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Visible photoluminescence in ZnO tetrapod and multipod structures
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The properties of ZnO tetrapod and multipod structures were investigated using scanning electron
microscopy, x-ray diffraction, photoluminescen &), and electron paramagnetic resona(i€eR
spectroscopy. While there is relationship betwepnl1.96 EPR and green PL in some of the
samples, this is not the case for all the samples. Therefore, the commonly assumed transition
between a singly charged oxygen vacancy and photoexcited IKko\@nheusden, C. H. Seager, W.

L. Warren, D. R. Tallant, and J. A. Voigt, Appl. Phys. Le#8, 403 (1996] does not explain the
green emission in all ZnO samples. The green emission likely originates from surface
defects. ©2004 American Institute of Physic§DOI: 10.1063/1.1695633

ZnO is of great interest for photonic applications due toand graphite at 1100 °C in order to modify the morphology
its wide band ga3.37 e\) and large exciton binding energy of the fabricated structures. The percentage of GSe@s
(60 meV. In the photoluminescend®L) spectrum of ZnO, 2.5%, 5%, and 10%. In all cases, white deposition products
typically one UV peak can be observed due to band edgwere obtained on the walls of the tube. The structure of
emission, and one or more peaks in the visible spectral rangéeposited materials was investigated by x-ray diffraction
(usually broad greeh,” although blué and red peaks have (XRD) using Siemens D5000 x-ray diffractometer, x-ray
also been reportediue to defect emission. The origin of the fluorescenceXRF) using a XRF spectrometer JEOL JSX-
green emission is controversial and several mechanisms haw@01Z, energy dispersive x-ray spectroscdfpX) using
been proposed:’ Vanheusderet all? explained the green Link Analytical eXL, scanning electron microscog$EM)
emission as a transition between singly charged oxygen vaising Cambridge-440 SEM, and transmission electron mi-
cancy and photoexcited hole, based on the correlation b&roscopy (TEM) and selected area electron diffraction
tween the green PL and electron paramagnetic resonanéeAED) using Philips Tecnai 20 TEM. The room-
(EPR peak aig~1.96. It was also proposed that green emis-temperature PL was measurgd using a HeCd laser excitation
sion in ZnO originates from Cu impuritiéé and donor— Source (325 nm. For investigating Whether the emission
acceptor and shallow donor-deep level transitirigGarces originates from surface defects_, fabricated _nanostructures
et al® proposed that the structured green emissiafter were coated with a surfactant using the followm_g procedL_Jre.
high-temperature annealings associated with G ions, ZnO tetrapod/multipod nanostructures were dispersed in a

while unstructured emission observed before annealing itglchlor.orrl;ett?]a;le iOLUtXE of(-jhexyltrllchlorosnar:e "; an ul-
due to the donor—acceptor transition involving ‘Caccep- rasonic bath tor - ATEr dISpPErsion, nanostructures were

tors. However, if the green emission in ZnO samples is dug@parated using centrifuge and rinsed thoroughly -with

to impurity rather than intrinsic defects, it is not expectedﬁ{cgraog?/rgr?thane to remove any residual surfactant and dried

that the emission intensity would be dependent on the fabri- Figure 1 shows the representative SEM images of the

cation atmosphere as reported previotSigso, the varia- obtained ZnO structures. Similar tetrapod structures are ob-

tion d't(')f tﬂﬁz pzak posmc(;nst d\.'f\_/f'th (t:ilg‘ferent t?]?neahng tained for both starting materialZn and ZnO:Q. When
conartions, ™ ~and measured at aiierent temperaturesay GeO, is added to the starting materieZnO:C), multipod

be more consistent with an intrinsic defect than an extrinsic . res are formed. as illustrated in Figc)l With in-

|mpur|ty.. creasing Ge@ concentration in the starting material, larger
In this work, we performed EP,R and PL mgasyrementsamoum of multipod structures are forméfdr small GeQ

for pure ZnO samples prepared either fr_om OX'd?t'O” of chontent, sample contains tetrapods and multipotsorder

in air as reported previousf§ or by heating a mixture of , yetermine Ge content in deposited material, we performed

ZnO and graphite1:1) at 1100 °C in a tube furnace. We also y g measurements of the bulk quantity powder and exam-

fabricated ZnO samples by heating a mixture of ZnO, &eO jneq individual multipod structures using EDX spectroscopy.

XRF found small(<1 mol %) quantity of Ge in some of the

dElectronic mail: dalek@hkusua.hku.hk samples, but there was no relationship between Ge concen-
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-— FIG. 2. (a) PL spectra andb) EPR spectra measured at room temperature

from ZnO structures prepared from different materials. EPR spectra have
been vertically shifted for clarity.

broad weak feature betweer-2.007 andg~2.05, attrib-
uted to chemisorbed oxygéhcan also be barely observed in
the freshly prepared sample from Zut it becomes stronger
with atmosphere exposyreThe EPRg~1.96 peak is typi-
cally assigned to shallow donot*'°and the signal has the
same position regardless of the nature of the shallow dGnor.
This signal has been previously assigned to singly ionized
oxygen vacancies ¥/.***However, this assignment is con-
troversial. It was also reported thaf \produces EPR signal

tration determined by XRF and Ge@ontent in the starting g, =1.9945 andg,=1.9960°''® Possible native shallow
material. EDX detected no Ge in the majority of the multi- donors in ZnO are oxygen vacancies and interstitial zinc
pod structures. Therefore, we can conclude that Ge enablé, . According to recent theoretical calculatiofighe native
nucleation of additional legs on the core which would nor-shallow donor may be Zn while the oxygen vacancy is a
mally develop into a tetrapod, but it is not incorporated in thedeep donor. Therefore, it is possible tlggt 1.96 signal is
multipod structure in significant concentration. In XRD spec-due to interstitial zinc.
tra, only the peaks corresponding to hexagonal ZnO are de- Regardless of the origin of the EPR peak, it can be con-
tected in all samples. cluded that, in the general case, there is no relationship be-
We performed PL and EPR measurements. The obtaineiveen this signal and green PL. Green PL is present even
results are shown in Fig. 2. All samples show UV and broadvhen there is no significant EPR signalgat 1.96. The ZnO
green emission peaks. Since the samples are in the powdtrapods fabricated from Zn and ZnO:C show very similar
form, the ratio of UV to green emission should be compared®L spectra (the green peak for ZnO from Zn shows
instead of the absolute PL intensity which is dependent on-50 meV blueshift, while only tetrapods fabricated from
the quantity of the powder excited by the laser beam. Th&nO:C show ag~1.96 signal. It is possible that in the
pure ZnO samples have very similar PL spectra, while thdormer case, the green emission originates from a transition
samples prepared from a ZnO:C:Ge@ixture show very between the electron in the conduction band and the deep
strong green PL where green peak intensity increases witlevel while, in the latter case, the transition between shallow
the increase of GeQconcentration in the starting material. donor and deep acceptor is observed. The former hypothesis
The same trendincrease in the intensity with increased is in agreement with the luminescence mechanism proposed
GeO, concentration in the starting mateji@an also be ob- by Van Dijkenet al'®°involving an electron in a conduc-
served for EPRg~1.96 peak. However, the sample fabri- tion band and deeply trapped hole. The latter mechanism is
cated by oxidation of Zn does not show a clear EBR in agreement with a proposed explanation for green lumines-

~1.96 peak(signal atg~1.96 is practically at noise levelA  cence involving donor—acceptor transitioné.Recent ex-
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FIG. 1. Representative SEM images of ZnO nanostructyesZnO pre-
pared from Zn(b) ZnO prepared from ZnO:C, an@d) ZnO prepared from
Zn0:C:GeqQ.
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0.020 TrOTGEO TeT 2.0 surfactant? This result is in agreement with the fact that the
_____ Zn0+GeO. o surface concentration of intrinsic defects is larger than the
2/ N EPR intensity .
- = ZnOtsurf/ A bulk defect concentratiof.
~ 0015720 \ 200.C:Geo, veurt. | [ To summarize, we have performed PL and EPR spec-
Q _,~’ \ troscopy studies of ZnO structures fabricated from different
:;. 0.0104 ,-’ \'\ ZnO:C +surf, 10 starting materials. We found that, while there is a correlation
@ ! \‘ ottt between EPR peak intensity and green PL intensity in some
2 / VT eter 2 samples, this is not the case for all the samples. The obtained
~  0.005 i \\ 0.5 results indicate that the green PL is due to transition between
\ / N a shallow donor and deep acceptor in the presencg of
A\ M“ﬁ ~1.96 EPR signal and transition between the conduction
- f T r P ' 0.0 . .
0000 a0 500 580 600 650 700 750 band and deep acceptor in the absencg-efl.96 EPR sig-
Wavelength (nm) nal. From the effects of coating the fabricated structures with

a surfactant, it can be concluded that the defects responsible
FIG._3. Effects of surfactant on PL fron_1 ZnO and ZnO:ﬂGe nanostructuresfq green PL are mainly located at the surface.
The inset shows EPR spectreertically shifted for clarity with a surfactant.
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