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WARRANTY

Tektronix warrants that this product will be free from defects in materials and workmanship for a period of three
(3) years from the date of shipment. If any such product proves defective during this warranty period, Tektronix,
at its option, either will repair the defective product without charge for parts and labor, or will provide a
replacement in exchange for the defective product.

In order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration
of the warranty period and make suitable arrangements for the performance of service. Customer shall be
responsible for packaging and shipping the defective product to the service center designated by Tektronix, with
shipping charges prepaid. Tektronix shall pay for the return of the product to Customer if the shipment is to a
location within the country in which the Tektronix service center is located. Customer shall be responsible for
paying all shipping charges, duties, taxes, and any other charges for products returned to any other locations.

This warranty shall not apply to any defect, failure or damage caused by improper use or improper or inadequate
maintenance and care. Tektronix shall not be obligated to furnish service under this warranty a) to repair damage
resulting from attempts by personnel other than Tektronix representatives to install, repair or service the product;
b) to repair damage resulting from improper use or connection to incompatible equipment; or c) to service a
product that has been modified or integrated with other products when the effect of such modification or
integration increases the time or difficulty of servicing the product.

THIS WARRANTY IS GIVEN BY TEKTRONIX WITH RESPECT TO THIS PRODUCT IN LIEU OF
ANY OTHER WARRANTIES, EXPRESSED OR IMPLIED. TEKTRONIX AND ITS VENDORS
DISCLAIM ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. TEKTRONIX' RESPONSIBILITY TO REPAIR OR REPLACE DEFECTIVE
PRODUCTS IS THE SOLE AND EXCLUSIVE REMEDY PROVIDED TO THE CUSTOMER FOR
BREACH OF THIS WARRANTY. TEKTRONIX AND ITS VENDORS WILL NOT BE LIABLE FOR ANY
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF
WHETHER TEKTRONIX OR THE VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY OF
SUCH DAMAGES.



EC Declaration of Conformity

We

Tektronix Holland N.V.
Marktweg 73A

8444 AB Heerenveen
The Netherlands

declare under sole responsibility that the

VX4730 and all options

meets the intent of Directive 89/336/EEC for Electromagnetic Compatibility.
Compliance was demonstrated to the following specifications as listed in the Official
Journal of the European Communities:

EN 55011 Class A Radiated and Conducted Emissions
EN 50081-1 Emissions:
EN 60555-2 AC Power Line Harmonic Emissions

EN 50082-1 Immunity:

IEC 801-2 Electrostatic Discharge Immunity

IEC 801-3 RF Electromagnetic Field Immunity

IEC 801-4 Electrical Fast Transient/Burst Immunity
IEC 801-5 Power Line Surge Immunity

To ensure compliance with EMC requirements this module must be installed in a
mainframe which has backplane shields installed which comply with Rule B.7.45 of
the VXIbus Specification. Only high quality shielded cables having a reliable,
continuous outer shield (braid & foil) which has low impedance connections to
shielded connector housings at both ends should be connected to this product.




GOSUB n Runs the subroutine beginning with line n. The end of the subroutine is
delineated with a RETURN statement. When the subroutine reaches the RETURN
statement, execution will resume on the line following the GOSUB command.

GOTO n Progrem branches to line n.

IF/THEN Sets up a conditional IF/THEN statement. Used with other commands, so that IF
the stated condition is met, THEN the command following is effective.

REM  All characters following the REM command are not executed.

RETURN Ends a subroutine and returns operation to the line after the last executed GOSUB
command.

<CR> Carriage return character, decimal 13.

<LF> Line feed character, decimal 10.

VX4730 MODULE
QUICK REFERENCE GUIDE

Numbers in parentheses refer to the page(s) in the Operating Manual.

B Be sure all switches are correctly set. {p. 1 - 5)
SETUP Follow Instsllation guidelines. (p. 2 - 1)
The default condition of the VX4730 Module after the completion of power-up self test is
as follows:

Isolation: Open

D/A Output: 0.000V

Input Mode: Non-buffered

Interrupts: Disabled
LEDs When lit, the LEDs indicate the following:
Power power supplies functioning
Failed module failure
Error an error has been found in self test or programming
Message module is processing a VMEbus cycle

CHA -CHL their respective channel has been programmaed since the last reset or CLR
command, and their associated isolation relay is closed.

These non-data commands are initiated by the VX4730's
commander. The following VXlbus Instrument Protocol
commands will affect the VX4730:

ABORT NORMAL OPERATION ERROR QUERY

ASYNCHRONOUS MODE CONTROL IDENTIFY COMMANDER

BYTE AVAILABLE READ INTERRUPTER LINE

BYTE REQUEST READ INTERRUPTERS

CLEAR READ PROTOCOL

CLEAR LOCK READ STATUS

CONTROL EVENT RESPONSE ENABLE

END NORMAL OPERATION SET LOCK TRIGGER

SYSTEM COMMANDS




Command protocol and syntax for the VX4730 Module is as

COMMAND SYNTAX

follows: (3 - 3)
1) If a character is not enclosed by brackets, that character itself is sent, otherwise:
{] encloses the symbol for the actual argument.
<CR> = carriage return; <LF> = line feed.
2) Any character may be sent in either upper or lower case form.
3) Any of the following white space characters:

00 hex through 09 hex 0B hex through 20 hex

are allowed in any of the following places: before any comma, semicolon, or <lf>;
after any comma; in place of any space character. Any number of white space
characters may be used together.

4) Any character may be sent in either upper or lower case form.

5) Any binary argument must be formatied as #O[B1]B2]...
The "#0" characters are only required at the beginning of the binary string

All commands must end with a terminator (line feed or

MODULE COMMANDS semi-colon).

A z (ASCIl) or A #0z (binary)
Programs a single output voltage level for all DAC channels simultaneously.

(3-6)

B vyvy..vy,
Programs the output voltage level of the DAC channels specified in previous
V, S, or A commands with binary data. (3 - 8)

BUF Puts the module in buffered mode. (3 - 10)

CLR Clears all channel LEDs. (3 - 11)

CLS 24,....2, .
Closes the module's output isolation relay(s), connecting the output(s) of
one or more DACs to the module's output connectors. (3 - 12)

D vyvy...vyo
Programs the output voltage level of the DAC channels specified in previous
V, S, or A commands with ASCIl characters. {3 - 13)

DINT Disables Request True interrupt generation. (3 - 14)

ERR? Queries the error status of the module. {3 - 15)

2

INT Enables Request True interrupt generation. (3 - 19)

IST Initiates the module's internal self test. (3 - 20)
NBUF Puts the module in nonbuffered mode. {3 - 21)
OPN z,,....2,

Opens the module's output isolation relay(s), disconnecting the output(s) of
one or more DACs from the module’s output connectors. {3 - 22)

REV? Returns the VX4730's firmware revision level. (3 - 23)

RST Resets the VX4730 to its power-up state. (3 - 24)

§2y25...213 Vq:Vai--uVy2<TM> (ASCII) or $242;...2; #OV,V,...v{, <TM> (binary)
Programs the output voltage levei(s) of the specified DAC channel(s). All
outputs change synchronously when the command terminator is parsed.
(3 - 25)

V2,25...295 Vq.Voie.V 2 <TM> (ASCII) of V2,2,...21, #OV,V,...vy, (binary)

Programs the output voltage level of the specified DAC channell(s). Each
DAC's output voltage changes as that channel’s input is parsed. (3 - 28)

PROGRAMMING

The programming examples in the manual are written in
Microsoft GW BASIC. For programming examples, see page
4-2.

CALL ENTER (R$, LENGTH%, ADDRESS%, STATUS %)
Inputs data into the string R$ from the IEEE-488 instrument whose decimal primary
address is contained in the variable ADDRESS%. LENGTH% = the number of
bytes read from the instrument. STATUS% = 'O’ if the transfer was successful;
'8' if an operating system timeout occurred in the PC. To use the CALL ENTER
statement, the string R$ must be set to a string of spaces whose length is greater
than or equal to the maximum number of bytes expected from the 73A-332.

CALL SEND (ADDRESS%, WRT$, STATUS %)
Outputs the contents of the string variable WRT$ to the IEEE-488 instrument
whose decimal primary address is in the varieble ADDRESS%. The variable
STATUS% = 'O if the transfer was successful and an ‘8" if an operating timeout
occurred in the PC.

END Terminates the program.

FOR/NEXT Repeats the instructions between the FOR and NEXT statements for a defined
number of iterations.
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General Safety Summary

To Avoid Fire or
Personal Injury

Review the following safety precautions to avoid injury and prevent damage to
this product or any products connected to it. To avoid potential hazards, use this
product only as specified.

Only qualified personnel should perform service procedures.

While using this product, you may need to access other parts of the system. Read
the General Safety Summairy other system manuals for warnings and cautions
related to operating the system.

Connect and Disconnect Properly. Do not connect or disconnect probes or test
leads while they are connected to a voltage source.

Ground the Product. This product is indirectly grounded through the grounding
conductor of the mainframe power cord. To avoid electric shock, the grounding
conductor must be connected to earth ground. Before making connections to the
input or output terminals of the product, ensure that the product is properly
grounded.

Observe All Terminal Ratings. To avoid fire or shock hazard, observe all ratings
and markings on the product. Consult the product manual for further ratings
information before making connections to the product.

The common terminal is at ground potential. Do not connect the common
terminal to elevated voltages.

Do not apply a potential to any terminal, including the common terminal, that
exceeds the maximum rating of that terminal.

Do Not Operate Without Covers. Do not operate this product with covers or panels
removed.

Use Proper Fuse. Use only the fuse type and rating specified for this product.

Avoid Exposed Circuitry. Do not touch exposed connections and components
when power is present.

Do Not Operate With Suspected Failures. If you suspect there is damage to this
product, have it inspected by qualified service personnel.

Do Not Operate in Wet/Damp Conditions.
Do Not Operate in an Explosive Atmosphere.
Keep Product Surfaces Clean and Dry.

Provide Proper Ventilation. Refer to the manual’s installation instructions for
details on installing the product so it has proper ventilation.

VX4730 12-Channel D/A Module iii



General Safety Summary

Symbols and Terms

Terms in this Manual. These terms may appear in this manual:

WARNING. Warning statements identify conditions or practices that could result
in injury or loss of life.

VAN
/N

CAUTION. Caution statements identify conditions or practices that could result in
damage to this product or other property.

Terms on the Product. These terms may appear on the product:

DANGER indicates an injury hazard immediately accessible as you read the
marking.

WARNING indicates an injury hazard not immediately accessible as you read the
marking.

CAUTION indicates a hazard to property includithg product.

Symbols on the Product. The following symbols may appear thre product:

A\ D VAN =

WARNING Protective Ground CAUTION Double
High Voltage (Earth) Terminal Refer to Manual Insulated

VX4730 12-Channel D/A Module
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Service Safety Summary

Only qualified personnel should perform service procedures. Rea8dhice
Safety Summargnd theGeneral Safety Summalpgfore performing any service
procedures.

Do Not Service Alone. Do not perform internal service or adjustments of this
product unless another person capable of rendering first aid and resuscitation is
present.

Disconnect Power. To avoid electric shock, disconnect the mains power by means
of the power cord or, if provided, the power switch.

Use Care When Servicing With Power On. Dangerous voltages or currents may

exist in this product. Disconnect power, remove battery (if applicable), and
disconnect test leads before removing protective panels, soldering, or replacing
components.

To avoid electric shock, do not touch exposed connections.

VX4730 12-Channel D/A Module v



VX4730
12-Channel D/A Module

Section 1
General Information
and Specifications

Introduction

The VX4730 12-Channel D/A Module (digital-to-analog converters: D/A or DAC) is a
printed circuit board assembly for use in a mainframe conforming to the VXibus
Specification, such as the VX1400 C size mainframe used in the Tektronix/CDS IAC
System. The VX4730 consists of twelve {12) independent single-ended 16-bit DACs,
individually programmable from -16.3835 voits to + 1 6.3835 volts in 0.5 millivoit
steps. Monotonicity is guaranteed to 14 bits.

Each output channel of the DAC provides a minimum of 60 milliamperes of current,
with all channels driven. In addition, any individual channel may provide up to
+16.3835 V into a 40 Ohm load. The total current for all twelve channels cannot
exceed 720 milliamperes.

The VX4730 incorporates unique features which improve its speed and operational
efficiency when installed in an ATE system. The buffered mode automatically enables
Fast Handshake protocol, a special provision of the VXIbus Specification that allows
commands and/or data to be sent from the system controiler to a module with minimum
VXlbus protocol overhead. In this mode, the DAC stores incoming data/commands in an
internal buffer that is sequentially processed. Module data processing and buffer
loading occur simultaneously.

In non-buffered normal transfer mode, information is processed by the DAC on a byte-
by-byte basis as it is received. This feature supports applications where it is important
that the VX4730's operation remain synchronous with another event in the ATE
system.

A combination of the benefits of both non-buffered mode and Fast Handshake mode
can be obtained by sending binary data while in the non-buffered mode. In this case,
information is processed a byte at a time, but the DAC automatically switches into Fast
Handshake mode during the binary transfer.

VX4730
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The DAC may be programmed either in binary or by using ASCII character strings.
When using ASCII, the channels to be programmed are specified first, and then the
desired voitage level for each channel is specified in engineering units. (For example,
"VAC 10,-2" sets channeis A and C to 10.000 and -2.000 volts respectively). The
voltage level may be indicated in any valid format. 10, +10, 10.0, 0.1E2, etc., all
indicate a setting of plus 10 volts. When using binary, each voltage to be programmed
is represented by a two byte value.

When purchasad with the MATE option (Option 1M), the VX4730 compiies with both
the VXIbus Specification and the MATE IAC Standard. The module contains a TMA
function that converts the DAC into a CliL-speaking instrument and allows DC output
voltage levels to be set up using CilL commands.

The VX4730 incorporates extensive self test capabilities, with both visual and software
indications of pass/fail status. The built-in self test determines that all tweive DAC
channels are operational and that the programmed output voltages are accurate 10
within 3% of full scale.

During seif test, each output is relay-isolated from the front panel connector to prevent
possible damage to the Unit Under Test (UUT). A relay readback feature allows the
closure status of each isolation relay to be determined. A self test failure of any of the
twelve channels will cause the error LED to be lit and a discrete fault interrupt to be
generated, indicating that an error message has been queuea up.

On-board LEDs display the address status of the VX4730, monitor the presence of
proper power on the power buses, indicate on-board failures, show syntax and other
programming errors, and indicate which DAC channels have been programmed and have
had their isolation relays closed.

Note that certain terms used in this manual have very specific meanings in the context
of a VXlIbus System. A list of these terms is presented in the VXlbus Glossary
{Appendix C).

VX4730
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Controls And Indicators

The following controls and indicators are provided to select and display the functions of
the VX4730 Module's operating environment. See Figures 1 and 2 for their physical
locations.

Switches
Logical Address Switches
LOGICAL ADDRESS Each function module in a VXIbus System must be assigned a unique logical
@ C@ address, from 1 to 255 decimal. The base VMEbus address of the VX4730 is
AN set to a value between 1 and FFh (255d) by two hexadecimal rotary switches.
MSD  LSD Align the desired switch position with the arrow on the module shield.

The actual physical address of the VX4730 Module is on a 64 byte boundary. If the
switch representing the most significant digit (MSD) of the logical address is set to
position X and the switch representing the least significant digit (LSD) of the logical
address is set to position Y, then the base physical address of the VX4730 will be
[(64d * XYh) + 49152d]. For example:

M

L
L. S S Base Physicai
A. D D Addr. (d)
Ah O A
1 5

h (64%10)+49152 = 49792d
1Sh (64*21)+49152 = 50496d

where: L.A. = Logical Address
MSD = Most Significant Digit
LSD = Least Significant Digit

IEEE-488 Address

Using the VX4730 Module in an IEEE-488 environment requires knowing the moduie's
IEEE-488 address in order to program it. Different manufacturers of IEEE-488 interface
devices may have different algorithms for equating a logical address with an |IEEE-488
address.

If the VX4730 is being used with a Tektronix/CDS IEEE-488 interface module, consult
the operating manual of the Tektronix/CDS Resource Manager/IEEE-488 Interface
Module being used.

If the VX4730 is being used in a MATE system, VXIbus logical addresses are converted
to IEEE-488 addresses using the algorithm specified in the MATE IAC standard (MATE-
STD-IAC). This algorithm is described in detail in the 73A-156 Operating Manual.

If the VX4730 is not being used with a Tektronix/CDS Resource Manager/IEEE-488
Interface Module, consult the operating manual of the IEEE-488 interface device being
used for recommendations on setting the logical address.

VX4730
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VME Interrupt Level Sel witch
Each function module in a VXlbus System can generate an interrupt on the
VMEbus to request service from the interrupt handler located on its
commander. The VMEbus interrupt level on which the VX4730 Module
generates interrupts is set by a BCD rotary switch. Align the desired switch
position with the arrow on the module shieid.

Valid Interrupt Level Select switch settings are 1 through 7, with setting 1 equivalent to
level 1, etc. The level chosen shouid be the same as the level set on the VX4730's
interrupt handler, typically the module's commander. Setting the switch to O or 8 will
disable the module's interrupts. Switch setting 1 should not be used.

Interrupts are used by the module to return VXlibus Protocol Events to the module's
commander. Refer to the Operation section for information on interrupts. The VXibus
Protocol Events supported by the module are listed in the Specifications section.

Halt Switch
This two-position slide switch selects the response of the VX4730 Module when

the Reset bit in the module's VXIbus Control register is set. Control of the Reset
bit depends on the capabilities of the VX4730's commander.

If the Halt switch is in the ON position, the VX4730 Moduie is reset to its power-up
state and all programmed module parameters are reset to their default values.

If the Halt switch is in the OFF position, the module will ignore the Reset bit and no
action will take place. Note that the module is not in strict compliance with the VXlbus
Specification when the Halt switch is OFF.

The following LEDs are visible at the top of the VX4730 Module's front panel to
indicate the status of the module's operation:

Power LED
This green LED is normally lit and is extinguished if the + 5V power supply fails or if the

+ BV fuse bilows.

Failed LED
This normally off red LED is iit whenever SYSFAIL® is asserted, indicating a module

failure. Module failures include failure to correctly complete a seif test, loss of a power
rail, or failure of the module's central processor.

If the module loses any of its power voltages, the Failed LED will be lit and SYSFAIL*
asserted. A module power failure is indicated when the module's Power LED is
extinguished.

Message LED
This green LED is normally off. When lit, it indicates that the module is processing a

VMEbus cycle. The LED is controiled by circuitry that appears to stretch the length of
the VMEbus cycle. For example, a five microsecond cycle will light the LED for

VX4730
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Fuses

approximately 0.2 seconds. The LED wiil remain lit if the module is being constantly
addressed.

Error LED

This red LED indicates that an error was found while attempting to execute a command
sent to the VX4730. This includes out of range and syntax errors. The error that
caused this LED to light can be determined by the ERR? (Error Query) command. The
LED is cleared when the ERR? command is executed and all errors have been read.

Channel LEDs

These twelve green LEDs, labeled CH A through CH L, are lit if their respective channel
has been programmed since the last reset or CLR command, and their associated
isolation relay is closed. The isolation relay's true status is determined by a readback
feature incorporated into this module, and is not simply based upon whether the relay
was commanded to be open or closed.

Note that during self test all LEDs are turned on, even though their isolation relays
remain open. Upon compietion of self test, all LEDs revert back to their prior state.

The VX4730 Module has three fuses, for +5V, +24V and -24V. The fuses protect the
module in case of an accidental shorting of the power bus or any other situation where
excessive current might be drawn.

If the +5V fuse opens, the VXIbus Resource Manager will be unable to assert SYSFAIL
INHIBIT on this module to disable SYSFAIL*.

if the +5V fuse opens, remove the fault before replacing the fuse. Replacement fuse
information is given in the Specifications section.

Isolation Relays

There is an isolation relay on each output. The relay allows the VX4730 to be
completely isolated from the UUT under program control. Individual relays are
controlled with the OPN and CLS commands. All isolation relays are in the open state
when the system powers up (defauit). During self test these relays are automatically
opened, then are returned to their previous state on compiletion of the self test.

VX4730
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Figure 3: Typical Output Channel

BITE (Built-In Test Equipment)

This module includes built-in self test capability that allows voitage outputs to be tested
under internal program control. During self test, the voltage outputs of the module are
isolated from the module's output connector by relays. Each output is compared with
the output of another DAC, used as a reference, to assure it is within 3% of the
programmed voitage. The comparison is performed over the entire voltage range from
—16.3 to +16.3 volts. Two separate comparisons, each using a separate DAC as
reference, are performed to increase the reliability of the test.

The module's built-in self test is initiated at power-up or when the IST (Internal Self
Test) command is issued to the module.

In addition to the self test, this module incorporates a relay readback feature. The
isolation relay position for each relay is indicated by an individual LED. Once a channel
has been programmed, its channel LED indicates the true position of its isolation relay.

If a relay ever fails to go to its correct position when a CLS or OPN command is given,
an error message will be queued up, the Error LED will turn on, and a Request True
interrupt will be generated (if interrupts have been enabled with the INT command).

1-8 VX4730
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Specifications

Function:

Digitai-to-Analog
Convertor Type:

Qutput:
Range:

Type:
Minimum Step Size:

Maximum QOutput
Impedance:

Short Circuit Duration:

Current:

Conversion Rate:

Settling Time:

Accuracy:
Linearity Error:

Gain and Offset Error:

12 channel, 16-bit digital-to-analog convertor.

Single-ended, bipolar, 16-bit DAC.

-16.3835 to + 16.3835 voits.
Single-ended.

0.5 millivoits.

< 0.1 ohm, dc.
Continuous.

60 mA per channel, all channels driven. +16.3835 V into a resistive
load of 40 ohms or greater, single channei driven. All 12 outputs
coliectively must not exceed 720 mA.

Throughput is the maximum number of conversions per second
which can be accomplished by the DAC on a continuous basis. The
DAC is capable of in excess of 1000 voitage changes per second, all
twelve channels, binary data, and 3000 voitage changes per second,
single channel, binary data.

NOTE: The conversion time may also be limited by the system's

interface module.

From the time the DAC value is programmed until the output has
settled to within the specified percent of final value, 60 mA load.

Change of 32 V; 10 ps, 10%; 30 us, 1%; 12 ms, 0.1%; 70 ms,
0.006%.

Change of 50 mV; 25 us to within 1 mV of final value.
Guaranteed monotonic {(0°C to 55°C), 14 bits.
< 1 mV@ 25°C.

Adjustable to +0.5 mV with trim potentiometers.

VX4730
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Maximum Error
With Time:

Temperature Coefficient:
Self Test Accuracy:

Modules per Mainframe:

VXlbus Compatibility:

VXI Device Type:
VXl Protocol:

VX! Moduie Size:

Module-Specific Commands:

VMEbus interface:
Interrupt Level:

Interrupt Acknowiedge:

VXlbus Data Rate:

VXibus Commands
Supported:

Percent of full scale at 25°C.:
24 hrs. +0.009%
30 days +0.014%
90 days +0.023%
6 mths +0.036%
1 vyear +0.040%

0.3 mV per °C.
3% or less of full scale range.

The number of modules allowed in a mainframe depends on the
amount of current drawn from each channel and the current rating of
the mainframe power supply. Refer to Appendix D to caiculate the
number of VX4730 Modules that may be installed in a mainframe.

Fully compatible with the VXibus Specification for message based
instruments with the Halt switch in the ON position.

VXI message based instrument, VXibus Revision 1.4
Word serial.
C size, one slot wide.

All module-specific commands and data are sent via the VXlbus Byte-
Available command. All module-specific commands are made up of
ASCII characters. Module-specific data may be in either ASCII or
binary format.

Data transfer bus (DTB) slave - A16, D16 only.
Switch selectable, levels 1 (highest priority) through 7 (lowest).

D16, lower 8 bits returned are the logical address of the module.
Upper 8 bits contain the event or response code.

Buffered mode write: 250K bytes/sec minimum binary or ASCII.
Nonbuffered mode write: 60K bytes/sec minimum binary data, 15 K
bytes/sec ASCli Data.

All VXIbus commands are accepted (e.g. DTACK* will be returned).
The following commands are recognized by this module; all other
commands will cause an unrecognized command event.

ABORT NORMAL OPERATION

ASYNCHRONOUS MODE CONTROL

BEGIN NORMAL. OPERATION

BYTE AVAILABLE (with or without END bit set)

1-10
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VXibus Protocol
Events Supported:

VXlbus Registers:

Power Requirements:

Voltage:

Current (Peak
Module, lpy):

Current {Dynamic
Module, I,,,):

Fuses:

Cooling:

BYTE REQUEST

CLEAR

CLEAR LOCK

CONTROL EVENT
CONTROL RESPONSE
END NORMAL OPERATION
GRANT DEVICE
IDENTIFY COMMANDER
READ INTERRUPTER LINE
READ INTERRUPTERS
READ PROTOCOL

READ PROTOCOL ERROR
SET LOCK

TRIGGER

VXlbus events are returned via VME interrupts. The following events
are supported and returned to the VX4730 Moduie's commander:

REQUEST TRUE (In IEEE-488 systems, this interrupt will cause
a Service Request (SRQ) to be generated on the IEEE-488 bus.)

iD

Device Type

Status

Control

Protocol

Response

Data Low

See Appendix A for definition of register contents.

All required dc power is provided by the power supply in the VXlbus
mainframe.

+5 Volt Supply: 4.75 V dc to 5.25 V dc.
+ 24 Volt Supply: +23.2 Vdcto +25.2 V dc.
-24 Volt Supply: -23.2 V dc to -25.2 V dc.

5 volt supply: 2.0A
+24 voit supply: 1.4 A
-24 volt supply: 1.4 A

5 volt supply: 0.243 A PTP
+ 24 volt supply: 0.192 A PTP
-24 volt supply: 0.304 A PTP

Replacement fuse: Tektronix part number 159-0374-00, 4A 5V.
Tektronix part number 159-5018-00, 3A +24V.

Provided by the fan in the VXIbus mainframe. Less than 5°C
temperature rise (60 mA output current, all 12 channels) or less than

VX4730
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7°C rise with 1 channel at 150 mA output current with 3.5
liters/sec. of air at a pressure drop of 0.13 mm of H,0.

Temperature: 0°C to +50°C, operating.
-40°C to +85°C, storage.

Humidity: Less than 95% R.H. non-condensing, 0°C to +30°C.
Less than 75% R.H. non-condensing, +31°C to +40°C.
Less than 45% R.H. non-condensing, +41°C to +50°C.
VXlbus Radiated Emissions: Complies with VXlbus Specification.

VXIbus Conducted Emissions: Complies with VXlbus Specification.

Moduile Envelope

Dimensions: VXI C size. 262 mm x 353 mm x 30.5 mm (10.3 in x 13.9in x
1.2 in).

Dimensions, Shipping: When ordered with a Tektronix/CDS mainframe, this moduie will be
installed and secured in one of the instrument module siots (slots 1 -
12).

When ordered alone, the card’s shipping dimensions are:

406 mm x 305 mm x 102 mm.
{(16inx 12 in x 4 in).

Weight: 1.5 kg. (3.3 Ibs.)

Weight, Shipping: When ordered with a Tektronix/CDS mainframe, this module will be
installed and secured in one of the instrument moduie slots (slots 1-
12).

When ordered alone, the card's shipping weight is:

2kg. (4.3 1b).
Mounting Position: Any orientation.
Mounting Location: Installs in an instrument module slot (slots 1-12) of a C or D size

VXIbus mainframe. (Refer to D size mainframe manual for
information on required adapters.)
Front Panel Signal

Connectors: Four DE-9S connectors, three channels on each connector. Refer to
Appendix B for connector pinouts.
Recommended Cable: VX1732P Analog cable (4 required for all 12 channeis).

Equipment Supplied: 1- VX4730 12-Channel D/A Module.
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Equipment Supplied: 1 - VX4730 12-Channel D/A Module.
Optional Equipment: 4 - VX1732P Cables, or VX1784P Hooded Connectors.
Options: Option 10: Delete six (6) channels of DACs.

Option 1M: MATE compatible ClIL command set. Complies with
MATE-STD-2806763.

Software Version: V3.2

VX4730 1-13
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Preparation For Use

Installation Requirements And Cautions

The VX4730 Module is a C size VXlbus instrument module and therefore may be
installed in any C or D size VXlbus mainframe siot other than siot 0. If the module is
being installed in a D size mainframe, consult the operating manual for the mainframe to
determine how to install the module in that particular mainframe. Setting the module's
Logical Address switch defines the module's programming address. Refer to the
Controls and Indicators subsection for information on selecting and setting the module’s
logical address. To avoid confusion, it is recommended that the siot number and the
logical address be the same.

Tools Required
The following tools are required for proper installation:

Slotted screwdriver set.

Note that there are two printed ejector handles on
the card. To avoid installing the card incorrectly,
make sure the ejector marked "VX4730" is at the

top.

In order to maintain proper mainframe cooling,
unused mainframe slots must be covered with the
blank front panels supplied with the mainframe.

Based on the number of instrument modules ordered with the mainframe, blank front
panels are supplied to cover all unused silots. Additional VXIbus C size single-siot and C
size double-siot blank front paneis can be ordered from your Tektronix supplier.

Verify that the mainframe is able to provide
adequate cooling and power with this module
installed. Refer to the mainframe Operating Manual
for instructions.
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If the VX4730 is used in a VX1X Series Mainframe, all VX4730 cooling requirements
will be met.

If the VX4730 Module is inserted in a slot with any
empty slots to the left of the module, the VME
daisy-chain jumpers must be installed on the
backplane in order for the VX4730 Module to
operate properly. Check the manual of the
mainframe being used for jumpering instructions.

If a Tektronix/CDS VX1400 or VX1401 mainframe is being used, the jumper
points may be reached through the front of the mainframe. There are five (5)
jumpers that must be installed for each empty slot. The five jumpers are the
pins to the left of the empty slot.

Installation Procedure

The VX4730 Module is a piece of electronic
equipment and therefore has some susceptibility to
electrostatic damage (ESD). ESD precautions must
be taken whenever the module is handled.

1) Record the revision level, serial number (located on the label on the top shield of
the VX4730), and switch settings on the installation Checklist. Only quaiified
personnel should perform this installation.

2) Verify that the switches are switched to the correct values. The Halt switch
should be in the ON paosition unless it is desired 10 not allow the resource
manager to reset this module.

Note that with either Halt switch position, a "hard” reset will occur at power-up
and when SYSRST* is set true on the VXlbus backplane. If the module’s
commander is a Tektronix/CDS Resource Manager/IEEE-488 Interface Module,
SYSRST* will be set true whenever the Reset switch on the front panel of that
module is depressed. Also note that when the Hait switch is in the OFF position,
the operation of this module is not VXlbus compatible. :

3) Make sure power is off in the mainframe.
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4) The module can now be inserted into one of the instrument siots of the
mainframe.

N
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Figure 4: Module Installation

5) Cable Installation -

Use a VX1732 Cable to interface between the module 1/O connector and the Unit
Under Test (UUT). If the module is being installed in a Tektronix/CDS VX1400 or
VX1401 Mainframe, route the cable from the front panel of the module down
through the cable tray at the bottom of the mainframe and out the rear of the
mainframe.

The mainframe is interfaced to the system controller using a standard |IEEE-488
cable to connect the |IEEE-488 connector on the rear panel of the VX1400
Mainframe to the IEEE-488 interface connector at the system controller.
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Installation Checklist

Installation parameters will vary dépending on the mainframe being used. Be sure to consult the
mainframe Operating Manual before installing and operating the module.

Revision Level:

Serial No.:

Mainframe Slot Number:
Switch Settings:

VXlbus Logical Address Switch:

Interrupt Level Select Switch:

Halt Switch:

Cable / Hooded Connector Installed:

Performed by: Date:
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Operation

Overview

The VX4730 consists of tweive (12) independent single-ended 16-bit DACs (digital-to-
analog converters), individually programmable from -16.3835 volts to + 16.3835 volts
in 0.5 mitlivoit steps. Monotonicity is guaranteed to 14 bits.

Each output channel of the DAC provides a minimum of 60 milliamperes of current,
with all channels driven. In addition, any individual channel may provide up to
+16.3835 V into a 40 Ohm load. The collective current for ali twelve channels cannot
exceed 720 milliamperes.

The VX4730 incorporates unique features which improve its speed and operational
efficiency when installed in an ATE system. The Buffered mode automatically enables
Fast Handshake protocol, a special provision of the VXlbus Specification that allows
commands and/or data to be sent from the system controlier to a module with minimum
VXibus protocol overhead. In this mode, the DAC stores incoming data/commands in an
internal buffer that is sequentially processed. Module data processing and buffer
loading occur simultaneously.

In non-buffered normal transfer mode, information is processed by the DAC on a byte-
by-byte basis as it is received. This feature supports applications where it is important
that the VX4730's operation remain synchronous with another event in the ATE
system.

A combination of the benefits of both non-buffered mode and Fast Handshake mode
can be obtained by sending binary data while in the non-buffered mode. In this case,
information is processed a byte at a time, but the DAC automatically switches into Fast
Handshake mode during the binary transfer.

The DAC may be programmed either in binary or by using ASCII character strings.
When using ASCII, the channels to be programmed are specified first, and then the
desired voltage level for each channel is specified in engineering units. (For example,
"VAC 10,-2" sets channeis A and C to 10.000 and -2.000 volts respectively). The
voltage level may be indicated in any valid format. 10, + 10, 10.0, 0.1E2, etc., all
indicate a setting of plus 10 voits. When using binary, each voitage to be programmed
is represented by a two byte value.

When purchased with the MATE option (Option 1M), the VX4730 complies with both
the VXIbus Specification and the MATE IAC Standard. The module contains a TMA
function that converts the DAC into a CliL-speaking instrument and allows DC output
voltage levels to be set up using CIIL commands.
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Power-up

The VX4730 Module is programmed by ASCII characters issued from the system
controller to the VX4730 Module via the module's VXlbus commander and the VXibus
mainframe backplane. The module is a VXibus Message Based Device and
communicates using the VXlbus Word Serial Protocol. Refer to the manual for the
VXlIbus device that will be the VX4730 Module's commander for details on the
operation of that device.

If the module's commander is a Tektronix/CDS Resource Manager/IEEE-488 Interface
Module, refer to that Operating Manual and the programming examples in the Operation
section of this manual for information on how the system controller communicates with
the commander being used.

The VX4730 Module will complete its self test and be ready for programming three
seconds after power-up. The Power LED will be on, and all other LEDs off. The MSG
LED will blink briefly during the power-up sequence as the VXibus Resource Manager
addresses ail modules in the mainframe. The default condition of the module after
power-up is described in the SYSFAIL, Self test and Initialization subsection.

System Commands

These low-level commands are typically sent by the module's commander, transparent
to the user of the module. An exception is the Read STB command, which is sent
whenever a Serial Poll on an IEEE-488 system is performed. Most commanders or Slot
0 devices have specific ASC!l commands which will cause them to send one of these
low-level commands to a specified instrument. Refer to the Operating Manual of the
commander or Slot O device for information on these commands.

Command Effect

Clear The module clears its VXlbus interface and any pending commands.
Current module operations are unaffected.

Begin

Normal Operation The module will begin operation per VXI Specification.

Read Protocot The module will return its protocol to its commander.

Read STB The module will return its VXI status byte to its commander.
Set Lock Set the Lock bit of the Response register.

Clear Lock Clears the Lock bit of the Response register.

Read Interrupters Returns the value FFF9, indicating there is one interrupter on this
module.
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Read Interrupt Line
Returns the interrupt line per VXI Specification.

Asynchronous Mode Control
Returns information that events are being sent as interrupts per VXI
Specification.

Abort Normal Operation
Causes this device to cease normal operation per VXI Specification.

End Normal Operation
Causes this device to cease normal operation per VXI Specification.

Control Event Used by a commander to selectively enable the generation of events
by a servant.

Read Protocol Error
Returns the module's most recent error code, which includes muitiple
query errors, unsupported commands, and DOR violations.

Byte Available Transfers module commands to this module.

Byte Request Requests data be returned form the module.

Control Response Returns information indicating response interrupts are not supported.

Trigger This module will accept the Trigger command, aithough no part of
this instrument will be affected by it.

Grant Device This module accepts this command, although it has no meaning to it
because it has no servants.

Identify Commander
Sends the commander's logical address to this module.

Module Commands

A summary of the VX4730 Module's commands is listed below. The summary also
shows any required order of programming needed for commands. This is followed by
detailed descriptions of each of the commands. A sample BASIC program using these
commands is shown in the Programming Examples section.

NOTE:
If Option 1M (MATE TMA) has been ordered with
this module, see Appendix M for information on
ATLAS/CIIL programming syntax. The commands
listed in this section are not effective with the MATE
option installed.
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Command Syntax

Command protocol and syntax for the VX4730 Module are as follows:

1) Each command consists of a single line of any number of characters. Parameters
may not be "wrapped around” (continued on the next line). Every command must
end with a line-feed <LF> or semi-colon (;} terminator. The terminator may be
omitted from any command if the End bit (which corresponds to the EOI signal in
IEEE-488 systems) is set on the last character of the command. Carriage-returns
< CR> are optional before line feeds or semicolons.

2) If a character is not enclosed by brackets, that character itself is sent, otherwise:

[] encloses the symbol for the actual argument to be sent. These
argument symbols are defined under each command heading.

< > indicates a binary value; ie: <OAh> is a line feed.

<CR> indicates a carriage-return.

<LF> indicates a line-feed.

<SP> indicates a space character.

<TM> terminator: indicates a line-feed or a semicolon.

3) Any character may be sent in either upper or lower case form.
4) Any of the following white space characters:

00 hex

01 hex through 08 hex

09 hex (TAB character)

OB hex through 19 hex (including carriage return)
20 hex (SPACE character)

are allowed in any of the following places:

- before any comma, semicolon, or <LF>.

- after any comma.

- in place of any SPACE character listed on the syntax line in the
command descriptions.

Any number of white space characters may be used together.

5) Binary arguments must be formulated as follows:
#0(B,1(B,]...

The '#0' characters are only required at the beginning od the binary string.

Response Syntax

All responses end with a <CR> <LF>, except where specified. The End bit is
asserted with the <LF>. In the examples given in the command descriptions, the
responses from the VX4730 are shown underlined.
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Command

INT
BUF

CLS

CLR

OPN

IST
ERR?
NBUF
DINT
RST

REV?

Action
Enables Request True interrupt generation.
Puts the moduile in buffered mode.

Closes the module's output isolation relay(s), connecting the output(s) of
one or more DACs to the module's output connectors.

Programs the output voltage level of the specified DAC channei(s). Each
DAC's output voitage changes as that channel's input is parsed. (See also
the S command).

Programs the output voltage level(s) of the specified DAC channel(s). All
outputs change simultaneously when the command terminator (semicolon
or line feed) is parsed. (See also the V command).

Programs a single output voltage level for all DAC channels simultaneously.

Programs the output voltage level of the DAC channels specified in
previous V, S, or A commands with ASCI characters.

Programs the output voltage level of the DAC channels specified in
previous V, S, or A commands with binary data.

Clears all channel LEDs. DEFAULT CONDITION.

Opens the module's output isolation relay(s), disconnecting the output(s) of
one or more DACs from the module’s output connectors. DEFAULT
CONDITION.

Initiates the module's internal self test.

Queries the error status of the module.

Puts the module in nonbuffered mode. DEFAULT CONDITION.

Disables Request True interrupt generation. DEFAULT CONDITION.

Resets the VX4730 to its power-up state.

Returns the VX4730's firmware revision level.

A detailed description of each command, in alphabetical order, is given on the following

pages.
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Command Descriptions

Command:

Syntax:

Purpose:

Description:

Example:

A (Set voitage of all channeils)

A z<TM> (ASCIl data format)
or
A #0z<TM> (binary data format)

The A command programs all channels to the specified output voitage.

This command should be used when all outputs are to be programmed to the
same value. It is important to note there is a time skew of approximately 11.5
usec between the time that each output changes (from channel A to channel L),
to prevent excessive dynamic current draw of this module.

z represents a voltage value that the DAC is to be programmed to. The data
syntax may be either ASCII or binary, as defined in the V command.

This command also affects any subsequent B or D commands. The B or D
commands are used when channel data and voitage data are to be given in
separate commands. If the A command is sent, subsequent B or D commands
will cause all channels to be programmed with the value specified by the B or D
command.

ASCII data format:
Any of the following would program all channels to + 10.000 voilts:

A +10.0<TM>

A +0.00000001EQ09<TM>
A 1000.00E-02<TM>

A .Ole+3<TM>
A10<TM>

Binary data format:
A #0<4Eh> <20h> <TM>

will also program all channels to + 10.000 voits. An optional format for binary
data, for time critical applications (the #0 characters need not be sent for this
example) is as follows:

A<TM>
B <4Eh> <20h> <TM>

This would program all channels to + 10.000 volts. For a complete description of
how to program the VX4730 in a binary format, refer to the V command
description. The <TM> termination character is optional in binary format.
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Errors:

If the value given is less than or equal to -16.38375 or greater than or equal to
+16.38375, the module's Error LED will be lit and a VXlbus Request True event
will be generated (if interrupts have been enabled with the INT command). Refer
to the INT command for a compiete description of VX4730 interrupts and to the
ERR? command for the syntax of the error message.
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Command:
Syntax:
Purpose:

Description:

Examples:

B {Program Binary Data)
B v,v,...v;,<TM>
Programs DAC channeis using binary data.

The B command programs the DAC outputs in the order specified by the last S,
V, or A command. If the A command was sent, all channeis will be programmed
with the single volitage specified in this command. if the S command was sent,
all channels are programmed when the terminator <TM> is parsed. If the V
command was sent, all channels will be programmed as the v value is parsed. In
nonbuffered mode, parsing occurs immediately on receipt of the character. The
VXIbus is held off until parsing is complete. in buffered mode, parsing of the nth
voltage occurs when all previously received characters have been processed.

The B command is used in situations where it is desirable not to send the channel
information in the same command as the voltages, typically in speed-critical
applications.

Each value of v has the form: [B1][B2]

No commas are used to delimit binary data. [B1] and [B2] represent a twos
complement value with the least significant bit equivalent to 0.5 millivoits. Two
bytes per channel must be sent to the 73A-256 in the binary format.

Some values in twos complement form are:

7FFF hex binary = 16.3835 volts (max)
0004 hex binary = 0.002 volts

0000 hex binary = 0.000 voits

fffc hex binary = -0.002 volts

8001 hex binary = -16.3835 voits (min)

NOTE: In the binary data format, both bytes must ALWAYS be sent for each

channel specified by the previous S or V command. A single pair of bytes is
sent for the A command. In non-buffered mode, the module automatically
switches to the VXlbus Fast Handshake mode while receiving binary data if
seven or more channels are being programmed with a single command.

SB<TM>
B <4Eh> <20h> <TM>

would program channel B to +10.000 volts.

SBJCG<TM>
B <4Eh> <20h> <B8h> <18h> <8Ah> <DOh> <00h> <00h> <TM>

would program channel B to 10.000 volts, channel J to -9.204 volts, channel C
to -15.000 volits, and channel G to 0.000 voits.
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The hex vaiues within the right and left brackets < > represent a single 8-bit
character. In other words, the <4Eh> in the example does not represent the
five characters, '<','4''E',’h’, and '> ', but rather the single byte character
corresponding to 4E hex. The <TM> termination character is optional.

NOTE: In BASIC programming languages, a nonprintable binary byte is typicaliy
generated with the CHR$(X) function, where X is the decimal value O to
255 which represents the 8-bit binary data vaiue.

Errors: If the vaiue given is less than -16.38375 or greater than or equal to +16.38375,
the module's Error LED will be lit and a VXlbus Request True interrupt will be
generated (if interrupts have been enabled with the INT command). Refer to the
INT command for a compiete description of VX4730 interrupts and to the ERR?
command for the syntax of the error message.
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Command:
Syntax:

Purpose:

Description:

Example:

BUF (Buffered input)
BUF<TM>

The BUF command allows the system controller to send data and commands to
the VX4730 over the VXIbus at optimum speed, independent of the parsing and
execution speed of this module.

in the buffered mode, all data sent to the module is buffered before being parsed,
allowing much faster transfer rates. This module operates using the VXlbus Fast
Handshake mode while in buffered mode. See the Synchronizing Muitiple
Instrumentation Modules section for details on synchronizing muitiple modules
used in the buffered mode. The module can take in up to 4000 characters at the
400 Kbyte rate before it has to temporarily hoid off the VXibus.

NOTE: The following discussion applies only to users planning on sending

extremely large amounts of data in a very short period of time (roughly
more than 1000 voltage changes per second}.

If you plan on sending 4000 bytes of data in under 200 milliseconds (which
roughly corresponds to 50 us/character, or 1000 changes in voltage per second)
in buffered mode, the data will be received faster than the module's parser is able
to process the characters, and eventually the module's 4096 byte buffer will fill
up. This will cause a temporary VXlIbus hold off condition, which is transparent
except for the effect it has on data transfer speed. [f the |EEE-488 controller is
slower than the module's parser rate, as many are, this hold off condition would
never be encountered.

When the hold off situation occurs, the VX4730 will not allow the VXlbus
system controller to send any additional data until the parser has emptied half of
its input buffer.

As an example, the first time the 4096 byte buffer is filled, the system controller
will be held off until the first 2048 bytes are parsed. From this point on, every
time the module releases the hold off condition, the controller may send another
2048 bytes, at which time it has to wait on the parser again.

Each character sent takes up one byte in the module input buffer unless the END
bit is set (EOI for IEEE-488), in which case it takes up three bytes. All buffered
VXlIbus commands (Trigger, Set Lock, Clear Lock) take up three bytes. (The
VXlbus commands Clear and Read Status are not buffered.) Refer to the
VX4730's commander manual for information on generation of VXlbus
commands.

BUF<TM>

3-10
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Command: CLR (Clear LEDs)

Syntax: CLR<TM>

Purpose: The Clear command clears (turns off) all channel LEDs.

Description: The CLR command turns off the twelve channei LEDs. The channel LEDs indicate

which channels have been programmed since the last power-up or CLR command
and also which channels have their isolation relays in the closed position. Once
cleared, a channel LED wili not turn on again until its channel is reprogrammed
and its isolation relay is in the closed position.

NOTE: The CLR command has no effect on the actual output voltage of a channel
or the status (open/closed) of a channel's isolation relay.

Example: CLR<TM>
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Command:
Syntax:

Purpose:

Description:

Examples:

Errors:

CLS (Close isolation Relays)
CLS z,,...,.2,<TM>

The Close command connects the specified channel(s)’ DAC output to the
module’'s output connector.

The z, represents the channel(s), A through L, whose isolation relays are to be
closed. If no channel is specified, all channels’ outputs are connected to the
module's output connector.

CLS A, B<KTM>
CLS <TM>

The first example closes the isolation relay for both channels A and B, while the
second example closes all channel isolation relays.

If the command contains syntax errors, such as CLS N<TM> (close the isolation
relay of an undefined channel), then the module's Error LED will be lit and a
VXIbus Request True event will be generated (if interrupts have been enabled
with the INT command). Refer to the INT command for a complete description of
VX4730 interrupts and to the ERR? command for the syntax of the error
message.

3-12
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Command:
Syntax:
Purpose:

Description:

Examples:

Errors:

D (Program ASCIl Data)
D v,v,..vi, <TM>
Programs DAC channels using ASCII data.

The D command programs the DAC outputs in the order specified by the last S,
V., A command. If the A command was sent, all channels will be programmed
with the single voitage specified in this command. If the S command was sent,
all channeis are programmed when the terminator <TM> is parsed. If the V
command was sent, all channels will be programmed as the v value is parsed. In
nonbuffered mode, parsing occurs immediately on receipt of the character. The
VXibus is held off until parsing is complete. In buffered mode, parsing of the nth
voltage occurs when all previously received characters have been processed.

The D command is used in situations where it is desirable not to send the channel
information in the same command as the voltages, typically in speed-critical
applications.

v represents the voltage that a DAC channel(s) are to be programmed to.

There must be one v for every channel specified in the last S, V, or A command
(specify one v for the A command). The format for each v may be integer,
decimal, or scientific notation. The format of a scientific notation number is as
follows:

+ E,E,.EE,E4E + E,E, E,

The integer and fractional portion of the mantissa may be of any length, but the
exponent portion, if included, is limited to three digits.

ASCII data values must be delimited by commas. Examples of ASCIl data
formats are shown in the Examples below.

Any of the following would program channel B to + 10.000 voits:

SB<TM>

D +10.0<TM>

D +0.00000001E009<TM>
D 1000.00E-02<TM>

D .0le+3<TM>
D10<TM>

If the value given is less than -16.38375 or greater than or equal to + 16.38375,
the module's Error LED will be lit and a VXIbus Request True interrupt will be
generated (if interrupts have been enabled with the INT command). Refer to the
INT command for a complete description of VX4730 interrupts and to the ERR?
command for the syntax of the error message.

VX4730
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Command:
Syntax:

Purpose:

Description:

Example:

DINT (Disable Interrupts)
DINT<TM>

This command disables generation of the VXibus Request True event when ¢
error condition is detected by this module.

The DINT command stops the VX4730 from generating any external interrupts on
the Vv XIbus that could be caused by a module error condition. If interrupts are not
disabled and the VX4730 detects a programming error or seif test error, it has the
capability to generate a VXIbus Request True event to its interrupt handler
(typically its commander).

For further information on VX4730 programming errors, refer to the ERR?
command.

DINT<TM>

3-14
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Command:
Syntax:

Purpose:

Description:

Response
Syntax:

ERR? (Report errors)
ERR?<TM>

The ERR? command instructs this moduie to return its error status the next time
input is requested from the module.

This command is typically issued to the module in response to a VXibus Request
True event (in an IEEE-488 system, the Request True event generates an SRQ on
the IEEE-488 bus). Errors reported by this command include those detected
during self test and programming errors.

All errors listed in this section cause a Request True interrupt to be generated if
interrupts are enabled via the INT command.

All errors occurring since the last ERR? command or reset condition wiil be
returned, beginning with the first error that occurred. After issuing the ERR?
command to the module, the system controlier should continue to request input
from the module until the "0,0,NO ADDITIONAL ERRORS TO REPORT" message
is returned from the module.

The ERR? command is compatible with the standard "send query command/read
response data” method as defined in the 488.2 specification for querying an
instrument. Sending the ERR? command before reading the response is entirely
optional. Whenever a response is read, error data will be returned.

The format of data returned by the ERR? command is:

[channel ID),[error],[ASCIl message]<CR> <LF>
[channel ID],[error],[ASCIl messagel<CR> <LF>

0.0, NO ADDITIONAL ERRORS TO REPORT <CR> <LF>
where:

[channel ID] is one of the following ASCH characters:

A - L - error occurred on this channel

Z - error is a channel independent error

0 - no additional errors to report

[error] is a 1 digit error code.

[ASCIl messagel] is an English message describing the error.

VX4730
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The meaning of [error] depends upon the [channel ID]. If the error message
[channel ID] is a O, either all errors have been reported or no errors have occurred
since the last ERR? command or reset.

All possible values for [error] and [ASCIl message] are listed below. [error] is
listed first, with [ASCIl message] below it, and below this the description of the
error.

[channel ID] = O
Error # = 0

NO ADDITIONAL ERRORS TO REPORT

There are no more errors to report. [error] is always O for [channel ID] = 0.

‘[channei ID] = £ through L

Error # = 1
SELF TEST FAILURE: VOLTAGE QUTPUT DOES NOT CHANGE

Although different voitage values were programmed, the channel’s DAC did not
change value during self test.

Error # = 2
SELF TEST FAILURE: BAD QUTPUT VOLTAGE

The output voltage changed during self test but was not within 3% or 1/2 voit of
the required value.

Error # = 3
VOLTAGE OVERRANGE

The data value sent in conjunction with the V, S, or A command was too large.
This error occurs if the value sent is greater than or equal to +16.38375 volts.

Error # = 4
VOLTAGE UNDERRANGE

The data vaiue sent in conjunction with the V, S, or A command was too small.
This error occurs if the value sent is less than -16.38375 volts.

Error # = 5
{CMD] COMMAND WITH VOLTAGE OMITTED

This error occurs when a channel is specified without a corresponding voitage.
[CMD] = V, S, or A command, indicating the command that generated the error.

3-16
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Error # = 6
TOO MANY DIGITS IN EXPONENT

This error occurs if the exponent of the voitage value exceeds three digits.

Error # = 7
RELAY STAYS IN CLOSED POSITION

This error occurs when an isolation relay stays in the closed position after
receiving an OPN command.

Error # = 8
RELAY STAYS IN OPEN POSITION

This error occurs when an isolation relay stays in the open position after receiving

a CLS command.

Error # = 9
[CMD] COMMAND WITH CHANNEL OMITTED

This error occurs when a V or S command is received without indicating the
channel to be programmed. [CMD)] = V or S command, indicating the command

that generated the error.

[channel ID] = Z
Error # = 1

RECEIVED UNEXPECTED [CHR] WHILE [REASON]

Where:

[CHR] = [single quotellcharacter]single quote] for printable characters (20

hex through 7F hex), for example, 'G’.
or

[CHR] = [spl[ASCII hex digit][ASCIl hex digit] for nonprintable characters
(00 hex through 19 hex and 80 hex through FF hex), for example, OA .

[REASON] = one of the following:

- EXPECTING A LINE FEED, SEMICOLON OR COMMA.
- EXPECTING A VOLTAGE.

- PARSING MANTISSA.

- PARSING EXPONENT.

- EXPECTING A CHANNEL CHARACTER.

Error # = 2
UNRECOGNIZED COMMAND

This error occurs if a command that is not listed in this document is received by

the module.

VvX4730
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Examples:

Error# = 3
TOO MANY CHANNELS SPECIFIED (MAX OF 12)

This error occurs when more than twelve channels have been specified.

ERR?<TM>
Example Responses:
no errors:

0,0.NO ADDITIONAL ERRORS TO REPORT<CR><LF>

muitiple errors:

A,2 SELF TEST FAIL...<CR><LF>

B,1,SELF TEST FAIL...<CR><LF>

A3, VOLTAGE OVERRANGE<CR> <LF>
Z.1,RECEIVED UNEXPECTED 'C' WHILE PARSING
EXPONENT<CR><LF>

0.0.NO ADDITIONAL ERRORS TO REPORT<CR>< ->

3-18
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Command:
Syntax:

Purpose:

Description:

Exampile:

INT (Interrupt enable)

INT<TM>

The INT command enables generation of the VXIbus Request True event when an

error condition is detected by this module.

The INT command enables the moduie to generate a VXlbus Request True event
whenever any of the error conditions listed under the ERR? command occur. If

the module is instalied in an IEEE-488 system, the occurrence of a VXlbus

Request True event condition will cause a Service Request (SRQ) to be generated

on the {EEE-488 bus.

INT<TM>

VX4730
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Command:
Syntax:
Purpose:

Description:

Exampile:

IST (internal Self Test)

IST<TM>

The IST command initiates an internal seif test of this module.

This command performs an instrument self test.

All outputs are first isolated from the module’s front paneil connector.

Each of eleven of the DAC's outputs are compared to the twelfth, which is used
as a reference, during this self test. The test is then repeated, using a different
DAC as reference.

If the seif test detects a channel more than 3% out of tolerance, the ERR LED will
be lit, and a message describing the failure will be queued up to be returned to
the module’s commander in response to the ERR? command. The module is still

operational in this state.

If the module passes the self test, the message '0,NO ADDITIONAL ERRORS TO
REPORT' will be returned in response to the ERR? command.

At the completion of seif test, the module is returned to its pre-test state.

IST<TM>

3-20
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Command:
Syntax:
Purpose:

Description:

Example:

NBUF (Nonbuffered Mode)
NBUF<TM>
The NBUF command puts the module into the nonbuffered mode of operation.

In the nonbuffered mode, a byte of command/data is not accepted from the
VXibus until the previous character has been processed. By using this mode, the
VX4730 maintains synchronization with its commander, and the user knows that
the DAC has been programmed when the acceptance of the second byte after the
last digit of the voitage level occurs. For example, if <CR> <LF> is used as a
terminator, it is guaranteed that the programmed voltage is at the output
connector when the <LF> is accepted.

The major advantage of this method is that another module which may use the
output of the VX4730 can immediately be programmed after the VX4730.
Consult Synchronizing Multipie Instrumentation Modules at the end of this section

for more details.

NOTE: The following paragraph only applies to the programmer who wiii be

switching back and forth between buffered and nonbuffered mode.

It is important to note that since this command typically will be received while the
module is in the Buffered mode, it will not take effect until the processor has
parsed it (receiving characters and processing them occur independently in
buffered mode). To guarantee that the module is actually in Nonbuffered mode
before executing another command, a query command (i.e. ERR? or REV?) should
be sent to the VX4730 after the NBUF command and the resuit read. This will
re-synchronize the module and the controller, since the response to the query is
not returned until both the NBUF and ERR? or REV? commands have been
processed.

NBUF<TM>
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Command:
Syntax:

Purpose:

Description:

Examples:

Errors:

OPN (Open isolation Relays)
OPN z,,...,.2,<TM>

The OPN command physically disconnects the specified channel(s)' DAC from the
module's output connector using a relay.

z represents the channel(s), A through L, whose isolation relays are to be
opened.

if no channels are specified, all channels are disconnected from the module's
output connector. This command does not affect any programmed voitages.

OPN A,B<KTM>
OPN <TM>

The first example opens the isolation relay for both channeis A and B, while the
second example opens all isolation relays.

If the command contains syntax errors, such as OPN W<TM> (open the
isolation relay of an undefined channel), then the module's Error LED will be lit
and a VXlbus Request True interrupt will be generated (if interrupts have been
enabled with the INT command). Refer to the INT command for a complete
description of VX4730 interrupts and to the ERR? command for the syntax of the
error message.
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Command:
Syntax:

Purpose:

Description:

Exampie:

Response
Syntax:

REV? (Revision Level)
REV?<TM>

The REV? command instructs the module to return the revision level of the
onboard microprocessor firmware.

This command returns the revision level of the onboard firmware as an
alphanumeric string representing the revision level.

REV?<TM>

An exampie of a typical response is:

REVISION 1.0<CR><LF>

VX4730
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Command: RST (Reset)
Syntax: RST<TM>
Purpose: The Reset command resets the module to its power-up state.
Description: When the RST command is received, the module is reset to its power-up
state:
Isolation: Open
D/A Qutput: 0.000V
Input Mode: Non-buffered
Interrupts: Disabled
3-24 VX4730
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Command:;

Syntax:

Purpose:

Description:

S (Simultaneously Set Voltage)

Sz,2,...2zy, v,,v,,...,v,,<TM> (ASCIl data format)
or

Sz,z,...2y, #0v,v,...v,,<TM> (binary data format)
or

Sz,z,...2,, <TM> (channel setup only)

The S command sets up the order in which channels are programmed, and then,
when the voltages are specified (in this command or in subsequent B or D
commands), programs all specified DAC channels to their specified voltages
simuitaneously.

When the voltages are given (either in this command or in a subsequent B or D
command), the outputs of the DACs change together with the parsing of the
command terminator <TM> of the command specifying the voitages. Although
this command is used when the specified outputs are to change together, it is
important to note there is a time skew of approximately 11.5 psec between the
time that each output changes (in the same order the channels are given), to
prevent excessive dynamic current draw of this module.

z represents the DAC channel (A through L) to be programmed.

v if given, represents the voltage that a DAC channel is to be programmed
to, given in the same order as the channel characters.

From 1 to a maximum of 12 channels may be specified in a single command.
Note that there is no space between the S and the [z] characters, and a space is
required before the specified voltages.

If no voltages are specified, the command acts only to specify the channel
ordering for a subsequent D or B command, and to specify that channels are to
be updated together on reception of the <TM> terminator of the D or B
command.

If voltages are specified, there must be one v for every z, with the first v
separated from the last z by a white space character. This value may be in one
of two formats, the ASCIl format or the binary format.

The ASCII data format for each v may be integer, decimal, or scientific notation.
The format of a scientific notation number is as follows:

+ E,E,.E,E,E¢E + E4E, E,

The integer and fractional portion of the mantissa may be of any length, but the
exponent portion, if included, is limited to three digits.

ASCII data values must be delimited by commas. Examples of ASCII data
formats are shown in the Examplies below.
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The binary data format for each v is: #0B,B,

The characters "#0" are only required at the beginning of the binary string. No
commas are used to delimit binary data. [B1] and [B2] represent a twos
complement value with the least significant bit equivalent to 0.5 millivoits. Two
bytes per channel must be sent to the VX4370 in the binary format.

Some values in twos compiement form are:

7FFF hex binary = 16.3835 voits (max)
0004 hex binary = 0.002 voits

0000 hex binary = 0.000 voits

fffc hex binary = -0.002 volts

8001 hex binary = -16.3835 voits (min)

NOTE: In the binary data format, both bytes must ALWAYS be sent for each

value. In non-buffered mode, the module automatically switches to the
VXlbus Fast Handshake mode while receiving binary data if seven or more
channels are being programmed with a single command.

Examples: ASCIl data format:
Any of the following would program channel B to + 10.000 voits:
SB +10.0<TM>
SB +0.00000001E009<TM>
SB 1000.00E-02<TM>
SB .01e+3<TM>
SB 10<TM>
SB<TM>
D +10.0<TM>
SBJCG +10.0,-9.204, -0.15e+2,0<TM>
will program channel B to 10.000 voits, channei J to -9.204 voits, channel Cto-
15.000 voits, and channel G to 0.000 volts.
Binary data format:
SB #0<4Eh> <20h> <TM> and
SBJCG #0<4Eh> <20h> <B8h> <18h> <8Ah> <DOh> <00h> <00h><TM>
would have the same results as the ASCII data format examples above. An
optional method of programming binary data is as follows:
SB<TM >
B <4Eh> <20h> <TM>
SBICG<TM>
B <4Eh> <20h> <B8h> < 18h> <8Ah> <DOh> <00h> <00h> <TM>
3-26 vVX4730
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Errors:

The hex values within the right and left brackets < > represent a single 8-bit
character. In other words, the <4Eh> in the exampie does not represent the
five characters, '<’','4",'E','h’, and '>", but rather the singie byte character
corresponding to 4E hex. The <TM> termination character is optional in binary
format.

NOTE: In BASIC programming languages, a nonprintable binary byte is typically
generated with the CHR$(X) function, where X is the decimal value O to
255 which represents the 8 bit binary data value.

If the value given is less than -16.38375 or greater than or equal to + 16.38375,
the module's Error LED will be lit and a VXlbus Request True interrupt will be
generated (if interrupts have been enabled with the INT command). Refer to the
INT command for a complete description of VX4370 interrupts and to the ERR?
command for the syntax of the error message.
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Command:

Syntax:

Purpose:

Description:

V (Set Voltage)

Vz,2,...24, Vy,Va...V,,<TM> (ASCIl data format)
or

Vz2,2,...2,, #0v,v,...v,, (binary data format)

or

Vz,2,...2,,<TM> (channel setup only)

The V (Set Voltage) command sets up the order in which channels are
programmed, and then, when the voitages are specified (in this command or in
subsequent B or D commands), programs all specified DAC channels to their
specified voltages.

When the voltages are given (either in this command or in a subsequent B or D
command), the outputs of the DACs change as each v vaiue is parsed. In
nonbuffered mode, parsing occurs immediately upon receipt of the character.

The VXIbus is held off until parsing is complete. In buffered mode, parsing of the
nth voitage occurs when all previously received characters have been processed.
Use the S command if the application requires all outputs to change together with
the command terminator.

z - represents the DAC channel (A through L) to be programmed.

v represents the voitage that a DAC channel is to be programmed to, given in
the same order as the channei characters.

From 1 to a maximum of 12 channels may be programmed with a single
command. Note that there is no space between the V and the (z] characters.

If no voltages are specified, the command acts only to specify the channel
ordering for a subsequent D or B command, and to specify that channels are to
be updated as the voitages are parsed in the D or B command.

If voitages are specified, there must be one v for every z, with the first v
separated from the last z by a white space character. This value may be in one
of two formats, the ASCIl format or the binary format.

The ASCII data format for each v may be integer, decimal, or scientific notation.
The format of a scientific notation number is as follows:

+ E,E,.E,E,EoE 2 E4F,Eq

The integer and fractional portion of the mantissa may be of any length, but the
exponent portion, if included, is limited to three digits.

ASCII data values must be delimited by commas. Examples of ASCII data
formats are shown in the Exampies below.
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Examples:

The binary data format for each v is: #08B,B,

The characters "#0" are only required at the beginning of the binary string. No
commas are used to delimit binary data. [B,] and (B,] represent a twos
compiement value with the least significant bit equivalent to 0.5 miilivoits. Two
bytes per channel must be sent to the VX4730 in the binary format.

Some values in twos complement form are:

7FFF hex binary = 16.3835 volts (max)
0004 hex binary = 0.002 voits
0000 hex binary = 0.000 volts
FFFC hex binary = -0.002 voits
8001 hex binary = -16.3835 voits (min)

NOTE: In the binary data format, both bytes must ALWAYS be sent for each

value. While in non-buffered mode, the module automatically switches to
the VXlbus Fast Handshake mode while receiving binary data if seven or
more channels are being programmed with a single command.

ASCIl data format: any of the following will program channel B to + 10.000
volts:

VB +10.0<TM>

VB +0.00000001E009<TM>

VB 1000.00E-02<TM>

VB .0le+3<TM>

VB 10<TM>

VB<TM>
D +10.0<TM>

VBJCG +10.0,-9.204, -0.15e¢+2,0<TM>

will program channel B to 10.000 voits, channel J to -9.204 volts, channel C to -
15.000 volts, and channel G to 0.000 volits.

Binary data format:

VB #0<4Eh> <20h> <TM>
VBJCG
#0<4Eh> <20h> <B8h> < 18h> <8Ah> <DOh> <00h> <00h> <TM>

will have the same resuits as the ASCIl data format examples above. An optionai
method of programming binary data is as follows:

VB<TM>

B <4Eh> <20h> <TM>

VBJCG<TM>

B <4Eh> <20h> <B8h> <18h> <8Ah> <DOh> <00h> <00h> <TM>

VX4730



Section 3

The hex values within the right and left brackets < > represent a single 8-bit
character. In other words, the <4Eh> in the example does not represent the
five characters, '<', '4",'E’, 'h', and '>", but rather the character corresponding
to 4E hex. The <TM> termination character is optional in binary format.

NOTE: In BASIC programming languages, a nonprintable binary byte is
typically generated with the CHR$(X) function, where X is the
decimal value O to 255 which represents the 8 bit binary data value.

Errors: If the value given is less than or equal to -16.38375 or greater than or equal to
+16.38375, the module's Error LED will be lit and a VXIbus Request True
interrupt will be generated (if interrupts have been enabied with the INT
command). Refer to the INT command for a compiete description of VX4730
interrupts and to the ERR? command for the syntax of the error message.
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SYSFAIL, Self Test, and Initialization

The VX4730 Module will execute a self test at power-up, or upon direction of a VXlbus
hard or soft reset condition, or upon command. The power-up seif test consists of an
interface seif test and an instrument seif test. A VXibus hard reset occurs when
another device, such as the VXIbus Resource Manager, asserts the backplane line
SYSRST*. A VXibus soft reset occurs when another device, such as the VX4730's
commander, sets the Reset bit in the VX4730's Control register.

At power-up, as well as during self test, all moduie outputs remain isolated from the
module’s front panel connector.

During a power-up, or hard or soft reset, the following actions take place:

1) The SYSFAIL* (VME system-failure) line is set active, indicating that the module
is executing an interface self test, and the Failed LED is lit. In the case of a soft
reset, SYSFAIL* is set. However, all Tektronix/CDS commanders, such as the
VX4521, wili simuitaneously set SYSFAIL INHIBIT. This is done to prevent the
resource manager from prematurely reporting the failure of a card.

2) On completion of the interface self test, SYSFAIL® is de-asserted. If the test
fails, the SYSFAIL* line remains active. If the interface self test passed, the
SYSFAIL* line is released, and the module enters the VXlbus PASSED state
(ready for normal operation). If it failed, the module enters the VXlbus FAILED
state.

3) The instrument self test, as described in the IST command, is then executed. This
relay-isolated test tests all DAC outputs within 3% accuracy. If the self test
fails, the module makes an internal record of what failures occurred. This record
will be returned in response to the ERR? command.

The defauit condition of this module after the completion of a power-up or a hard or
soft reset self test is as follows:

Isolation: Open

D/A Output: 0.000V
Input Mode: Non-buffered
Iinterrupts: Disabled

The self test can be run at any time during normal operation by using the IST command.
At the end of a self test initiated by the IST command, the module is restored to its pre-
test state.

For example, if Channel A is programmed to + 16V with its isolation relay closed, after
the commanded self test is complete the channel will be reprogrammed to + 16V and

its relay closed.

During a commanded self test {(IST command):
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1) SYSFAIL* is not asserted.

2) The module executes the same instrument self test as described for power-up
self test.

3) When the self test is completed, the module restores itself to its pre-test state. if
the test fails, the ERR LED will be lit and relevant error messages will be queued
for reporting with the ERR? command.

SYSFAIL* Operation

SYSFAIL* becomes active on a software failure, during power-up, a hard or soft reset,
or if the module loses +5 or +24 volt power. When the mainframe Resource Manager
detects SYSFAIL* set, it will attempt to inhibit the line. This will cause the VX4730
Module to deactivate SYSFAIL* in all cases except when +5 volt power is lost.

Synchronizing Multiple Instrumentation Modules

When designing a test procedure, it is important to take into account the problems that
can arise if the individual instrument modules are not properly synchronized. For
example, if a relay on one module switches a signal to a voitmeter on another module,
and the voltmeter reads the value before the relay has settied, an improper reading will
result.

There are two primary methods of implementing proper synchronization:

1) One is to send data to one or more modules as quickly as possible and then
check to see if all on-module operations are compiete before performing the
secondary operation {for example, reading the voltage).

2) The second method is to have the module hold off the data coming from the
controller until the on-module operation is complete. In this case, the voltmeter
can be read immediately after the first module is programmed.

The particular application generally determines the method used. The first method
results in faster throughput, but requires that some kind of polling sequence take place
to assure that on-module operations are complete. The second method is easier to
implement and insures that no module will be programmed before operations on a
previously addressed module are complete. However, this method may cause one
module to hold up data transfer during an interval when other modules couid be
programmed.

The VX4730 allows you to use either method. The first method can be initiated by
sending the BUF (buffered mode) command, which allows data collection and data
processing to occur in parailel, thus allowing optimal data transfer rates. The VXI Fast
Handshake protocol is used during this time. To be sure that VX4730 operations are
complete, send the ERR? or REV? command and then read the response. The response
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will not be returned until all commands in the VX4730's input buffer have been
executed.

The second method uses the default setting on the VX4730, the nonbuffered mode.
For V, S, A, B, or D commands, this means that the output will be programmed to the
specified vaiue upon the module's acceptance of the second byte after the last digit of
a numeric vaiue. If a <CR> <LF> is used to terminate the command, this
corresponds to the <LF>. If a semicolon is used for termination, either a space
following the semicolon or two semicolons without a space between them can be sent.

The VX4730 settling time should be referenced to see how much delay is needed for
the output to settle to the desired accuracy before any subsequent instrument
measurement which is dependent on the volitage output takes place. For all commands
other than V, S, A, B, or D commands, operations are guaranteed to be complete before
the first character of the next command will be accepted.

When using synchronized nonbuffered mode, it is important that the slot O module
maintain byte-to-byte synchronization between modules.

Increased throughput in non-buffered mode can be obtained by sending data in binary
format to gain some of the advantages of both methods. In this mode, the data
bypasses the onboard processor and is transferred directly to the DACs which are being
programmed. Binary format is also accepted in buffered mode. However, some of its
advantages are lost because the data is buffered before being sent to the DACs.
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Programming Examples

Definition

This section contains example programs which demonstrate how some of the various
programmable features of the VX4730 are used. The examples are written in BASIC
using an IBM PC or equivalent computer as the system controller, using National
Instruments GPIB calls.

of BASIC Commands

The programming examples in this manual are written in Microsoft GW BASIC. These
examples use the GW BASIC commands described below. If the programming language
you are using does not conform exactly to these definitions, use the command in that

language that will give the same result.

Command

CALL IBRD

CALL IBWRT

END

FOR/NEXT

GOSUB n

Resuit

The CALL IBRD statement inputs data into the string R$ from the
IEEE-488 instrument whose decimal primary address is contained in
the variable ADDRESS%. Following the input, the variable
LENGTH% contains the number of bytes read from the instrument.
The variable STATUS% contains the number '0" if the transfer was
successful or an '8’ if an operating system timeout occurred in the
PC. Prior to using the CALL IBRD statement, the string R$ must be
set to a string of spaces whose length is greater than or equal to the
maximum number of bytes expected from the VX4730.

The CALL IBWRT statement outputs the contents of the string
variable WRT$ to the IEEE-488 instrument whose decimal primary
address is contained in the variable ADDRESS%. Following the
output of data, the variable STATUS% contains a '0" if the transfer
was successful and an '8’ if an operating timeout occurred in the PC.

Terminates the program.

Repeats the instructions between the FOR and NEXT statements for
a defined number of iterations.

Runs the subroutine beginning with line n. EX: GOSUB 750 - runs
the subroutine beginning on line 750. The end of the subroutine is
delineated with a RETURN statement. When the subroutine reaches
the RETURN statement, execution will resume on the line following
the GOSUB command.
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GOTO n Program branches to line n. EX: GOTO 320 - directs execution to
continue at line 320.

IF/THEN Sets up a conditional IF/THEN statement. Used with other
commands, such as PRINT or GOTO, so that IF the stated condition
is met, THEN the command following is effective. EX: IF1 = 3
THEN GOTO 450 - will continue operation at line 450 when the
value of variable | is 3.

REM or ' All characters following the REM command are not executed. REM
statements are used for documentation and user instructions. EX:
REM **CLOSE ISOLATION RELAYS**

RETURN Ends a subroutine and returns operation to the line after the last
executed GOSUB command.

<CR> Carriage return character, decimal 13.

<LF> Line feed character, decimal 10.

Programming Examples In BASIC

The following sample BASIC programs show how commands for the VX4730 might be
used. These examples assume that the VX4730 has logical address 2 and is installed
in a VXIbus mainframe that is controlled via an IEEE-488 interface from an external
system controller, such as an IBM PC or equivalent, using a National Instruments IEEE-
488 interface. The VXlbus IEEE-488 interface is assumed to have an IEEE-488 primary
address of decimal 24 and to have converted the VX4730 Moduie's logical address to
an IEEE-488 primary address of decimal 2.

The command sequence terminator character <TM> used in the exampie programs is a
line feed character, which is appended to output data strings using the BASIC command
CHR$(10). That is, DATA# = "..... " + CHR$(10).

Following each example, the data sent to and returned from the module is shown, with
data returned by the module shown underlined.

Example 1:

10 IFTEX XTI ETERE X R R R 2 2 2 & 3 Vx4730 BASIC EXAMPLE PROGRAM .0....0....0....0’.

20’
30 '
40 '
50 '

USING NATIONAL INSTRUMENT PCIIA CALLS
ASSUMES VX4730 GPIB ADDRESS = 2

100 P RRRRRERERERRBRRRROEES |NIT|ALIZE SYSTEM O..0..00..0.’..0000000..0’0

110
120

CLEAR , 60000!: IBINIT1 = 60000!: IBINIT2 = IBINIT1 + 3: BLOAD "bib.m", IBINIT1
CALL IBINIT1({IBFIND, IBTRG, IBCLR, IBPCT, 1BSIC, IBLOC, I1BPPC, IBBNA, IBONL, IBRSC,
IBSRE, IBRSV, IBPAD, IBSAD, IBIST, IBDMA, IBEOS, IBTMO, IBEOT, IBRDF, IBWRTF, IBTRAP)
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130 CALL IBINIT2(IBGTS, IBCAC, IBWAIT, IBPOKE, IBWRT, IBWRTA, IBCMD, IBCMDA, IBRD,
IBRDA, IBSTOP, IBRPP, IBRSP, IBDIAG, IBXTRC, IBRDI, IBWRT!, IBRDIA, IBWRTIA, IBSTA%,
IBERR%, IBCNT %)

140 CLS : BDNAMES$ = "PCX"

150 CALL IBFIND(BDNAMES, PCX%)

160 IF PCX% < O THEN PRINT "IEEE FAILED": END

170"

200 AL A I XL EXEEERERER XY XX N 3 DISPLAY VXI TABLE [ ZZ XX XA RS XA R R XA R R E X AR KX N X X X J
210 DEVADDR% = 1 'ADDRESS OF RESOURCE MANAGER

220 CALL IBPAD(PCX%, DEVADDR%) 'ASSIGN DEVICE ADDRESS TO GPIB

230 TM$ = CHR$(13) + CHR$(10) 'DEFINE LINE TERMINATOR MESSAGE

240 WRTS$ = "TABLE" + TM$

250 CALL IBWRT(PCX%, WRTS$) 'WRITE TABLE COMMAND TO RESOURCE MANAGER
260 CLS

270 PRINT "The VXI system contains the following Modules. "

280 PR'NT LA XA X EE R ZE R R R R RS F R R R YRR R R R R R YRR YRR YRR R RIS ]
290 FORI =170 6 'ASSUMES 5 INSTRUMENTS + RESOURCE MANAGER
300 RD$ = SPACE$(250) 'ASSIGN SPACE FOR READ STRING

310 CALL IBRD(PCX%, RDS$) "CALL READ FUNCTION

320 PRINT LEFT$(RDS$, IBCNT%); 'DISPLAY RESPONSE

330 NEXT | ,

340 PRINT "PRESS ENTER TO CONTINUE" 'PAUSE PROGRAM

350 INPUT AS

360"

400 ' reevsveseses CONNECT A AND B CHANNEL DAC'S QUTPUTS ***teevecssses
410" TO THE MODULE'S OUTPUT CONNECTOR

420 CLS

430 DEVADDR% = 2 'ASSUMES VX4730 GPiB ADDRESS = 2

440 CALL IBPAD(PCX%, DEVADDR%) 'ASSIGN DEVICE ADDRESS TO GPIB

450 WRT$ = "CLS A,B" + TM$ 'COMMAND TO CONNECT A & B DAC OUTPUTS
460 CALL IBWRT(PCX%, WRT$) 'SEND COMMAND TO VX4730

470"

500 '***** PROGRAM VX4730 OUTPUTS A & B FOR 10.0 & 5.00 VOLTS RESPECTIVELY ****
510 CLS

520 PRINT "CHANNEL A = 10.0 VOLTS DC" + TM$

530 PRINT "CHANNEL B = 5.00 VOLTS DC" + TM$

540

550 WRT$ = "VA 10;VB 5.00" + TM$ 'COMMAND TO PROGRAM OUTPUT VOLTAGE OF
DAC'S

560 CALL IBWRT(PCX%, WRTS$) 'SEND COMMAND TO MODULE

570 END

The commands and data sent to the VX4730 Module are:

CLS A,B<LF>
VA 10;VB 5.00<LF>
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Exampie 2:

10 IEX XXX RS R E R R A X X R X X J Vx4730 BASIC EXAMPLE PROGRAM FPRBEPRBERRBPREREIITNES

20

30 ° USING NATIONAL INSTRUMENT PCHIA CALLS
40 ' ASSUMES VX4730 GPiB ADDRESS = 2

50 '

100 IR R EEREER XL R LR &2 SRS lNlTlALIZE SYSTEM P YTIRZXZEEEX TR R R R R AR R A A A AR &4

110 CLEAR, 60000!: IBINIT1 = 60000!: IBINIT2 = IBINIT1 + 3: BLOAD "bib.m", IBINIT1

120 CALL IBINIT1{IBFIND, IBTRG, IBCLR, IBPCT, IBSIC, IBLOC, IBPPC, IBBNA, IBONL, IBRSC,
IBSRE, IBRSV, IBPAD, IBSAD, IBIST, IBDMA, IBEOS, IBTMO, IBEOT, IBRDF, IBWRTF,
IBTRAP)

130 CALL IBINIT2(IBGTS, IBCAC, IBWAIT, IBPOKE, IBWRT, IBWRTA, IBCMD, IBCMDA, IBRD,
IBRDA, IBSTOP, IBRPP, IBRSP, IBDIAG, IBXTRC, IBRDI, IBWRTI, IBRDIA, IBWRTIA, IBSTA%,
IBERR%, IBCNT %)

140 CLS : BDNAMES$ = "PCX"

150 CALL IBFIND(BDNAMES$, PCX%)

160 IF PCX% < O THEN PRINT "IEEE FAILED": END

170 RD$ = SPACE$(80)

180"

200 '**eseesssssenvovese INTIATE VX4730 SELF TEST ***eeeesessaroness

210 CLS

220 DEVADDR% = 2 'ASSUMES VX4730 GPIB ADDRESS = 2
230 CALL IBPAD(PCX%, DEVADDR%) 'ASSIGN DEVICE ADDRESS TO GPIB
240 WRT$ = "RST" + TM$ 'RESET CARD TO POWER UP STATE
250 CALL IBWRT(PCX%, WRTS$) 'SEND RESET COMMAND TO VX4750
260 WRT$ = "IST" + TM$ 'INITIATE SELF TEST

270 CALL IBWRT(PCX%, WRTS$) 'SEND SELF TEST TO VX4730

300 IEE R E X XXX E N X B XX X 4 CHECK VX4730 FOR ANY ERRORS 0000.0'...QO.'...Q..Q'.....
"CALL READ FUNCTION
310 PRINT "TESTING VX4730 FOR ERRORS >" + TM$

320 GOSUB 500 'READ AND DISPLAY VX4730 STATUS
330 PRINT "PRESS ENTER TO END PROGRAM" 'PAUSE PROGRAM

340 INPUT A$

350"

400 END

500 IEXEEEEEREEEE S 2 2 5 22 &1 READ BACK VX4730 STATUS e YIRS 2 2 2 A 0
510 PRINT * * VX4730 STATUS * *" + TM$

520 WRT$ = "ERR?" + TM$ 'MODULE ERROR INQUIRY COMMAND
530 CALL IBWRT(PCX%, WRTS$) 'SEND COMMAND TO VX4730

540 CALL IBRD(PCX%, RD$) "CALL READ FUNCTION

550 PRINT "~ ": LEFT$(RDS$, IBCNT %) 'DISPLAY RESPONSE

560 PRINT

570 IF MID$(RDS$, 1, 1) = "O" THEN GOTO 600 'TEST FOR MORE ERRORS IN QUE
580 GOTO 540 'REPEAT READING IF MORE ERRORS
590 PRINT

600 RETURN
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The commands and data sent to the VX4730 Module and the response data returned are shown
below. Response data is underiined.

IST<LF>
ERR? <LF>

0,0.NO ADDITIONAL ERRORS TQ REPORT<CR> <LF>

VX4730



Appendix A
V Xlbus Operation

If the user's mainframe has other manufacturer's
computer boards operating in the role of VXibus
foreign devices, the assertion of BERR*™ (as defined
by the VXlbus Specification) may cause operating
problems on these boards.

The VX4730 Module is a C size single siot VXlbus Message-Based Word Serial
instrument. It uses the A16, D16 VME interface available on the backpiane P1
connector and does not require any A24 or A32 address space. The moduie is a D16
interrupter.

The VX4730 Module is neither a VXIbus commander nor a VMEbus master, and
therefore it does not have a VXlbus signal register. The VX4730 is a VXIbus message
based servant.

The module supports both the Normal Transfer mode and Fast Handshake Transfer

mode of the VXlbus, using the Write Ready and Read Ready bits of the module's

Response register.

A Normal Transfer mode Read of the VX4730 Module proceeds as follows:

1. The commander reads the VX4730's Response register and checks if the Write
Ready and DOR bits are true. If they are, the commander proceeds to the next

step. If not, the commander continues to poll these bits until they become true.

2. The commander writes the Byte Request command (ODEFFh) to the VX4286's
Data Low register.

3. The commander reads the VX4730's Response register and checks if the Read
Ready and DOR bits are true. If they are, the commander proceeds to the next
step. If not, the commander continues to poll these bits until they become true.

4, The commander reads the VX4730's Data Low register.

A Normal Transfer Mode Write to the VX4730 Moduie proceeds as follows:

1. The commander reads the VX4730's Response register and checks if the Write
Ready and DIR bits are true. If they are, the commander proceeds to the next
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step. If not, the commander continues to poll the Write Ready and DIR bits until
they are true.

2. The commander writes the Byte Available command which contains the data
(OBCXX or 0BDXX, depending on the End bit) to the VX4730's Data Low
register.

The VX4730 Module also supports the Fast Handshake mode during some commands.
In this mode, data typically can be sent at a 400 Kbyte rate. The VX4730 Module
asserts BERR*® to switch from Fast Handshake Mode back to Normal Transfer mode, per
VXI| Specification. The VX4730's Read Ready and Write Ready bits react properly
during Fast Handshake.

A Fast Handshake Transfer Mode Read of the VX4730 Module prcceeds as follows:

1. The commander writes the Byte Request command (ODEFFh) to the VvX4730's
Data Low register.

2. The commander reads the VX4730's Data Low register.

A Fast Handshake Transfer Mode Write to the VX4730 Module proceeds as follows:

1. The commander writes the Byte Available command which contains the data
(OBCXX or 0BDXX depending on the state of the End bit) to the VX4730's Data
Low register.

The VX4730 Moduie has no registers beyond those defined for VXlbus message based

devices. All communications with the module are through the data low register, the

response register or the VXlbus interrupt cycle.

As with all VXibus devices, the VX4730 Module has registers located within a 64 byte

block in the A16 address space. The base address of the VX4730 device’'s registers is

determined by the device's unique logical address and can be calcuiated as follows:

Base Address = V * 40H + COOOH

where V is the device's logical address as set in the logical address switches.

VX4730 Configuration Registers

Below is a list of the VX4730 Configuration Registers with a complete description of
each. In this list, RO = Read Only, WO = Write Only, R = Read, and W = Write. The
offset is relative to the module's base address. An 'x' in a Value bit position in the Bit
Definition table means that either a O or 1 is acceptable in that position.
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REGISTER DEFINITIONS

Register

ID Register
Device Type
Status
Control
Offset
Protocol
Response
Data High
Data Low
Data Low

REGISTER BIT DEFINITIONS

iD:

Device:

Protocol:

Address

0000H
0002H
0004H
0004H
0006H
0008H
000AH
000CH
OOOEH
OOOEH

BFFCh

F525h

F7FFh

Word Serial Commands

A write to the Data Low register causes this module to execute some action based on the data

RO
RO

WO
RO
RO

Value (Bits 15-0)

1011 1111 1111 1100 (BFFCh)
See Device Type definition beiow
See Device Type definition below
See Device Type definition below
Not used

111111101111 1111 (F7FFh)
Defined by state of the interface
Not used

See Data Low definition below
See Data Low definition below

written. This section describes the device-specific Word Serial commands this module responds to

and the results of these commands.

Read Protocol command response:

FE6Bh
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Input/Output Connections

All DAC outputs are provided on four DE-9S connectors, labeled S1 through S4. These
connectors may be accessed using either Tektronix/CDS VX1732 Analog Cables or
VX1784P Hooded Connectors.

Pin number

WoONOOGOA~EWN=

Pin number

OCONOTO A WN =

Pin number

OCONOOTOPLWN-—-

Signal

Front Panel Ground (for Cable Shield)

D/A channel C signal
D/A channei B signal
D/A channel A signal
Unused

D/A channel C return
D/A channel B return
D/A channel A return
Ground

Signal

Front Panel Ground (for Cable Shieid)

D/A channel F signal
D/A channel E signal
D/A channel D signal
Unused

D/A channel F return
D/A channel E return
D/A channel D return
Ground

Signal

Front Panel Ground (for Cabie Shield)

D/A channel | signal

D/A channel H signal
D/A channel G signal
Unused

D/A channel | return

D/A channel H return
D/A channel G return
Ground
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Pin_ number

CoOoONOOTOPWN =

Signal

Front Panel Ground (for Cable Shield)
D/A channel L signal

D/A channel K signal

D/A channel J signal

Unused

D/A channel L return

D/A channei K return

D/A channel J return

Ground

VX4730
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VXI Glossary

The terms in this glossary are defined as used in the VXlbus System. Although some of
these terms may have different meanings in other systems, it is important to use these
definitions in VXlbus applications. Terms which apply oniy to a particular instrument
module are noted. Not all terms appear in every manual.

Term

Definition

Accessed
Indicator

ACFAIL*

A-Size Card

Asynchronous

Communication

Backplane

B-Size Card

Bus Arbitration

Bus Timer

An amber LED indicator that lights when the module identity is
selected by the Resource Manager module, and flashes during any
1/0 operation for the module.

A VMEbus backplane line that is asserted under these conditions: 1)
by the mainframe Power Supply when a power failure has occurred
(either ac line source or power supply maifunction), or 2) by the front
panel ON/STANDBY switch when switched to STANDBY.

A VXlbus instrument moduie that is 100.0 by 160 mm by 20.32 mm
{3.9 by 6.3 in by 0.8 in), the same size as a VMEbus single-height
short module.

Communications that occur outside the normal "command-response”
cycle. Such communications have higher priority than synchronous
communication.

The printed circuit board that is mounted in a VXlbus mainframe to
provide the interface between VXlbus modules and between those
modules and the external system.

A VXlbus instrument module that is 233.4 by 160 mm by 20.32 mm
(9.2 by 6.3 in by 0.8 in), the same size as a VMEbus double-height
short module.

In the VMEbus interface, a system for resolving contention for
service among VMEbus Master devices on the VMEbus.

A functional module that measures the duration of each data transfer
on the Data Transfer Bus (DTB) and terminates the DTB cycle if the
duration is excessive. Without the termination capability of this
module, a Bus Master attempt to transfer data to or from a non-
existent Slave location could result in an infinitely long wait for the
Slave response.
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Client

CLK10

CLK100

Commander

Command

Communication
Registers

Configuration
Registers

C-Size Card

Custom Device

In shared memory protocol (SMP), that half of an SMP channel that
does not control the shared memory buffers.

A 10 MHz, 100 ppm, individually buffered (to each module siot),
differential ECL system clock that is sourced from Slot O and
distributed to Slots 1-12 on P2. It is distributed to each module siot
as a single source, single destination signal with a matched delay of
under 8 ns.

A 100 MHz, +100 ppm, individually buffered (to each moduie slot),
differential ECL system clock that is sourced from Slot O and
distributed to Slots 1-12 on P3. It is distributed to each module slot
in synchronous with CLK10 as a single source, single destination
signal with a maximum system timing skew of 2 ns, and a maximum
total delay of 8 ns.

In the VXIbus interface, a device that controls another device (a
servant). A commander may be a servant of another commander.

A directive to a device. There are three types of commands:

In Word Serial Protocol, a 16-bit imperative to a servant from its
commander.

In Shared Memory Protocol, a 16-bit imperative from a client to a
server, or vice versa.

In a Message, an ASCli-coded, muiti-byte directive to any receiving
device.

In word serial protocol, a set of device registers that are accessible to
the commander of the device. Such registers are used for inter-
device communications, and are required on all VXlbus message-
based devices.

A set of registers that allow the system to identify a (moduie) device
type, model, manufacturer, address space, and memory
requirements. In order to support automatic system and memory
configuration, the VXlbus standard specifies that all VXlbus devices
have a set of such registers, all accessible from P1 on the VMEbus.

A VXlbus instrument module that is 340.0 by 233.4 mm by 30.48
mm (13.4 by 9.2 in by 1.2 in).

A special-purpose VXIbus device that has configuration registers so
as to be identified by the system and to allow for definition of future
device types to support further levels of compatibility.

vX4730



Appendix C

Data Transfer
Bus

DC SUPPLIES
Indicator
Device Specific
Protocol

D-Size Card

DTB

DTB Arbiter

DUT

ECLTRG

Embedded
Address

ESTST
Extended
Self Test

External System
Controller

FAILED
Indicator

IACK Daisy Chain
Driver

ID-ROM

One of four buses on the VMEbus backplane. The Data Transfer Bus
allows Bus Masters to direct the transfer of binary data between
Masters and Slaves.

A red LED indicator that illuminates when a DC power fault is
detected on the backplane.

A protocol for communication with a device that is not defined in the
VXlbus specification.

A VXlbus instrument module that is 340.0 by 366.7 mm by 30.48
mm (13.4 x 14.4in x 1.2 in).

See Data Transfer Bus.

A functional module that accepts bus requests from Requester
modules and grants control of the DTB to one Requester at a time.

Device Under Test.

Six single-ended ECL trigger lines (two on P2 and four on P3) that
function as inter-module timing resources, and that are bussed across
the VXlbus subsystem backplane. Any moduie, including the Slot O
module, may drive and receive information from these lines. These
lines have an impedance of 50 ohms; the asserted state is logical
High.

An address in a communications protocol in which the destination of
the message is included in the message.

Extended STart/STop protocol; used to synchronize VXIbus modules.

Any self test or diagnostic power-up routine that executes after the
initial kernel seif test program.

The host computer or other external controller that exerts overall
control over VXlbus operations.

A red LED indicator that lights when a device on the VXlbus has
detected an internal fault. This might resuit in the assertion of the
SYSFAIL* line.

The circuit that drives the VMEbus Interrupt Acknowledge daisy
chain line that runs continuously through all installed modules or
through jumpers across the backplane.

An NVRAM storage area that provides for non-volatile storage of
diagnostic data.
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Instrument
Module

Interface
Device

Interrupt
Handler

Interrupter

IRQ

Local Bus

Local Controller

Local Processor

Logical Address

Mainframe

Memory Device

Message

Message Based
Device

MODID Lines

A plug-in printed circuit board, with associated components and
shields, that may be installed in a VXIbus mainframe. An instrument
module may contain more than one device. Also, one device may
require more than one instrument module.

A VXlbus device that provides one or more interfaces to external
equipment.

A functional module that detects interrupt requests generated by
Interrupters and responds to those requests by requesting status and
identity information.

A device capable of asserting VMEbus interrupts and performing the
interrupt acknowiedge sequence.

The Interrupt ReQuest signal, which is the VMEbus interrupt line that
is asserted by an Interrupter to signify to the controller that a device
on the bus requires service by the controller.

A daisy-chained bus that connects adjacent VXlbus slots.

The instrument module that performs system control and external
interface functions for the instrument modules in a VXibus
mainframe or several mainframes. See Resource Manager.

The processor on an instrument module.

The smallest functional unit recognized by a VXlbus system. Itis
often used to identify a particular module.

Card Cage For example, the Tektronix VX1400 Mainframe, an
operable housing that includes 13 C-size VXlbus
instrument module slots.

A storage element (such as bubble memory, RAM, and ROM) that
has configuration registers and memory attributes (such as type and
access time).

A series of data bytes that are treated as a single communication,
with a well defined terminator and message body.

A VXlbus device that supports VXI configuration and communication
registers. Such devices support the word serial protocol, and
possibly other message-based protocols.

Module/system identity lines.

A-10
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Physical
Address

Power Monitor

P1

P2

P3

Query
READY
Indicator

Register Based

Device

Requester

Resource
Manager

Self Calibration

Seif Test

Servant

Seryer

The address assigned to a backplane siot during an access.
A device that monitors backplane power and reports fauit conditions.

The top-most backplane connector for a given module siot in a
vertical mainframe such as the Tektronix VX1400. The left-most
backplane connector for a given slot in a horizontal mainframe.

The bottom backplane connector for a given module siot in a vertical
C-size mainframe such as the VX1400; or the middle backplane
connector for a given module siot in a vertical D-size mainframe such
as the VX1500.

The bottom backplane connector for a given module slot in a vertical
D-size mainframe such as the Tektronix VX1500.

A form of command that aliows for inquiry to obtain status or data.

A green LED indicator that lights when the power-up diagnostic
routines have been complieted successfully. An internal failure or
failure of + 5-volt power will extinguish this indicator.

A VXlbus device that supports VXI register maps, but not high level
VXibus communication protocols; includes devices that are register-
based servant elements.

A functional module that resides on the same module as a Master or
Interrupt Handler and requests use of the DTB whenever its Master
or Interrupt Handler requires it.

A VXlbus device that provides configuration management services
such as address map configuration, determining system hierarchy,
allocating shared system resources, performing system self test
diagnostics, and initializing system commanders.

A routine that verifies the basic calibration of the instrument module
circuits, and adjusts this calibration to compensate for short- and
long-term variables.

A set of routines that determine if the instrument module circuits will
perform according to a given set of standards. A self test routine is
performed upon power-up.

A VXIbus message-based device that is controlled by a commander.

A shared memory device that controis the shared memory buffers
used in a given Shared Memory Protocol channel.

VX4730
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Shared Memory
Protocol

Slot O
Controller

Slot 0 Module

SMP

STARX

STARY

STST

SYNC100

Synchronous
Communications

SYSFAIL*

System Clock
Driver

System
Hierarchy

A communications protocol that uses a block of memory that is
accessible to both client and server. The memory block operates as
a message buffer for communications.

See Slot O Module. Also see Resource Manager.

A VXlbus device that provides the minimum VXlbus slot O services
to slots 1 through 12 (CLK10 and the module identity lines), but that
may provide other services such as CLK100, SYNC100, STARBUS,

and trigger control.
See Shared Memory Protocol.

Two (2) bi-directional, 50 ohm, differential ECL lines that provide for
inter-module asynchronous communication. These pairs of timed and
matched delay lines connect slot O and each of slots 1 through 12 in
a mainframe. The delay between slots is iess than 5 nanoseconds,
and the lines are well matched for timing skew.

Two (2) bi-directional, 50 ohm, differential ECL lines that provide for
inter-module asynchronous communication. These pairs of timed and
matched delay lines connect slot O and each of slots 1 through 12 in
a mainframe. The delay between slots is less than 5 nanoseconds,
and the lines are well matched for timing skew.

STart/STop protocol; used to synchronize modules.

A Slot O signal that is used to synchronize muitiple devices with
respect to a given rising edge of CLK100. These signais are
individually buffered and matched to less than 2ns of skew.

A communications system that follows the "command-response”
cycle model. In this model, a device issues a command to another
device; the second device executes the command; then returns a
response. Synchronous commands are executed in the order
received.

A signal line on the VMEbus that is used to indicate a failure by a
device. The device that fails asserts this line.

A functional module that provides a 16-MHz timing signal on the
Utility Bus.

The tree structure of the commander/servant relationships of all
devices in the system at a given time. In the VXIbus structure, each
servant has a commander. A commander may also have a
commander.

A-12
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Test Monitor

Test Program

Test System

TTLTRG

VXlbus
Subsystem

Word Serial
Protocol

Word Serial
Communications

WSP
10-MHz Clock
100-MHz Clock

488-To-VXlbus
Interface

An executive routine that is responsible for executing the seif tests,
storing any errors in the ID-ROM, and reporting such errors to the
Resource Manager.

A program, executed on the system controller, that controis the
execution of tests within the test system.

A collection of hardware and software modules that operate in
concert to test a target DUT.

Open coliector TTL lines used for inter-module timing and
communication.

One mainframe with modules installed. The installed modules include
one moduie that performs slot O functions and a given complement
of instrument modules. The subsystem may also include a Resource
Manager.

A VXlbus word oriented, bi-directional, serial protocol for
communications between message-based devices (that is, devices
that include communication registers in addition to configuration
registers).

Inter-device communications using the Word Serial Protocol.

See Word Serial Protocol.

A 10 MHz, +100 ppm timing reference. Also see CLK10.

A 100 MHz, +100 ppm clock synchronized with CLK10. Also see
CLK100.

A message based device that provides for communication between
the IEEE-488 bus and VXlbus instrument modules.
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Calculating Module Current

The VX4730 DAC Module supplies voltage and current to an external load. It is necessary to
calculate the amount of current that is drawn by each load in order to determine the number of
channels that may be used on a single VX4730 or the number of VX4730 Modules that may be
used in a mainframe.

For each channel used, calculate the maximum current drawn. Typically, this is the maximum
voitage to be programmed divided by the load impedance. Add up all the currents of all the channels
to be used. The total must not exceed 720 milliamps and no one channel can exceed 410
milliamps. If the total does exceed 720 milliamps, a second VX4730 is needed. Repeat this process
until all of the system requirements are met without exceeding the VX4730's maximum current
specification.

The next step is to determine if the mainframe being used has enough current capacity on the +24
volt rails to support the number of VX4730's being used as well as any other module(s) that uses
+24 volts. The total =24 volt current needs of the VX4730 are the calculated load current plus
480 milliamps. Therefore, if a module is using the full 720 milliamp capacity, the total for the
VX4730 will be 1.2 amps.

The mainframe being used will specify the capacity of its + 24 voit power supply. This is 6 amps on
both the + 24V and the -24V supply rails if a Tektronix/CDS VX1401 Mainframe is being used. The
VX1401 can accommodate five fully loaded VX4730 modules. The VX1400 Mainframe can supply
8 amps on both the +24V and -24V supply rails, which allows the possibility of using six fully
loaded VX4730 Modules.
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Appendix E
MATE Programming

This Appendix defines the programming commands to be used with the VX4730 when the module
has been ordered with Option 1M. With Option 1M installed, the VX4730 includes an embedded
CCl! (ClIL Communications Interface) that fulfilis the United States Air Force MATE system IAC
{Instrument-on-A-Card) requirements for isolated self test and remote programming via MATE CIIL
{Control Interface intermediate Language) commands. This allows the VX4730 to be programmed
as a DC Supply (DCS).

The following subjects are covered in this manual section:

ClIL / Commercial Differences (A - 17)

CliL Command Mnemonics and Definitions (A - 18)
CilL Command Structures and Formats (A - 20)
CliL Syntax Expansions (A - 20)

ATLAS and CIIL Syntax (A - 22)

The user is assumed to be familiar with the ATLAS (Abbreviated Test Language for All Systems)
programming language as it is applied to MATE systems.

1L mmercial Differenc

The CIIL implementation of this module differs from operations described in the body of this manual
in some respects.

CIIL does not allow interrupts to be enabled for IEEE-488 Service Requests. It always operates in
the nonbuffered mode, and supports the standard ClIL commands and data syntax, which excludes
the binary data syntax.

Because the seif test takes under five seconds, the confidence and self test are identical on this
module.

The following specifications differ with the CIIL option installed:

VXI Data Rate:
400 bytes/sec minimum

VXibus Protocol Events Supported:
VXlbus events are returned by this module via VME interrupts. This module supports the
following event:

UNRECOGNIZED COMMAND
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Conversion Rate:
Throughput is the maximum number of conversions per second which can be accomplished
by the DAC on a continuous basis. This module is capable of a conversion rate in excess of
500 conversions per second per channel.

CllL. Command Mnemonics and Definitions

The VX4730 Module is controlled by ClIL commands issued to the module by the module's VXibus
commander over the VXlbus mainframe backplane. The module’s commander is interfaced to the
MATE station computer via an |IEEE-488 interface bus. A typical control sequence for the module is
as follows:

1) Set up the voltage output of a given channel.

2) Connect the output pins of the module to the UUT (Unit Under Test) via the MATE ICA
{interface Control Assembly).

3) Close the channel's isolation relay, connecting the channel's voltage output to the VX4730's
front panel connector.

4) Open the channel's isolation relay, disconnecting the channel’s output from the module’'s front
panel connector.

Each CIIL command consists of a verb and up to three different types of operands. The operands
are nouns, modifiers, and modifier values. Depending on the verb, a given operand may or may not
be required.

If the module detects syntax errors in a transmission, the entire transmission and all future
transmissions are ignored until a STA (Status) command is received. Following a STA command,
the station computer requests input from the module and receives an ASCIl message, identifying the
module status as error or no error.

Verbs

Mnemonic Definition

ClIL Return from alternate language: This command should be sent to return to the CIiL
environment after a GAL instruction. Any pending errors are discarded, request true
interrupts are disabled, and buffered mode is terminated if previously entered while in
the alternate language.

CLS Close: commands the module to close the specified isolation relay.

CNF Confidence Test: commands the module to perform a confidence test. An error
message is queued if hardware malfunctions are encountered during the test. The
queued error message is returned to the station computer when the module receives an
STA command. The confidence test takes less than five seconds to execute. The test
performed is described under the IST command in the Operation section of this manual.
The same test is performed for both the CIIL CNF and IST commands.
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FNC

GAL

IST

OPN

RST

SET

SID

Function: identifies a channel to be set up and indicates the start of a setup sequence.

Go to Alternate Language: Allows any command listed in the Qperation section of this
manual to be executed. Any pending errors are discarded before going to the alternate
language.

Internal Self Test: commands the moduie to perform a self test. An error message is
queued if hardware malfunctions are encountered during the self test. The queued error
message is returned to the station computer when the module receives an STA
command. The internal self test takes less than 5 seconds to execute. The test
performed is described under the IST command in the Qperations Section of this
manual. The same test is performed for both the CIIL CNF and IST commands.

Open: commands the module to open a specified channel's isolation relay.

Reset: Opens the specified channel's isolation relay and sets its output voitage to
0.000 volts.

Setup: used to indicate the beginning of the set-up of a module DAC channel.

Self Identification: commands the module to return an identification string in the
following format:

<SP>COLORADO DATA SYSTEMS;VX4730;0; <REV>; <STATUS RESPONSE> <CR> <LF>

STA

Modifiers

VOLT

where:

<SP> = space

<CR> = carriage return

<LF> = line feed

<REV> = revision level (e.g. 1.0)

<STATUS RESPONSE> = the ASCIlI message that would normally be returned in
response to a STA command, in accordance with MATE-STD-2806763, paragraphs
5.3.4 and 5.3.4.2.

Status: commands the module to report its current status and/or any error that has
been queued to the station computer.

DC Source: the CIIL noun defining the general class of this module's output.

Voltage: indicates the programmable parameter to be set.
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CIiL Comman r r nd Formats
This sub-section defines the ordering of commands that are accepted by this module. Except for
the FNC command, each command is transmitted separately and terminated with a <CR> <LF>.
The FNC command appears as the first command in a sequence, followed by all other commands
{ie: SET) in the same transmission. One <CR> <LF> is sent at the end of the transmission. The
symbols used in the syntax expansions are defined below.
Symbol Definition
< > ltem referenced later (enclosed between symbols)
[} Optional item or structure (enclosed between symbols)
---" No operand required or expected
% Decimal value is in signed scientific notation with no embedded blanks (sign may be + or - ;
no sign means +). The mantissa is 10 characters; the exponent is two characters with a
mandatory sign. All numbers are rounded to the nearest half millivolt. Valid syntaxes are:
+.9000000000E + 01
+.2559000000E + 01
+.2559400000E + 01 (rounded to +2.5595 volts)
The values may be programmed from -16.3835 to + 16.3835 voits for each channel. See the
V and S commands in the Qperation section of this manual.
z 1-2 digit integer value. For this module, the acceptable values are O through 11, representing
channeis A through L, respectively.
ClIL Syntax Expansions
< voltage value set up> :: [FNC DCS :CH<z> SET VOLT<y> <CR> <LF>]
< channel isolation relay-close> :: [CLS :CH<z><CR> <LF>]
< channel isolation relay-open> :: [OPN :CH<z> <CR> <LF>]
<module self test> :: [IST<CR> <LF>]
<module confidence test> :: [CNF<CR> <LF>]
<reset channel to default vailue> :: [RST DCS :CH<z> <CR> <LF>}
<request status read back> :: [STA<CR> <LF>]

< module normal response to STA> :: ASCIl SPACE<CR> <LF>

<module abnormal response to STA> :: [FO7DCS (MOD): <error description> <CR> <LF>]
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<chan-val>, where used in error descriptions, is O through 11, specifying the channel (A through
L)

The following error descriptions are supported:
SELF TEST FAILURE: BAD VOLTAGE CHAN <chan-val>,...<chan-val> <CR> <LF>

The output voitage changed during self test but was not within 3% or 0.5 volits of the
required value.

VOLTAGE OVERRANGE CHAN <chan-val> <CR> <LF>

The data value sent in conjunction with the VOLT command was out of range. This error
occurs if the programmed voitage value is greater or equal to + 16.38375.

VOLTAGE UNDERRANGE CHAN <chan-val> <CR> <LF>

The data value sent in conjunction with the VOLT command was out of range. This error
occurs if the programmed voltage value is less than or equal to -16.38375.

RELAY STAYS IN CLOSED POSITION CHAN <chan-val> <CR> <LF>

This error occurs when an isolation relay stays in the closed position after receiving an OPN
command.

RELAY STAYS IN OPEN POSITION CHAN <chan-val> <CR> <LF>

This error occurs when an isolation relay stays in the OPEN position after receiving a CLS
command.

RECEIVED UNEXPECTED [CHR] WHILE [REASON]<CR> <LF>
For this response:

[CHR] = [single quote}[character](single quote] for printable characters (20 hex through 7F
hex), for example, 'G'.

or

[CHR] = [spacel{hex digitl[hex digit] for nonprintable characters {00 hex through 19 hex and
80 hex through FF hex), for example, OA .

<REASON> = ONE OF THE FOLLOWING:
- PARSING CHANNEL.

- EXPECTING A LINE FEED.

- EXPECTING A VOLTAGE.

PARSING MANTISSA.

PARSING EXPONENT.

ILLEGAL CHANNEL <chan> <CR> <LF>
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Incorrect channel number received. <chan> is the incorrect channel number received, two
digits maximum.

SET VOLTAGE COMMAND WITH VOLTAGE OMITTED<CR> <LF>

Channel specified without corresponding voltage.

TOO MANY DIGITS IN EXPONENT<CR> <LF>

Exponent of voltage value exceeds three digits.

UNRECOGNIZED COMMAND<CR> <LF>

This error occurs if a command that is not a valid ClIL command is received by the module.

ATLAS and ClIL Syntax

This sub-section provides examples of the ATLAS syntax that can be used to control the module.
The ATLAS syntax is shown, followed by the corresponding CIIL command expansions. The symbol
definitions used in the syntax expansions are as follows:

Symbol Definition

< > Item reference defined later (enclosed between symbols)

[] Optional item or structure {enclosed between symbols)

o Is defined to be

{} Set of choices or boundaries of a structure of inseparable items (enclosed between
symbols)
Exclusive OR
Optional repetition

Term Definition

<integer-val> Integer

<integer-list>
<real-val>
<real-list>

< connection >
<chan-num>
<statno>
<CR>

<LF>

<SP>

<units >

NOTE:

A list of integers

Decimal number

A list of decimal numbers

Connection field as defined in ATLAS program.
Channei number

Statement number

Carriage return

Line feed

Space

Units of measure of specified value.

<chan-num> is an integer from O through 11 allocated by the ATLAS compiler
during its allocate phase, derived from the connection field of the ATLAS
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statement. The <chan-num> directly corresponds to DAC channels A through L
respectively.

Examples:

The examples that follow use single-action verbs. It is also possible to use muiti-action verbs which
will issue combinations of CIIL strings for each ATLAS statement. For further details, consuilt the
ATLAS Compiler manual.
Se vol u value.
<statno> SETUP,DC SIGNAL, VOLTAGE <real-val> <units>, CNX <connect field> $
ClIL Expansion

FNC DCS :CH<chan-num> SET VOLT <real-vai> <CR> <LF>

Connect the output pins of the module to the UUT (Unit Under Test) via the MATE ICA.

<statno> CONNECT,DC SIGNAL, VOLTAGE <real-val> <units>, CNX <connection field >
$

ClIL Expansion

CON <connection data> <CR> <LF>

The above CIlIL message is sent to the MATE ICA and not to the module.

Connect the output pins of the module to the UUT (Unit Under Test) via the MATE ICA.

< statno> CLOSE,DC SIGNAL, VOLTAGE <real-val> <units>, CNX <connection field> $
CIIL_Expansion

CLS :CH<chan-num> <CR> <LF>

Open the channel's isolation relay, disconnecting the channel's output from the module's front panel
connector.

<statno> OPEN,DC SIGNAL, VOLTAGE <real-vai> <units>, CNX <connection field> $

CliL_Expansions

OPN :CH<chan-num> <CR> <LF>
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User Service

This appendix contains service-related information that covers the following topics:
m  Preventive maintenance

m  User-replaceable Parts

Preventive Maintenance

You should perform inspection and cleaning as preventive maintenance. Preventive main-
tenance, when done regularly, may prevent malfunction and enhance reliability. inspect
and clean the module as often as conditions require by following these steps:

1. Turn off power and remove the module from the VXIbus mainframe.
2. Remove loose dust on the outside of the instrument with a lint-free cloth.
3. Remove any remaining dirt with lint-free cloth dampened in a general purpose deter-
gent-and-water solution. Do not use abrasive cleaners.
User-Replaceable Parts
Replacement parts are available through your local Tektronix field office or representative.

Changes to Tektronix instruments are sometimes made to accommodate improved com-
ponents as they become available. Therefore, when ordering parts, it is important to in-
clude the following information in your order.

Part number

Instrument type or model number

Instrument serial number

Instrument modification number, if applicable.
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User-Replaceable Parts

Part Description

Part Number

User Manual 070-9150-XX
Label, Tek CDS 950-0933-00
Label, VXI 950-1065-00
Fuse, Micro 4 Amp 125V Fast 159-0374-00
Collar Screw, Metric 2.5 x 11 Slotted 950-0952-00
Shield, Front 950-1326-00
Screw, Phillips Metric 2.5 x 4 FLHD SS 211-0867-00
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Options

Option 1M

Option 1M adds programming per CIIL Specification (MATE-STD-CIL).

Option 10

Option 10 to the VX4730 Module deletes channels G—L (which are channels 6—11 for the
CIIL option). Channels A—F (0—5) operate as described in the manual.

Specification Changes:
Function: 6 channel, 16-bit digital-to-analog converter.
Operational Changes:

Self Test only tests channels A through F.
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Appendix H: Performance Verification

This procedure verifies the performance of the VX4730 12-Channel D/A
Converter. You may perform the verification in your current VXIbus system if it
meets the minimum requirements specified in Table A-2. It is not necessary to
complete the entire procedure if you are only interested in a specific performance
area. However, the verification of some parameters rely on the correct operation
of previously validated functions so it is best to follow the order presented.

General Information and Conventions

Please familiarize yourself with the following conventions which apply
throughout this procedure:

m  Each test sequence begins with a table, similar to the one below, which
provides information and requirements specific to that section. The item
number appearing after each piece of equipment refers to an entry in
Table A-1,Required Test Equipmern page A—30. Following the table you
will be given instructions for interconnecting the VX4730 and for checking
performance parameters.

Equipment Digital Volt Meter (item 1)
Requirements 274 Q Test Load Assembly (item 2)
Prerequisites All prerequisites listed on page A-30

m  This procedure assumes that you will be using the National Instruments PC
GPIB controller, and software (NI-488.2M) configured as described in
Table A-3. In the test sequences you will be instructed to issue Interface Bus
Interactive Contro(ibic) commands to set up the VX4730-under-test
system. Please refer to the NI-488.2M User Manual for additional informa-
tion. If you are using a different controller, simply substitute the equivalent
command and response syntax in the test sequences.
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Prerequisites

Equipment Required

The verification sequences in this procedure are valid when the following

requirements are met:

m  The VX4730 has been calibrated within the last 12 months

®  The VX4730 module covers are in place and the module is installed in an
approved VXIbus mainframe according to the instructions in Section 2 of the

Operating Manual

m  The VX4730 has passed its power-on self test

B The VX4730 has been operating for a warm-up period of at least ten minutes
and is operating in an ambient environment as specified in Section 1 of the

Operating Manual

This Procedure uses traceable signal sources and measurement instruments to
check performance. Table A-1 lists the required equipment. You may use
equipment other than the recommended examples if it meets the minimum

requirements listed.

Table A-1: Required Test Equipment

Item Number and Description

Minimum Requirements

Example

Purpose

1. Digital Volt Meter (DVM)

5-1/2 digit, 20 VDC range, accuracy >
0.01 %.

FLUKE 8842A

Checking voltage accuracy

2. 274 Q Test Load Assembly
(four required)

Male DB-9 Connectors, 4 required
(Tektronix part number 131-1007-00)

274 Q, 1%, 0.5 W Resistor, 12
required (Tektronix part number
323-0139-00)

Four (identical) assem-
blies as shown in Figure
A-1

Loading all channels simulta-
neously at 60 mA per channel

3. 40 Q Test Load Assembly

Male DB-9 Connector, 3 required

Three assemblies as

Loading a single channel at

(set of three) (Tektronix part number 131-1007-00) shown in Figure A-2 400 mA
20 Q, 0.5%, 5W Resistor, 6 required
(Tektronix part number 308-0584-00)
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3-274Q 1% 0.5 W resistors soldered
between pins 4 & 8,3 & 7,and 2 & 6.

View of Solder Side
Figure A-1: 274 Q Test Load Assembly
Soldered between Soldered between Soldered between
pins 4 & 8. pins3&7. pins 2 & 6.

20

20 20

Q Q| |9

0
40 Q Load Assembly #1 40 Q Load Assembly #2 40 Q Load Assembly #3

Figure A-2: 40 Q Test Load Assemblies
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VX4730-Under-Test Configuration

In order to perform this procedure, the VX4730-under-test must be installed in
an approved VXIbus system. At a minimum, the system must contain the
elements listed in Table A-2.

Table A-2: Elements of a Minimum VX4730 Under-Test System

Item Number and Description | Minimum Requirements Example Purpose

1. VXlbus Mainframe One available slot for VX4730 in Tektronix VX1400A, VX1410 | Provides power, cooling, and
addition to the Slot 0 controller backplane for VXIbus modules

2. Slot 0 Controller Resource Mgr., Slot 0 Device VX4521 Slot 0 Resource Mgr. | Provides Slot 0 functions,
Functions, IEEE 488 GPIB Inter- Resource Mgr., and GPIB/
face VXIbus interface

3. VXlbus System Controller | System Talker/Listener/Controller | IBM 486 PC with National System Controller

Instruments GPIB PC2A card
& NI-488.2M software and
GPIB Cable (Tektronix part
number 012-0991-00)

4.  VX4730-Under-Test Not applicable Not applicable Verify performance

Test System Configuration ~ Table A-3 describes the VXIbus system configuration which is assumed in this
procedure. If your configuration is different, you do not need to change it; just
note that you will observe your device names and addresses in test results.

Table A-3: Performance Verification System Configuration (Assumed)

GPIB Device VXlbus Logical | GPIB Primary
Device Name VXI Slot Address Address
GPIBO GPIBO (PC card) NA 30
VX4521 VX4521 Slot 0 0D hexadecimal | 13
VX4730 VX4730 Slot 1 01 1

Test Record

Photocopy the Test Record, and use it to record the performance verification
results for your module.
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VX4730 Test Record

VX4730 Serial Number:

Temperature and Relative Humidity:

Date of Last Calibration:

Verification Performed by:

Certificate Number:

Date of Verification:

VX4730 Performance Tests

VXlIbus Interface Checks

Logical Address, IEEE Address, Slot No., MFG., Model, etc.

Table Command Response

1st Response

2nd Response

3rd Response

Passed Failed

Program Command Response Self Test

Interrupt SRQ
Voltage Accuracy Programmed | +16.3835V +8.0000 V 0.0000V -8.0000V -16.3835V
All 12 Channels (A through L) Maximum +16.3850 V1 | +8.0000 V2 +0.0025 V -7.9950 V -16.3755 V
drivinga 274 Q, 1%, 0.5 W
load resistor Minimum +16.3755 V3 | +7.9950 V4 -0.0025V -8.0000 V -16.3850 V

Measured
Channel A S1,pins4 &8
Channel B S1,pins3&7
Channel C S1,pins2 &6
Channel D S2,pins4 &8
Channel E S2,pins3&7
Channel F S2,pins2 &6
Channel G S3,pins4 &8
Channel H S3,pins3&7
Channel | S3,pins2 &6
Channel J S4,pins4 &8
Channel K S4,pins3&7
Channel L S4,pins 2 & 6
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Current Drive, Single Channel

+16.3835 Vinto a 40 Q, 1 %, 10.0 W load +16.0000 V Minimum -16.0000 V Maximum
Channel A Load Assembly #1 S1,pins4&8
Channel B Load Assembly #2 S1,pins3&7
Channel C Load Assembly #3 S1,pins2 &6
Channel D Load Assembly #1 S2,pins4 &8
Channel E Load Assembly #2 S2,pins3&7
Channel F Load Assembly #3 S2,pins2&6
Channel G Load Assembly #1 S3,pins4&8
Channel H Load Assembly #2 S3,pins3&7
Channel | Load Assembly #3 S3,pins2&6
Channel J Load Assembly #1 S4,pins4 &8
Channel K Load Assembly #2 S4,pins 3&7
Channel L Load Assembly #3 S4,pins2 &6

1 The maximum expected voltage is the programmed value (+16.3835 V) plus the monotonic specification (0.0015 V), and
minus the loss due to the minimum output impedance (0.00 V).

2 The maximum expected voltage is the programmed value (+8.0000 V) plus the monotonic specification of 0.0015 V, minus
the loss due to the minimum output impedance).

3 The minimum expected voltage is the programmed value (+16.3835 V) minus the monotonic specification (0.0015 V), the
loss due to the maximum output impedance (0.122 Q x 60.0 mA = 0.0073 V), and the DB9 connector (0.0007 V).

4 The minimum expected voltage is the programmed value (+8.0000) minus the monotonic specification of 0.0015 V, the
loss due to the maximum output impedance (0.122 Q x 30.0 mA) and the DB9 connector.
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Self Test

The VX4730 includes a built-in self test capability (BITE) which is automatical-
ly executed each time the power is turned on and when the Internal Self Test
(IST) command is issued. The self test uses internal routines and circuitry to
confirm basic functionality and proper adjustment. No test equipment is
required.

During BITE, all channel outputs are first isolated from the front panel connec-
tors. Then each output is internally compared with another output, used as a
reference, to assure accuracy to within 3% of the programmed voltage. Two
comparisons of each channel using separate reference channels are performed to
increase the test reliability. Each comparison is performed over the entire voltage
range from -16.3 Vto + 16.3 V.

In addition to BITE, the VX4730 incorporates a relay fault detection feature. If a
relay fails to open or close as programmed with CLS or OPN commands, the
ERROR light will turn on, an error message will be created in the message
queue, and a Request True interrupt will be generated.

Following the VXIbus system startup sequence, the green PWR light on the
front panel indicates that all power supplies are operational. If a +57\24NV
bus fails, or the associated fuse opens, the PWR light will be off. Also, the
FAILED light will be on, and SYSFAIL* will be asserted indicating a module
failure.

NOTE. If you experience any error indications from the Slot O Resource Manager,
the VX4730-under-test, or other VXIbus module, investigate and correct the
problem before proceeding. Common items to check are logical address conflicts
(primary and secondary; see Table A-3), breaks in the VXlbus daisy chain
signals, improper seating of a module, loose GPIB cable, improperly set Slot 0
single-step switch (VX4521), or loose or blown fuses.

Performance Verification Tests

This procedure verifies the performance of the VX4730. The test sequences
contain setup instructions for the example equipment listed in Tablepagé,

A-30. You may use equipment other than the recommended examples if it meets
the minimum requirements listed. The order of test sequences has been chosen to
minimize system setup. Although not essential, it is recommended that you

follow the order presented, as some tests rely on previously verified parameters.

VXlbus Interface  This sequence verifies that the VX4730 configures correctlycaminunicates
properly with your system controller.
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Equipment No additional test equipment is required for this sequence.
Requirements

Prerequisites All prerequisites listed on page A-30

1. Verify the system configuration by sending the TABLE command to the
Slot 0 Resource Manager and confirm the responses shown in table A—4.
Your configuration may not be identical, but the responses should be similar.

NOTE. If you are using National Instruments NI-488.2 software you may wish to
select buffer 1 display mode to allow more comfortable viewing of the ASCII
response. Just typgeiffer 1.

Table A-4: VXIbus System Configuration

Command to Type | Correct Response to Verify

ibic

buffer 1
ibfind VX4521
ibwrt "table"
ibrd 100 02

! LA 0, IEEE 13, Slot O, MFG FFDh, MODEL VX4521, PASS,
» RM..

! LA 1, IEEE 01, STot 1, MFG FFDh, MODEL VX4730, PASS
TRIGGER;LOCK;READ STB, MESG, 0, V1.3, NORMAL

2. \erify that the power-on self test passed and that there are no error messages
pending:

ibfind VX4730

ibrd 100
(0,0, NO ADDITIONAL ERRORS TO REPORT)
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3. Verify the VX4730 interrupt capability with the following steps:

NOTE. Make sure your Slot 0 controller and the VX4730 are set to the same
interrupt level (see Operating Manual for switch location). Also, if you are using
National Instruments NI-488.2 software, make sure Auto Serial Polling is
disabled (via ibconf) to prevent the SRQ from being reset prior to visual
verification.

a. Enable the generation of the VXIbus Request True event when an error
condition is detected and then force an error condition by programming
an out-of-range voltage (The zero length read serves to unaddress the
Slot 0 controller allowing it to then detect the VXIbus interrupt and to
assert the SRQ):

ibwrt "int"

ibwrt "va 20"
(Observe redRROR light on the VX4730)

ibrd 0
(Observe VX4521 indicates S in 2nd digit on front panel)

b. Check that the VX473BRROR light on and that the Slot 0 controller
(VX4521) displays an S in the second digit of the front panel display,
indicating that an SRQ is pending.

c. Perform a serial poll with the VX4730 and check that the Slot 0
Resource Manager is no longer indicating an active SRQ (note a return
value of 40 h):

ibrsp
(Observe 40 h return value and S no longer asserted)

d. Read two responses from the VX4730 to clear the error messages:

ibrd 100
(ObserveA,3,VOLTAGE OVERRANGE, noERROR light)

!
(Observe0,0,NO ADDITIONAL ERRORS TO REPORT)

Check Voltage Accuracy  This test sequence verifies the accuracy of the programmed voltage level at the
rated drive current for all channels driven simultaneously.

Equipment Digital Volt Meter (item 1)
Requirements 274 Q Test Load assembly, four required (item 2)
Prerequisites All prerequisites listed on page A-30
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1. Connect the four 27 test load assemblies to the front panel DB9

connectors (S1, S2, S3, and S4).

2. Connect the positive and negative DVM test leads across th@ 53t load
resistor attached to S1, pins 4 and 8 respectively.

3. Set the VX4730 to its power-on default state and then to generate
16.3835 VDC on all twelve channels simultaneously:

set VX4730

ibwrt "rst;a 16.3835;clIs"

4. Check that the Channel A output voltage is within the limits specified in the

Test Record.

5. Move the DVM test leads, in turn, to each of the remaining eleven channels
and check that the output voltage is within the limits specified on the Test

Record.

6. Inthe same way, check the additional voltages in Table A-6.

Table A-5: DC Accuracy (All Channels Driving 274 Q)

Command to Send

DC Voltage to Verify on Each Channel

ibwrt "rst;a 16.3835;cls" 16.3835 VDC
(step 3 repeated for table continuity)

ibwrt "rst;a 8.0000;c1s" 8.0000 VDC
ibwrt "rst;a 0.0000;cls" 0.0000 VDC
ibwrt "rst;a —-8.0000;c1s" -8.0000 VDC
ibwrt "rst;a -16.3835;cls" -16.3835 VDC

Maximum Drive Current  This test sequence verifies that each channel is individually capable of sourcing
for Single Channel  or sinking more than 400 mA into a resistive load when only a single channel is

being driven.
Equipment Digital Volt Meter (item 1)
Requirements 40 Q Test Load Assembly Set (item 3)
Prerequisites All prerequisites listed on page A-30

1. Connect the 4@ Test Load #1 to the S1 front panel connector (Ch A).

2. Connect the DVM test leads across theedtest load.
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3.

VX4730 12-Channel D/A Module

Set the VX4730 to its power-on default state, to generate 16.3835 VDC on
Ch A, and to close all output relays. Then check the output voltage against
the minimum specified in the Test Record.

ibwrt "rst;vA 16.3835;cls"
(Check Ch A against Test Record)

Reset the VX4730 to generate —16.3835 V and again check the output
voltage as specified in the Test Record.

ibwrt "vA -16.3835"
(Check Ch A against the Test Record)

Move the 402 Test Load #1 to the S2 front panel connector (Ch D) and
reattach the DVM test leads. Set the VX4730 to generate 16.3835V on Ch D
and check the voltage against the Test Record. Then reset the output voltage
to —16.3835 V and again check the voltage.

ibwrt "rst;vD 16.3835;cls"
(Check Ch D against Test Record)

ibwrt "rst;vD -16.3835;cls"
(Check Ch D against Test Record)

In a similar manner, check the additional channels using the thiReTdét
Load Assemblies and commands in Table A-6.
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Table A-6: DC Current Drive (Single Channel Driving 40 Q)

40 Q Load Assembly No. and
Front Panel Output Connector No.

Channel
Commands to Send to Check

40 W Load #1 on S3 ibwrt "rst;vG 16.3835;cIs" |G
ibwrt "vG -16.3835"

40 W Load #1 on S4 ibwrt "rst;vd 16.3835;cls" |J
ibwrt "vJ -16.3835"

40 W Load #2 on S1 ibwrt "rst;vB 16.3835;c1s" |[B
ibwrt "vB -16.3835"

40 W Load #2 on S2 ibwrt "rstj;vE 16.3835;c1s" |E
ibwrt "vE -16.3835"

40 W Load #2 on S3 ibwrt "rst;vH 16.3835;cls" |H
ibwrt "vH -16.3835"

40 W Load #2 on S4 ibwrt "rst;vL 16.3835;cls" |K
ibwrt "vK -16.3835"

40 W Load #3 on S1 ibwrt "rst;vC 16.3835;cIs" |C
ibwrt "vC -16.3835"

40 W Load #3 on S2 ibwrt "rstj;vF 16.3835;c1s" |F
ibwrt "vF -16.3835"

40 W Load #3 on S3 ibwrt "rst;vI 16.3835;cls"
ibwrt "vI -16.3835"

40 W Load #3 on S4 ibwrt "rstj;vL 16.3835;cls" |L

ibwrt "vK -16.3835"

This completes the VX4730 verification procedure.
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WARNING

The following servicing instructions are for use only by qualified personnel. To
avoid injury, do not perform any servicing other than that stated in the operating
instructions unless you are qualified to do so. Refer to all Safety Summaries before
performing any service.
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In order to meet its published specification, the VX4730 must be adjusted every
twelve months. At the time of shipment, the module was adjusted at room
temperature (Z5C) to within an absolute no-load accuracy of 1.5 mV of the
programmed voltage (0.5 mV adjustment error plus 1 mV linearity error).
Subsequent adjustment should be performed at the temperature at which the
module will be operating. If this is not feasible, or the module will be operating
over a wide temperature variation, consult the temperature drift specification in
the Operating Manual.

The following skills are required to perform this procedure:

m  Thorough knowledge of test instrument operation and proper measurement
techniques

m  Knowledge of VXIbus system components and command language
programming

m  Ability and facility to construct interconnections and fixtures as needed to
perform the procedure

General Information and Conventions

This procedure assumes that you will be using the National Instruments
PC-GPIB controller and software (NI-488.2M) in a system configuration as
described in Table A-9. The adjustment sequence will instruct you to issue the
corresponding Interface Bus Interactive Confitolc) commands to set up the
VX4730. Please refer to the NI-488.2M User Manual for additional information.
If you are using a different controller, simply substitute the equivalent commands
in the adjustment steps.

Prerequisites

Proper adjustment of the VX4730 may be achieved when the following
requirements are met:

®  The VX4730 module covers are in place and the module is installed in an
approved VXIbus mainframe according to the instructions in Section 2 of the
Operating Manual

m  The VX4730 has passed its self test and has been operating for a warm-up
period of 10 minutes in an ambient environment as specified in Section 1 of
the Operating Manual
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NOTE. The module may be operated on an extender board to allow access to the
adjustments.

Equipment Required

This procedure uses traceable signal sources and measurement instruments.
Table A7 lists the required equipment however, you may use equipment other
than the recommended examples if it meets the minimum requirements listed.

Table A-7: Required Adjustment Equipment

Example
FLUKE 8842A

Item Number and Description Purpose

1. Digital Volt Meter (DVM)

Minimum Requirements

5-1/2 digit, 100 VDC range, accuracy >
0.002 %.

Full length C size VXIbus extension

Checking voltage accuracy

2. VXlbus Extender Board Tektronix 73A-850

Providing adjustments access

System Requirements

In order to perform this procedure, the VX4730 must be installed in an approved
VXlbus system. At a minimum, the system must contain the elements listed in
Table A-8.

Table A-8: Elements of a Minimum VX4730 Adjustment System

Item Number and Description

Minimum Requirements

Example

Purpose

1. VXlbus Mainframe

One available slot, for the VX4730
in addition to the Slot O controller

Tektronix VX1400A

Power, cooling, and backplane
for VXIbus modules

2. Slot 0 Controller

Resource Mgr., Slot 0 Functions,
IEEE 488 GPIB Interface

VX4521 Slot 0 Resource Mgr.

Slot 0 functions, Resource
Mgr., GPIB-VXIbus interface

3. System Controller

286 Processor; Talker/Listener/
Controller GPIB card, and software

IBM 486 PC with National
Instruments GPIB PC2A card
& NI-488.2M software, GPIB
cable (Tektronix part number
012-0991-00)

System Controller
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System Configuration ~ Table A—9 describes the VXlbus system configuration which is assumed in this
procedure. If your configuration is different, you do not need to change it, just
note that you will observe your device names and addresses in place of those
recommended in Table A-9.

Table A-9: VXlbus Adjustment System Configuration

GPIB Device VXlbus Logical | GPIB Primary
Device Name VXI Slot Address Address
GPIBO GPIBO (PC card) NA 30
VX4521 VX4521 Slot 0 0D (hexadeci- 13
mal)
VX4730 on extender VX4240 Slot 1 01 1

Adjustment Procedure

Each channel of this module must be individually adjusted. There is one gain
adjustment and one zero offset adjustment for each channel. Labeled holes are
provided in the module’s EMC shield to access the adjustments. Adjustment
locations are shown in Figure 1 on page 1-3.

NOTE. Itis important to note the effects of cable resistance versus load current
and temperature on the module outputs. For example, the resistance of the
Tektronix 73A—732P cable is 3424km. This corresponds to 2.0 mV per meter
voltage drop at 60 mA output current. If practical, a higher degree of overall
system accuracy can be obtained if the readings are taken from the end of the
terminated cable that will be used to drive the Device Under Test load during
normal operations.

1. Connect the DVM to the output connector and pins associated with the
channel to be adjusted (Please refer to the Test Record in the Performance
Verification Procedure for the output connector pin definitions).

2. Reset all VX4730 outputs to 0.000 VDC and close all output relays with the
following commands:

ibfind VX4730
ibwrt "rstj;a 0;cls"

If the module has been ordered with Option 1M (MATE TMA), use the CIIL
commands to reset all outputs to 0.000 VDC and close all output relays:

ibwrt "RST DCS :CHO"
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ibwrt "RST DCS :CH1"
ibwrt "RST DCS :CH2"

ibwrt "RST DCS :CH11"
ibwrt "CLS :CHO"
ibwrt "CLS :CH1"
ibwrt "CLS :CH2"

ibwrt "CLS :CHI1"

Adjust the zero offset adjustment for each channel in turn, for a DVM
reading of 0.000&0.0001 VDC.

Set the VX4730 for an output voltage of 16.382 on all channels with the
following command:

ibwrt "a 16.382"

If the module has been ordered with Option 1M (MATE TMA), use the CIIL
commands to set all outputs:

ibwrt "FNC DCS :CHO SET VOLT +.1638200000E+02"
ibwrt "FNC DCS :CH1 SET VOLT +.1638200000E+02"
ibwrt "FNC DCS :CHZ2 SET VOLT +.1638200000E+02"

ibwrt "FNC DCS :CH11 SET VOLT +.1638200000E+02"

Adjust the gain adjustment for each channel in turn, for a DVM reading of
16.3820+£0.0005 VDC.

With the following command, set the VX4730 for an output voltage of
—16.382 VDC on all channels and verify each channel in turn to be
—16.382+0.001 VDC:

ibwrt "a -16.382"

If the module has been ordered with Option 1M (MATE TMA), use the CIIL
commands to set all outputs and then verify each channel:

ibwrt "FNC DCS :CHO SET VOLT -.1638200000E+02"
ibwrt "FNC DCS :CH1 SET VOLT -.1638200000E+02"
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ibwrt "FNC DCS :CHZ2 SET VOLT -.1638200000E+02"

ibwrt "FNC DCS :CH11 SET VOLT -.1638200000E+02"

NOTE. When the readings are taken from the end of a cable connected to the
output connector rather than directly from the connector, accuracy may be
affected by interference from external sources. If the output voltage of the
channel being adjusted fails to indicate —16.382001 VDC, repeat steps 2
through 6. If the readings are being taken directly from the front panel connector
and cannot be adjusted to within the tolerances specified, the module is
defective. Contact Tektronix at 1-800—Tek—4VXI.

This completes the VX4730 adjustment procedure.
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