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1. ABSTRACT 

In Japan air cleaners have become popular to improve the indoor air quality. Air 
cleaners can be automatically controlled by a sensor system. A semiconductor gas 
sensor is advantageous because of its high sensitivity and reliability. The 
automatic control system consists of the semiconductor, a power control unit and a 
microcomputer which contains newly developed software. Furthermore a new gas 
sensor for auto-damper systems has been developed which can detect diesel 
exhaust gas. 

2. INTRODUCTION 

Recently, the awareness in indoor air quality has increased very much in Japan. 
In addition to conventional temperature and humidity control, people 's interest has 
shifted to indoor air quality control, where the aim is to detect cigarette smoke, 
chemical components of building materials,human body and pets odor, dust and 
pollen. 

We have been developing a controller for an automatic air cleaning system to 
detect the main factors of air contaminations, such as cigarette smoke and dust in 
indoor air, using a highly sensitive semiconductor gas sensor. 

Here we will describe the application of a semiconductor gas sensor for air quality 
control and the effectiveness of this system. Furthermore, we will explain the 
recent development of air quality control inside a car's cabin for a more comfortable 
atmosphere. And our view on future gas sensing technology will be described in 
the last chapter. 

3. OUTLINE OF AIR QUALITY CONTROL SYSTEM USING SEMICONDUCTOR 
GAS SENSORS 

3-1. AIR CLEANER 

As shown in FIG. 1, an electronic air 
cleaner is composed of a screening 
filter, an ionizer, a dust particle trapping 
electrode, and an absorption filter. The 
contaminated air is drawn in by a fan to 
each section of the filters to remove the 
dust and odor. After that, the purified 
air is recirculated. lt is preferable to 
control its operation depending on the 
degree of air contamination. Before 
that, it is necessary to know the degree 
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Fig.1 Composition of air cleaning system 



of contamination. The sensor used for 
this purpose should have stability and 
high sensitivity to components of 
contaminated air and should be 
inexpensive for domestic applicaiion. A 
sensor which meets these critei'ia is a 
semiconductor gas sensor. The sensor 
was put to practical use a few years ago 
and has been used in various 
appliances. Its application has 
expanded to air conditioning and 
ventila,tion. 

3-2. A SEMICONDUCTOR GAS SENSOR 

3-2-1. GAS SENSOR STRUCTURE 

As an representative of semiconductor gas 
sensors, a sintered tin oxide gas sensor is 
described hereundElr. Fine particles of 
semiconductor material mainly composed of 
tin dioxide are coated around an alumina 
f'cr~mif' t11hc ~nn cdntcrcn tn fnr·m ~ n~~ 
--· -····- ·--- -· ·- -·· ··-· -- ·- ·-· ... - ::7--

sensing element. The sensing element is 

heated at around 400 ·c by a heater inside 
the tube. Fig. 2 shows the appearance and 
configuration. Its housing is compact with a 
17 mm diameter and mechanically strong. 

3-2-2. GAS DETECTING MECHANISM 

When the sensor is heated to a high 

temperature, em. 400"C without the presence of 
oxygen, free electrons flow easily through the 
grain boundaries of the tin dioxide(Sn02) 

particles. In clean air, oxygen, which traps free 
electrollS by its electron affinity, is absorbed on 
the ti;: dioxide particle surface fanning a 
potential barrier in the grain boundaries. This 
potential barrier( ems in air) restricts the flow of 
e!ectrons, causing the electric resistance to 
increase.(Fig. 3-i ) ) When the sensor is 
exposed to the air containing reducir,g ~Ja~?es, 
em. combustible gases, CO, etc., the tin dioxide 
surface adsorbs these gas molecules 6.nd 
causes oxidation. This lowArs the p:>tan1:ial 
barrie~. a!!owing electrons to flow more easily, 
thereby redur.ing thC:l e'ectric ~~~:~·i.ane;n. (F!g. ~3-

. li ) ) The change of the sensor r~sistance is 
conveneM to output voltoge with a simpie circuit 
to know the gas concentration in air. 
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Fig.2 Appearance and configuration 

i ) In clean air Potential 

barrier I Free electron 
'f)e . "--

ii) ~ 

(
r • Red~dn;~g}s 

le 
e 9 ·1K o ~__::;Y' I ~-



3-2-3. CHARACTERISTICS OF GAS SENSORS 

One of the ad 1antageous characteristics of the semiconductor gas sensor is its 
high sensitivity to low concentration gases. Fig.". 4 illustrates the relationship 
between the gas concertration and sensor resistance in logarithmic scales. lt 
implies a large change in sensor resistance even in low gas concentrations. The 
components of very low gas concentrations are typical sources of indoor air 
contamination. That means the semiconductor gas sensor is suitable for the 
detection of indoor air contaminations. Long term stability is another important 
characteristics of the sensor to be used for air quality control. Fig. 5 shows typical 
long term stability characteristics of the semiconductor gas sensor. The sensor 
resistance maintains stable values in clean air and in low concentration gases, 
which shows the semiconductor gas sensor is reliable for air quality control 
systems. 
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Fig .4 Typical sensitivity characteristics 
of semiconductor gas sensor 

3-3 AIR QUALITY CONTROL METHOD 

3-3-1. STRUCTURE OF CONTROL UNIT 
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Fig.S Typical long-term stability .. 
of semiconductor gas sensor 

We have developed a control unit combined with a semiconductor gas sensor and 
a microcomputer to realize the automatic control of an air purifier and a ventilation 
fan. The gas sensor unit model AM-800 manufactured by Figaro Engineering Inc. 
is an example of a control unit. Fig. 6 shows the structure. 
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Fig.6 Structure of control unit AM-BOO 
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A gas sensor, a microcomputer and a power control unit ;ue mounted on a printed 
circuit board , equipped with terminals for output voltage and LED to indicate the 
degree of air contamination. 

3-3-2 MICROCOMPUTER BASED CONTROL 

In contaminated air, there are traces of gas below several ppm concentration level. 
Even in this low gas concentration range, a semiconductor gas sensor is sensitive 
to a certain extent. As the sensor's sensitivity is very high, the resistance shows a 
slight and slow change over a period of time even in clean air due to the influences 
of ambient temperature and humidity changes as shown in FIG. 7. lt is difficult to 
detect gaseous contaminants of low concentration by comparing to a fixed 
reference value because the resistance change in low concentration range is 
rather small while the resistance always has some fluctuation. 

To solve this problem, we have developed a computer software that picks up 
relatively rapid changes in the sensor's resistance that will appear in slow 
fluctuation of the sensor resistance, and recognizes it as a response to air 
contaminants. This software has already been used for commercial applications. 
We call this algorithm the successive renewed reference value method, and will 
explain it below using FIG. 8. 

The first period T1 in FIG. 8 is the initial transitional time that appears when the 
power is first supplied to the sensor heater. The sensor resistance at the end of 
period T1 is registered as a reference value(A), which is used as a reference value 
during period T2. The reference value is renewed thereafter at predetermined 
times T. 

Change by Low Concentration Contaminant 

Time 

Fig. 7 Fluctuation of semiconductor 

gas sensor resistan,~e in indoor air 
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Fig.8 Concept of the successively 

renewed reference value method 

The reference value to be used for the next period is not necessarily the sensor 
resistance at the end ot the previous pAriod such as T2, T3, .. , but the highest 
resistance 'n the last neriod is chosen as the reference value lor the next period. 
For example, value C in period T3 (between point B and point D) is chosen for 
period T 4. When the sensor resistance ratio between the current value and the 
reference value becomes greater than the predetermined value (delta R) at point E 
1or instance in FIG. 8, then the controller will start an air quality control system. 
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4. APPLICATION TO AIR CLEANERS 

4-1. USE FOR AIR CLEANERS 

As shown in Table, the air cleaner market has grown in three fields in Japan; 
domestic, business and automobile use. The typical contaminants to be eliminated 
are cigarette smoke, odor and dust particles. The operation of air cleaners used to 
be controlled manually or by a timer in the early stages of its market growth. From 
the time a control system using a semiconductor gas sensor was developed, 
automatic control type air cleaners have increased their market share. 

4-2. DETECTION TARGET 

Gaseous components in cigarette smoke and odor are primary components of air 
contamination that can be detected by a semiconductor gas sensor. FIG.9 
illustrates an example of gas composition in cigarette smoke. Hydrogen and 
carbon monoxide contained in cigarette smoke are among those detectable by a 
semiconductor gas sensor. As the gas sensor used for air cleaners is more 
sensitive to hydrogen than to carbon monoxide or alcohol, it implies that hydrogen 
gas can be used as an index of gas components of cigarette smoke. 

Table 1. Use of air cleaner and objects detected by gas sensor 

- --- _,- -·-- ·--~- --- _ .... _ .. ____ 
Use Objects 

--- -- -- ~-••-• oo• •-•• 

Living room Cigarette smoke 
Domestic use Recep1ion room Cooking odor 

Bed room Human body Pet odor 

Shop Cigarel1e smoke 
Office Alcohol e•.c. 

Business use Mee1ing 
Reception room 
Hospital 

Cabin Cosme1ics 
Automobile use ( Ou1side) Engine exhaus1 gas 

-

.. ' 
Gas c 'onc:. 

1 1 •I 

( P r m l 
- . 

Fig.1 0 Gas se>'lsitivity of air cleaner sen!jor 
. (TGS.so6R) . 
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Fig.9 Gaseous components of cigarette _smoke 
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The sensor resistance in clean air or in gas of low concentration shows some 
fluctuation caused by absolute humidity change in normal room air. The sensor 
responses to cigarette smoke and those to hydrogen in a low concentration range 
are compared in FIG. 12. After 0.8 of cigarette was smoked in a closed room 4.1 
m3 capacity, the change ratio of the sensor resistance (Rs) from its base level in 
clean air was measured to be about 0.6 with good repeatability. This change ratio 
is equivalent to the response to around i 8 ppm hydrogen. If the same amount of 
cigarette is smoked in 24.6 m3 room, the concentration of cigarette smoke will be 
around 3 ppm in terms of hydrogen concentration. And the resistance change ratio 
is around 0.8. The successive renewed reference value method described in the 
previous section is used for detecting this small sensor resistance change in 
normal room air where the resistance fluctuates with ambient temperature and 
humidity change shown in FIG.11. 

In addition to this signal processing method, the software contains functions listed 
in fig.13 to prevent faulty operation and to match the operation of an appliance in 
the same way a human would react to polluted air. There is one problem which 
can't be fully solved in detecting air contaminants by a semiconductor gas sensor. 
In detecting cigarette smoke by a semiconductor gas sensor, hydrogen is a main 
component to be detected as mentioned above. When contaminated air is purified 
through an air cleaner, particles and odor components in the smoke are trapped in 
the air cleaning filters. But hydrogen and CO gas can't be removed by the air 
cleaner, so the sensor resistance keeps a low value even if the air seems clean . 
In order to match the air cleaner's operation to match human reaction, the 

software adopts an idea called "saturation judgment" by using a timer. (Fig.14) Air 
cleaners with these functions have been commercialized since 1986 and have 
increased in number year by year. 

H2 concentration (ppm ) Measurements (Times) 

Fig .12 Sensitivity to hydrogen and cigarette smoke 

( TGS 800) 

1. Noise ~ 
Averaging sampling values I 
Delay after switching fan operation 
( Switching noise ) 

2. Wind 

Delay after switching fan operation 
( Sensor output chiinge ) 

3. S ~ • ; r~or it'·'l•J:J;e 

Suru.oo o•tp,oi "'""''I Short, Gutoii •tc.J 
Fig.13 Functions to prevent faulty operation 
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5. APPLICATION FOR AUTO-DAMPER SYSTEM 

5-1. CONCEPT OF AUTO-DAMPER CONTROL USING A SEMICONDUCTOR 
GAS SENSOR 

Recently there has been public awareness in air quality .control in automobile 
cabins as well as in houses and offices. In the car' cabin it is important not only to 
purify the air inside but also to control the .outside air from entering 'the cabin .. So 
far the damper control is manually operated by the driver. (Fig.15) In the auto­
damper control system, opening and closing of the damper is controlled by a 
microcomputer according to the purity of the outside air judged by the gas sensor. 
Moreover this system can be combined with a car air-conditioner and an air 
cleaner, so that a more comfortable environment inside an automobile is realized. 
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Noxious smell T 
• Auto-Damper Sensor ( ADS ) 

Fig.15 Concept of auto-damper system 
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Fig.18 Investigation of sensor housing 

5-2. SENSOR FOR AUTO-DAMPER SYSTEM ' J ; ~ . . . . 

The objective gases to be detected by a sensor for an auto-damper system-are · -­
exhaust gas from gasoline and diesel engines. The rTJ.ulti-purpose_ sensor (TGS 
822) which has a high sensitivity to ethanol, hydrog~n· and· CO can ·fully detect 
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gasoline engine exhaust gas. But it can't respond to a diesel exhaust gas. Actually 
we feel uncomfortable when we are driving behind a diesel automobile, especially 
against black smoke and noxious smell when starting and climbing a slope. NOx is 
main component to be detected for a diesel engine exhaust gas as a result of 
various experiments. Furthermore the concentration level is very low under 1 ppm. 
The new sensor which can detect the above has ·bAen developed. Response 
curves to gasoline and diesel engines' exhaust gas of a multipurpose sensor 
(TGS 822) and a newly developed sensor for a diesel engine exhaust gas 

( ADS ) are shown in fig" 16. TGS 822 shows a large response to a .gasoline 
exhaust gas and ADS does to diesel exhaust gas. For an auto-damper control 
sensor, stability of sensor resistance and gas sensitivity are important 
characteristics. The long-term stability of this new sensor is stable enough as 
shown in fig. 17. 

5-3. HOUSING OF SENSOR 

The auto-damper sensor is affected by wind when the automobile is running. As 
one of the measures to the adverse wind effect , an outside housing covering the 
sensor has to be installed. As a result of various investigations, the shape of the 
housing as in fig. 18-i ) is effective to avoid fluctuation .of sensor signal by a wind. 
(Fig.18-ii )) In a design of such housing, diminishing adverse wind effect and also 
keeping quick response has to be considered. 

5-4. MOUNTING TE~T OF SENSOR TO AUTOMOBILE 

The sensor unit for an auto-damper system is mounted in the front of an 
automobile and tested in actual running mode. The sensor output signal, presence 
of a diesel vehicle and a feeling of bad smell and black smoke by the occupants 
are recorded in fig. 19. The sensor output signal shows a delicate change. But by 
differentiating this signal, the sharp peaks apparently appear. Large peaks 
correspond to the presence of a diesel vehicle and also odor and black smoke. So 
the newly developed sensor for an auto-damper system is suitable to the 
apphca Ion of conffOIIing opening and closing the auto-damper by deteciing 
outside pollutants . 
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6. DIRECTION OF AIR CONDITIONING CONTROLLING SYSTEM USING GAS 
SENSOR 

6-1 . TREND OF DEMAND 

In Japan the sales amount of air 'cleaners has increased year by year as in fig. 20. 
Sales for business use and automobile use will increase compared to that for 
domestic use. Especially the market of auto-damper system is expected to 
increase as shown in fig . 21. In addition an application of a gas sensor system for 
total air conditioning control in buildings is one of the most important future 
developments. 

6-2. ADVANCEMENT OF SENSORS 

So far the main object to be detected by a semiconductor gas sensor in an air 
cleaning system has been cigarette smoke. Furthermore automobile exhaust gas 
and various odor components need to be detected. Especially a C02 gas sensor 
will have a large demand and many methods have been investigated to develop a 
C02 sensor in Japan. In addition to gaseous components, detecting particles, for 
instance, pollen and dust by optical type sensors is becoming important. In the 
future air quality sensors such as gas sensors and particle sensors will be 
combined with not only conventional temperature and humidity sensors but also 
light, wind velocity, radiation and human presence sensors. And such combined 
sensor system will perform important functions to realize more comfortable indoor 
air quality. 
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