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WAYS FOR IMPROVEMENT SELECTIVITY OF SEMICONDUCTOR GAS SENSORS

Nagirnyak S.V,, Dontsova T.A.
National Technical University of Ukraine «Kyiv Polytechnic Institute»

A review of the literature on the main approaches for increasing the selectivity of semiconductor gas sensors done. Found
that, in addition to regulation of working temperature and usage of dopants, a promising way to improve the selectivity
of metal-oxide gas sensors is to create a multisensor systems containing arrays of sensing elements. The basic directions
for further development of multisensors to design highly selective sensor system formulated.
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ntroduction. The presence of hazardous con-

taminants in the air and the necessity for rapid
detection of leakage of toxic volatile chemical compo-
nents promotes intensive development of gas sensors.
Solid-state gas sensors present a high potential for
this application due to their fast response time, ease
of implementation and low cost [1-3].

Among the solid-state sensors distinguish the fol-
lowing three main types: electrochemical [4, 5], cata-
lytic (calorimeter) [6-8], semiconductor [9, 10].

Electrochemical sensors measure the change in
potential or conductivity of sensing element based on
solid electrolytes depending on the concentration of
the active gas component.

Catalytic sensors fix the temperature change by
the exothermic oxidation reaction of combustible gas
or vapor on the surface of the catalyst.

Principle of semiconductor gas sensors based on
the change in conductivity sensing surface layer de-
pending on presence gas in the environmental. This
conductivity change can be easily detected and is of-
ten used as the gas response signal.

For use in practice, the gas sensor must satisty
certain requirements. In order to characterize sensor
performance a set of parameters is used. An ideal
chemical sensor would possess high sensitivity, selec-
tivity and stability, low detection limit, good response
time and long life cycle. However, real sensor does
not need to have all the ideal characteristics at once.
Generally value of characteristics substantially de-
pends on the intended use, and accordingly, require-
ments for the sensor.

The comparison the main indicators of solid-state
gas sensors are presented in Table 1 [11].

Table 1
Comparison of various types of gas sensors

Type of gas sensor
Parameter Semicon- Catalytic Electro-
ductor chemical
Sensitivity e g g
Accuracy g g g
Selectivity P b g
Response time e g P
Stability g g b
Durability g g p
Maintenance e e g
Cost e e g
itabl rtabl
mstruments e g P

e: excellent; g: good; p: poor; b: bad

As can be seen in Table 1 among the presented
three types electrochemical sensors are character-
ized by the worst indicators of stability, durability,

response time and possible use in portable devices.
Catalytic sensors have good parameters, but are in-
ferior in selectivity. Gas sensors based on semicon-
ducting metal oxides deserve special attention due
to the obvious advantages: high sensitivity, low cost,
fast response time, good suitability to portable in-
struments. But these devices have low selectivity to
target components in gas mixtures which limits their
use [12, 13].

Ways to improve selectivity of metal-oxide gas
sensors. Selectivity relates to the specificity of the
gas sensor response to a target gas in the presence
of a mixture of gases. Selectivity plays a major role
in gas identification. And high selectivity is the main
task to the developers of metal-oxide gas sensors.

For improving the selectivity of gas sensor use
several approaches include controlling the sensor op-
erating temperature, using additives and using sen-
sor arrays.

Temperature dependence of a metal-oxide sensor
signal to the presence of a given analyte has a maxi-
mum at a certain temperature for each gas [14]. This
dependence arises due to several reasons: the charge
of oxygen species adsorbed at the oxide's surface de-
pends on temperature [15], rate of the oxidation re-
action increases with temperature and all adsorption,
desorption, and diffusion processes are temperature
dependent [16]. Heilig and co-workers in their work
[17] showed that when the target gas interacts with
the SnO, sensor, the reaction can be either endo- or
exothermic, leading to a measurable change in the
sensor operating temperature and the sensor resis-
tance (ie. the sensor sensitivity).

The reason of low selectivity of sensor materials
is the presence of oxygen vacancies on the surface
[18] which are active centers and allows to simulta-
neously interact with different molecules from gas
phase. Using additives provides for the creation of
new active centers on the surface (so-called «receptor
sensitivity») in relation to certain gases by applying
catalytic clusters or modifying the microstructure of
the material. As the dopants most commonly used
metals of platinum group — Pt, Pd, Ru, Rh, or oxide
catalysts — Fe,O;, La,Os;, Cr,0;, V,0;, NiO, CuO. Im-
portant step — choice modifier for the gas and the
change the reactivity of the material by changing the
modifier concentration. Usually, the additive load-
ings required for improved sensor performance are
low (typically less than 10% mass or mole basis) [19].
The choice of dopant is carried out depending on the
nature of the gas, clusters of noble metals used for
doping sensor elements aimed at determining gas-ox-
idants (O,, NO,) and gases not have defined acid-base
properties (CO, H,, CH,). For detection of basic and
acidic gases using clusters of oxide catalysts — oxides
of molybdenum and vanadium to identify the basic
gases; oxides of copper, nickel, iron, lanthanum for
detection of acid gases.
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The perspective is to use a multisensory system
(sensor arrays) for identification components of gas
mixtures. Such arrays of gas sensors usually call «elec-
tronic nose». The term «electronic nose» is understood
to describe an array of chemical gas sensors with a
broad and partly overlapping selectivity for measure-
ment of volatile compounds combined with comput-
erised multivariate statistical data processing tools
[20]. Based on the wellknown definition, an «electronic
nose» is an instrument, which comprises an array of
electronic chemical sensors with partial specificity and
an appropriate pattern-recognition system, capable of
recognising simple or complex odors [20].

Background of creation of the multisensory sys-
tems. The «electronic nose» («e-nose») has derived its
name because it in several aspects tries to resemble the
human nose (Figure 1). In the case of «electronic nose»
signals can be obtained simultaneously from several
sensors, which differ in some way (e.g., doping element,
doping ratio, grain size, or temperature) [15]. «Electronic
noses» use various types of electronic gas sensors that
have partial specificity. Unlike traditional sensor sys-
tems that require highly selective sensing elements,
«e-nose» can contain a set of low selective sensors.
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Fig. 1. The basic gas identification system blocks:
an electronic nose and a mammal olfactory [21]

Figure 2 shows an example of the block diagram
of multisensory system [22]. Generally «e-nose» in-
cludes the following components: matrix of sensi-
tive semiconductor sensors; sampling system; analog
adapter to maintain operating modes in a matrix of
sensors and sensor output signal conversion into dig-
ital code; microprocessor for signal preprocessing of
sensors and standard interface for connection to a
computer; computer software for device manage-
ment and authentication.
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Fig. 2. Block diagram of e-nose system [22]

The main part of «electronic nose» is the sensing
system and the others components chose depending
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the matrix. When using single sensor you can usually
judge only about relative selectivity, since the sensor
gives the response of a number of gases, and it is
very difficult to understand what caused the change
in conductivity of the layer — gas type or it's concen-
tration. And in the case of electronic nose a particular
gas interacts with a large array of different sensors.
From each sensor comes a distinct response signal. By
aggregating the set of signals from the sensor array,
a distinct chemical «fingerprint» can be constructed
for any particular chemical (Figure 3).
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Fig. 3. Schematic of an electronic nose [23]

In the case of multisensory systems for easier pre-
sentation of the sensory response results of various
sensing elements usually use two kinds of charts. Fig-
ure 3 shows column histogram chart for response re-
sults of multisensor which contains 6 different sens-
ing elements. In Figure 4, the sensory response data
of multisensory system based on 13 sensing elements
are presented as a radar chart. Such charts are con-
venient for estimating selectivity of various sensing
elements towards to the same gas.
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Fig. 4. Sensory response of SnQ:-based sensors on NO;
at an operating temperature of 300°C [18]

Conclusions. In terms of data presented in contem-
porary scientific literature, to improve the selectivity
of semiconducting gas sensors several approaches can
be used, namely controlling of operating temperature,
using additives and creation of multisensory system.
The last approach deserves special attention due to the
using low-selective sensing elements. The number of
sensitive layers for such multisensory system can vary
from 3 to 30. And, as of day there is no explanation of
criteria for of selection of an array of gas sensors. This
refers not only to the selection of layers with certain
parameters, but also to the selection of number these
layers. Therefore, the main task for researchers is the
finding the optimal number of sensitive layers for de-
velopment of highly selective sensory system.
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Haripusak C.B., JToumosa T.A.
Harionanpunit Texuiuanit yHiBepcureT YKpainy «KniBcbEmii moTiTeXHIYHNI iHCTUTYT»

HIJIAXY IIORPAIIEHHA CEJERTIIBHOCTI
HAHNIBIIPOBIJHNKROBUX T'A30BIX CEHCOPIB

Anoranis

IIpoBeneno oruyaz JyiTepaTypy CTOCOBHO OCHOBHMUX ITIIXOJIB JJIA MiIBUIIEHHA CeJIeKTMBHOCTI HAIBIIPOBIAHMKOBMX Ia30BUX
ceHcopiB. BeraHoBieHo, 1110 KpiM perysiroBaHHA pobodoi TeMIlepaTypu Ta BUKOPUCTAHHSA JOIAHTIB, JOCUTH IIEPCIEKTUB-
HIM CII0COOOM ITOKPAII[eHH:A CeJIEKTYBHOCTI METAJIOKCUIHUX Ia30BUX CEHCOPIB € CTBOPEHHS MYJIBTMCEHCOPHUX CUCTEM, IO
MICTATbL MacuUBU UyTJIMBUX ejeMeHTiB. CpopMyIbOBaHI OCHOBHI HAIIPAMKM JJIA IIOAAJBIIOIO PO3BUTKY MYJILTUCEHCOPIB 3
METOI0 PO3POOKM BYICOKOCEJIEKTVBHOI CEHCOPHOI CHUCTEMIL

Ruo4oBi ciioBa: TBepnoda3Hmnii ceHcop, HAIliBIPOBIIHMKOBUI CEHCOP, CEJIEKTUBHICTD, JOMAHT, «eJIeKTPOHHUI Hic».

Harupuak C.B., [lounosa T.A.
HanmonabHBIN TEXHUYECKUIT YHUBEPCUTET Y KpanHbl « KMeBCKUI MTOIUTEXHUYECKUIT MHCTUTYT»

IIYTN YAYYIIEHNA CEJTERTUBHOCTU
IMOJYIIPOBOJHMNROBBIX I'A3OBbIX CEHCOPOB

AHHOTAIUA

IIpoBenen 0630p JmTepaTypbl OTHOCUTEJIBHO OCHOBHBIX ITOAXOJOB JJIA IIOBBIIIEHN CEeJEKTUBHOCTH II0JIyIIPOBOSHMKOBBIX
ra30BbIX CEHCOPOB. Y CTAHOBJIEHO, YTO KPOME PeryJupoBaHus pabodell TeMIiepaTypbl U JCIOJIb30BAHUA JOMAHTOB, IIEp-
CIIEKTMBHBIM CII0COOOM YJIYYIIIEHNA CEJIEKTMBHOCTY METAJIOKCU/IHBIX Ta30BBIX CEHCOPOB ABJIAETCA CO3JaHME MYJbTUCEH-
COPHBIX CJCTEM, COJEpPIKaIlX MAaCCUBBI UyBCTBUTEJIbHBIX dJyieMeHTOB. ChopMysmMpoBaHbl OCHOBHBIE HAIpaBJIEHUA IJIA
JIaJIbHENIIIEr0 Pa3BUTIUA MYJIbTUCEHCOPOB C LIeJIbI0 Pa3paboTKM BHICOKOCEJIEKTUBHON CEHCOPHOM CUCTEMBI.

KuaroueBble ciioBa: TBepo(has3HbIll CEHCOP, IOJIYIIPOBOJHMKOBBIV CEHCOP, CEJIeKTUBHOCTD, AOIAHT, «3JIEKTPOHHBIN HOC».
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