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Abstract

SnOx/Pt thin film gas sensors were fabricated and their performance characteristics were
measured. The SnOx/Pt films were deposited by vacuum evaporating the SnO, target mixed with
2 wt% Pt. The conductivity showed the temperature dependence ard the sensitivity to CO gas was
proportional to the square root of gas concentration below 2000 ppm. The optimum operating
temperature of the fabricated devices was about 300°C and the response time in 5000 ppm CO gas

was about 20 sec.
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Table 1. Evaporation condition for the devices.
Conditions

Target Sn0, /Pt
Substrate temp. 150C
Power 100watts
Initial pressure 3x10°*Torr
Working pressure 5 x107* Torr
Deposition rate 2A/sec
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Fig. 2. Process sequence for the devices.
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Fig. 3. The structure of the device.
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Fig. 4. Schematic diagram for the measurement.

I #% % R

SnOx % SnOx/Pt #teh8 43k 3 AES(Auger
electron spectroscopy) 2t ESCA (electron spectro-
scopy for chemical analysis) 2 Z WA el & 2A}3}
Aok 275 AbaE 7oA 400, 2417 A A
2]8F SnOx 2t2}e) Auger ~#HE 2olch, 430 eVoilA
9] Snyjola g} 510eV el OFola vlE1.56:1
24 Sn3t 09 Fakel= 485095152 vehvta 9l
o}, G.N. Advani §/? o) # 53 RFA#E o) o
gt SnO, #te) 749 Snd 09 Holawst 1.6: 1
22 vea gled ol AAA stdF Aol o
3 odolAl whutel wle} w)s=d AL eplz 9ok

> w EN
g

AN(E )} /dE
w

~
T

-
T

Snl

4] 200 400 600 80‘0 ' 1000
Kinetic energy(ev)

% 5. SnOxvtute] AES A9 EH

Fig. 5. Auger spectrum for SnOx thin film.

2R 6 AL E 7oA 400TC, 247 A g
g SnOx/Pt dtute] AESH 7} ot} f4eV 2ol 4
Pto} Hola g wAgd 4 oot w3 226b)=
SnOx/Pt dtehg B} 2504 02 AlZawis i)
of W& x4u|F adolrr] 97 A zzslglolr},

6 F
5k
B4t
S~
=
33
3 Pt sn
2 %
1 sn°
0 1 1 i A
o 200 400 600 800 1000
Kinetic energy(eV)
(a)
100
80 -
~ L
=
<
60
g 4
o r\.__-—___‘-’—'
Q *‘-\‘___’—_h__’_
2 40
5 Sn
3
< -
20 -
I Pt Si
Jo
0 I ’e n 3 ' s ry e X Y ry
0 4 8 12 16 20
Sputter time (min.)
(b)
a7 6. (a) SnOx/Pt#tute] AESAHE

(a)

(b} Zlolol) W& APZY PITE

Fig. 6. (a) Auger spectrum for SnOx/Pt thin film.
(b) Depth profile of the SnOx/Pt.

Sn# 0] A¥z4 B2Z5) vlmz FYslgiond o
22| Pzl EAEE & 4 Uk 234 Si4
¥ol vehds A 7late] Siflol#el7] wjFo|ct,

28 72 SnOx/Pt #ute] ESCA A#o|c), ub
Hog AlgFHel 3d,, AAY AjtolA]: 486.4
eV, 3dy,, W28 AelAle 494.9eVE eyt
w22 23 764 3d,,, A7 492,46V,
3ds,. A7 500.8 eV 2, Aozl Ho|ast
F2 oya £og o|Fsm Yk oW EAo]
pauling | BERIBHE (electronegativity) 7} & 4
o Agsid olze A7 FLoUA Bog o
Fohn, A7SAEt ¢ Q4o Ay Heja
7t ez oz olFdcky Bag 3 9cphw
Snel A7 EE 1.8, Pt A7SEE22
o Reg woli Spoj Pro} Frio)4] REHog
Hitelr) A Fol] 2 ox) Zoz o)z oF
o] Aoty Aoz xR

7b& A LAE Thaok £Abobe] wbgo) W F

(1317)



PR 4t
7
Sn 3d
sr 492.4
sl 500,8
Bak
K4
=
s
g3r
2=
1}
0 1 i ' A 1 1 i 1 1
510 504 498 492 486 480

Binding energy(eV)

a8 7. SnOx/Ptutate] ESCAAHER

Fig. 7. ESCA spectrum of the SnOx/Pt thin film.

EE Lol ol 3F¢ e2dlng axE2rel 7}
5 u}_l o‘l-xalxg% nalxd—ql. ;&7;“7‘, o\;},u 7] :,_a] 8
EA7tas FyskA ¥ FI1FAA SnOx/Prd

Ao FAeEe] WE 420 SHEUHE FHY
Aoz £Est A5 @l wtet xA gl sk A
g2 el ol LRV FHE 4 F °5°“‘4
A2 eldle] Axiel] olz& AaA4rt Frlslke

=49 dubdel 443 Sn0, oA xSl w}a
BRSH ol Lol Frtete Aoz AWE & Unt
e AR AFolE xSl B} EHE
darh 4L AL £ &3k %k exws
of wtg = %Bﬂﬂﬂ% 7hesel iz}itﬂ HP-—oﬂ 946”

5 o) 5 A
Edistol }E T g BaTe o 4 Unk
3 400 300 200 100 25 (°c)
10 f T T T T T
[ . o + 2000 &
. o 5500 &
e 100} &+ 10000 &
4 E
~ s
4 L
b 2
2
“; "~ OO t—t
% 10t - S 0—0—0—o0—o-
8 3
F D\u\u__n_
100 7| 1 1 1

1.5 2.0 2.5 3.0 3.5
1000 / T (07T
J88. £ =g HE 2xoE4
Fig. 8. Temperature dependence on the conductivity
of the devices in air.

(1318)

SnOx/Pt #E 7taRa#E T2 B 3 2 Bkt 45

Z3i7baskel 43 Agel o

e
) o =gl WP AAL o8 AFEH H
ZE 3 et B sha AAFHRA FE olE
Rl 03 244880 Sn0, W Zn0E Fwlo] wlsl
stop Al Agfolm, o Bwle Fz ojstd F
2FAL 4ol ojsl) Bl Fxo g B Aol XY F
wa FortAgatel Az Age Aol (BHYA
S WEAlvl L o) AL Adel Atz ehlo A
chiel o)A g Aoz FAlstd kg3t Aok
K
ei+01 R . U, O; (1)
K
e +0; K, 20° (2)
Z +0; K; Z0;+e (3)
Z+0" K, Z0+e” (4)

1714 K, K., Ko o K& 4

u’” 7}’“"1“4 e = Axdel Hrlol
A4 (1.(2) % @A Aagag dga
{0:)=Kins[0,}/ (K_,+K: ns) (5)

[07] = (ZKZ ns /K [Z])
(Kins(0,)/{K_ 1+ K, ng}) (6)

o] gtk o}714 ng v Felrfel HA)=E ol (5)

Ny =1{K, ng (Oz]/(K-FI'Kz ns)t
{1+2K2 ns/Ka[Z]} (7)

2§32 oA Ashd e ek

K., Ny = {2K, K, [0.) /K, [Z)l' n
+{K1[Oz] -K, Nt}ns (8)
wi £42] AR L dbH oz nson ke ) 517

“““J:dl R =a/n. 7t B3 (8)AlollA n, & Qo A3
(z)9 32 7€ 4 AU}t Log(R) & loglZ)
13 olalst Rk &
d(logR) /d (log(Z}) = — & {1+ (1—2aR/b) "}
(9)

0#7]’(1 azK‘x N: 0]51__ b=a(K,[O,] _K: Ng) OID".
7t Frol dom (94 S & A F
Alg 4 T g~ o 22l Lol o 7¢I — 1/2

o '“l°



46

o] k. ol& R ol y{ZJol Wl dg ehdich
2y 7kae x50 Fod o] 7Evle Fadd
=% Z5(S)E

S = (Ro_Rs)/Ro (10)

2 Aol

logS =4 loglZ)+C
%, §=S./(2Z] (1

o] "t o714 Rot 7ha® FIs] AY 43
Aggrol T, ReE 7HAE FUR Fof AT

o, S, & (Z)-19 Wel Rxelch & AxE 4
qAoz BUAE T2 125 wATE ¢

+ AUtk

2 9E ANARE 247k £ F
AL EE 300C 2 312 o SnOx/Pt o] 9A
gleso] & AL AAEAE dF -4 2HZ
2 Jepd Aelch. 2dol4 CO% %7t 2000ppm 7+
e QA el 8} 7o) 718717k o 1/20] HAow
a2 olae FEodE 7877 o HaEE @
4 glh o] Ae ¥Es} ol (94 FulA 7
< B 47} oo =q shae] 28R dbgelA
v}elbE R-E 717 (Rideal-Eley mechanism) 7 2
g 4 Yt

e GHeeEE 400CE st A
wslel wE Fx g 27100 Vel et AA
glA kel 2 A7kl AS wEaA #HEst E2E ¥

4 9lek

100 ¢
[
~ r —~g-a-
e 5—087%
~ o
o’ u/
;° n/ ol
~ -~ P
p1oF Aésr;_x-x—
-1 r / x
5 [ x=
2
3 L /</
; o ﬁ/ H.T. temp
o : 370%¢
o : 400C
a1 430%
x 1 500°C
1 1

10000
CO concentrations {(ppm)

age.
Fig. 9.

dA s g A5
Device characteristics for heat treatment
temperatures.

(1319)

1988 117 RTISMRLIE % 25% % 1M

100 r
[ H.T. times
os 1.5 hr,
ot 2.0 hr,
83 2.5 nhr. aad
X 1t 3.0 hr. Fares o
o —
2 /‘/l
~ /?/ g—o--o-
E. /Q/ o x)@(—
5 10 o
wt
,'*,_,-:. [ u/ X
i ruff/_ 74;.*, I
@ /
P
1 . L
100 1000 10000

CO concentrations (ppm)

3710, dAMjA 7] e FEEA
Fig.10. Device characteristics for heat treatment
times.

28 11 $24ex wistol g SnOx/Pt ¥t
CO7b& ZAR|EAJ o)), olwe] dA2jz71e 400T
2 A 7bold L vte] SAE 1umeolgich FAEEI
A& 42 7Est E71skd 300CAA oF 36%
7255 Jellciz} 350C ol ol M HE7b 4t
ot Qubd oz Fuelx Fasle A4l A5
o] & Al 0;,0 W O7to|rf vlEA He 2%
o3od (oF 100C &) oM F2 0; ol 20T ©
Ao} xoddelde 0 Aejolw, 1 olde 2=

dAE 0°F o A2 Faste] s EHe 7o
60
sno_/ Pt
50+ Thickness 3 1 Mm
Q 40
~ o
‘E //——* \0\
2 30f o
A
“ 20} 4
J/
0 ‘;l A 4
200 300 400
Temperature ( °c )
a1 EAesel wE eSS4
Fig.11. Sensitivities for device operating

temperature.



A S

bl 22 300T ol4te LEolME Alksel §
Au e gato] el Holr] wifel ZHEst FHa 3
£ A% ¢ 4 d=h

ute] S g FxE 28 120 Hep
oh. FA7F 1000 Aold Al AL AEst gl
FAs FAY +5 Fxx Fobsichrl 85004 o4
olde Fxol WHEE Bolm YA Ugich

o

50
40 €O 1 5000 ppm
o B Meas. Temp. 3 300°%
E 30 /
2
-
el
82 |
9
0
10 |-
o n '9 a1 " i N N I
o 5000 10000

Thiciness (£)

3212, SnOx/Pt #tute] FAM o whE Zhe
Fig.12. Thickness dependence on sensitivity.

2% 13 5 1emdl 439 oeiztal $4l4
Ftagol dF AEE vlmg Aolch old &2t
FALEE 300C ol 7lAFE 5000ppmoll 4] F-El
& o 25%, ieke o 2% ae: zgske o
20.5% 9 ZAE=EE dolx girh

100

Y

w?&%%/ﬂfﬁ

Sensitivity (%)

100 : 1000 10000
Gas concentrations (ppm)
3013, 3YA7tA Sl g FFEua
Fig.13. Sensitivities of the device for reduced
gases.

SnOx/Pt Ml 7tAaFE T o M o 2 Rt 47

18 14 22 AdA
o 4 ek

Fp2bA &b A 7E SYEA LS s R EA
7ol ug 7| o AL divtsd £33 ¢S
ot 23 158 Az 4z SHEAelth #§F
£ AE vehla F5e F3AG At Y-
t 71412 24% Aolch, FA 1mm<l 75 300
T ol A 5000ppm 2 CO 7t2E5 F£d § Zstx/ ¢
0% ol =tsbied oF 2024t AT g W)

71470 F A4z s EElE A7 o 4F A=
et
50
40
—~ pro—o0—0—0—0——
g o
& 30
b
A
bt}
'fé 204 Thickness : 1 Mm
& €O ¢ 5000 ppm
Meas. Temp. ¢ 300°%¢
10
0 i 1 'l 1
0 40 80 120 160
Time (day)
a4 axe] Aok e
Fig.14. Long-term stability test.
Thickness : 1 Mm
A4ob - o
Meas, Temp.: 300 C
g 5
)
a
Ha.0
°
EY
]
k] -
3.6 |-
P 1 1 1 " i i
0 1 2 3 4 5

Time(min,)

a&5. weke hagAl Rt Cozkadl e
$HEA

Fig.15. Response to CO gas for the thin film
gas sensor.



48

V. & ]

SnOxoll Pt& F#v2 2% Hmg 23L& A%
ste] BpftiEiol ME R ATER Y] A4A 7t
Zalwoz wlubg ZA3 F AAe] gdozd A4
A7zl ubgahe Y M PARRHFETE BESI
o}, Zatg] upute]l AES ¥4 A7 Sndt 07 A9

1o 1o o2 ST 64eVolls Pro] -sto}

azt W= ¥ o BEAEAL T4 St
42 sAgHst Fasiglen, ezl
400C, 2A17Hdw COZhzel wisl 7h w2
£ Yz 7ba¥ 57t 2000ppm A = 7187174
ok 1/20] HRort 2 o]4e] FEeME 7I€717t
Zage o 4 st 23 279 AAFARXE
= oF 30t gem, o shagoel vis] COst
of thel wlmA ¥ FeE ebldch Az=
A 1509742 ALl A AEF FRIFer, 300

HE

L

P
an

T oA COE=7} 5000ppm o 739 F3}x| 2| 90% el
=odtE SR oF 202 AEgch
2 ® X W

[1] T. Seiyama, et al., “A new detector for
gaseous components using semiconductive
thin films,” Anal. Chem., vol. 34, pp. 1502-
1503, 1962.

G.N. Advani and A.G. Jordan, “Thin films
of SnO, as solid state gas sensors,” J. of
Elect. Materials, vol. 9, no. 1, pp. 29-49,
1980.

M. Nitta and M. Haradome, “Thick-film CO
gas sensors,” IEEE Trans., vol. ED-26,
no. 1, pp. 247-249, 1979.

S.R. Morrison, “Semiconductor gas sensor,
“Sensors and Actuators, vol. 2, pp. 329-
341, 1982.

N. Taguchi, U.S. patent, 3,695,848, 1972.
FEH S, LN SlAEMETS WE o
I BRI BF LS, $F158 EOSH,

(2]

(3]

[4]

(51
(6]

(1321)

1988% 117 BT TRERGE

(71

[8]

(9]

(10]

(11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

g 25% F 1%

pp. 46-50, 1976.

N. Yamazoe, Y. Kurokawa and T. Seiyama,
“Effects of additives on semiconductor gas
sensors,” Sensors and Actuators, vol. 4, pp.
283-289, 1983.

W %, K BEHH CO JlEmET) &
FIBGHRGE, $£23% F 698, pp 26-32,

K. Dobos, et al., “An integrated CO-sensitive
MOS transistor,” Sensors and Actuators, vol.
2, pp. 169-177, 1983.

JW. Mellor, et al., “4 comprehensive
treaties on inorganic and theoretical
chemistry,” vol. 16, Longmans, Green and
CO. LTD., Jendon 1947.

AW. Czanderna, “Method of surface
analysis,” Elsevier Co., Amsterdam, pp.
159-168, 1975.

AR, FhESE, “BEIRSTHTY HUBEL, pp. 470-
472, 1986.

Ibid, pp. 395-408.

LB % CEH{eBXRHR) 8, p. 985,
1976.

J.S. Choi and C.H. Yo, “Study on non-
stoichiometric composition of zink oxide,”
J. Phys. Chem. Solids, vol. 37, pp. 1149-
1151, 1976.

S.R. Morrjson, “Mechanism of semicon-
ductor gas sensor operation,” Sensors and
Actuators, vol. 11, pp. 283-287, 1987.

F. Wilkinson, “Chemical kinetics and
reaction  mechanism,” Van Nostrand
Reinhold Co., New York, pp. 230-234,
1980.

A. Jones, et al., “The effect of the physical
form of the oxide on the conductivity
changes produced by CH4, CO and H,0
on ZnO,” Sensors and Actuators, vol. 5,
pp. 75-88, 1984, *



Bk ot SnOx/Pt M 7FARFEF o M o o Rk 49

¥ ERB N

¥ E ®BGrEA)

19574 5H 3 H4. 1983% 21
Zseheta AAbE et £ 1985
£ O2H ZdEdda getd Azt
oot qabets] 5. 1985 3

B % A®ER)

1963%F 7H 2304, 19874
Aseh et 12 ota Zef 1987
43R~ A%t ety
MAZ s AR, SR Eob
A4 mees Zobeddel

/\}}}.z-l & =) 73\;}1;}]&

L J

B W X (EeR) #25% FU¥H B
Al 7AEgsm x{z}.-x—ﬂ,}

T # ®EGR) A
194246 128 21H4. 1966F 28
AEdsta &2k o)stal &9
HE, 1974 28 Asdista o
el Axpgsl gakAAba gl 3
5. 198448 2 oAAdista o st
A Az-geat Faabxlely] 5,
1966 38 ~19704F 48 Fo714Ad T8, 1971
£ 3R ~1974F 128 FANSw Felsha za 1974
£ 12 ~8A ASdigdn AxFest Fag 1979
F 115 ~1980% 2 A Stanford University (Visiting
Scholar). 19814F 8 A ~1982%F 8 A Cornel Univer-
sity ETS, 19878 67 ~19874F TH UARFF
tf 3 ulFal-F, 19864 1A ~1987%F 1A digrdxt
=85 WAl 19885 2 A~ A HdARg-33
HMEAANE H “%—@-‘H&l A FaAlFobs b
AR Fof, AHEE A2TH %% 4

“

ﬂ

(1322)



