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0, and CO, gas sensing by pure SnO, polycrystaline thin films

M. Mahdizadeh Rokhi and H. Eshghi
Physics Department, Shahrood University of Technology

Abstract

In this research we have studied three samples of pure SnO, thin films which are deposited by spray pyrolysis method on
glass substrate. Oxygen and carbondioxide gas sensor were employed. The transmittance spectra of the samples showed that
the thickness of the layers were within the nanometer scales (200-150 nm), and XRD spectra showed that as the samples
become thiner the preference orientation varies from (200) to (110). The this variation of orientations was due to the variation
of their thicknesses. Also crystallites sizes were decreased from 31 to 22.5 nm. The sensitivity of the samples to 2000 ppm of
these gases showed that the optimum operational temperature in these samples was about 170°C and 180°C for oxygen and
carbondioxide respectively. In addition we found that the sample with lowest thickness (150 nm) and crystallite sizes (~22.5
nm) with preferential orientation of (110) had more sensitivity to O, compare to CO, gas.

Keywords: Thin Films, Tin Oxide, Spray Pyrolysis, Gas Sensor, Oxygen, Carbon Dioxide.

E-mail of corresponding author. Mahdizadeh.mozhgan@gmail.com



WVl 55 Ol bl Lase gl Ol s Wilg e sl
i WS Lam Sl o dpd e S S
OSGl ol Gosle o s3T 05801 oo b 5 L) 0l

107 Al et &Y S S G slie oS 3505 3575
SN Cules i Jl ) dlie plys b Gus
Sl p SASlgs 5 05S! s ¢ K= s SnO;
Sl Sl adsl Jsloms poem a8 L ke iy oS
Gl wnily Galke 10 5 Y0 O sl slags)
ol S sl S5 LB aes 5 s a8 1 LY
252k Gl s 4 LSS Y ) s b o bk e

Kleds slaiay

SRS )
2Rk Gl pbesd 2oy 4 SN0y S5 gls &Y
Spray Coating System (S. L oY oK Loy
plil L3 s GlaiaY i oY 5 s, €. S-80)
/8 osbs b mle SNCly Ve /) Ushoes 51050l
49/94 okt L el hie ol (Merck-7810)
oot Ol b 2l Jgtl 5l 5 Merck-115333)
sl a5 53 P> 0l e 4 Merck-100986) 44/4A
Dol Sy gl a S eslinad LseY sl 4
led Gba sl 5 a) Cslate lenbes b e ol
V0 CC o5 YO O leom= L oadsl Jahoes 51 (F 5 Y )
Sl FY7C Y 5 slos Ledalosl cpl o3 i eslizul
DL edds o ad e Ve ele pled D3 gl 2L
o3 Llal YO Cm iy U J36 gl vobar Jol- 58
LY Culbhs pund sk 4 ba sl o ib ol
oS Fn Bl S 5 e B Sl e Ly
b sl )z glp +N0F NM 4 Jsb L CuKa
O Sl Sl eddeslinad LSk ol 8L
T S et 5B a0 S8 4 b Conli
e ol 23 S eslital ol sal VS s 0T Sles
e SVl s ek Bome slagieew 51 8 S SN L
Ll A Kbl s Ol by (IS joes

PRV
Conslie o3 51 e Shs 035 Ll bl 4 B 4Sliss
Slazse dsb eapion 5o Vb clid ol (S
OB il 5 o Lo 53 VU ol (ILL ebsS
23500 sl e UL e slse Sl S edies 15
ke sl IS8 4 S ol g5 SLlo o & SnO;
Gl S alax 5l g slas S Sl mws 03 5des o
cladshe (ml Jhw s sle Sl bl Sl 58
aoosle ol g e esliad Ulay slasy S 5 oWy g
G il la3l 4 s Yo Conle ity s
LS Ll o slge Sos b anslie L3 035 01,0 5 VL
oemed [N 3 5d o0 g alas )8 o Gl a7
5 bl bws ool gl 256 VaA8Y Jle s oST 51 e
o~ e VT (5l IS Gl xSt s R
AeST Gable s by Jlzdl LB slajlS 5 il
4 Ul jags GladnS] oyl dd il SN0y 5 Zn0O (550
L S 15 eslinul 3,50 58 S Ol a4 glos 1S 550
e SRS S gl e OS] sl S [Y]
SlreysS 53 5 e sl o5 03 (Lo w0 Ia Cod)
2 e sl oKl Gl e Sl
S 5 8 Gl e s Oolas dile lglame
8 L r] L oslitad ow 38 e 3l
38 lEl e s Gl e o SASlss
s ol elos S Ll 55 4 1 ol e slalS
PSSy CoiS Sl Olabl Gl peer b S
R P N
LF] s oslinal b guid s Mallony el (655555
Glble o 2 e (3 la Ko Slalad 2l o054l
WO; 5 TiOy ZnO . SnO; i s, shm (530 1S
SV S Slaie Bl e s ol s
T sl 5 s 3 sk &K o O3S Slalgs

Sadisg Jod opl sy Aloy 0 b e 2

! Dangling bounds



Yo o (\YaO)\ ch.a e hgay f‘,l.ﬁ (CO; 50, 138 s Kum 53 SN0, 6, sk SHU slawY sl (B g P edl) s

sl .l s, tetragonal rutile besle Ul
ohd Gl Solos g JAS L asde sdalis
s (N0 4 (Yo) Slmis 51 LI g5k S
Sl JialS 4 e pom a5 48 Sl 1S
Log odd GBS b Gb 5 [P] asds e AN
et bl Culbs pun [V] JHLKes 5 G SCass S
S S e Wl elen 5k S e
A e s e ol a el daddged pl 5 o5k
RIS 3 e Y 53 SOk o3l Ll 4 calis
Sl sSE (Ko S So5k 3l 5 oS i) Juls o
Lies B @ el Conla bl RIP0 5s ege
rSila slul (65 sl Sl b gladi gl ool 52 8 5 A]
5 S o mhe 3l olae Olye a ilg e LS5k o)
S Sy Cld s e Gl Sl 3 s s
D] ose a s e 51D LS50 slad end sl

094
Bcost

L'..@_;rLu”B Sl 5l 4530 ;ﬂ);c\s.:};‘;& sl

Q)]

o by @l Sl X g e dsb A s e Sl aad s
deul.q- G| e..a\.ai \ J)J}- r}) L)j:-w BE CJL«.«W u.:\
S MLS L» v.::.&\b )LE:J\ LY )jJa.:Lwﬁ bﬁ& odalin

J;‘wl.l J:.le L@SJ}L AJ‘J;‘ ‘LS}?"J‘ dj-kﬁ
o i LSk o3I 5 sk (S i e sDle
ol LY Sl ose ab 3l Sl sl
T Jsb e 2 ) b sad (g5 b 7SS L les S

das e 0L (Avr M G ¥re o 2 3)
oY eSS sdas Ol A sbaaiaS 5 aniy gl
o Al L aS 5 e ey 5 W] il e anl al,
cMT@JJMJMJJLAWJﬁ;LAu{‘L;ﬂ‘J}M
f‘]a"‘ 4.?9';'3): 3 4.'.'3\.1 J:.Jhls 4.35‘3‘ dj.lm \0 cC )‘

Sl 5 5 Keal sba¥ O col s o S

LB Gur @lp A @l oly 55,0l s oKl
358 Sl e sl el bl KO 3l s ez
S by g S Ll s Sl LS Ll i
i s 4okl 55 58 Bl e anil
o (V) daly 5 Osehee 3 B 3y oS e OIS
% o

Copn =V x10° 1V, +V,,) ™
Vair 5 0 G5 38 e Vg OF 3 a8 550 s
S O B P

Sope s b ped Sl (S0l sl LS b,
K obeg (SH0 Y S 2 LL il S el
Sz pl 45) sdd s () glos b Sl eSS
R S TS S CPE PR S TS
Gg0d (SO Caaslie ks (6 Seslll 5 5 Gy L Lo
S 5 8 Y (Ss cweglae OMt) SHL Y
Olger (1) adaly 53 o il Jge b Gills Gy
by &5 cl S5 4 p‘\l Sosl s |y 4 ged gl
S Zslie 3 g e i ) 0 S35 L Se S 0

':3‘;&5‘°Wﬁ‘p|ﬁ”&d:b}é

03 ek el (6 S s 31 SSled oLl N YK
5l s oKk Ll Sl oKl 3T

Cou g mls
Ll s p )50 adses WSO1 55 Al il Y IS
olEs b sl ol fbd le>u alisee LSLAV:& L aS

Coge 4 baY & csl Kl besls ol s s



L god (5 Sam 15 (o 2

P T P R RU31 - ST VUG
S=(Rys =R,/ Ry, N\
Rair 5 B 5,50 58 s> 53 &Y Caslis Ryps &
Al e e (O Sl S s g a3 Y e slis
b sl Conle 13, o (5 D Y sl
o 1S ST (63 5 U5eS) S Yee e ppmM sl
alr iz e 0L YYs OC B Ve Sl andsd (6,5 (slas
L0 wlie L3S cpl gl bdses JS Sk, el
S8 Gl WePC B VeoC 51,8 gles il 3l b aS (g g
S deSles 58 6y WACC B VeOC 51y o5
Jr5 A6 gbales 55 5 02 08 L5l 4 ) Cowli
3 Gl S g gles W OC los plple b o0
LSt 63 56 6 S g les WAPC sles 5 055

g gp e g 53 0 S

S
> .
2 ()
=
‘@
f=
Q
(7]
T T T T T T T T
60 80 100 120 140 160 180 200 220 240
Operation temperature(”C)
g
S
=
2 (©)
@ -
[
(7]

60 80 100 120 140 160 180 200 220 240

Operation temperature(°C)
S los Lodi b s & pad ol Ot s 50l F IS
5 O5eS () 58 Yoo ppm l3L
S AeeS s (2)

— viespooEt |
— v, =¥oox2 |
— W =1i5c0#3 |

(1169 |

Ity

(N o350 Sl €0 X 50 Py b Y JSS

5 S e sl B a5 S8 L ke S el s

5 besls ] S 4 s 0 Gy S Comle

v.ib; WW b u‘\.:‘y &:«AWPUMA )‘J"ﬂff )‘ oslaul
aS bﬁ& edud G| e..a\.ai \ J}J}- BE &bf,ﬂ @L’b aS
VOr NM B Y el gl Yoo IM ossd- LY Cwlbes

Oslize leubis b SN0, sbaaY goble sleS 55 ) Jad

LS55k o310 Cwles
4 e
D, nm) (nm)
\ ¥ \4v
Y YO \N%d
Y YY/0 VO

Transmittance(%)

—%— V,=50cc

T T T T
300 400 500 600 700 800
Wavelength

Sz o5 e dsb 5l b Olse 4 s o o XSS
Sl e sl 4 el SnO; slad ses 5l 5 0Kaws



v (“‘Q')\\ ch.uuuv\.'.éa‘g r‘,lﬁ sCOzJOz 6‘#}@ §5J<"""> )ASnOzé)_}l?‘.! AS_)U dl.muﬂ Sl ;‘ ‘JE...':.:-3 ?J aé'_} ‘5.\.@4

SLIE R 25 52 a3 osde Ol sl
510 M Cubs L) Y @l oSSl 5 O3S
el Sl 2 SOV ) sk S
el sy 5l g S

Chle v 5 Y ol € gl Cpnlas Ol i £ K
S Casl Sl s osls ool s o 0L 55 5,50 a3l
305818l 53 (U8 ag glos Ll 5 s ankad ol
oo o SAenSt (63 38 L alas 3 6 VL ol
S8 I Los Son @ U b oaemd ol o
21> s 050813 S50 s o SSs

—a— CO, gas
—5— 0,9as

Sensitivity(%)

0 1000 2000 3000 4000 5000

Concentration of gas (ppm)
38 e glglale 6l 5 ¥ 4 sed Gl alis £ S

S 6 S w615 Gloz 53 o SAenST (63 5 LS

St

YY) gl s XRD il ekl oy 8
S ok Gl (e 5 (St s LS
U Gl sl 5T e sy (N10) 4 (Yo0)
el e B YY/0 5 YO XY s Ll sas

Gl K sk 4 Sldad ) s Slallas
1S Sl 5l S s w0d ol 53 0 SAST (63 5 O30S
dadd (pfeS 5 Zulbnd p ReS L dised 20 53 & 0
S 3 5 pled mhae i 5SSOk gladls
Sbeg & aaly ) e gl Sl VL
L WVOC ag U8 slos 53 ol Slay 5 (U5eS)
soedle il e Sl sl o SYL 31 VACC

5 L ey edd 1S LAl 5o b ol ol
05081 58 sl 1, Yor °C (i8S slos &S Y] il
ogr glos Olge 4 o SASles 58 Gl 1 YV °C
5 das e OlE 1 o RelS Wl essl cty
Wl i sl

L fges 5ok 4 LY @0 550 edalie &5 glailan
baised Gm 2 Sewlax pady Sl Cubhd o S
Lased ol 3 Cwbis il Log ol Sla, e
by odd SO1S il L aS cd bl ialS Conle>
o e el o 315 s VY] Qe s
ot b Gl Casd 58 clale 2051 L oS 550
ppm I YL glcbale js 5 db e Sl S s
Ly opl dsd o0 LS Slabad Cowlas Ol a5 Wy, Yoo
G gl K 5 Vo glglale s ol 2alS
[0] 552 0 03ls o b gledl pLdl 0 Y pans

VA Sges
121 —o— Ya s

—— Y a gl

(<)

Sensitivity(%)

T T T T
0 1000 2000 3000 4000 5000

Concentration of gas (ppm)

) aSges
104 —0— Y agal

—— YA

(o)

Sensitivity(%)
®

24 co,

T T T T
0 1000 2000 3000 4000 5000

Concentration of gas (ppm)
SE Chle L bl aped Gl Sl as 1o 500 0 JKS
b oS demSliss 5 (@) WAOC wgr 5 slos b 05eS]

A WAC w68 sles



(ra oy ch.» gy f‘,.\.ﬁ (CO,; 50, sa38 L5J<"""> 238N0, 6, ss SHU slaaY Culs i iie 5 S el ghge YA

@L'..a
. Z.W. Chen, G. Liu, H.J. Zhang, G.J. Ding, Z.
Jiao, M.H. Wu, C.H. Shek, CM.L. Wu and
J.K.L. Lai, Insights into effects of annealing on
microstructure from SnQO, thin films prepared
by pulsed delivery, Journal of Non-Crystalline
Solids 355 (2009) 2647-2652.

. J. Aguilar-Leyva, A. Maldonado and M. de la
L. Olvera, Gas-sensing characteristics of
undoped-SnO, thin films and Ag/SnO, and
SnOy/Ag structures in a propane atmosphere,
Materials Characterization 58 (2007) 740-744.

. F. Chaabouni, M. Abaab and B. Rezig,
Metrological characteristics of ZnO oxygen
sensor at room temperature, Sensors and
Actuators B, 100 (2004) 200-204.

. O. Lupan, L. Chow, S. Shishiyanu, E.
Monaico, T. Shishiyanu, V. S ontea, B. Roldan
Cuenya, A. Naitabdi, S. Park and A. Schulte,
and  Nanostructured  zinc  oxide  films
synthesized by successive chemical solution
deposition for gas sensor applications,
Materials Research Bulletin, 44(2009)63—69

. A. Tiburcio-Silver and A. Sanchez-Juarez,
Sn0,:Ga thin films as oxygen gas sensor,
Materials Science and Engineering B
110(2004)268-271.

G. korotcenkov, V. Brinzari, J. Schwank, M.
Dibattista and A. Vasiliev, Peculiarities of
SnQO; thin film deposition by spray pyrolysis _for
gas sensor application, Sensors and Actuators
B 77(2001)244- 252.

G. Korotcenkov, S.D. Han, B.K. Cho and V.
Brinzari, Grain Size Effects in Sensor Response
of Nanostructured SnO,- and In,Os-Based
Conductometric Thin Film Gas Sensor, Critical
Reviews in Solid State and Materials Sciences,
34(2009)1-17.

0 slal bl s s 5S|4 & sad pl ol ol

&JSJ.:mS\Lg;)'KQQTWL&)\ULﬁM);M 39>

OLES baisad ool 5o el Oles (S e3ll s Ll

C.,JL” Oley p 28l oS 5 e (L8 ag los 4> a5 sls

J

\

Celses u.“’}:»s L M)A.o) Ay O)Lo.«jl 4.:)».. “ ‘layf

39> 4> C,..:.S/)L' QLA) wer.o.ﬁ RGO BrYS o L;JSAJUU‘ 4.:;\5

53 Wiz ol Gl mel Ol el b4 450 Y

10.

11.

12.

13.

. G. Korotcenkov, M. DiBattista, J. Schwank and
V. Brinzari, Structural characterization of
SnO, gas sensing films deposited by spray
pyrolysis, Materials Science and Engineering
B77 (2000) 33-39.

. G. Korotcenkov and B.K. Cho, Thin film SnO,-
based gas sensors: Film thickness influence,
Sensors and Actuators B 142 (2009) 321-330.
B. D. Cullity, Elements of X-ray Diffractions,
Addison Wesley, London, (1978) p. 102.

L. Shadia, J. Ikhmayies and R. N. Ahmad-
Bitar, Effect of Processing on the Electrical
Properties of Spray-Deposited SnO,:F Thin
Films, American Journal of Applied Science.
5(2008) 672-6717.

S. B. Patil, P.P. Patil and M. A. More, Acetone
vapour sensing characteristics of cobalt-doped
SnO; thin films, Sensors and Actuators B 125
(2007) 126-130.

G. Korotcenkov, 1. Blinov, M. Ivanov and J.R.
Stetter, Ozone sensors on the base of SnO,
films deposited by spray pyrolysis, Sensors and
Actuators B, 120(2007)679-686.



