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Abstract

Zinc oxide (ZnO) was prepared by pulsed laser deposition(PLD) using Q-Switching Nd: YAG laser with
Wavelength (A) = 1064 nm, Repetition rate (f )= 6 Hz , and Energy (E) = 500 mJ at room temperature under
vacuum condition with 10~3torr. The optical properties included the absorption coefficient, extinction coefficient,
index of refractive for the films of ZnO was evaluated and the results are discussed. The energy band gap of thin
film ZnO 3 (eV) at room temperature. The optical transition was found to be direct and allowed transition.
Moreover, UV-visible spectra were used to evaluate the ZnO energy gap. FTIR spectra for ZnO used to presence
of Zn-O bonding.

1. Introduction

Zinc oxide (ZnO) has received an amazing concern due to it contains an enormous ranging of large features
that depending on doping, involving of a range of conductivity from metal to insulating involving n-type,
piezoelectricity, high transparency and enormous energy band gap semi-conductivity. Zinc Oxide ( ZnO) is an
enormous band gap semiconductor with a large number of attractive more properties for electronics and
optoelectronics devices. ZnO belongs to I1-VI semiconductor group and the native doping of the ZnO is n-type. At
normal temperature for room, the ZnO is a direct band gap of 3.3 (eV). Zinc Oxide (ZnO) has large excitons
binding energy of 60 m (eV),due to that , the exciton in Zinc Oxide (ZnO) are thermally stable at the room
temperature[1]. Zinc Oxide (ZnO) contains a very great potential of ionization (~8eV) and affinity of electron
(~4.7eV) that incompletely clarifies the ease to gain n-doping . This semiconductor has many favorable properties
like high mobility of electron, good translucence, strong luminescence at room temperature, etc. Those features are
employed in electronic applications of Zinc Oxide (ZnO) as thin-film transistors and light-emitting diodes [2,3,4].
Some basic physical properties of Zinc Oxide( ZnO) at 300K are listed in the table 1. The structural configuration
of Zn and O ions in 3- dimensional space also gives ZnO its optical and electrical properties.
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Table (1). Basic physical properties of Zinc Oxide( ZnO) at R.T.[3,4,5,6,7,8].

Parameters ZnO Parameters ZnO
Band gap energy (eV) 3.3 Melting point (°C) 1975
Electron mobility (cm?/Vs) ~210 Thermal conductivity 0.13,1-1.2
Hole mobility (cm?/Vs) ~10 Static dielectric constant 8.656
Exciton binding energy (meV) 60 Refractive index 2.008, 2.029
. a= 0.32495 nm, Bulk Young’s modulus, E
Lattice constant =0.52069 nm (GPa) 111.2+4.7
Density (g cm™) 5.606 Electron effective mass 0.23mq

This paper aims to study of optical and structural about thin film Zinc Oxide (ZnO) produced by pulsed laser
deposition (PLD) technique that used Q-Switching Nd:YAG laser (A = 1064nm, f = 6Hz ,E = 500 m]) under
vacuum condition with 10~3torr at room temperature. The constants of Optical included the refractive index (n)
and the extinction coefficient (k). The refractive of complex index (n.) is introduced as[9] :

Ne =N — 1K o 1)
And it is concerned with the propagation velocity (v), and velocity of light (c) by:
VZCIMg i 2)
The index of refractive magnitude can be determined from the formula:
1
nof AR PR 3)
(R-1)? (R-1)
Whereas R is the reflectance, and he relationship could be expressed by the following formula:
(n—1)2 +k?
R=\1T4) TR 4)
(n+1)* +k?

The extinction coefficient, which is correlated with the exponential decay of the wave as it passes via the medium,
is introduced as :

ke O 5)

4n
Whereas A is the incident radiating wavelength

2.Materials and Methods

Zinc Oxide (ZnO) thin film was deposited by (PLD) technique using Q-Switching Nd:YAG laser (A =
1064nm, f = 6Hz, E = 500mJ) under vacuum condition with 10~3torr on glass substrate at a normal room
temperature with thickness (200 nm). The slides (substrates) were cleaned by utilizing detergent and water for
removing any attached dust on surface and gently rubbing gently for fifteen minutes . Slides were the placed in a
clean beaker containing distilled water. The processing has been replaced by replacing the distilled water with pure
alcohol solution and the slides wiped with soft paper . The substrate was located 3cm from the target. The target
(diameter of 10 mm and thickness 2mm at weight of 0.5 gram) with press of 6tons. The optical features of thin
film ZnO at room temperature were investigated in the wavelength ranging from (250 to 800 nm) by employing
UV-VIS shimadzu 1800 spectrophotometer . The transmittance and absorption spectrum employed in the a
computer software program to calculate the photovoltaic band gap, the wavelength of the optical absorption core,
and all optical constants. Fourier Transformed Infrared Spectrum for ZnO powder was recorded by shimadzu
double beam FTIR spectrometer. Thin Film thicknesses were measured by Interferometer fringes method. His
method is an application of Fizeau fringes of equal spacing. It can be used Na light (5893 A) or laser light He —
Ne laser wavelength (632.8 nm).
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3. Results and Discussion

3.1 FTIR Spectroscopy

Figure 1. shows (ZnO) spectrum at room temperature. In general (ZnO) is giving a ranges of absorption in the
region of fingerprint i.e. less than 1000cm ™1 at room temperature arising from inter-atomic vibration. The highest
observation at 3354.21 cm™tis might be because of O-H stretching. The peak at 516.92 cm™'at room temperature
is referring to Zn-O stretching.
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Fig(1) : FTIR for Zinc Oxide (ZnO).
3.2. The absorbance spectra

The absorbance spectrum ZnO thin films with thickness (200nm) at room temperature as demonstrated in
fig(2). Figure (2) illustrates that the membrane has a high absorption in the region of ultraviolet and the absorption
of UV reduced significantly with increasing the wavelength, which illustrate that ZnO has a good response in
ultraviolet region. This behavior is typically for several semiconductors because of the internal electric field within
the flexible and non-flexible photon transport dispersion.
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Fig (2):The absorbance spectra for ZnO with 200nm thickness.
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3.3.The absorption coefficient
The absorption coefficient « is determined by employing of the equation [10]:

Whereas (A & t) are the absorbance and the thickness respectively. The absorbance (A) represents the
logarithm of the reciprocal of the transmittance (T) according to Beer-Lambert:

A=LOG(L/T) e @)
The energy (E) of the incident photon can be calculated from the equation :
hc 1240
X(nm) = = T Y ®)
Es Ed(eV)

Whereas (h & v) are presenting the plank constant and the light incident frequency respectively. The
dependence of the absorption coefficient on the wavelength for 200nm thickness of the deposited ZnO is show in

fig(3).
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Fig (3): Coefficient of absorption as a role of wavelength for thin Film ZnO with 200nm thickness.

One can see from this figure that the coefficient of absorption for the thin film ZnO is described by a strong
absorption at the shorter wavelength region between (300-320nm). The absorption coefficient displays maximum
magnitudes of a (0=2.x10%) cm~! at the wavelength 300nm, which refers to a great probability of direct
transmission allowed. The absorption coefficient decreases with wavelength increasing for ZnO thin film at room
temperature.

3.4. Optical energy band gap

The optical energy gap (E,) for Zinc Oxide (ZnO) thin film have been identified by using tauc formulas
[11]:
1/2

ahv = B(hv —Eg) oo )

Whereas B is an inversely constant proportionate to a morphousity, hil is the energy of photon (eV), E; is the
optical energy gap (eV) , r is constant and many take magnitudes (0.5, 1.5, 2 and 3) based on the material and the
optical transition type .Figure (4) show the variables of (ahl[1)? as a role of energy of photon (h(1) for thin film
ZnO at room temperature .From the extrapolation of linear portion of the curve to (ah1)? equal to zero we can
deduce the energy gap of prepared film . The direct range gap of thin film ZnO was estimated in 3 (eV) , this
means that the value of wavelength is around 415nm i.e. that the visible portion of sunlight is allowed to pass
through for ZnO thin film only. and the magnitude of the optical energy gap E, decreases with increasing in
wavelength according the equation (3), this behavior is resulting from the increasing of the grain size and
increasing of the defect states near the bands .
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Fig(4): (ahv)?versus photon energy for ZnO thin film having 200nm thicken
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3.5. Refractive Index

The magnitude of refractive index (n) for Zinc Oxide (ZnO) thin film as role of wavelength at room
temperature is demonstrated in Figure (5). It could be observed that the value of refractive index (n) decrease with
the increase wavelength. The maximum magnitude of refractive index equal (n=2.5) which could be gained at
wavelength 350nm.
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Fig(5): Refractive Index of thin film ZnO at normal temperature for room.

3.6.Extinction Coefficient

The extinction coefficient (K) behavior is approximately comparable with the corresponding absorbance and
absorption coefficient for thin film ZnO at room temperature as shown in figure (6). It can see that the magnitude
of extinction coefficient (K) decreasing with increasing the wavelength. The maximum magnitude of extinction
coefficient (K=0.05) which could be gained at wavelength 320 nm.
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Fig(6): Extinction Coefficient for ZnO at room temperature.

4.Conclusions

Zinc Oxide (ZnO) thin film was successfully prepared by PLD using Q-Switching Nd:YAG laser(A=1064 nm,
f=6 Hz , E=500mJ) under vacuum condition with 10~3torr. The UV-Visible research indicates the maximum
absorbenc at wavelength 320 nm within the area of UV. The permissible direct range gap energy transition of ZnO
was noticed, about 3(eV) and it decreasing with increasing wavelength. The extinction coefficient (K) behavior is
roughly comparable with the corresponding absorbance and absorption coefficient for thin film ZnO at room
temperature.
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