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Abstract

Gallium nitride (GaN) nanowires (NWs) were grown on Zinc oxide/silicon (ZnO/Si) (1
substrate(100) by thermal evaporation method. The magnetron sputtering technique was used
to deposit ZnO thin film. High-density nanostructured GaN was formed as shown in the
scanning electron microscopy image. X-ray diffraction showed that ZnO/Si and GaN films
had a hexagonal wurtzite structure. Photoluminescence (PL) of ZnO/Si showed strong peak at
382.84 nm (3.23 eV),while PL of GaN/ZnO/Si NWs exhibited a strong band-edge emission at
approximately 338.94 nm (3.65 eV), which belongs to GaN NWs. Broadening of the energy
bandgap compared with the growth of GaN (3.45 eV) could have occurred because of
nanocrystalline structure  quantum confinement effects. Raman spectrum of ZnO/Si
nanocrystalline thin films showed a band located at 579 cm—1 that can correspond to the
A1(TO) mode. Furthermore, the Raman bands at approximately 520 cm—1 correspond to the
first-order transverse optical (1TO) mode of the c-Si substrate. For GaN/ZnO/Si NWs,
Raman-active optical phonons are assigned to 568 cm—1 because of E2 (high). The I-V

characteristics of GaN/ZnO/Si indicated the excellent ultraviolet photoresponse.

Key words: GaN nanowires; ZnO/Si; UV detector.

Il Al 4By jlay pdaaally b o) i/l i p gllSH B gad) Ao ) g 550
dgdil) 3 okl) AN i o8 iyl

sl A ‘é}‘{) Cranac
A L L) ol cpstal) B (5l )
DAl

DM a3 &5 (sl oall Al 48l aladinly AluS ) Gl Al e ol s s 3 3 6 SN jucaa

The o 45l sl i Qi BiS JSE (s JSIV) el il ekl 20 53 48y Hha aadinly ALS ) ¢l 3l

i, il S 5 STy Laa SIS alaS ) ol /) 35 o gallSE T () dgianad) 4a8Y) 3 g il jeal, 2 i sl

(g8 o5 AN YY) yise 6l FAY A die adle oad il ad ) seda () sSabo/alu ol i Hl agh saall gl slil) Al o

e sFYA 4 de sila clanl dea ddls dlldh G sSulu/aluSyl il /a i asllS o) Coelil S
97



JOURNAL OF KUFA - PHYSICS, Vol.9, No.1 (2017)

Asmiet Ramizy

Al o b (8 G pad Aln ) ) Cedal s 50 0 8 a Sl S Al 2 gad ()5 (Db 5 ST T0)
randl 5 ) s 3gm (315 alie V) caaall S AL 45 lae 4g 535Ul S S ISy i @ S 4 pad)
) 4nli e 0VA oYL 0TA die 4yl il Llail sedh gl (and i chin a4 sl V) sie S
baly sSle/alS )l il /y g5 asllly (1TO) had osSlidy (AL(TOMaeh o sSilo/aluS gl eli 3
Bt 4xdD GuuntiaS o dnladul oy pumaall Al () 4l Sl pailiadd) 4l s <l (E2(High))

Acaiil) (3 AxSY) Call S $ZNO/S ¢l 51 2 o pISI Atk cilals

1. Introduction

Nanostructure ~ materials  have
recently been the focus of an extensive
interest because of their potential
applications in  microelectronics and
optoelectronics field . The wide-bandgap
semiconductor gallium nitride (GaN) is a
promising material and plays an important
role in the fabrication of optoelectronic
devices, such as detectors and sensors,
because of its large direct energy bandgap
of 3.45 eV at room temperature [1, 2]. GaN
thin films can be grown on different
substrates, such as sapphire or c-Si. If
silicon (Si) substrate is used for GaN films
growthing, then large GaN substrates can
be produced from cheap Si wafers. More
importantly, Si-based electronic devices can
be easily integrated. However, GaN films
cannot be easily grown on Si substrate
because of large lattice mismatch (17%)
and large thermal expansion coefficient
difference (56%) between Si and GaN.
Therefore, using a suitable buffer layer,
such as zinc oxide (ZnO), to accommodate
these mismatches is necessary [3, 4]. The
growth of GaN film on ZnO film is
important because of the similar material
properties of GaN (IlI-V type) and ZnO
(1I-V1 type). ZnO has a hexagonal wurtzite
structure with lattice constants close to
those of GaN (very small lattice mismatch
of orientation, with a of approximately
1.9% and c of approximately 0.4%) and
nearly  similar  thermal expansion
coefficients to those of GaN [5, 6].

The large energy bandgap of GaN
(approximately 3.45 eV) and ZnO
(approximately 3.37 eV) enable the use of
GaN and ZnO in light-emitting devices in
the blue, violet, and ultraviolet (UV)
spectral regions (GaN and ZnQO) are
unresponsive to infrared radiation because
of the cut-off course in long wavelength) [7,
8]. UV photodetector is one of these
devices and has many Kkinds, such as
"flame, ozone and water purification
detection” [9, 10].

This study aimed to prepare
GaN/ZnO nanowires (NWSs) using the
thermal evaporation technique, which can
be considered as a novel fabrication
procedure  for GaN  semiconductor
heterostructure.

2. Experimental Part

In this work, thin films of the ZnO
material were deposited onto the n-type of
Si (100) substrate. An Edwards Auto 500
Radio Frequency (RF) Sputtering System
equipped with a QC Scientific Precision
Chiller was employed to sputter ZnO layers
onto Si (100).

Awell-known cleaning technique,
namely the Radio Corporation of America
technique, was used prior to the sputtering
process to clean native oxide layer. This is
done by placing the substrate in the
sputtering chamber about 10 cm from the
ZnO. This process lasted for 10 min. The
purity of the ZnO was around 99.9% with
3.5 cm in length, and 0.25 in thickness. The
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first step in the deposition, as shown in
(Figure 1), started by evacuating the
sputtering chamber down to pressure of 5 x
10"° mbar. In the next step, the Argon gas
was pumped into the system until the
pressure reached 2.3 x 102 mboar.
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Figure 1: Schematic diagram of the
sputtering technique.

The sputtering operation was done
with RF power of 200 W, which lasted for
120 min to let the ZnO layer deposit with
estimated thickness of 1.1 mu[11] . The
GaN NWs were prepared by thermal
evaporation method using GaN powder
with 99.999% purity at 1,000 °C for 120
min under the Argon gas pump 0.5
cm®min. Subsequently, GaN powder was
deposited onto ZnO  film by thermal
evaporation without using catalyst used
during synthesis. Platinum (Pt) metal
contact with a thickness of 200 nm was
deposited onto the surface of GaN/ZnO/Si
using the RF sputtering system to fabricate
the photosensor. A metal mask consisting
of an array of holes with a diameter of
approximately 0.9 mm was used for this
purpose. Pt was used for Schottky contact
because of its high work function value.

Surface morphology and structural
properties of nanostructures were analyzed
using scanning electronmicroscopy (SEM),
and X-ray diffraction (XRD.
Photoluminescence (PL) measurement was
also performed at room temperature using
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an He-Cd laser (A=325 (nm) and Raman
scattering has been investigated using an
Ar' Laser (A\=514 (nm)).
3. Results and Discussion
3.1. Morphological Properties

The morphological properties of the
ZnO/Si and GaN/ZnO/Si samples were
examined by SEM. Figure 2a shows the
SEM image of the highly dense and growth
of ZnO nanostructures on Si  (100)
substrate. Flower-shaped of ZnO
nanostructures appeared to cover the entire
area of the Si substrate. Figure 2b shows the
SEM image of GaN grown on ZnO as layer
and deposited onto Si substrate. NWs were
formed, and thin film was grown with a
high density. GaN was formed and shaped
as a highly dense and well-aligned NW
nanostructure, which may be due to the
high temperature and gas flow through the
K
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Figure 2: SEM images of of as deposit ZnO/Si
nanocrystalline thin film and GaN/ZnO/Si
NWs.
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3.2. Structural Properties

Structural properties of the prepared
samples were characterized by XRD. Figure
3(black line) shows the diffraction peaks
that correspond to the (002) and (101)
planes of ZnO structure were located at
34.225° and 36.225°, respectively. The
hexagonal wurtzite structure of ZnO
exhibited a strong peak along the (002)
orientation. The high-intensity diffraction
peak at 26 = 69.5° corresponds to the (100)
orientation of Si substrate. Figure 3(red
line) shows the high-intensity diffraction
peaks of GaN NWs grown on ZnO/Si
substrate at 34.54° and 44.56° owing to
GaN (0002) and GaN (321), respectively.
These peaks indicate the (0002) and (321)
orientations of the film. Other peaks of the
GaN NWs were observed at 36.02°, 58.3°,
and 64.8° corresponding to the (101), (110),
and (103) orientations, respectively. The
sharp peaks could be refer to a hexagonal
wurtzite structure of GaN with lattice
constants "a = 3,187 A and ¢ = 5,185 A",
which are close to bulk GaN crystals
reported values [12]. The sharp diffraction
peaks reveal that the synthesized GaN NWs
with high crystallinty [13], which may be
due to effect of the large area to the small
volume of ZnO nanostructure onto GaN
thin film which was grown on its.
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Figure 3: X-ray diffraction pattern of: of as
deposit ZnO/Si nanocrystalline thin film and
GaN/ZnO/Si NWs .
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3.3. Optical Properties

Figure 4 shows the PL spectra of
ZnO/Si and GaN/ZnO/Si NWs. The PL
spectra of ZnO/Si showed three emission
peaks. The strong band-edge emission high-
intensity UV peak at approximately 3A¢ nm
(3.23 eV) corresponds to exciton emission
from "near the conduction band to the
valence band" transition .The PL peak is
close to the optical bandgap of bulk ZnO
[14]. Moreover, the high-intensity of UV
emission peak of ZnO/Si can be related to
the high crystallinity of ZnO thin films
prepared by RF sputtering. Two weak
defect emission bands located at 509 and
760 nm were also observed. The green
emission band that located at 509 nm (2.43
eV) may be derived from Zn interstitials
donor level electronic transition to the
acceptor energy level of Zn vacancies. The
electronic transition between the anti-
oxygen (OZn) and conduction bands leads
to the peak located at 760 nm (1.63 eV)
[15-17]. The PL spectra of the GaN/ZnO/Si
NWs showed that the strong band-edge
emission peak at approximately 338.94 nm
(3.65 eV) belongs to GaN NWs. In GaN,
the band-edge emission is known to
originate  from  donor—acceptor  pair
recombination and the associated phonon
replicas. The increase in intensity of the
donor—acceptor pair luminescence was
attributed to the increase in the number of
vacancy-related donors. The broadening of
the energy bandgap compared with the
grown GaN (3.45 eV) [18] could have
occurred because of the "quantum
confinement effects” of the nanocrystalline
structure [19] or could be attributed to the
radiative recombination of the thermalized
electrons and holes. In this case, the charge
carriers are in quasi-equilibrium. The shift
in the peak position of GaN NWs is related
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to the relaxation of hot charge carriers that
formed during band bending [20].
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Figure 4: PL spectra of of as deposit

ZnO/Si nanocrystalline thin film and

GaN/ZnO/Si NWs.

Figure 5 shows the Raman shift of the
ZnO/Si nanocrystalline thin  film and
GaN/ZnO/Si sample. The very small band
at 376 cm ! of the ZnO/Si sample may be
related to the Raman-active zone-center
optical phonons (Al) of the transverse
optical (TO) mode [20]. The ZnO/Si sample
showed a weak Raman band located at a
wave number of approximately 437 cm™,

which can be related to E{”(high) of

Raman-active modes [21]. However, the
location of  E{(high)y of ZnO

nanostructures can be shifted because of
many reasons, such as the structure shape,
impurity type, and vacancies concentration
[22, 23]. ZnO/Si nanocrystalline thin films
also showed a band peaking at 579 cm™
that can correspond to the AL(TO) mode.
Furthermore, the Raman bands at
approximately 520 cm™ correspond to the
first-order transverse optical (1TO) mode
and to the c-Si substrate[ 24]. For
GaN/zZnO/Si NWs, Raman-active optical
phonons are assigned to 568 cm * because
of E; (high) and at approximately 520 cm™*
correspond to the 1TO mode and to the c-Si
substrate [25].
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Figure 5: Raman shift of as deposit
ZnO/Si nanocrystalline thin film and
GaN/ZnO/Si NWs.

3.4. Current-Voltage
Characteristics
The current-voltage characteristics
of GaN/ZnO/Si NW photosensor have been
measured at room temperature in conditions
of dark , light, and UV light illuminations
under 365 nm and intensity 10mWat
forward and reverse biases of I-V (=5 V to
5 V). The |-V characteristics in dark and
light conditions did not exhibit any
significant difference but showed an
exponential behavior with a weak current.
Upon illumination with UV light, sharp
increments in the current were observed, as
shown in Figure 6.
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Figure 6: 1-V characteristics for
GaN/ZnO/Si heterojunction at forward and
reverse bias voltage under dark, light source,
and Uv light.

A significant enhancement was
observed when the device was illuminated
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by UV light. When the sample was exposed
to UV light, the GaN NWs absorb UV light
and create enormous amount  of
photoexcited electron-hole pairs inside
GaN layer as a result of photon energy of
the incident light is higher than the bandgap
of GaN [26, 27]. These electrons and holes
in the depletion region of the ZnO/GaN
structure streamed in the opposite directions
in the presence of the electric field in the
depletion region of GaN film under reverse
bias operation, resulting to collect of excess
photocurrent and contributing to the
increase in the external current. The
characteristics of nanocrystal materials with
high surface-to-volume ratio appear in GaN
nanostructures and the deep-level surface
trap states produce a long photocarrier
lifetime. The short transit time and long
lifetime of charge carriers are responsible
for the high sensitivity of fabricated NW
photosensor under UV illumination. This
behavior of the GaN NW Photosensor
indicated that the film can, in somehow,
recognize the UV light. In the reverse bias
operation, a clear rectifying behavior can be
observed as a result of creation more free
electron-hole pairs. Moreover, the amount
of photo-current is enhanced with the
increasing of the applied reverse-biased and
this is due to improvement of the carrier
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