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Abstract

Nanoparticles of semiconductor material have got more interest due to their desirable proper-
ties and applications in different areas. In this study Zinc Oxide Nanoparticles (ZnO NPs) were
synthesized using laser ablation in water by applying (1600 pulses) of Nd- YAG laser (A =
1064 nm) . The crystal structure and morphology of the synthesized ZnO NPs were investigat-
ed using X-Ray diffraction, atomic force microscope (AFM), optical microscope image, and
optical properties characterized using UV-Visas well as FTIR spectroscopy. The investigation
revealed high purity of the ZnO NPs thin film prepared with a regular and homogeneous semi-
spherical shape nanoparticles distributed on the substrate surface with size around 50nm. The
optical properties show energy band gap of (1.5 eV and 4eV) respectively. |-V characteristics
have been studied for the heterojunction structure of (Ag/ZnO/Si/Al) indicates that this hetero-
junction could be used as a solar cell with efficiency about 10.9%.
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synthesized nanoparticles depend on the prepa-

For its high transparency in visible range, high
absorption, and nearly optimum band gap en-
ergy, Zinc Oxide (ZnO) has most motivated
material as a conductive oxide for many appli-
cations[1-4]. ZnO thin films one the most in-
tensive material that has demonstrated signifi-
cant interest in modern industry [5-7]. Several
studies have been done in the last few years
about their potential applications in transparent
electrode display, windows layers in solar cells,
ultraviolet laser emission photo detectors, light
emitting diodes, laser diodes, gas sensing, and
bio sensor [8-11]. Since the morphology of the

ration of nanoparticles method, therefore it is
important to get optimum conditions for syn-
thesizing ZnO nanoparticles and controlling on
the crystals morphology such as size, shape and
various parameters that effect on the ZnO
properties. Many techniques were used for syn-
thesizing ZnO NPs such as thermal oxidation
[12], chemical vapor deposition [13], Sol-Gel
method [14], molecular beam epitaxial [15],
and laser ablation [16]. Pulsed laser ablation in
liquid among various methods (PLAL) has at-
tracted attention due to its simplicity, does not
require vacuum environment [17] and the con-
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trolling on the size and shape of the synthesize
nanoparticles. PLAL is essential technique to
get optimum conditions for fabrication highly
oriented and transparent ZnO thin films [17,
18]. In this article, we use laser ablation in wa-
ter to get pure ZnO NPs, and drop casting
method for preparation a well-covered and ho-
mogeneous ZnO NPs thin film. The crystal
structure and morphology ZnO NPs thin films
were investigated by XRD, AFM, FTIR and
the optical properties were studied for the
preparation thin films.

Experimental

For synthesizing Zinc Oxide nanoparticles, la-
ser ablation were used by applying (1600 puls-
es) of Nd-YAG laser (A = 1064 nm pulse dura-
tion = 7ns and energy = 500 mJ) that focused
on the Zinc target of purity (99.99 %) which
immersed in distilled water at room tempera-
ture. Figure (1) shows the experimental system
for the laser ablation.

The synthesized ZnO NPs solution were depos-
ited on a glass substrate using drop casting
method to get the ZnO NPs thin films .X-Ray
analysis using (XRD -6000 from shimadzo)
used to investigate the structural properties of
the ZnO NPs thin films. Figure (2) and the cal-
culation data in table (1) illustrate the XRD re-
sults obtained. Atomic force microscopy
(AFM) (AA 3000 scanning probe Microscope)
is used to study the morphology, nanoparticles
properties and size of the prepared thin film.
Figure (3) shows the AFM images. Optical mi-
croscope is another technique used to investi-
gate the thin films morphology and shown in
figure (4).FTIIR spectroscopy is used to scan
using FT-IR spectrometer. The scanned data in
the range (600-4000 cm™) was illustrated in
figure (5).The optical properties of the synthe-
sized colloidal ZnO NPs were studied using
(UV-Vis) spectrophotometer from VARIAN)
and figures (6) and (7) demonstrate the optical
properties.

Silicon wafer thin films were chemically
cleaned and the substrates were divided into
(1.5 x 1.5 cm) areas. Thermal deposition was
used to deposit ZnO NPs on silicon substrate to
obtain the ZnO/Si heterojunction. Ohmic con-
tact was deposited using Aluminum for back
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contact and silver for front contact. (I-V) char-
acteristics under forward and reveres bias of
(Ag/ZnO/SilAl) were studied. The reveres (I-
V) characteristics of the heterojunction meas-
ured under dark and illumination of (41uW/cm
%) tungsten lamb. Figures (8, 9, and 10) illus-
trate the I-V characteristics.
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Figure (1): Experimental setup of nanoparticles synthe-
sis by pulsed laser ablation in liquid.

Results and Discussion

The synthesized nanoparticles that deposited
on a glass substrate have been characterized by
its diffractometer. XRD pattern of the deposit-
ed thin film for diffraction angles (from 10° to
80°) is illustrated in figure (2). which show
nine peaks on the diffraction angles ( 20 =
31.763 , 34.412 , 36.246 , 47.538 , 56.59 ,
62.8505 , 66.3639 , 67.933 , 69.08 degree) cor-
responding to miller indices (hkl= 100, 002,
101,102, 110, 103, 200,112 and 201 ) respec-
tively. The most intense, sharp and strong peak
at (36.2469 degree) attributed to (hkl = 101).
The peaks agree with the standard spectrum
(PDF card -ZnO -00 -036 -145). The
nanostructure was polycrystalline with a hex-
agonal form and there is no any trace of anoth-
er structure. So, diffraction peaks correspond-
ing to the impurity were not found in the XRD
pattern. This means high purity of the thin film.
The average crystalline size was (D=47.266
nm) and it was calculated using Scherrer's
equation [18].

D = (0.91)/(B cosb) (1)
Where A= 1.5405 A is X- Ray wavelength. f is
the full width at half maximum. 0 is the diffrac-
tion angle. The average micro strain (1) was
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found to be (0.0006091in”2.m™) and the average
dislocation density (8 =0.000449 lin.m™). Both
n and & were calculated from equations (2, 3)
respectively[18]:
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Figure (2): XRD pattern of The ZnO thin film.
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Table (1): The obtained XRD analysis results for ZnO

NPs thin films.

20 | 4 B D 5 n

(deg) (deg) | (hm) | (lin.m? | (line>.m™)
31.76 | 100 | 0.178 | 44.65 | 5.01x10* | 7.5x10™
34.41 | 002 | 0.157 | 50.22 | 3.96x10* | 6.58x10™
36.24 | 101 | 0.168 | 46.90 | 4.54x10* | 6.97x10*
4753 [ 102 | 0.165 | 45.88 | 4.75x10* | 6.61x10™
56.59 | 110 | 0.146 | 50.07 | 3.99x10* | 5.61x10*
62.85 | 103 | 0.151 | 46.92 | 4.54x10* | 5.62x10*
66.36 | 200 | 0.143 | 48.49 | 4.25x10* | 5.23x10*
67.93 | 112 | 0.153 | 44.74 | 4.99x10* | 5.57x10*
69.08 | 201 | 0.144 | 47.49 | 4.43x10* | 5.17x10*

Figure (3) shows the 3D-AFM image and
granularity accumulation distribution chart of
ZnO NPs. We can realize that the substrate sur-
face is well covered with semispherical shape
nanoparticles that arranged as a homogeneous
and uniform shape on the substrate surface.
The average green size, Roughness average,
and root mean square has been calculated using
(Imager 4.62 software) and it was (51.09, 0.13,
0.152 nm) respectively. Particle size obtained
from the AFM results is higher than that which
calculated from XRD analysis because XRD
technique depends on the size defect free vol-
ume , while the degree of the crystal defect

don’t take into account in AFM Granularity
accumulation distribution chart [19].
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Figure (3): 3-D AFM image and granularity accumula-
tion distribution chart.

Figure (4) illustrate the microscope image un-
der magnification of (M=1000x).It is obvious
from this figure that the surface of the glass
substrate has high order covered of ZnO NPs
with a regular and homogeneous distribution
and no cracks or breakdowns on the substrate
surface. The thin film surface was clear from
any impurities or glass particles and the color
consistencies indicate to the low surface
roughness.

FTIR is an effective way to assignee the com-
position of the sample. Figure (5) show the IR
spectrum for the ZnO NPs. FTIR spectra for
the sample prepared which taken for a wave
number from (600 to 4000 cm™) shows a seri-
ous absorption peaks attributed to carboxylate
and Hydroxyl impurities. The first serious ab-
sorption peaks around (3500 cm™) correspond-
ing to O-H stretching mode of hydroxyl group
[20, 21].

The observed peaks between (1200-1600 cm™)
are attributed to the asymmetrical and symmet-
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rical stretching of the Zinc carboxylate [22].
The data obtained are good agreement with the
previous results by other researchers [23,
24].The optical microscope image, XRD analy-
sis, and FTIR data shows high purity of the
ZnO NPs thin films prepared.

Figure (4): Optical microscope image of ZnO thin film.
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Figure (5): FTIR spectrum of the ZnO NPs.
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Figure (6) shows the transmittance spectrum of
the synthesized nanoparticles thin film. We can
recognize from this figure that there is a high
absorbance in UV region at (300nm) wave-
length. The minimum transmittance occur near
(400nm) near the beginning of visible region
which means high absorbance at this region ,
with increasing the wavelength the transmit-
tance increasing until reach it is maximum val-
ue at the wavelength (800nm) near the infrared
region . This behavior indicates that this mate-
rial can be used as a window in (NIR) optoe-
lectronic devices.
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Figure (6): The transmittance versus wavelength for
ZnO NPs thin film.
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The energy gap can be estimated from figure
(7). From this figure we can find that there are
two values of the energy gab for this thin film
(1.5 and 4 eV) due to the splitting of Fermi
level because of the low thickness
(~1£0.02um) of the deposited thin film pre-
pared.
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Figure (7):(ahv)? versus optical energy gap of the ZnO
NPs thin film.

I-V characteristics of the solar cell under for-
ward and reveres bias at room temperature un-
der darkness were explained in figure (8) and
with illumination of 41 pwW/cm? in figure (9). It
is clear from figures (8, 9) that the current val-
ue with illumination was higher than that in
darkness for the same voltage, because of elec-
tron-hole generation due to light absorption
[20, 25].

Which indicate the effective generation of elec-
tron-hole in the junction by incident photon?
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Figure (8): I-V characteristics for the ZnO/Si hetero-
junction under darkness.

The relationship between I, and V, as a func-
tion of load resistance can be shown in figure
(10). From this figure the efficiency of the
Ag/ZnO/ Si-p/Al has been measured and calcu-
lated due to the equation [18]:

(4)

Where P, and P; are the output and input pow-
er respectively. The fill factor (FF) was calcu-
lated using equation (5) [11, 17]:

N =Pn/P = (InVim)/P
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Figure (9): I-V characteristics for the Ag/ZnO/Si-p/Al
heterojunction under illumination.

FF = (InVin) / (IscVoc) ®)
Where I is the short circuit current and V. is
the open circuit voltage. The measured Vo, lg,
Vm and I, are (20 mV, 1.95 pA, 13.5 mV,
1.3pA) respectively. The calculated quantum
efficiency and FF was (10.9% and 45%) re-
spectively. All the results obtained indicate
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heterojunction structure of (Ag/ZnO/Si-p/Al)
could be used as a solar cell.
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Figure (10): 1-V relation of the Ag/ZnO/Si-p/Al hetero-
junction.
Conclusions:

ZnO NPs which get attractive interest in many
studies has applied in many applications be-
cause of it is attractive properties and one of
the most important of these applications is so-
lar cells applications.

In this article, ZnO NPs thin films with excel-
lent structural using Laser ablation in water,
which was a successful method for synthesiz-
ing ZnO nanoparticles. The synthesized ZnO
NPs possess a polycrystalline hexagonal struc-
ture. These nanoparticles was uniformly dis-
tributed on a glass substrate using drop casting
method which attributed high order homogene-
ous distribution as mentioned in the investiga-
tion that had been done in this work.

I-V characteristics for the preparation hetero-
junction structure were illustrated in this article
which revealed that this heterojunction could
be used for solar cell applications.
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