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Abstract— Chromium stacked aluminum nitride (Cr-AlIN) thin
film was deposited on glass substrates by elemental stack method
using rf sputtering. Annealing treatment was carried for about 1
hour at 100°C, 300°C, and 500°C in nitrogen atmosphere for
doping. Variations of the structural and optical properties of the
films were studied using XRD, AFM, FESEM and UV-Vis
spectroscopic technique. Structural analysis showed the presence
of only (111) planes with very low intensity. From AFM and
FESEM images, reduced grain size and smoothened surface
morphology was achieved as the annealing temperature
increases. Improved optical transmittance of Cr-AIN may be due
to the diffusion of Cr into AIN as the annealing temperature
increases. Decreased film thickness was also noticed for Cr-AIN
thin film with annealing temperatures.
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. INTRODUCTION

Aluminum nitride (AIN) is a direct band gap material
which is a promising IlI-Nitride material due to good
properties in terms of high thermal conductivity, thermal and
chemical stability, wide energy band gap (6.2eV), and high
acoustic wave velocity with fairly good piezoelectricity [1-6].
In addition, good mechanical and thermal matching with
substrate material make AIN is a suitable material in the
fabrication of optical, ultraviolet optoelectronic, high
frequency electroacoustic devices, and sensor [7, 8]. On the
other hand, AIN based UV light source becomes more
attractive in laser industry due to good material for polymer,
epoxies, and resins curing application [9].

Several methods can be applied for the growth of AIN thin
films on various substrates at room temperatures by
radiofrequency (RF) magnetron  sputtering, reactive
evaporation, pulsed laser deposition (PLD), molecular beam
epitaxy (MBE), metal organic chemical vapour depositions
(MOCVD), and ion implantation [1-5]. Among the physical
deposition method, stacking elemental layer for doping is a
suitable method to control the material composition with good
properties and can be avoided from the target contaminant
This technique gives large-area deposition, uniform, and
inexpensive technique among others technique[4-5].

Transition metal doped AIN have already been reported by
several researchers for different application in semiconductor

technology [10]. In this study, chromium was chosen as
dopant since it is responsible for optical characteristics of AIN
thin film [10]. The Cr doped AIN film were grown on Al,Os
(001) and observed wurtzite-type hexagonal with an epitaxial
relation of the (100) direction of the films on the (001)
direction of Al,Ozsubstrates [11]. Among the published work,
electronic and magnetic properties of Cr doped AIN thin films
have been addressed by several researchers than the structural
and optical properties [12, 13].

The aim of this study is to deposit Cr doped AIN thin film
on Glass substrates by post annealing of Cr stacked AIN thin
film and investigate the optical properties and structural
properties of Cr-AIN thin films on glass substrates. Few
researchers have been successfully reported about the effect of
ion implantation on structural and optical properties of Cr
doped AIN thin film prepared by RF sputtering [10]. The
structural and optical properties of Cr-AIN thin films were
examined by X-ray diffraction (XRD) technique and UV-Vis
spectrophotometer. The surface properties of annealed
samples were analyzed by Atomic Force Microscopy (AFM)
and Field Emission Scanning Electron Microscopy (FESEM)
respectively were used to analyze the surface morphology of
Cr doped AIN thin films.

Il. EXPERIMENTAL METHOD

Cr-AlN thin films stacked were deposited on glass by RF
magnetron sputtering using a Cr target with purity (99.9%)
and AIN target with purity (99.9%). The glass was than
cleaned by rinsing in ultrasonic bath of acetone and then
loaded in the central region of the substrate holder. The
sputtering chamber was initially evacuated to the base
pressure of about 4.18 x 10° mbar. The vacuum pressure for
film deposition was maintained at 1.91 x 102 mbar with gas
ratio of Ar:N,(18:2) for AIN thin film. RF power of 150W for
45 min and 100 W for 15 min was used to get the desired film
thickness of AIN and Cr respectively. Prior to the film
deposition, pre-sputtering was carried out for 5 min to remove
any other contaminants on the surface of the material source
target. The stacked layers (AIN/Cr/AIN/Cr) were allowed to
isochronal annealing from 100°C-500°C for about 1 hr in N,
ambient in a separate furnace.

In order to characterize, the structural properties of Cr-AIN
thin films grown on glass substrates at different annealing
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temperatures (100°C, 300°C, and 500°C) were analysed by
XRD using phase angle technique. The morphology of the Cr-
AIN thin films was observed by FESEM, and AFM. Beside
that, optical transmittance measurement was carried out using
a UV-VIS-NIR with in the wavelength range of 200nm -
1000nm for Cr-AlIN thin films on glass substrates which were
annealed at 100°C, 300°C, and 500°C.

I1l. RESULT AND DISCUSSION

A. Optical

Figure 1 shows the transmission spectrum as a function of
the wavelength for Cr-AIN sample deposited on glass at
various annealing temperature (100°C, 300°C, and 500°C) and
it is evident from the figure that the films are not transmit well
for the wavelength at far UV range and transmission starts to
increase (40%-86%) at the near UV spectrum and reaches a
maximum value in the visible range of wavelength and near to
IR region. The influence of annealing temperature on the
optical characteristics of the Cr-AIN thin films can be seen
through their optical transmission measurement. From the
figure 1, the optical absorption edge of Cr-AlIN is blue shifted
for the films treated at high annealing temperatures. In
addition, the transmission percentage increases as the
annealing temperature increases. This may be due to structural
rearrangement or the diffusion of atomic nitrogen favouring
the development of a less disordered AIN matrix as a result of
annealing [10].

Transmittance (%)
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Fig. 1 The transmittance spectra as a function of the wavelength for Cr-AIN
samples deposited on glass at various temperatures (100°C, 300°C, and 500°C)

In order to measure the band gap, the derivative method has
recently been used and the position of the peak with maximum
intensity is the indication of band gap energy [14]. On
consequence, the same method is applied in this study to
measure the band gap energy and the calculated derivative
curve is observed as given in the figure 2. The optical band
gap (E,) of the films can be obtained by plotting dT/d) against
transmission wavelength (1). The energy band gap was
evaluated by using the following relation:

Eqy = he/hmax (1)

Where h is Planck constant, c is the light velocity and Amax
is the maximum wavelength observed from the derivative
curve. The calculated band gap energy of Cr-AlIN thin films is
summarized in table-1. The variation in energy band gap may
be associated to the presence of defects in Cr-AlN.

TABLE |
ENERGY BAND GAP OF Cr-AlN AT DIFFERENCE ANNEALING TEMPERATURES
(100°C, 300°C, AND 500°C) FOR 1HR.

Cr-AIN_Annealed Wavelength Band gap
() (nm) (eV)
100 324 3.83
300 316 3.92
500 317 3.91

Since, reported values shows high band gap value for high
quality bulk AIN which 6.03 eV [16]. Thus, add the dopant to
any material cause the band gap to shrink [15]. As evident, Cr
doped AIN shows decreasing in band gap of AIN film. This is
due to the fact that the wave functions of the electron bound to
the impurity of the atoms start to overlap as the density of the
impurities increases [16].
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Fig. 2 The band gap of Cr-AIN samples deposited on glass at various
temperatures (100°C, 300°C, and 500°C)

B. Surface Analysis

The x-ray diffraction spectra of annealed Cr-AIN thin film
was recorded and the structural properties of Cr-AIN thin film
were observed from the spectra as summarized in table 2.
Since the intensity of observed peaks is very low, the spectra
are not presented here for discussion. The indexed peaks are
search matched and the results are driven. From the Table - 2,
it is noticed that all annealed films exhibit only the AIN (111)
peak indicating that the films have cubic structure. Overall,
the lattice constant and d-space of Cr-AlN thin film increases
with annealing temperature increases.
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TABLE IlI
STRUCTURAL PROPERTIES OF Cr-AIN AT VARIOUS ANNEALING TEMPERATURE
(100°C, 300°C, AND 500°C) FOR 1HR IN N,.

Cr-AIN Lattice dua (A) | Angle 20 Rrms
Constant, a (A) ©) (nm)

100°C 4.34 2.57 35.79 5.39

300°C 4.32 2.49 35.99 3.96

500°C 4.37 2.52 35.59 3.88

In order to study the effect of Cr doping into AIN thin film,
the surface morphology of Cr-AIN thin film was recorded
using AFM as shown in fig. 3. The surface image was
captured by tapping mode. The surface morphology of the Cr-
AIN thin films on glass substrates was significantly rough.
The high resolution AFM image reveals the formation of ring
shape particle on the surface of Cr -AIN on glass substrates.
Using image processing software, the recorded image was
processed and the surface roughness of the prepared film were
measured of about 5.39 nm, 3.96 nm, and 3.88 nm for 100°C,
300°C, and 500°C respectively. It clearly shows that the
surface roughness decreases with annealing temperature
increases. Hence, it is attributed to the diffusion of Cr atom in
to AIN thin film as a result of thermal annealing. [17]. For
detailed analysis, FESEM images are also captured for the
prepared film annealed at different temperatures as shown in
Figure 5 It is shown that the sample surface become smoother
as annealing temperature increases. These results are
correlated with the AFM results as the roughness decreases
with annealing temperature increases. This may be due to the
influence of Cr on the surface morphology of AIN. There may
be a chance to decrease or increase the film thickness when
the doping process carried out using the stack annealing
process [18]. To verify this statement, the thickness of the Cr
doped AIN thin films were also evaluated by recording the
cross sectional FESEM image (figure 6) and observed that the
thickness is decreasing as with annealing temperature
increases. This may be due to the reaction of Cr with AIN at
given temperature during annealing process.

V. CONCLUSIONS

The surface and optical properties of RF sputtered Cr-AIN
thin films have been investigated. Using the transmission
spectra, the band gap energy was obtained by plotted dT/d\
against transmission wavelength. In this case, the band gap
value increases as the annealing temperature increases. The
surface roughness of the Cr-AIN film was found to be
decreases as the annealing temperature increase. The
decreasing in surface roughness of the sample has correlated
results with FESEM surface analysis.
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Fig. 3 The AFM images of Cr-AIN samples deposited on glass at various
temperatures (100°C, 300°C, and 500°C)

Fig. 4 The 3D AFM images of Cr-AIN samples deposited on glass at various
temperatures (100°C, 300°C, and 500)

Fig. 5 The FESEM images of Cr-AIN samples deposited on glass at various
temperatures (100°C, 300°C, and 500°C)
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Fig. 6 The cross section of Cr-AIN samples deposited on glass at various
temperatures (as-grown, 100°C, and 300°C)
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