phys. stat. sol. (RRL) 2, No. 2, 68—70 (2008) / DOI 10.1002/pssr.200701318

Enhanced radiation hardness

v +++rapid
v
research

Q

www.pss-rapid.com

of ZnO nanorods versus bulk layers
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It is shown that ZnO nanorods grown by MOCVD exhibit
enhanced radiation hardness against high energy heavy ion ir-
radiation as compared to bulk layers. The decrease of the lu-
minescence intensity induced by 130 MeV Xe'? irradiation
at a dose of 1.5 x 10" cm™ in ZnO nanorods is nearly identi-
cal to that induced by a dose of 6 x 10'> cm 2 in bulk layers.

1 Introduction It has been recently shown that elec-
trochemical nanostructuring of bulk GaN layers leads to
the enhancement of radiation hardness against high energy
heavy ion irradiation by more than one order of magnitude
[1]. The nanostructuring induced enhancement of GaN ra-
diation hardness was derived from photoluminescence
(PL) and resonant Raman scattering (RRS) analysis.

It is known that ZnO is much more resistant to radia-
tion damage than other common semiconductor materials,
such as Si, GaAs, CdS and GaN [2]. Wurtzitic ZnO has
many applications, such as piezoelectric transducers, varis-
tors, phosphors, transparent conducting films, and gas sen-
sors [3]. With a wide bandgap of 3.4 eV and large exciton
binding energy of 60 meV at room temperature, ZnO holds
also excellent promise for blue and ultraviolet optical de-
vices. The advantage of large exciton binding energy along
with the ability to grow high quality single crystal sub-
strates and a variety of nanostructures with relative cost ef-
fectiveness brings forward ZnO as a serious competitor to
GaN and GaN-based materials for the blue and ultraviolet
wavelength range. The strong radiation hardness of ZnO
coupled with excellent optical and electrical properties

i, "HWILEY ;
InterScience®

The change in the nature of electronic transitions responsible
for luminescence occurs at an irradiation dose around
1 x 10" em™ and 5 x 10'> cm™ in nanorods and bulk layers,
respectively. High energy heavy ion irradiation followed by
thermal annealing is also effective on the quality of ZnO
nanorods grown by electrodeposition.
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suggest that ZnO devices are promising for space applica-
tions [2].

Previous work on the investigation of radiation damage
in ZnO was concentrated either on light particles irradia-
tion (electrons or protons) [2, 4] or on ion implantation
with energies ranging from several tens of keV to several
MeV [5].

The aim of this letter is to compare the radiation dam-
age introduced by 130 MeV Xe'* ion irradiation in ZnO
layers with different morphologies.

2 Experimental details ZnO layers were grown in a
horizontal double furnace MOCVD set-up consisting of a
source furnace and a main furnace. Zinc acetylacetonate
hydrate (Aldrich) loaded into a quartz boat was used as
source material introduced into the source furnace. The va-
pors were transported into the main furnace by Ar gas flow
which was mixed with another flow of Ar and O, gases at
the entrance of the main furnace. The source material was
maintained at 130 °C, while the temperature of the Si or
glass substrates in the main furnace was set at 500 °C. The
deposition process was carried out for 1 h. The morphol-
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