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Abstract The electrical and optical properties of indium tin oxide(ITO) films deposited on soda—
lime glass substrates by rf magnetron sputtering were investigated. ITO thin films were deposited
with variations of substrate temperature from the ambient temperature to 300°C and O./(Ar +0.)
ratio from 0 to 0.3. The deposition rate of the films decreased with increasing substrate tempera-
ture and O.,/(Ar+0,) ratio. The XRD peak intensity of In.0,(400) orientation decreased while that
of Tnh,0,(440) orientation increased with increasing the substrate temperature. The increase in the
oxygen flow ratio has a tendancy to make the films crystalize mainly in the orientations of In,O,
(222) and InO,
and the sheet resistance was decreased below 200°C, but remained almost the same above 200°C.
The sheet resistance of the films slightly decreased with the O,/ (Ar+0.) ratio under 0.1, but in-
creased above it. However, the transmittance seemed not to be affected much hy the O/ (Ar+0.)

(400). As the substrate temperature increased, the transmittance was improved

ratio.
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Fig. 1. Schematic diagram of ITO coated glass as-
sembly
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Fig. 2. Deposition rate vs. substrate temperature
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Fig. 3. Deposition rate vs. sputtering gas ratio
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Fig. 4. XRD patterns of deposited films with differ-
ent substrate temperatures

RF power =2.5 Wiem?*
Main pressure = Smtorr

T,,, = ambient

sub

In,0, (222)
In,0; (440)

T In,0, (400)
In,0; (211) | In,0, (622)
;| Vg
( IJ 7 7 P 03 .o
1 pid A ra /0-2 &’b
(Ll—, ; - - 0.1 f

pa 4 7 0

20 30 40 50 60 ot

20 ( Degree)

Fig. 5. XRD patterns of deposited films with differ-
ent oxygen flow ratio
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Fig. 6. TEM bright field images of ITO films with different substrate temperatures at (a) AT (b) 100C (¢)
200°C and (d) 300°T
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100
30}
- |
g or
E 3 RF power = 2.5W/em?
‘g a0k Main pressure = Smtorr
é’ Thickness =0.3um
Pt 0,/(ArtQ,)=0.1
20F T, =200°C
0 L, 1 n — 1 — - e 1 A
200 400 600 860 1600 1200 1400

Wavelength (nm)
Fig. 13. Transmittance of bonded ITO glass

ol Al Fel7lat ¢l 3000A FA9 ITO ubet
4 FEF F Fig 13 #o| Ag pastes}
PVB bond sheet® A}&-3le] FElslz] o4&
frelel AHzbstel AAESE AT F DC
12VE ql7bstol A7 alel @& f2{E2dY
L uslE Fig 1204 2w 50C7H2 e &
Zakgo]l o 90& o) o]Foix A& A
of AA 7NeE HEHEE & 7 Uk =T
Al BEAEE vebd Fig 134 &
g8l %] 380~780 nme] riA|FedA e HF
EART = 82%¢9 ol2# Fig 7oA £ single
layer/single glass®] 5 3% 84% Xt} <F
2% Ax Azt stede] HE= £ AP
AR frefde MALEEY 2 AEES A
wtzlo 2 943k Ay 3 g A4S vieh
st

4.4 B

ITO AtstEutabg 133 oI EE 25

Bl og Azsle] ohg e HAELE o
det. 7lgees} Atk 27t FolASE v
e FAEr e Fasidd. Z#RLEst =
o} A+F InO; (400) Whake] AAAHL A&
3ta, InOs (440) wrske] AAAe] Frlstgl
on, Ath FEV FHEFE FE IO,
(222)9} (400) =) =Zuke] AEBIHT}. 7|H2
T wstel we} Hs EAte Fx YW o]
T Fvhedl 7]alste] HAFL 200C 7
e Zarstgony, 1 olddlAe Ao dA
s, 7hA B g FFEREE Z|HEE7)
FoldE uih FAEG, =3 AHY =
e &=7F FolALE Frlstddd. Adst
SEAEE O/(Ar+0.) 2 vl Ao &
w2l fgrew wWAEge O, ¥zl 0.17tA]=
k7t zhastehrl 1 oelAel e A Frhst
gk oj e A wutgA 2AGf AY 2
5 W/emd, 71o2% :200C, 298ty 5
mtorr, O,/ (Ar+0,)¢ ¥] :0.1)olx Z==tg+
A 3000 o ITOwrele] W A8 9Q/0 o]
I, 73 g FasE 84%elda, o] =
ol A A2 Hdfre] AAEFS oF 82% 9
5 FHg vlEew, 50C7Ale EHE
Zabgo] oF 90& Wl o] FolH BEZU A
of AA 7l5& 7SS #A¥ 7 Ao

x 7

2 ATE WUHE ZobAER FAA
“2% 7 HEAT MIRRORS F% A4 e}
MR N FEE AbstATA el o3 3
HA5E A=Y

oz d

1. K. L. Chopra, S. Major and D. K
Pandya, Thin Solid Films, 102, 1(1983)

2. T. Feng, A. K. Ghost and C. Fishman,
J. Appl. Phys., 50(7), 4972(1979)

3. J. Shewchun and J. Dubow, J. Appl
Phys., 50(4), 2832(1979)

4. O. Takai, FEHEHM, 43(2), 74(1992)

5. E. C. Smith, United States Patent
4277517 (1981)

6. W. O. Lytle, United States Patent Office
2614944 (1952)

7. R. A. Gaiser, United States Patent Of-



10.

11.

12.

e - ol 47]

fice 2944926 (1960)

. W. O. Lytle, United States Patent Office

3078693 (1963)

. M. S. Tarnopol, T. P. Snyder, United

States Patent 3721594 (1973)
K. J. Ramus, United States
4654067 (1987)

K. J. Ramus, United States Patent Re.
33297 (1987)
L. E. Bitter,
4655811 (1987)

Patent

United States Patent

- 9} 8k 253} heatable windshield& ITO wutebe] #7) 8 Fsf 54

13.

14.

15.

16.

17.

625

E. P. Pharms,
4718932 (1988}
I %, M, SEEm, Ttk
&gk, HIE 13(1982)

V. A. Phillips, J. Appl. Phys. 33(2), 712
(1962)

J. R Bosnell and R. Waghorne, Thin
Solid Films, 15, 141(1973)

J. C. C. Fan and J. B. Goodenough, J.
Appl. Phys, 48(8), 3524(1977)

United States Patent



