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Figure 1. Flow chart for the preparation of ZnO thin

films by spin coating method.
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Figure 2. SEM images (al to a4) and magnified SEM
images (bl to b4) of the ZnO thin films with
thickness of 210 (al, bl), 260 (a2, b2), 350
(a3, b3), and 450 nm (a4, b4). The insets
show the cross—section SEM images of the
7ZnO thin films with the various thickness.
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Figure 3. XRD patterns of the ZnO thin films with
thickness of 210, 260, 350, and 450 nm. The
inset shows the orientation factor ooz of
(002) diffraction peak as a function of the
thickness.
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Figure 4. The FWHM of the (002) diffraction peak of the
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Figure 5. Normalized PL spectra of the ZnO thin films
with the thickness of 210, 260, 350, and 450 nm.

283



QY= PR P - HAY - A -

ol YA)3F 743k DLE (deep level emission) ¥ =7} =2+
At IR o & NBE 9% 2 JAIE A4 free
exciton recombination)®l] 23+ Zo]al DLE ¥]3+= kA
&3 (oxygen vacancy), °F1 ¥3-(zinc vacancy), HUH
AHa(interstitial oxygen), HY3 oF<d(interstitial zinc)
I} 2H2 Al o gk Aot} [20—22]. ZnO BFEke] FA| 7}
7ol wh NBE 939 91x|= 7] Wse]=] ekttt
ghd, 7Y R 39S 2= Zn0 uheke] DLE 979
A= 1.9 eV (650 nm, red emission)©]$1 3L, FEHo] uj
119l e} ZnO vheke] DLE 3] 3.9] $14]5= 2.05 eV
(605 nm, yellow emission)= MHo] &}tk Red 4
o A1¢] DLE ¥]=¢] 32 Zn0 Z2F U] Hd oA
o 3 Aow Wuw gl [23], Yellow FejolA <]
DLE 9|3 W3- 3913 4haol] ofgh 1o = Has il 9}
= A R Z=(interstitial oxygen
center)ol| zlo] E2l¥]o] Sl= Ag(hole) ¥ A=t o)
A3 MK electron) ko] AT ol 23k Aoz o]
AT} [24-26].

Fig. 6& F7o w2 ZnO ¥Hte] DLE s3] djgh
NBE #]=1¢] 24 A7) B3} NBE ¥|=7.°] FWHMS e}
W Aot} Zn0 Bfre] A7} FAY = g A7) H
2 ogre] W (fluctuation)S Ko} HAAHo=
0.13914 0.21=2 S7Fsh= 743 HAlth Fig. 4] XRD
¥]4.2] FWHM 7 Zn0 ¥hete] A4 S71& YER
a1, AR o] ol wet g A7) vlEo] FrtsIgith
[8,27]. &%+ Rge] EHE 2H= ZnO ¥HHe] NBE 93

o2

293 a
o)1=
T

0.25 160
sk W 150 -
m / g
4140
2015 -—/ \. g
g u {130 &
E:
= o0k .H“‘*hl——*'"'"'ﬁ. 2
\ 4120 E
R @
0.05 Lo
210 260 350 450
Thickness (nm)
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thin films as a function of the thickness.
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Thickness effects on the structural and optical properties of ZnO thin films fabricated
by spin coating method have been carried out. With increase in the thickness of the ZnO
thin films, the width and density of striation shape are increased. The ZnO thin film with
thickness of 450 nm has a smooth surface morphology. For the ZnO thin film with a smooth
surface, orientation factor agy) is sharply increased and FWHM of (002) diffraction peak
is decreased compared to the ZnO thin films with a striation shape surface. Thickness and
surface morphology of the ZnO thin films hardly affect the NBE peak position. However,
the DLE peak position is blue-shifted as the surface morphology is changed from striation
to smooth surface. The PL intensity ratio of the NBE to DLE is increased and the FWHM
of NBE peak is decreased as the thickness of the ZnO thin films is increased.
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