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INTRODUCTION

Thismanual describes the programming and operation of Paroscientific's line of
intelligent instruments with the RS-232 interfaces. These instruments have a
common instruction set with some variation in the Model 740, Model 760 and 16-
bit board as noted.

The Intelligent Transmitter, Portable Pressure Standards and RS-232C seria
interface boards each provide direct digital pressure output, in the user's choice
of engineering units, to acomputer or optional stand-alone readout display.

The intelligent devices receive commands and data requests viaatwo way
RS-232 port and return data viathe same bus. Up to 98 transmitters can be
attached to asingle RS-232 port.

Powerful, easy to use program commands allow the user to address any or all
transmitters on the bus and control data sampling rates, sample integration time,
baud rate, and other operating parameters.

Pressure values are output in any of eight standard sets of engineering units or
in user definable units.

Output pressure datais fully compensated for temperature effects over the
calibrated temperature range.

The different models can easily be mixed on the same RS-232C bus. The same
basic commands are used with all models. A few additional commands control
special features unique to some models.
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HARDWARE DESCRIPTION

The Digiquartzél Intelligent Transmitters and Portable Pressure Standards
consist of a standard Paroscientific pressure transducer and adigital interface
board in anintegral package. Thedigital interface boards are also available
separately for customer systems where separate packaging of the transducer and
interface board is desired. Programming and operation are the samein all
configurations.

The digital board has a microprocessor-controlled counter and RS-232 port. The
microprocessor operating program is stored in permanent memory (EPROM).
User controllable parameters are stored in user writable memory (EEPROM). The
user interacts with the transmitter viathe two-way RS-232 interface.

The pressure transducer provides two continuous frequency output signals: one
corresponds to the pressure and the other to sensor internal temperature. The
digital board uses these two signalsto calculate fully temperature-compensated
pressure. The equations used are described in Appendix G.

The microprocessor monitors incoming commands from the computer. When a
sampling command is received, the microprocessor selects the appropriate
frequency signal source and makes a period measurement using a 14.74 MHz
timebase counter. The counter integration timeis user selectable. Some
commands require measurements of both temperature and pressure signals. In
that case, the temperature period is measured first, followed by the pressure
period. When the period measurement is completed, the microprocessor makes
the appropriate cal cul ations and | oads the data onto the RS-232 bus.

An optional version of the transmitter and digital interface board is available
which provides 16-bit serial binary output in addition to RS-232 output. (Refer to
Section 12.)
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SPECIFICATIONS
1. ALL 740/760 PORTABLE STANDARDS
2. TRANSMITTERS AND DEPTH SENSORS SHIPPED BEFORE
OCTOBER 1, 2001

RS232 BUS:
Baud Rates User selectable from 150 to 19200 baud

Input levels Any RS-232C compatible level
Output levels +5VDC nomind

Dataframing User selectable choices:
8 data bits, no parity, one stop hit
7 data bits, odd parity, one stop bit
7 data bits, even parity, one stop bit

Handshaking Not required.

POWER REQUIREMENTS:
+6 TO+16 VDC

Typical current drain:
12 mA r.m.s. quiescent
14 mA r.m.s. at 1 sample/s
25 mA r.m.s. max at high speed
25mA peak instantaneous current

SAMPLING MODES:
Single sample and send
Synchronized sample and hold
Continuous sample and send
Special burst sampling modes

SAMPLE INTEGRATION TIME:
User selectable in approximately 3 ms steps from 3 ms
to30s.
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SAMPLE SPEED:

Depends on integration time
Up to 50 samples/ sin normal modes
Up to 135 samples/ sin burst sampling modes

RESOLUTION:

Depends on integration time

User selectablein 15000 steps

Typicaly: 100 ppm full scale at 70 samples’ s
10 ppm at 8 samples/ s
1 ppm at approximately 1 sample/ s
0.1 ppmonceevery 15s

PRESSURE UNITS:
User selectable

Choice of psi, hPa, mbar, bar, kPa, MPa, inches of Hg, Torr,
meters of water or user definable

OPTIONAL OUTPUTS:

16-hit parallel binary output is available as an option.
16-bit serial binary output is standard on some models.
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SPECIFICATIONS
TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER OCTOBER 1, 2001
(FIRMWARE VERSION R1.00 AND LATER)

NOTE:
710 Display is not supported.
RS232 BUS:
Baud Rates User selectable from 150 to 19200 baud

Input levels Any RS-232C compatible level
Output levels +5VDC nomind

Dataframing User selectable choices:
8 data bits, no parity, one stop hit
7 data bits, odd parity, one stop bit
7 data bits, even parity, one stop bit

Handshaking Not required.

POWER REQUIREMENTS:
+6 TO+16 VDC

Typical current drain:
18 mA r.m.s. quiescent
32 mA r.m.s. max at high speed

SAMPLING MODES:
Single sample and send
Synchronized sample and hold
Continuous sample and send
Special burst sampling modes

SAMPLE INTEGRATION TIME:
User selectablein approximately 3 ms steps from 3 ms
to30s.
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SAMPLE SPEED:

Depends on integration time
Up to 50 samples/ s in norma modes
Up to 135 samples/ sin burst sampling modes

RESOLUTION:

Depends on integration time

User selectablein 15000 steps

Typicaly: 100 ppm full scale at 70 samples s
10 ppm at 8 samples/ s
1 ppm at approximately 1 sample/ s
0.1 ppmonceevery 15s

PRESSURE UNITS:

User selectable

Choice of psi, hPa, mbar, bar, kPa, MPa, inches of Hg, Torr,

meters of water or user definable

SPECIFICATIONS
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HOW TO GET STARTED

This section concentrates on things a first time user needs toknow. It includes
simple sample programs written in BASIC.

Hook up the transmitter as described in Appendices A and B. Then read
through Sections 1 and 2 to get an overview of the capabilities of the transmitter.

The DigiquartzO CD-ROM Library included in your shipment contains programs
that allow you to configure and log data from your instrument. These programs
will run on any PC with an RS-232 port and the Windows 95/98/NT operating
system. Toinstall the programs, insert the CD-ROM into your drive. A menu will
appear on the screen allowing you to select the program you would like to install.

Run the DigiquartzO I nteractive program to verify that your hookup is correct
and that the instrument is operating properly. Run the DigiquartzO Assistance
program to log data from the instrument. Context sensitive help isalso available
while running each program.

There are avariety of other useful programs that may be found on the CD-ROM.
Y ou may also use a standard terminal emulation program to interact with your
instrument. If troubleisencountered, check the programming hintsin Appendix
D of thismanual.

TYPES OF MEASUREMENTS
The transmitter can make four types of measurements:
1. Pressure - Pressure measurements are the most frequently used.

2. Temperature(internal sensor temperature) - The sensor internal
temperature measurement isintended for thermal compensation of
pressure. Because the sensor isthermally isolated, the internal
temperature changes slowly and might be read only occasionally .

The period measuring commands are used mainly for calibration or diagnostic
tests. They also can be used for high speed burst sampling.

3. Period of the pressure sensor

4. Period of thetemperature sensor
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TYPES OF SAMPLING

There are four types of sampling:

L Single measurement sample and send, (e.g., command P3)
2. Single measurement sample and hold, (e.g., command P5)
3. Continuous sample and send, (e.g., command P4)

4, Special high speed burst sampling, (e.g., command P7)

The simplest commands to use are the single sample commands, and beginners
should start with them.

Command Transmitter Response
P3 Make one pressure measurement and send it to the
computer.
P5 Make one pressure measurement hold value until
requested.

DB or DS Send value being held to computer.

The difference is that P3 sends data as soon asit is available, while P5 holds the
datauntil aDB (dump buffer) or DS (dump sequential) request is received.

P5 isintended primarily for sampling simultaneously with several transmitters
and then reading them out one by one.

The continuous and burst sampling procedures are described later. They are
more complicated to use because data keeps coming in and user programs must
keep up withit.
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COMMAND FORMAT

All commands havetheform: *ddsscc <cr><If>

Dataframing is 8 data bits, no parity, with one stop bit or 7 data bits with even or
odd parity, one stop bit. Set by command PT.

1

2.

Each line starts with an asterisk (*).
The next 2 digits, dd are the destination for the command (00-99).

The controller (IBM PC, etc.) is address00, and the transmitters can be 01
through 98. Address99isfor "global".

A transmitter responds only to its own address or 99.

The next 2 digits, ss, are the source of the message (00-98).

The next 2 characters, cc, specify the type of message, and may be followed
by more charactersin some messages. Characters must be upper case.

Reply messages may substitute data for the cc characters.

Each message lineisterminated by a carriage return<cr>and aline feed
<If>.

Undefined commands are absorbed.

A command arriving before a previous command is completed cancels the
previous command.

A typical message from the PC to transmitter #1 asking for pressure:

*(0100P3 <cr> <If>

A typical reply from the transmitter to the PC:

*000114.573 <cr > <If>
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SET-UP COMMANDS

Before acomputer can talk to the transmitter, its baud rate (BR), parity (PT), and
identification (ID) number must be known. Transmitters are normally shipped set
to BR =9600, PT =N, and ID = 1. Usersmay change these parameters but
should record the new values. If the baud rate and parity of atransmitter are not
known, the computer will have to search all values to reestablish communication.

The command PR sets the counter integration time in multiples of about 0.003
seconds. This command determines the Pressure Resol ution.

The transmitters are shipped set to PR = 238, which gives a pressure resolution
of about 1 ppm and a counter integration time of about 0.7 seconds. Users may
select the value best suited for their applications. Larger values give higher
resol ution but take longer.

Once these parameters are set, you are ready to take data. The transmitter retains

these parametersin EEPROM even if turned off. The sample programs on the
following pageswill help you to get started.

STANDARD CONFIGURATION SETUP
The intelligent devices are shipped with a data sheet of the configuration setup.

It shows the settings of all the configuration parameters and calibration
coefficients. The user should safeguard this data sheet for future reference.

SAMPLE PROGRAM FOR SINGLE MEASUREMENTS
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(The following program iswrittenin BASIC)

10
20

30

40

50

60

70

80

90

100

110

120

130

140

REM *** S| NGLE SAMPLE PROGRAM

CLS
Clear screen.

ON ERROR GOTO 130
Set up exit in case of errors.

OPEN " COML: 9600, N, 8, 1, CS, DS, LF"
Set up computer RS-232 port #1. 9600 baud, no parity, 8 data bits,

1 stop bit, no handshaking, send

PRI NT #1, "*0100VR'

line feed.

Send acommand to stop any commands in progress.

CLCSE #1
Close channel to clear out buffer.

OPEN " COML: 9600, N, 8, 1, CS, DS, LF"

Reopen channel, ready to go.

PRI NT #1, "*0100P3"
Ask for one pressure reading.

| NPUT #1, A$
Read the data.

PRI NT " DATA RECEI VED: "
Print the data.

CLOSE #1
Close channel.

END

PRI NT "ERROR NR'; ERR;
Error exit. Print message.

RESUME 120

. AS

"ON LI NE";

ERL

FOR RANDOM AS #1

FOR RANDOM AS #1

HOW TO GET STARTED
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Lines 40-60 clear the transmitter of previous commands. They halt any
continuous data from the transmitter and clear out the computer input buffer.

Inlines40 and 70, COM 1 can be changed to COM2 to use RS-232 port #2
instead of port #1. Specify the baud rate for which the transmitter is set.

Now try substituting the P1 or Q3 command for P3 in line 80.
Try adding the following to get continuous output:

105 GOTO 80
Press CTRL BREAK to halt the program.

Now add the following to strip off the address block * 0001 from the reply:

95 A$ = MD$ (A$, 6)

For additional programming examplesin Visua Basic, Visua C, and LabView, see
the website http://www.par oscientific.com under software
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SAMPLE PROGRAM FOR CONTINUOUS MEASUREMENTS

10 REM *** CONTI NUOUS SAMPLE PROGRAM
20 CLS
Clear screen.

30 ON ERROR GOTO 130
Set up exit in case of errors.

40 OPEN "COML: 9600, N, 8, 1, CS, DS, LF* FOR RANDOM AS #1
Set up computer RS-232 port #1. 9600 baud, no parity, 8 data bits,
1 stop bit, no handshaking, send line feed.

50 PRINT #1, "*0100VR"
Send a command to stop any commands in progress.

60 CLOSE #1
Close channel to clear out buffer.

70 OPEN "COML: 9600, N, 8,1, CS, DS, LF* FOR RANDOM AS #1
Reopen channel, ready to go.

80 PRINT #1, "*0100P4"
Ask for continuous pressure readings.

90 | NPUT #1, A$
Read the data.

95 A$ = M D$(AS$, 6)
Strip off address block.

100 PRINT "DATA: "; A$: GOTO 90
Print the data. Loop to get more.

130 PRINT "ERROR NR'; ERR;, "ON LINE"; ERL
Error exit. Print message.

140 CLOSE #1: END
Closefile.
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SAMPLE COMMANDS
(May be used as global 99 commands)

P1 Sample and send one pressure sensor period.

P2 Continuously sample and send pressure periods.

P3 Sample and send one pressure.

P4 Continuously sample and send pressure.

P5 Sample and hold one pressure.

P6 Sample and hold one pressure period.

P7 Burst and sample pressure: read temperature once; then continuously send pressure
compensated using origina temperature.

Q1 Sample and send one temperature period.

Q2 Continuously sample and send temperature periods.
Q3 Sample and send one temperature.

Q4 Continuously sample and send temperature.

Q5 Sample and hold one temperature.

Q6 Sample and hold one temperature period.

DB Dump buffer. Sends values being stored.
DS* Dump sequential. Sends stored valuesin
sequential order.

CONFIGURATION CONTROL

BR Enter baud rate. Must be global command.
BL Locks baud rate and parity to prevent change.
Must be global command.
ID Auto-number transmittersin aloop. Must be global command.
PT? Sets transmitter parity. Must be global.
EW Enable EEPROM write for one command.

! NOT SUPPORTED FOR TRANMITTERS AND DEPTH SENSORS SHIPPED AFTER
10/1/01 (FIRMWARE VERSION R1.00 AND LATER).

2 PARAMETER IS READ-ONLY, FIXED AT 8 DATA BITS, NO PARITY, AND 1 STOP
BIT IN TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER 10/1/01 (FIRMWARE
VERSION R1.00 AND LATER).
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REMAINING COMMANDS CANNOT BE GLOBAL

PR Read/enter pressure resolution.
TR Read/enter temperature resolution.
UN Read/enter choice of pressure units.

0. user defined 3. bar 6.inHg
1. psi 4. kPa 7. Torr or mm Hg
2. mbar or hPa 5. MPa 8. mHy0

UF Read/enter user definable units.
MD Reads or sets power-up mode.

SPECIAL COMMANDSTO CONTROL DISPLAY

DC Display check.

DD Display distance.

DP Reads or sets number of display decimal places.
DR Display right-adjusted data from computer.

DV Display value from computer, left-adjusted.

TARE AND OVERPRESSURE COMMANDS

BP Sound overpressure beeper.

OP Read/enter the overpressure alarm setting.
ZS Read the position of the zero set switch.
ZV Zerovaue. Read the zero offset value.
ZL Zerolock. Enable or disable taring.

SPECIAL DIAGNOSTIC COMMANDS

mMcC? Memory check. Checks program PROM.
CS Check stack of microprocessor.

CT? Check counter timebase.

CX Check crystal of microprocessor clock.

¥ NOT SUPPORTED FOR TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER
10/1/01 (FIRMWARE VERSION R1.00 AND LATER).
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OPTIONAL 16-BIT BINARY OUTPUT COMMANDS

LL Limitlow. Reads or sets pressure corresponding to binary 0.
LH Limit high. Reads or sets pressure for binary 65535.

IM Interface mode. Turns 16-bit binary interface on or off.

IC Inhibit control. Controls operation of datainhibit line.

CALIBRATION COMMANDS
WARNING!! THE FOLLOWING COMMANDS CAN CHANGE THE
CALIBRATION COEFFICIENTS

SN* Read/enter transmitter serial number.
PA Read/enter pressure adder.

PM Read/enter pressure multiplier.

TC* Read/enter timebase correction factor.

C1l Read/enter C1 pressure coefficient.
C2 Read/enter C2 pressure coefficient.
C3 Read/enter C3 pressure coefficient.

D1 Read/enter D1 pressure coefficient.
D2 Read/enter D2 pressure coefficient.

T1 Read/enter T1 pressure coefficient.
T2 Read/enter T2 pressure coefficient.
T3 Read/enter T3 pressure coefficient.
T4 Read/enter T4 pressure coefficient.
T5 Read/enter T5 pressure coefficient.

UO Read/enter UO temperature coefficient.
Y1 Read/enter Y1 temperature coefficient.

Y2 Read/enter Y2 temperature coefficient.
Y3 Read/enter Y 3 temperature coefficient

* READ-ONLY FOR TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER 10/1/01
(FIRMWARE VERSION R1.00 AND LATER).
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COMMAND DESCRIPTIONS

SAMPLING COMMANDS (may be used as global 99 commands.)

P1 Sample and send one period measurement of the pressure signal in
microseconds.
ACTION: Start pressure count, read count when done, calculate period
using timebase and integration time, send reading, await next
command.

TYPICAL COMMAND:  *(0100P1
TYPICAL REPLY: *000129.12345

P2 Continuously sample and send pressure signal periods.
ACTION: Start pressure count, read count when done, restart count,
calculate period using timebase and integration time, send
reading, read next count when available and loop until

stopped.
TYPICAL COMMAND: *0100P2
TYPICAL REPLY: *(000129.12345
*(000129.12346

*000129.12344, etc.

P3 Sample and send one compensated pressure.

ACTION: Start temperature count, read count when done, start
pressure count, correct temperature count for timebase and
integration time, compute temperature compensated pressure
coefficients, read pressure count when done, correct
pressure count for timebase and integration time, calculate
pressure, send reading, await next command.

TYPICAL COMMAND:  *(0100P3
TYPICAL REPLY: *0001555.444
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P4

P5

P6

P7

Continuously sample and send compensated pressure.
ACTION: Start temperature count, read count when done, start

pressure count, correct temperature count for timebase and
integration time, compute temperature compensated pressure
coefficients, read pressure count when done, restart
temperature count, correct pressure count for timebase and
integration time, calculate pressure, send reading, loop until

stopped.
TYPICAL COMMAND: *0100P4
TYPICAL REPLY: *(0001555.444
*(0001555.447
*(0001555.444, etc.

Sample and hold one compensated pressure.
ACTION: Same asP3 except save reading and await DB command.

TYPICAL COMMAND: *0100P5
TYPICAL REPLY: None until DB or DS command received.

Sample and hold one pressure signal period.
ACTION: Same asP1 except save reading and await DB command.

TYPICAL COMMAND: *0100P6
TYPICAL REPLY: None until DB or DS command received.

Burst sample pressure: read temperature once; then continuously send

pressure compensated with original temperature reading.

ACTION: Start temperature count, read count when done, start
pressure count, compute temperature compensated pressure
coefficients and save for repeated use, read pressure count
when done, restart pressure count, correct pressure count
for timebase and integration time, calculate pressure, send

reading, wait for next pressure count, and loop until stopped.

TYPICAL COMMAND:  *0100P7

TYPICAL RERLY: *0001555.444
*0001555.447
*0001555.444, etc.
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Q1

Q2

Q3

Q4

Q5

Sample and send one temperature signal period.

ACTION: Start temperature count, read count when done, correct for
timebase and integration time, send reading, await next
command.

TYPICALCOMMAND: *0100Q1
TYPICAL REPLY: *00015.812345

Continuously sample and send temperature signal period.

ACTION: Start temperature count, read count when done, restart count,
correct count for timebase and integration time, send
reading, get next count, and loop until stopped.

TYPICAL COMMAND:  *0100Q2

TYPICAL REPLY: *00015.812345
*00015.812346
*00015.812347, etc.

Sample and send one temperature in degrees C.

ACTION: Start temperature count, read count when done, correct count
for timebase and integration time, compute temperature and
send, await next command.

TYPICAL COMMAND:  *0100Q3
TYPICAL REPLY: *000122.1234

Continuously sample and send temperature.

ACTION: Start temperature count, read count when done, restart count,
correct for timebase and integration time, compute
temperature and send, wait for next count, and loop until

stopped.
TYPICAL COMMAND: *0100Q4
TYPICAL REPLY: *000122.1234
*000122.1235
*000122.1234, etc.

Sample and hold one temperature.
ACTION: Sameas Q3 except save reading and await DB command.

TYPICAL COMMAND: *0100Q5
TYPICAL REPLY: None until DB or DS command received.
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Q6

DB

DS®

Sample and hold one temperature period.
ACTION: Same asQ1 except save reading and await DB or DS
command.

TYPICAL COMMAND: *0100Q6
TYPICAL REPLY: None until DB or DS command received

Dump buffer. Send reading being stored.

ACTION: Send reading saved during P5, P6, Q5, or Q6 command.
The DB command must be the next command addressed to
the transmitter after asample and hold. If the DB command
arrives before the sampleisready, data are sent when ready.

TYPICAL COMMAND: *0100DB
TYPICAL REPLY: *0001555.444

Dump sequential. Usually aglobal command.

ACTION: Similar toDB command except it guarantees that the data
from multiple transducers comes back in sequential order.
Sends reading saved during a P5, P6, Q5, or Q6 sample and
hold command and then sends aglobal DS command to
trigger the next transmitter in the loop. The DS command
must be the next command addressed to the transmitter after
the sample and hold. If the DS command arrives before the
sampleisready, data are sent when ready.

TYPICAL COMMAND: *9900DS

TYPICAL REPLY: *(000114.576 First transmitter
*(000214.577 Second transmitter
*9900DS

® NOT SUPPORTED IN TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER
10/1/01 (FIRMWARE VERSION R1.00 AND LATER).
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CONFIGURATION CONTROL COMMANDS

BR

BL

Enter baud rate. Must be aglobal 99 command.

CAUTION: Think carefully before changing the baud rate.

ACTION: Setsbaud rate. Does not require an EW command. Choices
are 150, 300, 600, 1200, 2400, 4800, 9600, 19200 baud.

TYPICAL COMMAND:  *9900BR = 2400 set BR = 2400
TYPICAL REPLY: *9900BR = 2400

NOTE: When the baud rate is changed, the confirming reply is sent at
the original baud rate but all subsequent commands should be
at the new baud rate.

Baud lock. Must be global command.

ACTION: Locks or unlocks baud rate and parity to prevent accidentally
changing them. BL =0 isunlocked and allows valuesto be
changed. BL =1 islocked. When modemsare used, itis
wiseto lock the baud rate at a value compatible with the
modem.

TYPICAL COMMAND:  *9900BL

TYPICAL REPLY: *(0100BL =0 not locked
* 9900BL
TYPICAL COMMAND:  *9900EW *9900BL =1 lock all
TYPICAL REPLY: * 9000EW
*0001BL =1
*Q000BL =1

Auto-number transmittersin aloop. Must be aglobal 99 command.

ACTION: Causes unitsto auto-number around aloop. Command
begins at the PC with*9900ID. Thefirst unit seesthat the
previous unit was "00" and numbersitself "01" and stores
thevauein EEPROM. Unit sends out * 99011 D which
causes the next unit to number itself "02". The PC
eventually will receive the message * 99nnID, wherennis
the number of unitsin the loop.

TYPICAL COMMAND:  *99001D
TYPICAL REPLY: *99011D

COMMAND DESCRIPTIONS 69



PT® Sets transmitter parity. Must be aglobal 99 command. Parameter PT
controls parity sent by the transmitter. Parity on incoming messagesis
ignored. Choicesare:

N 8 data bits, no parity, one stop hit
E 7 data bits, even parity, one stop bit
@] 7 data bits, odd parity, one stop bit.

TYPICAL COMMAND:  *9900PT =N Set to 8 data bits, no parity
TYPICAL REPLY: *Q900PT =N

VR Read software version. May be aglobal 99 command.
ACTION: Unit sends the software version number stored in the
program EPROM.

TYPICAL COMMAND: *0100VR
TYPICAL REPLY: *0001VR = 01.00

EW Enable EEPROM write for one command. May be aglobal 99 command.
ACTION: Set flag allowing EEPROM write on next command. Flagis
cleared after next command is received.

TYPICAL COMMAND:  *(0100EW
TYPICAL REPLY: None

NOTE: The remaining commands cannot be global 99 commands.

PR Read/enter pressure resolution.
ACTION: Same asother coefficients. PR =110 16383. Pressure
integration time =100 * PR * period of pressure oscillator.
TRisautomatically setto 4 * PR when PR is changed.

TYPICAL COMMAND: *0100PR

TYPICAL REPLY: *(0001PR = 00100
TYPICAL COMMAND: *0100EW * 0100PR =200
TYPICAL REPLY: *(0001PR = 00200

® PARAMETER ISREAD-ONLY, PROTOCOL IS FIXED AT 8 DATE BITS, NO PARITY,
AND 1 STOPBIT IN TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER 10
/1/02.
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TR

UN

Read/enter temperature resolutions.

ACTION: Same as other coefficients. TR = 1to 65535. Temperature
integration time=100* TR * period of temperature oscillator.
TRisautomatically set to 4 * PR when PR is changed, but is
overwritten by this command.

TYPICAL COMMAND:
TYPICAL REPLY:
TYPICAL COMMAND:
TYPICAL REPLY:

*0100TR

*(0001TR = 00400
*(0100EW *0100TR =800
*(0001TR = 00800

Read/enter choice of pressure units.

ACTION: Selects units conversion factor by which all computed
pressures are multiplied before output. UN =1 to 8 selects
from eight standard sets of units. UN = 0 chooses the user
defined multiplier which is set with command UF.

UN UNITS MULTIPLY PSl BY
1 psi 1.0000000
2 mbar or hPa 68.94757
3 bar 06894757
4 kPa 6.8%4757
5 MPa .00689476
6 inHg 2036021
7 mm Hg or torr 51.71493
8 mH0 .7030696
0 user defined set by UF command
TYPICAL COMMAND: *0100UN What are units?
TYPICAL REPLY: *0001UN =4 Units are kPa
TYPICAL COMMAND: *0100EW *0100UN=2  Setto mbar
TYPICAL REPLY: *(0001UN =2
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UF

MD

Read/enter user defined units conversion factor.

ACTION: Allows usersto convert pressureto any desired set of units
by defining a conversion factor. Then, when UN =0is
selected, the output pressure will be psi * UF.

TYPICAL COMMAND: *0100UF Present
factor?

TYPICAL REPLY: * 0001UF = 1.000000

TYPICAL COMMAND: *0100EW * 0100UF = 144.0000 Define units
TYPICAL REPLY: * 0001UF = 144.0000 Ibfft2

Read or set the mode parameter MD.

ACTION: Thisparameter controls the power-up state of the transmitter.
The transmitter alwaysresponds to user commands, but it
can also drive aremote display and send data continuously
on the RS-232 busin a background mode. These
background tasks are turned on and off by the MD

command.
Display Continuous RS-232
MD=0 off off
MD=1 on off
MD=2 off on
MD=3 on on

Whenever the transmitter cal cul ates pressure in response to a user
request, the data are also sent to any active background tasks. In
addition, whenever the transmitter is not servicing user requests, it
measures pressure and sends it to any active background tasks.
Background tasks are temporarily interrupted whenever the higher
priority computer requests require attention. Users requiring maximum
sample speed or minimum current drain should turn off any unnecessary
background tasks.

Model 740 and Model 760 portable pressure standards reset to MD = 1
when power isapplied. Other models do not.

TYPICAL COMMAND: *(0100MD What mode?
TYPICAL REPLY: *0001MD =0 No background tasks
TYPICAL COMMAND: *0100EW *0100MD =1  Turn on background
display
TYPICAL REPLY: *0001MD =1 Display active
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SPECIAL COMMANDSTO CONTROL DISPLAY

DC

DD

DP

Display check command.
ACTION: Causesdisplay to cycle through all display segmentsto
check display. Does not generate any reply.

TYPICAL COMMAND: *0100DC
TYPICAL REPLY: None

Display distance.

ACTION: Reads or setsthe display driving distance. The DD
parameter controlsthe display clocking rate. DD =0is
usually adequate for displays located within 100 to 200 feet
of the transmitter using shielded cable for the display lines.
For longer distances or if noisy readings appear on the
display, change toDD = 1. Slower clocking of the display
allows longer cables but slows the data sampling rate by a
slight amount. The extratime to clock the display is not
usually significant for PR values greater than about 30. The
default setting isDD =0.

TYPICAL COMMAND: *0100DD

TYPICAL REPLY: *0001DD =0 short distance
TYPICAL COMMAND: *0100EW *0100DD =1  set for long distance
TYPICAL REPLY: *0001DD =1

Note: DD doesnat apply to Model 730, 740, 760, 790

Decima point command.

ACTION Reads or setsthe number of decimal places shown on the
display. If DP = 6, the display automatically showsall
significant digits, right-adjusted. If auser requests more
decimal placesthan there isroom to show, display will shift
the decimal point so that the 6 most significant digits are
shown. Values greater than 999999 or less than-99999 are
shown as OF (overflow).

TYPICAL COMMAND: *0100DP How may decimal
places?

TYPICAL REPLY: *0001DP=2 Display shows 14.57

TYPICAL COMMAND:  *0100EW *0100DP=3

TYPICAL REPLY: *0001DP=3 Display shows 14.573
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DR

DV

Display right-adjusted.

ACTION: Displaysany number specified by the computer on the
display. Messages are right-adjusted and may be up to six
characters plusadecimal point. Legal charactersare.-12 3
456789. Decima point position is determined by the DP
command. The DR command does not generate any reply
on the RS-232 bus.

TYPICAL COMMAND: *0100DR = 14.543Displays14.543
(depends on DP)

TYPICAL REPLY: None

Display value.

ACTION: Putsany value specified by the computer on the display.
M essages are |eft-adjusted and may be up to six characters
plusadecimal point. Legal charactersare.-012345678
9 and upper case lettersA B C D E F. Decimal point position
isnot affected by the DP command. The DV command does
not generate any reply on the RS-232 bus.

TYPICAL COMMAND: *0100DV = 14.543Displays 14.543
*0100DV =2325F Displays 23.25 F

For a special display with colons, try sending six characters followed by O
or 1.

TYPICAL COMMAND: *(0100DV = 1234560 Displays 12:34:56
*(0100DV = 1234561 Displays 12:3456

COMMAND DESCRIPTIONS 6-14



TARE AND OVERPRESSURE COMMANDS

NOTE: These commands are supported only on Intelligent Transmitters and

BP

OP

RS-232C Serid Interface Boards with 9-pin connectors and on the
Model 740 and Model 760 pressure standards.

Beep.
ACTION: Causesthe overpressure warning beeper to sound for
approximately one second. (Model 740 and Model 760 only.)

TYPICAL COMMAND: *0100BP
TYPICAL REPLY: None.

Overpressure.

ACTION: Read or set the value of the overpressure limit. Any
pressure reading greater than this value triggers an
overpressure warning.

On intelligent transmitters and RS-232 interface cards, overpressure
causes the overpressure indicator line to go high (+5 volts). See
Section 14. Theindicator line goeslow again if measured pressure
drops below the limit. For purposes of determining overpressure,
untared pressure with no PA is used.

Operation on the Model 740 and Model 760 is similar, except that
overpressure triggers awarning beeper instead of alogic output level.
Also, on these models, OP must be entered in psi.

TYPICAL COMMAND: *01000P

TYPICAL REPLY: *(01000P = 10200.0
TYPICAL COMMAND:  *0100EW *01000P = 17.00
TYPICAL REPLY: *(00010P = 17.00000
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ZS

Zero set.
ACTION: Read or set the value of the zero switch.

Onintelligent transmitters and RS-232 interface cards, ZSisalogic
switch stored in RAM which controlstaring, the subtraction of some
initial value. It hasthree states:

ZS=0whentareis off

ZS =1 when taring has been requested

ZS=2whentaringisin effect

ZSisset to 0 on power up. Once the taring commands have been
activated by setting ZL = 0, taring can be requested either withZS=1
command or by toggling a contact closureline. At thefirst pressure
reading following atare request, the measured pressure is stored in
RAM parameter ZV, parameter ZSis automatically set to 2 to indicate
that taring isin effect, and the value ZV is subtracted from all
subsequent pressure readings until taring isturned off. Changing the
value of ZS by software command requires an EW command, even
though ZSis stored in RAM rather than in EEPROM.

NOTE: If taring isalready in effect whenaZS =1 command isissued, a
new zero valueisinitialized at the next pressure reading and
taring continues using the new value.

Operation with some Model 740's and all Model 760’ s is somewhat
different. On these models, taring can be initiated only by a mechanical
switch closure. The ZS command returns value 0 or 1 depending on
whether the zero set switch is off or on.

TYPICAL COMMAND: *0100ZS

TYPICAL REPLY: *0001ZS=0 No taring
TYPICAL COMMAND: *0100EW *0100Z2S=1 Initiate taring
TYPICAL REPLY: *0001ZS=1

TYPICAL COMMAND:  *(0100P3 Measure pressure
TYPICAL REPLY: *(0001.0000

TYPICAL COMMAND: *0100ZS

TYPICAL REPLY: *0001ZS=2

COMMAND DESCRIPTIONS
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yAY)

ZL

Zerovalue.

ACTION: Reads or setsthe pressure valuethat is subtracted from
reading when taring isactivated. ZV isstored in RAM.
Users may force a specific valueto be used if taring is
presently in effect (ZS = 2) by setting ZV to any desired
value. Note, however, that if taring is subsequently
requested either by aZS = 1 command or by contact closure,
anew ZV will overwrite the value you have set. Changing
the value of ZV by software command requires an EW
command, even though ZV is stored in RAM rather thanin
EEPROM. Thevaueof ZV islost if power isturned off.

Operation is similar on the Model 740 and Model 760 except
taring can only be initiated by mechanical switch closure and
acommand to set ZV to a specific value will be interpreted
asbeing in psi, regardless of the pressure units sdected.
Commands to read the value of ZV show it in whatever
pressure units are selected.

TYPICAL COMMAND:  *01000ZV
TYPICAL REPLY: *0001ZV = 14.592

Zero lock.

ACTION: If ZL issetto 1, thetaring featureislocked out. If ZL isset
to O, the tare contact closure and ZS =1 commands are
enabled. (Not supported on Model 740 and Model 760.)

TYPICAL COMMAND: *0100ZL
TYPICAL REPLY: *0001ZL =1 Taring disabled
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SPECIAL DIAGNOSTIC COMMANDS

mMC’

Cs

CcT’

CX

Memory check.
ACTION: Checksintegrity of PROM program. Returns"Y" if correct,
"N" if error.

TYPICAL COMMAND: *0100MC
TYPICAL REPLY: *000IMC =Y Program correct

Check stack.
ACTION: Returns number of unused bytesin microprocessor
operations stack since power was last applied.

TYPICAL COMMAND: *0100CS
TYPICAL REPLY: *0001CS=5

Check counter timebase.

Supported on all transmitters which have separate timebases for the

microprocessor and the counter.

ACTION: Puts counter timebase divided by 512 onto display clock line
(pin 6 on 9-pin connector or pin 11 on 25-pin connector).
Cancelled by next command. The counter timebase isvery
stable; however, several microseconds of jitter appear on the
output waveform because the microprocessor interrupts
which generate the divided output are asynchronous relative
to the counter timebase.

TYPICAL COMMAND: *0100CT
TYPICAL REPLY: None

Check crystal.

ACTION: Puts microprocessor clock divided by 480 onto display clock
line (pin 6 on 9-pin connector or pin 11 on 25-pin connector).
Cancelled by next command.

TYPICAL COMMAND: *0100CX
TYPICAL REPLY: None

" COMMANDS ARE NOT SUPPORTED FOR TRANSMITTERS AND DEPTH SENSORS
SHIPPED AFTER 10/1/01 (FIRMWARE VERSION R1.00 AND LATER).
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OPTIONAL 16-BIT BINARY OUTPUT COMMANDS

16-BIT BINARY OUTPUT ISNOT SUPPORTED FOR TRANSMITTERS AND
DEPTH SENSORS SHIPPED AFTER 10/1/01.

LL Limit low.
ACTION: Controls scaling of the 16-bit binary output. Reads or sets
the pressure to be converted to binary output 0. If pressure
units are changed, LL must be re-entered in the new units.

LH Limit high.
ACTION: Controls scaling of the 16-bit binary output. Reads or sets
pressure to be converted to binary output 65535. If pressure
units are changed, LH must be re-entered in the new units.

IM Interface mode.

ACTION: Reads or setsthe value of the IM parameter which controls
whether interface is on or off and whether the binary output
pegs or wraps around at the upper and lower limits. Choices
are;

IM =0 Binary interface off.

IM=1 Binaryinterfaceon.
Supported on both serial binary and parallel binary
interfaces.
Values above LH peg at 65535.
Vauesbelow LL peg at binary 0.

IM=2 Parallel binary interface on.
Supported only on 16-bit parallel binary interface.
Binary output wraps around at limits.
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IC Inhibit control.

Supported only on 16-bit parallel binary interface.

ACTION: Controlsusethedatainhibit signal. The user may provide a
datainhibit pulse or gate to prevent updating of the parallel
output during afixed timeinterval. Activation of thisfeature
and polarity of the gating signal are selected by the IC
(Inhibit Control) parameter. As shipped, the boards are
configured with1C = 0.

IC=0 Deviceignoresinhibit line.
IC=1 Inhibit active. +5 voltsto enable. Ground to inhibit.
IC=2 Inhibit active. Ground to enable. +5 voltsto inhibit.

Theinhibit pulse must have a minimum width of 3.5 microseconds and
may be any longer width. A transition from enable to inhibit generates
an internal gating signal which beginswithin 3.5 microseconds of the
transition and has anominal width of 250-500 microseconds. Parallel
output is not updated during the time interval from 3.5 microseconds
after the transition until both the internally generated gating signal and
the customer provided inhibit signal have ended.
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CALIBRATION COMMANDS

NOTE: CHANGING THESE VALUES PERMANENTLY
ALTERSTHE CALIBRATION.

The commands below are used to read or change the transmitter calibration
coefficients. Altering valuesrequires aprior EW command.

NOTE: These commands cannot be global 99 commands.

SN®  Read/enter transmitter serial number.
ACTION: Sameas other coefficients. SN is6 digitslong.

TYPICAL COMMAND: *0100SN Read present
vaue

TYPICAL REPLY: * 0001SN = 004876

TYPICAL COMMAND:  *(0100EW * 0100SN = 004444 Change value

TYPICAL REPLY: * 0001SN = 004444

PA Read/enter pressure adder in units selected by UN setting.

PM Read/enter pressure multiplier.

ACTION: Same asfor other coefficients. Intended for offset and span
adjustmentsto calibration. Output P=PM * (Pcalc + PA),
where Pcalc is pressure calculated using original calibration
data and UN.

TYPICAL COMMAND:  *0100PA

TYPICAL REPLY: *0001PA =.0000000
TYPICAL COMMAND:  *0100EW * 0100PM = 1.00002
TYPICAL REPLY: *0001PM = 1.000020

TC® Read/enter timebase correction factor.
ACTION: Same asother coefficients. TC =10 MHz/TCXO freq.

TYPICAL COMMAND: *0100TC

TYPICAL REPLY: *0001TC = .6666667
TYPICAL COMMAND:  *0100EW * 0100TC = .6666666
TYPICAL REPLY: *(0001TC = .6666666

® COMMANDS ARE READ-ONLY FOR TRANSMITTERS AND DEPTH SENSORS
SHIPPED AFTER 10/1/01 (FIRMWARE VERSION R1.00 AND LATER).
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C1
Cc2
C3

D1
D2

T1
T2
T3
T4
T5

Y1
Y2
Y3

Read/enter C1 pressure coefficient, as above.
Read/enter C2 pressure coefficient, as above.
Read/enter C3 pressure coefficient, as above.

Read/enter D1 pressure coefficient, as above.
Read/enter D2 pressure coefficient, as above.

Read/enter T1 pressure coefficient, as above.
Read/enter T2 pressure coefficient, as above.
Read/enter T3 pressure coefficient, as above.
Read/enter T4 pressure coefficient, as above.
Read/enter T5 pressure coefficient, as above.

Read/enter UO pressure coefficient, as above.

Read/enter Y 1 pressure coefficient, as above.
Read/enter Y 2 pressure coefficient, as above.
Read/enter Y 3 pressure coefficient, as above.

COMMAND DESCRIPTIONS
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GLOBAL COMMANDS

Sometimesit is convenient to have asingle command affect all transmittersin a
loop. For certain instructions, using the destination address99 causes all the
transmittersin the loop to respond.

Some commands can only be sent with aglobal address. They are:

BR
BL
ID

PT

The global addressis often used with the sample and hold commands when there
are multiple transmittersin aloop. The global address synchronizesthe
transmitters to take measurements at the same time. The sample and hold
commands are:

P5 and P6
Q5 and Q6

All of the sampling commands and a few other commands may be either
individually or globally addressed.

P1 through P7
Q1 through Q6
DB
DS
VR
EW

NOTE: The remaining commands should not be sent as global commands.

When atransmitter recognizes a global command, it relaysit to the next
transmitter in the loop before acting onit. Theresult isthat the global command
echoes around the loop and comes back to the computer in addition to the
transmitter responses. For all global commands except the VR and DS
commands, the echoed command precedes the responses.
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RESOLUTION, INTEGRATION TIME,

AND SAMPLING SPEED

The resolution of the transmitter is determined by the counter integration time.
Users can adjust the integration time to optimize resolution, noiserejection, and
samplerate for awide variety of applications by using the PR command.
Transmitters are shipped with the value PR = 238 stored in EEPROM .

The relationship between PR, pressure resol ution, integration time, and maximum
sampling rate is shown in the table below.

pressure pressure signal P2(period) P4(press)

PR resolution fs integrationtime ~ max samples/s max samples/s
10000 0.05 ppm 280 s 0.036 0.02
2380 0.1 ppm 6.7 s 0.15 0.08
1190 0.2 ppm 33 s 0.30 0.16
476 0.5 ppm 13 s 0.74 0.40
238 1 ppm 0.67 s 15 0.8
119 2  ppm 033 s 3.0 16
48 5 ppm 013 s 7.3 4.0
24 10 ppm 0.07 s 14.3 8.0
12 20 ppm 0.033 s 28 16

6 40 ppm 0.017 s 58 31

4 60 ppm 0.011 s 87 43

3 80 ppm 0.0084 s 116 a7

1 240 ppm 0.0028 s 135 50

The values above are for atypical transmitter with a pressure signal period (Pper)
of 28 microseconds and a temperature signal period (Tper) of 5.8 microseconds.
Vaues may vary by about 20% for different transmitters of the same model and
by up to 35% for different models.
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Resolution, integration time, and maximum samples rates may be calculated for al
model s using the equation below, where sensor periods are in microseconds:

Resolution/f.s.= = 1
150* PR * Pper
Pressure Sensor = PR* Pper  sec.
Integration Time 10,000
P2 command = 10,000
Max Samples/s PR * Pper
P4 Command = 10,000
Max Sample/s PR* Pper + (TR + 1) * Tper

At very short counter integration times, sample rates are limited by
microprocessor speed or baud rate rather than by integration time.
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HIGH SPEED SAMPLING

High speed sampling requires special attention to baud rate, sample integration
time, and programming. Assuming atypical message at high speed of 14
characters, the maximum number of data values/second at various baud ratesis
tabulated below.

BAUD RATE MAXIMUM SAMPLESSEC

300 21

600 43

1200 8.6
2400 17
4800 A
9600 69
19200 137

Thus, high baud rates must be used for fast sampling.

At very high speeds, programs written in BASIC may not be able to keep up with
incoming data, particularly if they try to do many calculations or screen display
while data are coming in. If programs are limiting your speed, possible waysto
speed them up are:

Avoid calculations while dataare coming in. Storeit for later processing.

Increase the size of the communications RS-232 input buffer in the computer.
(For example, on an IBM PC, use the/C option when loading BASIC.)

Use abasic compiler.
Use afaster language such as C, Pascal or Fortran.

Assuming that the baud rate and computer are fast enough, the transmitter
operating parameters which affect speed are the PR command and the sampling
mode chosen. For large values of PR, the sample rateislimited by the counter
integration time. AsPR is made smaller, the sample rateincreases. Somewhere
around 40 samples/s, the speed beginsto be limited by the microprocessor
calculation speed. Generally, the continuous send commands are somewhat
faster than repeated individual commands because counting of the next sample
proceeds while the previous oneis being cal cul ated.
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Two special burst sampling procedures can be used to obtain faster sample rates.

The P7 command allows up to about 90 samples/s. With this command,
temperature is measured once and that value is used for the temperature
correction of all subsequent pressure measurements. Thisisfaster because time
is saved by not having to count the temperature signal on every reading and
because many of the temperature correction terms are calculated only once and
then stored. Thiscommand isintended for relatively short bursts. If internal
sensor temperature changes rapidly during the data run (more than about 0.3
degrees C), small errorswill be introduced in the data because all temperature
corrections are being made with the temperature measured at the start of the run.
In morerapidly changing thermal environments, errors can be minimized by
reissuing the P7 command periodically to force an update of the temperature
being used.

The fastest sampling method uses period measurement commands Q1 and P2
and can achieve sample rates up to 135 samples/s. The transmitter reports period
datadirectly, and calculation of pressure is donein the user's computer.
Typically, the user takes a single temperature period with command Q1, a burst
of pressure periods with command P2, and then another temperature with Q1.
The user interpolates the before and after temperature periodsto get a
temperature period corresponding to each pressure period measurement and
uses this pair of periodsto calculate the corrected pressure using the equation in
Appendix G. Notethat the transmitter calibration coefficients needed can be
obtained via bus commands.

The mode parameter MD can affect sampling speed. When doing high speed
sampling at greater than about 20 samples per second, sample rates using
commands P3, P4, or P7 will be dightly slower inmodeMD =1or MD =3 thanin
mode MD =0 or MD =2 because of the extratime required for thedisplay. The
extratime requiredis approximately 6 milliseconds per sample for DD =0 and 36
milliseconds per sample for DD = 1. Other commands are not affected. For
example, aP4 command that gives 19 samples/s for MD =0 will run about 5%
slower for MD =1, and a P7 command giving 45 samples/s for MD =0 will run
about 20% slower for MD = 1.
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MULTIPLE TRANSMITTERS

ON THE RS-232 BUS

There are three ways to attach multiple transmittersto asingle computer: (1) a
serial loop of several transmitters on asingle RS-232 port, (2) arelay or logic
multiplexer switching a single port sequentially among a number of transmitters,
and (3) multiple RS-232 ports. These are discussed in the following paragraphs.

1. SERIAL LOOPS

The addressable command structure allows use of up to 98 transnitters
simultaneously in aloop on asingle RS-232 port. Global commands (destination
address 99) allow all transmitters to be addressed with a single command. Keep
in mind that the maximum number of messages per second on the busislimited
by the baud rate (see Section 9). For loops with multiple transmitters, the higher
baud rates are recommended.

Logically, the structure of the busisaoneway circle. A typical three transmitter
loop is shown below:

COMPUTER

All messages move clockwise around the loop, relayed from transmitter to
transmitter. Each transmitter picks off the messages addressed to it and relays
responses or other messages onward.

When setting up aloop:

1 Set all transmitters to the same baud rate before installing themin the
loop. Two transmitters at different baud rates cannot communicate.
When all transmitters are at the same baud rate, a new baud rate can be
chosen with aglobal BR command.
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2. Usethe global ID command * 99001 D to auto-number units around the
loop and find out how many there are (from the source address of the
command coming back to the computer.)

3. The serial number of each transmitter can be checked by polling it with
the SN command.

4, The easiest way to take datais with aglobal sample and hold
*9900P5 followed by aglobal dump command*9900DS. This keeps
samples synchronized and keeps the data sorted out at the computer.

5. It is possible to have several transmitters simultaneously in continuous
send mode, but because exact integration time varies from unit to unit,
the data can come back in a chaotic order and must be sorted out
according to address.

6. Thewiring diagram for loop interconnections is shown on the next
page. Pin connections shown arefor 9-pin D connectors, but an
analogous system could be used for any connector type. Note that only
4-wire cabling isrequired, or only 3-wire cabling if transmitter power is
not bussed. The terminator block after the last transmitter wraps the
transmit data line back to the computer input. With this arrangement,
any transmitter can be removed from the loop either by unplugging the
transmitter and replacing it with aterminator jumper or by removing the
y-adapter and plugging the two extension cables together.
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SERIAL LOOP CONNECTIONS
Pin-outs are shown for transmitters and interface boards with 9-pin connectors.
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2. MULTIPLEXER SYSTEM

For high security appications with alarge number of transmitters, it may be
desirableto use arelay multiplexer as a switching hub to select separate data
lines running out to the individual transmitters or clusters of transmittersin the
system. Loss of any one dataline through accident or failure will affect only the
cluster on that dataline.

COMPUTER
DATA LINE 1
& d
gé DATA LINE 2
&5
2 ETC.

3. MULTIPLE RS-232 PORTS.

Transmitters or clusters of transmitters can be assigned to individual serial ports.
This approach can provide simultaneous very high speed sampling of large
numbers of transmitters. Expansion cards are available for PCs which provide up
to 32 serial ports per card. Some versions with on-board 10 processors and dual
ported RAM can transfer data at 19200 baud to and from all ports
simultaneously. These boards can provide data at 100 samples per second from
each of 32 transmitters. This approach also offers good system integrity in the
sense that failure of any transducer or cable does not affect the rest of the
system.
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DIGI QUARTZél MODEL 710DISPLAY

MODEL 710DISPLAY ISNOT SUPPORTED WITH TRANSMITTERS AND
DEPTH SENSORS SHIPPED AFTER 10/1/01.

PAROSCIENTIFIC INC.

I 14.25

DIGIQUARTZ®  MODEL 710

INTRODUCTION

TheModel 710isasix digit LCD display in astandard 1/8 DIN size panel mount
enclosure. It displays pressure data from intelligent transmitters, intelligent
depth sensors, and portable standards. The display operates either as a stand-
alone device with atransmitter or with acomputer on-line. Extracommands (MD,
DD, DP, DR, DV, and DC) have been added to control the display.

For stand-alone operation, the display shows pressure whenever power is
applied to the transmitter. The display mode parameter stored in the transmitter
EEPROM must be settoMD=10or MD =3.

When a computer ison-line, the Model 710 can also be used to display other
data calculated in the computer (filtered data values, time, temperature, error
messages, etc.) using commands DR and DV. These functions work for all
values of the mode parameter MD.

The display distance command DD controls the clocking rate to the display.
Normally DD is set to O for optimum speed. However, for cable lengths greater
than 200 feet, or if the display isnoisy, users should set DD =1.

A single transmitter can drive several displaysin parallel.
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Installation instructions are given in Appendix C.
DISPLAY MODES

On transmitters which support a 16-bit serial binary output, this output must be
turned off by setting IM=0 before the display can be used. The mode parameter
MD then controls operation of the display and other background tasks. Itis
stored in EEPROM in the transmitter and can be changed by user command over
the R-232 data bus.

For most users, mode MD =1 isthe standard mode. When powered up in this
mode, the transmitter resets and begins displaying pressure. In this mode, the
transmitter gives priority attention to computer requests, but supportsthe
display as secondary or background task. Whenever the transmitter sends a
pressure measurement to the computer in response to a user request, the
transmitter also sendsthe value to the display. In addition, whenever the
transmitter is not occupied servicing user requests, it measures pressure and
sendsthe valueto the display. The display update rate depends upon the PR
parameter. These background measurements are interrupted whenever the
higher priority computer requests require attention. Under all normal conditions,
this protocol assures frequent display update.

When inMD =0 or MD =2, the display is controlled only by an on-line user
computer. The value displayed is changed only in response to specific user
requestsviathe DV ("Display Value") or DR ("Display Right-adjusted")
commands. These commands send data cal culated in the host computer to the
intelligent transmitter, which in turn sendsit to the display. Elaborate user
programs are possible which collect data from the pressure transmitter and other
sources, calculate derived quantities, and send them to the display. ModesMD
=0 and MD =2 are used primarily for special purposesin computer-based data
acquisition systems.

DISPLAY INTERRUPTION BY A USER COMPUTER

Because computer requests have priority, there are three unusual special
situations when display updating can be interrupted for significant amounts of
time by host computer requests:

1. If an on-line computer keeps the transmitter fully occupied carrying out
commands other than pressure measurements (for example, rapidly repeated
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period measurements with a P1 command). Thiswould not normally be
done except for diagnostic checks. While this occurs, the display isfrozen
at the last value sent and no warning is given.

2. If adisplay and hold command isissued (P5, P6, Q5, Q6), data are held and
display is suspended until aDB or DS command to send the datais
received. |If noDB or DS command arrives within 2 seconds, the transmitter
displays" ------ " to warn that the display is not current. Normal operation
resumes when the next command arrives or power isinterrupted. When
using sample and hold commands, it is good programming practice to set up
an error exit routine to issue acommand (such as* 9900V R) that restores
normal display operation upon exit.

3. If the continuous period measuring commands (P2 or Q2) or continuous
temperature measuring commands (Q4) are executed, the transmitter
displays" ------ " to warn that the display isnot being updated. Normal
operation is restored when the next command is received or power is
interrupted. Again, itisgood programming practice to set up an error exit to
restore normal display operation upon exit.

If the display does not show pressure when power isfirst applied, it is probably
because a user computer program has set the display modetoMD =0. Reset the
mode to MD =1 with the MD command.

On-line user computer programs which issue sample and hold commands (P5,
P6, Q5, Q6,) and exit without a DB or DS command or which issue continuous
sampling commands (P2, P7, Q2, Q4) and exit without terminating them can
leavethe display inthe " -----" state. Users should set up error exit routinesto
avoid exiting in undefined states. Normal operation is restored when the next
command isreceived or power isinterrupted.
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16-BIT SERIAL BINARY OUTPUT

16-BIT BINARY OUTPUT ISNOT SUPPORTED FOR TRANSMITTERS AND
DEPTH SENSORS SHIPPED AFTER 10/1/01.

Some transmitters can be configured by the user to provide both an RS-232C bus
and a separate 16-bit serial binary output bus. The 16-bit output data stream is
sent MSB first, pulse width modulated, with a4 kHz bit rate and is available on
Pin 8 of the transmitter connector. Thisfeatureis supported on all software
versions (VR command) which begin with theletter "S'. Special commands, IM,
LH, and LL, are sent over the RS-232C busto configure the 16-hit interface and
control scaling. Once configured, pressure data are sent continuously on the 16-
bit serial interface whenever power isapplied. The update rate depends on the
integration time parameters PR and TR. Pressure and temperature data can also
be read viathe RS-232C bus.

1. Transmitter pin-outs:

PIN SIGNAL

DATA TO COMPUTER

DATA FROM COMPUTER

SIGNAL AND POWER GROUND

DISPLAY CLOCK

DISPLAY DATA OR 16-BIT SERIAL BINARY
POWER (+6 TO +16 VDC)

© 0o TwN

2. 16- hit serial interface characteristics:

Output signal: 16-bit serial data stream
MSB first
Bit rate: 4kHz

Output datalevels. Vg =-3t0-5VDC
VoH = 3to 5VDC

Between samples, datalineis set to Vop.
A binary "0" bit is output by setting the dataline to

VoL for 125 microseconds and then to Vo for 125
microseconds.
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A binary "1" bit is output by setting the dataline to
Vo for 50 microseconds and then to Vg for 200
microseconds.

RS-232C Control Bus.

The RS-232C busisthe control bus for the transmitter. The unit is not
designed simultaneously to respond to user commands while providing
continuous serial binary output. User commands viathe RS-232C bus have
priority. Datafrom the serial binary output may beinterrupted or may be
invalid while the depth sensor is responding to a command sent by a user on
the RS-232C bus. Normal operation of the 16-bit serial output automatically
resumes as soon as the command has been compl eted.

Output scaling: Two user settable parameters control the scaling of the 16-
bit binary serial output. These are set using commandsLL and LH.

LL (for limit low)
Sets the pressure to be converted to binary output O.
Pressures less than LL will peg at binary O.

LH (for limit high)
Sets the pressure to be converted to binary full scale 65535.
Pressures greater than LH will peg at 65535.

Users may set these parametersto any value. Once scaling is set, any binary
number N can be converted to pressure using the equation:

P=LL+(LH-LL)* N/65535

If pressure units are changed, LL and LH must be re-entered in the new units.

5. Interface Mode Command. Both the display and 16-bit serial binary outputs

use the same driver and output pin. Therefore, before activating the 16-bit
serial output, the display output must be turned off by setting MD=0 or
MD=2. The serial binary output interface may then be activated by using
the interface mode command IM.

IM=0 Binary interface off
IM=1 Binary interface on.
Values above LH peg at 65535.

Valuesbelow LL pegat O
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16-BIT PARALLEL BINARY OUTPUT

An optional 16-bit parallel binary output is available (Series 1000 products only).
Transmitters and interface cards with the parallel binary output option have 25-
pin output connectors and support both 16-bit parallel binary output and RS-
232C serial output. The RS-232C busis used to configure the interface and to
control output scaling. Special commands, IC, IM, LH, and LL, configure the
binary interface. Once configured, pressure data are continuously available on
the binary interface whenever power is on. Pressure and temperature data can
also be read viathe RS-232C bus.

1. Transducer pin-outs:

PIN_ SIGNAL PIN SIGNAL
1 CHASSIS GROUND 14 DOLSB
2 DATA FROM COMPUTER 15 D4
3 DATA TO COMPUTER 16 D5
4 INHIBIT/TRIGGER 17 D6
5 D7 18 DISPLAY DATA
6 D3 19 D2
7 GROUND 20 D1
8 D9 21 D8
9 D10 22 D11
10 D12 23 D13
11 DISPLAY CLOCK 24 DATA VALID
12 D14 25 POWER (SEE SCD)
13 D15 MSB
2. Output levels: binary 1 =+5volts

binary 0 = ground

3. Output scaling: Two user settable parameters control the scaling of the
parallel output.

LL (for limit low)
Sets the pressure to be converted to binary output 0.

LH (for limit high)
Sets the pressure to be converted to binary full scale 65535.

Once scaling is set, any binary number N can be converted to pressure using the
equation:

P=LL +(LH-LL) * N/65535
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If pressure units are changed, LL and LH must be re-entered in the new units.
4. Theparallel output binary interface isturned on and off by the interface
mode parameter IM. The normal modeisIM =1.

IM=0 Binary interface off
IM=1 Binary interface on.
Values above LH peg at 65535.
Vauesbelow LL peg at 0
IM=2 Binary interface on.
Binary wrapsaround at P = LH.

5. Handshaking: Parallel output continuously has the most recent pressure
value except for about 30 nanoseconds while latching new data. Update rate
is controlled by user selectable integration time. Maximum update rate to the
parallel output is approximately 13 samples/sec. The datavalid line goesto
ground just before latching new data and remains low for 5 microseconds.
The best way to assure dataintegrity isto read the datatwice in quick
succession. |If the readings agree, the datais correct. If not, reread data.

6. Datalnhibit Signal: The user may provide adatainhibit pulse or gate to
prevent updating of the parallel output during afixed time interval.
Activation of thisfeature and polarity of the gating signal are selected by
the IC (Inhibit Control) parameter. As shipped, the boards are configured
withIC =0.

IC=0 Deviceignoresinhibit line
IC=1 Inhibit active.
+5 voltsto enable.
Ground to inhibit.
IC=2 Inhibit active.
Ground to enable.
+5 voltsto inhibit.

Theinhibit pulse must have aminimum length of 3.5 microseconds and may be
any longer length. A transition from enable to inhibit generates an internal
gating signal, which begins within 3.5 microseconds of the transition, and has a
nominal length of 250 - 500 microseconds. Parallel output is not updated during
thetime interval from 3.5 microseconds after the transition until both the
internally generated gating signal and the customer provided inhibit signal have
ended.
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TARING AND OVERPRESSURE WARNING

Taring and overpressure warning capabilities are supported in slightly different
ways on 9-pin version of the Intelligent Transmitter, RS-232C Serial Interface
Board, Model 740 and Model 760. These features are not available on the 16-bit
Parallel Binary Output Board.

OVERPRESSURE WARNING

Paroscientific pressure transducers can be damaged by the application of
pressure greater than 1.2 times their rated full scale pressure. Users should
protect the transducer with overpressure relief valvesin applications where
overpressure could be applied. The software command OP sets the
overpressure warning level. Pressurein excess of thislimit triggersa5 volt logic
level onthe RS-232C Serial Interface Board and triggers a warning beeper on the
Model 740 and Model 760.

TARING

Taring isthe subtraction of aninitial value from pressure readings. Thisfeature
is activated and used with software commandsZS, ZV and ZL (as described in
Section 6).

On some Model 740, taring is initiated by shorting two terminals available on the
rear panel. Taring remainsin effect aslong as the terminals are connected.

On the Model 760, taring isinitiated by afront panel switch and remainsin effect
aslong as the switch remains closed.

On some 9-pin versions of the RS-232C Serial Interface Board (NOT MODEL 740
or 760), Tare Request, Tare Indicator, and Overpressure Warning can be brought
out on unused pins of the 9-pin output connector. Contact Paroscientific for
details.
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APPENDIX A

HOOKUP

GENERAL DESCRIPTION

Hookup consists of providing power to the transmitter and running receive,
transmit, and signal ground lines from the transmitter to the computer RS-232
output connector. The required connections are shown schematically in the
figure below.

CONNECTOR

USER COMPUTER
RS—232 PORT —

O—<— DATA TO COMPUTER —

O——>—DATA FROM COMPUTER —
SIGNAL GROUND TRANSMITTER

+

GND +6 TO
+25 VDC

DISPLAY DATA

DISPLAY CLOCK
O

TO MODEL 710

Proper connection requires identifying the correct output pins on the computer
RS-232 port and on our transmitter output connector.

CONNECTING TO THE TRANSMITTER ELECTRICAL CONNECTOR

Because our equipment is used in many different applications, anumber of
different output connectors are used. The most common isa 9-pin D connector.
Output connector diagrams and pin assignments for all of our products are given
in Appendix B. The user should locate the "datato computer”, " datafrom
computer”, and "signal ground" pins on the appropriate diagram. These must be

connected to the computer serial port.
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CONNECTING TO THE COMPUTER RS-232 PORT

Most computer RS-232 ports have either male or female 25-pin or 9-pin
connectors. The most common computer pin connections are tabulated below.
Check your computer manual to verify pin assignments.

IBM PCAT STANDARD RS-232
9pin 25-pin

3 Datafrom computer 2 Datafrom computer

2 Datato computer 3 Datato computer

5 Signal ground 7 Signa ground

4 DTR 20DTR

8 CTS 5CTS

6 DSR 6 DSR

1CD 8 CD

1 Frameground

Our transmitter requires only connections for data from computer, data to
computer, and signal ground. However, depending on the user computer and
how a program opens up the RS-232 port, the user may need to provide
handshaking signal levels by jumpering pins on the computer connector. If you
cannot seem to get any messages back from the transmitter, first make sure that
the baud rate is correct and that the communications channel is set up for 8 data
bits, no parity, 1 stop bit. Then try aglobal command (* 9900V R) to make sure
the ID iscorrect. If that does not work, the computer may be waiting for
handshake signals (CTS, DSR, CD) which the transmitter does not provide.

Onthe IBM PC and most other computers, you can choose to ignore these
signals when you open up the communications channel. See the programming
examplesinthetext. If your conputer insists on these signals, you can provide
them by jumpering back the DTR signal to the CTS, DSR, and CD pins on the
same connector.
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APPENDIX B

CONNECTOR PIN ASSIGNMENTS

9-PIN D CONNECTOR

Models:

Pin-outs:

Intelligent Transmitter (RS-232)

Digital Barometer

Model 740 Portable Laboratory Standard
Model 760 Portable Field Standard
Model 730 Intelligent Display

PIN1 CHASSISGROUND

PIN2 DATA TOCOMPUTER

PIN3 DATA FROM COMPUTER
PIN4  not used

PIN5 SIGNAL AND POWER GROUND
PIN6 DISPLAY CLOCK

PIN7  not used

PIN8 DISPLAY DATA

PIN9 POWER (SEE SCD)

Connector Diagram:

1000,740, 730, 710, 760
DE9-5

(000001
9\ 0000 /6

CONNECTORPART NO.:  TypeDES-S
MATING CONNECTOR: Type DE9-P

9-PIN BENDIX MSCONNECTOR

6000, 9000 Series
DE9-P

11000005
. OO0O0 /9
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Models: Model PS-2 Water Level Sensor (RS-232)

Fin-outs: PIN A CHASSIS GROUND
PINB DATA TO COMPUTER
PINC DATA FROM COMPUTER
PIND not used
PIN E SIGNAL AND POWER GROUND
PINF DISPLAY CLOCK
PIN G not used
PIN H DISPLAY DATA
PINJ POWER (SEE SCD)

Connector Diagram:

D

CONNECTOR PART NO.: MS3102A22-20P
MATING CONNECTOR:  MS3106A22-20S

25PIN D CONNECTOR
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Model: Intellegent Transmitter with 16 Bit Parallel Output

Fin-out: PIN 1 CHASSIS GROUND
PIN 2 DATA FROM COMPUTER
PIN 3 DATA TO COMPUTER
PIN 4 INHIBIT/TRIGGER
PIN5 D7
PIN 6 D3
PIN 7 SIGNAL AND POWER GROUND
PIN 8 D9
PIN9 D10
PIN 10 D12
PIN 11 DISPLAY CLOCK
PIN 12 D14
PIN 13 D15MSB
PIN 14 DOLSB
PIN 15 D4
PIN 16 D5
PIN 17 D6
PIN 18 DISPLAY DATA
PIN 19 D2
PIN 20 D1
PIN 21 D8
PIN 22 D11
PIN 23 D13
PIN 24 DATA VALID
PIN 25 POWER (SEE SCD)

Connector Diagram:

0B25 S

1310000000000000) 1
751 000000000000 |14

CONNECTOR PART NO.: DB25-S
MATING CONNECTOR: DB25-P

26-PIN BENDIX MSCONNECTOR

Models: Model PS-2 Water Level Sensor (16-bit parallel output)
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Fin-outs:
PIN A
PIN B
PINC
PIN D
PIN E
PIN F
PIN G
PINH
PINJ
PIN K
PIN L
PINM
PINN
PIN P
PINR
PIN S
PINT
PINU
PINV
PIN W
PIN X
PINY
PIN Z
PIN a
PIN b
PIN d
Connector Diagram:

CHASSIS GROUND

DATA FROM COMPUTER
DATA TO COMPUTER
INHIBIT/TRIGGER

D7

D3

SIGNAL AND POWER GROUND

D9

D10

D12

DISPLAY CLOCK
D14

D15

DO

D4

D5

D6

DISPLAY DATA
D2

D1

DO

D11

D13

DATA VALID
POWER (SEE SCD)
not used

yA
" ;
Ly
K
CONNECTOR PART NO.: MS3102A28-12P
MATING CONNECTOR: MS3106A28-12S
DEPTH SENSORS
Mode!: 8B, 8DP 8WD, with RS-232 interface
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Pin-outs: PIN 1 DATA TO COMPUTER

PIN 2 DATA FROM COMPUTER

PIN 3 SIGNAL AND POWER GROUND

PIN 4 POWER (SEE SCD)
Model: 8DP RS-232 with Modem
Pin-outs: PIN 1 MODEM SIGNAL

PIN 2 MODEM SIGNAL

PIN 3 SIGNAL AND POWER GROUND

PIN 4 POWER (SEE SCD)
Connector diagram:

PIN 1
PIN 2
PIN 4
PN 3

CONNECTOR PART NO.: XSG4-BCL
MATING CONNECTOR:  XSG-4-CCP

DEPTH SENSORS
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Model: 8DP with Display and Modem

Pin-outs: PIN 1 SIGNAL AND POWER GROUND
PIN 2 MODEM SIGNAL
PIN 3 DISPLAY CLOCK
PIN 4 MODEM SIGNAL
PIN 5 POWER (SEE SCD)
PIN 6 DATA DISPLAY
Model: 8DPwith Display and Intelligent Card
Pin-outs: PIN 1 SIGNAL AND POWER GROUND
PIN 2 DATA TO COMPUTER
PIN 3 DISPLAY CLOCK
PIN 4 DATA FROM COMPUTER
PIN 5 POWER (SEE SCD)
PIN 6 DISPLAY DATA

Connector Diagram:

PIN 6

CONNECTOR PART NO.: XSE6-BCR
MATING CONNECTOR:  6492-0XX

DEPTH SENSORS
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Model: 8DP with Intelligent Card

Pin-outs: PIN 1 DATA TO COMPUTER
PIN 2 DATA FROM COMPUTER
PIN 3 SIGNAL AND POWER GROUND
PIN 4 POWER (SEE SCD)

Connector Diagram:

CONNECTORPART NO.: XSE4-BCR
MATING CONNECTOR:  XSE4-CCP
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APPENDIX C

DISPLAY HOOKUP

The display uses separate clock and serial datalinesfrom the transmitter, rather
than the RS-232 bus. Any wiring arrangement which provides these signals to
the display is satisfactory. Power may be obtained from the transmitter power
supply or from a separate supply.

Commonly, the transmitter plugs into the 9-pin male connector on the display
and a computer plugs into the 9-pin female connector. Power, ground, and RS-
232 data lines pass through from one connector to the other. A DC power jack
on the display serves as a convenient way to supply power to all displays and
transmitters on theloop. Equivalently, at the user's option, wires may be run
directly to the transmitter connector from both the computer and the display.

Pin-outs shown arefor transmittersand interface boar dswith 9-pin connectors.

DISPLAY AND TRANSMITTERS CAN BE POWERED VIA
JACK ON DISPLAY OR PIN 9 ON FEMALE CONNECTOR

DISPLAY | — COAXIAL POWER JACK
4 5 MM GD. (+
HSY | 21 MM LD (GND)
TYPE DE-9P , = F -D-
e 11 '
|_|1.:|:5=5 [T 23587
ERENS | I \
IJ:LI TYPE DE—9%
TO COMPUTER
OR NEXT
TRANSMITTER
TPE DS Il o SONL GROUND
OATA FROM COMPUTER >
DATA TD COMPUTER
1235689 CHASSIS GROLND
o &
TRANSMITTER POWER GROUND
)
+6 T0
+16 VDG
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APPENDIX D

PROGRAMMING HINTS

Sometimesit is difficult to be sure exactly what your computer is sending out.
Onetrick isto disconnect the transmitter and replace it with a connector which
wraps the computer transmitted data back to the computer receiveline. Then by
looking at the datain the receive buffer, you can find out exactly what was sent.

1. MESSAGESNOT COMING BACK FROM TRANSMITTER - If you cannot
seem to get any messages back from the transmitter, first make sure that the
baud rateis correct and the communications channel is set up for 8 data bits,
no parity, 1 stop bit. Then try aglobal command (* 9900V R) to make sure
theID iscorrect. If that does not work, the computer may be waiting for
handshake signals (CTS, DSR, CD) which the transmitter does not provide.
Onthe IBM PC and most other computers, you can choose to ignore these
signals when you open up the communications channel. Seethe
programming examplesin thetext. If your computer insists on these signals,
you can provide them by jumpering back the DTR signalsto the CTS, DSR,
and CD pins on the same connector. See APPENDIX A for common pin-
outs.

2.  UNREQUESTED CONTINUOUSDATA - If the transmitter sends data
continuously without being asked whenever powered up, check the setting
of the MD parameter.

3. REPLY DELAY - Almost all commands generate areply, but for long
integration times some replies may take several seconds.
Exceptions: a) Anundefined (garbage) command addressed to a
specific sensor will be absorbed.
Example *0100ZQ

b) Sample and hold commands generate no response.

4. GLOBAL COMMAND ECHO - Global commands echo back the command
in addition to whatever response they produce. Thereason isthat each
transmitter passes on the command to the next transmitter in the loop before
acting on the command.

Example: COMMAND:  *9900P1
REFLY: *9900P1
*000128.12345

5. GARBAGE CHARACTERSIN INPUT BUFFER - The computer receive
buffer should be cleared after applying power to the transmitter. Turning on
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power to the transmitter causes the output lines to go from zero to defined
voltage levels. This produces agarbage character in the input buffer of
some computers. Alternatively, when getting datafrom the input buffer,
throw away leading characters until you cometo an* . All legitimate
transmitter replies begin with *.

6. CLEARTRANSMITTER - At the start of all programs, send a command
(*9900VR isagood choice) to terminate whatever the transmitter may have
been doing and then clear out the RS-232 receive buffer on your computer.
Remember that when a" continuous send" command is given, the transmitter
continues to send data even after the computer ishalted. If you restart the
program, the transmitter will still be sending data whether it is expected or
not.

7. REWRITING EEPROM - Do not routinely rewrite EEPROM at the start of
every program. Check the values and change only what needs changing. A
given register in EEPROM is guaranteed only for 10,000 rewrites.

8. WRITING CONTROL PARAMETERSIN EEPROM - When writing control
parametersin EEPROM, (e.g. BR =, PR =, UN =, etc.), dways wait for the
reply before sending other commands addressed to the same transmitter.
The sensor ignores commands addressed to it until its EEPROM writeis
completed (about 0.1 seconds). Commands for other transmitters are relayed
properly. No wait isrequired when reading EEPROM.

9. NUMBER OF BYTESIN RECEIVE BUFFER - In IBM BASIC, the function
LOC (file number) will tell how many bytes are in receive buffer.

10. 19200 BAUD SUPPORT - Some early versions of IBM BASIC did not
officialy support 19200 baud.
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APPENDIX E

SAMPLING COMMANDS

APPROX. MAX
SAMPLES
PER SEC.
STANDARD SAMPLING COMMANDS
PRESSURE P3 Single sample and send 30

P4 Continuous sampleand send 50

P5 Single sample and hold 30
DB Send stored value

TEMPERATURE Q3 Single sample and send 45
Q4 Continuous sample and send 100

Q5 Single sample and hold 45
DB Send stored value

PERIOD SAMPLING COMMANDS

P PERIOD P1 Single sample and send 50
P2 Continuous sampleand send 135

P6 Single sample and hold 50
DB Send stored value

T PERIOD Q1 Single sample and send 58
Q2 Continuous sample and send 145

Q6 Single sample and hold 55
DB Send stored value

BURST SAMPLING COMMANDS

PRESSURE P7 Continuoussampleandsend 90
BURST

PERIOD Q1, P2, Q1 Command sequence 130
BURST
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APPENDIX F

USEFUL IBM BASIC INSTRUCTIONS

References: I1BM BASIC REFERENCE MANUAL, especially Appendix C
IBM BASIC HANDBOOK, Chapter 2

When calling BASIC from the system, the communications buffer size can be
changed using the /C option. For example: BASICA/C:2048 sets buffer to 2048
bytes.

In BASIC, the following instructions are useful:

OPEN " COwh" opens communicationsfilen
CLCSE n closesfilen
LOC( n) function to find out how many charactersarein the

input buffer for filen

| NPUT# input up to <cr> or comma
LI NE | NPUT# input up to <cr>
| NPUTS$ input a specified number of characters
PRI NT# send data from computer
WRI TE# send data from computer
NOT RECOMMENDED
Inserts quotes around strings
CET get specific number of characters from buffer
PUT put specific number of bytesinto output buffer
ON COM n) detects activity on communications port

STRING MANIPULATION INSTRUCTIONS:

I NSTR find specific character of string
LEFT$

Rl GHT$

M D$

VAL convert astring to anumeric value
STR$ convert anumeric value to astring
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APPENDIX G

CALCULATION OF PRESSURE

The transmitter cal culates temperature and pressure from period measurements of
two frequency signals. The equations used in the calculations are given below:

Temperature = YqU + YoU2 + Y3U3 deg C

P=C(1- T2 Taud)[1- D(L- Tp2/Taud)] psi
where:  Tau = pressure period in microseconds

U = (temp period) - Ug microseconds

C=Cy +CU +Cqu2

D=D; +DyU

To=Tq+ToU+TaU2+ TU3 + T5U4

These equations express temperature and pressure in terms of the transducer
calibration coefficients:

Temperature coefficients:  Ug Yq Yo Y3
Pressure coefficients. Cq C; C3 Dy Dy Ty Tp T3 T4 Tj

These coefficients are stored in EEPROM and can be obtained from the
transmitter viathe RS-232 bus.

Final output pressure is computed from the above using the following equation:
P output = PM [(Units multiplier) © P+ PA]

When units are changed using the UN command, PA is automatically
recal culated to be correct in the new units.
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APPENDIX H

ZERO AND SPAN ADJUSTMENTS

Commands PA and PM can be used for minor transmitter zero and span
adjustments. Normally the pressure adder PA is set to zero and the pressure
multiplier PM is set to 1.0.

Adjusted pressureis calculated using the equation:
Padjusted =PM~ (P+PA)

where P isthe pressure calculated using the original calibration coefficients and
the selected units factor. The user entersPA in the selected units. The
transmitter converts the entered value to psi before storing it. Whenever the
transmitter is asked to send the value of PA, it will be reconverted and sent in the
unitsin effect at the time of the request.

The PA parameter can also be used to offset absolute pressure readings to read
gauge pressure.

WARNING: Bevery careful when using the PA and PM commands
because they directly affect the transmitter calibration.
Inaccurate values will result in inaccurate data.
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APPENDIX |

SOFTWARE VERS ONS

A number of evolutionary improvements have been made to the hardware
and software in the intelligent transmitter to add display capability and
extracommands and features. We have maintained full forward
compatibility, so that user programs written for one version operate
properly with al later versions, and different versions can be mixed on
the same loop.

The hardware and software version of any transmitter can be determined
with the VR command. If desired, any transmitter can be upgraded to
support al of the latest features. Design changesfor all standard 1000
series transmitter products except 16-Bit, Model 740, and Model 760 are
summarized below:

VERSION
1.00 Original series.
200 Commands added: none.
Hardware change:  Input selection modified.
3.00 Display capability added.
Commandsadded: MD, DV, DC.
Hardware change:  display driving.
4.00 Refinements to display capability, parity, sequential
dump. Commandsadded: DP, DR, DS, MC, PT.
No hardware changes.
404 Commands BL, DD, IM, IC added.
4.05 Hardware change:  Input select circuit.
7.00 Commandsadded: ZL,ZS, 72V, OP.
Hardwarechange: Tarerequest indicator.
OP indicator.
7.10 Software change. Faster math package.
.00 Surface-mount revision, transzorbs, faster clock
201 More significant figures at UN=0
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.02 Minor reset improvements after changes in configuration
.03 Multi-drop capability added
R1.00 Hardware and Firmware revision

Different versions of the software are used for other models as follows:

VERSION MODEL

B5xx 16-bit parallel binary output
40xx Model 740

B0xx Model 760
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APPENDIX J COMMAND LIST

SAMPLE COMMANDS
(May be used as global 99 commands)

P1 Sample and send one pressure sensor period.

P2 Continuously sample and send pressure periods.

P3 Sample and send one pressure.

P4 Continuously sample and send pressure.

P5 Sample and hold one pressure.

P6 Sample and hold one pressure period.

P7 Burst and sample pressure: read temperature once; then continuously send pressure
compensated using origina temperature.

Q1 Sample and send one temperature period.

Q2 Continuously sample and send temperature periods.
Q3 Sample and send one temperature.

Q4 Continuously sample and send temperature.

Q5 Sample and hold one temperature.

Q6 Sample and hold one temperature period.

DB Dump buffer. Sends values being stored.
DS® Dump sequential. Sends stored valuesin
sequential order.

CONFIGURATION CONTROL
BR Enter baud rate. Must be global command.
BL Locks baud rate and parity to prevent change.
Must be global command.
ID Auto-number transmittersin aloop. Must be global command.
PT Sets transmitter parity. Must be global.
EW Enable EEPROM write for one command.

REMAINING COMMANDS CANNOT BE GLOBAL

® NOT SUPPORTED FOR TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER
10/1/01 (FIRMWARE VERSION R1.00 AND LATER).

© PARAMETER ISREAD-ONLY, FIXED AT 8 DATA BITS, NO PARITY, AND 1 STOP
BIT IN TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER 10/1/01 (FIRMWARE
VERSION R1.00 AND LATER).
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PR Read/enter pressure resolution.
TR Read/enter temperature resolution.

UN Read/enter choice of pressure units.

0. user defined 3. bar 6.inHg
1. psi 4. kPa 7. Torr or mm Hg
2. mbar or hPa 5. MPa 8. mHy0

UF Read/enter user definable units.
MD Reads or sets power-up mode.

SPECIAL COMMANDSTO CONTROL DISPLAY

DC Display check.

DD Display distance.

DP Reads or sets number of display decimal places.
DR Display right-adjusted data from computer.

DV Display value from computer, |eft-adjusted.

TARE AND OVERPRESSURE COMMANDS

BP Sound overpressure beeper.

OP Read/enter the overpressure alarm setting.
ZS Read the position of the zero set switch.
ZV Zerovaue. Read the zero offset value.
ZL Zerolock. Enable or disable taring.

SPECIAL DIAGNOSTIC COMMANDS

MC*Memory check. Checks program PROM.
CS Check stack of microprocessor.

CT*™ Check counter timebase.

CX Check crystal of microprocessor clock.

OPTIONAL 16-BIT BINARY OUTPUT COMMANDS
LL Limitlow. Reads or sets pressure corresponding to binary 0.

LH Limit high. Reads or sets pressure for binary 65535.
IM Inteface mode. Turns 16-bit binary interface on or off.

"' NOT SUPPORTED FOR TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER
10/1/01 (FIRMWARE VERSION R1.00 AND LATER).
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IC Inhibit control. Controls operation of datainhibit line.

CALIBRATION COMMANDS
WARNING!! THE FOLLOWING COMMANDS CAN CHANGE THE
CALIBRATION COEFFICIENTS

SN*? Read/enter transmitter serial number.
PA Read/enter pressure adder.

PM Read/enter pressure multiplier.

TC™ Read/enter timebase correction factor.

C1 Read/enter C1 pressure coefficient.
C2 Read/enter C2 pressure coefficient.
C3 Read/enter C3 pressure coefficient.

D1 Read/enter D1 pressure coefficient.
D2 Read/enter D2 pressure coefficient.

T1 Read/enter T1 pressure coefficient.
T2 Read/enter T2 pressure coefficient.
T3 Read/enter T3 pressure coefficient.
T4 Read/enter T4 pressure coefficient.
T5 Read/enter T5 pressure coefficient.

UO Read/enter UO temperature coefficient.
Y1 Read/enter Y1 temperature coefficient.

Y2 Read/enter Y2 temperature coefficient.
Y3 Read/enter Y 3 temperature coefficient.

2 READ-ONLY FOR TRANSMITTERS AND DEPTH SENSORS SHIPPED AFTER 10/1/01
(FIRMWARE VERSION R1.00 AND LATER).
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