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Fig.1 X-ray diffraction spectra of ZnO : Ga films
deposited at different pressures
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Fig.2 SEM morphologies of the ZnO : Ga films deposited at various pressures (a) 0. 5Pa;

(b) 1. 0Pa;(c) 1.5Pa;(d) 2.0Pa
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Fig.3 Cross-section morphology of the ZnO:Ga thin
film deposited at 1. 5Pa
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Fig.4 Resistivities, Hall mobility and carrier concen-
trations as a function of deposition pressure
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Fig.5 Spectral dependence of the transmittance of
ZnO : Ga thin films prepared at different deposition
pressures

3.7
3.6
>
2
&
g" 3.5t
E .
B 34f
8_ \
33 )
L 1 1 L
0.5 1.0 1.5 20
Deposition pressure/Pa

6 MHyBMBEBHETRESTHERZAMNXRML
Fig.6 Variations of optical bandgap as a function of
deposition pressure for the sputtered films



288 £ 8 Kk ¥ R o528 %

4 Hit

KAERUERSEERBERN R EHET
ZnO:GaZEW SR ME. BHEASE c H@002]&H%
BERANAZRER, AERBIES THHER
M. BTl SR ATT A EBEMEL R &
1T 90%, RiEEHER 4.48X1074Q » cm. FHEH
oL B 46 2 R 08 £ M KSR /N R 3 K BT R R R
EHEREHRTEM B ZnO(~3.3eV) K %#H
B

SE ™

[1] Yamamoto Y,Saito K, Takahash K,et al. Preparation of bo-
ron-doped ZnO thin films by photo-atomic layer deposition.
Solar Energy Mater Sol Cells,2001,65:125

[2] Wang W W,Diao X G,Wang Z,et al. Preparation and char-
acterization of high-performance direct current magnetron
sputtered ZnO : Al films. Thin Solid Films,2005,491,54

[3] Hirata G A,McKittrick J,Cheeks T. Synthesis and optoelec-
tronic characterization of gallium doped zinc oxide transpar-
ent electrodes. Thin Solid Films,1996,288.29

[4] LeeC,Lim K,SongJ. Highly textured ZnO thin films doped
with indium prepared by the pyrosol method. Sol Energy
Mater Sol Cells,1996,43:37

[5] YeZ Z, Tang J F. Transparent conducting indium doped
ZnO films by DC reactive S-gun magnetron sputtering. Appl
Opt,1989,28,2817

[6] Maldonado A,Guerra S T,Lira M M,et al. Physical proper-
ties of ZnO : F obtained from a fresh and aged solution of

£7]

[8]

[9]

(10]

(1]

(12]

[13]

[14]

(15]

[16]

zinc acetate and zinc acetylacetonate. Sol Energy Mater Sol
Cells, 2006,90:742

Assuncao V,Fortunato E,Marques A,et al. Influence of the
deposition pressure on the properties of transparent and con-
ductive ZnO : Ga thin film produced by r. f. sputtering at
room temperature. Thin Solid Films,2003,427:401

Yu X H,Ma J,Ji F,et al. Effects of sputtering power on the
properties of ZnO : Ga films deposited by r. f. magnetron-
sputtering at low temperature. J Cryst Growth, 2005, 274,
474

Khranovskyy V, Grossner U, Lazorenko V, et al. PE-
MOCVD of ZnO thin films,doped by Ga and some of their
properties. Superlattices Microstruct,2006,39:275

Gomez H, Maldonado A, Olvera M L, et al. Gallium-doped
ZnO thin films deposited by chemical spray. Sol Energy Ma-
ter Sol Celis,2005,87:107

Henley S J, Ashfold M N R,Cherns D. The growth of trans-
parent conducting ZnO films by pulsed laser ablation. Surf
Coat Technol,2004,177:271

Yamamoto T,Sakemi T,Awai K,et al. Dependence of carri-
er concentration on oxygen pressure for Ga-doped ZnO pre-
pared by ion plating method. Thin Solid Films,2004,451 ;439
Asmar R A,Juillaguet S, Ramonda M, et al. Fabrication and
characterization of high quality undoped and Ga,Os-doped
ZnO thin films by reactive electron beam co-evaporation
technique.J Cryst Growth,2005,275:512

Szyszka B. Transparent and conductive aluminum doped zinc
oxide films prepared by mid-frequency reactive magnetron
sputtering. Thin Solid Films,1999,351.:164

Song D Y, Aberle A G, Xia J. Optimisation of ZnO : Al
films by change of sputter gas pressure for solar cell applica-
tion. Appl Surf Sci,2002,195;291

Burstein E. Anomalous optical absorption limit in InSb. Phys
Rev,1954,93:632

Influence of Sputtering Pressure on the Properties of ZnO : Ga Films
Prepared by DC Reactive Magnetron Sputtering*

Ma Quanbao, Zhu Liping, Ye Zhizhen', He Haiping, Wang Jingrui,
Hu Shaohua, and Zhao Binghui

(State Key Laboratory of Silicon Materials, Zhejiang University, Hangzhou 310027, China)

Abstract; Ga-doped zinc oxide (ZnO : Ga) transparent conductive films with highly (002)-preferred orientations were de-
posited on glass substrates by DC reactive magnetron sputtering. Effects of deposition pressure on the structural,electrical and
optical properties of ZnO : Ga films were investigated. The X-ray diffraction(XRD) studies show that the films are highly o-
riented with their crystallographic c-axis perpendicular to the substrate almost independent on the deposition pressure. The
morphology of the ZnO : Ga films is sensitive to the change of the deposition pressure. The transmittance of the ZnO : Ga
thin films is over 90% and the lowest resistivity for ZnO : Ga films is 4. 48X107*Q) » cm.
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