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The effects of precursor concentration on the structural, morphological, and optical properties of gal-
ium nitride thin films were studied. The films were prepared by depositing solutions with two different
precursor concentrations on quartz, p-type Si (100), and porous silicon substrates using the chemical
spray pyrolysis technique. Gallium nitrate hydrate (Ga(NO3)3 · x H2O) powder dissolved in ethanol
was used as the gallium source. Morphological, structural, optical, and spectral properties of the de-
posited films were characterized by atomic force microscopy, X-ray diffraction, Raman spectroscopy,
photoluminescence, and ultraviolet–visable spectrophotometry. The X-ray diffraction results showed
a hexagonal structure with orientation normal to the (004) plane. The optical bandgap decreased from
3.17 eV to 3.1 eV when the precursor concentration increased. The results from atomic force microscopy
demonstrated that the grain sizes increased from 35 nm to 50 nm when the concentration increased.
The root-mean-square also increased, from 9.666 nm to 12.4 nm, as the concentration increased. Blue
photoluminescence of gallium nitride was detected in the range from 380 nm to 480 nm and Raman
results showed a peak centered at 710 cm−1, consistent with the GaN longitudinal optical phonon A1

of wurtzite structure.
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1. Introduction

Galium nitride (GaN) is an important group
III–V semiconductor due to its wide, direct bandgap
(approximately 3.44 eV at 293 K). It is known to
be effective in laser diodes (LD) used for high opti-
cal storage [1]. In addition, it has a high electrical
breakdown field and excellent thermochemical sta-
bility, resulting in successful application in detectors
operating in ultraviolet (UV) as well as high fre-
quency and high power devices [2]. GaN increases
the efficiency of solar electric operations to above
40% and reduces the cost of large-scale solar elec-
tricity generation [3].

Various techniques can be used to synthesize GaN
films, including chemical vapour deposition, molec-
ular beam epitaxy, spin coating, dip coating, spray
pyrolysis, and vapor phase epitaxy [4, 5]. Chemi-
cal spray pyrolysis is a processing method used in
research to prepare thin and thick films of ceramic
coatings and powders because it is inexpensive and
the sprinkler system components are straightfor-
ward, easy to use, and safe. It is an effective tech-
nique for making films of any composite [6]. The
basic thermal chemical deposition system includes

a vaporizer, precursor solution, substrate heater,
and thermocouple [12]. The structural properties
of the deposited films are determined by the main
spray pyrolysis parameters, including the tempera-
ture of the substrate, precursor solution, type of raw
material used, and its concentration in the precur-
sor solution. Furthermore, the presence of additives,
nozzle to substrate distance, solution flow rate, and
atomization rate influence the physical and chemi-
cal properties of the film [7]. The aim of this study
was to determine the effect of precursor concentra-
tion on the structural properties of GaN thin films.

2. Materials and methods

2.1. Precursor preparation
and deposition parameters

Two spray solutions with precursor concentra-
tions of 0.06 M and 0.12 M were prepared by
the following procedure. Gallium nitrate hydrate
powder (Ga(NO3)3·H2O) was dissolved in 120 ml
ethanol (C2H5OH) by stirring at room temperature
for 40 min. Substrates were cleaned in an ultrasonic
bath using ethanol and distilled water for 20 min
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and dried in hot air. Compressed air (4 bar) was
used to atomize the solution onto the substrates
(quartz SiO2 p-type silicon Si (100), and porous
silicon (PS) at 200◦C for 10 s, with a 20-s pause
between samples. The thin films were annealed for
2 h under ammonia flow at 900◦C in a tube furnace.

2.2. Thin film characterization

The film’s surface morphology was investigated
using atomic force microscopy (AFM). A double
beam spectrophotometer UV-260 (from Spectro-
BioTech) was used to study transmittance within
the 300–1200 nm range. Raman and photolumi-
nescence (PL) spectra were measured with use of
a Sunshine (V2-86) spectrometer. X-ray diffraction
(XRD) was used to determine the crystallographic
structure of the samples.

3. Results and discussion

3.1. X-ray diffraction results

Figure 1 shows the XRD spectra of the GaN
nanostructures grown on silicon at 200◦C. The in-
dexed diffraction peaks in Fig. 1 are consistent with
the JCPDS data for hexagonal GaN. The peaks
representing the crystalline planes (102), (110),
103), (200), (112), and (004) are located at 47.61◦,
56.44◦, 61.8◦, 66.347◦, 72.13◦, and 75.02◦, respec-
tively. From the position of the (004) peak the lat-
tice constant c = 32.802 Å was determined.

Fig. 1. X-Ray diffraction patterns of the GaN
films for (a) C = 0.06 M and (b) C = 0.12 M.

TABLE I

Root mean square of GaN prepared for concentration
values of C = 0.06 M and C = 0.12 M on to different
substrates.

Sample C [M]
Skewness

Ssk

Root mean
square [nm]

Kurtosis
Sku

GaN/quartz 0.06 0.7255 9.566 2.641

GaN/quartz 0.12 −0.7568 12.44 4.302

GaN/Si 0.06 −0.9449 9.592 3.675

GaN/Si 0.12 0.1230 12.46 2.561

GaN/Ps 0.06 −0.198 9.371 2.342

GaN/Ps 0.12 −0.5582 14.27 3.012

The average crystallite size was found to
be 21.853 nm. The intense peak at 69.24◦ corre-
sponds to the (400) reflex of the Si substrate. Some
peaks not consistent with GaN, located at 2θ equal
to 46.39◦, 57.4◦, and 65.93◦, correspond to the crys-
talline phase of gallium oxide Ga2O3.

3.2. Morphological properties

The surface topography of the deposited GaN
films was determined using AFM which provides
information about the film’s structure, grain size,
and surface roughness. Figure 2 shows the two-
and three-dimensional atomic force microscopy im-
ages for a 20 × 20 µm area. The images revealed
that application of the 0.12 M solution resulted
in a homogenous surface that was much smoother
than that obtained with the lower concentration,
i.e., 0.06 M. This result indicates that with increas-
ing solution molarity, the uniformity of the coating
increases. The grain size increased from 40.44 nm
to 58.2 nm, and the root-mean-square increased
from 9.592 nm to 12.46 nm.

Table I shows the root-mean-square of AFM anal-
ysis. Skewness (Ssk) that characterizes the spa-
tial distribution of height variation for thin films
was generally negative when GaN concentration in-
creased, indicating the presence of deep valleys or
pits. Kurtosis (Sku), which describes the uniformity
of height variations, increased when the concentra-
tion of the solution increased, indicating an increase
in the number of peaks.

3.3. Raman spectrum

Figure 3 shows Raman spectra of GaN thin films
deposited on Si and PS substrates, collected us-
ing a light source with a wavelength of 532 nm.
The Raman spectra were compared to the vibra-
tional density of states computed for hexagonal
GaN. The peak at 710 cm−1 is attributed to the
longitudinal optical phonon A1 (LO) and the peak
near 576 cm−1 is consistent with the E2 (high) mode
of wurtzite GaN. The energy of the E2 (low) mode
is 400 cm−1 lower than that of the latter and thus
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Fig. 2. AFM of GaN films deposited on (a) Si for 0.06 M, 3D, (b) Si for 0.06 M, 2D, (c) Si for 0.12 M, 3D,
(d) Si for 0.12 M, 2D, (e) porous Si for 0.06 M, 3D, (f) porous Si for 0.06 M, 2D, (g) porous Si for 0.12 M, 3D,
(h) porous Si for 0.12 M, 2D.

Fig. 3. Raman spectra at room temperature of
GaN films deposited on Si (a, b) and porous Si (c, d)
substrates with precursor solution concentrations of
C = 0.06 M (a, c) and C = 0.12 M (b, d).

not detected in the experiment. The broad band at
low frequencies is due to combination of acoustic
and optical phonons. The film showed structure in
both bands consistent with the main GaN modes.

3.4. Photoluminescence spectra

Figure 4 shows the photoluminescence (PL) of
GaN films formed on different substrates in the
200–900 nm wavelength range. The wavelength of
light employed for excitation was 190 nm. The
emission at wavelengths below 360 nm stems from
the crystalline phase of Ga2O3, detected in X-ray
diffraction. The broad violet-blue (BL), green (GL),
and red (RL) luminescence bands are due to the
near bandgap emission of GaN, and the existence
of Ga and N vacancies, oxygen or deep level im-
purities, and amorphous phases [8]. When the
GaN precursor concentration increased from 0.06
to 0.12 M, the PL peak positions and intensities

Fig. 4. Room temperature PL spectra of GaN
films deposited on (a, b) Si and (c, d) porous Si
substrates for precursor concentrations of (a, c)
C = 0.06 M and (b, d) C = 0.12 M, respectively.

changed. In particular, the near bandgap emis-
sion of GaN shifted slightly towards higher wave-
lengths. Nevertheless, it agrees well with the emis-
sion spectra of GaN layers deposited with other
techniques [10–12]. In addition, we observed a yel-
low luminescence band near 500–600 nm caused by
defects or impurities.

3.5. UV–VIS spectroscopy

Figure 5a shows the transmittance spectra for
the two precursor concentrations of GaN thin film
deposition. The transmittance decreased as the
precursor concentration increased. The films were
transparent in the wavelength range from 350 nm
to 700 nm. In addition, the transmittance was 90%
for the lower precursor concentration, while for the
higher concentration it was approximately equal
to 75% [13, 14]. Figure 5b shows that the optical
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Fig. 5. (a) Transmittance of GaN films for precur-
sor concentrations of 0.12 M and 0.06 M. (b) Square
of the product of the absorption coefficient and pho-
ton energy vs photon energy for the same films.

band gap of GaN decreased when precursor con-
centrations increased, i.e., from 3.17 eV at 0.12 M
to 3.1 eV at 0.06 M. These values are a little lower
than in crystalline layers but are consistent with
other reports [15, 16].

4. Conclusions

GaN thin films were deposited from solutions
with two different precursor concentrations, using
a simple and low-cost spray pyrolysis technique.
The X-ray diffraction results showed that the films
were polycrystalline. The crystallites had a wurtzite
structure and orientation (004). AFM images re-
vealed the nature of the surface of the GaN thin
films, i.e., surface waviness, a valley region of rel-
atively medium roughness, and in certain orienta-
tions, a hill region. Kurtosis Sku increased with in-
creasing concentration and negative values of skew-
ness Ssk were present, indicating the existence of
pits and depressions when concentration increased.
The root-mean-square increased. The optical trans-
mittance decreased with increased concentration.
In optical examinations, a direct bandgap appeared,
the value of which changed proportionally with the
concentration of the precursor solution from 3.17
to 3.1 eV. Raman spectra analysis showed that the
peak near 710 cm−1 was consistent with the vi-
bration frequency of the GaN phonon. Finally, the
PL measurement was in agreement with the known
wavelength region of GaN.
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