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Abstract Thin films of tungsten oxide and nickel oxide were deposited on Al,O4/Si-substrate by high vacuum
thermal evaporation. The properties of microstructure and crystallinity were analyzed by SEM and XRD
respectively. WO; films without addition of NiO showed polycrystalline structure after annealing at 500°C for
30 min. There were the cracks between the polycrystalline grains and the crack width was increased with the
thickness of WO; films. The cracks in the WO; films could be controlled by an optimum deposition of NiO on
WO; films and either less or more than the optimum addition fails to suppress the cracks. A process
mechanism to suppress the crack has been discussed.

Key words NiO-WO; Thin film, Thermal Evaporation, microstructure control.
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30V, NiO %= 45VE SXA AL

WO; 2%& 212} 025, 0.5, 0.75 2 1.0g8 A s}
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200 nm H=% SQch. 23 Nio 2Heke IS WO,
FE 71E2E mol%E Alsteled 8%k Fig 19
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(FE-SEM, Hitachi S-4700)% ©|-&3}$3t}.

3. #3 ¥ 1E

NiOE #H7}skA] & Wosutte] FA s e 9
A AFY X4 Fd EA(XRD) 2FHE Fig. 29] =
A8 T}, As-deposited BFHE-ofM = 26=25° F2ofA]
e A7 AR, AE7)Ee] (100) =L o]9]
© #F=HE Flo] gk, oleldt AJHES 500°CAA] &
A M} 100 nm) M= WO, (200) 2 (220) T
=27p veha, 54 StE s3] JE Z71e A
WO; /&9l Ha7t vehba 3k wigte] ga e 4
Foke 2 &+ Atk WO, Bt FAE Fig 249
100, 120, 160, 200 nm= FY3A 32 o] Yo NiOS
I mol%7H4) S35k A% fAME AaE gsidn). 1
2t NiO F&&o] XRD A& 4 oo #d gz
g Y =

Fig. 32 NiOE &3k &2 WO0; 22hs 500°C
30252 EXE ¥ F2 W3AZ 27 Fob) wel v
3t Aotk 150 nm7tA|e] FA| F7tollME B4 peak
o] $AE FEE 4 glout 200 molE AEoz
002y 27} 7F8kA Ve Fig. 45 NiO $1E 0.75¢

As-deposited
Si
=
n
e
2
£
@ mwm 200nm
2
wPud
5 ! it 1500M
@
WWMMMMWMMM 120nm
Nompertttrbido, wiwonibony100NM
b, I . ' At | 1

10 20 30 40 50 60 70
2 Theta
{a) before apnealing

200 Annealed at 500°C
=y o
7)) =3
g <<
= ]
- ~
@ .
=
ot
.g 200nm
© 150nm
120nm
100nm
10 20 30 40 50 60 70

2 Theta
(b) after annealing

Fig. 2. XRD patterns of WO; films (a) before and (b) after
annealing at 500°C for 30 min.
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Fig. 1. Description of specimen preparation processes for WO,-NiO thin film deposition.
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Fig. 3. XRD peak intensity variation as a function of thickness
for WO; films after annealing.
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Fig. 4. XRD peak intensity variation as a function of NiQ
mol% for 200 nm WO, films after annealing.
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Fig. 5. SEM images as a function of film thickness for WQOs after annealing.
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(a) 100nm (b) 120nm (c) 150nm (d) 200 nm
Fig. 6. SEM images as a funcﬁon of WO; film thickness for 0.009 g NiO after annealing. '

(a) 1 mol% (b) 2 mol% (¢) 3mol%

Fig. 7. SEM images of 150 nm WO; films for (a) 1 mol%, (b) 2 mol%, and (c¢) 3 mol% NiO after annealing.
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Fig. 8. SEM images with the deposition sequence of NiO and WO; on ALO+/Si-substrate. (a) NiO beneath WO;, (b) NiO on
WO; and (c) NiO on both sides of WOs.
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