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Abstract: Annealing behavior for cubic-phase Mg, 5,Zn, ,;O thin films grown at 450 °C by metal-organic chemical

vapor deposition were studied. After annealed at 550 650 750 and 850 °C in oxygen atmospheres the crystal quality

and surface smoothness of the thin films were improved significantly. Their bandgap shifts continuously to the higher

energy the increasing annealing temperature. Confirmed by energy dispersive X—<ay spectra the enlarged bandgap was

caused by the decrease of Zn content during annealing. Phase separation of the Mg 5,Zn, ,; O films with significant

surface roughening can also be observed during annealing at 950 °C.
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1 Introduction

With the increasing interest in ultraviolet pho—
ton detectors wide bandgap semiconductors materi—
als attract more and more attention "> . MgZnO is a
good candidate for UV detection due to its large tun—
able bandgap covers solar blind band along with ZnO
and MgO wafers are developed ® . However phase
separation may still be an obstacle for fabricating
high quality thin film. A few solar blind photon de-
tectors based on single phase MgZnO films were re—
ported 7®  but their performance in dark current
and sensitivity still can not comparable with AlGaN-
based ones. Some groups had reported that the quality
and surface smoothness can be greatly improved by
1o it should be

noticed that thermal annealing indeed plays an

thermal annealing However
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accelerator for phase separation in MgZnO .

In this letter cubic—phase Mg, 5;Zn, ,; O thin
films were grown by low pressure metal-organic
chemical vapor deposition ( LP-MOCVD). The
evolvements of structure and optical properties du-
ring annealing in O, atmosphere from 550 to 950 °C
were studied. Successfully the improved ecrystal

quality and surface smoothness had been obtained.

2 Experiments

MgZnO thin films were grown on c¢-plain
LP-MOCVD.  Dimethyl
dicyclopentadienyl magnesium diethyl zinc and high

sapphire  substrate by

pure oxygen were employed as the precursors and
nitrogen as carrier gas. The deposition temperature
was 450 °C  the thickness of MgZnO film was about
300 nm.
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The as-grown MgZnO films were annealed in O,
for 30 min at 550 650 750 850 950 °C

tively. The composition of the as-grown and the an-—

respec—

nealed MgZnO thin films was measured by energy
dispersive X-ray spectroscopy ( EDS) . The morphology
was characterized using a HITACHI S-4800 scanning
electron microscope ( SEM) . The crystal structure
was evaluated by X—ay diffraction ( XRD) with Cu
Ka (0.154 nm) line source. The absorption spectra
were recorded using a Shimadzu UV3101PC scan—

ning spectrophotometer.

3 Results and Discussion

Fig. 1 (a) ~({f) showed the SEM images of the
as-grown and annealed MgZnO thin films. With the
increasing annealing temperature the grain on the
surface was fused with each other and the surface get
smoother gradually. After annealing at 650 °C  the
sample begins to show a compact surface. For the

case of 750 C
though a few grains are remained. At 850 C as

the surface get even smoother al-
shown in Fig. 1( g) the sample shows a complete
smooth surface and the regular triangle veins corre—
sponding to the atom arrangement in the ( 111)

plane of cubic lattice. As we know high surface en—
ergy will be released by smoothening accompanied
with atom migration at high temperature. Therefore

thermal annealing is considered as an efficient way

to improve the surface smoothness. But too high

AR SNASA Ay . dEN 8 .
Fig. 1 SEM images of ( a) the as-grown and the samples an—
nealed at ( b) 550 C (¢) 650 C (d) 750 C

(e) 850 °C and ( f) 950 °C.

temperature also brings phase separation of metasta—
ble alloys. At 950 °C

grades abruptly. Large grain was observed on the

the surface smoothness de—

sample surface which assigned to phase separation.

XRD were performed to analyze the structure evde—
ment. For all the samples the 626 scanning
showedsimilar diffraction curve so only one typical
pattern was shown in Fig. 2. All the samples are
crystallized in single cubic phase with ( 111) orien—
tation. The inset showed the full width at half maxi-
mum ( FWHM) of the MgZnO ( 111) peak as a
function of annealing temperature. When the tem—
perature increase to 850 °C the FWHM of ( 111)

peak narrowed from 0. 23° to 0. 13° corresponding
to grain size varing from 38 nm to 67 nm which calcu—
lated by Scherrer formula. The growing-up of grains
supports the surface morphology evolvement depicted
by SEM images. When the temperature increased to
950 C
patterns except the peak from( 111) peak showed.

Comparing with XRD

no new peaks are observed in the XRD

absorption spectroscopy
is a more sensitive tool for characterizing species
with minute mounts " . Absorption spectra of the
MgZnO thin films were shown in Fig. 3. For the
samples annealed at 550 ~ 850 °C

edge shifts to higher energy gradually with the in—

the absorption

creasing temperature. Due to the difference of vapor
pressure more Zn atoms than Mg escape from the
sample at higher temperature which brings more Mg
content and then the blue shift of absorption edge.
After annealed at 950 °C  a new absorption edge ap—
pears at about 360 nm with the continuous blue

shift. It indicates that the cubic MgZnO separates
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Fig. 2 Logarithmic scaled XRD patterns of the samples.
inset: the FWHM of MgZnO ( 111) diffraction peak

annealed at 550 650 750 850 and 950 C.
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into two phases with different bandgap. The new
generated phase possesses such a low Mg content
that the absorption edge is close to the pure ZnO " .
It distributes in the old phase randomly resulting in
the Mg content fluctuation of the sample and then
the lattice constant fluctuation. That accounts for the
showed widening of the (111) peak in XRD.

Fig. 4 showed a typical EDS spectrum of the
MgZnO where no signal from impurities were ob—
served except Al from substrate. The inset is the Zn
content evolvement in MgZnO thin films VS annea-
ling temperature. That the Zn content decreases

from 0.43 to 0. 36 supports the blue shift of the ab—

sorption edge.

as-grown at 450 °C
——anealed at 550 °C
=o=anealed at 650 °C
—a=anealed at 750 C

/% =s=anealed at 850 °C

# . =v=anealed at 950 °C
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Fig. 3 Absorption spectra of the as-grown MgZnO and the
samples annealed at 550 650 750 850 and 950 °C.
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Fig.4 EDS spectrum of the as-grown MgZnO and the samples

annealed at 550 650 750 850 °C. The inset shows Zn

content as a function of annealing temperature.

4 Conclusion

The annealing evolution of cubic Mg, 5,Zn, ,;O

thin film that grown by MOCVD was studied. It was
found that the surface smoothness and crystal quality
were improved significantly with the increasing an-
nealing temperature from 550 to 850 “C. Simultane-
ously the Zn content showed a continuous decrease
from 0.43 to 0.36 which is attributed to the vapor
pressure difference between Zn and Mg atoms. The
phase separation occurs at 950 °C. In summary

thermal annealing is an effective way to improve the

quality of MgZnO alloys thin films.
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