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V(; Thermochromic Optical Switchable Glazing by Reactive
Magnetron Sputtering
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Abstract

Thermochromic VO and metal doped Vo M 02 (M=W, Mo) films were {abricated on
silicon and Pyrex glass substraies by rf reactive magnetron sputtering. Crystallographic
strueture, stoichiometry, surface morphology, directional- hemispherical transmittance
and reflectance of films depending on temperature were characterized by thim-film X -ray
diffraction, Rutherford backscattering spectrometry (RBS), atomic force microscopy and
spectrophotometry respectively.

In metal doped Vi M 0: (M=W, Mo} polverystalline {ilms with single V02 phase,
metal - semiconductor transition temperature 7 . was decreased linearly as the increase of
atomic ¥ of the dopant. The gradient of it was-23°C/at% of W and-11°C /at¥ of Mo
respectively.

From obtained thermochromic behavior, we can conclude that metal doped Vi (M,
{M=W, Mo) polycrystalline films with single V(: phase has the great potentiality for
optical switchable windows for the contrel of thermal environment of indoors of building
and/or housing as well as automobile.
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Fig.1: Blectric conductivity vs inverse of
temperature for various thermochromic
materials after Adler. The temperature
range for an optical switchable building
and/or housing window is shown by the bold
veriical line and that for prevention of o
ver heating of solar collector being also
confined into the region indicated by two
narrow lines.
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Fig.2: The schematics of the present RF
dual-target magneirom spuitering apparatus,
For reactive sputtering, oxvgen flow is
controlled precisely and being mixed to Ar.
Metal target (indicated as W) is masked by
the same metal cover with a central hole
as shown to reduce the sputtered mass flux

effectively, The subsfrate is radiatively
heated by the installed 5iC heater up to
800°C. fQuartz oscillator is used for the
film thickness monitor in sify
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Fig. 3: The phase diagram of vanadium oxide
after Griffiths et al. The multi valence
of vanadium resulis in the variousoxide
phases, Y0: phase can be appeared at the
very narrow stoichimetry of the oxygen{(x)
centered at 2.0,
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Table I: Sputtering conditions.
Target (T V (50mmd, 99.9%)
water-cooled
Substrate (S) Pyrex glass, Si(100)
(10 x 10 x ¢.bmm)
1.8 distance 100 mm
rf power 200W
Total pressure 1.5 Pa
Ar + O9 flow 100 scem
Og flow ratio 0~ 8%
3 temperature 250 -~ 500°C
3 bias voltage OV or -100V
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Fig. 4: Deposition rate as a function of
oxygen flow ratioc and subsirate
temperature,
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Fig.5: Major phase identified by XRD in
the films deposited on Si under various
conditions of substraie temperature and
oxygen flow ratio.

NEW GLASS Vol.10 No.l 1995

B L TROBH TR NEFHOATE
STV P OVO, BRENEKT S, S
BEHOBAICRXRDO (00 1) E—oH
My, TORBHICHET ABOEEER
i 3 ThHE. BERREN 0.1- 0.2
WETBE, VO, . Vi0r, Vilis  VeDs
DEGREN S, IHLLERRVIEZHS
BTHAI LAREYT 5, HREEN 300~
250°C LR ThH . WML O LR
TVO., OB ERTE S, BICALM
FRiGARy F—FHEERIOLSICLIES
iR BBaANn3,

VO, OEEEOV & OOEFRGHNE
RABREUVHIEEBETHLINIERB S L
A5 O EERE, FLAIEERRE 400
COBEBHERBRIL 2. 5%k 2.8%BTER
FNVO, s RUVO, s £ B,

80 EWEMS 500°COBE&IIE. 10001500

DB EOE R EBHT/HE Y 200—400nm
DR E DMK NETIRS FEEL I &
WMEL TV, #ShIEEERTTID B
FhAREECIIRELTED, BI04~
5451218 > Thd, 400°COBHICE, 100
~300nn ORBETHEOEETH S, KEL
HEOLOI/DEVREDLONFEE L THR
ELhIleERrt I 3UEREE-BELT
Ho. vwbilERoEEEEIOREL T
BEIICHA S, 20 500CDEEITE
L. BIORN A ERONBOERICL > TE
BICHEA PRl &R linTso,
FHDASR (Area Surface Roughness) (&
1onniE BTG FER/TH S, ZHLAHE
B, VO, OB (T. ) H2240K. &
HWEME 00— 5000 THAEho, (TEHEHR
FOERBHEPTEMIICL - T0BEI &
HET 2L 5, Thorten % @ structure
zone model M oEHES A,

BNAENERNEE T LEENEONE0
HAWOCCEETHS I En. JOREEE



BEWV-2TWHLE) THRIEEEONEREE:
BFTAMBIVO, BEEBRTACE. &
BVOBHTHEOE (HraoBE) 2ECE
ML TEL I ENPETHE, ZD/ w7 7
— BN R0l THEO SRV FHBK
HiEE LirboT, VO, OBBREICED
S NIFE LORGERRELTHWS, HIZ{ED
HARRE (250°C) o6, -10VEED 4
TABEEARHICERLT, 14 08RCE
ANBERFOMEREH EMNEHTOREHE
EEDIENESTORVGIENAENER
KOVO., OBKBREEILHEHEHTH
LI ENEID SN BL, VO @ (0
0 1) [ -7 OHRIL0. 85° T, 500
~ 400°CD0. 46~ 0. 57° & HEELEFIEV,
(B) BI6RURTICEEAMLICHT BERS

84
—~
o
(a) g
E‘, YO (650m) ure
—HROL
@ 68 Te=G8°(
o
& e
e
R
E na
a2
I 10800
0B ] ; 1 T
508 1360 £500 200 2500
86
—
b th Va.oxsWo.0140: (5380m)
~ cal w=37°C W°C
'
o
=
= g0}
por}
E
2 20
]
E: SR L o
¢ C 7 L] T T 7
500 tO00 L1564 200 1508

Wavelength (nm)

Fig. 6: Hemispherical speciral
transmittance of aj) V0. polyerystaliine
film deposited on Pyrex glass substrate
with 65 nm in thickeess, and b) metal
doped Vo, sss Wo. o1 0y polverystalline
film with 58om in thickness enough above
{1006°C) and/or below (20°C) tramsition
temperature z - of 67°C. Incident angle
of the light beam is near normal,
Significant difference is observed al
infrared wavelength region,
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Fig. 7: Directional hemispherical speciral
reflectance of a) V0. polycrystalline
film deposited on Pyrex glass subsirate
with 65 nm in thickness, and b) metal
doped Yo ss¢ Wo. v1s 0: polycorystalline
fiim with 58am in thickness enough above
{160°C) and/or below {20°C) transition
temperature v ¢ of 37°C. Incident angle
of the light beam is about 12 in arc.
Difference is observed in nmear and
infrared wavelength range.
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Fig. 8; Transmittance at wavelength 2000nm
vs temperature for three VO, films.
Deposition conditions (substrate
femperature Ts and bias Vg) and transition
temperature v are shown in the figure.
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Tablell: Influence of the metal doping x on lattice spacing of
{01 @ or (1103t of V..«Mx0. Films which shows strong XRD Peak.

M

hid 3.181 (x=0)

3.186(x=0.014)

3.202(x=0.026)*

Mo 3.188(x=0)

3.150(x=0.020)

3.193(x=0.041)

Figure being shown in angstrom unit. Subscript m: monochinic, t: tetragonal,

* for tetragonal crysta
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TableHl: INTEGRATED OPTICAL PROPERTIES FOR VO. AND Vo age Wo. oo Go FILMS

Thickness Tsol20°  Tsol80® Thmae®  Thmse®  Rsol20t Rsol86*  Fum20® Rumsee
Sample  (nm) (%) (%) (%) (%) (%) (%) (%) (%}
V02 60 36.9 30.1 3.6 3.5 5.5 26.8 320 28.5
W-V0O2 80 327 22.7 327 29.3 24.2 219 15.1 13.3
" 20000 TOEBROE(IRIIG8X%IC bET 5,
O W-doped VO, LI AN, BEXOEAFEMRKURHE
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Fig. 10: Transition temperature tc vs X in
Vi xMx0. (M=W. Mo) films deposited en

Pyrex glass substrate by dual target RF
reactive sputtering.
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