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LIMITED WARRANTY

Within 12 months of delivery (14 months for OEM customers), ICS Electronicswill repair
or replace this product, at our option, if any part is found to be defective in materials or
workmanship (labor isincluded). Returnthisproduct to | CSElectronics, or other designated
repair station, freight prepaid, for prompt repair or replacement. Contact ICS for areturn
material authorization (RMA) number prior to returning the product for repair.

CERTIFICATION

ICS Electronics certifies that this product was carefully inspected and tested at the factory
prior to shipment and was found to meet all requirements of the specification under which
it was furnished.

EMI/RFI WARNING

This equipment generates, uses, and can radiate radio frequency energy and, if not installed
and used in accordance with the instruction manual, may cause interference to radio
communications. The Model 4806 has not been tested and found to comply with the limits
for aClass A computing device pursuant to Subpart J of Part 15 of the FCC Rules and to
comply with the EEC Standards EN 55022 and EN 50082-1, which are designed to provide
reasonabl e protection against suchinterferencewhen operatedinacommercial environment.
Operation of thisequipment inaresidential areaislikely to causeinterference, inwhich case
the user, at hisown expense, will be required to take whatever measures may be required to
correct the interference. The Model 4806 should be tested for RFI/EMI compliance as a
component in the user's equipment and has been designed for FCC and CE compliancewhen
properly installed in the host chassis.

TRADEMARKS
The trademarks referred to in this manual are the property of the following companies:

HP is atrademark of Hewlett-Packard Corporation, Palo Alto, CA
ICSisatrademark of SystemsWest Inc, Milpitas, CA

REVISIONS

Revision 0 reversed the seria connector types so the DE-9P connector is on the rear panel.

© 1999 ICS Electronics div of Systems West Inc.
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General Information

1.1 INTRODUCTION

This section provides the specifications for ICS's Model 4806 GPIB
to Serial Interface. The Model 4806 isa PC board product designed
for placement inside another piece of equipment.

1.2 DESCRIPTION

TheModel 4806 GPIB to Serial Interfaceisan | EEE-488.2 devicethat
providesaGPIB and serial interfaceto adevicewithasingle RS-232
serid interface. The 4806's GPIB interface provides all of the
functions normally found in an IEEE-488.2 device including an
|EEE-488.2 Status Reporting Structure and responses to all of the
|EEE-488.2 Common Commands. In addition, the 4806 contains a
SCPI parser for setting the serial interface configuration, for setting
the GPIB address and configuring the SCPI Status Registers. The
configuration is saved in the 4806's flash memory. The 4806's serial
interface extends the device's RS-232 interface to the rear panel to
givetheend user achoice of using either interface to communicate to
the internal serial device.

The 4806 hasthree modes of operation. When used with deviceslike
transducers that periodically output a serial message, the 4806 saves
thelast message and outputsit on the GPIB buswhen queried. When
used with standard (dumb) serial devices, the 4806 transparently
passes data strings onto the seria device and returns any responses
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fromtheseria devicetothe GPIB controller. When used with asmart
device like a microcontroller or an embedded computer, the 4806
transparently transfersdatato thedeviceand awaysexpectsaresponse
fromthedevice. Inthesmart mode, the serial device can set/reset bits
in the 4806's Status Structure registers, query/set the 4806's GPIB
address and query/use the 4806's local/remote state messages to
control the serial device's control panel or operation.

The 4806 uses only one GPIB primary addressfor its own commands
and for the data messages to the serial device. The 4806 doesthis by
withholding all commands starting with the reserved SCPI keywords
(SYSTem, STATus, CALibrateand DIAGnostic) and all |IEEE-488.2
Common Commands from going to the serial device. The 4806
providesthe appropriate responsesto the GPIB controller for its SCPI
and 488.2 commands and queries. All other GPIB messages are
passed transparently onto the serial device. Theexceptiontothisrule
isthat the 4806 passes copies of | EEE-488.2 Common Commandson
to asmart seria device.

The Model 4806 is fabricated as a small PC assembly with right-
angle connectors for its GPIB and serial signals. The 4806 is
designed to be mounted to the rear panel of the host chassis so the
GPIB and serial connectors can protrude through the rear panel.
The 4806 contains a low dropout regulator and runs off of 5Vdc to
12 Vdc power. The 4806 also contains diagnostic LEDs which
display the 4806's selftest status, error conditions and GPIB address
at power turn-on time.
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1.3 MODEL 4806 SPECIFICATIONS

The following specifications apply to all models. Options for your
unit may be found by comparing the list below to those listed on the
serial label on your unit.

4806 - X — General Model Number
Option Codes
-1 Specia Crystd

-7 Specia Program
-8 Custom Hardware Modification

Base Model Number
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14 OPERATIONAL MODES

The 4806 has three operating modes to match the 4806's | EEE-488.2
capabilities to the serial device. The modes are: asynchronous,
standard and smart.

1.4.1 Asynchronous Mode

The asynchronous mode is for serial devices that periodically send
serial messages to the 4806. The 4806 saves the last message and
outputsit when queried. The4806 passesall GPIB messagesonto the
seria device except for commands that start with the reserved SCPI
keywords and for all IEEE-488.2 Common Commands.

14.2 Standard Mode

The 4806 passes all GPIB messages onto the serial device except for
commands that start with the reserved SCPI keywords and for all
|EEE-488.2 Common Commands. Any responses from the serial
devicearesaved and outputted on the GPI B buswhen the 4806 isnext
addressed to talk. Standard mode devicesare not required to respond
to each GPIB messagebut if they do respond, they should do sowithin
the timeout period.

1.4.3 Smart Mode

The 4806 passes all GPIB messages onto the serial device except for
commands that start with the reserved SCPI keywords. The 4806
responds to all of the IEEE-488.2 Common Commands but passes a
copy of the | EEE-488.2 Common Command onto the smart devicein
case it needs to react to the command. The smart deviceis expected
to respond to all messages except for the copies of the IEEE-488.2
Common Commands. The smart device can set and clear bitsinthe
4806's Status Registers, query or change the GPIB address and IDN
message and query the 4806's |ocal/remote state to operate its front
panel controls.
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15 |EEE 488 INTERFACE
151 488.1 Capabilities

The 488 Businterface meetsthe |IEEE STD 488.1-1987 standard and
has the following capabilities:

SH1,AH1,T6,L3,SR1, PPO,DC1,RL1,DTO, CO and EL/E2drivers.
15.2 AddressRanges

Primary addresses O - 30. Address saved in internal flash memory.
15.3 DataTransfer Rate

20,000 bytes per second

154 488.2 Common Commands

Standard 4806s conform to | EEE STD 488.2-1987. When addressed
to listen in the command mode, the unit responds to the following

488.2 commands:

*CLS, *ESE, *ESE?, *ESR?, *IDN?, *OPC, *OPC?, *RCL,
*RST, *SAV, *SRE, *SRE?, *STB, *TST?, or *WAI.

155 Terminators

The 4806 accepts GPIB messages that are terminated with alinefeed
and/or with EOI asserted on thelast character. If the GPIB messages
areterminated with acarriagereturn-linefeed sequence, the 4806 will
ignore the carriage return character.

The 4806 terminates all responseswith alinefeed and asserts EOI on
thelast character. Messagesfromtheserial devicearenot altered and
EQI is asserted on the last character of the message from the serial
device.
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1.5.6 SCPI Parser

Standard 4806s include a SCPI parser that complies with the SCPI
Standard Version 1994.0. The 4806 responds to any command that
startswiththelongor short from of thefollowingkeywords: SY STem:,
STATus,, CALibrate: and DIAGnostic:. Thesekeywordsarereserved
and should not be used as the first word of a command that is to be
passed to the seria device.

1.5.7 SCPI Status Structure

The 4806 provides a Status Reporting Structure with the following
register sets:

ESR 488.2 Standard Event Status Register and Enable
Registers.

STB 488.2 Status Byte Register and Enable Registers.

Operational  SCPI Operational Condition, Transition, Event and
Enable Registers.

Questionable SCPI Questionable Condition, Transition, Event and
Enable Registers.
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1.6

SERIAL INTERFACE

The 4806 has two seria connectors with RS-232 signals. The rear
panel connector is a DE-9P connector with the signals arranged asa
DTE type interface. The interna connector for interfacing to the
serial deviceisaDE-9Sconnector with DCE signal arrangement. The
serial output fromthe GPIB busisORed with theserial input fromthe
rear panel to producetheoutput signal totheserial device. Theoutput
of theserial devicedrivesboththerear panel connector and the GPIB
bus. Signal pinoutsarelisted in Table 1-1.

16.1

1.6.2

1.6.3

164

Signal Levels

Transmit +6to+10Vdc=Logic"0" or On
Levels -6to-10Vdc=Logic"1" or Off

Recelve +1.5Vdc minimum, = 25 Vdc Maximum
Baud Rates:

Any rate from 300 to 115,200 baud. Parser selects closest
rate to specified rate when a nonstandard rate entered.
Standard rates are: 300, 600, 1200, 2400, 4800, 7200,
9600, 14400, 19200, 28800, 38400, 57600, 76800, 92160
and 115200 baud.

Data Character Formats:

Type Asynchronous character
Data bits 7 or 8 data bits per character
Parity Odd, even, none

Stop bits 1 or 2 stop bits per character

Data Buffers:
GPIB to Seria 2 K bytes
Seria to GPIB 2 K bytes
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1.6.5 Signal Pin Assignments

TABLE 1-1 RS232 SIGNAL ASSIGNMENTS
Pin #| External | Direction Internal
Connector | Thru 4806 Connector

DE-9P DE-9S

1 DCD +V o DCD

2 TxD - TxD

3 RxD - RxD

4 DTR - +V -

5 Gnd Gnd

6 DSR +V - DSR

7 RTS - +V RTS

8 CTS CTS

9 nc nc
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1.7 PROGRAMMABLE FUNCTIONS

The 4806 uses IEEE 488.2 and SCPI commands to change its
operating configuration and GPIB address. Table 1-2 liststhe 4806's

programmable functions and their factory default settings.

TABLE 1-2 4806 DEFAULT SETTINGS

Command Functions Factory
Defaults

:MODE Selects operation Standard #

:ADDRess Sets GPIB bus address 4

:BAUD Sets transmit/receive baud rate 9600 #

:PARIity Sets parity type NONE #

‘BITs Sets number of data bits per character 8#

:SBITs Sets number of stop bits/per character 1#

:EOI Enables EOI on last character of the ON #
received serial message.

:TIMEout Setswait for serial deviceresponsetime| 25ms

*ESE Enables Standard Event Status 0
Register bits

*SRE Enables Status Byte Register bits 0

*IDN? IDN message ICS
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18 INDICATORS
The 4806s have six LEDs that display the following conditions:

PWR - Indicates power on

RDY - Indicates unit has passed its selftest

TALK - Indicates unit has recognized its talk address

LSTN - Indicates unit has recognized its listen address

SRQ - Onwhen 4806 asserts SRQ

ERR - Onwhen 4806 has detected an error. On at power
turn-on time if the 4806 is not calibrated.

When the 4806 is turned on, it turns the PWR LED on and performs
an internal selftest which takesabout 0.5 seconds. At the end of the
selftest, the 4806 displays its current GPIB address by blinking the
front panel LEDsfor one-half second beforeturningontheRDY LED.
The LED bit weights are:

RDY TALK  LSTN SRQ ERR
16 8 4 2 1

Any errorsfound during self test are indicated by arepeated blinking
of the error code pattern. Refer to paragraph 5.4 for a description of
the errors and their possible causes.
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19 4806 PHYSICAL

Size

Weight

Temperature

Humidity
Shock/Vibration

Construction

Power

Connectors

4.00"L x 4.50"W x 0.7"H
(10.16 cmL x 11.43 cmW x 1.78 cmH)
(See Figure 1-1)

8 0z (0.22 kg)
Operating -10° Cto+55° C
Storage -20°0Cto+70° C

0-90% RH without condensation
Normal handling only

Flame-retardant printed circuit board.
Connector shells grounded to chassis supports
and mounting brackets.

5t0 12 Vdc @ 400 mA

|EEE 488 Interface

Amphenol 57-20240 with metric studs
External RS-232 Interface

Cinch DE-9S with lock studs
Internal RS-232 Interface

Cinch DE-9P with lock studs
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1.10 4806 CERTIFICATIONS OR APPROVALS

EMI/RFI Designed to meetslimitsfor part 15, ClassA of US
FCC Docket 20780 and EEC Standards EN 55022
and 50082-1 when enclosed in a suitable chassis.

UL/CSA/VDE Intrinsically safe becauseall voltagesare below 12
Vdc.

Note: Refer to Figure 2-1 for Panel Mounting Dimensions

Figure 1-1 4806 Outline Dimensions
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1.11 ACCESSORIES
1.11.1 Included Accessories
120153 4806 Instruction Manua

123045 Minibox GPIB Configuration Disk for PC
and PC compatible computers.

1.11.2 Optional Accessories

120153 4806 Instruction Manual
123045 Minibox GPIB Configuration Disk
104705- GPIB Bus Cables, multishielded. Lengths

104700-15 from 0.5 metersto 15 meters.

1-13



Installation

21 UNPACKING

When unpacking, check the unit(s) for signs of shipping damage
(damaged components, scratches, dents, etc.) If the unit isdamaged
or fails to meet specifications, notify ICS Electronics or your local
salesrepresentativeimmediately. Also, call the carrier immediately
and retain the shipping carton and packing material for the carrier's
inspection. ICSwill make arrangementsfor the unit to berepaired or
replaced without waiting for the claim against the carrier to be settled.

22 SHIPMENT VERIFICATION

Take amoment to verify the shipment. Each shipment includes:
Q) Model 4806 GPIB<->Seria Interface Board
Q) 4806 Instruction Manual
Q) Minibox Configuration Program Disk

Board only 4806 orders (Part# 114516) do not include manuals or
configuration disks unless ordered separately.

Takeamoment to check ICS'swebsiteat http://www.icselect.comfor
any manual errata and for the latest configuration programs.
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2.3

4806 INSTALLATION GUIDE

Thefollowing steps should be used asaguideto the 4806 installation.

1.

0.320

Review Section 2.9to select and/or design the serial interface
cables.

Select a convenient location to mount the 4806. The 4806
mounts flush against the host chassis rear panel. Use the
cutouts and mounting dimensions shownin Figure 2-1 for the
connector cutouts. Cutout 'A' is for the IEEE-488/GPIB
connector. Cutout 'B'isfor theDE-9 serial connector. Donot
mount the4806 directly over aheat producing surface. Provide
a0.1inch (2.5 mm) clearance underneath the 4806 or use an
insulator if the 4806 is being mounted on a metal surface.

0.218——

0_—

Notes:

0.247

®
&
+J>
&
&
|
o
|

@]

0.200
0.679
1.600
2521
2.950
3.442
3.934
4.300
4.500—"-

1. Grayed lines are PC board and mounting blocks

2. Mounting holes are 0.150 dia thru

3. Cutout Ais 1.575 in x 0.625 in with 0.150 dia holes

4. Cutout B is 0.875 in x 0.450 in 'D' shell with 10° slope to bottom
and with 0.125 dia holes

Figure2-1 4806 Rear Panel Cutouts

To minimize EMI/RFI and to maximize electrical immunity,
usethe mounting blocksto fasten the 4806 to the rear panel of
the host chassis. The4806 connector shellsfit against therear
panel. Usetherecommended cutoutsin Figure2-1to overlap
the connectors.
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Use atwisted pair of #24 wires to connect the 4806's power
terminals to the host's power supply. Use either + 5 Vdc
regulated power or unregulated 5.5t0 12 VVdc power. Connect
the4806 directly tothepower supply toavoid noiseproblems.
Set jumper W2 to REG if you are using unregulated power.

Plug inthe GPIB and serial cables and connect the unit to the
GPIB controller. Turntheunit onand verify that it passesits
selftest and indicatesthecorrect GPIB address. Query itsIDN
message to verify GPIB communication.

Review the factory settingsin Table 1-1 to determine if your
unit needs to be reconfigured before it can send data to the
serial device. If the4806 needsto bereconfigured, follow the
instructionsin Section 2.5 or 2.6 to change its configuration.

Sent a test GPIB message to the serial device that can get a

responsefromtheserial device. Read theresponseto confirm
that it is the expected response.
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24  CONFIGURATION PROGRAMS

The 4806's configuration is stored in nonvolatile flash memory and
can be changed from any GPIB bus controller with SCPI commands.
Use aconfiguration program or put the commands in your program.
If your GPIB controllerisaPCwithDOSor Windows3.1, and hasone
of the GPIB controller cards listed below, you can use the programs
on the supplied Minibox Configuration Disk to walk you through a
menu driven configuration procedure. Follow the instructions in
Section 2.5 to install and use configuration programs.

Program Supported GPIB Cards

mconfig.exe 1CS488-PC2 Card
National Instruments GPIB-PC2a Card
Most NEC 7210 compatible GPIB Cards
(Set cardsto address 2E1, PC2a mode and to
7210 emulation)

niconf.exe National Instruments AT-GPIB Card
(Set to address 2C0OH)

hpconf.exe  Hewlett-Packard HP-1B Card
(Set to address DC000)

If you are using a PC with Windows 95/98 or NT and have one of the
following cards installed in your computer, you can download the
niconfig programfrom |CSsweb siteat http://www.icselect.comand
useit to configurethe unit. Niconf_z.exeisaself-exploding zip file
that installs a configuration program that makes National Instrument
type calls to control the GPIB bus.

Program Supported GPIB Cards

niconfig |CS 488-PCl or 488-PCMCIA
Any National Instruments Card
Any Computer Boards Card
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25 USING THE CONFIGURATION PROGRAMS

The Minibox configuration programs walk the user through menu
driven programs to configure the 4806's power-on settings. The
configuration programs on the supplied Configuration Disk run on
any I1BM type PC or compatible clone with DOS 6.0 or Windows 3.1
operating system. A Windows95/98/NT versionof theconfiguration
program can be downloaded from ICS's web site at http://
www.icselect.com.

251 Ingtallingthe DOS Configuration Program from Disks

Performthefollowing stepstoinstall theDOSconfiguration programs
on your hard disk.

1 Turnonthecomputer and select thedirectory whereyouwant
the configuration program.

2. L oad the configuration disk into the floppy disk drive.

3. Read the README fileto seeif there are any changesto the
program that may affect the configuration procedure.

4, Copy thesel ected configuration program fromthefloppy disk
to your selected directory. Usethe mouseto drag the desired
.exe program to the directory on the hard disk or usethe DOS
copy command. Substitute the correct floppy drive letter for
the letter ain the copy command.

>cd c:/newdir 'go to new directory
>copy a: mconfig.exe c:  'copy file
5. When the installation is complete, remove the configuration

disk from your floppy disk drive.
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25.2 Installing a Downloaded Configuration Program

Performthefollowing stepsto download and install the configuration
program on your hard disk.

1. Use your internet browser to access the config.html page at
http://www.icselect.com and to download niconfig.exe.

2. Place thefile in atemporary directory and double click on it
with the mouseto explodethefile. Two of the explodedfiles
will be a setup.exe and areadmefile.

3. Follow the instructions in the included readme file to install
the program in your computer.

2.5.3 Running the Configuration Program

The configuration programs support the standard configurableitems.
Special 4806 settings such asthe user'sIDN message will haveto be
entered with alivekeyboard program or aspart of the user's program.
See section 3.8.6.

1 Connect the 4806 to the GPIB controller card in the PC as
showninFigure2-2. Connect aDC power supply tothepower
terminals on the 4806 card. See Figure 2-3. Set the power
supply to 5+ 0.25 Vdc.

DC Power Supply
GPIB Bus Cable o
PN

Q

Figure2-2 4806 Configuration Setup
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Apply power to the 4806. After 0.5 seconds, the unit should
blink itsGPIB busaddressontheL EDs. Theselftest endswith
the PWR and RDY LEDs both on and the other LEDs off.

Run the configuration program. Thismay be done by double
clickingontheprogram nameor by typingtheprogram'sname
at the DOS prompt or in the Windows Run command box.

> c:\new_directory\MCONFIG <return>
Product Selection

The program will display alist of model numbers. Enter or
select the number that corresponds to the model that you are
configuring and press return

e.g. 4806 <return> 'selects Model 4806

The program will ask that you turn the unit off and back on.
Press the Return key when the unit has finished its self test.

GPIB Address

The program branchesto the selected product menu and asks
for the unit's current GPIB address. Enter aone or two digit
value;i.e., 4,04, 10. Thefactory default settingis4. If you
do not know theunit'sGPI B address, turn theunit of f and back
on. The unit will blink its GPIB address on the front panel
LEDsat power turn-on. Add the bit weightsto get the GPIB
address. LED locations are shown in Figure 2-3.

RDY TALK LSTN SRQ ERR
16 8 4 2 1
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Configuration Choices

The configuration program stepsthrough each parameter and
displays the current setting and configuration choices. The
user shouldrefer tothecommand definitionsin Tables3-2and
3-3tounderstand the command choicesand their affect onthe
unit'soperation. All setting changesaremadeby enteringone
of the displayed choices and pressing the Return key or
clicking the Enter box inthe Visual Basic versions. Pressing
theReturnkey or clicking Enter without entering anew choice
causes the program to advance to the next parameter and
leaves the current setting unchanged.

Saving the New Settings

After the last choice, the program will give you severa
configuration choices.

The program may giveyou the opportunity to set the SRE and
ESE enable bit registers and to save the values so the unit can
generate a SRQ at power turn-on. Enter Y to set PSC O; N to
set PSC 1 or click the appropriate boxes.

The program may ask if you want to lock the parameters so
that they cannot bechanged by theend user. Theconfiguration
program automatically unlocksthe parameterswhenever itis
run. Enter Y tolock; N to continue or click the appropriate
box.

The program will ask if you want to save the current
configuration. Enter Y to save; N to continue or click the
appropriate box.

Configuring other units

The program will ask if you want to configure another unit.
Enter Y to configure another unit; N to exit.
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2.6 CONFIGURING FROM OTHER CONTROLLERS
2.6.1 General Instructions

The 4806 can be configured from any GPIB bus controller by using
the following procedure. The following example commands are
shownin HP BASIC for easily conversion to another language.

1 Connect the unit to the bus controller as shownin Figure 2-1
Usean Abort, REN or atake control type command to have
the bus controller assert REN. Then turn the unit on.

2. Determine the unit's GPIB address:
a) For new units use the factory setting of 04.

b) For other units, turn the unit off and back on. At the
end of its self test, the unit blinks its GPIB address on the
LEDs. SeeFigure 2-3 for LED locations.

RDY TALK LSTN SRQ ERR
16 8 4 2 1

3. Verify communication to the unit by sending it the *IDN?
query and reading back the unit's IDN message.

4, Use Table 3-2 to put together the SCPI command for the
parameter you want to change. Use an OUTPUT, SEND or
WRITE type statement in your GPIB Controller Card library
to send the new configuration value to the unit. Follow each
configuration statement with a query to verify that the unit
accepted the new setting. Thefollowing example shows how
to change and query the baud rate.

OUTPUT 704, "SYST:COMM:SER:BAUD 2400"
OUTPUT 704, "SYST:COMM:SER:BAUD?"
ENTER 704, B$

PRINT B$ 's/b 2400
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Use caution when changing the unit's GPIB address. The
change takes place immediately when the command is
executed. Providea0.1 second delay beforequerying thenew
address setting.

i.e., tochangethe GPIB addressto 20

' send the unit its new address

OUTPUT 704, "SYST:COMM:GPIB:ADDR 20"
WAIT 0.1

" address the unit at its new address

OUTPUT 720, "SYST:COMM:GPIB:ADDR?
ENTER 720, A$

PRINT A$ 'prints current GPIB address

Usethe*SAV 0 command to save the new addressvaluesin
the unit'snonvolatile memory. The* SAV 0 command stores
the current I/O configuration settings asthe power-on values.

OUTPUT 704, "*SAV 0", END
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27 POWER CONNECTIONS

Power isappliedtothe4806 at P1 whichisatwo screw terminal block.
See Figure 2-3 for P1 polarity. Useeither 5V dc regulated power or
5.25to 12 Vdc unregulated power.

Set jumper W2 to REG when using the internal regulator. Set
jumper W2to P1whenusing +5Vdcdirectly fromtheterminal block.

28 GPIB CONNECTIONS

The4806 hasastandard 24-pinright-angle | EEE-488 connector. The
|EEE-488 connector mates with the standard |IEEE 488/GPIB bus
cables. Signal-pinassignmentsfor the standard | EEE-488 connector
are shown in Figure A-2 in the Appendix. Use a straight-in GPIB
cable, ICS P/N 1057xx if you want to access both the GPIB and the
serial connectors at the same time.
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29 SERIAL INTERFACE CONNECTIONS

The4806 hastworight-angle9-pinconnectorsfor itsRS-232interfaces.
Connector J2istherear panel connector for external signals. Connector
J3istheinternal connector for connecting tothe serial device. Signal
pin assignments are shown in Table 2-1.

2.9.1 Rear Pand Connector J2

Connector J2isaDE-9P connector with DTE typesignal assignments
similar to the signalsin aPC COM port. Signal TxD on pin 2isthe
output signal and RxD on pin3istheinput signal. RTSandDTR are
pulled high to the 'ON' state.

2.9.2 Internal Connector J3

Connector J3isaDE-9Sconnector with DCE typesignal assignments.
Signal RxD on pin 3istheoutput to theinternal serial device. Signal
TxD on pin 2 isdriven by the internal serial device. DCD and DSR
are pulled up to an 'ON' state and RTS isjumpered back to CTS.

TABLE 2-1 RS-232 SIGNAL ASSIGNMENTS

Rear Panel Connector Internal Connector
Pin # Signals Direction Direction Signals
DE-9P Out In In Out DE-9S
1 DCD - +V - DCD
2 TxD - - TxD
3 RxD - - RxD
4 DTR - +V - DTR
5 Gnd Gnd
6 DSR - +V - DSR
7 RTS -tV RTS
8 CTS - I: CTS
9 nc - - nc
Notes: 1. Direction In isto the 4806 board. 2. - isan open pin
3.+V is+9Vdc.

4. Internal pins 7 and 8 are jumpered together.
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210 JUMPER SETTINGS
The 4806 has three jumpers with the functions listed in Table 2-2.

TABLE 2-2 4806 JUMPER SETTINGS

Jumper Functions Factory
Setting
W1 Write Enable - Must be in place to writeto Installed

or save datain the 4806's flash memory.
Blocks all writes when removed

W2 Power Selection - Selects input power. Jumper
P1 position selects the termina block and in neutral
assumes a5 Vdc regulated power source.
REG selects the regulator output and is the
position for unregulated 5.5 to 12 Vdc power.

W3 Default - Returns the unit to its factory Omitted
default settings when in place at power
turn-on time. Leave out for normal

operation.
) [99] o
OrPwr R ? P1-
| RDYOOTALK 2o\ o
LSTN OO o)
SRQ
4 RO wim
GPIB
4806
J2 J3
Rear Panel Internal
Serial I/0 Serial I/10
w3
(o] (o]

Figure 2-3 4806 Jumper L ocations
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Operation

31 INTRODUCTION

Thissection describes how the 4806 operatesand converts GPIB data
into serial messages and serial responses back to GPIB data.

3.2 OPERATION

The 4806 isan | EEE-488.2 compatible, GPIB-to-seria interface that
addsan |EEE-488.2 interfaceto aserial devicewhile maintaining the
device's seria interface. The 4806 is designed so it be mounted
perpendicular to the rear panel of a chassis or paralel to a panel or
other PC board. When mounted perpendicular to the rear panel, the
4806's GPIB connector and a serial connector protrude through the
rear panel. Aninternal serial connector providesadirect connection
to the seria device.

The 4806 uses asingle primary address between 0 and 30 to receive
all GPIB messages. The 4806 checks each message and blocks all
messages, that are | EEE-488.2 Common Commandsor that start with
thereserved SCPI keywords, fromgoingtotheserial device. All other
GPIB messages are transparently converted into serial messages and
transmitted to the serial device. Thereserved keywords arethelong
or short forms of: SY STem, STATus, CALibrate and DIAGnostic.
The reserved words can be used in messages to the serial device as
long as they are not the first word in the message.
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The4806's SCPI parser acceptsall |EEE-488.2 Common Commands
and the SCPI commands that start with the four reserved keywords.
The 4806 responds to all of the IEEE-488.2 Common Commands
listed in Section 1, providesthe appropriate responses and providesa
Status Reporting Structure for the serial device. The reserved SCPI
commandsare used to setup and configurethe 4806's serial interface,
to set the its GPIB address, to set its operating mode and to configure
and query the SCPI registers in the 4806's Status Structure. All
configuration parameters are saved in the 4806's flash memory.

The 4806 operates with three types of seria devices: Asynchronous,
Standard or Smart. The 4806's default selection is the Standard
device. The device type selection is made by setting the MODE
parameter with the SY ST:MODE command. The current mode can
be made the power-on default setting by saving it with the * SAV 0
command.

In the Asynchronous mode, the 4806 works with serial devices such
as transducers that output periodic serial messages. The 4806 saves
themost recent message and outputsit on the GPIB buswhen queried
with the SY ST:COMM:SER:REC:DATA? query. Inthe Asynchro-
nous mode, the 4806's Status Reporting Structure can be set to
generate aSRQ upon receipt of aserial message. The 4806 passesall
but the blocked GPIB messages onto the serial device.

In the Standard mode, the 4806 works with serial devicesthat accept
messages and send back responseswhen queried. The4806 passesall
but the blocked GPIB messagesonto theserial device. Any responses
from the serial device are stored in the 4806's Rx buffer and are
outputted to the GPIB bus when the 4806 is next addressed to talk.
Standard serial devices are not required to respond to every serial
message but when they do respond, the response must be received
within the preset timeout period. If the responseisreceived after the
timeout period has elapsed, the response will not be saved. The 4806
will not accept another GPIB message whilewaiting for the response
or until the timeout period has el apsed.



In the Smart mode, the 4806 works with programmabl e devices such
as microprocessors or embedded computers that are capable of
interacting with the 4806. The 4806 passes all GPIB messages onto
the serial device except for the GPIB messages that start with the
reserved SCPI keywords. Copiesof the |[EEE-488.2 Common Com-
mands are passed onto the serial devicein case it needs to react any
of the 488.2 Common Commands. The smart device is expected to
respondto every serial messageit receives, except for thecopiesof the
|IEEE-488.2 Common Commands, with a response or with the
'@@@OK" acknowledgment message. A response or acknowledg-
ment message must berecei ved beforethetimeout period has el apsed
or the 4806 will set the receive timeout error bit in its ESR register.
Response messagesare saved and outputted to the GPI B buswhen the
4806 is next addressed to talk.

Smart serial devices can communicate with the 4806 by sending the
4806 serial messages that start with an @@@ sequence. These
messages let the serial device set/reset bits in the 4806's ESR,
Questionableand Operational Registers, set or query the4806'sGPIB
address, set the 4806's DN message, query the 4806's L ocal/Remote
state and request the 4806 to go to thelocal state. Messagesfrom the
serial device that start with @@@ are reserved for serial device to
4806 communication and are not outputted to the GPIB bus.
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3.3 ADDRESSING THE UNITS
3.3.1 4806 Internal GPIB Address

The 4806 can be set to any unused GPIB primary address between 0
and 30. The Bus Controller will usethe GPIB addressto addressthe
unit as a talker or as alistener. Bus addresses of 0 and 21 are not
recommend as these addresses are customarily used by Bus Control-
lers astheir own address.

The4806'sinternal GPIB address can be set or queried with the SCPI
SYST.COMM:GPIB:ADDR command. The GPIB address change
takes affect when the command is executed so any subsequent
commandswill need to be sent to the 4806 at itsnew address. Usethe
|EEE-488.2 * SAV 0 command to save the new address valuein the
4806's flash memory.

If you have forgotten the unit's GPIB address, momentarily turn the
unit off and back on. At the end of the self test, the unit will blink its
GPIB addressonitsdiagnostic LEDsusing thefollowing bit weights.
See Figure 2-3 for the LED locations.

PWR RDY TALK LSTN SRQ FULL
- 16 8 4 2 1

In the Smart mode, the serial device may query the 4806's GPIB

addresswith the @@@ADDR? query and change the 4806's address
with the @@@ADDR command.
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34  488.2STATUSREPORTING STRUCTURE

The 4806 includes the expanded | EEE-488.2 status reporting struc-
ture shown in Figure 3-1. The expanded status reporting structure
conforms to the SCPI 1994.0 Specification and builds on the |IEEE
488.2 Standard Status structure with the addition of the Questionable
and Operational register sets. The488.2 Event and Statusregistersare
controlled and queried with the IEEE-488.2 Common Commands.
The Status Byte Register may also beread by serial polling the 4806.
The Questionable and Operation register sets are controlled and
gueried with SCPI STATuscommands. Inthe Smart mode, theserial
device can set and reset bits in the 4806's status reporting structure.

Asshown in Figure 3-1, IEEE 488.2 SRQ generation is amultilevel
function and is determined by the occurrence of an event bit that has
itscorresponding enablebit setto'1'. The enabled register outputsare
summarized in the Status Byte Register which generates the Service
Request and pullsthe SRQ linelow. SRQsare used to signal the bus
controller that an event has occurred and/or that the 4806 needs
service. There are four mgjor sources of SRQs, each of which is
summarized in abit in the Status Byte Register. Three of the sources
are event registers with their own enabling bits and the fourth is the
Output Queue. The event registers and the Output Queue are cleared
when read or by the * CLS command.

34.1 Event Registers

An event register captures O to 1 transitions in its associated
condition register or in the standard event register. An event bit
becomes TRUE (1) when the associated condition bit makes|ogical
0 to 1 transition. Once an event bit is set it is held until the event
register isread or cleared with the * CL S command.

Each event register containseight or sixteen bits. When the register
isread, itsresponseisadecimal number that isthe sum of the binary
bit weights of the bits that are logical 1s.
e.g., 23decimal = 00010111 or 000000000001 0111 binary
35



Figure 3-1 4806 Status Reporting Structure
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Each event register bit has a corresponding enable bit. The enabling
bits are ANDed with the state of the event bits. If both bitsaretrue,
the corresponding summary bit is set in the Status Byte Register.
Unwanted conditions can be blocked from generating SRQs by
setting their corresponding enabling bittoa'0’. Theenabling bitsare
set by writing the value equal to the sum of all of thedesired logic 1
bitstotheenabling register. Thevalueisnormally decimal but can be
expressedinHEX, OCTAL or BINARY by prefixingthenumber with
a#H, #O or #B.

3.4.2 Event Status Register

The Event Status Register reportseventsthat arecommonto all 488.2
devices. Thisincludeseventssuch asself test errors, commanderrors,
execution errors, power on and operation complete. The Power-on
event occurs at power turn-on and can be used to signal a power off-
on occurrence. 1nthe4806, Bit 6 of the Event Status Register isused
toreport serial deviceResponse Timeout Errors. The488.2 Operation
Complete event may be used by the smart serial deviceto signal that
it has completed its assigned task.

The Event Status Register is read with the *ESR? query. Use the
* ESE commandsto set the Event Status Enable Register asshownin
the following example:

*ESE 60 ‘enables error bits 2 through 5 for errors
*ESE 124 ‘enables error bits 2 through 5
*ESE? ‘quires the enabling register setting

In the 4806, Bit 3 of the Event Status Register is used to report a
problemwiththeuser settingsinthe Flashmemory. Thisbitnormally
means that the CAL DATE is missing or has been reset and that all
settings have been restored to thefactory defaults. Check and change
the settings as necessary for your installation. Usethe CAL:DATE
command to enter today's date. The LEDswill momentarily flash as
the new date and settings are saved.



3.4.3 Questionable Registers

TheQuestionable Register isnot usedinthe4806. Any of itshitsmay
be used by a smart device to report its status to the GPIB controller.
The Questionable Transition Register filters the Condition Register
bits and passes only the enabled state changes to the Questionable
Event Register. The Questionable Event Register bits becomes true
(1) when the positive transition bit is enabled and the associated
conditionregister bit makesaOto 1 transition. When both transitions
are selected for the same bit, the corresponding Questionable Event
Register bit sets whenever the digital input changes state. The
Questionable Event Register is cleared when it isread.

The Questionable Registers are queried with the SCPI STATUS
branch commands.

The following example sets the Questionable Event register to cap-
tureapositivetransition on bits 12 and 13. The decimal valuefor bit
12 is 4096 and the decimal value for bit 13 is8192.

STAT:QUES:PTR 12298 'enablesbits 12 and 13 toseton
a positive transition

Because summing largedecimal valuesisconfusing, it isbetter touse
HEX valuesthat are easier to write. i.e.

STAT:QUES:PTR #h3000 'same as 12298 decimal
The Questionable Enable Register enables set Event bits to be
included in the summary output to the Status Byte Register. The

following example enables bits 12 and 13:

STAT:QUES:ENAB #h3000 'enables Event bits 12 and 13



Note that the Questionable Event Register hasto be cleared after an
SRQ is generated either by reading the register or with the *CLS
command. If theregister isnot cleared, the event bitswill remain set
and they will not generate another SRQ when the input again goes
true.

STAT:QUES:COND? 'reads the questionable inputs
3.4.4 Operation Registers
The 488.2 Operation Registers lets the user read serial buffer and
other status conditions and report any changes in these conditions.
The Operation Registersoperatein asimilar fashion to the Question-
able Registers described in paragraph 3.4.3.

The following commands demonstrate some possibilities of the
Operation Registers:

STAT:OPER:PTR 1 'enables bit 0 to set when a
serial message is received

STAT:OPER:ENAB 1 'enables Event bit 0
STAT:OPER:COND? 'quires the Operation Con

dition Register
3.45 Output Queue

The Output Queueis used by the 4806 to send | EEE 488.2 messages
back tothebuscontroller. Thesemessagesareresponsesto488.2 and
SCPI queriessent to theunit by thebuscontroller. The Output Queue
reports a'l' in bit 4 of the Status Byte Register when it contains a
message(s) to be read by the bus controller. Reading the contents of
the Output Queue clearsits summary bit. The Output Queueisread
by addressingthe4806totalk at itsGPIB address. If the Output Queue
isnot read before sending another query, its contentswill belost and
an error reported.



3.4.6 StatusByte Register

The 4806 generates a service request (SRQ) whenever any of the
enabled bitsin the Status Byte Register become true and the 4806 is
not addressed asatalker. The Status Byte Register may beread by a
Seria Poll or withthe*STB? query. A Serial Poll resetsthe RQShit;
the *STB? query does not change the bit. The Status Byte Register
is enabled by setting the corresponding bits in the Service Request
Enable Register with the *SRE command. e.g.

*SRE 160 'Sets the SRE Register to 1010 0000 which
enables just the Event Status and Questionable
summary hits to generate SRQs.

3.4.7 Savingthe Enableand Transition Register Values

The Enable and Transition Register values can only be saved and
recalled at power turn-on by disabling the PSC flag. The *SAV
command does not save the Enable and Transition register
values. Usethe * PSC 0 command to disable the PSC flag and save
the current Enable and Transition register values. The following
examplesavesthecurrent settingswhich enablesbitsin the Operation
and Event Status Registers to generate a SRQ at power turn-on. e.g.

STAT:OPER:ENAB 1 ‘enables bit 1

STAT:OPER:NTR 1 ‘enables neg transition

ESE 192; SRE 32;*PSC 0 'saves Power-on and EDR bits
and current registers values as
power on settings.

Notethat theenableand transition commandsmust beonthesameline
or set prior to the *PSC 0 command to be saved. A later *PSC 1
command setsthe PSC flagwhichwill causetheregisterstobecleared
at the next power turn-on.
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3.4.8 488.2 Differencesfrom 488.1 Devices

The IEEE 488.1 Device Clear command does not reset the unit's
input-output settingsaswould beexpected of a488.1 device. Toreset
the unit's input-output settings, use the *RST (Reset) or *RCL 0
command.

3.49 Smart Device Rules

The Smart serial device can set or reset any of the bitsin the 4806's
ESR, Questionable or Operational registers. However, the Smart
device should be restricted to setting only those bits that are unused
by the 4806 to avoid potential conflicts and |EEE-488.2 violations.
The recommended bits are the unused bits in the Questionable
Condition Register and the OPC bit in the ESR Register.

Bitsset inthe 4806's ESR Register stay set until theregister isread or
cleared withthe* CLScommand. Bits ORed into the Questionableor
Operational Condition Registers stay set until ANDed out by the
Smart device. Bitstobe ORed inor ANDed out are expressed ashigh
true.

35 488.2CONFORMANCE INFORMATION

The |IEEE 488.2 Standard mandated a list of commands that are
commontoall IEEE 488.2 compatibledevices. The4806 respondsto
al of the mandated common commands and to some optional com-
mands defined in IEEE-488.2. Table 3-1 lists the IEEE-488.2
commands that apply to thisunit, and describesthe affect they have
on the 4806 and its status reporting structure.

3-11



|EEE-488.2 COMMON COMMANDS

DESCRIPTION

TABLE 3-1
COMMAND NAME
* CLS Clear Status
*ESE <value>| Event Status

Enable
*ESE? Event Status
Enable Query
*ESR? Event Status
Register Query
*|DN? Identification
Query
*OPC Operation
Complete
Command
*OPC? Operation
Complete
Query

Clears all event registers summarized in
thestatusbyte, except for "MessageAvail-
able" whichisclearedonly if * CLSisthe
first message in the command line.

Sets "Event Status Enable Register” to
<value>, an integer between 0 and 255.
<value>isaninteger whosebinary equiva
lent correspondstothestate (1 or 0) of bits
intheregister. If <value>isnot between
0 and 255, an Execution Error is gener-
ated.

EXAMPLE: decimal 16 converts to bi-
nary 00010000. Setshit4 (EXE) in ESE
to 1.

4806 returns the <value> of the "Event
Status Enable Register" set by the *ESE
command. <value> is an integer whose
binary equivalent correspondsto the state
(1 or 0) of bhitsin the register.

4806 returnsthe <value> of the "Event
StatusRegister” andthenclearsit. <value>
is an integer whose binary equivalent
correspondsto the state (1 or 0) of hitsin
the register.

4806 returns its identification code as
four fields separated by commas. These
fieldsare: manufacturer, model, six-digit
serial number and version of firmware -
e.g. | CSElectronics, 4806, S/N 012123,
Rev. 00.10 Ver 99.01.27

Causesthe 4806 to generatethe operation
complete message in the Standard Event
Status Register when all pending sel ected
4806 operations have been finished.

Placesan ASCI| character 1intothe4806's
Output Queue when all pending selected
4806 operations have been finished.

3-12




TABLE 3-1

|EEE-488.2 COMMON COMMANDS

(Continued)

COMMAND

NAME

DESCRIPTION

*RCL O

*RST

*SAV 0

*SRE <value>

*SRE?

*STB?

*TST?

*WAI

Recall

Reset

Save

Service

Request
Enable

Service Request
Enable Query

Read Status Byte

Self-Test Query

Wait-to-continue

Restoresthestate of 4806 from acopy stored
inits E2PROM by *SAV command.

The 4806 restores its power-up state except
that the state of IEEE-488 interface is un-
changed, including: 1) instrument address,
2) StatusByteand, 3) Event Status Register.

Saves current 4806 configuration in the E?
PROM. *SAV 0 savesthecurrent setting as
the new power on setting.

Setsthe " Service Request Enable Register"
to <value>, an integer between 0 and 255.
The value of bit six isignored because it is
not used by the Service Request Enable
Register. <value> is an integer whose bi-
nary equivalent correspondstothestate(1or
0) of bitsin the register. If <value> is not
between 0 and 255, an Execution Error is
generated.

4806 returns the <value> of the "Service
Request Enable Register" (with bit six setto
zero). <value> is an integer whose binary
equivalent correspondstothestate(1 or 0) of
bitsin the register.

4806 returns the <value> of the "Status
Byte" with bit six asthe"Master Summary"
bit. <value> is an integer whose binary
equivalent correspondstothestate(1 or 0) of
bitsin the register.

Returns status of the last power turn-on self
test. A zero response indicates no test fail-
ures. Other responsesarelisted in Table 5-
2.

Prevents the 4806 from executing any fur-
ther commands or queries until the No-
Operation-Pending flag is TRUE.
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3.6 SCPI CONFORMANCE INFORMATION

The 4806 accepts SCPI commands and command extensions to
configure its GPIB/Serial interfaces, to set the data formats and to
transfer data. The SCPI commandsconformto SCPI Standard 1994.0
and provideanindustry standard, self-documenting form of codethat
makes it easy for the programmer to maintain the application pro-
gram.

Table 3-2 showsthe 4806's SCPI command tree. The command tree
uses portions of the SCPI SYSTem, STATus, CALibrate and
DIAGnostic subsystems. The 4806 and 4806 follow SCPI's hierar-
chal 'treelike' structurewhich startswith aroot keyword and branches
outtothefinal actionkeyword. Each command can beused asaquery
except wherenoted. The SCPI commandsarenot casesensitive. The
portion of the command shown in capitals denotes the abbreviated
form of the keyword. Either the abbreviated or whole keyword may
beusedwhen enteringacompletecommand. Bracketedkeywordsare
optional and may be omitted. There must be a space between the
command and the parameter or channel list.

e.g., STATus:QUEStionable? isthesameas
STAT:QUES:EVEN? or
stat:ques?

Table 3-3 lists the SCPI keywords and describes their functions in
detail. Keywords other than those listed in the table or locked
keywordswill have no effect on the 4806's operation and acommand
error will bereported. Refer to Appendix A-1for additional informa-
tion about SCPI commands.

Note: A SCPI command that endswith a question mark '?' isa

query. All queriesshould befollowed by reading their response
to avoid data loss.
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TABLE 3-2

4806 SCPI COMMAND TREE

Keyword Parameter Form Notes
SYSTem System Address
:MODE ASYNCc | [STANdard] | SMARt
:COMMunicate
:SERial
[RECeive]
:BAUD <numeric value> [9600]
‘PARIty
[[TYPE] EVEN | ODD | [NONE]
BITS 7118]
:SBITs [1]]2
:EOI 0|1 or OFF|ON [0]
:TIMEout 1-65,535 ms [25]
:UPdate
:GPIB
:ADDRess 0-30[4]
:ERRor? (0, "No error")
:VERSion? (1994.0)
STATus Status Structure
:OPERation Status Inputs, WTG
[:EVEN(t]? bit 1 and 5 active (0)
:CONDition? bit 1 and 5 active (0)
:ENABIe bit 1 and 5 active (0)
:ENABLE?
:PTRansition 0-#h7FFF [All 1s]
:PTRansition?
:NTRansition 0-#h7FFF [0]
:NTRansition?
:QUEStionable Modbus Error Bits
[:EVEN(t]? bits 0-2, 12, 13 active (0)
:CONDition? bits 0-2, 12, 13 active (0)
:ENABIe bits 0-2, 12, 13 active (0)
:ENABLE?
: PTRansition 0-#h7FFF [All 1s]
:PTRansition?
:NTRansition 0-#h7FFF [0]
:NTRansition?
‘PRESet
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TABLE 3-2 SCPI COMMAND TREE (CONT'D)

Keyword Parameter Form Notes & Short
Form Commands
CAlLibrate Calibrate
:IDN string
:DATe mm/dd/yyyy
:DEFault
:LOCK 1(On)| O(Off) [0]
DIAGnostic Diagnostic
Notes:
1. Parameter enclosed by [ ] - denotes factory default
2. Parameter enclosed by () - denotes power on default
3. SCPI name ends with ? - denotes query only
4. Unless otherwise noted SCPI command is also a query
5. Keyword enclosed by [ ] - denotes optional use
6. Only aconfiguration commandthat hasoneof itsparametersenclosed by [ ] canchange

®

10.

11.

12.

its parameter setting and have this setting stored in the 4806's E2ZROM (withthe* SAV
command).

Theformat for aSCPI listis(@1,2, n) or (@ 1:n). There must be a space between the
@ and thefirst number and parenthesisarerequired. A list of numbersisseparated by
commas or uses a colon to denote a range of numbers.

Numericentriesconformto | EEE-488.2 section 7.7.2.4for decimal numeric parameters.
ASCII formatted datais a series of decimal values (0-255) for each byte separated by
commas. e.g. 64, 132, 8

The CAL:DATe commands stores the CAL:IDN and CAL:DATe parameters in the
4806's E2ROM.

The CAL:DEFault command resetsthe E2ROM memory toit factory settings. Caution
- All user settings will be overridden by this command.

Most parameters can be output in various numeric formats (radix). The parameters
with decimal 0-255 value ranges may also be output as HEX using #h00-#hFF or
Binary using #b00000000-#b11111111. Conversely, the parametersshownwithHEX

(#h) values can also be output in Decimal.

3-16



TABLE 3-3 SCPI COMMANDSAND QUERIES

Keyword Default Description
Value

SYSTem - Starts System command branch.

:MODE STAN Setsoperational mode to match the serial
device connected to J3. See paragraph
3.2 for adescription of the modes opera-
tion. Valuesare: ASYNc,STANdard and
SMAR.

:COMMunicate - | dentifiescommuni cation subsystemcom-
mands

:SERial Controls Seria Interface settings

[RECeive] Optiona keyword

:DATA? Reads buffered data string from Asyn-
chronous serial devices.

:BAUD 9600 Setsserial baudrate. Valluesfor the4806
are 300 to 115200 baud.

‘PARIty NONE Sets serial parity. Values are EVEN,
ODD or NONE.

[TYPE] Optional parity keyword

BITS 8 Sets number of data bits per character.
Vauesare7|8.

:SBITs 1 Sets minimum number of stop bits be-
tween characters. Vauesarel | 2.

:EQI OFF Enables EQI to be asserted when teh last
character in the Rx buffer is talked onto
the GPIB bus. Vauesare 1 and 0 or ON
and OFF.

:TIMEout 25 Sets response message timeout period.

Valuesare 1t0 65,535 ms. Do not set the
tiomeout period to periods longer than
required by the internal serial device as
the 4806 cannot accept GPIB messages
during the timeout period.
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TABLE 3-3 SCPI COMMANDSAND QUERIES
(CONTINUED)

Keyword Default Description
Value

:UPdate - Updatesthe UART withthe current serial
parameters.

:GPIB - Controls GPIB (IEEE 488) port settings

ADDRess 04 Sets 4806's GPIB address. Vauesare 0
to 30. Provide 70 ms delay after an
address change befor e next command

‘ERRor? 0, "No Requests next entry in 4806's error/event

error" queue. Error messages are:
0, "no error”
-100, "Command error"
-200, "Execution error"
-400, "Query error"

:VERSion? 1994.0 4806 returnsthe<val ue> of theapplicable
SCPI version number.

STATus - Starts Status Reporting Structure

:OPERational - I dentifies Operational registers.

:QUEStionable - I dentifies Questionable registers.

[:EVENt?] Returns contents of the event register
associated with the command.

:CONDition? Returns contents of the condition register
associated with the command.

:ENABIle 0 Sets the enable mask which allows the
true conditions in the associated event
register to bereported inthe summary hit.

:PTRansition #h7FFF Sets positive transition enable register.
Value = 0to #h7FFF in decimal or HEX.

:NTRansition 0 Sets the negative Transition register.

Vaues=0to#h7FFFindecimal or HEX.
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TABLE 3-3 SCPI COMMANDSAND QUERIES
(CONTINUED)

Keyword

Default
Value

Description

:PREset

CALibrate

:IDN <string>

:DATe <date>

:DATEe?

DEFault

:LOCK

DIAGnostic

Sets the selected Enable Register, PTR
and NTR registersto their default values
(O, #h7FFF and O respectively) so the
4806 detects a positive changes

Starts calibrate branch

Setsuser IDN message. Stringisupto72
characters and consists of four fields
(manufacturer, model code, serial num-
ber and firmware revision) separated by
commas. e.g. | CSElectronics, 4806, S/IN
90701, Rev 00.10, Ver 99.01.27.

Saves IDN message and date. The save
operation lights all the LEDs. Dateisin
mm/dd/yyyy format. A *CLSwill clear
the ERR LED after a CAL:DATE com-
mand.

Queriesthecalibrationdate. Theresponse
is 00/00/0000for factory default settings.

Sets 4806 memory to factory default set-
tings.

Disables configuration commands when
On. Vaues= 0|1 or OFF|ON. Table1-2
lists the locked commands.

Startsdiagnostic branch Diagnostic com-
mands are reserved for factory use.
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3.7 SMART DEVICE MESSAGES

A smart seria device can communicate with the 4806 by sending the
4806 serial messages that start with an @@@ sequence. The
messages let the smart serial device set/reset bitsin the 4806's Status
Reporting Structure, set/query the GPIB address and IDN message
and query/change the Remote/Local state. The messages are de-
scribed in Table 3-4.

Commands that set bitsin a 4806 register have avaue which isthe
sumof all of thebitsbeing set. Thevalue can beexpressed asdecimal
value from 0 to 32,767 or as a hex number from #h0 to #h7FFF.
Commandsthat reset bitshaveavaluethat isthe sum off al of thebits
being reset.

The 4806 and the smart serial device communicate using a message-
response protocol. The protocol assuresis every message sent will
receive aresponse. The response can be either an answer to a query
or an acknowledgment that theresponding devicerecei ved amessage.
Response messages are not acknowledged.
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TABLE 3-4 SMART DEVICE MESSAGES

Syntax

Meaning

@@@ESR value

@@@OPER| value

@@@OPER& vaue

@@@OPER?
@@@QUES| value

@@@QUES& vaue

@@@QUES?
@@@ADDR vaue

@@@ADDR?

@@@SAV

@@@IDN string

@@@REM?

Sets bitsin the ESR register. ESR register bits are
reset when read or by the* CLScommand. Valuefor
is1to 255.

ORs hits into the Operational Condition Register.
Vaueis0to 32767

ANDs compliment of the value to reset bits in the
Operational Condition Register. Value contains
only the bits to be reset and is 0 to 32767.

Queries the Operational Register value.

ORs hits into the Questionable Condition Register.
Valueis0to 32767.

ANDs compliment of the value to reset bits in the
Questionable Condition Register. Vaue contains
only the bits to be reset and is 0 to 32767.

Queries the Questionable Register value.

Sets the 4806 GPIB address. The address change
takes affect immediately and is automaticly saved.
Valueis0to 30.

Queries the 4806's GPIB address. The response is
@@@ADDR vaue.

Saves all 4806 setup parameters in the 4806's flash
memory. Same function asthe |[EEE-488.2* SAV 0
command.

Replaces the 4806's IDN message with the contents
of the string. The replacement IDN message can be
saved with the @@@SAYV command.

Queries the 4806's Remote/Local state and enables
automatic reporting of Remote/L ocal state changes.
The responses are:

@@@REM 1 when the 4806 is in the remote state.
@@@REM 0 when the 4806 isin the local state.
@@@REM 3 when the 4806 isin the local lockout
state
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TABLE 3-4 SMART DEVICE MESSAGES

(CONTINUED)

Syntax

Meaning

@@@LOC?

@@@NOREM

@@@OK

Asks the 4806 to go to the local state and enables
automatic reporting of Remote/Local state changes.
The responses are;

@@@REM 1 when the 4806 isin the remote state.
@@@REM 0 when the 4806 isin the local state.
@@@REM 3 when the 4806 isin the local lockout
state.

Disables automatic reporting of Remote/Local state
changes.

The acknowledgement message. Indicates that the
sending device received a valid message that does
not have anotehr response.

TABLE 3-5 4806 MESSAGESTO SMART DEVICE

Syntax

Meaning

@@@ADDR vaue

@@@REM vaue

Response to address query.

Responsetoquery or toal ocal/Remotestateshange.
Values are 1 when in remote, O when in local and 3
for the local-lockout state.

@@@ERR Theerror message. Indicatesthat the sending device
received a message that was not correct or was not
understood. The receiving device did not take any
action as aresult of the original message.

@@@OK Acknowledgement message to acknowledge recei pt
of avalid message.

Notes:

1. All valuesarein decimal. To enter HEX values, the value must be preceded
with a#h.i.e 100 decima = #h64
2. All messages are terminated with a linefeed character
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3.8 PROGRAMMING GUIDELINES

The following section provides information on how to program the
4806 to set its configuration and how to serial messages to the serial
device.

3.8.1 Querythe4806'sIDN Message

Read the 4806's IDN message to verify that you have a good GPIB
communication with the 4806. To read the IDN message, follow the
sequence suggested below.

Send IFC ‘gets control, asserts REN

Send *IDN? 'read current setting
Read response

Display the response ‘verify that the initial IDN
message is ICS Electronics,

4806, S/N 90701, Rev 00.00,
Ver 99.01.27.

3.8.2 General Configuration Guidelines

New units are factory set so that they are normally ready to be used
whenreceived. Table1-1liststhe Factory Configuration. To change
the configuration, the user should follow the sequence outlined
below. Select the SCPI command from Table 3-2.

Send IFC 'gets control, asserts REN

Send SCPI command 'send new value. Verify the
ERR LED is off.

Send SCPI query 'read current setting

Send "*SAV 0" 'save the new setup
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The*SAV 0 command saves the current configuration in the 4806's
flash memory. When saving the configuration, the 4806 will blink all
but one of itsLEDs. If any serial parameters were changed, use the
:UPdate command to update the UART.

Pay close attention to the ERR LED when sending commands. If the
ERR LED comes on, the unit's parser detected a problem with the
command and DID NOT executeit.

3.8.3 Sending Serial M essages

After the 4806 is correctly configured to match the serial device's
settings, use the GPIB output command to send the 4806 a test
message that it can pass onto the serial device.

Call ieOutput(04, "test string") 'send test string
3.84 Reading Serial Messages

Set the 4806's timeout to a value 10 times longer than the serial
device's expected response time. Next, send the serial device a
message that will generate a response.

Call ieOutput(04, "get-response") 'send test string
Call ieEnter(04, Rdg$) 'read response

3.8.5 Changingthe GPIB Address

The 4806's GPIB address is changed or queried with the SCPI
SYST.COMM:GPIB:ADDR command. The change takes place
immediately so the user will have to change the 4806's addressin the
computer before sending the 4806 the next command. A Quick Basic
exampleis:

CmdStr$ = "SYST:COMM:GPIB:ADDR 07"

Call ieOutput(04, CmdsStr$) ‘'new GPIB address
CmdsStr$ = "*SAV 0"
Call ieOutput(07, CmdStr$) 'saves new value
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3.8.6 Changing the 4806'sI DN M essage

The 4806's IDN message is changed with the CALIBRATE sub-
system commands. Change the IDN message when you want to
identify theoverall assembly asbeing fromyour company or torecord
product history or revision dates. The IDN message is a lockable
parameter and if locked, needsto be unlocked before being changed.
The format for the |[EEE 488.2 DN messageisfour fields (company,
model#, serial number and revision) separated by commas and a
maximum of 72 characterslong. Theword"model" may not be used
in an IEEE-488.2 IDN message. An example IDN message change
sequenceis:

CAL:LOCK OFF ‘unlocks all parameters
CAL:IDN Acme Mfgr Co, 101, s/n 007, Rev 10 0/08/99
CAL:DATe 01-15-1999 ‘'saves new IDN message

'‘Note-use the current date
CAL:LOCK ON 'relocks all parameters
*SAV 0 'saves lock status

3.8.7 Locking Setup Parameters

All of the 4806's configuration parameters can be locked to prevent
accidental change by the end user. These lockable parameters are
noted by a# symbol in Table 1-1. Locked parameters cannot be
gueried or changed while locked. Any command that addresses a
locked parameter isnot executed, the Command Error bitinthe Event
Status Register isasserted and the ERR LED islit. Thelock function
is saved by the *SAV 0 command. An example of using the lock
command is:

CAL:LOCK OFF ‘unlocks the setup parameters
‘change 4806 setup

CAL:LOCK ON 'set lock on
*SAV 0 'saves lock condition

While lock is enabled, the end-user can only change and save any
parameter that is not controlled by the lock function.
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3.9 OEM Documentation Guidelines

OEM users of the 4806 I nterface Boards should provide the end user
with the necessary instructions to operate the complete system. In
most cases this includes directionsfor:

1. Setting the product's GPIB Address or serial address.

2. Howtocontrol thehost device. (Includessending outputsand
reading inputs if applicable). The OEM needs to define the
commands in terms of what they do to the host unit and how
the end user should use them.

3. Usingthe 488.2 Status Reporting Structure. The OEM needs
to definewhat any additional statusregister bits mean if they
arepart of thesystem, how to enable SRQsand how toread the
registers.

The SCPI Standard requires that the SCPI command tree and SCPI
conformance information be passed on to the end user. This only
means the active or applicable commands. All locked commands
become invisible to the end user and should be omitted from the end
user's SCPI command tree and list.

OEM users are hereby given permission to copy any portion of this
manual for the purpose of documenting systems that incorporate the
Model 4806 Interface Board. Reproduction of this manual for other
purposes without the expressed written consent of ICS Electronicsis
forbidden.
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Theory of Operation

41 INTRODUCTION

This section describes the theory of operation of the 4806.
4.2 BLOCK DIAGRAM DESCRIPTION

A block diagram of the 4806 is shown in Figure 4-1. The 4806 isa
microprocessor based device that transparently passes data between
the GPIB (IEEE 488) bus and a serial device over aserial link. The
4806 also hasa serial 1/0 connector for communicating directly with
theserial device. The4806 ismade up of seven mgjor el ements, most
of which areinterconnected to the microprocessor by acommon data,
address and control signal bus.

Incoming GPIB bus data and commands are received by the GPIB
controller chip. Eachreceived character interruptsthemicroprocessor
to place the characters in the GPIB received data buffer. When a
compl ete message has been received, the parser checks the message
to seeif it contains an IEEE-488.2 Common Command or if it starts
with one of the reserved keywords. If it does, then the messageisa
4806 command and the parser compl etesthe command interpretation
process.

Valid messages are acted upon and used to set control parameters,

perform an operation or query a parameter. Responsesare placed in
the GPIB buffer sothey can bereturnedtothehost controller whenthe
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Figure4-1 4806 Block Diagram

unitisnext addressed to talk. Invalid messagescauseabittobesetin
the unit's Event Status Register and turn on the ERR LED.

If the message is not a 4806 command, then the data characters are
sequentially placed in the microprocessor's UART where they are
serialized, passed through the OR gate and outputted at RS-232 levels
to the serial device. The other input to the OR gate comes from the
serial 1/0 connector.

Incoming data from the serial device is received as RS-232 levels,
converted into TTL levels and applied to the UART's input. The
received RS-232 signal isalsorouted totheserial I/O connector. Each
received character isstored inthereceived databuffer whereit can be
transferred out onto the GPIB bus when the unit is next addressed to
talk.



The Flash contains all of the 4806's program instructions, command
tables, and power turn-on/self test routines. At power turn-on, the
4806 performs a self test on each functional block to determine
whether thereisagrosssystemfailure. Any self test error isdisplayed
asapattern of blinking LEDs on thefront panel. Theerror patternis
repeated until the unit isturned off. Just after completing the self test
routine, the4806 displaysitscurrent GPI B address setting onthefront
panel LEDs. Bit weights are read from right to left with the least
significant bit on thefar right. The RDY LED comes on to indicate
a successful completion of the self test routine.

TheFlash also containsall of the 4806's configuration settings, serial
number and other parametersthat are subject to change. At power on
time, themicroprocessor copiestheconfigurationfromFlashmemory
to RAM whereitisusedto operatethe unit. Any changesmadetothe
settings during run time are not stored in the Flash memory until the
user sends the 4806 the * SAV 0 command.

In the 4806 , the RAM isa8 bit wide memory that is primarily used
for data storage, operating variables and configuration settings. The
4806 data buffers are several times larger than any anticipated
message so no datalossever occurs. GPIB busdataisnever lost since
the 4806 simply inhibitsfurther Bushandshakesuntil thereisroomin
the GPIB buffer for more data.

The 4806 can be powered from 5 VVdc regul ated power or from + 5.5
to+ 12 Vdcunregulated power. Theunregulated voltageisregulated
to + 5 Vdc by alinear regulator on the 4806 PC board. A DC-DC
converter inthe RS-232 transmitter |C makesthe £ 9 Vdc necessary
to power the RS-232 drivers.



Troubleshooting and Repair

51 INTRODUCTION

This section describes the maintenance, troubleshooting and repair
procedures for the Model 4806 GPIB <-> Seria Interface.

52 MAINTENANCE

The 4806 does not require periodic calibration and have no internal
adjustments. However, if the4806 isusedin an application wherethe
|EEE 488 bus cables are frequently changed or if the input signals
appear erratic, the 4806's GPIB connector may require cleaning to
remove wax and dirt buildup. New bus and other 'blue ribbon' type
connectors are shipped with abrightener onthem. (Thebrightener is
a thin wax like film) Depending upon cable usage, enough of the
brightener may buildup on the 4806's connector to cause intermittent
operation.

The brightener is an organic compound and may be cleaned off by
washing the connector with amild detergent solution followed by an
acohol wash.



53 TROUBLESHOOTING

Troubleshooting isbroken down into self test error and those that are
caused during usage.

531 SdfTest Errors

The 4806 and 4806 indicate self test errorsby blinking one or more of
itsLEDsat a2 cpsrate. Verify theerror by turning the unit off for 10
seconds, disconnect the unit from any other equipment and then turn
the power back on. If theerror persistsitisatrue self test error. The
self test error codesand their most likely problemsarelistedin Table
5-1.

5.3.2 Operating Failures

Usethefaultisolationinformationin Table5-2to narrow the problem
downtoaspecificarea. Themajority of installationfaultscan befixed
by following the table and making the necessary corrections to the
installation wiring or the program. Failures after the unit has been
running awhilecan beisolated by first substituting aknown good unit
or output/input channel. See paragraph 5.6 for repair instructions.

WARNING

If thefault isolation procedurerequiresinternal measur ements,
alwaysremovepower when disassemblingor assemblingtheunit.
Use extreme caution during troubleshooting, adjustments, or
repair toprevent shortingcomponentsand causingfurther damage
to the unit.



TABLE 5-1 4806 - SELF TEST ERROR CODES

Blinking
LED

Error

Possible Fault

All

Haeh
Memory

FlashMemory corruptedandunitresetHash
tofactory settings. Power unit off andback
ontocleartheblinkingLEDs.
SeeTable5-2if theERRLED comeson
whenpowerisreapplied.

L oose4806Flash, U2.

Defective4806 Flashthat cannotbe
reprogrammed. ReplaceU2.

Defectivedecoder GAL. Testand/orreplace
GAL U5in4806.

RDY

Haeh

4806 Flashfailedwritetest.. Replace
Flash, U2, andreprogramconfiguration.

Seeparagraph5.5.

TALK

Haeh

4806 Flashlooseinitssocket or hasabent
pin. Check Flashfor abent pinthenpress
Flashintoitssocket.

FlashMemory droppedabit.
ReplacewithaknowngoodHash. Whenthe
4806'sFHashMemoryisreplaced, the
configurationwill havetobereprogrammed.
Seeparagraph5.5

Defectivedecoder GAL. Testand/orreplace
GAL U5,

LSTN

RAM

Defectivedecoder GAL. Testand/orreplace
GAL U5,

DefectiveRAM. ReplaceRAM U3in
4806.




TABLE 5-1 4806 - SELF TEST ERROR CODES CONTIN-

UED
Blinking
LED Error Possible Fault
FQ GPIB DefectiveGPIB controller chip. Replace
GPIB ControllerUs.
ERR Address Addressva ueshoul dbebetween0and 30.
Seiting Checkandor correctaddresssetting.
SRQ GPIB Wrongfirmwareor GPIB chipfor hardware
+ configuration. Check hardwareconfiguration
ERR andchangefirmwareor replaceGPIB
Controller chip, U8withNI 7210.
ERR CRU Wrong CPU type. ShouldbeZilog
+ 78518020V SC(SL1919EnhancedVersion)
LSTN ReplaceU9withcorrect part.
ERR CRU Wrong CPU type. ShouldbeZilog
+ 78518020V SC. ReplaceU9withcorrect
LSTN part.
+
TALK
Solid
LED Error Possible Fault
PWR Program OpenGPIB chipselectionline
(After hung orgroundedinterruptintoZ180
blinking
address)




TABLE 5-2 TROUBLESHOOTING GUIDE

Symptom

Possible
Fault

Action or Check

Unit will not turn on

Power cord not
plugged in

Power at AC outlet

High output lines
shorted to ground

Push power cord into DC
receptacle

Check outlet and power
adapter

Disconnect output signals
and reapply power to test the
unit. If it powers on, remove
the short or put resistorsin the
offending circuit path.

Unit shows a blinking
LED at power turn
on

Self test fault

Check Self Test errorsin
Table 5-1

ERRLED on at
power turn-on

Flash data lost

Use*CLSto clear the LED.
Use CAL:DATE command to
accept default configuration
and clear the error so the ERR
LED will not come on at next
power-on time.

Reload your configurationand
use the * SAV 0 command
to save the new configuration.

Unit failsto respond
or responds wrong
after an address change

No delay after an
the address change

Insufficient delay

Provide a 70 ms minimum
delay after changing 4806's
GPIB address

Programrunningonfaster CPU
or in acompiled form runs
faster than expected. Change
delay functionto acalled time
function that tests CPU clock.

String data transfer
fals

Wrong GPIB
address

Check device addressin
program.




TABLE 5-2 TROUBLESHOOTING GUIDE
CONTINUED

Symptom

Possible
Fault

Action or Check

String data transfer
fails - Continues

String starts with
areserved keyword
or asterisk.

Check command string for
asterisk or reserved keywords.

No response data

No talk data

Serial unit response
longer than timeout

Serial response not
read into computer

Serial unit did not send string
Query Operational Condition
Register for buffer status

Monitor serial input with an
oscilloscope to check timing.

Wrong or missing string
terminator. Check serial input
to the 4806 with aterminal to
verify/correct string
termination.

LEDs power onin
strange pattern and
unit no longer runs

Decoder U5 bad

Wrong voltage
Wrong Power
Selection Jumper
position.

Regulator very hot

Good voltage but?

Replace GAL U5withnew IC.
Contact factory for areplace-
ment part.

Check TP+5for 5+ 0.2 Vdc.
Check Power Sel ection Jumper

position and correct.

Input voltage over regulator
limit. Reduceinput voltage or
add heatsink to regulator.

Board may have been
damaged. Contact factory.




54

4806 FACTORY DEFAULT RECOVERY

If a 4806's configuration gets into an unknown setting, it can be
restored to the factory default configuration with the following
procedure:

1.

2.

Turn the 4806's power off.
Place ajumper on W1 if the jumper is missing.
Place ajumper on W3 or short out the two posts on W3.

Turn the 4806's power on. Wait until the LEDs stabilize and the
4806 has finished its save procedure (takes approximately 10
seconds).

Removethejumper from W3 and operate the unit normally. All
parametersshould havebeenrestoredto thedefault settingslisted
in Table 1-2.



5.5

FLASH REPLACEMENT

The following steps should be followed when replacing the Flash
chipinan ICS unit:

1.

2.

Turn power off and leave the chassisgrounded to the AC outlet.
Ground yourself by touching the chassis with both hands.

Gently pry theexisting Flash up out of thesocket using arocking
motion.

Removethenew Flash fromitsprotective casewithout touching
the leads.

Adjust thenew Flash'sleadsif necessary by gently pressing each
row of pins against the edge of the table. Adjust both rows
equally. Line up all pins and press the Flash into the socket.

Place ajumper on W1 if the jumper is missing.
Turn the unit on. All LEDs will flash on while the factory

defaults are being programmed. Turn the unit off and on. The
ERR LED will come on after selftest.

Review the default settings in table 1-2 and make any changes
necessary for your installation.

Send the unit the CAL:DATE command with today'sdate. The
LEDswill al blink on while the date is being saved.

10. Remove the jJumper if one wasinstalled in step 5 above.



5.6 REPAIR

Repair of the 4806 isdone by the user or by returning the unit to the
factory or to your local distributor. Unitsin warranty should always
be returned to the factory or else repaired only after receiving
permission to do so from an ICS customer service representative.

When returning aunit, aboard assembly, or other productsto ICSfor
repair, it is necessary to go through the following steps:

1. Contactthel CScustomer servicedepartment and ask for areturn
material authorization (RMA) number. An ICS application
engineer will want to discuss the problem at this time to verify
that the unit needs to be returned, or to assist in correcting the
problem. We have discovered that one-third of the difficulties
customers call about can be resolved over the phone as opposed
to returning a unit for repair.

2. Write adescription of the problem and attach it to the material
beingreturned. Describetheinstallation, systemfailuresymptoms,
and how it was being used. If theitem being returned isaboard
assembly, describe how youisolated thefault toit. Includeyour
name and phone number so we can call you if we have any
guestions. Remember, we need to locate the problem in order to
fixit.

3. Pack theitem with the fault description in abox large enough to
accommodate a minimum of two inches of packing material on
al four sides, the top, and the bottom of the box. Securely seal
the box.

4. Mark the shipping label to the attention of RMA#. The RMA
number isvery important sinceit is our way of identifying your
unit in order to return it to you.

5. Shipthebox to ICSfreight prepaid. |CS does not pay freight to
return the unit to ICS, but will prepay the freight to return the
repaired item to you.
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Al  |EEE 488 BUSDESCRIPTION (IEEE 488.1, |EEE
488.2, SCPI)

All |EEE 4881

The IEEE Std 488 Bus, or GPIB as it is commonly referred to,
providesameansof transferring dataand commandsbetween devices.
Thephysical portion of thebusisgoverned by | EEE -Std 488.1 - 1978.
The interface functions for each device are contained within that
device itsdlf, so only passive cabling is needed to interconnect the
devices. The cables connect all instruments, controllers and other
components of the system in parallel to the signal lines as shown in
Figure A-1. Eight of the lines (DIO1-DIO8) are reserved for the
transfer of data and other messages in a byte-serial, bit-parallel
manner. Dataand message transfer isasynchronous, coordinated by
thethreehandshakelines(DAV, NRFD, NDAC). Theother fivelines
control Bus activity.

DEVICE A
Able to Talk,
Listen and Control

DEVICE B DEVICE C
Able to Talk Able to Listen
and to Listen
e.g. Signal

e.g. Computer e.g. DVM generator

IFC
ATN
SRQ
REN
2]

Bus Control
Lines

DAV
NRFD
NDAC

Byte Transfer
Control Lines

Ly

Dio1-8 Data Bus

(8 Lines)

Figure A-1 |EEE 488 Bus

Two types of messages are transferred over the bus:

Interface messages - for bus management

Device-dependent messages - for device control and data
transfer
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Devicesconnected tothebusmay act astalkers, listeners, controllers,
or combinations of the three functions, depending upon their internal
capability. The system controller isacontroller that becomes active
at power turn-on. Itisthe Bus manager and theinitial controller-in-
charge.

A controller can send interface messages to manage the other
devices, address devices to talk or listen and command specific
actions within devices.

A talker sends device dependent messages, i.e., data, status.

A listener accepts interface messages, bus commands and device-
dependent messages, i.e., setup commands, data.

Bus systems can be as simple as two devices; one a talker aways
sending data to a second device which listens to the data. Larger
systemscan haveoneor morecontrollersand many devices(thel EEE
488 driver specifications limit the total number of units on one bus
systemto 15). Only one controller can bethe controller-in-charge at
any giventime. Control originates with the system controller and is
passed back to other controller(s) asrequired. Control can be passes
back to the system controller or to another controller after the
completion of the task. The system controller has the capability of
taking control back at any time and resetting all addressed devicesto
their unaddressed state.

Each bus deviceisidentified by afive-bit binary address. Thereare
31 possible primary addresses 0 through 30. Address 31 isreserved
as the 'untalk’ or 'unlisten’ command. Some devices contain
subfunctions, or the devices themselves may be addressed by a
secondary five-bit binary addressimmediately following the primary
address, i.e. 1703. Thissecondary addresscapability expandsthebus
addressrangeto 961 addresses. Most busaddressesare set at thetime
the system is configured by rocker switches which are typically
located on each devices rear panel. Devices that are SCPI 1991
compatible, can have their bus address set by a GPIB SYSTEM
configuration command.
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Information is transmitted on the data lines under sequential control
of thethree handshake lines. No step in the sequence can beinitiated
until thepreviousstepiscompleted. Information transfer proceeds as
fast as the devices respond (up to 1 Mbs), but no faster than that
allowed by theslowest addressed device. Thispermitsseveral devices
to receive the same message byte at the sametime. Although several
devices can be addressed to listen simultaneously, only one device at
atime can be addressesasatalker. When atalk addressis put on the
datalines, all other talkers are normally unaddressed.

ATN (attention) is one of the five control lines and is set true by the
controller-in-charge whileit is sending interface messages or device
addresses. Themessagesaretransmitted onthesevenleast significant
datalines and are listed in the MSG columnsin Table A-1. When a
deviceisaddressed asatalker, it isallowed to send device-dependent
messages (e.g., data) when the controller-in-charge setsthe ATN line
false. The data messages are typically a series of ASCII characters
endingin aCR, LF, or CR LF sequence. The data messages often
consist of eight-bit binary characters and end on a predetermined
count or when the talker assertsthe EOI line simultaneously with the
last data byte. The controller-in-charge must be programmed to
correctly respond to each device's message termination sequence to
avoid hanging-up the system or leaving charactersthat will be output
when the device is addressed as atalker again.

IFC (interface clear) is sent by the system controller and places the
interface system in a known quiescent state with all devices
unaddressed.

REN (remote enable) is sent by the system controller and isused with
other interface messages or device addresses to select either local or
remote control of each device.

SRQ (service request) is sent by any device on the bus that wants

service, such as counter that has just completed a time-interval
measurement.
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G-v

ASCII -- IEEE 488 BUS MESSAGES (COMMANDS AND ADDRESS) HEX CODES

MSD 0 1 2 3 4 5 6 7
LSD ASCIl | MSG | ASCIl | MSG [ ASCII | MSG1 | ASCIl |MSG1| ASCII | MSG1 | ASCII IMSG1 | ASCIl | MSG |ASCII | MSG
0 NUL DLE SP 00 0 16 @ 00 P 16 h A p A
1 SOH | GTL | DC1 | LLO ! 01 1 17 A 01 Q 17 a W q
2 STX DC2 " 02 2 18 B 02 R 18 b o) r ‘E’I
3 ETX DC3 # | 03 | 3 19|l c | 03| s | 19| ¢ |8 s 3
4 EOT | SDC | DC4 | DCL $ 04 4 20 D 04 T 20 d 8 t 8
5 ENQ | PPC | NAK | PPU % 05 5 21 E 05 U 21 e a u o
6 ACK SYN & | 06 | 6 2| F | o6 | v | 22 f % v P
7 BEL ETB ! 07 7 23 G 07 W 23 g B w a
8 BS GET | CAN | SPE ( 08 8 24 H 08 X 24 h Z X z
9 HT TCT EM SPD ) 09 9 25 | 09 Y 25 i 11 y 0
A LF suB 10| - | 26| 3|10z 2| |5 |z S
B VT ESC + 11 ; 27 K 11 [ 27 k Z ( z
C FF FS , 12 < 28 L 12 \ 28 | < | Z
D CR GS - 13 = 29 M 13 ] 29 m g ) g
E SO RS . 14 > 30 N 14 n 30 n ~
F Sl uUs / 15 ? UNL O 15 _ UNT 0 v DEL v
ADDRESSED UNIVERSAL LISTEN ADDRESS GROUP TALK ADDRESS GROUP SECONDARY COMMAND
COMMAND COMMAND GROUP
GROUP GROUP
PRIMARY COMMAND GROUP (PCG)
Notes: 1. Device Address messages shown in decimal
2. Message codes are:

DCL -- Devices Clear LLO -- Local Lockout SDC -- Selected Device Clear

GET -- Device Trigger PPC -- Parallel Poll Configure SPD -- Serial Poll Disable

GTL -- Go to Local PPU -- Parallel Poll Unconfigure SPE -- Serial Poll Enable

3. ATN off, Bus data is ASCII; ATN on, Bus data is an IEEE MSG.

B

—

S3IAOVSSIIN

SS34AAY ANV ANV ININOD 887 3331

T-v 31dvl



EQOI (end or identify) is used by a device to indicate the end of a
multiple-byte transfer sequence. When a controller-in-charge sets
both the ATN and EOI lines true, each device configured to respond
to aparalle poll indicatesits current status on the DIO line assigned

toit.

DIOS
DIOB

DIo7

DIOB

REN

GND (TW PAIR W/DAV)
GND (TW PAIR W/NRFD)
GND (TW PAIR W/NDAG)
GND (TW PAIR W/FC)
GND (TW PAIR W SRQ)
GND (TW PAIR W/ATN)
SIGNAL GROUND

DIO1
DiCc2
DIC3
DIO4
EOQI
DAV
NRFD
NDAC
IFC
SRQ
ATN
SHIELD

Figure A-2 GPIB Connector Signal Pinouts
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Al2 |EEE 488 MESSAGE FORMATS (IEEE 488.2)

IEEE Std 488.2 was established in 1987 to standardize message
protocols, statusreporting and define aset of common commandsfor
useonthel EEE 488 bus. |EEE 488.2 devicesare supposed toreceive
messagesin amore flexible manner than they send. A message sent
from GPIB controller to GPIB device is caled: PROGRAM
MESSAGE. A message sent from device to controller is called:
RESPONSE MESSAGE. Aspart of the protocol standardization the
following rules were generated:

;) Semicolons are used to separate messages.

) Colons are used to separate command words.

() Commas are used to separate datafields.

<nl> Linefeed and/or EQOI on last character terminates a

'program message'. Linefeed (ASCII 10) and EOI
terminates RESPONSE MESSAGE.

™ Asterisk defines a 488.2 common command.

(?) Endsaquery where areply is expected.

With 488.2, statusreporting was enhanced from thesimple serial poll
response byte in 488.1 to the multiple register concept shown in
Figure A-3. Each 488.2 device must implement a Status Byte
Register, a Standard Event Status Register and an Output Message
Queue. Both registers must have enabling registers that can control
the generation of their reporting bits and ultimately SRQ generation.
This standardized the bit assignments in the Status Byte Register,
added eight more bitsof information in the Event Status Register and
introduced the concept of summary bits reporting to the Status Byte
Register. A 488.2 device outputs the Status Byte Register contents
plustheRQSbitinresponsetoaserial poll. A devicemay includeany
number of condition registers, event registers and enabling registers
providing they follow the model shown in Figure A-3.
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The 488.2 specification a'so mandated a list of common commands
that all devices will support. These commands are:

1 *CLS  Clear Status Command

2 *ESE  Standard Event Status Enable Command
3 *ESE? Standard Event Status Enable Query
4 *ESR? Standard Event Status Register Query
5 *IDN? Identification Query

6 *OPC  Operation Complete Command

7 *OPC? Operation Complete Query

8 *RST Reset Command

9 *SRE  Service Request Enable Command

10 *SRE? Service Request Enable Query

11 *STB? Status Byte Query

12 *TST? Sef-Test Query

13 *WAI Wait-to-Continue Command

In addition to the above common commands, devices that support
parallel polls must support the following three commands

*IST?  Individua Status Query?
*PRE  Pardlel Poll Register Enable Command
*PRE? Pardlel Poll Register Enable Query

Devices that support Device Trigger must support the following
commands:

*TRG  Trigger Command
Controllers must support the following command:
*PCB  Pass Control Back Command
Devicesthat saveandrestoresettingssupport thefollowing commands:

*RCL Recall configuration
*SAV  Save configuration
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Al13 SCPI COMMANDS
INTRODUCTION

SCPI (Standard Commandsfor Programmabl el nstruments) buildson
theprogramming syntax of 488.2to givetheprogrammer thecapability
handling awidevariety of instrument functionsin acommon manner.
This gives al instruments acommon "look and feel".

SCPI commands use common command words defined in the SCPI
specification. Control of any instrument capability that is described
in SCPI shall be implemented exactly as specified. Guidelines are
included for adding new defined commands in the future as new
instruments are introduced without causing programming problems.

SCPI is designed to be laid on top of the hardware - independent
portion of the IEEE 488.2 and operates with any language or graphic
instrument program generators. The obviousbenefitsof SCPI for the
ATE programmer isin reducing the learning time on how to program
multiple SCPI instruments since they all use a common command
language and syntax.

A second benefit of SCPI isthat its English like structure and words
are self documenting, eliminating the needsfor comments explaining
cryptic instrument commands. A third benefit is the reduction in
programming effort to replace one manufacturer's instrument with
one from another manufacturer, where both instruments have the
same capabilities.

This consistent programming environment is achieved by the use of

defined program messages, instrument responsesand dataformatsfor
all SCPI devices, regardless of the manufacturer.
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COMMANDS

SCPI commands are based on ahierarchical structure that eliminates
the need for most multi-word mnemonics. Each key word in the
command steps the device parser out aong the decision branch -
similar to asquirrel hopping from the tree trunk out on the branches
totheleaves. Subsequent keywords are considered to be at the same
branch level until a new complete command is sent to the device.
SCPI commands may be abbreviated as shown by the capital |etters
in Figure A-4 or the whole key word may be used when entering a
command. FigureA-4 showssomesingle SCPI commandsfor setting
up and queuing aserial interface. Refer to Table 3-3 for acomplete
description of the SCPI commands used by this unit.

SYSTem:COMMunicate:SERial:BAUD 9600 <nl>
Sets the baud rate to 9600 baud

SYST:COMM:SER:BAUD? <nl>
gueue the current baud setting

SYST:COMM:SER:BITS 8 <nl>
sets character format to 8 data bits

Figure A-4 SCPI Command Examples

Multiple SCPI commandsmay beconcatenated together asacompound
command using semi colons as command separators. The first
commandisawaysreferencedtotheroot node. Subsequent commands
are referenced to the same tree level as the previous command.
Starting the subsequent command with acolon putsit back at the root
node. Common commands and queries (start with *) can be freely
mixed with SCPI messages in the same program message without
affectingtheaboverules. FigureA-5 showssomecompound command
examples.
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SYST:COMM:SER:BAUD 9600; BAUD? <n|>

SYST:COMM:SER:BAUD 9600; :SYST:COMM:SER:
BITS 8 <nl>

SYST:COMM:SER:BAUD 9600; BAUD?; *ESR?; BIT 6;
BIT?; PACE XON; PACE?; *ESR? <nl>

Figure A-5 Compound Command Examples
The response will be: 9600; 0; 8; XON; 16 <nl>

The response includes five items because the command contains 5
gueries. Thefirstitemis9600 whichisthebaudrate, the seconditem
is ESR=0 which means no errors (so far). Thethird itemis 8 (bit/
word) which is the current setting. The BIT 6 command was not
accepted because only 7 or 8 are valid for thiscommand. Thefourth
item XON meansthat XON isactive. Thelastitemis16 (ESR) which
means execution error - caused by the BIT 6 command.

ERROR REPORTING

SCPI provides ameans of reporting errors by responses to the
SYST:ERR? query. If the SCPI error queue is empty, the unit
responds with 0, "No error" message. The error queue is cleared at
power turn-on, by a*CLS command or by reading all current error
messages. The error messages and numbers are defined by the
SCPI specification and are the same for all SCPI devices. Table 3-
3 liststhe SCPI errors reported by this unit.
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A2  SERIAL DATA COMMUNICATIONS
BACKGROUND

A2.1 INTRODUCTION

Seria datacommunicationisthemost common meansof transmitting
datafrom one point to another. Inserial communication systems, the
dataword or character issent bit by bit over somekind of transmission
path. The receiving device recognizes each bit as they are received
and reassembl es them back into the original data word. Seria data
communication systems are characterized by four primary factors:

1. Dataspeed or baud rate

2. Dataformat

3. Transmission medium

4. Clocking method
Serial data speed isreferred to as Baud Rate. A baud isdefined asa
signaling bit, which includes data bits as well as start/stop framing,
parity or any other bits that make up the data format. Typical
computer baud rates and their uses are:

110 - for teletypes

300, 1200 - for low speed devices and telephone modems

4800, 9600, 19200 - for high speed devices and modems
Dataformat referstothemethod or patternthetransmitter usesto send
the data word or character as a series of bits so that the receiver will
know how to recognize the pattern and reassembl e the bits back into
the original data word. The most common format is called

asynchronous data transmi ssion because each character is sent one at
a time with an undetermined amount of time between characters.
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Each asynchronous character has alow going start bit, a number of
data bits, an optional parity bit and 1 or 2 high stop bits. The
transmitter automatically extends the stop bit when it has no more
characterstotransmit. Thereceiver usesthestart bit to resynchronize
itsclock withthe dataat the start of each character asshownin Figure
A-6.

ASYNCHRONOUS Start Parity | Stop
DATA CHAR Bit Data Bits Bit Bit
| | | | | | | | |
TYPICAL WAVE-  — w | | | ! ! !
FORM FOR AN [ ‘ ‘ ‘ ‘ ‘ ‘ ‘
ASCII "1" | | | | [ | [ |
| | I I I | | |
| | | | | | | | | |
RECEIVING CLOCK : ﬂ ! |-|+ﬂ : ”;_Lﬂ;_ﬂ;_ﬂ;_ﬂ;_ﬂ_
|
| | | | | | | | | |
DATA BITS Start 1 0 0 0 1 1 0 Even (Stop)

Figure A-6  Asynchronous Data Character Waveforms

Synchronouscharacter do not have start/stop bitsand are sent without
spaces between characters. Voids between data charactersarefilled
by predetermined sync characterswhicharediscarded by thereceiver.

Thedataportion of the serial character usually contains5to 8 bitsand
istransmitted |least significant bit first. Today most of the computers
and terminals use the 7 bit ASCII code to represent numbers and
characters. Figure A-6 shows how the ASCII "1" is transmitted.
Compare the binary code in Figure A-5 against the hex code for an
ASCII '1' (HEX 31) and they will bethe same. Binary dataisusually
sent in binary form as 8 bit characters or in hex form as the ASCI|
characters, O through 9 and A through F. Each Hex character
represents 4 binary bits so two Hex characters are needed for each 8
bit binary byte.

Parity bits are added after the data field if the user wants to detect
transmission errors. When parity bitsare used, the transmitter counts
the number of high bitsin the datafield and makes the parity bit al
or 0 so thefinal count will be either even or odd. The receiver then
validatesthereceived charactersby counting 1'sinthe dataand parity
bit fields. Most GPIB-to-Seria interfaces that detect parity errors
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along with data overrun and framing errors, will typically generate a
Bus SRQ messagefor each dataerror and indicatestheerror by setting
bit 3 in the Standard Event Status Register.

Although serial data can be transmitted over any medium, most of
today'scomputer systemsusemetallic cable. Toensurecompatibility,
the manufacturers have adopted interface standards so that they are
electrically compatible. The more popular standards are:

RS-232 M ost popular standardfor officemachinesand
computer systems.

RS-422 and New high speed standard with noise
RS-485 improvements over RS-232 for longer
distances.

Devices employing the same interface standard can usually be
connected together but the user must verify each devices signal
requirements before plugging them together.

When datamust betransmitted over long distances, itistypically sent
over the phone company's direct dial network (DDN) as shown in
FigureA-7. Modemsareusedto convert the serial databitsinto tones
that will pass through the telephone system's 300 to 3000 Hz voice
band. For low baud rates, up to 1200 Hz, the modems convert the bits
into two tones (frequency switched keying) that the receiving modem
recognizes and converts back to data bits. These low speed modems
are referred to by the telephone company's designations, i.e.. Type
103 (300 baud) and Type 212 (1200 baud). Higher dataratesrequire
more complex modul ation techniquesand themodemsarereferred to
by their CCITT specificationi.e., V22.

With asynchronous characters, thereceiver normally usesthestart bit
to synchronizeitsinternal clock. However, somedevices, such asthe
higher speed modems, require the data bits to be synchronized with
their clock. These unitsarereferred to as synchronous modems (not
the same as synchronous data characters) and they will supply the
clock signals to both the transmitting and receiving device.
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ASYNCHRONOUS [ par Pafy | Stop
DATACHAR Bit Data Bits Bit | B

TYPICALWAVE- =
FORMFOR AN
ASCIY'

| |
RECEIVING CLOCK MMM

| | | L | |
DATABITS St L 0 0 0 L L 0 Even (Stop)

Figure A-7 Long Distance Transmission Using 4894's
Another aspect of timing is the control of data transmission to avoid
dataoverrun. Thetwo methods used are control signalsand X-on/X-
off characters.

For the control signal method, extrawiresare providedinthecablefor
handshake signal sthat enableor inhibit dataflow. Themorecommon
control signal pairs are:

Request-to-send / Clear-to-send

Data-terminal-ready / Data-set-ready
All signals must be high to enable data transmission. Dropping any

line normally means the receiving device's buffer isfull or it isbusy
with the last message.
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Another method of controlling the data flow isto imbed X-on/X-off
charactersin the datamessage. At turnon, both devicesareinitially
in the X-on state. When one device becomesfull, it sends the other
an X-off character to inhibit future data transmission. X-on is then
senttorestart thedatatransmissionwhenthereisroominthereceiving
device's buffer for additional data.

The 4806 normally uses asynchronous 8 bit data characters with no
parity and with singlestart and stop bits. The4806will alsowork with
7 bit datacharacters. The unused databits are outputted onthe GPIB
Busasfixed zeros. The user can also add a parity bit and the second
stop bit if required for his system.
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A2.2 RS-232 STANDARD

In 1963, the Electronic Industry Association (EIA) established a
standard to governtheinterface between dataterminal equipment and
datacommunication equipment employing serial binary interchange.
Thelatest revision of this standard (RS-232) has been in effect since
1969 and is known as RS-232C. It specifies:

- Mechanical characteristics of the interface
- Electrical characteristics of the interface

- A number of interchangecircuitswith descriptionsof their
functions

- Therelationshipof interchangecircuitstostandardinterface
types

Thespecification doesnot mean that twodevicesthatare RS-232
compatible can be connected together with a standard cable and
be expected to work.

Mechanically, RS-232 interfaces use a 25 pin male connector (DS
25P) with the dataterminals and a 25 pin femal e connector (DS-25S)
with the data communications units (modems).

Electrically, RS-232 signals are bi-polar and are referenced to a
common ground (AB) on pin 7. Transmitted signalsmust be between
*5and *15V or -5 and -15V into 3000 to 7000 ohm loads. Maximum
open circuit transmitter outputsis +25V. Logic levels are:

+5to +15V -5t0 -15V
Data 0 1
Control 1(0On) 0 (Off)
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Functionally, the specification established two typesof devices, DCE
and DTE, that would mate together by a pin-to-pin cable. The Data
Communi cation Equipment (DCE) was designated asthe device that
connected to the communication line. An example of aDCE is a
modem. TheDataTerminal Equipment (DTE) wasdesignated asthe
device that connected to the DCE. Examples of a DTE are a PC
computer or aterminal. DTE devices can be mated to DTE devices
by aspecia 'null-modem’ cabl ethat crossesthetransmit signalsof one
device with the receive signals on the other device.

In Europe, the Comite Constultatif International Telephonique it
Telegraphige (CCITT) has established standards that correspond to
RS-232C. Whilethesestandards, CCITT V.24and CCITT V.28, are
very similar to RS-232C, they are not identical. The Model 4984
conforms to both RS-232 and CCITT V.24 standards, but does not
contain or use al of the circuits allowed for in both standards.
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A2.3 RS$S422 AND RS-485 STANDARDS

In 1978, the EI A adopted the RS-422 standard to overcomethe noise
and distance problems associated with the single-ended RS-232
signas. TheRS-422 standard specified adifferential signal that used
two lines per signal.

The RS-422 differential signals have the advantage of higher speed
(up to 2Mbs) and longer distance capability (up to 1200M) over the
single-ended RS-232signals. TheRS-422 differential signalsrequire
a differential receiver and are not referenced to Signal Ground.
Differential transmitted signals applied to the interconnecting cable
are+2t0 +6V or -2t0-6V. Recelversare specified to have a+0.2v
sengitivity, 4Kohm minimum input impedance and be capable of
withstanding a maximum input of *10V. Cable terminators and
transmitter wave shaping may be required to minimize cross talk.
Logic levels are:

+2to +6V -2t0 -6V
DataA/B 0 1
Control A/B 1 (0n) 0 (Off)

The differential transmitter output terminal that is positive with
respect to the other terminal for the Control On Signal is designated
the A terminal. The negative terminal is designated the B terminal.
All voltagemeasurementsaremadeby connectingavoltmeter between
the A and B terminals.

RS-485 signalsaresimilar to RS-422 signalsexcept their transmitters

are capable of driving up to 32 receivers and their protocol addresses
individual devices.
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A24 RS-530 PINOUTS

In 1987, the EIA released a new standard, EIA-530, for high speed
signalson a?25 pin connector. Thisnew standard combined the older
RS-232 single-ended signals and the newer RS-422 differentia
signalson one connector. The advantage of the RS-530 specification
isthat it established apin out standard for RS-422 signalsona25 pin
connector and at the same time provided for the presence of both
signals on the same connector.

A25 SERIAL INTERFACE PROBLEMS

Most of the problemsthat arise when connecting serial devicescanbe
avoidedif theuser will comparethesignal son both devices interfaces
before plugging them together. The obvious things to ook for are:

1. Veifytransmitandrecevedatadirectionand pinnumbers.
DTE devicesmate directly with DCE deviceswhile DTE
and DTE connections need to be crossed.

2. Check needed control lines. Some devices need signal
inputs, others can function with open inputs. All inputs
need a valid signa level. If in doubt add jumpersto a
known 'on' signal such as the devicess DTR or DSR
output signal.

3. Same baud rates. Different baud rates result in garbled
data.

i.e,*!1-

4. Same character formats. It may be obvious but often the
character formats and parity settings are incorrect. A
typical parity setting symptom is half good- haf bad
characters.

ie,'’1,'2,'4 good
'3 and 'S’ bad
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