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Abstract The optical properties and electrochromism of amorphous WO, thin films were studied. WO,
thin films with thickness of 3000 A ~6000 A were deposited by vacuum evaporation. All these films were
transparent and found to be amorphous in structure by X-ray diffraction analysis and the visible wave
length refractive indices were found to be between 1.9 and 2.1 and the optical energey gap to be 3.25
eV. Electrochromic devices were made consisting of ITO transparent electrode, WOy thin films, LiClO~
propylene carbonate and Pt counter electrode. In terms of their operation, the amorphous WO; films
were colored blue by a double injection of electrons from the transparent elecirode and lithium ions from
the LiClO,-propylene carbonate organic electrolyte and made colorless by electrochemical oxidation reac-
tion. The electrochromic properties of WO, thin {ilms including coloration and bleaching, optical density
and response time were all found to be strongly dependent on the film deposition condition, electrolyte

concentration, sheet resistance of the transparent electrode and applied voltage.
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Fig. 1. Spectral transmittance of WO, thin films
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Fig. 2. Refractive index spectra of WO, thin film.
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Fig. 3. Extinction coefficient spectra of WO, thin
film.

Cahy)?

283 x A3 A65 (1993)

e L spectophotometric WY o g 3 H
A HE G A9 Zeolvh gldlew, FhAE
Aoodolofafef dHEE 1.9~212 ViERRET

ok &

A7 aloll A peak-valleyE en-

velope Al S A% peak # 3} valley gkol z}
ol 7} 45 e A E- gl ot 2
A e o, o]i= Demiryont” Fol =3
g el dxjstu edvk. wI FAER7A
ool WO.ukite]  wd 8@ Ellipsometer(L-
116B, Gaetmer)sx FA 3+ Ay J}AL 6328 A
of A} 1.95~2.15 viEbubch ol WOsubee]

stoichiometry & ¥} IIHJT’* o2 A7) L‘:}

L ol &3te] 3 (ahw)'”?
9—\5—"3 % L}EM W, (ahv)"*=const.
P Aol Al st sdol] ] A

vhERRETH

1 4% 533
o] el A
(hy-Fig™) 2]
- 3.25eV it

My

800, - — e S —
700 1
600
500
400
300J
200
100 _—"“f
—
R R\\ﬁ.s
PHOTON ENEF\GY [ev]
Fig. 4. The dependence of (a¢hv)'/* on photon ener-
gy
71¢]l 59} 62 coloration ¥ bleaching % 3}
F5 R ‘4- WA daERAaz 4%
coloration/bleaching cycle% 5003 oA} 4l A
st 5 2Astolct, Coloration & A2 FEib&

800mm)o Al 52 ANFE 193% =
olup =91¥ ¥akgS 6.5mC/
Ak, =dl bleaching® A2 col-

ek 7.0% (A=800nm)oll 4 5

86.6% (A=
¢ avlolon,

Cim™ M

oration*} e ¢}

2 AE 76.1% % S7rEI%le.w coloration
@k bleaching¥ ol 1 e doid&
ob 4= olelrh mrelan WO Rl ob kg
7 ((3000A) Coloration/b eaching cycle 3
b EUEghel whoh A o s ubvrol A sh



s FFE-28I A5

3ol dojxtor}, FA 30004 ol 4o upet
& 10°8) ool Mm YAEZAEY EAo]

Qb €] A Lhebytch

100- —
BEFORE COLORATION
80
=
&
& 60
=z
<
=
& 40
=z
<
o
F
20
0 D o S , . - . i
200 300 400 500 600 700 800 900 1000 1100
WAVELENGTH

Fig. 5. Spectral transmittance of WO, thin film

during colortion as a funtion of time.
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during bleaching as a funtion of time.
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Fig. 9. Optical density spectra of WO, thin film as
a funtion of applied voltage.
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