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WITH ICS's DIGITAL INTERFACES

INTRODUCTION

This Application Bulletin describes how to generate serial
waveformsfrom thedigital outputsin ICS's GPIB and Serial
Interfacesand techniquestoincreasethe serial datarate. The
sametechniques can be used to transfer multiplebytesof data
to adigital device.

This Application Bulletin has been revised to include ex-
amples using the 4803's new BINary format command that
was added to the 4803 when the firmware was upgraded to
Revision 5.

BACKGROUND

Some test and measurement applications require that the test
engineer generate a serial waveform to send data or com-
mands to the device under test. If the serial dataformat uses
asynchronous ASCII characters, then the test engineer has a
wide choice of serial datasources. He can usethe PC's serial
COM ports or one of several GPIB-to-Serial interface prod-
uctsthat areonthemarket. All of these sourcesare program-
mable and can generate a variety of asynchronous serial
formats and data rates.

Some test applications require non-asynchronous data for-
mats. Inthese applications, the test engineer needsto gener-
ate binary data, a data clock and often a data gate or strobe
signal togowiththedata. Datarate accuracy isnormally not
the major consideration as the clock signal is supplied with
the data. These kinds of waveforms can be generated by
successively outputting digital words to the same data port.
By properly coding the digital words, different bits can be
used create the serial data, the serial clock and any other
needed waveforms.

GENERATING SERIAL WAVEFORMS

Figure 1 shows atypical serial waveform with data, a clock
signal and adatagate. Thedatasignal waveform outputsfour
bits, 101 0. The clock waveform is pulsed when the datais
stable. Thedatagate enclosesthe activedatawaveform. The
bit pattern along the bottom of Figure 1 representsthe digital
data that has to be outputted to generate the waveforms.
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Figurel Basic Serial Waveforms

The output sequence to generate the waveform sets the data
and then pulses the clock for each data bit. The sequenceis
repeated for each serial bit. If a data gate or strobe pulseis
required, itiscodedinto the output dataasshowninFigure 1.

This technique can be expanded to include additional wave-
forms or for full byte-wide data words.

IMPROVED SERIAL WAVEFORM CODING

The output sequence used in Figure 1 requires three digital
words per bit. While workable, it is time consuming. The
serial output can be speeded up by returning the clock to its
inactive level at the same time that the data waveform is
changedtoitsnext valueasshowninFigure2. For most serial
devices, it is only necessary to have the data stable on one
edge of the clock.
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Figure2 Improved Serial Waveforms

The technique shown in Figure 2 eliminates one output step
per bit and improvestheserial datarate by 33% over thebasic
serial waveform in Figure 1.

SPEEDING UP SERIAL DATA WAVEFORMS

In general, serial data waveform speed depends upon the
computer program, the number of characters sent to the
interface to generate the waveforms and how the interfaceis
used. Check your program against the following guidelines:

1.  Minimize the number of output steps used to create
the serial waveform. See Figures1, 2 and 8.

2. Usethe shortest commands possible. In ICS prod-

ucts, use the short form commands instead of the

longer SCPI commands to output the data. This

minimizes GPIB bustransfer timeand theinterface's

parsing time.

Use compiled instead of interpretive programs.

Use precanned messages where possible.

Replace DO-LOOP and FOR-NEXT structureswith

linear coding. Listing each output command sepa-

rately ismorework but it will execute faster in slow

computers.
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Steps 3, 4 and 5 are very important if you are using an older
or slow computer.

GENERATING SERIAL DATA WITH A 4803 OR A
4863 GPIB TO DIGITAL INTERFACE

ICSs Model 4803 and 4863 are GPIB-to-Digital Interfaces
whose outputs can be controlled by the user. There are two
ways to send the 4803 and 4863 digital data. One way isto
send the data with a command. The 4803 or 4863 parses the
command and then outputsthe data parameter to the selected
port. The second and faster way isto configure aport as an
output port and then transparently send it datain the dual or
secondary address mode.

SENDING DATA ASA COMMAND PARAMETER

The simplest data transfer method is using the byte output

type commandsto send digital datato aselected output byte.
These commandsinclude the port number and adatavaluein
each command. Valueisnormally decimal but can be HEX
coded with #h prefix. Figure 3 shows the byte output
commands used to create the waveforms shown in Figure 2.

BO1 5 <If> 'sends value 05 to port#1
BO1 7 <If> 'sends value 07 to port#1
BO1 1 <If> 'sends value 01 to port#1
BO1 3 <If> 'sends value 03 to port#1
BO1 5 <If>
BO1 7 <If>
BO1 1 <If>
BO1 3 <If>
BO1 0 <If> 'sends value 00 to port#1

Figure3 Byte Out Commands

The4803/4863 parseseach command to output thedata. This
takes 12 milliseconds per data byte for early boardswith a6
MHzclock (12.88 MHz crystal). Newer boardswith20 MHz
clockstake 3.5 ms.

For each command, the GPIB bus sends an unlisten com-
mand, addressesthe 4803 or 4863 asalistener and sendsit the
databytes. Thistypically requiresthree GPIB address bytes
plus 6 data bytes for atotal of 9 GPIB bus transactions per
command. Concatenating the commandsinto one command
line eliminates the 3 GPIB address bytes for each step.
Concatenated commands are separated by semicolons. This
reduces the above commands to:

BO1 5;B01 7;B0O1 1;B0O1 3;B0O1 5;B01 7;BO1 1;BO1
3;BO1 0 <If>

Figure4 Concatenated Command String

Command length is limited to the size of the GPIB buffer.
Normal input buffer size is 1024 bytes. Check your manual
as some early units had 256 byte input buffers.

USING CONFIGURED OUTPUT BYTES

A faster way to output multipledigital bytesisconfiguresome
ports (bytes) inthe 4803 or 4863's parallel interface asoutput
byte(s) and then send the data to the output byte(s) with a
command or as a transparent string. The number of output
ports depends upon the required number of datalines. This
method can be easily scaled up to transfer multi-byte words
toadigital device. Thefollowing example configuresbyte 1
as an output and uses the PO command to send the same data
asinFigure4. Again, the datacommand lengthislimited by
the size of the GPIB buffer.

Setup:
CONF:INP (@ 1:5)
CONF:OUT (@ 1) <If>

'sets all bytes to inputs
'sets an output byte
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CONF:OUT:POL 1 <If>
CONF:STB 0 <If>
FORM:LIST HEX <If>

'sets output polarity
'sets data strobe polarity
'sets data format

Sending Data:
PO 5;PO 7;PO 1:PO 3;PO 5;PO 7;PO 1:PO 3;PO 0<If>

Figure5 Usinga Configured Output Port to Gener-
ate Serial Waveforms

Theconfigurationcommandsintheaboveexampledefinethe
output port, the data polarity and the type of datathat will be
sent to the port. The HEX dataformat sends 8-bit values as
two HEX digits, 00to FF. Thereisonly asingledigitinthe
above example as the waveform in Figure 2 has only three
lines. HEX and 4833 are the fastest 4803 and 4863 output
formats. HEXList and ASCii are the slowest formats.

MULTIPLE DATABYTESIN THE SAME
COMMAND

The above example uses 5 GPIB bus transactions for each
databyte. It aso usesup alot of 4803/4863 processing time
asthe4803/4863 hasto parse each command. Whenthe4803
or 4863 parses the command, it outputs data until it seesthe
semicolon or linefeed terminator. If multiple data bytes are
sent with each command, the 4803 or 4863 places each byte
in the configured output port(s). Figure 6 shows how to
output thewaveformin Figure 2 using multiple data bytesin
one command.

Sending Data:
PO 3571357130<If>

Figure6 SENDING MULTIPLE DATA BYTESIN
ONE COMMAND

SENDING DATA TRANSPARENTLY

Thetransparent datamethod bypassesthe 4803/4863's parser
and uses the 4803/4863's dual or secondary GPIB address
mode. The dual address mode uses consecutive primary
addressessuch as4 and 5. Thelower addressisused for setup
commands and for transferring data with commands. The
upper or higher addressisonly used for the transparent data.
The secondary address mode uses one primary address and
two secondary addresses, 00 and 01. Secondary addressQ0is
thecommand address, secondary addressQ1isfor transparent
data. The choice of which addressing method to useisup to
the user.

In either case, the output port isconfigured asin Figure 5 and
thedataissent by itself toadifferent address. Figure7 shows
the additional address mode command.

3

Setup:

CONF:INP (@ 1:5) 'sets all bytes to inputs

CONF:OUT (@ 1) <If> 'sets an output byte

CONF:OUT:POL 1 <If> ‘'sets output polarity

CONF:STB 0 <If> 'sets data strobe polarity

FORM:LIST HEX <If> 'sets data format

SYST:COMM:GPIB:ADDR:MODE DUAL <If>
‘enables two primary ad-
dresses

Sending Data:

3571357130<If>
Figure7 Sendingthe Serial Data Transparently

The order of the address mode command is not important. It
canbedoneat any time. Provideashort delay of 70 msec after
the address command before sending the 4803 or 4863 any
other commands or data.

OUTPUTTING DIGITAL DATA

Outputting data is very similar to generating serial wave-
formsexcept that special waveformslikeaclock or adatagate
arenot required and that all bitsareused for data. Databit to
databit spacingisnormally not critical. Thegoal issimply to
transfer the data. The data must be stable and then a clock
generated to latch in the data into the receiving device as
shown in Figure 8.
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Data Strobe
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Figure8 DataByte Waveforms
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Inthe serial waveform examples, the clock was coded as part
of the output waveform. Digital data transfer uses the 4803
or 4863's ability to automatically generate data strobes to
clock data into the receiving device instead of coding the
clock as a separate bit.

Both devices generate a data strobe when they detected a
command terminator or separator. The 4803 and 4863 will
also generate a data strobe if a comma is placed between
multipledatabytes. Figure9 showsthe Sending Dataportion
of Figure 6 recoded to generate a data strobe between each
data byte.
Sending Data:

PO 3571357130<If> 'originalline - generates adata
strobe only on last character
PO 3,5,7,1,3,5,7,1,3,0<If> 'recoded - generates a data

strobe between each data byte
Figure9 DATA STROBESFOR EACH BYTE;q,



MULTI-BYTE WORDS

The only change needed to output multi-byte words is to
configure additional ports as outputs. Because thereis very
little overhead in outputting the additional bytes, multi-byte
words have ahigher datatransfer rate. Figure 10 shows how
to configure the 4803 to transfer a 16-bit wide word.

Setup:
CONF:INP (@ 1:5)
CONF:OUT (@ 1,2) <If>
CONF:OUT:POL 1 <If>
CONF:STB 0 <If>
FORM:LIST HEX <If>

'sets all bytes to inputs
'sets two output bytes
'sets an output polarity
'sets data strobe polarity
'sets output data format

Sending Data:
PO 0001,FED3,0002,1453,0003, --- 4567<If>

Figure 10 Transferring 16-bit Wide Data

Thedatawasoutputted withacommandintheaboveexample.
The loop repeat time is the same for the transparent or the
commandtransfer methods. Thereisnosignificant difference
with either one. Notethat spacesmay beinserted between the
data groups as they will be ignored by the selected format
command. The HEX ist and ASCii formats that require
commas between dataval ues, need asecond commato gener-
ate adata strobe. i.e. 0,1,,254,... etc.

MAXIMIZING DATA TRANSFER RATEWITH THE
4803's BINARY FORMAT COMMAND

Datatransfer rate can be greatly improved by using the 4803's
new BINary output (LISTen) format. The BINary output
format transfersbinary bytesbetweenthe GPI B busbuffer and
the digital interface and in the dual or secondary address
modes. Binary datastringsdo not have separators. Spacesare
not allowed between databytes. Dataissimply transferred to
the output bytes until all bytes have data and then a strobe
pulseisgenerated. If thereismoredatainthebuffer, thecycle
repeats until all of the data has been outputted. To maximize
the data transfer rate, combine the binary data into output
strings, up to 1024 characters long. Send each string to the
4803. The4803'soutput burst rateis> 58 k bytes/sec for one
byte-wide words to > 43 k words/sec for four byte-wide
words.

Setup:

SYST:COMM:GPIB:ADDR:MODE DUAL
‘enablestwo primary addresses
'sets all bytes to inputs
'sets an output bytes
'sets data strobe polarity
'selects binary output format

CONF:INP (@ 1:5)
CONF:OUT (@ 1,2)
CONF:STB 0
FORM:LIST BIN
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Sending Data:

0001FED3000214530003 --- 4567
'data ends with EOI asserted on last
character

Figurell Binary Transfer of 16-bit Wide
Data

OUTPUTTING SERIAL DATAWITH A 23030R a
2363 SERIAL-TO-DIGITAL INTERFACE

ICS's Models 2303 and 2363 Serial-to-Digital Interfaces
convert asynchronous serial data into digital 1/0 signals.
They use the same commands and have the same digital
interfaces as their GPIB equivalents. However they do not
have atransparent datatransfer mode so the user will haveto
use either the byte out commands (BOn) or data output
commands(PO) to output thedata. BOncommandssend data
to the specified port (n) and do not pulse the data strobe
output. PO commands send datato the byte(s) configured as
outputs and do pulse the data strobe output line. All of the
above single address mode exampleswork with the 2303 and
the 2363.

SUMMARY

This application bulletin has described how the to use ICS's
GPIB toDigital interfacemodul esand cardsto generate serial
waveforms. This application note also describes ways to
speed up the user's program and how to minimizethe number
of data bytes needed to generate the serial waveforms. In
some cases, the user will be ableto reduce the number of data
bytesto one byte per bit. The same technigque can be used to
transfer multiple data bytes to another digital device. The
4803'snew BINary format hasthe highest datatransfer rates.
HEX or 4833 formats with multipl e data bytes per command
maximize the data transfer rates for older firmware.

While this application bulletin was written for GPIB inter-
faces, the Model 2303 and Model 2363 Serial-to-Digital
Interfaces can also be used to generate serial waveforms but
cannot take advantage of the4803 and 4863'stransparent data
transfer capability.
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