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Effects of Sputtering Power on Microstructure and Optical Properties of ZnO Films

CHEN Xinghui, WANG Jun, FAN Xueting
( College of Science, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: At room temperature, ZnO thin films are deposited on quartz substrate by RF magnetron sputtering
with 99.99% purity ZnO ceramic target as the sputtering source. An investigation has been made on the effects of
sputtering power (120~180 W, power step size 20 W) on the microstructure and optical properties of ZnO thin films
by X-ray diffractometer (XRD), thin-film thickness gauge, UV-visible spectrophotometer, and X-ray fluorescence
spectrometer. The results show that the (002) plane diffraction peak appears near 34.3° , showing the c-axis preferred
growth and wurtzite structure. With the increase of power, the refractive index of the films change in varying degrees.
The average transmittance in the ultraviolet region of the wavelength range of 190~368 nm is less than 10%, while the
average transmittance in the visible region is higher than 90%, with a steep absorption peak near 368 nm. The results
show that the ZnO thin films are characterized with the largest grain size, good grain orientation, compact structure and
the best crystal quality and optical properties with a the sputtering power of 160 W, an argon pressure of 0.5 Pa, the flow
rate of argon being 8.7 mL/min, and deposition time being 60 min.
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Fig. 1 XRD diffraction pattern of ZnO films
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Table 1 XRD analysis results of ZnO films
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1(002)/

D/

o o -9
P/W 20/(° ) (10°m)  cps pIC ) (10" m) ¢/(107 m)
120 34.173  2.6216 3005 0.405 214 0.524 32
140 34277 26139 5951 0.265 327 0.522 78
160 34294 26127 9232 0.247 362 0.522 54
180 34.143 26239 4560 0.484 180 0.524 78
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Fig. 2 Refractive index n pattern of ZnO films

HIPE 2 AT LIS, 0 S D 30 BT A 5 AT B
SN s AEMRTER A, iR B B p s i &
PN BEE DRSS ARG R, Al —P KA g8 35
/NG IR, SRR S AR AT DA | ARAE R
RECHEREEAR

S G A5 AN [+ e S Zh 3 1] 5 B S A A R X
AFPRIEHTHIC R L 0, UL L BRI n]
W AR YF .
222 MG RS

B AR IEFAOCLRIEL N FHIRE S, dRRAER
WAL A PERERY B EE bR . [ 3 R T ARl
AT i 5 A AR A PR P 37 1o %6

5 L L
450 500 550

100 — e
A A s
N A 120 W
ol ,,7‘,_-* i 0w
I/ 1s0w 180w
60 F g
X
&
40t
20t

O s L L L L L L
100 200 300 400 500 600 700 800 900 1000
J/mm

B3 ARFRENFERELREL
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the slide substrate

223 X HEAREXESH

X PFRAINTE ST RAE X FLBRT, T
RIE RN R A REGUIRIT A IR X B4 X
9t) , RGN X BAALRE B ST, 4rmii
N RE B B X R AR AL, DA T A E
T —Fr . S IR D% 160 W Hl 45 19
AALEE IR R R R X 498t (ED-XRF)
i, MNAAEITE . AXES, AE R DR X RO
HiEAL; AU, KA WEEAR, & 10 mm, AR

B DO IR, STERE Y 8.64 keV FlI
9.58 keV &b i LK 9 X 9G4 ZnK, Al ZnK,, H P
BTG SZIG, WE{EIG R

Na-Sc

<
)

f=3
1554
[=

S 2 o
S @

=
D

counts per second/a.u.

(=]

E/keV
B 5 SLHEHEE ED-XRF Eif
Fig. 5 ED-XREF spatra of ZnO films

7 2 AN [T S S T i o 64 SR AL BB ED-
XRF FEHIIT Zn JUR B TR ACRIE RN 8.64 keV
b ZnK, S TR 1 SO -

x2 SWHEE ED-XRF EENHTLWREIE
Table 2 Quantitative analysis of experimental data of
ZnO films by ED-XRF

o3/ ZoK, BRE/ SRERGR /
TNz % (cpspA™) (cpspA™)
120 1.666 30.033 9
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