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انبزٌذ الانكخزًَٔ  

 . الملخض١

حجعم انخصائص انفزٌذة لأشباِ انًٕصلاث انعضٌٕت يُٓا ٔاحذة يٍ أْى انًٕاد ٔأكثزْا فائذةً فً 

( ٔفحُصج ٔقًٍُّج P3HTحطبٍقاث أشباِ انًٕصلاث. صُُعج عٍُاث يٍ أشباِ انًٕصلاث انعضٌٕت )

ُفسجٍت خصائصٓا انبصزٌت قبم حشعٍعٓا بانهٍزر انُبضً. ٔشًهج الأجٓزة انًسخخذيت: الأشعت فٕق انب

(UV( ٔحقٍُت الأشعت انسٍٍُت ،)XRD( ٔحقٍُت ححٌٕم فٕرٌٍّ نلأشعت ححج انحًزاء ،)FTIR ٔحقٍُت ،)

( نشعاع نٍزر، أعٍُذ حقٍٍى خصائصٓا P3HT(. بعذ حعزٌض انًادة )AFMانًجٓز الإنكخزًَٔ انذري )

خزدد حكزار َإَيخز ٔب ٥١١َبضً بطٕل يٕجً  Nd:YAGثاٍَت، اسخخُذو نٍزر  ٥١انبصزٌت. نًذة 

( يههً جٕل ٠١١(، ٔ)٥١١(، ٔ)٠١١(، ٔ)٥١١ْزحز، يع طاقاث نٍزر َبضٍت يخفأحت حبذأ يٍ ) ١ثابج 

ًُشعع.  عهى انخٕانً. كاٌ انٓذف انزئٍسً نٓذا انبحث ْٕ حقهٍم قًٍت فجٕة انطاقت نهجزيء انعضٕي ان

ّٓم انًٕاد انعضٌٕت َقم الإنكخزَٔاث عبز يسخٌٕاث طاقت  يخخهفت يع حقهٍم كًٍت انطاقت ٔبانخانً، سخسُ

انخقهٍذٌت، أحذ  OLED(، ًْٔ بذٌم نثُائٍاث OLEDsانًطهٕبت. حعُذ انثُائٍاث انعضٌٕت انباعثت نهضٕء )

الاسخخذاياث انعذٌذة انخً حخٍحٓا كًٍت الإنكخزَٔاث انًثارة بٍٍ انًسخٌٍٍٕ، يًا ٌزٌذ بذٔرِ يٍ عذد 

 انفٕحَٕاث انًُبعثت.

، نٍزر انُبضاث، فجٕة انطاقت ، حطبٍقاث P3HTادة اشباِ انًٕصلاث انعضٌٕت ي الكلمات المفتاحية:

 اشباِ انًٕصلاث.

Study the impact of Pulse laser on the Optical and Structural Properties of 

P3HT Organic Semiconductor thin Film 

Rasha Mozahem Sari
1
 &   Faleh Lafta Mater

2
 

1,2 Tikrit University - College of Science - Department of Physics 
1
Corresesponding auhor Email: rasha.m.saray.phys598@st.tu.edu.iq 

2
Email Adress:  Faleh.l.mater@tu.edu.iq 

 

1. Abstract 

The unique characteristics of organic semiconductors make them one of the 

most essential and potentially useful materials for semiconductor applications. 

Organic semiconductor (P3HT) samples were manufactured, inspected, and 

evaluated for optical characteristics prior to irradiation with a pulsed laser. The 

instruments that were utilized were (UV), (XRD), (FTIR), and (AFM). After 

subjecting the material (P3HT) to a laser beam, its optical characteristics were 

reevaluated. For 15 seconds, a pulsed Nd:YAG laser with a wavelength of 355 

nm and a constant repetition rate of 5 Hz was employed, with varying pulse 

laser energies beginning at (150), (250), (350), and (450)mJ, respectively. 

Pursuing a decrease in the energy gap value of the irradiated organic molecule 



 

9707 
 

was the primary objective of this research. Consequently, organic materials will 

make it easier to move electrons across different energy levels while also 

reducing the amount of energy required. Organic light-emitting diodes 

(OLEDs), a substitute for conventional OLEDs, are one of many uses made 

possible by the quantity of excited electrons between the two levels, which in 

turn increases the number of photons emitted. 

Keywords: Organic semiconductors material (P3HT), Pulse laser, Energy gap, 

                 semiconductor applications. 

 

2. Introduction 
Germanium (Ge) and silicon (Si) are necessary components for electronic 

devices that use inorganic semiconductors. On the other hand, they are 

susceptible to a number of constraints, including as their hefty weight, high 

production costs, and restricted flexibility in comparison to organic 

semiconductors. Because of this, progress in the study of organic 

semiconductors can offer an alternative way to get around these problems in the 

field of electronic materials. These improvements can provide good and useful 

ways to solve these problems and pave the way for a new generation of 

electronics [1]. The unique electrical applications that organic semiconductors 

may give, which are not possible with conventional crystalline inorganic 

semiconductors, have led to their fast growth in recent years. The fundamental 

differentiating characteristics of these materials provide them important 

alternatives to inorganic semiconductors [2-5]. For instance, the molecular 

structure of organic semiconductors can be accurately controlled, they are 

lightweight and flexible, they can be produced at low temperatures, they have 

low process costs and solution capabilities, and their optoelectronic properties 

can be customized [6-8]. Thin film deposition on various surfaces, mechanical 

flexibility, transparency, and the use of eco-friendly ingredients are just a few of 

the many benefits of organic semiconductors. Various optical and electrical 

devices and systems are among the many uses [9-10]. Thin film devices are able 

to work at their peak efficiency when organic solar cells' electrical arrangement 

is optimized. In organic photovoltaic devices (OPVs), for instance, the 

dissociation of photoexcited charges is impacted by the energy level variations 

between the lowest unoccupied molecular orbital (LUMO) and the highest 

occupied molecular orbital (HOMO) [11]. Biomedical sensors, thin-film organic 

solar cells, image sensors, flexible microprocessing, organic light-emitting 

diode displays, photovoltaics, and organic photovoltaics devices are just a few 

of the many uses for organic semiconductors, which offer a number of benefits 

over their inorganic counterparts [12-15]. 

 

3. Experimental Methods 
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Poly [3-Hexyl Thiophene] (P3HT) is a 99% pure organic polymer with a low 

molecular weight and belongs to the polythiophene family. Acquired from 

Ossila Co., Ltd. One component of organic solar cells is P3HT which is an 

organic semiconductor of the P-type. Due to its unique characteristics, cheap 

cost, and ease of production, P3HT is considered one of the best conductive 

polymer materials. Due to its high crystalline, excellent thermal stability, high 

charge mobility, environmental stability, and light-absorbing properties, as well 

as its solubility in a variety of organic solvents, such material is the most widely 

used polymer for organic optoelectronic applications, solar cells and 

photovoltaic devices. P3HT is a potential material for the creation of laser 

active medium and has been employed extensively in the development of 

OLEDs [16-20]. In Figure 1 it can be seen the P3HT molecular structure. 

 

 

 

 

 

 

 

Figure 1. Chemical Structure of Poly(3-

hexylthiophene) (P3HT) 

 

This work successfully coated organic P3HT films onto glass substrates using 

the spin casting procedure. Using a concentration of 40 mg/ml, P3HT was 

dissolved in dichlorobenzene for solution preparation. Using a spin speed of 

3500 rpm, thin films were produced. The prepared samples were exposed to A  

Nd-YAG pulse laser with a wavelength of 355 nm with different energy values 

ranging between 150, 250, 350, and 450 mJ, with a fixed exposure time of 15 

seconds, and  frequency of 5 Hz. The absorption, reflection, and transmission 

spectra, as well as other optical characteristics, of both the main and irradiation 

P3HT film samples were studied using a spectrophotometer that covered the 

ultraviolet to near-infrared spectrum. By analysing the absorption and 

transmission spectra of the molecules involved in chemical processes, FTIR was 

used to study the molecular fingerprint, which allowed researchers to analyse 

the organic molecule thin film's chemical composition and identify the presence 

of certain functional groups. The morphology and surface roughness of the 

samples were examined using an Atomic Force Microscope (AFM) both before 

and after laser irradiation. Finally, the crystalline structure of the samples was 

studied using XRD both before and after laser irradiation. 

 

4. Results and Discussion 

 

4.1 Optical absorption and coefficient of optical absorption  
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Figure 2 displays the time-dependent absorbance spectra of deposited and 

irradiated P3HT thin films. A wide absorption band at a maximum wavelength 

of 550 nm with an intensity of up to 0.9 was seen in the absorption spectra of a 

film that had been previously prepared. One key indication of the nature of 

molecular electronic transitions is the absorption in the visible light region, 

which is thought to be caused by electronic transitions caused by the excitation 

of non-bonding electrons. A red shift in the absorption edge towards higher 

wavelengths was detected when comparing this spectrum with the film's spectra 

before irradiation. This shift indicates that the electronic structure changed as a 

result of irradiation. Results showed that at various irradiation energies of 450, 

350, 250, and 150 mJ, the absorption intensity increased progressively with 

increasing laser beam energy, reaching values of 0.9, 1.52, 0.63, and 0.51, 

respectively. This research primarily focuses on the greatest absorption intensity 

value of 1.52 with irradiation energy of 350 mJ. On the other hand, a drop in 

intensity was noted when the irradiation energy was raised to 450 mJ, 

suggesting that the material may experience damaging effects or saturation in its 

absorption at such high energies. 

 

 

 

 

 

 

 

 

 

 

 

Figure 

2. 

Illustrates a comparison of the absorption spectra of P3HT thin films 

exposed to radiation 

                and those that were deposited at various periods 

 

 

The absorption spectra of P3HT thin films both beforehand and after irradiation 

using pulse laser with energy of (350 mJ), where the focus of the study are 

displayed in Figure 3. At around 550 nm, the untreated P3HT film shows a clear 

absorption edge.  Following radiation, the absorption spectra show two distinct 

peaks at 550 and 520 nm, with the absorption strength in the visible region 

being much higher than in the near-infrared or ultraviolet regions.  The 
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conjugated chain of the P3HT polymer backbone is responsible for the two 

peaks, one at 520 nm (2.38 eV) and the other at 550 nm (2.25 eV), which are 

attributed to 

 π-π* electronic transitions.  There is an extra shoulder peak at 600 nm, which is 

probably associated with the piling up of P3HT molecules; this suggests that the 

film's crystalline order and regularity have improved.  The energy gap has 

decreased due to molecule structural rearrangement, as shown by the red shift in 

the absorption spectra.  Pulsed laser treatment causes a dramatic rise in 

absorption intensity because the polymer chains undergo direct bond breakage 

[21]. 

 

 

 

 

 

 

 

 

 

                        

                         

Figure 3. 

Displays The P3HT thin films' absorption spectra both before and after 

                                         with pulsed laser beams of energy (350 mJ). 
 

Based on the transmittance values, the optical absorption coefficients of the 

samples are determined using Equation 1 [22]: 

 

  
 

 
  [

      

  
 √

      

   
        ] .................... (1) 

 

The variables α, d, T, and R are refer to the absorption coefficient, thickness of 

the thin films, and reflectance and transmittance, respectively. Both the 

untreated P3HT thin film and another one that was exposed with pulse laser 

using energy of (350 mJ) have their absorption coefficients displayed in Figure 

4. 

 A significant improvement in the absorption coefficient of the samples was 

observed after pulse laser treatment. This improvement in absorption in the 

visible range is attributed to a decrease in C=S, C–H, and C=C bonds, as a result 
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of exposing the samples to laser radiation in air, which led to chemical changes 

in the surface structure. 

 

 

 

 

 

 

 

 

 

 

                      Figure 

4. Shows 

absorption coefficient curves of P3HT thin films before and after    

                                        irradiation with pulsed laser beams of energy (350 

mJ). 
 

The absorption coefficient (α) is an indicator of the efficiency of the films in 

absorbing light. The nature of the electronic transitions can be identified by 

knowing the absorption coefficient. It is clear that the absorption coefficient 

increases as a result of increasing absorbance values. 

4.2 The spectrum of transmittance and reflectance 

The transmittance (T) can be determined by calculating the transmittance-

wavelength relationship for polyhexylthiophene (P3HT) films. Figure 5-a shows 

the light transmittance (T) of the deposited P3HT films irradiated with a pulsed 

laser at an energy of 350 mJ. The changes in the transmittance spectrum are 

interpreted as resulting from the change in surface roughness of the samples 

after pulse laser treatment. It is also noted that P3HT has a high light 

transmittance in the spectral range above λ > 400, and the high absorption in the 

range between 400 and 650 nm is attributed to the decrease in the energy gap. 

The significant decrease in transmittance in the range λ < 650 nm may be due to 

the partial decomposition of P3HT by laser irradiation at an energy of 350 mJ, 

which clearly affected its optical properties. 

Figure 5-b illustrates the relationship between reflectivity and wavelength for 

Polyhexylthiophene (P3HT) before and after laser exposure with an energy of 

350 mJ. The graph shows that the reflectivity before exposure was relatively 

low across the studied wavelengths, while it increased significantly after laser 

exposure, particularly in the range between 400–650 nm. A prominent 

reflectivity peak was observed at a wavelength of approximately 550 nm after 

irradiation, indicating changes in the molecular structure or surface structure of 
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the film as a result of the absorption of laser energy. This increase in reflectivity 

can be explained by the stimulation of molecular rearrangements or changes in 

surface roughness, which increased the film's ability to reflect light within this 

spectral range. The increased reflectivity is also attributed to increased material 

density, resulting from bond changes and restructuring using the pulsed laser [ 

23]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 

5. 

Illustrates (a) The optical transmittance T and (b) reflectance R of P3HT 

film and 

 for another P3HT thin film irradiation with pulsed laser beams of energy 

(350 mJ). 
 

 

 

4.3 Refractive index and extinction coefficient 

The refractive index (n) and extinction coefficient (k) as functions of 

wavelength are illustrated in Figures 6 and 7, respectively. The extinction 

coefficient (k) and refractive index (n) clearly increased after laser treatments. 
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Figure 6. The refractive index ( n )  of P3HT film and for another P3HT 

thin film 

 irradiation with pulsed laser beams of energy (350 mJ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The extinction coefficient (k)   of P3HT film and for another 

P3HT thin film 

 irradiation with pulsed laser beams of energy (350 mJ). 

 

 

The refractive index (n) is shown in Figure 6 as a function of wavelength for 

Polyhexylthiophene (P3HT) films before and after irradiation using pulsed laser 

beams of energy (350 mJ). It is evident that after laser treatment, the refractive 

index also increases. This change is attributed to the higher absorption 

coefficient of the treated samples. The refractive index value increases after 

irradiation until it reaches its highest value (1.24) at 350 mJ of energy, 
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compared to its pre-irradiation value of (1.11). Carbon-carbon bond polarization 

is another possible explanation for the observed change in the refractive index. 

These phenomena lead to interactions at the interphase level, resulting in 

rearrangement of the polymer chains and stimulating photochemical reactions 

on the surface of the P3HT material. 

When studying the optical characteristics of materials, it is important to use 

equation 2 below to find the optical constants n and k: 

 

  (
   

   
)  √

  

      
   ....................................(2) 

in which   
  

  
 

 

Figure 7 shows the relationship between the extinction coefficient (K) and the 

wavelength of polyhexylthiophene (P3HT) before and after irradiation. The 

results indicate an increase in the extinction coefficient as a result of laser 

treatment with pulse laser with energy of 350 mJ, due to the increased 

absorbance of the P3HT polymer, as shown by the previous values. 

 A significant similarity is evident between the curves of both the absorption 

coefficient and the extinction coefficient, due to the direct relationship between 

them. Microscopic defects are considered a major factor contributing to the 

increase in the extinction coefficient, as the scattering of incident photons can 

enhance the absorption of P3HT by organic molecules, in addition to the 

decomposition of structural defects in the polymer. 

 

4.4 Dielectric properties 

Both the real and imaginary parts of the samples' dependency on photon 

wavelength are shown in Figure 8 and Figure 9 respectively. The permittivity, 

often known as the dielectric constant, is a substantial dielectric property that 

affects the material's properties [24-25]. Dielectric susceptibility, wave 

impedance, relaxation duration, polarisability, molecular radius, specific and 

molar refraction, and polarisability are additional variables that are connected to 

this. 
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Figure 8. The real part of dielectric constant εr of P3HT film and for 

another P3HT thin  

 irradiation with pulsed laser beams of energy (350 mJ). 

 

 

 

Figure 9. The imaginary part of dielectric constant of P3HT film and for 

another P3HT thin 

 irradiation with pulsed laser beams of energy (350 mJ). 

 

 

The complex dielectric constant is described by Equation 3: 

 

        ..............................................................(3) 
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in where (r) and (i) represent the real and imaginary parts of the dielectric 

constant, respectively. For the dielectric constant, the imaginary and real parts 

are given by 

 equations 4 and 5, respectively: 

 

          ........................................................................(4) 

and 

       ...................................................................................(5)  

 

The real part of the dielectric constant is used to assess dispersion, while the 

imaginary part is used to measure the wave dissipative rate in the medium. 

Pulse laser treatment clearly shows that normal dispersion in the P3HT thin film 

increases the actual part of the dielectric constant εr. Additionally, it is 

presumed that εr is larger than εi since (r) is mostly dependent on n
2
. Figure 8 

and 9 show the peak, which represents the region of resonant absorption of the 

P3HT that was employed. 

 

4.5 band gap energy 

The optical energy gap ( Eg ) of P3HT films is shown in Figure 10 below. Due 

to its importance in the design and development of these organic materials, Eg 

is another fundamental parameter that characterizes semiconductors and 

dielectric materials. 

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 

10.  The 

energy 

gap of P3HT film and for another P3HT thin irradiation with         

                         pulsed laser beams of energy (350 mJ). 
 

The optical energy gap of the samples was found by taking the intercept of the 

extrapolated linear component of the plot of (αhυ)
2
 with the photon energy. The 

samples' band gap energies clearly dropped from 1.925 to 1.88 eV after pulse 
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laser treatment. Another reason for this is an increase in C-H bonds and C=H 

groups in the samples after laser treatment. It should be mentioned that the band 

gap is a significant consideration when selecting materials for various organic 

semiconductor applications [26]. In addition, lattice disorders and structural 

defects may be introduced during laser irradiation, leading to interstitial states 

between the HOMO and LUMO bands and so reducing the energy gap [17]. 

 

4.6 Infrared spectroscopy (FTIR) 

The effects of laser irradiation on the molecular structures of P3HT thin films 

were investigated using the FTIR technique [27]. Figure 11 shows the infrared 

(IR) transmittance spectra of P3HT thin films before and after laser treatment 

with a pulse laser with energy of 350 mJ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.  

Illustrates 

the infrared transmittance spectra of P3HT thin  films, both 

 (a) before to and (b) following treatment with a pulse laser with an energy 

of 350 mJ. 
 

The molecular bonds of P3HT IR spectra are concentrated in two areas before 

laser treatment: one around the wave numbers starting from 480 to 1880 cm
-1

, 

and the other around the wave numbers 2158 cm
-1

. This is shown in figure 

11(a). The C-S stretching vibration is indicated by a weak band in the 600-700 

cm
-l
 range, whereas the strong C-H bend is shown by the 650-1000 cm

-1
 range. 

In addition, the 1225-1025 cm
-l
 range is where the C=S bond's stretching 

frequency falls. Lastly, C=C medium stretch is denoted by 1680-1640 cm
-1

 and 

 C-C medium stretch is 1500-1400 cm
-1

. The CC weak stretch is clearly seen 
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in the second section. However, peaks at 2590.2, 2854.4, 2920 and 3051.1 cm
-1

 

were seen after laser treatment utilizing a pulse laser with an energy of 350 mJ 

as shown in figure 11(b), which is due to the vibration of the C-H and =C-H 

bonds in the aliphatic chain of hexyl groups. The peak intensity is relatively 

high because the polymer has a high concentration of carbon-hydrogen bonds 

[28].  

 4.7 X-ray diffraction (XRD) 

 To determine the chemical and crystal structures of P3HT, including its d 

spacing, crystallite size, lattice constants or parameters, and full width at half 

maximum (FWHM), x-ray diffraction is the most important instrument to utilize 

in this case. Characterization of P3HT organic thin films can reveal their 

chemical structure, crystal structure, and other properties. Such information is 

especially valuable for assessing the intermolecular interactions between 

adjacent molecules [29]. As subsequently, the electrical behavior is greatly 

affected by the subsequent interactions between molecules,, which encompass 

the stacking of π-π  

molecules [30]. Figure 12 shows the XRD spectrum of the P3HT thin film 

before irradiation. Two diffraction peaks, at 2θ = 23.14 and 31.24, are clearly 

the most noticeable. By calculating their high-intensity full width at half 

maximum (FWHM), crystallite sizes may be found using equation 6 below that 

called the Scherrer equation: 

 

  
   

     
  ............................................(6) 

 

In this equation, D indicates crystallite size, k is the form factor (0.9), λ is the 

X-ray wavelength (0.154 nm), β is the full width at half maximum (FWHM), 

and θ is the Bragg angle. The data utilized to determine the size of the 

crystallites is shown in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12.  
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Demonstrates the Diffraction peaks for P3HT film before pulse laser 

treatment. 

 

Table 1: XRD peak list and structural characteristics for P3HT film before 

pulse laser treatment. 

 

In Figure 13, it can be seen the XRD spectrum of the irradiated P3HT thin film 

using a pulse laser with an energy of 350 mJ. The peak at 2θ=23.95 is clearly 

the most significant diffraction peak. Table 2 can be used once more to calculate 

the size of crystallites. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13.  The Diffraction peaks for P3HT film after pulse laser 

treatment. 

 

Table 2: Table 1: XRD peak list and structural characteristics for P3HT 

film after pulse laser treatment. 

 

 

 

 

 

 

 

Pos. [°2Th.] Height 

[cts] 

FWHM Left 

[°2Th.] 

d-spacing 

[A
0
] 

Rel. Int. 

[%] 

23.1445 51.51 2.2042 3.84309 100.00 

31.2477 15.11 5.6678 2.86252 29.32 

Pos. 

[°2Th.] 

Height 

[cts] 

FWHM 

Left 

[°2Th.] 

d-

spacing 

[Å] 

Rel. Int. 

[%] 

Tip 

Width 

23.9589 395.65 3.8400 3.71120 100.00 4.6080 

35.2319 242.38 0.6925 2.54741  61.26 0.8310 
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(a) (b) 

(c) (d) 

Figures 12 and 13 clearly show that the XRD spectrum showed the appearance 

of a new diffraction peak. What gives rise to the new peak spectrum is the 

spatial diversity in density inside the polymerized volume [32]. Samples 

irradiated to pulse laser treatment demonstrate a peak shift towards higher 

angles. It is possible to see the phase transition in these samples as leading to a 

general decrease in lattice constants and a contraction of the unit cells 

simultaneously [33]. Furthermore, before to laser treatments, the distance (d-

space) between the atomic planes that generate diffraction peaks was 3.843A
o
, 

and after pulse laser treatments, it decreased to 3.711A
o
. This change in d-

spacing and crystal size can be explained by the energy absorbed during 

processing. This energy directly breaks the molecular bonds within the material, 

causing material removal via molecular fragmentation without significant 

thermal damage, as a result of the dynamic interaction between the laser and the 

material. Here, equation 6 was used to calculate that the size of the crystallites 

was 1.004 nm after pulse laser treatment, down from 3.84 nm previously. As a 

consequence of laser-material interaction, the material's molecular chains may 

experience direct bond breaking, which may be attributed to changes in crystal 

size and d-spacing caused by the incident energy.  Molecular fragmentation 

allows for material removal with minimal heat damage [34]. 

 

4.8 Atomic Force Microscope (AFM) 

Atomic Force Microscope (AFM) analyses were performed on the P3HT 

samples before and after irradiation with pulsed laser beams of energy (350 mJ) 

to determine their morphology and surface roughness. Figure 14 presents two 

and three -dimensional AFM images of P3HT thin films, both in their as-

deposited state and after pulse laser treatment. 
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Figure 14. AFM images of  P3HT thin films at (a, b) as-deposited thin film 

in three and two -dimensional respectively,  (c, d) after laser treatment in 
three and two -dimensional respectively. 

 

It can observed that ,the mean roughness of 1.1983 and a roughness mean 

square (rms) of 1.4630 nm characterize the morphology of the as-deposited 

P3HT film, which is characterized by a large number of grains and a tiny size. 

After pulse laser treatment with energy of 350 mJ, the P3HT film showed a 

roughness mean square of approximately 2.426 nm, while the average 

roughness increased to 1.863 nm. The change in grain size compared to the film 

before treatment indicates a shift in the degree of crystalline and self-

organization within the polymer structure. It is noteworthy that no 

morphological changes occur on the polymer surface without external influence, 

and the roughness remains constant. Upon irradiated to high-energy pulsed 

lasers, however, the surface modification begins, as evidenced by the increase in 

roughness. Furthermore, structures begin to form in the form of clearly defined, 

parallel ripples within a narrow range of influences. This trend applies to most 

polymers, and this is consistent with what was obtained by Rebollar [35]. 

 

Conclusions 

This study focus on how organic thin films of P3HT were affected by pulse 

laser treatment in terms of their crystalline structure and optical characteristics.  

Irradiated samples showed an increase in absorbance spectra after laser pulse 

treatment because the organic material's thin films had their molecular chains 

directly broken.  The value of the absorption coefficient also increases due to 

pulse laser treatment.  It was clear that band gap energy of the irradiated 

samples decreased using pulse laser treatment with an energy of 350 mJ.  

Additionally, the study looked at how laser irradiation changed the refractive 

index and real-imaginary dielectric constant.  Clearly, there has been progress in 

both the real and fictional aspects.  It is caused by an increase in the absorption 

coefficient.  Thin films exposed to P3HT show fingerprint infrared peaks over 

the spectrum and several peaks at different places, according to the Fourier 

transform infrared spectroscopy (FTIR) technique.  Overlapping aromatic C-H 

vibrations with CH-C-CH, C-C, and C-S vibrations, respectively, cause these 

peaks.  A prominent peak going towards higher angles is observed in the XRD 

spectrum of irradiated materials after laser treatment.  In these samples, the 

contraction of the unit cells and a general drop in lattice constants are both 

brought about by the phase transition.  At last, the AFM showed that the P3HT's 

mean roughness and roughness mean square (rms) both increase following pulse 

laser treatment. 
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