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CO Sensing Properties in Layer structure of
Sn0:2-Zn0O System prepared by Thick film Process
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Abstract

The sensing properties of carbon monooxide were investigated as a function of mixing ratio and
the lamination structure of 3mol% ZnO-doped SnO, and 3mol% SnO»-doped ZnO. The lamination
structures were fabricared monolayer, double layer, and hetero layer of SnO,, ZnO, and theirs mixture
composition using thick film process. There was no second phase by the reaction of SnO; and ZnO.
The conductance was decreased by the addition of ZnO in SnO,, but it was increased with the
addition of SnO; in ZnO. The conductance was increased with temperature and the inlet of CO.
There was no improvement of sensitivity in the structure of mono- and double-layer. The hetero-layer
structure, however, of SnQ; « 3ZnO-ZnO - 3Sn0, showed the higher resistivity and the highest
sensitivity. Ohmic characteristics was confirmed by the linear properties for I-V measurements.

Keywords : CO sensor, SnO>-ZnQO system, hetero-layer, Electrical property, Ohmic contact.

.M = A B4 Fel 1EF F ek MEA #5

35 XHE’L Foll4 Sn022} ZnO+= A 7k

WEA FEARE Tha A4S gATE ‘ i g b gAl2d A deA sle

e wSEA AR AT o)Exl, A9 °l& 4 Aol gt B2 At o] A
| | .1%41“

. B4 £58 SnOt ZnO¥y e AleA,

*

ZAg el A 7283 Dept. of Materials

71 A7 FAA E7)59 7oA B r Be
Eng., Chosun university) ] e’e. B J""d Tell A - =-2]
o FAE ol wepajelziat FATE

e AU ¥al g HDept. of Physics., ks < N
Chosun university) < At ¢lsl MH;;Z; z2AL A}t

R '(5’]'511-"}’5‘}7] J AH_”_ 7?:5’_};7]-(1)(31_)[ of ﬂ—?-bj"‘t{} -2 Zé% :UH Zﬂ . }T: Vg:_z?]-g] E}-% Aé
Materials Eng., KAIST) pulEdte] w2 2ga7 2 Ao AW og

o F

<HFAA 200151 119 590>

e

[e]
0] 48k o]FZ(hetero- layel) AT a2



b,

2 EZ(double-layer)™ A4 %o A}
AP gt} 53] o]FF A AAMe] B¢
AR gA e FA7) TR =& FEE e
of®  olA7R o] o]EZ(hetero-layer) AlA]
9] Jp Wm FFA Fg dFFHgml T
1B olzz2 A= AW Adlo] BAAF Ao
FAdo AAEesh

B AT AR Ao] foldte] oalA
B A FAE ol8slo] CO 714 A

£ TbsAE A7 g, Al s
= BF O olFF TEE A
E3] o]F= Mo 8 w3, HAA
C L2 oA PN F

SnO2(Aldrich, 99.9 %)%} ZnO(Al-
drich, 99+ %)¥%2 3 mol%v|Z Z=z+ A
23slo] Sn02- 3mol%ZnO(SnOs - 3Zn0) ¢}
Zn0-3mol%Sn02(Zn0 - 38n02) & &3tsled
o}, 7189 (vehicle)S €4 ZE Ethyl ce-
llulose(Aldrich, 48%)&, "l a- Ter-
pineol(Kanto, 95%+)3 2-ethyl Acetate
(Kanto, 97% +)& AF&3}e] Alx3tela, B¢
#} F7]4Y(vehicle)S three-roll &E37|=
ad EF3te] Q18 JA(paste) s AZ3IA

c}.
Fak Ao Amg Ag8 z@lE HE o] 43
A Fig. 19 7+x2 27 Azsisc). 7|93

a
m X5 m=7]2] FFrF(96%) 71HE Al
. 718 2ol Ohmic A3 HAAL
2sle] Aug Qlzste] AHFo2 ARgsgic)
Al FE2E= Fig. 13 Zo] 39 ol S =
gl A 3714 FEE ARPEATE Fig. 19 (a)
9} & @Z(mono-layer) 7= 7z =
J-& ST Qg FEHlA Fxola, (b)e
Z2T1Z(double-layer) & 22+ 248 43}
Ho g qlaste] A=) sEy-E s ¢
= 722 Jehd Aolr | (c)& A2 d¥st A
2= o]ZFZ(hetero-layer) FZFE ZuhAlA

Fuke 800TelA] 3
AZbgel Axesisdcl. 7] Aol WAl (Pt
5 A4AA a4 (lead wire)E FAA

Active material
LTI T ITT7 /}1%

Substrate

(a)

FIROSSSSSSSasy

L» Electrode

(b)

(c)
CAMMTE (@) 2E, b) (c) o|EZ&.
. Sensor structures for (a) mono-layer, (b)

double-layer and (c) hetero-contact.

Axje]Ewe] ArAat ARk mATRE
XRD9} SEMoZ EA st Ar|d=A&
700TCoNA 1027F od=® & % 200~700C
Tl A SAIZIHA EAsGE. & S
FH71= 99.9999 %9 yEE Airel TR
AA (air balanced)d 99.9999 %< 500
ppm CO 71AE& A3z, MFC(Mass
flow controller)E AH&3l F33 $=& A
oJstadrt, AlEr|2E HP34401A%, AF-39t
7] (power supply)ZE HP6023AE A)H
o A48 Fig. 29 AF AFA2EE 243}

siet.

3=

= o,

T
Q

s oyt Tt saes

%

Togee,
= m Ml Ui
= e Carputer

MFC

a3 2. 7|18 M EHE HSE AMAH”H &0,
Fig. 2. Block diagram to measure electrical
properties.

aF

. Z2y 4

1. 28 24
SnOx= ARPIE7E a=4.74 A, ¢=3.19

—156—



SnOx-ZnOA F2H4llx] Tz wh CO A 54 33

A9l tetragonal A9l rutile F+x& 7}Aa,
44 (1630°C) o1kl A AAol7} gl wliks
zZkar 9tk ZnO+v AAAS7F a=3.256 A,
¢=5.21 A4 hexagonal A% wurtzite -+%
& sl 2, 3 1975 T

Sn02l 3 mol%e ZnOE
(SnOy - 3ZnO)3 3 mol% SnOxE &3tst
7nO(ZnO - 35n02) &L 800°C/3h A
%ol XRD ZA#}E Fig. 39 Z=A13cl.Sn0O; -
372n0 7%+ ZnO peaks T2 4 $uA
o ZnO - 38n0: 7%= H7HAl SnOq
peak”} &A1&}, o7& SnO, 32 ZnO
ol ik A7iAe) 8% Ao, SnO22F ZnO
9] X-Al 34 A= A F2 F Ao I
(eutectic melting)el 7]1gF 1A 2 7wl
A BAF A Al zbell 7]91gE A ek

skeh.

2 1

K I

1= i

8 N

= i ‘ .

(] ‘; n

2 i i

- i h ] L]

iy [ | i

o . LI TR 4 . |
' : i ! i

@ fzosseo,  h o s A
T |
i i i
\ s

snoazno  f A A LAl
1 L

1 L 1
20 30 40 50 60

286 (degree)

a8 3. Sn0s - 3Zn0O2 800TC/3h
2| A mied,

XRD patterns of SN0, - 3Z2nO and Zn0O -
3Sn0O, samples fired at 800°C for 3h.

2~ ®o X

rx

Fig. 3.

SnOz - 3Zn0% ZnO - 3Sn022] 800°C/3h
dxlz] A39 9474L Fig. 49 =418tk SnO:»
- 3Zn02 %= dx=717F 0.2 ;= o-$- vl
Alstgd et ZnO - 38n02 3%+ <F 1.0 ymm =2
7lgem T Aol s 800°C/3hrs Az
52 917 Apol= A9 sl 122 ZnO &
A9 800°C w2 27ke] A}
Azko] A= 3 mol% SnOE &3
73t 42 Al glelA ZnOell WHsll SnO27F
QA AAAH R A o 4 vk ey

g 4. 800°C/3h Xl MEe o|lMF=E; (@) Sn
0p - 3Zn0 44 M, b)SnO, - 3Z2n0 24
= {c) ZnO - 35n0; &4 M, (d ZnO -
380, &AM F

Fig. 4. Microstructures before and after heat-
treatment at 800°C/3h; (a) SnO: - 3ZnO
before, (b) SnOz - 3Zn0O after, (¢} ZnO -
3Sn0; before and (d) ZnO - 3Sn0O: after.

SnOz - 3Zn0-ZnO - 38n0y/substrate 7+
z9] o]ZA g AlA L] v AlxlF) fof4 2
W ARRlE 77 Fig. 59 ()9 (b)eoll =418
o, % b g owd a3 2564 SnO; -
3Zn0 A3 ZnO - 38n0: FA 7kl |7}
gtedgl o]Z&% (hetero-layer) TX°
(thick film) A Fzx7} gelxic}

&
=k

a7 5 500 - 3Zn0O-Zn0 - 35n0; 01E &2 (a)
chHD () HHel AHTEE

Fig. 5. Interlayer images of (a) the cross section
and (b) the top of hetero-layer structure of
SnO; + 3Zn0-Zn0 - 3Sn0; .

2. HI|H HA
SnOgx=  vl3pshekEAlo] AT (Vo )l
71918k, ZnO¥ Zn A (Zn el 71els]4]
B HAlel] 28 n-typed] A7]H AL e}
= oRezm gy Y'Y w gnttel

- 157



34 SrE)

met 7.4 nmE

Zn**e] ol WAL 77 7.1
AR Aol Ay

] o
o] 2uk7 o] nlaA AFZZ}
_3]‘4[16]

whel ZA12] Sn0s¢} ZnO, |3 zbdel 3
mol% A& 33 SnOs- 3Zn0% ZnO -
3Sn0; &AL xd wWE HAxAle wHI=
Fig. 6] =43} SnOs - 3Zn0 A= wd
249 SnOgell vlsiA H7[-AxAde] 7H4d]a,
ZnQO - 3Sn0: A%+ wadxade Zn0d B3
A Aol #7138t SnOze ZnOE 713
A Znsa” AEZE Hlz, ArA $A4L o] 77
#al E(hole)sx 27} 52 AHAxlex 4ot
WAl A7 e 7iagc), "vbde] ZnO
ol SnOE #H7FskH Sngz, AtelZ} 3, =}
AL B3l AV XS olFE F glodM Ax
o]F 2} (conduction carrier)ql A EEE
FIAA A7 AEEE Z7pA 1) o]e gt
AgAlL Al (1), (2)9F 7o) vl &= g}

SnO»

ZnO + /o Oy ===) Zng,”

+ 200 + 2h°
(D

7ZnO
SnO ===) Snm  + Oo + Yo Oy + 2~

(2)

Temperature (°C)
800 700 600 500 400 300 200
—— T T T T T

® $n0,
Zn0

- S0, 3Zn0
Zn0" 3800,

Ln Conductance (mho)

a3 6. £5 Pxol 37| BolM 5F 250 o
2 ®7|H

Fig. 6. Electrical conductance as a function of
measuring temperature for the mono-layer
in air.

AxA W3EeS SnO - 3Zn0O7F ZnO -
385n0; Br} =Zr} o)zl wiAEd] gk HrA
o Xgg Fr)Y AgTFx AYgFE e

THE, A3,

nlz1 A
o] 9] sl S FHE Axz PEr
SnQz - 3ZnO% ZnO - 38n02¢ ==(Fig.
1(a)) ¥ B&(Fig. 1(b)) 729 2% &
AxAd WH3lE Fig. T =A8. B3 33229
AEALE 71 219 Au AF3 gdge gt
Aol -z "}, SnOs - 3Zn0/Zn0O -
3Sn0s/substrate +%2 HAEAL 7Zn0O -
3Sn0y/substrate?] A=A FArpstdw,
ZnO - 38n02/Sn0q + 3Zn0O/substrate +&
9] AxA- Sn0: - 3Zn0/substrate AEA
ol 7V A eyl 8% 3ot b 32w
t} A 2ol A AEAe] & olfE BE T3
T F7tel| 7118 Ao ® FA-H) 250 ppm
2 CO #$1711AM 8] AxAL 7] 59 AxA
Hrop Zrhela xe upE AYAE 2713}

Temperature (°C)

800 700 600 500 400 300 200
T T T T T T
°r (a) = SnO, 3Zn0
wl Zn0° 3800,
° 8n0, 3Zn0/Zn0 " 38n0 ,
“ 200" 38n0/Sn0, 3Zn0
2
E 2
@
2 s i,
o . A
8 ot
S 4l tet
h=] vy .:A
< Tve a
3 15 Ty ®a
c e, Ty a
= e} * Vi
-7
a7k .
.
-18 1 i 1 1 Il 1 - 1
1.0 1.2 14 16 18 2.0 2.2
1000/T (K™)
Temperature (°C)
800 700 600 500 400 300 200
T T T T T T
9 (b) M = 500, 3zn0
200" 3500,
10 A $n0, 3ZNO/ZnO- 380,
. ZnO" 38n0 /SN0, 3Zn0
a1k
2
E of
@
g
§ Br ve
3 LI
3 14+ . A
c - L
8 st - "y
c ‘e 1
] .
6 . I
-
17 -
-
18 L : L 1 1 " !
1.0 12 14 1.6 1.8 2.0 2.2
1000/T (K™)
=7 = [e] = [
gl 7. o310 55 MMF=xe & 2Ld w
= e

2 IR "3k (@) 371 FolAM, (b)
v 250 ppm CO ZollA.

Fig. 7. Electrical conductance as a function of
measuring temperature for sensor struc-
ture of mono - and double-layer structure
(@) in air and (b) in 250 ppm CO.

—158—



Sn02-ZnOA FetAlA] -

SnO:z * 3Zn0O% ZnO - 38n029]
Ak AA = o]FS A (Fig. 1(c)) Fxe
2R mE ARA WIlE ghrxel v)as)
Fig. 8o =A8ich 37] %< 3= H3H(Fig.
7(a))# vlaso A=A a7} Jepd$ Fig.
8(a)ellAl & o sleh. B3} o] & A3 4
= F7 F7F dvkel A, 3 A¥al SnO; -
37Zn00] AHA o2 & Ao A2 o] glo]
Al HxAe] ojFS AR hadr 250
ppm CO #H7|ol4 o]FE A Fhalr 9]
AL 37 FEeF F71kd Zn0 - 3Sn02
Zo 7 o] F3&L Fig. 8(b)elA & 4 it
B3 AAM (Fig. 1) vlasiy o] F2= A3 Al
Aol F71E AR (HhE $x(Ex) CO
A7)l e AR =ZA] Folda], HEA
5 A W3lgo] =23, o7le] = (sensi-
tivity) Sz epd 4 gl

Temperature (°C)

“l= )
H3 9

800 700 600 500 400 300 200
T T T T T T T
ol
(a) ® 500, 3200
@& 2Zn0’ 3500,

S0k » SnO, 3Zn0-ZnO- 3800,
-_— Zn0 35"0)»Sn01 3Zn0Q
2
£
= 2
3
o
5 13k
3 14t .,

g -
o 15 - v, "
= LM .
S g8 L L
LT
"
17 b ve
-
18 1 1 ). 1 1 1L AR 1
1.0 1.2 t4 1.6 18 20 2.2
1000/T (K™)
Temperature (°C)
800 700 600 500 400 300 200
T T T T T T
9
(b) = Sn0, 3Zn0
10 b ® 200" 3800
4 SN0, 3Zn0-Zn0° 3Sn0 ,
) v 2zn0’ 3800 -SNO 3200
2 1f ST
£
o 12 |
= 2
& 13k Yvrvetay
2 - Ve
3 " v«
5 -14 | - B
N v
c . v
S s b " va,
... ° i
3 el A
“ ve
-
17 - (R4
-
18 L ) L L ! L L
1.0 12 1.4 16 1.8 20 2.2
1000/T (K1)
3N =X o] = [
a8 8 thED olFEFE MMTE=Ee &F 2T
= Sl e | ==
e MIIMEM #sh () 371 FolA,

b} 250 ppm CO =0l A,

Fig. 8. Electrical conductance as a function of
measuring temperature for sensor struc-
ture of mono - and hetero-layer structure
(a) in air and (b) in 250 ppm CO.

Zof| B CO 7= B4 35

Al x| wE F7Iek CO £$]7]e4 9]
2= W8S Fig. 99 E=A 8 re 37
] A&t CO 250 ppmellM2] A& zhe
Habg 2 A} w2 g Bzo) Fukda
zo] ZAEgke "ML sle SnOw7 AR
2 /W 23, 4744 3mol% S H7HE 49
@G AMFR(Fig. 1y B3 4q7x
(Fig. 1(0))EY 7t%r} dojxx o5 Fxe
2L ot Fig. 9(b)E o|F& 3 49
AEE Fig. 9(a)olAd 71 3] SnO.t
ZnOdl e vlmgk Zojc} Az or o|F
=AY AMY et 5o SnO: -
3Zn0-ZnO - 3Sn0s/substrate +z7} Hr}
A A=, 550°CA o =g et

Walow o] %= Z4sksle.

~
»
T

o

—&— SN0,

—@—Zn0

-—A--$00, 3200

—¥--2n0 3800,

-#-5n0, 3Zr0Zn0 3SnO
-4— 200 3800,/Sn0, 3200

b
=
T

€O 250ppm )
w
»
T

x 30}
o a5t
F
g 20
@
f =
& 15}
10|
1 i 1 1
350 450 550 650
Temperature (°C)
45 - (b) -—=—sno, A
- Zn0O
—4- 8nQ, 3Zn0-ZnO 38n0
40 - -¥--Zn0C 3Sn0 -SrO, 3200 v
- - \
3 yoyd N AN
g3t AN N
Q
o

Sensitivity (R /R
li\
\
7
ya o
/ /

350 450 550 850
Temperature (°C)

a8 9. MMTxet 22 Tof uE ZdrHa)
(@) &t& =5, b) &N 0|5 S,

Fig. 9. Sensitivity variation as a function of oper-
ating temperature and sensor structure of
(a) mono - and double-layer and (b) mono-
and hetero- layer.

Ohmic 54 #el& 98 -V EAL Fig.
10 =AYk Fig. 1(c)ek #e 22 A4}

—159—



36

g} o]|&Z A3 AlAE electrode/SnO: - 3Zn
0-ZnO - 38n0z/electrode M2 Hgo] +
A=le] 917 el zhzke] A& %:"-‘?fMW Ohmic

Zdio] o}g]c»] /H/H—.—]-H 3}]/1«10]] h=i=1 ;‘aaﬂ-&‘j}
A hﬂ' Z X‘];l‘]’}' k“/HE_E = 1__ SHOZ 3Zn
oa} 7Zn0O - 38n0s 7l Ohmic ZFlo] °P54u4

AF 2gez 3 -V A4 PR 2
A7pAste] A7) g kel i} WE-go] A4
s e "o o]FF A FEAAE
IV &4 A3 +/-10 V Hslelxl AleA

4 24 3 371 9 CO9l 917l s
[} o [
AAAE A H*ﬁ Ohmic 54¢ Z1 &
- - - ® -
sholdl & 9lodch. o]#lgk Ohmic 542 ©3,
& FxelMx #F=EA
T T T M T
2001 (a) ssoc
—A—5n0, 3ZnO-Z00 38n0, b
—A— 200" 3570500, 3Zr0
450°C
—8—Sn0," 3Zn0-Zn0" 3Sn0,
100 - —0— Zn0" 3300,-6n0,” 3200 At
. 3s0°C At
< —=#— S0, 3Zn0-ZnO- 380, /‘/‘ " a
3 —— 2n0° 3510,5n0, 320 P At
€ I
g 0 Pt iy = _—
(--:), e e . ﬁj‘ﬂ
BN
100 &t ]
-200 - i
1 1 1 1
10 -5 0 5 10
Voltage (V)

Current (UA)

10 5 0 5 10
Voltage (V)
a3 10. O|BEZ MA 2| olghXt IV 545 (@) 3
7| ZollM, (b) 250 ppm CO SO0l M.
Fig. 10. Two—probe |-V characteristics of hetero-

layer sensors measured (a) in air and
(b) in 250 ppm CO.

37, A4

SnOs - 3Zn0O-Zn0 - 3Sn0, °}&Z& A3
2o Zbw BA g SnOgell ZnO 3 mol%
= 771224 SnO; - 3Zn09) A&E7t &
A% ol¥x} 4t vehdba, 344 7] A7t
JE Axo|FAl FErt FotelA Ar1A A
wWalgo] A nzA vehd Ao} et

=g BEgx B3] Age] 71 & SnOz -
3Zn0O%} vlE M= o]FF A FAlA Fx
o] 7t} Sk A& A s} ol o] A7
7t 2L ovgct. SnOs - 3Zn0% Zno -
38n0g AEAHA A v A3) ol R] A o] Z)
st o]7le] BUA 1A Al A= kel 7]
oJgk 4 glg Aelgftl™M B2 gz
Sn0s - 3Zn0%+ 7Zn0O - 38n0:8 AHEA WL
ZaE ¢ glov A} o)F ARIF el A
olelA] Al EAJo] FA|Elo] 7hE sFtol

z] A
gleta & 4 sieh

Lot o Flo

2 T

v.Z2 B

3 mol%H| & z+z}+
Zn0-3mol%

mo
09}
, ‘i%%— ol%% A%

Sn02t ZnOel 74z

7R FAdel A Al 24 AR Eld 5 sl
t}. 800°C/3hrs <dAg 9 Sn02-3mol%
7Zn0 42+ Z7)E= 0.2 gm o)ste] 1, ZnO-3mol
%Sn02 7432 <F 1.0 m =7]°1dt. SnO2-
3mol%7Zn02t ZnO-3mol%SnO:5 £33 L
2 elste] F Aol ¥ HEH ol AR
A F25 ¥4 4 Qo)

SnOyE Zn0 £80.2 A7|HwAo]
ZnO+E SnOEgre g A7|AxAe] &

Zzte} 244 3 mol%H
ol o]

al,
o},
d A=t
o 2ol AEY CO E5]7]A2
Z . E&% %) Hzol FubAla -
o1}, SnOs - 3Z2n0-Zn
nOz/substrate Tz o]EA Y Al 9]
S$atgich 1-V ks 2E Al 72
4% vebiA Ohmic A3 54E ol

ATt

=)
L
lo

n}LOl-NrﬁiN
M2 o 1o
N
N T N
[

4 2
3% 4
o

—160—



SnO2-ZnOA| FHAA] F3el wE CO 47| 54 37

v.@daFd

(1) J. H. Yu, G. M. Choi, "Electrical
and CO gas sensing properties of
Zn0O-Sn02 composites.” Sens. Act. (10)
B, vol 52, pp. 251~256, 1998.

(2) H. Nanto et al., "Doping effect of
SnO2 on gas sensing characteristics
of sputtered ZnO thin film chemical +11)
sensor,” Sens. Act. B, vol. 35~36,
pp. 384~387, 1996.

(3] T. W. Kim, U. S. Choi, S. T. Jun.

“The Changes of CO Gas Sensing
Properties of ZnO and SnO: with
Addition TiO2,” Kor. J. Mater. Res.. {12)
vol. 8(4), pp. 312~316, 1998.

(4} J. H. Yu, G. M .Choi, "Selective CO
gas detection of CuO- and ZnO-
doped SnO: gas sensor,” Sens. Act.

B, vol. 75, pp. 56~61. 2001.

(5] J. H. Yu, G. M .Choi, "Electrical {13)
and CO gas-sensing properties of
Zn0/Sn02 hetero-contact,” Sens.

Act. B, vol 61, pp. 59~67, 1999.

(6] K . IThokura and J. Watson, "The (14}
Stannic Oxide Gas Sensor - Prin-
ciples and Applications,” CRC Press,

Boca Raton, FL, 199%4.

(7] D. H. Yoon, J. H. Yu, G. M. Choli,

"CO gas sensing properties of [15)
ZnO-CuO composite,” Sens. Act. B,
vol 46, pp. 15~23, 1998.

(8] W. Fliegel, W. Fliegel. G. Behr, J.
Werner and G. Krabbes, "Preparation,
development of microstructure, ele-
ctrical and gas-sensitive properties  [16)
of pure and doped SnO: powders,”

Sens. Act. B, vol. 18-19, pp. 474~
477, 1994.
(9] W. Liu, X. Cao, Y. Zhu and L. Cao,

—161—

“The effect of dopants on the
electronic structure of SnO:2 thin
film,” Sens. Act. B, vol. 66, pp. 21
9~221, 2000.
I. S. Bae et al., "Properties of
FesOs-doped SnO2 Oxides for CO
Sensor,” The Kor. Sens. Soc.. vol.
10(4). pp. 16~25, 2001.
J. H. Yu, G. M. Choi, “Current-
voltage characteristics and selec-
tive CO detection of ZnaSnOs and
7Zn0/7Zn28n0s, SnO2/Zn2Sn04 layer-
ed-type sensors.” Sens. Act. B, vol.
72, pp. 141~148, 2001.
S. J. Jung. H. Yanagida. "The
characterization of a CuO/ZnO
hetero contact-type gas sensor
having selectivity for CO gas.)”
Sens. Act. B, vol. 37, pp. 53~60,
1996.
K. K. Baek, Harry L. Tuller. "At-
mosphere sensitive CuQ/Zn0O jun-
ctions,” Solid State Ionics. vol. 75,
pp. 179~186, 1995.
N. Yamazoe, J. Tamaki, N. Miura,
“Role of hetero-junctions in oxide
semiconductor gas sensors,” Mater.
Sci. Eng. B, vol 41, pp. 178~181,
1996.
Wei Wang, Shengyue Wang, Xiaoren
Pan, “Deposition and characteriz-
ation of zinc oxide and tin oxide
ultrafine particle bilayer thin
films,” Thin Solid Films, vol. 345,
pp. 212~216, 1999.
Robert C. Weast, "CRC Handbook
of Chemistry and Physics,” CRC
Press, FL. pp. B-140, 144, 195,
F-157, 1986~1987.



38 nd, FRE,

ot A

19754 29 1144,

20029 29 ZAWSE A
2atsl 29 (T,

200290 ~"A A A8
ekt QA A eE,

F3Al FoF 1 Sn0g, ZnO *

3 F
19529 549 184A
19779 29 ZAdEtw Ee
g} Z4d (o] 8}
198241 2% AHE3ta ot
4 2 Bt 29 (o] 5t Ab)

. 19914 8¢ Hxchsts wish
9 223t 2 (olshitah
1980 3¢ ~ Al zAvstw Felshy w4
FHA Fob ¢ aAET (A, BAA, =R

1)

= 7 5 7]
19684
I &4
19744 =4 Erlangen
| University (44}
197941 = Erlangen

: University (%A}
1969~1970 871 A+
1981~1983 Firmengruppe Roederstein
(), A7
1995~1998 KAIST Al7|&Adx|Hd 424
1996 ~& 2] KAIST EMDEC A%
1999~3] HAF-FAT o)A
1983 ~3| KAIST 4=
FA ol ¢ A A webAls 244F

gopsta 29

ub 2 A
19854 24
8 235k} £
1 1987d 29 I=EFEr)ed
Augdat 24 (F3HAh
1990 249 F=dsried
Augeat 24 (FEAh

199334 AR R=A o

AA L A=k

1990 14 -
T4 AT

1998 19 - 129 vz CISM(Center
for Industrial Sensor and Measurement)
Aol

19935 39 ZAldishx st 3
FRA ok AA7Ie&AE, A2, 1
TA B

—162—



