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ABSTRACT: The electronic industry is in a new phase of change towards the organic electronics by exploring the
charge transport characteristics in high-performance Organic Field Effect Transistors (OFETs). The work focuses on
the fabrication by the process of spin coating of poly(3-hexylthiophene) (P3HT) films, synthesis and properties of its thin
film layers. Layers with (Al)/P3HT/Alq3/Sn/(Al) were prepared. The findings manifested the presence of nano fiber like
particles or dreg like structures affected the charge transport characteristics in high-performance OFETs. The size of the
crystals and its interdependence in the thin film layers play an important role in the mobility of the transistor. The main
objective is to prove that the morphological characteristics, if controlled, can lead to an enhanced device level
performance in Organic Field Effect Transistors.
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I. INTRODUCTION
Now days, the organic and inorganic semiconductor based electronics have attracted a huge attention.
Organic semiconductors bear many favorable advantages such as low cost fabrication, light weight and
processability on large areas for devices [1, 2]. In the past years significant research is going on for
understanding the conjugated polymers as conjugated polymers have π-bonding system giving them their
unique physical properties which are useful for photosensing applications [3]. Organic electronics comprises
of organic materials and devices made up of the organic semiconductors and dielectrics. Organic
semiconductors are one of the major classes of organic materials which have the behavior of both conductors
and insulators. Through analysis done chemically, the structure of organic material can be altered, so that the
semiconductor layers show abilities such as absorption, conduction, etc. These abilities of organic materials
can be made use in various applications, instead of using inorganic materials which are having a higher
fabrication cost. The organic materials are originally very long single chain molecules. They are polymers
with a conjugation property, and making the structural chain more conducting due to the charge flow. This
property of polymers made a significant change in electronics industry. Organic electronics includes not only
organic semiconductors and but also organic dielectrics too. They are very flexible and cheaper than inorganic
semiconductors.

Thin film technology is a “self organizing” structural evolution. Thin films play an important role in
virtually every micro- and nanostructure. A thin film transistor (TFT) [3][10] is similar to a field effect
transistor. An inorganic FET, consist of lightly-doped Si as active layer,  where the applied voltage causes
accumulation of minority charge carrier at the dielectric interface, e.g. holes in n type material, which is
termed as an ‘inversion layer’. By applying a voltage, carrier injection from source to drain electrodes occurs
trough the channel, and results in a flow of current. The basic model of a Field Effect Transistor (FET) is
depicted in the fig.1.

Device with P3HT thin film as channel was fabricated as Organic field Effect Transistor and it exhibits the
highest mobility. Layers with (Al)/P3HT/Alq3/Sn/(Al) were prepared. Unlike the inorganic materials,
organic materials pass current by majority carriers, and inversion regime does not exist and the conduction is
by accumulation [10]. This difference makes the OTFT to have lower mobility value compared with that of
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inorganic semiconductor FETs. So OTFTs are not suitable for applications, which demand high speed
operation. But with their processing characteristics, OTFTs are competitive for large area, physical flexibility,
low speed and low cost applications, such as large area, bendable displays, smart cards, medical applications
etc.

Fig.1: Basic model of an FET
Performance of OTFTs are usually evaluated in terms of mobility values and on/off current ratio, which
determine the speed and leakage current of devices. OTFTs have typical surface mobility values range from
0.1-2 cm2/V-s, which are comparable with those of amorphous-Si (a-Si) devices and the on/off current ratio
ranges from 103-108.

II. MATERIALS & METHODS
In case of the most of the technical applications, among many of the conjugated organic polymers, poly(3-
alkylthiophenes) or P3HT have been found to be a significant set of polymers with excellent solubility,
processability and also with environmental stability. P3HT [7][10] is one of the most widely used pi
conjugated polymers in organic electronics as it is having high solubility in various organic solvents along
with high mobility and crystallinity. This type of materials also exhibits an optical band gap in the range of
1.7–2.1 eV [8]. The intrinsic properties of P3HT are being enhanced for enabling it for the applications such
as organic solar cells and organic field-effect transistors, light absorbers and hole transporting material [8,9].
The solvent used for the spin coating of P3HT thin films onto a variety of substrates is having a great
significance [8][10]. Films spin coated from chloroform was found to have their side chains directed towards
the substrate. At initial phase, the material Tin(Sn) was coated using thermal evaporation technique with a
thickness of 30 nm and then following the gate insulator treatment coating of Alq3, by thermal evaporation
was done.  Thermal evaporation is done at a rate of 0.5 Å/ s from a molybdenum boat. Then the channel is
done with P3HT using spin coating method for a thickness of 60-70 nm. Finally the Al electrodes were
thermally evaporated onto the thin film through a shadow mask to form the S-D electrodes.

Fig.2: Structure of P3HT
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The thicknesses of Al films were 50nm. In addition, Au and Al were investigated as alternatives to the
S-D contacts. All the materials were used without any further purification. All thermal evaporations were done
under a pressure of less than 6 x 10−6 Torr while monitoring the film thickness with a quartz oscillator.

The prevalent method to extract the field-effect mobility is by using the expressions that describe the
drain current (ID) for crystalline MOSFETs [1]. From simple FET theory, in the linear regime the device
behaves like a resistor, which is described by the following equation,

(1)

voltage, VG is gate-source voltage, W is the transistor channel width, L is the transistor channel length, μ is the
field-effect mobility, VT is the threshold voltage, VD,sat is saturation voltage and Ci is the capacitance of the
gate oxide layer. As in the case of conventional metal-oxide semiconductor field-effect transistors
(MOSFETs), it is well known that the field-effect mobility of an FET can be estimated using the equation [7]

(2)

The electron mobility characterizes how quickly an electron can move through a metal or semiconductor,
when pulled by an electric field. In semiconductors, there is an analogous quantity for holes, called hole
mobility. The term carrier mobility refers in general to both electron and hole mobility in semiconductors. The
threshold voltage was determined from the intercept of the fitting line used to extract the mobility in the linear
regime (ID−VG) characteristics or the intercept of the fitting line used to extract the mobility in the saturation
regime characteristics [1]. The high average mobility for P3HT was accompanied by an exceptionally large
spread of the results: the highest mobilities exceeded in some samples 10-2 cm2 V_1 s_1 being over 1 order of
magnitude higher than typical mobilities in FETs fabricated from the solution.

III. MORPHOLOGICAL ANALYSIS
The microstructure and morphology analysis of the P3HT thin film was carried out. A high crystalline nature
for P3HT can be obtained by pre-aggregation of nanofibers in P3HT solution and after that the deposition of
the aggregated nanostructures can be done upon a substrate. This can enhance the crystalline nature. The
fabrication cost for this thin films are very less compared to other inorganic thin film materials. The solution
for P3HT is made using solvent such as chloroform by the spin coating method, the polymers are deposited.
The crystal particles are formed when the thin film gets dried. The SEM image in fig.3. details that the P3HT
thin film has a bunch of dregs like structures.

Fig.3. SEM of P3HT thin film deposited using Spin coating method
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The table.1. gives the information regarding the morphological changes of P3HT thin films. As the substrate
temperature is increasing, the length and breadth are also changing leading to the presence of nano fibers.
These changes can be utilized for various sensing applications along with this combination of materials.

Substrate
temperature(K)

Grain size (length x
breadth) (nm)

315 275 x 130

370 397 x 298

Table.1. Changes in grain size of P3HT with substrate temperature

IV. CONCLUSION
The thin films of P3HT were done using spin coating method. Layers with (Al)/P3HT/Alq3/Sn/(Al) were also
prepared for the development of Organic Thin Film Transistor. XRD results of P3HT showed that film have
(100) preferred orientation. Morphological studies showed a well-defined structure and elemental
composition. The grain size crystals or nano fibers are aiding the enhancement of FET performance by
making the charge transport smoother. The Organic based FETs are replacing the inorganic ones, in case of
the fabrication cost, mobility and also in controlled charge transport.
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