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Different origins of visible luminescence in ZnO nanostructures fabricated
by the chemical and evaporation methods
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We prepared ZnO nanostructures using chemical and thermal evaporation methods. The properties
of the fabricated nanostructures were studied using scanning electron microscopy, x-ray diffraction,
photoluminescence, and electron paramagnetic resoiiBRE® spectroscopy. It was found that the
luminescence in the visible region has different peak positions in samples prepared by chemical and
evaporation methods. The samples fabricated by evaporation exhibited green luminescence due to
surface centers, while the samples fabricated by chemical methods exhibited yellow luminescence
which was not affected by the surface modification. No relationship was found between green
emission andy~ 1.96 EPR signal, while the sample with yellow emission exhibited strong EPR
signal. ©2004 American Institute of PhysidDOI: 10.1063/1.1786375

ZnO is of great interest for photonic applications, andphosphor powders may be more likely to exhibit impurity
thus, the optical properties of different forms of Zig€ngle  related emission, while nanostructures and epitaxial thin
crystals, thin films, powder, and nanostructyreave been films are more likely to exhibit emission due to intrinsic
extensively studied=>>ZnO typically exhibits UV band edge defects. In this work, we attempt to clarify the origins of
emission and a broad visible band due to defect emissiorvisible emissions in ZnO nanostructures fabricated by differ-
The visible photoluminescencéPL) is most commonly ent methods. We performed EPR and PL measurements for
greent’ though other peaks such as, for example, oringeZnO samples prepared using chemical procedioen aque-
and yellow emissiol"*>*"*have also been reported. Out of ous  solution ~ of _zinc  nitrate  hydrate  and
different reported emission peaks, the origin of the greefexamethylenetetramiyié and evaporation procedure by
emission is the most controversial one. It was proposed thaxidation of Zn(in humid argon and dry nitrogen flovas
green emission in ZnO originates from Cu impuritids. reported previousfy or by heating a mixture of ZnO and
However, the dependence of the PL spectra on the fabricaiaphite(1:1 molar ratig* at 1100°C in a tube furnace.
tion atmosphereand the annealing conditiotfsmay be The structure of deposited materials was investigated by
more consistent with an intrinsic defect than an extrinsic im*-ray diffraction(XRD) using Siemens D5000 x-ray diffrac-
purity. Vanheusderet al>? observed a correlation between tometer, and energy dispersive x-ray spectroscppX)
the intensities ofg~1.96 electron paramagnetic resonance@nd scanning electron microscop$EM) using Leo 1530
(EPR) peak and green photoluminesceiie) and proposed FESEM. EPR measurements were performed using Bruker
that the green PL originates from a transition between singlyzMX EPR Spectrometer. The room temperature and 4 K PL
charged oxygen vacancy and photoexcited hole. HowevesPectra were measured using a HeCd laser excitation source
the assignment o~ 1.96 signal to singly ionized oxygen (325 nm). Figure 1 showg the representatlv'e SEM images of
vacancy is controversial. This signal was also assigned t§NO nanostructures fabricated by a chemical meftads.
shallow donors$:?*?® regardless of the shallow donor 1@ and Xb) and evaporation in humid argon flof¥ig.
identity?* and free electron® while g, =1.9945 andg,  1(0)]- Nitrogen gas flow yielded the same morphology as
=1.9960 signals were assigned to singly ionized oxygen vabumid argon flow. For ZnO:graphne mixture, tetrapod struc-
cancy V:.>?* Furthermore, theoretical predictions indicate Ures similar to those reported in our previous sttfdyvere
that the native shallow donor in ZnO is interstitial zinc; zn Obtained(not shown. XRD spectra in all cases show peaks
while oxygen vacancy is a deep doRbiTherefore, the hy- corresponding to wurtzite ZnO. No diffraction peaks from

pothesis of correlation between green PL and presence &0 Or other impurities were detected. Figure 2 shows the
oxygen vacancies based gn-1.96 EPR signal is likely not EPR spectra from different samples, while the comparison of
correct. the corresponding PL spectra is shown in Fi@)23It can be

Other proposed mechanisms include transition betweefPServed that the strorgy-1.96 EPR signal is present only
the electron close to the conduction band and deeply trappefffr the _sample prepared by chemlqal methods which exhibits
hole at V" center (oxygen vacancy containing no yellow instead of green photolu.mmescence. Other sam.ples

1112 16 show weak or n@~1.96 EPR signal. Strong yellow lumi-
electrons, o Eoﬂor‘.accem‘?r %nd Sha”.O\.N OIOnor_geer’nes:cence can also be observed at low temperature, as shown
level transitions,” zinc interstitial$® and antisite oxygef . " U Fig. &). Lack of green photoluminescence in
It is possible that visible luminescence in ZnO has differenty,o sample prepéred by chemical method is in agreement
origins in different samples. For example, single crystals ang i, the previously reported resdft. Yellow emission in
ZnO has been attributed to oxygen interstitials 23
¥Electronic mail: dalek@hkusua.hku.hk Donor—acceptor recombination at lithium acceptors was also
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FIG. 1. Representative SEM images of ZnO nanostructysegsZnO pre-
pared by chemical methods, small magnificatighy ZnO prepared by
chemical methods, large magnification, al ZnO prepared from Zn in
humid argon flow.

proposed as the origin of the yellow emissf8i’ The cor-
relation between the yellow emission agé- 1.96 EPR sig-
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FIG. 3. (a) Photoluminescence spectra measured at room temperature from
ZnO structures using different methods. The inset shows the PL from the
sample fabricated by a chemical method at 4. The comparison of the
photoluminescence spectra with and without surfactant for ZnO prepared by
a chemical method. The inset shows the influence of surfactant for ZnO
fabricated from Zn in humid argon flow.

emission. The sample with the strongest green PL emission
(ZnO tetrapod/nanowire structures fabricated in nitrogen
flow) shows no EPR signal at all. The sample fabricated
from ZnO:graphite mixture shows small EPR signal at the
same position as the sample fabricated by chemical methods,
but it exhibits green photoluminescence. The sample fabri-
cated from Zn in humid argon flow also shows green photo-
luminescence, though it is much weaker compared to the
sample fabricated in Ngas flow. This sample possibly ex-
hibits some feature aj~ 1.96 near the level of noise. The
interpretation of the obtained results is further complicated
by the fact thatgy=1.96 EPR signal actually can consist of
two lines g=1.955 andg=1.958 which may be caused by
different defect£® The samples exhibiting green and yellow
emission investigated here show EPR signal at the same po-
sition g=1.955, which has been previously assigned to
Zn,.2® Also, recent experiments on the influence of the elec-
tric field to the green luminescence in ZnO single crystals

nal intengsitie_s was previously observed in Al doped ZnQindicated that the luminescence may be due to complex de-
samples?’ This is in contradiction with the results reported fects including Zp° Another alternative explanation is that
by Vanheusderet al? who found the correlation between the g~ 1.955 signal is caused by free electrons, wiile

green photoluminescence agé-1.96 EPR signal.

~1.958 is caused by Zor dislocation$® Regardless of the

~ Out of the four samples investigated here, the sampleause of this signal, it is obvious that there is no simple
with the strongesg~1.96 EPR signal exhibits yellow PL relationship between the intensity gf- 1.96 EPR signal and
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visible photoluminescence. A possible explanation for this
controversy is that two different deep levels are responsible
for green and yellow photoluminescence. Transitions be-
tween conduction band electrons or shallow doridepend-

ing whether there is ang~ 1.96 EPR signaland the deep
level would result in the visible photoluminescence. If the
deep level concentration is higher than a shallow donor con-
centration, this would explain the correlation betweendhe
~1.96 EPR signal intensity and the visible Rgreen or
yellow, depending on the deep level involyembserved in
some of the samples. The deep level involved in the yellow

. . . e 17,18,2 . LN
FIG. 2. EPR spectra measured at room temperature from ZnO structurddiminescence is likely interstitial oxygéﬁ, Whichis in

using different methods. EPR spectra have been vertically shifted for clarityagreement with the reported results on disappearance of this
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