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Abstract : We describe that the surface and thickness of nanoporous WO; fabricated by both
light-induced and light-absent anodization are affected by pre-annealing process from 200°C to
600°C. As a result, the nanoporous WO; with a thickness of 1.83 um can be achieved by anod-
ization for 6 hours after pre-annealing at 400°C without illumination of light. Moreover, the
thickness of nanoporous WO; fabricated by pre-annealing is thicker than that of WO; prepared
by non-annealing process. However, the light illumination during anodization leads to convert the
crystalline structure obtained by pre-annealing, which interfere the growth of nanoporous WOs;.
In this paper, we discuss about the growth mechanism of these different nanoporous WO; films.

Keywords : Pre-anealing, Light-induced anodizaton, Tungsten oxide

LA E energy 217] whiol A9lAl (UV light) Felu olujz)
7hNA (visible light) BN E =o Fuke-S L

Yol SRS RS Beld, SEH AU ddslel e 2102 Feid 9IEkY Bk ohel, A gelelie)
B o, A710A) 2, A9 Sl ofe] Rolel  Fjol thel Bt g I olele alslet

A1) Qlrh. E3], 26~28eV HIwWA S Band gap A WFSoA Q] A o]gale] B B Ax|o] WO
23 Z BAE 2 Qo

Az O ZE= CVD (chemical vapor deposition),V

*E-mail: jinsub@inha.ac.kr

-125-



126 J. Korean Electrochem. Soc., Vol. 14, No. 3, 2011

Z2h (thermal evaporation), ¥ Z-4 38 (sol-gel
coating),41® =28} (anodization)®?V o] 9lom,
o] T YFAtshe Aol e 2 Alojol] golgh
ol Fakele F4l AYS sty d718t
gHoR F& FAHG AT FHoE e 9
olo], Uix {H T st FelE 2 Ui 125
RIS = glom oleld e e B A, 71 Al
A & T 2obll &AL Ak oM ol &&
Ao SEAT7] Sl e T FAWNE ohug,
skstate] FAE Aofsial AgA1717] Ak WhHel ¢
TE L . olE flal AEWS Fs] Qs W
o2 IA2] (annealing)d AHESh=t] 2% ol Akslet
o] B (amorphous)e] P2} 23] (crystallization)s
ZHA = APEH el e] g&o] HastEo] ¢F

o)) Wik B Apdelne 254 B4 9

g oR dAfe oo Blo] 2ARE ol 8si3laL, o]
S % W2l AskEe] el tal Aretieh®

B AFeMs 2o 2AF 557 B o}, ExEvt
2l Akl Ao wxE P FASIAL ¥l
Atk Had A3ES 2xd Ixg)E 3 Fo,
P Wasle] Wl FAHE AlsE] g
9&S FE-SEM, XRDE ©|g3l B3}, o|& vt
o2 dXg R &L AkalEd vlwsl] M=
A3k FFAels B3 AkalE A9l viFAYUS el
At} o] niEgo g ¥ & 13, viEe] 5
N ANE=ZH $-§3tarA} s,

]

[e]

M ol

o

o

2. MEPy

e o] §2El JkelES Alxah] fleke, '
Y (A =03mm, &% 99.95%) UFA3= &)
Ak 4, BHzE 338 AFHE] 98] opAlEs,
iso-propanol, 752 AHUZ 223 AH7IE AL
g3l 1087 AlFslF dAVIA=Z A=A &4
FAaks}l s17] Aol HzmEl s tidk dxels 2zt
200, 400, 600°CellA] Ar #9]7]olA BAIZE Bt A
ek e MY L= 95°CE FAIEIAL, 50V 9
I3 AgS 78] 6217 B2 150 W Xe lamp
(LS-150-Xe, ABET TECHNOLOGIES)®] ®& ZA}s}A
u, AR FA] oA FAlG ksl Lee
Soll o8] BaE %] ® HaEe 10w KHPO,
glycerol®] 8918 AME-3IGAT). -2 AAS] ¢
3], F=Aksl Mol 180°CollA] 3A17F Bt 7HFEAIRI o
95°CE2 &%= WHT)

Power supply (SourceMeter 2400, Keithley)s} 7
FEE ARgate] 1om’e] W2l 395 working 2,
Pt= counter IS0 2 3= 21 AXE ARSI

o} SRS Bl Axd eoked o] gaE
28leS 779} iso-propanol 2 AR EAL Aa)
A= AzAF T Sk B2wl Aslee] 5 A
A W& FAPA dv)7 (FE-SEM, 4300S, Hitachi,
Japan)© 2 W ©e] mofH A71E AS3h
3, AR XA SEEY (X-ray diffraction, XRD,
Rigaku D/max-RB, Japan)S 53l €Ut Cu Ka
radiation source (. =0.1542 nm)7} “&&=o] &= Rigaku
SHEAE ARSI

3. 23 9

Fig. 12 IX3Z kA &2 e} 200, 400 =22
I 600°ColA AL 3 B2d A 77 WS
ZAVIA] YA (a-d), AT 3FHA] (e-h) 6A17F B<F
AFABLE A xT B At ¥ Bgolt &
3], AEHE & FA] e B2El AskE (Fig. 1 €))2]
EHE A sl B3l A §E0] dojt Wl

SiH)nm

500 nm

Fig. 1. Top view of SEM images of nanoporous WO; prepared
at 50 V with 95°C without ((a)~(d)) or with ((e)~(h)) light
source of 150 W Xe lamp after pre-annealing. (Pre-annealing
temperature : (a) non annealing, (b) 200, (c) 400, and (d)
600°C without light source and (e) non annealing, (f) 200,
(g) 400, and (h) 600°C with light source).
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Fig. 2. Cross-sectional SEM images of nanoporous WO;
prepared at 50 V with 95°C without((a)~(d)) or with((e)~ (h))
light source of 150 W Xe lamp after pre-annealing. (Pre-
annealing temperature : (a) non annealing, (b) 200, (c) 400,
and (d) 600°C without light source and (e) non annealing,
(f) 200, (g) 400, and (h) 600°C with light source).
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Fig. 3. Thickness variations of anodic WO, at different

pre-annealing temperatures.

(M : without illumination, @ : with illumination during
anodization)



128 J. Korean Electrochem. Soc., Vol. 14, No. 3, 2011

A7F 0.29 ym7kx] &A3] 7H4sltl7E 600°C A&
oA 0.34 um E715ke] 0.63 ume] FAE HHS £
¢ 9tk o83 Exy L5 WE A W3l o
g AYESS AYslr] 98] Fig. 40 2oz ¥4
=

Fig. 4(A)= EATE s e ME=Z, ¥ &
Z0] & &Us] dojut e v 2E 7=
AbslEo] AR o) FH AR (Fig 1@)IM=
el & ¢ Aot Bnk ol dnkyoz IAIE
3] ¥ 7AHTE GME §F 97t AslEte] ¢
IE2F FRA A A3 Atelzrt ARG &
#HA Yrh? o] npEke E 400°C7HA] A3 AlEE
(Fig. 4(A-C))> HFASA P-WO; (HEAZ (Pre-
annealing)ell €13 A/dE WO3)e] FA7F S7FshHA
EHe 8F&0] HAslE o], YA 53 vgd A
32 (A-WO3, %323} (anodization)oll €Js] A=
WOs) 3783 sl AAZ<Q Atslae] $A7E S7Fhe
Zolth, 28y P-WOy7t U SR A-WO0; &
el sk AdEAe] o]o] X Eo7] &
EoA Aslte] FAE Ak Zolth o]9 R,
e ZARBIHA itslst 4lskE (Fig. 4(A™-D))y
Axe 27t S7HEE ARl g AlslEo)

Fig. 4. Schematic diagram of thickness variations of
anodic WO; at different pre-annealing temperatures.

((A, B, C, D) : without illumination, (A", B", C", D") : with
illumination during anodization)
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Fig. 5. XRD patterns of WO; films prepared at 50 V at 95°C
after different pre-annealing temperatures : (a) without
illumination, (b) with illumination during anodization.
(* : W(110), @ : WO; (020), @ : WO; (022), A : WO,
(004) ) Note that the insets show the enlarged patterns.
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