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Signal Processing and
Calibration Techniques

for CO Detectors
Using TGS2442

This brochure offers users
important technical advice for
handling and calibration of the
TGS2442 CO sensor, including
calibration techniques using a
microprocessor. Detector circuit
and calibration facility design
should be carried out with these
points in mind.

IMPORTANT NOTE: OPERATING CONDITIONS IN WHICH FIGARO SENSORS ARE USED WILL VARY
WITH EACH CUSTOMER’S SPECIFIC APPLICATIONS. FIGARO STRONGLY RECOMMENDS
CONSULTING OUR TECHNICAL STAFF BEFORE DEPLOYING FIGARO SENSORS IN YOUR APPLICATION
AND, IN PARTICULAR, WHEN CUSTOMER’S TARGET GASES ARE NOT LISTED HEREIN. FIGARO
CANNOT ASSUME ANY RESPONSIBILITY FOR ANY USE OF ITS SENSORS IN A PRODUCT OR
APPLICATION FOR WHICH SENSOR HAS NOT BEEN SPECIFICALLY TESTED BY FIGARO.
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In order to meet the various regulations to which
CO␣ detectors are subject, circuit design and method
of calibration should be based on the performance of
the gas sensor. Recommended procedures for usage
of the TGS2442 CO␣ sensor are set forth in this
document.

1. Basic Circuit Structure
Circuit structure needed to satisfy performance
standards should provide for complex signal process-
ing, necessitating usage of a microcomputer with
features such as those shown in Table 1. This
microcomputer will process multiple signals from the
sensor, a thermistor (for temperature compensation),
and a potentiometer (for calibration). The microcom-
puter will output a control signal for alarm operation.
The following six types of output signals should be
monitored (refer to the sample circuit diagrams and
timing charts in Figs. 1 and 2 on the facing page):

V1: Sampling voltage for gas detection
V2: Sampling voltage for sensor element trouble detection
V3: Sampling voltage for reference voltage
V4: Sampling voltage for temperature compensation
V5,V6: Sampling voltage for detecting heater trouble
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Table 1 - Recommended microcomputer features

Power ON

Alarm delay for initial action

V1~V6 sampling

Sensor trouble
detection

CO calculation

Display CO concentration

Convert to COHb
concentration

Alarm
determination

Suppress alarm

Generate alarm

Generate trouble
signal

Main routine
(1 sec. cycle)

Yes

No

Yes

No

Figure 3 - Basic flow of detector operation

*

*  if applicable

2. Method of Signal Processing

2-1. Basic flow
Figure 3 shows the basic flow of detector operation.
To avoid potential nuisance alarming during the
sensor’s initial action period, a warm-up period of
several minutes (alarm delay) should be utilized
upon initial powering of the detector. After this
period, the program in the microcomputer starts the
main gas detection routine. During the gas detection
routine, the above mentioned six output signals are
acquired during each one second interval. V2, V5 and

V6 are used for detecting sensor-related trouble and
heater driving circuit malfunction while V1, V3 and
V4 are used to calculate CO gas concentration. This
concentration is subsequently converted by time-
weighting into a COHb concentration (the key
measurement used in performance standards for
determining the generation of alarm signals).

2-2. Detection of sensor-related trouble conditions
The sensor trouble mode should indicate that the
sensor’s heater has broken or that the sensor element
itself has been damaged. The trouble signal for heater
breakage can be detected by an abnormal rise in
heater resistance or as a result of lead wire breakage,
transistor problems, and/or short of the heater. The
sensor element trouble signal is generated by damage
to the sensing material or breakage of a lead wire.
These phenomena produce an extreme change to the
values of V5, V6 and V2; consequently monitoring
V5, V6 and V2 enables detection of sensor-related
trouble conditions.  See Table 2 for recommended
conditions for monitoring sensor-related trouble.

Table 2 - Conditions under which an trouble signal
should be generated

elbuortretaeH
5V ≥ V1.0
6V ≤ V5.4

egamadtnemelerosneS 2V ≤ V51.0
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Figure 1 - Basic circuit (including trouble detection)

Figure 2 - Calibration & temperature compensation

Legend of Circuit Diagrams

S-In 8-bit A/D input port
H-In 8-bit A/D input port
R-In 8-bit A/D input port

    (Each of these ports acquires data at preset timing.)

RL1 open drain output port
RL2 open drain output port
Pulse open drain output port
Temp open drain output port
Calb open drain output port

Circuit voltage (Vc) across the sensor is applied when RL1 or RL2
ports give the Low (L) output signal at preset timing.

V1 and V2 are acquired during the last half of the 5msec VC pulse
(the first half of the VC pulse is considered as the transient period).
V5 is acquired during heater OFF, and V6 is acquired during heater
ON pulse.

RA = closest value to Rs at calibrated CO concentration
RB = 300kΩ
RC = 10kΩ
RD = 20kΩ
VRadj = 100kΩ
Thermistor: R (25˚C) = 15kΩ, B constant = 4200
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2-3. Calculation of CO concentration
Figure 4 illustrates the process for calculating CO
concentration from V1, V3 and V4 signals.

Sample V1, V3, V4

a. Calculation of ƒ(Rs) value

b. Temperature compensation of ƒ(Rs) value

c. Compensation for Rs grade variation

d. Compensation for β grade

e. Convert to CO concentration output

Figure 4 - Signal processing flow for
calculation of CO concentration
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Figure 5a - Temperature dependency of Rs
(Ro = Rs at 100ppm CO, 25˚C/40%RH)

Figure 5b - ƒ(Rs) value compensated for temperature [ƒ(Rs①)]
(Ro = Rs at 100ppm CO, 25˚C/40%RH)
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51.4 01- 27.2

29.3 5- 43.2

66.3 0 99.1

73.3 5 07.1

60.3 01 64.1

57.2 51 72.1

44.2 02 21.1

41.2 52 00.1

68.1 03 909.0

16.1 53 938.0

83.1 04 687.0

81.1 54 447.0

10.1 05 217.0

68.0 55 786.0

37.0 06 866.0

Table 3 - Table of temperature compensation coefficients

a. Sensor resistance (Rs) calculation:
To represent sensor resistance (Rs) value in the
microcomputer, the expression ƒ(Rs) shall be used:

ƒ(Rs) = ( 5 - V1 ) / V1

b. Temperature compensation of ƒ(Rs)
In order to compensate for the temperature
dependency of ƒ(Rs) value, a temperature compen-
sation coefficient (KTemp) must be determined.

KTemp = Rs/Ro, where
           Rs = actual sensor resistance in various conditions
            Ro = actual sensor resistance under standard conditions

Using the circuit condition and recommended
thermistor in Figs. 1 & 2, measure actual Rs values
at various ambient temperatures and sample
thermistor output (V4). The correlation between V4
and KTemp can be obtained by this procedure and
should be written as a table of coefficients into ROM
on the microcomputer. Then, by monitoring V4
output during normal operations, the proper KTemp

value can be selected from the table and used to
temperature compensate ƒ(Rs) values according to
the following formula:

ƒ(Rs①) = ƒ(Rs) / KTemp

ƒ(Rs①) represents temperature compensated ƒ(Rs).
Table 3 shows an example coefficient table for temp-
erature compensation where measuring 100ppm of
CO in 25°C/40%RH is used as a standard condition.

Figures 5a and 5b show typical values of ƒ(Rs) before
and after temperature compensation.
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c. Compensation for variation within Rs grades
Variation in absolute Rs values among sensors within
any given grade should be normalized by adjusting
ƒ(Rref) as part of the calibration process.

ƒ(Rref) = ( 5 - V3 ) / V3

ƒ(Rs➁) is defined as a variation compensated ƒ(Rs①)
value:

ƒ(Rs➁) = ƒ(Rs①) / ƒ(Rref)

To calibrate the sensor correctly, ƒ(Rs➁) should be
equal to 1.0 at the desired concentration.  To do this,
change V3 values by adjusting VRadj. Figures 6a and
6b show the variation within Rs grades and the result
of compensating for such Rs variation.

d. Compensation for variation within β grades
Variation in sensitivity slopes (α) among sensors
within any β grade should be compensated in the
calibration process. This requires that a second ƒ(Rs➁)
value (at 300ppm of CO, for example) be obtained:
  * measure actual ƒ(Rs) at second CO␣ concentration
  * calculate ƒ(Rs➁) for the second concentration
  * using the ƒ(Rs➁) values for the two concentrations,

calculate the slope (α):

                 log ƒ(Rs➁) (300ppm) - log ƒ(Rs➁) (100ppm)
                            log 300 - log 100

  * store the α value in the microcomputer

e. Converting ƒ(Rs➁) to CO concentration output
Using the sensitivity curve slope (α) determined
above, actual CO␣ concentration (C) can be calculated
for usage in conversion to COHb:

C = 100 x ƒ(Rs➁)1/α
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Figure 6a - Rs variation within Rs grades
(Ro = Rs at 100ppm CO, 25˚C/40%RH)

Figure 6b - Rs variation compensation
(Ro = Rs at 100ppm CO, 25˚C/40%RH)
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(Ro = Rs at 100ppm CO, 25˚C/40%RH)
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3. Calibration Using Classified Sensors

This section describes the procedure for calibrating
at 100ppm of CO using sensors classified as shown
in Tables 4 and 5. Figure 8 illustrates the flow of the
calibration process, including the method of signal
processing which takes place in the microcomputer.

3-1. Preheating
To stabilize sensor characteristics prior to calibration,
it is recommended that sensors be preheated under
standard circuit conditions for 2 - 7 days. To shorten
preheating time and simplify this process, Figaro is
currently studying alternative methods and will issue
new recommendations shortly.

3-2. Pre-calibration (adjustment during assembly)

a. Select a load resistor (RL)
Select the load resistor (RL, same as RA in Figure 1)
based on the Rs grade shown in Table 4. For optimal
resolution, the RL used should have a value as close
as possible to the Rs grade’s center value. The sensor
output signal (V1) at the calibration concentration
should be near 2.5V which is 1/2 the value of Vc.
According to the maximum and minimum values of
Rs values for each Rs grade as shown in Table 4, V1
would fall in the following range:

1.70 v ≤ V1 (at 100ppm) ≤ 3.30 v

b. Compensation according to β grade
Each Rs grade is divided into six β grades as shown
in Table 5. Using data from this table, α values for
these grades can be determined as follows and should
be stored in the microcomputer (see Table 6):

α = log β (center) / log (300/100)

Using the α value calculated above, compensation
for β grade can be done by utilizing a circuit such as
that shown in Figure 9 and connecting the three
jumper lines as indicated in Table 6.

edarG
βββββ )mpp001nisR/mpp003nisR(

.niM retneC .xaM

A 032.0 582.0 043.0

B 062.0 513.0 073.0

C 092.0 543.0 004.0

D 023.0 573.0 034.0

E 053.0 504.0 064.0

F 083.0 534.0 094.0

edarG
k(mpp001OCnisR Ω) dednemmoceR

RL k( Ω).niM retneC .xaM

1 18.6 1.21 5.12 21

2 0.01 8.71 6.13 81

3 7.41 1.62 4.64 72

4 5.12 3.83 1.86 93

Table 4 - Rs grades of TGS2442

Table 5 - β grades of TGS2442

Figure 9 - Recommended circuit for β grade compensation

βββββ edarG ααααα eulaV repmuJ
noitcennoC

A 41.1- 100

B 50.1- 010

C 969.0- 110

D 268.0- 001

E 328.0- 101

F 857.0- 011

Table 6 - Recommended jumper connections
for β grade compensation circuit
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Preheat sensor

Pre-calibration

Burn-in detector

Set microcomputer to
Calibration Mode

Insert into gas chamber

Expose to 100ppm CO

Power reset ON

Vent gas

Adjust VRadj

Deactivate Calibration Mode
on microcomputer

End calibration

Begin Calibration Mode

Sensor stabilization

Sample V1 (sensor output)
and V4 (thermistor output)

Calculate ƒ(Rs)
Determine KTemp

Calculate ƒ(Rs①) (100) and store in memory

Continuous sampling of V3 (reference voltage)
Calculate ƒ(Rref) continuously
Adjust ƒ(Rref) to the threshold value

Step 1

Step 4

Step 3

Step 2

* Selection of R L - Sec. 3-2(a)
   βββββ grade compensation - Sec. 3-2(b)

*

Calibration

Signal Processing in the Microcomputer

Figure 8 - Calibration and signal processing in the microcomputer

3-3. Main calibration (using “Calibration Mode” in the
microcomputer )

Using the mode selection port on the microcomputer,
select “Calibration Mode”. Switch the detector
ON␣ (Reset), activating calibration mode. Signal
processing in the microcomputer during the
calibration mode proceeds as shown in Figure 8. Place
the detector in a vessel which is then filled with
100ppm of CO.

Step 1:
Stabilize sensor output V1 in 100ppm of CO for the
predetermined period stored in the microcomputer.
Step 2:
Obtain V1 and V4 at the conclusion of stabilization.

Step 3:
Calculate ƒ(Rs), KTemp, ƒ(Rs①) according to the
procedure in Section 2-3(a,b). The value f(Rs①) is
stored temporarily in the microcomputer’s RAM.
Step 4:
After ventilating the calibration gas, V3 is
continuously monitored and converted to ƒ(Rref) [see
equation in 2-3(c)]. Using a potentiometer (VRadj),
adjust ƒ(Rref) to equal ƒ(Rs①) in 100ppm of CO which
was memorized in Step 3. This procedure can be
simplified by directing the microcomputer to activate
an LED when ƒ(Rref) is set to the correct level.

     For example:  If ƒ(Rref) = [ƒ(Rs①)(100ppm)] ± 3%,
     then “LED TURN ON” else “LED TURN OFF”

main calibration
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Appendix-Calibration at two or more concentrations

Detectors which display CO concentration demand
more accurate calculation of CO concentrations. To
obtain sufficient accuracy, calibration should be
conducted at two or more CO concentrations accord-
ing to the signal processing procedures in Section 2.
For illustration, an example of 300ppm and 100ppm
of CO as calibration points is used in this section.

The procedure of compensation according to β grade
in Section 3-2(b) may be omitted. Instead, ƒ(Rs①) of a
second CO concentration (300ppm in this case) is
obtained by following Steps 1~ 4 in Section 3-3. By
this procedure, the sensor’s β value can be obtained
for each detector from the following equation:

β = ƒ(Rs①)(300ppm) / ƒ(Rs①)(100ppm)

In turn, this β value can be converted into an α value
by using the equation shown in Section 3-2(b). This α
value (αmem) is temporarily stored in the RAM␣ of the
microcomputer (see Sec. 2-3(d)).

To compensate for the slope of the sensitivity curve,
a slope compensation circuit shown in Figure 10a can
be used. Since the range of values for V7 is from 0 ~
5V and the range of α values is from -1.4 ~ -0.6, a
linear relationship between the V7 and α can be
established (see Figure 10b). Then, in order to
compensate for α value, the V7 port is used--adjust
the potentiometer (VRadj2) so that the αcalb value is
set as close to αmem as possible. This procedure can
be simplified by directing the microcomputer to
activate an LED when α is set to the correct level:

     For example:  If αcalb = αmem ± 3%,
     then “LED TURN ON” else “LED TURN OFF”

Following these procedures, each sensor can be fully
compensated for temperature and sensitivity slope.

4. Ability of Sensor to Meet Performance Standards

This section will show how TGS2442, if used in the
manner described in this document, can satisfy
CO␣ detector performance standards such as UL2034
and the CSA 6-96 standard. The following
assumptions are made for this purpose:
* no error exists in calibration gas concentration
* no adjustment error in VRadj exists
* the gas sensitivity curve is linear on a logarithmic scale between

60-600ppm of CO
* no error exists in temperature compensation

Under these conditions, accuracy of calibration will
depend upon the accuracy of ƒ(Rs) and β. When
calibration is done using two or more CO
concentrations (Section 3-Appendix), calibration
without error can be done at the targeted gas
concentration.  However, if calibration is done only
at one gas concentration and is based on one of the
combinations of Rs and β grades supplied for the
sensor, since β falls within a range for each grade,
verification that such variation in β falls within
acceptable limits is required.

4-1 Requirements of performance standard
The most stringent performance standard (CSA 6-
96)  requires that an alarm be generated at not less
than 5% COHb but less than 10%␣ COHb. The
specified CO␣ concentration and accumulation times

Figure 11 - Alarm times permitted by performance standard

Figure 10a - Slope
compensation circuit

VRadj2

Figure 10b - Relationship of slope (a)
to V7

αcalb = .16(V7)-1.4

αc
al

b
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tnioPtseT )mpp(egnaRnoitartnecnoCOC

βββββ edarG mpp56 mpp001 mpp002 mpp003 mpp004

A 0.96-6.06 001 422-181 853-752 005-923

B 0.96-6.06 001 422-281 953-752 105-033

C 0.96-6.06 001 422-281 953-852 205-033

D 0.96-5.06 001 522-281 063-752 405-033

E 1.96-4.06 001 522-181 263-752 705-923

F 1.96-3.06 001 522-181 563-652 115-923

dradnatS
tnemeriuqeR

59~84 541~57 072~541 004~012 025~062

emitmralA
t( .cnoc ni)

setunim

)mpp(noitartnecnoCOC

)nim(C )retnec(C )xam(C

t 56 301= 84 56 59

t 001 6.35= 57 001 541

t 002 2.32= 541 002 072

t 003 9.41= 012 003 004

t 004 9.01= 062 004 025

t 006 41.7= 004 006 008

for each concentration are spelled out by the
standard. While the standard lists specific delay times
allowed for each CO␣ concentration, to facilitate this
discussion the permissible range of CO
concentrations at each specific delay time will be
used.

The maximum and minimum values of alarming time
permitted by the standard for each CO concentration
are plotted on the chart shown in Figure 11. The log
center between these two curves (7.07% COHb) is
also plotted. From these curves, the values of con-
centration width allowed at each delay time can be
determined—see Table 7 for a listing of these values.

4-2 Estimation of calibration accuracy
The variation in each β grade can be illustrated as in
Figure 12. The center line is based on the β center
value which is given to each sensor grade. At the
calibration point of 100ppm, the ƒ(Rs➁) value of each
sensor would be the same (ƒ(Rs➁) = 1.0). But at 60
and 600ppm, the ƒ(Rs➁) could vary as shown in the
chart. At each concentration of CO, the center ƒ(Rs➁)
can be identified and the +/- range of ƒ(Rs➁) values
can also be determined. If the maximum and
minimum ƒ(Rs➁) values fall within the allowable
ranges of the standard (Table 7), then sensors
calibrated at one CO␣ concentration could satisfy the
requirements of the performance standards. Table 8
shows maximum and minimum CO␣ concentrations
for each sensor grade compared to the range of CO
concentrations permitted by performance standards.

4-3 Conclusion
As Table 8 illustrates, properly calibrated TGS2442
sensors can satisfy the requirements of current

Table 7 - CO concentration ranges vs. alarm times
as specified by performance standard
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Figure 12  - Variation of alarm concentrations in β grades
(Ro = Rs at 100ppm CO, 25˚C/40%RH)

Table 8 - TGS2442 alarm concentrations vs. performance standard requirements

performance standards even if calibrated with only
one CO␣ concentration. This verification is based on
the aforementioned assumptions. Any factors which
may influence these assumptions should be taken
into consideration when planning actual detector
design and when designing the calibration process.
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Appendix

TGS2442 Temperature Compensation Factors
supplementary data

eulaVtupnI4V )C˚(pmeT K pmeT tneiciffeoC

51.4 01- 27.2

11.4 9- 46.2

60.4 8- 65.2

20.4 7- 94.2

79.3 6- 14.2

29.3 5- 43.2

78.3 4- 62.2

28.3 3- 91.2

77.3 2- 21.2

17.3 1- 60.2

66.3 0 99.1

06.3 1 39.1

45.3 2 78.1

94.3 3 18.1

34.3 4 67.1

73.3 5 07.1

13.3 6 56.1

52.3 7 06.1

91.3 8 55.1

31.3 9 15.1

60.3 01 64.1

00.3 11 24.1

49.2 21 83.1

88.2 31 43.1

18.2 41 03.1

57.2 51 72.1

96.2 61 42.1

36.2 71 02.1

65.2 81 71.1

05.2 91 41.1

44.2 02 21.1

83.2 12 90.1

23.2 22 70.1

62.2 32 40.1

02.2 42 20.1

41.2 52 00.1

eulaVtupnI4V )C˚(pmeT K pmeT tneiciffeoC

90.2 62 089.0

30.2 72 169.0

79.1 82 349.0

29.1 92 629.0

68.1 03 909.0

18.1 13 498.0

67.1 23 978.0

17.1 33 568.0

66.1 43 258.0

16.1 53 938.0

65.1 63 728.0

25.1 73 618.0

74.1 83 508.0

34.1 93 597.0

83.1 04 687.0

43.1 14 677.0

03.1 24 867.0

62.1 34 957.0

22.1 44 257.0

81.1 54 447.0

41.1 64 737.0

11.1 74 037.0

70.1 84 427.0

40.1 94 817.0

10.1 05 217.0

579.0 15 607.0

449.0 25 107.0

419.0 35 696.0

588.0 45 296.0

758.0 55 786.0

038.0 65 386.0

308.0 75 976.0

877.0 85 576.0

357.0 95 176.0

927.0 06 866.0
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