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Certification

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the factory. Hewlett-
Packard further certifies that its calibration measurements are traceable to the United States National Institute of Sandards and Tech-
nology (formerly National Bureau of Standards), to the extent allowed by that organization’s calibration facility, and to the calibration
facilities of other International Standards Organization members.

Warranty

This Hewlett-Packard product is warranted against defects in materials and workmanship for a period of three years from date of ship-
ment. Duration and conditions of warranty for this product may be superseded when the product isintegrated into (becomes a part
of) other HP products. During the warranty period, Hewlett-Packard Company will, at its option, either repair or replace products
which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by Hewlett-Packard (HP). Buyer shall pre-
pay shipping chargesto HP and HP shall pay shipping chargesto return the product to Buyer. However, Buyer shall pay all shipping
charges, duties, and taxes for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with a product will execute its programming instructions when
properly installed on that product. HP does not warrant that the operation of the product, or software, or firmware will be uninter-
rupted or error free.

Limitation Of Warranty
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer-supplied prod-
ucts or interfacing, unauthorized modification or misuse, operation outside of the environmental specifications for the product, or im-
proper site preparation or maintenance.

The design and implementation of any circuit on this product is the sole responsibility of the Buyer. HP does not warrant the Buyer's
circuitry or malfunctions of HP products that result from the Buyer’s circuitry. In addition, HP does not warrant any dancage t
curs as a result of the Buyer’s circuit or any defects that result from Buyer-supplied products.

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

Exclusive Remedies
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT BE LIABLE
FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON-
TRACT, TORT, OR ANY OTHER LEGAL THEORY.

Notice

The information contained in this document is subject to change without notice. HEWLETT-PACKARD (HP) MAKES NO WAR-
RANTY OF ANY KIND WITH REGARD TO THIS MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WAR-
RANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. HP shall not be liable for errors contained
herein or for incidental or consequential damages in connection with the furnishing, performance or use of this mateiaal- This

ment contains proprietary information which is protected by copyright. All rights are reserved. No part of this docurherghuty-
copied, reproduced, or translated to another language without the prior written consent of Hewlett-Packard Company. Hi® assumes
responsibility for the use or reliability of its software on equipment that is not furnished by HP.

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 rightopsitied f
Software and Documentation by the applicable FAR or DFARS clause or the HP standard software agreement for the

product involved.

(D iy
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Edition 4
Copyright © 1996 Hewlett-Packard Company. All Rights Reserved.
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Documentation History

All Editions and Updates of this manual and their creation date are listed below. Thefirst Edition of the manual is Edition 1. The Edi-
tion number increments by 1 whenever the manual isrevised. Updates, which areissued between Editions, contain replacement pages
to correct or add additional information to the current Edition of the manual. Whenever anew Edition is created, it will contain all of
the Update information for the previous Edition. Each new Edition or Update also includes arevised copy of this documentation his-

tory page.
Edition 4 (E1468-90004) . ... ......ooeeeeeaeeeeeeeenn. February 1996

Safety Symbols

Instruction manual symbol affixed to prod-
uct. Indicates that the user must refer to the /\/ Alternating current (AC).
manual for specific WARNING or CAU-
TION information to avoid personal injury —_

or damage to the product. - - Direct current (DC).
& Indicates hazardous voltages.
Indicates the field wiring terminal that must
_1  beconnected to earth ground before operat- , .
— ing the equipment—protects against electri- Calls attention to a procedure, practice, or
cal shock in case of fault. WARNING condition that could cause bodily injury or
death.
) ) ) Calls attention to a procedure, practice, or con-

| or __|__ Frame or chassis ground terminal—typi- CAUTION dition that could possibly cause damage to

]E:ally connects to the equipment’s metal equipment or permanent loss of data.
rame.
WARNINGS

Thefollowing general safety precautions must be observed during all phases of operation, service, and repair of thisproduct.
Failureto comply with these precautions or with specific warnings elsewherein this manual violates safety standar ds of design,
manufacture, and intended use of the product. Hewlett-Packard Company assumes no liability for the customer’s failure to
comply with these requirements.

Ground the equipment For Safety Class 1 equipment (equipment having a protective earth terminal), an uninterruptible safety earth
ground must be provided from the mains power source to the product input wiring terminals or supplied power cable.

DO NOT operate the product in an explosive atmosphere or in the presence of flammable gases or fumes.

For continued protection against fire, replace the line fuse(s) only with fuse(s) of the same voltage and current rating and type.
DO NOT use repaired fuses or short-circuited fuse holders.

Keep away from live circuits: Operating personnel must not remove equipment covers or shields. Procedures involving the removal
of covers or shields are for use by service-trained personnel only. Under certain conditions, dangerous voltages may exist even with the
equipment switched off. To avoid dangerous dectrica shock, DO NOT perform procedures involving cover or shield removal unless
you are qualified to do so.

DO NOT operate damaged equipmentWhenever it is possible that the safety protection features built into this product have been im-
paired, either through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not use the product until
safe operation can be verified by service-trained personnel. If necessary, return the product to a Hewlett-Packard Sales and Service Of-
ficefor service and repair to ensure that safety features are maintained.

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

DO NOT substitute parts or modify equipment: Because of the danger of introducing additional hazards, do not install substitute
parts or perform any unauthorized modification to the product. Return the product to a Hewlett-Packard Sales and Service Officefor
service and repair to ensure that safety features are maintained.
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Declaration of Conformity
according to ISO/IEC Guide 22 and EN 45014

Manufacturer’'s Name: Hewl ett-Packard Company
Loveland Manufacturing Center

Manufacturer's Address: 815 14th Street SW.
Loveland, Colorado 80537

declares, that the product:

Product Name: Matrix Relay Switch Module
Model Number: HP E1468A/E1469A
Product Options: All

conforms to the following Product Specifications:

Safety: IEC 1010-1 (1990) Incl. Amend 1 (1992)/EN61010-1 (1993)
CSA C22.2 #1010.1 (1992)
UL 1244

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

|EC 801-2:1991/EN50082-1 (1992): 4kVCD

|EC 801-3:1984/EN50082-1 (1992): 3V/m

|EC 801-4:1988/EN50082-1 (1992): 1kV Power Line, .5kV Signal Lines
|EC 801-5:1992(DRAFT) 3kV Low Energy, 1kV High Energy

Supplementary Information: The product herewith complies with the requirements of the Low Voltage
Directive 73/23/EEC and the EM C Directive 89/336/EEC.

Tested in atypical configuration in an HP C-size VXI mainframe.

Sy =

August 20, 1995 ﬂ Jim White, QA Manager

European contact: Y our local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Department
HQ-TRE, Herrenberger StraRe 130, D-71034 Bdblingen, Germany (FAX +49-7031-14-3143).
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Chapter 1
Getting Started

Using This Chapter

This chapter describes the E1468A and E1469A Relay Matrix Switch
Modules and provides programming, configuration and wiring
information. This chapter contains the following sections:

e Relay Matrix Switch Module Description. . ............. Page 9
e Instrument Definition. . ............. ... .. Page 12
e Programming the Relay Matrix Switch Module. ......... Page 12
e Initial Operation. ... Page 14
e Setting the Logical AddressSwitch. ................... Page 16
e Setting the Status Register Switch. . ................... Page 17
e Selecting the Interrupt Priority. . ...................... Page 18
¢ Installing the Relay Matrix Switch Modulein a

Mainframe . ... Page 19
e Wiringthe Termina Module......................... Page 20
e Attaching a Terminal Module to the Relay Matrix Switch

Module. . ... . Page 22
e Connector Pin-Out ........... ... ... i, Page 23
e Configuring the HP E1468A Terminal Module .......... Page 24
e Configuring the HP E1469A Terminal Module .......... Page 25
¢ Creating Larger Matrices with the HP E1468A/69A

ModUIES . . ... Page 27
e Additional Cables. ........... ... i Page 29

Relay Matrix Switch Module Description

Both the HP E1468A and E1469A Relay Matrix Switch Modules are
V Xlbus C-size register-based modules and operate with an HP E1406A
Command Module. Both relay modules consist of 64 two-wire relays.

The HP E1468A Relay Matrix Switch Module provides an 8x8 two-wire
crosspoint matrix. Multiple modules can be easily wired together creating
8x16 (two modules), 16x16 (four modules), 8x24 (three modules), or larger
matrices. Figure 1-1 shows a simplified schematic of the E1468A module
and terminal module.

The HP E1469A Relay Matrix Switch Module provides a4x16 two-wire

crosspoint matrix. Multiple modules can easily be wired together creating
4x32 (two modules), 8x16 (two modules), 4x48 (three modules), or larger
matrices. Figure 1-2 shows a simplified schematic of the E1469A module
and terminal module.
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Instrument Definition

Hewlett-Packard plug-in modulesinstalled in an HP mainframe are treated
as independent instruments having a unigque secondary HP-IB address.
Each instrument is also assigned a dedicated error queue, input and output
buffers, status registers, and, if applicable, dedicated mainframe memory
space for readings or data. An instrument may be composed of asingle
plug-in module (such as a counter) or multiple plug-in modules (for

a switchbox or scanning voltmeter instrument).

Programming the Relay Matrix Switch Module

To program the relay matrix switch module using SCPI (Standard
Commands for Programmable Instruments), you must select the computer
language, interface address, and SCPI commandsto be used. Guidelinesto
select SCPI commands for the relay matrix switch module follow.

Note This discussion applies only to SCPI programming. See Appendix B for
information on relay matrix registers.

Specifying SCPI  To address specific channels (relays) within arelay matrix, you must
Commands specify the SCPI command and matrix channel address. Use
CLOSe <channel_list> to close specified relay(s); OPEN <channel_list> to
open the relay(s); and SCAN <channel_list> to close the set of relays
specified.

Note Channel numbers can be entered in the channel_list in any random order.

Matrix Card Numbers  The matrix card (module) number depends on the switchbox configuration
(single module or multiple module) set for the matrices. (Leading zeroes
can beignored for the card number.) For a single-module switchbox, the
card number is always O1.

For a multiple-module switchbox, the card numbers are 01, 02,...nn. The
module with the lowest logical address is card number 01, the module with
the next-lowest logical addressis card number 02, and so on.

12 Getting Started Chapter 1



HP E1468A Relay
Matrix Channel

HP E1469A Relay

Addresses

Matrix Channel

Addresses

For the HP E1468A Relay Matrix Switch Module, the channel address
(channel_list) has the form (@ssrc) where ss = matrix card number (01-99),
r = row number, and c = column number.

Y ou can address single channels (@ssrc); multiple channels
(@ssrc,ssrc,...); sequential channels (@ssrc:ssrc); groups of sequential
channels (@ssrc:ssrc,ssrc:ssrc); or any combination.

HP E1468A 8x8 Relay Matrix Switch Module channel numbers are:

r:  0to 7 (one digit)
c: 0to 7 (one digit)

For the HP E1469A Relay Matrix Switch Module, the channel address
(channel_list) hasthe form (@ssrrcc) where ss = matrix card number
(01-99), rr = row number, and cc = column number.

Y ou can address single channels (@ssrrcc); multiple channels
(@ssrrec,ssrrec,...); sequential channels (@ssrrcc:ssrrcc); groups of
sequential channels (@ssrrcc:ssrree,ssrree:ssrrcc); of any combination.

HP E1469A 4x16 Relay Matrix Switch Module channel numbers are:

rr: 00 to 03 (two digits)
cc: 00 to 15 (two digits)

For example, CLOS (@10214) closes row 02, column 14 of card 01 of an
HP E1469A Relay Matrix Switch Module.

Only valid channels can be accessed in a channel list or channel range.
Also, the channel list or channel range must be from alower channel
number to a higher channel humber. For example, CLOS (@100:233) is
acceptable, but CLOS (@233:100) generates an error.

Chapter 1
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Initial Operation

An example program follows which uses HP BASIC and SCPI language to get
you started using the relay matrix switch module. The example assumesan
HP 900(1) Series 200/300 controller and a Hewlett-Packard Interface Bus
(HP-1B)™.

The program closes row 03, column 12 of an HP E1469A 4x16 Relay Matrix
Switch Module at logical address 112 (secondary address = 112/8 = 14) and
gueriestheresult. Theresult isreturned to the controller and displayed

(1 =relay closed, O =relay open).

(- 3

10 OUTPUT 70914; "*RST" I Resetsthe module. Setsall relays
to open.

20 OUTPUT 70914; "CLOS (@10312)" ! Closeschannel row 03, column
12 on thefirst modulein the
switchbox. Note that [ROUTe:] is
implied and, therefore, optional.

30 OUTPUT 70914; "CLOS? (@10312)" ! Query channel.

40 ENTER 70914; Value I Enter result into variable Value.
50 PRINT Value I Print results (should print " 1").
\60 END /

1 HP-IB is the Hewlett-Packard implementation on the IEEE 488.2-1987 standard.
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Configuring, Wiring, and Installing the Relay Matrix

Switch Modules

WARNING

CAUTION

SHOCK HAZARD. Only service-trained personnel who are
aware of the hazards involved should install, remove, or
configure the relay matrix switch modules. Before removing
any installed module, disconnect AC power from the VXI
mainframe and from any devices connected to the relay matrix
switch modules.

CHANNEL WIRING INSULATION. All channels that have a
common connection must be insulated so that the user is
protected from electrical shock in the event that two or more
channels are connected together.

Maximum Inputs. The maximum voltage that can be applied to any
terminal is 220Vdc/250Vims. The maximum current that can be
applied to any terminal is 1A at 30Vdc/Vims, or 0.3A at
220Vdc/250Vims. The maximum power that can be applied to any
terminal is 40VA.

Static Electricity. Static electricity is a major cause of component
failure. To prevent damage to the electrical components in the relay
matrix switch module, observe anti-static techniques when removing
or installing the module or when working on the module.

Chapter 1
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Setting the Logical Address Switch

Thelogical address switch (LADDR) factory setting is 112. Valid
addresses are from 1 to 255. If the matrix module is used with an

HP E1406A Command Module in a C-size mainframe, refer to the C-Sze
VXIbus Systems Configuration Guide for addressing information. Refer to
Figure 1-3 for switch information.

Note The address switch value must be a multiple of 8 if the module is the first
modulein a"switchbox" used with a V X1bus command module using SCPI
commands.

/[

C

I_ogicol Address = 112

o-
1=

16+32+64=1 12

LOSED = Switch Set To 1 (ON)

OPEN = Switch Set To 0 (OFF)

1 E1468A
-E1469A

|:I°
13' 10
Status Register

LSB

Logical Address

OPEN OIIIII LO Switch Location
| L

1=CLOSED

LADDR /

|
MsB

el
7 11X

IRQ

Figure 1-3.

Setting the Logical Address Switch
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Setting the Status Register Switch

Four bits of the status register switch (bits 10-13) define whether the relay
matrix switch module is an HP E1468A or E1469A. These bits are set
automatically when the terminal moduleisinstaled. To ensure proper
operation, even without the terminal module, set the status register switch as
shown in Figure 1-4. However, if the status register switch is set for the

HP E1468A but the matrix terminal module is an HP E1469A (or vice
versa), the interface won't be able to correctly identify and an error will
occur.

} Using 4—Pin

Jumper Interrupt

N OO M N X Priority
o al e oo Location
- |d
«ld

i ?:IIIIIIII l
Using 2—Pin
Jumper

= LSB MsB IRQ
NOWOSTMN— X

2l
2l

010 1-E1468A
0110-E1469A
[N

-0

-1
TT11
13 10

I Status Register

IRQ

R R RR
R X KX
R RR
RRRR
R RER

Lrrrreed
7 1X

IRQ
|_|

B KK KX
R R KRR
KKK

R R KRR
KRR K

1
RS

Figure 1-4. Setting the Status Register Switch
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Selecting the Interrupt Priority

Note

The HP E1468A/E1469A Relay Matrix Switch Modules generate an interrupt after
achannel has been closed. These interrupts are sent to, and acknowledgments are
received from, the command module (for example, an HP E1406A) through the

V Xlbus backplane interrupt lines.

For most applications where the relay matrix switch moduleisinstaled in an
HP 75000 Series C mainframe, the interrupt priority jumper does not have to be
moved. Thisis because the VXIbusinterrupt lines have the same priority, and
interrupt priority is established by installing the modules in slots numerically
closest to the HP E1406A Command Module. Thus slot 1 has a higher priority
than slot 2, slot 2 has a higher priority than slot 3, and so on.

Refer to Figure 1-5 to change the interrupt priority. You can select eight different
interrupt priority levels. Level 1isthe lowest priority and level 7 is the highest

priority. Level X disables the interrupt. The module’s factory setting is level 1.
To change, remove the four-pin jumper (HP part number 1258-0247) from the old
priority location and reinstall in the new priority location (Figure 1-5 shows a
priority change from 1 to 7). If the four-pin jumper is not used, the two jumper
locations must have the same interrupt priority level selected.

The interrupt priority jJumper must be installed in position 1 when using the HP
E1406A Command Module. Level X interrupt priority should not be used under
normal operating conditions. Changing the interrupt priority level jumper is not
recommended.

Using 4—Pin
o Jumper Interrupt
x DOOYMN—X Priority
- R R R R R ] LADDR Location
B R ERERR gm 7:\:' ‘
B R R R R R B T
auamoaads b e
|-
T
[N
Using 2—Pin
Jumper
g [
T NousMmo— X
B R ER @R [}
B BB R R EE
B R R R IZE
B R R R R R =
010 1-E1468A
E”“?fEMEsA
[
5
St Register

=
Locate
and set
the
interrupt
priority.
[ =y

Figure 1-5. Interrupt Priority Selection
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Installing the Relay Matrix Switch Module in a Mainframe

The HP E1468A/E1469A may beinstalled in any slot (except dlot 0) ina
C-size mainframe. Refer to Figure 1-6 to install the module in amainframe.

Vs
@ Set the extraction levers out.

Slide the module into any slot (except slot 0) until
the backplane connectors touch.

"
e
e
/ "
s 1

~.
N
T

Extraction
Levers

o

-
rad

Set the module into the
mainframe by pushing in the
extraction levers.

- /

/
@ Tighten the top and bottom screws to
secure the module to the mainframe.

NOTE: The extraction levers 6/
will not seat the backplane
connectors on older VXIbus
mainframes. You must
manually seat the connectors
by pushing in the module until
the front panel is flush with the
front of the mainframe. The
extraction levers may b

G

To remove the module from the mainframe,
reverse the procedure.

- J
Figure 1-6. Installing the Switch Module in a VXlbus Mainframe
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Wiring the Terminal Module

User wiring to the relay matrix switch modules are to the High (H) and Low
(L) terminal connections. Figures 1-7 and 1-8 show the rudiments of the
terminal module assembly. Expansion connectors allow for creating larger
matrices (see later in this chapter).

Maximum terminal wire sizeis No. 16 AWG. Wire ends should be stripped
6mm (0.25in.) and tinned. When wiring al channels, use asmaller gauge
wire (No. 20 - 22 AWG).

S
@ Remove clear cover.

L,

B.

-
@ Remove and retain wiring exit panel.

Release screws.

Press tab forward
and release.

AN J
N N
( :) Make connections —_
/Use wire
size 16-26
AWG
Screw Type
’J =— 5mm
0.2"
‘\/ \_bf/

\ VW1 Flammability

Insert wire into terminal.
Tighten screw.

AN /

Figure 1-7. Wiring the Terminal Module
Continued on next page.
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" N (7 N
@ Replace wiring exit panel. @ Replace clear cover.
A. Hook into the top cover tabs
onto the fixture.
ﬂ B. Press down and
tighten screws.
. Keep wiring exit panel
Cut required
holes in panels hole ?)Sl small as
for wire exit. possible.
OUDUOUDWOUDUO
N AN J

Figure 1-8. Wiring the Terminal Module

Continued from previous page.
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Attaching the Terminal Module to the Relay Matrix
Switch Module

g N N
Extend the extraction levers on the terminal Apply gentle pressure to attach the terminal
module. module to the relay MAtrix Switch Module.

Align the terminal module connectors to the @ Push the extraction levers to lock the terminal
Relay Matrix Switch Module. module onto the Relay Matrix Switch Module.

Extraction Lever

Use small screwdriver
to release two
extraction levers

ﬂ

/ [ S i3
Extraction
Levers
\ :
HP E1468A/69A n !
Module
HF E14068A
Module

To remove the terminal
. module from the Relay Matrix
action Lever Switch Module, use a small screwdriver
\ to release the two extraction levers and
Extraction Lever push both levers out simultaneously to
free it from the Relay Matrix Switch Module.
- AN J

Figure 1-9. Attaching the Terminal Module to the
Relay Matrix Switch Module
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Connector Pin-Out

The relay matrix switch module consists of a component module

(E1468-66202) and aterminal module (E1468-80011 or E1469-80011).

Figure 1-10 illustrates the front panel of the E1468-66202. The relay matrix
switch module’s connector pin-out is illustrated below. The terminal
module makes the row and column connection in order to make the matrix
configuration (refer to Figures 1-1 and 1-2).

Bank

Channel or COM

L=Low
I_ H=High
( Pin__qu 0 L Pin-&@ 1L Pin-—&@ { H
32 64 %
K¢ ¢ H ®p 2 L K¢ 2 H
X ¢ CoM L R¢ 3 L R¢ 3 H
X @ COM H KO 4 H K¢ 4 L
K@ 5 L X@ 5 H KXo 6 L
s mO 7 W mO 7L mO s oH
® X 4
A~ R1 ¢ L X1 1L K1 1 H
. ®1 ¢ H X1 2 L ®i1 2 H
X1 COM L X1 3 L X1 3 H
R 1 COM H R1 4 H K1 4 L
R1 5 L X1 5 H X1 6 L
R1 7 H R1 7 L K1 6 H
X x4 4
< K2 ¢ L 2 1L R2 1 H Bonk
X2 ¢ H K2 2 L K2 2 H
®2 COM L ®2 3L B2 3 H Channel or COM
X 2 COM H R2 4 H K2 4 L |7 {hZLH‘?gh
- K2 5 L X2 5 H K2 6 L r
R2 7 H R2 7 L R2 6 H KPZ';*& Féiz‘g Fgg*g
I K3 ¢ L K3 1 L K3 1 H b = X
A K3 ¢ H R3 2 L K3 2 H x = X
“ [”AMIO X 3 COM L K3 3L K3 3 H X Analog Bus 2-H K Analog Bus 2-L Xl Analog Bus Guard
&zl Bus® ® 3 COM H ®3 4 H K3 4 L M4 9 L R4 1L R4 1 H
e B3 5 L ®3 5 H ®3 6 L R4 0 H R4 2 L R4 2 H
M| ~ K3 7 H K3 7L K3 6 H X4 COM L R4 3 L K4 3 H
T = X = R4 COM H R4 4 H R4 4 L
s X X X Cable Test R4 5 L X4 5 H R4 6 L
b X 1-Wire COM H X 1-Wire COM L X 1-Wire Lo Ref R4 7 H X4 7 L R4 6 H
e . = .= M R® P =
o \\W*EMWg&s%*EMWg%S%*EMWq&S X5 ¢ L X5 1 L X5 1 H
1-H -t Guord ®5 ¢ H X5 2 L M5 2 H
sl MH----—————— - ~< ®5 CoM L H5 3 L R5 3 H
e R 5 COM H X5 4 H K5 4 L
®5 5 L W5 5 H 5 6 L
i ®5 7 H R5 7 L X5 6 H
e R X X
i 6 ¢ L X6 1 L K6 1 H
s R6 0 H 6 2 L R6 2 H
e X6 COM L R6 3 L K6 3 H
== ® 6 COM H ®6 4 H K6 4 L
E1468-66202 B6 5 L ®6 5 H R6 6 L
®6 7 H X6 7 L K6 6 H
bug X X x
(A 5 K7 ¢ L R7 1 L "7 1 H
O U R7 0 H ®7 2 L X7 2 H
X7 COM L R7 3 L K7 3 H
X7 COM H X7 4 H R7 4 L
 ®7 5L . K7 5H _ ®7 6 L
L M-m7 70 Bl-m7 7 0 P-m7 6w

Figure 1-10. Relay Matrix Switch Module Connector Pin-out
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Configuring the HP E1468A Terminal Module

Figure 1-11 below shows the HP E1468A terminal module connectors and
associated row/column designators. Shielding jumpers IM1 - IM10 are
shown. Refer to Figure 1-13 and "Creating Larger Matrices with the HP
E1468A/E1469A Modules' later in this chapter for information on using the
expansion connectors J1 - J4, and for shield wiring details.

Reducing Common
Mode Noise

Jumpers IM1 - IM 10 on the terminal module connect row/column shields to
earth ground through the V X1bus backplane. 'Y ou may want to remove one

or more of these jumpers to reduce common mode noise.

HP E1468A Terminal Module
(HP E1468-80011)

Column
Connector

[ |

Row
Connector

| |

HILTH[LTHTL [HTL [HTL [HTL [HTL [HTL
g [ | gy | - -
Q \_0_1;14\2_4;34;4_;g5JL64s_7_1

J2
M3

O @] [e] O
J_ |||||||||I|||I||||||||||||||||II%HII||||||||||||||||I||||||||||| _g~—
[ Ll_\_®®®®®®®®®®®®®®®® DD DD D DD DD DD DD DD D) _[ ]

== S ]
i %M 2|

|

HILTH[LTHTL [HTL [HTL [HTL [HTL [HTL
. g o | o g o o g | |

“0-o~1-v2--3--4--5--6--7~ @)

[
[6X
JM5
[
~

STSISIS

[l ] [l

i

i N

Column Expansion Column Input
Connector Connector
* *

* In parallel with the screw terminals.
See Figure 1-13 for shield details.

Row Input
Connector

Row Expansion \~ Shield
Connector Connector
* * TBS

Figure 1-11. HP E1468A 8 x 8 Matrix Switch Terminal Module
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Configuring the HP E1469A Terminal Module

Figure 1-12 below shows the HP E1469A terminal module connectors and
associated row/column designators. Shielding jumpers IM1 - IM12 are
shown. Refer to Figure 1-13 and "Creating Larger Matrices with the

HP E1468A/E1469A Modules' later in this chapter for information on using
the expansion connectors J1 - J5, and for shield wiring details.

Reducing Common  Jumpers M1 - IM12 on the terminal module connect row/column shields to
Mode Noise earth ground through the VXIbus backplane. Y ou may want to remove one
or more of these jumpers to reduce common mode noise.

HP E1469A Terminal Module
(HP E1469-80011)

Column Row
Connectors Connector
|| 1]
)
Hunnnnunnm [TTETETTTET T e er e
I F0~r 123,445,677~ ~8~r 9,10~ r11s 12513~ 1415 I
[ ] DD D DD DD DD DD DD D) DD DD DD DD D> DD D) [ ]
H|L|HL|H|LH|LH|LH|LH|LH|L HILIHLIHILHILHILHILHILHIL
OO0 [ OO0 OO0 OO0 OO0 OO
JER 1O
(=)
MEEN NS
LD'_g
(DI
Nims
<(H=S) T
o
Eg@ (]
gl | WL
du) (.
2 ||
G ]
lﬂ

Column Exponsmn Column Input Row Input  Row Expansion \—Shield
- ' - ' Connector Connector Connector
* * B5

*In parallel with the screw terminals.
SeeSdedgrigaret=13 fop shidhdaddtailstails.

Figure 1-12. HP E1469A 4 x 16 Matrix Switch Terminal Module
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HP E1468A Shield Wiring

TBo

<]
@
@
()

Shield
Connector

JMY

L

Shielding —/1

To earth ground via VXlbus backplane.

M

EXPANSION CONNECTOR J1
»—f\o— COLUMN 0-3

EXPANSION CONNECTOR J1
.—./\.— COLUMN 4-7

EXPANSION CONNECTOR J2
s—/\.— COLUMN 0-3

EXPANSION CONNECTOR J2
»—/\— COLUMN 4-7

EXPANSION CONNECTOR J3
»—/\o— ROWS 0—3

JM6
EXPANSION CONNECTOR J3

ROWS 4-7
JM7

EXPANSION CONNECTOR J4
& e ROWS 0-3

JM8
EXPANSION CONNECTOR J4
ROWS 4-7

Figure 1-13. HP E1468A and E1469A Shield Wiring

HP E1469A Shield Wiring

B85

e
@
@
o

Shield
Connector

IM11

4

Shielding —/1

To earth ground via VXlbus backplane.

M1

EXPANSION CONNECTOR J1
¢ »—— COLUMN 0-3

JM2

EXPANSION CONNECTOR J1
.—/\— COLUMN 4-7

JM

EXPANSION CONNECTOR J2
»—d b— COLUMN 8-11

EXPANSION CONNECTOR J2
.—/\—COLUMN 12-15

EXPANSION CONNECTOR J3
»—/\o— COLUMNS 0-3

JM

EXPANSION CONNECTOR J3
r—o/\— COLUMNS 4-7

JM7

EXPANSION CONNECTOR J4
— »—— COLUMNS 8-11

JM8

EXPANSION CONNECTOR J4
—¢ »—— COLUMNS 12-15

JM9

EXPANSION CONNECTOR J5
& e—— ROWS 0-3

JM10

EXPANSION CONNECTOR J5
L& Se—— ROWS 0-3
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Creating Larger Matrices with the HP E1468A/69A Modules

8 x 24 Matrix

COLUMNS 0-7

Use the expansion connectors on the terminal module to interconnect
modules together to create alarger matrix. (See Figures 1-14 to 1-16 for
expansion details.) Use HP part number E1468-80002 Daisy-Chain Cable
(i.e., ad-pair High and Low cable assembly) for easy expansion between
modules. This cable provides a quick-disconnect alowing easy removal of
modules.

Figure 1-14 shows how to connect three HP E1468A Relay Matrix Switch
Modules to create an 8-row by 24-column matrix. This configuration
requires four HP E1468-80002 Daisy-Chain Cables.

COLUMNS 8-15 COLUMNS 16-23

Expansion cable plugs into top two rows of

To Another pins on channel expansion connector located
Module Expansion on the terminal module.

Cable

Figure 1-14. 8-Row x 24-Column Matrix Using HP E1468A
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16 x 16 Matrix  Figure 1-15 shows how to connect four HP E1468A Relay Matrix Switch
Modules to create a 16-row by 16-column matrix. This configuration
requires eight HP E1468-80002 Daisy-Chain Cables.

=S ) ~
—=F E= N

COLUMNS 0-7 COLUMNS 8-15
1 1

—=F ]
—=F =

Expansion cable plugs into top two rows of
To Another pins on channel expansion connector located
Module Expansion on the terminal module.
Cable

Figure 1-15. 16-Row x 16-Column Matrix Using HP E1468A
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4 x 48 Matrix  Figure 1-16 shows how to connect three HP E1469A Relay Matrix Switch
Modules to create a 4-row by 48-column matrix. This configuration
requires two HP E1468-80002 Daisy-Chain Cables.

COLUMNS 0-7 COLUMNS 16-32 COLUMNS 32-39

)

ﬁﬁ%lﬁ

ML
T

=
i
/

1]

|-

N L f

|-

=
e
K=

MO AC

LT

Lill T L1 11

— Y Y Y V¥

Y Y Y Y

ROWS 0-3

N

/'
/
( COLUMNS 8-15 /// COLUMNS 40-47

Channel Expansion Connector //

Channel Expansion Connector s

Expansion cable plugs into top two rows of
Expansion pins on channel expansion connector located
Cable on the terminal module.

To Another
Module

Figure 1-16. 4-Row x 48-Column Matrix Using HP E1469A
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Additional Cables

To assist you in wiring your matrix modules into your test system, the
following isalist of cablesthat are available from your local
Hewlett-Packard Sales and Service office.

Finished HP Part
Description Length End "A" End "B" Number
Module expansion ~30 cm. 4 x 2 connector for 4 x 2 connector for E1468-80002
connector with quick expansion connectors | expansion connectors
disconnect (twisted pair) on terminal modules. | on terminal modules.
50 WCoax 20m 2-pin TLA* BNC (molded over) E1065-61620
Dual banana instrument 20m 3-pin TLA* Dual banana E1066-61620
SMB instrument 20m 2-pin TLA* SMB (molded over) E1068-61620

*

channel of the terminal module expansion connectors.

TLA isafamily of connector/cable assemblies with good transmission line design made
by a Hewlett-Packard supplier. The 2- and 3-pin TLA connectors are designed to fit on one
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Chapter 2
Using the Relay Matrix Switch Module

Using This Chapter

This chapter uses typical examples to show how to use the relay matrix
switch modules. It contains the following sections:

e Relay Matrix Switch Module Commands. . ............. Page 31
e Power-on and Reset Conditions. . ..................... Page 32
e Module ldentification. .............................. Page 32
e SwitchingChannels................................ Page 33
* Recallingand SavingStates. . . ........... oo Page 35
e Detecting Error Conditions ... ................oou... Page 36
e Synchronizing the Relay Matrix SwitchModule ......... Page 37
e Querying the Relay Matrix Switch Module. ............. Page 37

All examplesin this chapter use an HP-IB select code of 7, primary address
of 09, and secondary address of 14 (LADDR = 112) for the matrix module.

Relay Matrix Switch Module Commands

Table 2-1 explains some of the commands used in this chapter. Refer to
Chapter 3 for additional information.

Table 2-1. Relay Matrix Commands Used in Chapter 2

Command Description

INITiate[:IMMediate] Starts the scan sequence and closes the first channel in
the channd_list.

[ROUTe:]CLOSe <channel_list> Closes the channels in the channel_list.

[ROUTe:]CLOSe? <channel_list> Queries the state of the channels in the channel __list.

[ROUTe:JOPEN <channel_list> Opens the channels in the channel_list.

[ROUTe:]OPEN? <channel_list> Queries the state of channels in the channel_list.

[ROUTe:]SCAN <channel_list> Defines the channel_list to be scanned. Channels
specified are closed one at a time.

TRIGger:SOURce <source> Selects the trigger source to advance the scan.

source= BUS | EXT | HOLD | IMM | TTLT | ECLT

*CLS Clears switchbox status registers and error queue.

*RST Resets the hardware to a known state.

Note that the commands in square brackets ([ ]) are implied and not sent with the command.
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Power-on and Reset Conditions

When power isfirst applied to the relay matrix switch modules or *RST
(reset) is executed, all relays are open. Table 2-2 lists the parameters and
default values for the switchbox functions described in this chapter.

Table 2-2. *RST (Reset) Default Conditions and Values

Parameter Default Description
ARM:COUNt 1 Number of scanning cycles is 1.
TRIGger:SOURce IMM Will advance scanning cycles automatically.
INITiate:CONTinuous OFF Number of scanning cycles set by ARM:COUN.
OUTPUt[:EXTernal][:STATe] OFF Trigger output from EXTernal, TTLTrg, or ECLTrg
sources is disabled.

Note that the commandsin brackets ([ ] ) areimplied and are not sent with
the command.

Module Identification

The following short program uses the *RST, *CLS, *IDN?, CTYP?, and
CDES? commands to reset and identify the relay matrix switch modules.

(10 DIM AS$[50]; B$[50], C$[50] )
20 OUTPUT 70914; "*RST; *CLS; *IDN?"
30 ENTER 70914; A$
40 OUTPUT 70914; "SYST:CDES? 1"

50 ENTER 70914; B$

60 OUTPUT 70914; "SYST:CTYP? 1"
70 ENTER 70914; C$

80 PRINT A$

90 PRINT B$

100 PRINT C$

110 END

\ J

A typical print will ook like:

HEWLETT- PACKARD, SW TCHBOX, 0, A. 04. 00
4x16 2- WRE MATRI X
HEWLETT- PACKARD, E1469A, 0, A. 04. 00
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Switching Channels

Use CLOSe <channel_list> to close one or more relay matrix switch
channels, and OPEN <channel_list>to open the channel(s). channel_list

has the following forms:

e HP E1468A only: @ssrc where

ss = card number (01-99)

r = row number

¢ = column number

e HP E1469A only: @ssrrcc where
ss = card number (01-99)

rr = row number

cc = column number

Row and Column Definitions

HP E1468A 8x8 Matrix
r: 0 to 7 (one digit)
c: 0 to 7 (one digit)

HP E1469A 4x16 Matrix
rr: 00 to 03 (two digits)
cc: 00 to 15 (two digits)

Refer to Chapter 3, [ROUTe:JOPEN and [ROUTe:]CLOSE, for additiona
information. To OPEN or CLOSe multiple channels, place acomma(,)
between the channel numbers. For example, to close channels 10103 and
10201, execute CLOS 10103,10201. To OPEN or CLOSe a contiguous
range of channels place a colon (;) between the first and last channel

numbers.

The following program shows how to close and open row 2 (02), column 14
on an HP E1469A Relay Matrix Switch Module (card #1):

10 DISP "TEST E1469A MATRIX"
20 OUTPUT 70914; "ROUT:CLOS (@10214)"
30 OUTPUT 70914; "ROUT:OPEN (@10214)"

40 END
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The following program sequences through each channel on an
HP E1468A 8x8 Relay Matrix Switch Module.

(10 DIM E$[128] ~
20 FORI=0TO7
30 FORJ=0TO7
40  A=100+10*1+J
50 OUTPUT 70914; "ROUT:CLOS (@ "A;")"
60 OUTPUT 70914; "ROUT:CLOS? (@100:177)"
70 ENTER 70914; E$
80  PRINT "CHANNEL CLOSED NOW"; E$
90 OUTPUT 70914; "ROUT:OPEN (@ ";A;")"
100 NEXTJ
110 NEXT |
120 END )

To use this program with the HP E1469A 4x16 Relay Matrix Switch
Module, replace lines 20, 30, 40, and 60 with the following:

20 FORI1=0TO 3

30 FORJ=0TO 15

40 A=10000+100*1+J

60 OUTPUT 70914; "ROUT:CLOS? (@10000:10315)"

Query Open/Closed ThecLOSe? <channel_list>and OPEN? <channel_list> commands return
Channels thecurrent state of the specified channel. See Chapter 3, [ROUTe:]JOPEN?
and [ROUTe:]CLOSe? commands for additional information.
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Recalling and Saving States

The*SAV <numeric_state> command stores the current state of the
switchbox channels. Up to 10 states may be stored by specifying the
<numeric_state> as an integer O through 9. The following states are stored:

Channel relay states (open or closed)
ARM:COUNt

TRIGger:SOURce <source>
OUTPUt[:EXTernal][:STATe]
INITiate:CONTinuous

The*RCL <numeric_state> command recalls the specified previoudy stored
state. If the specified <numeric_state> does not exist, the relay matrix
switch module configures to its power-on/reset states (refer to Table 2-2).

The following program shows how to save and recall relay matrix switch
states:

GO IClose channels on the matrix module and save the state as number 5. )
20 OUTPUT 70914; "CLOS (@10000:10015)"
30 OUTPUT 70914; "*SAV 5"
40 !'Reset and clear the module, close other channels.
50 OUTPUT 70914; "*RST; *CLS"
60 OUTPUT 70914; "CLOS (@10113,10112,10200)"

70 !'Recall the stored state. Only the channels closed in the stored state.
80 'lareclosed. All other channelsin the switchbox are opened.

90 OUTPUT 70914; "*RCL 5"
100 END
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Detecting Error Conditions

Use the SYST:ERR? command to poll the switchbox for errors. The
following program attempts an illegal channel closure and polls for the error

message:

10
20
30
40
50

DIM Err_num$[256]

OUTPUT 70914, "CLOS (@10500)"

OUTPUT 70914; "SYST:ERR?"
ENTER 70914; Err_num$
PRINT Err_num$

The following program uses an interrupt to signal the controller when an
error occurs. Again, the SYST:ERR? command returns the error message.

(10
20
30
40

50
60
70

80

90

100
u

190

200
210
220
230

240
250
260
270
280
290
300
310
320
330
340
350

ICall subprogram Errmsg if a matrix programming error occurs.
IEnable the computer to respond to the interrupt from the matrix.

ON INTR 7 CALL Errmsg
ENABLE INTR 7:2

~

lUnmask the Event Status bit in the matrix’s Status Register (*SRE 32).
lUnmask the matrix error conditions in its Standard Event Status

IRegister (*ESE 64)

OUTPUT 70914, "*SRE 32; *ESE 64"

OUTPUT 70914 ".
IContinue program execution

END

IWhen an error occurs, clear the matrix module to regain control.
IExecute a Serial Poll to clear the Service Request bit in the Satus

IRegister. Read all error messagesin the matrix error queue.
IClear all bitsin the matrix Standard Event Status Register.

SUB Errmsg

DIM Message$[256]

CLEAR 709

B = SPOLL (70914)

REPEAT

OUTPUT 70914; "SYST:ERR?"
ENTER 70914; Code, Message$
PRINT Code, Message$
UNTIL Code =0

OUTPUT 70914, "*CLS"

STOP

SUBEND
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Synchronizing the Relay Matrix Switch Module

The following example shows how to synchronize arelay matrix switch

module with measurement instruments. In this example, the matrix module
switchesasignal to amultimeter. The program verifiesthat the channel is
closed before the multimeter begins its measurement.

GO IReset the module.
20 OUTPUT 70914; "*RST"
30 !Closeachannd.

50 !Wait for operation complete.
60 OUTPUT 70914; "*OPC?"
70 ENTER 70914; Opc_value
80 !Test that the channdl is closed.

100
110
120
130
140
150

160
\_

ENTER 70914; A

ENTER 70903; Meas_value
IPrint the measured value.
PRINT Meas_value

END

40 OUTPUT 70914; "CLOS (@10012)"

90 OUTPUT 70914; "CLOS? (@10012)"

IWhen channel is closed, measure the voltage.
OUTPUT 70903; "MEAS:VOLT:DC?"

~

Querying the Relay Matrix Switch Module

All query commands end with a"?". All datais sent to the output buffer

where you can retrieve it into your computer. The following are valid query

commands:

Number of Scanning Cycles:
Channel Closed:

Scanning State:

Channel Open:

ECL Trigger Output State:
External Trigger Output State:
TTL Trigger Output State:
Status Operation Enable:
Status Operation Event:
Module Description:
Module Type:

System Error:

Trigger Source:

ARM:COUN?

CLOS?

INIT:CONT?

OPEN?

OUTP:ECLTN?
OUTP:EXT?
OUTP:TTLTN?
STAT:OPER:ENAB?
STAT:OPER[:EVEN]?
SYST:CDES? <number>
SYST:CTYP? <number>
SYST:ERR?
TRIG:SOUR?
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Chapter 3
Relay Matrix Switch Command Reference

About This Chapter

This chapter describes the Standard Commands for Programmable
I nstruments (SCPI) commands and the | EEE 488.2 Common commands for
the HP E1468A and HP E1469A Relay Matrix Switch Modules.

Seethe HP E1406 Command Module User’s Mantmi additional
information on SCPI and Common commands. This chapter contains the
following sections:

e Command TYPES . ...t Page 39
e SCPl CommandReference ..............coiiiinn... Page 42
e |EEE 488.2 Common Command Reference ............. Page 67
e SCPI Commands Quick Reference . ................... Page 68

Command Types

Commands are separated into two types: | EEE 488.2 Common commands
and SCPI commands.

Common ThelEEE 488.2 standard defines the Common commands that perform
Command Format functionslike reset, self-test, status byte query, and so forth. Common
commands are four or five charactersin length, always begin with an
asterisk (*), and may include one or more parameters. The command
keyword is separated from the first parameter by a space character.
Some examples of Common commands are shown below:

*RST, *ESE <mask>, *STB?

SCPI Command  SCPI commands perform functions like closing switches, making
Format Mmeasurements, and querying instrument states or retrieving data. A
subsystem command structure is a hierarchical structure that usually
consists of atop-level (or root) command, one or more lower-level
commands, and their parameters.
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The following example shows part of atypica subsystem:

[ROUTe:]
CLOSe <channdl_list>
SCAN <channel_list>
MODE?

[ROUTe:] isthe root command, CLOSe and SCAN are second-level
commands with parameters, and :MODE? is athird-level command.
[ROUTe:] isaso an implied command and is, therefore, optional.

Command Separator A colon (:) always separates one command from the next lower-level
command as shown below:

[ROUTe:]SCAN:MODE?

Colons separate the root command from the second-level command
([ROUTe:]SCAN) and the second level from the third level (SCAN:MODE?).

Abbreviated The command syntax shows most commands as a mixture of upper- and
Commands lowercaseletters. The uppercase letters indicate the abbreviated spelling for
the command. For shorter program lines, send the abbreviated form. For
better program readability, you may send the entire command. The
instrument will accept either the abbreviated form or the entire command.

For example, if the command syntax shows DIAGnostic, then DIAG and
DIAGNOSTIC are both acceptable forms. Other forms of DIAGnostic, such
as DIAGN or DIAGNOS will generate an error. Y ou may use upper- or
lowercase letters. Therefore, DIAGNOSTIC, diagnostic, and DiAgNoStlc are
all acceptable.

Implied Commands  Implied commands appear in square brackets ([ ]) in the command syntax.
The brackets are not part of the command and are not sent to the
instrument. Suppose you send a second-level command but do not send
the preceding implied command. In this case, the instrument assumes you
intended to use the implied command and it responds as if you had sent it.
Examine the [SOURce] subsystem shown below:

[SOURCce:]
PULSe
:COUNIt
:COUNLt?
:PERIiod
:PERiod?

The root command [SOURce:] isan implied command. To set the
instrument’s pulse count to 25, you can send either of the following
command statements:

SOUR:PULS:COUN 25 or PULS:COUN 25
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Variable Command Some commands have what appears to be a variable syntax. For example:

Syntax
OUTP:ECLTNn and OUTP:TTLTN

In these commands, the nis replaced by a number. No spaceisleft between
the command and the number because the number is not a parameter. The
number is part of the command syntax. In the case of OUTP:ECLTN, n can
rangefromO0to 1. In OUTP:TTLTN, ncan range from O through 7.

Parameter Types Thefollowing list contains explanations and examples of parameter types
you will see later in this chapter.

» Boolean parameters represent asingle binary condition that is
either true or false (for example, ON, OFF, 1, 0). Any non-zero
valueis considered true.

 Discrete Parameters selects from afinite number of values.
These parameters use mnemonics to represent each valid setting.
An example isthe TRIGger:SOURce <source> command where
source can be BUS, EXTernal, HOLD, IMMediate, ECLTrgn, or
TTLTrgn.

¢ Numeric Parameters are commonly used decimal representations
of numbersincluding optiona signs, decimal points, and scientific
notation (for example, 123, 123E2, -123, -1.23E2, .123, 1.23E-2,
1.23000E- 01). Specia casesinclude MIN, MAX, DEFault, and
INFinity.

e Optional Parameters are shown within square brackets ([ ]). The
brackets are not part of the command and are not sent to the
instrument. If you do not specify avalue for an optional parameter,
the instrument chooses a default value. For example, consider the
ARM:COUNLt? [MIN]MAX] command. If you send the command
without specifying a parameter, the present ARM:COUNt value is
returned. If you send the MIN parameter, the command returns the
minimum count available. 1f you send the MAX parameter, the
command returns the maximum count available. Be sureto place a
space between the command and the parameter.

Linking Commands Linking | EEE 488.2 Common Commandswith SCPI Commands. Use
asemicolon (;) between the commands. For example:

*RST;OUTP ON or TRIG:SOUR HOLD;*TRG

Linking Multiple SCPI commands. Use both asemicolon (;)and a
colon () between the commands. For example:

ARM:COUN 1;:TRIG:SOUR EXT
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SCPI Command Reference

This section describes the Standard Commands for Programmable
I nstruments (SCPI) commands for the relay matrix switch modules.
Commands are listed alphabetically by subsystem and within each

subsystem.
e ABORtCOMMANAS . ......ooiiiii i ii it Page 43
* ARMCOMMANGS. .. ..ottt Page 44
e INITiate COMMANGS. . . . .....vvii e Page 46
e OUTPUtCOMMANS . .......cooiiiiiii i, Page 48
e [ROUTe]COMMANdS .. ...oov e Page 52
® STATUSCOMMANGS ... ...ttt n Page 57
* SYSTem COMMANGS. . . ..ot e Page 61
°* TRIGger COmMmMands. . ........iviniineiieinnnnnnn Page 64
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ABORt

Subsystem Syntax

Comments

Example

The ABORt command subsystem stops a scan in progress when the scan is enabled
viathe interface and the trigger source is TRIGger:SOURce BUS or
TRIGger:SOURce HOLD.

ABORt

ABORt Actions: ABORt stops the scan and invalidates the current channel_list.

- Stopping Scan Enabled Via I nterface: When a scan is enabled via an interface,
an interface CLEAR command (CLEAR 7) can be used to stop the scan. When the
scan is enabled viathe interface and TRIG:SOUR BUS or HOLD is set, you can
use ABORt to stop the scan.

» Restarting a Scan: Use the INIT command to restart the scan.

» Related Commands: ARM, INITiate:CONTinuous, [ROUTe:]SCAN, TRIGger

Stopping a Scan with ABORt.

This example stops a (continuous) scan in progress.

TRIG:SOUR BUS 1 *TRG command is trigger source.
INIT:CONT ON I Set continuous scanning.

SCAN (@10000:10003) I Scan channels 00-03.

INIT I Start scan, close channel 00.

ABOR I Abort scan in progress.
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ARM

The ARM subsystem selects the number of scanning cycles (1 to 32,767) for each
INITiate command.

Subsystem Syntax ARM
:COUNt <number> MIN | MAX
:COUNt? [MIN | MAX]

:COUNt

ARM:COUNt <number> MIN | MAX allows scanning cyclesto aoccur a multiple of
times (1 to 32,767) with one INITiate command when INITiate:CONTinuous OFF | O
isset. MIN sets 1 cycle and MAX sets 32,767 cycles.

Parameters Parameter Parameter Default

Name Type Range of Values Value
<number> numeric 1-32,767 | MIN | MAX 1
Comments « Number of Scans: Use only values between 1 and 32,767 for the number of

scanning cycles.
» Related Commands. ABORY, INITiate[:IMMediate]

« *RST Condition: ARM:COUNt 1

Example Setting Ten Scanning Cycles.

This example sets arelay matrix switch module for 10 scans of channels 00 through

03.

ARM:COUN 10 I Set 10 scans per INIT command.
SCAN (@10000:10003) I Scan channels 00-03.

INIT I Start scan, close channel 00.
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:COUNTt?

Parameters

ARM:COUNLt? [MIN | MAX] returnsthe current number of scanning cycles set by
ARM:COUNLt. The current number of scan cyclesis returned when MIN or MAX is
not supplied. With MIN or MAX as a parameter, MIN returns 1 and MAX returns

32767.

Parameter
Name

Parameter
Type

Range of Values

Default
Value

MIN | MAX

numeric

MIN =1, MAX = 32,767

current
cycles

Comments « Related Commands: INITiate[:IMMediate]

Example Query Number of Scans.

This example sets a switchbox for 10 scanning cycles and queries the number of
scan cycles set. The ARM:COUN? command returns 10.

ARM:COUN 10
ARM:COUN?

I Set 10 scans per INIT command.
I Query number of scans.
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INITiate

The INITiate command subsystem selects continuous scanning cycles and starts the
scanning cycle.

Subsystem Syntax INITiate
:CONTinuous <mode>
:CONTinuous?
[:IMMediate]
:CONTinuous
INITiate: CONTinuous <mode> enables or disables continuous scanning cycles for
the switchbox.
Parameters Parameter Parameter Default
Name Type Range of Values Value
<mode> boolean 0]|1|OFF|ON OFF |0
Comments « Continuous Scanning Operation: Continuous scanning is enabled with the
INITiate:CONTinuous ON or INITiate:CONTinuous 1 command. Sending the
INITiate[:IMMediate] command closes the first channel in the channel list. Each
trigger from the source specified by the TRIGger:SOURce command advances the
scan through the channel list. A trigger at the end of the channd list closes the
first channel in the channel list and the scan cycle repeats.
Non-Continuous Scanning Oper ation: Non-continuous scanning
is enabled with the INITiate:CONTinuous OFF or INITiate:CONTinuous O command.
Sending the INITiate[:IMMediate]
command closesthefirst channel in the channdl list. Each trigger from the source
specified by the TRIGger:SOURce command advances the scan through the channe
list. Attheend of the scanning cycle, thelast channel in the channdl list is closed and
the scanning cycle stops.
Stopping Continuous Scan: See the ABORt command.
Related Commands. ABORt, ARM:COUNt, TRIGger:SOURce
*RST Condition: INITiate:CONTinuous OFF | 0
Example Enabling Continuous Scanning.

This example enables continuous scanning of channels 00 through 03 of a
single-module switchbox. Since TRIGger:SOURce IMMediate (default) is set, use
an interface clear command (such as CLEAR) to stop the scan.
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:CONTinuous?

INIT:CONT ON I Enable continuous scanning.

SCAN (@10000:10003) I Scan channels 00-03.
INIT I Start scan cycle, close
channel 00.

Example

[:IMMediate]

INITiate:CONTinuous? queriesthe scanning state. With continuous scanning
enabled, the command returns 1. With continuous scanning disabled, the command
returns O.

Query Continuous Scanning State.

This example enables continuous scanning of a switchbox and queries the state.
Since continuous scanning is enabled, INIT:CONT? returns 1.

INIT:CONT ON I Enable continuous scanning.
INIT:CONT? I Query continuous scanning state.

Comments

Example

INITiate[:IMMediate] starts the scanning process and closes the first channel in the
channel list. Successive triggers from the source selected by the TRIGger:SOURce
command advance the scan through the channel list.

Starting the Scanning Cycle: The INITiate[:IMMediate] command starts
scanning by closing the first channel in the channel list. Each trigger received
advances the scan to the next channel in the channel list. Aninvalid channel list
definition causes an error (see [ROUTe:]SCAN).

» Stopping Scanning Cycles: See ABOR.

Enabling a Single Scan.

This example enables asingle scan of channels 00 through 03 of a single-module
switchbox. The trigger source to advance the scan isimmediate (internal) triggering
set with (default) TRIGger:SOURce IMMediate.

SCAN (@10000:10003) I' Scan channels 00-03.

INIT I Begin scan, close channels 00 (use
immediate triggering).
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OUTPut

Subsystem Syntax

'ECLTrg[:STATe]

The OUTPut command subsystem sel ects the source of the output trigger generated
when achannel is closed during ascan. The selected output can be enabled,
disabled, and queried. The three available outputs arethe ECLTrg, TTLTrg trigger
buses as well as the command module

(HP E1406A) front panel Trig Out port.

OUTPut

‘ECLTrgn (:ECLTrgO or :ECLTrgl)
[(STATe] <mode>
[[STATe]?

[(EXTernal]
[}STATe] <mode>
[[STATe]?

:TTLTrgn (:TTLTrgO through :TTLTrg7)
[}STATe] <mode>
[[STATe]?

Parameters

Comments

OUTPut:ECLTrgn[:STATe] <mode> selects and enables which ECL Trigger bus
line (0 or 1) will output atrigger when a channel is closed during ascan. Thisis
also used to disable a selected ECL Trigger busline. n specifiesthe ECL Trigger
busline (0 or 1) and mode enables (ON or 1) or disables (OFF or 0) the specified
ECLTrg busline.

Parameter Parameter Default
Name Type Range of Values Value
n numeric Oorl N/A
<mode> boolean 0]1|OFF|ON OFF |0

« Enabling ECL Trigger Bus. When enabled, a pulseis output from the selected
ECL Trigger busline (0 or 1) after each channel is closed during ascan. If
disabled, apulseisnot output. The output is a negative going pulse.

« ECL Trigger BusLine Shared by Switchboxes: Only one switchbox
configuration can use the selected trigger at atime. When enabled, the selected
ECL Trigger busline (0 or 1) is pulsed by the switchbox each time a scanned
channel isclosed. To disable the output for a specific switchbox, send the
OUTPut:ECLTrgn OFF or 0 command for that switchbox.
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» OneOutput Selected at a Time: Only one output (ECLTrgOor 1; TTLTrgO, 1,
2,3,4,5,6, or 7; or EXTernal) can be enabled at onetime. Enabling adifferent
output source will automatically disable the active output. For example, if
TTLTrgl isthe active output, and TTLTrg4 isenabled, TTLTrgl will become
disabled and TTLTrg4 will become the active outpuit.

« Related Commands: [ROUTe:]SCAN, TRIGger:SOURce,
OUTPut:ECLTrg[:STATe]?

« *RST Condition: OUTPut:ECLTrg[:STATe] OFF (disabled).

Example Enabling ECL Trigger BusLineO.

OUTP:ECLTO:STAT 1 I Enable ECL Trigger busline O to output
pulse after each scanned channel is closed.

'ECLTrg[:STATe]?

OUTPut:ECLTrg[:STATe]? queriesthe present state of the specified ECL Trigger
busline. The command returns 1 if the specified ECLTrg buslineis enabled or O if
disabled.

Example Query ECL Trigger Bus Enable State.

This example enables ECL Trigger busline 0 and queries the enable state. The
OUTPut:ECLTrgn? command returns 1 since the port is enabled.

OUTP:ECLTO:STAT 1 I Enable ECL Trigger buslineO.
OUTP:ECLTO? I Query bus enable state.

[:EXTernal][:STATe]

OUTPut[:EXTernal][:STATe] <mode> enables or disablesthe Trig Out port on the
HP E1406A Command Module to output atrigger when a channel is closed during a
scan. ON | 1 enablesthe port and OFF | O disables the port.

Parameters Parameter Parameter Default
Name Type Range of Values Value
<mode> boolean 0|1|OFF|ON OFF |0

Comments - Enabling Trig Out Port: When enabled, a pulse is output from the Trig Out port
after each scanned switchbox channel is closed. If disabled, apulseis not output
from the port after channel closures. The output is a negative going pulse.

» Trig Out Port Shared by Switchboxes: Only one switchbox configuration can
use the selected trigger at atime. When enabled, the Trig Out port is pulsed by
the switchbox each time a scanned channel isclosed. To disable the output for a
specific switchbox, send the OUTP OFF or 0 command for that switchbox.
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Example

» OneOutput Selected at a Time: Only one output (ECLTrgOor 1; TTLTrgO, 1,
2,3,4,5,6, or 7; or EXTernal) can be enabled at onetime. Enabling adifferent
output source will automatically disable the active output. For example, if
TTLTrgl isthe active output, and TTLTrg4 isenabled, TTLTrgl will become
disabled and TTLTrg4 will become the active outpuit.

« Related Commands. [ROUTe:]SCAN, TRIGger:SOURce,
OUTPUt[:EXTernal][:STATe]?

- *RST Condition: OUTPut[:EXTernal][:STATe] OFF (disabled).

Enabling Trig Out Port.

OUTP:EXT 1 I Enable Trig Out port to output pul se after
each scanned channel is closed.

[:EXTernal][:STATe]?

Example

TTLTrg[:STATe]

OUTPut[:EXTernal][:STATe]? queriesthe present state of the Trig Out port. The
command returns 1 if the port is enabled or O if disabled.

Query Trig Out Port Enable State.

This example enables the Trig Out port and gqueries the enable state. The OUTPut?
command returns 1 since the port is enabled.

OUTP:EXT ON I Enable Trig Out port.
OUTP:EXT? I Query port enable state.

Parameters

Comments

OUTPut: TTLTrgn[:STATe] <mode> selects and enableswhich TTL Trigger bus
line (O to 7) will output atrigger when achannel is closed during ascan. Thisisaso
used to disable aselected TTL Trigger busline. n specifiesthe TTL Trigger busline
(O to 7) and made enables (ON or 1) or disables (OFF or 0) the specified TTL
Trigger busline.

Parameter Parameter Default
Name Type Range of Values Value

n numeric Oto7 N/A
<mode> boolean 0|1|OFF|ON OFF |0

Enabling TTL Trigger Bus: When enabled, a pulseis output from the selected
TTL Trigger busline (0 to 7) after each channel in the switchbox is closed during
ascan. If disabled, apulseis not output. The output is a negative going pulse.

« TTL Trigger BusLine Shared by Switchboxes: Only one switchbox
configuration can use the selected TTL Trigger at atime. When enabled, the
selected TTL Trigger busline (0 to 7) is pulsed by the switchbox each time a
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scanned channd is closed. To disable the output for a specific switchbox, send
the OUTPut:TTLTrgn OFF or 0 command for that switchbox.

» OneOutput Selected at a Time: Only one output (ECLTrgOor 1; TTLTrgO, 1,
2,3,4,5,6,or 7; or EXTernal) can be enabled at onetime. Enabling a different
output source will automatically disable the active output. For example, if
TTLTrgl isthe active output, and TTLTrg4 isenabled, TTLTrgl will become
disabled and TTLTrg4 will become the active output.

« Related Commands. [ROUTe:]SCAN, TRIGger:SOURce,
OUTPut: TTLTrg[:STATe]?

« *RST Condition: OUTPut: TTLTrg[:STATe] OFF (disabled).

Example Enabling TTL Trigger BusLine7.

OUTP:TTLT7:STAT 1 I Enable TTL Trigger busline 7 to output
pulse after each scanned channel is closed.

TTLTrg[:STATe]?

OUTPut:TTLTrg[:STATe]? queriesthe present state of the specified TTL Trigger
busline. The command returns 1 if the specified TTLTrg buslineisenabled or O if
disabled.

Example Query TTL Trigger BusEnable State.

This example enables TTL Trigger busline 7 and queries the enable state. The
OUTPut:TTLTrgn? command returns 1 since the port is enabled.

OUTP:TTLT7:STAT 1 I Enable TTL Trigger busline7.
OUTP:TTLT7? I Query bus enable state.
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[ROUTe:]

The [ROUTe:] command subsystem controls switching and scanning operations for
relay matrix switch modulesin a switchbox.

Note This command opens all previously closed relays, therefore it should be the first
relay configuration command.

Subsystem Syntax [ROUTe]
CLOSe <channel_list>
CLOSe? <channel_list>
OPEN <channel_list>
OPEN? <channel_list>
SCAN <channel_list>

CLOSe
[ROUTe:]CLOSe <channel_list> closesthe relay matrix channels specified by
channel_ligt.
Onthe HP E1468A, channd_list hastheform (@ssrc) where
ss = card number (01-99),
r = row number, and
¢ = column number.
Onthe HP E1469A, channd_list hastheform (@ssrrcc) where
ss = card number (01-99),
rr = row number, and
cc = column number.
Parameters Parameter Parameter Default
Name Type Range of Values Value
<channd list> numeric E1468A:E1469A: N/A
- r=0to 7rr =00 to 03
c=0to7cc=00to 15

Comments - Closing Channels (HP E1468A Only):
To close asingle channel use [ROUT:]CLOS (@ssrc) ;
for multiple channels use [ROUT:]CLOS (@ssrc,ssIc,...) ;
for sequential channels use [ROUT:]CLOS (@ssrc:ssIc) ;
for groups of sequential channels use
[ROUT:]CLOS (@ssrc:ssrc,SSre:ssrc) ;
or any combination.

Closure order for multiple channel s with asingle command is nhot guaranteed.
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CLOSe?

Example

» Closing Channels (HP E1469A Only):
To close asingle channel use [ROUT:]CLOS (@ssrrcc) ;
for multiple channels use [ROUT:]CLOS (@sstrcc,ssircc,...) ;
for sequential channels use [ROUT:]CLOS (@ssrrcc:ssIree) ;
for groups of sequential channels use
[ROUT:]CLOS (@ssrrcc:ssrree,ssrree:ssrrec)
or any combination.

Closure order for multiple channel s with asingle command is hot guaranteed.
» Related Commands. [ROUTe:JOPEN, [ROUTe:]CLOSe?

» *RST Condition: All channels open.

Closing Relay Matrix Switch Module Channels.

This example closes channels 10100 and 20013 of a two-module switchbox (card
numbers 01 and 02).

CLOS (@10100,20013) I Close channels 10100 and 20013. 10100
closes row 01, column 00 of card #1 and
20013 closes row 00 column 13 on card #2.

Comments

Example

[ROUTe:]CLOSe? <channel_list> returns the current state of the channel(s)
gueried. channel_list hasthe form (@ssrc) or (@ssrrce)

(see[ROUTe:]CLOSe for definition). The command returns 1 if channel(s) are
closed or returns O if channel(s) are open.

» Query is Software Readback: The [ROUTe:]CLOSe? command returns the
current software state of the channel(s) specified. It does not account for relay
hardware failures. A maximum of 127 channels at atime can be queried for a
multi-module switchbox.

Query Channél Closure.

This example closes channels 10100 and 20013 of a two-module switchbox and
gueries channel closure. Since the channels are programmed to beclosed 1, 1is
returned as a string.

CLOS (@10100,20013)
CLOS? (@10100,20013)
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OPEN

[ROUTe:]JOPEN <channédl_list> opens the relay matrix switch channels specified
by channel_list.

On the HP E1468A, channel_list has the form (@ssrc) where
ss = card number (01-99),
r = row number, and
¢ = column number.

On the HP E1469A, channel_list hasthe form (@ssrrcc) where
ss = card number (01-99),
rr = row number, and
cc = column number.

Parameters Parameter Parameter Default
Name Type Range of Values Value
<channel_list> numeric E1468A:E1469A: N/A

r=0to 7rr =00 to 03
c=0to7cc=00to 15

Comments « Opening Channels (HP E1468A Only):
To open asingle channel use [ROUT:]JOPEN (@ssrc) ;
for multiple channels use [ROUT:]JOPEN (@ssrc,ssrIc,...) ;
for sequential channels use [ROUT:JOPEN (@ssrc:ssrc) ;
for groups of sequential channels use
[ROUT:]JOPEN (@ssrc:ssrc,ssrc:ssrc) ;
or any combination.

Opening order for multiple channels with a single command is not guaranteed.

« Opening Channels (HP E1469A Only):
To open asingle channel use [ROUT:]JOPEN (@ssrrcc) ;
for multiple channels use [ROUT:JOPEN (@ssrrcc,ssrrcc,...) ;
for sequential channels use [ROUT:]JOPEN (@ssrrcc:ssrrcc) |
for groups of sequential channels use
[ROUT:]JOPEN (@ssrrcc:ssrrce,ssrree:ssrrec) |
or any combination.

Opening order for multiple channels with a single command is not guaranteed.
« Related Commands. [ROUTe:]CLOSe, [ROUTe:]JOPEN?

« *RST Condition: All channels open.

Example Opening Channels.

This example opens channgl's 10100 and 20013 of atwo-maodule switchbox (card
numbers 01 and 02).

OPEN (@10100,20013) I Open channels 10100 and 20013.
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OPEN?

[ROUTe:]JOPEN? <channel_list> returnsthe current state of the channel(s)
gueried. channel_list hasthe form (@ssrc) or (@ssrrcc) (see [ROUTe:JOPEN for
definition). The command returns 1 if channel(s) are open or returns O if channel(s)
are closed.

Comments « Query is Software Readback: The [ROUTe:]JOPEN? command returns the
current software state of the channels specified. 1t does not account for relay
hardware failures. A maximum of 127 channels at atime can be queried for a
multi-module switchbox.
Example Query Channel Open State.
This example opens channels 10100 and 20013 of a two-module switchbox and
queries channel 20013 state. Since channel 20013 is programmed to be open, 1 is
returned.
OPEN (@10100,20013)
OPEN? (@20013)
SCAN
[ROUTe:]SCAN <channel_list> definesthe channelsto be scanned.
Onthe HP E1468A, channel_list hasthe form (@ssrc) where
ss = card number (01-99),
r = row number, and
¢ = column number.
Onthe HP E1469A, channd_list hastheform (@ssrrcc) where
ss = card number (01-99),
rr = row number, and
cc = column number.
Parameters Parameter Parameter Default
Name Type Range of Values Value
<channd list> numeric E1468A:E1469A: N/A
- r=0to 7rr =00 to 03
c=0to 7cc =00 to 15
Comments « Defining Scan List: When [ROUTe:]SCAN is executed, the channel_list is

checked for valid card and channel numbers.
An error is generated for an invalid channel_list.

 Scanning Channels (HP E1468A Only):
To scan asingle channel use [ROUT:]SCAN (@ssrc) ;
for multiple channels use [ROUT:]SCAN (@ssrc,ssIc,...) ;
for sequential channels use [ROUT:]SCAN (@ssrc:ssrc) ;
for groups of sequential channels use
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[ROUT:]SCAN (@ssrc:ssrc,ssrc:ssrc) ;
or any combination.

 Scanning Channels (HP E1469A Only):
To scan asingle channel use [ROUT:]SCAN (@ssrrcc) ;
for multiple channels use [ROUT:]SCAN (@ssrrcc,ssrrcc,...) ;
for sequential channels use [ROUT:]SCAN (@ssrrcc:ssIrcee) ;
for groups of sequential channels use
[ROUT:]SCAN (@sSrrce:SSrree,SSIrce:ssIree)
or any combination.

« Scanning Operation: When avalid channel_list is defined, INITiate[:IMMediate]
begins the scan and closes the first channel in the channel_list. Successive
triggers from the source specified by TRIGger:SOURce advance the scan through
the channel_list. At the end of the scan, the last trigger opens the last channel.

» Stopping Scan: See ABOR.

« Related Commands: TRIGger:SOURce

« *RST Condition: All channels open.

56 Relay Matrix Switch Command Reference Chapter 3



STATus

The STATus subsystem reports the bit values of the Operation Status Register (in
the command module). It aso alows you to unmask the bits you want reported
from the Standard Event Register and to read the summary bits from the Status Byte
register.

Subsystem Syntax STATus
:OPERation
:CONDition?
:ENABle <unmask>
:ENABIe?
[:EVENt?]
‘PRESet

The STATus system contains four software registers (that is, they reside in a SCPI
driver, not in the hardware), two of which are under IEEE 488.2 control; the Event
Status Register (*ESE?) and the Status Byte Register (*STB?). The Operational
Status bit (OPR), Service Request bit (RQS), Event Summary bit (ESB), Message
Available bit (MAV) and Questionable Data bit (QUE) in the Status Byte Register
(bits 7, 6, 5, 4 and 3 respectively) can be queried with the *STB? command. Usethe
*ESE? command to query the unmask value for the Event Status register (the bits

you want logically OR’d into the summary bit). The registers are queried using
decimal weighted bit values. The decimal equivalents for bits 0 through 15 are
included in the figure which follows.

A numeric value of 256 executed iIr88AT:OPER:ENABIe <unmask> command
allows only bit 8 to generate a summary bit. The decimal value for bit 8 is 256.

The decimal values are also used in the inverse manner to determine which bits are
set from the total value returned byEWENt or CONDition query. The switch

module driver exploits only bit 8 of the Operation Status register. This bit is called
the Scan Complete bit which is set whenever a scan operation completes. Since
completion of a scan operation is an event in time, you will find that bit 8 will never
appear set wheBTAT:OPER:COND? is queried. However, you can find bit 8 set

with the STAT:OPER[:EVEN(]? query command.
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Figure 3-17. HP E1468A/E1469A Status System Register Diagram

58 Relay Matrix Switch Command Reference

Chapter 3



:OPERation :CONDition?

STATus:OPERation:CONDition? returns the state of the Condition Register in the
Operation Status Group. The state represents conditions which are part of the
instrument’s operation. The switch module driver does not set bit 8 in this register
(seeSTATus:OPERation[:EVEN{]?).

:OPERation:ENABIe

STATus:OPERation:ENABIe <unmask> sets an enable mask to allow events
recorded in the Event Register to send a summary bit to the Status Byte Register (bit
7). For multiplexer modules, when bit 8 in the

Operation Status Register is set to 1 and that bit is enabled by the
STAT:OPER:ENABIe command, bit 7 in the Status Register is set to 1.

Parameters Parameter Parameter Default
Name Type Range of Values Value
<unmask> numeric 0 through 65,535 N/A
Comments - Setting Bit 7 of the Status Byte Register: STATus:OPERation:ENABIe 256 sets

bit 7 of the Status Byte Register to 1 after bit 8 of the Operation Status Register is
setto 1.

» Related Commands: [ROUTe:]SCAN

Example Enabling Operation Status Register Bit 8.
STAT:OPER:ENAB 256 I Enables bit 8 of the Operation Satus

Enable Register to bereported to bit 7
(OPR) in the Satus Register.

:OPERation:ENABIe?

STATus:OPERation:ENABIe? returns the bit value of the Operation Status
Register.

Comments - Output Format: Returns a decimal weighted value from 0 to 65,535 indicating
which bits are set to true.

« Maximum Value Returned: The value returned is the value set by the
STAT:OPER:ENAB <unmask> command. However, the maximum decimal
weighted value used in this module is 256 (bit 8 set to true).

Example Query the Operation Status Enable Register.

STAT:OPER:ENAB? I Queriesthe Operation Status Enable
Register.
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:OPERation[:EVENt]?

STATus:OPERation[:EVENt]? returns which bitsin the Event Register (Operation
Status Group) are set. The Event Register indicates when there has been a
time-related instrument event.

Comments

Setting Bit 8 of the Operation Status Register: Bit 8 (Scan Complete) isset to
1 after a scanning cycle completes. Bit 8 returnsto O (zero) after sending the
STATus:OPERation[:EVENt]? command.

» Returned Data After Sending the STATus:OPERation[:EVENt]? Command:
The command returns +256 if bit 8 of the Operation Status Register isset to 1.
The command returns +0 if bit 8 of the Operation Status Register is set to 0.

» Event Register Cleared: Reading the Event Register with the
STATus:OPERation[:EVENt]? command clearsiit.

« ABORting a Scan: Aborting a scan will leave hit 8 set to 0.

Related Commands: [ROUTe:]SCAN

Example Readingthe Operation Status Register After a Scanning Cycle.

STAT:OPER? I Returns the bit values of the Operation
Satus Register.
read the register value I +256 shows bit 8isset to 1;

+0 shows bit 8 isset to 0.

:PRESet

STATus:PRESet affectsonly the Enable Register by setting all Enable Register
bitsto 0. It does not affect either the "status byte" or the "standard event status’.
PRESet does not clear any of the Event Registers.
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SYSTem

Subsystem Syntax

:CDEScription?

The SYSTem subsystem returns the error numbers and error messages in the error
gueue of a switchbox and returns the types and descriptions of modules (cards) in a
switchbox.

SYSTem
:CDEScription? <number>
:CPON <number>| ALL
:CTYPe? <number>
:ERRor?

Parameters

Comments

Example

SYSTem:CDEScription? <number> returns the description of a selected module
(card) in a switchbox.

Parameter Parameter Default
Name Type Range of Values Value
<number> numeric 1 through 99 N/A

» 8x8 Relay Matrix Module Description: The SYSTem:CDEScription?
<number> command returns:

8x8 Relay Matri x

» 4x16 Relay Matrix Module Description: The SYST:CDEScription? <number>
command returns:

4x16 Rel ay Matri x

Reading the Description of a Card # Module.

SYST:CDES? 1 I Returns the description.
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:CPON

SYSTem:CPON <number> | ALL setsthe selected module (card) in a switchbox to
its power-on state.

Parameters Parameter Parameter Default
Name Type Range of Values Value
<number> numeric 1 through 99 N/A
Comments Matrix Module Power-On State: The power-on state is al channels (relays) open.
Note that *RST opens all channels of all modulesin a switchbox while
SYSTem:CPON <number > opens the channelsin only the module (card) specified
in the command.
Example Setting Card #1 Moduleto its Power-On State.
SYST:CPON 1 I Sets module #1 to power -on state.
:CTYPe?
SYSTem:CTYPe? <number> returns the module (card) type of a selected module
in a switchbox.
Parameters Parameter Parameter Default
Name Type Range of Values Value
<number> numeric 1 through 99 N/A
Comments . 8x8Relay Matrix Module Model Number: The SYSTem:CTYPe? <number>
command returns:
HEWLETT- PACKARD, El 468A, 0, A. 02. 00
wherethe O after E1468A is the module serial number (always 0) and
A. 02. 00 isan example of the module revision code number.
« 4x16 Relay Matrix Switch Module Model Number: The SYSTem:CTYPe?
<number > command returns:
HEWLETT- PACKARD, El 469A, 0, A. 04. 00
wherethe O after E1469A isthe module serial number (always 0) and
A. 04. 00 isan example of the module revision code number.
Example Readingthe Model Number of a Card #i Module.

SYST.CTYP? 1 I Return the model number.
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‘ERRoOr?

SYSTem:ERRor? returnsthe error numbers and corresponding error messagesin
the error queue of a switchbox. See Appendix C for alisting of some switchbox
error numbers and messages.

Comments - Error Numbers/Messagesin the Error Queue: Each error generated by a

switchbox stores an error number and corresponding error message in the error
gueue. The error message can be up to 255 characters long.

Clearing the Error Queue: An error number/message is removed from the gqueue
each time the SYSTem:ERRor? command issent. The errors are cleared firgt-in,
first-out. When the queue is empty, each following SYSTem:ERRor? command
returns O, "No error”. To clear al error numbers/messages in the queue, execute
the *CLS command.

Maximum Error Number§Messagesin the Error Queue: The queue holds a
maximum of 30 error numbers/messages for each switchbox. If the queue
overflows, the last error number/message in the queue isreplaced by - 350, "Too
many errors'. Theleast recent error numbers/messages remain in the queue and
the most recent are discarded.

Example ReadingtheError Queue.

SYST:ERR? I Query the error queue.
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TRIGger

The TRIGger command subsystem controls the triggering operation of relay matrix
modules in a switchbox.

Subsystem Syntax TRIGger
[:IMMediate]
:SOURCce <source>
:SOURce?

[:IMMediate]

TRIGger[:IMMediate] causesatrigger event to occur when the defined trigger
sourceis TRIGger:SOURce BUS or TRIGger:SOURce HOLD.

Comments

Executing the TRIGger[:IMMediate] Command: A channel list must be defined
with [ROUTe:]SCAN <channd_list> and an INITiate[:IMMediate] command must
be executed before TRIGger[:IMMediate] will execute.

« BUS or HOLD Source Remains: If selected, the TRIGger:SOURce BUS or
TRIGger:SOURce HOLD commands remain in effect after triggering a switchbox
with the TRIGger[:IMMediate] command.

- Related Commands: INITiate, [ROUTe:]SCAN

Example Advancing Scan Using TRIGger Command.

This example scans a single-module switchbox from channel 00 through 03. Since
TRIGger:SOURce HOLD is set, the scan is advanced one channel each time TRIGger

is executed.

TRIG:SOUR HOLD I Setstrigger sourceto HOLD.

SCAN (@10000:10003) I Defines channel list.

INIT I Begin scan, close channel 00.
loop statement I Start count loop.

TRIG I' Advance scan to next channel.
increment loop I Increment loop count.
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:SOURCce

TRIGger:SOURce <source> specifiesthe trigger source to advance the channel list
during scanning.

Parameters Parameter Parameter Default
Name Type Parameter Description Value
BUS discrete *TRG or GET command IMM
ECLTrgn numeric ECL Trigger bus line <0 or 1> IMM
EXTernal discrete Trig In port IMM
HOLD discrete Hold Triggering IMM
IMMediate discrete Immediate Triggering IMM
TTLTrgn numeric TTL Trigger bus line <0 - 7> IMM
Comments - Enablingthe Trigger Source: The TRIGger:SOURce command only selects the

trigger source. The INITiate[:IMMediate] command enables the trigger source.

« Usingthe TRIG Command: Y ou can use TRIGger[:IMMediate] to advance the
scan when TRIGger:SOURce BUS or TRIGger:SOURce HOLD is selected.

» Using External Trigger Inputs. With TRIGger:SOURce EXTernal selected, only
one switchbox at atime can use the externa trigger input at the HP EI406A Trig
In port. Thetrigger input isassigned to the first switchbox that requested the
externa trigger source (with a TRIGger:SOURce EXTernal command).

» Assigning External Trigger: A switchbox assigned with
TRIGger:SOURce EXTernal remains assigned to that source until the switchbox
trigger sourceis changed to BUS, ECLT, HOLD, IMMediate, or TTLT. When the
sourceis changed, the external trigger source is available to the next switchbox
which requestsit (with a TRIGger:SOURce EXTernal command). If aswitchbox
requests an external trigger input already assigned to ancther switchbox, an error
is generated.

» Using BusTriggers: To trigger the switchbox with TRIGger:SOURce BUS
selected, use the |EEE 488.2 Common command *TRG or the HP-IB Group
Execute Trigger (GET) command.

« Trig Out Port Shared by Switchboxes: Seethe OUTPut command.

« Related Commands:. ABORt, [ROUTe:]SCAN, OUTPut

» *RST Condition: TRIGger:SOURce IMMediate
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Example Scanning Using External Triggers.

This example uses external triggering (TRIG:SOUR EXT) to scan channels 00
through 03 of a single-module switchbox. The trigger source to advance the scan is
the input to the Trig In port on the HP E1406A Command Module. When INIT is
executed, the scan is started and channel 00 is closed. Then each trigger received at
the Trig In port advances the scan to the next channel.

TRIG:SOUR EXT I Select external triggering.

SCAN (@10000:10003) I Scan channels 00 through 03.
INIT I Begin scan, close channel 00.
trigger externally I' Advance scan to next channel.

Example Scanning Using Bus Triggers.

This example uses bus triggering (TRIG:SOUR BUS) to scan channels 00 through 03
of asingle-module switchbox. The trigger source to advance the scan isthe *TRG
command (as set with TRIGger:SOURce BUS). When INIT is executed, the scan is
started and channel 00 is closed. Then, each *TRG command advances the scan to
the next channel.

TRIG:SOUR BUS I Sdlect interface (bus) triggering.
SCAN (@10000:10003) I Scan channels 00 through 03.

INIT I Sart scan, close channel 00.

loop statement I Loop to scan all channels.

*TRG I Advance scan using bus triggering.
increment loop I Increment loop count.

:SOURce?

TRIGger:SOURce? returnsthe current trigger source for the switchbox. Command
returns BUS, ECLT, EXT, HOLD, | MM or TTLT for sources BUS, ECLTrg,
EXTernal, HOLD, IMMediate, or TTLTrg, respectively.

Example Query Trigger Source.

This example sets external triggering and queries the trigger source. Since external
triggering is set, TRIG:SOUR? returns EXT.

TRIG:SOUR EXT I Set external trigger source.
TRIG:SOUR? I Query trigger source.
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IEEE 488.2 Common Command Reference

The following table lists the |EEE 488.2 Common (*) commands that apply to the
relay matrix switch modules. The operation of some of these commandsis
described in earlier in thismanual. For more information on Common Commands,
refer to the HP E1406 Command Module User's Manoathe ANSI/IEEE
Standard 488.2-1987

Command Title Description
*IDN? Identification Query Returns identification string of the switchbox.
*RST Reset Opens all channel relays, and sets matrix to known state.
*TST? Self-Test Query (cc = card number with  |Returns +0 if self test passes.
leading O deleted) .
Returns +C C 01 for firmware error.
Returns +C C 02 for bus error.
Returns +C C 03 for bad D information.
Returns +CC10ifan interrupt was expected but not received.
Returns +CC 1 1 if the busy bit was not held 9 to 17 msec.
*OPC Operation Complete Sets the request for OPC flag when all pending operations have completed.
) Also sets OPC bit in the Event Status Register.
*OPC? Operation Complete Query Returnsa 1 to the output queue when all pending operations have
completed. Used to ensure synchronization between multiple instruments.
. . Halts execution of comman n ries until the N ration Pendin
WA Wait to Continue alts e e(f on of commands and queries e No Operation Pending
message is true.
*CLS Clear Status Register Clears all status registers, the request for OPC flag, and all queues (except
output queue).
*ESE <unmask> Event Status Enable Used to set the bits in the Event Status Enable Register.
*ESE? Event Status Enable Query Queries the current contents in the Event Status Enable Register.
*ESR? Event Status Register Query Queries and clears current contents in the Event Status Register.
. < > Service Request Enable Used to set the Service Request Enable Register bits, and corresponding
SRE <unmask Serial Poll Status Register bits, to generate a service request.
Queries the current contents in the Service Request Enable Register.
. ” Service Request Enable Query
SRE? Queries the current contents in the Status Byte Register.
Status Byte Que
*STB? yte Query
*TRG Trigger Triggers the switchbox to advance the scan when scan is enabled and
trigger source is TRIGger:SOURce BUS.
*RCL<n> Recall Saved State Recalls previously stored matrix configuration. <n>> (0 to 9) is the location
in memory where the desired (previously stored) set-up is located.
Save Current State Stores the current matrix configuration in memory. Stores current settings of
*SAV <n> the channel states. <n> (0 to 9) is the location in memory where the

current set-up is to be stored.
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SCPI Command Quick Reference

The following table summarizes the SCPI commands for the relay matrix switch

modules.

Command

Description

ABORt

ARM

INITiate

OUTPut

[ROUTe:]

STATus

SYSTem

TRIGger

:COUNt <number > MIN | MAX
:COUNT? [MIN | MAX]

:CONTinuous ON |OFF |1 |0
:CONTinuous?
[:IMMediate]

:ECLTrgN[:STATe]ON |OFF |1 |0
:ECLTrgN[:STATe]?
[:EXTernal][:STATe]ON |OFF | 1|0
[:EXTernal][:STATe]?
TTLTrgN[:STATe]ON |OFF |1]0
TTLTrgN[:STATe]?

CLOSe <channel_list>
CLOSe? <channel_list™>
OPEN <channel_list>
OPEN? <channel_list>
SCAN <channel_list™>

:OPERation: CONDition?

:OPERation:ENABle <number >
:OPERation:ENABIe?
:OPERation[:EVENT(]?

:PRESet

:CDEScription? <number >
:CPON <number > | ALL

:CTYPe? <number>
:ERRor?

[:IMMediate]
:SOURce BUS
:SOURce ECLTrgn
:SOURce EXTernal
:SOURce HOLD
:SOURce IMMediate
:SOURce TTLTrgn
:SOURce?

Abort a scan in progress.

Multiple scans per INIT command.
Query number of scans.

Enables/disables continuous scanning.
Query continuous scan state.
Starts a scanning cycle.

Enables/disables ECL Trigger bus line pulse.
Query ECL Trigger bus line state.
Enables/disables Trig Out pulse.

Query port enable state.

Enables/disables TTL Trigger bus line pulse.
Query TTL Trigger bus line state.

Close channel(s).

Query channel(s) closed.
Open channel(s).

Query channel(s) opened.
Define channels for scanning.

Returns status of Operation Condition Register.

Enables events in the Operation Event Register to be reported.
Returns the mask value set by the :ENABIe command.
Returns the contents of the Operation Event Register.

Sets Enable Register bits to 0.

Returns description of module in switchbox.
Sets specified module to its power-on state.
Returns the module type.

Returns error number/message to error queue.

Causes a trigger to occur.

Trigger source is *TRG.

Trigger source is ECL Trigger bus line O or 1.
Trigger source is Trig In port.

Hold off triggering.

Continuous (internal) triggering.

Trigger source is TTL trigger bus line (0 - 7).
Query scan trigger source.
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Appendix A

HP E1468A/E1469A Specifications

Input Characteristics

Maximum Voltage Terminal to Terminal:
220 Vdc; 250 Vacrms

Maximum Voltage Terminal to Chassis:
220 VdC; 250 VaCrms

Maximum Current per Channel (non-inductive):
1 Adc or acrms (Vmax <30 Vdc or Vims)
0.3 Adc or acrms (Vmax <220 Vdc or 250 Vms)

Maximum Power per Channel: 40VA

DC Performance

Thermal Offset per Channd: <7V (differential H-L)

Closed Channel Resistance:
<15Q nitialy
<3.5Q at end of relay life

Insulation Resistance (between any two points):
5x10°Q (at 40°C, 95% RH)
5x10%Q (at 25°C, 40% RH)

AC Performance

Bandwidth (-3dB):
Z(load) = Z(source) =50 Q
2-Wire mode (4x16): >10 MHz
1-Wire mode (1x128): >3 MHz

*The -3 dB BWis typically >25 MHz

Crosstalk Between Channels @ 10 kHz:
2-Wire mode (4x16): <-90 dB
1-Wire mode (1x128): <-60 dB

Open Channel Capacitance

(channel to channel, channel to common):
2-Wire mode (4x16): <30 pF
1-Wire mode (1x128): <380 pF

Closed Channel Capacitance (Hi-Lo, Lo-Chassis):
650/700pF

General

Module Size/ Device Type:
C-Size VXIbus, Register based, A16/D 16,
Interrupter (levels 1-7, jumper selectable)

Relay Life:
@ No Load: 5x10° Operations
@ Full Load: 10° Operations

Note: Relays are subject to normal wear-out based on the number of operations.

Terminals:
Screw type, maximum wire size 16AWG

Power Requirements:

Voltage: +5V +24V
Peak Module Current (A): 0.10 0.13
Dynamic Module current (A):  0.10 0.02

Wattg/dot: 5.0

Coaooling/dot: 0.08 mm H20 @ 0.42 liter/sec
Operating Temperature: 0° - 55°C
Operating Humidity: 65% RH, 0° — 40°C

Net Weight (kg): 1.6

Appendix A

HP E1468A/E1469A Specifications 69



Relay Life Electromechanical relays are subject to normal wear-out. Relay life
depends on several factors. The effects of loading and switching frequency
are briefly discussed below:

Relay Load. In general, higher power switching reducesrelay life. In
addition, capacitive/inductive loads and high inrush currents (for example,
turning on alamp or starting a motor) reduces relay life. Exceeding
specified maximum inputs can cause catastrophic failure.

Switching Frequency. Relay contacts heat up when switched. Asthe
switching frequency increases, the contacts have less time to dissipate heat.
The resulting increase in contact temperature also reducesrelay life.

End-of-Life Detection A preventive maintenance routine can prevent problems caused by
unexpected relay failure. The end of the life of the relay can be determined
by using one or more of the three methods described below. The best
method (or combination of methods), aswell asthe failure criteria, depends
on the application in which the relay is used.

Contact Resistance. Astherelay beginsto wear out, its contact resistance
increases. When the resistance exceeds a predetermined value, the relay
should be replaced.

Stability of Contact Resistance. The stability of the contact resistance
decreases with age. Using this method, the contact resistance is measured
several (5-10) times, and the variance of the measurements is determined.
Anincrease in the variance indicates deteriorating performance.

Number of Operations. Relays can be replaced after a predetermined
number of contact closures. However, this method requires knowledge of
the applied load and life specifications for the applied load.

Replacement Strategy  The replacement strategy depends on the application. If somerelaysare
used more often, or a a higher load, than the others, the relays can be
individually replaced as needed. If al the relays see similar loads and
switching frequencies, the entire circuit board can be replaced when the end
of relay life approaches. The sengitivity of the application should be
weighed against the cost of replacing relays with some useful life remaining.

Note Relays that wear out normally or fail due to misuse should not be
considered defective and are not covered by the product’'s warranty.
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Appendix B
Relay Matrix Registers

Register Definitions

The relay matrix switch module is a register-based device. See “Reading
the Registers” or “Writing to the Registers” later in this appendix for more
information.

Addressing the Registers

Register addresses for register-based devices are located in the upper 25%
of VXI A16 address space. Every VXI device (up to 256 devices) is
allocated a 32-word (64-byte) block of addresses.

Figure B-1 shows the register address location within A16 as it might be
mapped by an embedded controller. Figure B-2 shows the location of A16
address space in the HP E1405/E1406 Command Module.

When you are reading or writing to a register, a hexadecimal or decimal
register address is specified. This address consists of an A16 base address
plus a register offset.

FFFF18
N
~ FFFF1g
CO001g | — — | REGISTER REGISTER
. ADDRESS 7| OFFSET 16-BIT WORDS
\ SPACE / 3E16
> 3C
A16 \ e .
ADDRESS \ * *
SPACE \ * *
\ * *
0416 Status/Control Register
€000+ >~ 0216 Device Type Register
(49,152) ~ 0015 ID Register
HP E1468A/E1469A
A16 Register Map
*Base Address = CO0O01s + (Logical Address * 64)4g
00001

or
49,152 + (Logical Address * 64)1¢

Register Address = Base address + Register Offset

Figure B-1. Registers Within A16 Address Space
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FFFFFF 16

E000001¢

2000001
IF0000+g

0000001

HP ET1406A
Address Map

A24
ADDRESS
SPACE

* Base Address

RECGISTER

OFFSET 16-BIT WORDS
ST
3Cqp
* *
* *
* *
O416 Status/Control Register
0216 Device Type Register
0016 ID_Register

/
20000016 ;
/
~
/ reotte A 20000014 //
\ /
// ADS%ESS \ REGISTER /
/ SPACE \ ADDRESS /
/ \ SPACE
/ \ *
/ IFOO00+6 IFCO0016 ~—
// (2,080,768)

IFC0001¢ + (Logical Address * 64)1g
or
2,080,768 + (Logical Address * 64)1q

Register Address = Base address + Register Offset

HP E1468/E1469A
A16 Register Map

Figure B-2. Registers Within HP E1406A A16 Address Space

For example, the relay matrix switch module’s Status/Control Register has
an offset of 04s. When you write to or read from this register, the offset is
added to the base address to form the register address (using a logical
address of 112):

register address = base address + register offset

a.

b.

o

= 1FC00016 + (112 * 64)16 + 0416

= 1FCO00016 + 1C0016 + 0416 = 1FDCO0416

or

= 2,080,768 + (112 *64) + 4

= 2,080,768 + 7168 + 8 = 2,087,940
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Reading the Registers

Figures 1-1 and 1-2 (see Chapter 1) show the channel s grouped by banks.
Y ou can read the following relay matrix switch registers:

e Manufacturer ID Register (base + 0016)

* Device Type Register (base + 0216)

* Statug/Control Register (base + 0416)

* Bank 0 Relay Control Register (base + 2016)
* Bank 1 Relay Control Register (base + 2216)
* Bank 2 Relay Control Register (base + 2416)
* Bank 3 Relay Control Register (base + 2616)
* Bank 4 Relay Control Register (base + 2816)
* Bank 5 Relay Control Register (base + 2A16)
* Bank 6 Relay Control Register (base + 2Ci16)
* Bank 7 Relay Control Register (base + 2E16)
e Channels 0990 - 0996 Relay Control Register (base + 3016)

ID and Device Type D Register: Reading this register returns: FFFF16. This shows
Registers Hewlett-Packard as the manufacturer and that the moduleisan A16
register- based device.

Device Type Register: Reading thisregister returns 010016 if the deviceis
an HP E1468A/E1469A Relay Matrix Switch Module.

Status/Control The Status/Control Register informs the user about the module’s status and
Register configuration. Each relay requires about 12 msec execution time during
which time the matrices are "busy". Bit 7 of this register is used to inform
the user of a "busy" condition.

The interrupt generated after a channel has been closed can be disabled. Bit
6 of this register is used to inform the user of the interrupt status.

In addition, if a terminal module is connected to the switch module, the
present configuration of the terminal module’s status bit can be read. Bits
10, 11, 12, and 13 of this register are used to determine the configuration of
the terminal module.

As an example, if the relay matrix switch module is not busy (bit 7), the
interrupt is enabled (bit 6), then a read of the Status/Control Register (base
+ 0446) returnsDBBF.

Relay Control Reading these registers always retlREF1s.
Registers
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Writing to the Registers

Status/Control
Register

Note

Note

Relay Control
Registers

Y ou can write the following relay matrix switch registers:

Status/Control Register (base + 0416)

Bank 0 Relay Control Register (base + 2016)

Bank 1 Relay Control Register (base + 2216)

Bank 2 Relay Control Register (base + 2416)

Bank 3 Relay Control Register (base + 2616)

Bank 4 Relay Control Register (base + 2816)

Bank 5 Relay Control Register (base + 2A16)

Bank 6 Relay Control Register (base + 2C16)

Bank 7 Relay Control Register (base + 2E16)

Channels 0990 - 0996 Relay Control Register (base + 3016)

Writesto the Status/Control Register (base + 0416) enables you to
disable/enable the interrupt generated when channels are closed.

Writing a1 to bit O of the Status/Control Register (base + 0416) does not
change the state of the latching relays (individua channel relays). Writing a
1 to this bit has the same effect as removing power from the cardcage;
because the relays are latching relays, they do not change state.

It is necessary to write a0 to bit O after the reset has been performed before
any other commands can be programmed and executed. SCPI commands
take care of this automatically.

To disable the interrupt generated when channels are closed, write al to bit
6 of the Status/Control Register (base + 0416).

Typicaly, interrupts are only disabled to "peek-poke" amodule. Refer to
the operating manual of the command module before disabling the interrupt.

Writesto the Relay Control Registers (base + 2016 to 3016) enable you to
switch desired channels. Figures 1-1 and 1-2 (see Chapter 1) show the
schematics for the modules and the bank, row, and column information.

Any number of relays per bank can be closed at atime.
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Manufacturer ID Register

base + 0016 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Write Undefined

Read* Manufacturer ID

*Returns FFFF16 = Hewlett-Packard A16 only register based.

Device Type Register

base + 0216 | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Write Undefined

Read 010016

Status/Control Register

base + 0416 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Write* Undefined D Undefined R

Read** Undefined | S4 S3 S2 S1 | Undefined B D Undefined

*R = Latching relays stay in their current state.

*D = Disable interrupt by writing 1 in bit #6.

**B = Status "busy" is 0 in bit #7.

**D = Status "Interrupt disable" is 1 in bit #6.

** 34 -S1 = Status "Configuration Status bits' hardwired onto the terminal modules.
4 S3 S2 Sl

0 = EI1469A 4x16 Matrix

1

01 1
010 E1468A 8x8 Matrix

Bank 0 Relay Control Register

base + 2016 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Write* Undefined CH7 CH6 | CH5 | CH4 CH3 CH2 CH1 CHO

Read Always Returns FFFF16

*Writes a1l to close channdl.

Bank 1 Relay Control Register

base + 2216 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Write* Undefined CH7 CH6 | CH5 | CH4 CH3 CH2 CH1 CHO

Read Always Returns FFFF16

*Writes a1l to close channdl.
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Bank 2 Relay Control Register

base+2416 15 | 14 13 | 12 11 | 10 9 8 7 6 5 4 3 2 1 0
Write* Undefined CH7 CH6 | CH5 | CH4 CH3 CH2 CH1 CHO
Read Always Returns FFFF16

*Writes a1 to close channdl.
Bank 3 Relay Control Register

base +2616 15 | 14 13 | 12 11 | 10 9 8 7 6 5 4 3 2 1 0
Write* Undefined CH7 CH6 | CH5 | CH4 CH3 CH2 CH1 CHO
Read Always Returns FFFF16

*Writes a1 to close channdl.
Bank 4 Relay Control Register

base+2816 15 | 14 13 | 12 11 | 10 9 8 7 6 5 4 3 2 1 0
Write* Undefined CH7 CH6 | CH5 | CH4 CH3 CH2 CH1 CHO
Read Always Returns FFFF16

*Writes a1 to close channdl.
Bank 5 Relay Control Register

base+2A16 | 15 | 14 13 | 12 11 | 10 9 8 7 6 5 4 3 2 1 0
Write* Undefined CH7 CH6 | CH5 | CH4 CH3 CH2 CH1 CHO
Read Always Returns FFFF16

*Writesa 1 to close channdl.
Bank 6 Relay Control Register

base+2Cig 15 | 14 13 | 12 11 | 10 9 8 7 6 5 4 3 2 1 0
Write* Undefined CH7 CH6 | CH5 | CH4 CH3 CH2 CH1 CHO
Read Always Returns FFFF16

*Writesa 1 to close channdl.
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Bank 7 Relay Control Register

base + 2E16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Write* Undefined CH7 CH6 | CH5 | CH4 CH3 CH2 CH1 CHO

Read Always Returns FFFF16

*Writes a1l to close channdl.

Channels 0990 - 0996 Relay Control Register

base + 3016 = 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Write* Undefined CH6 CH5 | CH4 | CH3 CH2 CH1 | CHO

Read Always Returns FFFF16

*Writes a1l to close channdl.
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Appendix C
Relay Matrix Error Messages

The following table lists the error messages associated with the relay matrix
switch modules programmed with SCPI commands. See the HP E1406
Command Module User's Manur complete information on error

messages.
Number Title Potential Causes
=211 Trigger Ignored Trigger received when scan not enabled. Trigger received after scan
complete. Trigger too fast.
-213 INIT Ignored Attempting to execute an INIT command when a scan is already in progress.
—224 lllegal Parameter Value Attempting to execute a command with a parameter not applicable to the
command.
-350 Too Many Errors The queue holds a maximum of 30 error numbers/messages for each
switchbox. The queue has overflowed.
1500 External Trigger Source Assigning an external trigger source to a switchbox when the trigger source
Already Allocated has already been assigned to another switchbox.
2000 Invalid Card Number Addressing an module (card) in a switchbox that is not part of the switchbox.
2001 Invalid Channel Number Attempting to address a channel of a module in a switchbox that is not
supported by the module (for example, channel 99 of Matrix module).
2006 Command Not Supported Sending a command to a module (card) in a switchbox that is unsupported by
on this Card the module.
2008 Scan List Not Initialized Executing a Scan without the INIT command.
2009 Too Many Channels in Attempting to address more channels than available in the switchbox.
Channel List
2012 Invalid Channel Range Invalid channel(s) specified in SCAN <channel_list> command. Attempting
to begin scanning when no valid channel list is defined.
2600 Function Not Supported on | Sending a command to a module (card) in a switchbox that is not supported
this Card by the module or switchbox.
2601 Channel List Required Sending a command requiring a channel list without the channel list.
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*CLS, 67
*ESE, 67
*ESE?, 57, 67
*ESR?, 67
*IDN?, 67
*OPC, 67
*OPC?, 67
*RCL, 35, 67
*RST, 32, 67
*SAV, 35, 67
*SRE, 67
*SRE?, 67
*STB?, 57, 67
*TRG, 65, 67
*TST?, 67
*WAI, 67

A

A16 Address Space, 71
Abbreviated SCPI Commands, 40
ABORt Subsystem, 43
Address

logical address, 12

matrix channel, 13

registers, 71

secondary HP-1B, 12

setting logical address, 16

specific channels, 12 - 13
ARM Subsystem

ARM:COUNTt, 32, 44

ARM:COUNTL?, 45
Attaching Termina Module to Switch Module, 22

B

Bits
Enable Register bit, 60
Message Available bit, 57
Operationa Status bit, 57
Questionable Data hit, 57
Scan Complete bit, 57
Service Request bit, 57
Standard Event Summary bit, 57
Status bit, 73
Summary bit, 59

Boolean Command Parameters, 41

Index

C

Cables
50 ohm, 30
daisy-chain cables, 27 - 30
dual bananainstrument, 30
expansion cables, 27 - 30
SMB instrument, 30
Card Number, 12
CAUTIONS, 15
CDEScription?, (SY ST:CDES?), 61
Certification, 3
Changing
interrupt priority, 18
logical address switch setting, 16
status register switch setting, 17
Channel
address, 12 - 13
expansion connectors, 27
list, 13
numbers, 13
range, 13
Channels
closing a contiguous range of, 33
closing specific channels, 52
opening a contiguous range of, 33
opening specific channels, 54
querying closure, 34, 53, 55
recalling state of, 35
saving state of, 35
scanning, 55
sequencing through each, 34
switching, 33
CLOSg, ([ROUTe]CLOSg), 12, 33, 52
CLOSe?, ([ROUTe]CLOSE?), 34, 53
Closing
contiguous range of channels, 33
first channel in channdl list, 47
matrix module channels, 52
specific channels, 52
Command Module
ECL Trigger buslines, 48
Trig Out port, using, 49 - 50
Commands
ABORt subsystem, 43
ARM subsystem, 44 - 45
|EEE 488.2 common, 67
INITiate subsystem, 46 - 47
linking other commands, 41
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OUTPut subsystem, 48 - 51

[ROUTe] subsystem, 52 - 55

SCPI, 12

STATus subsystem, 57, 59 - 60

SY STem subsystem, 61 - 63

TRIGger subsystem, 64 - 66

types of, 39
Comment Sheet, reader, 7
Common (*) Commands

*CLS, 67

*ESE, 67

*ESE?, 57, 67

*ESR?, 67

*IDN?, 67

*OPC, 67

*OPC?, 67

*RCL, 35, 67

*RST, 32, 67

*SAV, 35, 67

*SRE, 67

*SRE?, 67

*STB?, 57, 67

*TRG, 65, 67

*TST?, 67

*WAI, 67

format, 39

linking with SCPI commands, 41

list of, 67
Condition Register, 59
CONDition?, (STAT:OPER:COND?), 59
Configuring

E1468A terminal module, 24

E1469A terminal module, 25
Conformity, declaration of, 5
Connectors

channel expansion connectors, 27

E1468A terminal module, 24

E1469A terminal module, 25

pin-out diagram, 23
Contact Resistance, relays, 70
Continuous Scanning, 46
CONTinuous, (INIT:CONT), 32, 46
CONTinuous?, (INIT:CONT?), 47
COUNt, (ARM:COUN), 32, 44
COUNTt?, (ARM:COUNLt?), 45
CPON, (SYST:CPON), 62
Creating Larger Matrices, 27
CTYPe?, (SYST:CTYP?), 62

D

Daisy-Chain Cable, 27 - 30
Declaration of Conformity, 5
Definition, instrument, 12
Description

command parameters (SCPl), 41

commands, types of, 39

Common (*) commands, 39

expansion cables, 27

HP-IB, 14

instrument, 12

interrupt priority, 18

logical address switch, 16

relay matrix module, 9

relay matrix registers, 71

SCPI command format, 39

SCPI commands, 42

status register switch, 17
Detecting Error Conditions, 36, 79 - 80
Device ID Register, 73
Device Type Register, 73, 75
Disabling Continuous Scanning Cycles, 46
Discrete Command Parameters, 41
Documentation History, 4
Dua BananaInstrument Cables, 30

E

ECL Trigger, enabling and setting, 48
ECLTrg
[:STATe], (OUTP.ECLT[:STATe]), 48
[:STATe]?, (OUTP:ECLT[:STAT€]?), 49
Electromechanical Relays, 70
Enable Register Bits, 60
ENABIe, (STAT:OPER:ENAB), 59
ENABIe?, (STAT:OPER:ENAB?), 59
Enabling Continuous Scanning Cycles, 46
Enabling Trig Out port, 50
ERRor?, (SYST:ERR?), 36, 63
Errors
detecting error conditions, 36
messages and numbers, 79 - 80
polling switchbox for, 36
Event Register, 59 - 60
[:EVENTt]?, (STAT:OPER[:EVEN{]?), 60
Example Program
closing channels, 33
getting started, 14
identify the module, 32
opening channels, 33
polling for error message, 36
reset the module, 32
savelrecall matrix switch state, 35
seguencing through each channel, 34
switching asignal to multimeter, 37
synchronizing with measurement instruments, 37
[:EXTerna]
[:STATe], (OUTP[:EXT][:STATg€]), 32
[:STATe], (OUTP[:EXT][:STATe]), 49
[:STATe]?, (OUTP[:EXT][:STAT€]?), 50
External Trigger Inputs, 65
Extraction Levers, 19, 22
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F

Fifty-ohm Coax Cables, 30
Format
Common (*) commands, 39
SCPI commands, 39

G

Generating an Interrupt, 18
Group Execute Trigger (GET), 65

H

HP-IB
description, 14
Group Execute Trigger (GET), 65
secondary address, 12

Identification of Module, 32
[:IMMediate], (INIT[:IMM]), 47
[:IMMediate], (TRIG[:IMM]), 64
Implied SCPI Commands, 40
Initial Operation, 14
INITiate Subsystem
INIT:CONT, 32, 46
INIT:CONT?, 47
INIT[:IMM], 47
Installing Switch Module in Mainframe, 19
Instrument Definition, 12
Interrupt
generating, 18
priority, changing, 18

16 x 16, 28

4x 48, 29

8x 24,27

attaching terminal module to, 22
card numbers, 12

channel address, 13

channel addresses, 13

channel numbers, 13

closing arange of channels, 33
connector pin-out, 23
daisy-chain cable, 27, 29
description of, 9

E1468A simplified schematic, 10
E1469A simplified schematic, 11
error messages, 79 - 80

error numbers, 79 - 80
expansion cable, 28
identification, 32

initial operation, 14

instaling in amainframe, 19
instrument definition, 12
opening arange of channels, 33
query commands, 37

recalling state of, 35

register definitions, 71

relays, 9

reset/default conditions, 32
saving state of, 35

scanning channels, 55

SCPI commands, 42, 68
specifications, 69 - 70
switching channels, 33

synchronizing with measurement instruments, 37

terminal module wiring, 20, 27
wiring together, 9
writing to registers, 74

priority, jumper, 18 Message Available Bit, 57

priority, selecting, 18 Multimeter
switching asignal to, 37
J Multiple-module
card number, 12

Jumper, interrupt priority, 18
Jumpers, termina module, 24 - 25

switchbox configuration, 12

N

L
Non-continuous Scanning, 46

Linking Commands, 41 Number of Relay Operations, 70

Logical Address Numeric Command Parameters, 41
lowest, 12
setting, 16 @)

Logical Address Switch, 16
OPEN, ([ROUTe]OPEN), 12, 33, 54
M OPEN?, ((ROUTe:]JOPEN?), 34, 55
Opening
contiguous range of channels, 33
specific channels, 54

Manufacturer ID Register, 75
Matrix Module
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OPERation
CONDition?, (STAT:OPER:COND), 59
ENABIe, (STAT:OPER:ENAB), 59
ENABI€e?, (STAT:OPER:ENAB?), 59
[:EVENL]?, (STAT:OPER[:EVENT{]?), 60

Operation Status Register, 57, 59 - 60

Operation, initial, 14

Operationa Status Bit, 57

Optional Command Parameters, 41

OUTPut Subsystem
OUTP.ECLT[:STAT], 48
OUTP.ECLTI[:STAT]?, 49
OUTP:TTLT[:STAT], 50
OUTP:TTLT[:STAT]?, 51
OUTP[:EXT][:STAT], 32, 49
OUTP[:EXT][:STAT]?, 50

P

Parameters

boolean, 41

discrete, 41

numeric, 41

optional, 41

types of (SCPI), 41
Pin-out, connector, 23
Power-on Conditions, 32
PRESet, (STAT:PRES?), 60
Programming using SCPI, 12

Q

Query
commands, 37
continuous scanning state, 47
ECLTrg busline state, 49
number of scanning cycles, 45
open/closed channels, 34, 53, 55
Trig Out port, state of, 50
trigger source, 66
TTLTrg busline state, 51
Questionable Data Bit, 57
Quick Reference SCPI Commands, 68

R

Reader Comment Sheet, 7
Reading Registers, 71, 73
Recalling State of Channels, 35
Registers

addressing, 71

base address, 71

Condition register, 59

definition of, 71

DeviceID register, 73

Device Typeregister, 73, 75

Event register, 59 - 60
Manufacturer 1D register, 75
Operation Status, 57, 59 - 60
reading registers, 71, 73
Relay Control register, 73 - 77
Standard Event, 57
Standard Event Status, 57
Status Byte, 57, 59
Status/Control register, 72 - 75
writing to registers, 71, 73 - 74
Relay Control Register, 73 - 74
bank 0, 75
bank 1, 75
bank 2, 76
bank 3, 76
bank 4, 76
bank 5, 76
bank 6, 76
bank 7, 77
channels 0990-0996, 77
Relays
addressing specific relays, 12
contact resistance, 70
end-of-life detection, 70
life expectancy, 69 - 70
number of operations, 70
relay matrix module, 9
replacement strategy, 70
stability of contact resistance, 70
switching frequency, 70
Replacement Strategy, relays, 70
Reset Conditions, 32
Resistance, relay contact, 70
Restarting a Scan, 43
[ROUTe] subsystem
[ROUTe]CLOSe, 12, 33, 52
[ROUTe]CLOSe?, 34, 53
[ROUTe]OPEN, 12, 33, 54
[ROUTe]OPEN?, 34, 55
[ROUTe]SCAN, 12, 55

S

Safety Warnings, 4
Saving State of Channels, 35
Scan
restarting, 43
stopping, 43
Scan Complete Bit, 57
Scan Cycles
enabling and disabling, 46
querying, 45
selecting and starting, 46 - 47
setting, 44
SCAN, ([ROUTe]SCAN), 12, 55
Scanning Channels
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defining channels to be scanned, 55
using bus triggering, 66
using external triggering, 66
SCPI Commands
abbreviated, 40
ABORY, 43
ARM:COUNt, 32, 44
ARM:COUNLt?, 45
boolean parameters, 41
discrete parameters, 41
format, 39
implied, 40
INITiate:CONTinuous, 32, 46
INITiate: CONTinuous?, 47
INITiate[:IMMediate], 47
linking, 41
numeric parameters, 41
optional parameters, 41
OUTPuUt:ECLTrg[:STATe], 48
OUTPuUt:ECLTrg[:STATE€]?, 49
OUTPUt:TTLTrg[:STAT¢], 50
OUTPUt: TTLTrg[:STATe]?, 51
OUTPUt[:EXTernd][:STATe], 32, 49
OUTPUt[:EXTernd][:STATe]?, 50
parameter types, 41
programming with, 12
quick reference, 68
reference, 42
[ROUTe]CLOSg, 12, 33, 52
[ROUTe]CLOSe?, 34, 53
[ROUTe]OPEN, 12, 33, 54
[ROUTe]OPEN?, 34, 55
[ROUTe]SCAN, 12, 55
separator, 40
specifying, 12
STATus:OPERation:CONDition?, 59
STATus.OPERation:ENABIe, 59
STATus:OPERation:ENABIe?, 59
STATus:OPERation[:EVENLt]?, 60
STATus:PRESet, 60
subsystem, example of, 39
SY STem:CDEScription?, 61
SY STem:CPON, 62
SYSTem:CTY Pe?, 62
SYSTem:ERRor?, 36, 63
TRIGger:SOURce, 32, 65
TRIGger:SOURce?, 66
TRIGger[:IMMediate], 64
variable command syntax, 41
Secondary HP-1B Address, 12
Selecting
interrupt priority, 18
trigger source, 65
Separator, SCPI commands, 40
Service Request Bit, 57
Setting

logical address switch, 16

number of scanning cycles, 44

status register switch, 17
Shock Hazard, 15
Single-module

card number, 12

switchbox configuration, 12

switchbox, scanning channels, 66
SMB Instrument Cables, 30
SOURce, (TRIG:SOUR), 32, 65
SOURCce?, (TRIG:SOUR?), 66
Specifications, Matrix Module, 69 - 70
Specifying

channel addresses, 12 - 13

channels to be scanned, 55

SCPI Commands, 12
Standard Event Register, 57
Standard Event Status Register, 57
Standard Event Summary Bit, 57
Starting

scan, 43

scanning cycles, 46 - 47

scanning process, 47
[:STATe]

(OUTP:ECLT[:STATe]), 48

(OUTP:TTLT[:STAT€]), 50

(OUTP[:EXT][:STATe]), 32, 49
[:STATe]?

(OUTP:ECLT[:STATe]?), 49

(OUTP.TTLT[:STATe]?), 51

(OUTH[:EXT][:STAT€]?), 50
States, recalling and saving, 35
Static Electricity, using caution with, 15
Status Bit, 73
Status Byte Register, 57, 59
Status Register Switch, 17
STATus Subsystem

STAT:OPER:COND?, 59

STAT:OPER:ENAB, 59

STAT:OPER:ENAB?, 59

STAT:OPER[:EVENH]?, 60

STAT:PRES, 60
Status/Control Register, 72 - 75
Stopping a Scan, 43
Subsystem, SCPI commands, 39
Subsystems (SCPI Commands)

ABORY, 43

ARM, 44 - 45

INITiate, 46 - 47

OUTPut, 48 - 51

[ROUTe], 52 - 55

STATus, 57, 59 - 60

SYSTem, 61 - 63

TRIGQger, 64 - 66
Summary Bit, 59
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Switch Driver, 57 Wiring

Switchbox multiple modules together, 9
card numbers, 12 terminal module, 20, 27
multiple-module, 12 Writing to registers, 71, 73-74

polling for errors, 36
saving state of channels, 35
single-module, 12
single-modul e scanning channels, 66
using Trig Out port, 49
Switches
logical address switch, 16
status register switch, 17
Switching Channels, 33
Switching Frequency, relay, 70
Synchronizing with measurement instruments, 37
SY STem Subsystem
SYST:CDES?, 61
SYST:CPON, 62
SYST:CTYP?, 62
SYST:ERR?, 36, 63

T

Termina Block
See Terminal Module
Termina Module
ataching to relay matrix switch module, 22
configuring E1468A, 24
configuring E1469A, 25
creating larger matrices with, 27
expansion connectors, 27
jumpers, 24 - 25
shield wiring, 27
wiring, 20, 27
Trigger
inputs, external, 65
source, 65
TRIGger Subsystem
TRIG:SOUR, 32, 65
TRIG:SOUR?, 66
TRIG[:IMM], 64
TTL Trigger, enabling and setting, 50
TTLTrg
[:STATe], (OUTP.TTLT[:STAT€q]), 50
[:STATe]?, (OUTP.TTLT[:STATEe]?), 51

V
Variable SCPI Command Syntax, 41

Voltage, maximum, 15
V Xlbus Interrupt Lines, 18

W

WARNINGS, 4, 15
Warranty, 3
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