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Certification

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

Warranty

ThisHewlett-Packard product iswarranted against defectsin materialsand workmanship for aperiod of three yearsfrom date of shipment.
Duration and conditions of warranty for this product may be superseded when the product is integrated into (becomes a part of) other HP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 must be returned to a service facility designated by Hewlett-Packard (HP). Buyer shall prepay
shipping chargesto HP and HP shall pay shipping charges to return the product to Buyer. However, Buyer shall pay all shipping charges,
duties, and taxes for products returned to HP from another country

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

Limitation Of Warranty

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

The design and implementation of any circuit on this product is the sole responsibility of the Buyer. HP does not warrant the Buyer's
circuitry or malfunctions of HP products that result from the Buyer’s circuitry. In addition, HP does not warrant any damage that occurs
as aresult 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, ORANY OTHER LEGAL THEORY.

Notice

The information contained in this document is subject to change without notice. HEWLETT-PACKARD (HP) MAKES NO
WARRANTY OF ANY KIND WITH REGARD TO THISMATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. HP shall not beliable for errors
contained herein or for incidental or consequential damages in connection with the furnishing, performance or use of this material. This
document contains proprietary information which is protected by copyright. All rights are reserved. No part of this document may be
photocopied, reproduced, or translated to another language without the prior written consent of Hewlett-Packard Company. HP assumes
no responsibility for the use or reliability of its software on eguipment that is not furnished by HP.

U.S. Government Restricted Rights

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

[ ercicano

HP E1339A/22309A 72-Channel Open Collector Digital Output/Relay Driver Module User's Manual
Edition 2
Copyright © 1997 Hewlett-Packard Company. All Rights Reserved.

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



Documentation History

All Editions and Updates of this manual and their creation date are listed below. The first Edition of the manual is Etigiédition

number increments by 1 whenever the manual is revised. Updates, which are issued between Editions, contain replacement pages to
correct or add additional information to the current Edition of the manual. Whenever a new Edition is created, it wihitaftdia

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

Edition 1 (as HP Z2309-90001). . . ... ...t ii i September 1991
Edition 2 ... ... April 1997

Safety Symbols
Instruction manual symbol affixed to

product. Indicates that the user must refer to /\/ Alternating current (AC)
the manual for specific WARNING or

CAUTION information to avoid personal —_— .

injury or damage to the product. - - Direct current (DC).

& Indicates hazardous voltages.
Indicates the field wiring terminal that must

1 be connected to earth ground before
p— operating the equipment — protects against
electrical shock in case of fault.

Calls attention to a procedure, practice, or
condition that could cause bodily injury or
death.

WARNING

Calls attention to a procedure, practice, or

or I Frame or chassis ground telrminal—typically CAUTION  ¢qndition that could possibly cause damage to
/—J—, connects to the equipment's metal frame. equipment or permanent loss of data.

WARNINGS

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

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

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

For continued protection against fire, replace the line fuse(s) only with fuse(s) of the same voltage and current ragand ¥ T
use repaired fuses or short-circuited fuse holders.

K eep away from live circuits: Operating personnel must not remove equipment covers or shields. Procedures involving the removal of
covers or shields are for use by service-trained personnel only. Under certain conditions, dangerous voltages may d@kisheven wi
equipment switched off. To avoid dangerous electrical shock, DO NOT perform procedures involving cover or shield remoyaliunless
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
impaired, either through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not use thel product unti
safe operation can be verified by service-trained personnel. If necessary, return the product to a Hewlett-Packard Bates@fiit&Se

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

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

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

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

declares, that the product:

Product Name: 72-Channel Open Collector Digital Output /Relay Driver Module
Model Number: HP E1339A
Product Options: All

conforms to the following Product Specifications:

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

EMC: CISPR 11:1990/EN55011 (1991): Groupl Class A
IEC 801-2:1991/EN50082-1 (1992): 4kVCD, 8kVAD
IEC 801-3:1984/EN50082-1 (1992): 3 V/m
IEC 801-4:1988/EN50082-1 (1992): 1kV Power Line
.5kV Signal Lines

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

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

April, 1996 %/ E é

Jlm White, QA Manager

tive
gly.

European contact: Y our local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Depart-

ment HQ-TRE, Herrenberger Stral3e 130, D-71034 Boblingen, Germany (FAX +49-7031-14-3143)
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Chapter 1
Getting Started

Using this Chapter

This chapter shows how to get started using the HP E1339A/HP Z2309A
72-channel Open Collector Digital Output/Relay Driver module (called the
Relay Driver Module in this manual). The chapter includes:

® Relay Driver Module Description. .. .................. page 13
® Relay Driver Module Operation. . .................... page 14
® Relay Driver Module Programming . . ................. page 17

Relay Driver Module Description

The Relay Driver Moduleis aVXIbus and VMEbus B-Size register-based
dlave device. Since the Relay Driver can be used in a B-Size or C-Size

V XIbus or VM Ebus mainframe, the term Command Moduleisused in
this manual to refer to the HP E1306 or HP E1406 Command Module or
to HP E13XX mainframes.

Asshown in Figure 1-1, the Relay Driver Module consists of 72 channels
(channels 00 through 71). Each channel consists of an open collector output
that is activated by turning on the channel driver, allowing current to be
sunk. When the output is deactivated the driver is off, not allowing current
to be sunk.

The Relay Driver Module can switch voltages up to 32V and sink up to
200 mA per channel. Aninternal +12V power supply is available to drive
external loads. When used in aV X1bus mainframe with P2 capability,
internal +5V and +24V power supplies are also available.

The Relay Driver Module also has 24 input bits that can be used for
configuration. These bits are used with the SCPI driver to determinein
which mode (36-channel or 72-channel) the card isto be used. A 30 msec
timer is available for interrupts (IRQ) and for delays between channels.

Getting Started 11
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— e EOY lve; . User Connections

(requires P2) +5V P NN
+12V—e ﬂ
(requires P2) +24V——s

Internal Power Supplies

Power

* User Load

Channel 0

Channel 1

Channel 71

’% Ground

Figure 1-1. Relay Driver Module Schematic

Relay Driver Module Operation

For a SCPI environment, multiple Relay Driver Modules can be configured
as a switchbox instrument. When the HP E1339A SCPI driver is
downloaded, the switchbox can be comprised of one or more HP E1339A
Relay Driver Modules, one or more 22309 Relay Driver Modules, or a
combination of HP E1339A and HP Z2309 Relay Driver Modules.

The Relay Driver Module can be configured for 36-channel or 72-channel
mode. In 72-channel mode, each driver isindependently controlled. In
36-channel mode two bits are used per channel, with one bit being the
inverse of the other bit. This mode can be used to drive two coil switches,
onefor SET and one for RESET. For 36-channel mode, simultaneous
actuation, stepped actuation, pulsed output, and/or continuous output
operations are available.

12 Getting Started
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Modes of Op eration  Table1-1 summarizes the modes of operation for the Relay Driver Module.
For 36-channel operation, note that CNFG 1 sets the actuation mode
(simultaneous actuation or stepped actuation) for the channel pairs, while
CNFG 2 sets the method of current output from the channel pairs
(continuous output or pulsed output).

Table 1-1. Relay Driver Module Operating Modes

Operation

Switching One Channel

Switching
Multiple Channels

Scanning
Channels

72-Channel Mode (Set

when CNFG 0 is Open)

OPEN (@ccnn) opens
the channel and CLOSe
(@ccnn) closes the channel.

All channels in the
OPEN/CLOSe channel_list
are actuated nearly
simultaneously.

A 60-msec delay occurs
between actuations of each
channel in the SCAN
channel_list.

36-Channel Mode Actuation (Valid only when CNFG 0 is

connected to GROUND)

Simultaneous
Actuation
(CNFG 1 Open)

OPEN (@ccnn) opens

the channel pair and CLOSe
(@ccnn) closes the channel
pair.

All channel pairs (SET/
RESET) in the OPEN/CLOSe
channel_list are actuated
nearly simultaneously.

A 60-msec delay occurs
between actuations of each
channel pair in the SCAN
channel_list.

Stepped Actuation
(CNFG 1 connected
to GROUND)

OPEN (@ccnn) opens

the channel pair and CLOSe
(@ccnn) closes the channel
pair.

A 30-msec delay occurs
between actuations of each
channel pair in the OPEN/
CLOSe channel_list.

A 60-msec delay occurs
between actuations of each
channel pair in the SCAN
channel_list.

36-Channel Mode Current Output (Valid only when CNFG 0 is connected to GROUND)

Continuous Output
(CNFG 2 Open)

The SET or RESET output
current is continuously
applied to the channel pair
when actuated.

The SET or RESET output
current is continuously
applied to the channel pair
that is actuated.

The SET or RESET output
current is continuously
applied to the channel pair
that is actuated.

Pulsed Output
(CNFG 2 connected
to GROUND)

When the channel pair is
actuated, the SET or RESET
output current is applied until
the 30 msec timer indicates
the channel has finished
moving. The current is then
removed, and another 30
msec wait occurs.

The SET or RESET output
current is applied to the
actuated channel pair until
the 30 msec timer indicates
the channel has finished
moving. The current is then
removed, and another 30
msec wait occurs

This process is then repeated
with the next channel pair

in the OPEN/CLOSe
channel_list until the list is
completed.

The SET or RESET output
current is applied to the
actuated channel pair until
the 30 msec timer indicates
the channel has finished
moving. The current is then
removed, and another 30
msec wait occurs.

For scanning, pulsed output
requires twice as much time
as continuous output to
complete the operation.

Getting Started
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Using 72-Channel

Mode

Using 36-Channel

Mode

Simultaneous/

Stepped

Actuations

Pulsed/

Continuous

Output

Set 72-channel mode by leaving CNFG 0 open. For 72-channel mode
operation, use OPEN <channel_list> to open channel(s) and thus not sink
current, and CLOSe <channel_list> to close channel(s) and sink current.
Use SCAN <channel_list> to scan channels.

When switching channel(s) (using OPEN <channel_list> or CLOSe
<channel_list>), drivers are actuated essentially simultaneously (less than
100 psec) if more than one channel is specified in the channel list. When
scanning channels (using SCAN <channel_list>), thereis a 60 msec delay
time between actuation of each channel inthe SCAN channel_list. Thistime
includes 30 msec to close the channel pair, and another 30 msec to open the
channel pair before moving to the next channel pair.

Set 36-channel mode by connecting CNFG 0 to GROUND. For 36-channel
mode, four operations are avail able: simultaneous or stepped actuations and
pulsed or continuous outputs. Theterm "channel pair" refersto the SET and
RESET parts of the channel, such as CHO SET and CHO RESET.

For 36-channel mode, use the CNFG 1 bit to set simultaneous or stepped
actuations. Leave CNFG 1 open to set simultaneous actuations or connect
CNFG 1 to GROUND to set stepped actuations.

When switching channel pairs with simultaneous actuation, channel pairs
(SET/ RESET) are actuated essentially simultaneously (less than 100 jisec)
if more than one channel is specified in OPEN <channel_list> or CLOSe
<channel_list>. However, for more than one channel in the channel list,
actuation order is not guaranteed.

When switching channel pairswith stepped actuation, an OPEN or CLOSe
command waits for the internal 30 msec timer to interrupt between each
channel pair. For the OPEN and CL OSe commands, the timer indicates
completion of arelay actuation (caused by the driver). The instrument will
wait for the time to elapse (causing an IRQ) before the next command is
executed. On a*RST, up to six relays may be actuated at atime.

When scanning channel pairswith SCAN <channel_list>, a60 msec delay
occurs between actuations of each channel pair in the channel list for either
simultaneous or stepped actuation. This time includes 30 msec to close the
channel pair, and another 30 msec to open the channel pair before moving to
the next channel pair.

For 36-channel mode, usethe CNFG 2 bit to set pulsed or continuous output.
Leave CNFG 2 open to set continuous output or connect CNFG 2 to
GROUND to set pulsed output. With continuousoutput (for both switching
and scanning channels), when achannel pair is actuated the SET or RESET
output current is continuously applied to the channel pair.

With pulsed output (for both switching and scanning channels), when a
channel pair is actuated the SET or RESET current is applied until the 30
msec timer indicates the channel has finished moving. The current isthen
removed, and another 30 msec wait occurs. Pulsed output requires twice as
much time as continuous output to complete the operation. On a*RST,

up to six relays may be actuated at a time with pulsed output.
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Relay Driver Module Programming

Note

Switchbox
Definition

Multiple—Module
Switchbox Instrument SWITCH #1

The Relay Driver Module can be programmed using register access (see
Appendix B - Relay Driver Module Register Definitions) or viathe
Command Module using Standard Commands for Programmable
Instruments (SCPI).

Since the Relay Driver Module can be used in a B-Size or C-Size
mainframe, the term Command M odul e as used in this manual refersto the
HP E1306 or HP E1406 Command Module or to the B-Size mainframe.

If you use SCPI to program the Relay Driver Module, it is highly
recommended that you do not use register programming since the SCPI
driver maintains an image of the card state. If the card state is altered by
using register writes, the driver will be unaware of these changes.

For a SCPI environment, multiple Relay Driver Modules can be configured
asaswitchbox instrument. The term switchbox refersto a SCPI instrument
consisting of one or more switchcards (Relay Driver Modules). The
instrument itself is the firmware running in the Command Module.

For a switchbox instrument, all channels within the instrument can be
addressed using a single interface address. Single, multiple, or continuous
scanning of specified switch channelsis available for any switchbox
configuration. Logical addresses should start on a boundary of 8 for the
command module. Also, logical addresses are sequential.

Example: Typical Switchbox Instrument
For example, Figure 1-2 shows atypical switchbox with three Relay Driver

Modules. The three modules have sequential logical addresses of 120, 121,
and 122. Since switch #1 hasthelowest logical address, it iscard number 01.

Logical Address: 120

Card Number: 01

SWITCH #2
Logical Address: 121
Card Number: 02

SWITCH #3
Logical Address: 122

Card Number: 03

Figure 1-2. Example: Typical Switchbox Instrument
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Specifying SCPI  To program the Relay Driver Module using SCPI, you must select the
Commands computer language, interface address and SCPI commands to be used.
Guidelinesto select SCPI commands for the Relay Driver Module follow.
Seethe HP 75000 Series C (or B) Installation and Getting Started Guidefor
interface addressing and computer language information.

To address channels within a Relay Driver Module, you must specify the
SCPI' command and switch channel address. For the Relay Driver Module
module, use CLOSe <channel_list> to allow the driver to sink current. Use
OPEN <channel_list> to stop the driver from sinking current. Use SCAN
<channel_list> to close the set of channels specified, one channel at atime.

Switch Channel For the Relay Driver Module, the channel address (channel_list) has the
Addresses form (@ccnn) where cc = switch card number (01-99) and nn = channel
numbers (00-71 or 00-35). Y ou can address single channels (@ccnn);
multiple channels (@ccnn,ccnn ...);sequential channels (@ccnn:ccnn);
groups of sequential channels (@ccnn:ccnn,ccnn:cenn); or any
combination.

Switch Card  The switch card number depends on the switchbox configuration
Numbers (single-module or multiple module) set for the switches. (Leading zeroes
can beignored for the card number.) For a single-module switchbox, the
card number is aways O1.

For a multiple-module switchbox, the card numbers are 01, 02,...,cc. The
module with the lowest logical addressis card number 01, the module with
the next-lowest logical addressis card number 02, etc. See the HP 75000
Series C (or B) Installation and Getting Started Guide for a definition of
logical addresses.

Example: Three-Module Switchbox

For example, assume that three Relay Driver Modules are configured with
logical addresses of 120, 121, and 122. Card number 1 is assigned to the
module at logical address 120, card number 2 is assigned to the module at
logical address 121, and card number 3 is assigned to the module at |ogical
address 122.

Switch Channel Relay Driver Module channel numbers are 00 through 71 for 72-channel
Numbers modeor 00through 35for 36-channel mode. The channels can be addressed
using channel numbers or channel ranges. For a single-modul e switchbox,
channel ranges can span across the channels. For multiple-module
switchboxes, channel ranges can span across the channels of all modules.

Use commas (,) to form achannel list or use acolon (:) to form a channel
range. Only valid channels can be accessed in a channel list or channel
range, and the channel list or channel range must be from alower channel
number to a higher channel number. Some examples follow.
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Example: Channel Lists/Ranges (72-Channel Mode)

For 72-channel mode, each channel is opened or closed independently using
CLOSe to close a channel and OPEN ot open a channel.

Channel Lists:
CLOSe (@100,112) ! ClosechsOand 12 oncard 1
OPEN (@203,210) ! Open chs 3 and 10 on card 2

Channel Ranges:

OPEN (@100:171) ! Open all channelson card 1
SCAN (@100:171) | Set scan list for all channels
oncard 1

Example: Channel Lists/Ranges (36-Channel Mode)

For 36-channel mode, channel pairs (SET/RESET) are opened or closed
using CLOSeto close a channel pair and OPEN to open a channel pair.
When CLOSe is executed, the channel SET is closed and the channel
RESET is opened. When OPEN is executed, the channel SET is opened
and the channel RESET is closed.

Channel Lists:

CLOSe (@100,112) ! Closechs0and 12 SET and
openchs0and 12 RESET
oncard 1

OPEN (@203,210) ! Open chs 3 and 10 SET and
close chs 3 and 10 RESET
oncard 2

Channel Ranges:

OPEN (@100:135) I Open all channels SET and
close all chanels RESET on
card 1

SCAN (@100:135) I Set scan list for all channels
oncard 1
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Chapter 2

Configuring the Relay Driver Module

Using this Chapter

This chapter shows how to configure and install the Relay Driver Module.
The chapter includes:

® Warningsand Cautions. . .. ..., page 21
® Relay Driver Module Configuration. . ................. page 22
® Setting Relay Driver Module Operation. .. ............. page 26
® |nstalling the Relay Driver Module . .................. page 28
® Verifying Initial Operation . ......................... page 29

Warnings and Cautions

WARNING

WARNING

Caution

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

SHOCK HAZARD. When handling user wiring connected to the
Relay Driver Module, consider the highest voltage present
accessible on any channel. Use wire with an insulation rating
greater than the highest voltage which will be present on any
channel.

MAXIMUM VOLTAGE/CURRENT. Maximum allowable voltage
per channel for the Relay Driver Module module is 32 VDC
and 200 ma per channel. Exceeding any limit may damage the
module.

STATIC-SENSITIVE DEVICE. Use anti-static procedures when
removing, configuring, or installing a module.
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Relay Driver Module Configuration

This section gives guidelines to configure the Relay Driver Module for
installation, including:

® Connecting User Inputs

® Setting Interrupt Priority Jumpers

® Setting the Logical Address Switch
® Setting Internal Power Supply Level

Connectin 0 Userinputsto the Relay Driver Module are via 60-pin ribbon connectors to
User In puts the P200 and P400 connectors on the faceplate as shown in Figure 2-1. To

connect the ribbon cable to P200 or P400, push the ribbon connector pins
onto the P200 or P400 pins until the side latches engage the ribbon cable
connector.

Y ou can also use the ribbon connector leads to set Relay Driver Module
operations, as shown in "Setting Relay Driver Module Operation”. Tables
2-1 through 2-4 show the pin definitions for the P200 and P400 connectors
for 36-channel and 72-channel operation.

72 CHANNEL OPEN COLLECTOR DIGITAL OUTPUT/RELAY DRIVER A\ 32v 200ma Mox
9 1 59 1

0 & il

/2 60 2

HP E1339A
H ©
@)

Figure 2-1. Connecting User Inputs
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Table 2-1. 36-Channel Pin Definitions (P200)

Pin# | Name Pin# | Name Pin# Name Pin# Name
1 CH18S 16 CNFG 15 31 CH4s 46 CH8S
2 CH 18R 17 CNFG 14 32 CH4R 47 CH8R
3 CH19S 18 CNFG 13 33 CH5S 48 CH9sS
4 CH19R 19 CNFG 12 34 CH5R 49 CH9R
5 POWER 20 GROUND 35 POWER 50 POWER
6 CH20S 21 CHOS 36 CNFG 3 51 CH10S
7 CH20R 22 CHOR 37 CNFG 2 52 CH10R
8 CH21S 23 CH1sS 38 CNFG 1 53 CH11sS
9 CHZ21R 24 CH1R 39 CNFG 0 54 CH11R
10 POWER 25 POWER 40 GROUND 55 POWER
11 CH22S 26 CH2S 41 CHG6S 56 CNFG 7
12 CH22R 27 CH2R 42 CH6R 57 CNFG 6
13 CH23S 28 CH3S 43 CH7S 58 CNFG 5
14 CH23 R 29 CH3R 44 CH7R 59 CNFG 4
15 POWER 30 POWER 45 POWER 60 GROUND
Table 2-2. 36-Channel Pin Definitions (P400)
Pin# | Name Pin# | Name Pin# Name Pin# Name
1 CH24S 16 CNFG 19 31 CH34S 46 CH14 S
2 CH24R 17 CNFG 18 32 CH34R 47 CH14R
3 CH25S 18 CNFG 17 33 CH35S 48 CH15S
4 CH25R 19 CNFG 16 34 CH35R 49 CH15R
5 POWER 20 GROUND 35 POWER 50 POWER
6 CH26S 21 CH30S 36 CNFG 23 51 CH16S
7 CH26R 22 CH30R 37 CNFG 22 52 CH16R
8 CH27S 23 CH31S 38 CNFG 21 53 CH17S
9 CH27R 24 CH31R 39 CNFG 20 54 CH17R
10 POWER 25 POWER 40 GROUND 55 POWER
11 CH28S 26 CH32S 41 CH12S 56 CNFG 11
12 CH28 R 27 CH32R 42 CH12R 57 CNFG 10
13 CH29S 28 CH33S 43 CH13S 58 CNFG 9
14 CH29R 29 CH33R 44 CH13R 59 CNFG 8
15 POWER 30 POWER 45 POWER 60 GROUND
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Table 2-3. 72-Channel Pin Definitions (P200)

Pin# | Name Pin# | Name Pin# Name Pin# Name

1 CH 36 16 CNFG 15 31 CHS8 46 CH 16

2 CH 37 17 CNFG 14 32 CHO9 47 CH 17

3 CH 38 18 CNFG 13 33 CH 10 48 CH 18

4 CH 39 19 CNFG 12 34 CH11 49 CH 19

5 POWER 20 GROUND 35 POWER 50 POWER
6 CH 40 21 CHO 36 CNFG 3 51 CH 20

7 CH 41 22 CH1 37 CNFG 2 52 CH21

8 CH 42 23 CH?2 38 CNFG 1 53 CH 22

9 CH 43 24 CH3 39 CNFG 0 54 CH 23
10 POWER 25 POWER 40 GROUND 55 POWER
11 CH 44 26 CH4 41 CH 12 56 CNFG 11
12 CH 45 27 CH5 42 CH 13 57 CNFG 10
13 CH 46 28 CH®6 43 CH 14 58 CNFG 9
14 CH 47 29 CH7 44 CH 15 59 CNFG 8
15 POWER 30 POWER 45 POWER 60 GROUND

Table 2-4. 72-Channel Pin Definitions (P400)

Pin# | Name Pin# | Name Pin# Name Pin# Name

1 CH 48 16 CNFG 19 31 CH 68 46 CH 28

2 CH 49 17 CNFG 18 32 CH 69 47 CH 29

3 CH 50 18 CNFG 17 33 CH70 48 CH 30

4 CH 51 19 CNFG 16 34 CH71 49 CH 31

5 POWER 20 GROUND 35 POWER 50 POWER
6 CH 52 21 CH 60 36 CNFG 23 51 CH 32

7 CH 53 22 CHe61 37 CNFG 22 52 CH 33

8 CH 54 23 CH 62 38 CNFG 21 53 CH 34

9 CH 55 24 CH 63 39 CNFG 20 54 CH 35
10 POWER 25 POWER 40 GROUND 55 POWER
11 CH 56 26 CH 64 41 CH 24 56 CNFG 11
12 CH 57 27 CH 65 42 CH 25 57 CNFG 10
13 CH 58 28 CH 66 43 CH 26 58 CNFG 9
14 CH59 29 CH 67 44 CH 27 59 CNFG 8
15 POWER 30 POWER 45 POWER 60 GROUND

Setting Interrupt
Priority Jumpers

At power up, after aSY SRESET, or after resetting the Relay Driver Module
viathe Status/Control Register, interrupts are enabled. With interrupts
enabled, an interrupt is generated approximately 30 msec after any Channel
Enableregister isaccessed (see Appendix B - Relay Driver Module Register
Definitions). Theinterrupt priority jumper selectsthe priority level that will
be asserted.

As shipped from the factory, the interrupt priority (IRQ) jumper is set to
position 1. For most applications, this priority will not need to be changed.
Asrequired, you can set interrupt priorities from 1to 7 or set level X.
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When the IRQ jumpers are set to level X, interrupts are disabled. Interrupts
can aso be disabled using the Status/Control register. To change the IRO
jumper setting, remove the jumper from its current position and replace it at
the desired setting (see Figure 2-2 for jJumper location). Consult your
mainframe manual to make sure that backplane jumpers are configured
correctly.
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Setting Logical
Address Switch

Setting Internal
Power Supply
Voltage

Figure 2-2. Switch/Jumper Locations

Each module within an V XIbus mainframe must be set to a unique logical
address. The logical address setting (0 to 255) is controlled by the logical
address switch. The factory setting for the Relay Driver is 120. If multiple
Relay Driver Modules are to be installed in a mainframe, the logical
addresses of some Relay Driver Modules must be changed. See Figure 2-2
for the Logical Address Switch location.

Asshownin Figure 1-1, +5V, +12V, or +24V internal power supplies can
be used to drive external loadsif required. A maximum of 1 amp isavailable
from the +12V supply. When the Relay Driver Moduleisused in aVXIbus
system with a P2 backplane connector, a maximum of 1 amp isaso
available from the +5V or +24V supplies. All supplies are fused at 1 amp.
Theinternal power supply voltage value is set with jumpers J200 and J400
(see Figure 2-2 for location). Both jumpers must be set to the same voltage.
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Setting Relay Driver Module Operation

This section gives guidelines to select Relay Driver Module operation,

including:

® Operations Overview
® Setting 36- or 72-Channel Mode

® Setting Simultaneous/Stepped A ctuation (36-Channel Mode)
® Setting Pulsed/Continuous Output (36-Channel Mode)

® Changing Timer Delay

Op erations  Table 2-5 summarizes the CNFG bit confi gurationsto set various operating
Overview modes. See Tables 2-1 through 2-4 for pin numbers.

Table 2-5. Setting Relay Driver Module Operation

CNFG P200 Connect to Leave
Bit Pin # GROUND? Open
CNFG 0 39 36-Channel Mode 72-Channel Mode
CNEG 1P 38 Stepped Actuation Simultaneous Actuation
CNEG 2P 37 Pulsed Output Continuous Output
CNFG 3 36 Self-Test Check @ 50 ms Self-Test Check @ 30 ms
CNFG 4 59 No Self-Test Check Self-Test Check®

a P200 GROUND pin numbers are 20, 40, and 60

b Applicable to 36-channel mode only

¢ Time (50 msec or 30 msec) depends on CNFG 3 configuration

Setting 36- or
72-Channel

In 72-channel mode, each of the 72 channels operates independently
and can be actuated (opened or closed) individually or sequentially. In

36-channel operation, two pins are paired: one for channel SET and one
Mode for channel RESET. For example, as shownin Table 2-1, P200 pin #1is
CH 18 S(SET) and pin #2 isCH 18 R (RESET), etc.

Use the CNFG 0 pin (pin 39 on P200) to set 36-channel or 72-channel

operation.

® 72-channel Mode: Leave CNFG 0 open

® 36-channel Mode: Connect CNFG 0 to GROUND

Note Insome applications, the internal power supply selected may not have
enough drive capability to simultaneously activate all 72 (or 36) drivers.
In this case, an external power supply should be used so that simultaneous

operation can occur.
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Setting
Simultaneous/
Stepped Actuation
(36-Channel Mode)

Setting Pulsed/
Continuous Output
(36-Channel Mode)

Changing
Timer Delay

When 36-channel modeis set (CNFG 0 connected to GROUND), you can
use CNFG 1to set whether to actuate achannel pair at atimewith a30 msec
delay between channel pairs(stepped actuation) or to simultaneously actuate
al channel pairsin the channel list (simultaneous actuation). When a*RST
occurs, up to six relay pairs may be opened at atime.

Use the CNFG 1 pin (pin 38 on P200) to set simultaneous or stepped
actuation mode (for 36-channel mode ONLY).

® Simultaneous Actuation: Leave CNFG 1 open
® Stepped actuation: connect CNFG 1 to GROUND

Some microwave relays do not have DC interrupt capability, but the relays
are latching. To reduce the power drawn by these relays you may want to
use the pulsed mode of operation. With continuous output, currents are
continuously applied.

With pulsed output, when a channel is actuated the SET or RESET current
isapplied until the 30 msec timer indicates the channel hasfinished moving.
The current is then removed, and another 30 msec wait occurs. When a
*RST occurs, up to six channel pairs at atime may be pulsed. If multiple
channel pairs are opened or closed, the next channel pair will wait until the
previous channel has finished pulsing.

Use the CNFG 2 pin (pin 37 on P200) to set pulsed or continuous output
(for 36-channel mode ONLY).

® Continuous output: Leave CNFG 2 Open
® Pulsed output: Connect CNFG 2 to GROUND

A 30 msec time delay is supplied for stepped, continuous, or pulsed
operation. If your application requires alonger time delay, you could
change the components on the board. However, doing this may cause
Self Test to fail.

You can use one of two methods to eliminate the Self Test error:

® |f the required time delay is 50 msec or less, connecting CNFG 3 to
GROUND causesthe Self Test to check the timer at 50 msec rather
than at 30 msec. (Thisis the maximum internal time check available
with the Command Module.)

® |f therequired time delay is greater than 50 msec, connecting CNFG 4
to GROUND will skip the Self Test time check completely.
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Installing the Relay Driver Module

When you have configured the Relay Driver Module(s) for your application,
you can install them in a B-Size or C-Size Mainframe. This section gives
guidelinestoinstall one or more Relay Driver Modules, including hardware
installation and software installation.

Hardware Rday Driver Modules can be installed in any slot of a B-Size or C-Size
Installation V XIbus or VMEbus mainframe, except slot 0. Y ou can directly install a
module in a B-Size mainframe, but you will need an Extender (HP E1409A
or equivalent) Card installed in a C-Size mainframe for each dot inwhich a
Relay Driver Module will be installed. See the appropriate mainframe
Installation and Getting Started Guide for procedures to install one or
more Relay Driver Modules in the mainframe.

Switchbox Youcaninstall and configure Relay Driver Modules in a switchbox

Installation  instrument (see " Switchbox Definition™ in Chapter 1 - Getting Started).
Some guidelines for installing Relay Driver Modules in a switchbox
instrument follow, depending on whether you want to use HP E1339A
modules or a combination of HP E1339A and HP 22309 modules.

HP E1339A Switchbox Installation

Two or more HP E1339A modules can be combined in a switchbox if the
HP E1339A SCPI driver is downloaded into the Command Module (see
"Downloading the SCPI Driver"). In this case, the Command Module
combines all HP E1339A cards with sequential logical addresses (such as
120, 121, and 122) into one switchbox instrument.

Note You cannot combine the HP E1339A with other types of switch cards, such
asthe HP E1345, to form asingle instrument because the HP E1339A is not
amember of the SWITCHBOX driver.

HP E1339/72309A Switchbox Installation

If you have existing HP Z2309A Relay Driver Modules, you can combine

them with HP E1339A Relay Driver Modulesto form aswitchbox, sincethe
hardware for these two cardsisidentical. The requirements for this type of
switchbox are the same as for an HP E1339A switchbox.

Software Thissection gives guidelines for software installation, including:

Installation * Typical System Configuration
® Installing HP E1339A SCPI Driver
® |nstalling HP V XIplug& play Drivers
® ZSWITCHBOX Considerations
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Typical Software
Configuration

Downloading the
SCPI Driver

Installing
HP VXIplug&play
Drivers

ZSWITCHBOX
Driver
Considerations

To use the Relay Driver Module and to run the example programsin this
manual and inthe Help system, first download the HP E1339A SCPI Driver
into the Command Module (HP E1406, HP E1306, or mainframe) and then
install the VXIplug& play Driver for the Relay Driver Module. When thisis
done, you have a choice of two methods of programming the Relay Driver
Module. Y ou can program the Relay Driver Module using VXIplug& play
Function calls, or you can use the downloaded SCPI driver and VISA calls.

The SCPI driver must be downloaded prior to using V XIplug& play drivers
to obtain the full functionality of the VXI plug& play driver. Failure to
download the SCPI driver will result in "Hardware missing" errors on some
commands, but you will still be able to open and close channels with the

V XIplugé& play driver. To download the HP E1339A SCPI driver into the
HP Command Module (HP E1406, HP E1306, or B-Size mainframe) use
HP VIC for Windows or the driver installer for DOS applications. (These
applications are on the CD.)

You caninstall the HP V XIplug& play Drivers using the instructions on the
HP Instrument Drivers CD. It isrecommended you create icons for the
Relay Driver Soft Front Panel, Driver Help File, Driver Readme Files, and
SCPI Example Programs. Y ou caninstall the HPV X1plug& play driver with
or without installing the downloaded SCPI driver. However, to obtain the
full functionality of theV XIplug& play driver, you shouldfirst download the
HP E1339A SCPI driver. See "Downloading the SCPI Driver".

If you do not have any other types of ZSWITCHBOX modules, you
should eliminate the ZSWITCHBOX driver so that the HP E1339A SCPI
driver recognizes the modules, rather than the ZSWITCHBOX driver. This
will alow you to usethefull capabilities of the HP E1339A and HP Z2309A
modules. Eliminating ZSWITCHBOX will not affect embedded controller
operation, since ZSWITCHBOX was not designed for embedded
controllers. However, you can now usethe VXIplug& play driversto make
function calls to the HP E1339A and HP Z2309 modules.

Verifying Initial Operation

Note

When you have installed and configured the Relay Driver Module for your
application, you can use the following example program to verify initial
operation of the module.

If the Relay Driver module failsinitial operation, return the module to
Hewlett-Packard for exchange module E1339-69201.

Example: Reset, Self-Test, and Module ID

Thisprogram resetsthe Relay Driver Module, performsthe module self test,
and reads the module ID and description.

[* Example: Reset, Self-Test, and Module ID */
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#include <visa.h>

#include <stdio.h>

#include <stdlib.h>

#define INSTR_ADDR "GPIB-VXI::120::INSTR" /* 120 isthe HP E1339A*/
/* logical address*/

long main()

{

ViStatus errStatus; [* status from VISA call */
ViSession ViRM; /* Resource Mgr. session */
ViSession E1339; /* session for HP E1339A */
char id_string [256] = {0}; /* ID string buffer */

char selftst_string[256] = {0};

I* Open a default Resource Manager */

errStatus = viOpenDefaultRM (&viRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viDefaultRM() returned 0x%x\n",errStatus);
return errStatus;}

I* Open the Instrument Session */

errStatus = viOpen (ViRM, INSTR_ADDR,VI_NULL,VI_NULL, &E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viOpen() returned 0x%x\n",errStatus);
return errStatus;}

I* Reset the E1339A */

errStatus = viPrintf (E1339, "*RST;*CLS\n");
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

I* Send the Self Test Command */

errStatus = viQueryf (E1339, "*TST?\n","%t",selftst_string);
if (VI_SUCCESS > errStatus){
printf("ERROR: viQueryf() returned 0x%x\n",errStatus);
return errStatus;}

printf("Self Test Result is %s\n",selftst_string);

I* Query the ID string */

errStatus = viQueryf (E1339, "*IDN?\n","%t",id_string);
if (VI_SUCCESS > errStatus){
printf("ERROR: viQueryf() returned 0x%x\n",errStatus);
return errStatus;}

printf("IDN? returned %s\n",id_string);

I* Close Sessions */

errStatus = viClose (E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

errStatus = viClose (ViRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

} /* End of main program */
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Chapter 3

Using the Relay Driver Module

Using This Chapter

Note

Note

This chapter provides examples to program and use the Relay Driver
Module using Standard Commands for Programmable I nstrumentation
(SCPI1). The chapter contents are:

® Using 72-Channel Mode. . . ........... ... page 32
® Using 36-Channel Mode. . .......................... page 33
®*ExamplePrograms ... page 37

Do not do register writes if you are aso controlling the module viathe
downloaded SCPI driver. Since the SCPI driver will not know the
instrument state, an interrupt may occur causing the driver and/or
Command Module to fail. See Appendix B - Relay Driver Module Register
Definitions for information on registers and register-based programming.

If you installed HP V XIplugé& play Drivers (see Chapter 2 - Configuring
the Relay Driver Modul€), you can use the Soft Front Panelsto program
and use the Relay Driver Module from a simulated front panel. See "Using
the Soft Front Panels® in the V XIplug& play Help system for details.
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Using 72-Channel Mode

In 72-channel mode, each channel acts independently and channels can be
switched (opened/closed) individually or can be scanned. Use OPEN or
CLOSe to switch channels or use SCAN to scan channels. Leave CNFG 0
open to set 72-channel mode.

Operati ONS Table3-1 summarizes 72-channel operationsfor switching asingle channel,
Overview switching several channels, and scanning channels.
Table 3-1. 72-Channel Mode Operations
Switching One Channel Switching Multiple Channels Scanning Channels

closes the channel.

OPEN (@ccnn) opens the
channel and CLOSe (@ccnn) or CLOSe <channel_list> are actuations of each channel in the

All channels in OPEN <channel list>= | A 60-msec delay occurs between

actuated nearly simultaneously. SCAN <channel_list>.

Switching
Channels

Note

Scanning
Channels

For 72-channel mode, switching channels means to open one or more
open-collector outputs with the OPEN <channel _list> command or to close
one or more open-collector outputs with the CLOSe <channel _list>
command. When a channel is closed, current is sunk. When a channel is
open, current is not sunk.

When more than one channel is specified in the OPEN or CLOSe command,
al channelsin the channel_list are opened or closed nearly simultaneously
(within 100 psec).

When multiple channels are switched, the actuation order is not guaranteed.
If actuation order isimportant, use a separate OPEN or CLOSe command
for each channd.

For 72-channel maode, scanning channels means to open/close more than
one channel using the SCAN <channel_list> command. When SCAN
<channel_list> isused, a 60 msec delay occurs between channel actuations.
The scan sequence for 72-channel mode when SCAN isusedis:

1. Close the first channel in the channel_list

Wait for the 30 msec timer

Open the first channel

Wait for the 30 msec timer

Repeat steps 1 - 4 for next channedl, to the end of the channel_list
If ARM:COUNTt > 1, repeat steps 1 - 5 for ARM:COUNt number

Uk wWN

If TRIG:SOUR IMM is set, the delay time between channel actuationsis
60 msec. If another TRIG sourceis used and the time between triggersis at
least 60 msec, the scan advances when the trigger is received. If another
TRIG source is used and the time between triggersis <60 msec, a " Trigger
Ignored" error is generated.
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Using 36-Channel Mode

In 36-channel mode, two bits are paired together and one bit isthe inverse
of the other. The channel pairsformed are CH 0 SET/CH O RESET, CH 1
SET/CH 1 RESET, etc. This mode can be used to drive two coil switches,
one for SET and one for RESET.

Operations
Overview

Note

CNFG 0 must be connected to GROUND to set 36-channel mode.

Table 3-2. 36-Channel Mode Operations

Asshown in Table 3-1, simultaneous actuation, stepped actuation, pulsed
output, and continuous output modes are available for 36-channel mode.

Operation

Switching One
Channel Pair

Switching Multiple
Channel Pairs

Scanning
Channel Pairs

Simultaneous/Stepped A

ctuations (Valid only when CNFG

0 is connected to GROUND)

Simultaneous Actuation
(CNFG 1 Open)

OPEN (@ccnn) opens the
channel pair and CLOSe
(@ccnn) closes the channel
pair.

All channel pairs (SET/
RESET) inthe OPEN/CLOSe
channel_list are actuated
nearly simultaneously.

A 60-msec delay occurs
between actuations of each
channel pair in the SCAN
channel_list.

Stepped Actuation
(CNFG 1 connected
to GROUND)

OPEN (@ccnn) opens the
channel pair and CLOSe
(@ccnn) closes the channel
pair.

A 30-msec delay occurs
between actuation of each
channel pair in the OPEN/
CLOSe channel_list.

A 60-msec delay occurs
between actuations of each
channel pair in the SCAN
channel_list.

Continuous/Pulsed Outputs (Valid only when CNFG 0 is connected to GROUND)

Continuous Output
(CNFG 2 Open)

The SET or RESET output
current is continuously
applied to the channel pair
when actuated.

The SET or RESET output
current is continuously
applied to the channel pair
that is actuated.

The SET or RESET output
current is continuously
applied to the channel pair
that is actuated.

Pulsed Output
(CNFG 2 connected
to GROUND)

When the channel pair is
actuated, the SET or RESET
output current is applied until
the 30 msec timer indicates
the channel has finished
moving. The current is then
removed, and another 30
msec wait occurs.

The SET or RESET output
current is applied to the
actuated channel pair until
the 30 msec timer indicates
the channel has finished
moving. The current is then
removed, and another 30
msec wait occurs.

This process is then repeated
with the next channel pair

in the OPEN/CLOSe
channel_list until the list is
completed.

The SET or RESET output
current is applied to the
actuated channel pair until
the 30 msec timer indicates
the channel has finished
moving. The current is then
removed, and another 30
msec wait occurs.

For scanning, pulsed output

mode requires twice as much
time as continuous output to

complete the operation.
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Setting The CNFG 1 bit sets 36-channel mode simultaneous or stepped actuation.
: For simultaneous actuations, leave CNFG 1 open. To set stepped actuation,
Simultaneous/ connect CNFG 1 to GROUND.
Stepped
Actuations With simultaneous actuation, channel pairs are actuated nearly
simultaneously (less than 100 psec) when more than one channel is

specified in the channel _list.

With stepped actuation, an OPEN <channel_list>or CLOSe
<channel_list> command waits for the internal 30 msec timer to interrupt
between each channel pair. The instrument will wait for the timer to elapse
(causing an IRQ) before the next command is executed.

Note With OPEN and CLOSe, channel actuation order is not guaranteed. If
actuation order isimportant, use a separate OPEN or CLOSe for each
channel pair.

Setting Pulsed/ For 36-channel mode, the CNFG2 it selects pulsed or continous operation.
; Connect CNFG 2 to GROUND for pulsed output and leave CNFG 2 open
Continuous for continous output.
Outputs
With continuous output, currents are continuously output when a channel
pair specified by OPEN <channel_list> or CLOSe <channel_list>is
actuated.

For pulsed output, when a channel pair is opened or closed the SET or
RESET current is applied until the 30 msec timer indicates the channel has
finished moving. The output current isthen removed. On a*RST, up to six
relays at atime may be pulsed.

Note Pulsed output requires twice as much time as continuous output to complete
the operation.

Switchin g For 36-channel mode, switching channel pairs meansto open or close one
; or more channel pairs (SET/RESET). As shown in Table 3-2, when
Channel Pairs switching more than one channel pair, simultaneous or stepped actuation is
available (see " Simultaneous/Stepped Actuations'). Also, continuous or
pulsed output mode is available (see " Continuous/Pulsed Outputs™).

Use OPEN (@ccnn) to open asingle channel pair and use CLOSe (@ccnn)
to close asingle channel pair. For example, CLOS (@100) closes channel 0
SET and opens channel 0 RESET, while OPEN (@100) opens channel 0
SET and closes channel 0 RESET.
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Note

Scanning
Channel Pairs

Note

Scan Sequence:
Continuous Output

Scan Sequence:
Pulsed Output

To switch two or more channel pairs, use OPEN <channel_list> to open
channel pairs and use CLOSe <channel_list> to close channel pairs. With
simultaneous actuations, all channel pairsin the OPEN <channel _list> or
CLOSe <channel_list> are actuated essentially simultaneously (less than
psec). With stepped actuations, a30-msec delay occurs between actuations
of each channel pair in the channel_list.

When multiple channel pairs are switched, the actuation order is not
guaranteed. If actuation order is important, use a separate OPEN or
CLOSe command for each channel.

For 36-channel mode, scanning channel pairs means to open/close more
than one channel pair (SET/RESET) using the SCAN <channel_list>
command to set the scan list. When scanning channel pairs, continuous or
pulsed output is available (see " Setting Pulsed/Continuous Outputs”). The
scan sequences for continuous and pulsed output follow.

The scan sequence depends on whether continuous or pulsed output is
selected (as set with CNFG 2), but is not affected by the setting for
simultaneous or stepped actuation (as set with CNFG 1).

To set 36-channel mode scanning with continuous output, connect CNFG 0
to GROUND and leave CNFG 2 open. (The CNFG 1 setting does not
matter.) With continuous output, a 60 msec delay occurs between actuations
of channel pairsfor each channel pair in the SCAN <channel_list>. The scan
sequence for 36-channel mode scanning with continous output is:

1. Close thefirst channel SET and open the first channel RESET
Wait for the 30 msec timer

Open the first channel SET and close the first channel RESET
Wait for the 30 msec timer

Repeat steps 1 - 4 for next channel, to the end of the channel_list
If ARM:COUNTt >1, repeat steps 1 - 5 for ARM:COUNt number

Uk wWN

If TRIG:SOUR IMM is set, the delay time between channel actuationsis
60 msec. If another TRIG sourceis used and the time between triggersis at
least 60 msec, the scan advances when the trigger is received. If another
TRIG source is used and the time between triggersis <60 msec, a"Trigger
Ignored" error is generated.

To set pulsed output, connect CNFG 0 to GROUND and connect CNFG 2
to GROUND. (The CNFG 1 setting does not matter.) For pulsed output,
when a channel pair is opened or closed the SET or RESET current is
applied until the 30 msec timer indicates the channel has finished moving.
The current is then removed, and another 30 msec wait occurs. On a*RST,
up to six channel pairs may be actuated at atime. The scanning sequence for
36-channel mode with pulsed operation is:
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Close the first channel SET and open the first channel RESET
Wait for the 30 msec timer

Turn off thefirst channel SET current output

Wait for the 30 msec timer

pPWONPE

5. Closethefirst channel RESET

6. Wait for the 30 msec timer

7. Turn off the first channel RESET current output
8. Wait for the 30 msec timer
9.
1

Repeat steps 1 - 8 for next channel, to the end of the channel_list
0. If ARM:COUNTt >1, repesat steps 1 - 9 for ARM:COUNt number

If TRIG:SOUR IMM is set, the delay time between channel actuationsis
120 msec. If another TRIG source is used and the time between triggersis
at least 120 msec, the scan advances when the trigger isreceived. If another
TRIG sourceis used and the time between triggers is <120 msec, a" Trigger
Ignored" error is generated.
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Example Programs

Using the
Example Programs

Copying Example
Programs

Running Example
Programs

Additional Example
Programs

Note

This section provides some example programs for the Relay Driver,
including:

® Using the Example Programs

® Example: Closing a Channel (72-Channel Mode)
® Example: Closing a Channel (36-Channel Mode)
® Example: Scanning Channels (72-Channel M ode)
® Example: Scanning Channel (36-Channel Mode)

This chapter, Chapter 2 - Configuring the Relay Driver Module, and
Chapter 4 - Understanding the Relay Driver Module contain some example
programs that show ways to use the Relay Driver Module. These examples
are written in the C language and require only the downloaded HP E1339A
SCPI driver or the ZSWITCHBOX SCPI driver.

For the online version of this manua you can copy the example programs
to the clipboard and paste them into your application by using the Adobe
Acrobat Reader copy and paste functions. To copy an example program
from the online version of this manual:

1. Click the Text Selection Tool from the toolbar
2. Highlight the text to be copied

3. Use Edit | Copy to copy the text to the clipboard
4. Insert the clipboard text into your application

The example programs in this chapter and in Chapter 4 - Under standing
the Relay Driver Module were devel oped with the ANSI C language using
the VISA 1/O Library. For additonal information, refer to the HP VISA
User’s Guide.These programs were written and tested in Microsoft Visual
C++, but should compile under any standard ANSI C compiler.

To run these programs, you must have the VISA and an HP-1B (GPIB) card
installed and properly configured in your PC. The HP Command Module
(HP E1406, HP E1306, or mainframe) provides direct accessto the V X1bus
backplane.

See Chapter 4 - Understanding the Relay Driver Modwlemore examples
to use the Relay Driver Module. See Chapter 5 - Relay Driver Module
Command Referender a description of the SCPI and | EEE-488 Common
Commands applicable to the Relay Driver Module. See the online

V XIplug&play online Help system for V XIplug&play programsin Visua
C++ and Visual Basic.

The example programsin Chapter 5 - Relay Driver Module Command
Referencenclude only the SCPI commands for the application. However,
you can adapt the example programs in this chapter to the commands listed.
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Example: Closing Thisexample shows how to close achannel for the Relay Driver Module
a Channel in 72-channel mode. For 72-channel mode, OPEN opens the specified
channel(s) and CLOSe closes the specified channel(s). If more than
(72-Channel Mode) one channel is specified, al channels are opened or closed nearly
simultaneously, but the actuation order is not guaranteed. To set
72-channel mode, CNFG 0 must not be connected to GROUND.

Typical Connections

Figure 3-1 shows typical connections to Channel 36. The +12V internal
supply is applied to the external relay.

Relay Driver

P200

Relay

Channel 36 1

Figure 3-1. Example: Closing a Channel (72-Channel Mode)
SCPI Commands
To close channel 36, the command is CLOSe (@136) where 1 isthe card

number and 36 is the channel number. When this command is executed,
channel 36 is closed, allowing current to be sunk.
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Example Program

I* Example: Closing a Channel (72-Channel Mode) */
[*This program closes a Relay Driver Module channel in 72-channel mode */

#include <visa.h>
#include <stdio.h>
#include <stdlib.h>

#define INSTR_ADDR "GPIB-VXI::120::INSTR" /* 120 isthe HP E1339A*/
[*logical addr */

long main()

{

ViStatus errStatus; [* status from VISA call */
ViSession ViRM; /* Resource Mgr. session */
ViSession E1339; /* session for HP E1339A */
int ch = 136; [* channel = 136 */

I* Open a default Resource Manager */

errStatus = viOpenDefaultRM (&viRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viOpenDefaultRM() returned 0x%x\n",errStatus);
return errStatus;}

I* Open the Instrument Session */

errStatus = viOpen (ViRM, INSTR_ADDR,VI_NULL,VI_NULL, &E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viOpen() returned 0x%x\n",errStatus);
return errStatus;}

I* Close Channel 36 */

errStatus = viPrintf (E1339, "CLOS (@%d)\n",ch);
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

I* Close Sessions */

errStatus = viClose (E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

errStatus = viClose (ViRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

} /* End of main program */
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Example: Closing Thisprogram shows how to close a channel pair for the Relay Driver
a Channel Module in 36-channel mode. For 36-channel mode, OPEN opens the
specified channel(s) SET and CL OS closes the specified channel(s) SET. If
(36-Channel Mode) morethan one channel pair is specified, all channels are opened or closed
nearly simultaneously, but the actuation order is not guaranteed. To set
36-channel mode, CNFG 0 must be connected to GROUND.

Typical Connections

Figure 3-2 shows a Relay Driver Module configured for 36-channel mode
(CNFG 0 connected to ground) with typical connections to Channel 0

SET and Channel 0 RESET. For thisexample, we will assume P2 capability
is available so the +5V internal supply is applied to the external relay ..

Relay Driver

P200

CHO S 21

CHO R 22 Reset

+5V 25
CNFG O 39
Connect CNFG O to Ground to set
Ground 40 36—channel mode.

Figure 3-2. Example: Closing a Channel (36-Channel Mode)
SCPI Commands

To close channel pair 0, the command is CLOSe (@100) where 1 isthe card
number and 00 isthe channel pair number. When this command is executed,
CHO SET isclosed, allowing current to be sunk and CHO RESET is opened,
not allowing current to be sunk.
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Example Program

I* Example: Closing a Channel (36-Channel Mode) */
[*This program closes a Relay Driver Module channel in 36-channel mode */

#include <visa.h>

#include <stdio.h>

#include <stdlib.h>

#define INSTR_ADDR "GPIB-VXI::120::INSTR" /* 120 isthe HP E1339A*/
* logical addr */

long main()

{

ViStatus errStatus; [* status from VISA call */
ViSession ViRM; /* Resource Mgr. session */
ViSession E1339; /* session for HP E1339A */
int ch = 100; /* channel = 100 */

I* Open a default Resource Manager */

errStatus = viOpenDefaultRM (&viRM);
if (VI_SUCCESS > errStatus){
printf('ERROR: viOpenDefaultRM() returned 0x%x\n",errStatus);
return errStatus;}

I* Open the Instrument Session */

errStatus = viOpen (ViRM, INSTR_ADDR,VI_NULL,VI_NULL, &E1339);
if (VI_SUCCESS > errStatus){
printf("ERROR: viOpen() returned 0x%x\n",errStatus);
return errStatus;}

[* Close Channel 0 SET, Open Channel 0 RESET */
errStatus = viPrintf (E1339, "CLOS (@%d)\n",ch);
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

[* Close Sessions */

errStatus = viClose (E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

errStatus = viClose (ViRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

} /* End of main program */
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Exam P le: This program shows one way to sequentially actuate three relays by
Scannin g Channels scanning three channelsin 72-channel mode.

(72-Channel Mode) Typical Connections

Figure 3-3 shows typical connections for channels O, 1, and 2 to three
external relays. We will use theinternal +12V supply for external relay
power. When scanning, there is an approximate 30 msec delay between
channel actuations.

Relay Driver
P200
Channel 0 2 Relay 1
Channel 1 22 Relay 2
Channel 2 23 Relay 3
+12v 25
E1339 fig3-3

Figure 3-3. Example: Scanning Channels (72-Channel Mode)
SCPI Commands

To scan channels 0 through 2, use SCAN (@2100:102) to set the scan list
followed by INIT to start the scan. For 72-channel mode, when this
command is executed, channel 0 is closed allowing current to be sunk.
The scan then advances, opening channel 0 and closing channel 1 and then
advances to channel 2. The next advance of the scan opensthe last channel.
The scan halts after one scan.

Note You can set more than one scan (2 to 32767) or you can set continuous
scanning. See Chapter 4 - Understanding the Relay Driver Module for
detalls.

40 Using the Relay Driver Module

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



Example Program

I* Example: Scanning Channels (72-Channel Mode) */
[*This program scans three channels in 72-channel mode */

#include <visa.h>
#include <stdio.h>
#include <stdlib.h>

#define INSTR_ADDR "GPIB-VXI::120::INSTR" /* HP E1339A */
* logical addr */

long main()

{

ViStatus errStatus; [* status from VISA call */
ViSession ViRM; /* Resource Mgr. session */
ViSession E1339; /* session for HP E1339A */
int ch_first = 100; /* first scan channel = 100 */
int ch_last = 102; /* last scan channel = 102 */

/* Open a default Resource Manager */

errStatus = viOpenDefaultRM (&VviRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viOpenDefaultRM() returned 0x%x\n",errStatus);
return errStatus;}

[* Open the Instrument Session */

errStatus = viOpen (ViRM, INSTR_ADDR,VI_NULL,VI_NULL, &E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viOpen() returned 0x%x\n",errStatus);
return errStatus;}

/* Close Channels 0 -2 SET, Open Channels 0 - 2 RESET */

errStatus = viPrintf (E1339, "SCAN (@%d:%d);INIT\n",ch_first,ch_last);
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

I* Close Sessions */

errStatus = viClose (E1339);
if (VI_SUCCESS > errStatus){
printf("ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

errStatus = viClose (ViRM);
if (VI_SUCCESS > errStatus){
printf('ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

} /* End of main program */
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Example: Scanning This program shows oneway to scan three channel pairs in 36-channel
Channels mode. For 36-channel mode when a channel pair is actuated, the channel
pair SET is closed and the channel pair RESET is opened. After adelay,
(36-Channel Mode) thechannel pair SET is opened and the channel pair RESET is closed. For
36-channel mode scanning, you can set pulsed or continuous output.

Typical Connections

Figure 3-4 shows typical connections to three externa relays. We will
assume P2 capability is available so the +5V internal supply is applied

to the external relays. Connect CNFG 0 and CNFG 2 for the operation
desired, as shown in Figure 3-4. For pulsed output, connect CNFG 2 to
GROUND. For continuous output, do not connect CNFG 2 to GROUND.

Relay Driver

P200
CHO S 2 el |
CHO R 2 J
CHI' S 23
CHI R 2 Relay 2
+5V 25
CH2 S 26 J
CH2 R 27 Relay 3
CNFG 2 57 Connect CNFG to Ground:
CNFG 0 39 CNFG 0: 36-Channel Mode

CNFG 2: Pulsed Operation
Ground 40
E1339 fig3-4

Figure 3-4. Example: Scanning Channels (36-Channel Mode)
SCPI Commands

To scan channel pairs 0 through 2 in 36-channel mode use SCAN
(@100:102) to set the scan list, followed by INIT to start the scan. When
thiscommand isexecuted for channel 0, CHO SET isclosed allowing current
to be sunk and CHO RESET is opened, not allowing current to be sunk. The
scan then advances to the next channel. The sequence halts after one scan.

Note You can set more than one scan (2 to 32767) or you can set continuous
scanning. See Chapter 4 - Understanding the Relay Driver Module for
details.
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Example Program

I* Example: Scanning Channels (36-Channel Mode) */
[*This program scans three channels in 36-channel mode */

#include <visa.h>
#include <stdio.h>
#include <stdlib.h>

#define INSTR_ADDR "GPIB-VXI::120::INSTR" /* 120 isHP E1339A */
[*logical addr */

long main()

{

ViStatus errStatus; [* status from VISA call */
ViSession ViRM; /* Resource Mgr. session */
ViSession E1339; /* session for HP E1339A */
int ch_first = 100; /* first scan channel = 100 */
int ch_last = 102; /* last scan channel = 102 */

/* Open a default Resource Manager */

errStatus = viOpenDefaultRM (&VviRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viOpenDefaultRM() returned 0x%x\n",errStatus);
return errStatus;}

[* Open the Instrument Session */

errStatus = viOpen (ViRM, INSTR_ADDR,VI_NULL,VI_NULL, &E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viOpen() returned 0x%x\n",errStatus);
return errStatus;}

/* Close Channels 0 -2 SET, Open Channels 0 - 2 RESET */

errStatus = viPrintf (E1339, "SCAN (@%d:%d);INIT\n",ch_first,ch_last);
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

I* Close Sessions */

errStatus = viClose (E1339);
if (VI_SUCCESS > errStatus){
printf("ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

errStatus = viClose (ViRM);
if (VI_SUCCESS > errStatus){
printf('ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}
} /* End of main program*/
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Chapter 4

Understanding the Relay Driver Module

Using This Chapter

This chapter gives guidelines to scan Relay Driver Module channels

and to use the Scan Compl ete bit. In addition, this chapter shows how the
instrument responds to special |EEE 488.2 commands and to the

SY Stem:ERRor? command. The chapter contents are:

® ScanningChannels . ........... .. .. . i page 47
® Setting/CheckingStates . ... page 50
®*ExamplePrograms ... page 51

Scanning Channels

Setting Scan
Mode Operation

Note

Using Scanning
Trigger Sources

This section shows several methods to control scanning channels for the
Relay Driver Module, including:

® Setting Scan Mode Operation

® Using Scanning Trigger Sources

® Scanning With External Instruments
® Using the Scan Complete Bit

For the Relay Driver Module, scanning channels consists of closing and
opening a set of channels, one channel at atime. Single-scan, multiple-scan
(2t0 32767), or continuous scanning modes are available. See Figure4-1 for
atypical sequence to set Relay Driver Module scanning operation.

Although [ROUTe:]SCAN:MODE NONE|VOLT|RES is accepted by the
Relay Driver Module, this command has no effect on Relay Driver Module
operation. You can use [ROUTe: ] SCAN:MODE? to query the scanning
mode (NONE, VOLT, or RES) of the Relay Driver Module.

The TRIG:SOUR command specifies the source to advance the scan. Y ou
can usethe TRIG command to advance the scan when TRIG:SOUR BUS
or TRIG:SOUR HOLD is set. Figure 4-2 shows scanning trigger sources.
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Sets Number of Scanning Cycles
ARM:COUNt <number> sets 1 to 32767
scanning cycles per INIT command.
Default is 1 scanning cycle.

]

ARM: COUN <rnumber>

D,

Sets the Trigger Source <
TRIG:SOUR defines the trigger source to
advance the scan. Sources are:

BUS = *TRG via HP-IB interface
EXT = Event In connector <

HOLD = Hold Triggering

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

IMM = Automatic advance (default)
TTLT = TTL Trigger Bus Line (0-7)
ECLT = ECL Trigger Bus LIne (0-1)

]

/

Enables Command Module "Trig Out" Port

OUTP[:EXT] 1|0JON|OFF
OUTP:ECLT 1|0|ON|OFF
OUTP:TTLT 1|0|ON|OFF

Enables the Command Module’s "Trig Out"
port, TTL Trigger bus line (0-7), or ECL Trigger
Bus lines (0-1).

Sets Continuous Scanning Cycles ———— <

INIT:CONT

1|0[ON[OFF )

Use INIT ON or INIT 1 to enable continuous
cycles. Default is fixed number of scans as
determined by the ARM:COUN command.

-

< SCAN:MODE NONE|VOLT|RES ))

Selects Scan Mode /

Sets NONE|VOLT|RES. This command has

—

]

no effect on the Relay Driver Module. <

SCAN <channel_list>

Selects the Channel List for Scanning /

D

SCAN <channel_list> defines channels to be C

INIT >

scanned using the trigger source set by the
TRIG:SOUR command.

Enables Scanning <
Enables scanning for any trigger source and

D

closes the first channel in the channel list.

Advances Channel List
Advances channel list when trigger source is
TRIG:SOUR BUS or TRIG:SOUR HOLD.

E1339 figd—1

Figure 4-1. Setting Scan Mode Operation

46 Understanding the Relay Driver Module

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



Immediate Triggering (TRIG:SOUR IMM)

TRIG:SOUR IMM sets immediate (internal) triggering. The
scan is automatically advanced through the scan list. This is
the default trigger mode.

Trigger Hold (TRIG:SOUR HOLD)

TRIG:SOUR HOLD prevents execution of triggers until the
trigger source is changed. You can use the TRIG command to
trigger a switchbox set to TRIG:SOUR HOLD.

Advancing Scan (TRIG)

You can use the TRIG command to advance the scan list when
the switchbox is set for TRIG:SOUR HOLD or TRIG:SOUR B-Size Mainframe
BUS. For either trigger source, the scan list advances one
channel per TRIG command.

Bus Triggering (TRIG:SOUR BUS)

TRIG:SOUR BUS defines the trigger source as a *TRG or GET
command executed over HP-IB. With TRIG:SOUR BUS, the
scan list is advanced one channel for each *TRG or GET
command received.

External Triggering (TRIG)

\ ©
[Tl

Event In Pacer Qut  Trig Out

5V Max 5V Max 5V Max

TRIG:SOUR EXT sets external triggering. The trigger source
is a (user-supplied) input to the Event In BNC. Use a +5V
negative-going pulse to trigger.

With two or more switchboxes in a mainframe, the first
switchbox set for EXT trigger keeps the trigger resource until
the switchbox source is changed to BUS, HOLD, or IMM.

E1339 fig4—2

NOTE

Enabling Trig Out Port (OUTP ON)
Operation of switchboxes with other

The Trig Out port is shared by all instruments in the mainframe. HP command modules (e.g., HP E1406)

With the port enabled (with OUTP ON), the port generates a is the same.

+5V negative-going output trigger pulse each time after a

channel closure for ANY switchbox in the mainframe.

Figure 4-2. Scanning Trigger Sources
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Scannin g With  scanni ng Relay Driver Module channels has the same effect as executing
External multiple OPEN and CLOSe commands. Thus, scanning is useful when a
number of relays (or other user devices) are to be closed and opened in
Instruments  sequence. See "Example Programs” in this chapter for an example of
scanning using an external instrument.

Usin g the Scan  You can use the Scan Complete bit (bit 8) in the Operation Status Register
Com p lete Bit of aswitchbox to determine when a scanning cycle completes (no other
bits in the register apply to the switchbox). See Figure 5-1 in Chapter 5 -
Relay Driver Module Command Reference for the Status System Register
diagramsfor the Relay Driver Module. Bit 8 hasadecimal value of 256, and
you can read it directly with the STAT:OPER? command. See "Example
Programs" in this chapter for an example using the Scan Complete bit.

When enabled by the STAT:OPER:ENAB 256 command, the Scan
Complete bit will be reported as bit 7 of the Status Byte Register. Use
the HP-IB Serial Poll or *STB? to read the Status Byte Register.

When bit 7 of the Status Byte Register is enabled by * SRE 128 to assert an
HP-1B Service Request (SRQ), you can interrupt the computer when the
Scan Complete bit is set, after a scanning cycle completes. This alowsthe
computer to do other operations while the scanning cycleisin progress.

Setting/Checking States

This section describes the response of the Relay Driver Module to three
|EEE 488.2 common commands: *SAV, *RCL, and * RST and the response
to the error query (SY ST:ERR?).

Storin J The*SAV < numeric_state > command saves the current instrument state.
* The state number (0-9) is specified by the numeric state parameter. The
States ( SAV) settings saved by *SAV are:

* ARM:COUNt

®* TRIGger.SOURce

® OUTput:STATe

® INITiate: CONTinuous

® SCAN (the scan list is set to invalid so the command
does not save a scan list)

* SCAN:MODE

® SCAN:PORT

® CLOSed Channels

Recalling The*RCL <numeric_state> command recallsthe statewhen the last * SAV
States (*RC L) was executed for the specified numeric_state parameter (0-9). If no * SAV
was executed for the numeric_state, * RST default settings are used. Refer

to the * SAV settings list for the settings recalled by *RCL.
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Response to

Reset (*RST)

Error Query
Response
(SYST.ERR?)

The*RST command opens al channels (opens all SET channelsin
36-channel mode), invalidates the current channel list for scanning,
and sets the following:

* ARM:COUN 1

®* TRIG:SOUR IMM

® INIT:CONT OFF

®* OUTP:STAT OFF

®* SCAN:MODE NONE (no effect on Relay Driver Module operation)
® SCAN PORT NONE (no effect on Relay Driver Module operation)

The SYSTem:ERRor? query requests a value from the instrument’s error
queue. The response takes the following form:

<err_number >, <err_message >

The <err_number > is an integer in the range [-32768 to 32767]. The
< err_message > is a short description of the error, followed by further
information about the error.

If no error occurs, the switchbox responds with 0,"No error". If there has
been more than one error, the instrument will respond with the first one in
its error queue. Subsequent queries continue to read the error queue until it
is empty. The maximum err_message > string length is 255 characters.

Example Programs

Example: Scanning
Using Trig Out
/[Event In Ports

This section lists two example programs for the Relay Driver Module,
including the following. Se€hapter 3 - Using the Relay Driver Module for
information on using these programs.

® Example: Scanning Using Trig Out/Event In Ports
® Example: Scan Complete Interrupt

This example uses the B-Size mainframe Trig Out and Event In ports

to synchronize Relay Driver Module channel closures with an external
measurement device (such as an HP 34401 voltmeter). 72-channel mode
operation is assumed, but you can use the program for 36-channel operation
also.

Typical Connections

See Figure 4-3 for typical user connectionsto a B-Size mainframe.
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To DUTs

—_—

To DUTs

External
Instrument

Meas. Ext. Trig

VM
\ngut o Comcg\ete

B-Size
Mainframe
Channel 0 1 2
Relay Driver
Module
Event  Trig
In Out
o O
I —
B

E1339 fig4-3

Figure 4-3. Example: Scanning Using Trig Out/Event In Ports

SCPI Commands

For this example, since synchronization with the computer cannot be
ensured, the external instrument must have internal memory capacity to
store the readings. The sequence of operation and associated SCPI

commands are:

1. INIT closes channel O

2. Channel closure causes trigger to be output from "Trig Out" port
3. Trigger to "Ext Trig In" initiates channel 0 measurement

4. Channel 0 measurement result is stored in external instrument

5. Trigger is then output from "VM Complete" port

6. Trigger to "Event In" port advances scan to channel 1

7. Steps 2-6 are repeated for channels 1 and 2

external instrument commands
*RST;*CLS

OUTP ON
TRIG:SOUR EXT
SCAN (@100:102)
INIT

Start loop (3 channels)
Enter results
End Loop

IConfigure ext instrument
IReset relay driver module

to known state

IEnable Cmd Mod Trig Out port
IEvent In triggering

IScan channels 0 - 2

IEnable scan
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Example Program

[* Example: Scanning Using Trig Out and Event In Ports */

/*This example uses the Trig Out and Event In ports to synchronize Relay */
[*Driver switch channel closures to an external measurement device */

#include <visa.h>
#include <stdio.h>
#include <stdlib.h>

#define INSTR_ADDRL1 "GPIB-VXI::120::INSTR" /120 is* HP E1339A */
/* logical addr */

#define INSTR_ADDR2 "GPIB-VXI::22::INSTR" /* 22 is Ext Instrument */
/* logical address*/

long main()

{

ViStatus errStatus; [* status from VISA call */
ViSession ViRM; /* Resource Mgr. session */
ViSession E1339; /* session for HP E1339A */
ViSession INST; [*session for Ext Instr*/

int ch_first = 100; /* first scan channel = 100 */
int ch_last = 102; /* last scan channel = 102 */
int loop;

[* Open a default Resource Manager */

errStatus = viOpenDefaultRM (&VviRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viOpenDefaultRM() returned 0x%x\n",errStatus);
return errStatus;}

I* Open the External Instrument Session */

errStatus = viOpen (ViRM, INSTR_ADDR2,VI_NULL,VI_NULL, &INST);
if (VI_SUCCESS > errStatus){

printf('ERROR: viOpen(%s) returned 0x%x\n",INSTR_ADDR2,errStatus);
return errStatus;}

[* Configure the External Instrument */
[*External Instrument configuration commands go here*/

I* Open the Relay Driver Module Instrument Session */

errStatus = viOpen (ViRM, INSTR_ADDR1,VI_NULL,VI_NULL, &E1339);
if (VI_SUCCESS > errStatus){

printf("ERROR: viOpen(%s) returned 0x%x\n",INSTR_ADDR1,errStatus);
return errStatus;}

I* Reset the Relay Driver Module */

errStatus = viPrintf (E1339, "*RST;*CLS\n");
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

I* Enable the HP E1306A Trig Out Port */
errStatus = viPrintf (E1339, "OUTP ON\n");
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
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I* Set Relay Driver Module Trigger Source to External Triggering */
errStatus = viPrintf (E1339, "TRIG:SOUR EXT\n");

if (VI_SUCCESS > errStatus){

printf("ERROR: viPrintf() returned 0x%x\n",errStatus);

[* Set up Scan List*/

errStatus = viPrintf (E1339, "SCAN (@%ld:%Id)\n",ch_{first,ch_last);
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

/* Enable Scan and Send Trigger to External Instrument*/
errStatus = viPrintf (E1339, "INIT\n");
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

I* Loop to take and enter readings*/
for(loop=0;loop<(ch_last-ch_first);loop ++)

I* Trigger the external instrument to take a reading */
/* and then take the reading */

/** External instrument code goes here **/

/* Close Sessions */

errStatus = viClose (E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

errStatus = viClose (INST);
if (VI_SUCCESS > errStatus){
printf("ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

errStatus = viClose (ViRM);
if (VI_SUCCESS > errStatus){
printf('ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}
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Example: Scan
Complete Interrupt

This example monitors bit 7 in the Status Register to determine when the
cycle completes. The SCPI commands are listed, and an example program
follows the SCPI commands.

SCPI Commands

*RST;*CLS IClear all status structure

STAT:OPER:ENAB 256 IEnable Scan CompleteBit to set
bit 7 in Status Byte Register
*SRE 128 IEnable bit 7 of Satus Byte
Register to assert SRQ

TRIG:SOUR EXT ISt to external trigger mode

SCAN (@100:102) I Select channels to be scanned

INIT ISart scanning cycle

Wait for scan complete IEnter program lines for
computer to do other operations
Go to SRQ (service request) routine IProgram goes to this line after
interrupt is generated by a
completed scanning cycle

Example Program

[* Example: Using Scan Complete Interrupt */
[*This example monitors bit 7 in the Status Byte Register */
/*to determine when the cycle completes. */

#include <visa.h>
#include <stdio.h>
#include <stdlib.h>

#define INSTR_ADDR "GPIB-VXI::120::INSTR" /* HP E1339A */
[*logical addr */

long main()

{

ViStatus errStatus; [* status from VISA call */
ViSession ViRM; /* Resource Mgr. session */

ViSession E1339;
int ch_first = 100;
int ch_last = 102;

/* session for HP E1339A */
/* first scan channel = 100 */
/* last scan channel = 102 */

I* Open a default Resource Manager */

errStatus = viOpenDefaultRM (&viRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viOpen() returned 0x%x\n",errStatus);
return errStatus;}
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I* Open the Instrument Session */

errStatus = viOpen (ViRM, INSTR_ADDR,VI_NULL,VI_NULL, &E1339);
if (VI_SUCCESS > errStatus){
printf("ERROR: viOpen() returned 0x%x\n",errStatus);
return errStatus;}

/* Reset the Relay Driver Module */

errStatus = viPrintf (E1339, "*RST;*CLS\n");
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

[* Enable Scan Complete Bit to Set Bit 7 in Status Byte Register */
errStatus = viPrintf (E1339, "STAT:OPER:ENAB 256\n");

if (VI_SUCCESS > errStatus){

printf("ERROR: viPrintf() returned 0x%x\n",errStatus);

return errStatus;}

[* Set External Triggering Mode*/

errStatus = viPrintf (E1339, "TRIG:SOUR EXT\n");
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

[* Set up Scan List*/

errStatus = viPrintf (E1339, "SCAN (@%d:%d)\n",ch_first,ch_last);
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

/* Enable Scan */

errStatus = viPrintf (E1339, "INIT\n");
if (VI_SUCCESS > errStatus){
printf("ERROR: viPrintf() returned 0x%x\n",errStatus);
return errStatus;}

I* Wait for Scan Complete*
[*Program lines for computer to do other operations*/

/* Go to Interrupt Routine*
/*Program goes to this line after scan cycle*/
/* is complete, thus generating an interrupt.*/

I* Close Sessions */

errStatus = viClose (E1339);
if (VI_SUCCESS > errStatus){
printf('ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

errStatus = viClose (ViRM);
if (VI_SUCCESS > errStatus){
printf("ERROR: viClose() returned 0x%x\n",errStatus);
return 0;}

}
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Chapter 5

Relay Driver Module Command Reference

Using This Chapter

Note

This chapter describes SCPI (Standard Commands for Programmable I nstruments)
commands and summarizes | EEE 488.2 Common (*) commands that are applicable
to the Relay Driver Module. The chapter includes:

® CommMaNd TYPES. . . oo ittt e page 57
® SCPl Command Reference . ... page 59
® SCPl Command Quick Reference . .......................... page 90
® [EEE488.2CommonCommands . .............c.covinannn. page 91

The SCPI commands described in this chapter are available in the downloadable
SCPI driver for the HP Command M odules such as the HP E1306, HP E1406, and
HP E13XX B-Size Mainframes and the equivalent V XIplugé& play functions.

See the HP 75000 Series B Mainframe User’'s Manual or the HP 75000 Series C
HP E1406A/B User's Manual for additional information on SCPI and | EEE 488.2
common commands.

Command Types

Common
Command Format

SCPI Command
Format

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

The |EEE 488-2 standard defines the Common commands that perform functions
like reset, self-test status byte query, etc. Common commands are four or five
charactersin length, always begin with the asterisk character (*), and may include
oneor more parameters. The command keyword is separated from thefull parameter
by a space character. Some examples are *RST; *ESR 32;*STB?

The SCPI commands perform functions like closing switches, making
measurements, and querying instrument states or retrieving data. A subsystem
command structure is a hierarchical structure that usually consists of atop level

(or root) command, one or more lower level commands, and their parameters. This
example shows part of atypical subsystem:

[ROUTe]
CLOSe <channedl_list>
SCAN <channel_list>
:MODE?
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ROUTe: isthe root command, CLOSe and SCAN are second level commands, and
:MODE?isathird level command.

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

ROUTe:SCAN:MODE?

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

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

For example, if the command syntax shows MEA Sure, then MEAS and MEASURE
are both acceptable forms. Other forms of MEASure, suchas MEASU or MEASUR
will generate an error. Y ou may use upper or lower case letters. Therefore,
MEASURE, measure, and MeAsUrE are al acceptable.

Implied Implied commands are those which appear in square brackets ([ ]) in the command
Commands syntax. (Thebracketsare not part of the command and are not sent to theinstrument.)
Suppose you send a second level command but do not send the preceding implied
command. In this case, the instrument assumes you intend to use the implied
command and it responds asif you had sent it.

For example, in the partial ROUTe subsystem shown

[ROUTe]
CLOSe <channdl list>

the root command ROUTe: isan implied command, so you can use either
ROUT:CLOS or CLOS to close the channels specified in the <channel_list>.

Parameters Parameter Types. The following table contains explanations and examples of
parameter types you might seein this chapter. Parameters shown within square
brackets ([ ]) are optional parameters. (The brackets are not part of the command
and are not sent to the instrument.) If you do not specify a value for an optional
parameter, the instrument chooses a default value.

For example, consider the ARM:COUNt?[ < MIN | MAX >] command.

If you send the command without specifying aparameter, the present ARM :COUNt
valueisreturned. If you send the MIN parameter, the command returns the minimum
count available. If you send the MAX parameter, the command returnsthe maximum
count available. Be sure to place a space between the command and the parameter.
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Parameter Type Explanations and Examples

Numeric Accepts all commonly used decimal representations
of numbers including optional signs, decimal
points, and scientific notation. 123, 123E2, -123,
-1.23E2,.123, 1.23E-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.

Linking Linking | EEE 488.2 Common Commandswith SCPI Commands: Usea
Commands Ssemicolon between the commands. For example:

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

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

ARM:COUN 1;:TRIG:SOUR EXT

SCPI Command Reference

This section describes the Standard Commands for Programmable I nstruments
(SCPI) commands for the HP E1339A/Z2309A Relay Driver Module. Commands
are listed alphabetically by subsystem and also within each subsystem.

There are two ways to send commands to the instrument. The most often used way
isfrom acontroller over the HP-IB interface. This method isreferred to asthe
"HP-1B interface" in the command reference. The second way to send commandsis
from aterminal connected to the HP E1406 command module (RS-232). Commands
sent thisway will be referred to as "from the terminal” in the command reference.
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ABORt Subsystem

The ABORT command stops a scan in progress when the scan is enabled via the
interface and the trigger source is TRIGger:SOURce BUS or TRIGger:SOURce
HOLD. Seethe following commentsfor waysto stop a scan when the trigger source
isnot BUS or HOLD.

Syntax ABORt

Comments ® Channel Satus After an ABORT: Aborting a scan will leave the last
channel closed in the closed position.

® Effect on Scan Complete Status Bit: Aborting a scan will not set the "scan
complete” status bit.

® Stopping Scan Enabled from HP-IB Interface: When ascanis enabled
from the HP-1B interface and the trigger source in not HOLD or BUS, you can
clear the interface to stop the command. This can be done by sending an
interface CLEAR command (CLEAR 7).

When the scan is enabled from the HP-IB inteface and the trigger sourceis
TRIGger:SOURce BUS or TRIGger:SOURce HOLD, send the ABORt
command over HP-IB to stop the scan.

Note Clearing the HP-IB interface during a scan leaves the last channel the scan closed in
the closed position, and does not set the "scan complete” status bit.

® Sopping Scan Enabled From Front Panel: When a scan is enabled from the
front panel or a B-Size mainframe, you can use * RST entered viathe interface
or the front panel "Reset Instr” or "Clear Instr* keys to stop the scan.

® Stopping Scans by Using the Terminal: You may use aterminal connected
to the HP E1406 command module to stop any scan.

If the scan was started from the terminal and the trigger source is BUS or
HOLD, sent the ABORt command to halt the scan. If the scan was started from
the terminal and some other trigger source is being used, a Ctrl-c will send an
interface CLEAR to the instrument and abort the scan. Sending Ctrl-r also
sends an interface CLEAR to the instrument and additionally performs a reset
(*RST) on the instrument. (See your HP E1406 Command Reference for
details on the terminal interface.)

If the scan was started from the HP-1B interface but you want to stop the scan
by using the terminal, first make sure the correct instrument (e.g., SWITCH at
the desired logical address) is selected by using the terminal softkeys. Then,
send a Ctrl-r. Thiswill send an interface CLEAR to the HP-IB task, but will
not place the instrument in the reset state with respect to the HP-1B task.
These actions will occur regardless of the trigger source setting.
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Note Clearing the interface using a Ctrl-c from the terminal during a scan leaves the last
channel the scan closed in the closed position, and does not set the "scan complete”
status bit.

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

Example Example: Stopping a Scan With ABORt

Program ] ) .
This example stops a (continuous) scan in progress.
TRIG:SOUR BUS IBusistrigger source
INIT:CONT ON ISet continuous scanning
SCAN (@100:103) ISet channel list
INIT ISart scanning cycle
ABOR IAbort scan in progress
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ARM Subsystem

The ARM subsystem allows a scan list to be scanned multiple times (1 through
32,767) with one INITiate command.

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

ARM:COUNt < number > MIN | MAX

Allows scanning cycles to occur amultiple of times (1 to 32767) with one INITiate
command when INITiate: CONTinuous OFF |0 isset. MIN sets 1 cycle and MAX

Sets 32767 cycles.
Parameters
Parameter Name Parameter Type Range of Values Default Value
number numeric 1-32767|MIN|MAX 1

Comments ®* Number of Scans. Use only values between 1 (MIN) and 32767 (MAX) for
the number of scanning cycles.

® Related Commands. ABORT, INITiate[:IMMediate], INITiate: CONTinuous

® *RST Condition: ARM:COUNt 1

Example Example: Setting Ten Scanning Cycles

This example sets a Relay Driver Module for 10 scans of channels O through 3. For
72-channel mode, when the scan sequence completes channels 0 through 3 are
closed. For 36-channel mode, when the scan compl etes channels 0 through 3 SET
are closed and channels 0 through 3 RESET are open.

ARM:COUN 10 ISet 10 scans per INIT command
SCAN (@100:103) IScan channels 0-3
INIT ISart scan, close channel 0
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ARM:COUNt? [MIN | MAX]

Returns the current number of scanning cycles set by ARM:COUNL. If avalue
between MIN and MAX isset, that valuefor ARM:COUNTt isreturned. The optional
parameters MIN and MAX allow you to query the module for these val ues instead
of looking them up in the command reference. " 1" isreturned for the MIN parameter
and "32767" isreturned for the MAX parameter regardless of the ARM:COUNt

value set.

Parameters
Parameter Name Parameter Type Range of Values Default Value
MIN|MAX numeric MIN=1, MAX=32767 current cycles
Comments Related Commands: INITiate]:IMMediate]
Example Example: Query Number of Scanning Cycles

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

ARM:COUN 10 ISet 10 scans per INIT command
ARM:COUN? IQuery number of scans
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DISPlay Subsystem

The DISPlay subsystem monitors the channel state of a selected module (or card) in
aswitchbox. The DISPlay command subsystem only operates with an RS-232
terminal connected to the HP E1406 command module’s RS-232 port.

Syntax DISPlay
:MON:itor
:CARD <number | AUTO >
[[STATe] <boolean >
[[STATe]?

DISPlay:MONitor:CARD <number>| AUTO

Selects the module in a switchbox to be monitored. You must use DISP:MON:STAT
ON to actually display the monitored module state to the RS-232 terminal.

Parameters
Parameter Name Parameter Type Range of Values Default Value
numberlAUTO numeric 1-99 AUTO
Comments ® Selecting a Specific Module to be Monitored: Send the card number in a

switchbox with the DISPlay:MONitor:CARD command.
® Selecting the Present Moduleto be Monitored: Usethe
DISPlay:MONitor:CARD AUTO command to select the last module
addressed by a switching command (e.g., [ROUTe:]CLOSe).
® *RST Condition: DISPlay:MONitor.CARD AUTO
Example Example: Select Switchbox Module for Monitoring

DISP:MON:CARD 2 1Select module #2 in a switchbox

DISPlay:MONitor:CARD?

Queries the setting of the DISPlay:MONitor:CARD command and returns the
number of the module in a switchbox to be monitored.
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DISPlay:MONitor[:STATe] <mode >

Turns the monitor mode ON or OFF. When monitor mode is ON, the RS-232
terminal display presents an array of valuesindicating the open/close state of every
channel on the module. This display is dynamically updated each time a channel is

opened or closed.
Parameters
Parameter Name Parameter Type Range of Values Default Value
< mode > boolean ONJ|OFF|1|0 OFF|0

Comments ® Monitoring Switchbox Channels: DISPlay:MONitor[:STATe] ON or
DISPlay:MONitor[:STATe] 1 turns the monitor mode ON to show the
channel state of the selected module. DISPlay:MONitor[:STATe] OFF or
DISPlay:MONitor[:STATe] 0 turns the monitor mode OFF.

® Typing a Command on a Terminal: Typing another command on the
terminal will cause DISPlay:MONitor[:STATe] to be automatically set to OFF
(0). Note that use of the OFF parameter isuseful only if the command isissued
across the HP-1B interface.

® Monitor Mode on an HP E1406 Command Module Display: A typical
display for the Relay Driver Module follows, where al channels are closed.
The #H indicates that the dataisin hex format. Each channel is represented
asabit in the hex value. The 72 channels are blocked into 4 groups of 16
channels and one group of 8 channels. Closing only channel 3 would appear
as 15-0: #H0008. When in the 36-channel mode only the SET bits are
displayed. The RESET bitswill be the inverse.

15-0: #HFFFF 31-16: #HFFFF 47-32: #HFFFF 63-48: #HFFFF
71-64: #HFF

15-0: #HFFFF 31-16: #HFFFF 35-32: #HF

® *RST Condition: DISPlay:MONitor[:STATe] OFF | 0. For 72-channel mode,
a*RST aso opens al channels. For 36-channel mode, a*RST opens all SET
channels and closes all RESET channels.
Example Example: Enabling the Monitor Mode

DISP:MON:CARD 2 1Selects module #2 in a switchbox
DISP:MON 1 'Tur ns monitor mode ON

DISPlay:MONitor[:STATe]?

Queries the monitor mode. The command returns 1" if monitor mode is ON or
returns 0" if monitor mode is OFF.
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INITiate Subsystem

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

Syntax INITiate:CONTinuous <mode>

:CONTinuous?
[:IMMediate]

INITiate;: CONTinuous <mode>

Enables or disables continuous scanning cycles for the switchbox.

Parameters

Parameter Name

Parameter Type

Range of Values

Default Value

<mode>

boolean

ON|OFF|1]0

OFF | 0

Comments ® Continuous Scanning Operation: Continuous scanning is enabled with the
INITiate:CONTinuous ON or INITiate: CONTinuous 1 command. Sending the
INITiate:lMMediate command closes the first channel in the channel list.
Each trigger from atrigger source selected by the TRIGger: SOURce command
advances the scan through the channel list.

Eor 72-channel mode, atrigger at the end of the channel list closes the first
channel in the channel list and the scan cycle repeats for the number of times
set by the ARM:COUNt command.

For 36-channel mode, atrigger at the end of the channel list closes the first
SET channel in the channel list and opens the first RESET channel in the
channel list. The scan cycle repeats for the number of times set by the
ARM:COUNt command.

® Non-Continuous Scanning Oper ation: Non-continuous scanning is enabled
with the INITiate: CONTinuous OFF or INITiate: CONTinuous O command.
Sending the INITiate:lMMediate command closes the first channel in the
channel list. Each trigger from atrigger source selected by the
TRIGger:SOURce command advances the scan through the channel list.

For 72-channel made, at the end of the scanning cycle the last channel in the
channel list is opened. Eor 36-channel mode, at the end of the scanning cycle
thelast SET channel isthe channel list is opened and the last RESET channel

in the channel list is closed.

® Stopping Continuous Scan: See the ABORt command.

® Related Commands: ABORt, ARM:COUNt, TRIGger, TRIGger.SOURce
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Example

® *RST Condition: INITiate: CONTinuous OFF | O

Example: Enabling Continuous Scanning

This example enables continuous scanning of channels 00 through 03 of a Relay
Driver Module. Since TRIGger: SOURce IMMediate (default) isset, use an interface
clear command (such as CLEAR) to stop the scan.

IINIT:CONT ON I Enable continuous scanning
SCAN (@100:103) 1Set channel list
INIT ISart scan cycle, close channel 0

(72-channel mode). Close channel 0
SET and open channel 0 RESET
(36-channel mode)

INITiate:CONTinuous?

Example

Queriesthe scanning state. With continuous scanning enabled, the command returns
"1" (ON). With continuous scanning disabled. the command returns *0" (OFF).

Example: Query Continuous Scanning State

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

INIT:CONT ON IEnable continuous scanning
INIT:CONT? IQuery continuous scanning state

INITiate[:IMMediate]

Comments

Startsthe scanning process and closesthefirst channel inthe channel list. Successive
triggers from the source selected by the TRIGger: SOURce command advances the
scan through the channel list. The scan list must be defined before the INIT
command will be executed.

® Sarting the Scanning Cycle: For 72-channel mode, the INITiate:IMMediate
command starts scanning by closing the first channel in the channel list. For
36-channel mode, INITiate:IMMediate starts scanning by closing the first SET
channel in the channel list and opening the first RESET channel in the channel
list. Successive triggers from the source specified by the TRIGger:SOURce
command advances the scan through the channel list. An invalid channel list
definition causes an error (see [ROUTe]:SCAN).

® Stopping Scanning Cycles. See ABOR.

®* Related Commands: ABORt, ARM:COUN, INITiate:CONTinuous,
TRIGger, TRIGger:SOURce

® *RST Condition: None
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Example Example: Starting a Single Scan

This example enables a single scan of channels 0 through 3 of a single-module
switchbox. Thetrigger source to advance the scan isimmediate (internal) triggering
set with (default) TRIGger:SOURce IMMediate.

SCAN (@100:103) IScan channels 0-3in card 1

INIT IBegin scan. For 72-channel mode,
close channel 0 (use immediate
triggering). For 36-channel mode, close
channel 0 SET and open channel 0
RESET.
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OUTPut Subsystem

The OUTPut command subsystem enables one Trigger line of the HP E1306 or
HP E1406 Command Module. It can also disable the active line.

Note Do not attempt to turn off a source you have not turned on.

Syntax OUTPut
'ECLTn(:ECLTO or :ECLT1)

[:STATe€] <mode>

[:STAT€]?

[:EXTerndl]

[:STATe] <mode>

[:STATE]?

“TTLTrgn(: TTLTrgO through : TTLTrg7)

[:STATe€] <mode>

[:STAT€]?

OUTPut:ECLTn[:STATe] <mode>

Enables (ON or 1) or disables (OFF or 0) the ECL Trigger bus pulse on the VX1 bus
line specified by n. There are two ECL Trigger lines on the VXI busallowing valid

valuesfor nto be 0 and 1. "mode" enables (ON or 1) or disables (OFF or 0) the
specified ECL Trigger busline.

Parameters

Parameter Name

Parameter Type

Range of Values

Default Value

n

numeric

Oorl

N/A

<mode>

boolean

ON|OFF|1]0

OFF | 0

Comments ® Enabling ECL Trigger Bus. When enabled, a pulse is output from the
selected ECL Trigger busline (0 or 1) after each channel (or channel pair for
36-channel mode) in the switchbox is closed during a scan. If disabled, apulse
is not output. The output is a negative-going pulse.

® ECL Trigger BusLine Shared by Switchboxes: Only one switchbox
configuration can use the selected ECL Trigger at atime. When enabled,
the selected ECL Trigger busline (0 or 1) is pulsed by the switchbox each time
a scanned channel (or channel pair for 36-channel mode) is closed. To disable
the output for a specific switchbox, send the OUTPut:ECLTn OFF or O
command for that switchbox.
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® One Output Selected at a Time: Only one output (ECLTO or 1; TTLTrgO, 1,
2,3,4,5,6,0r 7; or EXTernal) can be enabled at one time. Enabling adifferent
output source will automatically disable the active output. For example, if
TTLTrgl isthe active output and TTLTrg4 is enabled, TTLTrgl will become
disabled and TTLTrg4 will become the active output.

® Related Commands. [ROUTe]SCAN, TRIGger:SOURCce,
OUTPut:ECLTN[:STATe]?

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

Example Example: Enabling ECL Trigger BusLineO

OUTP:ECLTO:STAT 1 IEnable ECL Trigger busline 0 to output
a pulse after each scanned channel (or
channel pair) is closed.

OUTPut:ECLTn[:STATe]?

Queries the state of the ECL Trigger busline specified by n. A "1" isreturned if the
lineisenabled. A "0" isreturned if thelineisdisabled. Valid valuesfor nare0 and 1.

Example Example: Query ECL Trigger Bus Enable State

This example enables ECL Trigger bus line 0 and queries the enable state. The
OUTPut:ECLTn? command returns "1" since the port is enabl ed.

OUTP:ECLTO:STAT 1 IEnable ECL Trigger busline 0.
OUTP:ECLTO? IQuery bus enable state.

OUTPut[:EXTernal][:STATe]

Enables or disablesthe "Trig Out" BNC port on the Command Module to output a
trigger when achannel (or channel pair for 36-channel mode) is closed during ascan.

®* QUTPuUt[:EXTerna][:STATe] ON | 1 enables the port
®* QUTPuUt[EXTernal][:STATe] OFF | O disables the port

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

Comments ® Abbreviated Syntax: OUTPut subsystem commands :EXTernal and :STATe
are optional subcommands. The OUTPut command can be abbreviated by
executing OUTP ON or OUTP OFF.
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Example

® DriversMust be Downloaded (Does not Apply to Embedded Computers):

OUTPUt[:EXTernal][:STATEe] is available only if the ZSWITCHBOX or
HP E1339 driver has been downloaded to the HP E1306A or HP E1406
Command Module. If you do not use the Command Module or have not
downloaded one of these drivers to the Command Module, a"Hardware
Missing" error is generated.

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

"Trig Out" Port Shared by Switchboxes. Once enabled, the "Trig Out”
port may be pulsed by the switchbox each time a channel isclosed in a
switchbox during scanning. To disable the output for a specific switchbox,
send OUTPut[:EXTernal][:STATe] 0 command for that switchbox. The
OUTP OFF command must be executed following use of this port to allow
other instrument drivers to control the "Trig Out" port.

One Output Selected at a Time: Only one output (ECLTO or 1; TTLTrgO, 1,
2,3,4,5,6,0r7; or EXTerna) can be enabled at one time. Enabling adifferent
output source will automatically disable the active output. For example, if
TTLTrgl isthe active output and TTLTrg4 is enabled, TTLTrgl will become

disabled and TTLTrg4 will become the active output.

® Related Commands. [ROUTe]SCAN, TRIGger:SOURCce,
OUTPuUt[:EXTernal][:STATe]?

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

Example: Enabling " Trig Out" Port

OUTP EXT 1 IEnable"Trig Out" port to output a pulse
after each scanned channel (or channel

pair) is closed.

OUTPut[:EXTernal][:STATe]?

Example

Queries the present state of the "Trig Out" port on the HP E1306 or HP E1406

Command Module. The command returns 1" if the port is enabled or "0" if the

port is disabled.

Example: Query " Trig Out" Port State

This example enables the 'Trig Out" Port and queries the enable state. The
OUTPUL[:STATe]? command returns " 1" since the port is enabled.

OUTP:EXT ON IEnable "Trig Out" port
OUTP:EXT? IQuery port enable state
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OUTPut: TTLTrgn[:STATe] <mode>

Selects and enableswhich TTL Trigger busline (0to 7) will output atrigger when a
channel (or channel pair for 36-channel mode) is closed during a scan. Thisis also

used to disable aselected TTL Trigger busline. "n" specifiesthe TTL Trigger bus

line (0to 7) and "mode" enables (ON or 1) or disables (OFF or 0) the specified TTL
Trigger busline.

Parameters
Parameter Name Parameter Type Range of Values Default Value
n numeric Oto7 N/A
<mode> boolean ON|OFF|1]|0 OFF |0
Comments ® Enabling TTL Trigger Bus: When enabled, a pulseis output from the

selected TTL Trigger busline (0 to 7) after each channel (or channel pair for
36-channel mode) in the switchbox is closed during ascan. If disabled, apulse
is not output. The output is a negative-going pulse.

® TTL Trigger BusLine Shared by Switchboxes. Only one switchbox
configuration can use the selected TTL Trigger at atime. When enabled, the
selected TTL Trigger busline (0 to 7) is pulsed by the switchbox each time a
scanned channel (or channel pair for 36-channel mode) is closed. To disable
the output for a specific switchbox, send the OUTPut: TTLTrgn OFF or O
command for that switchbox.

® OneOutput Selected at a Time: Only one output (ECLTO or 1; TTLTrgO, 1,
2,3,4,5,6,0r7; or EXTerna) can be enabled at one time. Enabling adifferent
output source will automatically disable the active output. For example, if
TTLTrgl isthe active output and TTLTrg4 is enabled, TTLTrgl will become
disabled and TTLTrg4 will become the active outpui.

® Related Commands:. [:ROUT:]SCAN, TRIGger:SOURCce,
OUTPut: TTLTRGN[:STATe]?

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

Example Example: Enabling TTL Trigger Bus Line 7

OUTP:TTLT7:STAT 1 IEnable TTL trigger busline 7 to

output a pulse after each scanned channel
(or channel pair) is closed.
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OUTPuUt: TTLTrgn[:STATe]?

Queriesthe present state of the specified TTL trigger busline. The command returns
"1" if the specified TTLTrg buslineisenabled or "0" if disabled.

Example Example: Query TTL Trigger Bus Enable State

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

OUTP:TTLT7:STAT 1 IEnable TTL Trigger busline 7
OUTP:TTLT7? IQuery bus enable state

Relay Driver Module Command Reference 71

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



[ROUTe:] Subsystem

The ROUTe command subsystem controls switching and scanning operations for
Relay Driver Modulesin a switchbox.

Syntax [ROUTe]
CLOSe < channel _list >
CLOSe? < channel_list >
OPEN <channel_list >
OPEN? <channel_list >
SCAN <channel_list >
:MODE <mode>
:MODE?
:PORT <port>
:PORT?

Note Although [ROUTe:]SCAN:MODE, [ROUTe:]SCAN:MODE?, [ROUTe]
SCAN:PORT, and ROUTe] SCAN:PORT are accepted by the Relay Driver
Module, these commands have no effect on Relay Driver Module operation
and are not described in this command reference.

For al [ROUTe:] commands, the term "close a channel” means to close an
individual channel in 72-channel mode or to simultaneoudly close the SET channel
and open the RESET channel in 36-channel mode.

For dl [ROUTe:] commands, the term "open a channel" means to open an
individual channel in 72-channel mode or to simultaneously open the SET channel
and close the RESET channel in 36-channel mode.

[ROUTe:]CLOSe <channel_list>

Closes the Relay Driver Module channels specified by channel_list. Channel_list
has the form (@ccnn), (@ccnn,ccnn), or (@ccnn:ccnn) where cc = card number
(01-99) and nn = channel number (00-71 for 72-channel mode or 00-35 for
36-channel mode).

Parameters
Parameter Name Parameter Type Range of Values Default Value
channel _list numeric cc00-cc71 (72-channel mode) N/A
cc00-cc35 (36-channel mode)
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Comments ® Closing Channels: To close:

- asingle channel use ROUT:CLOS (@ccnn);

- multiple channels use ROUT:CLOS (@ccnn,ccnn,...);

- sequential channels use ROUT:CLOS (@ccnn:ccnn);

- groups of sequentia channels use ROUT:CL OS (@ccnn:ccnn,ccnn;ccnn);
- or any combination of the above.

® Closure Order not Guaranteed: Closure order for multiple channels with a
single CLOS command is not guaranteed. A list of channels will not all close
simultaneously. The order in which channels close when specified from a
single command is not guaranteed. Use sequential CL OSe commands if
needed.

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

¢ *RST Condition: All channels are open in 72-channel mode. In 36-channel
mode, all SET channels are open and all RESET channels are closed.

Example Example: Closing Relay Driver Module Channels

This example closes channels 00 and 13 of atwo-module switchbox (card numbers
01 and 02).

CLOS (@100,213) I Close channels 100 and 213. In
72-channel mode, 100 closes channel
0 of card #1 and 213 closes channel 13
of card #2.

I In 36-channel mode, 100 closes channel
0 SET and opens channel 0 reset, while
213 closes channel 13 SET and opens
channel 13 RESET for card #2.

[ROUTe:]CLOSe? <channel _list >

Returns the current state of the channel(s) queried. Channel_list has the form
(@ccnn) where cc = card number (01-99) and nn = channel nhumber (00-71 for
72-channel mode or 00-35 for 36-channel mode). The command returns 1" if
channel(s) are closed or returns "0" if channel(s) are open.

Comments ® Query is Software Readback: The [ROUTe:]CLOSe? command returns the
current software state of the channel(s) specified. It does not account for
hardware failures or for channels opened or closed by direct register access
(see Appendix B - Relay Driver Module Register Definitions).
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Example

Example: Query Channd 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.

CLOS (@100,213) IClose channels 100 and 213
CLOS? (@100,213) IQuery channels 100 and 213 state

[ROUTE:]JOPEN <channel _list>

Parameters

Opensthe Relay Driver Module channel s specified by channel _list. Channel_list has
the form (@ccnn), (@ccnn,ccnn), or (@ccnn:ccnn) where cc = card number (01-99)
and nn = channel number (00-71 for 72-channel mode or 00-35 for 36-channel
mode).

Parameter Name Parameter Type Range of Values Default Value

channel_list

numeric cc00-cc71 (72-channel mode) N/A
cc00-cc35 (36-channel mode)

Example

® Opening Channels: To open:

- asingle channel use ROUT:OPEN (@ccnn);

- multiple channels use ROUT:OPEN (@ccnn,ccnn,...);

- sequential channels use ROUT:OPEN (@ccnn:ccnn);

- groups of sequential channels use ROUT:OPEN (@ccnn:ccnn,ccnn:ccnn);
- or any combination of the above.

® Opening Order not Guaranteed: Opening order for multiple channelswith a
single OPEN command is not guaranteed. A list of channels will not all open
simultaneously. The order in which channels open when specified from a
single command is not guaranteed. Use sequential OPEN commands if needed.

® Related Commands. [ROUte ]CLOSe, [ROUTe: ] OPEN?

® *RST Condition: All channels open for 72-channel mode. In 36-channel
mode, all SET channels are opened and all RESET channels are closed.

Example: Opening Switchbox Channels

Thisexample opens channels 100 and 213 of atwo-modul e switchbox (card numbers
01 and 02).

OPEN (@100,213) I0pen channels 100 and 213. In
72-channel mode,100 opens channel 0
of card #1 and 213 opens channel 13
of card #2.
I1n 36-channel mode, 100 opens channel
0 SET and closes channel 0 RESET of
card #1, while 213 openschannel 13 SET
and closes channel 13 RESET of card #2.
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[ROUTe:]OPEN? < channel list >

Returns the current state of the channel (s) queried. Channel_list has the form

(@ccnn), (@ccnn,ccnn), or (@ccnn:ccnn) where cc = card number (01-99) and

nn = channel number (00-71 for 72-channel mode or 00-35 for 36-channel mode).

The command returns " 1" if channel(s) are open or returns 0" if channel(s) are

closed.

Comments

® Query is Software Readback: The [ROUTe:]OPEN? command returns the

current software state of the channels specified. It does not account for

hardware failures or for channels opened or closed by direct register access

(see Appendix B - Relay Driver Module Register Definitions).

Example 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.

For 72-channel mode, this indicates channel 13 in card #2 is open. For 36-channel
mode, thisindicates channel 13 SET in card #2 is open, while channel 13 RESET is
closed.

OPEN (@100,213)
OPEN? (@213)

[ROUTE:]SCAN < channel_list >

10Open channels 100 and 213
IQuery channel 213 state

Defines the channels to be scanned. Channel _list has the form (@ccnn),
(@ccnn,cenn), or (@ccnn:ccnn) where cc = card number (01-99) and nn =
channel number (00-71 for 72-channel mode or 00-35 for 36-channel mode).

Parameters

Parameter Name

Parameter Type

Range of Values

Default Value

channel_list

numeric

cc00-cc71 (72-channel mode)
cc00-cc35 (36-channel mode)

N/A

Comments

® Defining Scan List: When [ROUTe:]SCAN is executed, the channel listis

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

invalid channel list.

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

® Scanning Operation: When avalid channel list is defined,

INITiate[:IMMediate] begins the scan and closes the first channel in the
channel list. Successive triggers from the source specified by
TRIGger: SOURce advance the scan through the channel list.

Relay Driver Module Command Reference

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

75



® Sopping Scan: See ABOR.

* Related Commands. [ROUTe]CLOSe, [ROUTe]OPEN, TRIGger,
TRIGger:SOURce

® *RST Condition: All channels open for 72-channel mode. For 36-channel
mode, all SET channels are open and all RESET channels are closed

Example Example: Scanning Using External Devices

Thisexample shows oneway to scan channelsusing an HP E1406 command module
viaHP-IB and an externa instrument. The example uses a pulse from the command
module " Trig Out" port to synchronize the external instrument to a Relay Driver

Module.
external instrument commands ICommands to configure external
instrument
OUTP ON IEnable "Trig Out" port on command
module
TRIG:SOUR BUS ISet switchbox to receive Bus triggers
SCAN (@100:107) ISet the channel list for chs O through 7
INIT ISart the scanning cycle
Loop ISart the counting loop
enter result IEnter resultsinto computer
TRIGGER ITrigger the switchbox to advance the
channel scan
increment count IIncrement the loop
End Loop IEnd of count loop
END IEnd of program
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STATus Subsystem

The STATus subsystem reports the bit values of the Operation Status Register.
It also allows you to unmask the bits you want reported from the Standard Event
Register and to read the summary bits from the Status Byte Register.

Syntax STATus

:OPERation
:CONDition?
:ENABIe <unmask>
:ENABLe€?
[:EVENt]?

:PRESet

:QUEStionable
:CONDition?
:ENABIle <mask>
:ENABIe?
[:EVENt]?

Note Although STATus.QUEStionable... is supported to provide SCPI compliance, this
command does not affect Relay Driver Module operation, and is not described in
this command reference.

The STATus system contains four registers, two of which are under |EEE 488.2
control: the Standard Event Register (* ESE?) and the Status Byte Register (*STB?)
(see Figure 5-1). The operational status bit (OPR), service request bit (RQS),
standard event summary bit (ESB), message available bit (MAV), and questionable
databit (QUE) in the Status Byte Register (bits 7, 6, 5, 4, and 3 respectively) can
be queried with the * STB? command.

Use the *ESE? command to query the "unmask” value for the Standard Event

Register (the bits you want logically OR’d into the summary bit). The registers are
gueried using decimal weighted bit values. The decimal equivalents for bits O
through 15 are included in Figure 5-1.

A numeric value of 256 executed in a STAT:OPER: ENABber> command
allows only bit 8 to generate a summary bit. The decimal value for bit 8 is 256.

The decimal values are also used in the inverse manner to determine which bits are
set from the total value returned by an EVENt or CONDition query. The Relay
Driver Module uses only bit 8 of the Operation Status Register. This bit is called the
Scan Complete bit, and is set whenever a scan operation completes.

Since completion of a scan operation is an event in time, bit 8 will never appear set
when STAT:OPER:COND? is queried. However, you can find bit 8 set with the
STAT.:OPER:EVEN? query command.
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Standard Event Regisfer NOTE:
TESR? QUE = Questionable Data
Set by *OPC *ESE <unmask> MAV = Message Available
Reloted, Commande r*ESE? FSB = Standard Event
are *OPC? and *WAI — Operation Complete -0} <> RQS = Request Service
Request Control 4 1 F— <2> QPR = Op.e.mﬁon Stotus
. Query Error 4 2 | <4> C = Condition Reg\ster
Automgte\fegy — Device Dependent Error | 3 | <8> OR EV = Event Reg\s.ter
Porsei Execution Error 4 4 |— <16> g; ziEnsobﬁe Rgg\stert
Command Error | 5 | <32> Q = Sevice Reques
User Request | 6 F—1 <64>
Automatically Set at ———— Power On—+ 7 b— <128>
Power On Conditions _ .
" £V EN Status Byte Register
*STB?
SPOLL
*SRE <unmask>
F*SRE?
Summary 10— <1>
Output Buffer Bit I
2 | <4>
QUE= 3 — <8> "OR”
1 MAV = 4 | <16>
L— B 5 [ <32>
—— RQS = 6 |
R A g E:P SRQ ROUTING
Status EN handled by your
Byte application
. . SRQ rogram or
Operation status Register gosgsed to the
) . Request Service ———— controller via
STATus:OPERation:CONDition? HP—IB
STATus:OPERation:EVENt?
— STATus:OPERation:ENABle
MO <1> unmask examples:
T < ;
L T <4 unmas
% i 5 Register decimal
= — <62 Summary bit weight
A L <i6> Bit "OR”
5 F— 1 <32>
z : <B4> Operation Complete g e OPR
71 1 <128 OR
Scan— 8 F—1 |1 <256> *ESE 61 unmasks standard event register bi.ts 0,
Complete [g 512> 2, 3, 4 and 5 (*ESE 1 only unmasks bit 0).
o1 | cloze> *SRE 128 unmasks the OPR bit in the status
1 |—1.<2048> byte register. This is effective only if the
12— |1 .<4096> STAT:ENAB <unmask> command is executed.
& ] <8192> (See be\ow)
HEH U S (ok s STAT:0PER:ENAB 256 unmasks bit 8 (Scan Complete)
Do 1532788 which can set the OPR bit in the Status Byte.
C EV EN

Figure 5-1. Relay Driver Module Status System Register Diagram
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STATus:OPERation:CONDition?

Returns the state of the Condition Register in the Operation Status Group. The state
represents conditions that are part of the instrument’s operation. The Relay Driver
Module does not set bit 8 in this register (see STATus:OPERation[:EVEN{]?.

STATus:OPERation:ENABIle <unmask>

Sets an enable mask to allow events recorded in the Event Register to send a
summary bit to the Status Byte Register (bit 7). For Relay Driver Modules,
when bit 8 in the Operation Status Register is set to 1 and that bit is enabled
by the STATus:OPERation:ENABIe command, bit 7 in the Status Byte Register

is setto 1.
Parameters
Parameter Name Parameter Type Range of Values Default Value
<unmask> numeric -32768 to 32767 N/A

Comments ® Setting Bit 7 of the Satus Byte Register: STATus:OPERation:ENABIe 256
sets bit 7 of the Status Byte Register to 1 after bit 8 of the Operation Status
Register isset to 1.

® Related Commands. [ROUTe:]SCAN

Example Example: Enabling Status Byte Register Bit 8

STAT:OPER:ENAB 256 IEnables hit 8 if the Operation Status
Register to be reported to bit 7 (OPR)
in the Status Byte Register

STATus:OPERation:ENABIle?

Returns which bits in the Event Register (Operation Status Group) are unmasked.

Comments ® Qutput Format: Returns adecima weighted value from -32768 to 32767
indicating which bits are set to true.

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

Example Example: Query the Operation Status Enable Register

STAT:OPER:ENAB? IQuery the Operation Satus Enable
Register
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STATus:OPERation[:EVENLt]?

Returnswhich bitsin the Event Register (Operation Status Group) are set. The Event
Register indicates atime-related instrument event has occurred. Only bit 8 isused by
the Relay Driver Module.

Comments ® Setting Bit 8 of the Operation Status Register: Bit 8 (Scan Complete) is set
to 1 after ascanning cycle completes. Bit 8 returnsto 0 (zero) after sending the
STATus.OPERation[:EV ENt] ? command.

® Returned Data After Sending STATus.OPERation[:EVENTt]?: This
command returns "+256" if bit 8 of the Operation Status Register is set to 1.
The command returns "+0" if bit 8 of the Operation Status Register is set to 0.

® Event Register Cleared: Reading the Event Register with the
STATus.OPERation:EVENt? command clears the Event Register.

® Aborting a Scan: Aborting a scan will leave bit 8 set to 0.

® Related Commands: [ROUTe] SCAN

Example Example: Reading the Operation Status Register

STAT:OPER? IReturns the bit values of the Operation
Satus Register
read the register value IReturns +256 if bit 8 issetto 1 or

returns+0if bit 8isset to 0.

STATus:PRESet

Affects only the Enable Register by setting all Enable Register bitsto 0. It does not
effect either the "status byte" or the "standard event status'. STATus:PRESet does
not clear any of the Event Registers.
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SYSTem Subsystem

The SY STem subsystem returns the error numbers and error messagesin the error
gueue of a switchbox. It can also return the types and descriptions of modules
(cards) in aswitchbox.

Syntax SYSTem
:CDEScription? < number >
:CPON < number> | ALL
:CTYPE? < number >
‘ERRor?

SYSTem:CDEScription? < number >

Returns the description of a selected module (card) in a switchbox.

Parameters
Parameter Name Parameter Type Range of Values Default Value
<number> numeric 1 through 99 N/A
Comments ® Relay Driver M odule Description: The SY STem:CDEScription? < number >

command returns: " 72 Channel Open Coll ector Digital
Qut put/ Rel ay Driver" wheninthe 72-channel mode. Inthe
36-channel mode, " 36 Channel uWave Switch Driver" isreturned.

® 36/72 Channedl Mode Selection: The configuration bit isread at power-up,

and can be determined by using the SY STem:CDEScription? < number >
command.

Example Example: Reading Card #1 Description

SYST:CDES? 1 IReturn the description

SYSTem:CPON < number > | ALL

Setsthe selected module (card) or all modulesin aswitchbox to their power-on state.

Parameters
Parameter Name Parameter Type Range of Values Default Value
<number> numeric 1 through 99 N/A
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Comments ® Differences Between *RST and CPON: *RST and SY STem:CPON ALL
opens all channels of all modules in a switchbox, while SY STem:CPON
< number > opens the channels in only the module (card) specified in the
command. In addition, CPON does not reset other values such as
ARM:COUNM.

Example Example: Setting Card to its Power-On State

SYST:CPON 1 I Sets module #1 channels to power-on
state. For 72-channel mode, all channels
are open. For 36-channel mode, all SET
channels are open and all RESET
channels are closed.

SYSTem:CTYPE? < number >

Returns the module (card) type of a selected module in a switchbox.

Parameters
Parameter Name Parameter Type Range of Values Default Value
<number> numeric 1 through 99 N/A
Comments ® Relay Driver Model Number: The SY STem:CTY Pe? < number > command

returns;
HEWLETT- PACKARD, E1339A/ Z2309A, 0, revi si on

where the 0 after E1339A/Z2309A isthe module serial number (always 0) and
revision is the module revision code number.

Note If you areusing the ZSWITCHBOX driver, the string will be:
"HEWLETT-PACKARD,Z2309A,0,revision”

It is advisable to upgrade to the HP E1339A driver to use al the features of the
HP E1339A Relay Driver Module described in this manual.

Example Example: Reading Card #1 M odel Number

SYST.CTYP? 1 'Return the model number
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SYSTem:ERRor?

Returns the error numbers and corresponding error messages in the error queue
of aswitchbox. See Appendix C - Relay Driver Module Error Messagesfor alisting
of some switchbox error numbers and messages.

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

® Clearing the Error Queue: An error number/message is removed from the
gueue each time the SY STem:ERRor? command is sent. The errors are cleared
first-in, first-out. When the queue is empty, each following SY STem:ERRor?
command returns +0, "No error”. To clear al error numbers/messagesin the
queue, execute the * CL S command.

®* Maximum Error Number¥Messagesin the Error Queue: The queue holds
amaximum of 30 error numbers/messages for each switchbox. If the queue
overflows, the last error number/message in the queue is replaced by -350,
"Too many errors'. The least recent error numbers/messages remain in the
queue and the most recent are discarded.

Example Example: Readingthe Error Queue

SYST:ERR? IQuery the error queue
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TRIGger Subsystem

The TRIGger command subsystem controls the triggering operation of a Relay
Driver Modulein a switchbox.

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

TRIGger[:IMMediate]

Causes atrigger event to occur when the defined trigger sourceis
TRIGger:SOURce BUS or TRIGger:SOURce HOLD. This can be used to trigger a
suspended scan operation.

Comments ® Executingthe TRIGger[:IMM ediate] Command: A channel list must be
defined with [ROUTe:]SCAN < channel_list > and an INITiate[:IMMediate]
command must be executed before TRIGger[:IMMediate] will execute.

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

® Related Commands: INITiate, [ROUTe:]SCAN, TRIGger:SOURce

Example Example: Advancing Scan Using TRIGger

This example uses the TRIGger command to advance the scan of a single-module
switchbox from channel 00 through 03. Since TRIGger:SOURce HOLD is s&t, the
scan is advanced one channel each time TRIGger is executed.

TRIG:SOUR HOLD ISets trigger source to HOLD
SCAN (@100:103) IDefines channel list

INIT IBegin scan, close channel 00
loop statement ISart count loop

TRIG I Advance scan to next channel
increment loop IIncrement loop count
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TRIGger:SOURce <source>

Parameters

Comments

Specifies the trigger source to advance the channel list during scanning.

Parameter Name Parameter Type Parameter Description
BUS discrete *TRG or GET command
ECLTn numeric ECL Trigger bus line 0 or 1
EXTernal discrete "Trig In" port

HOLD discrete Hold triggering

IMMediate discrete Immediate triggering
TTLTrgn numeric TTL Trigger bus line 0 - 7

® Enabling the Trigger Source: The TRIGger:SOURce command only selects

the trigger source. The INITtate[:IMMediate] command enables the trigger
source. The trigger source must be selected using the TRIGger:SOURce
command before executing the INIT command.

OneTrigger Input Selected at a Time: Only one input (ECLTO or1;
TTLTrgO, 1, 2,3, 4, 5, 6 or 7; or EXTernal) can be selected at onetime.
Enabling a different trigger source will automatically disable the active input.
For example, if TTLTrgl isthe activeinput and TTLTrg4 is enabled,
TTLTrgl will become disabled and TTLTrg4 will become the active input.

Using the TRIGger Command: You can use TRIGger[:IMMediate] to
advance the scan when TRIGger: SOURce BUS or TRIGger:SOURce HOLD
IS set.

DriversMust be Downloaded (Does not Apply to Embedded Computers):
TRIG:SOURce EXTernal isavailable only if the ZSWITCHBOX or HP E1339
driver has been downloaded to the HP E1406 Command Module. If you do not
use the Command Module or have not downloaded one of these driversto the
Command Module, a"Trigger source non-existent” error is generated.

Using External Trigger Inputs. With TRIGger:SOURce EXTemal selected,
only one switchbox at atime can use the external trigger input at the E1406
Command Module "Trig In" port. The trigger input is assigned to the first
switchbox that requested the external trigger source (witha TRIGger:SOURce
EXTernal command).

® Using TTL or ECL Trigger BusInputs. Thesetriggers are from the V XI

backplane trigger lines ECL[0,1] and TTL[O-7]. These triggers may be used to
trigger the HP E1339A driver from other VXI instruments.
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® Assigning External Trigger: A switchbox assigned with TRIGger:SOURce
EXTernal remains assigned to that source until the switchbox trigger sourceis
changed to BUS, HOLD, or IMMediate. When the source is changed, the
external trigger sourceis available to the next switchbox which requests it
(with a TRIGger:SOURce EXTernal command). If a switchbox requests an
external trigger input already assigned to another switchbox an error is
generated.

® Using Bus Triggers: To trigger the switchbox with TRIGger:SOURce BUS
selected, use the |EEE 488.2 common command * TRG or the HP-I1B Group
Execute Trigger (GET) command.

® Using EXTernal, TTLTrgn, and ECLTn Trigger Inputs. After using
TRIGger:SOURce EXT | TTLTrgn [ECLTNn, the selected trigger source
remains assigned to the HP E1339A driver until it is relinquished through
use of the TRIG:SOUR BUSJHOLDI|IMM command.

While the trigger isin use by the E1339A driver, no other drivers operating
on the HP E1306 or HP E1406 command module will have accessto that
particular trigger source. Likewise, other drivers may consume trigger
resources which may deny access to a particular trigger by the HP E1339A
driver.

You should always release custody of trigger sources after completion of an
activity by setting the trigger sourceto BUS, HOLD, or IMMediate (i.e.,
TRIG:SOUR BUS|HOLD|IMM).

® Trig Out Port Shared by Switchboxes: See the OUTPut command.
* Related Commands: ABORt, [ROUTe ] SCAN, OUTPut

® *RST Condition: TRIGger:SOURce IMMediate

Examples Example: Scanning Using External Triggers

This example uses external triggering (TRIG:SOUR EXT) to scan channels 0
through 3 of a single-module switchbox. The trigger source to advance the scan
istheinput tothe "Trig In" port on an HP E1406 Command Module. When INIT is
executed, the scan is started and channel 00 is closed. Then, each trigger received at
the "Trig In" BNC port advances the scan to the next channel.

TRIG:SOUR EXT ISelect external triggering
SCAN (@100:103) 1Set channel list

INIT ISart scanning cycle

trigger externally I Advance scan to next channel
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Example Programs: Scanning Using Bus Triggers

This example uses bus triggering (TRIG:SOUR BUS) to scan channels 00 through

03 of asingle-modul e switchbox. Thetrigger sourceto advancethescanisthe* TRG
command (as set with TRIGger:SOURce BUS). When INIT isexecuted, thescanis
started and channel 00 is closed. Then, each * TRG command advances the scan to

the next channel.

TRIG:SOUR BUS I Select interface (bus) triggering
SCAN (@100:103) 1Set channel list

INIT ISart scanning cycle

*TRG I Advancescan using bustriggering

TRIGger:SOURce?

Returns the current trigger source for the switchbox. This command returns BUS,
EXT, HOLD, IMM, TTLTO-7, or ECLTO-1 for sources BUS, EXTernal, HOLD,
IMMediate, TTLTrgn, or ECLTrgn, respectively.

Example Example: Query Trigger Source

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

TRIG:SOUR EXT ISet external trigger source
TRIG:SOUR? IQuery trigger source
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SCPI Command Quick Reference

Command Subsystem

Description

ABORt Abort a scan in progress
ARM :COUNt <number > Multiple scans per INIT command
:COUNTt? [MIN|MAX] Query number of scans
DISPlay :MONitor:CARD <number>|AUTO Selects module to be monitored
:MONitor:CARD? Query the card number
:MONitor[:STATe] <mode> Selects monitor mode
:MONitor[:STATe]? Query the monitor state
INITiate :CONTinuous ON|OFF Enables/disables continuous scanning
:CONTinuous? Queries continuous scan state
[:IMMediate] Starts a scanning cycle
OUTPut :ECLTn[:STATe] ON|OFF|1]0 Enables/disables the specified ECL trigger line
:ECLTN[:STATe]? Queries the specified ECL trigger line
[:EXTernal][:STATe] ON|OFF|1|0 Enables/disables command module "Trig Out" port
[EXTernal][:STATe]? Queries external state
‘TTLTrgn[:STATe] ON|OFF|1|0 Enables/disables the specified TTL trigger line
‘TTLTrgn[:STATe]? Queries the specified TTL trigger line
[ROUTe:] CLOSe <channel_list> Closes channel(s)
CLOSe? <channel_list> Queries channel(s) closed
OPEN <channel_list> Opens channel(s)
OPEN? <channel_list> Queries channel(s) opened
SCAN <channel_list> Defines channels for scanning
STATus :OPERation:CONDition? Returns contents of the Operation Condition Register
:OPERation:ENABIle <unmask> Enables events in Operation Event Register to be reported
:OPERation:ENABIle? Returns the unmask value set by the :ENABle command
:OPERation[:EVEN{]? Returns the contents of the Operation Event Register
:PREset Sets Enable Register to 0
SYSTem :CDEScription? <number> Returns description of module in switchbox
:CPON <number>|ALL Sets specified module to its power-on state
:CTYPe? <number> Returns the module type
:ERRor? Returns error number/message
TRIGger [:IMMediate] Causes a trigger to occur
:SOURce BUS Trigger source is *TRG

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

Trigger source is VXlbus ECL trigger bus line n
Trigger source is "Event In" port on HP E1306/E1406
Holds off triggering

Trigger source is the internal triggers

Trigger is the VXlbus TTL trigger bus line n

Queries scan trigger source
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IEEE 488.2 Common Commands

Thefollowing table describes the |IEEE 488.2 Common (*) Commands that apply to
the Relay Driver Module. These commands apply to many instruments and many
have no specific action related to this module. Only the commands that are

related to this module are documented here. For more information on the Common
Commands, refer to the HP E1406 Command Module User’s Manual or the
ANSI/IEEE Standard 488.2-1987.

Note If "ZSWITCHBOX" appearsin the string returned by *IDN?, you are using the old
ZSWITCH driver. It is advisable to upgrade to the HP E1339A driver to obtain the
full feature set listed in this manual.

Command

Description

*CLS

Clears all status registers and the error queue. See
STATus:OPERation[:EVENL]?.

*ESE <register value>

Event status enable command. See the Command Module User’s
Manual or the ANSI/IEEE Standard 488.2-1987.

*ESE?

Event status enable query command. See the Command Module
User’s Manual or the ANSI/IEEE Standard 488.2-1987.

*ESR?

Event status register query command. See the Command Module
User’s Manual or the ANSI/IEEE Standard 488.2-1987.

*IDN?

Queries the identity string of the instrument. Returns an arbitrary ASCII
response with manufacturer, instrument name, serial number, and
revision, similar to that shown. The serial number is returned as 0
since a switchbox can be made up of multiple modules. The revision
code will vary as updates are made. (See note above).

HEW_ETT- PACKARD, E1339A/ Z2309A, 0, revision

*OPC

Operation complete command. See the Command Module User’s
Manual or the ANSI/IEEE Standard 488.2-1987.

*OPC?

Operation complete command query. See the Command Module
User’s Manual or the ANSI/IEEE Standard 488.2-1987.

*RCL <numeric state>

The *RCL < numeric_state > command recalls the state when the last
*SAV was executed for the specified numeric state parameter (0-9). If
no *SAV was executed for the numeric state, *RST default settings are
used. Refer to the *SAV settings list for the settings recalled by *RCL.
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Command

Description

*RST

Opens all channels, invalidates the current channel list for scanning,
sets the following states, and sets the trigger state to idle.

ARM:COUNt 1
TRIGger:SOURce IMM
INIT:CONTinuous OFF
OUTPut:STATe OFF
SCAN MODE:NONE
SCAN PORT:NONE

*SAV <numeric state>

The *SAV < numeric state > command saves the current instrument
state. The state number (0-9) is specified by the numeric state
parameter. The settings saved are:

ARM:COUNt

TRIGger:SOURce

OUTput:STATe

INITiate:CONTinuous

SCAN (the scan list is set to invalid, so the command does not
save a scan list)

SCAN:MODE

SCAN:PORT

*SRE <register value>

Service request enable command. See the Command Module User’s
Manual or the ANSI/IEEE Standard 488.2-1987.

*SRE?

Service request enable query command. See the Command Module
User’s Manual or the ANSI/IEEE Standard 488.2-1987.

*STB?

Status byte query command. See the Command Module User’s
Manual or the ANSI/IEEE Standard 488.2-1987.

*TRG

Trigger command. See the Command Module User’s Manual or the
ANSI/IEEE Standard 488.2-1987.

*TST?

Performs self test on the instrument and returns a numeric test code.
A "0" indicates the test passed, while a non-zero response indicates
the HP E1339A failed. See to the appropriate User’'s Manual for these
failures. If an HP E1339A module fails, a 3- or 4-digit error code is
returned in the form [c]cnn, where [c]c indicates card number of failed
card (1 - 99) and nn indicates error code

+0 - self-test passes

+cc01 - firmware error

+cc02 - VME bus error while accessing card

+cc03 - the card ID read back was in error

+cc04 - card registers are bad

+cc05 - hardware and firmware have different values. Possibly a
hardware error or an outside entity is register-programming
the Relay Driver Module.

+cc10 - card did not generate an interrupt

+ccll - the busy bit was not held the appropriate length of time,
either too short or too long.

+ccl3 - card generated an interrupt too soon

*WAI

Wait to continue command. See the Command Module User’s Manual
or the ANSI/IEEE Standard 488.2-1987.
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Appendix A
Relay Driver Specifications

Item

Specification

Maximum Open Collector Voltage

32v

Sink Current Capability

200 mA per switch

Maximum Internal Power
Supply Current

+5V @ 1A (fused and requires P2)
+12V @ 1A (fused)
+24V @ 1A (fused and requires P2)

One of the three internal power supplies can be
selected. Use of the internal power supply will
result in additional current consumption from the
respective VXI backplane power supply.

Typical Time Allowed to Open/Close
a Channel

30 msec

Interface Cables

Two 2-meter long twisted pair ribbon mating
cables are supplied. Option 001 deletes these
cables.

Module Size/Device Type

B, register-based

Connectors Used

P1 and P2 (optional)

Number of Slots

1

VXIlbus Interface Capability

Interrupter, D16

Interrupt Level

1 -7, selectable

Power Requirements

Voltage: +5V +12V

Peak Module Current [IPM (A)]: 0.10 0.10
Dynamic Module Current [IDM (A)]: 0.10 0.01
(Does not include power from internal supplies
to external loads.)
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Appendix B
Relay Driver Register Definitions

Types of Registers

The Relay Driver Module is a register-based slave device. There are 72
independent relay drivers on the card that are controlled using the Relay
Driver registers. There are five register types on this module.

Register Description
ID Register Identifies Hewlett-Packard as the manufacturer, and the card
is an Al6 register-based device.
Device Type Identifies card as an HP E1339A or HP Z2309A.
Register
Status/Control When read, is used to return device specific status
Register information. When written to, is used to set control bits.
Configuration These three registers are used to configure the module
Registers for different operating characteristics when used with the

downloaded SCPI driver or with the VXIplug&play driver.

Channel Enable | These six registers control the state of the relay drivers on
Registers the module.

Note If SCPI or VXIplug&play is used to control this module, register
programming isnot recommended, since these drivers maintain an image
of the card state. If the card state is altered by using register writes, these
drivers will be unaware of these changes.

Addressing the Registers

To read or write to specific registers you must address a particular register
within amodule. The registers within amodule are located using a fixed
offset. The module addressis based up the modul€e’s logical address. There
are two basic ways of accessing registers:

® Register Accesswith Logical Address: This method uses the logical
address directly to access a particular card using VXI:READ and
VXI:WRITE commands through a command module.

® Register Accesswith Memory Mapping: This method can be used
with an embedded controller that locates A16 data space within its
memory map. The memory mapping alows registers to be directly
read or written with moves to/from memory.
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Register Access When using the HP E1406 Command Module or E1300A/01A Mainframe
with Log ical to access registersviaV X1:READ and VXI:WRITE commands, the logical
address is used to determine which VXI module is being accessed. The
Address factory setting of the Relay Driver Logical Address switch is 120 (78,).
Refer to the HP E1406 Command Module or the E1300A/01A Mainframe
documentation for use of the VXI:READ and VXI:WRITE commands and
other related commands.

Example: Accessing the Status/Contr ol Register
This example shows the Status/Control Register being accessed from an

external or embedded controller via HP-IB. Commands are sent to the HP
E1406 Command Module

VXI:WRITE 120,4 #HFFFF Writes FFFF 4, to Control
Register
VXI:READ? 120,4 Reads from Status Register

Register Access When using an embedded controller, VXI A16 address space is usually
with Memo ry mapped to some block of memory within the controller’s addressable
) memory space. See your embedded controller's manual to determine where
Mapplng VXI Al6 is mapped, as there may be other methods of accessing the VXI
backplane. This section shows the way A16 addresses are calculated for a
module.

In the Command Module A16 address space starts at 1FQPOMHEX).

The A16 space is divided so that modules are addressed only at locations
beginning with CO0Qwithin A16. Each module is allocated 64 register

addresses (4). The module base address is related to the logical address
set by the logical address switch on the module:

base address (},) = (logical address),*40;, + CO00;,

For the Relay Driver module, the factory-set logical address is 12 (78

so to address the Status/Control register of the module using the Command
Module, use:

base address = (78,)* (40;,) + C000;, = DEQO},

register address = [A16 location], + [base address],, + [register offset]y,
register address = 1F0000;, + DEQO;, + 04y, = 1IFDEO04;,
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ID Register

Device Type
Register

Status/Control
Register

Reading from the Registers

Y ou can read the following Relay Driver registers. A description of each
register follows. See "Register Definitions' for additional details on each
register.

Register Address

ID Register base + 00,
Device Type Register base + 02,
Status/Control Register base + 04,
Configuration Register 0 base + 06,
Configuration Register 1 base + 08,
Configuration Register 2 base + 0A,
Channel Enable Register 0 base + 10y,
Channel Enable Register 1 base + 12,
Channel Enable Register 2 base + 14,
Channel Enable Register 3 base + 16y,
Channel Enable Register 4 base + 18y,
Channel Enable Register 5 base + 1A,

For the Relay Driver module, aread of the ID register (base address + 00y,)
returns FFFF,, since the relay driver is manufactured by Hewlett-Packard
and isan A16 only, register-based device.

For the Relay Driver module, aread of the Device Type register (base
address + 02})) returns 0181;,. Thisindicatesit is amodel HP Z2309A

or HP E1339A.

A 30 msec timer on the module is set to "busy" whenever a Relay Driver
register iswritten to, including opens or closes. A read of the Status/Control
register (base + 04;) returnsa’l" in bit 7 when the moduleis not busy or

returnsa’0" in bit 7 when the module is busy.

Aninterrupt is generated after any of the Relay Driver registers are written.
Bit 6 of the Status Register is used to enable/disableinterruptsfrom the card.
If bit 6isreturned asa"0" interruptsare enabled. If bit 6isreturned asa"1",
interrupts are disabl ed.

Bit 14 isthe MODID bit. When a"0" isreturned in bit 14, the module has
been selected with a high state on the P2 MODID line. If a’l" is returned,
the modul e has not been selected.
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Configuration
Registers

Channel Enable
Registers

A read of the configuration registers will return their current value. All bits
are normally left open which will return FFFF,. There are 24 bits of input
contained in the 8 least significant bits used in the three Configuration
Registers. The upper 8 bits of each configuration register are always high.
The only bits defined are bits CNFG 0 through CNFG 4 in Configuration
Register 0. All other bits are ignored by the SCPI Driver.

A read of any of the Channel Enable registers always returns FFFF,
regardless of the driver states.

Writing to the Registers

Status/Control
Register

Channel Enable
Registers

Y ou can writeto thefollowing Relay Driver Module registers. A description
of each register follows. See"Register Definitions” for additional detailson
each register

Register Address

Status/Control Register base + 04y,
Channel Enable Register 0 base + 10
Channel Enable Register 1 base + 12h
Channel Enable Register 2 base + 14,
Channel Enable Register 3 base + 16h
Channel Enable Register 4 base + 18h
Channel Enable Register 5 base + 1Ah

The Status/Control register (base + 04)) isset to bit 0. Writing a"1" to bit O

resets the module. All driverswill be open, no longer sinking current.
Resetting the modulewill aso enableinterrupts. It isnecessary towritea" 0’
to bit O after the reset has been performed before any other commands can
be programmed and executed.

To disabletheinterrupt generated when channels are opened/closed, write a
"1’ to bit 6 of the Status/Control Register.Typically, interrupts are disabled

when doing register level accessto amodule. Refer to the operating manual

of the Command Module or the embedded controller being used to handle

interrupts. A SY SRESET will re-enable interrupts.

Writes to the Channel Enable registers (base + 10y, through base + |Ay)
enableyou to open or closethe desired channel (see " Register Definitions”).
When a channel is closed, it sinks current. Setting a bit to "1" closes a
channel. Writing a"0" to a channel opens the channel, thus causing it

to stop sinking current.
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Register Definitions

ID Register

ID Register (base + 00y,)

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

Write Undefined

Read Manufacturer ID*

* Returns FFFF,, = Hewlett-Packard A16 only register-based device

Device Type
Register

Device Type Register (base + 02},)

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

Write Undefined

Read 0181,

Status/Control The Status/Control register provides status information for the system.
Reg ister The meanings of the bits applicable to the Relay Driver are:

® A = Reset to power-on state (all channels open) by writing a
"1" in this bit (must be set back to "0")

® B = Disable interrupt by writing a"1" in this bit (set back to "0"

with areset)

® C = Undefined

® D = Status "busy" ="0", "not busy" ="1"

® E = Statusinderrupt disable = "1", interrupt enable = "0"

® F=MODID bit ="0" module has been selected

Status/Control Register (base + 04y,)

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

Write Undefined B Undefined A

Read C F Undefined D | E Undefined
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Confi gu ration  The configuration registers set the configuration of the Relay Driver

Reg isters Module, such as 72-channel or 36-channel mode. Only CNFG 0 through
CNFG 4 on Configuration Register O are defined. All other CNFG bits are
ignored. CNFG 0 through CNFG 4 return "1" for unconnected inputs and
return "0" for inputs connected to ground.
In addition, these bits are read from the hardware pins only when the driver
is started, such as at power-on when using a command module with the
downloaded driver. The meanings for CNFG 0 through 4 are:
® CNFG Oreturns"1" = 72-channel, "0" = 36-channel
® CNFG 1 returns"1" = drivers actuated simultaneously, "0" = channels
opened/closed one at atime (when CNFG 0 is connected to
GROUND)
® CNFG 2 returns "1" = continuous operation, "0" = pulsed operation
(when CNFG 0 is connected to ground).
® CNFG 3 returns"1" = self-test timer busy bit check at 30 msec, "0" =
self-test timer busy bit check at 50 msec.
® CNFG 4 returns"1" = self-test timer busy bit check at 30 msec or 50
msec (depends on CNFG 3 setting), "0" = no self-test timer busy bit
check
Configuration Register 0 (base + 06},
15-8 |7 6 5 4 3 2 1 0
Write No Effect
Read FF, |CNFG7 |CNFG6 | CNFG5 |CNFG4 |CNFG3 |CNFG2 |CNFG1l | CNFGO
Configuration Register 1 (base + 08,
15-8 |7 6 5 4 3 2 1 0
Write No Effect
Read FFh | CNFG15 | CNFG 14 | CNFG 13 | CNFG 12 | CNFG 11 | CNFG 10 | CNFG9 | CNFG 8
Configuration Register 2 (base + 0A})
15-8 |7 6 5 4 3 2 1 0
Write No Effect
Read FFh | CNFG23 | CNFG 22 | CNFG 21 | CNFG 20 | CNFG 19 | CNFG 18 | CNFG 17 | CNFG 16
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Channel Enable

In 72-channel mode, each channel is addressed individually. In 36-channel
Reg isters mode, the channels are paired Ch0/Ch1l, Ch2/Ch3, etc.|

Channel Enable Register 0 (Channels 0 - 11) (base + 10y,)

15-12 11 10 9 8 7 6 5 4 3 2 1 0
Write N/A Ch1l | Ch10 | Ch9 Ch8 Ch7 Ch6 Ch5 Ch4 Ch3 Ch2 Chi Cho
Read Always Returns FFFF,
Channel Enable Register 1 (Channels 12 - 23) (base + 12,))
15-12 11 10 9 8 7 6 5 4 3 2 1 0
Write N/A Ch23 | Ch22 | Ch21 | Ch20 | Ch19 | Ch18 | Chl17 | Ch16 | Ch1l5 | Ch1l4 | Chl13 | Chl2
Read Always Returns FFFF,
Channel Enable Register 2 (Channels 24 - 35) (base + 14,)
15-12 11 10 9 8 7 6 5 4 3 2 1 0
Write N/A Ch35 | Ch34 | Ch33 | Ch32 | Ch31 | Ch30 | Ch29 | Ch28 | Ch27 | Ch26 | Ch25 | Ch24
Read Always Returns FFFF,
Channel Enable Register 3 (Channels 36 - 47) (base + 16,
15-12 11 10 9 8 7 6 5 4 3 2 1 0
Write N/A Ch47 | Ch46 | Ch45 | Ch44 | Ch43 | Ch42 | Ch4l | Ch40 | Ch39 | Ch38 | Ch37 | Ch36
Read Always Returns FFFFy,
Channel Enable Register 4 (Channels 48 - 59) (base + 18,)
15-12 11 10 9 8 7 6 5 4 3 2 1 0
Write N/A Ch59 | Ch58 | Ch57 | Ch56 | Ch55 | Ch54 | Ch53 | Ch52 | Ch51 | Ch50 | Ch49 | Ch48
Read Always Returns FFFF,
Channel Enable Register 5 (Channels 60 - 71) (base + 1A})
15-12 11 10 9 8 7 6 5 4 3 2 1 0
Write N/A Ch71 | Ch70 | Ch69 | Ch68 | Ch67 | Ch66 | Che5 | Ch64 | Ch63 | Ch62 | Ch61 | Ch60
Read Always Returns FFFF,

Relay Driver Register Definitions

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

99




100 Relay Driver Register Definitions

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



Appendix C

Relay Driver Error Messages

Error Types

This appendix lists the error messages generated by the HP E1339A Relay
Driver module firmware when programmed by SCPI. Errors with negative
values are governed by the SCPI standard. Error messages with positive

values are not governed by the SCPI standard. The definitions for error

messages with negative numbers are;

Error Messages

® -199 to -100: Command Errors (syntax and parameter errors)
® -299 to -200: Execution Errors (instrument driver detected errors)
® -399 to -300: Device Specific Errors (instrument driver errors that

are not command nor execution errors)

® -499 to -400: Query Errors (problem in querying an instrument)

Thefollowing tablelists all of the positive-valued error messages and some
of the negative-valued error messages associated with the Relay Driver.
Seethe HP E1306 Command Module User's Manoathe HP E1406
Command Module User’s Manuiadr further information or description
of negative-valued errors that are not listed in the table..

Code Error Message Potential Cause(s)

-109 Missing parameter A required parameter in a command is missing.

-141 lllegal character data Attempting to execute a command with a character not applicable to
the command.

-211 Trigger Ignored Trigger received when scan not enabled, or trigger received after
scan complete, or trigger too fast.

-213 INIT Ignored Attempting to execute an INIT command when a scan is already in
progress.

-222 Data out of range Parameter value is outside valid range.

-224 lllegal parameter value Attempting to execute a command with a parameter not applicable to
the command.

-240 Hardware Error Command failed due to a hardware problem.

-241 Hardware Missing E1339A SCPI driver is not downloaded

-310 System Error Internal driver error. This error can result if an excessively long
parameter list is entered.

1500 External trigger source Assigning an external trigger source to a switchbox when the trigger

already allocated source has already been assigned to another instrument.
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Code Error Message Potential Cause(s)
1510 Trigger source Selected trigger source is not available on this platform (e.g., some
non-existent triggers are not available on the HP E1300/E1301 VXI B-size
mainframes).
2000 Invalid card number Addressing a module (card) in a swtchbox that is not part of the
switchbox.
2001 Invalid channel number Attempting to address a channel of a module in a switchbox that
is not supported by the module (e.g., channel 99 of a Relay Driver
module).
2006 Command not supported Sending a command to a module (card) in a switchbox than is not
on this card supported by this card.
2008 Scan list not initialized Executing an INIT before sending the SCAN command.
2009 Too many channels in Attempting to address more channels than available in the switchbox
channel list channel_list.
2010 Scan mode not allowed on | The selected scanning mode is not allowed with this module or you
this card have misspelled the mode parameter (see SCAN:MODE command).
2011 Empty channel list No valid channels are specified in the channel_list.
2012 Invalid channel range Invalid channel(s) specified in SCAN <channel_list> command.
Attempting to begin scanning when no valid channel list is defined.
2600 Function not supported on Sending a command to a module (card) in a switchbox that is not
this card supported by this card.
2601 Channel list required Sending a command requiring a channel_list without the
channel_list.
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Scanning Channels (72-Channel Mode), 40
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