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The fabrication and characterization of a metal-semiconductor-metal (MSM) visible photodetector based
on V,05 NRs are investigated. V,05 nanorods (NRs) is synthesized on p-type Si(100) by spray pyrolysis
method. The MSM photodetector is based on V,05 NRs grown on Si(100) substrate. Structural and optical
properties of the V,0s NRs are studied using high resolution X-ray diffraction, field emission-scanning
electron microscopy and photoluminescence spectroscopy. The results reveal an orthorhombic structure
with preferred orientation along (001) plane of the prepared V,05 NRs. Photoluminescence (PL) spectra
show intensive and sharp green light emission at about 535 nm with high intensity. Upon exposure
illumination to 540 nm (1.535 mW/cm?) at an applied voltage of 5V, the device Exhibit 260.96 x 102
sensitivity; photodetector gain of device is 270, photoresponse peak of 0.948 A/W and photocurrent of
2.7 x 10~%A. The response and recovery times are determined as 0.787 s and 0.541 s, respectively; upon
exposure to 540 nm light at 5 V applied bias. The obtained results indicate that the V,0s NRs is a promising
candidate for high performance as a MSM photodetector for commercially photoelectronic applications.
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1. Introduction

V, 05 is animportant transition-metal oxide semiconductor that
has gained significant interest in microelectronic and optoelec-
tronic devices in recent times [1]. It is a promising material for
the photodetection application due to its direct band gap in the
visible-light region (Eg=2.2 to 2.7 eV) [2] that make it a potential
material for use in the optoelectronic devices [3]. Crystalline V,05
exists in unique orthorhombic layered structure, it has the follow-
ing features: direct optical energy gap, good chemical property,
thermal stability, excellent specific energy [4,5]. These properties
have made V, 05 one of the promising materials for different appli-
cations, such as window for solar cells [6], infrared detectors [ 7], gas
sensor [8], catalyst [9] and optoelectronic devices [10]. For light
detection, various types of solid-state photodetectors (PDs) such
as Schottky diodes type [11], p-n junction type [12], photoconduc-
tors [13] and metal-semiconductor-metal (MSM) type [ 14]. Among
these structures, the MSM photodetector has many advantages
for useful applications, such as simple fabrication design, inherent

* Corresponding author at: Iraqi Ministry of Education, Anbar, Iraq.
E-mail address: na2013bil@gmail.com (N.M. Abd-Alghafour).

http://dx.doi.org/10.1016/j.sna.2016.09.001
0924-4247/© 2016 Elsevier B.V. All rights reserved.

high speed, low dark current and compatibility with semicon-
ductor planar technology [15]. MSM-photodetector is promising
in military and civil applications. Moreover, MSM photodetector
achieve high visible responsivity when high dark current and unde-
sirable continuous photoconductive effects are obtained due to
the substoichiometry and low crystallinity of V,05 thin films. To
improved device performance, the crystallinity of the V,05 films
must be enhanced and oxygen vacancies at the thin film surface
reduced during material growth. A wide variety of strategies have
been improved to enhance MSM photodetector of V,0s5. Prepara-
tion of V5,05 nanostructures, such as nanorods (NRs), characterizes
these sustained efforts. The literature survey shows that V,0s5
nanostructures can be obtained by several different techniques,
such as chemical vapor deposition [16], magnetron sputtering
[17], sol-gel method [18], pulsed laser deposition [19], electron
beam evaporation [20], hydrothermal [21] and spray pyrolysis
[22]. Among the various deposition techniques for the prepara-
tion of vanadium oxide thin films, spray pyrolysis technique is a
relatively simple and inexpensive technique for large-area coat-
ings. It also offers several advantages over conventional deposition
techniques for the control of stoichiometry and thin film struc-
ture [23]. V05 nanostructure has been gain notice considerably
because they display a range of properties, such as high stability,
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inexpensive preparation and the significantly large energy den-
sity [24]. One-dimensional nanostructures such as nanorods play
a prominent roles in functional device due to their dimensionality
and quantum confinement phenomena [25]. Many researchers in
the field have been developed to obtain 1D-V,05 nanostructures.
Chen et al. [26] designed an MSM photodetector based on V,05
nanostructure that were obtained using physical vapor deposition
method. They achieved responsivity (0.005A/W) at 0.1V applied
bias voltage with light illumination of 325 nm. Wang et al. [27] fab-
ricated UV photodetector with quite sensible photosensitivity, little
change in photo resistance under illuminance ratio 254/365nm
based on high crystallinity quality of V,05 thin films deposited
on Si substrate. Suresh et al. [24] investigated the p-n junction
properties of V,05 based on p-Si substrate with Ag electrodes.
The literature shows that in most of the previous studies, various
researchers have used UV light illumination to fabricate UV pho-
todetector based on V,05 nanostructures prepared on Si substrates
by different methods. To the best of our knowledge the synthe-
size of the V,05 NRs on the Si(100) substrate and the fabrication
of MSM visible photodetector has not been previously conducted
with high responsivity. In the present work, visible light illumina-
tion has been used to synthesize a photodetector based on V,05
NRs. The photodetector was fabricated with the aim of manufac-
turing a visible detector that exhibits high sensitivity to visible
light at low-bias voltage, fast response, fast recovery time, uncom-
plicated low-cost fabrication, and environment-friendly feature.
Furthermore, in this work, we have used spray pyrolysis tech-
nique to prepare V5,05 NRs on the Si(100) substrates which is
relatively very simple and inexpensive technique as compared to
the conventional deposition techniques. The crystallinity and sur-
face morphology of obtained V,05 NRs were studied during XRD
diffraction and field emission-scanning electron microscopy. The
electrical and optical properties of the device were also investi-
gated.

2. Experimental details

V, 05 thin film were deposited on Si(100) substrates using spray
pyrolysis technique. The substrates were cleaned with acetone
solution in an ultrasonic bath, rinsed with deionized water, and
dried with pure nitrogen gas. VCl; powder (purity 99%, purchased
from Sigma Aldrich) was mixed with 50 ml deionized water (Mil-
lipore, USA). After stirring for 1h at (27°C) room temperature, a
homogeneous solution (0.05 M) was achieved. In the spray pyrol-
ysis system, compressed air was used as carrier gas with 6 N/cm?
pressure to spray the precursor solution on to the Si substrates.
The deposition spray rate was maintained at 5ml/min, the dis-
tance between spray nozzle and the Si substrate was fixed at 35 cm.
The substrate temperature was controlled at 350 °C using a digital
temperature controller with an accuracy of +5.

The structural studies and morphological analysis of the
obtained V,05 NRs were characterized using X-ray diffractometer
(Model: PANalytical X'Pert Pro) system operating with Cu-Ka radia-
tion A =1.54056 A) at 40 kV and 30 mA and field emission-scanning
electron microscopy (Leo Supra 50VP, Carl Zeiss, Germany)
equipped with an energy-dispersive X-ray (EDX) system. Optical
properties were examined using a Raman spectrometer system
(Horiba Jobin Yuon HR 800UV, Edi-son, NJ, USA) with Ar* as
the excitation source operated at a wavelength of 514.55 nm (20
mW) and a photoluminescence (PL) spectroscopy (Jobin Yvon HR
800 UV, Edison, NJ, USA) with an He-Cd laser (325 nm, 20 mW).
The current-voltage (I-V) measurements were achieved using a
computer-controlled integrated source meter (Keithley 2400) at
room temperature.

3. Results and discussion
3.1. Structural characterization of V,05 NRs

The XRD diffraction patterns of the V,05 NRs synthesized onto
Si(100) substrate by spray pyrolysis method are shown in Fig. 1.
The figure shows the formation of diffraction peaks corresponding
to V505 along different planes. A predominant peak was observed
in the XRD diffraction pattern at 20.2° which related with the pre-
ferred orientation along (001) plane. Furthermore, eight reflection
peaks were observed at 26 values of 15.3°,21.7°,26.2°,31.1°,32.3°,
34.3°,41.3° and 44.4° correspond to (200),(101),(110),(301),(011),
(310), (002) and (501) reflections of the orthorhombic V,05 mate-
rial. All XRD peaks matched the orthorhombic phase of V5,05 (JCPDS
card No. 00-041-1426), except for the low intensity peaks that were
associated to the Si substrate. Additionally, the XRD patterns of the
V5,05 NRs are high intensity and sharp due to the annealing tem-
perature at 500 °C for 1 h, which improved the crystalline quality of
the V,05 NRs [24]. The XRD peaks show the formation of high crys-
tallinity orthorhombic phase V,05 which is similar to the results
reported by Pavasupree et al. [29], Jinxing Wang et al. [21], Yifu
Zhang [30]. These results reveal that the high crystallinity of the
V,05 product, which observes no peaks of any other impurities.

The crystallise size along the preferred orientation of V,05 peak
was calculated by using the following equation [31];

_ ka
" Bcosh

where D is the crystallite size, \ is the wavelength of the incident
radiation (1.5406 A), B is the full width half maximum (FWHM) and
0 is the Bragg's angle of diffraction. The crystallite size was found
to be 29.4nm. In order to calculate strain along (001) diffraction
plane of V5,05, the following relation was used;

(1)

—Co

x 100 (2)

Ezz = %
where c and ¢ (4.372 A) are the lattice constant of the V5,05 NRs
estimated from the XRD data and the standard lattice constant for
V,05 material (JCPDS card No. 00-041-1426). The strain of V,05
NRs along (001) plane was found to be 0.45%. The positive value of
strain shows the presence of tensile stress inside the V,0s.

Fig. 2 displays the FESEM images of the prepared V,05 NRs
with two different magnifications. The FESEM images show high-
density V,05 NRs and uniform growth that was nearly vertical to
the Si substrate. The nanorods have average diameters of 60-80 nm
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Fig. 1. XRD patterns of the V,05 NRs grown on silicon (100) substrate.
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Fig. 2. FESEM images of the V,05 NRs grown on silicon (100) substrate.
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Fig. 3. EDX spectra of the V,05 NRs grown on silicon (100) substrate.

and the length of 200 nm. The V5,05 NRs sample has increased
number of nucleation locations when the substrate was completely
covered with dense nanorods. The nucleation locations functioned
as a base for particle congregation. Moreover, the basic groundwork
of NRs is formed through the coalescence of congregated parti-
cles. Subsequently, the structure grows to specified dimensions on
the substrate through particle accumulation [32]. The proportion
of vanadium-oxygen is exhibited in Fig. 3. The energy dispersive
X-ray (EDX) spectra showed that this prepared samples included
38.42wt% and 15.96 wt% of V and O, respectively. These values
are in consistent with the optimal stoichiometry for the prepared
V,05 sample. No elements no other peaks associated to impuri-
ties or contamination are detected which assert the purity of V,05
NRs obtained in the current study. Fig. 4 displays the Raman peaks
of the V,05 NRs were measured in the wave number range of
100-100 cm~!. The peaks of the prepared V,05 NRs were symmet-
ric with the Raman modes for a V5,05 orthorhombic phase [33].
The dominant peak at 143 cm~! was associated to vibrations of the
V—0—V chains, and its existence displays the layered orthorhombic
structure of the V,05 NRs phase. The peak at 995 cm~! corresponds
to the terminal oxygen (V*°=0) stretching mode, which is asso-
ciated to the crystallinity quality and stoichiometry of the thin
films [34]. In the case of the Raman peaks at 523 and 696 cm~! are
attributed to V30 phonon band and V—0—V modes, intensities of
both these modes were found to be quite small. The results obtained
indicate that significantly improves its structural and optical prop-
erties.
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Fig. 4. Raman spectra of the V,05 NRs grown on silicon (100) substrate.

3.2. Optical properties

PL spectra of V,05 NRs prepared using spray pyrolysis method
on Si(100) substrate is revealed in Fig. 5. Photoluminescence char-
acteristics of the V505 thin films are significant because it provides
valuable information on the superiority and pureness of the materi-
als. One of the impressive features of semiconductors is their ability
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Fig. 5. Photoluminescence spectra at room temperature of the V.05 NRs grown on
silicon (100) substrate.
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Fig. 6. UV-visible reflectance spectra of the V,05 NRs films grown on silicon (100)
substrate.

to emit light. The emission spectra show one high green emission
around 535 nm (Eg=2.3eV). This peak could be associated to the
electron transition between the valence and conduction bands. The
optical band gap value was in agreement with previous literature
[35,36], that reported values for thin films change between 1.95
and 2.4 eV depending on the crystallinity quality and stoichiome-

Ag Ag

V, O, thin film

Si (100) — gl

NRs V20s thin

try of the prepared samples and deposition method. As shown in
Fig. 5, V205 NRs displayed a strong green emission is associated to
the NBE emission which is due to the recombination of free excita-
tions [24]. However, a broad emission peaks emissions observed at
~690 nm which are attributed to deep level emission (DLE) caused
by structural defects, it is agreement with previous measurements
[37] and [23].

The defects in thin films could be due to oxygen vacancies which
are formed in the O layer between two O—V layers. Empty conduc-
tion bands (V-3d) of vanadium atoms adjacent vacancies are able
to centralize excess electrons. This is leads to the formation of the
emission observed peaked at 690 nm. Strong visible peak compared
to weak band intensity in the UV region indicate that V,05 NRs
reveal an excellent optical quality structure without impurities and
native defects. The PL intensity proportion between (Visible-UV)
regionsis the significant indicator of good crystallinity and the main
identifying characteristic of excellent optical properties. The high
PL peak intensity for V,05 NRs is due to the improvement of opti-
cal properties of V,05 nanostructures. The high optical properties
of the prepared V,05 NRs display that such a structure has high
performance for optoelectronic applications.

Fig. 6 shows the UV-visible reflectance spectra of V,05 NRs pre-
pared on Si(100) substrate. These spectra were used to evaluate the
optical band gap of thin film at room temperature. The optical mea-
surements were carried out in the range of 200-1500 nm, using
Carry 5000 series UV-vis system. The figure shows interference
fringes as a wavelength is changed. From the literature, it is well
known that, the wavelength at which these interference fringes dis-
appear is called cut-off wavelength and it is the wavelength from
which band gap of the film can be determined [38]. From the figure
the cut-off wavelength was calculated to be 490 nm. The band gap
of V505 thin film was determined from the following relation;

E = hc/A (3)

Here E is the energy band gap of V,05 thin film, h is the Planks
constant and A is the wavelength, By putting the value of the cut-
off wavelength in this equation, the band gap of V, 05 thin film was
came out to be 2.45 eV. This result presents the closest value to the
PL measurements.

3.3. Device fabrications

The schematic illustration of the fabricated MSM photodetector
is revealed in Fig. 7. The MSM-structured device was fabricated by
depositing an Ag grid (150 nm thickness) on the V505 thin film by
using vacuum thermal evaporation (Edward Auto 306) at a stan-
dard pressure of 3 x 10~° mbar. The fabricated device contains two
interdigitated electrodes with four fingers on each electrode. The
dimensions of each finger were 3.4mm x 0.35 mm x 0.4 mm in

Ag contact

film

Fig. 7. Schematic diagram of the metal shadow used for the fabrication of MSM photodetector.
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Fig. 8. Current-voltage characteristics of the (Ag/V,05NRs/Ag) MSM photodetector
under dark and UV illumination (540 nm, 1.535 mW/cm?).

length, width, and spacing of metal mask, respectively. The effective
area of the device was 0.1634 cm?.

3.4. Current-voltage (1-V) characteristics

The revealing characteristics of the sample were measured
by taking its current-voltage response that is shown in Fig. 8.
Current-voltage characteristics have also been plotted on the log-
arithmic scales that are shown inside Fig. 8. The figure shows
that the current in V,05 NRs increases when the sample is illu-
minated by 540 nm green light, and the incident optical power
was 1.535mW/cm? at the distance of 3cm from a visible lamp
to device. The dark current in present work has been found of
the order of 3.74 x 10~%A at —5V and 5V bias voltages whereas
the photocurrent increases by an order of 2.7 x 10~4A. This indi-
cates that the MSM photodetector based on V5,05 NRs shows good
photo-detection characteristics under 540 nm visible light. By com-
paring the dark current achieved in this work with the previous
photodetectors shows that in the present work low dark current
has been achieved as compared to the previous studies [39]. The
low dark current in the sample is assigned to the formation of
V5,05 NRs with good crystalline quality and a homogeneous con-
tact at the metal-film interface. Fig. 8 shows that the Schottky
contacts have been generated in both directions. The formation of
Schottky contact at the metal film interface shows that the V,05
NRs work function is lower that of the Ag that causes electron
transfer from the semiconducting film to the metal this the semi-
conductor is depleted near the junction and hence the Schottky
contact is created at the metal-film interface. According to the
MSM model, the carrier concentration and conductivity of the V,05
NRs are 1.69 x 10'* cm~3 and 0.829 S/cm, respectively. The value
of conductivity in this current work is higher than that has been
reported by several researchers. Butt et al. [40] was calculated
Carrier concentrations, Ng = 1.48 x 10'8 and conductivity =36.1S/m
using the metal-semiconductor-metal (MSM) model. Raman et al.
[41] was recorded conductivity =9.14 x 10> S/cm at high temper-
ature. It was found that conductivity increases with increase in
annealing temperature. Benmoussa et al. [42] indicated the tem-
perature dependence of the conductivity measurements for V,05
grown by R.F. sputtering method. The results reveals that the con-
ductivity obtained for polycrystalline V,05 thin films is quite low
(8.7 x 1077 S/cm). The I transport along the Schottky type photode-

tectors are qualified by thermionic emission theory by using Eq. (4)
[43]:

%4 —-qV
I =Ipexp (gﬁ) [1 —exp %] (4)

where q is the electron charge, Vis the applied bias voltage, n is the
ideality factor, k is the Boltzmann constant, T is the absolute tem-
perature and Iy is the reverse saturation current, which is calculated
by equation:

sk 2 —(B
Ig = AA™T<exp [W} (5)
where A” is the effective Richardson constant, A is the contact
area (in present work A=0.326 cm2) and @3 the effective Schottky
barrier height.

®p and n were determined from current-voltage using
thermionic field emission analysis based on Eqgs. (4). Average ®p
and n for the device are determined as 0.919eV and 7.16, respec-
tively, using A*=50.3 A/cm? K2.

The sensitivity of the fabricated photodetector was also investi-
gated by measuring the current-time response at different voltages.
The current-time graphs of V,05 NRs are shown in Fig. 11. The
figure shows an excellent stability and repeatability in the current-
time pulses. This is an indication that under the illumination of
540 nm green light, the rises to its peak value and once the light
is switched off, the current quickly falls down. By increasing the
voltage the magnitude of current also increases that can be clearly
seen from the current-time pulse graphs. In order to calculate the
sensitivity for these graphs, the following formula was used the
following relation [44];

(5%) = Ion —1Ta
I

x 100 (6)

The maximum value of the sensitivity has been found to be
260.96 x 102 at 5V bias voltages, which exhibits that the device
could be useful as optical applications. Photo-generated charges are
produced from the applied electric field, when the photodetector
was illuminated with the light green. Subsequently, the photocur-
rent that was added to the bias current effectively increases device
conductivity. The sensitivity was approximately seven orders of
magnitude larger than that value for the V,05 NWs, which is
obtained by Chen et al. [26]. In addition, the current values of
response time and recovery time are smaller than those reported
by Pawar et al. [45] (T, =655, T4 =75, bias voltage =5V for a pho-
todetector based on V,05 nanosheets). For the results value, the
responsivity was about one order of magnitude larger than that
obtained by Zhai et al. [1] for V,05 NWs on Si substrate. In order to
calculate the responsivity of the V, 05 thin film over different wave-
length range, lights of various wavelengths was illuminated on the
sample, and the according to current was calculated. The respon-
sivity of the photodetector was calculated by using the following
relation;

CIn(A)

. Ion (4)

Pin(A) E (W/cm?) A (cm?)

(7)

where E is the radiation of the green light, which is measured
by a typical visible power meter (Newport Power meter, Model
2936-CUSA), Iy, is the current density and Pj, is the power density.
The photoresponse of the fabricated photodetector was exam-
ined under illumination in the ranging of 450 nm to 550 nm at 5V
applied voltages, as revealed in Fig. 9. The figure shows maximum
responsivity at 520 nm wavelength and the responsivity starts to
decrease below 520 nm and above 530 nm. The cut off wavelength
in our case has been found to be 530 nm, which is quite near to the
band gap of the V,05 NRs. It means that when a light having wave-
length having energy slight higher than the optical band gap of the
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Fig. 9. Room temperature responsivity spectra of the (Ag/V,05NRs/Ag) MSM pho-
todetector.
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thin films is occident to the photodetector, it creates a large number
of electron-hole pairs that move under the action of applied poten-
tial and thus the photocurrent is produced that shows its maximum
value as compared to the other wavelengths where the responsiv-
ity starts to fall down. The responsivity starts to fall down at much
higher energies that then the band gap energy of the V,0s. This is
basically due to a decrease in the penetration depth of the incoming
light in the film. Thus the photo generated carriers recombine on
the top surface without going inside the film thus the current pro-
duced is quite low and responsivity shows a decreasing trend. The
value of responsivity in our case has been found to be 0.948 A/W,
which is higher than previously reports values [46].

Fig. 10 displays that the photocurrent increased at 525nm
wavelength, and decreased at the visible region with 555nm
wavelength. After the wavelength declined, absorption coefficient
increased and the permeation depth of visible illumination was
reduced. This procedure increased the charge carrier pair con-
centration of the neighbouring V,05 NRs. Thus, the lifespan of
the generated charge carrier’s pair was reduced, causing a sub-
sequent decrease in the responsivity. Under radiation of 540 nm
wavelength, the high peak was 0.948 A/W. This peak demonstrated
that V5,05 NRs supplied large density with rougher surface areas,
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Fig. 11. The repeatability property (ON/OFF) of the V,05 NRs/p-Si(100) MSM pho-
todetector under pulsed visible light (540 nm) at different bias voltages.

and excellent MSM photodetector was formed in the V,05 NRs.
The quantum efficiency of a MSM photodetector is well-defined as
the number of charge carriers collected to produce the photocur-
rent created for every number of incident optical power, as in the
following equation [47]:

I

% =
1 q Pin

(8)
This relation can be estimated by determining the photore-
sponse (R) via:

hc 1.24R

%=R— = "
7 gqr  gh(um)

(9)
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Table 1
The comparison between the literature and the current study of the responsivity, the sensitivity, the response and recovery time for the (Ag/V,0sNRs/Ag) MSM-structured
visible-PD.

Bias voltage (v) N\ (nm) Responsivity (A/W) Response time (s) Recovery time (s) Sensitivity (%) Reference

1 540 0.948 0.914 0.573 26.964 x 10° Our work

5 400 0.062 65 75 - nanosheets [45]

0.1 325 0.005 - - 300 nanowires [26]

1 450 0.446 - - 21.6 nanowires [1]

4 450 - 237.1x 1076 93.4x 1076 75 nanobelts [46]
where q, A, v, h, g and c are the carrier charge, visible wavelength, Acknowledgements

frequency of incident light, Plank constant, gain, and the speed of
light, respectively.

The current gain was also calculated by using the following rela-
tion;

Gain = Ip—h (10)
Ig

The photocurrent gain is calculated to be 270.642 at 540 nm
wavelength with illumination intensity of 1.535 mW/cm? and the
bias voltage was 5 V. The values of photocurrent gain and sensitiv-
ity achieved in our photodetector are higher than the previously
reported values.

Fig. 11 displays the equivalent rise in the photocurrent as a func-
tion of time at changed bias applied voltages with an interval of
20s. The device was observed excellent stability and repeatability
behaviour at various bias voltages. The results reveal a favourable
various with time. The curves demonstrated rectangular shaped
profiles, and the values of the photocurrent for every on/off cycle
were stable and repeatable. The recovery and rise times for MSM
photodetector were examined at different bias applied voltages are
revealed in Fig. 11. The recovery time can be defined as the time
for the current to decrease from 90% to 10% of its saturation value
whereas rise time is the time for the current to increase from 10%
to 90% of its saturation value. The rise and recovery time were also
calculated from the current-time pulse graphs. The results for the
device were noted to be obviously the short

time realized among the V, 05 detectors described in researches.
Additionally, Table 1 recapitulates the responsivity, sensitivity
values, response time and recovery time and of the MSM pho-
todetector at 5V bias applied voltages in the present work and
the results achieved from the different types detectors in litera-
ture [1,26,45,46]. The fast photoresponse in the present work is
associated to large photoactive surface areas and the high quality
of the V5,05 NRs obtained on Si substrate. A fast response and recov-
ery time shows that the vertical V,05 NR based on Si substrate is
convenient for good speed operation. Furthermore, the large pho-
tocurrent and responsivity values are assigned to more carriers
collected under light in the V,05 NR thin films. These results exhib-
ited that the V,05 NRs MSM photodetector could be used in useful
applications.

4. Conclusions

High crystallinity quality V,05 NRs were prepared on silicon
substrate using spray pyrolysis technique. MSM photodetector was
fabricated successfully on the obtained V,05 NRs/Si and inves-
tigated under illumination conditions. The results indicated the
good stability, large photocurrent, high sensitivity and excellent
responsivity of MSM photodetector upon exposure illumination
to 540 nm at 1.535mW/cm?2 power intensity with 5V bias volt-
ages. Moreover, the MSM photodetector revealed fast recovery and
response time. The experimental results exhibit that the excellent
crystallinity quality MSM photodetector is a favourable candidate
for optoelectronic applications.

We gratefully acknowledge the support of the Universiti Sains
Malaysia under RU Top Down grant (1001/CINOR/870019).
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