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Abstract

In this study, the optical and structure properties of Mg.ZnxO thin films is
reported. The MgxZn,<O thin films were prepared on Glass substrates by Q-switch
second harmonic Nd:YAG laser deposition technigue with wavelength of 532nm
from a ZnO target mixed with Mg of (0-0.3) wt% , and the films deposited at
temperature (250°C).

The optical properties were characterized by transmittance and absorption
spectroscopy measurements. For all the films the average transmission in the U.V
(200-900) nm wavelength region was over 85% and the absorption edge shifted
to a shorter wavelength as the magnesium concentration increased. The optical
energy gap of MgxZny<O thin films, measured from transmittance spectra could
be controlled between (3.3eV and 4.2eV) by adjusting magnesium concentration.
X-ray diffraction was used to investigate the structure of the film. The refractive
index of hexagonal MgyZm.xO thin films decreases with the Mg concentration
increase, such as at the wavelength of (500nm) the refractive index decreases
from 1.93 to 1.85 as x increase from 0.15 to 0.3. The extinction coefficient and
the complex dielectric constant were also investigate.
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I ntroduction

Zn0, a I-VI oxide
semiconductor with a direct wide
band-gap of ~ 3.3 eV at room
temperature is of immense interest
now days for optoeectronic
applications in UV-Blue spectra
range [1,2]. The high cohesive
energy of ZnO which is ~ 1.89 eV
makes it a highly stable and perhaps
the most radiation hard material
amongst the direct band gap
semiconductor family, which ensure
a long life and a high degradation
threshold of ZnO based
optoelectronic  devices. The high
melting and boiling points of ZnO
allow one to explore variety of heat
treatments required for  aloying
purposes and device formation.

One of the most exciting features
of ZnO is the stability of its excitons,
which have a binding energy of ~ 60
meV [3]. Such a high binding energy
of excitons alows one to realize

excitonic absorption and
recombination even a room
temperature.Recently stimulated

emission and lasing action due to
excitonic recombination at a very
low threshold has been reported by
optically pumping the highly c-axis
oriented thin ZnO film grown on
(0001) Sapphire substrate using
Pulsed Laser Deposition technique
[4].

A crucia step in designing
modern optoelectronic devices is the
realization of band-gap engineering
to create barrier layers and quantum
wells in device heterostructures. In
order to realize such optoelectronic
devices, two important requirements
should be satisfied, one is p-type
doping of ZnO, and the other is
modulation of the band gap. While p-
type doping of ZnO is under
intensive study, the latter has been
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demonstrated by the development of
MgZn O and Cd,Zn,,O alloys,
allowing modulation of band gapina
wide range [5-7]. In CdZnO the band
gap is shifted to lower energies and
in MgZnO to higher energies
compared to ZnO [8-10]. CdO and
MgO have the rocksalt crystal
structure, while ZnO crystallizes in
wurtzite structure. MgZn;O
crystallizes in wurtzite structure for
x<0.5 and in rocksalt structure for x
>0.5 . The iconicity of the Zn-O
bonds compared with the Mg-O
bonds are lower. Therefore, for
MgxZn,-O with high Mg content one
expects high  exciton binding
energies, which should increase by
increasing the Mg content in the
crystal [11].

The variable bandgap energy
provides the ability to adjust the
operating wavelength of the devices.
The aloying of Mg-ZnO to make
MgxZnl-xO can increase the
bandgap energy from 3.3 eV for ZnO
to 7.8 eV for MgO (at high
concentration of Mg) with relatively
small mismatching (0.1%) in bond
lengths of ZnO and MgO [12,13].
2.Experimental procedure

Mg<Zn,,O thin films were
synthesized by pulsed laser
deposition system using a second
harmonic Nd:YAG laser. Thin films
were grown in a vacuum chamber
with background pressure of ~1*10°
mbar. The Nd:YAG laser was
operated at the waveength of
(A=533 nm) with the repetition rate
of (10Hz) and pulse duration of
(7ns). Thetarget to substrate distance
was (3cm). Mg-ZnO composite
targets with (Mg)x(Zn)1x(for x=0.15,
0.2 and 0.3) were used during the
deposition. The composite targets
were obtained by the standard
pressing and sintering method. Mg
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and ZnO powders were first
weighted and mixed with
corresponding  concentrations  in
methanol by magnetic blender for 1
hour. After the liquid was dry out,
the mixed powder was blended
mechanically again so that the
mixture is uniformly distributed. The
mixture was then calcined at 100 °C
in flowing oxygen for 6 hours. The
resultant powder was ground again
and was pressed into round pellets
with two-inch diameter. The targets
were finally abtained after the pellets
were sintered in oxygen at 200 °C for
12 hours. Glass was used as
substrates for growing these Mg,Zn;.
«O thin films. The substrates have the
thickness of 1 mm . Before loaded
into the vacuum chamber, substrates
were cleaned with standard chemical
method, by which the substrate was
first cleaned in acetone and then
cleaned in methanol for 10 min in
ultrasonic bath.Thin films were
grown in oxygen environment with
O, partial pressure of (10 “mbar) at
substrate temperature of 250 °C.
Laser energy density focused on the
target was about (0.5-1) Jem? The
deposition time was typically 10 min.
After the deposition, thin films were
cooled down to room temperature.
The absorption and transmission
spectra of MgZn O thin films
were  studied by  UV-visible
spectroscopy at room temperature in
the range  (200-900) nm. The
topography of the Mg«Zm_O surface
was inspected  with  optical
transmission-microscope (OTM) .

The data from transmission
gpectrum could used in the
caculation of the absorption

coefficient (o) by using the following
equation[14]:
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o= — In=

Where d: is the thickness of thin
film, and T is the transmission.

The absorption coefficient (a)
and optical energy gap (Eg) are
related by [15]:

ahv = A(hv-Eg) 2

Where A: is constant depending on
transmission probability, h: is Plank's
constant , v: is the frequency of the
incident photon, Eg: is the energy
gap of the material.
Both  transmittance (T) and
absorbance (A) were converted to
reflectance values (R), in terms of
(R+A+T=1).

The reflectance can be expressed
in terms of optical constants, (n) and
(K) as[16]:

o (N- D2 +K
(n+1)% +k?

Where n is the refractive index and
(K) is the extinction coefficient.

The complex didectric constant
is given by the following equation

[17]:
e=eng=(n+iK)?

Where ¢, and ¢ are the real and
imaginary parts of ¢ and (n+iK)? is
the complex refractive index. From
equation (3) we obtain:

&=n*+K? andg;=2nK
The crystalline structure of the

films was characterized by X-ray
diffraction = measurement  using
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Philips PW 1050, A=1.54 A° from
Cu - Ka radiation.
3.Results and discussion

Figure (1) shows transmittance
spectra for MgyZn,.«O films grown at
various Mg concentration in the
targets (X) . The transmission spectra
of the films indicate (1) optical
transparency over 85% including the
film grown at x=0.15, (2) oscillations
in their transmitttance, (3) shift of the
absorption edge to lower wavelength
with increase in Mg concentration (X)
, and (4) a sharp absorption edge for
all as-grown MgzZnO aloys films.

The data from transmission
spectrum are used to calculate
absorption  coefficient by using
equation (1). Figure (2) shows the
variation in optical  absorption
spectra for the MgZny<O films for
different Mg concentration. It is clear
that the films have high absorption
coefficient at short wavelength range
(0=1.3*10° cm* for A<350 nm), then
decrease  at different rates
dependence on the film structure to
reach constant values a long
wavelengths  (a=2*10* cm® for
2>355 nm), where the films become
transparence at this wavelengths.

The energy gap values depends
in general on the film crystal
structure, the arrangement and
distribution of atoms in the crystal
lattice, also it is affected by crystal
regularity. The energy gap (Eg) value
is calculated by extrapolation of the
straight line of the plot of (ahv)?
versus photon energy for different
Mg concentration in the target (X) as
shown in Figure (3). The linear
dependence of (ahv)? with (hv)
indicates direct band gap. The band
gap increases with the increasein Mg
concentration (x) in the target as
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shown in Figure (4). The surface
morphology from optical microscope
studies shown in Figure (5), which
show more homogeneous in surface
as the Mg concentration increase.
Figure (6) shows the X-ray
diffraction (XRD) pattern of the
films deposited at  substrate
temperature 250°C for MgyZn,.4O (at
x=0.3) and pure ZnO (x=0) thin
films. We see that the Full Width at
Half Maximum (FWHM) for X-ray
curve of MgesZng;O peak was
greater than that of ZnO peak and
there was a dlightly shift to higher
diffraction angle (20) with increasing
(x) which have hexagonal structure
corresponds to (002) orientation [18].
The parameters of the XRD growth
process arelisted in table 1.

The refractive indices of
MgxZn;4xO films for x=0.15, 0.2 and
0.3 as functions of wavelength are
plotted in figure (7). This figure
revedls that the expo behaviery the
films were deposited at different Mg
content. It can be seen that as Mg
concentration (x) increases, the
values of (n) decreases. One is the
optical loss caused by absorption and
scattering, which decreases the
amplitudes of the transmission
intensity  oscillations at  shorter
wavelengths, in this work it can be
neglected because for the highly
transparent Mg.ZnyO films. In the
determination of refractive indices
for the Mg«Zn, O films, the main
loss arises from the transmission
measurement procedures, such as
small difference of light spot sizes

and apertures.
Figureg(8) shows the extinction
coefficient for MgZn.O films

grown at various Mg concentration
(x=0.15, 0.2 and 0.3) as a function of
photon energy. The extinction
coefficient represents the amount of
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attenuation of an electromagnetic
wave that is traveling in material,
where it values depends on the
density of free eectrons in the
material and also on the structure
nature. The vaues of extinction
coefficient are directly related to the
absorption of light. It can be noticed
that there is a dlight increase of
extinction coefficient values at
higher energies. Aftre that, there is
an increase with increasing photon
energy and thisis a general behavior.
Figures (9) and (10) show the
variation of real part and imaginary
part of dielectric constant
respectively as a function of photon
energy. Where rea part (g;) is the
normal dielectric constant which
represents the amount of actual
saving of dectrical energy and the
imaginary part (g) represents the
absorption losing associated with
free carriers. Two parts of complex
didlectric constant were calculated
using therelations (5). The curves for
both parts are found to be oscillatory
in nature depending upon the crystal
structure and the thickness of the
film. Where the values of real part
undergoes rising and falling.

4.Conclusions

The bandgap was increased with
increase of Mg concentration from
3.3eV to 4.2eV as well as with the
change of thickness. The absorption
edge was found to shift toward lower
wavelength with increase in Mg (x)
value. X-ray diffraction studies show
that the MgZn.O film has
singlecrystilline structure
(hexagonal) correspond to (002)
orientation,and there is a dlightly
shifted to larger 20 angle with
increasing x from (x=0 to x=0.3).
The refractive index decreases with
increasing Mg concentration X.
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Table (1) XRD growth parameters

Samples | orientation | Diffraction
angle (20)
ZnO 002 34
M go_3Zno_7O 002 34.8
MgO 111 36.6
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Figure(1) Optical transmission of MgyZn,.,O films grown at 250 °C
with different x
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Figure(2) The optical absor ption coefficient spectra for theMgx Zn1-x O
films for different Mg concentration (X).
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Figure(5) The surface morphology of MgxZn1-xO thin film with different Mg
concentration (x):
(@) x=0.15 (b) x=0.2 (c) x=0.3
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Figure(6) XRD pattern of MgxZn1-xO thin fiimstor (x=0 and x=0.3)
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Figure(7) The refractive indices of MgxZn1-xO films (x=0.15, 0.2, and 0.3)
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Figur&(8) The extinction coefficient (K) for MgxZn1-xO
films as a function of photon energy.
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Figure (9) Real part of dielectric constant for MgxZn1-xO
films as a function of photon energy.
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Figure(10) imaginary part of dielectric constant for MgxZnl-Xo
films as a function of photon energy.
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