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legend('Data points','T = &) ¥)
xlabel('zeta")

ylabel('G')

%%%%%%%%6%%%%%%%%%%%%%%%%%% % %% T = 8 ¥Y
R YOF YAANVFY VY IVY VYA YAS VAF YaX YIF YYV YFY YV Y0¥ ¥F. Y77 FYL oY ]=0fY
LYY Y ATY OFEATF YA NFLIFY 1 FO VFY YO
Go¥Y=\ /Rg;o¥Y
TY= ;OY’V
zeta Y= zeta( ) :length(GoY¥Y));

[FY,xmultiY] = fun_def(GoY¥Y,T),zetaY);
f Y=FY(xmultiY,zetaY);

figure

plot(zeta¥,GoYY 'ro’,zetaY,fY)
legend('Data points',' T = 8¥Y¥")
xlabel('zeta")

ylabel('G")

%%%%%%%%6%0%%%%0%%%%%%%%%%%%%%%% T = 8AA
Rg FFA YOA FFA YA YAF Fuf FY) FYF FOY FVL 0Y0 817 OYF Y4 0A« FAL AY4 1Y J=0AA
ARAAAARANAR AR ARRAFRAR)

GOAA=Y [Rg;OAA

T Y= ;0AA

zeta Y= zeta() :length(GoAA));

[FY xmulti¥] = fun_def(GoAATY zetaY);
f Y= FY(xmultiv,zeta¥);

figure

plot(zeta¥,GoAA 'ro',zetaY ,fv)
legend('Data points','T = 8AAY)
xlabel('zeta")

ylabel('G")

%%%%%%%%6%0%%%6%0%%%%%%%%%%%%% % %% T = 7+ ¥
RO OAs #av #Y4 FFF #F0 FACYau YFO VAL AT ASL A0 AV 1Y e VIY L IYY L VAL ]=F0Y
P FYAFYZ FEF FOY F7Y FVY FAL FAW 000 8VA OYY OFA 277
G?+¥=)/Rg;? ¥
TY=;7.Y
zeta Y= zeta() :length(G7 + Y));

[F¥ xmulti¥] = fun_def(G?+ ¥, TY,zeta¥);
f ¥= F¥(xmulti¥,zeta¥);
figure
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plot(zeta¥,G7+¥,'r0',zeta¥ f¥)

legend('Data points',' T = 7+ 1)

xlabel('zeta')

ylabel('G")
%%%6%0%%%%0%%%%6%%%%6%0%%%6%%%%% %% %o result
clc

display('the coefficient of function for metanol in T = &¥is ")
display(xmulti?)

display('the coefficient of function for metanol in T = &¥¥is ")
display(xmultiY)

display('the coefficient of function for metanol in T = 2AAis ")
display(xmulti¥)

display('the coefficient of function for metanol in T = 7+ Yis ")
display(xmulti¥)

L;"J\.w L L YYe Yoo YV (Ve 6&\.6} L J_,;‘S‘ ‘;.»\%CUJ: 6,\.« 47.&5 6‘.&.’5 - W

:ljf

clc
clear
format long
zeta=;) v v eV

%%%%%%%%6%%%%%%%%%:%%%%%%%%%%%%T = &) ¥
R FAY 847 OYY OYY OFY OAY 74) #YF FFA FVF VY YF) VY VYA AV AVF V0 fu VP ]=0)Y
[YOY YOF YFu ¥FF FYY FVF YAV YAQ Y47 FuY FYu P10 FIAFYL FFY FOY F7O VY
GoYY=) /Rg; Y
TVY=;0)Y
zeta Y= zeta() :length(Go1Y));
[FY,xmultiV] = fun_def(Go Y, T),zeta));
f Y=F)(xmulti),zeta));
plot(zeta),G&)Y,'ro’,zeta) ,f))
legend('Data points','T = &) ¥")
xlabel('zeta")
ylabel('G")

%%%%%%%%6%%%%%%%%%%%%%%%%%%%%% T = oYY
Rg FFY YFa FOAYY. FAY YAF Fu8 F14 FYF FOY FYY Fa. FA2 8. 874 #F. VAL Vo) ]=0FY
YFA YY) YVF YVQ YAY YAS YAA YAY YA FoY YoV YIY YYL FYF FYF
GofY=) /Rg;o¥Y
T Y=;0YY
zeta Y= zeta():length(Go¥Y));
[FY,xmultiY] = fun_def(Go¥Y,T),zetaY);
f Y=FY(xmultiY,zetaY);
figure
plot(zeta¥,GoY¥Y 'ro',zetaY,fY)
legend('Data points','T = 8¥Y")
xlabel('zeta")
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ylabel('G")
%%%%%%%%%%%%%%%%%%%%%%%%%%%% % T = 0AA

R YF YO4 YF7 YYY YA) YAZ YAY Y4Y ¥ ) FYF7 YFOYFY ¥a. FYF FFY 80A 70 AP ]=0AA

VAT YAF YAA YA 148 1Y Yau YA Yo YIF YIA XYY YY) YYY YFY

GOAA=) [Rg;8AA

T Y= :0AA

zeta Y= zeta() :length(GoAA));

[FY,xmulti¥] = fun_def(GoAATY zetaY);

f Y= FY(xmultiv,zeta¥);

figure

plot(zeta¥,GoAA 'ro',zetaY ,fv)

legend('Data points','T = 8AAY

xlabel('zeta")

ylabel('G)
%%%%%%%%6%0%%%6%:%%%%:%%%%%%%%%% %% T = 7+ ¥

RGYOAIFF 174 IVA YAAYAA Y47 Y1 YYY YFA YVA FIA TR ¥ FY o FFL 0AL AP ]=F Y

DIYIIF A NIV I NNY AT IYA YL ITY AFF NP 1 FS ¥R 100

G#+Y=\/Rg;7 ¥

IRERAM

zeta Y= zeta() :length(G7 + V));

[F¥ xmulti¥] = fun_def(G? + ¥, T¥,zeta¥);

f ¥= FY(xmulti¥,zeta¥);

figure

plot(zeta¥,G7+Y,'ro’,zeta¥,f¥)

legend('Data points',' T = 7+1")

xlabel('zeta")

ylabel('G')

%%%0%%%%%%%%%6%%%%%%%%%%% %% %% %oresult

clc

display('the coefficient of function for etanol in T = &1Yis ")

display(xmulti?)

display('the coefficient of function for etanol in T = &¥Yis ")

display(xmultiY)

display(‘the coefficient of function for etanol in T = 8AAis ")

display(xmultiY¥)

display('the coefficient of function for etanol in T = 7+Yis ")

display(xmulti¥)

[1] P. Hauptman,"Sensors Principles and Applications," Prentice Hall,New York, 1993

[2] S.S. Schiffman and T.C. Pearce, "Introduction to olfaction: perception, anatomy,
physiology, and molecular biology," in T.C. Pearce, S.S. Schiffman, H.T. Nagle and J.W.
Gardner (eds.), Handbook of machine olfaction: electronic nose technology,” WILEYVCH
Verlag,Weinheim,2003, see ch.1.

80



[3] A. Mandelis and C. Christofides, "Physics, chemistry and technology of solid state gas
sensor devices," John Wiley & Sons, New York, Inc. 1993.

[4] G. Gustafsson, I. Lundstrom, B. Liedberg, C. R. Wu and O. Inganas, Synth. Met., Vol. 31,
pp.163-179, 1989.

[5] P.N. Bartlett and S.K. Ling-Chung, "Conducting polymer gas sensors Part 111: Results for four
different polymers and five different vapours ,” Sens. Actuators B, Vol. 20, no .1, pp. 287-292, 19809.

[6] I. Lundestrom, S. Shivaraman, C. Svensson, and L. Lundkvist, “A hidrogen sensitive MOS
fieldeffect transistor,” J.Appl Phys.Lett,vol 26, no.2, pp.55-57.1975

[7]1J. A. Covington, J. W. Gardner, D. Briand and N. F. De Rooij, “A polymer gate FET sensor array
for detecting organic vapours,” Sens. Actuators B, vol 77, no 2, pp. 155-162. 2001.

[8] A. Loutfi, “Odur recognition using electronic noses in robatic and inteligent systems”, under
supervision of Silvia Coradeschi, Orebro University, sweeden, 2006.

[8] SAW miniCAD mk Il tmMiniature Chemical Agent Detector,
http://www.msanorthamerica.com/catalog / product500650.html.

[9] A. K. M. Shafiqul Islam, Z. Ismail, M. N. Ahmad, B. Saad, A. R. Othman, A. Y. M. Shakaff, A.
Daud and Z. Ishak, “Transient parameters of a coated quartz crystalmicrobalance sensor for the
detection of volatile organic compounds (VOCs),” Sens. ActuatorsB, vol. 109, Issue 2, pp. 238—
243, 2005.

[10] G. Mensitieri, V. Venditto and G. Guerra, “Polymeric sensing films absorbing organic guests into
a nanoporous host crystalline phase,” Sens. Actuators B., Vol. 92, Issue 3, pp. 255-261, 2003.

[11] http://nano.aalto.fi/en/research/groups/epg/research/gas_sensors/
[12] http://www.fisinc.co.jp
Sl S e i S S =B e L] el IS sasboLL M Recrystallization

AYAY (sb ] ead al gt mis o200 (LU
[14]T.Seiyama, A kato, M Nagatani," Anew detector for gaseous components using
semiconductive thin films,"Anal chem,1926,vol 34, no 11,pp 1502-1503.

[15] http://www.fisinc.co.jp
[16] http://www.figaro.co.jp

[17] A. Bejaoui, J. Guerin, K. Aguir, "Modeling of a p-type resistive gas sensor in the
presence of a reducing gas,” Sensors and Actuators B, vol. 181, pp.340-347, May 2013.

[18] S.Sharifpour-Boushehri, G. Hosseini, Seyed Mohsen Mohammad-Hossein, sheikh.

Mohammad-Hossein, "A low cost and reliable fiber optic ethanol sensor based on nano-sized
Sn0O2," Optical Fiber Technology, In Press, Corrected Proof, Available online 27 May 2015.

81


http://www.msanorthamerica.com/catalog%20/

[19] A.Varpula, N.Sergey,"Transient characterization techniques for resistive metal-oxide gas
sensors,” Sens. Actuators B: Chemical, Vol .159, Issue.1, pp. 12-26, 2011.

[20] I. Simon, N. Barsan, M. Bauer, U. Weimar," Micromachined metal oxide gas sensors,
opportunities to improve sensor performance”, Sens. Actuators B: Chem. Vol . 73, Issue .1,
pp. 1-26, 2001.

[21] J.W. Gardner, V.K. Varadan, O.0. Awadelkarim," Microsensors MEMS and Smart
Devices", John Wiley & Sons Ltd, New York, USA, 2001.

[22] M. Gaidi, B. Chenevier, M. Labeau, “Electrical properties evolution under reducing
gaseous mixtures (H2, H2S, CO) of SnO2 thin films doped with Pd/Pt aggregates and used as
polluting gas sensors, Sensors and Actuators ,” Vol 62, Issue 1, pp. 43-48, 2000.

[23] A. Labidi, A. Bejaoui, H. Ouali, F. Chaffar Akkari, A. Hajjaji, M. Gaidi, M. Kanzari, B
Bessais, M. Maaref, “Dry air effects on copper oxides sensitive layers formation. for ethanol
vapor detection, Applied Surface Science,” vol 257, no 23, 2011, pp. 9941-9945.

[24] W. K. Choi, S. K. Song , J. S. Cho, Y. S. Yoon , H. J. Jung , S. K. Kohl and D. Choi, “
H, gas-sensing characteristics of SnO, sensors fabricated by a reactive ion-assisted

deposition with/without an activator layer” , Sensors and Actuators , vol .40 , Issue 1, pp 21-
27, 1997.

[25] SK. Srivastava, Rajeev K. Srivastava, P. Lal, R. Dwivedi, "Sensing mechanism in tin
oxide-based thick-film gas sensors”,Sensors and Actuators , Vol 21, Issue 3, PP 213-218,
1994,

[25] S.R. Morrison, "Mechanism of semiconducting gas sensor operation”, Sensors and
Actuators 11, 283-288, 1987.

[26] S. M. Sze, “physics of semiconductor device”, 2" ed. Wiley, New York 1981.

[27] S.R.Morrison, "SELECTIVITY IN SEMICONDUCTOR GAS SENSORS", Sensors and
Actuators, Vol 11, Issue 4 , 425 — 440, 1987.

[28] S.R. Morrison, "Mechanism of semiconducting gas sensor operation”, Sensors and
Actuators 11, Vol 11, Issue 3, 283-288, 1987.

29] R.L. Masel, “Princilpes of adsorption and reaction on solid surfaces”, John Wiley &
ons, Inc., 1996. see ch.4.

‘”j-’L;,’,L“L*:’LS‘J" &usdﬁjjm@)gﬁw&igjm&x" ‘chjﬂfw[ﬁ]
ol mies o bl e Sl 5SS e SO S = B i 5l 58 Al

[31] D.D. Lee, B.K. “Sohn and D.S. Ma, Low power thick-film gas sensors, Sensors and
Actuators ,” 441-447, 1987.

82



[32]S. Kanefusa, M. Nitta and M. Haradome,” Some unique aspects on ThOz-doped SnO,
exposed to Hz gas,” J. Appl. Ply., vol . 50, No .2, 1979.

[33] M. Kaneyasu, A. Ikegami. H. Arima and S. lwanaga, “Smell identification using thick
film gas sensor,” IEEE Trans. Com- ponents, Hybrids Monafact. TechnoL, CHMT-10(2),
Vol. 10, Issue. 2, pp. 267-273, 1987.

[34] J.R. Stetter, M.W. Findlay, G.J. Maclay, J. Zhang, S. Vaihinger and W. GGpcl, “Sensor array and
catalytic filament for chemical analysis of vapours and mixtures, Sensor and Actuators”, Vol 1, Issues
1-6, pp. 43-47, 1990.

[35] P.T. Moseley, “Materials selection for semiconductor gas sensors,Sensors and Achaators
8.6”, Vol 6, Issues 1-3 , pp. 149-156, 1992.

[36] J. Watson, “The tin oxide gas sensors and its application, Sensors and Actuators,”
Vol4, No 7 , 1984,

[37] P.K. Clifford, “Homogenous semiconducting gas sensors: A com-prehensive model,
Pmt”. 1st Int. Co@ Chemical Sensors, Fukuoka, Japan, pp. 135-146, 1983.

[38] S.R. Morrison, “Semiconductor gas sensors, Sensors andActuators,” pp. 329-341, 1982.

[39] S.R. Morrison, “Mechanism of semiconducting gas sensor operation, Sensors and
Actuators”, 1987.

[40] J.W. Gardner, “A non-linear diffusion-reaction model of electrical conduction in
semiconductor gas sensors, Sensors andActaators,” pp. 166-170, 1990.
[41] J.W. Gardner,” Electrical conduction in solid state gas sensors,Sensors and Actuators,

Volume 18, Issues 3—4,pp. 373-387, 1989.

[42] H. Geistlinger, “Electron theory of thin film gas sensors, Sensors and Actuators”, pp. 47-
60, 1993.

[43] H. Geisdinger, “Device modeling of semiconductor gas sensors, Sensors and Actuators”,
pp. 685-686, 1993.

[44] M.C. Carotta, C. Dallara, G. Martinelli, L. Passari and A. Camanzi, CH,” thick-film gas
sensors: characterization method and theoretical explanation, Sensors and Actuators”, Vol.3,
Issue. 1991.

[45] S.M. Sze, “Physics of Semiconductor Devices”, Wiley-Interscience,New York, 1981,
Ch. 5.

[46] J.F. McAleer, P.T. Moseley, J.O.W. Norris and D.E. Williams, “Tin dioxide gas sensor “,
Part-l, J. Chem. Sot. Faraday Trans. 1, Vol. 4, No 7, pp. 1323-1346, 1987.

83



Abstracts

Resistive gas sensors, register heat density using resistance changes (electrical conduction).
Many efforts have been done to model gas absorbtion on surface. The most important one is
monolayers Longmmir absorbtion, bet and Frondlish absorbtion model. Surface absorbtion
Longmmir model considered homogeneous level with similar dependency energy for surface
absorbtion sites. It also doesn’t consider interactions between absorbent atoms, while the
energy of surface is considered heterogeneous in Freandlich absorbtion model.

Freandlich absorbtion model for multiplier gas, is considered in Freandlich model, effect of
each component is checked, finally due to density of gas in several tempreture and effect of

tempreture on conductance or change of resistance, multiplier Freandlich model is presented.
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