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ABSTRACT 
 

We provide an optical study on GaN thin film testing created by pulsed laser (ablation) in 
liquid. This study applied six different energies for ablated GaN nanoparticles in the liquid. 
According to the XRD test, the diffraction peak (0002) has a narrow FWHM magnitude of 
0.12, and the high order GaN diffraction peak has a low FWHM magnitude of 0.12 (0004). 
The optical range information was used to determine the band gap of samples with 
discernible crystallinity. Longtails were watched underneath the optical band gaps. Samples 
are entirely dependent on the laser ablation preparation's energies. The samples with the 
greatest laser power, 2000 mJ, decreased near band edge emission, peaking at 3.32 eV at 
room temperature. The largest energy band gap of 3.62 eV was reported at 1400 mJ.  From 
the obtained results, it is clear that the possibility of using the prepared thin nano films in 
optoelectronics applications such as optical detectors, solar cells, and optical sensors. 

 
Keywords: Gallium nitride; pulsed laser ablation; energy bandgap; X-Ray Diffraction 
(XRD); optical properties; structural properties. 

 

1- INTRODUCTION 
 

Due to their exceptional physical and optical properties, nanostructured gallium nitride (GaN) 
materials have lately received much attention. GaN is a semiconductor with a direct broad 
bandgap of 3.4 eV and an excitation binding energy of 26 meV[1-4]. 
 
GaN has been extensively researched because of its potential application in sensing devices [5, 6]. 
In addition to short-wavelength electroluminescence applications, GaN-based heterostructure 
field-effect transistors (HFET) and high electron mobility transistors (HEMT) are constantly 
popular [7, 8]. GaN may be employed for detectors, short-wavelength optoelectronic devices, and 
UV or blue region emitters because of its distinct luminosity and longevity compared to light-
emitting diodes [9, 10]. 
 
The purity of GaN nanoparticles is critical for optoelectronic devices, as it determines their 
suitability as dynamic regions inside color-tunable light-emitting diodes and their direct broad 
bandgaps for laser diodes.  Multiple techniques have been used to make GaN-based nanoparticles, 
including molecular beam epitaxy (MBE), electrochemical, pulsed laser deposition, chemical 
vapor deposition (CVD), RF sputtering, spin coating, and other approaches [11-22].  In any event, 
most of these plans rely on temperature forms and expensive chemicals. The ability to build high 
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vacuum thin films at low substrate temperatures and a fast growth rate of the pattern of pulse is 
reasonably straightforward in pulsed laser technology [23-26]. 
 

Almost all commercially available semiconductor III-nitrides are made via heteroepitaxial growth 
employing molecular beam epitaxy, Pulsed Laser Deposition, MOCVD, and HVPE [27-34]. 
Although the previously described procedures may be used to prepare, develop, and deposit high-
quality gallium nitride semiconductor layers, these approaches of growing to entail complex and 
sophisticated technologies are somewhat expensive and difficult to set up [35-38]. 
 
Furthermore, several reported procedures for deposition semiconductor III-nitrides 
nanostructures. The hydride vapor phase epitaxy technique and metal-organic chemical vapor 
deposition contain hazardous and combustible precursors [39-42].  Following that, scientific 
researchers must pay close attention to equipment and maintenance costs, chemical waste 
management, and chemical safety, among other things [43-46]. 
 

GaN thin film growth findings were reported by Vinegoni et al. [47] using pulsed laser deposition. 
Over the whole tested area, this study group developed thin coatings with moderate homogenous 
dispersed granular formations. Vispute et al. [48] have demonstrated high-level crystallinity on 
the Al2O3 [0001] substrate surface. GaN-NSs were produced on a Si (111) substrate utilizing a 
PAMBE setup that included an RF plasma source and a Knudsen cell that provided active nitrogen 
species and gallium metal. The research shows that NS with lower stress-strain, no buffer layer, 
low aspect ratio, and compatibility with Si-technology can usher in a new age of more cost-
effective future nanosensors [49]. Y. Pal et al.  manufactured and described a thin film of gallium 
nitride deposited on a sapphire substrate for electrochemical water splitting applications. A 
chemical vapor deposition (CVD) approach was used to create GaN thin films on a sapphire 
(Al2O3) substrate. In comparison to RHE, the greatest photoconversion efficiency and 
photocurrent density were 0.73 percent and 0.099mA/cm2, respectively, at 0.59V [50]. 
 
Due to the importance of GaN in most electronics applications, it is necessary to find safe, simple, 
and inexpensive methods for growing thin film. Pulsed laser deposition and pulsed laser ablation 
in the liquid technology have high efficiency and a successful alternative way. This research paper 
will present a new and safe technology using a standard GaN wafer. 

 

2- EXPERIMENTAL DETAILS 
 

The GaN sample was submerged in 5ml ethanol solution in this experiment as shown in Figure 
1(a). The sample was fired using Nd:YAG pulsed laser. A single wavelength (532 nm) and 
frequency were used to precisely display laser properties (4 Hz). Six samples were produced for 
each flowing energy of 2000 mJ, 1800 mJ, 1600 mJ, 1400 mJ, 1200 mJ, and 1000 mJ. Each sample 
was bombarded with 500 pulses to ensure that the fluid was wholly saturated with 
nanomaterials. The focal length was 12 cm, which changed every 100 pulses to maintain the same 
GaN and laser surface contact. The ablation approach using Nd:YAG pulsed laser in a liquid 
environment is shown in Figure 1(b). 
 



International Journal of Nanoelectronics and Materials 
                         Volume 15, No. 2, April 2022 [129-138] 

 

 

131 

 

 

FIGURE 1. a) pulsed laser interaction method b) liquid sample generated from ablation method 

 

The GaN liquid was deposited on the quartz substrate samples using a drop-casting process. A 
hotplate was used to heat the quartz substrate to a temperature of between 70 oC - 90ºC. One 
hundred drops of GaN were deposited to build a thin layer of GaN on the quartz substrate. The 
water pool is the most considerable side effect of this type of deposition and can be reduced or 
eliminated by controlling the time interval between each drop. The quartz substrate was used as 
a basis for nano-liquid that fell gently and when it reached the required temperature. Before 
beginning the alcohol dropping procedure, the quartz substrate was carefully cleaned. The GaN 
particles in the liquid should not collect at the bottom; the liquid should be agitated before each 
drop to ensure that the GaN nanostructures are distributed evenly across all samples. The X-Ray 
Diffraction test was used to evaluate quartz/nanoparticles (GaN) samples for absorption, 
transmission, and analysis to determine the GaN energy gap. 
 

 
3- RESULTS AND DISCUSSIONS 
 
3.1 XRD results 
 
Figure 2 shows the XRD patterns of GaN nanoparticles. GaN is used to split the distinctive peaks. 
Using a Philips X-ray diffraction meter, the XRD pattern of GAN thin films was computed in the 
2=20-80 degree range. The film contains firm GaN 32.11, 34.04, 36.82, 48.24, 58.33, 68.86, and 
72.85 peaks, which correspond to about the hexagonal plane of GaN of (100) (002) (101) (102) 
(110) (112) (004) respectively (PDF code: 01-076-0703 [51, 52]), (PDF code: 01-079-2499 [53, 
54]), all of the Nano GaN peaks that were evaluated and reported were consistent with prior 
findings [55, 56]. On the other hand, X-ray diffraction studies revealed that the GaN nano-colloidal 
had a mono-crystalline structure at various levels. It should be noticed that the majority of the 
peaks on the show have somewhat changed. 
 
On the other hand, these shifts and transformations occur as a result of flaws or impurities in GaN 
thin films during the growing process at D = 0.9/ (cos), where d is the diameter of the crystallite 
grain, is full width at half maximum (FWHM), incident wavelength (0.154 nm), and is the 
reflection angle, according to Scherrer's Formula. The diffraction peaks have a small FWHM 
magnitude of 0.12, and the high order GaN diffraction peak shows that the GaN nano-thin films 
formed on the quartz substrate are of exceptional quality [57-59]. The crystal size values (D) for 
the nano-film, on the other hand, were computed. The FWHM values dropped with an increase in 
the crystal size of the thin film nanofibers and an improvement in the quality of the GaN thin film 
nanoparticle crystals. They varied between 7 and 20 nm from the maximum intensity to the peak. 
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Figure 2. XRD pattern of GaN nanoparticles  

3.2 TEM results 
 

Figure 3 displays a TEM picture with a magnification of 100 nm. It is evident from this image that 
the particles form are primarily spherical and have an average diameter between 5 and 70 nm. 
These findings suggest that the nanoparticles' surface consists of relatively big particles (50-70 
nm in diameter) combined with smaller particles (5-10 nm in diameter). Even though few 
Nanocluster formations emerged in the picture and were connected with the XRD spectrum, the 
nanoparticles seemed distributed at the matrix. 
  

 
 
                                              Figure 3. TEM image of GaN nanoparticles  

3.3 Optical results 
 

Optical properties such as absorptions, absorption coefficients, and transmission as a function of 
wavelengths in nanometer were tested and calculated using a double beam UV-VIS 
spectrophotometer over the wavelength range of 300-1100 nm well as the value of the energy 
bandgap as a function of optical energy. 
 
The incident photon energy was calculated using equation (1) [60-64]: 

Eg (eV) = 1.24 / λ (µm)                     (1) 
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where Eg is the optical energy gap, and λ is the wavelength of the incident photon. The absorption 
coefficient was drawn as a function of wavelengths, and the following equation (2) was used [65-
68]: 
 
(αhν) = B (hν – Eg) r         (2) 
 
where (α) is the calculated absorption coefficient value, hν the energy of the photon, (B) is 
constant, and (r) is a constant, where its values depend on the type of material. 
 
The optical band gap was deduced from the linear relation (extrapolation of the straight line) of 
the curve between (α hν)1/r and (hν). The following equation (3) was used to estimate the 
absorption coefficient at a specific wavelength [69-72]:  
 
α = 2.303 (A / t)         (3) 
 
where A = absorptance and, t = thickness. 
 
The sharp edge at the UV region ensures the formation of the direct gaps of the prepared films. 
The following expression was used [73-77]:  
 
αhv = A( hv − Eg)1/2                                                                                                                           (4) 
 
where hν = photon energy, α = absorption coefficient,  and A = constant. To find the energy gap, 
Eg accurately, a straight line of the (αhν) 2 versus hν plot with the photon’s energy [78, 79].  
 
Figure 4 illustrates the absorption peak location at 320 nm in the 300 nm to 1100 nm absorption 
spectrum; the shift in the absorption peak towered the blue region indicates the GaN particles' 
nano size (Figure 4). Lower broadening is observed in the spectrum absorption experimental 
data, and higher absorption implies a more significant concentration of GaN NPs. 
  

 
 

Figure 4. Absorption properties of GaN 

The transmission curve of GaN at various deposition energies, ranging from maximum to 
minimum, is shown in Figure 5. The transmission value ranges from 86 to 93 percent in the visible 
spectrum. The granular size of the nano colloidal, which was generated with varying laser 
intensity, caused the disparity in proportions. Transmission values were poor when using high 
power ablation such as 2000 mJ and 1800 mJ because of the large particle size and random and 
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uneven distribution of the removed granules inside the liquid. Because of the tiny particle size 
and homogeneous distribution of the nano colloidal particles, the rise in transmission values was 
visible when the laser ablation energy was lowered to 1400 mJ, where the greatest value of 
transmission emerged. The transmitter values begin to slowly fall again due to the weak laser 
energy's effect on the randomly damaged crystals and the poor dispersion within the liquid. 
 

 

Figure 5. Transmission curve of GaN at different laser deposition energy 

As demonstrated in Figure 6, increasing the ablation energy will eliminate the larger partial size. 
As a result, the energy gap narrows, and the wavelength redshifts; lowering the ablation energy 
decreases particle size while increasing the energy gap. The wavelength will blue-shift until 
1400mJ, when the maximum energy gap (3.62ev) is reached, after which the energy gap will 
decrease between 1200 and 1000 mJ, causing the wavelength to redshift owing to the core-shell 
phenomenon, increasing particle size. The best transmission values were at energies 1400 and 
1600 mJ due to the best removal rate and an orderly distribution inside the colloidal liquid as the 
most petite sizes of nanoparticles. 
 

 
Figure 6. Energy gap of GaN at different laser deposition energy 
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4- CONCLUSIONS 
 

Pulsed laser ablation was used to grow high-quality thin-film GaN nanoparticles. The optical 
characteristics of GaN placed on a quartz substrate are examined using XRD, TEM, and UV-Vis 
absorption experiments in this work. First, the XRD test reveals that all presented diffraction 
peaks have a narrow FWHM magnitude of 0.12. The high-order GaN diffraction peak 
demonstrates excellent GaN thin film characteristics grown on the quartz substrate. Second, the 
TEM test revealed nanoparticles dispersed at the matrix, with the image representing all 
recognized peaks (reflection peaks) possibly indexed to hexagonal GaN structure. Finally, the UV-
Vis absorption test reveals an absorption peak at 320 nm. A lesser broadening in the absorption 
spectrum experimental data and greater absorption implies a larger concentration of GaN NPs. 
The sharp point on the absorption coefficient curve indicates that there is insufficient energy in 
the material to excite an electron from one level to another. Also, the transmission value ranged 
from 86 to 93 percent, which also showed that the best transmission values were at energies 1400 
and 1600 mJ. The bandgap value of the deposited nano GaN films grows as the laser ablation 
energy decreases access to 1400 mJ; the results of the optical bandgap ranged between 3.3 ev and 
3.62 ev, where the best result was when using 1400 mJ ablation energy. A shift towered over the 
blue area in GaN nano-films created at a low laser wavelength. The possibilities of employing the 
generated thin nano-films in optoelectronics applications such as optical detectors, solar cells, 
and optical sensors were evident from the findings obtained. 
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