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This study examined effect of pulsed laser on graphene deposited on silicon substrates 
of n- and p-type. XRD pattern reveals a hexagonal structure with a high degree of 
crystallization and a diffraction peak at 26°. The dominating growth direction of graphene 
is (002). This result, confirmed the decrease in graphene density after treatment. 
FESEM images of the samples appear as flakes or wrinkled sheets and nano-sized 
particles. The removal of many graphene layers was observed in both types, wrinkled 
flakes appear in smooth layers evenly distributed over the surface. For samples 
deposited on n-type, the particle size dropped from 78 to 54 nm, and on p-type, it 
reduced from 98 to 66 nm. FTIR spectra showed vibrational groups including 
carbon=carbon (C=C) at the absorption peak of 1630 cm, the carbonyl (C=O) groups at 
1695.43-1705.07 cm-1. The energy gap decreases after laser treatment. These results 
are important for optoelectronic devices. 
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1. Introduction 

Nanotechnology, nanoscience and its applications 

are still developing very rapidly on a large scale in all 

fields related to materials science, energy and 

Sensors, as they have occupied many researchers in 

many fields.  Progress in changing the methodologies 

used in the manufacture of various nanomaterials to 

suit the requirements of the electronics market has 

become an urgent necessity. Furthermore, 

nanomaterials with different structures, sizes, and 

compositions can be fabricated in a controlled 

manner, contributing to the relationship between 

composition, structure, and performance [1,2]. 

Nanocomposites have a multi-dimensional structure, 

such as fullerene in zero-dimension, carbon 

nanotubes in one dimension, and graphene in two 

dimensions, offering great promise in a wide range of 

applications, including electro-catalysis, sensing, 

bioimaging, and more. One of these promising 

nanomaterials is graphene [3]. Since its discovery in 

2004, graphene consists of a single layer of carbon 

atoms arranged in a two-dimensional lattice structure 

[4,5]. It consists of carbon atoms that have sp2 

hybridization, arranged in a pattern resembling a 

hexagonal or honeycomb structure. The thickness of 

graphene is comparable to the diameter of a single 

atom. Moreover, graphene is made entirely of carbon 

atoms, each of which forms covalent bonds in a flat 

plane. Van der Waals interactions, which are 

attractive forces, bind single-layer graphene sheets to 

one another [6,7]. Because of its remarkable thermal, 

mechanical, chemical, and optical qualities most 

notably its high electrical mobility, thermal 

conductivity, and mechanical strength graphene has 

drawn a lot of attention recently [8-10]. Despite much 

study, chemical-free and low-temperature processing 

of high-quality graphene, remains a major challenge 

to improve the number of layers and morphology of 

graphene sheets on the substrate. Because graphite 

sheets are bound together by a high cohesive van der 

Waals energy, the primary challenge in producing 

graphene is overcoming the significant peeling 

energy of stacked layers in graphite. 

Heat treatments necessitate annealing and heating 

at a high temperature, while chemical treatments rely 

on a very poisonous material. Furthermore, 

contamination from those operations causes some 

structural flaws and impurities to be produced in 

graphene during the layer reduction process [11-13]. 

Great efforts have been made to manufacture 

graphene and use it in laser-assisted flexible 

electronic devices. The laser-based approach is 

simple, catalyst-free, environmentally friendly, and 

the process generates no toxic gases. It can be used to 

reduce graphene layers or modify graphene films and 

to manufacture electronic devices. The number of 

layers and the degree of reduction can also be 

adjusted by changing the laser parameters, i.e., 

power, scanning speed, pulse frequency and incident 

laser beam diameter. Increasing the energy of the 

emitted photons may break the chemical bonds of 

functional groups attached to graphene for reduction 

[14,15]. Recently, the emerging technology of laser 

processing, which combines nanotechnology with 

“light,” has attracted widespread attention from 

researchers around the world as an effective 

approach. It holds tremendous promise for modifying 

the surface or electronic structure of materials in 

contrast to conventional heat treatment methods, laser 

irradiation depends on the photo-thermal effect 

created by a pulsed laser beam, which results in a high 

temperature range that is controllably restricted to a 



IRAQI JOURNAL OF APPLIED PHYSICS   Vol. 20, No. 4, October-December 2024, pp. 797-804 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   798 

particular area and is followed by quick cooling. The 

applied laser parameters, such as frequency, pulse 

width, and laser intensity, can readily be adjusted to 

change the thermal effect. The site-specific 

photothermal effect and the short processing time are 

the key benefits of laser processing, since they enable 

the rapid production of thinner, more appropriate 

nanomaterials [16-20]. 

In this work, the spin coating method was used to 

deposit graphene on silicon surfaces. After that, the 

thin layers were treated using a pulsed laser to 

improve their quality and properties. The results 

showed that this technique enables the production of 

high-quality graphene layers, which makes these thin 

graphene layers with promising potential for use.  In 

future optical and electronic applications. 

 

2. Materials and methods 

Graphene films preparation, spin coating method 

was utilized to prepare the films. A graphene solution 

was prepared by combining graphene platelet 

nanopowder (SkySpring nanomaterials, USA), 

ethanol (96%) and Stearic acid (C18H36O2; 

HIMEDIA, India), which served as a solute–solvent 

binder. First, 5 mg of stearic acid was dissolved in 50 

ml of ethanol while continuously stirring and heating 

on a hot plate stirrer. After it dissolved completely, 

250 mg of graphene was added to solution and 

continued stirring and heating for 5 minutes until a 

clear and uniform solution is obtained. This final 

solution was used as a coating source after cooling to 

room temperature. Graphene thin films were 

deposited on n-type and p-type silicon substrates by 

spin coating at room temperature. The coating 

solution was applied to the cleaned silicone 

substrates, which were fixed on the custom holder at 

the center of the spin coater device, rotating at 3000 

rpm for 30 s. After the coating process, all the films 

were dried at 70°C for 10 minutes to evaporate the 

solvent and binder from the films. As for laser film 

processing, the prepared graphene films underwent a 

processing step using a pulsed Nd:YAG laser. With 

an energy of 300 mJ, a repetition rate of 6 Hz, a 

wavelength of 1064 nm, and a number of different 

pulses of 50 and 150, with a circular spot with a large 

diameter of about 3 mm. The spot was kept large to 

contain irradiated areas suitable for physical 

measurements. 

 

3. Results and Discussion  

In Fig. (1a), the x-ray diffraction (XRD) patterns 

of graphene films prepared by spin coating and 

deposited on n-type silicon showed a peak of high 

intensity at a diffraction angle of 69° and a direction 

of (100). In addition to another peak located almost at 

an angle of 26.5°, which corresponds the (002) 

crystallographic direction of graphene according to 

(JCPDS card 96-120-0019). Where (002) is the 

preferred growth direction for graphene, this trend is 

consistent in graphene and carbon structure of the 

hexagonal lattice. There is no change in dominant 

orientation with increasing number of pulses. As for 

the graphene samples deposited on the surface of p-

type silicon, there is no significant difference 

compared to the samples deposited on n-type silicon, 

as it is also noted that a peak of high intensity appears 

at an angle of 69°, which belongs to silicon with a 

direction of (100), as shown in Fig. (1b). 

 

 

 
Fig. (1) XRD patterns of prepared thin films (a) graphene films 

deposited on n-type silicon. (b) graphene films deposited on p-

type silicon 

 

The FWHM of graphene peak was determined 

using Origin software and compared with the 

accompanying results of the XRD data sheet. It can 

be seen that the peak width increases after laser 

treatment, and the increase continues with the 

increase in the number of pulses, and this indicates a 

decrease in crystalline size. A slight shift is observed 

at the peak from one sample to another due to the 

appearance or decrease of stress in the lattice due to 

an increase or decrease in crystalline size. Stress was 

calculated using the following equation [21]: 

𝜀 =
𝛽 cos 𝜃

4
    (1) 

In addition, the crystallite size (D) was calculated 

and the values of d-spacing and micro strain were 

given with x-ray examination. As shown in tables (1) 

and (2). Crystallite size was also calculated based on 

peak exposure using Debye-Scherrer equation [21]: 
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𝐷 =
0.9 λ

𝛽 cos θ
    (2) 

where λ the wavelength (1.54Å), and β represents 

FWHM of diffraction peak 

The distances between crystallographic planes 

(dhkl) were also calculated using the diffraction angle 

2θ according to Bragg's law.  It is noted from the two 

tables that the crystallite size of the (002) direction, 

which represents the thickness of the graphene layer, 

lies within the nanoscale for all samples and the 

crystal size decreases when the number of laser pulses 

increases. On the other hand, we notice an increase in 

lattice stresses with a decrease in crystal size as a 

result of the inverse relationship between them 

[22,23]. This change in structural properties has an 

impact on other physical properties, as these 

properties can be controlled by controlling the 

number of laser pulses used to process the films. 

When graphene is treated with 50 and 150 laser 

pulses, it should be noted that graphene peak intensity 

begins to decrease as the number of pulses increases 

due to the reduction of graphene layer on the Si 

substrate. It is also noted that graphene peak changes 

slightly as a result of the decrease in crystallite size 

and the change in the lattice strain values in both cases 

(n and p) and as shown in Fig. (2). 

 

 

 
Fig. (2) Diffraction peaks of graphene in (0-50-150) pulsed laser 

(a) graphene deposited on n-type silicon, (b) graphene 

deposited on p-type silicon 

 

The morphology of graphene films deposited on 

n-type and p-type silicon substrates before and after 

laser treatment was analyzed using field-emission 

scanning electron microscopy (FE-SEM). Figure (3) 

shows FE-SEM images of graphene films deposited 

on n-type and p-type silicon substrates with different 

number of laser pulses. Number of laser pulses may 

result in multiple effects in the laser processing and 

the interaction with matter. Increasing the number of 

laser pulses results in more chemically active 

interactions between the material and the laser, 

affecting the material's structure and surface. 

 

  
(a)   (b) 

  
(c)   (d) 

  
(e)   (f) 

Fig. (3) FE-SEM images of graphene films deposited on (a) n-

type and before laser treatment. (b) 50 pulses. (c) 150 pulses. 

(d) p-type before laser treatment. (e) 50 pulses. (f) 150 pulses 

 

Figures (3a,b,c) show FE-SEM images of 

graphene samples deposited on n-type silicon 

substrates. At 0, 50, and 150 laser pulses, the samples 

appear in the form of cohesive wrinkled flakes with a 

crystal size ranging between 89-36 nm, respectively. 

As the number of pulses increases, a mixture of a 

smooth flakes appears. Using 150 pulses, smooth and 

complete graphene layers evenly distributed on the 

surface are clearly formed. There is a noticeable 

difference in the surface morphology of laser-treated 

samples, especially in samples prepared using 150 

pulses, where they appear broader and smoother, 

forming wavy surfaces. As for the samples deposited 

on a p-type silicon substrate shown in figures (3d,e,f), 

the effect of laser treatment appears clearly through a 

change in the nature of the surface, a reduction in the 
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number of layers, a decrease in the crystalline size of 

the samples with an increase in the number of pulses, 

in addition to a change in the shape of the surface 

from scattered flakes to a more uniform and smooth 

surface. Also, the nanoscale range for all samples 

decreases with the increase in the number of pulses 

used to enhance the thin film. There is also a 

noticeable decrease in the number of graphene layers 

for samples deposited on p-type silicon with an 

increase in the number of pulses from 50 to 150 

pulses.  On the other hand, lattice strains decrease 

with increasing number of pulses due to their inverse 

relationship with a particle size.  The difference in the 

structure or surface morphology of the deposited 

material composition.  They contribute to evaporation 

and exchange of particles from the sample surface.  

This can lead to the formation of different structures 

based on interactions and exchanges between atoms 

and molecules. Increasing the number of pulses can 

affect the surface temperature rise, melting and 

ambient chemical reactions, which contribute to 

structure changes and increased crystallinity of the 

deposited material and lead to rapid removal of 

oxygen and water in graphene resulting in the 

breakage of graphene sheets in the original material. 

Additional heating due to increased pulsation. 

Energy-dispersive x-ray spectroscopy (EDX) is 

used to identify the elements involved in the 

composition of prepared films and analyzes the 

atomic and weight ratios of these elements. Table (3) 

shows the atomic and weight ratios of the chemical 

elements involved in preparing samples for graphene 

films deposited on n-type and p-type silicon 

substrates before and after pulsed laser treatment. 

Also, it shows a clear decrease in the intensity of the 

carbon peak with an increase in the number of laser 

pulses due to peeling (reduction) of the material from 

the surface, as this leads to a decrease in the film 

thickness with an increase in the number of pulses. 

Therefore, the carbon peak decreased and the silicon 

peak increased, in addition to the difference in oxygen 

percentages in the samples due to the temperature 

generated by the incident energy of repeated laser 

pulses, which leads to the consumption of oxygen or 

its oxidation when it interacts with the air. 

Figures (4) and (5) show 3D images of the surface 

topography of graphene films prepared and deposited 

on n-type and p-type silicon substrates, respectively, 

before and after laser treatment. It was found that the 

AFM results are affected by the type of substrate, 

shape, behavior and surface nature of the 

nanoparticles and the nanoparticle solution used. It 

was also observed that the surface of the samples was 

affected by the laser energy and the number of pulses, 

which led to the surface peeling and homogeneity as 

a result of engraving when the number of pulses 

increased. The appearance of grains and pits was also 

observed on the p-type substrate. As for the n-type 

substrate, we notice a clear roughness on the surface. 

Also, the size of the component composing the 

composite decreases and the surface becomes more 

homogeneous when the films are irradiated with a 

pulsed laser. It was noted that the number of graphene 

layers decreased after laser irradiation, as shown in 

the table (4). 

 

 
(a) 

 
(b) 

 
(c) 

Fig. (4) 3D AFM images of graphene deposited on n-type silicon 

(a) graphene before laser treatment, (b) with 50 pulses, (c) with 

150 pulses 

 

Table (4) Thickness of graphene films deposited on n-type and 

p-type silicon substrates before and after laser treatment 

 

Substrate 
type 

Number of 
pulses 

Thickness 
(nm) 

n-type 

0 41.43 

50 8.583 

150 3.340 

p-type 

0 119.3 

50 39.22 

150 13.32 

 

Figure (6) shows Fourier-transform infrared 

(FTIR) spectra within the wavenumber range of 400-

4000 cm-1 for graphene films deposited on n-type and 

p-type silicon substrates, respectively. Before and 

after pulsed laser treatment. The spectrum consists of 

vibrational groups from graphene layer including 

carbonyl (C=O), aromatic (C=C), carboxyl (COOH), 

epoxy (CO-C) and hydroxyl (O-H) groups [24,25], 
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whereas the sharp peak at 3441 cm-1 corresponds to 

(O-H) which belongs to the (C-OH) carboxyl groups 

with the possible presence of water molecules due to 

humidity, and the absorption peaks at 2937 cm-1 and 

2837 cm-1 represent the asymmetric and symmetric 

vibrations of the CH2 bonds. As for the peaks that 

appeared at 1728.22 and 1705.07 cm-1 in the n-type 

laser-treated samples, and at 1695.43 cm-1 for the 

sample before treatment, they are due to the ketone 

group (C=O), and the main graphite field at 1581.63, 

1475.54, 1552.70, and 1517.98 cm-1 is due to sp2 

hybridization and is related to the vibrations of the 

aromatic ring of graphene. The (O-H) deformation 

occurs at 1411.89 cm-1, and 1271.19, 1271.09, and 

1296.16 cm-1 indicate the (C-O) expansion of the 

epoxy groups, and 1082.07, 1016.49, and 1037.70 

cm-1 stretching (C-O) for the alkoxy groups, and 

912.33, 923.90, and 929.69 cm-1 refers to the epoxy 

or peroxide group, and the absorption peaks (694-472 

cm-1) refer to bending vibrations (C-H). 
 

 
(a) 

 
(b) 

 
(c) 

Fig. (5) AFM-3D images of graphene deposited on p-type 

silicon (a) graphene before laser treatment, (b) 50 pulses, (c) 

150 pulses 

 

 

 
 

 
Fig. (6) FTIR spectra of graphene samples deposited on (a) n-

type silicon and (b) p-type silicon s. before and after laser 

treatment 

 

As for graphene samples deposited on p-type 

silicon, the peaks at 1703-1701 cm-1 are due to the 

ketone group (C=O), and the peaks at 1622, 1693, and 

1637 cm-1 and 1460, 1585, and 1523 cm-1 are all due 

to vibrations in the aromatic ring of graphene, and a 

peak appears at 1404 cm-1 due to bending or 

deformation (O-H), and 1375 and 1367 cm-1 indicate 

stretching (C-O) of the carboxy groups, and 1240, 

1234, and 1273 cm-1 due to the (C-O) expansion of 

the epoxy groups, and 1002, 1008, and 1016 cm-1 due 

to the (C-O) expansion of the alkoxy groups, and 931 

and 933 cm-1 return to the epoxy or peroxide group, 

and the absorption peaks are at 754, and 717 cm-1, 

584, 574, and 592 cm-1, and 489, 493, and 480 cm-1, 

all of which are also due to (C-H) bending vibrations. 

A clear change can be observed in the n-type 

FTIR spectra due to the strengthening of the (π) bond 

in graphene (carbon atoms) by  reducing defects, 

which ultimately leads to closing the conduction gap 

and enhancing electrical conductivity of n-type, in 

contrast to the p-type, which does not show a 

significant change [26,27]. 

Photoluminescence (PL) spectroscopy was used 

to calculate the energy band gap value of the prepared 

graphene films according to the energy gap equation, 

which is [28]: 
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𝐸𝑔 =
1240

𝜆
    (3) 

where λ represents the highest peak of wavelength 

As shown in Fig. (7), there are two prominent 

peaks the high peak within the wavelength range of 

520-560 nm belonged to graphene, they are attributed 

to the recombination of electron-hole pairs in local 

state of sp2 carbon cluster embedded in sp3 matrix, 

while the second peak which is slightly smaller in the 

range 260-280 nm belonged to silicon substrates. 

 

 

 
Fig. (7) PL spectra of graphene films deposited on (a) n-type 

silicon substrates, (b) on p-type silicon substrates, before and 

after laser treatment 

 
Table (5) Peaks of PL spectra and energy gap values of 

graphene samples deposited on n-type and p-type silicon 

substrates 

 

Eg (eV) 
Wavelength 

(nm) 
Number of 

pulses 

Substrate 
type 

2.376 521.94 0 

n-type 
2.366 524.02 50 

2.33 532.05 100 

2.20 560 150 

2.32 533.97 0 

p-type 
2.27 545.97 50 

2.23 556.02 100 

2.19 567.05 150 

 

Table (5) shows the energy gap values. The band 

gap of graphene varies depending on the oxygen 

groups present in the structure. The PL density of 

graphene increases to 560 at 150 pulses for the n-type 

and 567 for the p-type. The peak shows a shift 

towards red wavelengths with increasing number of 

pulses. The decrease in the oxygen-bound group may 

allow energy gap values to be controlled using the 

type of substrate and determining the pulse energy 

and number upon laser treatment applied, which is 

consistent with references [29-31]. 

 

4. Conclusion 

Using pulsed laser treatment technology is an 

ideal way to peel layers of graphene without using 

any chemicals or high temperatures over long periods 

of time. Peeling of multilayer graphene layers has 

been achieved using this technique. It was also 

observed that the graphene thickness and crystal size 

decreased significantly when the number of laser 

pulses was increased. This method has proven its 

efficiency in reducing graphene layers in an easy, fast 

and energy-efficient method. The surface 

morphological properties of graphene were also 

improved after increasing the number of pulses to 

some extent to avoid coalition or breakage of the 

layers as a result of the high temperature. One of the 

advantages of this technology is improving chemical 

bonds and obtaining strengthening areas that increase 

the interconnection of graphene molecules and layers. 

In addition, reducing graphene layers increases its 

conductivity and makes it more attractive for use in 

micro-devices such as sensors, detectors, and many 

optoelectronic devices. 
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Table (1) Structural parameters of graphene thin films deposited on n-type silicon 

 

Laser pulses 2θ (Deg.) FWHM (Deg.) d-spacing )Å( Crystallite Size )D( (nm) 
Micro Strain 

(ε)  

 

hkl 

None 26.5523 0.1826 3.35431 78.09 0.43037 (002)  

50 26.0904 1.1492 3.42059 62.43 0.50972 (002)  

150 26.0794 1.1845 3.34606 62.37 0.56091 (002)  
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 Table (2) Structural parameters of graphene thin films deposited on p-type silicon 

 

Laser pulses 2θ (Deg.) FWHM (Deg.) d-spacing )Å( Crystallite Size )D( (nm) 
Micro Strain 

(ε)  

 

hkl 

None 26.7098 0.4141 3.33488 98.44 1.1425 (002)  

50 26.6388 0.7535 3.34361 73.64 1.4677 (002)  

150 25.4616 0.7538 3.49547 63.52 1.64991 (002)  

 

Table (3) EDX data of graphene samples deposited on n-type and p-type silicon substrates before and after laser treatment 

 

p-type n-type 

Weight % Atomic % Element Weight % Atomic % Element 

Before laser treatment 

39.3 60.0 C 43.7 64.2 C 

0.8 0.9 O 0.8 0.9 O 

60.0 39.1 Si 55.5 34.9 Si 

After laser treatment 

38.9 59.7 C 42.9 63.4 C 

50 pulses 0.6 0.6 O 0.8 0.9 O 

60.6 39.7 Si 56.3 35.6 Si 

33.4 54.2 C 31.3 51.3 C 

150 pulses 0.6 0.7 O 1.0 1.2 O 

66 45.1 Si 67.8 47.5 Si 

 

 
 


