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Preface 

Document Conventions 

If viewed electronically, text marked blue acts as Hyperlinks. Some links refer to links to 
external files, which may cause the viewer to prompt whether the action should be performed. 
 
 
 

User Registration 

It is very important that ALL new customers register themselves with us to ensure that our 
user’s list is kept up to date.  If you are a PP Systems’ user, please register yourself 
electronically on our web site at: 

http://www.ppsystems.com/Register.html 
 
Only REGISTERED users will be allowed access to our protected “Users” section of our web 
site.  This section will contain important product information including hardware/software 
updates, application notes, newsletters, etc. 
 

Thank you in advance for your co-operation. 
 
 

 
 

Please visit our web site for periodic updates on 
Technical Documentation and Software. 

 
http://www.ppsystems.com 
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Notice 
 
This instrument must not be used in situations where its failure could result in injury or death.   
 
For applications where failure of this instrument to function correctly would lead to 
consequential damage, the analyser must be checked for correct operation and calibration at 
intervals appropriate to the criticality of the situation.   
 
This manual is provided to help you install and operate the equipment. Every effort has been 
made to ensure that the information contained in this manual is accurate and complete. PP 
Systems does not accept any liability for losses or damages resulting from the use of this 
information. 
 
PP Systems' equipment warranty is limited to replacement of defective components, and 
does not cover injury to persons or property or other consequential damage. 
 
This manual, and the information contained in it, is copyright to PP Systems. No part of the 
manual may be copied, stored, transmitted or reproduced in any way or by any means 
including, but not limited to, photocopying, photography, magnetic or other mechanical or 
electrical means, without the prior written consent of PP Systems. 
 
 

Warning 

 

 

CIRAS analysers must only be powered by a 

12 Volt DC supply (absolute maximum 15 volts) of low ripple. 

(Refer to the Power Supply Section) 

 

Failures due to incorrect power supply are not covered by warranty 

 

 
 
Please try to read the manual, and at least read the following notes to avoid damage to 
CIRAS: - 
 

Do’s and Don’ts 

• CIRAS and water do not mix, so do not use water bubblers or manometers with your 
system. 

• If there is any risk of water condensing and entering CIRAS then water dropout traps 
must be fitted. 

• In dirty atmospheres external filtration may be required. 

• If CIRAS does not start up, check the battery/power supply. 

• In case of queries, please quote CIRAS Serial Number. 
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Introduction 
CIRAS employs a non-dispersive infrared measurement, coupled with microprocessor-based 
signal processing, to achieve good stability and specificity to CO2 and water vapour. 
 
The CIRAS-SC measures the absolute concentration of a single gas sample, for the purpose 
of this manual, referred to as the reference air, often abbreviated to REF.  This requires a 
CO2 and H2O infrared gas analyser. 
 
The CIRAS-DC as well as measuring the absolute concentration of the reference air, also 
measures the difference in concentration to a second sample (the analysis air or AN).  To do 
this, the CIRAS-DC uses 4 infrared gas analysers, two for CO2 and two for H2O. 
 
Each analyser consists of a source of infrared radiation (a small tungsten filament lamp) at 
one end of a highly polished, gold plated tube through which the air passes.  At the other end 
of the tube is the infrared detector, fitted with a window through which only infrared radiation 
absorbed by the gas of interest can pass.  Then the analyser responds only to the presence 
of that gas.  Carbon Dioxide absorbs infrared radiation strongly at a wavelength of 4.26 
microns.  H2O absorbs at a shorter wavelength.  Detector wavelengths are carefully chosen 
so that there is no overlap of the CO2 and H2O absorption bands.  Because the analysers are 
all simple absorptiometers, their theoretical range is from 0-100% of the gas they are 
designed to measure.  However, because of the absorption characteristics of gases, the 
absorption path lengths, infrared source intensities, detector sensitivities and the Signal/Noise 
ratio of the system define their effective ranges.  The absorption path length for CO2 is 
optimised for 2000 ppm but good accuracy is still available up to 10000 ppm.  The H2O is 
optimised for 0-75mb (75,000 ppm).  Temperature corrections are not required as the opto-
electronics are fitted with thermostats set to about 54ºC and the sample air is also 
equilibrated to this temperature before entering the absorption cells.  Absolute pressure 
changes in the cells and the differential pressure between cells, are measured by built in 
transducers, and corrected for in the firmware. 
CIRAS has-internal air sampling pumps with mass flow controllers that pump the air through 
the cells at about 90 mls minute

-1
. 

 
In part, the excellent stability of CIRAS is due to the regular zero process when CO2/H2O free, 
air is passed through the cells, (referred to in future as ZERO).  ZERO minimises the effects 
on span (gas sensitivity), of sample cell contamination, source ageing, and changes in 
detector sensitivity, amplifier gains, and reference voltages.  It is done on start up, and then 
after 5, 10, 20 and 30 minutes, and subsequently every 30 minutes. 
 
With the DC, accurate determination of the differential concentrations from measurement of 
the absolute concentrations of the REF. and AN. samples requires that the analysers be 
matched to within the instrument specifications.  In building the CIRAS-DC great care is taken 
to match detectors, filters, polished cells and finally in individual linearising the analysers.  
Even so, small differences remain and these are taken care of by balancing the cell outputs to 
ensure that the differential readings are correct.  At regular intervals, subsequent to ZERO or 
following large changes in the measurement concentrations, then the reference sample is 
passed through both the REF. and AN. cells to determine the offset between them.  This is 
called Differential Balancing, abbreviated to DIFF-BAL. 
The user has control of how and when these will occur. (See Table 9 Zero Options) 
 
CIRAS uses a microcomputer, for analyser control, A/D conversions, and interaction with the 
user. 
CIRAS is designed for use with a PC.  For field use, a pocket PC (Palm Top) or Laptop is 
suitable.  
 
Analogue output of the data is also provided, for use with a chart recorder etc. 
 
An analogue input sockets is provided.  This provides 5 voltage inputs, 2 thermistor inputs 
and is compatible with PP Systems standard environmental probes. 
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CIRAS-DC - Front Panel 
 
 
 
 
 

 

Figure 1 CIRAS DC Front Panel 
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CIRAS-SC - Front Panel 
 

 

Figure 2 CIRAS-SC Front Panel 
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Power Supply 
 
CIRAS may be fitted with an internal lead acid battery.  This is a factory fitted optional extra. 
 
The external power supply/battery charge is through the (+)/(-) sockets on the front panel. 
(See Figure 1 CIRAS DC Front Panel and Figure 2 CIRAS-SC Front Panel). 
 
It is important that the correct polarity is maintained when connecting to external supplies and 
to this end the power inlets to the CIRAS are different sizes. 

 

 
We recommend that only the power supply provided with the unit is used. 

Connection of Reverse Polarity will damage CIRAS. 
 

 
The power supply supplied with CIRAS has the correct connectors fitted. 
 
If the circuit board supply voltage drops to 10.5V CIRAS-SC will send out a low voltage 
warning and, if ignored, will automatically close down shortly after. 
 

If CIRAS does not start up on Switch On, then first check the Battery/Power Supply. 
 
The Ciras is protected by auto-resetting thermal fuses. 
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Gas Connection 
 

(See Figure 1 CIRAS DC Front Panel and Figure 2 CIRAS-SC Front Panel). 
 

Analyser Cell Connections 

AIR IN corresponds to inlets to the analyser cells and OUT, the outlets from the sample 
pumps. 
With the DC, R and A correspond with REF. and AN. respectively, 
 
The CIRAS can be run in Closed System mode, but during ZERO the inlets are connected to 
CO2 free, dry air, which will therefore also apply to the outlets.  With the CIRAS-DC, during 
DIFF-BAL the REF sample emerges from both cell outlets. 
 
 

ZERO IN 

If the absorber columns are plugged into the CIRAS manifolds as normal then ambient air is 
drawn through this inlet.  If it is desired to use an external zero gas (i.e. nitrogen), then you 
should simply empty the contents of both absorber columns and put them back in place (with 
columns empty for smoothing purposes) and connect the external zero gas to the Zero IN 
port.  If using an external zero gas, we strongly recommend that you fit a ‘T’ piece in line to 
prevent over-pressurization of the IRGA’s.   
 
 
 
 
 
 
 

S
o
d
a
lim

e
 

E
n
v
ir
o
g
e
l 

M
o
le

c
u
la

r 

S
ie

v
e
 

ZERO IN 

To IRGA 



Data Inputs/Outputs 
 

CIRAS SC/DC Operators Manual – Version 2.01 
- 12 - 

Data Inputs/Outputs 
 
See Figure 1 CIRAS DC Front Panel and Figure 2 CIRAS-SC Front Panel for the location of 
these connectors. 
 

AN O/P - Analogue Outputs 

The 5-pin DIN PLUG is used for the analogue outputs.  The outputs have a source 
impedance of about 60 ohms, so if external resistors are used to drop the voltage then it is 
recommended that they exceed 10kohms in total. 
 
Please refer to [S] Set Operational Parameters and [B] Recall Operational Parameters for 
setting/reviewing the output levels. 

CIRAS-DC 

There are four analogue output voltages from CIRAS-DC corresponding to the absolute and 
differential CO2 and H2O concentrations.  These have a range of 0-5V with 8 bit (0.4% of full-
scale deflection) resolution.  To optimise the outputs it is possible to set the corresponding 
concentration ranges e.g. for CO2 REF set 0V=300ppm and 5V=450ppm. The span must be 
greater than 25ppm(CO2) and 5mb(H2O).  Similarly the differential ranges can be set (CO2 +/- 
25ppm to +/-999ppm and for H2O +/-5mb to +/-50mb. 
N.B. 2.5V Output = Zero Differential). 
These ranges are set up from the PC (Refer to [S] Set Operational Parameters). 

Examples 

If CO2 Reference = 356ppm and Range is set to 0V=0ppm, 5V=2000ppm then: - 
CO2 REF output = 356/2000 x 5.0 V = 0.89 V 

If CO2 Differential = +25ppm and Range is set to +/-50 ppm then: - 
CO2 DIFF output = 25/50 x 2.5 +2.5 = 3.75V 

If H2O Reference = 25.56mb and Range 0V=10mb; 5V=50mb then: - 
H2O REF output = (25.56-10.0)/40 x 5.0 VOLTS = 1.95 V 

CIRAS-SC 

Reference Outputs 

There are two analogue output voltages from CIRAS-SC corresponding to the REF CO2 and 
H2O concentrations.  These have a range of 0-5V with 8 bit (0.4% of fsd) resolution.  To 
optimise the outputs it is possible to set the corresponding concentration ranges e.g. for CO2 
set 0V=300ppm and 5V=450ppm.  The span must be greater than 25ppm(CO2) and 
5mb(H2O).  These ranges are set up from the PC (Refer to [S] Set Operational Parameters). 

Example 

If CO2 REF = 356ppm and Range 0V=0ppm, 5V=2000ppm, then: - 
CO2 REF output = 356/2000 x 5.O VOLTS = 0.89 VOLTS 

If H2O REF = 25.56mb and Range 0V=0ppm, 5V=50mb then: - 
H2O REF output = 25.56/50 x 5.0 VOLTS = 2.56 VOLTS 

Fractional Reference Outputs 

There are two further analogue output voltages from CIRAS-SC that correspond to the 
fractional part of REF concentration when it has been divided by 100.  This is scaled over the 
range 0 to 100ppm/10mb respectively. This provides a good resolution (0.5ppm/0.05mb), 
whilst allowing REF to be set to a wide measurement range. 

Example 

If CO2 Analysis = 356ppm and Range 0V=0ppm, 5V=2000ppm then:- 
CO2 FRACT output = (356-300)/100 x 5.0 VOLTS = 2.8 VOLTS 

If H2O Analysis = 25.56mb and Range 0V=0ppm, 5V=50mb then: - 
H2O FRACT output = (25.56-20)/10 x 5.0 VOLTS = 2.78 VOLTS 
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AN O/P Connector 

 
PIN AN O/P 

1 CO2REF 

2 H2OREF 

3 GND 

4 CO2DIFF 

5 H2ODIFF 
} 

 
 

0-5V Range. 
Set by PC 

Table 1 CIRAS SC/DC AN O/P Connections 

 
 
 
 
 
 
 
 

Figure 3 CIRAS SC/DC AN O/P Connector Pins 

 
 

RS232 – Serial Communications 

The 3-pin DIN SOCKET is for connection to the palm top or a lab PC.  It provides for 2-way 
RS232 communication.  

Baud Rate and Format of the RS232 

Baud Rate 1200 

Start Bits 1 

Data Bits 8 

Stop Bits 2 

Parity None 

Table 2 RS232 Specification 

 

RS232 Connector 

PIN RS232 
1 GND 
2 RXD 
3 TXD 

Table 3 CIRAS SC/DC RS232 Connector 

 
 
 
 
 
 
 

Figure 4 CIRAS SC/DC RS232 Connector Pins 

 
 
 
This is a 15 Pin D Connector, located on the Absorber Side of the CIRAS SC/DC. 
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(See Figure 9 CIRAS SC/DC Side Panel ) 
 
All the A to E inputs give a reading of 0-2500 for 0-2.5V inputs 
 

PIN  
NUMBER 

INPUT  
DESCRIPTION 

TYPE CIRAS 
DISPLAY 

1 INPUT A 0-2500mV 0-2500 

2 INPUT B 0-2500mV 0-2500 

3 INPUT C 0-2500mV 0-2500 

4 NOT CONNECTED   

5 INPUT D 0-2500mV 0-2500 

6 + 5V   

7 ALARM OUT   

8 DIGITAL GROUND   

9 REFERENCE VOLTAGE  2.5V   

10 THERMISTOR 1  Betatherm 100K6  

11 THERMISTOR 2  Betatherm 100K6  

12 +12V   

13 INPUT E  0-15V 0-150 

14 NOT CONNECTED   

15 ANALOG GROUND   

 

Table 4 CIRAS SC/DC 15 PIN D-CONNECTOR ON CIRAS SC/DC 

 
THERMISTOR INPUT.  
Connect thermistor between the input pins (10/11) and the reference voltage on pin 9. 
The thermistor to be used is a Betatherm 100K6 which is available in a number of 
configurations. 
These are displayed as T DEG C x 10.  The range is –20 to +75 
 
Temperatures below 0 Deg C are displayed as (900+ Tx10) 
 
INPUT E (0-15V) is supplied for monitoring external batteries. 
Other inputs are compatible with PP Systems standard environmental sensors. 

 

Sensor Type Input Pin Range(1V=    ) Conversion Factor 

PAR 2 3000mmol.m
-2

 s
-1

 x 3.00 

RH 3 100.0% x 0.10 

TEMPERATURE 5 50ºC x 0.05 

OXYGEN 2 30.0% x 0.03 

NB PAR and OXYGEN sensors have a common input pin so cannot be used together. 
To convert the CIRAS outputs to engineering units then multiply by the conversion factor. 

 
Table 5 Probe Connector Voltage to Unit Conversion Factors 
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Optional Probe Connector 

 

 Probe Connector 

PIN PP Systems Environmental 
Sensor 

DC Inputs 

1 Probe Code INPUT A 

2 PAR (0-1V = 0-3000 µmol m
-2

 sec
-1

) INPUT B 

3 RH (0-1V = 0-100%) INPUT C 

4   

5 Temperature (0-1V = 0-50 °C) INPUT D 

6 +5V Out  

7 Alarm Out Gas  

8 Digital Ground Switching 

9  Unit 

10  Connector 

11   

12 +12V Out  

13   

14   

15 Analogue Ground Analogue Ground 

 

Table 5 PP SYSTEMS Probe Connections. 

 
 
 
 
 
 
 

Figure 5 CIRAS SC/DC Probe Connector Pins 
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Measurement Mode 

Initial Checks 

Before use, check the condition of the various absorber columns. 
Refer to the Maintenance Section, CIRAS SC/DC ZERO Absorber Columns. 
 
If the absorber columns are horizontal, then air could be drawn across the surface of the 
absorbers rather than through them.  The columns should therefore always be used at an 
angle sufficient to prevent this happening. 
 

Start Up And Measurement 

Connect the CIRAS to the power supply ensuring polarity of the connectors are correct. 
 
Switch on the unit.  (The CIRAS will automatically restart in the event of a temporary power 
loss). 
 
On start up the analyser temperature is checked.  Checking continues until the set 
temperature is approached.  The rate of change of the analyser temperature is then 
monitored, and checking continues until the temperature change is small.  During this period 
the analyser continually transmits "Wnnn" through the RS232 where nnn is the analyser 
temperature x10.  Once the temperature is stable, the analyser enters ZERO, and monitors 
the rate of change of CO2/H2O in the cells until a true zero is measured.  During this period 
the analyser transmits "Znn" where nn corresponds with the data input cycle which takes 1.6 
seconds.  After 19 cycles the ZERO is complete but then there is a pause to flush the zero air 
from the cells.  The complete ZERO process takes about 40 seconds. 
The above temperature checking / ZERO cycle is then repeated.  (This ensures that if the 
zero columns have just been changed then they get well flushed.) 
 

 
NOTE: 

If the Ciras has been turned off for a short time, then the Warm up tests are omitted. 
However, it takes about 40 seconds before the A/D converters have completed their  
Auto-Zero and are giving steady readings.  During this period "Wnnn" is transmitted 

This is followed by a zero. 
 

 
On completion of ZERO the analyser will start measurements, transmitting the data through 
the RS232 port every 1.6 seconds. Subsequently, whether further ZERO is done depends on 
the ZTYPE setting but the default on start up is ZTYPE=1, which means the ZERO is done by 
the analyser when required.  Then ZEROs will continue to be done automatically after 5, 10, 
20 and 30 minutes, and subsequently every 30 minutes. (See Table 9 Zero Options) 
 
With the CIRAS-DC, depending on ZTYPE, about 40 seconds after the completion of ZERO, 
there will be a DIFF-BAL.  This will also be done if the CO2/H2O REF changes by more than 
100ppm/5mb. 
N.B.  If the REF concentration is unsteady then DIFF-BAL is inhibited. 
 

Measurement Averaging 

The CO2/H2O measurements are normally subjected to an averaging process.  This consists 
of comparing the current reading and the stored average reading (both raw data).  If the 
difference exceeds the AV LIMIT then the current reading replaces the average, otherwise the 
current reading is incorporated into the average. The average reading is then linearised etc to 
give the measured concentration.  The default AV LIMIT is 30 units corresponding to 3 ppm 
for CO2 and 0.2mb for H2O.  If the AV LIMIT is set to 1 then averaging is disabled, giving 
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instantaneous readings.  The averaging band is increased as AV LIMIT is increased, up to a 
maximum of 999 units. 
The AV LIMIT is set up from the PC. Refer to the [S] Set Operational Parameters in the 
Remote Control Section. 
 

Recording 

The analyser records data internally at the interval set by the operator (See [S] Set 
Operational Parameters).  When the database is full, 820 records, then recording stops. 
The operator can initiate transfer of stored data to a PC as required. Refer to [D] Record 
Dump in the Remote Control Section. 
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Calibration 
 
CIRAS is a very stable instrument and should NOT require calibration. 
This is because the auto-zero function corrects for nearly all changes that give rise to drifts in 
calibration. 
 
The common cause of a drift in CIRAS readings is an incorrect Zero due to either exhausted 
chemicals or to leaks on the zero columns from rolled or damaged O-rings etc.  This is 
therefore easily corrected. 
 
The second cause, though fortunately less common, is liquid water through the cells, affecting 
their reflectivity and therefore the linearity. 
 
The only reason to re-calibrate CIRAS is to use your own laboratory standard, rather than 
relying on our calibration. 
 
Check the H2O calibration regularly against an H2O calibrator and for CO2, use a standard 
gas or against ambient (away from CO2 sources such as cars, boilers, breath etc).  Ambient 
air is in the range 340-360ppm.  If the check indicates deviations from expected then check 
the Zero Absorber columns. 
 
If, for some reason a calibration must be performed, the following items are required: 
 

• A standard gas for CO2 calibration. 

• A source of known water vapour content for H2O calibration (similar to our Water Vapour 
Calibrator). 

• The contents of the CO2 analyser zero columns (columns 5 & 6) must NOT be exhausted.  
Double check to make sure that the chemicals are fresh. 

• The analyser must have been switched on for at least 30 minutes minimum. 
 
 

 
Warning 

It is absolutely critical that the analyser Zero columns (columns 5 & 6) are fresh before 
performing CO2/H2O calibrations.  If the chemicals are not fresh, it will cause the zero to drift, 

thus causing the calibration to be off. 
 

 
 

CO2 Calibrations Source and Connections. 

For CO2 calibration, a gas cylinder of known concentration is required.  This must not be 
connected directly to the CIRAS. 
 
Either: - 
Connect through T or Y connector.  One leg goes to the REF AIR IN, the 2nd leg to the gas 
cylinder, and the remaining leg to atmosphere through a 30cm pipe.  The flow rate from the 
gas cylinder should be set so that there is small excess, say 100-200 ml/minute, flowing to 
atmosphere. The total flow for a CIRAS-SC is then 200-300 ml/minute and for a CIRAS-DC, 
300 to 400 ml/minute. 
  
On no account use gas bubbling through water to indicate surplus flow.  If CIRAS ingests 
water, it is likely that there will be damage to the cell surfaces, the detector windows, the IR-
Source, the pumps and the mass flowmeters. 
  
Or preferably: - 
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Fill a gas sample bag with the calibration gas direct from the cylinder.  Now attach the gas 
sample bag inlet to the REF AIR IN and the CIRAS will draw out a sample without any risk of 
pressurisation.  Gas sample bags are available from PP Systems. 
 
If possible, the standards should have a concentration slightly greater than the usual 
measurement. It is better not to calibrate with a concentration much smaller than the 
measurements, i.e. do not use a 300-ppm standard when measuring 2,000 ppm. 
 

H2O Calibration sources and connections. 

For H2O calibration, an air supply of known water vapour concentration is required (mb). 
 
 There are a number of ways that this can be obtained: - 
 

• By bubbling air through water of a known temperature. Do make sure that there is a trap 
for liquid water before CIRAS.  See above Warning about CIRAS and water. 

• By passing air through a suitable FeSO4.7H2O column at a known temperature.  (See 
Table 6 FESO4 Temperature vs. Vapour Pressure in mb which follows).  This is best 
done on a closed circuit, combining the reference and analysis outlets and connecting to 
the column air inlet.  The air should be in contact with the FeSO4 for about 12 seconds, 
though recycling will help.  Therefore, at a flow rate of 2x100cm

3
 minute, a volume of 

40cm
3
 is required.  FeSO4 has the advantage that no liquid water is involved that can 

damage CIRAS. 
The PP Systems Water Vapour Calibrator uses this system. 

 

PP Systems’ Water Vapour Calibrator (Optional) 

The calibrator consists of an insulated container filled with ferrous sulphate salt 
(FeSO4.7H2O). The unit is fitted with thermistor temperature sensors measuring ambient air 
temperature and the temperature of the air emerging from the FeSO4.7H2O.  The water 
vapour pressure above the FeSO4.7H2O is a function of the salt temperature as shown in 
Table 6 FESO4 Temperature vs. Vapour Pressure in mb. 
 
The salt can humidify many litres of air, and it should last many years as it is being used in a 
re-circulating mode.  The degree of exhaustion of the salt can be determined by its weight as 
shown on the test certificate beneath its cap.  For more information on our water vapour 
calibrator, contact PP Systems. 
 

Reference 
Parkinson K.J. and Day W. (1981) Water Vapour Calibration using Salt Hydrate Transitions. 
J.Expt Bot. 32, 411-418. 
 
The calibrator should be both stored and operated in a relatively stable temperature 
environment. 
 
Please refer to the documentation for the PP Systems Water Vapour Calibrator. 
 
Switch on CIRAS and allow it to warm up for at least 30 minutes before calibrating. 
When ready to calibrate, plug the electrical connector from the calibrator into CIRAS, but do 
not connect any air pipes at this stage. 
 
First check that there will not be any risk of condensation by starting the calibration procedure 
and look for error messages on the transmitted data.  If all is well then connect the air pipes to 
the CIRAS. 
If there is risk of condensation, it means that the calibrator has not equilibrated with the 
ambient air temperature and should be left for a longer period. 
When ready to proceed with calibration, connect the two upper calibrator pipes direct to the 
CIRAS-DC analyser OUT or with the CIRAS-SC, to an Y piece and then to the OUT. 
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Connect the lower pipe to the analyser REF AIR IN. 
 

T .0 .1 .2 .3 .4 .5 .6 .7 .8 .9 

0 2.53 2.56 2.58 2.60 2.63 2.65 2.67 2.70 2.72 2.75 

1 2.77 2.80 2.82 2.85 2.87 2.90 2.93 2.95 2.98 3.01 

2 3.03 3.06 3.09 3.11 3.14 3.17 3.20 3.23 3.26 3.28 

3 3.31 3.34 3.37 3.40 3.43 3.46 3.49 3.52 3.56 3.59 

4 3.62 3.65 3.68 3.71 3.75 3.78 3.81 3.85 3.88 3.91 

5 3.95 3.98 4.02 4.05 4.09 4.12 4.16 4.19 4.23 4.27 

6 4.30 4.34 4.38 4.41 4.45 4.49 4.53 4.57 4.61 4.65 

7 4.68 4.72 4.77 4.81 4.85 4.89 4.93 4.97 5.01 5.06 

8 5.10 5.14 5.18 5.23 5.27 5.32 5.36 5.41 5.45 5.50 

9 5.54 5.59 5.64 5.68 5.73 5.78 5.83 5.88 5.92 5.97 

10 6.02 6.07 6.12 6.17 6.22 6.28 6.33 6.38 6.43 6.49 

11 6.54 6.59 6.65 6.70 6.76 6.81 6.87 6.92 6.98 7.04 

12 7.09 7.15 7.21 7.27 7.33 7.39 7.45 7.51 7.57 7.63 

13 7.69 7.75 7.81 7.88 7.94 8.00 8.07 8.13 8.20 8.26 

14 8.33 8.39 8.46 8.53 8.60 8.67 8.73 8.80 8.87 8.94 

15 9.01 9.09 9.16 9.23 9.30 9.38 9.45 9.52 9.60 9.67 

16 9.75 9.83 9.90 9.98 10.06 10.14 10.22 10.30 10.38 10.46 

17 10.54 10.62 10.70 10.79 10.87 10.95 11.04 11.12 11.21 11.29 

18 11.38 11.47 11.56 11.65 11.74 11.83 11.92 12.01 12.10 12.19 

19 12.28 12.38 12.47 12.57 12.66 12.76 12.86 12.95 13.05 13.15 

20 13.25 13.35 13.45 13.55 13.65 13.76 13.86 13.96 14.07 14.18 

21 14.28 14.39 14.50 14.60 14.71 14.82 14.93 15.04 15.16 15.27 

22 15.38 15.50 15.61 15.73 15.84 15.96 16.08 16.20 16.32 16.44 

23 16.56 16.68 16.80 16.93 17.05 17.18 17.30 17.43 17.55 17.68 

24 17.81 17.94 18.07 18.20 18.34 18.47 18.60 18.74 18.87 19.01 

25 19.15 19.29 19.43 19.57 19.71 19.85 19.99 20.14 20.28 20.43 

26 20.57 20.72 20.87 21.02 21.17 21.32 21.47 21.62 21.78 21.93 

27 22.09 22.24 22.40 22.56 22.72 22.88 23.04 23.21 23.37 23.53 

28 23.70 23.87 24.03 24.20 24.37 24.54 24.72 24.89 25.06 25.24 

29 25.41 25.59 25.77 25.95 26.13 26.31 26.49 26.68 26.86 27.05 

30 27.24 27.42 27.61 27.80 28.00 28.19 28.38 28.56 28.77 28.97 

31 29.17 29.37 29.57 29.77 29.98 30.18 30.39 30.59 30.80 31.01 

32 31.22 31.44 31.65 31.86 32.08 32.30 32.52 32.74 32.96 33.18 

33 33.40 33.63 33.85 34.08 34.31 34.54 34.77 35.01 35.24 35.48 

34 35.71 35.95 36.19 36.43 36.68 36.92 37.17 37.41 37.66 37.91 

35 38.16 38.41 38.67 38.92 39.18 39.44 39.70 39.96 40.22 40.49 

36 40.75 41.02 41.29 41.56 41.83 42.11 42.38 42.66 42.94 43.22 

37 43.50 43.78 44.07 44.35 44.64 44.93 45.22 45.52 45.81 46.11 

38 46.40 46.70 47.01 47.31 47.61 47.92 48.23 48.54 48.85 49.16 

39 49.48 49.79 50.11 50.43 50.75 51.08 51.40 51.73 52.06 52.39 

40 52.72 53.06 53.39 53.73 54.07 54.41 54.76 55.10 55.45 55.80 

41 56.15 56.51 56.86 57.22 57.58 57.94 58.30 58.67 59.03 59.40 

42 59.77 60.15 60.52 60.90 61.28 61.66 62.04 62.43 62.82 63.20 

43 63.60 63.99 64.39 64.78 65.18 65.59 65.99 66.40 66.80 67.22 

44 67.63 68.04 68.46 68.88 69.30 69.73 70.15 70.58 71.01 71.44 

45 71.88 72.32 72.76 73.20 73.64 74.09 74.54 74.99 75.44 75.90 

46 76.36 76.82 77.28 77.75 78.22 78.69 79.16 79.64 80.11 80.60 

47 81.08 81.56 82.05 82.54 83.04 83.53 84.03 84.53 85.03 85.54 

48 86.05 86.56 87.07 87.59 88.11 88.63 89.15 89.68 90.21 90.74 

49 91.28 91.81 92.35 92.90 93.44 93.99 94.54 95.10 95.65 96.21 

50 96.78 97.34 97.91 98.48 99.05 99.63     

Table 6 FESO4 Temperature vs. Vapour Pressure in mb 
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Stored Differential Balance (CIRAS DC Only) 
 
If a measurement range is known, then a Stored Differential Balance (SDB) allows the 
instrument to respond quickly to a concentration change, both CO2 and H2O, because the 
differential offset can be predicted. 
 
The offsets are measured at a series of concentrations prior to the experiment. CIRAS DC fits 
a quadratic equation to the offset and subsequently uses this to predict the offset at any 
concentration over the range. 
 
For a SDB it is required that the CIRAS DC have gas supplied to it over a range. Thus, for 
CO2, a range of 600ppm from 400ppm to 1000ppm should start at 400ppm and be increased 
by 100ppm increments. The CIRAS DC is informed by the user, via software, when the 
readings are steady, and these points are used to perform a quadratic fit over the range. 
Refer to [F1/F2] Store A Set Of DIFF-BAL Offsets in the Remote Control Section. 
 
Gas is supplied via the REF AIR IN connector. CO2 and H2O concentrations are supplied 
simultaneously. Please note that if using CO2 cylinders, it is important to introduce a T Piece 
to allow venting of over pressure. 
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Serial Communication Protocol 

ASCII Character Definitions 

<CR> Carriage Return 
<LF> Line Feed 

Output On Start Up (Warm Up) 

<LF>Wnnn<CR> 

Repeated at approximately 1.6 second intervals until the operating temperature is reached. 
nnn is the Analyser Temperature x 10. 

Output During ZERO 

<LF>Znn<CR> 

Repeated at approximately 1.6 second intervals until ZERO is completed. 
nn is the count of the analyser read cycles. 

Output During DIFF-BAL (CIRAS-DC only) 

<LF>Dnn<CR> 

Repeated at approximately 1.6 second intervals until zero is completed. 
nn is the count of the analyser read cycles. 

 

Output During Measurement 
This takes place at approximately 1.6 second intervals. 
 

Measurement String 

Measurement string is transmitted as: - 
 
<LF>MPPRRDDMMHHMMSSCCCCCcDDDDHHHhDDDDP111P222P333P444P555TT1TT2ATMPEC<
CR> 

 
The character string starts with <LF> and terminates with <CR>. 

A complete record consists of a single line of 65 characters (excluding <LF> & <CR>). 

The position (Pos.) of the start of each field in the string is numbered to facilitate string 
handling in any user program. 
nnn.nn indicates the position of the decimal point in record of length nnnnn. 

 
The following describes each field (variable) in the record. 
 

Field Pos. Description 
<LF>  Start of Record 

ASCII Code 10 
M 1 Start Character 

If there is an instrument malfunction or CIRAS is sending a status 
code to the PC, this becomes E and the code (EC) at the end of 
the data string is changed from 00 to the appropriate error or 
status code. 

PP 2 Plot Number 
Range is 01 to 99 

RR 4 Record Number 
The record number ranges from 01 to 99. 
It is reset to 01 when a new plot number is entered.  When the 
record number becomes greater than 99 then the plot number is 
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Field Pos. Description 
incremented by 1 and the record number reset to 01. 

DDMM 6 Date 
DD Day 
MM Month 

HHMMSS 10 Time 
HH Hour 
MM Minute 
SS Second 

CCCCC 

(nnnn.n) 

16 Measured CO2 
Concentration in ppm by volume, corrected to 1 bar atmospheric 
pressure and for cross sensitivity to water vapour. 

cDDDD 

(+/- nnn.n) 

21 Difference between AN and REF CO2 
Concentration in mb 
Relevant to the CIRAS-DC only (Set to 00000 in SC). 
The first character (c) indicates sign, where: - 
 0=+ and 1=- in the data string.  
If AN < REF then value is negative. 

HHH 

(nn.n) 

26 Measured water vapour concentration in millibars 
Corrected to 1 bar atmospheric pressure. 

hDDDD 

(+/- nn.nn) 

29 Difference between the AN and REF H2O 
Concentrations in ppm. 
Relevant to the CIRAS-DC only (Set to 00000 in SC). 
The first character (h) indicates sign, where: - 
 0=+ and 1=- in the data string. 
If AN > REF then value is positive. 

P111 

(nnnn) 

34 Input A 
mV reading 

P222 

(nnnn) 

38 Input B 
mV reading 

P333 

(nnnn) 

42 Input C 
mV reading 

P444 

(nnnn) 

46 Input D 
mV reading 

P555 

(nnnn) 

50 Input E 
V x 10 reading 

T11 

(nn.n) 

54 Thermistor 1 
Temperature in ºC 

T22 

(nn.n) 

54 Thermistor 2 
Temperature in ºC 

ATMP 

(nnnn) 

60 Atmospheric Pressure 
millibars measured at Reference Cell outlet. 

EC 

(nn) 

64 Error/Status Code 
00 = OK 
See Error Codes for possible values 

<CR>  End of Record 
ASCII Code 13 

Table 7 Format of Measurement/Record String 

 

Output of Records From Memory 

These have an identical format to the above except the start character M is omitted. 

 
If there are no records in the store then <LF>Z<CR> is transmitted immediately. 

 
Similarly, subsequent to the transmission of the last record, <LF>Z<CR> is transmitted. 
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Output When CIRAS Records Data 

<LF>R<CR> 

Transmitted once. 
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Remote Control 
 
The functions described in the following section are fully implemented in the Remote Control 
Program supplied with the CIRAS SC/DC. See the PC Software Section of this manual. 
 

Establishing 2-Way Communications 

To establish 2-way communications between a PC and CIRAS, the PC must send a character 
to CIRAS.  This will put CIRAS into the Remote Control Mode, when measurements will be 
suspended.  The character is not recognised by CIRAS and is not echoed. 
 
Wait at least 10 seconds after CIRAS has been turned on. 
 
Any character can be sent to CIRAS, but it must be a single character without <CR><LF>. 

 
CIRAS will then respond by sending: 
 
<LF>A<CR> 
 
Until communication with the CIRAS is terminated, all the control characters sent to CIRAS 
will be echoed back. 
 
If a message "TRY AGAIN" is sent from CIRAS, then CIRAS has received a corrupted 

data string.  Re-send the data string or switch off and restart. 
 
The control options available are as follows: - 
 
A Memory Check [A] - Memory Check 
B Recall Operational Parameters [B] Recall Operational Parameters 
C Calibration [C1-C4] Calibration 
D Record Dump [D] Record Dump 
E Self Test [E1-E4] Diagnostics 
F Set up of Stored DIFF-BAL factors [F1/F2] Store A Set Of DIFF-BAL Offsets 
I Reset the CIRAS to the factory settings. [I] Memory Initialise 
L Pulse on the ALARM output line. [L] Alarm Line Pulse 
M Memory Clear [M] Memory Clear 
P Set Plot Number [P] Plot Number 
Q Quit Remote Control Mode [Q1/Q2] Quit Remote Control Mode 
S Set Operational Parameters [S] Set Operational Parameters  
T Set Date & Time [T] Set Date & Time  
Z Initiate ZERO or DIFF-BAL [Z1/Z2] Initiate ZERO/DIFF-BAL 

Table 8 CIRAS SC/DC Control Options 
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Communications Protocol 
 

[A] - Memory Check 

 
PC sends: - 

A<CR><LF> 

 
After the echo back, CIRAS will send:- 
 
<LF>CHECKSUM,RECORD POINTER,FREE RECORDS,EPROM VERSION,SERIAL NO.,CIRAS TYPE<CR> 
<LF>A<CR> 
 
 
CHECKSUM A number stored in memory to test for memory corruption. 

It should be 123456. 
An error in the CHECKSUM suggests the memory is corrupted.  
CIRAS will already have checked this on start up. 
If it found a checksum error it will have re-initialised the memory.  If 
the error is still reported here then either the memory has again been 
corrupted or possibly the battery backup battery has failed. 

RECORD POINTER Decimal value of the memory address for the next unused new 
record. 

FREE RECORDS Number of records that can still be taken before the database is full. 

 
These are related by the following: - 
 

[RECORD POINTER] = 6496 + ( ( 820 - [FREE RECORDS] ) * 32 ) 

 
Where 
 6496 = Start of data base  
 820 = Maximum number of records 
 32 = Record size 
 
If the values do not agree then the record pointers are corrupted. 
CIRAS has two pointers to its record store.  One is to the number of records currently stored, 
the other is the address of the next free record.  Very rarely the pointers can get out of line if 
CIRAS is switched off in the middle of recording, resulting in one being updated without the 
other.  On start up, CIRAS checks that the pointers agree.  If they do not, then the pointers 
will be reset to the end of the database, and the above calculation will give an error.  It is now 
possible to dump the complete database and examine the contents for valid records.  When 
cleared the database is filled with 000, so it is easy to separate out valid records.  Now the 
memory must be cleared. 
 
EPROM VERSION Version of Firmware installed in CIRAS 
SERIAL NUMBER Serial Number of Instrument 
CIRAS TYPE Identifier for Instrument Type 

 21 = CIRAS-DC 
 22 = CIRAS-SC 
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[B] Recall Operational Parameters 

 
PC sends: - 

B<CR><LF> 
In response, after the echo back, CIRAS will send: - 
 
<LF>CO2 CAL,H2O 
CAL,AV.LIMIT,LOWC,LOWH,HIGHC,HIGHH,CDFF,HDFF,RECORDTIME,ZTYPE,CONTROLC,MAXC<CR> 

 
CO2 CAL CO2 calibration concentrations in ppm 
H2O CAL H2O calibration concentrations in mb*10 
AV LIMIT Current analyser setting in ppm*10 

Default = 30 = 3ppm 
LOWC Settings for CO2 D/A outputs in ppm 
LOWH Settings for H2O D/A outputs in mb 
HIGHC Settings for CO2 D/A outputs in ppm 
HIGHH Settings for H2O D/A outputs in mb 
CDFF Settings for CO2 D/A outputs in ppm 
HDFF Settings for H2O D/A outputs in mb 
RECORDTIME Time between records in units of 10 seconds 

0 = Recording OFF 
ZTYPE This value controls the ZERO mode of CIRAS SC/DC and 

DIFF-BAL mode of CIRAS DC 
See Zero Options below. 

CONTROLC For use with a PP Systems Lab Air Supply with CO2 Control. 
MAXC                                      Ditto 

 
See also [S] Set Operational Parameters for limits on the above values. 

CO2 CAL,H2O CAL 

Please refer to Calibration and [C1-C4] Calibration. 

AV LIMIT 

Please refer to Measurement Averaging. 

LOWC, LOWH, HIGHC, HIGHH, CDFF, HDFF 

Please refer to AN O/P - Analogue Outputs. 

RECORDTIME 

The time interval CIRAS uses for Internal Recording. Intervals are 10 seconds, where 1=10 
seconds. 0 = OFF.  See also Recording and [D] Record Dump. 

ZTYPE 

DIFF-BAL Options apply to the CIRAS-DC Only 
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ZType CIRAS Action 

0 When ZERO or DIFF-BAL is required then an Error Code 01 or 02 respectively is 
sent to the PC and is repeated until the PC initiates that action by transmission to 
the CIRAS. 

1 When ZERO or DIFF-BAL is required the CIRAS initiates immediately. 

2 When ZERO is required then this is initiated by the CIRAS. 

DIFF-BAL offsets are calculated from values stored in the CIRAS-DC memory 
under PC control. 

3 Both ZERO and DIFF-BAL are suppressed and the PC must determine when they 
are required and then initiates. 

4 ZERO is suppressed but can be initiated by a 5v signal on PROBE 1 INPUT 
(Connect pin 1 to 6 on the probe socket). DIFF-BAL is done on concentration 
changes and following ZERO. 

Table 9 Zero Options 

After restarting CIRAS, ZTypes 0-3 revert to Option 1 whilst Option 4 remains selected. 
To reset Option 4 it is necessary to either use the above routine or set to default (Reinitialise). 
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[C1-C4] Calibration 

PC sends: - 
 C1/C2/C3<CR><LF> 

Which the CIRAS echoes. 
 
These are for remote calibration of CIRAS, and before using them it is advisable to read the 
Calibration Section of the manual. 
Calibration Values may be checked using the Analyser Diagnostics Option. 
 
1) Set the correct calibration concentrations using the [S] Set Operational Parameters control 
option. 
 
2) Send C1<CR><LF> to start the calibration. 

This causes CIRAS to do a ZERO and then to start transmitting the standard measuring data-
string.  (The DC control valves are switched to the DIFF-BAL mode so that the calibration gas 
needs only connecting to the REF inlet). 
 
3) When the REF and AN readings are steady then: - 
Send any character (without <CR><LF> to break CIRAS out of ‘measure mode’).  

Upon receipt of <LF>A<CR> 

 

• For H2O calibration send C2<CR><LF> 

• For CO2 calibration send C3<CR><LF> 

 
It is therefore only possible to calibrate either H2O or CO2 at any one time. 
 
4) Each calibration terminates with <LF>C<CR> being sent repeatedly to the PC. 

The PC should then send a character (without <CR><LF>) to resume control of CIRAS and 

then follow the normal menu options. 
 
Sending C4<CR><LF> will quit Calibration. 
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[D] Record Dump 

 
PC sends: - 

D<CR><LF> 

which the CIRAS echoes. 
 
If there are no records in the store then CIRAS immediately sends 

<LF><Z><CR> 

 
Otherwise, CIRAS will transmit all the records currently in store, starting with the oldest first. 
See Output of Records From Memory 
 
On completion CIRAS transmits <LF><Z><CR> which can be used as an end of file 

character. 
 
This is followed by <LF>A<CR>, and the CIRAS awaits further instructions. 
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[E1-E4] Diagnostics 

This is meant for fault tracing. 
There are 2 possible outputs selectable by sending E1 to E3 or E4. 

Analyser Diagnostics 

PC sends one of the following: - 
 

E1<CR><LF> CIRAS Valves to Measure 
E2<CR><LF> CIRAS Valves to DIFF-BAL (DC Only) 
E3<CR><LF> CIRAS Valves to ZERO 

 
This is echoed, then the analyser valves are set to normal measuring mode, and the CIRAS 
sends: - 
 
<LF>S<CR> Start of block 
<LF>RH,AH,RC,AC<CR> Current readings of the 16-bit analyser D/A. 
<LF>ZERO(AC),(AH),(RC),(RH)<CR> Readings recorded at the last ZERO 
<LF>SFAC(AC),(AH),(RC),(RH)<CR> Scaling factors from the last calibrations. 
 
Where: - 

A = Analysis 
R = Reference 
H = H2O 
C = CO2 

 
The Calibration scaling factors should be 1.0 after initialisation (factory setting).  A large 
difference from 1 suggests either a poor calibration or a defective unit. 
 
Transmission is repeated until the PC sends a character without <CR>, when CIRAS sends 
<LF>A<CR>, and awaits further instructions. 

 

Input Diagnostics 

PC sends: - 
E4<CR><LF> 

CIRAS echoes and transmits: - 
 <LF>S<CR> 

 <LF>T2,PROBE3,PROBE5,PROBE2<CR> 

 <LF>T1,NOT USED,ATMP,ANALYSER/T<CR> 

 <LF>NOT USED,BATV,REF FLOW,AN FLOW<CR> 

 <LF>PROBE1,DIFFP,PROBE4,CHECKSUM<CR> 

These values must first be interpreted as described in Converting Input Diagnostics below  
Where: -  
T1 AND T2 Thermistor temperatures. 
PROBES(1 to 5) PROBE INPUTS. 
ATMP  Absolute pressure in the REF cell 
DIFFP Pressure difference between the REF and AN cell respectively. 

(DC Only). 
ANALYSER/T Analyser cell temperature. 
BATV DC supply voltage to the analyser board. 
REF and AN FLOW Mass flows through the cells.(AN DC Only) 
 

Converting Input Diagnostics 

The data string transmitted is a direct copy of an area of the microprocessor memory and has 
to be converted into a real decimal number. 
 



Communications Protocol - [E1-E4] Diagnostics 
 

CIRAS SC/DC Operators Manual – Version 2.01 
- 32 - 

Each string is 64 characters long and describes 4 parameters.  Each parameter is therefore 
16 characters in length. 
 
A table interpreting the character value is shown below. 
 
Digits  
1 to 8 Decimal value of the number starting with the most significant digit. 
9 and 10 Sign of the number. 00 = plus; 01 = minus. 
11 and 12 Exponent (Note this is an HEX value 82H=102;81H=101; 80H=100; 7FH=10-1; 

7EH=10-2) 
13 to 16 Not used 
 
 
Examples: - 
 
12 34 56 78 00 82 xx xx   0.12345678* 102   12.345678 
12 34 56 78 00 81 xx xx   0.12345678* 101   1.2345678 
12 34 56 78 00 80 xx xx   0.12345678* 100   0.12345678 
12 34 56 78 00 7F xx xx   0.12345678* 10-1   0.01234678 
12 34 56 78 00 7E xx xx   0.12345678* 10-2   0.001234678 
12 34 56 78 01 81 xx xx   -0.12345678* 101   -1.234678 
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[F1/F2] Store A Set Of DIFF-BAL Offsets 

The following applies to the CIRAS DC Only. 
The calculated values are stored in CIRAS DC Memory. 
 
This involves the CIRAS DC carrying out the DIFF-BAL on six pairs of CO2 and H2O 
concentrations that span the range over which it is proposed to work.  Upon completion of the 
six sets, the CIRAS DC fits quadratics to the offsets and concentrations and stores these 
parameters in memory.  In future these will be used and DIFF-BAL is suppressed. 
 
Please refer to the Stored Differential Balance (CIRAS DC Only) Section. 
 
The first pair of concentrations should be set up before sending the control code. 
 
PC sends: - 
 F1<CR><LF> 

 
After the echo-back, CIRAS DC first effects ZERO then switches its valves to the DIFF-BAL 
mode, then goes to the measure mode and transmits the standard data string. 
 
When the reading is steady then the PC sends: - 
 F1<CR><LF> 

 
CIRAS-DC now does a DIFF-BAL transmitting 

<LF>Dnn<CR> 

See Output During DIFF-BAL (CIRAS-DC only). 
 
When this is completed the CIRAS-DC returns to the measurement mode. 
Change to the next pair of concentrations and await for steady readings to send: - 
 F1<CR><LF> 

 
After completion of the sixth pair then CIRAS-DC will calculate the quadratic constants and 
then send out a repetitive  

<LF>F<CR> 

 
The PC should now resume control of the analyser. 
 
N.B. F1 will have been sent 7 times, once to start, then 6 times to calculate the DIFF-BAL 

offset. 
At any time the process can be aborted by sending F2<CR><LF>. 
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[I] Memory Initialise 

PC sends: - 
 I<CR><LF> 

 
Re-initialises CIRAS to the factory defaults :- 
 
 Calibration Scaling Factors back to factory default 
 D/A values for LOWH/LOWC to 0 
 HIGHH/HIGHC to 2000ppm and 50mb respectively 
 CDFF and HDFF to 100ppm and 10mb respectively. 
 
See [B] Recall Operational Parameters for a description of these values. 
 
The record pointers are set to the end of memory so that the complete database can be 
dumped if data is still in memory. 
 
When completed, CIRAS sends <LF>A<CR>. 

 
The memory should then have been cleared. 
 
 

[L] Alarm Line Pulse 

PC sends: - 
 L<CR><LF> 

 
The CIRAS then puts a +12V pulse on the ALARM LINE (Probe Connector PIN 7) that lasts 
for approximately 100 milliseconds.  
 
When a PP Systems Gas Switching Unit is used, this pulse advances the unit to the next 
channel. 
 
When completed, CIRAS sends <LF>A<CR>. 

 
 

[M] Memory Clear 

PC sends: - 
 M<CR><LF> 

Clears the memory instantly. 
Memory is completely filled with 0000 etc.  
 
When completed CIRAS sends <LF>A<CR>. 

 
 

[P] Plot Number 

PC sends: - 
 P<CR><LF> 

After receiving the echo back then sends: - 
 NN<CR><LF> 

This changes the plot number to NN. 
NN must be in the range 1 to 99. 
On resetting the plot number the record number is automatically reset to 1. 
 
When completed CIRAS sends <LF>A<CR> 
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[Q1/Q2] Quit Remote Control Mode 

PC sends: - 
 Q1<CR><LF> 

or 
 Q2<CR><LF> 

 
Returns CIRAS to normal measure mode. 
 
In the case of Q2 a delay of 10 seconds is initiated during which CIRAS transmits K (1-7) 

every 1.5 seconds   During this period signals on the RS232 are ignored . 
This useful for removing RS232 cables, as noise on the RS232 line may be registered as a 
communication request. 
 
Communication can be re-established at any time by sending any character. 
 
See also Termination of 2-Way Communication. 
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[S] Set Operational Parameters 

PC sends: - 
S<CR><LF> 

and after the echo back sends: - 
 
CO2 CAL,H2O CAL,AV 

LIMIT,LOWC,LOWH,HIGHC,HIGHH,CDFF,HDFF,RECORDTIME,ZTYPE,CONTROLC<CR><LF> 

 
CIRAS- replaces its current operational parameters with those sent. 
 
Limits on the values are as follows:- 
 
CO2 CAL 100 – 2000 (ppm) 
H2O CAL 50 – 750 (mb*10) 
AV LIMIT 1 – 999 (ppm*10) 
LOWC 0 – HIGHC 

HIGH must always exceed LOW by 25 ppm 
LOWH 0 – HIGHH 

HIGH must always exceed LOW by 5 mb 
HIGHC 25 – 9999 (ppm) 
HIGHH 5 – 75 (mb) 
CDFF 25 – 999 (ppm) 
HDFF 5 – 50 (mb) 
RECORDTIME 0 – 360 = 0 to 1 Hour  

(0 = Recording OFF) 
ZTYPE 0 – 4  

(See Table 9 Zero Options for description) 
CONTROLC For use with a PP Systems Lab Air Supply with CO2 Control. 
 
Immediately after receiving the data string, CIRAS will send <LF>A<CR>. 

 

AV LIMIT 

 
LOW, HIGH and DIFF are used here to apply to either CO2 or H2O. 
LOW and HIGH Apply to the CIRAS-SC and CIRAS-DC, DIFF is only relevant to the CIRAS-
DC. 
 
The DA output of the AN O/P connector is 0V to 5V. 
 
LOW is the gas concentration that corresponds to 0V. 
HIGH is the gas concentration that corresponds to 5V. 
 
On the CIRAS-DC, DIFF is the output relating to the Differential of the gas concentration. 
For example, If CDIFF is set to 100 ppm, then  
0V = -100ppm 
2.5V = 0ppm 
5V = +100ppm 
 
Please refer to AN O/P - Analogue Outputs for examples of converting the DA outputs back to 
ppm or mb. 
 
Please also refer to [B] Recall Operational Parameters. 
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[T] Set Date & Time 

 
PC sends :- 
 
 T<CR><LF> 

And after the echo back then sends: - 
 DATE,MONTH,YEAR,HOUR,MINUTE<CR><LF> 

 
Used to reset the real time clock. 
Each value is of the format NN.  
i.e. Sending 01,03,02,16,45<CR><LF> would set the clock to the  

Firsts of March 02, at 16:45 (4 45 pm). Leading zeros are required and the year must be in 
two digit format. 
 
After setting CIRAS sends <LF>A<CR>. Please allow a few seconds for the time to be set. 

 
 

[Z1/Z2] Initiate ZERO/DIFF-BAL 

ZERO 

PC sends: - 
 Z1<CR><LF> 

 
Causes CIRAS to do a ZERO during which it will transmit <LF>Znn<CR>.  If warm up was not 

completed then the first ZERO will be followed by a test on the cell temperature when 
<LF>Wnnn<CR> is transmitted, and this will be followed by a further ZERO. 

When completed CIRAS transmits <LF>A<CR>. 

DIFF-BAL 

PC sends: - 
 Z2<CR><LF> 

 
Causes CIRAS-DC only to do a DIFF-BAL during which it will transmit <LF>Dnn<CR>. 

When completed CIRAS-DC transmits <LF>A<CR>. 

 
Please refer to 

Output On Start Up (Warm Up) 
Output During ZERO  
Output During DIFF-BAL (CIRAS-DC only) 
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Termination of 2-Way Communication 
 
Any signal on the RS232 receive line, spurious or otherwise, will put CIRAS into REMOTE 
CONTROL mode. Removing the RS232 plug could do this. 
 
If communication is terminated by the Q2 command then there is a 30 second period, when 
CIRAS ignores any signals on the receive line.  The plugs should be disconnected during this 
period. 
 
Otherwise, after terminating communication, switch off for a few seconds.  This will reset 
CIRAS to the measure mode. 
 
See also [Q1/Q2] Quit Remote Control Mode. 
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Error Codes 
 
There are two types of error codes: - 

CIRAS SC/DC Basic Errors 

<LF>ENN<CR> 
NN is 2-digit code.  
 
Code Meaning 

20 Divide by zero. 

30 Arithmetic overflow. 

40 Arithmetic underflow. 

50 Bad argument. 

 
These are generated by the Control Basic program that is running the CIRAS and normally 
relate to arithmetic errors. 
If one occurs then first re-initialise and check the CIRAS set up.  If the problem persists then 
please contact PP Systems. 
E50 – Bad argument is usually a programming error and should always be reported to PP 
Systems. 
 

CIRAS SC/DC Status/Error Codes 

 
These are 2 digit codes are transmitted as part of the measured data string, through the 
RS232 port. See Measurement String. 
 
 
Code 99 Analyser Temperature Too Low 
Code 98 Analyser Temperature Too High 

Indication 
Analyser temperature is less than 50ºC or above 65ºC. 

Remedy 
Possibly caused by excessive high (>50) or low (<0) ambient. 
Thermostat/heater failure. Contact PP Systems. 

 
Code 97 AN Flow Too Low 
Code 96 AN Flow Too High 
Code 95 REF Flow Too Low 
Code 94 REF Flow Too High 

Indication 
Analyser flow rates <80 or >120 ml/minutes 

Flow too low means either an obstruction of flow or a leak, in which case the pump 
will be heard running flat out; or a seizure of the pump; or failure of the pump drive 
circuitry; or failure of the mass flow sensor. 
Remedy 

Pump is running flat-out 
Check for restriction of the inlet or outlet caused by blocked inlet filters, or kinked 
sample pipes.  To test, first open up the unit. (See the Maintenance Section).  Check 
pipes for kinks.  Check all pipe connections.  Remove in-line inlet filter and replace 
with tube connector. If problem persists then check connection to the pressure 
transducer, which is on the bottom board. 
 

Pump is not running 
Check pump plug correctly in place.  Check voltage on plug pins with pump removed.  
If it is less than 6v then problem is with pump control circuit or mass flow sensor.  If 
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the voltage is high then the pump has probably seized (pump will probably feel 
warm).  Wash out the pump with alcohol. (See the Maintenance Section). 
 
Flow too high probably means that there is a high pressure at the REF/AN inlet a low 
pressure at the outlet.  Remove inlet/outlet pipes and check again. 
If the problem persists then probably there is a failure of the mass-flow sensor or flow 
controller. 

 
Code 93 Power Supply Voltage Less Than 10.5V 

Remedy 
First check the external power supply, then check fuse. 

 
Code 92 ZERO Reading Too Low 

Indication 
ZERO readings are below 33000.  The ZERO signal should be the largest signal 
measured by CIRAS.  It can decrease due to changes in the cell wall reflectivity (e.g. 
dirt or water in the cells), changes in the sources, detectors, reference voltages and 
amplifiers. 
Remedy 
Use Diagnostics to check the ZERO readings. 
Switch off CIRAS and check analyser zero columns are in good condition.  Try again.  
If the problem persists contact PP Systems. 

 
Code 90/89 DIFF-BAL Out Of Range 

Indication 
DIFF-BAL offsets are greater than 20ppm for CO2 and 0.5mb for H2O. 
This can result from a poor calibration.  It could also be an indication of deterioration 
of the cell surface.  (Has there been water ingress into the system?) 
Remedy 
Re-initialise and check again.  If problem persists then contact PP Systems. 

 
Code 88 Time Out On DIFF-BAL (CIRAS-DC Only) 

Indication 
The REF concentration has been fluctuating during the DIFF-BAL cycle and CIRAS-
DC has not been able to get a satisfactory fit. 
Remedy 
Make sure REF concentration is steady.  If problem persists then contact PP 
Systems. 

 
Code 87 REF/AN Differential Pressure Too Large 

Indication 
Pressure difference between the REF and AN cells is greater than 20mb. 
Remedy 
Check for excessive inlet or exhaust pressure, or dirty inlet filters. 

 
Code 86/85 Concentration Out Of Range On Stored DIFF-BAL 

Indication 
Stored DIFF-BAL factors have been set up, but the current REF concentrations are 
not equal the range used in setting them up. 
Remedy 
When setting up the stored DIFF-BAL make sure that they encompass the 
measurement range. 

 
Code 83 FeSO4 Humidity Calibrator Too Warm 

Indication 
Danger of condensation. 
Remedy 
Do not connect air pipes to calibrator.  Leave for several hours to equilibrate. (See 
H2O Calibration sources and connections.) 
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Maintenance 
 
Apart from changing the absorber column contents, maintenance requires access to the 
inside of the CIRAS.  
 

Eproms and Pressure Transducers 

The plain side panel gives access only to the microprocessor board (For Eprom changes) and 
to the pressure transducer(s). 
 
 
 

 

Figure 6 CIRAS Mother Board 

Pumps, Air Filters and Fuses 

Access to the pumps etc. is through the absorber side panel. 
 
For access, remove the 10 screws holding on the side panel. 
 
Place the screws and sealing washers in a safe place for later replacement. 
Pull off the side panel.  This may require a firm pull because of the rubber sealing gasket 
sticking. 

EPROM 

Atmospheric 
pressure sensor. 

Position for 
Differential 
pressure sensor 
on Ciras2 DC 
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Figure 7 CIRAS SC/DC with Absorber Panel Removed (CIRAS SC Shown) 

 
 

Leave Side Panel 
‘connected’ 

Pump 

Thermistor 
input board. 

Battery 

Filter 
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Fuses 

The fuses are auto resetting thermal fuses inside the unit and they are not user servicable 

Filters 

The inlet filter must be checked periodically. If it becomes blocked then the analyser will be 
unable to draw an adequate sample. 

Air Inlet Filter Replacement 

The filter is located inside the instrument, adjacent to the gas inlet/outlets. It is contained in a 
transparent plastic housing. 
See Figure 7 
 
The two halves of the housing unscrew to reveal the filter disc. 
 
The filter can now be replaced using the spare provided. 
 
To ensure the housing does not leak, cover the join between the two halves with silicone 
adhesive before rejoining. 
 
 

Pumps 

Servicing the Rotary Vane Pumps. 

During pro-longed operation the vanes inside the pump will wear and deposit material inside 
the pump. It is sensible to clean the pump by flushing it through with iso-propyl alcohol. The 
following procedure can be adopted: 
 
1. Connect the pump to a 6-12V source and fit a 30mm tube to the pump inlet. 

(N.B. the CIRAS can be used to supply power via the pump electrical connector. 
It is, however, essential that the flushing is done outside of the CIRAS to avoid 
spillage into the instrument. 

2. Hold the pump above a beaker of iso-propyl alcohol and dip the tube into the alcohol (see 
below). Run the pump to draw alcohol through it. A small roll of cotton wool in the inlet 
pipe can act as a filter for the re-circulating alcohol. 

 

 

Figure 8 Cleaning Rotary Pumps 

 
If the pump is seized, it may be freed by tapping it on the bench or by reversing the 
voltage to run it backwards.  If this does not work, pump replacement is required. 
 

Run alcohol through the pump for a minute or two to ensure that any material is removed. 
Please note that the CIRAS pumps are not sealed, so it is normal to see alcohol leak through 
the sides of them during this procedure. When finished, run the pump in air for at least 15 
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minutes to allow any residual alcohol to evaporate. Ideally, let the pumps dry outside of the 
CIRAS overnight.  If the pumps are reconnected prematurely, the absorber chemicals will be 
exhausted quicker than usual. 
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CIRAS SC/DC ZERO Absorber Columns 

 
 

Figure 9 CIRAS SC/DC Side Panel  

 
 
 
 
 
 
 
 

 
WARNING 

For accurate measurements, It is absolutely critical that the analyser zero columns are 
not exhausted.  If the chemical are becoming exhausted then it will cause the zero to 
be done on non-zero air causing error in the calibration. 

 

 

Probe 
Connector 
(Optional) 

Soda 
Lime 

Molecular Sieve 

Envirogel Foam 
Pads 
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Therefore, the condition of the chemicals within the absorber columns must be regularly 
checked, and replaced as necessary. 
 
There are 2 columns. 

• The first contains Soda-Lime for CO2 absorption. 

• The second, which is split in half by a central foam partition, contains Envirogel for H2O 
absorption and Molecular Sieve for both H2O and CO2 absorption (gives a final polish 
before the analyser cell). 

 

Removing the Columns 

To remove the columns, first lay the CIRAS on a flat surface so that you are looking down on 
the columns.  Hold both ends of the column firmly, and pull upwards.  Do not lever out one 
end only, as this will damage the end fitting.  The end fitting(s) can then be removed and the 
contents tipped out.  Columns are fitted with foam disks at each end to stop the contents 
spilling out if the ends are inadvertently pulled off during removal. 
NB Not At The Molecular Sieve End, Where Extra Care Must Be Taken. 
When replacing the contents, the columns should be tapped to ensure tight packing, and the 
foam replaced as found.  The "O" rings on the end fittings should be occasionally lightly 
smeared with silicone grease to aid ease of fitting. 
 
Take care when replacing the end fittings as the "O" rings can roll up and out of the groove.   
This will give rise to leaks and the CIRAS will not work properly. 
 
There can be a very tight fit between the tubes and end fittings.  Pushing the end fittings on 
without proper care can cause the tubes to crack.  Again this will allow air to leak in and out of 
the column. 
 

Soda Lime 

Soda lime absorbs CO2.  When exhausted it changes colour from green to brown/purple.  It 
cannot be regenerated and when exhausted should be discarded. 
 

 
CAUTION 

Wash Your Hands After Handling Soda Lime 
 

 

Envirogel 

The drier used is Envirogel.  This contains an indicator that changes from orange to green 
when the drier is exhausted. Replace when 2/3 of the contents are exhausted. Regenerate 
the chemical on a tray in a thin layer in a laboratory oven at 200ºC for 1 hour. 
 

Molecular Sieve 

Molecular Sieve does not have any indication of exhaustion and should always be changed at 
the same time as the Envirogel.  It readily absorbs CO2 and H2O and can then contaminate 
the zero air.  Therefore it is recommended that as soon as the molecular sieve container is 
opened, its contents be decanted into at least 5 small glass jars with sealable lids to ensure 
that the contents remain fresh. 
 
Molecular sieve cannot be regenerated and should be discarded after use. 
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Material Safety 

For the latest MSDS on all chemicals used with PP Systems’ products, visit the 
manufacturer’s web sites directly and/or, click on the following links: 

 

Desiccant Go To: 

 
Envirogel 

 

 
http://www.envirogel.co.uk/material_safety_datasheet_env.htm 

 
Molecular 

Sieve 
 

 
http://www.molsieves.com/images/13x_apg_8x12.pdf 

 
Ferrous 
Sulphate 

 

 
http://uk.vwr.com/app/MSDS?uri=/html/gb_msds/28400.PDF 

 
Soda Lime 

 
http://www.molecularproducts.co.uk/content/products/data_sheets/SOFNOLI
ME.pdf 
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Diagnostics 
Diagnostics can be operated in two distinct modes, Analyser and Input Diagnostics. 
Please refer to [E1-E4] Diagnostics. 
 

Analyser Diagnostics 

The following steps check both the internal valves and connections and the state of the 
Absorber Chemicals. 
 

Getting Ready 

Allow the Instrument to settle. This includes the 30 minute Warm Up period. 
 

External CO2 Zero / Dry Air Column 

Some of the tests require an External CO2 Zero / Dry Air Column connected in series to the 
Reference Inlet (REF In). 
 
A Zero Column can be readily made from a 50 ml disposable syringe with the plunger 
removed. Fill the syringe with 50/50 Soda Lime and Envirogel, separating the chemicals with 
a foam disc or cotton wool. Plug the plunger end with another pad to prevent chemicals 
spilling, and attach a tube to the ‘nozzle’. 
 
This column should be made up and ready before starting the tests. 
 
 
 
 
 
 
 

Figure 10 External Zero Columns for Analyser Diagnostics 

 

Performing the Tests 

At each step: 
Analyser A/D values outside of the range 33000 to 53000 imply an error. 
Wait a minute or two for the system to settle. 
The Instrument should be put into the relevant Diagnostics Mode. 

(See [E1-E4] Diagnostics, or refer to the software you are using.) 
 

Step 1 – Measure Mode 

Reference and Analysis (CIRAS-DC Only) gas connectors are open to room air. 
Note the 4 Analyser A/D Values. 
The instrument is now sampling room air and the readings will vary. Note a typical set. 
 

Step 2 - Zero Mode 

The system is sampling ‘Internal Zero Air’. 
Note the 4 Analyser A/D Values. 
All readings should increase and become steady. 
 

Step 2a – Attach External Zero Column 

Connect the External Zero Columns (as shown in Figure  ) to ‘REF In’.  
Note the 4 Analyser A/D Values. 

REF In External 
CO2 Zero Column 

(Soda Lime) 

External 
Dry Air Column 

(Drierite) 

Ambient 
Air 
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The readings should not change. 
If they increase significantly, then the Zero Valve is faulty. To confirm this, remove the 
External Zero column and blow hard around ‘REF In’. If the valve is leaking then the readings 
will decrease further and become unstable. 
 

Step 3 – Diff-Bal Mode (CIRAS-DC Only) 

With the External Zero Column in place, switch to Diff-Bal Mode. 
Both cells are now sampling through the External Zero Column. 
Note the 4 Analyser A/D Values. 
 
If the new readings are greater than the readings for Internal Zero (Step 2), then the External 
Zero Column is better than the Instruments Zero Column. Look for leaks (rolled ‘O’ Rings) and 
exhausted chemicals. 
NB Molecular Sieve can become contaminated. To check, replace Molecular Sieve with 
Envirogel and return to Zero Mode (Step 2) for a two to three minutes. If the new readings are 
now similar to those from Step 3, then the Molecular Sieve should be replaced, and this step 
repeated. This will confirm that the new Molecular Sieve is OK. 
 
If the new readings are less than the readings for Internal Zero (Step 2), then there could be a 
leak on the reference lines. Blow around the gas connectors, and if the readings are unstable, 
the Instrument should be checked for leaks on the internal piping. 
 
If the new Analysis readings do not increase, and are unstable when blowing around the 
analysis inlet, then the Diff-Bal Valve is defective. 
 

Input Diagnostics 

This checks the inputs on the Probe Connector (both CIRAS-SC and CIRAS-DC). 
 
Generally, Temperature Inputs (T1 and T2), if not present will read 80. Probe Inputs (P1 to 
P5), if not present, will read 0. 
 
T1 Cuvette Leaf Temperature (CIRAS-DC Only) 
T2 Cuvette Air Temperature (CIRAS-DC Only) 
P1 to P5 Probe Inputs. 
ATMP Atmospheric Pressure 
ANT Analyser Temperature. Should be 

approximately 55 ºC. 
REF Flow Flow through Reference Cell 
AN Flow Flow through Analysis Cell. (CIRAS-DC Only) 
DIFF P Difference in pressure between REF and AN 

Cell. (CIRAS-DC Only) 
BATV Board voltage. 11 to 15 V 
CHECKSUM Should always be 123456. If not, implies that 

the Instruments memory is corrupt. 
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PC Software 

Windows 9x , NT and XP 

To install, please run the Setup program on the accompanying CD-ROM or follow the 
Instructions when downloading the software from the PP Systems Website. 
 
Refer to the Help Files from within the software.  
If reading this help file from a PP Systems CD-ROM, the help file is included. Please see the 
CIRAS SCDC Remote Control Software Help File. 
 
However, it is important to read this manual to familiarise yourself with the basic operation of 
the Instrument. 
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User Notes 


