channel

Closed pulse from the 44474A.

' Channel Closed examrie Line Description
I —HF- 25 werzion
' 3425R ar sdderss VB3, 2472
82l sddress 723 40 CLEAR resets the 3488A and 3478A.
5 . O
QUTPUT 7% :"SLIST 18a-za4.,8
i OMoObDE S.1.1.17 50 This line sets the 3488A for a scan list
QUTFUT 723 :"HATZ"
FOR I=1 TO =6 (SLIST) on channels 100 through 209. It
DUTPUT 7% : "STEP® also enables the 44474A Digital 1/O
EHTEE TE‘? R . .
OISF 1;R¢Y option (slot 5, mode 1, polarity 1, El
EEET I enabled) for External Increment and
Channel Closed.
60 The 3478A is set to its Home mode (DC
Volts, Auto-range, Single trigger, 42 digit
resolution, auto-zero on} with HO and the
External Trigger mode with T2.
70-110 Lines 70 through 110 set up a loop to step

through the scan list. Each reading is read

into array Al{l).

Example 3. Scanning Using External Increment and Channel Closed

Using a voltmeter with internal reading storage {(such as the -hp- 3456A}) makes the
scanning even easier and faster. The main feature of this example is speed because
as soon as the voltmeter completes one reading, the next channel is closed and a
new reading initiated. Measurement speed is not dependent on the system computer.

Essentially, this program is the same as Example 2. Remember to connect the
44470A's common buss to the voltmeter input terminals and connect the voltmeter’s
External Trigger to the 3488A’s Channel Closed line. Connect the 3456A’'s Voltmeter
Complete to the 3488A’s External Increment line.

The program sets the voitmeter for reading storage and then starts the scan se-

quence. As each reading is taken it is stored internally in the voltmeter and will be
available to the computer later.
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Figure 6-12. External Increment and Channel Closed

Refer to Chapter 10 for more information on setting up the Digital 1/0 option for Ex-
ternal Increment and Channel Closed.

: S ee P 188 END
;agz?“gf Scan seauence SREE e 1668 P=SPOLL(T@9)
?.-HP; 85 wersion 18180 32 Eﬁgﬁpégécaggﬁ ODISF
1 - P == a9, o . sSC "
f 3488a a1 3ddress 783, 3458 1ez@ QUTPUT 722 ; "DA2ESTR®
ON INTR 7 GOSUE 1@@ae le3a FOR 1=1_TO z@ .
ENABLE INTR 7:;8 1948 OUTPUT 722 ;“RER
OUTPUT 769 ;"SLIST 180-209.8 185@ ENIER T22 i ACL>
; DMODE S.1.@,1; MASK 1* 1866 DISF ACID
QUTPUT 722 :"FIR1Z1T2R51" 1670 NEXT I _

! N i \ o) = Lt K 3 4
GOTQ 2@ ! Mainline prosram 2 406 BUTPUT 783 :“STATUS®

1118 RETURN

Example 4. Single Ended Measurements

"END

Using only 44470A Ten Channel Multiplexer options, a maximum of 50 channels

(two wires) can be scanned for measurements. However,

if you don’t require the

noise rejection of two wire measurements and the Lo side of all your signal sources
can be connected together, you can use one 44471A and four 44470A options to
provide up to 88 channels for single-ended measurements.

Figure 6-13 shows how these options are connected together in this example. Notice
that all of the Hi terminals on the 44470A options connect to channel 0 on the
44471A. To measure any of the voltage sources connected to one of the Hi ter-
minals, channel O on the 44471A must be closed. Furthermore, all the Lo terminals
on the 44470A options connect to channel 1 on the 44471A. To measure any of
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the voltage sources connected to the Lo terminals, Channel O must be opened and
channel 1 closed. The remaining eight channels on the 44471A option can also be
used for single ended measurements.

44470 MUX 44470 MUX_

HP 3478A

—l:
' O O
0 ooooooo

oooooon ¢ 8 O 1

44471A GENERAL PURPOSE]
RELAY CARD

b

A
1]

44470 MUX

v501 | z0| vS21

STe) vs22

I V502 | z0| vsSa3

-0 vS24
A W L | A
~ ~ v

vSs53
VS54

VS55
vS56

vS57
vSoB

V559
V560

W

—O
0

-0,
o

-0
xO|

o
T0
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L TEOEOE
S
JLRRRR

o8
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Figure 6-13. Single Ended Scanning

The associated program shows how to STEP through each of the 88 single ended
channels. This program assumes that the 44471A option is mounted in slot 1 and
the four 44470A’s are installed in slots 2 through 5. The program uses an -hp- Model
3478A DVM for the measurements.

The program first sequences through the eight extra lines on the 44471A option
(lines 50 - 90). Then, in lines 100 - 170, channel 100 is closed allowing
measurements from the sources connected to the Hi terminals on the 44470A
options. Finally, in lines 180 - 250, channel 100 is opened and channel 101 is closed
permitting measurements from the Lo terminals on the 44470A options.

138



10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260

270
280

! SINGLE ENDED SCANNING EXAMPLE

! -HP- 85 VERSION WITH 3488A SWITCH AND 3478A DVM
! 3488A AT ADDRESS 709, 3478A AT ADDRESS 723
OUTPUT 723 ;"T3"
OUTPUT 709 ;"SLIST 102-109,0; CMON 1"
FOR I=2 TO 9 STEP 1
OUTPUT 709 ;"STEP"
TRIGGER 723
ENTER 723 ; A

PRINT "CHANNEL: " ;I;"MEASUREMENT: ";A

NEXT I

! MEASURE HI's

PRINT @ PRINT "HI CONNECTIONS MEASURED" @ PRINT
OUTPUT 709 ;"CLOSE 100; SLIST 200-509,0; CMON -2"
FOR I=10 TO 50

QUTPUT 709 ;"STEP"

TRIGGER 723

ENTER 723 ; A

PRINT "CHANNEL: *;I;"MEASUREMENT: *;A

NEXT I

! MEASURE LO's

PRINT @ PRINT "LO CONNECTIONS MEASURED" @ PRINT
OUTPUT 709 ;"OPEN 100;CLOSE101"

FOR I=51 10 90 '

OUTPUT 709 ;"STEP"

TRIGGER 723

ENTER 723 ; A
PRINT "CHANNEL: ";I;"MEASUREMENT: ";A
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Table 6-2. Option 010 44470A 10 Channel Relay Muitiplexer Module Specifications

INPUT CHARACTERISTICS

Maximum Voltage (Terminal-terminal or terminal-chassis):
250 VDC, 250 VAC RMS, 350 VAC Peak

Maximum Current: (Per channel or module): 2 ADC, 2 AAC RMS
Maximum Power (Per channel or module): 60 W DC, 500 VA AC
Maximum power dissipated by user added components: 2 W

Thermal Bffset: < 3uV differential or single ended

Closed Channel Resistance: <2 Q (end of relay life)

DC {SOGLATION

<(40°C.60% RH) <(40°C,95% RH)
Open Channel, Channel-Channel® > 10''p > 10%
Hi-lo* > 10'% > 1080
Channel-Chassis* > 10'% > 5x1089

(* with 1 channel closed)

AC ISOLATION/PERFORMANCE**

Capacitance:

Open Channel, Channel-Channel* < 5 pF
Hi-Lo* <27 pF
Channel-Chassis* <80 pF i

(* with 1 channet closed)

{500 termination) 100 kM:z 1 MKz 10 MHz

Insertion Loss (dB) < 0.20 < 0.25 < 0.50

Crosstalk (dB) <-73 < -53 < -33

* *With chassis of all equipment connected, and with low of input
lines connected to low of output lines {either directly or via 348BA
switched channel).

For the HP 44470A, 10 Channel Relay Multiplexer Module, overvoltage transients MUST be limited to 1400V maximum.
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Chapter 7
4447 1A
General Purpose Relay Module

Introduction

This option to the 3488A (option 011) provides 10 independent Single Pole — Single
Throw {SPST, Form A) switches. Although the card will find many uses as an ac-
tuator assembly, its low thermal characteristics make it ideal for independent {non-
multiplexed) signal switching.

The individual relays on this option are rated for a maximum, open circuit voltage
of 250 Volts dc or ac rms. Maximum current per relay is 2 Amps dc or ac rms and
maximum power per relay is 60 Watts dc or 500VA (Volt-amps) ac. Later in this
manual a complete table of specifications is provided. Maximum closed channel
resistance is <2 . Space is provided on the circuit board for adding contact pro-
tection circuits.

This chapter is designed to serve as a reference guide for using the 44471A General
Purpose Relay Module. As such it contains programming information, installation, and
configuration information, and application examples.

WARNING

The 3488A Option 011, 44471A Multiplexer Assembly uses
latching .relays. The state of these relays can only be altered
under program control. -This is an advantage in the sense
that, under most conditions of failure, the relays will remain
in:-whatever state your program has set them. However, in
case of power or equipment failure, any application requiring
a failsafe method of insuring that the circuits under control
are in a known state must be provided by the installer.

In case of component failure or programming error, any
voltage input to an option card may be present onany other
terminal on the same option card.

141



Operation

Figure 7-1 shows that the 44471A General Purpose Relay Module consists of 10
independent Single Pole - Single Throw switches. More than one switch can be
closed at a time. Therefore, if necessary, High and Low signal lines can be
switched by using a pair of channels. An easier way of doing this, however, is to
use two 44471A assemblies and use the CARD PAIR command (discussed later in
this chapter).

Two modes of operation are possible, single channel break-before-make or multiple
channels closed together. At turn on or reset (either from the front panel RESET key
or the HP-IB CLEAR command), all relays on the 44471A will be opened.

. a9 1
[ 8] 0?/ '

el
CH 0B
"
il CH 07

CH 08
—
CH 05
[____( S —
CH 04
CH 03
— - Mo ]
CH 02

Val
CH 01
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A\ \VA\VI VR WAV VIR \VAR\VIRY
N\ A\ E\VY

.

i - \\\v/

Figure 7-1. 44471A Simplified Schematic

Channels

A channel, as described in Chapter 2, refers to an individual relay, in this case a
relay on the 44471A assembly. Therefore, when speaking of closing a channel, we
are refering to closing a particular relay. Channel numbers are two digit numbers 00
through 09 and are repeated on each 44471A assembly. This can be seen by the
numbering on the Terminal Block Edge Connector.

Channel addresses, on the other hand, are determined by which slot the 44471A
assembly is installed in. Channel addresses are a three digit number where the first
digit specifies the particuler slot where the 44471A option is installed. The last two
digits are the channel number. For example, channel address 102 means slot 1, chan-
nel 02.
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The following table shows the channel addressing scheme for the five different slots.

Table 7-1. Channel Addressing Scheme

Channel address if 44471A
assembly is in slot number:
Channel number as shown
on the terminal block Slot 1 Slot 2 Slot 3 Slot 4 Slot §
00 100 200 300 400 500
01 101 201 301 401 501
02 102 202 302 402 502
03 103 203 303 403 503
04 104 204 304 404 504
05 1056 205 305 405 505
06 106 206 306 406 506
07 107 207 307 407 507
08 108 208 308 408 508
09 109 2098 308 408 5098

Commands

Most of the 3488A commands can be used in controlling the 44471A assembly.
In addition to the standard 3488A commands, two HP-IB interface commands can
also affect the use of the 44471A. All of these commands are described using a
simple format of explanation.

In the following summary of command descriptions, square brackets {[ 1) indicate op-
tional parameters, whereas items in < > brackets are mandatory. For further explana-
tion of the command code mnemonics, refer to Chapters 2 and 3.

CLOSE a channel

Command Format: CLOSE <ch. address>[,<ch. address>, <ch. address>,...]

Description

The CLOSE command is used to simply close one or more channels on the 44471A.
Note that the CLOSE command does not open any channels that were previously
closed. Several channels can be closed with one CLOSE command by separating the
channel addresses with a comma; channels are closed in the order listed.

Examples

OUTPUT 709;''CLOSE 102,103,105" | Closes channels 2, 3, and 5 in slot
number 1

OUTPUT 709;"'CLOSE 104,305 ! Closes channel number 4 in slot 1 and

channel number 5 in slot 3.
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OPEN a channel

Command Format: OPEN <ch. address>{, <ch. address>, <ch.address>...]

Description

OPEN is used to open individual channels on the 44471A assembly. If more than
one channetl is specified in the OPEN list, channels are opened in the order listed.
Use the CARD RESET command to open all channeis on an assembly. It is easier
than listing each channel individually.

Examples
OUTPUT 709; ""OPEN 103,105,107" ! Relays 3, 5, and 7 are opened in slot
number 1
VIEW a channel
Command Format: VIEW <ch. address>
Description

The VIEW command is used to look at the state {either open or closed) of a par-
ticular channel. The 3488A responds with the string ““OPEN 1’ if the specified chan-
nel is open. If the specified channel is closed, the 3488A responds with the string
"“CLOSED 0”. In the 3488A display, the channel address is displayed followed by
a colon and the appropriate string.

Example

10 QUTPUT 709; “"VIEW 105"’ ! VIEWs channel 5 on slot number 1

20 ENTER 709;As$ ! input the response from the 3488A

30 DISP AS I A$ will either be “"OPEN 1" or ""CLOSED 0"

144



CARD TYPE

Command Format: CTYPE <slot>

Description

This command causes the 3488A to respond with a description of what type of op-
tion card is located in the specified slot. The description includes the name of the
card as well as the option number. In the display, the description is preceded by the
specified slot number.

Card Type Description
Slot is empty NO CARD 00000
10 Channel Multiplexer RELAY MUX 44470
General Purpose Card GP RELAY 44471
High Frequency Scanner VHF SW 44472
Matrix Card MATRIX SW 44473
Digital 1/0O Card DIGITAL 10 44474
Breadboard Card BREADBOARD 44475
Example
10 OUTPUT 709;"CTYPE 3" ! look for the card in slot 3
20 ENTER 709; A$
30 DISP As I Card description will be displayed
CARD RESET
Command Format: CRESET <slot>[, <slot>,...]
Description

RESET is used to reset all channels on the 44471A assembly to their open state.
Only cards in the slots specified are affected.

Example

OUTPUT 709; ""CRESET 2" | resets the option assembly in slot 2
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CARD PAIR

Command Format: CPAIR <slot>, <slot>

Description

CARD PAIR is used to pair up two option assemblies of the same type, e.g.,
44471A’s. This operation will effectively assign both options to both slot numbers
so that closing or opening a channel on either option will perform the same opera-
tion on the respective channel on the other option.

Commands used with the Card PAIR function are: OPEN, CLOSE, CRESET, CHAN
and STEP. Of course, paired slots can be used as part of a scan list.

Executing a CPAIR command cancels any previous CPAIR command that involved
either of the two options. It is possible, however, to have two sets of card pairs,
e.g. slot 1 paired with 2 and slot 3 paired with 4.

Example

OUTPUT 709;""CPAIR 1,3" lsets the options in slots 1 and 3 as pairs
OUTPUT 709;"’CLOSE 105" Icloses channels 105 and 305 simultaneously

Executing the CPAIR command without specifying any slot numbers allows you to
determine which, if any, slots are paired together. Four numbers are returned
separated by commas. The first two specify slots in the first pair, the second two
numbers specify the second pair. An inactive card pair is denoted by 0,0.

Example

OUTPUT 709; "CPAIR"”

ENTER 709; AS

DISP A$ String variable A$ will have the four slot numbers.
Note, you may have to dimension A$ to 30
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SCAN LIST

Command Format: SLIST [<ch. address>{(, or —)<ch.address> . ... <ch. address>]

Description

Scan LIST allows you to specify a sequence of channels to be scanned. The se-
quence is specified as a list of up to 85 channel addresses {relay or Digital |/O lines)
and/or stored setups separated by commas. Contiguous channels may be specified
by entering the first and last channel addresses separated by a hyphen. STEP is used
to sequentially close channels in the list.

Example

10 OUTPUT 709;"’SLIST 104,205, 300-309, 403,0"
20 FOR 1= 1 TO 14

30 OUTPUT 709; "'STEP”

40 NEXT |

In this example, the scan would start with channel 104, followed by channel 205,
then channels 300, 301, 302, ... 309, and finally channel 403. The O channel
specified at the end of the list is a stop channel and opens the last channel closed
{channel 403) but does not close any other channel.

Notes
1. Channels may be scanned in any sequence, i.e., 309-300.

2. Stepping beyond the last channel specified in the Scan List causes a wrap-
around to the first channel in the list. The number O can be used as a stop channel.

3. Refer to the Advanced Operations section in this chapter for information on
using the External Trigger and Channel Closed features.

4. The commands OPEN, CLOSE, CRESET, or RECALL will have no effect on the
scan list even though the state of individual channels may change.

5. Stored setups may be recalled as part of a Scan List simply by specifying the

register number. For example, SLIST 104,105,106,25,200,201. Here, register 25
has the stored setup.
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STEPping through the Scan List

Command Format: STEP

Description

STEP is used to open the last channel closed and close the next channel in the Scn
List. If STEP is executed and no Scan List exists, the 3488A will generate an error.

The 3488A uses a pointer to keep track of which channel in the Scan List is cur-
rently closed. When STEP is executed, that channel is opened and the next item in
the list is checked. If the next item in the list is a relay or Digital 1/0 line, that channel
is closed. If the next item in the list is a stored setup, that setup is recalled. Chan-
nels that are closed as part of a stored setup will remain closed, that is, they are
not opened by the next execution of the STEP command.

For information on External Incremant and Channe! Closed, refer to the Advanced
Operation section of this chapter.

Example

10 OUTPUT 709; *'SLIST 100-109;,CMON 1"
20 FOR I=1 7O 10

30 OUTPUT 709;'STEP”’

40 NEXT |

CHANnNel Command
Command Format: CHAN [<ch. address>]

Description

CHAN is used to open the last channel closed by either STEP or CHAN {whichever
was most recent) and close the specified channel. If no channel is specified with
CHAN, the 3488A will respond with the last channel closed by either STEP or CHAN.
If no channel has been closed since the last reset, then CHAN returns the number O.

If a Scan List is in effect when CHAN is executed, the 3488A will search through
the list and position the Scan List pointer to the channel specified by CHAN. If CHAN
specifies a channel that is not in the Scan List, and the STEP is executed, the 3488A
will open the channel closed by CHAN and then go to the beginning of the Scan List.
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Example
OUTPUT 709; ““CHAN 105" ! Closes channel 105
OUTPUT 709; ““CHAN"

ENTER 709; AS
DISP AS$ 1 A$ will contain the last channel closed, i.e., 105

CARD MONITOR mode

Command Format: CMON <slot>

Description

Card Monitor is used to look at the state of the individual option assemblies in the
specified slot {1 —5). Specifying slot O will cause the monitor mode to be cancell-
ed. If a negative number is used for the slot, the 3488A will go to its monitor track-
ing made.

When used to monitor the 44471A assembly, the display shows the slot number

(extreme left) and those channels that are closed, separated by commas. The
MONitor annunciator also comes on.

Example

OUTPUT 709;""CLOSE 102,103,107; CMON1"’

This photo shows slot 1, channels 2, 3 and 7 closed.

The format of the display can be summarized as:

s: n,n,n,n,n,Nn,Nn,N,N,N

where s represents the slot number being monitored and n is a channel number.

149



Advanced Operations

Advanced Operations provide you with more capabilities when using the 3488A. It
may be important, for example, to tell the system voltmeter when a channel has been
closed and thus take a measurement. Or maybe you need to close the next chan-
nel in a scan list when some external event has taken place, perhaps as soon as
the voltmeter has completed its reading. Most operations can be performed with only
the basic commands, but for those times when you need something more, the ad-
vanced operations should meet your switching needs.

External Increment and Channel Closed

External Increment (El) provides a method of sequencing through a Scan List without
system computer intervention. Typically, El is connected to the Voltmeter Complete *
output on a system voltmeter. Thus, when the voltmeter has completed its measure-
ment, it signals the 3488A to step to the next channel in the list. The El input is
rising-edge triggered and TTL compatible.

Channel Closed (CC) provides a 15uS TTL pulse for signalling when a channel has
been closed in the 3488A. This signal can be tied to the External Trigger input of
a voltmeter to trigger it when a channel is closed. Together, El and CC can be
used with a system voltmeter to sequence through a scan list without any interven-
tion by the system computer.

Using the External Increment and Channel Closed features requires the use of a
44470A Digital I1/0 option. This also means that the Digital I/0 option cannot be con-
figured in Handshake Mode #5 when it is used for scanning (it can be used statically,
however). The DMODE command is used to to specify the handshake mode, Polarity
and El. Only one Digital I/O option can be configured for Ef at a time. If one option
is configured to accept El and another is subsequently enabled, the first card will
be disabled.

Even though the only specifier we are interested in is El, the mode and polarity
specifiers must be included. The format for specifying DMODE is as follows:

DMODE <«<slot>[, <mode>1[, < polarity > ][, <El>]

* Voltmeter Complete is a feature found on most Hewlett-Packard digital voltmeters to signal the com-
pletion of a measurement by means of a TTL compatible pulse.
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The MODE specifier is as follows:

Definition Value

Static Mode

Static Mode for read back
R/W & Strobe

RD & WT Strobe
HAndshake (no El)

g s W -

Any of the Modes may be specified for use with External Increment except the Hand-
shake Mode (value b).

The Polarity specifier is the sum of weighted values and is defined as follows:

Definition Value
Lower 8-bits polarity 1 = Low true
Upper 8-bits polarity 2 = Low true
PCTL Polarity 4 = Low busy
PFLG Polarity 8 = Low busy
I/O Direction line Polarity 16 = Low input mode

El is enabled by specifying 1. It is disabled with a specifier of O.

Refer to Chapter 10 for more information on setting up the 44474A Digital I/O op-
tion for External Trigger and Channel Closed.

Delay
Command Format: DELAY [<time in mS>]
Description
The DELAY command is used to insert a time delay between the time that a chan-
nel is closed and the time the next command can be executed and the channel closed
pulse is output. The delay time may be specified from O to 32,767 mS (32.767

seconds) in 1T mS increments. The delay time does not become effective until either
CHAN or STEP is executed.

161



If any command is sent to the 3488A during the delay time, the command will be
executed as soon as the delay time is complete. If there is not a time value sent
with the DELAY command, the 3488A will respond with the current value of the
delay time.

Remember that the Channel Closed pulse will use whichever 44474A assembly has
External Increment enabled.

Examples
OUTPUT 709; “‘DELAY 45" I The delay time is 45 mS =.045 Sec.
OUTPUT 709; “‘DELAY"’

ENTER 709; A
DISP A ! Variable ““A’”" will show the current delay value.

HP-IB Interface Commands
Only two interface commands affect the state of the 44471A channels: TRIGGER
(Group Execute Trigger) and CLEAR (Device Clear or Selected Device Clear). TRIG-
GER performs the same function as the 3488A STEP command. In other words, the
two commands:
TRIGGER 7 (or TRIGGER 709)
and
OUTPUT 709; “STEP"

perform the same function as far as the 44471A assembly is concerned.

CLEAR, whether a Device Clear or Selected Device Clear, simply resets the 3488A
and hence all relays will go to their open state.
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44471A Assembly Installation

This portion of the chapter is written specifically for the service trained technician.
It provides the necessary information for a person trained in electronic circuitry to
configure and install the option assembly. Carefully read through this section and
adhere to all cautions and warnings.

WARNING

Only qualified service trained personnel should remove, con-
figure, or install the 3488A option assemblies. Disconnect the
3488A power cord from the back of the instrument prior to
instalfing the option assemblies.

The 3488A QOption O11.44471ARelay Multiplexer, uses lat-
ching relays. The state of these relays can only be altered
under program control. This s an advantage in the sense
that, under most conditions of failure, the relays will remain
in whatever state your program has set them. However, in
case of power or equipment failure, any application requiring
a failsafe method of insuring that the. circuits -under control
are in a known state must be provided by the installer.

In case of component failure or programming error; any
voltage input to an option card may be present on any other
terminal on the same option card.

When you initially received your 3488A, the option assemblies were not installed
in the mainframe. Each option assembly was packaged separately along with a ter-
minal block edge connector and a two piece strain relief housing. In addition, two
labels were provided for option identification.

CAUTION

Use clean handling and anti-static procedures when remoyv-
ing, configuring and installing the option assemblies. The
circuit boards must be kept clean to ensure compliance with
impedance specifications. The option assemblies as well as
the 3488A mainframe contains CMQOS devices which are
susceptible to. static discharges.
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A few simple steps are required to install the 44471A assembly. Carefully observe
to orientation of the assembly and terminal block as you install them.

1. Pre-installation

a. Remove the ac power cord from the 3488A before installing any option
assembly.

b. Face the rear panel of the 3488A toward you.

c. Select a slot. Refer to Figure 7-2, the 3488A has five slots for instaliing
option assemblies. The 44471A can be used in any of the five slots.

Figure 7-2. Rear Panel View of the 3488A

2. Option assembly installation

a. Hold the option assembly, component side down, by the metal shields. In-
sert the circuit card into the slot guides and slide toward the front of the in-
strument. Push firmly until the assembly ‘snaps’ into place. Fold the plastic
levers next to the assembly. These levers lock the option into the mainframe.

NOTE
To remove the option assembly, simply unfold the plastic tab

levers. This will release the locking mechanism and pull the
option out of the mainframe connector.
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Figure 7-3. Option Card

3. Terminal Block Wiring

a. Wire the Terminal Block Edge Connector. The following photograph shows
the channel connection sequence for the 44471A Terminal Block Edge Con-
nector. This terminal block is keyed to fit only the 44471A assembly. Extra
terminal blocks are available under the -hp- part number 44481A. This terminal
block was designed to accept wires in the range of 18 to 26 AWG.

A/4871 A GENERAL PURPORE PELAY

Figure 7-4. Terminal Block

4. Strain Relief

a. Secure the terminal block to the strain relief housing with the captive screws
on the terminal block. Make certain that the screws used to tighten the con-
nector wires to the terminal block are accessible through the strain relief

housing.
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TERMINAL BLOCK

STRAIN RELIEF HOUSING

STRAIN RELIEF PLATE

Figure 7-5. Strain Relief Housing

b. Route the wires evenly through the three strain relief cutouts. This will en-
sure a uniform amount of strain relief. If only a few wires are used, they should
go through the middle cutout.

c. To protect wires smaller than 22AWG it is recommended that these wires
be bundled together starting no more than 4’ from the back of the 3488A.
Failure to do so may cause wires to break at the strain relief. To illustrate the
need for this, a 26AWG wire can survive about 7 to 8 pounds of tension
before breaking. A bundle of 10, however, could survive up to 70 pounds of
tension.

Figure 7-6. Cable Routing

d. Secure the strain relief plate to the strain relief housing (ribbed side toward
housing). Do not over tighten the screws.

e. Push the terminal block with strain relief housing onto the option assembly
connector. Tighten the two screws on either end of the housing.
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Figure 7-7. Attaching the Terminal Block

5. Labels

a. Two labels were provided with the option assembly. One identifies the
assembly as a 44471A Relay Multiplexer. There is space on the bottom of this
label to type or write in a description of where this particular option is being
used.

b. Second, a series of numbered labels (1 to 5} is provided to heip you iden-
tify the slot where the assembly is located. Select the appropriate label and
place it in the upper left hand corner of the strain relief housing.

Configuration

Whenever relay contacts open or close, electrical breakdown can occur between the
contacts. This can cause high frequency radiation, voltage and current surges, and
physical damage to the relay contacts.

Provisions have been made on the 44471A circuit board for installing simple pro-
tection networks. These simple networks provide contact protection when actuating

ac power line for inductive. loads.

Although many types of contact protection networks can be used, only RC networks
and varistors are described here. Refer to Figure 7-8.
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Figure 7-8. Contact Protection Networks

In designing RC protection networks, the protection resistor Rp is selected as a com-
promise between two values. The minimum value of Rp is determined by the max-
imum acceptable relay contact current {lo). Referring to the specification table for
this option, we find that the maximum allowable relay current (lo) is 2 Amps ac rms
or 2 Amps dc. Thus, the minimum value for Rp is V/lo, where V is the peak value
of the supply voltage.

Rp = V/lo = V/2 Equation 1

The maximum value for Rp is usually made equal to the load resistance, RI.
Therefore, the limits on Rp can be stated as:

V/io < Rp < RI Equation 2
Note, the actual value of lo in a circuit is determined by the equation:
lo = V/RI Equation 3
Where V is the peak value of the source voltage and Rl is the resistance of the load.
Equations 1 and 2 use lo as the maximum allowable relay current to determine the

minimum value of Rp. The value for lo caiculated in Equation 3 will be used to deter-
mine the value of the protection capacitor, Cp.
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In determining the value of the protection network capacitor Cp, there are several
things that need to be considered. First, the total circuit capacitance (C) must be
such that the peak voltage across the open relay contacts does not exceed 353 Volts
peak (250Vrms = 353 Vp). The equation for determining the minimum allowable
circuit capacitance is:

C = (lo/3b3)12L Equation 4
where L = the inductance of the load and lo is the value calculated in Equation 3.

In reality, the total circuit capacitance {C) is made up of the wiring capacitance plus
the value of the protection network capacitor Cp. Therefore, the minimum value for
Cp should be the value obtained for the total circuit capacitance, C, from equation
3. Indeed, the actual value used for Cp should be substantially greater than the value
calculated for C.

Let's work through an example and see what the typical values for an RC protec-
tion network might be. Qur circuit is shown in Figure 7-9. The load is a small ac
motor running off of a 120V ac line {170 V peak). This motor draws a maximum

of 2 amps.
/ ’ - )
H 08
i JM303
ez o
N
@ ot ®
® @ L ot
cH 00 ® &
- L
é -]
\) JmMaz28 8
E —¢ o
JMG28
3488-7-9 Q
- J

Figure 7-9. RC Protection Network
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Using Equation 1 we can find the minimum value for Rp:
Rp = V/lo = 170/2 = 85 Q

The maximum value for Rp would be equal to the load resistance or 400 (.
Therefore, any resistor (preferably at least 1 watt) between 85 and 400 Q's will
suffice.

To keep the peak contact voltage below 353V peak, use equation 3 to determine lo:
lo = V/RT = 170/400 =.425 A
Now use equation 4 to determine C:
C = (lo/353)12L = (0.425/353)12(0.1}) = 0.144 uF

Since Rp can vary between 85 Q's and 400 Q's, an appropriate protection network
to be connected to this circuit is Rp = 220 @'s and Cp = 0.15 uF.

Figure 7-10 shows where protection networks shouid be mounted on the 44471A
circuit assembly. Note that with the RC network in shunt (parallel} with the the relay
contacts, there is a loss of high isolation when the relay is open. Remember that
only qualified service trained personnel should remove, configure, or install the op-
tion assemblies.

LOW SERIES

PROTECTION NETWORK

s £ ow

HIGH SERIES

Figure 7-10. Locations for Protection Netwarks
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Using Varistors

Just as contact protection circuits are important to suppress noise while relay con-
acts are opening and closing, transient protection should also be provided while the
relays are open. This is the purpose of the varistor. When selecting a varistor, make
certain that it has a voltage rating sufficient for your application. A typical 250 VAC
varistor can be purchased from Hewlett-Packard with the part number 0837-0227.

Figure 7-11. Varistor

CAUTION

When the 4447 1A option. is used to switch power sources
capable of delivering more than 2 amps, an external 2A fuse
should be used to prevent accidental damage to the 4447 1A.

Accessories

-hp- part number 44481A provides an extra Screw Terminal Connector Block for the
44471 A assembly.

Specifications

The specifications at the end of this chapter apply to only the 44471A assembly.
These specifications are the performance standards or [imits against which the
assembly is tested. Do not exceed or surpass the specified limits.

Any changes in specifications due to manufacturing changes, design, or trace-
ability to the National Bureau of Standards will be covered in a manual change
supplement.
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Application Examples

Example 1. Using the 44471A as an Actuator

One primary use of the 4447 1A General Purpose Switch is voltage switching for ap-
plications with BOOVA or less. This example shows how to use the 44471A in two
different applications: Low voltage switching {not requiring a snubber circuit) and High
voltage switching requiring a snubber circuit.

Low Voltage Switching Procedure

Figure 7-12 shows two simple ways the 4447 1A can be used to switch operating
power to low voltage devices. The top diagram illustrates how the relay switch is
used to complete a circuit and sound the alarm. To sound the alarm, execute, CLOSE
100. (The 4447 1A Assembly is installed in slot 1 of the 3488A.) To turn off the
alarm, execute OPEN 100.

The lower diagram demonstrates switching DC voltage (+ 5V} to operate some
device. A typical application where this type of switching might be used is to supply
operating power to a device under test. To apply power to the device, execute
CLOSE 101. To remove operating power, execute OPEN 101.

44471A GENERAL PURPOSE 115V
RELAY CARD
I m
! l T & 6.3VAC
/\
+5V
POWER

T r— SUPPLY

DEVICE UNDER | l
TEST }"l
-_

O O O O O O

L~

44471-10

Figure 7-12. Low Voltage Actuator
High Voltage Switching Pracedure

Since the relays on the 44471A can handle voltages up to 260V rms at 2 amps,
it is ideally suited for switching ac line voltages to items such as air solenoids, lights,
and motor starters. In this example we will see how the 44471A is used to con-
trol (turn on) motor starters.
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Although the 4447 1A can directly control motors up to 2/3 horsepower, the range
of motors it can handle can be greatly increased by using motor starters. This op-
tion assembly can be used to control the motor starter, essentially supplying the
voltage to turn the starter on.

Generally, motor starters are only turned on for a short period of time. After that,
the motor runs by itself and is turned off by some external circuit. In this example,
the internal timer in the computer will be used to determine the “‘on’’ time of the
motor starter: 3 seconds. Figure 7-13 shows a typical connection diagram and com-
puter (BASIC) program.

CAUTION

Although a specific contact protection network (snubber cir-
cuit] is shown, you should consult the Configuration section
of this manual before attempting to run the program and pro-
vide adequate contact protection for your particular circuit.
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Figure 7-13. High Voltage Actuator

Example 2. Using the 44471A as a Resistance Programmer

Many types of power supplies and other electronic equipment use external resistor
networks to ‘‘program’’ the output voltage. Change the external resistors and a
change in out results. The 44471A provides an elegant solution to programming
these types of devices.
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Up to 1024 different values can be programmed by using only one 44471A assembly
and 10 resistors. As shown in Figure 7-14, the relay contacts are wired in series
with each other and in parallel with a string of binary weighted resistors. Any com-
bination of channels may be closed providing the 1024 different possibilities.

For example, to select the 10 Q resistor, close all relays except channel 0. To select
the 20 Q resistor, close all relays except channel 1. If you need 30 Q, close all relays
except channels O and 1 (10 Q plus 20 @ = 30 Q). In this way, by selectively open-
ing and closing combinations of channels, virtually any resistance value from 0
to 1024 Q (in 10 Q increments) can be developed.
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Figure 7-14. Binary Resistance Programming

There are many variations in this basic circuit. For example, if you only need 100
increments, equal value resistors can be used. If you use 10 Q resistors, values of
10, 20, 30, 40, ... 80, 90, and 100 Q can be developed.

In low current applications, a voltage can be applied across the resistors and the
relays used to tap off the desired voltage. Refer to Figure 7-15.
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Example 3. Single Ended Measurements

Using only 44470A Ten Channel Multiplexer options, a maximum of 50 channels
(two wires) can be scanned for measurements. However, if you don’t require the
noise rejection of two wire measurements and the Lo side of all your signal sources
can be connected together, you can use one 4447 1A and four 44470A options to
provide up to 88 channels for single-ended measurements.

Figure 7-16 shows how these options are connected together in this example. Notice
that all of the Hi terminals on the 44470A options connect to channel O on the
44471A. To measure any of the voltage sources connected to one of the Hi ter-
minals, channel O on the 44471A must be closed. Furthermore, all the Lo terminals
on the 44470A options connect to channel 1 on the 44471A. To measure any of
the voltage sources connected to the Lo terminals, Channel O must be opened and
channel 1 closed. The remaining eight channels on the 4447 1A option can also be
used for single ended measurements.

165



The associated program shows how to STEP through each of the 88 single ended
channels. This program assumes that the 4447 1A option is mounted in slot 1 and
the four 44470A’s are installed in slots 2 through 5. The program uses an -hp- Model
3478A DVM for the measurements.

The program first sequences through the eight extra lines on the 44471A option
(lines 40 - 90). Then, in lines 100 - 170, channel O is closed allowing measurements
from the sources connected to the Hi terminals on the 44470A options. Finally, in
lines 180 - 250, channel O is opened and channel 1 is closed permitting
measurements from the Lo terminals on the 44470A options.
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Figure 7-16. Single-ended Measurements
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QUTPOT 723 ;T3¢

OQUTPUT 7ag ; "RESET: =SLIST 18
2-103.6; CMON 1"

FaR I=2 TO 23 STEP |

OUTPUT VA9 ;“STER"

TRIGGER 723

EHTER 722 ; A

PRINT "CHANMNEL: ";I; "MEASURE
MEMT: “:HRA

HEXT 1

I Measure Hi's

FRINT @ PRINWT "Hi CONMNECTION

S MERASURED:" ® PRINT

QUTPUT 769 ;"CLQSE 198;SLIST
286-509,8; CMOH -2"

FOR I=1@ 70O Sa

OUTPUT 783 ;"STEP"

TRIGGER 722

EHTER ¥23 ; R

PRINT "CHANNEL: ";I;“"MERSURE

MEHT: "R

MEXT 1

I Measure Lo's

PRINT # PRINT “Lo CONNECTION

S MEASURED:";@ PRINT

DUIPUT ‘a2 "QOPEN l1@@; CLOSE
ta1"

FOR I=51 TO 986

QUTPUT 7@a9 ;"STEP®

TRIGGER 723

ENTER 7232 ; A

PRINT "CHANNEL: ";I;:“MEASURE

MEMT: “:f

NEXT 1

OUTPUT VA9 :“RESET®

END
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Table 7-2. Option 011 44471A 10 Channel General Purpose Relay Module Specifications

INPUT CHARACTERISTICS AC ISOLATION/PERFORMANCE"*

Maximum Voltage (Terminal-terminal or terminal-chassis): Capacitance:
250 VDC, 250 VAC RMS, 350 VAC Peak

Maximum Current {Per channel): 2 ADC, 2 AAC RMS Open Channel < 7 pF
{(Per module): 20 ADC, 20 AAC RMS
Ch |-Ch: I* <10 pF
Maximum Power (Per channel): 60 W DC, 500 VA AC annehanne P
(Per module): 600 W DC, 5000 VA AC .
Channel-Chassis*® <25 pF

Maximum power dissipated by user added components: 2 W ]
(* with 1 channel closed)

Thermal Offset < 3 uV per channel

Closed Channel Resistance: < 2 Q (end of relay life} {509 termination) 100 kHz 1 MHz 10 MMz
DC ISOLATION Insertion Loss (dB) | < 0.20 | < 0.25 | < 0.50
Crosstalk (dB) <—-73 < -53 <-33
< (40°C,60% RH) <{40°C,85% RH)
o . . 11 ) * *With chassis of all equipment connected, and with low of input
Open Channel, Channel Channel > 107w > 1070 lines connected to low of output lines (either directly or via 3488A
. 1 10 switched channel}.
Channel-Chassis” > 5x10''Q > 10'°0

(* with 1 channel closed)

For the HP 44471A, 10 Channel General Purpose Relay Module, overvoltage transients MUST be limited to 1400V
maximum.
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Chapter 8
44472A
Dual 4—1 VHF Switch Module

Introduction

This option to the 3488A (option 012) provides two independent 4 channel to one
coaxial multiplexers. These multiplexers are specifically designed for broadband signal
switching up to 300MHz. This module is the logical choice for wide dynamic range
measurements with spectrum and distortion analyzers.

Figure 8-1 shows a simplified schematic of the two multiplexers. Notice that the two
groups are isolated from each other and also from the 3488A chassis ground. This
eliminates ground loops. Furthermore, the shield {(or low) of each channel is NOT
switched; the shields of the four channels in each group are in common.
Characteristic impedance is 50 Q.

This chapter is designed to serve as a reference guide for using the 44472A VHF
Switch Module. As such it contains programming information, installation and con-
figuration information, and application examples.

WARNING

The 3488A Option 012, 44472A VHF Switch Module uses
latching relays. The state of these relays can only be altered
under program control. - This is an advantage in the sense
that, under most conditions of failure, the relays will remain
in whatever state your program has set them. However, in
case of power or equipment failure, any application requiting
a failsafe method of insuring that the circuits under control
are in a known state must be provided by the installer.

In case of component failure or programming error, any
voltage input to an option card may be present on any other
terminal on the same option card.
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Figure 8-1. 44472A Simplified Schematic

Operation

Figure 8-1 shows that the 44472A VHF Switch Module consists of two indepen-
dent 4 —to— 1 multiplexers. Only one channel may be connected to the common (per
group) at a time. At turn on or reset (either from the front panel or the HP-IB CLEAR
command}, all relays on the 44472A option will be opened.

Each group on this option may be used as 1 -of—4 inputs to one output or one input
to 1-of -4 outputs. Connections to the option are made through 10 BNC (coax-
ial} connectors mounted directly on the circuit board.

Channels

A channel, as described in Chapter 2, refers to an individual set of relays on the
44472A assembly. Therefore, when we speak of closing a channel, we are refer-
ing to closing a particular set of relays, thereby connecting the common BNC to one
of the four BNC inputs.
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As shown on the terminal block (see Figure 8-1), channel numbers are two digit
numbers assigned per group. The first digit is the group number {either a O or 1},
the second digit specifies the channel in the group (O through 3).

Channel addresses, on the other hand, are determined by which slot the 44472A
assembly is installed in. Channel addresses are a three digit number where the first
digit specifies the particular slot where the 44472A option is installed. The last two
digits are the group/channel number. For example, channel address 102 means slot
1, group O, and channel 2.

The following table shows the channel addressing scheme for the five different slots.

Table 8-1. Channel Addressing Scheme

Channel address if 44472A
assembly is in slot number:
Channel number as shown
on the terminal block Slot 1 Slot 2 Slot 3 Slot 4 Slot 5
Group O
00 100 200 300 400 500
01 101 201 301 401 501
02 102 202 302 402 502
03 103 203 303 403 503
Group 1
10 110 210 310 410 510
11 111 211 311 411 511
12 112 212 312 412 512
13 113 213 313 413 513

Commands

Most of the 3488A commands can be used in controlling the 44472A option. In ad-
dition to the standard 3488A commands, two HP-IB interface commands can also
affect the use of the 44472A. All of these commands are described using a simple
format of explanation.

In the following summary of command descriptions, square brackets {([]} indicate op-

tional parmeters, whereas items in < > brackets are mandatory. For further explana-
tion of the command code mnemonics, refer to Chapters 2 and 3.
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CLOSE a channel

Command Format: CLOSE <ch. address>[, <ch. address>, <ch, address>,...]

Description

The CLOSE command is used to simply close a channel on the 44472A. Note that
the CLOSE command does not open any channels on other option assemblies that
were previously closed. Only one channel per group on a 44472A option can be
closed at any time. Several channels {on either a different group or option) can be

closed with one CLOSE command by separating the channel addresses with a com-
ma; channels are closed in the order listed.

Example

OUTPUT 709;"'CLOSE 102,311 | Closes channel number 02 in slot 1 and chan-
nel number 11 in slot 3.

OPEN a channel

Command Format: OPEN <ch. address>[, <ch. address >, <ch.address>...]

Description

OPEN is used to open individual channels on the 44472A assembly. Channels are
opened in the order listed. Use the CARD RESET command to open all channels on
an assembly. It is easier than listing each one individually.

Examples

OUTPUT 709;"0OPEN 100,112 ! Relays 100, 112 are opened in slot number 1

172



VIEW a channel

Command Format: VIEW <ch. address>

Description

The VIEW command is used to look at the state (either open or closed) of a par-
ticular channel. The 3488A responds with the string “OPEN 1" if the specified chan-
nel is open. If the specified channel is closed, the 3488A responds with the string
“CLOSED 0. In the 3488A display, the channel address is displayed followed by
a colon and the appropriate string.

Example
10 OUTPUT 709;"VIEW 102" ! VIEWs channel 2 in group O on slot number 1
20 ENTER 709; A$ ! input the response from the 3488A
30 DISP As I A$ will either be "OPEN 1'" or “"CLOSED Q"
CARD TYPE
Command Format: CTYPE <slot>
Description

This command causes the 3488A to respond with a description of what type of op-
tion card is located in the specified slot. The description includes the name of the
card as well as the option number. In the display, the description is preceded by the
specified slot number.

Card Type Description
Slot is empty NO CARD 00000
10 Channel Multiplexer RELAY MUX 44470
General Purpose Card GP RELAY 44471
High Frequency Scanner VHF SW 44472
Matrix Card MATRIX SW 44473
Digital 1/0 Card DIGITAL 10 44474
Breadboard Card BREADBOARD 44475
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Example

10 OUTPUT 709;"'CTYPE 3" ! look for the card in slot 3

20 ENTER 709; As

30 DISP As I Card description will be displayed
CARD RESET

Command Format: CRESET <slot>[, <slot>,...]

Description

CRESET is used to reset all channels on the 44472A assembly to their open state.
Only cards in the slots specified are affected.

Example
OUTPUT 709;""CRESET 2" ! resets the option assembly in slot 2
CARD PAIR
Command Format: CPAIR <slot>, <slot>
Description

CARD PAIR is used to pair up two option assembiies of the same type, e.g.,
44472A’s. This operation will effectively assign both options to both slot numbers
so that closing or opening a channel on either option will perform the same opera-
tion on the respective channel on the other option.card.

Commands used with the Card PAIR function are: OPEN, CLOSE, CRESET, CHAN
and STEP. Of course, paired slots can be used as part of a scan list.

Executing a CPAIR command cancels any previous CPAIR command that involved
either of the two options. It is possible, however, to have two sets of card pairs,
e.g. slot 1 paired with 2 and slot 3 paired with 4.

Example
OUTPUT 709;"'CPAIR 1,3" I sets the options in slots 1 and 3 as pairs
QUTPUT 709;"CLOSE 102" ! closes channels 102 and 302 simultaneously
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Executing the CPAIR command without specifying any slot numbers allows you to
determine which, if any, slots are paired together. Four numbers are returned
separated by commas. The first two specify slots in the first pair, the second two
numbers specify the second pair. An inactive card pair is denoted by 0,0.

Example
OUTPUT 709; ““CPAIR"
ENTER 709; A$

DISP AS String variable A$ will have the four slot numbers. Note,
you may have to dimension A$ to 30 prior to executing.

SCAN LIST

Command Format: SLIST [<ch. address>{, or —)<ch.address> .. .. <ch. address>1]

Description

Scan List allows you to specify a sequence of channels to be scanned. The sequence
is specified as a list of up to 85 channel addresses {relay or Digital I/O lines) and/or
stored setups separated by commas. Contiguous channels may be specified by enter-
ing the first and last channel addresses separated by a hyphen. STEP is used to se-
quentially close channels in the list.

Example

10 OUTPUT 709:"'SLIST 100-113,0; CMON 1"

20FOR 1 = 1TO 8
30 OUTPUT 709; "'STEP"
40 NEXT |

In this example, the scan would start with channel 100, proceed through the "'O"’
group of channels and then through the “1'* group of channels. The O channel
specified at the end of the list is a stop channel and opens the last channel closed
{channel 113) but does not close any other channel.

Notes
1. Channeis may be scanned in any sequence, i.e., 113-100.

2. Stepping beyond the last channel specified in the Scan List causes a wrap-
around to the first channel in the list. The number O can be used as a stop channel.
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3. Refer to the Advanced Operations section in this chapter for information on
using the External Trigger and Channel Closed features.

4. The commands OPEN, CLOSE, CRESET, or RECALL will have no effect on the
scan list even though the state of individual channels may change.

5. Stored setups may be recalled as part of a Scan List simply by specifying the
register number. For example, SLIST 100,101,102,24,120,121,122. Here, register
24 has the stored setup.

STEPping through the Scan List

Command format: STEP

Description

STEP is used to open the last channel closed and close the next channel in the Scan
List. If STEP is executed and no Scan List exists, the 3488A will generate an error.

The 3488A uses a pointer to keep track of which channel in the Scan List is cur-
rently closed. Whenever STEP is executed, that channel is opened and the next item
in the list is checked. If the next item in the list is a relay or Digital I/O line, that
channel is closed. If the next item in the list is a stored setup, that setup is re-
called. Channels that are closed as part of a stored setup will remain closed, that
is, they are not opened by the next execution of the STEP command.

For information on External Increment and Channel Closed, refer to the Advanced
Operation section of this chapter.

Example

10 OUTPUT 7089; “*SLIST 100-113;CMON 1"
20 FOR =170 10 30

OUTPUT 709;'STEP"’

40 NEXT |
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CHANnel Command

Command Format: CHAN [<ch. address>]

Description

CHAN is used to open the last channel closed by either STEP or CHAN (whichever
was most recent) and close the specified channel. If no channel is specified with
CHAN, the 3488A will respond with the last channel closed by either STEP or CHAN.
If no channel has been closed since the last reset, then CHAN returns the number O.

If a Scan List is in effect when CHAN is executed, the 3488A will search the list
and position the Scan List pointer to the channel specified by CHAN. If CHAN
specifies a channel that is not in the Scan List, and then STEP is executed, the
3488A will open the channel closed by CHAN and go to the beginning of the Scan
List.

Examples
OUTPUT 709; “CHAN 100" ! Closes channel 100
OUTPUT 709; “CHAN’’

ENTER 709; AS
DISP AS$ I A$ will contain the last channel closed, i.e., 100

CARD MONITOR mode

Command Format: CMON <slot>

Description

Card Monitor is used to look at the state of the individual option assemblies in the
specified slot (1-5). Specifying slot O will cause the monitor mode to be cancelled.
If a negative number is used for the slot, the 3488A will go to its monitor tracking
mode.

When used to monitor the 44472A VHF Switch, the display shows the slot number

(extreme left) and the two groups of channeis. The two groups are separated by a
semicolon. Channels that are closed are shown in the display.
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Example
OUTPUT 709; '"CLOSE 201,213; CMON 2"

The resulting display looks like the following photograph.

The format of the 44472A Card Monitor display can be summarized as:

s: n,n,N,N;N,N,N,N

Where s represents:the slot number being monitored and n is a one digit channel
number. The four channels to the left of the semicolon represent group O, the four
channels to the right are for group 1.

Advanced Operations

Advanced Operations provide you with more capabilities when using the 3488A. It
may be important, for example, to tell the system voltmeter when a channel has been
closed and thus take a measurement. Or maybe you need to close the next chan-
nel in a scan list when some external event has taken place, perhaps as soon as
the voltmeter has completed its reading. Most operations can be performed with only
the basic commands, but for those times when you need something more, the ad-
vanced operations should meet your switching needs. '

External Increment and Channel Closed

External Increment (El} provides a method of sequencing through a Scan List without
system computer jntervention. Typically, El is connected to the Voltmeter Complete*
output on a system voltmeter. Thus, when the voltmeter has completed its measure-
ment, it signals the 3488A to step to the next channel in the list. The El input is
rising-edge triggered and TTL compatible.

* Voltmeter Complete is a feature found on most Hewlett-Packard digital voitmeters to signal the com-
pletion of a measurement by means of a TTL compatible pulse.
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Channel Closed (CC) provides a 15uS TTL pulse for signalling when a channel has
been closed in the 3488A. This signal can be tied to the External Trigger input of
a voltmeter to trigger it when a channel is closed. Together, El and CC can be
used with a system voltmeter to sequence through a scan list without any interven-
tion by the system computer.

Using the External Increment and Channel Closed features requires the use of a
44474A Digital I/O option. This also means that the Digital I/O option cannot be con-
figured in handshake mode when it is used for scanning (it can be used statically,
however}. The DMODE command is used to specify the Handshake Mode, Polarity,
and El. Only one Digital I/0 option can be configured for El at a time. If one option
is configured to accept El and another is subsequently enabled, the first card will
be disabled.

Even though the only specifier we are interested in is El, the mode and polarity
specifiers must be included. The format for specifying DMODE is as follows:

DMODE <slot>[, <mode>][, <polarity > ][, <El>]

The MODE specifier is as follows:

Definition Value
Static Mode 1
Static Mode for read back 2
R/W & Strobe 3
Rd & Wrt Strobe 4
Handshake (no El) 5

Any of the Modes may be specified for use with External Increment except the Hand-
shake Mode (value 5).

The Polarity specifier is the sum of weighted values and is defined as follows:

Definition Value
Lower 8-bits polarity 1 = Low true
Upper 8-bits polarity 2 = Low true
PCTL Polarity 4 = Low busy
PFLG Polarity 8 = Low busy
/O Direction line Polarity 16 = Low input mode

El is enabled by specifying 1. It is disabled with a specifier of O.
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DELAY

DELAY [<time in mS>]

Description

The DELAY command is used to insert a time delay between the time that a chan-
nel is closed and the time the next command can be executed and the channel closed
pulse is output. The delay time may be specified from O to 32,767 mS (32.767
seconds) in 1 mS increments. The delay time does not become effective until either
CHAN or STEP is executed.

if any command is sent to the 3488A during the delay time, the command will be
executed as soon as the delay time is complete. If there is not a time value specified
with the DELAY command, the 3488A will respond with the current value of the

delay time.

Remember that the Channel Closed pulse will use whichever 44474A assembly has
External Increment enabled.

Examples
OUTPUT 709; "DELAY 45" ! The delay time is 45 mS =.045 Sec.
OUTPUT 709; ""DELAY"”

ENTER 709; A
DISP A I Variable ‘A’ will show the current delay value.

HP-IB Interface Commands
Only two interface commands affect the state of the 44472A channels: TRIGGER
(Group Execute Trigger) and CLEAR (Device Clear or Selected Device Clear}. TRIG-
GER performs the same function as the 3488A STEP command. In other words, the
two commands:
TRIGGER 7 (or TRIGGER 709)
and

OUTPUT 709; ""STEP”

perform the same function as far as the 44472A assembly is concerned.
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CLEAR, whether a Device Clear or Selected Device Clear, simply resets the 3488A
and hence all relays will go to their open state.

44472A Assembly Installation

This portion of the chapter is written specifically for the service trained technician.
It provides the necessary information for a person trained in electronic circuitry to
configure and install the option assembly. Carefully read through this section and
adhere to all cautions and warnings.

WARNING

Only qualified service trained personnel should remove,
configure, or install the 3488A option assemblies. Discon-
nect the 34884 power cord from the back of the instru-
ment prior to installing the option assemblies.

The 3488A Option 011, 44472A VHF Switch uses lat-
ching relays. The state of these relays can only be altered
under program control. This is an advantage in the sense
that, under most conditions of failure, the relays will remain
in whatever state your program has set them. However, in
case of power or equipment failure, any application requir-
ing a failsafe method of insuring that the circuits under
control are in a known state must be provided by the
installer:

In case of component failure or programming error, any
voltage input to an option card may be present on any other
terminal on the same option card.

CAUTION

Use clean handling and anti-static procedures when remov-
ing, configuring and installing the option assemblies. The
circuit boards must be kept clean to ensure compliance
with impedarnice specifications. The option assemblies as
well as the 3488A mainframe contains CMQOS devices
which are susceptible to static discharges.
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A few simple steps are required to install the 44472A assembly. Carefully observe
to orientation of the assembly.

1. Pre-installation

a. Remove the ac power cord from the 3488A before installing any option
assembly.

b. Position the rear panel of the 3488A toward you.

c. Select a slot. Refer to Figure 8-2, the 3488A has five slots for installing
option assemblies. The 44472A can be used in any of the five slots.

Figure 8-2. Rear Panel View of the 3488A

2. Option assembly installation

a. Hold the option assembly, component side down, by the metal shieids. In-
sert the circuit card into the slot guides and slide toward the front of the in-
strument. Push firmly until the assembly ‘snaps’ into place. Tighten the two
side screws to hold the option in place.

b. A series of five numbered labels (1 to 5) were provided with the option
assembly. Select the number that indicates which 3488A slot you have in-
stalled the option in and place the sticker in the upper left hand corner of the
option backpanel.

Specifications

The specifications at the end of this chapter apply to only the 44472A assembly.
These specifications are the performance standards or limits against which the
assembly is tested. Do not exceed or surpass the specified limits.

Any changes in specifications due to manufacturing changes, design, or traceabili-
ty to the National Bureau of Standards will be covered in a manual change
supplement.

182



3
P
»
*
"
e
»
»

Figure 8-3. Option Card

Applications

There are many conceivable applications for the 44472A VHF Switch, many of which
are not as obvious as others. It is definitely the right choice if you are switching
signals in the 10 — 300 MHz range. Switching low frequency signals, in the audio
range for exampie, you could use either the 44472A VHF Switch or the 44470A
Multiplexer. The 44472A is not recommended for instruments that require high DC
isolation from earth ground (such as a DVM).

Your choice should depend on your application.

Isolation Impedance

The 44472A option is a VHF switch having excellent on channel to off channel isola-
tion over a bandwidth of dc to 300 MHz. This makes it possible to switch signals
to instruments with very high bandwidths and not have adjacent channel interference.
The adjacent channel interferance is typically a driven signal but may also be broad-
band noise picked up on the wiring to these channels.
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Note also that for each group of four channels on the 44472A VHF switch, when
all channels have been opened, the last channel to open in each group will exhibit
approximately 20 dB less isolation than the other three channels in that group. Refer
to the specifications at the end of this chapter. At power-on or reset, the last channel
closed in group O is channel 0O; in group 1, the last channel closed is 13.

Topologies

Two 1-to4 VHF Multiplexers are provided on each 44472A module. These can be
used independently, together, or in combination with other 44472A options. There
are, however, trade-offs that must be considered.

Regardless of the topology {(configuration) you are using, always use 50 @ shielded
coaxial cables to maintain both characteristic impedance and isolation. Keep cables
as short as possible, especially in high frequency circuits or pulse circuits where a
rise/fall time of <50nS is critical. Long cables can add considerable delay time which
may cause timing problems. All test equipment; such as counters, spectrum
analyzers, oscilloscopes, etc., must be terminated with a 50 @ impedance to minimize
reflection loss.

Figure 8-4 shows both multiplexers from one 44472A module connected together
in a ""T"’" configuration. This circuit provides a 1-of-8 multiplexer. VSWR becomes
important here because the characteristic impedance of 50 Q is lost. Considerable
reflection may be present and could cause double triggering in counters, etc. This
configuration should not be used with very narrow pulses or pulses with rise/fall
times of 20nS or less.

The correct way to connect multiple 1 —-of —4 modules is shown in Figures 8-6 and
8-7. A general rule to keep in mind is never use BNC ““T’' connectors if full band-
width performance is needed. Anytime a BNC "T"’ is used, VSWR will not be main-
tained in the test system.

One simple way to provide a simple 1 —of—4 to 1-—o0of —4 matrix is to connect the
common connectors on two channel groups together, as shown in Figure 8-5. This
configuration provides an excellent method of connecting four devices under test to
four different test instruments and maintains the 50 Q characteristic impedance.
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Figure 8-5. 4x4 Matrix

A tree configuration, like that shown in Figure 8-6, provides complete isolation while
maintaining the 50 Q characteristic impedance. It also provides 16 channels for test
points. Again, keep cable length as short as possible especially between channel
groups. Signal delay time has doubled because the signal must pass through two
channel groups.
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Table 8-2. Option 012 44472A Dual 4 Channel VHF Switch Module Specifications

INPUT CHARACTERISTICS

Maximum Voltage (Center-center, center-low): 250 VDC,
30 VAC RMS,42 VAC Peak*; {(Low-chassis, low-low): 42 VDC

Maximum Current (Per channel): 30 mA DC, 300 mA AC RMS*
Thermal Offset: < 15 uV per channel

Characteristic Impedance: 501

Closed Channel Resistance: < 1 Q (end of relay life}

*To maintain compliance with VDE class B or FTZ 1115/83 radia-
tion limits, use semi-ridge or equivalent coax cable and limit signal

to < 2x107 V*Hz.

AC ISOLATION/PERFORMANCE

(50Q termination) 30 MHz 100 MH:z 300 MH:z
Insertion

Loss (dB) < 0.5 < 0.75 < 1.25
Crosstalk (dB)
Channel-Channel, < —100 < -85 < —-65
Channel-Common

{within a group)
Crosstalk group to
group (dB) < -85 < -85 < -50
VSWR < 1.06 < 1.12 < 1.43
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Capacitance: Center-Center, Center-Common <0.002 pF

Center-Low < 70 pF
Low-Chassis < 0.2 uF
Rise Time: < 0.7 nsec

Signal Delay: < 2.5 nsec; Channel match < 90 psec
DC ISOLATION

<{40°C,95% RH), between any 2 points: >107Q
GENERAL

All channels break-before-make within a group of 4 channels.
When all channels in a group are opened, the last channel opened
{or channel 00 or 13 foliowing a group RESET) has channel-
common isolation of >80 dB @ 30 MHz, >60 dB @ 100 MHz,
& >40 dB @ 300 MHz.

Connectors: BNC’s



Chapter 9
44473A
4 x4 Matrix Switch Module

Introduction

-hp- Model 44473A (3488A option 013) Matrix Switch provides a 4 —by—4 matrix
of switches. Each node or crosspoint in the matrix switches both signal Hi and Lo
(2 wires). Refer to Figure 9-1 for a simplified schematic of the module.

Matrix switching provides a convenient way to connect a group of test instruments
to multiple test points on a device or to multiple devices. This matrix switch offers
highly flexible switching for testing devices over a frequency range of DC to 100
kHz.

Any combination of the 4 "'inputs’’ (e.g., rows) may be connected to any combina-
tion of “‘outputs’’ (e.g., columns). Multiple 44473A options may be connected
together to form a 4x8, 4x12, 4x 16, 4x 20 or 8 x 8 matrix. In addition, the Matrix
option can be used in conjunction with other options (such as the 44470A ten chan-
nel Multiplexer) to provide a wide variety of switching combinations.

This chapter is designed to serve as a reference guide for using the 44473A Matrix
Switch option. As such, it contains programming information, installation and con-
figuration information, and application examples.

WABHENB

The 3488A optmn 013 Matnx vatch uses latchmg relays
The state of these relays can only be aitered under program
control. This is an advantage in the sense that, under most
conditions of failure, the relays will remain in whatever state
your program hes set them. Hawever in case of power or
equment fallure, any appifcatlan requmng a failsafe method
of msunng that the circuits under control are in a known
stare must be pmwded by the msta!ler

'ln case of companent faliure or pragrammmg error, any~
voltage input to an optmn r:ard may be present on any arher‘
terminal on the same optmn card.
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Figure 9-1. 44473A Simplified Schematic

Operation

Figure 9-1 shows that the 44473A Matrix Switch option consists of sixteen 2-wire
relays connected in a 4 x4 matrix. More than one switch can be closed at a time
allowing any combination of rows connected to columns. At turn on or reset {(etiher

reset from the 3488A front panel or from the HP-IB CLEAR command) all relays will
be opened.

Channels

A channel, as described in Chapter 2, refers to an individual relay in the matrix.
Therefore, when we speak of closing a channel, we are referring to closing a par-
ticular relay. Channel numbers are specified as a two digit number, XY, where X
represents the row (0—3) and Y represents the column (0—3) where the relay
resides. These channel numbers are repeated on each 44473A option and can be
seen by the numbering on the terminal block.
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Channel addresses, on the other hand, are determined by which slot the 44473A
assembly is mounted in. Channel addresses are a three digit number where the first
digit specifies the particular slot where the 44473A option is installed. The last two
digits are the row/column channel number. For example, channel address 102 means
the option is installed in slot #1; the relay is in row 0, column 2.

The following chart shows the channel addressing scheme for the five different slots.

Table 9-1. Channel Addressing Scheme

Channel address if 44473A
assembly is in slot number:
Channel number
(Row-Column) Slot 1 Slot 2 Slot 3 Slot 4 Slot 5
00 100 200 300 400 500
01 101 201 301 401 501
02 102 202 302 402 502
03 103 203 303 403 503
10 110 210 310 410 510
11 111 211 311 411 511
12 112 212 312 412 512
13 113 213 313 413 513
20 120 220 320 420 520
21 121 221 321 421 521
22 122 222 322 422 522
23 123 223 323 423 523
30 130 230 330 430 530
31 131 231 331 431 531
32 132 232 332 432 532
33 133 233 333 433 533

Commands

Most of the 3488A commands have an impact on the 44473A assembly. In addi-
tion to the standard 3488A commands, two HP-IB interface commands can also af-
fect the use of the 44473A. All of these commands are described using a simple
format of explanation.

In the following summary of command descriptions, square brackets {[ ]} indicate op-

tional parameters, whereas items in < > brackets are mandatory. For further explana-
tion of the command code mnemonics, refer to Chapters 2 and 3.
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CLOSE a channel

Command Format: CLOSE <ch. address>|[, <ch. address>, <ch, address>,...]

Description
The CLOSE command is used to simply close one or more channels on the 44473A.
Note that the CLOSE command does not open any channels that were previously

closed. Several channels can be closed with one close command by separating the
channel addresses with a comma. Channels are closed in the order listed.

Examples

OUTPUT 709;"'CLOSE 100,102,103 ! Closes channels 00, 02, and 03 in slot
number 1

OUTPUT 709;""CLOSE 102,301" I Closes channel number 02 in slot 1 and
channel number O1 in slot 3.

OPEN a channel

Command Format: OPEN <ch. address>|[,<ch. address>, <ch.address>...]

Description
OPEN is used to open individual channels on the 44473A assembly. If more than
one channel is specified in the OPEN list, they will be opened in the order listed.

Use the CARD RESET command to open all relays on an assembly. It is easier than
listing each channel individually.

Examples

OUTPUT 709;""OPEN 100,102,103 I Relays 00, 02, and O3 are opened in slot
number 1
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VIEW a channel

Command Format: VIEW <ch. address>

Description

The VIEW command is used to look at the state (either open or closed) of a par-
ticular channel. The 3488A responds with the string ““OPEN 1’’ if the specified chan-
nel is open. If the specified channel is closed, the 3488A responds with the string
““CLOSED O". In the 3488A display, the channel address is displayed followed by
a colon and the appropriate string.

Example
10 OQUTPUT 709;" VIEW 102" I VIEWs channel 2 on slot number 1
20 ENTER 709; AS I input the response from the 3488A
30 DISP A$ I A$ will either be ""OPEN 1 or "CLOSED 0"
CARD TYPE
Command Format: CTYPE <slot>
Description

This command causes the 3488A respond with a description of what type of op-
tion card is located in the specified slot. The description includes the name of the
card as well as the option number. In the display, the descritpion is preceded by the
specified slot number.

Card Type Description
Slot is empty NO CARD 00000
10 Channel Multiplexer RELAY MUX 44470
General Purpose Card GP RELAY 44471
High Frequency Scanner VHF SW 44472
Matrix Card MATRIX SW 44473
Digital 1/0 Card DIGITAL 10 44474
Breadboard Card BREADBOARD 44475
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Example

10 OUTPUT 709;"CTYPE 3" ! look for the card in slot 3
20 ENTER 709; A$
30 DISP A$ ! Card description will be displayed

CARD RESET

Command Format: CRESET <slot>[, <slot>,...]

Description

CRESET is used to reset all channels on the 44473A assembly to their open state.
Only cards in the slots specified are affected.

Example
OUTPUT 709;'CRESET 2" | resets the option assembly in slot 2
CARD PAIR
Command Format: CPAIR <slot>, <slot>
Description

CARD PAIR is used to pair up two option assemblies of the same type, e.g.,
44473A’s. This operation will effectively assign both options to both slot numbers
so that closing or opening a channel on either option will perform the same opera-
tion on the respective channel on the other option.

Commands used with the Card PAIR function are: CLOSE, OPEN, CRESET, CHAN
and STEP. Of course, paired slots can be used as part of a scan list.

Executing a CPAIR command cancels any previous CPAIR command that involved
either of the two options. It is possible, however, to have two sets of card pairs,
e.g. slot 1 paired with 2 and slot 3 paired with 4.

Example
OUTPUT 709;'CPAIR 1,3" ! sets the options in slots 1 and 3 as pairs
OUTPUT 709;''CLOSE 102" I closes channels 102 and 302 simultaneously
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Executing the CPAIR command without specifying any slot numbers allows you 1o
determine which, if any, slots are paired together. Four numbers are returned
separated by commas. The first two numbers specify slots in the first pair, the se-
cond two numbers specify the second pair. An inactive card pair is denoted by 0,0.

Example

OUTPUT 709; “"CPAIR"

ENTER 709; A$

DISP AS$ String variable A$ will have the four slot
numbers. Note, you may have to dimension A$
to 30 prior to executing.

SCAN LIST

Command Format: SLIST [<ch. address>(, or —)<ch.address>.<ch. address>]

Description

Scanning allows you to specify a sequence of channels to be scanned. The sequence
is specified as a list of up to 85 channel addresses (relay or Digital /O lines) and/or
stored setups separated by commas. Contiguous channels may be specified by enter-
ing the first and last channel addresses separated by a hyphen. STEP is used to se-
quentially close channels in the list.

Example

10 OUTPUT 709; “’SLIST 100-133,0;CMON 1"
20 FOR1 = 1 TO 16

30 OUTPUT 709; "'STEP’’

40 NEXT |

In this example, the scan would start with channel 100 and proceed through each
column on row 0. The scan would then move to row 1 and sequence through each
column. Next would come row 2 and sequence through each column, followed by
row 3, each column. The O channels specified at the end of the scan list is a stop

channel and opens the last relay closed (channel 133) but does not close any other
channel.
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Notes
1. Channels may be scanned in any sequence, i.e., 133-100.

2. Stepping beyond the last channel specified in the Scan List causes a wrap-
around to the first channel in the list. The number O can be used as a stop channel.

3. Refer to the Advanced Operation section in this chapter for information on using
the External Trigger and Channel Closed features.

4. The commands OPEN, CLOSE, CRESET, or RECALL will have no effect on the
scan list even though the state of individual channels may change.

5. Stored setups may be recalled as part of a Scan List simply by specifying the
register number. For example, SLIST 100,101,102,25,120,121,122. Here, register
25 has the stored setup.

STEPping through the Scan List

Command Format: STEP

Description

STEP is used to open the last channel closed and close the next channel in the Scan
List. If STEP is executed and no Scan List exists, the 3488A will generate an error.

The 3488A uses a pointer to keep track of which channel in the Scan List is cur-
rently closed. When STEP is executed, that channel is opened and the next item in
the list is checked. If the next item in the list is a relay or Digital I/O line, that channel
is closed. If the next item in the list is a stored setup, that setup is recalied. Chan-
nels that are closed as part of a stored setup will remain closed, that is, they are
not opened by the next execution of the STEP command.

For information on External Increment and Channel Closed, refer to the Advanced
Operation section of this chapter.

Example

10 OUTPUT 709; ““SLIST 100-133; CMON 1"
20 FOR I=1T0O 10

30 OUTPUT 709;"'STEP”

40 NEXT |
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CHANnel Command

Command Format: CHAN [<ch. address>]

Description

CHAN is used to open the last channel closed by either STEP or CHAN (whichever
was most recent) and close the specified channel. If no channel is specified with
CHAN, the 3488A will display and output to the interface the last channel closed
by either STEP or CHAN. If no channel has been closed since the last reset, then
CHAN returns the number O.

If a Scan List is in effect when CHAN is executed, the 3488A will search through
the list and position the Scan List pointer to the channel specified by CHAN. If the
channel specified by CHAN is not in the Scan List, and then STEP is executed, the

3488A will open the channel closed by CHAN and then go to the beginning of the
Scan List.

Examples
OUTPUT 709; ""CHAN 100" ! Closes channel 100
OUTPUT 709; ‘“CHAN"’

ENTER 709; AS
DISP A$ | AS$ will contain the last channel closed, i.e., 100

CARD MONITOR mode

Command Format: CMON <slot>

Description

Card Monitor is used to look at the state of the individual option assemblies in the
specified slot (1 —5). Specifying slot 0 will cause the monitor mode to be cancell-
ed. If a negative number is used for the slot, the 3488A will go to its monitor track-
ing mode.
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There are two types of monitoring displays for the 44473A Matrix option: monitoring
Rows and monitoring Columns. A total of eight displays are possible, one for each
of the four rows and four columns. Wheén initially entering the Card Monitor mode,
the 3488A display will show which columns have a channel closed in Row 0. Use
the front panel arrow keys to change to other displays. The following sequence of
displays show how the same 44473A Matrix option can be monitored after executing
the commands: CLOSE 301,303,323;CMON 3. The slot number is always shown
at the far left.

SRG TALK LSTN REM LLOC OVLP BUSY ERR FPWON PAR MON  DISP

Slot 3, Row 2 in Column 3 is closed

Slot 3, (Row) O in Column 1 is closed

Slot 3, (Rows) O and 2 in Column 3 are closed
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Advanced Operations

Advanced Operations provide you with more capabilities when using the 3488A. It
may be important, for example, to tell the system voltmeter when a channel has been
closed and thus take a measurement. Or maybe you need to close the next chan-
nel in a scan list when some external event has taken place, perhaps as soon as
the voltmeter has completed its reading. Most operations can be performed with only
the basic commands, but for those times when you need something more, the ad-
vanced operations should meet your switching needs.

External Increment and Channel Closed

External Increment (El) provides a method of sequencing through a Scan List without
system computer intervention. Typically, El is connected to the Voltmeter Complete*
output on a system voltmeter. Thus, when the voltmeter has completed its measure-
ment, it signals the 3488A to step to the next channel in the list. The El input is
rising-edge triggered and TTL compatible.

Channel Closed (CC) provides a 15uS TTL pulse for signalling when a channel has
been closed in the 3488A. This signal can be tied to the External Trigger input of
a voltmeter to trigger it when a channel is closed. Together, El and CC can be
used with a system voltmeter to sequence through a scan list without any interven-
tion by the system computer.

Using the External Increment and Channel Closed features requires the use of a
44470A Digital /O option. This also means that the Digital I/O option cannot be con-
figured in Handshake Mode #5 when it is used for scanning (it can be used statically,
however). The DMODE command is used to to specify the handshake mode, Polarity
and El. Only one Digital I/O option can be configured for El at a time. If one option
is configured to accept El and another is subsequently enabled, the first card will
be disabled.

Even though the only specifier we are interested in is El, the mode and polarity
specifiers must be included. The format for specifying DMODE is as follows:

DMODE <slot>I[, <mode>1[, <polarity >1[, <Ei>]

* Voltmeter Complete is a feature found on most Hewlett-Packard digital voltmeters that signal the
completion of a measurement by means of a TTL compatible pulse.
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The MODE specifier is as follows:

Definition Value

Static Mode

Static Mode for read back
R/W & Strobe

Rd & Wt Strobe
HAndshake (no El)

g WON-=

Any of the Modes may be specified for use with External Increment except the Hand-
shake Mode.

The Polarity specifier is the sum of weighted values and is defined as follows:

Definition Value
Lower 8-bits polarity 1 = Low true
Upper 8-bits polarity 2 = Low true
PCTL Polarity 4 = Low busy
PFLG Polarity 8 = Low busy
I/0 Direction line Polarity 16 = Low input mode

El is enabled by specifying 1. it is disabled with a specifier of O.

DELAY

Command Format: DELAY [<time in mS>]

Description

The DELAY command is used to insert a time delay between the time that a chan-
nel is closed and the time the next command can be executed and the channel closed
pulse is output. The delay time may be specified from O to 32,767 mS (32.767
seconds) in 1 mS increments. The delay time does not become effective until either
STEP or CHAN is executed.

If any command is sent to the 3488A during the delay time, the command will be
executed as soon as the delay time is complete. If there is not a time value sent
with the DELAY command, the 3488A will respond by displaying the current value
of the delay time.
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1. Pre-installation

a. Remove the ac power cord from the 3488A before installing any option
assembly.

b. Face the rear panel of the 3488A toward you.

c. Select a slot. Refer to Figure 9-2, the 3488 has five slots for installing op-
tion assemblies. The 44473A can be used in any of the five slots.

Figure 9-2. Rear Panel View of the 3488A

2. Option assembly installation

a. Hold the option assembly, component side down, by the metal shields. In-
sert the circuit card into the slot guides and slide toward the front of the in-
strument. Push firmly unitl the assembly ‘snaps’ into place. Fold the plastic
levers next to the assembly. These 