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Poly(triarylamine) is one of the semiconducting layers and has huge advantages, for 
example, can dissolve in solvent and stable in ambient condition. In this work, 
Poly(triarylamine) thin films deposited at different annealing temperature on the glass 
substrate in order to investigate the dependence of annealing temperature on the 
optical and structural of the films. The UV-Vis results show that there is a modification 
in the absorption spectrum of PTAA thin films as the annealed layers where there is an 
increase in the absorptive with the increase in annealing temperature and the 
estimated band gap within 3.05-3.14 eV. All PTAA films share the same pattern of XRD 
with a broad diffraction peak at 22.33-22.85o and result in the better crystallite at 100 
oC. The value of the films thickness measured by the profilometer is consistent. 
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1. Introduction  

 
Organic semiconductors have gained much consideration during the most recent decades driven 

by the aspiration to acknowledge electronic devices such as organic light-emitting diodes, organic 
field-effect transistors and organic solar cells with novel properties [1]. Electronic devices taking into 
account solution-process able polymers are among the most encouraging utilizations of organic 
semiconductors [2]. Choosing a suitable organic semiconductor material is very important and 
poly(triarylamine) (PTAA) is one of the well-known organic materials with the hole mobility of 10-3 up 
to 10-2 cm2/ V-1s-1 [3-5]. PTAA has the huge advantages such as stable in ambient and can be dissolved 
in the solvent [6-8]. There are many deposition techniques is feasible and most of the research 
activities related to organic thin-film devices used spin coating method [2]. Spin coating method 
produces a high width of thickness ration, the high degree of the permeability reduction thin film [9], 
allows for uniform deposition onto flat substrates [10] and instrument requirement is small cost 
where the sample can be coated and tested in the short period [11]. The final condition of the PTAA 
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thin films depends on the preparation condition such as spin speed, choice of solvent, annealing 
condition (time and temperature) and solvent concentration [12].  

Generally, when semi-crystalline are heated to increase temperature under their melting point; 
their physical properties will change. These changes involve in alterations of their morphological 
structures. It is found that in the most cases, the polymeric sample is not in their thermodynamic 
equilibrium. Hence, the heat treatment was needed to reorganize the structures to a state of order 
with decreased free energy [13]. Olubunmi reported that the morphology, optical, structural 
properties of P3HT:PCBM are significantly affected by the annealing heat treatment.  He also 
reported that the solar cell annealed at 200 oC have the lowest fill factor and the carrier mobility 
increase with the increasing of the temperature [10]. Ahn et al. reported the result of the effect of 
the post fabrication thermal annealing on physical and electrical modification to pentacene organic 
thin-film transistor (OTFT). The transistor annealed at 50 oC shows the improvement in mobitity, from 
0.19-0.366 cm2/Vs and at the device annealed at 70 oC and above show the OTFT performance is 
decreased [14]. Chow et al. reported that the post-annealing treatment improve the field-effect 
mobility, threshold voltage and the on/off current ratio of the device and show the device annealed 
at 150 oC has optimal electrical properties [15]. Here we report the effect of annealing temperature 
to optical and structural of PTAA thin films. This is because there are only a few report regarding 
PTAA thin films especially on the physical characterization [5-7]. 
 
2. Materials and methods 

 
PTAA thin film was deposited on glass substrate by spin coating. PTAA powdered dissolved in 

chloroform and stirred for one day at room temperature to form 0.1 wt % solution. Before the 
deposition step, the substrate cleaned using an ultrasonic bath by dipping the substrate in distilled 
water, ethanol and acetone for 3 minutes, three times in each solution. After that, the substrate was 
rinsed with distilled water and blow with Nitrogen gas. The PTAA solution was filtered through a 0.25 
μm mesh size filter paper. This was done to ensure a smooth layer when spin coated. 130 μL of PTAA 
solution was dispensed and spread across the substrate by spinning at 500 rpm for 5 seconds and 
then spun at 2000 rpm for 30 seconds. PTAA thin films were then annealed at 50oC, 100oC, 150oC, 
200oC, 250oC to study the dependence of annealing temperature on the physical properties of thin 
films. Different tools were used to examine the PTAA thin films. To measure the optical properties of 
the thin film, UV-Vis spectrometer Lambada EZ210 has been utilized for this purpose. Whereas to 
figure out the thickness and structural properties of thin films, Nanomap LS500 Profilometer and X-
Ray Diffraction Philip Expert Pro were used respectively. 

 
3. Results and discussions 

3.1. Optical properties  

 
Figure 1(a) shows the optical absorbance spectra of PTAA thin films deposited at different 

annealing temperature. The optical absorbance spectra have been investigated in range of 300-700 
nm. There is a consistency of the absorbance peak with respect to annealing temperature and 
absorbance peak occurs at 354 nm. Annealing temperature at 100o C shows the highest peak while 
at 150o C shows the lowest peak. The figure shows that there is a modification in the absorption 
spectrum of PTAA thin films as the annealed layer where there is an increase in the absorptive with 
the increase in annealing temperature. In the same figure, there was very low optical absorption. 
This situation may be clarified from the energy band gap. At the point when there is an interaction 
between the photon and electron, the electron across the band gap Eg from the files valence-band 
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level to the unfilled conduction-band states [16]. Fig. 1(b) demonstrate the PTAA thin films band gap 
of PTAA thin films deposited at 100oC which is obtained from Tauc Equation, for direct optical band 
gap as in Eq. 1 [17]. 
 
(αhv)1/2 = (hv - Eg)            (1) 
 

Where α is the absorption coefficient, and hv is the quantum energy (eV). The value of the 
absorption coefficient, α can be calculated by using absorbance (Abs) and thickness (t), utilizing 
Equation 2.  
 

� =
�.��� � 	
�

�
             (2) 

 
The estimated value of optical band gap for PTAA thin films is within 3.05-3.14 around the value 

corroborated by the literature review [5,8]. The estimation of the band gap, Eg for allowed transitions 
got from extrapolation of the straight line part of (αhv)1/2 =0. 
 

 
Fig. 1. (a) Optical absorbance spectra of PTAA thin films deposited at different annealing temperature 
(b) plots of (αhv)1/2 vs photon energy for PTAA thin films deposited at 100 oC 

 
3.2. Structural properties 

 

Figure 2 show the X-ray diffraction (XRD) pattern for PTAA thin films deposited at 150 oC. All films 
are in amorphous phase which has a broad peak and a significant bump distributed in a wide range 
(2 thetas). All PTAA films show a peak within 22.33o to 23.85o agreed well with the finding by Zhang 
[7] and has satisfied interlayer stacked chain-to-chain distance. The entire PTAA thin films share the 
same pattern of XRD and the value of FWHM are within 9.12-9.62 as shown in Table 1. The estimated 
crystallite size can be calculated using Scherrer’s formula in Eq. 3 [18]. 
 

  =
��

� ��� �
             (3) 

 
Where k is a shape factor with the value of k = 0.94 for cubic crystallites. λ, β, and ϴ are 1.54056 

Å, observed FWHM and Bragg diffraction angle, respectively. The value of crystalline size for PTAA 
thin as deposited and annealed at 50oC, 100oC, 150oC, 200oC is 0.84, 0.86, 0.89, 0.88 and 0.87nm, 
respectively indicating better crystallite grain size quality at 100oC. The estimated grain size of PTAA 
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thin films increased as the annealing temperature increased to 100oC but reduces upon further 
increase in annealing temperature. This might be due the high annealing temperature could damage 
the structure of PTAA thin films. 
 

 
Fig. 2. X-Ray diffraction pattern for PTAA thin films deposited at 
150oC 

 
Table 1 

The full-width half- maximum (FWHM) and grain size of PTAA thin 
films as deposited and annealed at 50 oC, 100 oC, 150 oC, 200 oC 

Annealing temperature (oC) FWHM Grain size (nm) 

Room temperature 9.45 0.84084 
50 9.28 0.85589 

100 8.92 0.89022 
150 9.06 0.87700 
200 9.10 0.87313 

 
3.3. Surface morphology 

 
Table 2 

Thickness of PTAA thin films deposited at different annealing temperature 

Annealing temperature (oC) Thickness (nm) Root mean square (RMS) (nm) 

Room temperature 59.36 1.6932 
50 59.57 1.7510 

100 60.59 1.9428 
150 60.14 2.3244 
200 60.93 2.3829 

 
The thickness and root mean square (RMS) of the PTAA thin films after undergoing at different 

annealing temperature is presented in table 2. There are no significant in thickness of the thin film as 
deposited and annealed at 50 oC, 100 oC, 150 oC and 200 oC means that the annealing temperature 
does not influence the thickness and surface morphology from result shown in Fig. 3 that obtained 
from profilometer. It can be observed from the figure that the morphology shows smooth and 
uniform surface as the increasing the annealing temperature. The root mean square (RMS) roughness 
of the samples as deposited and after undergo heat treatment at 50 oC, 100 oC, 150 oC and 200 oC for 
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10 minutes, equals 1.70 nm, 1.75 nm, 1.94 nm, 2.32 and 2.38 nm, respectively. The value of RMS 
increase as the increasing of the annealing temperature same like reported by Aziz et al. [19]. 
 

Thin films deposited at different annealing temperature 

 
(Room temperature) 

 
(50 oC) 

 
(100 oC) 

 
(200 o C) 

 
(400 o C) 

Fig. 3. Surface roughness for PTAA thin films deposited at different annealing temperature 

 
4. Summary 

 
In summary, we have successfully deposited the PTAA thin films by spin coating method at the 

different annealing temperature. This parameter does not influence the X-ray diffraction pattern and 
the films thickness. There is a modification in the absorption spectrum of PTAA thin films with 
estimated band gap values of 3.05-3.14 eV. The estimated grain size of PTAA thin films increased and 
start decreased at thin film deposited at 100oC, maybe the high annealing temperature could damage 
the structure of PTAA thin films. 
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