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Abstract NiO-doped WO; thick films were prepared by a screen printing technique. The electrical property and mi-
crostructure of the films were investigated with the partial pressure of oxygen and the amount of NiO. The grain size
of NiO-doped WOs was smaller than that of undoped WO;, but the grain size of 0.1, 1, 10 mol% NiO-doped WO; were
nearly the same. The electrical conductance of the WO; thick films decreased with the oxygen partial pressure, and in-
creased with the amount of NiO to the limit of solid solution. The variation of the electrical conductance with tempera-
ture is not so large in the extrinsic region, but it changed rapidly in the intrinsic region. The conductance decreased

with adsorption of oxygen in the intermediate range between the extrinsic and intrinsic region.

Key words : NiO-doped WQO;, Oxygen partial pressure, Conductance, Particle size

.M £

WOst 37l o2 A7) |44 ¥4 2 vze S
2 qlsle] YHE 232 n}Z (electrochromism) o] thgk &
F& 49se, 53] A5E, ARy 2 FFAgEF
A4 HF AUAE 2HE F de 714 AL (smart
windows) £AME <A77} Y= o =3 AT F
o] P53t ukgd oste] 9F(0y) & HAFI 2m29]
Hale] Hx glon] AAdu] ] Wale] H= NO, 7|HE 7
#j517] $1% FariA A A A5 2 TS A5
3 Aeb? B3] NO, 71A1¢) A 4248 WO.& 28
AR sl AxE AAe 2 F201 ujAA dejelAY o}
AR Ao Artd] FAIglo} NO, 7h2oll 5t S8 7}
7 54§ 19lo] Ruxgch?

AE7HA] A7E W08 54 ¥E WO §3Ho]
1473 Colx 2xo ©E dofgt AHelE 714 -40T o]
Stell = @, -40~17C HYell4= 8 17~330C HH
A& 7-AWA (triclinic), 330~740C WSl A& AputA]
(orthorhombic), Z8lxz 740C clAtelse A4A (te-
tragonal) AMZ vlebdt}. & W09 WalDe THAFA

(monoclinic) 2} H¥H =A= &siA ik, wiFdgtE
(nonstoichiometry) A=+ WO0;-,2 x=0-0.04 A& 9]
HoolA Wl AR ¢eA oz vk ES Al
E4toll ot gt

A71A AR FHE WO 54L& 2712 tiAgE 2
29 AHeFF (Vo)) ol 9t A7|H $A& o157 4 A
A7 Ax o F &g 3 n-type S48 Yello4,
Po, Vol w3t A4 Eg) &S et AR &
o] HeheFEal WO; Aeled = 34 (metallic) H4&
et et v gk Al WOs- A$E &3 (hop-
ping) A & Ho B BuEHT g}

NiO 9] 42 1984°C ol NaCl & zhr}. 42 E
ol L 7% sEpekEL Ni-,09 #eolx NiOE p-
type HEESZH P!t =& P, /5o sl Ab4-84t 9
E4& Zeh?

NiO-Zn0¢ A+ W0s:-Zn0, ZnO-In0;, ZnO-Sn0O;
o] vl3le] £FE YeiE NOJI2 ZAAEAZH A Ao
Ao ¢4 5AE Byo] B WO,F oj&%t
NO, 4149} 7§ NiO F7toll o} & EAo A A+71 9]
Hisly 2 B4 72 A B9 FAEA 6] Fa A

— 272 —



x4 - wdF - FEY

Eoulay 4y ey, Akt 9 ArA &
Ao FeA A7 BFY Aol & AFoIME A
ol W WO, 713 54 wHiste] 3l A7
3, 2% WOl A7HAE F7isiney sjq7z 2 A7)
A EAL AoE 471 ded ¥ dFME NiO mol%
2 23l Ao 24 Htel] e w|M x| Wt 9l
A71A B4, Aol vl 9%¢ A7

2 AEYyY

U] EE WOs(Aldrich, 9% +, >20m), 18|33
7}A= NiO (Kanto chemical, 99% +, > 10/m) & AH2-3}
et

WO, 2o IHslHZE Ni0 ¥4¢ Z47 01, |1,
10mol% 4 A7}ty FH59 450 £ (95, 10mm) &
olal 12A17F ball milling € A1kl 120°C ovenell
A Az ¥ 3¢ vhA] box furnacesiAd 900°C, 2417
FTNFAN dxEd F &Fold el 4 F
325mesh(45m) M2 v]|Ys}slgict, ERY ELELS A4}
2}y 28 (bmm X 25mm X 34mm) o4 1.5t/an’e] gtao
2 gk (pressing) 3t A¥ A|WE Az F71F 4 800
T, 2217 34 dAEE AAEg). DR8] WS vt
L2 A F o) Y5z}

a2t 4 7jge g 96% ¢FoIt 718 (banX 5am) &
AHeElgla, o7)o) 23 =Y Wy e R Au pasted
8l (comb) EFo R AL, £&EEE 5C/min,
800°C 10¥7+ dAs#siy A YT d972A
(lead wire) 2.2 WA (Pt wire) & HAAIA A4
o}, AL pastet AZFELe] 1- heptanol §9E g}
4] three roll mixer (EXAKT) & ¥4 E¥41A pasted
Az, o]RE 325mesh 2T 6l] F3A1A 314 &4
& ¥AA%T, oF 200C A 1-heptanol& #HeA13ich,
FFo} Zigsle) dIFxe) FHA] EAE Y YyeAE
Fig. 1] = A8},

713 A& MFC(mass flow controller) & 7}#] %

& 2t AL e 2T od] BE A
473& Multimeter (HP-34401A) 2 A3} FFel9)
A% AAshe Fig. 29 AF Madg ARSI 4 &
A, B, Akds), o= 52 XRD, DTA (Dif-
ferential Thermal Analysis), SEM (Scanning Electron
Microscope) & ztzt AMg-3le] 24 9 Aot DTA
AEAL F7) Bl A £ 5C $2A1919 #53k4ot.

3. #nt 3 nF

3-1. 2484

WOso NiOE 0.1, 1 233 10 mol% & #7}3t 800
T % 90Tl dAz & ¥ XRD 4% A48t
t}. NiO7} 10mol% H7He A8 dxjz] HFe) 424
A& Fig. 39 2t =218tk 10mol% Ni0 #H7Hg A
el 24 "o ¢ Auiolxe EM4ENE AR (-
clinic) ® WO; AT} 34|, oF 43.3% oA NiO o] A&

< o)A - FHE - oA - A INIO Yrhe] @& WO 4 273

Active Materials

Au-Elecirode
L

7 .
E?////Z/j%////? N
2@( !

(Grenrs %,

Fig. 1. Schematic darwing of the sensor structure on alumina
substrate.
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Fig. 2. Block diagrams to measure electrical properties.
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Fig. 3. X-ray diffraction patterns of 10mol% NiO-doped WO,
(a) before sintering and (b) after sintering.
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Fig. 4. DTA analysis for 10mol% NiO-doped WO, with heat
treatment.
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Fig. 5. SEM micrographs of NiO-doped WO;; a) before sintering, b) undoped WO; after 900T sintering, ¢) 0.1mol%
NiO-doped WOs; after 900C sintering, d) 10mol% NiO-doped WO; after 900T sintering.
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Fig. 6. Variation of conductance ratio for undoped WO; at dif-
ferent temperature.
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Fig. 7. Variation of conductance for NiO-doped WO: at various
temperature,
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