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Certification

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from thid éadédty .
Packard further certifies that its calibration measurements are traceable to the United States National Institute of Stachdarcls-
nology (formerly National Bureau of Standards), to the extent allowed by that organization’s calibration facility, anclibriuwsoo
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 fefip-date of
ment. Duration and conditions of warranty for this product may be superseded when the product is integrated into (becofnes a pa
other HP products. During the warranty period, Hewlett-Packard Company will, at its option, either repair or replaceymioducts
prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by Hewlett-Packard (HsPjallBuger
pay shipping charges to HP and HP shall pay shipping charges to return the product to Buyer. However, Buyer shallgag all ship
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 instrentions wh
properly installed on that product. HP does not warrant that the operation of the product, or software, or firmwareind e
or error free.

Limitation Of Warranty
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer-sdpplied pr
ucts or interfacing, unauthorized modification or misuse, operation outside of the environmental specifications for thergroduct
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 wBueanisthe
circuitry or malfunctions of HP products that result from the Buyer’s circuitry. In addition, HP does not warrant any loainoage 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. HEWLETRARBOHP) 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 matddai- This

ment contains proprietary information which is protected by copyright. All rights are reserved. No part of this docutnemhoimy
copied, reproduced, or translated to another language without the prior written consent of Hewlett-Packard Company. HB 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 ascmommercial
puter 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(3@1227-19
1987) (or any equivalent agency regulation or contract clause), whichever is applicable. You have only those rightsisuetu&dfie

ware and Documentation by the applicable FAR or DFARS clause or the HP standard software agreement for the product involved.

[ﬁ] HEWLETT"
VB PACKARD
HP E1465A/66A/67A Relay Matrix Switch Modules User’s Manual

Edition 6
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. The first Edition of the manual is Hétiedadi-

tion number increments by 1 whenever the manual is revised. Updates, which are issued between Editions, contain reglesement pa
to correct or add additional information to the current Edition of the manual. Whenever a new Edition is created, itinvitllicohta

the Update information for the previous Edition. Each new Edition or Update also includes a revised copy of this docurigentation
tory page.

Edition L . ... July 1991
Edition 2 . ... . July 1993
Edition 3 . .. .. June 1995
Edition 4 . ... January 1996
Edition 5 . ..o May 1996
Edition 6 . ... .. e November 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. JE— Direct current (DC).

Indicates hazardous voltages.
Indicates the field wiring terminal that must
| be connected 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-
| Frame or chassis ground terminal—typi- CAUTION dition that could possibly cause damage to
/—)7 o ;:ally connects to the equipment's metal equipment or permanent loss of data.
rame.
WARNINGS

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

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

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

For continued protection against fire, replace the line fuse(s) only with fuse(s) of the same voltage and current rgéng and ty
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 mawigxitteeven
equipment switched off. To avoid dangerous electrical shock, DO NOT perform procedures involving cover or shield removal unless
you are qualified to do so.

DO NOT operate damaged 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-PackardeBates@fid S

fice for service and repair to ensure that safety features are maintained.

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

DO NOT substitute parts or modify equipment:Because of the danger of introducing additional hazards, do not install substitute
parts or perform any unauthorized modification to the product. Return the product to a Hewlett-Packard Sales and Seffeice Office
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: Hewlett-Packard Company
Loveland Manufacturing Center

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

declares, that the product:

Product Name: Relay Matrix Switch

Model Number(s): HP E1465A/E1466A/E1467A

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 3111

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

IEC 801-2:1991/EN50082-1 (1992): 4kVCD, 8kVAD
IEC 801-3:1984/EN50082-1 (1992): 3 V/m
IEC 801-4:1988/EN50082-1 (1992): 1kV Power Line

Supplementary Information: The product herewith complies with the requirements of the Low Voltage Diregtive
73/23/EEC and the EMC Directive 89/336/EEC (inclusive 93/68/EEC) and carries the "CE" marking accordingly.

Tested in a typical configuration in an HP C-size VXI mainframe.

,qu%éz,

May 20, 1995 Jlm White, QA Manager

European contact: Your local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Deparntment

HQ-TRE, Herrenberger Stral’e 130, D-71034 Boblingen, Germany (FAX +49-7031-14-3143).
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Chapter 1
Getting Started

Using This Chapter

Matrix Description

Note

This chapter includes a relay matrix description and addressing guidelines.
Chapter contents are as follows:

e Matrix Description. . .......... i Page 11
* Instrument Definition. . .. ........ ... ... Page 15
* Programmingthe Matrix . .............. . ... ... ..... Page 15
e Initial Operation. . ... ... ... . i Page 18

This manual supports the HP E1465A, E1466A, and E1467A Relay Matrix
Switch Modules. These switches are VXlbus C-size register-based modules
that can operate with an HP command module (e.g., HP E1406A). Four 4 x 16
submatrices are implemented on the main PC board with 256 latching relays.
Terminal modules convert the submatrices into the 4 x 64 (HP E1466A),

8 x 32 (HP E1467A), or the 16 x 16 (HP E1465A) matriCHse matrix

model number is determined by the terminal module connected to the

PC board.

If no terminal module is connected, the relay matrix switch module will
default to an E1466A. In order to program the E1465A and E1467A, make
certain the terminal module is connected.

The HP E1465A Relay Matrix Switch provides a 16 x 16 two-wire crosspoint
matrix. This 16 x 16 matrix is created by connecting the terminal module. The
terminal module connects the columns of the submatrices of A, B, C, and D.
Figure 1-1 shows a simplified diagram of the E1465A module.

The HP E1466A Relay Matrix Switch provides a 4 x 64 two-wire crosspoint
matrix. This 4 x 64 matrix is created by connecting the terminal module.
The terminal module connects the rows of submatrices A, B, C, and D.
Figure 1-2 shows a simplified diagram of the E1466A module.

The HP E1467A Relay Matrix Switch provides an 8 x 32 two-wire
crosspoint matrix. This 8 x 32 matrix is created by connecting the terminal
module. The terminal module connects the rows of submatrices A and C,
and rows of submatrices B and D. The columns of submatrices A and B,
and columns of submatrices C and D are also connected. Figure 1-3 shows
a simplified diagram of the E1467A module.
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Figure 1-3. The HP E1467A 8 x 32 Matrix Module
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Instrument Definition

HP plug-in modules installed in an HP mainframe or used with an HP

command module are treated as independent instruments, each having a unique
secondary HP-IB address. Each instrument is also assigned a dedicated error
gueue, input and output buffers, status registers, and if applicable, dedicated
mainframe/command module memory space for readings or data. An
instrument may be composed of a single plug-in module (such as a counter) or
multiple plug-in modules (for a switchbox or scanning voltmeter instrument).

Programming the Matrix

Specifying SCPI

Commands

There are several waysu can program the matrix modules. One way is to
write directly to the registers. This method can provide better throughput
speed, however, it requires more knowledge of the matrix design. See
Appendix B, “Matrix Registers” for information on register programming.

Another way to program the matrix module is to use an HP command module
and SCPI (Standard Commands for Programmable Instruments) commands.
With SCPI commands the HP command module parses the commands and writes
to the appropriate relay module register. The examples in this manual use the
SCPI programming language. See Appendix B, “Matrix Registers” for

examples on writing directly to the registers.

Different controllers and different programming languages can be used. The
examples in this manual, however, are based on the following configurations:

* HP 9000 Series 200/300 computer running HP BASIC

* HP Vectra computer (or compatible) with an HP 82335A HP-IB
Interface card (with command library) running Borland® Turbo C

* HP E1499A V/382 computer running HP BASIC/HP-UX, C (This
configuration is used in Appendix B for register-based programming).

See theC-Size VXlIbus Systems Configuration Gdicdenformation on
additional configurations.

To address specific channels (relays) within a relay matrix, you must
specify the SCPI command and matrix channel list. The following are the
most commonly used SCPI commands:

Table 1-1. SCPI Commands

SCPI Commands Command Description

CLOSe <channel_list

Closes the relays specified

OPEN <channel_list

Opens the relays specified

SCAN <channel_list

Closes the relays specified, one at a time

Chapter 1
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The Channel List The channel list is a combination of the card number and the channel
numbers. The channel list takes the forn@skrrcc where

ss = matrix card number (00-99)
rr = row number of the matrix
cc = column number of the matrix

The Card Number  The card numbers$ of the channel list) identifies the switch module within
a switchbox. The card number assigned depends on the switch
configuration used. Leading zeroes can be ignored for the card number.

* Single-Module Switchbox. In a singteedule switchbox
configuration, the card number is always 01.

* Multiple-Module Switchbox.In a multiple-module switchbox
configuration, multiplexer modules are set to successive logical
addresses. The multiplexer module with the lowest logical address
is always card number 01. The card number with the next successive
logical address is 02, and so on. Figure 1-4 illustrates the card numbers
and logical addresses of a typical multiple-module switchbox
configuration. In Chapter 2, an example of addressing a switchbox
configuration is shown in the "Using Multiple Mainframes" section.

Multiple—Module Switchbox Card Numbers

F L g [ Card Number 01
e off i 5 0 & e Multiplexer Module
- N O O] O] |O] .
99 LL Logical Address = 120
Command * Secondary Address = 15
Modul - RS R
odule L N
G Card Number 02
[ I A I IR 0l ¢ %G9/ Multipl Modul
) © ¢ © O i MM Lo ‘\i@\lp;dxderressofu ?%
N im \MM S -
TN <00 O 00
— M O AN
(@)
0 Card Number 03
} o } } } H L H £ GS9 || Multiplexer Module
_ _ Q Logical Address = 122
= M ) (I e
7_@ T T ] 1Y% ~— ﬁ’ C()
o (J 2R o

Note: Physical placement of the Module in the Logical Address
order is not required, but is recommended.

Figure 1-4. Card Numbers in a Multiple-Module Switchbox
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The Channel Addresses The channel address is tihec of the channel list. This address determines
which relay will be addressed. Use a coméo(form a channel list or
use a colon:§ to form a channel range. You can address the following:

* single channels@ssrrcc);
* multiple channels@ssrrcc,ssrrcc,...);
* sequential channelgssrrcc:ssrrcc);
* groups of sequential channe@gsrrcc:ssrrcc,Ssrrcc:ssrrec);
* or any combination of the above.
Table 1-2. Matrix Channel Numbers
Matrix Module Rows (rr) Columns (cc)
HP E1465A 16 x 16 Relay Matrix 00 - 15 00-15
HP E1466A 4 x 64 Relay Matrix 00 -03 00 - 63
HP E1467A 8 x 32 Relay Matrix 00 - 07 00-31

Only valid channels can be accessed in a chaisherIchannel range.

Also, the channel range must be from a lower channel number to a higher
channel number. For example,0OS (@10000:20303) is acceptable, but
CLOS (@20303:10000) generates an error.

Chapter 1 Getting Started 17



Initial Operation

HP BASIC

TURBO C

Two example programs follow which use Hewlett-Packard BASIC and
TURBO C languages to get you started using the relay matrix switch
module. The first example assumes an HP 9000 Series 200/300 controller
and a Hewlett-Packard Interface Bus (H P-er]'.he second example
assumes an HP Vectra PC (or compatible) with an HP 82335A HP-1B
Interface card (with command library) running Borland® Turbo C.

The program closes row 03, column 12 of an HP E1465A 16 x 16 Relay
Matrix at logical address 120 (secondary address = 120/8 = 15) and queries
the result. The result is returned to the controller and displayed

(1 =relay closed, 0 = relay open). See Chapter 5 for information on the
SCPI commands.

10 OUTPUT 70915; "*RST" | Resets the module. )

20 OUTPUT 70915; "CLOS (@10312)" ! Closes row 03, column 12 o
module number 1.

30 OUTPUT 70915; "CLOS? (@10312)" ! Query channel 10312.

=

40 ENTER 70915; Value I Enter result into variable
Value.

50 PRINT Value I Print results (should print "1
to indicate that the channel is
closed).

60 END I Terminate program.

- J/
(‘#include <stdio.h> )

#include <chpib.h> *Include file for HP-1B*/

#definelSC 7L

#defineMATRIX 70915L [*Matrix default address*/
#defineTASK1 "*RST" /[*Command for a reset*/
#defineTASK2 "CLOS (@10312)" /*Command to close row 3, column 12*/
#defineTASK3 "CLOS? (@10312)" *Command to query row 3, column 1P*/

- J

Continued on next page.

1 (HP-IB is Hewlett-Packard’s implementation of IEEE Std 488.1-1987)
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{

}
{

(main()

char into[257];
int length = 256;

/*Output commands to matrix*/
error_handle(lOTIMEOUT (7L,5.0), "TIMEOUT")}

error_handle(lOOUTPUTS (MATRIX, TASKL, 4), "OUTPUT command");
error_handle(lOOUTPUTS (MATRIX, TASK2, 15), "OUTPUT command});
error_handle(lOOUTPUTS (MATRIX, TASK3, 15), "OUTPUT command]

[*Enter from matrix*/
error_handler (IOENTERS (MATRIX, into, &length), "ENTER command")
printf("Now let’s see if the switch is closed: %s",into);

return;

int error_handler (int errochar *routine)

char ch;
if (error I= NOERR)
{
printf ("\n Error %d %s \n", error, errgarror));
printf (" in call to HP-1B function %s \n\n", routine);
printf ("Press 'Enter’ to exit: ");
scanf ("%c", &ch);
exit(0);
}

return O;

Chapter 1
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Chapter 2

Configuring the Matrix Modules

Using This Chapter

This chapter shows how to connect external wiring to the matrix modules
and how to connect multiple modules together to form larger matrices. This
chapter contains the following sections:

WARNINGS and CAUTIONS .. .......... ...t Page 21
Setting the Module Address Switch .. ................. Page 22
Selecting the InterruptLine. . ......... ... ... .. ..... Page 23
Installing the Switch Module in a Mainframe. .. ......... Page 24
Wiring the Standard Terminal Module .. ............... Page 25
Attaching the Standard Terminal Module to the

Relay Matrix Switch Module. .. ..................... Page 27
ConnectorPin-Out. . ........ ... .. . ... Page 28
The HP E1465A Terminal Module . . . ................. Page 29
The HP E1466A TerminalModule . .. ................. Page 30
The HP E1467A Standard Terminal Module . ........... Page 31
Creating Larger Matrices with the

HP E1465A/E1466A/E1467AModules .. ............. Page 32
HP E1467A Option 211 Expansion Terminal Module. . . . . . .. Page 36
Attaching the Option 211 Expansion Terminal Module. . . . . . .. Page 38
Using MultipleMainframes. .. ............ ... ....... Page 41

WARNINGS and CAUTIONS

WARNING

CAUTION

SHOCK HAZARD. Only service-trained personnel who are aware
of the hazards involved should install, remove, or configure the
matrix modules. Remove all power sources from the mainframe
and installed modules before installing or removing a module.

MAXIMUM INPUTS. The maximum voltage that can be applied
to any terminal is 200 Vdc/170 Vrms . The maximum current
that can be applied to any row or column is 1 A dc or ac peak.
The maximum power that can be applied to any terminal is 30 W
or 62.5 VA (resistive).

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

Chapter 2
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Setting the Module Address Switch

The logical address switch (LADDR) factory setting is 120. Valid address
values are from 1 to 255. The matrix module can be configured as a single
instrument or as a switchbox. If the matrix module is used with an

HP E1406A Command Module in a C-size mainframe, refer to the

C-Size VXlbus Systems Configuration Gdiadeaddressing information.

Refer to Figure 2-1 for switch pitisn information.

Note The address switch selected value must be a multiple of 8 if the module is
the first module in a "switchbox" used with a VXlbus command module,
and being instructed by SCPI commands.

Logical Address
Switch Location

| | i

e

B+16+32+64=120

N
S
B

PN
Lt

o

CLOSED = Switch Set To 1 (ON)
OPEN = Switch Set To 0 (OFF)

o
e
Lol
AR
@)

CLOSED

]
i

Figure 2-1. Selecting the Module Address
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Selecting the Interrupt Line

The matrix module generates an interrupt after a channel has been closed.
These interrupts are sent to, and acknowledgements are received from, the
command module (e.g., HP E1406A) via the VXIbus backplane interrupt
lines. For applications where the matrix module is installed in an

HP 75000 Series C mainframe and is a servant of the command module, the
interrupt line jumper does not have to be moved. Refer to Figure 2-2 to
change the interrupt line.

You can select seven different interrupt line levels. Line X disables the
interrupt and should not be used. The module’s factory setting is line 1. To
change, remove the four-pin jumper (HP part number 1258-0247) from the
old line location and reinstall in the new line location. If you are setting the
interrupt line to something other than 1, seeHReE1406 Command

Module User's Manualfor additional information. If the four-pin jumper is
not used, the two jumper locations must have the same interrupt line
selected.

Note When the HP E1405/06 Command Module is the resource manager, the
interrupt line jumpemustbe installed in position 1. However, if you are
using an HP E1499A (HP V/382) with the HP E1405/06 Command Module,
interrupt line 2 should be selected. Level X interrupt line should not be
used under normal operating conditions. Se€t¥ize VXIbus Systems
Configuration Guiddor additional information.

[] ]
0

Using 2—Pin Using 4—Pin
Jumper Jumper Logical Address
RQ IRQ Switch Location
p[ L
B R R R 7 BN R B 7 -] =
BB E| O HEEE 6 7:LADDR ED
seER| 5 BmeR| 5 E =
B R R 4 B R R ® 4 GED
BRER| % BEER| 3 1{\ [
mewe| D N Interrupt
1 1 Priority
mewa| X Beaewe| X Location

Figure 2-2. Selecting the Interrupt Line
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Installing the Relay Matrix Switch Module in a Mainframe

The HP E1465/66/67A may be installed in any &ateptslot 0) in a
C-size VXlbus mainframe. Refer to Figure 2-3 to install the module in a

mainframe.

@ Set the extraction levers out.

e Seat the module into the

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

mainframe by pushing in the
extraction levers.

-

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

NOTE: The extraction @
levers 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 be
used to guide or remove the
switch module. 3

G

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

&

Figure 2-3. Installing the Switch Module in a VXIbus Mainframe
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Wiring the Standard Terminal Module

User wiring to the matrix modules are to the High (H) and Low (L) terminal
connections. Figures 2-4 and 2-5 show the rudiments of the terminal
module assembly. Expansion connectors allow for creating larger matrices
(see later in this chapter). For information on the E1467A Option 211
Matrix Expansion Terminal Module, see the section dedicated to that
product later in this chapter.

Maximum terminal wire size is No. 16 AWG. Wire ends should be stripped
6 mm (0.25 in.) and tinned. When wiring all channels, use a smaller gauge
wire (No. 20 - 22 AWG).

@ Remove clear cover. @ Remove and retain wiring exit panel.

@ A. Release screws.

B. Press tab forward
and release.

@ Make connections. .
" Use wire \\\
7 size 16—26

AWG \
/ \
| ‘\ Ti
| ! ghten wraps to
Screw Type ‘\ / secure wires.

\— — 5mm /

P 0.2" /

[] N S

/ — -

o7 VW1 Flammability

¥/ Rating

Insert wire into terminal.
Tighten screw.

Figure 2-4. Wiring the Standard Terminal Module
Continued on next page.
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@ Replace wiring exit panel.

Keep wiring exit panel
\ hole as small as

/

: \
/ Cut required \
/ holes in panels. \
for wire exit

DR ENENY

\ /
\ /
N Vs
AN ye
\\\ e

-

possible.

/ \
/ \
| \
| |
\ j
\ /

\ /

Replace clear cover.

A. Hook in the top cover tabs

onto the fixture.
@ B. Press down and
tighten screws.

Figure 2-5. Wiring the Standard Terminal Module

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

Figure 2-6 shows how to install the standard terminal modules in the relay
matrix switch module. For information on installing the HP E1467A
Option 211 Matrix Expansion Terminal Module, see the section akedic

to that product later in this chapter.

@ Extend the extraction levers on the terminal e Apply gentle pressure to attach the terminal
module. module to the Relay Matrix Switch Module.

Align the terminal module connectors to the Relay e Push in the extraction levers to lock the terminal
Matrix Switch Module, using the two module into place on the Relay Matrix Switch
hood supports as guides. Module.

Extraction Lever
Hood —{|
Support

Use small screwdriver
to release the two
extraction levers

Extraction

Levers
/"
?

o = QN aEwy BHBHD

X%/
YA/ @ 9
NN E
\B\%\\ =
@ B

A

{//Q /.
NN
RS

(&Y

=
/ <
%
Z
N Support
To remove the terminal module from the Relay Matrix
Switch Module, use a small screwdriver to release the
two extraction levers and push both levers out
Extraction Lever simultaneously to free it from the Relay Matrix Switch

Module.

Figure 2-6. Attaching the Standard Terminal Module
to the Relay Matrix Switch Module
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Connector Pin-Out

Figure 2-7 shows the front panel of the HP E1465/66/67A and the connector
pin-out that mates to the terminal module.

Bank
Raw,/Column
|7 {L:Low
[~ L H=High
P:;g*@GND 2‘2*® GND Z‘ga® GND
X GND 5 GND 5 GND
= = =
= = =
®A  ROW OH KA ROW H KA ROW 2H
KA ROW oL KA ROW 1L KA ROW 2L
®A  ROW 3H XB  ROW OH XB  ROW H
KA ROW 3L XB  ROW oL XB  ROW 1L
KB ROW 2H KB  ROW 3H X NC
®B  ROW 2L XB  ROW 3L 5 NC
® NC KA COL  OOH KA COL  OlH
X NC KA COL 0oL KA COL Ol
®A  COL  O2H KA COL O3 KA COL  O4H
KA CcOL 02 KA COL O3 KA COL 04l
256 GROSSPOINT ®A  COL  OSH KA COL  O6H KA COL  O7H
_ KA COL  05L KA COL  O6L KA CcOL oL
[ 5 ~ XA coL 08H XA coL 09H XA coL 10H
KA COL  O8L KA COL 09l KA COL  10L
KA COL  11H KA COL  12H KA COL  13H
®A  cOL 1L KA CcOL 12l KA CcOL 13
KA COL  14H KA COL  15H ®B  COL  OOH
KA COL 14l KA CcOL 150 ®B  COL 0oL
®B  COL  OIH ®B  COL 02 ®B  COL  O3H
— ®B  cOL  OiL ®B  CcOL 02l ®B  COL O3
®EB  COL  O4H ®B  CcOL  O5H ®B  COL  O6H
KB COL 04 ®B  COL 05l ®B  COL  O6L
®B  CcOL  O7H ®B  COL  O8H ®B  COL  O9H
®E  COL  O7L ®B  COL  O8L ®B  COL 09l
®B  COL  10H ®B  COL  11H ®B  COL  12H
®B  coL 10 ®B  coL 1L ®B  CcoL 12l
. ®B  coL 13H  ®B oL 14H . ®B  coL  15H
L P‘”ﬁ X B coL 130 @}»& B coL 141 %‘g*® B coL 150
A-mc coL  ooH Al-mc coL oM fl-mc  coL oM
~ ®C  coL 0oL ®C coL ol ®C o coL 02
®C CcOL  O3H ®C  COL  O4H ®C  CcOL  O5H
®C  COL 03 ®C  COL 04l ®C  COL 05l
®C  COL  OBH ®C  coL  O7H ®C  coL  O8H
®C  cOL  06L ®C coL oL ®C  CcOL  08L
®C  COL  O%H ®C  COL  10H ®C  COL  11H
®C  CcOL 09l ®C  coL 10l ®C  coL 1L
> ®C  COL  12H ®C  CcOL  13H ®C  COL  14H
®mC coL 12 ®C  coL 13 ®C  CcOL 14l
®C  CcOL  15H ®D  COL  OOH ®D CcOL  OlH
®C  coL 15l ®D  COL 0oL ®D CcOL Ol
®D  COL  O2H ®D  COL  O3H ®D  COL  O4H
®D  coL 02l ®D CcOL 03l ®D  COL 04l
®D  COL  O5H ®D  COL  O6H ®D COL  O7H
I ®D  cOL  05L ®D  COL  O6L ®D CcOL oL
T XD coL 08H X D coL 09H X D coL 10H
F1466-66202
T R ®D  COL  O8L ®D  CcOL 09l ®D  CcOL  10L
= ®D  COL  11H ®D  COL  12H ®D  COL  13H
o bus N X D coL 1L X D coL 120 X D coL 131
I | ®D  COL  14H ®D CcOL  15H 5 NC
- B— KD COL 14l =D  COL 150 5 NC
® NC ®C  ROW OH ®C  ROW H
® NC ®C  ROW oL ®C  ROW 1L
®C  ROW 2H ®C  ROW 3H XD ROW OH
®C  ROW 2L ®C  ROW 3L KD  ROW oL
XD ROW TH XD ROW 2H XD ROW 3H
XD  ROW i =D ROW 2L XD ROW 3L
® = I
= = =
X GND 5 CF(13) 5 GND
P‘V”ﬁgcmo) 2‘9*® CF(11) Fgg*® CF(12)
o

Figure 2-7. Relay Matrix Switch Module Pin-Out

28 Configuring the Matrix Modules Chapter 2



The HP E1465A Terminal Module

Figure 2-8 shows the HP E1465A terminal module connectors and

associated row/column designators. Refer to “@rgaiarger Matrices

with the HP E1465/66/67A Modules” later in this chapter for information

on using the expansion connector.

Column
(00-07)

sy Chain
g00707)

Dai
Row

Column
(00-07)

Coumn
(08-15)

Daisy Chain
Daisy Chain

00— = 01— —02—"—03— —04— —05—"—06—"—07—
[AVAV/eN[ eV eV[eV[eN]

HILTHTLOHTLTHT L
| ] ] ) |

fomkfowhfakf:LfSLfaLf:LfGL

[NV V[ N[NV
HTLTHTLOHTLTHT L
| ) ) |

0B 09— 10— = — 1= 15 = 15—

Column

HILOHTLOHOLTHT L
|\ S o B

SD0 0T D305 2 04— 05— 06— 07—~

HILOHTLOHOLTHT L
| ] ] |

A

(08—15)

Daisy Chain
Row (08—15)

Figure 2-8. The HP E1465A Terminal Module
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The HP E1466A Terminal Module

Figure 2-9 shows the HP E1466A terminal module connectors and

associated row/column designators. Refer to “@rgaiarger Matrices

with the HP E1465/66/67A Modules” later in this chapter for information

on using the expansion connector.

Columns
00-31)

(

Columns
(32-63)

Daisy Chain Rows —_|
for Expansion

Figure 2-9. The HP E1466A Terminal Module
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The HP E1467A Standard Terminal Module

Figure 2-10 shows the HP E1467A standard terminal module connectors
and associated row/column designators. Refer to “fQgelbarger Matrices

with the HP E1465/66/67A Modules” later in this chapter for information

on using the expansion connector.

For information on the HP E1467A Option 211 Matrix Expansion Terminal
Module, efer to the section dedicated to thatduret later in this chapter.
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Figure 2-10. The HP E1467A Standard Terminal Module
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Creating Larger Matrices with HP E1465/66/67A Modules

You can create larger matrices with the matrix modules by using the

HP E1466-80002 Daisy Chain Expansion cable. With larger matrices more
crosspoints become available. A full C-size cardcage can have up to 3,072
two-wire crosspoints. You can make a larger matrix by connecting the rows or
columns of one terminal module to the corresponding rows or columns of the
next terminal module. Only the HP E1465A has a column expansion.

Module  When using multiple modules, the modules should be configured as a

Configuration switchbox. That is, the first switch card (module) has a logical address that
is a multiple of 8, anducceeding switch cards have sequential logical
addresses. For example, if you use the matrix default address of 120 for the
first card, the remaining cards in the switchbox would have logical
addresses of 121, 122, 123, and so on. Se&-Biee VXlbus Systems
Configuration Guiddor additional information on switchbox
configurations.

Module Address  When using multiple modules configured as a switchbox, you must address
the modules as a switchbox. For example, if you want to close row 00,
column 05 on the second card, you would use the following SCPI command:

CLOSe (@20005)

Creatinga 32 X 32  Figure 2-11 shows how to connect four HP E1465A 16 x 16 modules to create a
Matrix  32-row by 32-column matrix. This configuration requires 16 HP E1466-80002
Daisy Chain Expansion cables The daisy chain rows of modules 1 and 3 are
connected to the rows of cards 2 and 4 (this increases the number of columns).
The daisy chain columns of cards 1 and 3 are connected together, and the daisy
chain columns of cards 2 and 4 are connected together. The following table
summarizes which cards support which rows and columns:

Rows/Columns Cards (Modules)
Rows 00 - 15 Cards 1 and 2
Rows 16 - 31 Cards 3 and 4
Columns 00 - 15 Cards1and 3
Columns 16 - 31 Cards 2 and 4

To connect row 16 to column 15 use the following SCPI command:
CLOSe (@30015)

See Figure 2-11. This command will close the relay on card 3, row 00,
column 15.
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Creating a 4 X 256 Matrix

Figure 2-12 shows how to connect four HP E1466A 4 x 64 modules to
create a 4-row by 256-column matrix. This configuration requires three

HP E1466-80002 Daisy Chain Expansion cables. The daisy chain rows of
the first module are connected to the rows of the next module. The daisy
chain rows of the second module are then connected to the rows of the next
module, and so on. You can continue this pattern to create even larger

matrices.

To connect row 03 to column 255, you would use the following SCPI
command:

CLOSe (@40363)

See Figure 2-12. This command will close the relay on card 4, row 3,
column 63.

HP E1400A TERMINAL MODULES
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Figure 2-12. Creating a 4 X 256 Matrix
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Creatingan 8 X 96  Figure 2-13 shows how to connect three HP E1467A 8 x 32 modules to
Matrix  create an 8-row by 96-column matrix. This configuration requires four
HP E1466-80002 Daisy Chain Expansion cables. The daisy chain rows of
the first module are connected to the rows of the next module. The daisy chain
rows of the second module are then connected to the rows of the next module,
and so on. You can continue this pattern to create even larger matrices.

To connect row 4 to column 32, execute the following SCPI command:
CLOSe (@20400)

See Figure 2-13. This command closes the relay on card 2, row 4, column 00.
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Figure 2-13. Creating an 8 X 96 Matrix
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HP E1467A Option 211 Matrix Expansion Terminal Module

When chaining more than two HP E1467A 8x32 matrix modules, you may
wish to use the HP E1467A Option 211 Matrix Expansion Terminal Module
in place of the standard HP E1467A terminal module. Option 211 provides
an 8x32 matrix configuration that can be expanded easily via the quick-access
front panel cable connectors with quick connection and disconnection of
expansion cables, and optimizes cable count and organization.

This module is used with the HP Z2220A series coax cables which are
available in a variety of lengths and connections, depending on your need.
Compared to the daisy-chain cable which requires each wire to be screwed
into the screw terminal, the HP E1467A Option 211 terminal module and
HP Z2220A series coax cables provide quicker access and easier cable
connections. (HP will custom-quote cables to match your specific
application. Contact your HP Sales Representative for assistance.)

Note The Option 211 matrix expansion terminal module is specially designed for
use with the HP E1467A and cannot be used with either the HP E1465A or
HP E1466A matrix module. Option 211 replaces Option 201, which is
compatible with the earlier model of the HP E1467A.

8-Channel Row  The HP E1467A Option 211 Matrix Expansion Terminal Module has one
Connectors 20-pin connector which contains a high and low connection per row plus a
connector shield pin. pAarallel row connector is provided for easy
chaining of multiple modules. Shield pins are common to all column
connectors.

16-Channel Column  Two 34-pin connectors are provided which contain a high and low
Connectors connection per column plus a column connector shield piparallel
column connector is provided for easy chaining of multiple modules.
Shield pins are common to all column connectors.

Note The connector shield pins allow you to interconnect column and row shields
when shielded twisted-pair cables are used. A 3-screw terminal block
resides inside the terminal module, allowing connection of the column or
row cable shields to each other or to chassis ground.
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Option 211  Figure 2-14 shows the front panel of the HP E1467A Option 211 Matrix
Expansion Expansion Terminal Module.
Terminal Module
Front Panel

R

Q]
8X32 MATRIX

Connector Shield Pins

| —These 4 pins are not used.

~— Connector Shield Pins

¢Z

%j@; Connector Shield Pins

Column 16-31
HP E1467A

il -

Figure 2-14. Option 211 Terminal Module Front Panel
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Attaching the E1467A Option 211 Matrix Expansion
Terminal Module

The following text and Figure 2-15 provide installation instructions for the
Option 211 terminal module.

You must first install the HP E1467A Relay Matrix Switch Module in the
mainframe, ensuring that the extraction levers are locked in place (see
Figure 2-3 earlier in this chapter).

1. Using a flat-blade screwdriver, turn the expamserminal module’s
two pawl latch screws counterclockwise until the pawl is at the end
of its travel. This will rotate the pawl latches out of the way of the
switch module’s hood supports when joining the two modules together.

2. Align the terminal module connectors with the relay matrix switch
module connectors. Engage the connectors of the two modules,
using the hood supports as guides. Firmly push the expansion
terminal module toward the switch module until the extoadevers
on the switch module fit into the "pockets” on the side of the terminal
module.

3. Turn each pawl latch screw clockwise, ensuring that the pawl rotates
into position (90) in the rectangular hole in the hood support. Once the
pawl is properly positioned, turn the screw ustillg but not tight If
the pawl does not easily rotate into the hole on the first try, make sure
the two modules are engaged snugly. If this still does not allow enough
clearance for the pawl to rotate into the hole, loosen the pawl latch
screws (counterclockwise) until the pawl clears the hbleen re-snug
the screws.

To remove the expansion terminal module, loosen the pawldatelws,
rotating the pawls 90so that they move out of the rectangular hole. Then
firmly pull on the expansion terminal module until the connectors are no
longer engaged.
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4 Attaching Option 211
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Figure 2-15. Attaching the Option 211 Terminal Module
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Attaching Cables 1. Push the expansion terminal module’s ejection latches away from the
center of the connector you are going to plug the cable into.

2. Inspect your cable to find the "key" in the middle of one side of the
connector. (The key is a bump/raised area.) Hold the cable with the
keyon the left sidgo align with the corresponding notch in the
expansion terminal module connector.

3. Firmly insert the cable into the expansion module connector, pushing
until the ejedbn latches snamward and grip the ends of the cable
connector.

To remove the cable, pull both ejection latches away from the cable,
disengaging the connectors.

Attaching Cables
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Figure 2-16. Attaching Cables to the Expansion Terminal Module
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Using Multiple Mainframes

There are two ways to connect multiple mainframes together. One way is to

connect the mainframes by way of HP-IB and assign each mainframe a different
address. See Figure 2-17. The switch modules in each mainframe are then
configured as switchboxes. The switchbox card numbers are 1, 2, 3, etc. in each
mainframe (each mainframe has a different address). To address the second module
in the second mainframe, use the following SCPI command:

OUTPUT 70815; "CLOSe (@20001)"

In the above command, the computer select code is 7, the command module
primary address is 08, and and the matrix module’s secondary address is 15. The
addresg@20001) selects card 2, row 00, column 01.

Command Modu‘e HP E1466A (Logical Address = 121)

HP E1406A HP E1466A (Logical Address = 120. Secondary Address = 15)
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Figure 2-17. Larger Matrices with Multiple Mainframes
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Another way to connect multiple mainframes is to use the HP E1482B VXlbus
Extender card. This card allows you to connect multiple mainframes via the
MXIbus to look like a single mainframe. In Figure 2-18, the switch modules are
again configured as a switchbox. However, the switchbox extends across multiple
mainframes. The switchbox card numbers are 1, 2, 3, 4, 5, etc. extenuisg) ac

all the mainframes (the mainframes act as a single mainframe). To address the
second card in the second mainframe, use the following SCPI command:

OUTPUT 70915; "CLOSe (@40001)"

In the above command, the computer select code is 7, the command module
primary address is 09, and the matrix module’s secondary address is 15. The
addresg@40001) selects card 4, row 00, column 01. (SeevKé&MXI Bus
Extender User’'s Manudbr specific information on the HP E1482B VXIbus
Expansion Module’s configuration.)

HP E£1406A HP E£1482B VXlbus Extender
Command Modue\ [ HP E1466A (Logical Address = 120. Secandary Address = 15)
| = [

HP E1466A (Logical Address = 121)
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o
|
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xrender HP E1466A (Logical Address = 124)
|

Extend i
xtenaer HP E1466A (Logical Address = 127)

HP E1482B HP E1466A (Logical Address = 125)
VXbUS\ [[HP E1466A (Logical Address = 126)

|

Figure 2-18. Creating Larger Matrices Using the MXIlbus
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Chapter 3
Using the Matrix

Using This Chapter

This chapter uses typical examples to show how to use the matrix modules.
See Chapter 4, “Relay Matrix Command Refererfoe’tommand
information. Chapter contents are as follows:

e MatrixCommands . . ...t Page 43
* Power-Onand ResetConditions . .. ................... Page 44
* Module Identification. . .. ........... ... .. ........... Page 44
e SwitchingChannels . .. .......... ... .. ... . ... . .... Page 46
e ScanningChannels. . ........ ... ... .. . . . . . ... Page 47
* Querying the MatrixModule . . .. ..................... Page 51
* Using the Scan Complete Bit. . ....................... Page 52
* Recallingand Saving States. .. ....................... Page 53
* Detecing Error Conditions . .. ............. .. ... . .... Page 54
* Synchronizing the Matrix Module. . .. ................. Page 56
* Understanding the Relay Matrix . ..................... Page 57

All examples in this chapter use an HP-IB select code of 7, primary address
of 09, and secondary address of 15 (LADDR = 120) for the matrix module.

Matrix Commands

Table 3-1 explains some of the commands used in this chapter. Refer to
Chapter 4 for additional information on these commands.

Table 3-1. Matrix Commands Used in Chapter 3

Command Description

[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:]OPEN <channel_list Opens the channels in the channel list.

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

INITiate[:IMMediate] Starts the scan sequence and closes the first channel 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.
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Power-On and Reset Conditions

The matrix modules use latching relays and the relay state remains

unchanged during power-up and power-down. If, however, an HP E1406A

Command Module is used, the firmware opens all relays during power-up
and a when &RST (reset) command is exded. Table 3-2 lists the
parameters and default values for the matrix module as descrithes! in

chapter.

Table 3-2. *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.
OUTPUL[:STATe] OFF Trigger output from EXT or TTL

sources is disabled.

Module Identification

The following short programs use ST, *CLS, *IDN?, CTYP?, and
CDES? commands to reset and identify the matrix modules.

HP BASIC

10 DIM A$[50], B$[50], C$[50]

20 OUTPUT 70915; *RST; *CLS"
30 OUTPUT 70915; "*IDN?"

40 ENTER 70915; A$

60 ENTER 70915; B$

80 ENTER 70915; C$
90 PRINT A$, B$, C$

120 END
-

50 OUTPUT 70915; "SYST:CDES? 1"

70 OUTPUT 70915; "SYST:CTYP? 1"

\

I Dimensions three string
variables to fifty characters.

I Outputs the commands to

reset and clear Status Registér.

I Queries for module
identification.

I Enters the results into A$.

I Output command for modulg
description.

I Enters the results into B$.

I Outputs command for modu
type.
I Enters the results into C$.

I Prints the contents of variab
A$, B$, and C$.

(S

J

44 Using the Matrix

Chapter 3



TURBO C (“#include <stdio.h> ™
#include <chpib.h> *Include file for HP-1B*/

#define ISC 7L

#define MATRIX 70915L [*Matrix default address*/

#define TASK1 "*RST;*CLS;*IDN?" /*Reset, clear, and query identification*/
#define TASK2 "SYST:CDES? 1" /*Command for module description*/
#define TASK3 "SYST:CTYP? 1" /*Command for module type*/

main()

{

char into1[51], into2[51], into3[51];
int length = 50;

/*Output and enter commands to the matrix*
error_handler (IOTIMEOUT (7L,5.0), "TIMEQUT");

error_handler IOOUTPUTS (MATRIX, TASK1, 15), "OUTPUT command");
error_handler IOENTERS (MATRIX, intol, &length), "ENTER command");

error_handler IOOUTPUTS (MATRIX, TASK2, 12), "OUTPUT command");
error_handler IOENTERS (MATRIX, into2, &length), "ENTER command");

error_handler IOOUTPUTS (MATRIX, TASKS3, 12), "OUTPUT command");
error_handler (IOENTERS (MATRIX, into3, &length), "ENTER command");

printf("IDENTIFICATION: %s",intol);
printf("CARD DESCRIPTION: %s",into2);
printf("CARD TYPE: %s",into3);

return;

int error_handler (int error, char *routine)

{
char ch;
if (error = NOERR)
{
printf ("\n Error %d %s \n", error, errstr(error));
printf (" in call to HP-IB function %s \n\n", routine);
printf ("Press 'Enter’ to exit: ");
scanf ("%c", &ch);
exit(0);
}
return O;
}
- J
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A typical print for the HP E1465A will look like the following:

HEWLETT-PACKARD,SWITCHBOX,0,A.04.00
16 x 16 Matrix Switch
HEWLETT-PACKARD,E1465A,0,A.04.00

A typical print for the HP E1466A will look like the following:

HEWLETT-PACKARD,SWITCHBOX,0,A.04.00
4 x 64 Matrix Switch
HEWLETT-PACKARD,E1466A,0,A.04.00

A typical print for the HP E1467A will look like the following:

HEWLETT-PACKARD,SWITCHBOX,0,A.04.00
8 x 32 Matrix Switch
HEWLETT-PACKARD,E1467A,0,A.04.00

Switching Channels

UseCLOSe <channel_list to close one or more matrix channels, and
OPEN <channel_list to open the channel(sghannel_listhas the form
@ssrrec wheress = card number (01-99y; is the row number, and

cc = column number. Row and column definitions for the modules are
as follows:

Table 3-3. Matrix Channel Numbers

Matrix Module Rows (rr) Columns (cc)
HP E1465A 16 x 16 Relay Matrix 00-15 00 -15
HP E1466A 4 x 64 Relay Matrix 00 -03 00 - 63
HP E1467A 8 x 32 Relay Matrix 00 - 07 00-31

Refer to Chapter 4ROUTe:] OPEN and[ROUTe:]CLOSe for additional
information. TOOPEN or CLOSe multiple channels, place a commnja (
between the channel numbers. For example, to close channels 10103 and
10201, executeLOS (@10103,10201). TOOPEN or CLOSe a continuous
range of channels place a colonbetween the first and last channel numbers.
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Note

Example:
Sequencing
Through the

HP E1466A

Channels

The following HP BASIC program shows how to close and open row 2,
column 14 on an HP E1465A matrix (card #1):

110 DISP "TEST E1465A MATRIX"

120 OUTPUT 70915; "ROUT:CLOSE (@10214)"
130 OUTPUT 70915; "ROUT:OPEN (@10214)"
140 END

When using any of the commands that@receded byROUTe:], the

ROUTe portion of the command can be eliminated. For example, as in the
program aboveROUTe can be eliminated and just tdeOSe command

can be used.

The following HP BASIC program saqnces through each channel on an
HP E1466A 4 x 64 Matrix Module.

/

10 OUTPUT 70915;"*RST" I Reset the module.

20 FORRow=0TO 3 I A'loop to step through all the
rows in the matrix.

30 FOR Col=0TO 63 I' A loop to step through all the
columns in the matrix.

40 Addr=10000+100*row+Col I Calculates channel to
close.

50 OUTPUT 70915; "CLOS (@ ";Addr;")" ! Closes the channel.

60 NEXT Col

70 NEXT Row I Sequences through each roy
and column in the matrix.

<

8 0 END
- /

Scanning Channels

Scanning the matrix module channels consists of closing a sequence of
channels one channel at a time. Single scan, multiple scans, or continuous
scanning modes are available.

TheTRIGger:SOURce command specifies the source to advance the scan.
TheOUTPut command can be used to enable the HP E1406A Command
Module Trig Out port or TTL Trigger bus lines (0-7).
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Example: Scanning
Channels with
System Multimeter
Using TTL Trigger

This example uses the command module’s TTL Trigger Bus Lines to
synchronize matrix channel closures to a system nmetéin{HP E1412A).
For measurement synchronization:

* HP E1406A TTL Trigger Bus Line 0 is used by the matrix module to
trigger the multineter to perform a measurement.

* HP E1406A TTL Trigger Bus Line 1 is used by the multimeter to
advance the matrix scan.

These trigger bus lines are not actuaidware connections. The triggering

is accomplished by the HP E1406A’s firmware. Row 00 (High and Low) of
an HP E1465A 16 x 16 Relay Matrix Module is connected to the
voltmeter’s High and Low. The columns are then scanned, switching in
different DUTS (devices under tgsFigure 3-1 shows how to connect the
matrix module to the multimeter module. The connections shown with
dotted lines are not actual hardware connections. These connections
indicate how the firmware operates to accomplish the triggering.

Part of VXlbus
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Figure 3-1. Example: TTL Trigger Bus Scanning
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The following HP BASIC program sets up the voltmeter (HP-I1B address
70903) to scan making two-wire resistance measurements. The matrix is set
to scan row 00, columns 00 to 15 on an HP E1465A Matrix Module:

/10 ALLOCATE REAL Rdgs(1:16) )

I Reset and clear the modules.
20 OUTPUT 70915; "*RST;*CLS"
30 OUTPUT 70903; "*RST;*CLS"

I'VM Triggers on TTL Trigger line 0, VM pulses TTL Trigger line 1 on
I measurement complete. Set VM function to Resistance, range, NPLC

40 OUTPUT 70903; "ABORT;:TRIG:SOUR TTLTRGO"
50 OUTPUT 70903; "OUTP:TTLTRG1:STAT ON"
60 OUTPUT 70903; "CONF:RES AUTO,DEF"

70 OUTPUT 70903; "TRIG:DEL 0; COUN 16;:CAL:ZERO:AUTO ON"
I Check to see if VM ready; when ready, initialize trigger.

80 OUTPUT 70903; "OPC?"
90 ENTER 70903; Check
100 OUTPUT 70903; "INIT"
I Set matrix to be triggered by TTL Trigger line 1
110 OUTPUT 70915; "TRIG:SOUR TTLTRG1"

I Set up the matrix module: matrix pulses TTL Trigger line O on
! channel closed, scan list is Row 0, Columns 0 to 15. Initiate scan.

120 OUTPUT 70915; "OUTPUT:TTLTO:STATE ON"
130 OUTPUT 70915; "SCAN (@10000:10015)"

140 OUTPUT 70915; "INIT"
I Enter and print readings.

150 OUTPUT 70903; "FETCH?"
160 ENTER 70903; Rdgs(*)
170 PRINT Rdgs(*)

180 END
\ /

Example: Scanning The following example uses the HP E1406A Command Module Trig In and
Channels with an Trig Out ports to synchronize the matrix module channel closures to an
external HP 3457A voltmeter. Figure 3-2 shows how to connect the
EXtemE_iI InSt_rument voltmeter to the command and matrix modules. Note that the command
Using Trigger In module’s Trig In port connects to the voéitar's Complete port, and the
and Out command module’s Trig Out port connects to the voltmeter’s External
Trigger port. The external voltmeter is at address 722.
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Figure 3-2. Scanning with an External Voltmeter

(- I Set up voltmeter for external trigger, DCV measurements, memo@
I first in first out storage.

10 OUTPUT 722; "TRIG EXT; DCV;MEM FIFO"

I Reset the matrix, enable the HP E1406A Trig Out port, set trigger
I source to external triggering.

20 OUTPUT 70915; "RST;*CLS"
30 OUTPUT 70915; "OUTP ON"
40 OUTPUT 70915; "TRIG:SOUR:EXT"
I Set matrix measurement mode, define channel list, initiate scan.

50 OUTPUT 70915; "SCAN (@10000:10015)"
60 OUTPUT 70915; "INIT"

70 WAIT 2

80 FOR Channels = 1to 16

90 ENTER 722;Results

100 PRINT Results

110 NEXT Channels

120 END
- /
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Querying the Matrix Module

Note

All guery commands end with " These commands are used to

determine a specific state of the module. The data is sent to the output
buffer where you can retrieve it into your computer. See Chapter 4 for more
information on these commands.

TheCLOSe? <channel_list andOPEN? <channel_list commands return
the current state of the specified channel. These commands Etifrthe
operation is true, and" if false. See Chapter fROUTe:]JOPEN? and
[ROUTe:] CLOSe? commands for additional information on these
commands.

A maximum of 128 channels can be queried at one time. Therefore, if you
want to query more than 128 channels, you must enter the query data in two
separate commands.

The following example closes a range of channels on the
HP E1467A 8 x 32 Matrix Module and queries for the results:

4 N

I Dimensions two string variables to 128 characters.

10 DIM Chan1$[128], Chan2$[128]
ICloses rows 00 through 07, columns 00 through 31.

20 OUTPUT 70915;"CLOS (@10000:10731)"

I Queries rows 00 through 03, columns 00 through 31 to see if the
I channels are closed.

30 OUTPUT 70915; "CLOS? (@10000:10331)"
I Enter the results of the first 128 channel closures.

40 ENTER 70915; Chanl$

I Queries rows 04 through 07, columns 00 through 31 to see if the
I channels are closed.

50 OUTPUT 70914; "CLOS? (@10400:10731)"
I Enter the results of the second 128 channel closures.

60 ENTER 70915; Chan2$

I Prints all the channels that are closed (should print 1's).
70 PRINT "Channels closed";Chan1$, Chan2$!
80 END
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Using the Scan Complete Bit

You can use the Scan Complete Bit (bit 8) in the Oper&tatus Register
(command module) to determine when a scanning cycle completes (no other
bits in the register apply to the switchbox). Bit 8 has a decimal value of 256
and you can read it directly using tB€AT:OPER? command. Refer to the
STATus:OPERation[:EVENt]? command in Chapter 4.

When enabled by ti&TAT:OPER:ENAB 256 command, the Scan Complete
Bit will be reported as Bit 7 of the Status Register. Use the HP-IB Serial
Poll or the IEEE 488.2 Common commaisiB? to read the Status
Register.

When Bit 7 of the Status Register is enabled by 3fE 128 Common
Command to assert an HP-IB Service Request (SRQ), you can interrupt the
computer when the Scan Complete Bit is set, after the scaryiteg

completes. This allows the controller to do other operations while the
scanning cycle is in progress.

The following example monitors bit 7 in the Status Register to determine
when the scanning cycle is complete. The computer used in this example is
an HP 9000 Series 200/300 computer running HP BASIC as the
programming language. The computer interfaces with an HP E1406A
Command Module over HP-IB. The HP-IB select code is 7, the HP-I1B
primary address is 09, and the HP-IB secondary address is 15.

(" IResetand Clear the Matrix. )

10 OUTPUT 70915;"*RST; *CLS"
I Enable Scan Complete Bit.

20 OUTPUT 70915; "STATUS:OPER:ENABLE 256"
I Set the matrix up for continuous triggering.

30 OUTPUT 70915; "TRIG:SOUR IMM"
I Select channels to scan.

40 OUTPUT 70915; "SCAN (@10000:10015)"
I Wait for operation complete.

50 OUTPUT 70915; "OPC?"
60 ENTER 70915; A$
70 PRINT "OPC? =";A$
I Query the contents in the operation status register.

80 OUTPUT 70915; "STAT:OPER:ENAB?"
90 ENTER 70915; A$

100 PRINT "STAT:OPER:ENAB? =";A$
- J

Continued on next page.
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I Query the contents of the status byte register. N

OUTPUT 70915; "*STB?"

ENTER 70915; A$

PRINT "Switch Status = ";A$
I Start scan cycle.

OUTPUT 70915; "INIT"
I Initialize the value of the counter.
=0

I Stay in loop until some value is returned from the SPOLL (70915)
I command.

WHILE (I=0)
| = SPOLL(70915)
PRINT "Waiting for scan to complete: SPOLL = "I
END WHILE
| = SPOLL(70915)
PRINT "Scan complete: spoll ="l
END )

Recalling and Saving States

Storing States

Recalling States

This section contains information about saving and recatlingent matrix
module states.

The*SAV <numeric_state command stores the current state of the matrix

channels. Up to 10 states can be stored by specifyirgntimeric_state
as an integer 0 through 9. The following states are stored:

Channel relay states (open or closed)
ARM:COUNt

TRIGger:SOURce

OUTPUL[:STATe]

INITiate:CONTinuous

The*RCL <numeric_state command recalls the specified presbustored

state.
configures to its power-on/reset states (refer to Table 3-2). The following

If the specifiednumeric_state does not exist, the matrix module

program shows how to save and recall matrix switch states:

I Dimensions a string variable A$ to 30 characters.

10 DIM A$[30]

I Close channels on the matrix module.

20 OUTPUT 70915; "CLOS (@10000:10015)

Continued on next page.
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4 | Save as numeric state 5. I
30 OUTPUT 70915; "SAV 5"
I Reset and clear the module.
40 OUTPUT 70915; "*RST; *CLS"
I Query to see what channels are closed.
50 OUTPUT 70915; "CLOS? (@10000:10020)"
60 ENTER 70915;A%
70 PRINT "Channels Closed:";A$
I Recall numeric state 5.
80 OUTPUT 70915; "*RCL 5"
I Check to see if the recalled channels are closed.
90 OUTPUT 70915; "CLOS? (@10000:10200)"
100 ENTER 70915; A$

I Prints 1s for the first 16 channels that are closed and Os for the
I remaining 5 channels.

110 PRINT "Channels Closed:";A$
QZO END )

Detecting Error Conditions

The SYSTem:ERRor? query requests a value from instrument’s error
register. This register contains an integer in the range [-32768 to 32767].
The response takes the following form:

<err_number>,<err_message>
where<err_numbep is the value of the instrument’s error, and

<err_message>ts a short description of the error.

The following programs attempt an illegal channel closure for the HP
E1466A (4 X 64 Matrix) and poll for the error message:

HP BASIC

\
10 DIM Err_num$[256] I Dimensions a string variable,
Err_num$ for 256 characters.

20 OUTPUT 70915; "CLOS (@10500)" ! Try to close an illegal chann

D

30 OUTPUT 70915; "SYST:ERR?" I Check for a system error.
40 ENTER 70915; Err_num$ I Enter the errors into
Err_num$.
50 PRINT Err_num$ ! Prints error +2001, "Invalid
channel number".
60 END
- J/
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TURBO C

(" #include <stdio.h> N
#include <chpib.h> *Include file for HP-1B*/

#define ISC 7L

#define MATRIX 70915L *Matrix default address*/
#define TASK1 "CLOSE (@10500)" /*Command for illegal switch closure*/
#define TASK2 "SYST:ERR?" /*Command for system errat*
main()

{

char into[257];
int length = 256;

/*Output commands to matrix*/

error_handler (IOTIMEOUT (7L,5.0), "TIMEQUT");
error_handler IOOUTPUTS (MATRIX, TASK1, 15), "OUTPUT command");
error_handler IOOUTPUTS (MATRIX, TASK2, 9), "OUTPUT commandy);

[*Enter from matrix*/

error_handler (IOENTERS (MATRIX, into, &length), "ENTER
command");
printf("Now let’s print the errors: %s",into);

return;

}

int error_handler (int error, char *routine)
{
char ch;
if (error I= NOERR)
{
printf ("\n Error %d %s \n", error, errstr(error));
printf (" in call to HP-IB function %s \n\n", routine);
printf ("Press 'Enter’ to exit: ");
scanf ("%c", &ch);
exit(0);
}

return O;

- J

If no error occurs, the switchbox responds WifiNo error”. If there has

been more than one error, the instrument will respond with the first one in

its error queue. Subsequent queries continue to read the error queue until it
is empty. The maximurderr_messagesstring length is 255 characters.
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Synchronizing the Matrix Module

The following example shows how to synchronize a matrix module with
measurement instruments. In this example, the matrix module switches a
signal to a multimeter. The program verifies that the channel is closed

before the maltimeter begins its measurement.

4 N

10 OUTPUT 70915; "*RST" I Reset the module.
20 OUTPUT 70915; "CLOS (@10012)" ! Close a channel.

30 OUTPUT 70915; "*OPC?" I Wait for operation complete.

40 ENTER 70915; Opc_value

50 OUTPUT 70915; "CLOS? (@10012)" ! Test that the channel is clos¢

60 ENTER 70915;A
70 IF A=1 THEN

80 OUTPUT 70903;"MEAS:VOLT:DC?" ! When channel is closed,
measure the voltage.
90 ENTER 70903; Meas_value I Print the measured value.
100 PRINT Meas_value
110 ELSE
PRINT "CHANNEL DID NOT CLOSE"
120 END IF
130 END
- J/

174

pd.
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Understanding the Relay Matrix

This section provides additional details about the HP E1465/66/67A relay
matrices. It explains the internal configuration so you can better understand
how each matrix operates.

Advantages of There are several advantages togithe HP E1465A/E1466A/E1467A

Latching Relays latching relays. First, with 256 relays on the dense matrix relay module,
latching relays prevent excessive current drawn from the power supply if
the user closes too many relays accidentally. Second, energy is saved since
power is not continually applied to keep a latching relay closed. Third, by
not continually applying power, the relay coil does not heat up. This is
important because the two metal contacts inside the relafjeat,éorm a
thermocouple. Thus, temperature elifnces othe relay contacts cause
thermal EMF (electromotive force) to be generated. Also, the life of the
latching relay is usually longer than the nonlatching rbkgause of the
power that must be continually applied to close a nonlatching relay.

The main disadvantage of latching relays is that the relay state is unchanged
at power-on, power-off, or following a reset. Therefore, the device’s
firmware nust ensure that all relays are open following these conditions.

Increased System In conventional switch module designs, the module interrupts the central
Throughput processing unit (CPU) each time a relay is opened or closed. In the design
of the HP E1465A/E1466A/E1467A matrix relay modules, the CPU is
interrupted one time after all relays in the specified channel list have been
opened or closed. Thus, system throughput speed is increased.

The following describes the relay module functions (see Figure 3-3):

* A command is sent to the relay module and stored in the FIFO
memory.

* Once the data is in memory, the VME Timing PAL (programmable
array logic) asserts DTACK*. This signals the CPU on the relay
module’s commander that it is now free to service other tasks.

* The VME Timing PAL signals the FIFO Inface PAL to execute
the command. Duringxection, the Data Bus FIFO EMPTY* flag
signals the FIFO IntéacePAL to read the Data Bus and Address
Bus FIFO and generate 7-ms pulses to activate the relays. Only one
7-ms pulse is required per relay bank (up to 16 relays).

* The FIFO Interface PAL reads the Data Bus and Address Bus FIFO
until the EMPTY* flag signals the FIFO Interface PAL the FIFO
memory is empty.
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Figure 3-3. Matrix Module Block Diagram
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Chapter 4

Relay Matrix Command Reference

Using This Chapter

Command Types

Common
Command Format

This chapter summarizes SCPI (Standard Commands for Programmable
Instruments) commands and IEEE 488.2 Common (*) commands used in
this manual.

See théHP E1406 Command Module User’s Mant@l additional
information on SCPI and common commands. Chapter contents are as
follows:

e Command TYPES . ..ot Page 59
e SCPICommand Format. ... ............... ... .o .. Page 60
e SCPICommand Reference . ......................... Page 63
* |[EEE 488.2 Common Commands . .................... Page 88
* SCPI Command Quick Reference..................... Page 89

Commands are separatetbi two types: IEEE 488.2 Common commands
and SCPI commands. Each of these types of commands are discussed in the
following sections.

The IEEE 488.2 standard defines the Common commands that perform
functions like reset, self-test, status byte query, etc. Common commands are
four or five characters in length, always begin with the asterisk charggter (

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 *ESR 32 *STB?
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SCPI Command Format

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

[ROUTe:]
CLOSe <channel_list
SCAN <channel_list

ROUTe: is the root command ar@LOSe andSCAN are second-level
commands.

Note There is a space between the second-level command (for exaips)
and the<channel_list.

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

[ROUTe:]SCAN

Colons separate the root command from the second-level command
(IROUTe:]SCAN).

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

For example, if the command syntax shawiGger, thenTRIG and
TRIGGER are both acceptable forms. Other form3®RIGger, such as
TRIGG or TRIGGE will generate an error. You may use upper- or lower-
case letters. TherefolBRIGGER, trigger, andTrigGeR are all acceptable.
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Implied Commands Implied commands are those which appear in square brackets ([]) in the
command syntax. (Note that the brackets are not part of the command and
are not sent to the instrument.) You can send a second-level command but
you do not need to send the preceding implied command. In this case, the
instrument assumes you intend to use the implied command and it responds
as if you had sent it. Examine tlidUTe:] subsystem which follows:

[ROUTe:]
CLOSe? <channel_list

The root commanfROUTe:] is an implied command. To make a query
about a channel’s present status, you can send either of the following
command statements:

ROUT:CLOSe? <channel_list or CLOSe? <channel_list

Parameters Parameter Types. The following table contains explanations and examples
of the parameter types you might see later in this chapter.

Parameter Type Explanations and Examples

Numeric Accepts all commonly used decimal representations of numbers
including optional signs, decimal points, and scientific notation.

123, 1.23E2, -123, -1.23E2, .123, 1.23E-2, 1.23000E-01.

Special cases include MINimum, MAXimum, and INFinity.

Boolean Represents a single binary condition that is either true or false.
ON, OFF, 1,0
Discrete Selects from a finite set of values. These parameters use

mnemonics to represent each valid setting.

An example is TRIGger:SOURce <source> where <source> can
be BUS, EXT, HOLD, or IMM.

Optional Parameters. Parameters shown within square brackets ([]) are
optional parameters. (Note that the brackets are not part of the command and
are not sent to the instrument.) If you do not specify a value 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 current number of scanning cycles is returned. If
you send th&IN parameter, the command returns the minimum available (1).

If you send theé1AX parameter, the command returns the maximum available
(32,767). Be sure to place a space between the command and the parameter.
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Linking Commands Linking IEEE 488.2 Common Commands with SCPI CommandsUse a
semicolon ) between the commands. For example:

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

Linking Multiple SCPI Commands. Use both a semicolor)(@nd 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
Instruments (SCPI) commands for the relay matrix. Commands are listed
alphabetically by subsystem and within each subsystem.

ABORt

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

Subsystem Syntax ABORt

Comments ¢ ABORt Actions: ABORt aborts the scan and invalidates the current
channel list.

» Stopping Scan Enabled via Inteface: When a scan is enabled by
way of an inteface, an interface cleaommandCLEAR 7) can be
used to stop the scan. When the scan is enabled via the interface and
TRIG:SOUR BUS orHOLD is set, you can useBORt to stop the
scan.
* Restarting a Scan: Use thdNIT command to restart the scan.

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

Example  Stopping a Scan withABORt

This example stops a (continuous) scan in progress.

TRIG:SOUR BUS *TRG command is trigger
source.

INIT:CONT ON Set continuous scanning.

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

INIT Start scan, close channel 00.

ABOR Abort scan in progress.
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ARM

Subsystem Syntax

:COUNt

Parameters

Comments

Example

The ARM subsystem selects the number of scanning cycles (1 to 32767) for
eachiNITiate command.

ARM
:COUNt <number MIN | MAX
:COUNIt? [MIN | MAX]

ARM:COUNt < number> allows scanning cycles to occur a multiple of times
(1 to 32767) with on&NITiate command wheiNITiate:CONTinuous OFF | 0 is
set. MIN sets 1 cycle andlAX sets 32,767 cycles.

Parameter Name Parameter Type Range of Values

<numbep numeric 1-32767 | MIN | MAX

* Number of Scans: Use only numeric values between 1 and 32767
for the number of scanning cycles.

* Related Commands: ABORt, INITiate[:IMMediate]

e *RST Condition: ARM:COUNt 1

Setting Ten Scanning Cycles

This example sets a relay matrix for 10 scans of channels 10000 through
10003. When the scan sequence completes, channels 10000 through 10003
are closed.

ARM:COUN 10 10 scans pemiT command.

SCAN (@10000:10003) Scan channels 10000-10003.

INIT Start scan, close channel
10000.
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:COUNLt?

Parameters

Comments

Example

ARM:COUNTt? [MIN | MAX] returns the current number of scanning cycles
set byARM:COUNLt. The current number of scan cycles is returned when
MIN or MAX is not specified. WitiMIN or MAX as a parameteIN returns

1 andMAX returns32767 .

Parameter Name Parameter Type Range of Values

MIN | MAX numeric MIN =1, MAX =32767

* Related CommandsiNITiate[:IMMediate]

Query Number of Scans

This example sets a switchbox for 10 scanning cycles of channels 10000
through 10003 and queries the number of scan cycles SesRMh€OUN?
command returns 10.

ARM:COUN 10 Set 10 scans pex/T command.
ARM:COUN? Query number of scans.
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DISPlay

TheDISPlay subsystem monitors the channel state of the selected module in
a switchbox. This subsystem operates with an HP E1406A when a terminal
is connected.

Subsystem Syntax DISPlay
:MON!itor
[(STATe] <boolear»
:CARD <number|AUTO

:MONIitor[:STATe]  DISPlay:MONitor[:STATe] < boolearr turns the monitor mode on or off.

Parameters
Parameter Name Parameter Type Range of Values
STATe boolean ON|OFF|1]0
Comments * Monitoring Switchbox Channels: DISPlay:MONitor[STATe] ON or

DISPlay:MONitor[:STATe] 1 turns the monitor modanto show the
channel state of the selected modé&sPlay:MONitor[:STATe] OFF or
DISPlay:MONitor[:STATe] 0 turns the channel monitoff.

* Selecting the Module to be Monitored: Use the
DISPlay:MONitor:CARD <number AUTO command to select the
module.

* Monitor Mode with an HP E1466A/67A/68A: When monitor
mode is turn on, a hexadecimal number represgthe channels
closed will be displayed at the bottom of the terminal. For example,
an HP E1466A with row 0, columns 0-3 closed will look like to
following:

RO: 0000 0000 0000 OOOF R1: 0000 0000 0000 0000 R2: 0000 0000 . . . etc.

Where 000k represents columns 0-15. F (1111) represents channels
closures for columns 0-3. If 00@@as listed instead, then columns 2 and 3
(1100) would be closed.

* *RST Condition: DISPlay:MONitor[:STATe] OFF | O

Example  Enabling the Monitor Mode

DISP:MON:CARD 2 Selects module #2 in a
switchbox.
DISP:MON 1 Turns monitor mode ON.
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:MONitor:CARD  DisPlay:MONitor:CARD < number | AUTO selects the module in a
switchbox to be monitored.

Parameters
Parameter Name Parameter Type Range of Values
<numbepr/ AUTO numeric 1-99
Comments * Selecting a Specific Module to be Monitored:Use the

DISPlay:MONitor:CARD command to send the card number for the
switchbox to be monitored.

* Selecting the Present Module to be Monitored:Use the
DISPlay:MONitor:CARD AUTO command to select the last module
addressed by a switching command (for exanfReyUTe:]CLOSe ).

* *RST Conditions: DISPlay:MONitor:CARD AUTO

Example  Select Module #2 in a Switchbox for Monitoring

DISP:MON:CARD 2 Selects module #2 in a
switchbox.
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INITiate

ThelNITiate 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 matrix.

Parameters
Parameter Name | Parameter Type Range of Values
<mode boolean ON|OFF|1]0
Comments * Continuous Scanning Operation: Continuous scanning is enabled

with theINITiate:CONTinuous ON or INITiate:CONTinuous 1

command. Sending thRITiate[:IMMediate] command closes the

first channel in the channel list. Each trigger from a trigger source
specified by th&RIGger:SOURce command advances the scan
through the channel list. A trigger at the end of the channel list
closes the first channel in the channel list and the scan cycle repeats.

* Non-Continuous Scanning Operation: Non-continuous scanning
is enabled with thiNITiate:CONTinuous OFF or
INITiate:CONTinuous 0 command. Sending thiITiate[:IMMediate]
command closes the first channel in the channel list. Each trigger
from a trigger source selected by fRIGger:SOURce command
advances the scan through the channel list. At the end of the
scanning cycle, the last channel in the channel list is opened.

* Stopping Continuous Scan: See théABORt command.

* Related Commands: ABORt, ARM:COUNt, TRIGger,
TRIGger:SOURce

* *RST Condition: INITiate:CONTinuous OFF

Example  Enabling Continuous Scanning

This example enables continuous scanning of channels 10000 through 10003 of
a single module. SinGeRIGger:SOURce IMMediate (default) is set, the
example uses an interface clear command (SUChEAR) to stop the scan.

INIT:CONT ON Enable continuous scanning.

SCAN (@10000:10003) Defines channel list.

INIT Start scan cycle, close channel
10000.
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:CONTinuous?

Example

[[IMMediate]

Comments

Example

INITiate:CONTinuous? queries the scanning state. With continuous
scanning enabled, the command retdrg®n). With continuous scanning
disabled, the command retudgOff).

Query Continuous Scanning State

This example enables continuous scanning of a matrix module and queries
the state. Since continuous scanning is enabiid;CONT? returnsl.

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

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

» Starting the Scanning Cycle: TheINITiate[: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. An invalid channel list definition causes an efs@e
[ROUTe:]SCAN ).

* Stopping Scanning Cycles:See thdABORt command.

Enabling a Single Scan

This example enables a single scan of channels 10000 through 10003 of a
matrix module. The trigger source tovadce the scan is immediate
(internal) triggering set with (defaulfRIGger:SOURce IMMediate.

SCAN (@10000:10003) Scan channels 10000-10003.

INIT Begin scan, close channels
10000 (use immediate
triggering).
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OUTPut

TheOUTPut command subsystem enables or disables the different trigger
lines of the HP E1406A Command Module.

OUTPut

:EXTernal
[(STATe] <mode
[[STATe]?

[(STATe] <mode

[[STATe]?

:TTLTrg<n>  (TTLTrg0 through :TTLTrg7)
[(STATe] <mode
[[STATe]?

‘EXTernal[:STATe]  ouTPutEXTemal[:STATe] < mode- enables or disables the Trig Out port
on the HP E1406A Command Module to output a trigger when a channel is
closed during a scardDN | 1 enables the port ar@FF | 0 disables the port.

Parameters

Parameter Name | Parameter Type Range of Values

<mode boolean ON|OFF|1]0

Comments * Enabling Trig Out Port: When enabled, a pulse is output from the
Trig Out portafter each scanned switchbox channel is closed. If
disabled, a pulse is not output from the port after channel closures.
The output pulse is a +5V negative-going pulse.

* Trig Out Port Shared by Switchboxes: When enabled, the Trig
Out port is pulsed by the switchbox each time a scanned channel is
closed. To disable the output for a specific module, send the
OUTPut:EXTernal[:STATe] OFF or 0 command for that module.

* One Output Slected at a Time: Only one outpugTTLTrg or
EXTernal) can be enabled at one time. Enabling a different output
source will automatically disable the active output.

* Related Commands:[ROUTe:]SCAN, TRIGger:SOURce

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

Example

OUTP:EXT ON Enable Trig Out port to output
pulse after each scanned
channel is closed.
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‘EXTernal[:STATe]?

Example

[:STATe]

Parameters

Comments

Example

[[STATe]?

Example

OUTPutEXTernal[:STATe]? queries the present state of the Trig Out
port. The command returdsif the port is enabled dr if the port is
disabled.

Query Trig Out Port Enable State

This example enables the Trig Out port and queries the enable state. The
OUTPut:EXTernal[:STATe]? command return$ since the port is enabled.

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

OUTPUt:STATe] < mode> enables or disables the Trig Out port on the
HP E1406A Command Modul®UTPut[:STATe] ON | 1 enables the port
andOUTPut[:STATe] OFF | 0 disables the port. This command functions
the same as tHRUTPut:EXTernal[:STATe] command.

Parameter Name | Parameter Type Range of Values

<mode boolean ON|OFF|1]0

* *RST Condition: OUTPut[:STATe] OFF (port disabled)

Enabling Trig Out Port

OUTP ON Enable Trig Out port to output
pulse after each scanned
channel is closed.

OUTPUt:STATe]? queries the present state of the Trig Out port. The
command return$ if the port is enabled d if the port is disabled. This
command functions the same as@&TPut:EXTernal[:STATe]? command.

Query Trig Out Port Enable State
This example enables the Trig Out port and queries the enable state. The
OUTPUt[:STATe]? command returns 1 since the port is enabled.

OUTP ON Enable Trig Out port.
OUTP ? Query port enable state.
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TTLTrg[:STATe]  OuTPutTTLTrg< n>[:STATe] <mode> selects and enables which TTL
Trigger bus line (0 - 7) will output a trigger when a channel is closed during
a scan.<n> specifies the TTL Trigger bus line (0 ta Amode- enables or
disables the specified bus lin@N | 1 enables the specified bus line, and
OFF | 0 disables the specified bus line.

Parameters
Parameter Name | Parameter Type Range of Values
<n> numeric Oto7
<mode boolean ON|OFF|1]0
Comments * Enabling TTL Trigger Bus: When enabled, a pulse is output from

the selected TTL Trigger bus line (0 - 7) after each channel in the
switchbox is closed. If disabled, a pulse is not output. The output is
a negative going pulse.

* One Output Slected at a Time: Only one outputTTLTrg or
EXTernal) can be enabled at one time. Enabling a different output
source will automatically disable the active output.

* Related Commands:[ROUTe:]SCAN, TRIGger:SOURce,
OUTPUt: TTLTrg<n>[:STATe]?

e *RST Condition: OUTP:TTLT<n>:STAT 0

Example  Enabling TTLT Trigger Bus Line 7

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

TTLTrg[:STATe]?  ouTPutTTLTrg< n>[:STATe]? queries the present state of the specified
TTL trigger bus line. The command retudng the specified bus line is
enabled, oD if the specified bus line is disabled.

Example  Query TTL Trigger Bus Line Enable State

This example enables TTL Trigger bus line 7 and queries the enable state.
The OUTPut:TTLTrg<n>[:STATe]? command return% since the port is

enabled.
OUTP:TTLT7:STAT 1 Enable TTL Trigger bus line 7.
OUTP:TTL7? Query bus enable state.
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[ROUTe:]

Subsystem Syntax

Note

CLOSe

Parameters

Comments

The[ROUTe:] command subsystem controls switching and scanning
operations for relay matrix modules.

[ROUTe:]
CLOSe <channel_list
CLOSe? <channel_list
OPEN <channel_list
OPEN? <channel_list
SCAN <channel_list

There must be a space between the second-level command
(for exampleCLOSe ) and the<channel_list.

[ROUTe:]CLOSe < channel_list- closes the relay matrix channels specified by
channel_list channel_lishas the form@ssrrcc) wheress = matrix card
number (01-99)r = matrix row number, angt = matrix column number.

Parameter Name Parameter Type Range of Values

<channel_list numeric HP E1465A
rm:00 - 15
cc:00 - 15

HP E1466A
rr:00 - 03
cc:00 - 63

HP E1467A
r:00 - 07
cc:00 - 31

* Closing Channels:

To close
— asingle channel, u$rOUTe:]CLOSe (@ssrrcc) ;
— multiple channels, ug&0OUTe:]CLOSe (@ssrrcc,ssrrce,...) ;
— sequential channels, uggOUTe:]CLOSe (@ssrrcc:ssrrec) |
— groups of sequential channels, use

[ROUTe:]CLOSe (@ssrrcc:ssIree,ssIree:ssiree) |
— or any combination.

Closure order for mtiple channels with a single command is not
guaranteed.

* Related Commands]ROUTe:JOPEN, [ROUTe:]CLOSe?

* *RST Condition: All channels open
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Example

CLOSe?

Comments

Note

Example

Closing Matrix Channels

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

CLOS (@10100,20013) Closes row 01, column 00 of
card #1 and row 00, column 13
of card #2.

[ROUTe:] CLOSe? < channel_list- returns the current state of the
channel(s) queriedchannel_listhas the forni@ssrrcc) (see
[ROUTe:]CLOSe for definition). The command returadf channel(s) are
closed or return@ if channel(s) are open.

* Query is Software ReadbackThe[ROUTe:]CLOSe? command
returns the current software state of the channel(s) specified. It does
not account for relay hardware failures.

A maximum of 128 channels can be queried at one time. Therefore, if you
want to query more than 128 channels, you must enter the query data in two
separate commands.

Query Channel Closure

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

CLOS (@10100,20013) Closes row 01, column 00 of
card #1, and column 13 of card
#2.

CLOS? (@10100,20013) Query channel closure.
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OPEN [ROUTe:] OPEN <channel_list- opens the relay matrix channels specified
by channel_list channel_listhas the forng@ssrrcc) wheress = matrix
card number (01-99); = matrix row number, anct = matrix column
number.

Parameters

Parameter Name Parameter Type Range of Values

<channel_list numeric HP E1465A
rr: 00 - 15
cc:00-15

HP E1466A
rr: 00 - 03
cc: 00 - 63

HP E1467A
rr: 00 - 07
cc:00-31

Comments * Opening Channels:

To open

a single channel, u§pOUTe:JOPEN (@sstrcc) ;

multiple channels, ug&OUTe:JOPEN (@ssrrcc,ssrrcc,...) ;
sequential channels, uggOUTe:JOPEN (@ssrrcc:ssircc) |
groups of sequential channels, use

[ROUTe:]OPEN (@ssrrcc:ssrrce,ssrrce:ssrrec) |

— or any combination.

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

* Related Commands:[ROUTe:]CLOSEe, [ROUTe:]OPEN?
* *RST Condition: All channels open

Example  Opening Channels
This example opens channels 10100 and 20013 of a two-module switchbox
(card numbers 01 and 02).

OPEN (@10100,20013) Open channels 10100 and
20013.
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OPEN? [ROUTe:)]OPEN? < channel_list returns the current state of the channel(s)
gueried. channel_listhas the fornj@ssrrcc) (seelROUTe:]JOPEN for
definition). The command returdsif channel(s) are open or retuidf
channel(s) are closed.

Comments * Query is Software Readback: The[ROUTe:]JOPEN? command
returns the current software state of the channels specified. It does
not account for relay hardware failures.

Note A maximum of 128 channels can be queried at one time. Therefore, if you
want to query more than 128 channels, you must enter the query data in two
separate commands.

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,l is returned.

OPEN (@10100,20013) Open channels 10100 and
20013.
OPEN? (@20013) Queries channel opening.
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SCAN [ROUTe:] SCAN <channel_list defines the channels to be scanned.
channel_listhas the forni@ssrrcc) wheress = matrix card number (01-99),
rr = matrix row number, anct = matrix column number.

Parameters

Parameter Name Parameter Type Range of Values

<channel_list numeric HP E1465A
rr: 00 - 15
cc:00-15

HP E1466A
rr: 00 - 03
cc: 00 - 63

HP E1467A
rr: 00 - 07
cc:00-31

Comments * Defining Scan List: When[ROUTe:]SCAN is executed, the channel
list is checkedor valid card and channel numbers. An error is
generated for an invalid chantist.

e Scanning Channels:
You can scan
single channel&@ssrrcc) ;
multiple channel¢@ssrrcc,ssrrcc,...) ;
sequential channe{gbssrrcc:ssrrcc) ;
groups of sequential channé@ssrrcc:ssrrce,ssrrec:ssrrec) ;
or any combination.

* Scanning Operation: When a valid channel list is defined,
INITiate[:IMMediate] begins the scan and closes the first channel in
the channel list. &cesive triggers from the source specified by
TRIGger:SOURce advances the scan thigh the channel list. At the
end of the scan, the last trigger opens the last channel.

* Stopping Scan: See théABORt command.

* Related Commands: TRIG:SOUR

* *RST Condition: All channels open

Example  Scanning Using External Device

See “Scanning Channels” in Chapter 3 for example scanning programs
using external instruments.
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STATuUs

The STATus subsystem reports the bit values of the Operation Status
Register (in the command module). It also allows 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?
‘ENABIle <unmask
:ENABLe?
[:EVEN{]?
:PRESet

TheSTATus system contains four registers, two of which are under IEEE
488.2 control; the Event Status Regist&SE?) 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 ti83B? command. Use th&SE?
command to query thenmaskvalue for the Event Status Register (the bits
you want logically "OR’d" into the Summary bit). The registers are

gueried using decimal weighted bit values. The decimal equivalents for bits
0 through 15 are included in Figure 4-1.

A numeric value of 256 executed iISBAT:OPER:ENABle<unmask
command allows only bit 8 ipenerate a summabjt. 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 b¥E®EBNt 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 opera&in completes. Since completion of a scan operation is an event
in time, you will find that bit 8 will never appear set when
STAT:OPER:COND? is queried. However, you can find bit 8 set with the
STAT:OPER[:EVEN]? query command.
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Output Queue

Standard Event Register

*ESR?

-

*ESE  <unmask>
*ESE?

Automatically Set at {7 Power On <1>

Power On Conditions User Request <2>

Command Error <4>

— Execution Error <8>

Automatically Set by

Parser <16>

Device Dependent Error

Query Error <32>

Request Control <64>

Set by *OPC{*Operotiom Complete <128>

Summary
Bit

Related Commands

are *OPC? and *WAI A EN

Operation Status Register
STATus:OPERation:CONDition?
STATus:OPERation:EVENt?
T STATus:OPERation

— (- <1>
] 1 <2>
] | <4>
] —_ <B>
<16>
<32>
<64> "OR”
<128>
— — <256>
— — <512>
— — <1024>
— — <2048>
— — <4096>
— — <8192>
<16384>
15 — —<32768>

EV EN

Scan Complete —

IS

|
ﬂ

:ENABle

Summary
Bit

NOTE:

QUE = Questionable Data
MAV = Message Available
ESB = Standard Event
RQS = Request Service
OPR = Operation Status
C = Condition Register
EV = Event Register

EN = Enable Register

SRQ = Interface Bus
Service Request

Status Byte Register

*STB?
SPOLL
*SRE <unmask>
F*SRE?
<1>
<2>
<4> "OR”
<8>
<16>
<32> System
Controller
<128>
— Interface Bus
Stat EN i
B(j/tgs SRQ Line
SRQ
v SRQ Other
- Summory Bit @
_SRQ Other
Instrument

unmask examples:

unmask
Register decimal
bit weight

"OR"
i i
Operation Complete Ii m e ESB

*ESE 61 unmasks standard event register bits O,
2, 3, 4 and 5 (*ESE 128 only unmasks bit 7).

*SRE 128 unmasks the OPR bit (operation) in
the status byte register. This is effective
only if the STAT:OPER:ENAB 256 command
is executed.

STAT:QUES:ENAB 256 unmasks the “Scan Complete”
bit.

Figure 4-1. HP E1465/66/67A Status System Register Diagram
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:OPERation  STATus:OPERation:CONDition?  returns the state of the Condition
‘CONDition?  Register in the Operation Status Group. The state represenitsorend
which are part of the instrument’s operation. The switch module driver
does not set bit 8 in this regis{eeeSTATus:OPERation[:EVEN{]?).

:OPERation:ENABIe STATus:OPERation:ENABle < 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 matrix modules, when bit 8 in the Operation Status
Register is set to 1 and that bit is enabled byi#Tus:OPERation:ENABIle
command, bit 7 in the Status Register is set to 1.

Parameters
Parameter Name Parameter Type Range of Values
<unmask> numeric 0 through 65,535
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 Standard Operation Status Register is set to 1.

* Related Commands: [ROUTe:]SCAN

Example  Enabling Operation Status Register Bit 8

STAT:OPER:ENAB 256 Enables bit 8 of the Operation
Status Enable Register to be
reported to bit 7 (OPR) in the
Status 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? Queries the Operation Status
Enable Register.
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:OPERation[:EVENt]?  STATus:OPERation[:EVEN{]? returns which bits in 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) is set to 1 after a scanning cycle completes. Bit 8 returns
to O after senidg theSTATus:OPERation[:EVENt]? command.

* Returned Data After Sending theSTATus:OPERation[:EVEN(]?
command: The command return256 if bit 8 of theOperation
Status Register is set to 1. The command rett@rigbit 8 of the
Operaipon Status Register is set to 0.

* Event Register Cleared: Reading the Event Register with the
STATus:OPERation[:EVENt]? command clears it.

* Aborting a Scan: Aborting a scan will leave bit 8 set to 0.
* Related Commands:[ROUTe:] SCAN

Example  Reading the Operation Status Register After a Scanning Cycle

STAT:OPER? Returns the bit values of the
Operation Status Register.
read the register value +256 shows bit 8 is setto 1;

+0 shows bit 8 is set to 0.

‘PRESet sTATus:PRESet affects only the Enable Register by setting all Enable
Register bits to 0. It does raffect 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?

Parameters

Comments

Example

CTYPe?

Parameters

TheSYSTem subsystem returns the error numbers and error messages in
the error queue of a matrix module. It can also return the types and
descriptions of modules (cards) in a switchbox.

SYSTem
:CDEScription? <numbep
:CTYPe? <number
:CPON <number | ALL
‘ERRoOr?

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

Parameter Name Parameter Type Range of Values

<number numeric 1to 99

* HP E1465A Relay Matrix Module Description: The
SYSTem:CDEScription? <number command returns:

16 x 16 Matrix Switch

* HP E1466A Relay Matrix Module Description: The
SYST:CDEScription? <number command returns:

4 X 64 Matrix Switch

* HP E1467A Relay Matrix Module Description: The
SYST:CDEScription? <number command returns:

8 x 32 Matrix Switch

Reading the Desction of a Card #| Module

SYST:CDES? 1 Return the description.

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

Parameter Name Parameter Type Range of Values

<number numeric 1to 99
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Comments * HP E1465A Relay Matrix Module Model Number:
TheSYSTem:CTYPe? <number command returns:

HEWLETT-PACKARD,EI465A,0,A.04.00

where the) after E1465A is the module serial number (always 0)
andA.04.00 is an example of the module revision code number.

* HP E1466A Relay Matrix Module Model Number:
TheSYSTem:CTYPe? <number command returns:

HEWLETT-PACKARD,EI466A,0,A.04.00

where the) after E1466A is the module serial number (always 0)
andA.04.00 is an example of the module revision code number.

* HP E1467A Relay Matrix Module Model Number:
TheSYSTem:CTYPe? <number command returns:

HEWLETT-PACKARD,EI467A,0,A.04.00

where the) after E1467A is the module serial number (always 0)
andA.04.00 is an example of the module revision code number.

Example Reading the Model Number of a Card #| Module

SYST:.CTYP? 1 Return the model number.

:CPON  sysTem:CPON <number | ALL sets the selected module (card) in a
switchbox to its power-on state.

Parameters

Parameter Name Parameter Type Range of Values

<number numeric 1t0 99| ALL

Comments  Matrix Module Power-On State:The power-on state is all channels
(relays) open. Note th&RST opens all channels of all modules in a
switchbox whileSYSTem:CPON <number opens the channels in only the
module (card) specified in the command.

Example  Setting Card #1 Module to itsPower-On State

SYST:CPON 1 Sets module #1 to power-on
state.

Chapter 4 Relay Matrix Command Reference 83



‘ERRoOr?  system:ERRor? returns the error numbers and corresponding error
messages in the error queue of a matrix module. See Appendix C for a
listing of some of the error numbers and messages.

Comments * Error Numbers/Messages in the Error Queue: Each error
generated by a matrix module stores an error number and
corresponding error message in the error queue. The error message
can be up to 256haracters long.

* Clearing the Error Queue: An error number/message is removed
from the queue each time tB¥STem:ERRor? command is sent.
The errors are cleared first-in, first-out. When the queue is empty,
each followingSYSTem:ERRor? command return@, “No error”.
To clearall error numbers/messages in the queue, execut€ltse
command.

* Maximum Error Numbers/Messages in the Error Queue: The
gueue holds a maximum of 30 error numbers/messages for each
switchbox. If the queue overflows, the last error number/message in
the queue is replaced B350 , “Too many errors”. The least recent
error numbers and messages remain in the queue and the most recent
are discarded.

Example  Reading the Error Queue

SYST:ERR? Query the error queue.
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TRIGger

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

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

[[IMMediate] TRIGger[:IMMediate] causes a trigger event to occur when the defined
trigger source iIRIGger:SOURce BUS or TRIGger:SOURce HOLD.

Comments * Executing theTRIGger[:IMMediate] Command: A channel list
must be defined witfROUTe:]SCAN <channel_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 UsingrRIGger Command

This example scans a single-module switchbox from channel 10000 through
10003. Sinc@RIGger:SOURce HOLD is set, the scan is advanced one
channel each timeRIGger is exected.

TRIG:SOUR HOLD Sets trigger source tHOLD.
SCAN (@10000:10003) Defines channel list.

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

TRIG Advance scan to next channel.
increment loop Increment loop count.
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:SOURCe TRIGger:SOURce < source> specifies the trigger source to advance the
channel list during scanning.

Parameters
Parameter Name Parameter Type Parameter Description
BUS discrete *TRG or GET command
EXTernal discrete Trig In port
HOLD discrete Hold triggering
IMMediate discrete Immediate triggering
TTLTrgn numeric TTL Trigger Bus line O - 7
Comments * Enabling the Trigger Source: TheTRIGger:SOURce command

only selects the trigger source. TIN¢Tiate[:IMMediate] command
enables the trigger source.

* Using the TRIG Command: You can us@RIGger[:IMMediate] to
advance the scan wh&RIGger:SOURce BUS or
TRIGger:SOURce HOLD is selected.

* Using External Trigger Inputs: With TRIGger:SOURce EXTernal
selected, only one switchbox at a time can use the external trigger
input at the HP EI406A Trig In port. The trigger input is assigned to
the first switchbox that requested the external 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 source is changedtaS, HOLD, or IMMediate.

When the source is changed, the external trigger source is available
to the next switchbox which requests it (with a

TRIGger:SOURce EXTernal command). If a switchbox requests an
external trigger input already assigned to another switchbox an error
is generated.

» Using Bus Triggers: To trigger the switchbox with
TRIGger:SOURce BUS selected, use the IEEE 488.2 Common
commandTRG or the HP-IB Group Execute TriggesET)
command.

* Trig Out Port Shared by Switchboxes: See th®©UTPut
command.

* Related Commands: ABORt, [ROUTe:]SCAN, TRIGger

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

This example uses external triggerif@®(G:SOUR EXT) to scan channels

0000 through 0003 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. WheiIT is exected, the scan is started and channel
0000 is closed. Then, each trigger received at the Trig In port advances the
scan to the next channel.

TRIG:SOUR EXT Select external triggering.

SCAN (@10000:10003) Scan channels 10000 through
10003.

INIT Begin scan, close channel
10000.

trigger externally Advance scan to next channel.

Example  Scanning Using Bus Triggers

This example uses bus triggeriniR(G:SOUR BUS) to scan channels 0000
through 0003 of a single-module switchbox. The trigger source to advance
the scan is theTRG command (as set wilfRIGger:SOURce BUS). When

INIT is executed, the scan is started and channel 0000 is closed. Then, each
*TRG command advances the scan to the next channel.

TRIG:SOUR BUS Select interface (bus) triggering.

SCAN (@10000:10003) Scan channels 10000 through
10003.

INIT Begin scan, close channel
10000.

loop statement Loop to scan all channels.

*TRG Advance scan using bus
triggering.

increment loop Increment loop count.

:SOURCce? TRIGger:SOURce? returns the current trigger source for the svbitoh
Command returnBUS EXT, HOLD IMM, or TTLT for sourceUS,
EXTernal, HOLD, IMMediate, or TTLTrg respectively.

Example  Query Trigger Source
This example sets external triggering and queries the trigger source. Since
external triggering is SeTRIG:SOUR? returnseXT.

TRIG:SOUR EXT Set external trigger source
TRIG:SOUR? Query trigger source
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IEEE 488.2 Common Commands

The following table lists the IEEE 488.2 Common (*) commands that apply
to the relay matrix module. The operation of some of these commands is
described in Chapter 3 of this manual. For more information on Common
commands, refer to tHéP E1406 Command Module User's Manaathe
ANSI/IEEE Standard 488.2-1987.

Command Title Description
*IDN? Identification Query Returns identification string of the matrix module.
*RST Reset Opens all channel relays.
*TST? Self-Test Query Returns +0 if self-test passes.

Returns +cc01 for firmware error.

Returns +cc02 for bus error.

Returns +cc10 if an interrupt was expected but not received.
Returns +ccll if the busy bit was not held for 7 msec.

*OPC Operation Complete Sets the Request for OPC flag when all pending operations have
completed. Also sets OPC bit in the Standard Event Register.

*OPC? Operation Complete Query Returns a 1 to the output queue when all pending operations have
completed. Used to synchronize between multiple instruments.

*WAI Wait to Continue Prevents an instrument from executing another command until the
operation caused by the previous command is finished. Since all
instruments normally perform sequential operations, this command
causes no change to the instrument’s operation.

*CLS Clear Status Register Clears all event registers, the Request for OPC flag, and all queues
(except output query).

*ESE<unmaskEvent 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 then contents in the Standard Event Status
Register.

*SRE<unmaskService Request Enable Used to set the Service Request Enable Register bits, and
corresponding Serial Poll Status Register bits, to generate a service
request.

*SRE? Service Request Enable query  |Queries the current contents in the Service Request Enable Register.

*STB? Read Status Byte Query Queries the current contents in the Status Byte Register.

*TRG Trigger Triggers the switchbox to advance the scan when scan is enabled and
trigger source is TRIGger:SOURce BUS.

*RCL Recall Saved State Recalls previously stored matrix configuration.

*SAV Save State Stores the current matrix configuration in memory.
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SCPI Command Quick Reference

The following table summarizes the SCPI commands for the matrix

:SOURce EXTernal
:SOURce HOLD
:SOURce IMMediate
:SOURce TTLTrgn
:SOURCce?

modules.
Command Command/Parameter Description
Subsystem
ABORt ABORt Abort a scan in progress.
ARM :COUNt <numbepr MIN | MAX Multiple scans per INIT command.
:COUNLt? [MIN | MAX] Query number of scans.
DISPlay :MONitor[:STATe] <numbep Turns monitor mode on or off.
:MONitor:CARD <numbep Selects the module in a switchbox to be monitored.
INITiate :CONTinuous <mode Enables/disables continuous scanning.
:CONTinuous? Query continuous scan state.
[[IMMediate] Starts a scanning cycle.
OUTPut :EXTemal[:STATe] <mode> Enables/disables Trig Out pulse.
:EXTernal[:STATe]? Query port enable state.
[[STATe] <mode Enables/disables Trig Out pulse.
[[STATe]? Query port enable state.
‘TTLTrgn[:STATe] <mode Enables/disables TTL Trigger bus line pulse.
TTLTrgn[:STATe]? Query TTL Trigger Bus line state.
[ROUTe] CLOSe <channel_list Close channel(s).
CLOSe? <channel_list Query channel(s) closed.
OPEN <channel_list Open channel(s).
OPEN? <channel_list Query channel(s) opened.
SCAN <channel_list Define channels for scanning.
STATus :OPERation:CONDition? Returns state of the Condition Register in the Operation Status
Group.
:OPERation:ENABIle <unmask Enables the Operation Status Register to set a bit in the Status
Register.
:OPERation:ENABIe? Query the contents in the Operation Status Register.
:OPERation[:EVENT{]? Returns status of Operation Status Register.
:PRESet Sets all Enable Register bits to 0.
SYSTem :CDEScription? <numbep Returns description of module in switchbox.
:CTYPe? <numbep Returns the module type.
:CPON <numbep | ALL Sets specified module to its power-on state.
:ERRoOr? Returns error number/message to error queue.
TRIGger [:IMMediate] Causes a trigger to occur.
:SOURce BUS Trigger source is *TRG.

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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Notes
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Ap_pend_ix A
Specifications

General

Module Size/ Device Type:
C-size VXlbus, register based, A16/D16,
Interrupter (levels 1-7, jumper selectable)

Relay Life:
@ No load: 16 operations
@ Full load: 18 operations

Terminals:
Screw type, maximum wire size 18 AWG

Power Requirements:
Voltage: +5  +12V
Peak Module Current (A): 0.10 0.18

Watts/slot: 5W

Cooling/slot: 0.08 mm HO @ 0.42 liter/sec
Operating Temperature: 0 - 55 C
Operating Humidity: 65% RH, 0-40C
Input Characteristics

Maximum Voltage Terminal to Terminal:
200 Vdc; 170 Vagns (238 V ac peak to peak)

Maximum Voltage Terminal to Chassis:
200 Vdc 170 Vagns (238 V ac peak to peak)

Maximum Current per Channel (non-inductive):
1 Adc; 1A ac peak

Maximum Power per Channel:
30 Wdc; 62.5 VA ac resistive load

DC Performance

Thermal Offset per Channel:
<5uV (differential H-L)

Closed Channel Resistance:
Initial <4.0Q
End of life <10.@

Insulation Resistance

(between any two points, single module):
168 Q (at 40 C, 95% RH)
10°Q (at 25 C, 40% RH)

AC Performance

Closed Channel Capacitance (Hi-Lo, Lo-Chassis):
Hito Lo <270 pF
Hito GND <430 pF
Lo to GND <440 pF

Bandwidth (-3dB): Zload = Zsource = 5@:
>10 MHz

Crosstalk Between Channels:
See tables on next page.
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HP E1465A AC Performance. Specifications are for 16 x 16 matrix, for Z(load) = Z(source) = 50 Q.
AC specifications apply with no more than one crosspoint closed per row or column.

Bandwidth (-3dB): >10MHz Crosstalk (dB)*

Within a Card (worst path) <10kHz <100kHz <1MHz
Closed Path to Closed Path (typical)3 -78 dB -57 dB -41 dB
Open Row to Open Row (typical)® -93 dB -73dB -56 dB
Open Row to Open Column (typical)® -84 dB -63dB -47 dB
Open Column to Open Column (typical)3 -86 dB -65 dB -48 dB

Module to Module? (Represents 16 x 32 anfiguration)

Closed Path to Closed Path (typical) -78 dB -58 dB -43 dB
Open Row to Open Row (typical)® -84 dB -66 dB -52 dB
Open Row to Open Column (typical)3 -84 dB -63 dB -48 dB
Open Column to Open Column (typical)3 -93 dB -72dB -48 dB

Closed-Channel Capacitance

Hito Lo: <270pF

Hito Ground: <430pF
Lo to Ground: <440pF

HP E1466A AC Performance. Specifications are for 4 x 64 matrix, for Z(load) = Z(source) = 50 Q.
AC specifications apply with no more than one crosspoint closed per row or column.

Bandwidth (-3dB): >10MHz Crosstalk (dB)*

Within a Card (worst path) <10kHz <100kHz <1MHz
Closed Path to Closed Path (typical)® 72 dB -50 dB 34 dB
Open Row to Open Row (typical)® -73dB -52 dB -37.dB
Open Row to Open Column (typical)3 -84 dB -64 dB -47 dB
Open Column to Open Column (typical)3 -92 dB -70dB -52.dB

Module to Module? (Represents 4 x 128 anfiguration)

Closed Path to Closed Path (typi%al) -66 dB -45 dB -29 dB
Open Row to Open Row (typical) -68 dB -46 dB -29dB
Open Row to Open Column (typical)3 -84 dB -64 dB -48 dB
Open Column to Open Column (typical)3 -92 dB -71dB -52 dB

Closed-Channel Capacitance

Hito Lo: <270pF

Hito Ground: <430pF
Lo to Ground: <440pF

HP E1467A AC Performance. Specifications are for 8 x 32 matrix, for Z(load) = Z(source) = 50 Q.
AC specifications apply with no more than one crosspoint closed per row or column.

Bandwidth (-3dB): >10MHz Crosstalk (dB)*

Within a Card (worst path) <10kHz <100kHz <1MHz
Closed Path to Closed Path (typi%al)3 -75dB -54 dB -38 dB
Open Row to Open Row (typical) -91 dB -59 dB -43 dB
Open Row to Open Column (typical)3 -85 dB -64 dB -47 dB
Open Column to Open Column (typical)3 -92dB -71dB -54 dB

Module to Module? (Represents 8 x 64 Cogfiguration)

Closed Path to Closed Path (typical) -72 dB -51dB -33dB
Open Row to Open Row (typical)® -74 dB -53 dB -38 dB
Open Row to Open Column (typical)® -92 dB -72dB -56 dB
Open Column to Open Column (typical)3 -82 dB -64 dB -50 dB

Closed-Channel Capacitance

Hito Lo <270pF

Hito Ground <430pF
Lo to Ground <440pF

NOTES: 1 Specifications are for worst crosspoint.
2 Chaining cable used to connect modules (HP P/N E1466-80002).
3 Typical is defined as the worst crosspoint test result from one or two matrix modules.
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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 switcly reduces relay life. In
addition, capacitive/inductive loads and high inrasfrents (e.g., turning
on a lamp or starting a motor) reduces relay IEceeding specified
maximum inputs can cause catastrophic failure.

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

End-of-Life A preventive maintenance routine can prevent problems caused by
Detection 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), as well as the failure criteria, depends
on the application in which the relay is used.

Contact Resistance As the relay begins to wear out, its contact resistance
increases. When the resistance exceeds a predetermined value, replace the relay.

Stability of Contact Resistance. The stability of the contact resistance
decreases with age. idg this method, the contact resistance is measured
several (5-10) times, and the variance of the measurements is determined.
An increase 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 The replacement strategy depends on the application. If some relays are
Strategy used more often, or at a higher load, than the others, the relays can be
individually replaced as needed. If all the relays see similar loads and
switching frequencies, the entire circuit board can be replaced when the end
of relay life approaches. The sensitivity 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 produatianty.
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_ Appe_ndix B
Matrix Registers

Using This Appendix

The HP E1465A/E1466A/E1467A matrix modules are register-based
modules. When a SCPI command is sent to the matrix, the HP E1406A
Command Module parses the command and programs the matrix at the
register level.

Register-based programming is a series of reads and writes directly to the
matrix module registers. Writing directly to the registers increases

throughput speed since it eliminates the command parsing and allows the
use of an embedded controller. This appendix includes information on the

following:
* Addressingthe Registers . ............ ... .. ... . ... Page 95
* Register Descriptions. . ... Page 98
* Register-Based Programming Examples. .. ............. Page 104

Addressing the Registers

Register addresses for register-based modules are located in the upper 25%
of VXI A16 address space. Every VXI module (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 E1300/01 Mainframe and HP E1405/06A
Command Module.

When you are reading or writing to a matrix module register, a hexadecimal
or decimal register address needs to be specified. This address consists of a
base address plus a register offset:

Register Address = Base Address + Register Offset
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Register
/ Offset 16—-BIT WORDS
/ 3E1s
/ 3C1s
FFFF 16 / ® ®
~ / ® ®
~ FFFF16 / ® ®
/ 3016 Bank 8 Control Register
/ 2E16 Bank 7 Control Register
CO0016 REGISTER / 2C1p Bank 6 Control Register
\ ADDRESS / 2A16 Bank 5 Control Register
\ SPACE / 2818 Bank 4 Control Register
\ X 2645 Bank 3 Control Register
Al6 2418 Bank 2 Control Register
ADDRESS \ 221g Bank 1 Control Register
SPACE \ 2045 Bank O Control Register
\ ® ®
C000+5 N\ : z
(49,152) N\
AN 0616~ 1E16 Not Used
\ 0416 Status/Control Register
N\ 0216 Device Type Register
0046 ID Register
HP E1465A/66A/67A
000015 A16 Register Map
*Base Address = CO001g + (Logical Address * 64)1g
or
49,152 + (Logical Address * 64)1¢
Register Address = Base address + Register Offset
Figure B-1. Registers within A16 Address Space
/| Register 16—BIT WORDS
E1406A / Offset
ADDRESS MAP =
FFFFFF 16 / [
/ * *
/ * *
/ * *
2000001¢ / 3045 Bank 8 Control Register
EOCO0Q001¢ N / 2E 5 Bank 7 Control Register
IFCOQ016 2C1p Bank 6 Control Register
// 777777777 > 20000016 // 2A 18 Bank 5 Control Register
/ A6 \ / 2815 Bank 4 Control Register
2615 Bank 3 Control Register
ADéZRéSS / ADDRESS \ i%g‘sggg / 2416 Bank 2 Control Register
SPACE / SPACE \ SPACE 2215 Bank 1 Control Register
/ \ ¥ 2015 Bank O Control Register
\ * *
// \ * *
S IFO00D1 IFCO00 14 N 5 *
/ 2,080,768 -
20000016 // ( > \\ OB(W]G‘HEWEWS Status %ztntgj\e(;egister
IFO0004 ¢ *Base Address = IFC00015 + (Logical Address * 64)15  \ 8;15 DSV‘C‘aD TRPG' Tag‘swr
or 16 egister
2,080,768 + (Logical Address * 64)1g HP E1465A/66A/67A
A16 Register Map
00000014

Register Address = Base address + Register Offset

Figure B-2. Registers within HP E1301/E1406 A16 Address Space
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The Base Address

Address Space
Outside the Command
Module

Address Space Inside
the Command Module

Register Offset

The base address used in register-based programming depends on whether the
A16 address space is outside or inside the HP E1406A Command Module.

When the command module is not part of your VXIlbus system (Figure B-1),
the matrix module’s base address depends on the command module used:

Command Module Address + CQ@0G+ (LADDR * 64)16
or
Command Module Address + 49,152 + (LADDR * 64)

Where C00@s (49,152) is the starting location of the VXI A16 addresses,
LADDR is the matrix module’s logical address, and 64 is the number of
address bytes per register-based module. For example, the matrix module’s
factory-set logical address is 120. If the address is not changed and an HP
E1480A (V/360) Controller is used, the matrix module will have the

following base address:

CO000L6 + (120 * 64)6= DEOQs
or
49,152 + (120 * 64) = 56,832

When the A16 address space is inside the command module (Figure B-2),
the matrix module’s base address is computed as follows:

1FC00Qs + (LADDR * 64)16
or
2,080,768 + (LADDR * 64)

Where 1FCO00{s (2,080,768) is the starting location of the register
addresses, LADDR is the matrix module’s logical address, and 64 is the
number of address bytes per VXI module. Again, the matrix module’s
factory-set logical address is 120. If the address is not changed, the matrix
modules will have the following base address:

1FC00Qs + (120 * 64)6 = 1FDEOQs6
or
2,080,768 + (120 *64) = 2,088,448

The register offset is the register’s location in the block of 64 address bytes.
For example, if you want to write to the matrix module’s Status Register,
you would add a register offset of@4see next section). When you write

a command to this register, the offset is added to the base address to form
the following register address:

1FDEOQ6 + 046 = 1FDEO46
or
2,088,448 + 04 = 2,088,452
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Register Descriptions

Reading and
Writing to the
Registers

The Manufacturer’s
Identification Register

The matrix modules contain 2 read registers, 1 read/write register, and 16
write registers. This section describes each matrix module register.

Example programs are provided at the end of this appendix that show how
to read and write to these registers. You can read or write to the following
matrix module registers:

The Manufacturer’s Identification Register (read only)
The Device Type Register (read only)

The Status/Control Register (read or write)

Relay Control Registers (a total of 16 write-only registers)

Each of these registers is discussed in the following sections.
The manufacturer’s identification register is at offset addregsad@l

returnsFFFF16. This shows Hewlett-Packard as thenuafacturer and that
the module is an A16 register-based module. This register cannot be written to.

Manufacturer ID Register

Address 15\14\13\12\11\10\ 9 \ 8 \ 7 \ 6 \ 5\4\3 \ 2 \ 1\0
Base + 0016 FFFF16
The Device  The device identification register is at offset address 8ad returns

Identification Register

0122 16if you have an HP E1465A/E1466A/E1467A Matrix Module. To
determine which module you have, you must read the status/control register.
The device identification register cannot be written to.

Device ldentification Register

Address 15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1‘0

Base + 0216

012216

The Status/Control
Register

The status/control register is at offset addregs 84d informs the user
about the module’s status and configuration. (See following example.)
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Status/Control Register

Address 15|14 |13 12|11 /10| 9 | 8 | 7|6 5|43 2|1 0
Base + 0416
Read X | Ms Module 1D X| X B|E | X|X|1/|1]X]X
Write Not Used E Not Used SR
Reading the  When reading the status/control register, the following bits are important:

Status/Control Register

Enable (bit 6)
0 indicates that the interrupt is enabled. 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.

Busy (bit 7)
0 indicates that the module is busy. Each relay requires about 7 msec

exection time during which time the matrices are busy. Bit 7 of this
register is used to inform the user of a busy condition.

Module ID (bits 10-13)

The following bitrepresentations determine the module configuration
(E1465A/66A/67A determined by the terminal card attached):

Module Identification

MODEL/BITS | (13) | (12) | (11) | (10)

HP E1465A 1 0 0 1
HP E1466A 0 1 1 0
HP E1467A 0 1 0 1

MODID Select (bit 14)

0 indicates that the module has been selected by MODID (Module ID), and
1 indicates it has not.

For example, if the HP E1466A matrix module is not busy (bit 7=1) and
the interrupt is enabled (bit 6=0), then a read of the Status/Control Register
(base + O4s) returnsDBBE
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Writing to the
Status/Control Register

Note

The Relay Control
Registers

You can write to bits 0 and 6. See the following explanations:

Soft Reset (bit 0)
Writing a 1 to this bit does not soft resets the module. To reset each relay in

register-based programming, the programmer must write all 0’s to all 16
banks to open all relays.

Enable(bit 6)

Writing a 1 to this bit disables the interrupt function of the module.

When writing to registers, it isecessary to write a O to bit O aftke reset
has been performed before any other commands can be programmed and
executed. SCPI commands take care of this automatically.

There are 16 relay control registers. These registers are used to open and
close the specified matrix relays. These registers are write registers,
therefore when reading these registefs;F16 is always returned.

The numbers shown in the register maps indicate the channel number to be
written to. See Figures 1-1 through 1-3 to see the correisgoctthnnel
number. To close a relay you must write a 1 to the bit. For example,

WRITEIO -16,(DE0016 + 2016);001016

closes bit 4 of bank 0 (channel 004). Where DE@0the base address,; 180
is the offset address, and 0010 is the hexadecimal number to send a 1 to bit 4.

See “Register-Based Programming Examples” later in this appendix for
further examples.

Bank 0 Relay Control Register (base 180
Bank 1 Relay Control Register (base 182
Bank 2 Relay Control Register (base 1@4
Bank 3 Relay Control Register (base 186
Bank 4 Relay Control Register (base 188
Bank 5 Relay Control Register (base +18A
Bank 6 Relay Control Register (base +18C
Bank 7 Relay Control Register (base 4QE
Bank 8 Relay Control Register (base ©§0
Bank 9 Relay Control Register (base 12
Bank 10 Relay Control Register (base 4634
Bank 11 Relay Control Register (base 4636
Bank 12 Relay Control Register (base 4638
Bank 13 Relay Control Register (base +18A
Bank 14 Relay Control Register (base 1§C
Bank 15 Relay Control Register (base H@E
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Bank 0 Relay Control Register

Address 1514 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Base + 2016 | 015|014 | 013 | 012 | 011 | 010 | 009 | 008 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 00O

Bank 1 Relay Control Register

Address 15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Base + 2216 115|114 | 113 | 112 | 111 | 110 | 109 | 108 | 107 | 106 | 105 | 104 | 103 | 102 | 101 | 100

Bank 2 Relay Control Register

Address 15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Base + 2416 | 215|214 | 213 | 212 | 211 | 210 | 209 | 208 | 207 | 206 | 205 | 204 | 203 | 202 | 201 | 200

Bank 3 Relay Control Register

Address 1514 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Base + 2615 | 315|314 | 313 | 312 | 311 | 310 | 309 | 308 | 307 | 306 | 305 | 304 | 303 | 302 | 301 | 300

Bank 4 Relay Control Register

Address 15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Base + 2815 | 415|414 | 413 | 412 | 411 | 410 | 409 | 408 | 407 | 406 | 405 | 404 | 403 | 402 | 401 | 400

Bank 5 Relay Control Register

Address 1514 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Base + 2A15 | 915|514 | 513 | 512 | 511 | 510 | 509 | 508 | 507 | 506 | 505 | 504 | 503 | 502 | 501 | 500
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Bank 6 Relay Control Register

Address 1514 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Base + 2C15 | 615|614 | 613 | 612 | 611 | 610 | 609 | 608 | 607 | 606 | 605 | 604 | 603 | 602 | 601 | 600

Bank 7 Relay Control Register

Address 15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Base + 2E1 | 715|714 | 713|712 | 711 | 710 | 709 | 708 | 707 | 706 | 705 | 704 | 703 | 702 | 701 | 700

Bank 8 Relay Control Register

Address 1514 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Base + 3016 | 815|814 | 813 | 812 | 811 | 810 | 809 | 808 | 807 | 806 | 805 | 804 | 803 | 802 | 801 | 800

Bank 9 Relay Control Register

Address 1514 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Base + 3216 | 915|914 | 913 | 912 | 911 | 910 | 909 | 908 | 907 | 906 | 905 | 904 | 903 | 902 | 901 | 900

Bank 10 Relay Control Register

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

Base+3416 | 1015 | 1014 | 1013 | 1012 | 1011 | 1010 | 1009 | 1008 | 1007 | 1006 | 1005 | 1004 | 1003 | 1002 | 1001 | 1000

Bank 11 Relay Control Register

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

Base+361s |1115|1114 1113|1112 /1111 1110|1109 1108|1107 |1106|1105|1104|1103|1102|1101 1100
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Bank 12 Relay Control Register

Address 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Base+3816 |1215|1214 /1213|1212 1211|1210 1209 | 1208 | 1207 | 1206 | 1205 | 1204 | 1203 | 1202 | 1201 | 1200
Bank 13 Relay Control Register
Address 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Base+3A16 | 1315|1314 1313|1312 |1311|1310|1309 | 1308 | 1307 | 1306 | 1305 | 1304 | 1303 | 1302 | 1301 | 1300
Bank 14 Relay Control Register
Address 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Base+3Cis |1415|1414 | 1413|1412 | 1411 | 1410 | 1409 | 1408 | 1407 | 1406 | 1405 | 1404 | 1403 | 1402 | 1401 | 1400
Bank 15 Relay Control Register
Address 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Base+3E1s | 1515|1514 |1513|1512 | 1511|1510 1509 | 1508 | 1507 | 1506 | 1505 | 1504 | 1503 | 1502 | 1501 | 1500
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Register-Based Programming Examples

The following sections provide examples in both HP BASIC and HP-UX, C.
These examples support the following configuration:

* Mainframe: HP 75000 Series C (HP E1400B)

* Controller: HP V/360 (HP E1480A) w/Resource Manager dotd(s
* Programming Language: HP BASIC/HP-UX, C

* Switch Card: HP Matrix Module (HP E1466A)

Reading the  The following examples read the module ID, Device ID, and Status
Registers  registers on the matrix module.

HP BASIC
1 0 | kkkkkkkkkkkkkhkhkkkkkkkhkkkkkkkkkhkkkkkkkkhkhkkkkkkkhkhkkkkkkhkhkhkkkkkkkhkhkhkkkkkkkhkhkkkx
20 Irrxx READREG Fokkkk
3 0 | kkkkkkkkkkkkkhkkhkkkkkkkhkkkkkkkhhkkkkkkhkkhhkkkkkkhhkhkkkkkkkhkhkhkkkkkkkhkhkhkkkkkkkhkhkhkkkx
40 OPTION BASE 1
50 ! Set up arrays to store register names and addresses
60 DIM Reg_name$(1:3)[32], Reg_addr(1:3)
70 !
80 ! Read register names and addresses into the arrays
90 READ Reg_name$(*)!Read in register names
100 READ Reg_addr(*) !Read in register addresses
110!
120 ! Set base address variable
130 Base_addr = DVAL("DE0Q",16)
140!
150 ! Map the A16 address space in the V/360
160!
170 CONTROL 16,25;2
180 ! Call the subprogram Read_regs
190 Read_regs(Base_addr, Reg_name$(*), Reg_addr(*))
200!
210 DATA Identification register, Device register, Status register
220 DATA 00, 02,04
230 END
300 ! This subprogram steps through a loop that reads each register ahd
Iprints its contents
310!
320 SUB Read_regs(Base_addr, Reg_name$(*), Reg_addr(*))
330!
340 For Number =1to 3
350 Register = READIO(-16,Base_addr + Reg_addr(number))
360 PRINT Reg_name$(number); " ="; IVAL$(Register,16)
370 Next Number
380 SUBEND
- J/
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HP-UX, C

/’7************************************************************/

[x** readreg.c *rk|
/************************************************************/

#include <sys/vxi.h> *source file for HP V/360 VXI drivers*/
#include <fcntl.h>

#include <stdio.h>

#define logical_address 120 *logical address of the matrix module*/

int fd;

typedef unsigned short word;

typedef struct dev_regs  { [*set up pointers*/
unsigned short id_reg;
unsigned short device_type;
unsigned short status_reg;
unsigned short dummy[13];
unsigned short bank0_channels;

} DEV_REGS;

main()

{

fd=open("/dev/vxi/primary",O_RDWR); *open the HP V/360 VXI interface*
if (fd) {

perror("open™);

exit(1);
} *retrieve the A16 pointers*/
dev=(struct dev_regs *)vxi_get_al6_addr(fd,logical_address);

read_reg(dev); *sub to read the registers*/
} /*END of main program*/
/*SUB READ_REG*/

int read_reg(reg_ptr)
DEV_REGS *reg_ptr;

{

printf("\n ID Register = 0x%x\n",reg_ptr->id_req); [*read the id register*/

[*read the device type register*
printf("\n DEVICE TYPE Register = 0x%x\n",reg_ptr->device_type);

printf("\n STATUSRegister = 0x%x\n",reg_ptr->status_reg);/*read the status register*/
return;

}

- J
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Making  The following examples close bit 1 on bank 0, wait for a measurement to be
Measurements made, and then open the channel.

You must insert your own programming code for the measurement part of
this program. If you are using the HP E1411B, se¢élfh&1326B/E1411B
5 1/2-Digit Multimeter User’'s Manudbr programming examples.

HP BASIC

1 0 | *kkkkkkkkkhhkkkkkhkhhkkkkkhkkhkkkkkhkhkkkkkkkkkkkkkhkkkkkkkkkkkkkhkkkkkkkkhkkkhkkkkkkk

20 Irxx MAKEMEAS ok
3 0 !*******************************************************************************
40 OPTION BASE 1

50 !Set up arrays to store register names and addresses
60 DIM Reg_name$(1:1)[32], Reg_addr(1:1)

70 !

80 'Read register names and address into the arrays

90 READ Reg_name$(*)

100 READ Reg_addr(*)

110!

120 !Set base address variable

130 Base_addr = DVAL("DE00",16)

140!

150 !Map the A16 address space in the V/360

160 CONTROL 16,25;2

170 !Call the subprogram Make_meas

180 Make_meas(Base_addr, Reg_addr(*))

190!

200 DATA Bank0 channels register

210 DATA 32

220 END

280 ! This subprogram closes bit 1 of bankO channels, waits for the channel
I to be closed, makes a measurement, and then opens the relay.

300 SUB Make_meas(Base_addr, Reg_addr(*))
310!

320 WRITEIO -16, Base_addr + Reg_addr(1); 1
330 REPEAT

340 UNTIL BIT(READIO(-16,Base_addr+4),7)

I Make measurements

380 WRITEIO -16, Base_addr + Reg_addr(1);0

390 SUBEND
- /
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HP-UX, C

/’7*************************************************************/ \\

[F** makemeas.c x|

/*************************************************************/

#include <time.h>
#include  <sys/vxi.h> [*source file for HP V/360 VXI drivers*/
#include  <fcntl.h>
#include  <stdio.h>

#define logical_address 120 /*logical address of the matrix module*/

int fd;

int j;

typedef unsigned short word;

typedef struct dev_regs { [*set up pointers*/
unsigned short id_reg;
unsigned short device_type;
unsigned short status_reg;
unsigned short dummy[13];
unsigned short bankO_channels;

} DEV_REGS;

main()

{

/*open the HP V/360 VXI interface*/

fd=open("/dev/vxi/primary",O_RDWR);
if (fd) {

perror(“open™);

exit(1);
}

[*retrieve the A16 pointers*/

dev=(struct dev_regs *)vxi_get al6 addr(fd,logical _address);

ver_time(); /*sub to verify the time to close the switch*/
make_meas(dev); /*sub to close a switch and make a measurem
} [*END of main program®*/
/*SUB VER_TIME*/
ver_time()
{
struct timeval first,
second,
lapsed;
struct timezone tzp;
- J/

Continued on next page.

ent*/
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/gettimeofday(&first,&tzp);

for (j=0; j<=7000; j ++);
gettimeofday ($second,&tzp);

if (first.tv_usec > second.tv_usec)

{

second.tv_usec +=1000000;
second.tv_sec--;

}

lapsed.tv_usec = second.tv_usec - first.tv_usec;
lapsed.tv_sec = second.tv_sec - first.tv_sec;

printf("Elasped time for closing a channel is: %ld sec %ld usec \n",
lapsed.tv_sec, lapsed.tv_usec);

}

*SUB MAKE_MEAS*/

int make_meas(reg_ptr)
DEV_REGS *reg_ptr;

{

reg_ptr->bank0_channels=0x0001;
for (j=0; j<=7000; j ++); [*wait for switch to close*/
printf("\n Making Measurement");

[*close bit 1 of bankO */

*make measurements*/

/*open bit 1 of bank0*/
reg_ptr->bank0_channels=0x0000;
return;

}
- J

The subver_time allows time for switch closures. This sub should print a
Note time around 7 ms. If the time is less, you must change the valie tie
for loop. For example, instead of 7000, you might have to use 10000.
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Scanning Channels

HP BASIC

The following examples scan through the bank 0 channels (closing on
switch at a time) and make measurements between switch closures.

e

Again, you must insert your own programming code for the measurement

part of this program. If you are using the HP E1411B, see the
HP E1326B/E1411B 5 1/2-Digit Multimeter User’'s Mantal
programming examples.

/

1 0 |*kkkkkkkkhkkhkkkkkhkkkkkkkkhkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

20 Prxx SCANNING kkak
3 0 | kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkhkkkkkkhhkkkkx
40 OPTION BASE 1

50 !Set up arrays to store register names and addresses

60 DIM Reg_name$(1:1)[32], Reg_addr(1:1)

70 !

80 !Read register names and addresses into the arrays

90 READ Reg_name$(*)

100 READ Reg_addr(*)

110 !Set base address variable

120 Base_addr = DVAL("DE00Q",16)

130!

140 'Map the A16 address space in the V/360

150 CONTROL 16,25;2

160 !Call the subprogram Scan_meas

170 Scan_meas(Base_addr, Reg_addr(*))

180!

190 DATA BankO0 channels register

200 DATA 32

210 END

280 ! This subprogram sets all bits in bankO open then scan through b
I closing one channel at a time (waits for the channel to be closed
Imeasurement can be made.

300 SUB Scan_meas(Base_addr, Reg_addr(*))

310!

320 WRITEIO -16, Base_addr + Reg_addr(1);0

330 FOR I=0to 15

340 WRITEIO -16, Base_addr + Reg_addr(1);27
350 REPEAT

360 UNTIL BIT(READIO(-16,Base_addr+4),7)
370 PRINT "Making Measurement"

I Make measurements
420 NEXT |

430 WRITEIO -16,Base_addr + Reg_addr(1);0
440 SUBEND

ank O,
soal
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HP-UX,C

//}**********************************************************/ ‘\

[rrxx scanning.c kx|
/**********************************************************/

#include <time.h>

#include  <math.h> [*file to perform math functions*/
#include  <sys/vxi.h> [*source file for HP V/360 VXI drivers*/
#include  <fcntl.h>

#include  <stdio.h>

#define logical_address 120 /*logical address of the matrix module*/
#define lastch 15

int fd;

inti;

int j;

int reg;

doubley;

typedef unsigned short word;

typedef struct dev_regs { [*set up pointers*/
unsigned short id_reg;
unsigned short device_type;
unsigned short status_reg;
unsigned short dummy[13];
unsigned short bankO_channels;

} DEV_REGS;

main()

{

/*open the HP V/360 VXI interface*/
fd=open("/dev/ivxi/primary",0_RDWR);

if (fd) {
perror(“open™);
exit(1);
} [*retrieve the A16 pointers*/

dev=(struct dev_regs *)vxi_get al6 addr(fd,logical _address);

ver_time(); [*sub to verify the time to close the switch*/

scan_meas(dev);
} [*END of main program®*/

[*SUB VER_TIME*/

ver_time()

{

struct timeval first,
second,
lapsed;

- J

Continued on next page.

/*sub to close a set of switches and make measuremer
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Note

Note

ﬁstruct timezone tzp;

- J

gettimeofday(&first,&tzp);

for (j=0; j<=7000; j ++);

gettimeofday ($second,&tzp);

if (first.tv_usec > second.tv_usec)
{
second.tv_usec +=1000000;
second.tv_sec--;

}

lapsed.tv_usec = second.tv_usec - first.tv_usec;
lapsed.tv_sec = second.tv_sec - first.tv_sec;

printf("Elapsed time for closing a channel is: %ld sec %Id usec \n", lapsed.tv |
lapsed.tv_usec);

}
/*SUB SCAN_MEAS*/

int scan_meas(reg_ptr)
DEV_REGS *reg_ptr;
{
reg_ptr->bank0_channels=0x000; [*set bankO to 000 */
i=0;
for (i=0;i=lastch;i ++)
L
y=h
reg=pow(2.0,y);
reg_ptr-bank0_channels=reg;
for (j=0; j<=7000; j ++); [*wait for switch to be closed*/
printf("\n Making Measurement");

/*make measurements*/

return;

}

The subver_time allows time for switch closures. This sub should print
time around 7 ms. If the time is less, you must change the vajue thfe
for loop. For example, instead of 7000, you might have to use 10000.

Themath.h include file requires am option when compiling the above
program.
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_ Appendix C
Matrix Error Messages

The table below lists the error messages associated with the matrix modules
programmed with SCPI commands. SeeHReE1406 Command Module
User’s Manualfor complete information on Error Messages.

No. Title Potential Causes
-109 Missing Parameter Sending a command requiring a channel list without the channel list.
—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.
-310 System Error Too many characters in the channel list expression.
1500 | External Trigger Source Already | Assigning an external trigger source to a switchbox when the trigger source
Allocated has already been assigned to another switchbox.
2000 | Invalid Card Number Addressing a 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 (e.g. ch. 99 of matrix module).
2006 | Command Not Supported on Sending a command to a module (card) in a switchbox that is unsupported
this Card by the module.
2008 | Scan List not Initialized Executing an INIT without a channel list defined.
2009 | Too many channels in Channel | Attempting to address more channels than available in the switchbox.
List
2011 | Empty Channel List Channel list contains no valid channels.
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 this Sending a command to a module (card) in a switchbox that is not supported
Card by the module or switchbox.
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*OPC?, 88

*RCL, 53, 88
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CTYPe?, (SYSTem:CTYPe?), 44, 82 - 83, 89

D

Daisy Chain Expansion Cable, 32, 34 - 35
Declaration of Conformity, 7
Default Conditions, 44
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Diagram

HP E1465A, 12

HP E1466A, 13

HP E1467A, 14
DISPlay subsystem, 66 - 67
DISPlay:MONitor:CARD, 67, 89
DISPlay:MONitor[:STATe], 66, 89
Documentation History, 6

E

E1465A Simplified Diagram, 12
E1466A Simplified Diagram, 13
E1467A Simplified Diagram, 14
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maitrix expansion terminal module, 40
Error Checking, 54 - 55
Error Messages, 113 - 114
ERRor?, (SYSTem:ERRor?), 84, 89
Example
detecting error conditions, 54 - 55
recalling states, 53

scanning channels with external instrument, 49 - 50
scanning channels with system multimeter, 48 - 49

synchronizing the matrix module, 56

using scan complete bit, 52 - 53
Expansion Cables

HP E1467A Option 211, 36
Expansion Terminal Cables, 36

attaching, 40

Expansion Terminal Module (HP E1467A Opt 211),

36

Expansion Terminal Module Coax Cables, 36
Extender, VXlbus, 42

Extraction Levers, 24, 27, 38

H

Hood Supports, 27, 38
HP E1467A Opt 211

Matrix Expansion Terminal Module, 36
HP E1467A Opt 211 Expansion Cables, 36
HP Z2220A Series Expansion Cables, 36
HP-IB

definition of, 18

Serial Poll, 52

Service Request, 52

Identification of Matrix Module, 44
IMMediate, (INITiate[:IMMediate]), 43, 69, 89
IMMediate, (TRIGger[:IMMediate]), 85, 89
Implied SCPI Commands, 61
Initial Operation of Matrix, 18
INITiate subsystem, 68 - 69
INITiate:CONTinuous, 44, 53, 68, 89
INITiate:CONTinuous?, 69, 89
INITiate[:IMMediate], 43, 69, 89
Installing

switch module in a VXlbus mainframe, 24
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K

Key, cable connector, 40

L

Latches
ejection, HP Z2220A series cables, 40
Latching Relays, 57
Levers
extraction, 24, 27
Linking Commands, 62
Logical Address Switch, setting, 22

M

Manufacturer’s Identification Register, 98
Matrix
card number, 16
channel addresses, 17
channel list, 16
channel numbers, 17, 46
commands, 43
CPU, 57
creating 32 x 32, 32, 34
creating 4 x 256, 34
creating 8 x 96, 35
description, 11
error messages, 113 - 114
expanding, 32,34 - 35,41 - 42
expansion terminal module, 36
initial operation, 18
latching relays, 57
logical address switch, 22
module block diagram, 58
module identification, 44
power-on conditions, 44
programming, 15
reset conditions, 44
specifications, 91 - 94
throughput, 57
Matrix Expansion Terminal Module

HP E1467A Option 211, 36 - 37,39 - 40
MON!itor:CARD, (DISPlay:MONitor:CARD), 67
MONitor:[STATe], (DISPlay:MONitor[:STATe]), 66

Multiple Mainframes
connecting, 41 - 42
using, 42

Multiple-module Switchbox
address, 32
card number, 16
configuration, 32
logical addresses, 16

O

OPEN, ([ROUTe:]OPEN), 15, 43, 75, 89

OPEN?, ((ROUTe:]OPEN?), 51

OPEN?, ([ROUTe:]OPEN?), 43, 76, 89

Opening Channels, 46

Operation Status Register, 52
OPERation:CONDition?, (STAT:OPER:COND?), 80,
89

OPERation:ENABIe, (STATus:OPERation:ENABIe),
52, 80, 89

OPERation:ENABIe?,
(STATus:OPERation:ENABIe?), 80, 89
OPERation:EVENLt?,
(STATus:OPERation[:EVENLt]?), 89
OPERation:EVENLt?,
(STATus:OPERation[:EVENTt]?), 81

Option 211 Matrix Expansion Terminal Module, 36
Optional Parameters, 61

OUTPut subsystem, 70 - 72
OUTPut:EXTernal[:STATe], 70, 89
OUTPut:EXTernal[:STATe]?, 71, 89
OUTPUt[:STATe], 44, 53, 71, 89
OUTPUt[:STATe]?, 71, 89
OUTPUt:TTLTrg[:STATe], 72, 89
OUTPUt:TTLTrg[:STATe]?, 72, 89

P

Parallel Column Connector, 36
Parallel Row Connector, 36
Parameter Types, 61
Parameters, optional, 61
Pawl Latches

matrix expansion terminal module, 38
Pin-out, connector, 28
plug&play

See VXplug&play Online Help
Power-on Conditions, 44
PRESet, (STATus:PRESet), 81, 89
Programming Examples, register-based, 104 - 111
Programming the Matrix, 15
Programming, register-based, 95
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Query Closed Channels, 51
Query Open Channels, 51
Querying the Matrix Module, 51

R

Reader Comment Sheet, 9
Recalling States, 53
Register
descriptions, 98
device identification, 98
manufacturer’s identification, 98
relay control, 100, 102 - 103
status/control, 98 - 99
Register Addressing, 95
Register Offset, 97
Register-based Programming, 95

Register-based Programming, examples, 104 - 111

Relay Control Register, 100, 102 - 103
Relay Life, 93

Relay Replacement Strategy, 93
Reset, 44

[ROUTe:] subsystem, 73 - 77
[ROUTe:]CLOSe, 15, 43, 73 - 74, 89
[ROUTe:]CLOSe?, 43, 51, 74, 89
[ROUTe:]OPEN, 15, 43, 75, 89
[ROUTe:]JOPEN?, 43, 51, 76, 89
ROUTe:SCAN, 15, 43, 77, 89

S

Safety Warnings, 6
Saving States, 53
Scan Complete Bit, using, 52 - 53
SCAN, ([ROUTe:]SCAN), 15, 43, 77, 89
Scanning Channels, 47 - 50
SCPI Commands, 15, 59 - 60
abbreviated, 60
implied, 61
linking multiple, 62
parameters, 61
reference, 63
separator, 60
specifying, 15
Setting Address Switch, 22
Shield Pin, connector, 36 - 37
Single-module Switchbox
card number, 16
Soft Front Panel
See VXplug&play Online Help

SOURCce, (TRIGger:SOURce), 43 - 44, 53, 86 - 87, 89

SOURce?, (TRIGger:SOURce?), 87, 89
Specifications, Matrix Module, 91 - 94
STATe, (DISPlay:MONitor[:STATe]), 89
STATe, (OUTPut:EXTernal[:STATe]), 70, 89
STATe, (OUTPUt[:STATe)), 44, 53, 71, 89
STATe, (OUTPuUt:TTLTrg[:STATe]), 72, 89
STATe?, (OUTPut:EXTernal[:STATe]?), 71, 89
STATe?, (OUTPUt[:STATe]?), 71, 89
STATe?, (OUTPUt:TTLTrg[:STATe]?), 72, 89
Status Register, 52
STATus subsystem, 78, 80 - 81
Status/Control Register, 98 - 99
STATus:OPERation:CONDition?, 80, 89
STATus:OPERation:ENABIe, 52, 80, 89
STATus:OPERation:ENABIle?, 80, 89
STATus:OPERation[:EVENTt]?, 81, 89
STATus:PRESet, 81, 89
Storing States, 53
Switching Channels, 46 - 47
Synchronize

channel closures, 49

matrix module, 56
SYSTem subsystem, 82 - 84
SYSTem:CDEScription?, 44, 82, 89
SYSTem:CPON, 83, 89
SYSTem:CTYPe?, 44,82 - 83, 89
SYSTem:ERRor?, 84, 89

T

Terminal Block

See Terminal Module
Terminal Module

attaching to relay matrix switch module, 27

front panel, Option 211, 37

HP E1465A, 29

HP E1466A, 30

HP E1467A Option 211, 36

HP E1467A, standard, 31

pin-out, 28

wiring, 25
TRIGger subsystem, 85 - 87
TRIGger[:IMMediate], 85, 89
TRIGger:SOURCce, 43 - 44, 53, 86 - 87, 89
TRIGger:SOURce?, 87, 89
Types of Parameters, 61

U

Using Multiple Mainframes, 41 - 42
Using Scan Complete Bit, 52 - 53
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VXI plug&play Example Programs
See VXplug&play Online Help
VXI plug&play Function Reference
See VXplug&play Online Help
VXI plug&play Programming
See VXplug&play Online Help
VXI plug&play Soft Front Panel
See VXbplug&play Online Help
VXlbus Extender, 42

W

WARNINGS, 6
Warranty, 5
Wiring the Terminal Module, 25
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