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Efect of Surface-Covered Annealing on the Optical
Properties of ZnO Films Grown by MOCVD

;

Wang Li, Pu Yong, Fang Wenging, Mo Chunlan, Xiong Chuanbing, and Jiang Fengyi

( Engineering Research Center for L uminescent Materials and Devices of the Education Ministry,
Nanchang University, Nanchang 330047, China)

Abstract : ZnO films grown by metal organic chemical vapor deposition at atmospheric pressure are annealed at
850 ,with the film surfaces exposed to air or covered by asapphire wafer. The optical properties of the asgrown
and the annealed samples are studied by photoluminescence (PL) spectroscopy. It is found that the air-exposure
annealing effectively removes the hydrogen impurities from the ZnO films but greatly increases the deep-level e-
mission. I n the surface-covered annealed sample,an elimination of the hydrogen impurities is also observed, and
the deep-level emission disappears completely. The free exciton emission is significantly enhanced in the ZnO film

af ter surface-covered annealing.

Key words: zinc oxide; annealing; optical properties; exciton

PACC: 8140T

CL C number : TN304 Document code: A

1 Introduction

ZnO has attracted consderable attention from
the semiconductor community in recent years as a
promisng material for short wavelength light emit-
ting devices. Recent investigations of ZnO have re-
sulted in many remarkable developments,e. g. high
crystal quality™?  laser emisson™ ,and homo-pr
junction L ED* .

In spite of these developments,high quality p-
ZnO films with reproducible properties remain a
contested goal. The problemis duein part to resd-
ual electron concentration ,the origin of which has
not yet been determined but is possbly related to
hydrogen impurities® . Look et al.® have reported
that the hydrogen atomsin ZnO films can be com-
pletely removed by annealing at temperatures high-
er than 750 . Therefore,thermal annealing pro-
vides a smple way to reduce the background elec-
tron concentration in ZnO films. However ,in the
research of Look et al. and other groups’®  high
temperature annealing wasfound to deteriorate the
optical properties of ZnO films. The free exciton e
misson is annihilated ,and the green |uminescence
is greatly enhanced after high temperature annea
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ling. The deterioration of optical properties and the
increase of green luminescence were attributed to
the increase of the deep level concentration ,poss-
bly related to the decompostion of oxygen or zinc
atoms from the film surface”’. Thus a method for
removing hydrogen impuritiesfrom ZnO films that
can prevent the decompostion of surface atomsis
desirable. In the present paper ,we report a surface
covered annealing method that can effectively re-
move the hydrogen impurities from ZnO films and
can prevent the generation of deep levels.

2 Experiment

The ZnO films in this study were grown on
Al,Os (001) substrate by metal organic chemical
vapor deposition (MOCVD) at atmospheric pres
sure. Diethyl zinc (DEZn) and H.O were used as
the Zn and O precursors, respectively. The film
thickness was about 3 QU m. Three segments from
a 50mm ZnO wafer were labeled as sample A ,sanr
ple B ,and sample C,respectively. Sample A was
untreated. Sample B was annealed at 850 for
20min with the surface exposed to air. Sample C
was annealed at 850 for 20min with the surface
covered by a sapphire wafer. Photoluminescence
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(PL) spectra of the three samples were taken at
10,50 ,80K ,and room temperature. The 325nm line
of a He-Cd laser (10mW) was used as the excitar
tion source for the PL measurements (WD P500-D ,
Beijing Rayleigh Analytical Instrument Corp.).

3 Resultsand discussion

Figure 1 shows the temperature-dependent PL
spectra of the sample A. At 10K ,the dominant e
misson peaks are located at 3 365 and 3 360eV in
the bound exciton range. These two peaks are at-
tributed to 1. and 1s* respectively ,and the small
shifts of energy postions are due to the resdual
strainin thefilm. A peak at 3 375eV can be clearly
observed on higher energy sde of the dominant
peaks,and it can be attributed to thefree exciton A
(FEa) because its energy position is very close to
that of the A exciton observed in reflectance spec
traof bulk ZnO"™ . As the temperature increased
to 50K ,the intensity of the free exciton peak in-
creased ,while the bound exciton peak intensties
decreased. At 80K ,the free exciton peak became
dominant in the spectrum and the bound exciton
peaks became very weak. Thisisa result of the de-
composition of bound excitons to free excitons due
to the increased thermal energy.
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Fig.1 Temperature-dependent PL spectra of the as
grown sample at temperatures from 10 to 80K The
dashed lines are guides to the eyefor the position evol u-
tion of the exciton lines.

In Fig. 2 ,the annealing dependence of the ex-
citon linesispresented. We note that all the spectra
were normalized to ls. For the asgrown sample,
the relative intensties of 1. and FEa are 1 4 and
0. 15 ,respectively. Asannealed with the surface ex-
posed to air ,sample B shows a band edge PL spec-
trum with sgnificant differences. The intensity of
ls in this sampleis much less thanin sample A.But
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Fig.2 PL spectraat 10K (a) Asgrown ZnO film;
(b) ZnO film annealed with the surface exposed to air;
(c) znO film annealed with the surface covered by a
sapphire wafer

FEa only increased lightly. The relative intensities
of ls and FEa of the sample B are 0. 38 and Q. 20,
resgpectively. In Ref. [6] ,Look et al. have reported
that ls+ can be annihilated by annealing the filmsin
air at temperatures higher than 750 . They havei-
dentified l4+ as a donor bound exciton related to hy-
drogen impurities. Therefore ,the weakening of lain
sample B is due to the out-diffuson of hydrogen at-
omsfrom the film during annealing. As mentioned
above ,the free exciton emisson in sample B was
not enhanced markedly with the decrease of the
concentration of hydrogen. This means new trap
centers were created along with the decrease of hy-
drogen impurities during annealing. Chen et al.!”
has attributed the trap centersto some kind of deep
level s because they found that the high-tempera
ture-annealed films showed strong green lumines
cence with the reappearance of the bound exciton
line. Theoriginof the green luminescencein ZnOis
still in dispute but is usually attributed to nor-stoi-
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chiometric defects such as oxygen vacancy and zinc
vacancy'™ . It is obvious that these norrstoichio-
metric defects were created by the decomposition of
the surface atoms.

Figure 2(c) shows the band edge PL spectrum
of sample C. It can be seen clearly that the la lineis
di mi ni shed markedly compared to sample A ,indica
ting the effective removal of hydrogen from the
film. More interestingly , the intendty of FEa in
this sample is dramatically enhanced and nearly e
qualsthe intendty of ls in this sample,as seen in
Fig.2(c) . The relative intendtiesof l. and FEa are
0. 87 and Q 97, respectively. The enhancement of
free exciton emisson can be explained as follows.
Because hydrogen atoms are very small and can dif-
fuse eadly in crystal lattices,the sapphire wafer
will not block the out-diffuson of hydrogen from
ZnO. However ,the sapphire coating wafer can pre-
vent the out-diffuson of oxygen and zinc atoms
from the ZnO film surface because they are too
large to move in the sapphire lattice. On the other
hand ,the Al —O bonds in sapphire are very robust
and do not decompose easly during annealing at
850 . This excludes the risk of contaminating of
the ZnO films by Al atoms. Figure 3 shows the
temperature dependence of the PL spectra of samr
ple C. As the temperature increased from 10 to
50K ,thefree exciton emisson increases greatly and
becomes solely dominant. At 80K ,the bound excit-
ons disappear completely and only the free exciton
with itslongitudinal optical phonon replicas exists.
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Fig.3 Temperature dependent band edge PL spectra
of sample C in a range from 10 to 80K The dashed
lines are guides to the eye for the position evolution of
the exciton lines.

To investigate the deep-level concentrations,
PL gpectra in the vighle light range have been
measured at room temperature for all three sam-

ples,which are shown in Fig. 4. Sample A shows a
strong near-band-edge emisson peak in the UV
range and a weak deep-level peak in the green
range. For sample B ,the green emission is greatly
increased while the near-band-edge emisson be-
comes very weak. In sample C,however ,the green
emisson disappeared completely ,indicating the ab-
sence of deep-levels in this sample. These results
strongly confirm the above discussion about the ex-
citon emissons.
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Fig.4 Room temperature PL spectra in vishle light
range of the as grown and annealed ZnO samples

4 Conclusion

We demonstrated that the hydrogen impurities
in ZnO films can be effectively removed and the
free exciton emisson can be sgnificantly enhanced
by surface-covered annealing at 850 . The effect
of surface-covered annealing on ZnO films was ex-
plained by ability of the sapphire coating wafer to
prevent the decompostion of the ZnO film surface
and thus prevent the creation of deep levels,which
can trap free excitons. But the coating wefer does
not block the out diffuson of hydrogen atoms be-
cause of their small sze.
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