TECHNICAL INFORMATION FOR TGS203

Technical Information for Carbon Monoxide Sensors

The marketing of TGS203 started —

in 1980 as a semiconductive type —
carbon monoxide sensor featur- - ,

ing high selectivity and stability. | B
Since then, this sensor has been w
one of the best selling tin dioxide
sensors produced by Figaro
Engineering Inc.
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See also Technical Brochure “Technical Information on Usage of TGS Gas
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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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TECHNICAL INFORMATION FOR TGS203

1. Specifications

1-1 Features

*

High sensitivity and selectivity to carbon
monoxide (CO)

Low sensitivity to alcohol and hydrogen
Minimal effect by nitrogen oxide (NOx)
coexisting with CO

Long life

1-2

*

Applications

Residential and commercial CO detectors
Air quality controllers
Ventilation control for indoor parking garages

*

*

1-3  Structure

Figure 1 shows the structure of TGS203. Tin dioxide
(SnO2) is used as the main material of the sensor
element. A pair of wire electrodes are embedded in
the sintered material. A 90-micron diameter iridium-
palladium alloy wire with resistance of approx-
imately 2Q is spot welded to nickel pins. The sensor
base is made of polyethylene terephthalate reinforced
with glass fiber. The internal cover is a double layer
of 100 mesh stainless steel gauze (SUS316) and the
cover is fastened to the sensor base by a nickel-plated
brass ring. The external housing material consists of
reinforced polyamide resin (UL94V-0) and a layer of
60 mesh stainless steel gauze (SUS304) is used for
the outside cover. The space layer between the
internal cover and outer cover is filled with activated
charcoal.

Mickelplated

brass ring Nickel pin

Sensof base

Figure 1 - Sensor structure

1-4 Basic measuring circuit

Figure 2 shows the basic measuring circuit of the
TGS203. Circuit voltage (Vc) is applied across the
sensor element which has a resistance (Rs) between
the sensor’s two electrodes and a load resistor (RL)
connected in series. The temperature of the sensor
element is controlled by heaters located at both sides
of the sensor to which a high and low voltage cycle
is applied according to the timetable shown in Figure
3. A 60 second high heater voltage period heat cleans
the sensor, purging humidity (an interference gas)
which may build up in the sensor’s crystal structure
during the low heater cycle. A 90 second low heater
voltage cycle conditions the sensor element at the
optimal temperature for sensing. Measurement for
the presence of gas is performed only during a 0.5
second period at the conclusion of the low heater
voltage period. The sensor signal (VRL) is measured
as a change in voltage across the RL.

—

- ¥H
TGs203 |
TIMER | — RL? YRL
, 4
!
i—l-— —[ ¥H Y )
Rs AL: YRL
)
L
Yo
Figure 2 - Basic measuring circuit
(including equivalent circuit)
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VH (volt)
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>
Time (sec)

Figure 3 - High/Low cycle of heater voltage
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TECHNICAL INFORMATION FOR TGS203

1-5 Circuit &operating conditions

The following conditions should be maintained to
ensure stable sensor performance:

[tem Rating

Circuit Voltage (Vc) 5.0V + 1% DC

VHH = 0.8V * 3% for 60+1 sec.
VHL = 0.25V + 3% for 90+1 sec.
(apply alternately for specified period)

Heater voltage (VH)

IHH = 369mMA+3% #6060+ 1 sec.
IHL = 133mA+3% fd?¥0+1 sec.
(apply alternately for specified period)

Heater current (IH)

Heater resistance (room temp.) 1.85Q
Load resistance (RL) variable
Power dissipation (Ps) less than 15mw/

within 0.5 sec. prior to

Signal detection timing application of VHH

Operating & storage temp. -40°C ~ +70°C

Optimal detection concentration 50ppm ~ 1000ppm

1-6 Specifications NOTE1

Item Specification
Sensor resistance (Rs-100ppm of CO) 1kQ ~ 15kQ
Sensor resistance gradient (a) -1.50 ~-0.73

q= log{ Rs(100ppm of CO)/Rs(300ppm of CO)}
10g(100ppm/300ppm)

Relative sensitivity to H2 (y) >1.0

y= Rs(1000ppm of H2)
Rs(100ppm of CO)

Power consumption approx. 0.59W & VHH

approx. 0.07W at VHL

NOTE 1: Sensitivity characteristics are obtained under the
following standard test conditions:

(Standard test conditions)

Temperature and humidity: 20 +2°C, 65 +5% RH

Circuit conditions: as specified in Section 5 and with
RL=4.0kQ +1%

Preheating period: 7 days or more under standard circuit

conditions

Formula for calculation of sensor resistance:

Vex RL
Rs= VCXRL _p;
°T Ve

Formula for calculation of sensor power dissipation:

Ps = V¢?Rs/(Rs + RL)?

1-7 Mechanical Strength

The sensor shall have no abnormal findings in its
structure and shall satisfy the above electrical
specifications after the following performance tests:
Withdrawal Force - withstand force > 5kg in each
direction

Vibration - frequency-1000c/min., total
amplitude-4mm, duration-one

hour, direction-vertical
Shock -acceleration-100G, repeated 5

times
1-8 Dimensions
G
1& VAR5
-~ .
3= top view
L > Unless otherwise specified,
R $s202 tolerance is #0.5mm. Fig-
ures in parenthesis are for
reference (u/m: mm)
. [A e
2 Ch o .
0
o
o cross section
<
3]

6.5:0.5

“ v
—> }&1.0:0.05

45° bottom view

Figure 4 - Dimensions
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TECHNICAL INFORMATION FOR TGS203

2. Operation Principle

Figure 5 shows the temperature of the sensor element
surface (typical values) when the heater voltage (VH)
varies. The temperature was measured through a
thermocouple (CA, 80.025mm) which was placed on
the center of the sensor element’s surface. The test
was carried out in clean air at room temperature.

Note: Measurements were taken after application of
heater voltage in order to stabilize sensor element
surface temperature.

Figure 6 shows the manner in which sensitivity
characteristics vary with changes to the sensor
element temperature. Sensor resistance (Rs) in
2,000ppm of various gases was obtained by changing
heater voltage (VH) as shown in Figure 5.

Figure 6 illustrates that the sensitivity to CO increases
as the sensor element temperature is decreased and
that the best selectivity to CO can be obtained if
sensor element temperature is maintained under
100°C. However, good reproducibility cannot be
expected when the sensor is continuously used under
100°C since the sensor becomes susceptible to the
influence of water vapor or interference gases when
this temperature is maintained for a prolonged
period. To eliminate this influence, a cyclic high/
low voltage as specified in Section 1-5 is applied to
the heater. High heater voltage heat-cleans the sensor
by removing water vapor influence, while low heater
voltage conditions the sensor for measuring CO gas.
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Figure 5 - Element surface temperature
dependency on heater voltage
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Figure 6 - Sensitivity dependency on element
surface temperature

Revised 9/99

4/14



TECHNICAL INFORMATION FOR TGS203

3. Basic Sensitivity Characteristics
3-1 Sensitivity to various gases

Figure 7 shows the sensor’s relative sensitivity to
various gases. The Y-axis shows the ratio of sensor
resistance in various gases (Rs) to the sensor
resistance in 100ppm of CO (Ro).

Sensor resistance in fresh air is several MQ or more.
The sensitivity to methane (CH4) and propane
(C4H10) is negligible. The sensitivity to hydrogen,
hydrogen sulfide (H2S), sulfur dioxide (SOz2), and
ethanol (C2H50H) is very low when compared to that
of CO. While Rs decreases in COllgas, nitrogen
dioxide (NO2) causes sensor resistance to increase.
However, the effect of as much as 50ppm of NO2 is
negligible—the dotted line in Figure 7 shows the
sensitivity to CO when 50ppm of nitrogen dioxide
coexists.

The slope of the sensitivity curve for CO flattens out
when COllconcentration reaches around 5,000ppm.
This concentration would be the practical upper
sensing limit of the sensor.

The amount of COlgenerated by cigarette smoke is
roughly equivalent to 20ppm of CO when 10
cigarettes are smoked in a room of roughly 24 cubic
meters in size. As a result, the influence of cigarette
smoke itself would not be sufficient to cause the
sensor to generate an alarm for residential detectors
normally calibrated to alarm at 100ppm of CO.

3-2 Temperature and humidity dependency

Figure 8 shows the temperature and humidity
dependency of TGS203. The Y-axis shows the ratio
of sensor resistance in 100ppm of CO under various
atmospheric conditions (Rs) to the sensor resistance
in 100ppm of CO at 20°C and 65%RH (Ro).

An inexpensive way to compensate for temperature
and humidity dependency to a certain extent would
be to incorporate a thermistor in the detection circuit
(please refer to Section 5-3).
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Figure 7 - Sensitivity to various gases
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n CO1MWpom ——— in COIpom ——
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3-3 Gas response pattern

Figure 9-1 shows the change pattern of the sensor’s s

output (VRL) in 100ppm and 300ppm of CO
respectively. Figure 9-2 shows the response of the
sensor to 1000ppm of ethanol vapor.

These charts demonstrate the inverse relationship of 2
VRL between COlland alcohol. In COllgas, theR¥
starts increasing with the change in heater voltage to
VHL. After 90 seconds, when the heater voltage
changes to VHH, the VRL[Idrastically increases for a
short period of time and then decreases rapidly.
Conversely, in ethanol vapor the VRL starts increasing
with the change in heater voltage to VHH in a short
time, and then the VRL starts decreasing. After 60
seconds, when the heater voltage changes to VHL,
the VRL rapidly decreases again in a short time and
the VRL[Jthen reaches a stabilized value.

VAL (V)

i
HREY

Figure 10 below shows the change in sensor element
temperature which occurs during the sensor heating 0.8V, 60 sec
schedule. This chart explains the behavior of VRL in 7 [ ] [ ] [ ] [
Figures 9-1 and 9-2. Sensitivity to COllis much greater 025V, 90 sec

atlow temperatures and significantly reduced at high
temperatures, while the inverse is true for ethanol
sensitivity.

Figure 9-1 - CO response pattern
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Figure 10 - Sensor element temperature change Figure 9-2 - Ethanol vapor response pattern
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3-4 Heater voltage dependency

Figure 11-1 shows the change in the sensor resistance
ratio according to variation in VHL. The Y-axis is the
ratio of sensor resistance in various gases (Rs) versus
Rs in 100ppm of CO when VHL=0.25V (Ro). All
measurements for purposes of this test were taken
during the 0.5 second sensing period at the
conclusion of the heating cycle (i.e. after VHL).

When VHL is higher than the rated value of 0.25V,
the relative sensitivity of the sensor to hydrogen as
compared to COl’becomes higher. In contrast, when
the VHL is lower than the rated value of 0.25V, the
relative sensitivity to H2 compared to CO becomes
smaller.

Figure 11-2 shows the variation in sensor resistance
ratio according to variation in VHH. The Y-axis is
the ratio of sensor resistance in various gases (Rs)
versus Rs in 100ppm of CO when VHH=0.8V (Ro).
Again all measurements for purposes of this test were
taken during the 0.5 second sensing period at the
conclusion of the heating cycle (i.e. after VHL).

When VHH is higher than the rated value of 0.8V, the
relative sensitivity of the sensor to hydrogen as
compared to COl’becomes higher. In contrast, when
the VHL is lower than the rated value of 0.25V, the
relative sensitivity to H2 compared to CO becomes
smaller. The sensitivity to ethanol is smallest at the
rated value of VHH.

It should be noted that when VHL or VHH[Jis lower
than the rated value, short-term reproducibility
becomes inferior, and CO sensitivity generally tends
to decrease in the long term. When VHL or VHH[ Jis
higher than the rated value, CO sensitivity generally
tends to increase in the long term.

Rs/Ro
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CO 100ppm
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Figure 11-1 - Heater voltage dependency
(VaH = 0.8V)
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Figure 11-2 - Heater voltage dependency
(VHL = 0.25V)
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3-5 Initial action

Figure 12 shows the initial action of the sensor’s
voltage output (VRL). For purposes of this test, the
sensor was stored unenergized in normal air for 40
days after which it was energized in clean air.

After energizing, the VRL at VHH started off very high
but gradually decreased to a stable level while the
VRL at VHL was so low that an alarm delay circuit
would not be required.

3-6 Influence of unenergized storage

Figure 13 shows the influence of unenergized storage
on sensor resistance. Sensors were stored
unenergized in normal air for 2 weeks, 4 weeks, and
3 months respectively after which they were
energized. The Y-axis represents the ratio of sensor
resistance in 100ppm of COflJafter various
unenergized periods (Rs) to the resistance in 100ppm
of CO after energizing at the rated voltage for 10 days
(Ro).

These charts demonstrate that after energizing,
sensor resistance first increases slightly and then
returns to a stable level.

VRL 2

Start to power on in ambient air

=3.5kQ

Vc=5.0v,Vh=0.25/0.8v, R
Number of samples tested =

V)

Figure 12 - Initial action
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Figure 13 - Time dependency (Ro = 1.0)
(20 samples tested)
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3-7 Effect of the activated charcoal filter

COllis commonly generated by the incomplete
combustion of fossil fuels. For accurate detection of
CO, itis necessary to eliminate the influence not only
of alcohol in the atmosphere but also of NOx
generated by such heating devices. To do so, TGS203
utilizes a filter of activated charcoal.

Figures 14-1 and 14-2 show sensitivity characteristics
of TGS203 with and without the charcoal filter
respectively.

As shown in Figure 14-1, sensitivity to alcohol is
reduced by the filter and the influence of 50ppm of
NO2 is virtually eliminated. The sensitivity to
hydrogen is unaffected by the presence of the filter.

Note: Sensor resistance (Ro) in 100ppm of CO, which
is used as a reference value in Figures 14-1 and 14-2,
increases by approximately 50%~100% when
measured with the filter.

Temperature and humidity dependency remains
largely unaffected by the presence of the filter.

Rs/Ro (100ppm of CO)

Rs/Ro (100ppm of CO)

100

10

0.1
1

100
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0.1
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i E?Q N{ | CO +50ppm of NO2 | |
0 100 1000 10000
Gas Concentration (ppm)
Figure 14-1 - Gas sensitivity of TG5203
(with activated charcoal filter)
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Figure 14-2 - Gas sensitivity of TG5203
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4. Reliability

10000 — .
4-1 Gas exposure test g 1
Figure 15 shows test conditions for short-term I
exposure of TGS203 to various gases. In this test, the ¢ 1000 3 E
sensor was kept energized under standard circuit & F 1
conditions. Sensor resistance in 100ppm of COLlwas é i 1
measured prior to the test gas exposure. After the & 100~ E
exposure in gases according to the times shown in £ - 1
Figure 15, the sensor was removed from the test gas o - 1
and energized in normal air. After onehourelapsed, © 10 - -
sensor resistance in 100ppm of CO was again
measured.

oL |

Exposure to 1000ppm and 3000ppm of test gas (last
step in Figure 15) was not conducted for the following
highly corrosive gases: hydrogen sulfide (H2S),
sulfur dioxide (SOz2), and nitrogen dioxide (NO2).

Figure 16 shows the test results. The change ratio of
sensor resistance in 100ppm of CO before and after
exposure to the test gas is plotted. Most test gases
caused some decrease in sensor resistance. Especially
the influence of hydrogen sulfide and sulfur dioxide
were remarkable. The sensor’s ability to recover to
original value from gas exposure is coded on Figure
16 as follows:

Time c¢

Figure 15 - Conditions of gas exposure test

R-22 (freon) — 3
. NO2 | ] 2
2 recovery wihh . — °
2 - recovery within one day H2s 3
3 - more than 7 days H2 [ ] n/a
- Toluene ] 2
2 Ethyl acetate [ ] 2
g Benzene : 1 2
g’: Isopropyl alcohol [ ] 1
= Ethanol [ ] nla
Ethylene [ ] 2
Isobutane 11
Propane 3 ] 1
Methane [ ] 1
0.0 0.2 0.4 0.6 0.8 1.0

Table 1 shows test results on long term gas exposure.
Sensor resistance in 100ppm of CO was measured
before long term gas exposure (Ro) after which the
sensors were placed in an enclosed capacity vessel
with a test gas for a designated period. The sensors
were then removed and kept under normal
environmental conditions for one hour prior to
measuring their resistance in 100ppm of CO after
exposure to test gas (Rs).

As these tests demonstrate, care should be taken to
minimize exposure to gases which lower the sensor’s
sensitivity.

Rs(after)/Rs(before)

Figure 16 - Effects of exposure to various gases
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Table 1 - Long term exposure to various gases

Ambient Sensor
Type of exposure (gas/conc./time) condition condition Rs/Ro # samples
SO2 0.4ppm 10 days 50°C/40%RH energized 0.85 3
CH4 2.5% for 7 hrs. room temp. energized 0.70 5
+20% Hz for 1 hr.
H2S 1000ppm 10 days room temp. energized 0.50 5
SO2 5000ppm + 1% CO2 room temp. unenergized 0.15 5
for 10 days
4 cigarettes/13 liters room temp. energized 0.85 3
0.3cc salad 0il/13 liters room temp. energized 0.85 3
CcO 300ppm for 30 sec., room temp. energized 0.98 3
pause 1 min., repeat 1000 times
Styrene 2000ppm 40 days 50°C unenergized 1.00 10
Toluene 2000ppm 40 days 50°C unenergized 1.00 10
Hexane 2000ppm 40 days 50°C unenergized 0.78 10
Acetone 2000ppm 40 days 50°C unenergized 0.98 10
Ethanol* 2000ppm 40 days 50°C unenergized 0.51 10
MEK? 2000ppm 40 days 50°C unenergized 0.81 7
1-1-1TCE®  2000ppm 40 days 50°C unenergized 0.87 10
1 Sensor recovered Ro after energizing for 20 days in normal air
2 Methyl ethyl ketone
3 Trichloroethane

4-2 Long-term stability

Figure 17 shows long-term stability data for TGS203
for more than 8 years. Test samples were energized
in normal air and under standard circuit conditions.
Measurement for confirming sensor characteristics
was conducted under standard test condition (20°C,
65%RH). The initial value was measured after two
days of energizing in normal air at the rated voltage.

The Y-axis shows the alarm concentration calculated
by the sensor’s resistance when the alarm
concentration is set at 100ppm of CO. At the very
beginning of energizing, alarm concentration
increases, and then gradually decreases. After 8
years, the alarm concentration decreased to roughly
one half of its initial value.
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Figure 17 - Long term stability
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4-3 Durability of the activated charcoal filter

(1) Effect of storage in normal air

In Figure 18, the effect of NO2 on a sensor stored for
3.5 years in normal air and a new sensor with a new
filter are plotted. Virtually no difference in the ability
of the sensor to eliminate the effects of NO2 can be
seen between the two samples.

(2) Effect of high temperature and high humidity

In Figure 19, the effect of NO2 is plotted for a sensor
stored for two months under conditions of 50°C and
90%RH and for a new sensor with a new filter. This
figure demonstrates that high temperature and
humidity have almost no effect on the activated
charcoal filter’s ability to eliminate the effects of NO2.

(3) Effect of long-term energizing

In Figure 20, the filter’s performance in eliminating
the effects of NO2 and alcohol vapor is compared for
three different types of samples:

* new filter
* filter used on sensor energized for one year
* filter used on a sensor energized for 7 years

These sample filters were placed on new sensor
elements for conducting this test. The results show
that as the energizing period becomes longer,
performance in removing NO2 and alcohol vapor
tends to decrease. However, the level of degradation
in this performance is minimal and does not reach a
level which would be a problem in practical usage.

] 1.15
£
ol
8 Max
2 )

= 1.10
= B Ave. |
= D 1.05
=1 (@] - -
§ ) Min.
=1k 1.00 After storage
8 ' New for 3.5 years
g
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Figure 18 - Effect of being stored in normal air
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Figure 19 - Effect of high temperature /humidity
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5 Circuit Examples
5-1 Sensor signal measuring method

Figures 21-1 and 21-2 show the sensor signal
measuring method in circuits where a regulated
current is applied to the heater in order to heat the
sensor element. When heating the sensor element,
Q1 and Q2 are closed as shown in Figure 21-1. When
reading the sensor signal, Q1 and Q2 are opened as
shown in Figure 21-2. The voltage applied to RL is
used as a sensor signal. The operation of Q1 and Q2
is controlled according to the conditions specified in
Section 1-5 by way of a time control IC such as a
microcomputer.

5-2 Sensor heater breakage detection circuit

Sensor heater breakage can be detected by a resistor
connected to Q2 in series. The voltage applied to the
resistor is used as a monitor.

5-3 Temperature compensation circuit

The temperature and humidity dependency of
TGS203 can be compensated to a certain degree in a
circuit using a thermistor, as shown in Figure 22.

Th = Thermistor
RTH = 8kQ, B constant = 4200

R1 =6.2kQ
R2 =2.24kQ
5-4 FIC-5401

FIC-5401 is a custom hybrid IC containing the
necessary functions for driving the TGS203 and
handling output signals for alarm systems. This IC
is a useful and convenient item for evaluating the
performance of TGS203. For more information about
this item and its usage, please refer to the brochure
Product Information - FIC-5401.

VH
P
TGS203

o

Q1

Figure 21-1 - Element heated period

Q2 RL

Q1

Figure 21-2 - Gas detection point

Ve

TGS203

_D (5
Comparator

R1

7\ RL R2
0

Figure 22 - Temperature compensation circuit
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Figaro USA Inc. and the manufacturer, Figaro
Engineering Inc. (together referred to as Figaro)
reserve the right to make changes without notice to
any products herein to improve reliability,
functioning or design. Information contained in this
document is believed to be reliable. However, Figaro
does not assume any liability arising out of the
application or use of any product or circuit described
herein; neither does it convey any license under its
patent rights, nor the rights of others.

Reprinted by permission of Figaro USA Inc.

http://www.protechsafety.com
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