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Transparent Electrically Conducting Cd-Sn
Oxide Films by D-C Reactive Sputtering

Naoyuki MIYATA, Satoru NAO, and Kiyoshi MIYAKE

Abstract

High conductive, transparent films of Cd-Sn oxide have been prepared by dc diode reactive sputtering
of Cd-Sn alloys in Ar-O; mixtures. Alloy targets (Cd/Sn atomic ratio of 2 : 1) were utilized. Experi-
ments have been carried out under the following conditions. The ratio of Ar/O; and the total pressure
of gas mixture were ranged from 9/1 to 4/1, and from 1X107% to 6X1072 Torr, respectively. The dc
applied voltage was in the range of 1~3kV. The deposition rate of oxide films on glass or NaCl

substrate was in the range of 5~60A/min.

By the measurements of electrical resistances and optical transmissions, it was found that the proper-
ties of films greatly depended upon both the ratio of O; to Ar and O, partial pressure. Typical sputtered
films with sheet resistance of 40 ohms/square, 85% light transmission at 500 nm have been achieved
under the conditions of O, partial pressure range of 0.6 to 1,0X10"2 Torr. The lowest resistivity was
1.2X1073 ohm-cm. Conductivity measurements in the temperature range from room temperature to

77°K indicated that the films were degenerate.
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Fig. 1 Schematic diagram of reactive sputtering
vessel. (a) substrate holder (b) target (c)
shutter (d) magnet (e) variable leak valve
(f) variable leak valve (g) valve (h) valve
(i) viewing port
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Fig. 2 Variations of film resistance during thermal
oxidation in O; atmosphere.
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Fig. 3 Deposition rate of oxide films vs. ion
current. Partial pressures of O, and Ar are
0.6X107% and 2.4X10°% Torr, respectively.
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Fig. 4 Resistivity vs. thickness of oxide films.
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Fig. 5 Typical spectral transmission of films. (a):
deposited in Ar/O;. (b) : deposited in N;/O;
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Fig. 6 Effects of heat treatment on the sheet resi-
stance of films. Curves (a), (b), (c) : reactive
sputtered films, curve (d) : thermal oxide
film.
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Fig. 7 Spectral transmissions of a thick film, (a)
before, (b) after heat treatment.
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Fig. 8 Temperature dependence of electrical resi-
astnce of reactive sputtered oxide films.

FUEEBEOMPOMEKFII - DI, &I
Bl 77K ¥ TORBEEEIC KT HREKFIL S
AL, RIGHEA -y 2K » T BRI Cd-Sn
R BB EERI RSV TL AR TH B 2 L AEND
it flifi, A-%, 2 PEOBESEIT X R, &
T, 33X, EMPAIZ X » TTle - TR, Ar &
O; DEAGH AR T s > KGR -y 2 L Cd,
Sn, BLU, ONLXHETH S LRI
X EHTC X 5 SR LI ED MO EIT -2 & —
Vi, CdpSnOy o (130) i X B ~2, ¥y, Cd-
SnO; » (200) I LB E—270Bbdbh, b, &
FEWTC X 9, Cd:SnOs %7213, CdSnO; D # &5 H
DA L T\ 5 2 &SNS DB

Bl tc X oz, BRI A 3y 2RI XD
Cd-Sn &% 5~ 4y + & LBt EWEE I,
Cd-Sn Bt 7s B 0%, BOXEHEHED A2y 2K
FRA.D MR R I 2K s T <, L
fohio T, BOBYWEICEET &M O B TE
EThHDHILAENDON. ZOERTIE, HEHR
A 1074 cm DR E OB LRI » Tz,

4. RROERGIUVRE

RIGHA -y 2 X A BHEBROMIFICEET 5
% DT HIEROER, WOWEYRETS L DI
FELT, REREATALERETAORABLETETS
Do NS bR, AERT, FRCEOESEN
DIED T EDOREDS, #H LAy 2 BE ORI,
i =%y 2 Bt kT BB, X, FAEBASNVT
O ENBRL TWD 2 &5,

I = e e i ey



96 (96)

COFE, BAFAD, BT, BALEME 22T
RABFT 22 22X 5T, BEOEY 1 L -2
RHZENDHRITE S, LictisT, HADERS
BB T 5 b HEILRETH D, iz
L0, MDD s E L, 51T, (FEOHM
DEUWFHWHEICT 5 Litic b,

L7, MEDHE & ST T A BN S0 EBRI
FloAUTTL DI, Dl B d, KBFIC X D, 4
BA =7y PEAGIRIGHEA -y 280 L 5B
BEGERT OB E O, DILEME DD o & 4
MRS A, $7o, X, BTREITC I ) Elis 1 &
L7cBsfy, BUIEaib L Tk b, Fio, #5 A
DIEIIRETH D LB b &5 1.

O, ARG CHD, B, FruL,
B A P B R B AL IE R DR DB A F L #ou,

2 £ X W
D HHAHE, SRR, HFRFN, SR B 19,

Vol. 29 No. 1(1978)

HHEZ - ZR - ZEE

13 (1976)

2) KM, HHAS LR 46, 43 (1977)

3) BARERL, NS e 3, REHHIA: @ ISR
44, 247 (1975)

4 ZEEE, EHEY OAZMR BR8] RS
SF8SEIBFTE 2Tk 7 (1977)

5) J. Fan, F. Bachner: J. Electrochem. Soc. 122, 17
19 (1975)

6) R. Mehta, S. Vogel: J. Electrochem. Soc. 119, 752
(1972)

70 A. Nozik: Phys. Rev. B, 6, 453 (1972)

8) A. Nozik: U.S. Patent, 3, 811, 953 (1974)

9) J. Preston: Proc. Roy. Soc., A 202, 449 (1950)

10) D. Fraser, H. Cook: J. Electrochem. Soc. 119, 1368
(1972)

11) H. Miiller: Phys. stat. sol. 27, 723 (1968)

12) W.W. Molzen: J. Vacuum. Sci. Technol. 12, 99 (1975)

13) G. Kinel, G. Gallus: Japan. J. Appl. Phys. Suppl.2,
Pt.1, 479 (1974)

(MEFIS3FE 1 H 1211 Zm®)



