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Effects of sputtering pressure on electrical and optical properties of
transparent conducting ZnO thin film

ZHOU lJi-cheng, LI Li

(School of Physics Science and Technology, Central South University, Changsha 410083, China)

Abstract: ZnO thin films were deposited on glass substrate using the reactive radio-frequency (RF) magnetron sputtering
method. The influences of pressure on the surface morphology, the electrical and optical properties were studied by AFM,
XRD, UV-Vis spectrophoto meter and four-probe method. The experimental results indicate that the crystalline quality of
ZnO thin film is improved and the thin film shows higher c-axis orientation with increasing the pressure. The average
transparency of ZnO thin films is higher than 85% in the range of 400~900 nm under different pressures, and the average
transparency is higher than 90% at the pressure between 0.5~1.5 Pa. After annealing at 350 ‘C for 300 s under N, ambient,
the lowest resistivity is 1072 Q-cm.
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Table 1 Preparation process parameters of ZnO film

ST ZnO D L ERE 1 52

ARSI R FR 78 W SR i 4% ZnO AR . K
99.99% E AR AL, HEBAE A, ARRE
XN 1.0X 107 Pa, /(AN N IR, HEIERE R
FFh 60 mm. I ATATEAE 200 C FHERE 10 min, 3
SRR A I, RS I ORIEIE UG o 0T BT R
W RS DR AE 100 W, IR IS IA] 404 30 min,
15 0.2~1.5 Pa TG N SRR <R . & 1 ik
JECH 25 1 HAK T 2250 X141 ZnO JEIBRE 5, 7E
RTP-500 PR HGR KA EEAT TIR kAL, BAxZ
NS5 25 A5 5 BT 43 o

KH Alpha-SteplQ & B I T LR it 1) J5
JE o FHEF 1 BB (AFM) R AL ZnO 5 1) 22 T T30
F Y—2000X 55 £ A7 S-S XRD) IR JHE A 11 o AR 85 4
X BTN Cu K, HEJE, WK 1=0.154 nm. H
TU—-1800PC 1 43 6 B vl i T A iz i %6 o ]
DUPREF DU T R 1) 7 e rL B

2 HEREHE

2.1 RS SE XS IR E A ST

M T AT EURBL,  BEEWRST UK T, BT
HRAPrp N, HARRFFAGEIRK, HAEKT 0.5 Pa
GAEN s WA AR AT RGN o P TR
WSt L 1 55 AR RIE 38 (18 L 088 DA FC e 2 1
| PO P2 e D 8 [ PO 4B (S S 1 P
IAPLE

22 BEHSEXTEEREARARKGHRME
ARFIT AN RS BEANELBZ RIS Bl 3 IR 5
1115 FLR T ESROU & 4 (K 4 AN W] 20 o 512 3

Sample Sputtering Deposition power/ Deposition time/ Thickness/ Deposition speed/
No. pressure/Pa W min nm (nm'min ")
1 0.2 100 30 210 7
2 0.5 100 30 190 6.33
3 1.0 100 30 170 5.67
4 1.5 100 30 150 5
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Fig.1 Surface morphologies of ZnO thin films at different pressures: (a) 0.2 Pa; (b) 0.5 Pa; (¢) 1.0 Pa; (d) 1.5 Pa
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Fig.2 Change of surface roughness of ZnO thin film with

pressure
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Table 2 XRD analysis results of ZnO thin film at different pressures

Sample No. Pressure/Pa 20/(%) Plane spacing/nm FWHM/(") Grain size/nm Lattice constant/nm
1 0.2 34.397 0.260 5 0.623 13.32 0.5210
2 0.5 34.303 0.2612 0.699 11.87 0.5224
3 1.0 34.301 0.2612 0.656 12.65 0.5224
4 1.5 34.200 0.2620 0.674 12.31 0.524 0
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Fig.3 XRD patterns of ZnO thin film at different pressures
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Fig.4 Transmitted spectra of ZnO thin film at different

pressures
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Table 3 Band gap of ZnO thin film at different pressures

Sample No. Pressure/Pa Band gap/eV
1 0.2 3.45
2 0.5 3.47
3 1.0 3.45
4 1.5 3.51
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