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GaN thin films were deposited on p-Si(1 0 0) substrates using RF magnetron sputtering at various RF powers. Influence of
RF power on morphological, optical and structural properties of GaN thin films were investigated and presented in detail. XRD
results proved that the films were polycrystalline in structure with (1 0 0) and (1 1 0) planes of hexagonal GaN. It was found
that increasing RF power led to deterioration of crystal structure of the films due to increased decomposition of GaN. Stress
in GaN thin films was calculated from XRD measurements and the reasons for this stress were discussed. Furthermore, it was
analyzed and interpreted whether the experimental measurement results support each other. E2 (high) optical phonon mode of
hexagonal GaN was obtained from the analysis of Raman results. UV-Vis spectroscopy results showed that optical band gap of
the films varied by changing RF power. The reasons of this variation were discussed. AFM study of the surfaces of the GaN
thin films showed that some of them were grown in Stranski-Krastanov mode and others were grown in Frank-Van der Merwe
mode. AFM measurements revealed almost homogeneous, nanostructured, low-roughness surface of the GaN thin films. SEM
analysis evidenced agglomerations in some regions of surface of the films and their possible causes have been discussed. It
has been inferred that morphological, optical, structural properties of GaN thin film can be changed by controlling RF power,
making them a potential candidate for LED, solar cell, diode applications.
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1. Introduction

III-nitride semiconductors (direct-wide band gap
of 0.65 eV to 6.2 eV) have become key materi-
als in high temperature electronics and optoelec-
tronics to improve device technology [1, 2]. The
class of these materials has been deeply investi-
gated by several distinguished researchers to an-
alyze them and to apply in high technology de-
vices [3–11]. GaN material belongs to III-nitrides
group, having a direct wide band gap (∼3.4 eV),
high electron mobility [12], and high breakdown
voltage [13], high melting point [14], good me-
chanical hardness and thermal stability. It can
be the basis for many significant device applica-
tions such as high-power transistors [15, 16], so-
lar cells [17, 18], photodetectors [19], light emit-
ting diodes (LED) [20–22] and optical devices with
short wavelength [23]. Gallium nitride generally
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crystallizes in two phases, as a hexagonal struc-
ture and a cubic structure. Among these, hexago-
nal structure of GaN is the most stable; therefore, it
is used as a basis for production of some optoelec-
tronic devices, such as light-emitting diodes how-
ever, the hexagonal GaN exhibits piezoelectric-
induced and spontaneous polarization being a dis-
advantage for devices. Cubic GaN shows more
isotropic physical properties without this kind of
polarization influence [24]. Many techniques can
be used to grow GaN thin films, such as molecu-
lar beam epitaxy (MBE) [25], atomic layer depo-
sition [26], sputtering [27], metal-organic chemical
vapor deposition (MOCVD) [28], thermionic vac-
uum arc (TVA) [29, 30], sol-gel [31], pulsed laser
deposition (PLD) [32]. By RF sputtering method,
high quality GaN thin film can be grown at lower
temperature Several studies can be found in the
literature [33] related to this technique. Shinoda
et al. [34] reported that GaN has been deposited
on Al2O3 substrates by sputtering. Increasing
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substrate temperature resulted in quality improve-
ment of the crystalline film. Surface morphology of
the material at Ga rich condition has been found to
be smooth and RMS roughness value has been de-
termined to be 1.0 nm. Li et al. [35] used RF mag-
netron sputtering for producing p-CuS/n-GaN het-
erojunction. It was found that quality of the films
can be improved by controlling annealing temper-
ature. Diode parameters showed good rectifying
properties and low leakage. Turn-on voltage of the
diode was 1.2 V. It was evidenced that optical band
gap energies of the material were altered by anneal-
ing temperature. Abud et al. [36] studied GaN films
deposited on a flat and porous silicon substrate by
RF sputtering method. The XRD results confirmed
hexagonal structure of the sputtered GaN. Photolu-
minescence spectroscopy was used to obtain opti-
cal parameters of the films, confirming good op-
tical behavior of the material. In another study,
Eu-doped GaN (GaN:Eu) films were successfully
grown on c-Al2O3, Si(1 0 0) and GaAs(1 0 0) sub-
strates by RF magnetron sputtering method. It was
found that lattice constants of the material were de-
creased with annealing temperature [37]. Liuan et
al. [38] researched growth of TiN/AlO/GaN MOS
structure by RF reactive sputtering and showed its
excellent dielectric behavior. Shinoda et al. [39]
reported on GaN and alloys such as InGaN and
AlGaN deposited on Al2O3 substrate using RF
magnetron sputtering method. Structures of the
materials were investigated for Ga-rich and
nitrogen-rich conditions. It has been stated that
Ga-rich grown material shows flat surface and
nitrogen-rich grown material shows pyramid type
structure. Kuo et al. [40] studied the effect of Mg
doping on physical properties of thin film produced
by RF sputtering method. They achieved environ-
mental friendly P-N diodes. In other study, GaN
thin films were grown by reactive RF sputtering of
GaAs target. Optical parameters of GaN thin films
were studied by spectroscopic ellipsometry [41].

When we performed the studies in the litera-
ture, it was not found any study about the impact
of RF power on physical properties of GaN/p-Si
thin films obtained by RF magnetron sputtering.
Therefore, we think that the study of this subject
may be important in terms of satisfying scientific

curiosity and giving some contribution to the liter-
ature. In this study, RF power dependency of phys-
ical properties of GaN/p-Si thin films obtained us-
ing RF magnetron sputtering was researched. Two
aspects of our work can be considered as a novelty.
In spite of great number of studies on the growth
of GaN thin films found in the literature, as we
mentioned above, the effect of changing RF power
on GaN/p-Si thin film growth has not been stud-
ied. The other factor is the RF sputtering technique,
which we used to grow GaN thin films. This tech-
nique is cheaper than other known techniques (e.g.
molecular beam epitaxy) and enabled us to pro-
duce thin films in a shorter time. These advantages
of the growth technique are important for industry
and researchers.

XRD measurements were used to analyze struc-
ture of thin films. Raman spectra were used to
analyze phonon modes of the material. The op-
tical measurements have been used to determine
optical band gap values of the materials. Surface
morphology of the films was examined with scan-
ning electron microscopy (SEM) and atomic force
microscopy (AFM). This research aimed to study
the effect of RF power on physical properties of
GaN/p-Si thin film, as well as to provide informa-
tion on optical, morphological, and structural prop-
erties of the grown material.

2. Experimental
Sputtering method is a plasma-based deposition

process in which energetic ions move towards the
target. The working mechanism of this method is
basically as follows: ions hit the target and atoms
are sputtered from the surface of the target. These
atoms move towards the surface of the substrate,
and thin film is formed here by condensation. For
a conductive material, DC sputtering method can
be used, however, for nonconductive materials RF
sputtering is appropriate. RF magnetron sputter-
ing has the advantage that magnets better ion-
ize the material in the electric and magnetic field
and allow the material to transform into plasma
form. RF magnetron sputtering with PVD-Midas
3M model (System number: VK-1601-2) was used
to produce GaN thin films at DAYTAM (Center
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of East Anatolian High-Technology Research and
Application). The system, provided with fully auto-
mated control, has the following technical param-
eters: maximum temperature of substrate heating
- 800 °C, substrate diameter - 10 cm to 20 cm,
substrate rotation - 3 rpm to 30 rpm; final vac-
uum pressure 66.65 × 10−6 Pa. To eliminate any
defects (oxygen, etc.), it was equipped with a tur-
bomolecular and a mechanical pump. The GaN
target with purity 99.99 % (4N) and with 5 cm
diameter and 0.33 cm thickness was purchased
from ACI Alloys, Inc., with lot No. 22709-16-02.
p-Si(1 0 0) was bought from Sigma-Aldrich
Chemistry Company. Before growing thin films,
RCA-1 (Radio Corporation of America-1) and
RCA-2 (Radio Corporation of America-2) clean-
ing procedure [42] were applied to remove possi-
ble contaminations. All of substrates were cut with
a diamond cutter at the desired size. ISO 7 class
cleaning room was used in all experimental pro-
cesses. 3 sccm nitrogen gas and 75 sccm argon
gas were applied to the system as sputtering gases.
50 W, 75 W, 100 W, 125 W RF power was em-
ployed to evaluate RF power effect on the growth of
GaN. Growth conditions of our material under dif-
ferent radio frequency power are presented in Ta-
ble 1. We measured GaN thin film thicknesses with
a surface profiler P7 (KLA-tensor). In addition, the
thicknesses were measured by the RF magnetron
sputtering sensor. Calibration of the RF magnetron
sputtering sensor has been performed by compar-
ing these values with the profilometer data. For
physical characterization of produced GaN thin
films, field emission scanning electron microscopy
(FE-SEM), atomic force microscopy (AFM), UV-
Vis-NIR spectrophotometry, micro Raman spec-
troscopy, and X-ray diffraction (XRD) were em-
ployed. Optical analysis of the films was per-
formed with the help of UV-Vis-NIR spectropho-
tometer model LAMBDA. Field emission scan-
ning electron microscope (FE-SEM) model 300,
by Zeiss Sigma, was used for morphological
and surface analysis of the materials. PANalytical
X-ray diffraction system (CuKα = 1.5406 Å)
with Empyrean model has been used to ana-
lyze the structure of GaN thin films. Morpholog-
ical analysis of GaN thin films was carried out

by AFM-500II. Micro Raman spectra obtained
with a spectrometer model Alpha 300 R were used
for optical phonon mode analysis. All measure-
ments were taken at advanced spectroscopy lab-
oratories at DAYTAM (Center of East-Anatolian
High-Technology Research, Application).

3. Results and discussion
3.1. Structural analysis
XRD spectra of GaN/p-Si films obtained at var-
ious RF powers are presented in Fig. 1. 32.61°,
32.60°, 32.60°, 32.60° peaks have been detected
under 50 W, 75 W, 100 W, 125 W RF power growth
conditions. They stem from diffraction of (1 0 0)
plane of hexagonal GaN with PDF Code: 01-076-
0703 from Inorganic Crystal Structure Database
(ICSD) [43]. In addition, 61.39°, 61.37°, 61.37°,
61.37° peaks are observed. These peaks have orig-
inated from (1 1 0) plane of hexagonal GaN (PDF
code: 01-079-2499 from Inorganic Crystal Struc-
ture Database (ICSD)) [44]. Results of XRD mea-
surements have proved that the GaN thin films have
polycrystalline structure. It is seen that the peak of
∼32.38° was shifted to ∼32.6° for (1 0 0) plane of
hexagonal GaN and the peak of 59.70° was shifted
to 61.37° for (1 1 0) planes of hexagonal GaN. It is
inferred that these shifts originate from impurities
and defects occurred in the film during the growth.
We have also detected an intense peak at ∼69° be-
longing to p-Si(1 0 0). It is in agreement with liter-
ature study [45]. Grain sizes of GaN thin films have
been calculated by Scherrer relation [46]:

D =
Kλ

β cosθ
(1)

K = 0.9 is a constant, λ is the X-ray wavelength, β
is full width at half maximum intensity, θ is Bragg
diffraction angle. The average grain size (D) of our
films was calculated from the highest peak inten-
sity. Structural parameters of GaN/p-Si thin films
grown by RF magnetron sputtering at different RF
powers have been shown in Table 2. By increas-
ing RF power from 50 W to 125 W, FWHM value
has increased and grain size of the thin film has
decreased. This is caused by deterioration in crys-
tal structure of the GaN thin film caused by high
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Table 1. Growth parameters of GaN/p-Si thin films at different RF powers.

RF Substrate Base Working Film Growth
power [W] temperature [°C] pressure [Pa] pressure [Pa] thickness [nm] rate [Å/s]

50 300 2 × 10−4 8.91 × 10−3 100 0.1
75 300 1.86 × 10−4 8.71 × 10−3 100 0.2

100 300 8.91 × 10−5 8.5 × 10−3 100 0.3
125 300 2.39 × 10−4 8.5 × 10−3 100 0.4

RF power which led to increased decomposition
of GaN (increment in vacancies of gallium and ni-
trogen), and resulted in deterioration of the crystal
quality [47].

GaN/p-Si thin film structures with the best and
the worst crystallinity have been obtained for 50 W
RF and 125 W RF power, respectively. With for-
mula 2 (Bragg relation [48]) and formula 3, lattice
parameters c and a have been computed:

dh k l =
λ

(2sinθh k l)
(2)

1
dh k l

=

√
4
3

(
h2 +h · k+ k2

a2

)
+

l2

c2 (3)

d is interplanar spacing, λ is the wavelength of
X-ray source, h k l stand for Miller indices, θh k l
is reflection angle from h k l plane, a and c are the
lattice parameters for hexagonal material. Lattice
parameters of the studied GaN films are given in
Table 2. Strain in GaN thin film for a and c lattice
parameters can be calculated by formula 4 [49]:

εc =
c− c0

c0
, εa =

a−a0

a0
(4)

where εc and εa represent strain in GaN thin film
for c and a lattice parameters, respectively; c0
and a0 are lattice parameters of GaN stress-free
film (c0 = 0.5185 nm, a0 = 0.3188 nm [50]). The
strain in the lattice parameter c of GaN thin film for
(1 0 0) plane has been found to be –0.0022, while
the strain in the lattice parameter a of GaN thin
film for (1 0 0) plane has been found to be –0.0062
for all the films sputtered at different RF powers.
In contrast, the strain in the lattice parameter c of
GaN thin film for (1 1 0) plane has been found

to be –0.0495 for 50 W RF power and –0.0492 for
75 W, 100 W, 125 W. It was also stated that the
strain in the lattice parameter a of the GaN thin film
for (1 1 0) plane was –0.0533 for 50 W RF power
and –0.0530 for 75 W, 100 W, 125 W, as shown in
Table 3. The minus sign shows that the lattice pa-
rameter values are decreasing, which means com-
pressive stress. In-plane stress σa of GaN thin film
can be obtained from formula 5 and formula 6 [51]:

εc

εa
=− 2ν

(1−ν)
(5)

εc=−E−1
σa 2ν (6)

εc and εa represent the strain in GaN thin film
for c and a lattice parameters, ν is Poisson ra-
tio, E (196 GPa) is Young modulus of GaN [52].
We obtained the in-plane stress σa of (1 0 0)-
oriented GaN thin film deposited at 50 W RF
power as 0.9996 GPa. Other in-plane stress val-
ues have been given in Table 3. These stress val-
ues in GaN thin films were supported by and com-
patible with the Raman results which are presented
in the analysis section. We can make the follow-
ing evaluations when we analyze the causes of this
stress in GaN thin film. The p-Si used has a cu-
bic structure with (1 0 0) orientation and its lat-
tice constant is a = 5.4037 Å. Lattice parame-
ters of GaN thin films obtained from XRD results
are smaller than the lattice parameters of the sub-
strate. Since the GaN thin film has a smaller lat-
tice constant relative to the substrate as it grows,
it will compress the substrate lattice parameter to
its size. This will cause compressive stress to oc-
cur. Another factor that allows compressive stress
to occur in GaN thin films is the difference be-
tween thermal expansion coefficients. Thermal ex-
pansion coefficients of gallium nitride and p-Si are
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αGaN = 5.6 × 10−6 K−1, αp−Si =∼2.6 × 10−6 K−1,
respectively. As the films are growing at 300 °C
substrate temperature they are expanding in the ra-
tio of thermal expansion coefficients since thermal
coefficients of the substrate and the film are differ-
ent. When the films are cooled down, compressive
stress is generated in the thin films. From this rea-
soning it can be inferred that residual stress in GaN
thin films comes from two factors: internal stress
(lattice parameters difference) and thermal stress
(thermal coefficient difference). Besides these fac-
tors, another reason of strain in GaN thin film may
be attributed to point defects (coming from sur-
face plasma interaction) and oxygen impurities (al-
ways in the system) in GaN thin film, also men-
tioned in the literature [53]. Analysis of XRD re-
sults for GaN thin films is extremely important in
terms of device applications, because we can get
from it important information about crystal quality.
Optimization of growth conditions aims to produce
good crystals of GaN/p-Si(1 0 0). By appropriate
choice of RF power values, we were able to im-
prove the crystal structure to some extent. But in
the future, more detailed study of RF power effects
on structure of GaN thin film would be necessary
to optimize the growth conditions in order to obtain
high quality GaN thin films. Although our system
has been vacuumed to a sufficient level, reducing
the impurities in the system could provide us with
better quality GaN thin films. Results from XRD
measurement confirm that RF power plays an im-
portant role in controlling structural properties of
GaN/p-Si(1 0 0) structures.

3.2. Morphological analysis by AFM

Fig. 2 shows AFM images of GaN/p-Si thin
films obtained at various RF power growth con-
ditions. From the AFM measurements, the maxi-
mum height of GaN/p-Si(1 0 0) was measured as
4.60 nm for the film sputtered at 75 W RF power.
The minimum height of GaN/p-Si has been mea-
sured to be 2.63 for the film sputtered at 100 W RF
power. We obtained the highest average absolute
slope (∆a) to be 6.37° for 75 W RF power growth
condition. The lowest average absolute slope is
4.46° for 125 W RF power. Maximum depth RV

Fig. 1. XRD spectra of GaN/p-Si thin films obtained at
various RF powers.

of GaN/p-Si thin film has been 1.87 nm for 125 W
RF power. Maximum depth RV of GaN/p-Si thin
film has been 3.10 nm for 75 W RF power. The
highest root mean square (RMS) roughness was
measured to be 1.35 nm for 75 W RF power,
whereas the lowest root mean square (RMS) rough-
ness was measured to be 0.74 nm for 125 W RF,
as shown in Fig. 3. Morphological parameters of
GaN/p-Si thin films for different RF powers have
been shown in Table 4. Analysis of the results of
AFM measurements, allows following interpreta-
tion. Increasing RF power from 50 W to 75 W
results in rougher surface by 0.26 nm, indicating
that the film has grown in Stranski-Krastanov mode
(layer plus island growth mode). Increasing RF
power from 75 W to 100 W leads to smoother sur-
face by 0.31 nm, implying that the film has grown
in Frank-Van der Merwe mode (layer by layer
growth mode). Increasing RF power from 100 W
to 125 W results in smoother surface by 0.15 nm,
suggesting that the GaN thin film has grown in
Frank-Van der Merwe mode (layer by layer growth
mode). Other factors that can affect surface rough-
ness of GaN thin film can be Ehrlich-Schwöbel
energy barrier at the step-edges making surface
features such as hillocks step meandering, pre-
sented in the literature [54]. It is thought that some
little bumps in XRD pattern may correspond to
textured sample. AFM results have shown almost
homogeneous, nanostructured, low-roughness sur-
face of the GaN thin films. Average roughness of
GaN thin films has ranged from 0.7 nm to 20 nm
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Table 2. Structural parameters of GaN/p-Si thin films grown by RF magnetron sputtering at for different RF
powers.

RF (h k l) FWHM 2θ 2θ (*) d-values d-values (*) Lattice Lattice Grain
power [W] [°] (observed) [°] [°] [Å] [Å] parameters (*) [Å] parameters [Å] size D [nm]

50 (1 0 0) 0.1588 32.61 32.38 2.7437 2.7626 a = 3.1900c = 5.1890 a = 3.1681c = 5.1735 54.42
(1 1 0) 0.1571 61.39 59.70 1.5090 1.5475 a = 3.0950c = 5.0000 a = 3.0180c =4.9283 61.40

75 (1 0 0) 0.1639 32.61 32.38 2.7437 2.7626 a = 3.1900c = 5.1890 a = 3.1681c = 5.1735 52.73
(1 1 0) 0.1617 61.37 59.70 1.5094 1.5475 a = 3.0950c = 5.0000 a = 3.0188c = 4.9297 59.65

100 (1 0 0) 0.1646 32.61 32.38 2.7437 2.7626 a = 3.1900c = 5.1890 a = 3.1681c = 5.1735 52.50
(1 1 0) 0.1681 61.37 59.70 1.5094 1.5475 a = 3.0950c = 5.0000 a = 3.0188c = 4.9297 57.38

125 (1 0 0) 0.1722 32.61 32.38 2.7437 2.7626 a = 3.1900c = 5.1890 a = 3.1681c = 5.1735 50.19
(1 1 0) 0.1719 61.37 59.70 1.5094 1.5475 a = 3.0950c = 5.0000 a = 3.0188c = 4.9297 56.11

*Standard values from ICSD codes: 01-076-0703 and 01-079-2499.

Table 3. Strain in GaN/p-Si thin films grown by RF magnetron sputtering at different RF powers.

RF (h k l) Out-of-plane In-plane In-plane stress Type
power [W] strain (εc) strain (εa) (σa) [GPa] of stress

50 (1 0 0) –0.0022 –0.0062 0.9996 Compressive
(1 1 0) –0.0495 –0.0533 5.5958 Compressive

75 (1 0 0) –0.0022 –0.0062 0.9996 Compressive
(1 1 0) –0.0492 –0.0530 5.5664 Compressive

100 (1 0 0) –0.0022 –0.0062 0.9996 Compressive
(1 1 0) –0.0492 –0.0530 5.5664 Compressive

125 (1 0 0) –0.0022 –0.0062 0.9996 Compressive
(1 1 0) –0.0492 –0.0530 5.5664 Compressive

in the literature studies [55]. Our average roughness
of the GaN thin films has ranged from 0.59 nm to
1.05 nm, indicating lower value than those from lit-
erature studies. The highest average roughness was
found to be 1.05 nm for 75 W RF power growth
condition, whereas the lowest average roughness
was found to be 0.59 nm for 125 W RF power
growth condition. From device application point of
view, it is important to know when you want to se-
lect a rougher or smoother surface, which device
you prefer and which features of this device are vi-
tal. It was found that increased interface roughness
of AlGaN/GaN heterostructure led to a decrease in
mobility, indicating interface roughness role in tai-
loring electrical properties of the device [56]. How-
ever, it was shown that rougher surface contributed
to improvement of light extraction for thin film
LED thanks to increasing light extraction ability of
the micro roughness surface. The roughness role
in optical properties of the device was discussed

in the literature [57]. By changing RF power, we
obtained GaN thin films with better surface mor-
phology. In the long run, thin films with better sur-
face morphology could be obtained by optimizing
the other growth parameters in addition to the RF
power, thereby producing more efficient devices.

3.3. Morphological analysis by SEM

Before SEM measurements, GaN thin films
were coated with ∼5 nm thick Au in vacuum. The
reason was the elimination of excess electrons by
preventing their accumulation on the film surface.
Furthermore, it improved SEM imaging due to con-
duction of Au. The secondary electron method was
used to analyze of the morphological and structural
properties of GaN thin film surface. SEM images
of thin films were taken at ×50000 magnification.
SEM images of GaN/p-Si films obtained at vari-
ous RF powers are displayed in Fig. 4. It is seen
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Table 4. Morphological parameters of GaN/p-Si thin films for different RF powers.

RF Average Maximum peak Root mean square Average absolute Maximum valley
power [W] roughness Ra [nm] height Rp [nm] roughness RMS [nm] slope ∆a [°] depth Rv [nm]

50 0.79 2.69 0.98 4.57 2.25
75 1.05 4.60 1.35 6.37 3.10

100 0.74 2.63 0.91 5.91 2.28
125 0.59 2.77 0.74 4.46 1.87

Fig. 2. AFM images of GaN/p-Si thin films obtained at
(a) 50 W (b) 75 W (c) 100 W (d) 125 W RF
power.

Fig. 3. The plot of root mean square (RMS) roughness
and maximum valley depth versus RF power
value.

Fig. 4. SEM images of GaN/p-Si thin films obtained at
(a) 50 W, (b) 75 W, (c) 100 W, (d) 125 W RF
power.

that some dislocations on the surface of the GaN
thin film have appeared under 125 W growth con-
dition. The dislocations may increase fragility of
the GaN thin film in those regions. Dislocations
could contribute to strain relaxation of InGaN/GaN
quantum dots which is important in device applica-
tions [58]. It has been reported that threading dis-
locations in p-GaN capping layer led to deteriora-
tion of performance of InGaN/GaN solar cell de-
vices [59]. Detailed analysis of dislocations could
be made by cathodoluminescence mapping (CL)
and photoluminescence imaging techniques, going
beyond our study. It has been observed that SEM
images confirm that the grain sizes of the films
have varied with RF power. Some aggregations on
the surface of thin film are seen for 50 W and
100 W RF power growth conditions. We think that
these agglomerations may be attributed to Van der
Waals forces between GaN molecules due to po-
larization which has also been postulated in [60].
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Aggregation growth may affect properties of the
material. It was found that indium aggregation in
InGaN/GaN multiple quantum wells resulted in In-
GaN mounds, forming localized states for trap-
ping carriers. Therefore, increased indium aggrega-
tion could improve luminescence efficiency in re-
ported study [61]. It was seen that the morpholog-
ical structure of the thin film is deteriorated by in-
creasing the RF power, which is in agreement with
the XRD results. It has been concluded from the
SEM analysis that surface morphology of our mate-
rial can be changed by controlling radio frequency
power.

3.4. Optical analysis
3.4.1. Determination of optical band gap en-
ergy by UV-Vis-NIR

Optical band gap energy Eg is defined as energy
difference between the lowest point of conduction
band and the highest point of valence band. Several
important photonic and optoelectronic devices are
based on controlling the optical band gap Eg. The
optical band gap can be calculated from the well-
known Tauc formula [62, 63]:

(αhν)n=C (hν−Eg) (7)

where n shows band gap type, C is a constant,
hν is the photon energy, and Eg is the optical
band gap energy of GaN thin film. For n = 1/2,
Eg displays direct-allowed band gap. Absorbance
versus wavelength (nm) graph was obtained from
UV-Vis-NIR spectrophotometry. Fig. 5 presents
(αhν)2 vs. photon energy E plot of GaN/p-Si thin
films obtained at various RF powers. Extrapolat-
ing the (αhν)2 vs. E plot to the intersection with
energy axis the value of optical band gap of GaN
thin films can be obtained. In this way, optical band
gap energy Eg values of GaN thin films obtained at
different RF powers were found to be 3.5283 eV,
3.5359 eV, 3.5270 eV, 3.5258 eV for 50 W, 75 W,
100 W, and 125 W, respectively. They are given in
Table 5. It is seen that increasing RF power from
50 W to 75 W has led to an increment of optical
band gap of thin film whereas increasing RF power
from 75 W to 100 W has led to decreasing optical
band gap energy of GaN thin film. Increasing RF

Table 5. Optical band gap energy of GaN/p-Si thin
films.

Applied RF power [W] Optical band gap energy [eV]

50 3.5283
75 3.5359

100 3.5270
125 3.5258

power from 100 W to 125 W has caused slight de-
crease in optical band gap energy of GaN thin film.
It is observed that the change in optical band gap
value of GaN thin films caused by RF power shows
non-linear behavior. It can be attributed to the pres-
ence of defects leading to a change in optical band
gap of GaN thin film. The literature study gives
very important information about defects in GaN
material [64]. Though defect control in thin film is
not very easy, it is possible to reduce their num-
ber by applying annealing process to the films and
by improving the vacuum during the growth pro-
cess. Our optical band gap energy values are larger
than those reported in the previous studies [65–67].
To sum up, it was found that the varying RF power
changed the film optical band gap value in a nonlin-
ear manner (the importance of controlling the op-
tical band gap for optoelectronic device has been
discussed in the literature [68]).

3.4.2. Determination of optical phonon modes
by micro Raman
Crystal structure of hexagonal GaN, be-
longing to C4

6v space group, is in a stable
state. According to group theory, hexago-
nal GaN has six Raman active modes, i.e.
1E1 (TO) + 1E1 (LO) + 2E2 + 1A1 (TO)+
1A1 (LO). Raman spectra of GaN/p-Si thin films
obtained at various RF powers are shown in
Fig. 6. The peaks at 572.59 cm−1, 572.59 cm−1,
570.95 cm−1, 572.04 cm−1 have been detected
for 50 W, 75 W, 100 W, 125 W radio frequency
power. It corresponds to the vibration of E2 (high)
and has been supported by the previous study [69].
From the Raman measurements, it is seen that the
highest Raman intensity corresponds to 50 W RF
power and the lowest Raman intensity corresponds
to 100 W RF power, as is clearly seen in Fig. 6.
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This higher Raman intensity could be attributed
to surface states and plasmon phonon coupling
effects [70, 71]. Stress free Raman shift of E2
(high) optical phonon vibration of GaN thin film
was reported to be 567.2 cm−1 [72, 73]. If the
Raman shift of GaN thin film of E2 (high) optical
phonon vibration is higher than the stress free
value (higher wave number), it is called blue shift.
In this case, thin film shows a compressive stress.
On the contrary, if the Raman shift of the GaN
thin film of E2 (high) optical phonon vibration is
lower than stress free value (it is in the lower wave
number), it is called red shift. This implies that
GaN thin film shows a tensile stress. Raman results
for our thin films have shifted to the blue zone, as
shown in Fig. 6. The Raman results suggest that
our films have compressive stress. The in-plane
stress in the GaN thin film obtained from the XRD
results has been defined as compressive stress.
The results obtained by Raman and XRD are
consistent. Characterization and analysis of the
stress in GaN thin films is important for device
application because tensile stress causes cracking
of the device and limitation of the sheet usable
thickness [74]. Compressive stress causes buckling
of the layer and its separation in the device [75].
This leads to short circuit problems in the device.

Fig. 5. (αhν)2 plot versus photon energy E of GaN/p-Si
films obtained at various RF powers.

4. Conclusions
Hexagonal GaN thin films with polycrystalline

structure were successfully produced on p-Si

Fig. 6. Raman spectra of GaN/p-Si thin films obtained
at various RF powers.

substrates by RF magnetron sputtering. Increasing
RF power led to deterioration in crystal structure
of GaN thin films because of increased decompo-
sition of GaN, resulting in an increment in vacan-
cies of gallium and nitrogen. Structures of GaN/p-
Si thin film with the best and the worst crystallinity
were obtained for 50 W and 125 W RF power
growth condition, proving that optimum RF power
value for growing our thin film was 50 W. It was
found that the varying RF power changed the thin
film optical band gap value in a non-linear man-
ner. This variation was caused by defects during the
growth process. Some aggregations on the surface
of the films resulting from van der Waals forces be-
tween the particles were observed for 50 W and
100 W RF power whereas dislocations were cre-
ated at 125 W RF power. Characteristic E2 (high)
optical phonon mode of hexagonal GaN was no-
ticed. Raman analysis revealed that the films have
compressive stress. In-plane stress in the GaN thin
films, caused by the differences in lattice param-
eters and thermal coefficients, obtained from the
XRD studies was classified as compressive stress.
When the results of Raman and XRD studies were
compared, it was found that they were consistent.
In this work, we have proved that altering RF power
makes possible to control the morphological, op-
tical and structural properties of GaN thin films.
Thus, by appropriate choice of this parameter we
are able to grow better quality GaN thin films for
optoelectronic device applications.
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