








http://www.teledyne-api.com/forms






















































































http://www.adobe.com/
http://www.teledyne-api.com/manuals/






























































 TELEDYNE API 
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To access the analog I/O configuration sub menu, press: 

AIO Configuration Submenu

STANDBY           ACT =STANDBY

<TST TST> GEN STBY SEQ SETUP

SETUP X.X        PRIMARY SETUP MENU

O3 SEQ CFG CLK PASS MORE EXIT

SETUP X.X       SECONDARY SETUP MENU

 COMM VARS DIAG EXIT

SETUP X.X      ENTER PASSWORD:818

8   1   8 ENTR EXIT

DIAG                          SIGNAL I/O             

  NEXT  ENTR EXIT

Continue pressing NEXT until ...

DIAG              ANALOG I/O CONFIGURATION             

PREV   NEXT   ENTR EXIT

DIAG AIO             A OUTS CALIBRATED: NO

<SET SET> CAL EXIT

DIAG AIO           CONC_OUT_1: 5V, OVR, NOCAL

<SET  SET>  EDIT EXIT

DIAG AIO            AIN CALIBRATED: NO

 <SET  SET> CAL EXIT

DIAG AIO            CONC_OUT_2: 5V, OVR, NOCAL

 <SET SET> EDIT EXIT

DIAG AIO           TEST_OUTPUT: 5V,OVR, NOCAL

<SET SET> EDIT EXIT

Not used in the 
M703E

Make sure that 
the M703E is in 
standby mode.

Toggle these 
keys to enter the 

correct
PASSWORD
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6.9.1.2. Selecting a Test Channel Function to Output 

The Test Functions available to be reported are: 

Table 6-8: Test Channels Functions Available on the M703E’s Analog Output 

TEST CHANNEL DESCRIPTION ZERO FULL SCALE 

NONE TEST CHANNEL IS TURNED OFF 

O3 PHOTO MEAS The raw output of the photometer during its 
measure cycle 

0 mV 5000 mV* 

O3 PHOTO REF The raw output of the photometer during its 
reference cycle 

0 mV 5000 mV* 

O3 GEN REF The raw output of the O3 generator’s 
reference detector 

0 mV 5000 mV* 

OUTPUT FLOW The gas flow being output through the CAL 
GAS outlets on the back of the instrument 

0 cm3/min 5,000 cm3/min 

REGULATOR PRESSURE The gas pressure measured by the O3 
generator pressure sensor 

0 PSIG 105 PSIG 

SAMPLE PRESSURE The pressure of gas in the photometer 
absorption tube 

0 "Hg 40 "Hg-In-A 

SAMPLE FLOW The gas flow rate through the photometer 0 cm3/min 1000 cc3/min 

SAMPLE TEMP The temperature of gas in the photometer 
absorption tube 

0 C 70 C 

PHOTO LAMP TEMP The temperature of the photometer UV lamp 0 C 70 C 

O3 LAMP TEMP The temperature of the O3 generator’s UV 
lamp 

0 mV 5000 mV 

CHASSIS TEMP The temperature inside the M703E’s chassis 
(same as BOX TEMP) 

0 C 70 C 

O3 PHOTO CONC The current concentration of O3 being 
measured by the photometer. 

0 C 1 ppm 

 

Once a function is selected, the instrument not only begins to output a signal on the analog output, but also adds 
TEST to the list of Test Functions viewable via the Front Panel Display.  
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To activate the TEST Channel and select a function press: 

DIAG                   TEST CHANNEL:NONE

PREV NEXT ENTR EXIT

STANDBY           ACT =STANDBY

<TST TST> GEN STBY SEQ SETUPMake sure that 
the M703E is in 
standby mode.

SETUP X.X        PRIMARY SETUP MENU

O3 SEQ CFG CLK PASS MORE EXIT

SETUP X.X      SECONDARY SETUP MENU

COMM VAR DIAG EXIT

SETUP X.X      ENTER PASSWORD

8 1 8 ENTR EXIT

Toggle these 
keys to enter the 

correct
PASSWORD

DIAG                         SIGNAL I/O

PREV NEXT ENTR EXIT

DIAG                   TEST CHANNEL OUTPUT

PREV NEXT ENTR EXIT

Continue pressing NEXT  until ...

Toggle these keys to 
choose a TEST 

channel parameter DIAG                   TEST CHANNEL:CHASSIS TEMP

PREV NEXT ENTR EXIT EXIT discards the new 
setting

ENTR accepts the 
new setting
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6.9.1.3. TEST CHANNEL VOLTAGE RANGE Configuration 

In its standard configuration the analog outputs is set to output a 0 – 5 VDC signals.  Several other output 
ranges are available (see Table 7-5).  Each range has is usable from -5% to + 5% of the rated span.  

 

Table 6-9: Analog Output Voltage Range Min/Max 

RANGE SPAN MINIMUM OUTPUT MAXIMUM OUTPUT 
0-100 mVDC -5 mVDC 105 mVDC 

0-1 VDC -0.05 VDC 1.05 VDC 

0-5 VDC -0.25 VDC 5.25 VDC 

0-10 VDC -0.5 VDC 10.5 VDC 

The default offset for all ranges is 0 VDC. 

 

To change the output range, press, 

 

DIAG AIO           AOUTS CALIBRATED: NO

  SET>  CAL EXIT

From the
AIO CONFIGURATION SUBMENU

(See Section 6.9.1.1)

DIAG              ANALOG I/O CONFIGURATION             

PREV   NEXT   ENTR EXIT

Continue pressing SET> until you reach the 
output to be configured

DIAG AIO        TEST_OUTPUT: 5V, OVR, NOCAL

<SET SET>   EDIT EXIT

DIAG AIO        TEST_OUTPUT: RANGE: 5V

0.1V   1V   5V   10V ENTR EXIT

These keys set 
the signal level 
and type of the 

selected 
channel

Pressing ENTR records 
the new setting and 

returns to the previous 
menu.

Pressing EXIT ignores the 
new setting and returns to 

the previous menu.
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6.9.1.4. Turning the TEST CHANNEL Over-Range Feature ON/OFF 

In its default configuration a ± 5% over-range is available on each of the M703E’s TEST CHANNEL output.  This 
over-range can be disabled if your recording device is sensitive to excess voltage or current.   

To turn the over-range feature on or off, press: 
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6.9.1.5. Adding a Recorder Offset to the TEST CHANNEL 

Some analog signal recorders require that the zero signal be significantly different from the baseline of the 
recorder in order to record slightly negative readings from noise around the zero point.  This can be achieved in 
the M703E by defining a zero offset, a small voltage (e.g., 10% of span). 

To add a zero offset to a specific analog output channel, press: 
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6.9.2. TEST CHANNEL CALIBRATION 

TEST CHANNEL calibration needs to be carried out on first startup of the analyzer (performed in the factory as 
part of the configuration process) or whenever re-calibration is required.  The analog outputs can be calibrated 
automatically or adjusted manually.   

During automatic calibration, the analyzer tells the output circuitry to generate a zero mV signal and high-scale 
point signal (usually about 90% of chosen analog signal scale) then measures actual signal of the output.  Any 
error at zero or high-scale is corrected with a slope and offset. 

Automatic calibration can be performed via the AOUTS CALIBRATION command, or by using the CAL button 
located inside TEST_CHANNEL submenu.  By default, the analyzer is configured so that calibration of TEST 
CHANNEL can be initiated with the AOUTS CALIBRATION command.   

6.9.2.1. Enabling or disabling the TEST CHANNEL Auto-Cal Feature 

To enable or disable the Auto-Cal feature for the TEST CHANNEL, press. 

From the
AIO CONFIGURATION SUBMENU

(See Section 6.9.1.1.)

DIAG              ANALOG I/O CONFIGURATION             

PREV   NEXT   ENTR EXIT

DIAG AIO        TEST_OUTPUT: 5V, OVR, NOCAL

<SET SET> EDIT EXIT

DIAG AIO        TEST_OUTPUT: AUTO CAL.:ON

<SET SET> EDIT EXIT

DIAG AIO        TEST_OUTPUT: AUTO CAL.:ON

 ON ENTR EXIT

Toggle this key to 
turn  AUTO CAL 

ON or OFF 
(OFF = manual 

calibration mode).

ENTR accepts 
the new setting.

EXIT ignores the 
new setting

Continue pressing SET> until ...

DIAG AIO        TEST_OUTPUT: RANGE: 5V

SET>   EDIT EXIT

DIAG AIO        TEST_OUTPUT: AUTO CAL.:OFF

 OFF ENTR EXIT

Continue pressing SET> until you reach the 
output to be configured

DIAG AIO           AOUTS CALIBRATED: NO

  SET>  CAL EXIT

NOTE: 
TEST CHANNELS

configured for 0.1V full 
scale should always be 

calibrated manually.
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6.9.2.2. Automatic TEST CHANNEL Calibration 

To calibrate the outputs as a group with the AOUTS CALIBRATION command, press: 

NOTE 

Before performing this procedure, make sure that the AUTO CAL feature is turned OFF for CONC_OUT_1 
and CONC_OUT_2, 

Make sure that the AUTO CAL feature is turned ON for the TEST CHANNEL (See Section 6.9.2.1) 

 

From the
AIO CONFIGURATION SUBMENU

(See Section 6.9.1.1.)

Analyzer 
automatically 
calibrates all 

channels for which 
AUTO-CAL is turned 

ON

If any of the channels have not 
been calibrated ot if at least one 
channel has AUTO-CAL turned 

OFF, this message will read NO.

DIAG AIO NOT AUTO CAL. CONC_OUT_1

DIAG AIO NOT AUTO CAL. CONC_OUT_2

DIAG AIO AUTO CALIBRATING TEST_OUTPUT

This message 
appears when
AUTO-CAL is 

Turned OFF for 
a channel

DIAG AIO           AOUTS CALIBRATED: YES

SET>   CAL EXIT

DIAG AIO           AOUTS CALIBRATED: NO

SET> CAL EXIT

DIAG              ANALOG I/O CONFIGURATION

PREV   NEXT   ENTR EXIT

 

 

 

NOTE: 

Manual calibration sho tputs must be closely uld be used for the 0.1V range or in cases where the ou
matched to the characteristics of the recording device. 
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To initiate an automatic calibration from inside the TEST CHANNEL submenu, press:  
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6.9.2.3. Manual Calibration of the TEST CHANNEL configured for Voltage Ranges 

For highest accuracy, the voltages of the analog outputs can be manually calibrated.   

NOTE:  

The menu for manually adjusting the analog output signal level will only appear if the AUTO-CAL feature 
is turned off for the channel being adjusted (see Section6.9.2.1) 

Calibration is performed with a voltmeter connected across the output terminals (See Figure 6-2) and by 
changing the actual output signal level using the front panel keys in 100, 10 or 1 count increments. 

V 

+DC     Gnd    

  

Figure 6-3: Setup for Calibrating the TEST CHANNEL 

 

Table 6-10: Voltage Tolerances for the TEST CHANNEL Calibration 

FULL 
SCALE 

ZERO 
TOLERANCE 

SPAN VOLTAGE 
SPAN 

TOLERANCE 

MINIMUM 
ADJUSTMENT  

(1 count) 

0.1 VDC ±0.0005V 90 mV ±0.001V 0.02 mV 

1 VDC ±0.001V 900 mV ±0.001V 0.24 mV 

5 VDC ±0.002V 4500 mV ±0.003V 1.22 mV 

10 VDC ±0.004V 4500 mV ±0.006V 2.44 mV 
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To adjust the signal levels of an analog output channel manually, press: 

From the
AIO CONFIGURATION SUBMENU

(See Section 6.9.1.1.)

DIAG              ANALOG I/O CONFIGURATION             

PREV   NEXT   ENTR EXIT

Continue pressing SET> until you reach the 
output to be configured

DIAG AIO       TEST_OUTPUT: 5V, OVR, NOCAL

<SET SET> EDIT EXIT

Continue pressing SET> until ...

DIAG AIO           TEST_OUTPUT: CALIBRATED:NO

<SET SET> CAL EXIT

DIAG AIO           TEST_OUTPUT: RANGE: 5V

SET>   EDIT EXIT

DIAG AIO           TEST_OUTPUT:  VOLT-Z: 0 mV

 U100   UP10  UP   DOWN  DN10  D100  ENTREXIT

DIAG AIO            TEST_OUTPUT:  VOLT-S: 4500 mV

 U100   UP10  UP   DOWN  DN10  D100  ENTREXIT

DIAG AIO           TEST_OUTPUT: CALIBRATED: YES

<SET SET>   CAL EXIT

These menu’s 
only appear if 
AUTO-CAL is 
turned OFF

These keys increase / decrease 
the analog output signal level 
(not the value on the display) 

by 100, 10 or 1 counts. 

Continue adjustments until the 
voltage measured at the output 
of the analyzer and/or the input 
of the recording device matches 
the value in the upper right hand 
corner of the display (within the 

tolerances 
listed in Table 6-10 

DIAG AIO           AOUTS CALIBRATED: NO

  SET>  CAL EXIT
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6.9.3. AIN CALIBRATION 

This is the sub-menu calibrates the analyzer’s A-to-D conversion circuitry.  This calibration should only be 
necessary after major repair such as a replacement of CPU, motherboard or power supplies.   

 

To perform an AIN CALIBRATION, press: 
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6.10. SETUP  MORE  VARS: INTERNAL VARIABLES (VARS) 

The M703E has several-user adjustable software variables, which define certain operational parameters.  
Usually, these variables are automatically set by the instrument’s firmware, but can be manually re-defined using 
the VARS menu.   

The following table lists all variables that are available within the 818 password protected level.  See Appendix 
A2 for a detailed listing of all of the M703E variables that are accessible through the remote interface. 

Table 6-11: Variable Names (VARS) 

NO. VARIABLE DESCRIPTION 
ALLOWED 
VALUES 

DEFAULT 
VALUES 

0 PHOTO_LAMP1,2 Sets the photometer lamp temperature set 
point and warning limits. 

0ºC  and 100ºC 
58ºC 

Warning limits 

56ºC - 61ºC 

1 O3_GEN LAMP1,2 Sets the O3 generator lamp temperature set 
point and warning limits. 

0ºC  and 100ºC 
48ºC 

Warning limits 

43ºC - 53ºC 

2 O3_CONC_RANGE 
Set the upper span point of the O3 
concentration range for TEST CHANNEL 
analog signal O3_PHOTO_CONC. 

0.1–20000 ppb 500 ppb 

3 O3_PHOTO_BENCH_ONLY2 

O3 bench control flag.  

 ON turns on the photometer pump and 
switches measure/reference valve only 
when the O3 mode is set for BNCH (See 
Section 3.4.5). 

ON/OFF 
 

OFF 

4 ZA_PUMP_ENAB2 
Internal zero air pump control.  

ON turns on internal zero air pump when 
generating ozone. 

ON/OFF 
 

ON 

5 STD_TEMP1 Sets the standard Temperature used in 
calculating O3 flow rates and concentrations. 

0ºC  and 100ºC 25ºC 

6 STD PRESSURE1 Sets the standard pressure used in 
calculating O3 flow rates and concentrations. 

29.92 in-Hg-A 
15.00 – 50 .00

 in-Hg-A 

7 CLOCK_ADJ 

Adjusts the speed of the analyzer’s clock.  
Choose the + sign if the clock is too slow, 
choose the - sign if the clock is too fast (See 
Section 6.7.2). 

-60 to +60 s/day 
Default=0 

0 

1 DO NOT ADJUST OR CHANGE these values unless instructed to by Teledyne Instruments’ customer service 
personnel. 
2 Only available in calibrators with O3 photometer and generator options installed. 

 

NOTE:  

There is a 2-second latency period between when a VARS value is changed and the new value is stored 
into the analyzer’s memory.   

DO NOT turn the analyzer off during this period or the new setting will be lost. 
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To access and navigate the VARS menu, use the following key sequence: 

 

DO NOT CHANGE 
these settings unless 

specifically instructed to by 
Teledyne Instruments’ 

Customer Service 
personnel

STANDBY           ACT =STANDBY

<TST TST> GEN STBY SEQ SETUP

Make sure that the M703E 
is in standby mode.

SETUP X.X        PRIMARY SETUP MENU

O3 SEQ CFG CLK PASS MORE EXIT

SETUP X.X      SECONDARY SETUP MENU

COMM VARS DIAG EXIT

SETUP X.X      ENTER PASSWORD

8 1 8 ENTR EXIT

Toggle these keys to enter 
the correct PASSWORD

SETUP X.X        0) O3_PHOTO_LAMP=58.0 DegC

NEXT JUMP EDIT PRNT EXIT

SETUP X.X         1) O3_PHOT_LAMP=58.0 DegC

PREV NEXT JUMP EDIT PRNT EXIT

SETUP X.X          2) O3_CONC_RANGE=500.0 PPB

PREV NEXT JUMP EDIT PRNT EXIT

SETUP X.X            O3_CONC_RANGE=500.0 PPB

0 0 5 0 0 .0 ENTR EXIT

Toggle these keys to set 
the upper span point of the 
O3_PHOTO_CONC Test 

Channel signal

In all cases:
EXIT discards the new 

setting

ENTR accepts the 
new setting

SETUP X.X          3) O3_PHOTO_BENCH_ONLY=OFF

PREV NEXT JUMP EDIT PRNT EXIT

SETUP X.X         O3_PHOTO_BENCH_ONLY=OFF

OFF 0 ENTR EXIT

Toggle this key turn this 
mode ON / OFFSETUP X.X    4) ZA_PUMP_ENAB=ON

PREV NEXT JUMP EDIT PRNT EXIT

SETUP X.X          ZA_PUMP_ENAB=ON

ON ENTR EXIT

Toggle this key turn this 
mode ON / OFF

DO NOT CHANGE 
these settings unless 

specifically instructed to by 
Teledyne Instruments’ 

Customer Service 
personnel

SETUP X.X        5) STD_TEMP=25.0 DegC

PREV NEXT JUMP EDIT PRNT EXIT

SETUP X.X         6) STD PRESS=29.92 In-Hg

PREV NEXT JUMP EDIT PRNT EXIT

SETUP X.X         7) CLOCK_ADJUST=0 Sec/Day

 PREV JUMP EDIT ENTR EXIT

SETUP X.X             CLOCK_ADJUST=0 Sec/Day

+ 0 0 ENTR EXIT

Enter sign and number of 
seconds per day the clock 

gains (-) or loses(+)
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6.11. OPERATING THE M703E CALIBRATOR AS AN O3 
PHOTOMETER 

The M703E can easily be configured to measure an external source of ozone.   

6.11.1. SET UP FOR OPERATING THE M703E AS AN O3 
PHOTOMETER 

To convert the M703E from an O3 calibrator to and O3 photometer:  

1. Remove the two loop-back tubing assemblies on the rear panel connected to the ‘PHOTO IN’ and 
‘PHOTO REF IN’ fittings. 

2. Connect the ozone source to be measured to the ‘PHOTO IN’ fitting.   

 This gas must be supplied at atmospheric pressure. 

3. Connect a reference gas (Zero Air) for the photometer to the ‘PHOTO REF IN.’   

 This gas must be supplied at atmospheric pressure.  To avoid interference effects, the reference gas 
should be from the same source than is being used to feed the ozone generator that is being 
assayed. 

EXHAUST line: Max Length=3 meters ( or 10 feet)

E
n

cl
o

su
re

 W
al

l

M703E 
Photometric 
O3 Calibrator

VENT

CAL GAS OUT

DRY AIR IN
CAL GAS OUT

PHOTOMETER OUTLET

PHOTOMETER INLET

PHOTOMETER ZERO IN

PHOTOMETER ZERO OUT

EXHAUST
ZERO AIR IN

REFERENCE GAS 
SOURCE 

Capped

O3 SOURCE TO BE 
MEASURED

Capped

Minimum input gas flow for 
Photometer is 800 cc3/min1

1

  

Figure 6-4: Set up for Using the M703E to Measure an External O3 Source 
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To use the M703E as a photometer, press: 
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6.12. SETUP  LVL: SETTING UP AND USING LEADS (DASIBI) 
OPERATING LEVELS 

6.12.1. GENERAL INFORMATION ABOUT LEADS LEVELS 

The M703E calibrator can be equipped with a version of firmware that includes support for LEADS, a data 
collection and analysis system LEADS specifically designed for handling meteorological and environmental data 
particularly when there is a need to integrate data and control instrumentation from several different 
manufacturers.  When an M703E calibrator is equipped with the optional LEADS software is used in conjunction 
with data loggers located central data analysis facility is possible to collect and buffer data between the various 
calibrators, analyzers and metrological equipment remotely located at an air monitoring station. 

Because LEADS was originally developed for use with TNRCC using Dasibi 5008 calibrators, the LEADS 
version of the M703E includes support for Dasibi “Dot” serial data commands and operational “LEVEL’s”.   

NOTE 

For more information on the LEADS system, please go to http://www.meteostar.com/. 

 

6.12.2. DOT COMMANDS 

The Dasibi “Dot” commands form a text-based (ASCII) data protocol that is transmitted between a control 
computer (XENO data logger in this case) and a calibrator or ambient gas analyzer over an RS-232 connection.  
The details of the protocol are beyond the scope of this document, but in its simplest form the protocol is based 
on a two or three digit integer preceded by a control-A and a period (.) and then followed by a “!” and a two digit 
checksum.   

EXAMPLE: 

^A.xxx!nn 

For further information on dot commands, please contact T-API customer service. 

An M703E equipped with LEADS software can be simultaneously operated over the same COM port using 
standard Teledyne Instruments’ serial data commands and is compatible with APIcom versions 3.7.3 and later 
which include an added feature that allows a user to edit, upload and download level tables. 
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6.12.3. LEVELS   

A LEVEL is a combination of several parameters:  

 An ID number for the LEVEL 

 An action, (e.g. GENERATE, STANDBY) 

 A target concentration value 

 An output flow rate (if applicable) 

 Configuration for one or both of two status output blocks.   

Up to twenty levels can be defined and used with the M703E using a range of ID numbers from 0-98.  Level 99 
is reserved for standby.  Are not time based and do not include characteristics such as start time or duration,  
therefore a single LEVEL can not switch between different concentration levels and flow rates.  Separate flow 
and concentration outputs must be programmed into separate LEVELs which are then individually started and 
stopped either by an operator at the calibrator’s front panel or through a serial data operation over the RS-232 or 
Ethernet ports. 

6.12.4. ACTIVATING AN EXISTING LEVEL 

To activate an existing defined LEVEL, press: 
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6.12.5. PROGRAMMING NEW LEVELS 

To begin programming a new LEVEL find the LVL submenu by pressing: 

 

CHOOSE ACTION Submenu

SETUP X.X      ACTION TO PERFORM:GENERATE

PREV NEXT ENTR EXIT

STANDBY           ACT =STANDBY

<TST TST> GEN STBY SEQ SETUP
Make sure that the M703E 

is in standby mode.

SETUP X.X        PRIMARY SETUP MENU

O3 LEVL SEQ CFG CLK PASS MORE EXIT

SETUP X.X               END OF LEVELS

INS PRNT EXIT

SETUP X.X  [LEVEL ID] ) [Gas/Conc.], [Status Block Set]

PREV NEXT INS DEL EDIT PRNT EXIT

Deletes the LEVEL shown
in the message field

Edits the LEVEL shown in 
the message field

Scrolls back and forth between 
existing LEVELS

This display only appears if there are no LEVELs currently 
programmed into the M703E.

OTHERWISE ...

Use these keys to scroll though the available 
instructions: GENERATE & MANUAL
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6.12.5.1. Creating a GENERATE LEVEL   

To create a LEVEL using the M703E’s AUTO generation function, press: 

SETUP X.X         GENERATE:0.0 PPB  O3

0 .0 0 0 PCT O3 ENTR EXIT

SETUP X.X GENERATE:ZERO

 ZERO ENTR EXIT Toggle this key to scroll 
through the available 

gas types (as 
programmed during 

initial setup.

SETUP X.X         GENERATE:0.0 PPB  O3

0 0 0 .0 PPB O3 ENTR EXIT Toggle this key to 
to scroll through the 

available units of 
measure

EXIT discards the 
new setting

Toggle these keys 
to set the target 
concentration.

STANDBY LEVEL:0

0 0 ENTR EXIT

Toggle these keys until 
the designation of the 
existing defined level 
program is reached.

EXIT discards the new 
LEVEL number

ENTR accepts the new
LEVEL number

CHOOSE ACTION Submenu

SETUP X.X      ACTION TO PERFORM:GENERATE

PREV NEXT ENTR EXIT

Starting at the CHOOSE ACTION Submenu
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6.12.5.2.  Creating a MANUAL LEVEL   

To create a level using the M703E’s MANUAL generation function, press: 

SETUP X.X INSERT STEP: MANUAL

PREV ENTR EXIT

CHOOSE ACTION Submenu

SETUP X.X      ACTION TO PERFORM:GENERATE

NEXT ENTR EXIT

Use the NEXT until ...

Starting at the CHOOSE ACTION Submenu

SETUP X.X       O3 GEN SET POINT: 000.0 PPB

0 0 0 0 .0 ENTR EXIT

SETUP X.X                O3 GEN MODE: OFF

OFF CNST REF BNCH ENTR EXITThis Key 
Turns the the 
O3 Generator 

OFF/ON

REF: The concentration control 
loop will use the generator’s 
reference detector as input.
BNCH:  The concentration 
control loop will use the 
photometer bench.

SETUP X.X         O3 GEN SET POINT: 0.0 MV

0 0 0 0 .0 ENTR EXIT

This key sets a CONSTANT drive 
voltage for the O3 Generator

These keys set a target 
concentration for the O3 Generator

Toggle these keys 
to set the 

CONSTANT drive 
voltage of the O3

generator

Toggle these keys 
to set output 

CONCENTRATION 
of the O3 generator

EXIT discards the new 
setting

ENTR accepts the 
new setting

STANDBY LEVEL:0

0 0 ENTR EXIT

Toggle these keys until 
the designation of the 
existing defined level 
program is reached.

EXIT discards the new 
LEVEL number

ENTR accepts the new
LEVEL number
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6.12.5.3. Editing or Deleting a LEVEL   

To edit or delete an existing LEVEL, press: 

 

Levels are displayed according to the following Format: 

 LEVEL ID:  Any number between 0 and 99.  This will be the number used to select the level when 
activating / deactivating it, or when editing or deleting it. 

 Gas Conc: The concentration setting, in ppb, for the O3 generator to produce. 

 Status Block Setting: This will be displayed as two pairs of 1-digit numbers.   

 The First pair corresponds to Status Block 1.   

 The Second pair corresponds to Status Block 2. 
 
n each case:  

 The left digit will be a number between 1 and 4 representing the binary setting of bits 1 through 4 
and;  

 The right digit will be a number between 1 and 4 representing the binary setting of bits 5 through 8.  
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Figure 6-5: LEADS Level Display Format 
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6.12.6. CONFIGURING LEVEL STATUS BLOCKS 

There are two STATUS BLOCKS associated with LEADS LEVELS.   

 BLOCK 1: This block corresponds to the physical CONTROL OUTPUT connections located on the back 
panel of the M703E (see Figure 3-2, Figure 3-8 and Section 3.2.5). 

 BLOCK 2: The second status block does not correspond to any physical output but is used to 
communicate status over the serial data port 

To configure the either of the STATUS BLOCKS, press: 

SETUP X.X [LEVEL ID] )[Gas/Conc.],[Status Block Set’g]

PREV NEXT INS DEL EDIT PRNT EXIT

SETUP X.X    LEVEL NUMBER:12

<SET SET> EDIT EXIT

SETUP X.X    STATUS BLOCK 2:DISABLED

<SET SET> EDIT EXIT

Continue pressing SET> until Desired 
Status Block is reached

SETUP X.X     STATUS BLOCK 2:[0]0000000

<CH CH>   [0] ENTER EXIT

EXIT discards the 
new setting

ENTR accepts the 
new setting

SETUP X.X     STATUS BLOCK 2:OFF

OFF ENTER EXIT

 Toggle this key 
turn the CC input 

ON/OFF

EXIT discards the 
new setting

ENTR accepts the 
new setting

 Toggle this key to turn the selected bit ON/OFF (0 or 1).  

Each bit shown on the display represents one of the control 
output pins located on the back of the M703E (see Figure 3-2),

The left most bit is Bit 1, the next bit to the right, bit 2, 
progressing rightward to bit 8 

(see Figure 3-8 for connector pin assignments)

Moves the 
cursor one 

character left or 
right.

STANDBY           ACT =STANDBY

<TST TST> GEN STBY SEQ SETUP
Make sure that the M703E 

is in standby mode.

SETUP X.X        PRIMARY SETUP MENU

O3 LEVL SEQ CFG CLK PASS MORE EXIT

Toggle these keys until 
the number of the  

LEVEL to be edited is 
reached.

See 
Figure 6-5
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7. OPERATING THE M703E OVER THE SERIAL I/O 
PORTS 

 

7.1. USING THE ANALYSER’S COMMUNICATION PORTS 

The M703E is equipped with two serial communication ports located on the rear panel accessible via 2 DB-9 
connectors on the back panel of the instrument (See Figure 3-2).  The COM1 connector is a male DB-9 
connector and the COM2 is a female DB9 connector.   

Both ports operate similarly and give the user the ability to communicate with, issue commands to, and receive 
data from the calibrator through an external computer system or terminal.     

 The RS-232 port (COM1) can also be configured to operate in single or RS-232 multidrop mode (option 
62; See Section 5.2.3 and7.3.   

 The COM2 port can be configured for standard RS-232 operation, half-duplex RS-485 communication or 
for access via an LAN by installing the Teledyne Instruments’ Ethernet interface card (see Section 5.2.4 
and 7.5). 

 

7.1.1. RS-232 DTE AND DCE COMMUNICATION 

RS-232 was developed for allowing communications between data terminal equipment (DTE) and data 
communication equipment (DCE).  Basic data terminals always fall into the DTE category whereas modems are 
always considered DCE devices.   

Electronically, the difference between the DCE & DTE is the pin assignment of the Data Receive and Data 
Transmit functions.   

 DTE devices receive data on pin 2 and transmit data on pin 3.  

 DCE devices receive data on pin 3 and transmit data on pin 2. 

A switch located below the serial ports on the rear panel allows the user to switch between DTE (for use with 
data terminals) or DCE (for use with modems).  Since computers can be either DTE or DCE, check your 
computer to determine which mode to use.   
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10.3. CLEANING OR REPLACING THE ABSORPTION TUBE 

NOTE:   

Although this procedure should never be needed as long as the user is careful only to supply the 
photometer with clean, dry and particulate free zero air, it is included here for those rare occasions 

when cleaning or replacing the absorption tube may be required. 

1. Remove the center cover from the optical bench. 

2. Unclip the sample thermistor from the tube. 

3. Loosen the two screws on the round tube retainers at either end of the tube. 

4. Using both hands, carefully rotate the tube to free it. 

5. Slide the tube towards the lamp housing.  

 The front of the tube can now be slid past the detector block and out of the instrument. 

 

CAUTION 

DO NOT CAUSE THE TUBE TO BIND AGAINST THE METAL HOUSINGS.   
THE TUBE MAY BREAK AND CAUSE SERIOUS INJURY. 

 

6. Clean the tube with Distilled or de-ionized water by running a swab from end-to-end. 

7. Air-dry the tube.  

8. Check the cleaning job by looking down the bore of the tube.  

 It should be free from dirt and lint. 

9. Inspect the o-rings that seal the ends of the optical tube (these o-rings may stay seated in the manifolds 
when the tube is removed.)  

 If there is any noticeable damage to these o-rings, they should be replaced.  

10. Re-assemble the tube into the lamp housing and perform an AUTO LEAK CHECK on the instrument.  

NOTE:  

It is important for proper optical alignment that the tube be pushed all the way towards the front of the 
optical bench when it is re-assembled.  

This will ensure that the tube is assembled with the forward end against the stop inside the detector 
manifold. 

 

10.4. REBUILDING THE DRY AIR PUMP 
The diaphragm in the sample pump will periodically wear out and require replacement.  A sample rebuild kit is 
available.  See Appendix B of this manual for the part number of the pump rebuild kit.  Instructions and diagrams 
are included with the kit. 

Always perform a Flow and Leak Check after rebuilding the Sample Pump. 
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10.5. PHOTOMETER UV SOURCE LAMP ADJUSTMENT 
This procedure details the steps for adjustment of the UV source lamp in the optical bench assembly.  This 
procedure should be done whenever the PHOTO REFERENCE test function value drops below 3000 mV. 

1. Make sure the analyzer is warmed-up and has been running for at least 15 minutes before proceeding. 

2. Remove the cover from the analyzer. 

3. Locate the optional Photometer (see Figure 3-3) 

4. Locate the UV DETECTOR GAIN ADJUST POT on the photometer assembly (see Figure 10-3). 

5. Perform the following procedure: 

Additional adjustment can be made by physically 
rotating the lamp in it’s housing.

To do this, slightly loosen the UV lamp 
setscrew. 
Next, slowly rotate the lamp up to ¼ turn in 
either direction while watching the 
PHOTO_DET signal.  
Once the optimum lamp position is 
determined, re-tighten the lamp 
setscrew

Using an insulated pot adjustment tool, Turn the UV 
DETECTOR GAIN ADJUSTMENT POT until the value of 

PHOTO_DET is as close as possible to 4600.0 MV.

STANDBY           ACT =STANDBY

<TST TST> GEN STBY SEQ SETUP

Make sure that the M703E 
is in standby mode.

SETUP X.X        PRIMARY SETUP MENU

O3 SEQ CFG CLK PASS MORE EXIT

SETUP X.X      SECONDARY SETUP MENU

COMM VARS DIAG EXIT

SETUP X.X      ENTER PASSWORD

8 1 8 ENTR EXIT

Toggle these keys to enter 
the correct PASSWORD

DIAG                         SIGNAL I/O

PREV NEXT ENTR EXIT

DIAG  I/O            1) CONTROL_IN_2=OFF

PREV NEXT JUMP PRNT EXIT

DIAG            17) PHOTO_DET = 3342.2 MV

PREV NEXT PRNT EXIT

DIAG  I/O            JUMP TO:1

1 7 ENTR EXIT

Toggle these keys to show 
the  ID number for the 

desired signal 
(see Appendix A)

If a minimum reading of 3500.0 mV can not be reached, 
the lamp must be replaced.

 
  

6. Replace the cover on the analyzer.   
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Figure 10-3:  Photometer – Location of UV Detector Gain Adjustment & UV Lamp Set Screw 

 

10.6. PHOTOMETER UV SOURCE LAMP REPLACEMENT 
This procedure details the steps for replacement of the UV source lamp in the optical bench assembly.  This 
procedure should be done whenever the lamp can no longer be adjusted as described in Section 10.2.3. 

1. Turn the analyzer off. 

2. Remove the cover from the analyzer. 

3. Locate the Optical Bench Assembly (see  Figure 3-3) 

4. Locate the UV lamp at the rear of the optical bench assembly (see  Figure 10-3) 

5. Unplug the lamp cable from the power supply connector on the side of the optical bench. 

6. Slightly loosen (do not remove) the UV lamp setscrew and pull the lamp from its housing. 

7. Install the new lamp in the housing, pushing it all the way in.  Leave the UV lamp setscrew loose for 
now. 

8. Turn the analyzer back on and allow it to warm up for at least 15 minutes. 

9. Turn the UV detector gain adjustment pot (See Figure 10-3) clockwise to its minimum value.  The pot 
should click softly when the limit is reached. 

10. Perform the UV Lamp Adjustment procedure described in Section 10.5, with the following exceptions: 

Slowly rotate the lamp in its housing (up to ¼ turn in either direction) until a MAXIMUM value (or 4600 
mVDC) is observed.   

 Make sure the lamp is pushed all the way into the housing while performing this rotation.   

 If the PHOTO_DET will not drop below 5000 mV while performing this rotation, contact T-API 
Customer Service for assistance.  

Once a lamp position is found that corresponds to a maximum observed value for PHOTO_DET, tighten 
the lamp setscrew at the approximate maximum value observed.   

If the value of PHOTO_DET is not within the range of 4400 – 4600 mV, adjust it accordingly. 

11. Replace the cover on the analyzer.  

NOTE 

The UV lamp contains mercury (Hg), which is considered hazardous waste.  The lamp should be 
disposed of in accordance with local regulations regarding waste containing mercury.   
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10.7. ADJUSTMENT OR REPLACEMENT OF OZONE 
GENERATOR UV LAMP  

This procedure details the steps for replacement and initial adjustment of the ozone generator lamp.  If you are 
adjusting an existing lamp, skip to Step 8. 

1. Turn off the analyzer.  

2. Remove the cover from the analyzer. 

3. Locate the O3 generator (see Figure 3-3). 

UV Lamp

Set Screws

O3 Generator  
Body 

Lamp 
O-ring 

 
 

 

Figure 10-4: O3 Generator Temperature Thermistor and DC Heater Locations 

4. Remove the two setscrews on the top of the O3 generator and gently pull out the old lamp. 

5. Inspect the o-ring beneath the nut and replace if damaged. 

6. Install the new lamp in O3 generator housing.   

 Do not fully tighten the setscrews.   

 The lamp should be able to be rotated in the assembly by grasping the lamp cable. 

7. Turn on analyzer and allow it to stabilize for at least 20 minutes. 

8. Locate the O3 generator reference detector adjustment potentiometer. 

Adjustment 
Pot 

O3 
Generator 
Reference 
Detector 

PCA 

O3 Generator 
Body 

 

 

Figure 10-5: Location of O3 Generator Reference Detector Adjustment Pot 
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9. Perform the following procedure: 

  

10. Tighten the two set -screws. 

11. Replace the calibrator’s cover 

12. Perform an auto-leak check (See Section 10.2.1). 

13. Calibrate the Ozone Generator calibration (see Section 8.2 Calibrating the O3 Generator ??) 
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11. GENERAL TROUBLESHOOTING & REPAIR OF 
THE M703E CALIBRATOR  

This section contains a variety of methods for identifying and solving performance problems with the calibrator. 

 

NOTE 
The operations outlined in this chapter must be performed by qualified maintenance 

personnel only. 

 

 

CAUTION 

 Risk of electrical shock.  Some operations need to be carried out with the 
instrument open and running. 

 Exercise caution to avoid electrical shocks and electrostatic or mechanical 
damage to the calibrator.   

 Do not drop tools into the calibrator or leave those after your procedures.   

 Do not shorten or touch electric connections with metallic tools while 
operating inside the calibrator.   

 Use common sense when operating inside a running calibrator. 

 

11.1. GENERAL TROUBLESHOOTING 

The M703E Photometric Calibrator has been designed so that problems can be rapidly detected, evaluated and 
repaired.  During operation, it continuously performs diagnostic tests and provides the ability to evaluate its key 
operating parameters without disturbing monitoring operations. 

A systematic approach to troubleshooting will generally consist of the following five steps: 

14. Note any warning messages and take corrective action as necessary. 

15. Examine the values of all TEST functions and compare them to factory values.  Note any major 
deviations from the factory values and take corrective action. 

16. Use the internal electronic status LEDs to determine whether the electronic communication channels are 
operating properly.   

 Verify that the DC power supplies are operating properly by checking the voltage test points on the 
relay PCA.   

 Note that the calibrator’s DC power wiring is color-coded and these colors match the color of the 
corresponding test points on the relay PCA. 

17. Suspect a leak first!  

 Customer service data indicate that the majority of all problems are eventually traced to leaks in the 
internal pneumatics of the calibrator or the diluent gas and source gases delivery systems.   

 Check for gas flow problems such as clogged or blocked internal/external gas lines, damaged seals, 
punctured gas lines, a damaged / malfunctioning pumps, etc. 
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18. Follow the procedures defined in Section 3.4.4  to confirm that the calibrator’s vital functions are working 
(power supplies, CPU, relay PCA, keyboard, PMT cooler, etc.).   

 See Figure 3-3 for general layout of components and sub-assemblies in the calibrator.   

 See the wiring interconnect diagram and interconnect list in Appendix D. 

 

11.1.1.   FAULT DIAGNOSIS WITH WARNING MESSAGES 

The most common and/or serious instrument failures will result in a warning message being displayed on the 
front panel.  Table 11-1 lists warning messages, along with their meaning and recommended corrective action.   

It should be noted that more than two or three warning messages occurring at the same time is often an 
indication that some fundamental sub-system (power supply, relay PCA, motherboard) has failed rather than an 
indication of the specific failures referenced by the warnings.  In this case, it is recommended that proper 
operation of power supplies (See Section 11.4.3), the relay PCA (See Section 11.4.6), and the motherboard 
(See Section11.4.8) be confirmed before addressing the specific warning messages. 

The M703E will alert the user that a Warning Message is active by displaying the keypad label MSG on the Front 
Panel.  In this case, the Front panel display will look something like the following: 

 

STANDBY                 LAMP DRIVER WARNING           

TEST      GEN           STBY               MSG     CLR    SETUP 

The calibrator will also alert the user via the Serial I/O COM port(s) and cause the FAULT LED on the front panel 
to blink.   

To view or clear the various warning messages press: 

Once the last warning has 
been cleared, the MESSAGE 
FIELD will return to displaying 
the currently selected TEST 

FUNCTION and value.

Suppresses the 
warning messages

Press CLR to clear the current 
message.

If more than one warning is 
active, the next message will take 

its place.

NOTE:
If a warning message persists after 

several attempts to clear it, the message 
may indicate a real problem and not an 

artifact of the warm-up period

STANDBY                 SYSTEM RESET

TEST GEN STBY SEQ   MSG CLR SETUP

STANDBY                 SYSTEM RESET

TEST GEN STBY SEQ MSG CLR SETUP

STANDBY                 SYSTEM RESET

TEST GEN STBY SEQ   MSG CLR SETUP

SYSTEM             ANALOG CAL WARNING

TEST CLR SETUP

MSG returns the active 
warnings to the message 

field.

STANDBY ACT =STANDBY

<TST TST> GEN STBY SEQ SETUP
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Table 11-1: Front Panel Warning Messages 

WARNING FAULT CONDITION POSSIBLE CAUSES 

CONFIG INITIALIZED 
Configuration and 

Calibration data reset to 
original Factory state. 

- Failed Disk on Chip 

- User has erased configuration data 

DATA INITIALIZED 
Data Storage in iDAS was 

erased. 
- Failed Disk-on-Chip. 

- User cleared data. 

FRONT PANEL WARN 

The CPU is unable to 
Communicate with the 

Front Panel Display 
Keyboard 

- WARNING only appears on Serial I/O COM Port(s) 

- Front Panel Display will be frozen, blank or will not 
respond. 

- Failed Keyboard 

- I2C Bus failure 

- Loose Connector/Wiring 

LAMP DRIVER WARN 

The CPU is unable to 
communicate with either 

the O3 generator or 
photometer lamp I2C driver 

chip. 

- I2C has failed 

O3 GEN LAMP TEMP 
WARNING 

IZS Ozone Generator 
Temp is outside of control 

range of 48C  3C. 

- No IZS option installed, instrument improperly configured 

- O3 generator heater 

- O3 generator temperature sensor 

- Relay controlling the O3 generator heater 

- Entire Relay PCA 

- I2C Bus 

O3 GEN REFERENCE 
WARNING1 

The O3 generator’s 
reference detector output 

has dropped below 50 mV.1 

Possible failure of: 

- O3 generator UV Lamp 

- O3 generator reference detector 

- O3 generator lamp power supply 

- I2C bus 

O3 PUMP WARNING1 

The photometer pump 
failed to turn on within the 
specified timeout period 

(default = 30 sec.). 

- Failed Pump 

- Problem with Relay PCA 

- 12 VDC power supply problem 

PHOTO LAMP TEMP 
WARNING 

The photometer lamp temp 
is < 51C or >61C. 

Possible failure of: 

- Bench lamp heater  

- Bench lamp temperature sensor 

- Relay controlling the bench heater 

- Entire Relay PCA 

- I2C Bus 

- Hot” Lamp 

PHOTO LAMP STABILITY 
WARNING 

Value output during the 
Photometer’s reference 

cycle changes from 
measurements to 

measurement more than 
25% of the time. 

- Faulty UV source lamp 

- Noisy UV detector 

- Faulty UV lamp power supply 

- Faulty ± 15 VDC power supply 

PHOTO REFERENCE 
WARNING 

Occurs when Ref is  
<2500 mVDC  

or >4950 mVDC. 

Possible failure of: 

- UV Lamp 

- UV Photo-Detector Preamp 

REAR BOARD NOT DET 

Mother Board not detected 
on power up. 

 

- THIS WARNING only appears on Serial I/O COM Port(s) 
Front Panel Display will be frozen, blank or will not 
respond. 

- Failure of Mother Board 
(table continued) 
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Table 11-1: Front Panel Warning Messages (cont.) 

WARNING FAULT CONDITION POSSIBLE CAUSES 

RELAY BOARD WARN 
The CPU cannot 

communicate with the 
Relay PCA. 

- I2C Bus failure 

- Failed relay PCA 

- Loose connectors/wiring 

SYSTEM RESET 

The computer has 
rebooted. 

 

- This message occurs at power on.  

- If it is confirmed that power has not been interrupted: 

- Failed +5 VDC power 

- Fatal error caused software to restart  

- Loose connector/wiring  
 

 

11.1.2. FAULT DIAGNOSIS WITH TEST FUNCTIONS 

Besides being useful as predictive diagnostic tools, the test functions viewable from the calibrators front panel 
can be used to isolate and identify many operational problems when combined with a thorough understanding of 
the calibrators Theory of Operation (see Chapter 9).  

The acceptable ranges for these test functions are listed in the “Nominal Range” column of the calibrator Final 
Test and Validation Data Sheet shipped with the instrument.  Values outside these acceptable ranges indicate a 
failure of one or more of the calibrator’s subsystems.  Functions whose values are still within the acceptable 
range but have significantly changed from the measurement recorded on the factory data sheet may also 
indicate a failure.   

A worksheet has been provided in Appendix C to assist in recording the value of these Test Functions. 

Table 11-2 contains some of the more common causes for these values to be out of range. 

Table 11-2: Test Functions - Indicated Failures 

TEST FUNCTION DIAGNOSTIC RELEVANCE AND CAUSES OF FAULT CONDITIONS. 

O3 GEN REF1 
Possible causes of faults are the same as O3 GEN REFERENCE WARNING from Table 
11-1 

OUTPUT FLOW 

Gas flow problems directly affect the concentration accuracy of the M703E’s O3 calibration 
gases.  This number is computed using data from the calibrator’s  

- Check for Gas Flow problems. 

- Check the pressure regulator 

O3 GEN DRIVE 
Check the O3 generator heater and temperature sensors 

Possible causes of faults are the same as O3 GEN LAMP TEMP WARNING from Table 11-1 

O3 LAMP TEMP 

Incorrect Lamp temperature can affect the efficiency and durability of the O3 generators UV 
lamp. 

Possible causes of faults are the same as O3 GEN LAMP TEMP WARNING from Table 
11-1 

REG PRESSURE Same as REGULATOR PRESSURE WARNING from Table 11-1 

BOX TEMP 

If the Box Temperature is out of range, make sure that the:  
Box Temperature typically runs ~7C warmer than ambient temperature.  

- The Exhaust-Fan is running 

- The there is sufficient open space to the side and rear of instrument to allow adequate 
ventilation.   

(table continued) 
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Table 11-2: Test Functions - Indicated Failures 

TEST FUNCTION DIAGNOSTIC RELEVANCE AND CAUSES OF FAULT CONDITIONS. 

PHOTO MEASURE  

&  

PHOTO REFERENCE 

If the value displayed is too high the UV Source has become brighter.  Adjust the variable 
gain potentiometer on the UV Preamp Board in the optical bench. 
If the value displayed is too low: 

- < 100mV – Bad UV lamp or UV lamp power supply. 

- < 2000mV – Lamp output has dropped, adjust UV Preamp Board or replace lamp. 
 

If the value displayed is constantly changing: 

- Bad UV lamp. 

- Defective UV lamp power supply. 

- Failed I2C Bus. 
 

If the PHOTO REFERENCE value changes by more than 10mV between zero and 
span gas: 

- Defective/leaking switching valve. 

PHOTO FLOW 

Gas flow problems directly affect the accuracy of the photometer measurements and 
therefore the concentration accuracy of cal gas mixtures involving O3 and GPT mixtures.   

- Check for Gas Flow problems.   

PHOTO LAMP TEMP 

Poor photometer temp control can cause instrument noise, stability and drift.  Temperatures 
outside of the specified range or oscillating temperatures are cause for concern. 

Possible causes of faults are the same as PHOTO LAMP TEMP WARNING from Table 11-1 

PHOTO SPRESS 

The pressure of the gas in the photometer’s sample chamber is used to calculate the 
concentration of O3 in the gas stream.  Incorrect sample pressure can cause inaccurate 
readings.   

- Check for Gas Flow problems.  See Section Table 11-1. 

PHOTO STEMP 

The temperature of the gas in the photometer’s sample chamber is used to calculate the 
concentration of O3 in the gas stream.  Incorrect sample temperature can cause inaccurate 
readings.  

Possible causes of faults are: 

- Bad bench lamp heater  

- Failed sample temperature sensor 

- Failed relay controlling the bench heater 

- Failed Relay PCA 

- I2C Bus malfunction 

- Hot Lamp 

PHOTO SLOPE 

Values outside range indicate: 
Contamination of the Zero Air or Span Gas supply. 
Instrument is miss-calibrated. 
Blocked Gas Flow. 
Faulty Sample Pressure Sensor or circuitry. 
Bad/incorrect Span Gas concentration. 

PHOTO OFFSET Values outside range indicate: 
Contamination of the Zero Air supply. 

TIME 

Time of Day clock is too fast or slow. 
To adjust see Section 6.7.2. 
Battery in clock chip on CPU board may be dead. 
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11.1.3. USING THE DIAGNOSTIC SIGNAL I/O FUNCTION 

The Signal I/O parameters found under the DIAG Menu combined with a thorough understanding of the 
instruments Theory of Operation (found in Chapter 9) are useful for troubleshooting in three ways: 

 The technician can view the raw, unprocessed signal level of the calibrator’s critical inputs and outputs.  

 Many of the components and functions that are normally under algorithmic control of the CPU can be 
manually exercised.  

 The technician can directly control the signal level Analog and Digital Output signals. 

This allows the technician to observe systematically the effect of directly controlling these signals on the 
operation of the calibrator.  Figure 11-1 is an example of how to use the Signal I/O menu to view the raw voltage 
of an input signal or to control the state of an output voltage or control signal.  The specific parameter will vary 
depending on the situation. 

 
Figure 11-1: Example of Signal I/O Function 
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11.2. USING THE ANALOG OUTPUT TEST CHANNEL 
The signals available for output over the M703E’s analog output channel can also be used as diagnostic tools.  
See Section 6.9 for instruction on activating the analog output and selecting a function. 

Table 11-3: Test Channel Outputs as Diagnostic Tools 

TEST 
CHANNEL 

DESCRIPTION ZERO 
FULL 

SCALE 
CAUSES  OF EXTREMELY  

HIGH / LOW READINGS 

NONE TEST CHANNEL IS TURNED OFF 

O3 PHOTO 
MEAS 

The raw output of the 
photometer during its 
measure cycle 

0 mV 5000 mV* 

O3 PHOTO 
REF 

The raw output of the 
photometer during its 
reference cycle 

0 mV 5000 mV 

If the value displayed is: 

- >5000 mV: The UV source has become brighter.  Adjust the 
UV Detector Gain potentiometer. 

- < 100mV – Bad UV lamp or UV lamp power supply. 

- < 2000mV – Lamp output has dropped, adjust UV Preamp 
Board or replace lamp. 

 

If the value displayed is constantly changing: 

- Bad UV lamp. 

- Defective UV lamp power supply. 

- Failed I2C Bus. 
 

If the PHOTO REFERENCE value changes by more than 
10mV between zero and span gas: 
- Defective/leaking M/R switching valve. 

O3 GEN 
REF 

The raw output of the 
O3 generator’s 
reference detector 

0 mV 5000 mV 
Possible causes of faults are the same as OUTPUT FLOW from 
Table 11-2. 

OUTPUT 
FLOW 

Output flow rate 
(computed from 
regulator pressure). 

0 LPM 6.000 LPM 
Possible causes of faults are the same as O3 GEN REFERENCE 
WARNING from Table 11-1 

SAMPLE 
PRESSURE 

The pressure of gas in 
the photometer 
absorption tube 

0 "Hg 40 "Hg-In-A Check for Gas Flow problems.   

SAMPLE 
FLOW 

The gas flow rate 
through the photometer 

0 cm3/min 1000 cc/m Check for Gas Flow problems.   

SAMPLE 
TEMP 

The temperature of gas 
in the photometer 
absorption tube 

0 C 70 C 
Possible causes of faults are the same as PHOTO STEMP from 
Table 11-2 

PHOTO 
LAMP 
TEMP 

The temperature of the 
photometer UV lamp 0 C 70 C 

Possible failure of: 

- Bench lamp heater  

- Bench lamp temperature sensor 

- Relay controlling the bench heater 

- Entire Relay PCA 

- I2C Bus 

- Hot” Lamp 

O3 LAMP 
TEMP 

The temperature of the 
O3 generator’s UV 
lamp 

0 mV 5000 mV Same as PHOTO LAMP TEMP WARNING from Table 11-1 

CHASSIS 
TEMP 

The temperature inside 
the M703E’s chassis 
(same as BOX TEMP) 

0 C 70 C 
Possible causes of faults are the same as BOX TEMP from Table 
11-2 

O3 PHOTO 
CONC 

The current 
concentration of O3 
being measured by the 
photometer. 

  - - - 

- I2C Bus malfunction 

- Gas flow problem through the photometer. 

- Electronic failure of the photometer subsystems 

- Failure or pressure / temperature sensors associated with the 
photometer 

- Bad/incorrect Span Gas concentration 

- Contamination of the Zero Air supply. 

- Malfunction of the O3 generator. 

- Internal A/D converter problem 
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11.3. USING THE INTERNAL ELECTRONIC STATUS LEDS 
Several LEDs are located inside the instrument to assist in determining if the calibrators CPU, I2C bus and Relay 
PCA are functioning properly. 

11.3.1. CPU STATUS INDICATOR 

DS5, a red LED, that is located on upper portion of the motherboard, just to the right of the CPU board, flashes 
when the CPU is running the main program loop.  After power-up, approximately 30 – 60 seconds, DS5 should 
flash on and off.  If characters are written to the front panel display but DS5 does not flash then the program files 
have become corrupted, contact customer service because it may be possible to recover operation of the 
calibrator.  If after 30 – 60 seconds neither DS5 is flashing and no characters have been written to the front 
panel display then the CPU is bad and must be replaced.  

 

Mother Board 
P/N 04069 

CPU Status LED 

 

Figure 11-2: CPU Status Indicator 

 

11.3.2. RELAY PCA STATUS LEDS 

There are seven LEDs located on the Relay PCA.  Some are not used on this model. 

11.3.2.1. I2C Bus Watchdog Status LEDs 

The most important is D1 (see, which indicates the health of the I2C bus.  

Table 11-4: Relay PCA Watchdog LED Failure Indications 

LED Function Fault Status Indicated Failure(s) 

D1 
(Red) 

I2C bus Health 
(Watchdog Circuit) 

Continuously ON 
or 
Continuously OFF 

Failed/Halted CPU 

Faulty Mother Board, Keyboard or Relay PCA 

Faulty Connectors/Wiring between Mother Board, 
Keyboard or Relay PCA 

Failed/Faulty +5 VDC Power Supply (PS1) 

 
If D1 is blinking, then the other LEDs can be used in conjunction with DIAG Menu Signal I/O to identify hardware 
failures of the relays and switches on the Relay.  
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11.3.2.2. O3 Status LEDs 

 

D15 (Yellow) -  Photometer Lamp Heater
D16 (Yellow) – O3 Generator Lamp Heater

D2 (Yellow) – Dry (zero) Air Pump Status

D9 (Green) –  External Zero Air Valve Status

D1 (RED) 
Watchdog 
Indicator 

D7 (Green) Photometer Meas/Ref Valve Status

 

Figure 11-3: Relay PCA Status LEDS Used for Troubleshooting 

 

Table 11-5: Relay PCA Status LED Failure Indications 

SIGNAL I/O PARAMETER 
LED FUNCTION 

ACTIVATED BY VIEW RESULT 
DIAGNOSTIC TECHNIQUE 

D2 
Yellow 

Status of AC 
powered Dry 

Air Pump 
ZERO_AIR_PUMP N/A 

Pump should start /stop 
 Failed pump 
 Failed AC Relay on Relay PCA 
 Failed Relay PCA 
 Faulty AC Power Supply (PS2) 
 Faulty Connectors/Wiring 

D7 
Green 

Photometer 
Meas/Ref 

Valve 
PHOTO_REF_VALVE N/A 

Valve should audibly change states.   
If not: 
 Failed Valve 
 Failed Relay Drive IC on Relay PCA 
 Failed Relay PCA 
 Faulty +12 VDC Supply (PS2) 
 Faulty Connectors/Wiring 

D9 
Green 

Status of DC 
powered 

Photometer 
Pump  

O3-PUMP-ON N/A 

Pump should start /stop 
 Failed pump 
 Failed Drive IC on Relay PCA 
 Failed Relay PCA 
 Faulty AC Power Supply (PS2) 
 Faulty Connectors/Wiring 

D15 
Yellow 

Photometer 
Heater Status 

PHOTO_LAMP_HEATER PHOTO_LAMP_TEMP 

D16 
Green 

O3 Generator 
Heater Status 

O3_GEN_HEATER O3_GEN_TEMP 

Voltage displayed should change.   
If not: 
 Failed Heater 
 Faulty Temperature Sensor 
 Failed AC Relay 
 Faulty Connectors/Wiring 
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11.4.  SUBSYSTEM CHECKOUT 

The preceding sections of this manual discussed a variety of methods for identifying possible sources of failures 
or performance problems within the M703E calibrator.  In most cases, this includes a list of possible components 
or subsystems that might be the source of the problem.  This section describes how to check individual 
components or subsystems to determine if which is actually the cause of the problem being investigated. 

 

11.4.1. VERIFY SUBSYSTEM CALIBRATION 

A good first step when troubleshooting the operation of the M703E calibrator is to verify that its major 
subsystems are properly calibrated.  These are: 

 Test Channel D  A conversion (see Section 6.9.2). 

 Gas pressure calibration (see Section 8.3). 

When optional O3 components are installed, you should also check: 

 Photometer calibration (see Section 8.1). 

 O3 generator calibration (see Section 8.2). 

 

 

11.4.2. AC MAIN POWER 

The M703E calibrator’s electronic systems will operate with any of the specified power regimes.  As long as 
system is connected to 100-120 VAC or 220-240 VAC at either 50 or 60 Hz it will turn on and after about 30 
seconds show a front panel display.   

 Internally, the status LEDs located on the Relay PCA, Motherboard and CPU should turn on as soon as 
the power is supplied.    

 If they do not, check the circuit breaker built into the ON/OFF switch on the instruments front panel  

 

CAUTION 

SHOULD THE AC POWER CIRCUIT BREAKER TRIP, INVESTIGATE AND CORRECT 
THE CONDITION CAUSING THIS SITUATION BEFORE TURNING THE 

CALIBRATOR BACK ON. 
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11.4.3. DC POWER SUPPLY 

If you have determined that the calibrator’s AC mains power is working, but the unit is still not operating properly, 
there may be a problem with one of the instrument’s switching power supplies.  The supplies can have two 
faults, namely no DC output, and noisy output.   
 
To assist tracing DC Power Supply problems, the wiring used to connect the various printed circuit assemblies 
and DC Powered components and the associated test points on the relay PCA follow a standard color-coding 
scheme as defined in the following table.   
 
 

 

  TP1    TP2    TP3    TP4  TP5  TP6   TP7
DGND  +5V  AGND +15V   -15V   +12R  12V  

 

Figure 11-4: Location of DC Power Test Points on Relay PCA 

 

 

Table 11-6: DC Power Test Point and Wiring Color Codes 

NAME TEST POINT# TP AND WIRE COLOR 

Dgnd 1 Black 

+5V 2 Red 

Agnd 3 Green 

+15V 4 Blue 

-15V 5 Yellow 

+12R 6 Purple 

+12V 7 Orange 
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A voltmeter should be used to verify that the DC voltages are correct per the values in the table below, and an 
oscilloscope, in AC mode, with band limiting turned on, can be used to evaluate if the supplies are producing 
excessive noise (> 100 mV p-p).   

Table 11-7: DC Power Supply Acceptable Levels 

CHECK RELAY PCA TEST POINTS 

FROM TEST POINT TO TEST POINT 
POWER 
SUPPLY 

ASSY 
VOLTAGE 

NAME # NAME # 

MIN V MAX V 

PS1 +5 Dgnd 1 +5 2 4.8 5.25 

PS1 +15 Agnd 3 +15 4 13.5 16V 

PS1 -15 Agnd 3 -15V 5 -14V -16V 

PS1 Agnd Agnd 3 Dgnd 1 -0.05 0.05 

PS1 Chassis Dgnd 1 Chassis N/A -0.05 0.05 

PS2 +12 +12V Ret 6 +12V 7 11.75 12.5 

PS2 +12 V ret +12V Ret 6 Dgnd 1 -0.05 0.05 

 

 

11.4.4. I2C BUS 

Operation of the I2C bus can be verified by observing the behavior of D1 on the relay PCA & D2 on the valve 
driver PCA in conjunction with the performance of the front panel display.  

Assuming that the DC power supplies are operating properly the I2C bus is operating properly if: 

 If D1 on the relay PCA and D2 of the Valve Driver PCA are flashing, or 

 Pressing a key on the front panel results in a change to the display. 

There is a problem with the I2C bus if 

 Both D1 on the relay PCA and D2 of the Valve Driver PCA are ON/OFF Constantly and pressing a key on 
the front panel DOES NOT results in a change to the display. 

If the keyboard interface is working but either of the two Watchdog LEDs is not flashing, the problem may be a 
wiring issue between the board and the motherboard 

 

11.4.5. KEYBOARD/DISPLAY INTERFACE 

The front panel keyboard, display and Keyboard Display Interface PCA can be verified by observing the 
operation of the display when power is applied to the instrument and when a key is pressed on the front panel.  
Assuming that there are no wiring problems and that the DC power supplies are operating properly:  

 The vacuum fluorescent display is good if on power-up a “-“ character is visible on the upper left hand 
corner of the display. 

 If there is no “-“ character on the display at power-up and D1 on the Relay PCA or D2 on the valve driver 
PCA is flashing then the Keyboard/Display Interface PCA is bad. 

 The CPU Status LED, DS5, is flashing, but there is no “-“ character on the display at power-up 
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 If the calibrator starts operation with a normal display but pressing a key on the front panel does not 
change the display, then there are three possible problems.  

 One or more of the keys are bad,  

 The interrupt signal between the Keyboard Display interface and the motherboard is broken, or  

 The Keyboard Display Interface PCA is bad.  

 

 

 

11.4.6. RELAY PCA 

The Relay PCA can be most easily checked by observing the condition of the status LEDs located along its 
upper edge (see Section 11.3.2 and Figure 11-3: Relay PCA Status LEDS Used for Troubleshooting), and using 
the SIGNAL I/O submenu under the DIAG menu (see Section 11.1.3) to toggle each LED ON or OFF.  

If D1 on the Relay PCA is flashing and the status indicator for the output in question (Pump power, Heater 
power, Valve Drive, etc.) toggles properly using the Signal I/O function, then the associated control device on the 
Relay PCA is bad.  Several of the control devices are in sockets and can be easily replaced.  The table below 
lists the control device associated with a particular function. 

Table 11-8: Relay PCA Control Devices 

FUNCTION 
CONTROL 

DEVICE 
IN SOCKET 

UV Lamp Heater Q2 No 

O3 Gen Heater Q3 No 

All Valves U5 Yes 

AC Dry air Pump K1 No 

DC Photometer Pump U1 No 

 

 

 

11.4.7. PHOTOMETER O3 GENERATOR PRESSURE /FLOW 
SENSOR ASSEMBLY 

This assembly is only present in calibrators with O3 generator and/or photometer options installed.  The 
pressure/flow sensor PCA, located at the rear of the instrument between the O3 generator and the photometer 
pump (see Figure 3-3) can be checked with a Voltmeter.  The following procedure assumes that the wiring is 
intact and that the motherboard as well as the power supplies are operating properly: 

BASIC PCA OPERATION: 

 Measure the voltage across C1 it should be 5 VDC ± 0.25 VDC.  If not then the board is bad 

 Measure the voltage between TP2 and TP1 C1 it should be 1o VDC ± 0.25 VDC.  If not then the board is 
bad. 
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PHOTOMETER PRESSURE SENSOR:  

1. Measure the pressure on the inlet side of S1 with an external pressure meter. 

2. Measure the voltage across TP4 and TP1.   

 The expected value for this signal should be: 

 

EXAMPLE:  If the measured pressure is 20 Hg-in-A, the expected voltage level between TP4 and 
TP1 would be between 2870 mVDC and 3510 mVDC. 

EXAMPLE:  If the measured pressure is 25 Hg-in-A, the expected voltage level between TP4 and 
TP1 would be between 3533 mVDC and 4318 mVDC. 

 If this voltage is out of range, then either pressure transducer S1 is bad, the board is bad or there is a 
pneumatic failure preventing the pressure transducer from sensing the absorption cell pressure 
properly. 

 

O3 GENERATOR PRESSURE SENSOR   

1. Measure the pressure on the inlet side of S2 with an external pressure meter. 

2. Measure the voltage across TP5 and TP1.   

 The expected value for this signal should be: 

   

EXAMPLE:  If the measured pressure is 25 psig, the expected voltage level between TP4 and TP1 
would be between 3470 mVDC and 4245 mVDC. 

EXAMPLE:  If the measured pressure is 30 psig, the expected voltage level between TP4 and TP1 
would be between 4030 mVDC and 4930 mVDC. 

 If this voltage is out of range, then either pressure transducer S1 is bad, the board is bad or there is a 
pneumatic failure preventing the pressure transducer from sensing the absorption cell pressure 
properly. 

 

PHOTOMETER FLOW SENSOR 

 Measure the voltage across TP3 and TP1.   

 With proper flow (800 cc3/min through the photometer), this should be approximately 4.5V (this 
voltage will vary with altitude).   

 With flow stopped (photometer inlet disconnected or pump turned OFF) the voltage should be 
approximately 1V.   

 If the voltage is incorrect, the flow sensor S3 is bad, the board is bad or there is a leak upstream of 
the sensor. 
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11.4.8. MOTHERBOARD  

11.4.8.1. A/D Functions 

The simplest method to check the operation of the A-to-D converter on the motherboard is to use the Signal I/O 
function under the DIAG menu to check the two A/D reference voltages and input signals that can be easily 
measured with a voltmeter. 

1. Use the Signal I/O function (See Section 11.1.3 and Appendix A) to view the value of REF_4096_MV 
and REF_GND.  If both are within 3 mV of nominal (4096 and 0), and are stable, ±0.5 mV then the basic 
A/D is functioning properly.  If not then the motherboard is bad. 

2. Choose a parameter in the Signal I/O function such as PHOTO_LAMP_DRIVE, O3_GEN_TEMP or 
PHOTO_FLOW.   

 Compare these voltages at their origin (see the interconnect drawing and interconnect list in 
Appendix D) with the voltage displayed through the signal I/O function.   

 If the wiring is intact but there is a large difference between the measured and displayed voltage (±10 
mV) then the motherboard is bad.   

11.4.8.2. Test Channel / Analog Outputs Voltage 

To verify that the analog output is working properly, connect a voltmeter to the output in question and perform an 
analog output step test as follows:   

DIAG AOUT                  ANALOG OUTPUT

[10%] EXIT

Make sure that 
the  M700E is 

in standby 
mode.

SETUP X.X      SECONDARY SETUP MENU

COMM VARS DIAG EXIT

SETUP X.X      ENTER PASSWORD

0 0 0 ENTR EXIT

Toggle these 
keys to enter the 

correct
PASSWORD DIAG                         SIGNAL I/O

PREV NEXT ENTR EXIT

DIAG AOUT                  ANALOG OUTPUT

10% EXIT

Pressing the key under “0%”  pause the 
test. Brackets will appear around the 
value: EXAMPLE: [20%] 
Pressing the same key again will 
resume the test.

Performs analog 
output step test 

0% to 100%

STANDBY           ACT =STANDBY

<TST TST> GEN STBY SEQ SETUP

SETUP X.X        PRIMARY SETUP MENU

O3 SEQ CFG CLK PASS MORE EXIT
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For each of the steps the output should be within 1% of the nominal value listed in the table below except for the 
0% step, which should be within 0mV ±2 to 3 mV.  Make sure you take into account any offset that may have 
been programmed into channel (See Section 6.9.1.5).  

Table 11-9: Analog Output Test Function - Nominal Values Voltage Outputs 

  FULL SCALE OUTPUT OF  VOLTAGE RANGE 
(see Section 6.9.1.3) 

  100MV 1V 5V 10V 

STEP % NOMINAL OUTPUT VOLTAGE 

1 0 0 0 0 0 

2 20 20 mV 0.2 1 2 

3 40 40 mV 0.4 2 4 

4 60 60 mV 0.6 3 6 

5 80 80 mV 0.8 4 8 

6 100 100 mV 1.0 5 10 
 

If one or more of the steps fails to be within these ranges, it is likely that there has been a failure of the either or 
both of the DACs and their associated circuitry on the motherboard. 

 

 

11.4.8.3. Status Outputs 

To test the status output electronics: 

1. Connect a jumper between the “D“ pin and the “” pin on the status output connector. 

2. Connect a 1000 ohm resistor between the “+” pin and the pin for the status output that is being tested. 

3. Connect a voltmeter between the “” pin and the pin of the output being tested (see table below).   

4. Under the DIAG SIGNAL I/O menu (See Section11.1.3), scroll through the inputs and outputs until 
you get to the output in question.  

5. Alternately, turn on and off the output noting the voltage on the voltmeter. 

  It should vary between 0 volts for ON and 5 volts for OFF.   

Table 11-10: Status Outputs Check 

PIN  
(LEFT TO RIGHT)

STATUS 

1 ST_SYSTEM_OK 

2 SPARE 

3 ST_CAL_ACTIVE 

4 ST_DIAG_MODE 

5 ST_TEMP_ALARM 

6 ST_PRESS_ALARM 

7 and 8 SPARE 
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11.4.8.4. Control Inputs 

 

Table 11-11: M703E Control Input Pin Assignments and Corresponding Signal I/O Functions 

CONNECTOR INPUT CORRESPONDING I/O SIGNAL 

Top A CONTROL_IN_1 

Top B CONTROL_IN_2 

Top C CONTROL_IN_3 

Top D CONTROL_IN_4 

Top E CONTROL_IN_5 

Top F CONTROL_IN_6 

Bottom G CONTROL_IN_7 

Bottom H CONTROL_IN_8 

Bottom I CONTROL_IN_9 

Bottom J CONTROL_IN_10 

Bottom K CONTROL_IN_11 

Bottom L CONTROL_IN_12 

 
 

The control input bits can be tested by applying a trigger voltage to an input and watching changes in the status 
of the associated function under the SIGNAL I/O submenu: 

EXAMPLE: to test the “A” control input: 

1. Under the DIAG SIGNAL I/O menu (See Section11.1.3), scroll through the inputs and outputs until 
you get to the output named 0) CONTROL_IN_1.  

2. Connect a jumper from the “+” pin on the appropriate connector to the “U” on the same connector.   

3. Connect a second jumper from the “” pin on the connector to the “A” pin.   

4. The status of 0) CONTROL_IN_1 should change to read “ON”.   
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11.4.8.5. Control Outputs 

Table 11-12: Control Outputs Pin Assignments and Corresponding Signal I/O Functions Check 

PIN (LEFT TO RIGHT) STATUS 

1 CONTROL_OUT_1 

2 CONTROL_OUT_2 

3 CONTROL_OUT_3 

4 CONTROL_OUT_4 

5 CONTROL_OUT_5 

6 CONTROL_OUT_6 

7 CONTROL_OUT_7 

8 CONTROL_OUT_8 

9 CONTROL_OUT_9 

10 CONTROL_OUT_10 

11 CONTROL_OUT_11 

12 CONTROL_OUT_12 

 

To test the Control Output electronics: 

1. Connect a jumper between the “E“ pin and the “” pin on the status output connector. 

2. Connect a 1000 ohm resistor between the “+” pin and the pin for the status output that is being tested. 

3. Connect a voltmeter between the “” pin and the pin of the output being tested (see Table 11-12).   

4. Under the DIAG SIGNAL I/O menu (See Section11.1.3), scroll through the inputs and outputs until 
you get to the output in question.  

5. Alternately, turn on and off the output noting the voltage on the voltmeter. 

  It should vary between 0 volts for ON and 5 volts for OFF.   

 

11.4.9. CPU 

There are two major types of failures associated with the CPU board: complete failure and a failure associated 
with the Disk-On Chip on the CPU board.  If either of these failures occur, contact the factory.   

 For complete failures, assuming that the power supplies are operating properly and the wiring is intact, 
the CPU is bad if on powering the instrument: 

 The vacuum fluorescent display shows a dash in the upper left hand corner. 

 The CPU Status LED, DS5, is not flashing.  (See Section 11.1.4.1.) 

 There is no activity from the primary RS-232 port on the rear panel even if “? <ret>” is pressed. 

 In some rare circumstances this failure may be caused by a bad IC on the motherboard, specifically U57 
the large, 44 pin device on the lower right hand side of the board.  If this is true, removing U57 from its 
socket will allow the instrument to startup but the measurements will be incorrect. 

 If the calibrator stops part way through initialization (there are words on the vacuum fluorescent display) 
then it is likely that the DOC has been corrupted.   
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11.4.10. RS-232 COMMUNICATIONS 

11.4.10.1. General RS-232 Troubleshooting 

Teledyne Instruments calibrators use the RS-232 communications protocol to allow the instrument to be 
connected to a variety of computer-based equipment.  RS-232 has been used for many years and as equipment 
has become more advanced, connections between various types of hardware have become increasingly difficult.  
Generally, every manufacturer observes the signal and timing requirements of the protocol very carefully.   

Problems with RS-232 connections usually center around four general areas: 

 Incorrect cabling and connectors.  See Section 7.1.2 for connector and pin-out information. 

 The BAUD rate and protocol are incorrectly configured.  See Section 7.1.3. 

 If a modem is being used, additional configuration and wiring rules must be observed.  See Section 7.2 

 Incorrect setting of the DTE – DCE Switch is set correctly.  See Section 7.1.1.  

 Verify that cable (03596) that connects the serial COM ports of the CPU to J12 of the motherboard is 
properly seated 

 

11.4.10.2. Troubleshooting Calibrator/Modem or Terminal Operation 

These are the general steps for troubleshooting problems with a modem connected to a Teledyne Instruments 
calibrator. 

 Check cables for proper connection to the modem, terminal or computer.   

 Check to make sure the DTE-DCE is in the correct position as described in Section 7.1.1.   

 Check to make sure the set up command is correct (See Section 7.2)  

 Verify that the Ready to Send (RTS) signal is at logic high.  The M703E sets pin 7 (RTS) to greater than 3 
volts to enable modem transmission.   

 Make sure the BAUD rate, word length, and stop bit settings between modem and calibrator match, See 
Section 7.1.3. 

  Use the RS-232 test function to send “w” characters to the modem, terminal or computer; See Section 
7.1.5 

 Get your terminal, modem or computer to transmit data to the calibrator (holding down the space bar is 
one way); the green LED should flicker as the instrument is receiving data. 

 Make sure that the communications software or terminal emulation software is functioning properly. 

NOTE 

Further help with serial communications is available in a separate manual “RS-232 Programming Notes” 
Teledyne Instruments part number 013500000. 
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11.4.11. TEMPERATURE PROBLEMS  

Individual control loops are used to maintain the set point of the UV lamp and ozone generator.  If any of these 
temperatures are out of range or are poorly controlled, the M703E will perform poorly.  

 

11.4.11.1. Box / Chassis Temperature 

The box temperature sensor is mounted to the Motherboard and cannot be disconnected to check its resistance.  
Rather check the BOX TEMP signal using the SIGNAL I/O function under the DIAG Menu (see Section 11.1.3).  
This parameter will vary with ambient temperature, but at ~30oC (6-7 above room temperature) the signal 
should be ~1450 mV.  

 

11.4.11.2. Photometer Sample Chamber Temperature 

The temperature of the gas in the photometer sample chamber should read approximately 5.0C higher than the 
box temperature. 

 

11.4.11.3. UV Lamp Temperature  

There are three possible causes for the UV Lamp temperature to have failed. 

 The UV Lamp heater has failed.  Check the resistance between pins 5 and 6 on the six-pin connector 
adjacent to the UV Lamp on the Optical Bench.  

 It should be approximately 30 Ohms. 

 Assuming that the I2C bus is working and that there is no other failure with the Relay board, the FET 
Driver on the Relay Board may have failed.  

 Using the PHOTO_LAMP HEATER parameter under the SIGNAL I/O function of the DIAG menu, as 
described above, turn on and off the UV Lamp Heater (D15 on the relay board should illuminate as 
the heater is turned on).  

 Check the DC voltage present between pin 1 and 2 on J13 of the Relay Board.  

 If the FET Driver has failed, there will be no change in the voltage across pins 1 and 2.  

 If the FET Driver Q2 checks out OK, the thermistor temperature sensor in the lamp assembly may have 
failed.  

 Unplug the connector to the UV Lamp Heater/Thermistor PCB, and measure the resistance of the 
thermistor between pins 5 and 6 of the 6-pin connector.  

 The resistance near the 58oC set point is ~8.1k ohms.  
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11.4.11.4. Ozone Generator Temperature  

There are three possible causes for the Ozone Generator temperature to have failed. 

 The O3 generator heater has failed.  Check the resistance between pins 5 and 6 on the 6-pin connector 
adjacent to the UV Lamp on the O3 Generator. It should be approximately 5 Ohms. 

 Assuming that the I2C bus is working and that there is no other failure with the Relay board, the FET 
Driver on the Relay Board may have failed.  Using the O3_GEN_HEATER parameter under the SIGNAL 
I/O function of the DIAG menu, as described above, turn on and off the UV Lamp Heater.  Check the DC 
voltage present between pin 1 and 2 on J14 of the Relay Board.   
 
If the FET Driver has failed, there should be no change in the voltage across pins 1 and 2. 

 If the FET Driver checks out OK, the thermistor temperature sensor in the lamp assembly may have 
failed.  Unplug the connector to the Ozone Generator Heater/Thermistor PCB, and measure the 
resistance of the thermistor between pins 5 and 6 of the 6-pin connector. 

 

 

 

 

 

11.5. TROUBLESHOOTING THE O3 PHOTOMETER 

11.5.1. DYNAMIC PROBLEMS WITH THE O3 PHOTOMETER 

Dynamic problems are problems, which only manifest themselves when the photometer is measuring O3 
concentration gas mixtures.  These can be the most difficult and time consuming to isolate and resolve.  

Since many photometer behaviors that appear to be a dynamic in nature are often a symptom of a seemingly 
unrelated static problems, it is recommended that dynamic problems not be addressed until all static problems, 
warning conditions and subsystems have been checked and any problems found are resolved. 

Once this has been accomplished, the following most common dynamic problems should be checked. 

11.5.1.1. Noisy or Unstable O3 Readings at Zero 

 Check for leaks in the pneumatic system as described in Section 10.2 

 Confirm that the Zero gas is free of Ozone. 

 Confirm that the Source Lamp is fully inserted and that the lamp hold-down thumb- screw is tight. 

 Check for a dirty Absorption Cell and/or pneumatic lines.  Clean as necessary as described in Section 
10.2 

 Disconnect the exhaust line from the optical bench (the pneumatic line at the lamp end of the bench) and 
plug the port in the bench.  If readings remain noisy, the problem is in one of the electronic sections of the 
instrument.  If readings become quiet, the problem is in the instrument's pneumatics. 

05744 Rev B  197 



TELEDYNE API 
General Troubleshooting & Repair of the M703E Calibrator M703E Calibrator Operators Manual 

11.5.1.2.  Noisy, Unstable, or Non-Linear Span O3 Readings 

 Check for leaks in the pneumatic systems as described in Section10.2. 

 Check for proper operation of the meas/ref switching valve as described in Section11.5.2. 

 Check for dirty absorption cell and clean or replace as necessary as described in Section 10.2 

 Check for operation of the A/D circuitry on the motherboard.  See Section 11.4.8.1. 

 Confirm the Sample Temperature, Sample Pressure and Sample Flow readings are correct.  Check and 
adjust as required. 

 

11.5.1.3. Slow Response to Changes in Concentration 

 Check for dirty absorption cell and clean or replace as necessary as described in Section 10.2 

 Check for pneumatic leaks as described in Section 10.2 

 Check for improper materials in the inlet manifold. 

 The photometer needs 800 cc3/min of gas flow.  Make sure that this is accounted for when calculating total 
required output flow for the calibrator (see Section 3.4.7).  

 

11.5.1.4. The Analog Output Signal Level Does Not Agree With Front Panel Readings 

 Confirm that the recorder offset (see Section 6.9.1.5) is set to zero. 

 Perform an AIO calibration (see Section 6.9.2) and photometer dark calibration (see Section 8.1.4). 

 

11.5.1.5. Cannot Zero 

 Check for leaks in the pneumatic system as described in Section 10.2. 

 Confirm that the Zero gas is free of Ozone. 

 The photometer needs 800 cc3/min of gas flow.  Make sure that this is accounted for when calculating total 
required output flow for the calibrator (see Section 3.4.7).   

  

11.5.1.6. Cannot Span  

 Check for leaks in the pneumatic systems as described in Section 10.2. 

 Check for proper operation of the meas/ref switching valve as described in Section11.5.2. 

 Check for dirty absorption cell and clean or replace as necessary as described in Section 10.2 

 Check for operation of the A/D circuitry on the motherboard.  See Section 11.4.8.1. 

 Confirm the Sample Temperature, Sample Pressure and Sample Flow readings are correct.  Check and 
adjust as required. 

 The photometer needs 800 cc3/min of gas flow.  Make sure that this is accounted for when calculating 
total required output flow for the calibrator (see Section 3.4.7).  
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11.5.2. CHECKING MEASURE / REFERENCE VALVE 

To check the function of the photometer’s measure / reference valve: 

1. Set the calibrator’s front panel display to show the PHOTO REFERENCE test function (see Section 6.1). 

2. Follow the instruction in Sections 8.1.1 and 8.1.3.1 for performing a zero point calibration of the 
photometer.  

 Press XZRO and allow the calibrator to stabilize. 

3. Before completing the calibration by pressing the ZERO key, note of the displayed value. 

4. Press the final Zero key, then press “NO” when asked, “ARE YOU SURE”. 

5. Follow the instruction in Section 8.1.3.2 for performing a span point calibration of the photometer.  

 Press XSPN and allow the calibrator to stabilize. 

6. Before completing the calibration by pressing the SPAN key, note of the displayed value of PHOTO 
REF. 

 If the O3 REF value has decreased by more than 2 mV from its value with Zero-gas, then there is a 
"cross-port" leak in the m/r valve.  

7. Press the final Zero key then press “NO” when asked, “ARE YOU SURE”. 
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11.6. TROUBLESHOOTING THE O3 GENERATOR 

11.6.1. CHECKING THE UV LAMP POWER SUPPLY 

NOTE  

A schematic and physical diagram of the Lamp Power Supply can be found in Appendix D. 

 

WARNING 

Hazardous voltage present - use caution. 

 

It is not always possible to determine with certainty whether a problem is the result of the UV Lamp or the Lamp 
Power Supply, however, the following steps will provide a reasonable confidence test of the Lamp Power 
Supply. 

1. Unplug the cable connector at P1 on the Lamp Power Supply and confirm that +15VDC is present 
between Pins 1 and 2 on the cable connector.  

2. If this voltage is incorrect, check the DC test points on the relay PCA as described in Section 11.4.3. 

3. Remove the cover of the photometer and check for the presence of the following voltages on the UV 
lamp power supply PCA (see Figure 9-21): 

 +4500 mVDC  ±  10 mVDC between TP1 and TP4 (grnd) 

 If this voltage is incorrect, either the UV lamp power supply PCA is faulty or the I2C bus is not 
communicating with the UV lamp power supply PCA. 

 +5VDC between TP3 and TP4 (grnd) 

 If this voltages is les than 4.8 or greater than 5.25 either the 5 VDC power supply or the UV lamp 
power supply PCA are faulty... 

 If the above voltages check out, it is more likely that a problem is due to the UV Lamp than due to the 
Lamp Power Supply.  

 Replace the Lamp and if the problem persists, replace the Lamp Power Supply. 
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11.7. TROUBLE SHOOTING THE OPTIONAL O3 GENERATOR 
The only significant components of the O3 generator that might reasonable malfunction is the power supply 
assembly for the UV source lamp and the lamp itself. 

11.7.1. CHECKING THE UV SOURCE LAMP POWER SUPPLY 

NOTE  

A schematic and physical diagram of the Lamp Power Supply can be found in Appendix D. 

 

WARNING 

Hazardous voltage present - use caution. 

 

It is not always possible to determine with certainty whether a problem is the result of the UV Lamp or the Lamp 
Power Supply, however, the following steps will provide a reasonable confidence test of the Lamp Power 
Supply. 

1. Make sure the calibrator is in STANDBY mode. 

2. Unplug the cable connector at P1 on the Lamp Power Supply and confirm that +15VDC is present 
between Pins 1 and 2 on the cable connector.  

3. If this voltage is incorrect, check the DC test points on the relay PCA as described in Section 11.4.3. 

4. Remove the cover of the photometer and check for the presence of the following voltages on the UV 
lamp power supply PCA (see Figure 9-21): 

 +800 mVDC  ±  10 mVDC between TP1 and TP4 (grnd) 

 If this voltage is incorrect, either the UV lamp power supply PCA is faulty or the I2C bus is not 
communicating with the UV lamp power supply PCA. 

 +5VDC between TP3 and TP4 (grnd) 

 If this voltages is less than 4.8 or greater than 5.25 either the 5 VDC power supply or the UV lamp 
power supply PCA are faulty. 

 If the above voltages check out, it is more likely that a problem is due to the UV Lamp than due to the 
Lamp Power Supply.  

 Replace the Lamp and if the problem persists, replace the Lamp Power Supply. 
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11.8. REPAIR PROCEDURES 

11.8.1. REPAIRING SAMPLE FLOW CONTROL ASSEMBLY 

The critical flow orifice is housed in the flow control assembly (Teledyne Instruments part number: 001760400) 
located on the top of the optical bench.  A sintered filter protects the jewel orifice so it is unusual for the orifice to 
need replacing, but if it does, or the filter needs replacement please use the following procedure (see the Spare 
Parts list in Appendix B for part numbers and kits): 

1. Turn off power to the calibrator. 

2. Locate the assembly to be repaired, see Figure, 3–3. 

3. Disconnect the pneumatic connection from the flow assembly. 

4. Remove the fitting and the components as shown in the exploded view in Figure 11.6.   

5. Replace the o-rings (p/n OR000001) and the sintered filter (p/n FL000001). 

6. If replacing the critical flow orifice itself (P/N 000941000), make sure that the side with the colored 
window (usually red) is facing downstream to the gas flow. 

7. Apply new Teflon® tape to the male connector threads 

8. Re-assemble in reverse order.   
 

Pneumatic Connector, Male 1/8”
(P/N FT_70

Spring
(P/N HW_20)

Sintered Filter
(P/N FL_01)

Critical Flow Orifice
(P/N 000941000) 
  Make sure it is placed with the  
  jewel down) 

O-Ring
(P/N OR_01)

Purge Housing
(P/N 000850000)

 
Figure 11-5: Critical Flow Restrictor Assembly Disassembly 
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11.8.2. DISK-ON-CHIP REPLACEMENT PROCEDURE 

NOTE 

Printed circuit assemblies (PCAs) are sensitive to electro-static discharges too small to be felt by the 
human nervous system.  Failure to use ESD protection when working with electronic assemblies will 

void the instrument warranty.    

See Chapter 12 for more information on preventing ESD damage.   

Replacing the Disk-on-Chip may be necessary in certain rare circumstances or to load new instrument software.  
This will cause all of the instrument configuration parameters to be lost.  However a backup copy of the 
operating parameters are stored in a second non-volatile memory and will be loaded into the new the Disk-on-
Chip on power-up.  To change the Disk-on-Chip, follow this procedure. 

1. Turn off power to the instrument. 

2. Fold down the rear panel by loosening the captive Phillips-head screws on each side 

3. Locate the Disk-on-Chip in the rightmost socket near the right hand side of the CPU assembly.  Remove 
the IC by gently prying it up from the socket. 

4. Reinstall the new Disk-on-Chip, making sure the notch in the end of the chip is facing upward. 

5. Close the rear panel and turn on power to the machine. 

 

11.9. TECHNICAL ASSISTANCE 

If this manual and its trouble-shooting / repair sections do not solve your problems, technical assistance may be 
obtained from 

TELEDYNE-API, CUSTOMER SERVICE, 
9480 CARROLL PARK DRIVE  

SAN DIEGO, CALIFORNIA 92121-5201 
USA 

Toll-free Phone: 800-324-5190 
Phone: 858-657-9800 

Fax: 858-657-9816 
Email: api-sales@teledyne.com 

Website: http://www.teledyne-api.com/ 

Before you contact customer service, fill out the problem report form in Appendix C, which is also available 
online for electronic submission at http://www.teledyne-api.com/forms/. 

USER NOTES: 
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12. A PRIMER ON ELECTRO-STATIC DISCHARGE 

Teledyne Instruments considers the prevention of damage caused by the discharge of static electricity to be 
extremely important part of making sure that your analyzer continues to provide reliable service for a long time.  
This section describes how static electricity occurs, why it is so dangerous to electronic components and 
assemblies as well as how to prevent that damage from occurring. 

12.1. HOW STATIC CHARGES ARE CREATED 

Modern electronic devices such as the types used in the various electronic assemblies of your analyzer, are very 
small, require very little power and operate very quickly.  Unfortunately, the same characteristics that allow them 
to do these things also make them very susceptible to damage from the discharge of static electricity.  
Controlling electrostatic discharge begins with understanding how electro-static charges occur in the first place. 

Static electricity is the result of something called triboelectric charging which happens whenever the atoms of the 
surface layers of two materials rub against each other.  As the atoms of the two surfaces move together and 
separate, some electrons from one surface are retained by the other.   

 

+ + 

Materials 
Makes 

Contact 

PROTONS = 3 
ELECTRONS = 3 

NET CHARGE = 0 

PROTONS = 3 
ELECTRONS = 3 

NET CHARGE = 0 

Materials 
Separate 

+

PROTONS = 3
ELECTRONS = 2 

NET CHARGE = -1 

+ 

PROTONS = 3
ELECTRONS = 4 

NET CHARGE = +1 
 

Figure 12-1: Triboelectric Charging 

If one of the surfaces is a poor conductor or even a good conductor that is not grounded, the resulting positive or 
negative charge cannot bleed off and becomes trapped in place, or static.  The most common example of 
triboelectric charging happens when someone wearing leather or rubber soled shoes walks across a nylon 
carpet or linoleum tiled floor.  With each step, electrons change places and the resulting electro-static charge 
builds up, quickly reaching significant levels.  Pushing an epoxy printed circuit board across a workbench, using 
a plastic handled screwdriver or even the constant jostling of StyrofoamTM pellets during shipment can also build 
hefty static charges 

Table 12-1: Static Generation Voltages for Typical Activities 

MEANS OF GENERATION 65-90% RH 10-25% RH 

Walking across nylon carpet 1,500V 35,000V 

Walking across vinyl tile 250V 12,000V 

Worker at bench 100V 6,000V 

Poly bag picked up from bench 1,200V 20,000V 

Moving around in a chair padded 
with urethane foam 

1,500V 18,000V 
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12.2. HOW ELECTRO-STATIC CHARGES CAUSE DAMAGE 

Damage to components occurs when these static charges come into contact with an electronic device.  Current 
flows as the charge moves along the conductive circuitry of the device and the typically very high voltage levels 
of the charge overheat the delicate traces of the integrated circuits, melting them or even vaporizing parts of 
them.  When examined by microscope the damage caused by electro-static discharge looks a lot like tiny bomb 
craters littered across the landscape of the component’s circuitry. 

A quick comparison of the values in Table 12-1 with the those shown in the Table 12-2, listing device 
susceptibility levels, shows why Semiconductor Reliability News estimates that approximately 60% of device 
failures are the result of damage due to electro-static discharge. 

Table 12-2: Sensitivity of Electronic Devices to Damage by ESD 

DAMAGE SUSCEPTIBILITY VOLTAGE 
RANGE 

DEVICE 
DAMAGE BEGINS 
OCCURRING AT 

CATASTROPHIC 
DAMAGE  AT 

MOSFET 10 100 

VMOS 30 1800 

NMOS 60 100 

GaAsFET 60 2000 

EPROM 100 100 

JFET 140 7000 

SAW 150 500 

Op-AMP 190 2500 

CMOS 200 3000 

Schottky Diodes 300 2500 

Film Resistors 300 3000 

This Film Resistors 300 7000 

ECL 500 500 

SCR 500 1000 

Schottky TTL 500 2500 

 

Potentially damaging electro-static discharges can occur:  

 Any time a charged surface (including the human body) discharges to a device.  Even simple contact of a 
finger to the leads of a sensitive device or assembly can allow enough discharge to cause damage.  A 
similar discharge can occur from a charged conductive object, such as a metallic tool or fixture.   

 When static charges accumulated on a sensitive device discharges from the device to another surface 
such as packaging materials, work surfaces, machine surfaces or other device.  In some cases, charged 
device discharges can be the most destructive.   

 A typical example of this is the simple act of installing an electronic assembly into the connector or wiring 
harness of the equipment in which it is to function.  If the assembly is carrying a static charge, as it is 
connected to ground a discharge will occur. 

 Whenever a sensitive device is moved into the field of an existing electro-static field, a charge may be 
induced on the device in effect discharging the field onto the device.  If the device is then momentarily 
grounded while within the electrostatic field or removed from the region of the electrostatic field and 
grounded somewhere else, a second discharge will occur as the charge is transferred from the device to 
ground.   
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12.3. COMMON MYTHS ABOUT ESD DAMAGE 

 I didn’t feel a shock so there was no electro-static discharge: The human nervous system is not able 
to feel a static discharge of less than 3500 volts.  Most devices are damaged by discharge levels much 
lower than that. 

 I didn’t touch it so there was no electro-static discharge:  Electro Static charges are fields whose 
lines of force can extend several inches or sometimes even feet away from the surface bearing the 
charge. 

 It still works so there was no damage: Sometimes the damaged caused by electro-static discharge can 
completely sever a circuit trace causing the device to fail immediately.  More likely, the trace will be only 
partially occluded by the damage causing degraded performance of the device or worse, weakening the 
trace.  This weakened circuit may seem to function fine for a short time, but even the very low voltage 
and current levels of the device’s normal operating levels will eat away at the defect over time causing 
the device to fail well before its designed lifetime is reached.   

These latent failures are often the most costly since the failure of the equipment in which the damaged 
device is installed causes down time, lost data, lost productivity, as well as possible failure and damage 
to other pieces of equipment or property. 

 Static Charges can’t build up on a conductive surface:  There are two errors in this statement.   

Conductive devices can build static charges if they are not grounded.  The charge will be equalized 
across the entire device, but without access to earth ground, they are still trapped and can still build to 
high enough levels to cause damage when discharged. 

A charge can be induced onto the conductive surface and/or discharge triggered in the presence of a 
charged field such as a large static charge clinging to the surface of a nylon jacket of someone walking 
up to a workbench. 

 As long as my analyzer is properly installed, it is safe from damage caused by static discharges:  
It is true that when properly installed the chassis ground of your analyzer is tied to earth ground and its 
electronic components are prevented from building static electric charges themselves.  This does not 
prevent discharges from static fields built up on other things, like you and your clothing, from discharging 
through the instrument and damaging it.   

  

12.4. BASIC PRINCIPLES OF STATIC CONTROL 

It is impossible to stop the creation of instantaneous static electric charges.  It is not, however difficult to prevent 
those charges from building to dangerous levels or prevent damage due to electro-static discharge from 
occurring. 

12.4.1. GENERAL RULES 

Only handle or work on all electronic assemblies at a properly set up ESD station.  Setting up an ESD safe 
workstation need not be complicated.  A protective mat properly tied to ground and a wrist strap are all that is 
needed to create a basic anti-ESD workstation.   

 
Wrist StraProtective Mat

Ground Point

 
Figure 12-2: Basic anti-ESD Work Station 
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For technicians that work in the field, special lightweight and portable anti-ESD kits are available from most 
suppliers of ESD protection gear.  These include everything needed to create a temporary anti-ESD work area 
anywhere.   

 Always wear an Anti-ESD wrist strap when working on the electronic assemblies of your analyzer.  
An anti-ESD wrist strap keeps the person wearing it at or near the same potential as other grounded 
objects in the work area and allows static charges to dissipate before they can build to dangerous levels.  
Anti-ESD wrist straps terminated with alligator clips are available for use in work areas where there is no 
available grounded plug. 

Also, anti-ESD wrist straps include a current limiting resistor (usually around one meg-ohm) that protects 
you should you accidentally short yourself to the instrument’s power supply.   

 Simply touching a grounded piece of metal is insufficient.  While this may temporarily bleed off static 
charges present at the time, once you stop touching the grounded metal new static charges will 
immediately begin to re-build.  In some conditions, a charge large enough to damage a component can 
rebuild in just a few seconds.   

 Always store sensitive components and assemblies in anti-ESD storage bags or bins:  Even when 
you are not working on them, store all devices and assemblies in a closed anti-Static bag or bin.  This will 
prevent induced charges from building up on the device or assembly and nearby static fields from 
discharging through it. 

 Use metallic anti-ESD bags for storing and shipping ESD sensitive components and assemblies 
rather than pink-poly bags.  The famous, pink-poly bags are made of a plastic that is impregnated with 
a liquid (similar to liquid laundry detergent) which very slowly sweats onto the surface of the plastic 
creating a slightly conductive layer over the surface of the bag.   

While this layer may equalizes any charges that occur across the whole bag, it does not prevent the build 
up of static charges.  If laying on a conductive, grounded surface, these bags will allow charges to bleed 
away but the very charges that build up on the surface of the bag itself can be transferred through the 
bag by induction onto the circuits of your ESD sensitive device.  Also, the liquid impregnating the plastic 
is eventually used up after which the bag is as useless for preventing damage from ESD as any ordinary 
plastic bag. 

Anti-Static bags made of plastic impregnated with metal (usually silvery in color) provide all of the charge 
equalizing abilities of the pink-poly bags but also, when properly sealed, create a Faraday cage that 
completely isolates the contents from discharges and the inductive transfer of static charges. 

Storage bins made of plastic impregnated with carbon (usually black in color) are also excellent at 
dissipating static charges and isolating their contents from field effects and discharges. 

 Never use ordinary plastic adhesive tape near an ESD sensitive device or to close an anti-ESD 
bag.  The act of pulling a piece of standard plastic adhesive tape, such as Scotch® tape,  from its roll will 
generate a static charge of several thousand or even tens of thousands of volts on the tape itself and an 
associated field effect that can discharge through or be induced upon items up to a foot away. 
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12.4.2. BASIC ANTI-ESD PROCEDURES FOR ANALYZER REPAIR AND 
MAINTENANCE 

12.4.2.1. Working at the Instrument Rack 

When working on the analyzer while it is in the instrument rack and plugged into a properly grounded power 
supply  

1. Attach you anti-ESD wrist strap to ground before doing anything else.   

 Use a wrist strap terminated with an alligator clip and attach it to any bare metal portion of the 
instrument chassis.   

 This will safely connect you to the same ground level to which the instrument and all of its 
components are connected. 

2. Pause for a second or two to allow any static charges to bleed away. 

3. Open the casing of the analyzer and begin work.  Up to this point, the closed metal casing of your 
analyzer has isolated the components and assemblies inside from any conducted or induced static 
charges. 

4. If you must remove a component from the instrument, do not lay it down on a non-ESD preventative 
surface where static charges may lie in wait. 

5. Only disconnect your wrist strap after you have finished work and closed the case of the analyzer. 

 

 

 

12.4.2.2. Working at an Anti-ESD Work Bench. 

When working on an instrument of an electronic assembly while it is resting on a anti-ESD work bench 

1. Plug you anti-ESD wrist strap into the grounded receptacle of the work station before touching any items 
on the work station and while standing at least a foot or so away.  This will allow any charges you are 
carrying to bleed away through the ground connection of the workstation and prevent discharges due to 
field effects and induction from occurring.   

2. Pause for a second or two to allow any static charges to bleed away. 

3. Only open any anti-ESD storage bins or bags containing sensitive devices or assemblies after you have 
plugged your wrist strap into the workstation.   

 Lay the bag or bin on the workbench surface. 

 Before opening the container, wait several seconds for any static charges on the outside surface of 
the container to be bled away by the workstation’s grounded protective mat. 

4. Do not pick up tools that may be carrying static charges while also touching or holding an ESD Sensitive 
Device. 

 Only lay tools or ESD-sensitive devices and assemblies on the conductive surface of your 
workstation.  Never lay them down on any non-ESD preventative surface. 

5. Place any static sensitive devices or assemblies in anti-static storage bags or bins and close the bag or 
bin before unplugging your wrist strap. 

6. Disconnecting your wrist strap is always the last action taken before leaving the workbench. 
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12.4.2.3. Transferring Components from Rack to Bench and Back 

When transferring a sensitive device from an installed Teledyne Instruments analyzer to an Anti-ESD workbench 
or back: 

1. Follow the instructions listed above for working at the instrument rack and workstation. 

2. Never carry the component or assembly without placing it in an anti-ESD bag or bin. 

3. Before using the bag or container allow any surface charges on it to dissipate: 

 If you are at the instrument rack, hold the bag in one hand while your wrist strap is connected to a 
ground point. 

 If you are at an anti-ESD workbench, lay the container down on the conductive work surface. 

 In either case wait several seconds. 

4. Place the item in the container. 

5. Seal the container.  If using a bag, fold the end over and fastening it with anti-ESD tape.   

 Folding the open end over isolates the component(s) inside from the effects of static fields. 

 Leaving the bag open or simply stapling it shut without folding it closed prevents the bag from forming 
a complete protective envelope around the device. 

6. Once you have arrived at your destination, allow any surface charges that may have built up on the bag 
or bin during travel to dissipate: 

 Connect your wrist strap to ground. 

 If you are at the instrument rack, hold the bag in one hand while your wrist strap is connected to a 
ground point. 

 If you are at a anti-ESD work bench, lay the container down on the conductive work surface 

 In either case wait several seconds 

7. Open the container. 

 

12.4.2.4. Opening Shipments from Teledyne Instruments Customer Service. 

Packing materials such as bubble pack and Styrofoam pellets are extremely efficient generators of static electric 
charges.  To prevent damage from ESD, Teledyne Instruments ships all electronic components and assemblies 
in properly sealed ant-ESD containers.   

Static charges will build up on the outer surface of the anti-ESD container during shipping as the packing 
materials vibrate and rub against each other.  To prevent these static charges from damaging the components or 
assemblies being shipped make sure that you: 

Always unpack shipments from Teledyne Instruments Customer Service by: 

1. Opening the outer shipping box away from the anti-ESD work area 

2. Carry the still sealed ant-ESD bag, tube or bin to the anti-ESD work area  

3. Follow steps 6 and 7 of Section 12.4.2.3 above when opening the anti-ESD container at the work station 

4. Reserve the anti-ESD container or bag to use when packing electronic components or assemblies to be 
returned to Teledyne Instruments 

210  05744 Rev B 



 TELEDYNE API 
M703E Calibrator Operator’s Manual A Primer on Eletro-Static Discharge  

12.4.2.5. Packing Components for Return to Teledyne Instruments Customer Service. 

Always pack electronic components and assemblies to be sent to Teledyne Instruments Customer Service in 
anti-ESD bins, tubes or bags. 

 

WARNING 
 DO NOT use pink-poly bags. 

 NEVER allow any standard plastic packaging materials to touch the electronic 
component/assembly directly 

 This includes, but is not limited to, plastic bubble-pack, Styrofoam peanuts, 
open cell foam, closed cell foam, and adhesive tape 

 DO NOT use standard adhesive tape as a sealer.  Use ONLY anti-ESD tape 

1. Never carry the component or assembly without placing it in an anti-ESD bag or bin. 

2. Before using the bag or container allow any surface charges on it to dissipate: 

 If you are at the instrument rack, hold the bag in one hand while your wrist strap is connected to a 
ground point. 

 If you are at an anti-ESD workbench, lay the container down on the conductive work surface. 

 In either case wait several seconds. 

3. Place the item in the container. 

4. Seal the container.  If using a bag, fold the end over and fastening it with anti-ESD tape.   

 Folding the open end over isolates the component(s) inside from the effects of static fields. 

 Leaving the bag open or simply stapling it shut without folding it closed prevents the bag from forming 
a complete protective envelope around the device. 

NOTE 

If you do not already have an adequate supply of anti-ESD bags or containers available, Teledyne 
Instruments’ Customer Service department will supply them (see Section 11.9 for contact information). 

Follow the instructions listed above for working at the instrument rack and workstation. 
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APPENDIX A – Version Specific Software Documentation 
APPENDIX A-1:  Model 703E Software Menu Trees, Software Version C.0 

APPENDIX A-2:  Model 703E Setup Variables Available Via Serial I/O, Software Version C.0 

APPENDIX A-3:  Model 703E Warnings and Test Measurements Via Serial I/O, Software Version C.0 

APPENDIX A-4:  Model 703E Signal I/O Definitions, Software Version C.0 

APPENDIX A-5:  Model M703E Terminal Command Designators, Software Version C.0 
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APPENDIX A-2: Setup Variables For Serial I/O, Software Version C.0 

Table A-1:     M703E Setup Variables, Software Version C.0 

M703E SETUP VARIABLES FOR LATEST REVISION 

SETUP VARIABLE NUMERI
C UNITS 

DEFAULT 
VALUE VALUE RANGE DESCRIPTION 

Low Access Level Setup Variables (818 password) 

PHOTO_LAMP ºC 

58 

Warnings: 

56–61 

0–100 
Photometer lamp temperature set point and warning 
limits. 

O3_GEN_LAMP ºC 

48  

Warnings: 

43–53 

0–100 
O3 generator lamp temperature set point and 
warning limits. 

O3_CONC_RANGE PPB 500 0.1–20000 
O3 concentration range for test channel analog 
output. 

O3_PHOTO_BENCH_ONLY — OFF OFF, ON 
O3 bench control flag. ON turns on pump and 
switches measure/reference valve only in bench 
generation mode. 

ZA_PUMP_ENAB — ON OFF, ON 
Zero air pump control. ON turns on zero air 
pump when generating ozone. 

STD_TEMP ºC 25 0–100 Standard temperature for unit conversions. 

STD_PRESS “Hg 29.92 15–50 Standard pressure for unit conversions. 

CLOCK_ADJ Sec./Day 0 -60–60 Time-of-day clock speed adjustment. 

Medium Access Level Setup Variables (929 password) 

LANGUAGE_SELECT — ENGL 

ENGL, 

SECD, 

EXTN 

Selects the language to use for the user interface. 
Enclose value in double quotes (") when setting from 
the RS-232 interface. 

MAINT_TIMEOUT Hours 2 0.1–100 
Time until automatically switching out of software-
controlled maintenance mode. 

O3_DWELL Seconds 2.5 0.1–30 Dwell time after switching measure/reference valve. 

O3_SAMPLE Samples 1 1–30 Number of O3 detector readings to sample. 

DARK_OFFSET mV 0 -1000–1000 
Photometer dark offset for measure and reference 
readings. 

FILT_SIZE Samples 32 1–100 Moving average filter size. 

FILT_ASIZE Samples 6 1–100 Moving average filter size in adaptive mode. 

FILT_DELTA PPB 20 1–1000 
Absolute concentration difference to trigger adaptive 
filter. 

FILT_PCT Percent 5 1–100 
Percent concentration difference to trigger adaptive 
filter. 

FILT_DELAY Seconds 60 0–60 Delay before leaving adaptive filter mode. 

FILT_ADAPT — ON OFF, ON ON enables adaptive filter; OFF disables it. 

PDELTA_GAIN 2 PPB/dIn-
Hg 

0 -200–200 Multiplied by difference between measure and 
reference pressure and added to concentration. 

PDELTA_CAL_DUR 2 Minutes 5 0.1–20 Duration of pressure compensation calibration 
procedure. 

O3_SLOPE_CONST — 1.0 0.1–10 Constant factor to keep visible slope near 1. 

O3_SLOPE — 1 0.850–1.150 O3 photometer slope. 

O3_OFFSET PPB 0 -1000–1000 O3 photometer offset. 

O3_BCAL_SET PPB 400 0.1–10000 
Target O3 concentration during bench span 
calibration. 
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M703E SETUP VARIABLES FOR LATEST REVISION 

SETUP VARIABLE NUMERI
C UNITS 

DEFAULT 
VALUE VALUE RANGE DESCRIPTION 

O3_PUMP_STARTUP — ON OFF, ON 
O3 pump startup enable. ON enables startup 
procedure. 

O3_PUMP_MIN_FLOW LPM 0.2 0–1 
Minimum flow rate that indicates O3 pump is 
on. 

O3_PUMP_TIMEOUT Seconds 30 1–180 O3 pump startup timeout. 

O3_PUMP_PULSE Seconds 0.5 0.1–10 O3 pump power off pulse duration. 

PHOTO_CYCLE Seconds 10 0.5–30 Photometer lamp temperature control cycle period. 

PHOTO_PROP — 0.5 0–10 
Photometer lamp temperature PID proportional 
coefficient. 

PHOTO_INTEG — 0.05 0–10 
Photometer lamp temperature PID integral 
coefficient. 

PHOTO_DERIV — 0.2 0–10 
Photometer lamp temperature PID derivative 
coefficient. 

PHOTO_FLOW_SLOPE — 1 0.001–100 Slope term to correct photometer sample flow rate. 

O3_DEF_DRIVE mV 0 0–5000 O3 generator default drive setting. 

O3_GEN_MODE — BENCH 

CNST, 

REF, 

BNCH 

O3 generator control mode. Enclose value in double 
quotes (") when setting from the RS-232 interface. 

O3_MIN_CONC PPB 25 0–100 
O3 generator minimum reliable concentration. Less 
than this is treated as zero. 

REF_DELAY Seconds 60 1–300 O3 generator reference feedback control delay. 

REF_FREQ Seconds 1 1–60 O3 generator reference adjustment frequency. 

REF_FSIZE Samples 4 1–10 O3 generator reference filter size. 

REF_INTEG — 0.1 0–10 O3 generator reference PID integral coefficient. 

REF_DERIV — 0.2 0–10 O3 generator reference PID derivative coefficient. 

BENCH_DELAY Seconds 120 1–300 O3 generator bench feedback control delay. 

BENCH_FREQ Seconds 10 1–60 O3 generator bench adjustment frequency. 

BENCH_FSIZE Samples 3 1–10 O3 generator bench filter size. 

BENCH_INTEG — 0.2 0–10 O3 generator bench PID integral coefficient. 

BENCH_DERIV — 0.5 0–10 O3 generator bench PID derivative coefficient. 

DRIVE_STABIL mV 10 0.1–100 
O3 generator drive stability limit to update 
concentration cache. 

CACHE_RESOL PPB 2 0.1–20 
O3 generator cache un-normalized concentration 
resolution. 

O3_LAMP_CYCLE Seconds 2 0.5–30 O3 generator lamp temperature control cycle period. 

O3_LAMP_PROP 1/DegC 0.2 0–10 
O3 generator lamp temperature PID proportional 
coefficient. 

O3_LAMP_INTEG Gain 0.01 0–10 
O3 generator lamp temperature PID integral 
coefficient. 

O3_LAMP_DERIV Gain 0.2 0–10 
O3 generator lamp temperature PID derivative 
coefficient. 

OUTPUT_FLOW_SLOPE — 1 0.001–100 Slope term to correct output flow rate. 
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M703E SETUP VARIABLES FOR LATEST REVISION 

SETUP VARIABLE NUMERI
C UNITS 

DEFAULT 
VALUE VALUE RANGE DESCRIPTION 

RS232_MODE BitFlag 0 0–65535 RS-232 COM1 mode flags. Add values to combine 
flags. 

1 = quiet mode 

2 = computer mode 

4 = enable security 

8 = enable hardware handshaking 

32 = enable multi-drop 

64 = enable modem 

128 = ignore RS-232 line errors 

256 = disable XON / XOFF support 

512 = disable hardware FIFOs 

1024 = enable RS-485 mode 

2048 = even parity, 7 data bits, 1 stop bit 

4096 = enable command prompt 

8192 = even parity, 8 data bits, 1 stop bit 

BAUD_RATE — 19200 

300, 

1200, 

2400, 

4800, 

9600, 

19200, 

38400, 

57600, 

115200 

RS-232 COM1 baud rate. Enclose value in double 
quotes (") when setting from the RS-232 interface. 

MODEM_INIT — 

“AT Y0 &D0 
&H0 &I0 

S0=2 &B0 
&N6 &M0 

E0 Q1 &W0” 
0 

Any character in 
the allowed 

character set. Up 
to 100 characters 

long. 

RS-232 COM1 modem initialization string. Sent 
verbatim plus carriage return to modem on power up 
or manually. 

RS232_MODE2 — 0 0–65535 
RS-232 COM2 mode flags. 

(Same settings as RS232_MODE.) 

BAUD_RATE2 — 19200 

300, 

1200, 

2400, 

4800, 

9600, 

19200, 

38400, 

57600, 

115200 

RS-232 COM2 baud rate. 

MODEM_INIT2 — 

“AT Y0 &D0 
&H0 &I0 

S0=2 &B0 
&N6 &M0 

E0 Q1 &W0” 
0 

Any character in 
the allowed 

character set. Up 
to 100 characters 

long. 

RS-232 COM2 modem initialization string. Sent 
verbatim plus carriage return to modem on power up 
or manually. 

RS232_PASS Password 940331 0–999999 RS-232 log on password. 

LINE_DELAY 1 ms. 0 0–1000 RS-232 inter-line transmit delay (0=disabled). 

MACHINE_ID ID 700 0–9999 Unique ID number for instrument. 
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M703E SETUP VARIABLES FOR LATEST REVISION 

SETUP VARIABLE NUMERI
C UNITS 

DEFAULT 
VALUE VALUE RANGE DESCRIPTION 

COMMAND_PROMPT — “Cmd> ” 

Any character in 
the allowed 

character set. Up 
to 100 characters 

long. 

RS-232 interface command prompt. Displayed only if 
enabled with RS232_MODE variable. Enclose value 
in double quotes (") when setting from the RS-232 
interface. 

TEST_CHAN_ID — NONE 

NONE, 

O3 PHOTO 
MEAS, 

O3 PHOTO REF, 

O3 GEN REF, 

OUTPUT FLOW, 

REGULATOR 
PRESSURE, 

SAMPLE 
PRESSURE, 

SAMPLE FLOW, 

SAMPLE TEMP, 

PHOTO LAMP 
TEMP, 

O3 LAMP TEMP, 

CHASSIS TEMP, 

O3 PHOTO CONC 

Diagnostic analog output ID. Enclose value in 
double quotes (") when setting from the RS-232 
interface. 

PASS_ENABLE — ON OFF, ON 
ON enables passwords. 

OFF disables them. 

DEF_CC_OUTPUT — 
“000000000

000” 

Any string of 
exactly 12 
characters 

consisting of the 
digits 0 and 1 only. 

Default contact closure output pattern when not 
executing a sequence. Enclose value in double 
quotes (") when setting from the RS-232 interface. 

PHOTO_LAMP_POWER mV 4500 0–5000 Photometer lamp power setting. 

LAMP_PWR_ENABLE — ON OFF, ON 
ON enables photometer lamp power cycling. 

OFF disables it. 

LAMP_PWR_PERIOD Hours 24 0.01–1000 Photometer lamp power cycling period. 

LAMP_OFF_DELAY Seconds 0.1 0.02–5 Length of time photometer lamp is turned off. 

DET_VALID_DELAY Seconds 20 1–300 Delay until valid concentration is computed. 

REF_SDEV_LIMIT mV 3 0.1–100 
Photometer reference standard deviation must be 
below this limit to switch out of startup mode. 

PATH_LENGTH cm 41.96 0.01–99.999 Photometer detector path length. 

BOX_SET ºC 

30  

Warnings: 

5–45 

0–100 
Internal box temperature set point and warning 
limits. 

GAS_MOL_WEIGHT MolWt 32 1–99.999 
Molar mass of sample gas for computing 
concentrations by weight instead of volume. 

SERIAL_NUMBER — “00000000 ” 

Any character in 
the allowed 

character set. Up 
to 100 characters 

long. 

Unique serial number for instrument. 

DISP_INTENSITY — HIGH 

HIGH, 

MED, 

LOW, 

DIM 

Front panel display intensity. Enclose value in 
double quotes (") when setting from the RS-232 
interface. 
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M703E SETUP VARIABLES FOR LATEST REVISION 

SETUP VARIABLE NUMERI
C UNITS 

DEFAULT 
VALUE VALUE RANGE DESCRIPTION 

I2C_RESET_ENABLE — ON OFF, ON I2C bus automatic reset enable. 

CLOCK_FORMAT — 
“TIME=%H:

%M:%S” 

Any character in 
the allowed 

character set. Up 
to 100 characters 

long. 

Time-of-day clock format flags. Enclose value in 
double quotes (“) when setting from the RS-232 
interface. 

“%a” = Abbreviated weekday name. 

“%b” = Abbreviated month name. 

“%d” = Day of month as decimal number (01 – 31). 

“%H” = Hour in 24-hour format (00 – 23). 

“%I” = Hour in 12-hour format (01 – 12). 

“%j” = Day of year as decimal number (001 – 366). 

“%m” = Month as decimal number (01 – 12). 

“%M” = Minute as decimal number (00 – 59). 

“%p” = A.M./P.M. indicator for 12-hour clock. 

“%S” = Second as decimal number (00 – 59). 

“%w” = Weekday as decimal number (0 – 6; Sunday 
is 0). 

“%y” = Year without century, as decimal number (00 
– 99). 

“%Y” = Year with century, as decimal number. 

“%%” = Percent sign. 

FACTORY_OPT — 0 0–65535 

Factory option flags. Add values to combine options. 

1024 = enable software-controlled maintenance 
mode 

2048 = enable Internet option 3 

4096 = enable switch-controlled maintenance mode 
1 Dasibi emulation version only. 
2 Experimental. 
3 iChip option. 
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APPENDIX A-3: Warnings and Test Functions, Software Version C.0 

Table A-2:     M703E Warning Messages, Software Version C.0 

NAME 1 MESSAGE TEXT DESCRIPTION 

WSYSRES SYSTEM RESET Instrument was power-cycled or the CPU was reset. 

WDATAINIT DATA INITIALIZED Data storage was erased. 

WCONFIGINIT CONFIG INITIALIZED Configuration storage was reset to factory configuration or 
erased. 

WPHOTOLTEMP PHOTO LAMP TEMP 
WARNING 

Photometer lamp temperature outside of warning limits specified 
by PHOTO_LAMP variable. 

WO3GENTEMP O3 GEN LAMP TEMP 
WARNING 

O3 generator lamp temperature outside of warning limits 
specified by O3_GEN_LAMP variable. 

WPHOTOREF PHOTO REFERENCE 
WARNING 

Photometer reference reading less than 2500 mV or greater than 
4999 mV. 

WLAMPSTABIL PHOTO LAMP STABILITY 
WARNING 

Photometer lamp reference step changes occur more than 25% 
of the time. 

WO3GENREF O3 GEN REFERENCE 
WARNING 

O3 reference detector drops below 50 mV during reference 
feedback O3 generator control. 

WO3PUMP O3 PUMP WARNING O3 pump failed to turn on within timeout period specified by 
O3_PUMP_TIMEOUT variable. 

WBOXTEMP BOX TEMP WARNING Chassis temperature outside of warning limits specified by 
BOX_SET variable. 

WREARBOARD REAR BOARD NOT DET Rear board was not detected during power up. 

WRELAYBOARD RELAY BOARD WARN Firmware is unable to communicate with the relay board. 

WLAMPDRIVER LAMP DRIVER WARN Firmware is unable to communicate with either the O3 generator 
or photometer lamp I2C driver chip. 

WFRONTPANEL FRONT PANEL WARN Firmware is unable to communicate with the front panel. 

WANALOGCAL ANALOG CAL WARNING The A/D or at least one D/A channel has not been calibrated. 
1 The name is used to request a message via the RS-232 interface, as in “T BOXTEMP”. 
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Table A-3:     M703E Test Functions, Software Version C.0 

TEST FUNCTION NAME 1 MESSAGE TEXT DESCRIPTION 

ACTCONC ACT=GENERATE 37 PPB O3 Actual concentration being generated, computed from real-
time inputs. 

TARGCONC TARG=GENERATE 100 PPB O3 Target concentration to generate. 

OUTPUTFLOW OUTPUT FLOW=7.3 LPM Output flow rate (computed from regulator pressure). 

REGPRESS REG PRESSURE=20.1 PSIG Regulator pressure. 

BOXTEMP BOX TEMP=31.2 C Internal chassis temperature. 

O3GENREF O3 GEN REF=1000.0 MV O3 generator reference detector reading. 

O3GENDRIVE O3 GEN DRIVE=800.0 MV O3 generator lamp drive output. 

O3GENTEMP O3 LAMP TEMP=49.7 C O3 generator lamp temperature. 

PHOTOMEAS PHOTO MEASURE=2998.8 MV Photometer detector measure reading. 

PHOTOREF PHOTO REFERENCE=3000.0 
MV 

Photometer detector reference reading. 

PHOTOFLOW PHOTO FLOW=0.2978 LPM Photometer sample flow rate. 

PHOTOLTEMP PHOTO LAMP TEMP=52.6 C Photometer lamp temperature. 

PHOTOSPRESS PHOTO SPRESS=29.9 IN-HG-A Photometer sample pressure. 

PHOTOSTEMP PHOTO STEMP=31.8 C Photometer sample temperature. 

PHOTOSLOPE PHOTO SLOPE=1.000 Photometer slope computed during zero/span bench 
calibration. 

PHOTOOFFSET PHOTO OFFSET=0.0 PPB Photometer offset computed during zero/span bench 
calibration. 

PHOTOSTABIL 2 PHOTO STABIL=0.1 PPB Photometer concentration stability (standard deviation of 25 
bench concentration samples taken 10 seconds apart). 

TESTCHAN TEST=2753.9 MV Value output to TEST_OUTPUT analog output, selected 
with TEST_CHAN_ID variable. 

CLOCKTIME TIME=14:48:01 Current instrument time of day clock. 
1 The name is used to request a message via the RS-232 interface, as in “T BOXTEMP”. 
2 O3 photometer stability measurement option. 
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USER NOTES: 
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APPENDIX A-4:   Signal I/O Definitions, Software Version C.0 

Table A-4:     M703E Signal I/O Definitions, Software Version C.0 

M703E I/O Signal List for Latest Revision 
Signal Name Bit or 

Channel 
Number 

Description 

U11, J1004, control inputs, pins 1-6 = bits 0-5, read, default I/O address 321 hex 
CONTROL_IN_1 – 
CONTROL_IN_6 

0–5 0 = input asserted 

1 = de-asserted 

 6–7 Always 1 

U14, J1006, control inputs, pins 1-6 = bits 0-5, read, default I/O address 325 hex 
CONTROL_IN_7 – 
CONTROL_IN_12 

0–5 0 = input asserted 

1 = de-asserted 

 6–7 Always 1 

U17, J1008, control outputs, pins 1-8 = bits 0-7, write, default I/O address 321 hex 
CONTROL_OUT_1 – 
CONTROL_OUT_8 

0–7 0 = output asserted 

1 = de-asserted 

U21, J1008, control outputs, pins 9-12 = bits 0-3, write, default I/O address 325 hex 
CONTROL_OUT_9 – 
CONTROL_OUT_12 

0–3 0 = output asserted 

1 = de-asserted 

U7, J108, internal inputs, pins 9-16 = bits 0-7, read, default I/O address 322 hex 
 0–7 Spare 

U8, J108, internal outputs, pins 1-8 = bits 0-7, write, default I/O address 322 hex 
 0–7 Spare 

U24, J1017, A status outputs, pins 1-8 = bits 0-7, write, default I/O address 323 hex 
ST_SYSTEM_OK 0 0 = system OK 

1 = any alarm condition or in diagnostics mode 

 1 Spare 

ST_CAL_ACTIVE 2 0 = executing sequence 

1 = not executing sequence 

ST_DIAG_MODE 3 0 = in diagnostic mode 
1 = not in diagnostic mode 

ST_TEMP_ALARM 4 0 = any temperature alarm 

1 = all temperatures OK 

ST_PRESS_ALARM 5 0 = any pressure alarm 

1 = all pressures OK 

 6-7 Spare 

U27, J1018, B status outputs, pins 1-8 = bits 0-7, write, default I/O address 324 hex 
 0-7 Spare 

Relay board digital output (PCF8575), write, default I2C address 44 hex 
RELAY_WATCHDOG 0 Alternate between 0 and 1 at least every 5 seconds to keep relay board active 

ZERO_AIR_PUMP 1 0 = pump on for zero air 

1 = off 

 2–5 Spare 
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M703E I/O Signal List for Latest Revision 
Signal Name Bit or 

Channel 
Number 

Description 

PHOTO_REF_VALVE 6 0 = photometer valve in reference position 
1 = measure position 

ZA_SHUTOFF_VALVE 7 0 = open zero air shutoff valve 

1 = close 

O3_PUMP_ON 8 0 = pump on for photometer to measure O3 

1 = off 

 9–13 Spare 

PHOTO_LAMP_HEATER 14 0 = O3 photometer lamp heater on 

1 = off 

O3_GEN_HEATER 15 0 = O3 generator lamp heater on 

1 = off 

Front panel I2C keyboard, default I2C address 4E hex 
MAINT_MODE 5 (input) 0 = maintenance mode 

1 = normal mode 

LANG2_SELECT 6 (input) 0 = select second language 

1 = select first language (English) 

SEQUENCE_LED 8 (output) 0 = sequence LED on (executing sequence) 

1 = off 

AUTO_TIMER_LED 9 (output) 0 = automatic timer LED on (automatic sequence timer enabled) 

1 = off 

FAULT_LED 10 (output) 0 = fault LED on 

1 = off 

AUDIBLE_BEEPER 14 (output) 0 = beeper on (for diagnostic testing only) 

1 = off 

Rear board primary MUX analog inputs 
PHOTO_DET 0 Photometer detector reading 

O3_GEN_REF_DET 1 O3 generator reference detector reading 

 2 Spare 

PHOTO_SAMP_PRES 3 Photometer sample pressure 

 4 Temperature MUX 

REGULATOR_PRESS 5 Regulator pressure 

PHOTO_FLOW 6 Photometer flow 

 7–8 Spare 

REF_4096_MV 9 4.096V reference from MAX6241 

 10-11 Spare 

OUTPUT_FLOW 12 Output flow 

 13 Spare 

 14 DAC loopback MUX 

REF_GND 15 Ground reference 

Rear board temperature MUX analog inputs 
BOX_TEMP 0 Internal box temperature 

PHOTO_SAMP_TEMP 1 Photometer sample temperature 
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M703E I/O Signal List for Latest Revision 
Signal Name Bit or 

Channel 
Number 

Description 

PHOTO_LAMP_TEMP 2 Photometer lamp temperature 

O3_GEN_TEMP 3 O3 generator lamp temperature 

 4–7 Spare 

Rear board DAC MUX analog inputs 
DAC_CHAN_1 0 DAC channel 0 loopback 

DAC_CHAN_2 1 DAC channel 1 loopback 

DAC_CHAN_3 2 DAC channel 2 loopback 

DAC_CHAN_4 3 DAC channel 3 loopback 

Rear board analog outputs 
CONC_OUT_1 0 Concentration output #1 

CONC_OUT_2 1 Concentration output #2 

 2 Spare 

TEST_OUTPUT 3 Test measurement output 

I2C analog output (AD5321), default I2C address 18 hex 
PHOTO_LAMP_DRIVE 0 O3 photometer lamp drive (0–5V) 

I2C analog output (AD5321), default I2C address 1A hex 
O3_GEN_DRIVE 0 O3 generator lamp drive (0–5V) 
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APPENDIX A-5: Terminal Command Designators, Software Version C.0 

Table A-5:     Terminal Command Designators, Software Version C.0 

COMMAND ADDITIONAL COMMAND SYNTAX DESCRIPTION 

? [ID]  Display help screen and commands list 

LOGON [ID] password Establish connection to instrument 

LOGOFF [ID]  Terminate connection to instrument 

SET ALL|name|hexmask Display test(s) 

LIST [ALL|name|hexmask] [NAMES|HEX] Print test(s) to screen 

name Print single test 
T [ID] 

CLEAR ALL|name|hexmask Disable test(s) 

SET ALL|name|hexmask Display warning(s) 

LIST [ALL|name|hexmask] [NAMES|HEX] Print warning(s) 

name  Clear single warning 
W [ID] 

CLEAR ALL|name|hexmask Clear warning(s) 

ZERO|LOWSPAN|SPAN [1|2] Enter calibration mode 

ASEQ number Execute automatic sequence 

COMPUTE ZERO|SPAN  Compute new slope/offset 

EXIT  Exit calibration mode 

C [ID] 

ABORT  Abort calibration sequence 

LIST  Print all I/O signals 

name[=value]  Examine or set I/O signal 

LIST NAMES  Print names of all diagnostic tests 

ENTER name  Execute diagnostic test 

EXIT  Exit diagnostic test 

D [ID] 

RESET [DATA] [CONFIG] [exitcode] Reset instrument 

LIST  Print setup variables 

name[=value [warn_low [warn_high]]]  Modify variable 

name="value"  Modify enumerated variable 

CONFIG  Print instrument configuration 

MAINT ON|OFF  Enter/exit maintenance mode 

V [ID] 

MODE  Print current instrument mode 

The command syntax follows the command type, separated by a space character. Strings in [brackets] are optional 
designators. The following key assignments also apply. 

Table A-6:     Terminal Key Assignments, Software Version C.0 

TERMINAL KEY ASSIGNMENTS 
ESC Abort line 

CR (ENTER) Execute command 

Ctrl-C Switch to computer mode 

COMPUTER MODE KEY ASSIGNMENTS 
LF (line feed) Execute command 

Ctrl-T Switch to terminal mode 
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APPENDIX B: Spare Parts List 

NOTE 

Use of replacement parts other than those supplied by API may result in non-compliance with European 
standard EN 61010-1. 

 

 05834 - LIST, SPARE PARTS, M703E 

 05863 - LIST, RECOMMENDED SPARES STOCKING LEVELS, M703E 
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CUSTOMER:_______________________________   PHONE: _____________________________________  

CONTACT NAME: __________________________   FAX NO. _____________________________________  

SITE ADDRESS:____________________________________________________________________________  

MODEL TYPE: ______________  SERIAL NO.:_________________  FIRMWARE REVISION:_____________  

Are there any failure messages? _______________________________________________________________  

_________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

________________________________________________________________________ (Continue on back if necessary) 

PLEASE COMPLETE THE FOLLOWING TABLE: 

PARAMETER RECORDED VALUE ACCEPTABLE VALUE 
ACT PPB 1% OF TARG 

TARG PPB 50 – 1000 PPB 

OUTPUT FLOW LPM 2 – 5 LPM 

REG PRESSURE PSIG 15 ± 2 PSIG @ 5 LPM 

BOX TEMP ºC  20 – 35 ºC 

O3 GEN REF mV 0 – 5000 mV 

O3 GEN DRIVE mV 0 – 5000mV 

O3 LAMP TEMP ºC 48 ± 1 ºC 

PHOTO MEASURE mV 2500 – 4700 mV 

PHOTO REFERENCE mV 2500 – 4700 mV 

PHOTO FLOW LPM 0.720 – 0.880 LPM 

PHOTO LAMP TEMP ºC 58 ± 1 ºC 

PHOTO SPRESS IN-HG-A -1” AMBIENT IN-HG-A 

PHOTO STEMP ºC 25 – 48ºC 

PHOTO SLOPE  1 ± 0.15 

PHOTO OFFSET PPB 0 ± 10 PPB 

Depending on options installed, not all test parameters shown below will be available in your calibrator) 
1 If ozone generator option installed. 
2 If photometer option installed. 
3 if permeation tube installed. 

What is measured photometer flow rate ____________________________________________________ cc3/min 

What is measured O3 generator flow rate? _________________________________________________ cc3/min 

What is the photo reference value while generating SPAN: __________________  ZERO:__________________  
 



Model M703E 
Calibrator 
Operator’s 

Manual 

Warranty/Repair 
Questionnaire  

Model 703E  
 

TELEDYNE API CUSTOMER SERVICE 
EMAIL: api-customerservice@teledyne.com 

PHONE: (858) 657-9800        TOLL FREE: (800) 324-5190       FAX: (858) 657-9816 

C-2 05747 Rev B 

What are the failure symptoms? ________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  
 

What tests have you done trying to solve the problem? ______________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

Thank you for providing this information.  Your assistance enables Teledyne Instruments to respond faster to the 
problem that you are encountering. 

 

OTHER NOTES: ____________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

__________________________________________________________________________________________  

_______________________________________________________________________________ 

_______________________________________________________________________________ 

_______________________________________________________________________________ 

_______________________________________________________________________________ 

_______________________________________________________________________________ 

_______________________________________________________________________________ 

_______________________________________________________________________________ 

_______________________________________________________________________________ 

_______________________________________________________________________________ 
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APPENDIX D: Diagrams and Schematics 
Table D-1: List of Included Diagrams and Schematics 

Document # Document Title 
05826 Interconnect Drawing M703E 

05827 Interconnect List M703E 

04420 SCH, PCA 04120, UV DETECTOR, M400E                  

04422 SCH, PCA 04144, DC HEATER/TEMP SENSOR               

04421 SCH, PCA 04166, UV LAMP POWER SUPPLY, M400E         

04259 SCH, PCA 04258, KEYBOARD, E-SERIES       

04354 SCH, PCA 04003, Pressure/Flow Transducer Interface 

04395 SCH, PCA 04394, INTRFC,ETHERNET,E-SERIES 

04524 SCH, PCA 04523, RELAY CARD, M100E/M200E/M400E     

05703 SCH, PCA 05702, MTHERBRD, E-SER, GEN-4   
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