24k Hiom W b
2009 4F 10 A

5 B

Chinese Journal of Liquid Crystals and Displays

Vol. 24,No. 5
Oct. ,2009

Article ID:1007-2780(2009)05-0666-04

Growth of ZnO Films on Different Substrates by
Metal Organic Chemical Vapor Deposition

WANG Chao', YANG Xiao-tian"** , TANG Wei',
ZHAO Chun-lei', YANG Jia', GAO Xiao-hong?,
LI Xiang-ping®, GAO Zhong-min',DU Guo-tong®

(1. Jilin Institute of Architecture and Civil Engineering , Changchun 130021,China, E-mail :jlwangchao@ yahoo. cn;

2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Science, Changchun 130033,China;

3. College of Electronic Science & Engineering . Jilin University , Changchun 130012, Chinas;
4. College of Chemistry . Jilin University . Changchun 130012, China)

Abstract: ZnO thin films were grown on two kinds of substrates of Corning glass and o-Al, O, by

metal organic chemical vapor deposition. The properties of the films were studied. It was found the

sharp diffraction peak for ZnO (002) by X-ray diffraction method, not only in the sample of the

substrate of o~ Al; O; (A), but also in the sample of the substrate of Corning glass(B), showing the

two samples were highly c-axis oriented. The photoluminescence (PL) spectra of the ZnO films

were studied. The UV emission at ~374 nm was found in sample A and B. The deep level emis-

sions was found in the sample A, but not in the sample B, showing that the high quality ZnO films

was grown on the substrate of glass. The surface morphology was studied by the AFM also.

Though the average size of grain and the RMS(root-mean-square) value of the two samples is diffe-

rent, comparing sample A with B, the result shows that sample A is more smooth. It can be found

that the samples A and B were all grown in a column-by-column growth process.
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1 Introduction

Zinc oxide, a wide direct band gap semicon-
ductor, is attracting more and more attention
from researchers for its potential applications in
short-wavelength light emitting devices such as
light emitting diodes (LEDs) ™!, photodetectors 1,
transparent thin film transistors®* etc. ZnO
films can be grown by many methods, such as
[6]

magnetron sputtering '*, molecular bean epitaxy

(MBE) 1, pulsed laser deposition (PLD) [
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and metal organic vapor deposition (MOCVD)M
MOCVD provides the advantage of growing
high-quality films due to its versatility in con-
trolling the wvarious thermo-dynamic interac-
tions. It also offers high growth rate and growth
efficiency, large area uniformity and different
doping processes. In our paper, we grew the

ZnO films by MOCVD on different substrates.

2 Experimental

7Zn0O films are grown on o-Al,O; and Corning

Foundation items: Supported by NCET (No. 05-0326) ; NSFC (No. 60576054, 60576043, 60576056, 60876013) ; Project of Chang-

chun Science and Technology Plans (No. 2006303) ; Project of Ministry of Construction P. R. China and Depart-

ment of Education of Jilin Province

* Corresponding author, E-mail:hanyxt@163. com



WANG Chao,et al : Growth of ZnO Films on Different Substrates

by Metal Organic Chemical Vapor Deposition 667

glass substrates by MOCVD. The detailed intro-
duction about our growth system can be seen in
reference [14,15]. The vacuum of the growth
chamber is about 230 Pa. The growth tempera-
ture is ~510 C. A continuous flow of carrier
gas (high-purity N,) is introduced uniformly in-
to chamber from the top, its value is 400 mL/
min. DEZ and O, are introduced into chamber by
two injectors respectively, to reduce the pre-
reaction. The Ar flow of 2 mL/min passes
through the DEZ bubbler maintained at —12 C.
An additional Ar flow of 20 mL/min is intro-
duced into the DEZ line immediately at the exit
of the bubbler to reduce the transit time of DEZ
to the reactor. The O, flow is varied from 150
mL/min to 180 mL/min. Under the above con-
ditions, we grew the ZnO films. SIEMENS D08
Discover X-ray diffractometer was used to inves-
tigate the crystal quality. PL spectrum is mea-
sured by 325 nm He-Cd laser. Surface morpho-
logy was investigated by Digital Nanoscope
IIla AFM.

3  Results and Discussion

We found the sharp diffraction peak for ZnO
(002) by X-ray diffraction method, showing the
two samples were highly c-axis oriented(in Fig. 1
and 2, sample A: ZnO film on o-Al,O; sub-
strate; sample B: ZnO film on glass substrate).
The comparison of the samples of PL. was shown
in Fig. 3. We can see the UV emission at ~ 374
nm in both of the samples. Further, we found

the deep level emission in spectrum of sample A,

Fig. 1 X-ray diffraction spectrum of ZnO film(Sample A)

but we didn’t find it in that of sample B, show-
ing we got the better high quality ZnO films on
the substrate of glass under the same growth

condition. Fig. 4 are the surface morphology of

Fig. 2 X-ray diffraction spectrum of ZnO film(sample B)

Fig. 3 PL spectra of ZnO film

Fig. 4 Surface images of ZnO film measured by AFM
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the samples. The average size of grain and the
RMS(root-mean-square) value of the two sam-
ples is different, comparing sample A with B,
we can see the grain size of sample A is much
smaller than that of sample B. But, we can see
the same column-in-column growth process,
showing the two samples’ growth is in high

quality.

on a-Al; O; and Corning glass substrate respec-
tively by MOCVD. XRD measurement showed
that ZnO thin films grown on the two substrates
were all strongly c-oriented. From the AFM, we
find that the two samples were all grown in a
column-by-column growth process. The UV emis-
sion was found at ~374 nm in the two samples, in-

dicating the samples were in high quality.

4 Conclusion

The crystalline ZnO thin films were grown
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