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Printing History

Thc I.‘s'.mt'mg History shown below lists all Editions and Updates of this manual and the printing date(s). The first printing of the manual
is Edition 1. The Edition number increments by 1 whenever the manual is revised. Updates, which are issued between Editions, contain
replaoer_n.enl pages to correct the current Edition of the manual. Updates are numbered sequentially starting with Update 1. When a
new Edition is created, it contains all the Update information for the previous Edition. Each new Edition or Update also includes a
rcvised_oopy of this printing history page. Many product updates or revisions do not require manual changes and, conversely, manual
carrections may be done without accompanying product changes. Therefore, do not expect a one—to—one correspondence between
product updates and manual updates.

Edition 1 (Part Number Z2417—-90001)  January 1992

Safety Symbols
Instruction manual symbol affixed 7~ Alternating current (AC).
to product. Indicates that the user
A must refer to the manual for specif- -— Direct current (DC).
ic Warning or Caution information
1o avoid personal injury or damage & )
to the product. Indicates hazardous voltages.
Indicates the field wiring terminal Calls attention to a procedure,
'L' that must be connected to earth WARNING practice, or condition that could
- ground before operaling the equip- cause bodily injury or death.
ment protects against electrical
shock in case of fault. Calls attention to a proocedure,
Frame or chassis ground terminal CAUTION practice, or condition that could
I'}'l ORJ_ typically connects to the equip- possibly cause damage to equip-
ment's metal frame. ment or permanent loss of data.

WARNINGS

The following general safety precautions must be observed during all phases of operation, service, and repair of this
product. Failure to comply with these precautions or with specific warnings elsewhere in this msanual 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 | 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 Nammahle gases or fumes.

For continued protection against fire, replace the line fuse(s) only with fuse(s) of the same voltage and current rating and type. DONOT
use repaired fuses or short—circuited fuseholders.

Keep away from live circults: Operating personnel must not remove equiproent covers or shields, Procedures involving the removal of
cavers or shields are for use hy service —trained personnel only. Under certain conditions. dangerous voltages may exist even with the
equipment switched off. To avoid dangerous electrical shock, DO NOT perform procedures involving cover or shield removal unlessyou
are qualified to do so.

DO NOT operate damaged equipment: Whenever it is possible that the safety protection features built into this product have been 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 10 2 Hewlett —Packard Sales and Serviee
Oflice for service and repair o ensure 1hat safety features are maintained.

DO NOT service or adjust alone: Donot atterapt internal serviee or adjustment unless another person, capable of rendering first aidand
resuscitation, Is present.

DO NOT substitule parts or modily equipment; Because of the danger of introducing addiional hazards, do not install substitute parts
or perform any unauthorzed modification to the product. Return the product 1o a Hewlett — Packard Sales and Service Office for service
and repair to ensure that safely features are maintained.
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CERTIFICATION

Hewlert—Packard Company certifies that this product met its published specifications at the fime of shipment from ihe factory. Hewleit—
Packard further certifies that its calibration measurements are fraceable to the United States National Institule of Standards and Tcdlnology
(formerly National Bureau of Standards), to the exent allowed by thai organization’s calibration facility, and to the calibration fadilities of
other Interational Standards Organization members,

WARRANTY _

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

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

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

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer —supplied prod-
ucts or interfacing, unauthorized modificalion or misuse, operation outside of the environmental specifications for the product, or im-
proper sile preparation or maintenance,

The design and implementation of any circuit on this product is the sole responsibility of the Buyer. HP does not warrant the Buyer's
circuitry or maifunctions of HP products that result from the Buyer's circuitry. In addition, HP does not warrant any damage that occurs
as a result of the Buyer's circuit or any defects that result from Buyer —supplied products.

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

EXCLUSIVE REMEDIES

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

NOTICE

The information contained in this document is subject 1o change without notice. HEWLETT—-PACKARD (HP) MAKES NO WAR-
RANTY OF ANY KIND WITH REGARD TO THIS MATERIAL, INCLUDING., BUTNOT LIMITED TO, THE IMPLIED WAR-
RANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. HP shall not be liable for errors con-
tained berein or for incidental or consequential damages in connection with the furnishing, performance or use of this material. This
document contains proprietary informoation which is protected by copyright. All rights are reserved. No part of this docurnent may be
photocopied. reproduced, or translated 10 another language without the prior writien consent of Hewlett —Packard Company, HP as-
sumnes no responsibility for the use or reliability of s sofiware on equipment that is not furnished by HE.

Restricted Rights Legend

Use, duplication, or disclosure by the Government is subject 10 restrictions as set forth in subdivision (b}(3)(ii) of the Rights in Technical
Data and Computer Software clause at 52,227-7013. Hewlett —Packard Company; 3000 Hanover Street; Palo Alto, California 94304

Hazardous Material

This product contains Mercury, When disposing of this product follow the local law for disposal of articles which contain liquid mercury.
There is approximately 3 grams of liquid mercury in this product. The relays may be removed from the board by carefully unsoidering
the leads, then lifting the relay out of the holes. After ALL relays are removed the board may be disposed of. The relays must be disposed
as hazardous goods or sent to a qualified mercury reclaimer.
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Getting Started

m

Using This Chapter This chapter includes a Form C switch description, addressing guidelines, and
an example program to check initial operation. Chapter conlents are as fol-
lows:

¢ Ipstrument Definition
¢ Switch Description

® Programming the Switch
® Initial Operation

Instrument HP plug—in modules installed in an HP mainframe are treated as independent

Definition instruments each having a unique secondary HP—IB address. Each instrument
is also assigned a dedicated error queue, input and output buffers, status regis-
ters and, if applicable, dedicated mainframe 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 Swilchbox or Scanning Voltmeter
Instrument),

Switch Description The HP Z2417A 32—Channel Mercury—Wetted, Form C Switch module is a
C—Size VXIbus and VMEbus register—based product which can be used for
switching, scanning, and conirol. The switch can operate in a C—Size VXIbus
or VMEbus mainframe. The switch bas 32 channpels of Form C relays. Each
chanoel includes a relay with common (C), normally open (NO), and normally
closed (NC) contacts.

For the Form C swilch, switching consists of opening or closing a channel relay
to provide alternate connections to user devices. Scanning consists of closing a
set of relays, one at a lime.

Basic Operation  As shown in figure 1—1, the Form C switch module consists of 32 channels
{channels 00 through 31). Each channel uses a nonlatching relay. Resistors or
fuses can be added for circuit prolection.

Each channel is switched by opening or closing the appropriate channel relay.
Since the relays are nonlatching, the relays arc all open during power—up or
power—down. When a reset occurs, all channel commons (C) are connected to
the corresponding normally closed (NC) contacts. When a channel is closed,
the common contact (C) is connected 10 the normally open contact (NO).
User inputs and outputs to each channel are via the NO, NC, and C terminal
connectors on the terminal block.
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Warning

The relays are mercury wetted, This means that there may not be break before

make or make before break. During the switching of a relay all 3 contacts may

be connected, or they may be separate, or only 2 of the contacts may be con-

nected.
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Figure 1 —1. Form C Switch Simplified Diagram
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Typical Configuration The Form C switch accepls user inputs up to 100 V dc or 100 V ac peak. Maxi-

Programming the

Switch

Note

mum rated power capacity (external load) is 50 W dc or 50 VA ac per channel.
Per module, you can switch 320 W dc or 320 VA ac.

As noted, the switch may be configured for general purpose swilching/scanning
or digital output applications. For general purpose switching or scanning, no
additional configuration is required. To configure the switch for digital output
applications, install external pullup resistors as required. See Chapter 2 for
configuration details.

Multiple Form C swilch modules can be configured as a switchbox instrumeant.
When using a switchbox instrument, multiple Form C switch modules within
the switchbox instrument can be addressed using a single interface address.
This configuration, however, requires the use of SCPI (Standard Commands
for Programmable Insiruments, formerly TMSL) commands. SCPI commands
are discussed throughout this manual and information on the switchbox instru-
ment configuration can be found in the C—Size VXTbus Sysiem Installation and
Getting Started Guide.

There are several ways you can program the Form C switch module. One way
is to write directly 1o the registers. This method can provide better throughput
speed, however, it requires more knowledge of the Form C switch design. See
appendix B, "Form C Registers” for information on register programming,.

Another way to program the Form C switch module is to use an HP E1405A/B
Command Module and SCPI commands. With SCPI commands the HP
E1405A/B Command Module parses the commands and writes to the appro-
priate Form C switch register, The examples in 1his manual use the SCPI pro-
grammiog lapguage. See appendix B, "Form C Registers,” for examples on
writing directly to the registers.

You can use different controllers and differen! programming languages. The
examples in this manual, however, are hased on the following configurations:

e HP 9000 Series 200/300 Computer running HP BASIC

® HP Vectra Compuler (or compatible) with an HP 82335A HP~IB In-
terface Card (with command library) running Borland® Turbo C

¢ HP E1480A V/360 Computer running HP BASIC/HP-UX,C (This
configuration is used in appendix B for register based programming).

See the C—Size VXibws Sysiem Installation and Getting Started Guide for infor-
mation on additional configurations.

Most examples in this manual use SCPI commands. See Appendix B, "Form C
Switch Registers,” for information on writing directly to the registers.
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Specitying SCPI
Commands

The Channel List

The Card Number

The Channel Number

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

SCPI Command Command Description

CLOSEe <channet_list> |Connects the normally open (NO) terminal to
the common (C) terminal for the specified

channels.

OPEN <channel_list> Connects the normallu closed {NC) terminal to
the commeon (C) terminal for the channels spe-
cified.

SCAN <cahnnel_list> Closed the set of Form C relays, one at a time.

The channel list is a combination of the switch card number and the channel
numbers. The channel list takes the form of @ccnn where,

cc = switch card number (01-99)
nn = channe! aumber (00-31)

The card number (ce of the channel list) depends on the configuration used. If
you have multiple modules addressed as a switchbox, this number determines
whal card of the switchbox will be addressed. If you only have one module,
your Form C card number is always 0l. (Leading zeroes can be ignored for the
card number.)

For a multiple —module switchbox, the card numbers are 01, 02,...,0n. The
module with the lowest logical address is card number 01, the module with the
next—lowest logical address is card number 02, etc. See the C—Size VXTbus
System Installation and Getting Staried Guide for additional switchbox instru-
ment information,

The channel number (nn of the channel list) determines which relay on the
selected card will be addressed. Form C switch channel numbers are 00
through 31. The channels can he addressed using channel numbers or channel
ranges.

Use a comma (,) to form a channel list or a colon (:) 1o form a channel range.
Only valid channels can be accessed in a channel list or channel range. Also,
the channel range must be from a lower channel number 10 a higher channel
number. For example, CLOS (@ 100:215) is ucceptabie, but CLOS (@215:100)
generales an error.

You can address the following:

singic channels (@cenn)

multiple channels (@ccnn,cenn,...)

sequential channels ({@ccnn:cenn)

groups of sequential channels (@ ccnn:cecnn.ccnnicenn)
or any combination of the above
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* Initial Operation

Two example programs follow which use Hewlett—Packard BASIC and TUR-
BO C lapguages 1o get you started using the Form C switch module. The first
example assumes an HP 9000 Series 200300 controller and a Hewlett-Pack-
ard Interface Bus (HP—~1B). {HP—IB is the Hewlett—Packard implementation
of the [EEE 488.2—1987 standard.) The second example assumes an HP Vec-
tra Computer (or compatible) with an HP 82335A HP-IB Interface Card
(with command library) running Borland® Turbo C.

This program closes channel 02 of a Form C switch module a1 logical address
120 (secondary address = 120/8 = 15) and queries the channel closure state.
The result is returned to the computer and displayed (1 = channpel closed, 0 =
chanpel open). See Chapter 4 for information on the SCPl commands.

HP BASIC

10 OUTPUT 70915;”*RST" ! Resel the module
20 OUTPUT 70915;"CLOSE (€102)" ! Close channel 02
30 OUTPUT 70915;"CLOS? (@102)" [Querychannel 02 siate

40 ENTER 709%15;Value ! Enter resuit into Value
50 PRINT Value ! Display result (should print a
"I" to indicate thal the channel
is closed)
60 END
TURBO C

#include <stdio.h>>

#include <chpib.h> > [*Include file for HP—]B*/
#define ISC 7L

#define FORMC 70915L [*Form C default address®/
#define TASK1 "*RST™ {*Commanrd for a reset®/
#define TASK2 "CLOSE (@102)” {*Command 1o close channel 02%/
#define TASK3 "CLOS? (@102)” {*Command 10 query channel 02%/
main()

{
char into[257):
int length = 256;

{*Output commands to Form C*%/
error_handter (IOTIMEOUT (7L,5.0), "TIMEOUT™);
erf.or_handler(lOOUTPUTS (FORMC, TASKI, 4), "OUTPUT com-

ma?:?rg:r_handler(lOOUTPUTS( FORMC, TASK2, 12),"OUTPUT com-

mand™);
error_bandler{IOQUTPUTS(FORMC, TASK3, 12),"OUTPUT com-

1-5
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mand™);
{*Enter from Form C%/

error_handler(IOENTERS (FORMC, into, &length), "ENTER com-
mand™);

print{("Now let's see if the switch is closed: %2s”,into);

return;
}
int error_handler (int error, char *routine)
{
char ch;
if (error !'= NOERR)
{
printf ("Mn Error %d %s \n", error, errstr{error));
printf (" in call to HP—IB function %s \n\n", routine);
printf ("Press "Enter’ to exit: 7);
scanf ("%«c", &ch);
exit(0);
}

return (),
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2

Configuring the Form C Switch Module

Using This Chapter

This chapter shows how to make user connections and configure the Form C
switch module. Chapter contents are as follows:

® Warnings and Cautions

¢ Setting the Module Address Switch
® Selecting the Interrupt Priority

® Connecting User Inputs

® Typical Swiltch Configurations

® Protecting your Relays and Circuits

Warnings and
Cautions

Warning

Caution

SHOCK HAZARD. Only qualified, service—trained personnel who are aware
of the hazards involved should install, configure, or remove the Form C switch
module. Use only wire rated for the highest input voltage and remove all power
sources from the mainframe and installed modules before installing or remov-
ing a module.

MAXIMUM VOLTAGE/CURRENT. Maximum allowable voltage per channel
for the Form C switch is 100 V dc or 100 V ac peak. Maximum current per
channel is 2 A dc or ac peak (non—inductive). Maximum power of an external
load is 50 W dc or 50 VA ac per channel or 320 W dc or 320 VA ac per module.
Exceeding any limit may damage the Form C switch. STATIC-=SENSITTVE
DEVICE. Use anli—static proccdures when removing, configuring, and install-
ing a module. The Form C swilch is susceptible to static discharges, Do not
install the Form C swilch module without its metal shield attached.
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Setting the Module  The logical address switch (LADDRY) factory setting is 120. Valid addresses are

Address Switch from 1 to 255, The Form C switch module can be configured as a single instru-
menl, or as a switchbox. Refer to the C—Size VXIbus System Installation and
Getting Started Guide for addressing information. Refer to figure 2—1 for
switch position information.

Note When using an HP E1405A/B, the address switch value must be a multiple of 8
if the module is the first module in a "switchbox” used with a VXIbus com-
mand module using SCP1 commands.

© @ ®
B\P15+IZ+/64 =120
01 2 3 48 & 7 SWITCH
iotolol 1l -
' LOCATION
HHHHHHH N ®
1} ~ 1 h‘\“s'\'b‘\"" @D
1 ~— SWITCH IS CLOSED WHEN DEPRESSED TO THE 't POSITION
I I
o g—— SWITCH iS DPEN WHEN DEPRESSED TO THE T POSITION E1483A F2-1
1

Figure 2—1. Setting the Address Switch
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Selecting the
Interrupt Priority

Note

The Form C switch modules generate an interrupt after a channel has been
closed. These interrupts are sent 10, and acknowledgements are received from,
the command module (HP E1405A/B) via the VXIbus backplane interrupt
lines.

For most applications where the Form C switch module is installed in an HP
75000 Series C mainframe, the interrupt priority jumper does not have to be
moved. This is because the VXIbus interrupt lines have the same priority, and
interrupt priority is established by instaliing the modules in slots numerically
closest to the E1405A/B Command Module, Thus slot 1 has a higher priority
than slot 2, slot 2 has a higher priority than slot 3, and so on.

You cap select eight different interrupt priority levels. Level 1 is the lowest
priority and level 7 is the highest pricrity. Level X disables the interrupt. The
module’s factory setting is level 1. To change, remove the four—pin jumper
(HP part number 1258 =0247) from the old priority location and reinstall in
the new priority location (figure 2—2 shows a priority change from 110 7). If
you are setting the interrupt priority level to something other than 1, see the
HP E1405A/B Command Module User'’s Manual for additional information
(Chapter 2). If the four pin jumper is nol used, the two jumper locations must
have the same interrupt priority level selected.

When using the HP E1405A/B as the resource manager, Lhe interrupt priority
jumper MUST be installed in position 1. However, if you are using an HP
E1480A (V/360) with the HP E1405A/B Command Module, an interrupt level
of 2 is recommended. See the C—Size VXIbus Systems Installation and Getting
Started Guide.Level X interrupt priority should not be used under normal op-
erating conditions.
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Figure 2—2, Setting the Interrupt Priority
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Connecting User
Inputs

HP Z2417A TERMINAL BLOCK

The Form C switch module consists of a comporent module and a terminal
block. User inputs to the Form C switch are 1o the normally open (NO), nor-
mally closed (NC), and common (C) terminal connectors on the terminal
block. Figure 2—3 shows the terminal block and associated channel numbers.
Figure 2—4 shows how to connect user (field) wiring to the terminal block.

Maximum terminal wire size is 18 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).

CHO ; CHa CHA I CH12 cHi8 CHX CH CHIS
_Ncbcﬂugudjc wapecli ENEOUCUNO e N C c clh clna
CH1 | CHS [ cHe j CH1d CHI1? CH21 28 o]
| Incl'c Tnand] cUnamelc lclino C c c cno
== rgd-g-gggﬁgg | 20 | 0|65 |
| 1 14 1 CHze CHIO0
wﬁhm;nmq:Uﬁi ’L?éfho{hcﬂc'::Um NC[?::[I]Nd]mUGg[?JndfndJc cno
[ ¢ 1 CH1 5 J CHI1D CH2I CH2?Y Cra!
el Tropwel < Tnaeel c [l ¢ [mo) o] < Il < alpel < o
\ o o o —
ETASMA FITY

Figure 2-3. Form C Switch Terminal Block
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OO~
==
Ay
e PN
CARD E:] [:] LJ

\ L scRew — /

C1afta W7 -7

Figure 2—4. Wiring the Form C Switch Terminal Block

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



L

Typical Switch
Configurations

General Purpose Relay
Configuration

Example: General Purpoze
Relay Configuration

Typical Form C switch configurations are as follows:

® General Purpose Relay

® Digital Output
As factory—configured, the Form C switch module is set for general purpose
relay configuration. For this configuration, you can switch channels by opening
or closing channel relays or you can scan a set of channels,

Figure 2—5 shows a typical general purpose relay configuration for channel 00.
When the relay is open (NC terminal is connected to the C terminal), load | is
connected. When the relay is closed, (NO terminal is connected to the C termi-
nal), load 2 is connected.

TERMINAL]|
BLOCK |

Chamnne | +V

00 NO CONO

O— (O— 2
NC CON

QD]

O

P!
S

C
<

RELAY |LOAD

CPEN
CLOSED 2

—

Clapda F2-5

Figure 2—5. Example General Pupose Relay Configuration

Note

Mercury wetled relays are NOT Break Before Make or Make Before Break.
The order of coatact closure and contact openning is not constant. Evaluate
the effects of the relays on your own circuit before instaliation.
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Digital Output By installing external pullup resistors, you can configure the switch as a digital

Configuration output device.

Exampie: Digltal Output Figure 2—6 shows channel 00 configured for digital cutput operation. When
Configuration the channe! 00 relay is open (NC connected to C), point 1 is at + 5 V., When
the channel 00 relay is closed (NO connected to C), point 1 isatQ V.

®
%7®
v

TERMINAL +V
Z22417A Bl OCK
Ch%gne ]
NO CBNO
c_ ©° —O
NNC Cngﬁ
AN
coc
T
h—y
RELAY @ @
OPEN +V oV
CLOSED | ov oV

C14634 F)-4

Figure 2—6. Example Digital Output Configuration
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Protecting your
Relays and Circuits

Relay Reliability

Adding Relay and
Circuit Protection

Mercury welled relays have a shorter lifespan than other electronic parts such
as ICs. Because of their mechanical nature, relays usually have about 100 mil-
lion operations (at 30 operations per second) which isn’t quite 1000 hours.
Therefore, to get the full life out of a relay in a switching module, you must
protect the relay. The following sections provide additional information about
protecting your relays and circuits.

To make sure you get the full life of your relays, keep the following in mind:

® Be aware of non—resistive loads. When swilching inductive loads, high
voltages (thousands of volis) are produced across the relay contacts.
This causes arcing and transfer oFmalerial berween contacts. Oxides
and carbides from components of the atmosphere coat the contacts and
cause high contacl resistance. The transfer of material creales hills and
valleys which Jock together to "weld” contacts. Motor loads, for exam-
ple, produce large inrush currents that can be 5 to 10 times greater than
the steady state current. The following table summarizes how many
limes greater the inrush current can be for different types of loads:

Type of Load Inrush Current times Steady
State
Resistive 1
Solenoid 10 — 20
Motor 5S-10
Incandescent Lamp 10 — 15
Mercury Lamp 3
Sodium Vapor Lamp 1-3
Capacitive 20 - 40
Transformer 5-15

Capacitors are not to be placed across the load or relay contacts. Capacitors
may suppress arcs, but the energy stored in the capacitors will flow through the
relay contacts, welding them.

You can also add circuit protection within the HP Z2417A component module.
See the sections following.

Space has been made available on the HP Z2417A Form C Module for adding
relay and circuit protection. Relay protection can be added by placing a protec-
tive device across the contacts. This is done by adding metal oxide varistors
(MOVs) between the common (C} and normally open (NO) or normally closed
{NC) terminals. Now as the voltage poes up, the varistor draws current to pro-
tect the relay.

Circuit protection can be added by placing a protective device in series with
the common lead. This is done by adding a resistor or fuse between the com-
mon (C) terminal and your circuit. Figure 2—7 shows the localions where these
protective devices can be added. When installing circuit protection, a jumper
must be removed first.
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To install these protective devices it maybe necessary to remove the sheet met-

al covers from the module. The locations for installing the devices are labeled
as follows:

Circult
Protection

JMxx

The resistor or fuse location in series with commoaon (C)

Where xx is the chappel number

Again, do not install a capacitor in any of these locations.
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Figure 2—-7. Adding Relay and Circuit Protection

Maximum Allowable The HP Z2417A Form C Switch Module has an individual channel current
Module Switch Current specification of 2 A. However, if you apply the 2 A 10 all the channels with a
relay contact resistance of .25 ohms, the power dissipation wouid be 80 W.
Since the HP E1400B Mainframe can only provide cooling [or 45 W per slot
(keeps the temperature rise to 10°C), this can not be allowed to happen.

A reasonable current for the entire module is 50 A. That is, 25 channels each
carrying 2 A or some combination of channels and currents that total] 50 A,
This will produce about 67.5 W of internal dissipation, leading to a 15 C tem-
perature rise.
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3

Using the Form C Switch

Using This Chapter This chapter uses typical examples 1o show how to use the Form C switch mod-
ule for switching channels and scanning channels. See Chapter 4, "Form C
Switch Command Reference,” for command information. Chapter contents are

as follows:

e Form C Switch Commands

® Power—On and Resel Conditions

¢ Module Identification
¢ Swilching Channels
¢ Scanning Channels

¢ Querying the Form C Switch Module
e Using the Scan Complete Bit

e Recalling and Saving States
® Detecting Error Conditions

e Synchronizing the Form C Switch

All examples in this chapter use the HP—IB select code of 7, primary address
of 09, and a secondary address of 15 {LADDR =120).

Form C Switch Table 3—1 explains some of the commands used in this chapter. Refer to Chap-
Commands ter 4 for more information on these commands.

Table 3—1. Form C Switch Commands used In Chapter 3

Command

Description

[RCUT:]CLOS <channel list>

Closes the channels in the channel list.

[ROUT:]CLOS? <channel_list>

Queries the state of the channels in the
channel list,

[RCUT:JOPEN <channel_list>

Opens the channels in the channel list.

[ROUTJOPEN? <channel_list>

Queries the state of the channels in the
channels list.

[ROUT:ISCAN <channel_list>

Closes the channels in the channel list,
one at a time.

INIT[:IMM]

Starts the scan sequence and closes
the first channel in the channel list.

TRIG:SOUR
BUS|EXT|HOLD | IMM | TTLT

Selects the trigger source to advance

.|the scan,
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Power-On and
Reset Conditions

Since the Form C switch module has nonlatching relays, all relays are in the
normally closed (NC) position at power—down and power—up.

The *RST command opens all channels, invalidates the current channel list for
scanning, and sets the following:

Paramter Default Description

ARM:COUNt 1 Number of scanning cycles is 1.

TRIGger:SOURce IMM Will advance scanning cycles automati-
cally.

INiTiate:CONTinous |OFF Number of scanning cycles set by
ARM:COUNt

OUTPut:STATe OFF Trigger cutput from EXT or TTL sources is
disabled

)
Module The following short programs use the *RST, *CLS, *IDN?, CTYP?, and
Identification CDES? commands to reset and identify the Form C switch module.
HP BASIC

10 DIM AS$[50], BS[50), C$[50]1 [ Dimensions three string vari-
ables to fifty charoclers

20 OUTPUT 70915; "*RST; *CLS” ! Quliputs the commands to re-
sel and clear the status register

30 OQUTPUT 70915; "+IDN2?” ! Quenes for module identtfica-
lion

40 ENTER 70915; AS ! Enters the results into A3

50 OUTPUT 70915; "SYST:CDES? 1*/!Ouiputthe command fora
card descnplion

60 ENTER 70915; BS ! Enters the results into BS

70 QUTPUT 70915; ~SYST:CTYP? 1"!COulputs the command for the
card type

80 ENTER 70915; c$ ! Enters the results into C§

90 PRINT AS, BS, C§ ! Prinis the contents of variables
A3, BS, and C§

100 END

3-2
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TURBO C

#include <stdio.h>

#inciude <chpib.h> [*Include file for HP—IB*/
#define ISC 7L

#define FORMC 70915L [*Form C defauit address®/
#define TASK1 "*RST,*CLS;*IDN?"  /*Reset, clear, and query identifica-
tion*f

#define TASK2 "SYST:CDES? 17 /*Command for card description®/
#define TASK3 "SYST.CTYP? 1™ /*Command for card type*/
main()

char intol[51), into2[51), inte3|51];
int length = 50;
[*Output and enter commands to Form C*/

error_handler (IOTIMEOUT (7L,5.0), "TIMEOUT™);

error_bhandler(ICOUTPUTS(FORMC, TASK], 15),"OUTPUT com-
mand”),

error_bandler(IOENTERS(FORMUC, intol, &length),"ENTER com-
mand™);

error_bhandler({IOOUTPUTS(FORMC, TASK2, 12),"CUTPUT com-
mand”);

error_bandler(IOENTERS(FORMC, into2, &length),”"ENTER com-
mand”);

error_handler(IOOUTPUTS{FORMC, TASKZ, 12),"OUTPUT com-
mand™);

error_handlerf(lJOENTERS(FORMC, into3, &iength),"ENTER com-
mand'l):

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

return;
}
int error_handler (int error, char *routine)
{
char ch;
if (error !'= NOERR)
{
printl {"\n Error 9ed %s \n", crror, crrstrierror));
printf (" in call to HP=1B function %s n\n”, routine);
print{ {"Press "Enter’ 1o exit: ");
scaof ("%<", &ch);
exit(0);
}

return (;
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A typica! print for the HP Z2417A will look like the following:

HEWLETT - PACKARD,SWITCHBOX, 0,A.04.00
32 Channel General Purpose Relay
HEWLETT-PACKARD,Z2417A,0,A.04.00

Switching
Channels

Note

For general purpose relay operation, you can connect or disconnect a load by
opening or closing specified channel relays. By adding externa) puliup resistors,
the swilch can be configured for digital output operations.

Use CLOSe <channel_list> 10 connect a channel's normally open (NO) termi-
nal to its common (C) terminal, or use OPEN <channel_lisi> to connect a
chanpel’s normally closed (NC) contact to its common (C) terminal. The
<channel_list> has the form (@ccnn) where,

cc = card pumber {(01-99)
on = channpel number (00—231)

To OPEN or CLOSe multiple channels, place a comma (,) between the channel
numbers. For example, 1o close channels 101 and 103, execute CLOS
(@101,103). To OPEN or CLOSe a continuous range of channels place a colon
() between the first and last channel numbers.

The following HP BASIC program shows how to close and open channel 2 on
an HP Z2417A Form C module (card #1):

120 OUTPUT 70915; "ROUT:CLOSE (@102)"
130 OUTPUT 70915; "ROUT:OPEN (@102)"
140 END

When using any of the commands that are preceded by [ROUTe:], the ROUTe
portion of the command can be eliminated. For example, as in the program
above, ROUTe can be eliminaled and just the CLOSe command can be used.
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Example: Voltage This example cioses channel 00 of a Form C switch module to switch the load
Swltchlng voltage (E) from load 1 to load 2. When the channel relay is open, the load
vollage is applied to load 1. When the relay is closed, the vollage is applied to
load 2. See figure 3—1 for typical user connections.

The following program shows how to close channel 00 of the HP Z2417A Form
C Switch:

10 DISP "Testing the HP Z2417A"

20 OUTPUT 70915; "CLOSe (8100)" ! Close channel 00 relay {con-
necit NO to C). I is the card
number and 00 is the channel
number.

30 END

To open channel 00, use OPEN (@100).

i ERMINAL|
| BLOCK

00 NO | CONO

] ]

5
ol

i

Cc@C
Y
\_/

| 1 €14634 M)

Figure 3—1. Example Voltage Switching
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Examptle: Controlling RF Figure 3—2 shows one way to drive the HP 8761 SPDT RF Switches or HP
Switches/Step Attenuators 33300 Series Programmable Step Attenuators. (This figure only shows control
for the HP 33300 40 db slep. Additional drive relays are required for the 10 dB
and 20 dB steps.) The HP 8761A and HP 33300A/C operate froma 1215V
coil voltage, while the HP 8761B and HP 33300B/D operate from a 24V =30V
coil voltage. To close channel 00, execute:

10 DISP “Applying -12Vv”~

20 OUTPUT 70915; "CLOSe (8100)* ! (Close channel 00 relay (con-
nect NOto C). Iis the card

number and 00 is the channel
number
30 END
To open channel 00, use QOPEN (@ 100),
HPEZ03C
EXTERNAL
DUAL PWR SLPPLY
HP Z2417A -12v 12V
O
Charmne
o0 0 COND =
N : |
C o= -O— |
[-0\*0 CONC
O
NC HP 87514 RF SW]TCH or
HP 333004/C STEP ATTN
Cac (12¥ COIL ¥C_TACE)
' O @ He 33300 (D)
HP Z2417A
Channe !
o0
NO COND
C O— _{L\/_ 1
CeNC [
O '
|
NC Ccec
IR
g
Channe l
o! CINC
NO :
C C O . L L
cINC H? B7B1E RT SW]TCH or
r)\tf oY HP 33300E/0 100 ATTN
ps {Zay COIL vO.7ass?
| NC cic |
L O - £
. VL.
! E 1
o O
CXTERNAL |
24V PwWH SUPPLY
HPGZCERB

[1463A 13-3
Figure 3—2. Example: Controlling RF Switches/Step Attenuators
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Example: Digital Output

Figure 3—3 shows channel 00 configured for digital output operation. When

Configuration the channel 00 relay is open (NC connected to C), point | is at +V and point 2
is at 0 V. When the chanpel 00 relay is closed (NO connected 10 C), points |
and 2 are both at 0 V. To close channel 00, exccute the following:

10 DISP “Closing channel 0~
20 OUTPUT 70%15; ~CLOS (@100)” ! Close channel 00 relay (con-
nect NO 1o C). 1 is the card
number and 00 is the channe!
number.
30 END
To open channel 00, use OPEN (@ 100).
1 +V
Z2417A TERMINAL
BLOCK
Channel
OO NO C@NO

O

C o : @
[T O +—@
v

CoC
Y
N

RELAY @ @

OPEN +V oV
CLOSED oV oV

Clapla 7 3-4

Figure 3-3. Example: Digital Output Cenf{iguration
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Example: Matrix The Form C switch module can be configured as a 4 x 8 single—wire matrix to
connect any combination of up to four user sources (S1, S2, §3, $4) to any
combination of up to eight user instruments (11, 12, I3 . . . I8) at a time. To do
this you must make the following connections:

Switching

Connect Common (C) channel Connect Normally open (NO)
numbers together Channel Numbers together
0,8, 16, and 24 6-7
1,9, 17 and 25 8-15
2,10, 18, and 26 16 — 23
3,11, 19, and 27 24 — 31
4,12, 20, and 28
5,13,21,and 29
6, 14, 22, and 30
7,15, 23, and 31

When this is done, you'll get the following matrix:

J

L15 |

Sho
@

INo.
c®@

INo
L&

FrabM Fy- 5
O  CLOSE THIS CHANNEL TO CONNECT S TO |
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Close the channel number enclosed in the circle 10 connect the corresponding
row and column. The following example closes channel 25 to connect §3 to [1

and closes channel 20 1o connect §2 10 14. To close channeis 20 and 25, execute
the following;

10 DISP "Testing Switch Matrix”

20 OUTPUT 70915; "CLOS (@120,125)" ! Close channels 20 and
25. I &5 card number and 20
and 25 are channel numbers,

30 END
To open the channels, use OPEN (@120,125),

Scanning Channels

Example: Scanning
Channels With an
External Instrument
Using Trig In and Out
Ports

For the Form C switch module, scanning channels consists of closing a speci-
fied set of channels, one chanpel at a time. You can scan any combination of
channels for a singlc —module or a muliiple —module switchbox. Single, multi-
ple, or continuous scanning modes are available. See Chapier 4 for additional
information on scanning Form C swilch channpels.

Channel lists can extend across boundaries. For multiple —module switchbox
instruments, the channels to be scanned can extend across switch modules. For
example, for a two—module switchbox instrument, SCAN (@ 100:231) will scan
all channels of both Form C switch modules,

Use ARM:COUNt number to set mulliple/continuous scans (from 1 to 32767
scans). Use INITiate:CONTinuous ON 1o set continuous scanning. See Chap-
ter 4 for details.

This example shows one way to synchronize instrument measurements of a
devices under test (DUT) with Form C switch channe! closures. For measure-
ment synchronization, the HP E1405A/B Trig In and Out BNC ports are con-
nected to the instrument Volimeter Complete and External Trigger ports. See
figure 3—5 for typical user connections.
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Figure 3—5. Example: Scanning Using Trig Out Port

For this example, the normally closed (NC) contacts (channets 00—-02) are con-
nected to ground, and the measurements are made on the common (C) con-
tacts. The command module and tnstrument are connected via HP=IB. The
Form C swilch module has a logical address 120 (secondary address 15), and
the external instrument has an address of 722,

10
20
30
40
50
&0
70
80
90
100
110
120
130

OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTFPUT
OUTPUT
WAIT 2
FOR Cha

EN

PRI
NEXT Ch
END

70915; "*RST;*CLS5” ! Reset and Clear the module

722;"TRIG EXT;DCV” ! External trigger, DC volis
722;"MEM FIFO” I'Memory first in first out
70915; *OUTP ON" ! Enable Trig Out

70915;"TRIG:S0UR EXT" !/ Bus triggering
70915;”SCAN (R100:102)"! Scan channels 00-02

70915;"INIT" ! Lnable scan
! Wait for switch closures
nnel=1 TO 3 ! Start loop
TER 722;Result I'Enter result
NT Result ! Display result
annel ! Increment count
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Example: Scanning Channels This example uses the HP E1405A/B Command Module’s TTL Trigger Bus
with System Multimeter Using Lines to synchronize Form C channel closures 1o a system multimeter (HP

HP E!4058

TTL Trigger E1410A). For measurement synchronization:

e HP E1405A/B TTL Trigger Bus Line 0 is used by the Form C module to
trigger the multimeter to perform a measurement.

® HP E1405A/B TTL Trigger Bus Line 1 is used by the multimeter 10 ad-
vance the Form C scan.

These trigger bus lines are not actual bardware connections. The triggering is
accomplished by the HP E1405A/B's firmware. The measurement is taken
from the common (C) terminal. The common terminals for channels 0 through
2 are connected together for this example. When one of these switches is
closed (C connected to NO), different DUTS are swilched in for a measure-
ment. Figure 3—6 shows how 1o connect the Form C module to the multimeter
module. The connections shown with dotled lines are not actual hardware
connections. These connections indicate how the firmware operates Lo ac-
complish the triggering.

HP E1405B HP E1410A FORM C SWTCH
COMMAND MODULE VOLTMETER MODULE

HP EV410A

COMMAND MODULE  VOLTMETER MODULE FORM C SWITCH - :
' = ———
FL e B AT 0000000
o " m o
TMCLIR .- L) En
Ormm— 19 ] 0|9 ]
Q m-rﬂf'mn © o g °© : =
!l O e}
G Lo § ] 0 § [‘i T
- c [ ———— o
S Ry
] R | — ][ m]fw s
BNl
7
Figure 3—6. Example: Scanning Using TTL Trig
3-11
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The following HP BASIC program sets up the voltmeter (HP—I1B address
70903) to scan making 2—wire resistance measurements.

10 ALLOCATE REAL Rdgs(1:3) ! reset and clear the modules

20 OUTPUT 70915; "#RST;*CLS"

30 OUTPUT 70903; "*RST;*CLS" ! Set From C to be triggered by
TTL Trigger line |

40 OUTPUT 70915;”"TRIG:SOUR TTLTI1"
! Voltmeter Triggers on TTL
Trigger line 0, VM pulses TTL
Trigger line [ on measuremeni
complete, Set VM function lo
Resistance, range, NPLC

50 OUTPUT 70903; "ABORT; :TRIG:SOUR TTLTRGO”"

60 OUTPUT 70903; "OUTP:TTLTRG1l:STAT ON”"

70 OUTPUT 70903; ":FUNC:RES;:RES:RANGE lE6;:RES:NPLC
1 ~

80 OUTPUT 70903; “:TRIG:DEL 0; COUN 3;:CAL:ZERO:AUTOC
ON; : TRIG: BUFF ON~ /
Check to see VM ready, when
ready, initialize trigger |

90 OUTPUT 70903; ~"=OPC?”

100 ENTER 70903; Check

110 OUTPUT 70903; ~INIT" ! Setup the Form C: Form C
pulses TTL trigger line 0 on
channel closed

120 OUTPUT 70915; "OUTPUT:TTLTO:STATE ON"

130 OUTPUT 70915; "SCAN (€100:102)"

140 OUTPUT 70915; "INIT"

150 oUTPUT 70903; "FETCH?"

160 ENTER 70903; Rdgs({*)

170 PRINT Rdgs(*)

180 ENWD
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Querying the Form
C Switch Module

Using the Scan
Complete Bit

All query commands end with a "?”. 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 compuler. See Chapter 4 for more information on
these commands.

Use CLOSe? <channel_list> or OPEN? <channel_list> to query the channel
state (open/closed). CLOS? returns a 1 for chaonel(s) closed and a 0 for chan-
nel(s) open. OPEN? returns a 0 for channpel(s) closed and a | for channel(s)
open. (Commands are software queries and do not account for relay bardware
failures.)

The following example closes a range of channels and queries for the results:

10 DIM Channels$[32] ! Dimensions a string variable
to 32 characters

20 oUTPUT 70915;”CLOS (@100:131)"
! Closes channels 00 through 31

30 OUTPUT 70915;~CLOS? "(@100:131)"! Quenes o see if the chan-
nels are closed

40 ENTER 70915; Channels$ ! Enters the resulls from the
swiich card into the variable
Channels$

50 PRINT “Channels Closed:”;Channels$ ! Prnis the channels
closed (should prini I's)

60 END

You can use the Scan Compilete bit (bit 8) in the Operation Status Register (in
the command module) of a switchbox 1o delermine when a scanning cycle is
complete (no other bits in the register apply to the switchbox). Bil 8 has a deci-
mal value of 256 and you can read it directly with the STAT:OPER? command.
See the STATe:OPERatiop[:EVEN!]? command in Chapter 4 for an example.

When enabled by the STAT: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 Command *STB? 10 read the Status Register.

When bit 7 of the Status Register is ¢nabled by the *SRE 128 Common Com-
mand to assert an HP—1B Service Request (SRQ), vou can interrupt the com-
puter when the Scan Complete bit is set, afier a scanning cycle completes. This
altows the computer Lo do other operations while the scanning cycle is in prog-
ress.

The following example monitors bit 7 in the Status Register to delermine when
the scanning cycie is complete. The computer used in this example is an HP
9000 Series 200/300 running HI' BASIC as the programming language. The

3-13
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computer interfaces with an HP E1405A/B Command Module over HP~1B.
The HP—1B seleci code is 7, the HP—IB primary address is 09, and the HP-

IB seco

ndary address is 15.

20 QUTPUT 70915;"+*RST; *CLS" ! Resets and Clears the module

30
40

50
60
70

80

90

100

! Enable Scan Complete Bit
OUTPUT 70915;”"STAT:OPER:ENAB 256"

QUTPUT 70915; "TRIG:SOUR IMM" !Set the Form C swiich up for
continuous (nggering

QUTPUT 70915; "SCAN (@100:115)"! Select channels 1o scan

OUTPUT 70915; "+*OPC?” ! Waii for operation complete

ENTER 709%15; AS I'Query the contents in the op-
eration status register

PRINT "*QPC? = ",A$ ! Print the contenis of the oper-
alion siatus register

OUTPUT 70915;"STAT:0PER:ENAB?"

!'Query the contenis of the sta-
ius byle regisier

ENTER 70915;A$

110 PRINT "STAT:0PER:ENAB? =",AS$!Print the conienis of the status
byte register

120 OUTPUT 70915;"*STB?" ! Query the contenis of the sia-
tus byte regisier

130 ENTER 70915;AS

140 PRINT “Switch Status =",AS$ ! Prini the contents of the siatus
byte register

150 OUTPUT 70915; "INIT" ! Start scan cycle

160 I = 0 ! Initialize the value of the
counter

170 WHILE (I=0) ! Stay in loop uniil some value
ts returned from the SPOLL
(70915) command

180 I = SPOLL(70915)

190 PRINT "Waiting for scan to complete: SPOOL =
L ; I

200 END WHILE

210 I = SPOLL(70915)

220 PRINT ”Scan complete: spool = ;I

230 END

g
Recalling and The *SAV <numeric_staie > command saves the current instrument state. The
Saving States state number (0-9) is specified by the <numeric_state> parameler. The set-

tings saved by this comumand are as follows:
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Channel relay states (open or closed)
ARM:COUNt

TRIGger:SOURce

OUTput:STATe
INITiate:CONTinuous

The *RCL <numeric_siaie> command recalls the state when the last ®*SAV was
executed for the specified <numenc_siate> parameter {0—9). If no *SAV was
executed for the <numenic_state>, *RST default settings are used. Reler to
the *SAYV setlings list for the settings recalled by *RCL.

The following program shows how to save and recall Form C switch states,

10 DIM AS[150) ! Dimension a siring variable
for 130 characters

20 OUTPUT 70915; "CLOSE (@100:131) "/ Close channels 00 — 3]
on the form ¢

30 QUTPUT 70915; "+*SAV 5”" ! Save as numeric state §

40 OUTPUT 70915 "+*RST; *CLS" ! Reset and Clear the module
50 OUTPUT 70915;"CLOS? {@100:131)"/ Query the channels closed
60 ENTER 70915;AS$

70 PRINT "Channels Closed:”;AS$ ! Prints closed channels (should

print 0s)

80 OUTPUT 70915; "+*RCL 5~ ! Recall numeric state 5§

90 OQUTPUT 70915 "CLOS? (100:131)"!Queryto see what channels
are closed

100 ENTER 70915;A$

110 PRINT "Channels Closed:";AS$ /! Pnnithe closed channels
(should print 1's)

100 END

Detecting Error
Conditions

The SYSTem:ERRor? query requests a value from instrument’s ervor register.
This register contains an inleger in the range [—32768 to 32767). The response
takes the following form:

Where, <err_number> is the value of the instrument's error, and <err_mes-
sage> is a short description of the error.

The following programs atiempt an illegal channel closure and polls for an er-
ror message:

HP BASIC

10 DIM Err_num$[256) !'Dimension a siring variable
for 256 characters
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20 OUTPUT 70915; "CLOS (€135)" !Tryto close an illegal channel
30 OUTPUT 70915; ~SYST:ERR?” ! Query for a system error
40 ENTER 70915; Err_num$

50 PRINT Err_num$ ! Prints error +200/], "Invalid
channel number”
60 END
TURBO C

#include <sidio.h>

#include <chpib.k> { tInclude file for HP~]B%/
#define ISC 7L
#define FORMC 70915L /*Form C default address*/
#define TASK! "CLOSE (@135)" /*Command for illegal switch clo-
sure®/
#define TASK2 "SYST:ERR?” /*Command for system error®/
main()

char into[257);

int length = 256;

/*Output commands to Form C*

error_handler (IOTIMEOUT (7L,5.0), "TIMEOUT™);

error_handler (IOOUTPUTS (FORMC, TASKI, 12), "OUTPUT com-
mand"); error_handler (IOOUTPUTS (FORMC, TASK2, 9), "OUTPUT
command”);

{*Enter from Form C*/

error_handler (IOENTERS (FORMC, into, &length), "ENTER com-
mand™);

printf("Now let’s print the errors: %s”,into);

return;
}
int error_handler (int error, char *routine)
{
char ch;
if (error '= NOERR)
{
printf ("\n Error 95d %s \n", error, errsir(crror));
printf (" in call to HP—IB function %¢s \n\n", routine);
printf ("Press "Enter’ to exit: 7);
scanf ("%c", &ch);
exit(0);
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return 0,

If no error occurs, the switchbox responds with 0,”No error™. If there bas been
more than one error, the ipstrument will respond with the first one in its error
queue. Subsequent queries conlinue to read the error queue until it is empty.
The maximum <err_message> string length is 255 characters.

Synchronlzing the The following example shows how to synchronize a Form C switch module with

Form C Switch a measurement instrument. In this example, the Form C swilch module
switches a signal to a multimeter. The program then verifies that the channel
is closed before the multimeter bepins its measurement.

10
20
30
40

50
60

70
80
90

OUTPUT 70915; "CLOS (8105)" [!Closes channel 5
OUTPUT 70915; “*OPC?” ! Waist for operation complete
ENTER 70915; Opc_value

OUTPUT 70915; “CLOS? (@105)" /Check to see if channel is
closed

ENTER 70915;A

QUTPUT 70914; MEAS:VOLT:DC?*"! When channel is closed, mea-
sure the voltage

ENTER 709%14; Meas_value
PRINT Meas_value ! Prini the measured voltage

END
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4

Form C Switch Command Reference

Using This Chapter

This chapter summarizes SCPI (Standard Commands for Programmable In-
struments, formerly TMSL) commands IEEE 488.2 Common (*) commands
used in this manual.

See the HP E1405A/B Command Module User's Manual for additional informa-
tion on SCPI and common commands. Chapler contents are as follows:

¢ Command Types

e SCPI Command Formal

® SCPI Command Reference

e Common Command Reference

e JEEE 4838.2 Common Commands
® Command Quick Reference

Command Types

Common Command
Format

Commands are separated into two types:

¢ IEEE 488.2 Common Commands
e SCPl Commands,

The [EEE 488.2 standard defines the common commands that perform func-
lions like resel, self—1est, status byte query, etc. Common commands are four
or five characters in length, always begin with the asterisk character (*), and
may include one or more paramelers. The command keyword is separaled
from the first parameter by a space character. Some examples of common com-
mands are as follows:

*RST
*ESR 32

*STB?
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SCPI Command
Format

Note

Command Separator

Abbreviated
Commands

implied Commands

The SCPI commands perform functions like closing switches, making measure-
menls, and querying instrument states or retrieving data. A subsystem com-
mand 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 and CLOSe and SCAN are second level com-
mands.

There must be a space hetween the second level command (C1.OSe, for exam-
ple) and the <channel list>.

A colon (3) always separates one command from the next jower leve] command
as shown below:

ROUTe:SCAN

The command syntax shows most commands as a mixture of upper and lower
case letters. The upper case letters indicate the abbreviated spelling for the
command. For shorter program lines, send the abbreviated form, and for bet-
ter program readability, send the entire command. The instrument will accept
cither the abbreviated form or the entire command.

For example, if the command syntax shows TRIGger, then TRIG and TRIG-
GER are hoth acceptable forms. Other forms of TRIGger, such as TRIGG or
TRIGGE will generate an error. You may use upper or lower case letters.
Therefore, TRIGGER, trigger, and TrigGeR are all acceptable.

Implied commands are those which appear in square brackets ([ ]) in the com-
mand 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.

For example, the instrument assumes you intend to use the implied command
and it responds as if you had sent it. Examine the INITiate subsystem shown
below:

INITiate
:CONTinuous ON | OFF [ 1 [ O
:CONT inuous?
{:IMMediate]
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Parameters

Linking Commands

The root command INTTiate is sent without a secondary command. IMMedi-
ate is implied. You can send either of the following commands to start the
scapning cycle:

INTT:IMM

or

INTT

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

Tablie 4—1, SCPI Parameter Typea

Parameter Type Explanations and Examples

Numeric Accepts all commonly used decimal repre-
sentations of number including optional
signs, decimatl points, and scientific nota-
tion.

123, 123E2, —123, —1.23e2, 1.23Ee—-2,
1.23000E—-01. Special cases include MIN,

MAX and INF,

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 op-
tional parameters. {(Note that the brackels are not part of the command and
are nol sent to the instrument.) If you do pot specify a value for an oplional
parameter, the instrument chooses a default value.

For example, consider the ARM:COUN? |<FIN|MAX>] command. If you
send the command without specifying a parameter, the present ARM:COUNt
value is returned. If you send the MIN parameier, the command returns the
minimum count available. If you send the MAX parameter, the command re-
turns the maximum count available. Be sure to place a space between the com-
mand and the parameter.

Linking IEEE 488.2 Common Commands with SCPI Commmands: Use a semi-
colon between the commands. For example:

*RST;,0UTP ON
or

TRIG:SOUR HOLD:*RST
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Linking Multipie SCPI Commands. Use both a semicolon (;) and a colon (3)
between the commands. For example:

ARM:COUN L;:TRIG:SOUR EXT

SCPI Command

This section describes the Standard Commands for Programmable Instruments

Reference {SCP!) commands for the Form C switch module. Commands are listed alpha-

betically by subsystem and also within each subsystem. Command guides are
printed in the top margin of each page. The left guide indicates the first com-
mand listed on that page. The right guide indicates the last command listed on

that page. Where only a single command appears on a page, the left and right
guides will be the same.
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ABORt The ABOR! command subsystem stops a scan in progress when the scan is en-
abled via the interface and the trigger source is TR1Gger:SOURce BUS or
"TRIGger:SOURce HOLD.

Subsystem Syntax ABOR1

Comments ® ABORt Actions: ABORL1 aboris the scan and invalidates the current
channel list.

® Stopping Scan Enabled Via Interface: When a scan is enabled via an
interface, an interface CLEAR command can be used to stop the scan.
When the scan is enabled via the interface and TRIG:SOUR BUS or
HOLD is set you can use ABOR? to stop the scan.

® Related Commands: ARM, INTTiate:CONTinucus, [ROUTe:]SCAN,
TRI1Gger

Example Stopping a Scan With ABORt

This example stops a {continuous) scan in progress.

TRIG:SOUR BUS *TRG command is irigger
source
INIT:CONT ON Set continuous scanning
SCAN (€100:103) Scan channels 00-03
INIT Start scan, close channel 00
ABOR Abort scan in progress
4-5
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ARM

Subsystem Syntax

:COUNt

Parametera

Commenis

Example

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

ARM
:COUNt <number> MIN|MAX
:COUN{? [MIN|MAX]

ARM:COUN1 <number>MIN|MAX allows scanning cycles 1o occur a multiple
of times (1 to 32767) with one INITiate command when INTTiate:CONTinu-
ous OFF|0 is set. MIN sets 1 cycle and MAX sets 32767 cycles,

Parameter Name Parameter Type Range of Values
number numeric 1-32767 |MIN[MAX

o Number of Scans: Use only values between 1 and 32767 {or the number
of scanning cycles,

® Related Commands: ABOR1, [NITiate:IMMediate
® *RST Condition: ARM:COUN1 1

Setting Ten Scanning Cycles

This example sets a Form C switch for 10 scans of channels 00 through 03.
When the scan sequence completes, channels 00 through 03 (relays 00 through
03) are closed.

ARM:COUN 10 Set 10 scans per INIT com-
mand

SCAN (€100:103) Scan channels 00-03

INIT Start scan, close channel (0
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:COUNt?

Parameters

Comments

Example

ARM:COUN1? [MIN | MAX] returns the current number of scanning cycles set
by ARM:COUN, The current number of scan cycles is returned whea MIN or
MAX is not supplied. With MIN or MAX as a parameter, MIN returns 1 and
MAX returns 32767.

Parameter Name Parameler Type Range of Values
MIN | MAX numeric MIN=1, MAX=32767

¢ Related Commands: INTTiate[:IMMediate]

Query Number of Scans

This example sets a switchbox for 10 scanning cycles of channels 00 through 03
and queries the number of scan cycles set. The ARM:COUN? command re-
turns 10.

ARM:COUN 10 Set 10 scans per INIT com-
mand
ARM: COUN? Query number of scans
4-7
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DISPlay The DISPlay subsystem monitors the channel state of the selected module in a

swiltchbox. This subsystem operates with an HP E1405B when a terminal is
connected.

Subaystem Syntax DISPlay
:MONitor
[:STATe] <boolean>
:CARD <pumber | AUTO>

:MONitor[:STATe] DISPlay:MONitor[:STATe| <boolean> turns the monitor mode on or off.

Parameters
Parameter Name Parameter Type Range of Values
ON|OFF|1]|0 boolean ON|OFF{1}0
Comments ® Monitering Switchbox Channels: DISPlay:MONitor[STATe] ON or

DISPlay:MONitor[:STATe] | turns the monitor mode ON to show the
chanpel state of the selecied module. DISPlay:MONitor|:STATe] OFF
or DISPlay:MONitor[:STATe] 0 turns the channel monitor OFF.

® Selecting the Module to be Monitored: Use the DISPlay:MONi-
tor:CARD <number> AUTO command to select the module.

® Monitor Mode with an HP Z2417A: When monitoring mode is turn on,
decimal numbers representing the channels closed will be displayed at
the bottom of the terminal. For example, if channels 3, 7, and 12 are
closed, the hotiom of the display will read as follows:

Cham, , 3, , , 7, , v 4 H12, , , , , ... etc

Where the channel numbers represent 1he channels that are closed.

® *RST Condition: DISPlay:MONitor|:STATe} OFF | 0

Example Enabling the Monitor Mode

DISP:MON:CARD 2 Selects module #2 in a swilch-
bhox
DISP:MON 1 Tums monitor mode ON
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:MONitor:CARD DISPlay:MONiter:CARD <number> | AUTO selects the module in a switch-

box to be monitored.

Parameters
Parameter Name Parameter Type Range of Values
number | AUTO numeric 1-99
Comments ® Selecting a Specific Module to be Monitored: Use the DISPlay:MONi-

tor:CARD command to send the card aumber for the switchbox to be

monitored.

® Selecting the Present Module to be Monitored: Use the DIS-
Play:MONitor:CARD AUTO command lo select the last module ad-
dressed by a switching command (for example, [ROUTe:|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 switch-
box
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INITiate The INITiate command subsystem selects contlinuous scanning cycles and starts
the scanning cycle.

Subsystem Syntax INITiate
:CONTinuous ON|CFF| 1|0
:CONTinuous?
[:IMMediate]

:CONTinuous INITiate:CONTinuous ON|OFF|1]0 enables or disables continuous scanning
cycles for the switchbox.

Parameters
Parameter Name Parameter Type Range of Values
ON|OFF| 110 boolean ON|OFF|1]0
Comments ¢ Continuous Scanning Operation: Continuous scanning is enabled with

the INITiate:CONTinuous ON or [INITiate:CONTinuous 1 command.
Sending the INITiate:IMMediate command closes the first channel in
the channel list. Each trigger from a trigper source selected by the
TRIGger:SOURce command advancesgl%:e scan Lhrough the channel
list. A trigger at the end of the channel list closes 1he first channel in
the channel list and the scan cycle repeats.

¢ Non—Continuous Scanning Operation: Non—continuous scanning is
enabled with the INITiate:CONTinuous OFF or INITiate:CONTinu-
ous 0 command. Sending the INITiate:IMMediate command closes the
first channel in the channel list. Each trigger from a trigger source se-
lected by the TRIGger:SCURCce command advances the scan through
the channel list. Al the end of the scanning cycle, the last channel in the
channe] list is opened.

¢ Stopping Continuous Scan: See the ABORt command,

@ Related Commands: ABORL, ARM:CCUNt, TRIGger, TRIG-
gen:SOURce

@ *RST Condition: INITiate:CONTinuous OFF

Example Enabling Continuous Scanning

This example enables continuous scanning of channels ((! through 03 of a sing-
le—module switchbox. Since TRIGger:SOURce IMMediate (default) is set,
use an interface clear command (such as CLEAR) 1o stop the scan.

INIT:CONT ON Fnabhle continuous scanning

SCAN (€100:103) Defines channel list

INIT Start scan cycle, close channel
o0
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:CONTInuous?

Example

[:IMMediate]

Comments

Example

INITiate:CONTinuous? queries the scanning state. With continuous scanning
enabled, the command returns . With continuous scanning disabled, the com-
mand returns 0.

Query Continuous Scanning State

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

INIT:CONT ON Enable continuous scanning
INIT:CONT? (uery continuous scanning
slate

INTTiate[:IMMediate] staris the scanning process and closes the first channel
in the channel list. Successive triggers from the source selected by the TRIG-
ger:SOURce command advance the scan through the channel list.

e Starting the Scanning Cycle: The INITiate:IMMediale 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 error (see [ROUTe:]SCAN).

® Stopping Scanning Cycles: See ABORL.
Enabling a Single Scan

This example enables a single scan of channels 00 through 03 of a single —mo-
dule switchbox. The trigger source to advance the scan is immediate (internal)
triggering set with (default) TR1Gger:SOURce IMMediate.

SCAN (@100:103) Scan channels 00—03

IRIT Begin scan, close channel 00
{use immediate trigrering).
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OUTPut The OUTPut command subsystem enables or disables the different trigger
lines of the HP E1405A/B Command Module.

OUTPut

:EXTernal[:STATe]

Parameters

Comments

Example

‘EXTernal[:STATej ON | OFF | 1] 0
‘EXTernal[:STATe]?

[(STATe]ON | OFF | 1| 0

[:STATe]?

TTLTrg <line>[:STATeJ]ON | OFF | 1| 0
TTLTrg <line>[:STATe]?

OUTPut:EXTernal[:STATe] ON | OFF | 1 | 0 enables or disables the "Trig
Out” BNC port on the HP E1405A/B Command Module.
OUTPut:EXTernal|:STATe} ON | 1 enables the port and
OUTPut:EXTernal[:STATe]) OFF | O disables the port.

Parameter Name Parameter Type Range of Values

ON|OFF|1]0 boolean ON|OFF|1]0

Enabling Trig Out Port: When epabled, a pulse is output from the "Trig
Out” BNC port after each scanned switchbox channpel is closed. If dis-
abled, a pulse is not output from the BNC pont after channel closures.
The output pulse isa + 5 V negative —going pulse,

Trig Out Port Shared by Switchboxes: When enabled, the "Trig Out”
ort is pulsed by any switchbox each time a scanned channel is closed.
o disable the output for a specific module send the OUTPut:EXTer-

pal[:STATe| OFF or OUTPut:EXTerpal[:STATe) 0 command for that

module.

One Output Selected at a Time: Only one output (TTLTrg or EXTer-
nal} can be epabled 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)

OUTP:EXT ON Enable "Trng Out” BNC port io
outpul pulse after each scanned
channel is closed
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:EXTernal[:STATe]?

Example

[:STATe]

Parameters

Comments

Example

[:STATe]?

Example

OUTPut:EXTernal|[:STATe]? queries the present state of the "Trig Out” BNC
port. The command returns 1 if the port is enabled or 0 if the port is disabled.

Query Trig Out BNC Port Enable State

This example enables the "Trig Cut™ Port and queries the enable state, The
OUTPut:EXTernal|:STATe]? command returns | since the port is enabled.

QUTP:EXT ON Enable "Trig Out” BNC Port
OUTP:EXT ? Query port enable siale

OUTPut[:STATe] ON | OFF | 1 | 0 enables or disables the "Trig Out” BNC
port on the HP E1405A/B Command Module. OUTPut[:STATe] ON | 1 en-
ables the port and OUTPut|:STATe] OFF | 0 disables the port. This command
functions the same as the OUTPut:EXTernal[:STATe] command.

Parameter Name Parameter Type Range of Values
ON|OFF|1}{0 boolean ON|OFF|1]0

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

OUTP ON Enable "Trig Out” BNC port to
outpul pulse after each scanned
channel is closed

OUTPut([:STATe]? queries the present state of the "Trig Out™ BNC port, The
command returns | if the port is enabled or 0 if the port is disabled. This com-
mand functions the same as the OUTPut:EXTernal|:STATe]? command.

Query Trig Out BNC Port Enable State

This example enables the "Trig Out” Port and queries the enable state. The
OUTPut[:STATe]? command returns | since the port is enabled.

OUTP ON Enable "Trig Out™ BNC Port
ouTP ? (Juery port enable siate
4-13
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:TTLTrg <line>[:STATe] OUTPut:TTLTrg <line> |:STATe] ON | OFF | 1 | 0 selects and enables which
TTL. trigger bus line (0 — 7) will output a trigger when a channel is closed dur-
ing a scan. ON|1 enables the specified bus line, and OFF]0 disables the speci-

fied bus line.
Parameters
Parameter Name Parameter Type Range of Values
ON|OFF|1]0 boolean ON|OFF|1]|0
Comments ® Enabling TTL Trigger Bus: When epabled, a iulse is output from the
selected TTL trigger bus line (0 ~ 7) after each channel in the switch-

box is closed. 1f disabled, a pulse is not output. The oulput is a nega-
tive poing pulse.

® One Output Seleeted at a Time: Only one output (TTLTrg or EXTer-
pal) can be enabled at ope lime. Enabling a different cutput source
will automatically disable the active output.

® Related Commands: [ROUTe:]SCAN, TRIGger:SOURce, OUT-
Pul:TTLTrg <line>[:3TATe]?
® *RST Condition: OUTP:TTLT <line>:STAT

Example Enable the TTLT] trigger bus

OUTPTTLT I:STAT ON

:TTLTrg OUTPut:TTLTrg <ilinc> [:STATe]? queries the present state of the specified
<fine>[:STATe]? TTL trigger bus line. The command returns 1 if the specified bus lipe is en-
abled, or () if the specified bus line is disabled.

Example Query for the state of TTLTrgl

OUTPTTLT1:STAT?
enler statement IReturns the current siate
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[ROUTe:]

Subsystem Syntax

Note

CLOSe

Parameters

Commants

Example

Artisan Technology Group - Quality Instrumentation ...

The ROUTe command subsystem controls switching and scanning operations
for Form C switch modules in a switchbox.

[ROUTk:)

CLOSe <channel_list>
CLOSe? <channel_list>
OPEN <channe! list>
OPEN? <channel list>
SCAN <channel_lisi>

There must be a space between the second level command (CLOS, for exam-
ple) and the <channel lisi>.

[ROUTe:]CLOSe <channel_lisi> closes the Form C swilch channels specified
by <channel_list>. <channel_list> bas the form (@ccnn) where cc = card
number (01-99) and an = channel pumber (00—31).

Parameter Name

Parameter Type

Range of Values

channel list

numeric

cc00 — cc31

e Closing Channels: To close a single channel, use [ROUTe:JCLOSe

}Oocnn) for multiple channels use
or sequential channels, use [RO
groups of sequential channels,

ROUTe JCLOSe (@ccon,cenn,...);
CLOSes- ccnn:ccnn); for
use [ROUTe:

(@ccon:ccnn,ccnniecnn); or any comblnauon Closure order for multi-
ple channels with a single command is not guaranteed.

¢ Related Commands: [ROUTe:JOPEN, [ROUTe:JCLOSe?
e *RST Condition: All chanpels open

Closing Form C Switch Channels

This example closes channels 100 and 213 of a two—module switchbox (card

numbers 01 and 02).

CLOS (€100,213)

Close channels [00 and 213.
100 closes channel 00 of card
# 1 and 213 closes channel 13
of card 2.

4-15
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CLOSe? [ROUTe:]CLOSe? <channel_list> returns the current state of the channel(s)
queried. <channel_list> has the form {(@ccnn) (see [ROUTe:|CLOSe for defi-
nition). The command returns 1 if channel(s) are closed or returns 0 if chan-
nel(s) are open.

Comments ® Query is Software Readback: The [ROUTe:]CLOSe? command returns
the current software state of the channel(s) specilied. It does not ac-
count for relay hardware failures. A maximum of 128 channels at a time
can be queried for a multi—module switchbox.

Example Query Channel Closure

This example closes channels 100 and 213 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 (8100,213) Close channels 100 and 213
CLOS? (€100,213) Query channels 100 and 213
sStale

OPEN [ROUTe:]OPEN <channel_lis;> opens the Form C swilch channels specified
by <channel list>. <channel _list> bas the form (@ccon) where cc = card
number (01—99) and nn = channel number (00-31),

Parameters
Parameter Name Parameter Type Range of Values
channel list numeric ccl0 — cc31
Comments ® Opening Channels: To open a single channel, useéROUTc ]JOPEN
{}@ccnn) for multiple channels use [ROUTe: N (@ccnn,ccnn,...);
or sequential channels, use [ROUTe:]JOPEN ((@ccon:cenn); for groups

of sequential channels, use | OUTL PEN ({@'ccnn:ccnn,cennicenn):
or any combination. Opening order t'nr mulliple channels with a single
command is nol guaranteed.

® Related Commands: [ROUTe:]JCLOSe, [ROUTe:JOPEN?
® *RST Condition: All channels open.

Example Opening Channels

This example apens channels 100 and 213 of a two—module switchbox {card
numbers 0] and G2).

OPEN (£8100,213) (Open channels 100 and 213.
100 opens channel 00 of #1
and 213 opens channel {3 of
card #2,
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OPEN? [ROUTe:]OPEN? <channel_list> returns the current state of the channel(s)
queried. <channel_list> has the form (@ccnn) (see [ROUTe:)OPEN for defi-
nition). The commard returns 1 if channel(s) are open or returns 0 if chan-
nel(s) are closed.

Comments

® Query is Software Readback: The ROUTe:OPEN? command returps
the current software state of the channels specified, It does not account
for relay bardware failures. A maximum of 128 channels at a time can
be queried for a multi—=module switchbox.

Example Query Channel Open State

This example opens channels 100 and 213 of a two—module switchbox and
queries channel 213 state. Since channel 213 is programmed to be open, 1 is

returned.
OPEN (@100,213) Open channels 100 and 213
OPEN? (@213) Query channel 213 state

SCAN [ROUTe:]SCAN <channel_{ist> defines the channels to be scanned. <chan-
nel_list> has the form (@ccnn) where cc = card number (01—99) and nn =
channpei pumber (00-31).

Parametoers
Parameter Name Parameter Type Range of Values
channef list numeric cc00 — cc31
Comments ® Defining Scan List: When [ROUTe:]ISCAN is executed, the channel list
is checked for valid card and channel numbers. An error is generated

for an ipvalid channel list.

® Scanning Channels: You can scan single channels (@ccnn); multiple
channels S@ccnn,ccnn....); sequential channels (@ccnn:ccnn); groups of
sequential channels {@cconiecnn,cecnnicenn); or any combination.

® Scanning Operation: When a valid channel list is defined, INTT:-
ate[:IMMediale] begins the scan and closes the first channel in the
channel list. Successive triggers from the source specified by TRIG-
ger:SOURce advances the scan through the channel list.

e Stopping Scan: See ABORL.
® Related Commands: TRIGger, TRIGger:SOURce
® *RST Condition: All channcls open.

See Chapter 3, for example scanning programs using external instruments,
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STATus

Subsystem Syntax

:OPERation[:EVENt]?

Commenta

Example

:OPERation:ENABIle

Parameters

Comments

Example

The STATus subsystem reports the bit values of a Standard Operaltion Status
Register. This register enables the Status Byte Register to set a bit after a bit is
set 1o 1 by the Standard Operation Status Register.

STATus
:OPERalion
[:EVENt]?
:ENABIle <number>
:ENABIle?

STATus:OPERation|:EVENt]? returns the bit value of the Standard Operation
Status Register (only bit 8 is used by the Form C switch module).

@ Setting Bit 8 of the Standard Operation Status Register: Bit 8 (Scan
Complete) is set to | after a scanning cycle comglelcs. Bit 8 returns to 0
afier sending the STATus:OPERation[:EVEN1}? command.

@ Returned Data After Sending the STATus:OPERation|[:EVENt]? Com-
mand: The command returns +256 if bit 8 of the Standard Operation
Status Register is set to 1. The command returns +0 if bit 8 of the
Standard Operation Status Register is set to 0.

® Related Commands: [ROUTe:] SCAN

Rending the Standard Operation Status Register After a Scanning Cycle

STAT :OPER? Reiurns the bit values of the
Standard Operation Status Reg-
ister. Returns + 256 if bit 8 is set
to I or returns +0 if bit 8 is set
1o 0.

STATus:OPERation:ENABle <number> enables the Standard Operation Sta-
tus Register to set a bhit in the Status Byte Register. For the Form C switch,
when bit 8 in the Standard Operation Status Register is set to 1, bit 7 in the
Status Byte Register is set to 1.

Parameter Name Parameler Type Range of Values

number numeric 0-32,767

® Setting Bit 7 of the Status Byte Register: STATus:OPERation:ENABIe
256 sets bit 7 of the Status Repisier 1o 1 after bit 8 of the Stapdard Op-
eration Stalus Register is set 1o |

® Related Commands: [ROUTe: [SCAN

Enabling Standard Operation Status Register Bit 8

STAT:OPER:ENAB 256 Enables bit 8 of the Standurd
Operation Status Register and
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sets bit 7 in the Siatus Byte Reg-
ister

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

Commaents ® Outpui Format: Returns a decimal weighted value from 0 to 65535 in-
dicating which bits are set to true.

® Maximum Value Returned: The maximum decimal weighted value used
in this module is 256 (bit 8 set to true).

Example Query the Standard Operation Status Enable Register

STAT:OPER:ENAB? Queries the Siandard Operation
Status Enable register
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SYSTem

Subsystem Syntax

:ERRor?

Comments

Example

:CDEScription?

Parameters

Comments

Example

The SYSTem subsystem relurns the error numbers and error messages in the
error queue of a switchbox. 1t can also return the types and descriptions of
modules (cards) in a swilchbox.

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

SYSTem:ERRor? returns the error numbers and corresponding error messages
in the error queue of a switchbox. See Appendix C for a listing of some switch-
box error numbers and messages.

¢ Error Numbers/Messages in the Error Queue: Each error generated by
a switchbox stores an error number and corresponding error message in
the error queue. The error message can be up to 255 characters long.

@ Clearing the Error Queue: An error number/message is removed from
the queue each time the SYSTem:ERRor? command is sent. The errors
are cleared first—in, first—out. When the queue is empty, each follow-
ing SYSTem:ERRor? command returns 0, "No error”™, To clear all error
numbers/messages in the queue, execute the *CLS command.

¢ Maximum Errer Numbers/Messages in the Error Queue: The queue
holds a maximum of 30 error numbers/messages for each switchbhox. If
the queue overflows, the last error number/message in the queue is re-
placed by —350, "Too many errors”. The least recent error numbers/
messages remain in the queue and the most recent are discarded.

Reading the Error Queue

SYST:ERR? Query the error queue

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

Parameter Name Parameter Type Range of Values

number numeric 1-99

¢ Form C Switch Module Description: The SYSTem:CDEScription?
<number> command returns: "32 Channel Geperal Purpose Relay™

Reading the Description of a Card #1 Module

SYST:CDES? 1 Return the description
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:CTYPe? SYSTem:CTYPe? <number> retums the module (card) type of a selected module
in a switchbax.

Parameters .
Parameter Name Parameter Type Range of Values
number numeric 1-99
Commenis ® Form C Switch Module Model Number:
The SYSTem:CTYPe? <number> command
returns:

HEWLETT-FPACKARD,Z2417A,0,A.04.00

where the O after Z2417A is the module serial number ﬁ:{l}ways 0) and
A.04.00 is an example of the module revision code number.

Example Reading the Model Number of 8 Card #1 Module

SYST:CTYP? 1 Return the model number

:CPON SYSTem:CPON <number> | ALL sels the selected module (card) in a switch-
hox to its power—on state.

Parameters
Parameter Name Parameter Type Range of Values
number numeric 1-99
Comments ® Form C Switch Module Power—On State: The power—on state is all

channels (relays) open. Note that *RST opens all channels of all mod-
ules in a switchbox, while SYSTem:CPON <number> opens the chan-
nels in only the module (card) specified in the command.

Example Setting Card #1 Module to its Power—On State

SYST:CPON 1 Sets module #1 to power—on
stale
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TRIGger

Subsystemn Syntax

[:iIMMediate]

Commaents

Example

The TR1Gger command subsys‘lcm controls the triggering operation of a Form
C swilch module in a switchbox.

TRIGger
[[IMMediate]
:SOURce BUS | EXTernal | HOLD | IMMediate { TTLTrg <line>
:SOURce?

TRIGger|:IMMediate] causes a trigger event to occur when the defined trigger
source is TRIGger:SOURce BUS or TR1Gger:SOURce HOLD.

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

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

® Related Commands: [NITiate, [ROUTe:]SCAN

Advancing Scan Using TRIGger Command

This example uses the TR1Gger command to advance the scan of a single —mo-
dule switchbox from channel 00 through 03. Since TRIGger:SOURce HOLD is
sel, the scan is advanced one channel each time TRIGger is executed.

TRIG:SOUR HOLD Sets inigger source to HOLD
SCAN (€100:103) Defines channel list

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

TRIG Advance scan 1o nex channel
increment loop Increment loop count
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:SOURce TRIGger:SOURce BUS|EXTernal| HOLD|IMMediate | TTLTrg 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 "EVENT In" BNC port
HOLD discrete Hold triggering
IMMediate discrete Immaediate triggering
TTLTrg discrete Trigger lines 0—7
Comments ® Enabling the Trigger Source: The TRIGger:SOURce command only

selects the trigger source. The INITiate|:IMMediate] command enables
the trigger source.

® Using the TRIG Command: You can use TRIGger[:IMMediate} to ad-
vance the scan when TRIGger:SOURce BUS or TRIGger:SOURce
HOLD is selected.

® Using External Trigger Inputs: With TRIGger:SOURce EXTernal se-
lected, only one switchbox at a lime can use the external trigger input
at the HP EMOSA[B Command Module. The trigger inpu! is assigned
1o the first switchbox that requested the external trigger source (with a
TRI1Gger:SOURce EXTernal command).

® Assigning External Trigger: A switchbox assigned with TR1G-
ger:SOURce EXTernal remains assigned to that source until the
switchbox trigger source is changed to BUS, HOLD, or IMMediate.
When the source is changed, the external lriger source is available 1o
the next switchbox which requests it (with a TRIGger:SOURce EXTer-
nal command). If a switchbox requests an external trigger input already
assigned to another switchbox an error is generated.

e Using Bus Triggers: To trigger the switchbox with TR1Gger:SOURce
BUS selected, use the IEEE 488.2 common command *TRG or the
HP—IB Group Execute Trigger {GET) command.

® Trig Out Port Shared by Switchboxes: See the OUTPut command.
¢ Related Commands: ABOR(, [ROUTe:)SCAN, TRIGger
® *RST Conditien: TRIGger:SOURce IMMediate

Examples Scanning Using External Triggers

This example uses external triggering (TRIG:SOUR EXT) to scan channels 00
through 03 of a single —module switchbox. The trigger source to advance the
scan is the input 10 the "Event In” BNC on an HP E1405A/B Command Mod-
ule. When INIT is executed, the scan is started and channel 00 is ciosed. Then
each trigger received at the "Event In™ BNC advaoces the scan to the next

channel.
TRIG:SOUR EXT Select edemnal triggering
SCAN (€100:103) Scan channels 00 through 03
INIT Begin scan, close channel 00

4-23
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:SOURce?

Example

trigger externally Advance scan 10 nexd channel
Scanning Using Bus Triggers

This example uses bus triggering (TRIG:SOUR BUS) to scan channels (00
through 03 of a single—module switchbox, The trigger source 10 advance the
scan is the *TRG command (as set with TR1Gger:SOURce BUS). When INTT
is executed, the scan is started and channel 00 is closed. Then, each *TRG
command advances the scan to the next channel.

TRIG: SOUR BUS Select inierface (bus) triggering

SCAN (8100:103) Scan channels 00 through 03

INIT Start scan, close channel 00

loop statement Loop to scan all channels

*TRG Advance scan using bus trigger-
ing

increment loop Increment loop count

TRIGger:SOURce? returns the current trigger source for the switchbox. Com-
mand returns BUS, EXT, HOLD, IMM, or TTLT for sources BUS, EX'Ternal,
HOLD, IMMediate, or TTLTrg respectively.

Query Trigger Source

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

TRIG:SOQUR EXT Set external trigger source
TRIG: SOUR? Query trigger source
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s

IEEE 488.2 The following table lists the IEEE 488.2 Common (*) Commands that apply to
Common the Form C switch module. The operation of some of these commands is de-
Commands scribed in Chapter 3 of this manual. For more information on Common Com-

mands, refer to the HP EI4054/B Command Module User's Manual or the
ANSITEEE Standard 488.2—1987.

Command | Titte Description

*IDN? Identication Returns identification sting of the switchbox

*RST Resst Opene all channeis, and sats the modute 1o a know stats
*TST? Selt—Test Retume +0 s sefi —test passes

Retumne +ccO1 tor firrmware error

Retums +cc02 for bus emor

Returns +cc10 if an interrupt was expected but not received
Returne +cc11 if the busy bit was not held for 3 msec

*0OPC Operation Compiste Sets the request for OPC flag when all psnding operations have com-
pleted. Also sets OPC bit in the Standard Event Register.

“OPC? Operation Compiets Query Retume a 1 1o the output query when all pending operations have com-
pleisd. Used to synchronize betwesn multiple instruments.

WAl Wait to Complete Prevents an instrument from executing another command until the opera-

tion caused by the previous command s finished. Since all instruments
normally preform sequential operations, executing this command causes

no change.

*CLS Clear siatus Clear all statue registers (see STATus: OPERation] EVENt[?)

"ESE Event status snable Enables status registers

*ESE? Event status snabls query Queries for the current contents of the Event Status Register

“ESR? Event status register query Queriss and clsars the current contents in the Event Status Register

*SRE Service request enable Sets the Service Request Enable register bits and comesponding senal
poo! status register bits, 1o generate a sefvice request.

*SRAE? Service request enable query Cueries the current contents in the Service Request Enable Register

“5TB? Read status byte query Queries the current contants in the Status Byte Register

*TRG Trigger Trigger the switchbox 1o advance the scan when scan is enabled and
wigger source is TRIGger: SOURce BUS

*RCL Racall instument state Recalis previously stored configuraton

"SAV Store instrurment state Stores the current configuration in specified memory

Note: These commands apply to many instruments and are notl documented in detail here, See
the HP E1405A/B Command Madule User's Manual or the ANSI/IEEE Standard 488.2—1987 for more informa-
tion.
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Command Quick

The following table summarizes the SCPI commands for the Form C swilch.

Reference

Command | Command/Parameter Description

Subsystern

ABOR1 ABORt Abort & scan in progress

ARM {COUNt <number> MIN | MAX Muitiple scans per INIT command.
(COUNT? [MIN | MAX] Query number of scans.

DiSPlay :MONitor[:STATe] <number> Tums monitor mode on or off.
MONitor;CARD <pumber> Selects the modube in a awitchbox to be monitored.

INITiate :CONTinuous ON | OFF | 1| 0 Enables/Disables continucus scanning.
:CONTinuous? Query continuous scan state.
[:IMMediate) Starts a scanning cyche.

CUTPut EXTemail[:STATe] ON | OFF (1 (| O Enables/Dizsables “TRIG CUT" puiss.

‘EXTemal(:STATe?)
[:STATe] ON | OFF [ 1|0
[:STATe]?

TTLTrg <line>[:STATe]?

:TTLTrg <hne>[:STATe] ON | OFF | 1 | 0

Query port enable state.

Enables/Disables "TRIG OUT" pulze.

Quety port enable state.

Enabies/Disables TTL Trigges bus line pulse.
Query TTL Trigger Bus line state.

[RCUTe:] CLCSe <channel_list>
CLOSe? <channei_list>
QPEN <channel_Jist>
OPEN? <channel_list>
SCAN <channed_list>

Close channel{s).

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

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

STATus :OPERation{:EVENL]?
:OPERation:ENABle
:OPERation:ENABle?

Returns status of Operation Status Register,
Enables the Opsration Status Register to set a bit in the Status Register.
Cuery the contents in the Operation Status Register,

:SOURce IMMediate
:SCUAce TTLTrg <line:>
:SCURce?

SYSTem :CDEScription? <nurmber> Aeturns descripton of module in switchbox.
:CPON <number | ALL Sets specified module to its power —on state,
{CTYPe? Returns the module typs.
:ERRor? Returns srror number/message to efror queus.
TRIGger [:IMMediate] Causes a trigger to occur,
:SOURce BUS Trigger source is *TRG.
:SOURce EXTernal Trigger source is "TRIG IN" BNC.
:SOURce HOLD Hold off triggering.

Continuous (internal) riggering.
Trigger source is TTL trigger bus line (0 — 7).
Query ecan frigger source.
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A

Specifications
General Maximum Voltage:
100V dc; 100 V ac peak Terminal to Terminal
Module Size/ Device : and Terminal to Chassis
C~Size VXIbus, Register based, A16/D16,
Interrupter (levels 1-7, jumper selectable) Maximum Current per Channel (non—inductive):
2A dc or ac peak

Relay Life:

Maximum Power per Channel:
50 W dc; 50 VA ac Per Switch

Condition Number of Opera- 320 W dc; 320 VA ac Per Module
tions
No Load 5 x107 DC Performance
NOTE: Relays are subject to normal wear based on
the number of operations. Thermal Offset per Channel:
<20uV
Terminals:
Screw type, maximum wire size 18 AWG or Solder
Eye conpections. Closed Channel Resistance:

<0.250 Q (typical)
Power Requirements: :
Voltage: +35

Peak Module Current (A): 0.70 Installation Resistance (Between any Two Points):

> 107 Q (at <= 40°C,95% RH)
Watts/slot: 10 W 108 Q (at <= 25°C, 40% RH)

Cooling,’slol: .08 mm Hzo @ 1.0 Liter/sec for 10°C AC Perfomance
rise

Capacitance

<2 pF (channel to chanoel)

<5 pF (common to NO or NC)
Operating Humidity: 65% RH, 0 — 40°C <70pF (channel to chassis)

Operating Temperature: 0 — 55°C

Input Characteristics Bandwidth (—3dB) 50 ohm load: > 10MHz (typical)
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Using this
Appendix

Addressing the
Registers

Form C Switch Registers

The HP Z2417A 32—Channel Mercury—=Wetled Form C Switch Module is a
register—based device. When a SCPI command is sent to the Form C module,
the HP E1405A/B Command Module parses the command and programs the
Form C switch at the register level.

Register—based programming is a series of reads and writes directly to the
Form C switch module registers. Writing directly 1o the registers can increase
throughput speed since it eliminates the command parsing and allows the use
of an embedded controller. This appendix includes information on the follow-

ing:

® Addressing the Registers
® Register Descriptions
® Register—Based Programming Examples

Register addresses for register—based modules are located in the upper 25%
of VXI Al6 address space. Every VXI module (up to 256) is allocated a 64
byte block of addresses.

Figure B~ shows the register address location within Al6. Figure B—2 shows
the location of Al6 address space in the HP E1405A/B Command Module.

When you are reading or writing to a Form C switch module register, a hexa-
decimal or decimal regisler address needs to be specified. This address con-
sists of a basc address plus a regisler offset:

Register Address = Base Address + Register Offset
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SPACE / AN SPACE o8h Reigy Contro! Register 1
,’ \ 04h Stotus/Control_Register
F) 02h Dwvice Type Regisier
FOO0ON ) ~ -
” /// (2.080.768) ~ 00h ID Regisier
200000 // Register Map
IFOO0CH
©O0000H
¢ Bose Address = JFCO00h + (lgicol oddress * Bd)h
BT
2,080,788 + (iwpicol oddress * M), 14634 FIGD-B
Reghrier Addrwss = Bose Address + Regivter Offset
Figure B—2. A16 Register Address Location in the HP E1405A
B-2
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The Base Address The base address used in register—based programming depends on whether

Addreas Space Outside the
Command Module

Address Space inside the
Command Module

Register Offset

the A16 address space is outside or iaside the HP E1405A/B Command Mod-
uje.

When the command module is not part of your VXIbus system (figure B~1),
the Form C switch module’s base address depends on the command module
used:

Command Module + C000y, + (LADDR * 64),,
OR

Command Module + 49,152 + (LADDR * 64)

Where CO00y, (49,152) is the starting location of the VX1 A16 addresses,
LADDR is the Form C switch module’s logical address, and 64 is the number
of address bytes per register—based module. For example, the Form C mod-
ule's factory set logical address is 120. 1f the address is not changed and an HP
E1480A (V/360) controller is used, the Form C module will have the following
base address;

CO00, + (120 * 64), = DEOOy,
OR

49,152 + (120 * 64) = 56,832

When the A16 address space is inside the command moduie (figure B—2), the
Form C module’s base address is compuled as follows:

1IFC000;, + (LADDR * 64),,
OR
2080,768 + (LADDR * 64)

Where 1FCO00y, (2080,768) is the starting location of the register addresses,
LADDR is the Form C module’s logical address, and 64 is the number of ad-
dress 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:

1FC000;, + (120 * 64), = 1IFDEOO,
OR

2,080,768 + (120 *64) = 2088,448

The register offset is the regisier’s location in the biock of 64 address bytes.
For example, the Form C module’s Status Register has an offset of 04y, (see the
pext section). When you write a command to this register, the regisicr offset is
added 1o the base address 1o form the {ollowing register address:

IFDEOG, + 04y, = IFDEQO4,
OR
2088,448 + 04 = 2088452
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Register The Form C switch modules contain 2 read registers, 1 read/write register, and
DESCl’ipﬂOﬂS 2 write registers. This section describes each Form C module register.

Reading and Writing to0 Example programs are provided at the end of this appendix that show how 10
the Registers read and write 1o these registers. You can read or write 1o the following Form
C switch module registers:

e The Manufactures ldentification Register (read only)

® The Device Type Register (read only)

e The Status/Control Register (read or write)

e Relay Control Register for Chapnels 00 — 15 (write)

e Relay Control Register for Channels 16 — 31 (write)
Each of these registers is discussed in the following sections.

The Manufactures The manufactures identification register is at offset address 00y, and returns
Identification Register FFFF). This shows Hewlelt—Packard as the manufacture and that the module
is an Al6 register—based module. This register can not be written to.

B—1. Manufacturer ID Regisler

b+ 4 15 14 13 12 11 10 9 8 7 [} 5 4 3 2 1 0
Write Undefined
Read® Manufacturer ID

* Returns FFFFh = Hewlett—Packard Al6 only register ~based device

The Device ldentification The device identification register is al offset address 02y, and returns 0121y, if
Register you have an HP Z2417A Form C Switch Module. The device identification
register can nol be writlen to.

B—2. Device Type Register

b+ 4 15 14 13 12 11 10 9 8 7 6 s 4 3 2 | 0
Write Undefined
Read 0123h

The Status/Control Register The status/control register is at offset address (4, and informs the user about
the module’s status and configuration.

When using an HP E1405A/B, the address switch value must be a multiple of 8 if the module is the first module in
a "switchbox” used with a VXIbus command module using SCPI commands.B-3. Status/Control Register

b+ 4 15 14 13 12 11 10 Q 8 7 4] s 4 3 2 1 0
Write* X MS Undefined B E x X | i X X
Read®** Undefined E Unde{ined R

Reading the Status/ Control When reading the status/control register, the following bits are ol importance:
Reglater

B4
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Enable (bit 6)

Buay (blt 7)

Modld Select (bit 14)

Writing to the Status/
Control Register

Soft Reset (bit 0)

Note

Ensble (bl 6)

The Relay Control Registera

0 indicates that the interrupt is enabled. The interrupt generated after a chan-
nel has been closed can be disabled. Bit 6 of this register is used to inform the
user of the interrupt status.

0 indicates that the module is busy. Each relay requires about 10 ms execution
lime during which time the Form C switch is busy. Bit 7 of this register is used
1o inform the user of a busy condition.

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

For example, if the Form C switch module is not busy (bit 7 = 1) and the inter-
rupt is enabled (bit 6 = 0), then a read of the Status/Control register (base +
04}, returns FFBE.

You can write 1o bits 0 and 6. See the following explanations:
Writing a 1 10 this bit soft resels the module.

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

When writing 1o the registers it is necessary to write a "0" 1o bit 0 after the re-
set has been performed before any other commands can be programmed and
executed, SCPI commands 1ake care of this avtiomatically. Typically, interrupls
are only disabled 10 "peek —poke” a module. Refer 1o the operating manual of
the Command Module used before disabling the interrupt. Writing a "1™ to bit
0 resets the switch (all channels open).

There are two relay control registers. These registers are used to connect the
common (C) to the normally open (NO) terminal. When reading these regis-
ters, FFFF), is always returned.

® Relay Control Regisier 1 {base + 06y,)

® Relay Control Register 2 (hase + 08y,)
The numbers shown in the register maps indicate the channel number 1o be
written to. Writes to the relay control registers enable you to open or close the
desired channel . For example, wrile a ”1"” to bit 2 of the relay control register
06}, to close channel 02:

WRITEIO —16, (2088448 + 06);4

Where, the 4 represents 100 in hexadecimal.

B~—4. Relay Control Register (Channels 0 — 15)

b+ 6 15 14 13 12 11 10 9 8 7 6 5 4 3 pa I 0
Write® Chl15 {Chl14 {Ch13 |Chl12 |Chll |Ch10 {Ch9 [Ch8 |Ch7 |Cheé |ChS |Ch4 |Ch3 |[Ch2 JChl |ChO
Read Always Returns FFFFh
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B-5. Relay Control Register (Channels 16 — 31)

b+38§ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Wirite® Ch31 | Ch30 | Ch29 | Ch28 | Ch27 | Ch26 | Ch25 [ Ch24 [ Ch23 [ Ch22 | Ch21 | Ch20 | Ch19 | Chi8 | Ch!7 (Chlé
Read Always Returms FFFFh

B~-6
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Register—Based
Programming

Examples

Reading the Registers

Note

HP BASIC

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 and Slot 0
® Programming Language: HP BASICHP-UX, C
® Switch Card: HP Mercury—Wetted Form C Switch Module (HP
Z2417A)
The following examples read the module ID, DEVICE ID, and STATUS regis-
ters on the Form C module,

10!"“I’!’“""“""*‘"ii"""i'i"'*i"'"!"'-"iii“"""""!’i"
W

20 prwew READREG

LA AR R

30 ’i""i"‘"i"i“""“!’""i"i"-"-ii"*'i"*""i"'ii"i""i
w

40 OPTION BASE 1

50 I Seat up arrays to store register names and addresses
60 DIM Reg_name$(1:3)[32], Reg_addr{l:3)

70 1

80 | Read register names and addresses into the arrays

90 READ Reg_name$(*)

100 READ Reg_addr(w)

110 !

120 ! Set base address variable

130 Base_addr = DVAL(~"DE0O",16)

140 !

150 1| Map the Al6 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 and prints its contents

310 !

320 SUB Read_regs{Base_addr, Reg_name$(*), Reg_addr(+*))
330 !

340 For Number = 1 to 3

is0 Register = READIO(-16,Base_addr + Reg_addr{number))
360 PRINT Reg name$({number); " = "; IVAL${Register, l6)
370 Next Number

380 SUBEND

When runaing HP BASIC on the HP V360 (HP E1480A), you must include an
—L vxi option to load the vxi drivers.
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HP__UX, c /.ll.l‘l..l........-..........t....‘..'......t.....'........‘..../

[ readreg.c Ty

/.............'......l.......ll.l...-....l.....l................/
#include <sysivxih>> /*source file for HP V/360 VXI driv-
ers®/
#include <fcntlh>>
#include <stdic.h>>
#define logical_address 120 /*logical address of the matrix mod-
ule®/
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 bank0_channels;
} DEV_REGS;

main()
{
/*open the HP V/360 VXI interface®/
fd=open("/devivxi/primary”,0_RDWR),
if (fd) {
perror{"open”);
exit(1);

/*retrieve the Al6 pointers*/
dev=(struct dev_regs *}vxi_gel_al6_addr(fd,logical_address);

/*sub 10 read the registers®/
read_reg(dev);
} /*END of main program®/

/*SUB READ_REG®*/

int read_reg(reg_ptr)
DEV_REGS *reg_ptr;
{ /*read the id register®/

printf("a ID Register = (x%x\n" reg_ptr—>>id_reg);
/*read the device type register®/
printf("\n DEVICE TYPE Register = 0x7%x\n",reg_ptr— > >device_type);
{*read the status register®/
printf(™\n STATUS Register = 0x%x\n",reg_ptr—> >siatus_reg);
return,

}

Making Measurements The following examples close bit 1 on bank (), wait for 2 measurement to be

HP BASIC

made, and then open the channcl.

You must insert your own programming code for the measurement part of this
program. If you are using the HP E14111B, sec the HP E1326B/E1411B 5
112—Digit Multimeier User's Manual for programming examples.

10

IRA S AR AR R R R R R R LRSSl R R RRRRRRRRRRRRRRsRlRll R
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20 lteww MARKEMEAS TEEEw
10
I*ti**ititttttit*titiittiiiti*titttittttttiittttittitit
40 OPTION BASE 1

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

70 |

80 !Read register names and address intoc the arrays

90 READ Reg_nameS$({*)

100 READ Reg_addr({®)

110 1

120 Iset base address variable

130 Base_addr = DVAL{*DE0O”,16)

140 1

150 !Map the Al6é address space in the V/360

160 CONTROL 16,25;2°

170 icall the subprogram Make meas

180 Make meas{Base_addr, Reg_addr(®*))

190 !

200 DATA BPank0 channels register

210 DATA 06

220 END

280 ! This subprogram closes bit 1 of bank(0 channels,
waits for the channel to be closed, makes a measurement,
and then opens the relay

300 SUP Make_meas{Base_addr, Reg_addr(*)}
310 1

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

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

. ! Make Measurements
380 WRITEIO ~16, Base_addr + Reg_addr(l);0
390 SUBEND

HP_Ux, c /"......'..............‘ll......l‘........l....l.l.l..........l./
[ makemeas.c
..l/

[.....................'.........----...l..-l......ll.........l../

#include <time h>>
#ioclude <sysfivxih>> !®source file for HP V{360 VXI drivers®/
#include <fcotlh> >
#ipclude <stdio.h> >

#defipe logical_address 120 [ *logical address of 1he matrix module®/
int {d;

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 bank0_channels;
} DEV_REGS;
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main()

{ [*open the HP V/360 VXI interface®/
[d=open("/devivxi/primary”,0_RDWR);
if (id) {
perror("open”);
exit(1);
}

{*retrieve the AI6 pointers®/
dev=(struct dev_regs *)vxi_get_al6_addr(fd,logical_address};
/*sub to verify the time 1o close the switch®/
ver_time();

[*sub to close switch and make measurement®/
make_meas(dev);
} /*END of main program?®/

/*SUB VER_TIME*/

ver_time()

{

sturct timeval first,
second,
lapsed,

struct timezone tzp;

getimteofday( &first,&tzp);
for (j=0, j<=10000; ; ++);
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 lime for closing a channel is: %ld sec 951d usec \n”,
lapsed.tv_sec, lapsed.tv_usec);

}
/*SUB MAKE_MEAS®/

int make_meas(reg_ptr)
DEV_REGS °*reg_ptr;
{

[*close hit I of bankO ¥/
reg pir—>>bank0_channels=0x0001:
for (j=0; j<=10000; j ++); {*wait for switch to close®/
printf("wn Making Measurement™);

/*make measuremenis®/
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Note

Scanning Channels

HP BASIC

/*open bit 1 of bank(*/
reg_ptr—>>bank(_channels=0x0000;
return;

}

The sub ver_time allows time for switch closures. This sub should print a time
around 10 ms. If the time is less, you must change the value of j in the for
loop. For example, instead of 10000, you might have to use 12000.

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

Again, you must insert your own programming code for the measurement part
of this program. If you are using the HP E1411B, see the /P E1326B/E1411B
3 1/2—Dugit Multimeter User's Manual for programming examples.

10

R R 2 2222222222222 2332 I
20 jwwes SCANNING ko
30

IRAA AL ARl Rl il sl aRil i llll sl

40 OPTION BASE 1

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

70 I

80 [IRead register names and addresses into the arrays
30 READ Reg_name$(*)

100 READ Reg_addr(*)

110 !Set base address variable

110 Pase_addr = DVAL{”"DE0OQO",1l6)

120 1

130 !Map the Alé address space in the V/360

140 CONTROL 16,25;2

150 1Call the subprogram Scan_meas

160 Scan_meas{Base_addr, Reg_addr(+))

170 1

180 DATA Bank0 channels register

190 DATA 06

200 END

280 ! This subprogram sets all bits in bank0 open then
scan through bank 0, closing one channel at a time (waits
for the channel to be closed) so a measurement can be
made

300 SUB Scan_meas({Base_addr, Reg_addr(*))
310 !

320 WRITEIO -16, Base_addr + Reg addr(1);0
330 FOR I= 0 to 15

340 WRITEIO -16, Base_addr + Reg_addr(1);2"I

350 REPEAT

360 UNTIL BIT(READIO(-16,Base_addr+4),7)
B-11
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B-12

HP-UX,C

370 PRINT "Making Measurement”

. | Make Measurements
420 NEXT I
430 WRITEIO -16,Base_addr + Reg_addr(1);0
440 SUBEND

/.l..............l..................l.ll........l....l...l......./

jeee scanning.c
e ./

/...........l...lIIl.l-l....l...ll.........‘l...........l...lll./

#include <lime.h

#include <math.h> > /*file to perform math functions®/
#include <sysivxi.h>> [*source file for HP V/360 VXI drivers®/
#include <fcnilh>>

#include <stdiobh> >

#define logical_address 120 /*logical address of the matrix module®/
#define lasich 15
int {d, i, reg;
double y;
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 bank0_chanpels;
} DEV_REGS;
main()

/*open the HP V/360 VXI interface*/
fd=open("/devivxifprimary”,0_RDWRY);
if {fd) {
perror("open™);
exit(1);
/*retrieve the Al6 pointers*®/
dev=(struct dev_regs *)vxi_get_al6_addr(fd,logical_address);

[*sub to venfy the time to close the switch®/
ver_time();
{*sub to close a se1 of swilches and make measurements®/
scan_meas(dev);
{*END of main program®/

{*SUB VER_TIME®/

ver_time()

slurct timeval first,
second,

lapsed;

struct timezone t2p;
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getimteofday( &first,&tzp);

for (j=0; j<=10000; 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 — [irst.tv_sec;

printf("Elasped time for closing a channel is: 9%ld sec %ld usec \n”,
lapsed.tv_sec, lapsed.tv_usec),
}

*SUB SCAN_MEAS*/
int scan_meas(reg_ptr)
DEV_REGS *reg_ptr;
{
/*sel bank0 to 000 */
reg_ptr—>>bank0_channels=0x00),
i=0;
for (i=(;i=lastch;i ++)
( ]
Y=t
reg=pow(2.0,y);
reg_ptr—bank(_channels=reg;
for (j=0; j<=10000; ; ++); {*wait for switch to be closed*/
printf{™\n Making Measurement”);

/*make measurements®/

}

return;

}

Note The sub ver_time allows time for the switches to close. The program should
print a time around 10 ms. If the time is less, you must change the value of j in
the for loop. For example, instead of 10000, you might have 1o use 12000,

Note The math.h include file requires a —Ilm option when compiling the above pro-
gram.
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C

Form C Switch Error Messages

Table C—1 lists the error messages associated with the Form C switch module
programmed by SCPI. See the appropriate mainframe manual for a complete
list of error messages.

Table C=1. Form C Switch Error Messages

No. Title Potential Cause(s)
—-109 Missing Parameter Sending a command requiring a channel list without the chanpel list
=211 Trigger ignored Trigger received when scan not enabled. Trigger received after scan complete.
Trigger too fast.
-213 [nit Ignored Attempling 1o execute an INIT command when a scan is aiready in progress.
-224 Illegal parameter value Attempting to execule a command with a parameter not applicable to the com-
mand
=310 System Error Too many characters in the chanpel list expression.
1500 External trigger source al- Assigning an external trigger source 10 a switchbox when the trigger source has
ready allocated already allocated 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 Altempting to address a channel of a module in a switchbox that is not sup-
ported by the module (e.g., chanpel 99 of a multiplexer module). !
2006 Command not supported on |Sending a command to a module (card) in a switchbox that is unsupported by |
this card on this card the module.
2008 Scan list not initialized Executing a scan without the INIT command.
2009 Too many channels in chan- | Attempling to address more channels thap available in the switchbox.channel
nel list list
2012 Invalid Channel Range Inovalid channel(s) specified in SCAN <channe!_lisi>> command. Altempting
to begin scanning when no valid channel list is defined.
2600 Function not supported on | Sending a command 1o a moduie (card) in a switchbox that is not supported by
this card on this card the module or switchbaox.
2601 Channel list required Sending a command requiring a channel list without the channel list.
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D

Service Information

The figure below shows the component locator for the Z2417A Switch Module,
a parts list follows the figure.
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Parts Available Through HP Service Centers

Al Main relay PC Bd 22417-66501
KO0—-K31 Relay Hg 0490-1229
F6C1l,F602 4A 2110-0712

Complete Parts Listing for the 22417-66501 PC Assembly

LOGIC AND DRIVERS

U404

U403

U402

U401

Ulo4d

U303

uioz

U3iol

U209B
U209a
u208pD
U208C
U208B
U208A
U207D
uz207¢C
U207B
U207a
U206

Uuz2058
U205A
U2048B
U204A
U203F
U203E
U203D
U203C
U203B
U203Aa
u201p
uz201cC
Uuz201e
U201A
ullzc
ullzap
Ullza
Ulll

Ullo

ULN2803A
ULN2803A
74HCT273
74HCT273
ULN2803A
ULN2803A
74HCT273
T4HCT273
74HCT 4
T4HCT4
74HCO8
74HCO8
74HCO8
74HCO8
74F 38
T74F38
74F38
74F38
PAL
74HC423
74HC423
74HCT74
74HCT74
74HCT14
74HBCT14
74HCT14
74HCT14
74HCT14
74HCT14
74HCTO2
74HCTO2
74HCTO2
74HCTOZ2
74HCTO2
74HCTO2
74HCTO2
74HC138
74HC138

1858-0069
1858-0069
1820-4086
1820-4086
1858-0069
1858-0069
1820-4086
1820-4086
1820-3081
1820-3081
1820-3097
1820-3097
1820-3097
1820-3097
1820-4057
1820-4057
1820-4057
1820-4057
1820-6711
1820-4590
1820-4590
1820-3081
1820-3081
1820-4242
1820-4242
1820-4242
1820-4242
1820-4242
1820-4242
1820-4643
1820-4643
1820-4643
1820-4643
1820-4643
1820-4643
1820-4643
1820-3079
1820-3079

ulo9
uloe
U107
ulo06
U105
U104
ulo03
Ulo2
ulo0l
SP101

74ALS245
T4ALS245
T74HCTS72]
74HCT688
74HCS41
74HC541
74HCTS541
74BC541
74BCTGBE

1820-3714
1820-3714
1820-4147
1820-3631
1820-3975
1820-3975
1820-4586
1820-3975
18203631
3101-2094

RESISTORS and RESISTOR PACKS

RP402
RP401
RP302
RP301
RP103
RP102
RP101
R406
R405
R404
R403
R402
R401
R306
R30S
R304
R303
R302
R301
R204
R203
R201
R101
P2 DIN
Pl DIN

1810-0265 680 ohms
1810-0265 680 ohms
1810-0265 680 ohms
1810-0265 680 ohms
1810-0279 4.7K 2%
1810-0279 4.7K 2%
1810-0279 4.7K 2%
0757-0346 10.0 1%
0757-0346 10.0 1%
0757-0442 10.0k 1%
0757-0442 10.0k 1%
0757-0407 200 1%
0757-0407 200 1%
0757-0346 10.0 1%
0757-0346 10.0 1%
0757-0407 200 1%
0757-0407 200 1%
0757-0442 10.0k 1%
0757-0442 10.0k 1%
0757-0417 562 1%
0757-0453 30.1K 1%
0757-0469 150K 1%
0757-0421 825 1%
1251-7892
1252-1596
INDUCTORS

2%
2%
2%
2%
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L603
L602

L601

K9
K8
K7
K6
K5
K4
K3l
K30
K3
K29
K28
K27
K26
K25
K24
K23
K22
K21
K20
K2
K19
K18
K17
Kl6
K15
K1l4
K13
K12
K11
K10
K1l
KO

9100-1623 27uH

9140-1354 47uH

9140-1354 47uH

RELAYS

relay Hg 0490-1229
relay Hg 045%0-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 049%0-1229
relay Hg 04950-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 04950-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229
relay Hg 0490-122%
relay Ag 0490-1229
relay Hg 0490-1229
relay Hg 0490-1229

JUMPERS AND CONNECTORS

JM9 wire 8159-0005
JM8 wire 8159-0005
JM7 wire 8159-0005
JM6 wire 8159-0005
JM5 wire 8159-0005
JMd24 wire B8159-00405
JM4 wire B8159-0005
JM3]1 wire 8159-0005
JM30 wire 8159-0005

170mA
3.98A
3.98A

F602
F601

CR431
CR430
CR429
CR428
CR427
CR426
CR425
CR424
CR423
CR422
CR421
CR420

Wire
wire
Wire
Wire
wire
wire
wire
wire
wire
wire
Wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
Wire
wire
wire
wire
PINS
DIN
PINS
DIN
DIN
DIN

FUSES

2110-0
2110-0

DIC

1N967B
1N967B
1N967B
1N967B
1N9678B
1N967B
1N967B
1NS67B
1NS67B
1IN967B
1IN967B
1N967B

8159-0005
8159-0005
81590005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159~0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
8159-0005
§159-0005
1251-4927
1252-1575
1251-4927
1252-1575
1251-789%2
1252-1596

712 4A
712 4A

DES

1902~0964
1902-0964
1902-0964
1902-0964
1902-0964
1902-0964
1902-0964
1902-0964
1902-0964
1902-0964
1902-0964
1902-0964

18.0V
18.0V
18.0Vv
18.0V
l1a.0v
18.0v
18.0V
18.0V
18.0V
18.0V
18.0V
18.0vV
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CR419 1N967B 1902-0964 18.0V 5% c407 0160-4844 1luF +80-20

CR418 1N967B 1902-0964 18.0V 5% C406 0160—-4835 O0.luF 10%
CR417 1N967B 1902-0964 18.0V 5% €405 0160-4835 0.1uF 10%
CR416 1N967B 1902-0964 183.0V 5% €404 0160-4801 100pF 5%
CR320 1N967B 1902-0964 18.0V 5% C403 0160-4822 1000pF 5%
CR319 1N967B 1902-0964 18.0V 5% c402 0160-4801 100pF 5%
CR31l8 1N967B 1902-0964 18.0V 5% c401 0160-4822 1000pF 5%
CR316 1N967B 1902-0964 18.0V 5% c4 0160-4822 1000pF 5%
CR315 1N967B 1902-0964 18.0V 5% c3ios 0160-4844 1luF +80-20
CR314 1N967B 1902-0964 18.0V 5% cli07 0160-4844 1lurF +80-20
CR313 1N967B 1902~-0964 18.0V 5% Cc306 0160-4835 O0.1luF 10%
CR312 1N967B 1902-0964 18.0V 5% c305 0160~4835 O0.1uF 10%
CR311 1N967B 1902-0964 18.0V 5% C304 0160-4801 100pF 5%
CR3I10 1N967B 1902-0964 1B.0V 5% €303 0160-4822 1000pF 5%
CR309 1N967B 1902-0964 18.0V 5% c302 0160-4801 100pF 5%
CR308 1N967B 1902-0964 18.0V 5% c301 0160-4822 1000pF 5%
CR307 1N967B 1902-0964 18.0V 5% cl 0160-4822 1000pF 5%
CR306 1N967B 1902-0964 18.0V 5% c215 0160-4835 0.luF 10%
CR305 1N967B 1902-0964 18.0V 5% c214 0160-4835 O0.luF 10%
CR304 1N967B 1902-0964 18.0V 5% c213 0160-4835 0.1luF 10%
CR303 1N967B 1902-0964 18.0V 5% c212 0160-4835 O0.1luF 10%
CR302 1N967B 1902-0964 18.0V 5% c211 0160-4835 O0.1uF 10%
CR301 1N967B 1902-0964 18.0V 5% c2190 0160-4835 O0.luF 10%
CR300 1N967B 1902-0964 18.0v 5% c209 0160-4835 O0.1luF 10%
cz2o08 0160-4835 O0.1luF 10%
CAPACITORS c207 0160-4835 O0.1luF 10%
Cc206 0160-4835 O.1luF 10%
c604 0180-1746 15uF 10% Cc205 0160-4835 O0.luF 10%
C603 0180-1746 15uF 10% c204 0160-4835 O0.1luF 10%
C602 0180-1746 15uF 10% C203 0160-4835 O0.luF 10%
C601 0180-1746 15uF 10% c202 0160-4801 100pF 5%
cé 0160-4822 1000pF 5% c201 0160-4835 O0.luF 10%
(4] 0160-4822 1000pF 5% c2 0160—-4822 1000pF 5%
Cc408 0160-4844 1uF +80-20 cl 0160-4822 1000pF 5%
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SymbOIS STATus:OPERation[:EVEN!]?, 4—18

SYSTem, 4-20

SYSTem:CPON, 4—21
[ROUTe:], 415 SYSTem:CTYPe?, 4~21
[ROUTe:JCLOSe, 4—15 SYSTem:ERRor?, 4—20
[ROUTe:]CLOSe?, 416 {—gigﬁfé‘&%m 423
fROUTe:)JOPEN, 416 TRIGger:SOURce?, 4=25

TRIGger[:IMMediate], 4-22
Command Types, 4—1
Commands, IEEE 488.2, 426

[ROUTe:]OPEN?, 4—17
[ROUTe:]SCAN, 4~17

"RCL, 3~15 commands, linking, 4~3
*SAV, 3-14 Common Command Format, 4—-1
Common Commands, 4—26
A connecting user inputs, 2—5
ABORt, 4-5 D
Addresses, switch channel, 1 -4
ARM, 4—6 definition, instrument, 1 =1

description, switch, 1—1

ARM:COUNL, 46
4 Digital Output Configuration, 28

ARM:COUN1?, 4-7

C Error Messages, C—1
card numbers, switch, 1 -4 Error Numbers, C-1
CAUTIONS. 2—1 Example: Controlling RF Switches/Step Attenua-
’ tors, 3—-6

command Example: Digital Qutput Configuration, 2—-8
abbreviated, 4-2 . . .
implied, 4—2 Example: Digital Output Cornfiguration , 3-7
paramelers, 4—3 Example: General Purpose Relay Configuration,
separalor, 4—2 2-7

Command Reference, 4— | Example: Matrix Switching , 3-8
[ROUTe:], 4—15 Example: Scanning Using Trig Out Pont, 3-9
[ROUTe:JCLOSe, 4—-15 Example: Voltage Switching, 3—5

[ROUTe:JCLOSe?, 4—16
[ROUTe:]JOPEN, 416

[ROUTe:JOPEN?, 4—17 F
[ROUTe:)SCAN, 4—17
ABOR{, 4-5 Form C Switch, error messages, C—1
ARM, 4-6 Form C Switch Commands, 3—1
ARM:COUN1, 4—6 Format
ARM:COUNt?, 4-7 _
. common command, 4—1
INITiate, 4—10 SCPI. 4-2
INITiate:CONTinuous, 4—10 o
INTTiate:CONTIinuous?, 4—11
INTTiate[:IMMediate], 4—11 G
STATus, 4—18
STATus:OPERation:ENABIe, 4—18 General Purpose Relay Corfiguration, 2~7
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INITiate, 4—10
INITiate:CONTinuous, 4—10
INITiate:CONTinuous?, 4—11
INITiate[:IMMediate], 4—11

instrument definition, 1 -1

O

operation
basic, 1 -1
initial, 1-5

P

parameters
Boolean, 43
numeric, 4—3
optional, 4-3

programming, basic, 1 =3

R

Recailing States, 3—14

root command, 4—2

S

Scanning Channels , 3—-9

SCPI Command Format, 4-2

SCPI specifying commands, 1 —4
STATus, 4—18
STATus:OPERation:ENABIe, 418
STATus:OPERation[:EVEN!]?, 4—18

subsystem, 4—2
ABORt, 4-5
ARM, 4-6
subystem
[ROUTe:|, 415
fROUTe:|[CLOSe, 4—15
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[ROUTe:JCLOSe?, 4—16
[ROUTe:]OPEN, 4-16
[ROUTe:JOPEN?, 4—17
{ROUTe:)SCAN, 4—17
ARM:COUNtL, 4-6
ARM:COUNI?, 4-7
INTTiate, 4—10
INITiate:CONTinuous, 4— 10
INITiate;:CONTinuous?, 4—1]
INTTiate[:IMMediate], 4=11
STATus, 4—18
STATus:OPERation:ENABIle, 4-18
STATus:OPERation[:EVENt]?, 4-18
SYSTem, 4—20
SYSTem:CPON, 4-21
SYSTem:CTYPe?, 4-21
SYSTem:ERRor?, 4-20
TRIGger, 4-22
TR1Gger:SOURCce, 4—-23
TRIGger:SOURce?, 4—25
TRIGger|:IMMediate], 4—22

Swilching Channels, 3—4
SYSTem, 4-20
SYSTem:CPON, 4-21
SYSTem:CTYPe?, 421
SYSTem:ERRor?, 4-20

-

TRIGger, 4-22
TRIGger:SOURce, 4-23
TRIGger:SOURce?, 425
TRI1Gger[:IMMediate], 422
Typical Switch Configurations, 2—7

U

Using the Form C Relay, 3-1
Using the Scan Complete Bit, 3—13

w

WARNINGS, 2-1
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