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A Study on Characteristics of Thin Film
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Abstract

Thin film SnQ: Gas Sensor was fabricated by electron-heam evaporation system and the target

made by

general firing method for the purpose of detecting gas components in air, especially

methane gas. SnO» thin film was prepared on the polished alumina substrate which Pt interdigital
electrode was precoated. The effects of annealing temperature and substrate temperature on the
structural properties of SnQ: thin film on glass were investigated using the X-ray diffraction. The
good crystalline structure is formed when substrate temperature is 150[C] and annealing condition
is 550[C], l[hour]l. And the sensing properties at various thickness of the SnO- thin film and the
effects of PdCl; addition were also investigated. The good result is showed when the thickness is
below 1000[A] and the quantity of PdCl> addition is 4[wt%]. The thickness of SnO. thin film was

measured by «-step and Elliopsometer.
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Fig. 2.1. Fabrication process of 5SnO. gas
Sensor.
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Photo. 2.1. The fabricated SnO: gas sensor.
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Fig. 2.2. A schematic diagram of an experimen-
tal system.
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Fig. 3.1. X-ray diffraction results for SnQO- film
at various annealing temperatures.
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Fig. 3.2. X-ray diffraction results for SnO: film

deposited at various substrate temp-

ES )

2} Hl—u]—_o%

= 7

eratures.

281

=E vy

Sn0y 7k AN BHd B, 20

32. 7tAaMdAM e HX| 54

19 332 2200[A]8) FA=Z ZaE MM
2% W3le w2 e WaE Jed Ao
2 A#e exrt Zobstd ko] AFbo] 7hAad
o oF 220[Clol A HAAE Helokrst 300[C1E A

‘6‘}04 oAl MAE Zrlste AES Holn
o2 220[Cloll A Aoj&E el viEr
oF 100[Clell A Aol F&H3] A
2xWEE dojd M3} creep-
w3k targeto] PACLE
SnOE. T ¥ AEge e S
T3 Pd=2 UdF o w2 AR

e o
=

=]

oz

Col AL

FS

Resistance (X 10° k)

-----

130 200 260 320 380
Sensor temperature (C)
a3 33. F7FA AAY AFLEe WE A
& #s3)
Fig. 3.3. The resistance change with operating

temperature in air.

% 34 CHy 7F2Z 4000[ppm]F94 S o9
SnOzEHY 72~ A ] FAd g 7Ee bﬂi}%
YEtd AJY FACE FrhEd g gads B
o)a Qlth ojAL dwrH oz F HeEe Tvﬂ
7} 100-1000[Adelz Ao ZF77t ddide=
AA wrgkEAe] g T3 dstE e FAY H|
Z7HA1717] W Eol

=3 a% 355 FA7F 200004180 SnO; 74l
A dAgl 2% el W& vizlzel WH3lE
el RAoeZ ZxE SnO, AAo] 7 # o F
o] 550[Clell A 7h4 A YEbdm 450[C el A
g & AHo] 6x0[ClET ¢3S B
EF 7t2o vl Z7Mgel mE RE A#E9
HEF Z7HelE @e FEAAM HU 5O =%

3X

A 7 AR gEF @A) Folsh ek oz At

o

mlm



gas concentration : 4000 ppm

Sensitivity {Rgas/Rair)

L

06 -

05

o 600 1200 1800 = 2400
Film thickness(A)
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Fig. 3.5. The sensitivity property of SnQ: film
at various annealing temperatures.

ol dulxor Ay FEF ¥
B4 7] Wrolgtn Az
} 362 F77F 2000A1%) SnO» 7h2 4l
9] 71%91 e walol W vigwel Wl
7lge) ex7b 200[C]1Y wWel F=7F 150[C]Y
o] pEe]l DHELS & F drd oL
Oyabuel 2#8Yex 4 v]sko] 200[Clell A%
Sn0»9) AAo| tha uehty] wEolza Aztd
ohowE vlwe] exEsh 50(CI1Y We pEE E

TS A BE UE ket el S0
o %

Q71424888 Vol 8, No. 3, May 1995,

Al &m7F 100[C1Y We) s vidts o
F At

50 €

1N
N
S

0.7

Sensitivity (Rgas/Rair)

o 1000 | | 2000 | | 3000 | | 4000
Gas concentration {(ppm)
g 36. 719 23

T E
—1~—1}\é

2 Fpaade] g

Fig. 3.6 The sensitivity property of SnQO: film
at various substrate temperatures.

3.3. PdCkL H7loll @2 AT 54

a® 37 TAZ 2T 22000A1 5{wt%]
PACL7t E7bE 72 ek 43 SnOz 7HEAIA
o) A% o mEi UPEE Vel Zejth
Aoz AFE Brte mde HALESWE
Z7AA 73 Syl Aol EE(TwWE BAAIIH &
gulee F/MIvE Ao ddA AR &
gk ﬁn O 7t2MAde FHu 7Ee 22X+ 360(T]
<l W PACL7} 5lwto] #7bd 7b=4xe] Hd
5.94 SRR 3B0[CIZ sobw Ao FEE §
98 ¢ & Aok ol A PACL7t H7HE SnO»
A7 XS g Pdsk Che ¥HEF
Pde] &2 A7 PAOE SnO; 7hx=dABEth &
= 5ol CHy 7hs FFHO2
o wel M5yl Rl WEE7}
‘?‘;ﬁ}ﬂtﬁ Azrert
2000{ A1¢) 7F2= 414 8] PdClLel 7t
o W7t 29 389 e ded A
7].§Lo]] [q-a} 7LE7], 61:)\1—511:].7}, 5[Wt%]
w9 Wgsl FAHA & AHRE Y
2 glwtldd Z=e T3t YEbsth o
24 HHe| PACLY H7tHo) Alwt%lde &
Atk o714 PdCLel H7bEel A%® F747h O
olel ¥zt AskEel FUHE AALA YeE 3

g 5 ek

=l = O
AstE& ¥

ol L

, O
. o

A7
1

7

ry
I
lo ¢
olN H‘I WU b of

o]

rir
o

3o X8
Tﬂ,éoﬁ,rlﬂlﬁﬂ



n

gas concentration : 4000 ppm

1/Sensitivity (Rgas/Rair)

Sensor temperature (C)

—— PdCI2 SMT]

33 37. £xWgd mE Sn0.9 5[wt%] PACL
A e MR Aol Ao wzw
2 Rol X9l o]

Fig. 3.7. The differences of sensitivity and

L—-— SnO2

temperature at the maximum sensi-
tivity between SnO; and 5[wt%]
PdCl> gas sensors.

—

Sn02

——

0.8 PACI2 1wit%
—

] K\ PACI2 2wi%%

o —
08 PACI2 3wid

p ——
\ PACI2 Awt%

0.7 e

PdCi2 Swt%

|

Sensitivity (Rgas/Rair)

i/

0 1000 | 2000 | 3000 4000
Gas concentration (ppm)

38 38. PdCLe A7 ke e sl24x 8 iz
T 54

Fig. 3.8. The sensitivity property of gas sensor
for PdCl» additions.

% 39+ 1000[Al®] &3 SnO; 7h2=MA &)
2200[ A9l 5[wt%] PdCl; 7F=A Ao the A&
gk AAd 2000[ppm] ol HEoAME Bl
3 7=} vrehbA R 2000(ppmlel Y] F Eell A

2200[A]19 5[wt%] PdClL 7FAXA7F A =

YERdS o4 & 9tk o] AR utute] T
2E FA9 uE wgAIa PdCL #BE 2

rie

A

o X

0.7

Sensitivity (Rgas/Rair)

Gas concentration (ppm)

I—-— PACI2 5wit% —— SnO2 ]

2] 39 1000[Al2) SnO. 7h24lA el 22000 Al
5[wt%] PdCl, 7h=4lA 9] & Blw

Fig. 3.9. The comparison of sensitivity between
SnO: (1000[A]) and 5S[wt%] PdCl:
(2200{ A1) gas sensors.

& A WEHE Fol el wE WA
o NZEE PHNAE 2BE AL %
It =% PACL B7kel WE BE Fhe) T
B AsEe] A O oy FrstA @en

7HA A%E g Aotk

4.8 E

B A AE SnO: targetE TE F Az W
Z& A A"S o]&3le] SnOy wrEhg el &
2 B 2H3ld st2AlAe Az 8 20
¢l SnOy AAE o|FE ZUES ZAIR F 1 £
Ao wERA staiMe Zret FAL ¥
of }E % 27 PACLE7IY Ao Wi 43
S &l tgd e AES AT
1) AZ" SnO; a9

q& Bl FAbel
227k 550[TCI, 71d &£=7}

©2 1lhour] €7 A2 B¢
SnO, F ZAAWL 100D AzI7r ZA
vehte AL o AT

2) 7hxAlA e BEE 19 2HROR TE AS 7t
% wed ol FRY 4Fen I EF
W ool F7Myl WRer Atsdcth EP

AEe FAS g #HeFHo dit¥ozkx
FA FAEFEE FaHAT < 1000(A]l 8
A F2 DFAHE EHAT



A7) A% W 2857 Vol 8, No. 3, May 1995,

3) PACL7}t Hrto] wE pEgE zAs 43 7% 2. N. Taguchi, Japan Patent 45-38200(1962).
= A"ubske] 1-4[wt%lE =7tgd ue =7} 3. P.J. Shaver, Appl. Phys. Lett., Vol. 11, p.255
Hef dlwiolold LHE o] Rtk o2 (1967)
ol Pd Cl H7leke 4[win]de o £ 9 4. J.C. Loh, Japan Patent 43-28560, Fr. 1545292
=5 (1967)

4) PACLe #7lZ Ao Zxs 2714 ubd FHo) 5. HTNE#, AM#EE, GUALYN, 2Lt i
REE Holi: £&E A2agrh EE ol PHEN, 7 =it p.BOHIHL 6217
AW 7EE Hol: &xE Exerz Ak 6. A. Rose and E. Rose "The Condensed Dictio-

T AT nary,” 7th ed. Van Nostrand Reinhol Co.,
5) PACL H7be] me} wheh FA ®sle] 2 p703 (1966).
247} 5lwt%s], 1000[ A1) S v =3 7. S. Matsushima, Y. Teraoka, N. Niura and N.

)

My ol
o
oo e

A g L% wbgk "Wz A e 3 Yamazoe, Jpn. J. Appl. Phys., Vol27. p.1798
Atz Jula Z7be) s)elatin AbmEch (1988)

6) olZM SnO» 7FAMAAM AZRA H L= 8. Debaivoti Das, Ratnabali Banerjee, "Propertics
150[C), @38 &%= 550[C], 1lhourle]l T & of electron-beam-evaporated tin oxide films”,
A= 2ok 1000[ Al 4[wt%]e PACLE H7} Thin Solid Films, Vol. 147, p.321 (1987).

g Aoy} mrazlel 2A0E Al HET} 9. Principle of Chemical Sensors, Plenum press,
p.212(1989).

23 # 10. Takashi Oyabu, "Sensing characteristics of

Sn(O:» thin film gas sensor”. J. Appl. Phys.,

1. ZM. Jarzebski and J.P. Marton, "Physical Pr- Vol. 53(4), (1982).
operties of SnQO» Materials”, J. Electrochem. 11. Tetsuro Seivama, Chemical Sensor Techn
Soc., Vol. 123, p.199(1976). ology, Elsevier, Vol. 4, p.32(1992

AR |

Aq

1967 69 2494 1990 29 Ao
gew A7 £ 1994 28 ¥
e ®Hrlgen ZA(4Ah. 1994

a4 @t o

£

195241 29 1594, 197540 At
Aapdta 9, 19774 ¥ gy A
T)geha QAL 1R B ks
Av)gak Qb 6K vl

% h Rensseler Polvtechnic Institute 91+
o A e S g




