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CO Gas Sensitivity of ZnO and ZnO-CuO Thick Films
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Abstract

We have investigated the temperature dependence of CO gas sensitivity for ZnO and ZnO-CuQO
thick films at 200 ppm CO gas, where those films were prepared by thermal transformation. The
ZnO thick film shows the maximum sensitivity of ~4 at 300°C. On the other hand, ZnO-CuO{more
than 1mol%) thick film shows that the maximum sensitivity reduced to less than 1.5. The decrease
in sensitivity of CO gas with increasing the CuO contents is due to the decrease of the oxygen
absorption in thick films.

Key Words(ZER2£0f) : ZnO Thick Fim(dtztoled ) CO Gas Sensitivity(2 &HEHEFS JHA ZHE),
Thermal Transformation(& #HER ), Oxygen Absorption(&ta & %))

.M 2 whebal, ¥ AT AE Zn0% Cu0d £Ee 9
Mo A2 $ £5% Z0FHD 1, 3,5
19621 d £l SeiyamaZb ZnO whute) S 7hss 10 mol2cel CuO% H7hg Bed Fbo) o a}o]
HeANE Agon waud o WA s 200 ppm CO7E2 #xo] e exod AE8 4
2o 7tazra 2zte Fod Anz AAEUAY st
ey FEFAE AEFE: R e
SnO»et ZnO%-olth ™ olir atsli el 7hx ’u]"g"gr 2 Al 3

Qe szl fdtel Fuis Arkshdl Gs
Eofi wgie) FAE UEY, AEE Fo)

© Zn-nitrate(Kosundo  Chemical  Co., 99.9%)¢
© bl A e Fe)

I
Cu-nitrate(Kosundo Chemical Co., 99.9%)% &%
tel Astoliz b ghge] Hlofsl skl vhi wAR g amNS ol &dtel Zn0%t CuO%
AMEt g g O]*oh A b N I R el S B

- A skelel. wrEelE ZnOg CuOE A x4
s HA AT ARk A s o mgpstel sl WS dipping W02
Al H ZnO V- >Of yel U] 6}0% ALO7E obsis B9 Bute W 25 CO 7} {jL.gA 23S A sak )
A AT me FbA s JERE RS A
A ,ﬁQI- 4}9}%91 shehf A HAdol waksty] Wil 2.1. mwcenmon ot HOH =
ol t} M whal Al M A (BaTiOg el A3 vhebtl & A pitrated SR ol £l S teflon OF
= o AWEALS BT A@BaTiOo CuO)7t hE e PO T AR BT R HZ}-‘H 3l ok AolFqlul A}
QA bz ghgol olFl A savk” HihA el 4% nitrate o] 2ol s sl R obE
zAe) ek bt %} 152 548 g HAs @opA7iE A diel WAk el
9 A9 vhyshl= AAE goldAl Alz:st chyl golof Al A ube olspAmA] Falahelt
oA 2 oA gle] e A Aol Fiseh olwerw
(99.9%)& Ahdl i Frof H A Al Hskivh A
*: ERFAURIL ALFEITA F.oeola PaE WAwe gl P s

en QTS ) A A e
HEAA 19964 59 16Y
Aabehs o 1996 79 299

o
of webAl hvdroxide®l &El: 7Fd Ao kvt

819



+ 2NIHOHM)
- H-0D

M(NO3)» xH:O(s) + H0()
—M(OH):(s) + 2NH(NOD
o 714 Mz Zn$t Cuelth,
O\_]. ;]L i‘
=] 2] 8} o]

(<)
7ol 3

uhE

hydroxideZ &Fv|th
MetEe A sk
150°Coll - 1041 kel
250 3= T200°Col A BAIZHE
ot Al g skt 43 15 By teflon i 323
27k 81 e g4 f8 vialel el hot
plate/stirrerol A 221 2] #1585 o] &3l 24| 7HE
oF  Wsiskdut. 71 kg 1oxum9l
7FZ]i= 140mesh screen @i Q1K
3lod screend E I Fubyg oﬂ
¥rh XRD ¥4 2or A A o] KL
At

% 7

o)

ol

2

[

ain

I

=
o
=

trayol
Zn-hydroxide &
Cu-hydroxide 2]

37T

al,

271}
V—Z]‘],

kel
Q U}

Z A}

aperture RE S
ko
T

23} ol

ab A =
10mol%s @l
b
1‘:,"‘ 0.25g% 539}:‘1
*ﬂ Hv o Al A Z )
g9 25x10xl mm F7]9
Fatol AW |

%,7__01 o] =

4 7HR CuO
ol ol
3goll ol -

H Lﬂ— 0]

7 A}

T

1! )\]__%5‘__
'

)

4

~
=

op M d
1
r
o
oo o ;‘o Yoo

hot air blowers
s A
7158 Aol wEE o] 500°Ce *'1
Axe o ojmel F& Y BN

CdA e 3 AR A
Y /‘}o]— At
I

Y9,

N

ni

10
1

-

3]
=

ol
3. ul =]
F-ko] l' 715ke}  gFvlel
#HobA f’f— 2
Silver Paste(Demetron,
wireAbololl &2 8o
A IZEkcE Silver pasteds

g o, 7hnzs

A7 ol

mm silver wiret:

whiEel oy,

ot 'y

USEER s

silver
&) Ak O
O O ol
o Ae]is

k.

|t

A3l
Korea) <}
CO
nel
TEA
LAbskelvt

)meP%@&

e

coe9l

RS
ks

7F
-?, 55} g
HESES

a4 A Ad“ﬂw

'{) 7& A

7199.9%,

~(Union Gas,

1

KBOC,
Korea) it 4],
w7F 200ppmeo] ¥l
/}f: 4Lt 200ppm CO
ThAFE i o] bl

= ol
ES

o
7p2n it

ol aje] Fute)

R %79 8- 1o

o]l &

D Zn0st Zn0O-CuO F9o) dabghek s

U
Bueh B¢ Fo Fuel A4

voltage soure/measure
Ap&-8}od
2} o] &

hige
model 237)&
23 ovk e o R

volt
'»(1 Zsol— g

~25~425

%4 sho]

block diagram

1y
71z /] |53

s

A %]

off ejaf A4k

:6‘_ wL 9]

rhge

9l g} A 2T}

L olE Q=
unit(Keithley,
CEER
243

11
2171

=
al

Al
=1

Sensitivity

l{(!l)()mw:n CO o d aie

2,‘04 ."— '/}» &(;Jl x()] f}. &

7 Axju)stel # &3 ZnO9F CuOg XRD +
XRD  #iglel A Zn(OH)-9)
Fy¥lol Az st el el F

el FY el b

gl 150°C 2 200°Cell A
ol v}
/] o]
£ ) »L%‘l g o
ZnOxA kel F-d 1 el st
XRD datolvd 9dxal Zn7F 500°CH AL
1(h) ol A v}Ebl g Zn(OHD,2] &l do] [1y]
i EERU SR 11 Zn -hydroxidess
/4 O L}-

aT

F o
I R

oF &

W f vk

Lrkr

bRkl e Zluko] oy

DS S 4 ESR VU I -

i - Gas ‘niet
| Mm

ol orert
&

B S,
A/D Convarter. MFC Sovow [uoa
[DAs20] !

Gas

Gas Cutiet ~—9=

ALO:ol
Y7 ~154m

7+
1

Al A

b SR

Cu(OH)-7}

hx0 5}_

hydroxide ]
A =

=%l
Yo

JLE

20 4

L
sy

7]

JM!

|

A4 F
A Type X T.C.
i |
: K740

K590 P4 1944

* X237 : Hign Votage sourcwmeasurs Unit
: Scanner

* K740 : Scanning Tharmomatar
‘K590:C-V plotter

“HP4 1944 : lwpedance Analyzer

a1 A sk Asgdee] A g
(S

Fig. 1. Configuration of instruments uscd
clectrical conductivity and
SCNSILIVILY .

820

3ampie Hoigar

20

for

gas



M AR 2884 Vol. 9, No. 8, September 1996,

4900 f=—— FHEe ~0lume FePRAEo Polelg PAs
E i y 20, | WA AAH BRFRYES R T
2 3000~ ’ 2
£ 3 7 20 ]
r
> 2000[— 5 1.
N - 7]
z 10002— + e \ 7 -
s I ‘ Y 13
oF L 'li\_, / _ !\ b
] ' ) N 0
20 30 40 30 80
29 (degree)
(a)

2060 \ , — —
- E |y cucw, 3
g 1500r_— | \ j
) 'E Y Y 7 Cuwo Pl
2 1000 & Ly d ;4
2 ! : k" 7 ‘ v 3
] Cy 7 V\ / 7 ]
2 soafY J ‘j\k_uww(x\j

2‘0 30 40 ‘ 30 3Q

29 (degree)
®
3g 2 ZnO@ 9 CuOh)el XRD &
Fig. 2. XRD Patterns of ZnO(a) and CuO(h).

2A X-deo FEZoIRu} gkelv] witolu},

Oy 4 B4 JdERNES AR 700
% CuO ®BHEL mAtzr Azo|r) F¥
ZnO+ B~Zn(OH).w= ¥4 gdxgoie] i 3
3 Ay 9, CuO+Cu(OH)LY: #He Qi
Fdsha AT S BoF drle mv)ys
T AVNHEEC e m =g, AUy o
2 AzE Zn0% CuOE e JAuoa s &
sted, AlRoeR FubEi: HAYxre =z
Zn07t & Ao® #veick 19 53t dipping W
How FAse FdAeE A Azy 7Zn09

I

1000 — ; — IR —
t i ! ubsirata :

= 800 E— IV Conumaum) 7
a . N
2 800 t ' \ AR
z E 10 um
2 400 |
2 L— J a8 4 B9 gdxrgg ZnO(a)2t CuO(h)9
< 200 & Y SEM A}zl

02'0 e Fig. 4. SEM micrograph of Crushed and sieved

20 (degree) powders of ZnO(a) and CuO(b).

a3 3. 4% ZnO9 XRD ¥

a9 68 duEyger AzE ZnO T H
Fig. 3. XRD Pattern of pure ZnO thick film.

 HWAEE 300°CAM ~49¢ RF ke
821



HAZ e QoezyE Bde 359 oo mwWa
a7tz FEF Y g vdgvn B 4
Ak ol gEL oEjrtx] AT Ao Qs wxE
ZnO% SnO:Al 72 AMEo] zZhi= 3 Q‘i‘:}_
EAY B3 golop MM W 54 7o owgy
22 AzxE Cuost dWeigoez HzH Znos
A B Zn0-CuO B8 Futso) ¢

2eel’

9 CO ke U

olgtx Pas gt

TSI I

Zpm
ad 5 53 Zn02 1 H]-?_i
Fig. 5. SEM micrograph of pure ZnQ thick film.

S7b 2 2Rl st Asoln, #4
ZnOFee HZE/ENNN FIR Haos
7FCO 7tz 29714 2REYSE Ao
18717k AR 96l W waw A

¢ S EY, COMaE WHEBEY
3 hgate] MNP Naolee] wru =
dorK WNHERY 248 FEdch Cuost
ke BgA Foe AZNHERe e g
229719 Astel A Tnairy oleg ARz
FE OB Fee AxPv)olN FHEE A
£7bne) ol gamgom COZFA 29170 A
Fool MEEE WAL PR Ashungo]
LA RAASS 42Y FAY. wrekA, Ccuo

.

822

1 Zn0% Zn0-Cu0 $2Ho) dugteis 4yd Hoy

8.0 l LA

bold
o

> i i
> - l .
S 4o Y T ]
2 - Txl | .
Py .9 L y
2.0 - e —
i I . l i
O O i L 1 1 L l 1 1 L ! l 1 1 J L
100 200 300 400

Temperature (°C)

38 6. ZnO T4 CO 7t~ 7

Fig. 6. CO gas sensitivity of ZnO thick films.

5.0 N b ] 1 1 I' [ BRI 11 ‘ 1] i 1 \ ]

: Zn0 -

4.0 \ R 1

- v . -4

X DAY ]

b= - S '. -

= - * . —

S 3.0 B i

@ C d" s

g 2.0 [~ . ]

" n G

F C1 4

1.0 CS__

r 1 1 1 1 , 1 I 1 1 ! ) 1 1 t 7]

0.0

100 200 300 400

Temperature (°C)
28" 7. ZnO-CuO $F12H4 9] 200ppm CO7F2ol o
3 2roFEA,
Fig. 7. Temperature dependence of 200ppm CO
gas sensitivity for ZnO-CuQ thick films,
CuO concentration (Cl, C3, C5(mol%))
were indicated.

o] H7tel wel FhAPEI BAH AL Fuhyo
A Abkvhzel Fabakel ZrasE Ae 1 Yo
2 & TUh



Temperature (°C)

393 282 203 143
3.5 [ LN B L A A T D B R
n . Dry air ]
4.5 1 7o ‘» -
_ - ., .
E - ... 3
L 55— Dol
%) - i
o . [ -
o 8.5 - g: .
o " ]
- - 2\% C10 4
[ 05 ]
8.5 SRR BN BT B AR O SR
1.2 1.5 1.8 2.1 2.4 27
1000/T (K)
(a)
Temperature (°C)
393 282 203 143
‘35 8 T T i T 1 I I 1 [ T { l 1 ]
i .. [r200ppm CO+Dry air | -
- ‘.. ]
-4.5 = n0 ..‘. ]
— : ~.. :
£ - e .
L2 55 ¢ ‘e ]
@ - ]
R )} J
o2} - 5.‘8\ B
o o 3. ]
= N 3. c10 ]
-7.5 [ ’5%:‘-:.8 O -
= A C3 n
s cs .
_8 5 1 1 l 1 1 1 L ! l 1 1 l . 1 N
1.2 15 1.8 2.1 2.4 2.7
1000/T (K
(b)
a8 ZnO-Cu0® FuHiel W dEy
@AZZT7 (D200ppmCO+ U 7=E 7]

(C1, C3, C5, Cl0<- Cu09 FX=(mols)it
LHERS),

Fig. 8. Electrical conductivity of thick films of
/n0O-CuO as a
temperature. Gas atmospheres were  (a)

(200ppm CO+dry air).

(C1, €3, Cp, C10

) were indicated.

function of reciprocal
dry air and (b)
CuO concentration
0(mol9)

823

A7 AR AEEE A Vol 9, No. 8, September 1896,

2
=

Ar %00“@011 A1 ~4‘@k‘ e N

o} a1 ‘2};: “J‘%i. Zn()"Cu() —EL’.—?H] FuhEe)

iz Imol%o) el CuO7h #7bd W, Hezhieis

150)8t& 7hasigleh oleish 01%‘: A7

o] Wazmue o £ glizd], MIA FHE Uz

B 7oAl FAbs s }i7}f:9] ol A

B COZbz B9z S drjdneE H

Azl Aol Abshubgol wAlEA EIASE

A7ek 42 9t

B ag 38

1. T. Seiyama, A. Kato, K. Fujishi and M.
Nagatani, "A New Detector for Gaseous
Components Using  Semiconductive  Thin
Films,” Anal. Chem. vol. 34, pp. 1502-1503,
1962.

2. B. Bott, T.A. Jones and B. Mann, "The
Dectection and Measurement of  Using
7ZnO Single Crystals,” Sensor and Actuators,
vol. B, pp. 65-73, 1984.

3. N. Yamazoe, Y. Kurokawa and T. Seiyama.
"Effects of Additives on Semiconductor Gas
Sensors.” Sensors and Actuators, vol. 4, pp.
233289, 1983.

4. SJ. Gentry and T.A. Jones, "The Role of
Catalvsis in Solid-State  Gas  Sensors,”
Sensors and  Actuators, vol. 10, pp. 141-163,
1986.

5. 'T. Ishihara, K. Kometani, Y. Mizuhara and Y.
Takita, "Mixed Oxide Capacitor of CuO
BaTiOy as a New Type CO. Gas Sensor'™ .
Am. Ceram. Soc., vol. 75, pp. 613 618, 1992,

6. AM. Azad, S. G. Mhaisalkar, L.D. Birkefeld,
S.A. Akbar and K.S. Goto, "Behavior of a
New ZrO--NoO: Sensor for Carbon Monoxide
Detection,” ], Electrochem. Soc., vol. 139, pp.
29132920, 1992

7. T. Ishihara, K.Komentani, Y. Mizuhara and Y.

Takita, “Application of a Mixed Oxide
Capacitor to the Selective Carbon  Dioxide
Sensor, "], Electrochem. Soc.. vol. 139, pp.

28812885, 1992,



824

W& Zn0St Zn0-CuO Foo) dstea Aqde Hoy
8. T. Ishihara, K. Shiokawa, K. Eguchi and H. 14. B. Bott, T.AJones and B. Mann, "The
Arai, "The Mixed Oxide ALO3-V203; as a Detection and Measurement of CO Using
Semiconductor (jas Sensor for NO and NO»,” ZnO  Single  Crystals,”  Sensors  and
Sensors and Actuators, vol. 19, pp. 259-2605, Actuators, vol. 5, pp. 65-73, 1984,
1989. 15. V.V. Malyshey, AA. Vasiliey, A.V. Eryshkin,
9. 1. Ishihara, K. Shiokawa, K. Eguchi and H. E.A. Koltypin, Y.I Shubin, A.L Buturlin,
Arai, "Selective  Detection  of  Nitrogen V.A. Zain and G.B. Chakhunaashvili, "Gas
Monoxide by the Mixed Oxide of Sensitivity  of  SnO» and Zn0O  Thin-Film
Cr.03-Nbx0O5,”  Chem.  Letters,  pp.997-1000. Resistive Sensors to Hvdrocarbon, Carbon
1988. Monoxide and Hydrogen, “Sensors  and
10. S. Yao, Y. Shimizu, N. Mirua and N. Actuators B, vol. 10, pp. 11-14, 1992,
Yamazoe, "Solid Electrolyte CO:  Sensor 16. H. Low, G. Sulz, M. Lacher, ;. Kuhner, (.
Using Binary Carbonate Electrode,” Chem. Uptmoor, H. Reiter and K. Steiner, "Thin
Letters, 2033-2036, 1990. Film In-doped V-Catalysed SnO: Gas
11. S, Saito, M. Miyavama, K. Koumoto and H. Sensors,” Sensors and  Actuators 13, vol. 9
Yanagida, “Gas Sensing  Chracteristics  of pp. 215-219, 1992,
Porous ZnO and Pv/ZnO Ceramics,” J. Am. 17 AR, Raju and C.N.R. Rao, "Gas Sensing
Ceram. Soc., vol. 68, pp. 40-43, 1935, Chracteristics of  ZnO and  Copper
12. Y. Takuma, M. Mivayama and H. Yanagida, Impregnated Zn0,” Sensors and Actuators 13,
"Effcct  of  Stepwise Doping  of  AlLOj vol. 3, pp. 305 310, 1991,
and LiO on Microstructures and Electrical 18 A. Jones, T.A. Jones, B. Mann and J.G.
Resistivity of ZnO Ceramics,” Chem. Letters, Firth, “The Effect of the  Physical
345-348, 1982. Form of the Oxide on the Conductivity
13 H.G. Floch and J.J.Priotton, “Collidal Sol-Gel Changes Produced by CHiy CO and H2O on
Coating,” Cecramic DBullitin, vol. 69, pp. ZnQ,” Sensors and  Actuators, vol. 5, pp.
1141-1143, 1990. 7578, 1984.
3]011
1(1’” 119 794, 19859 A2t

yehat MHGW 1987 & et
aofebel Seof(Al b 1991 ¢l Et
WoEke Q}.G‘- FEhak Eod (AL, 1991
W-03d % POSTECH 5. 1996+

€ HDHL AGRuTsd zw



