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Abstract: 

In the present work, organic field effect 

transistor in TG-BC configuration was 

fabricated of Poly(3-hexylthiophene-2,5-

diyl) (P3HT) as an active layer, and 

polyvinyl alcohol (PVA) as a gate 

dielectric layer. OFET was made at 

AL/PVA/P3HT/Au structure in constant 

conductance channel width (W=1mm) and 

length (L=60µm). The dielectric layer was 

deposited in constant revolution speed 

(1000rpm) by spin coating method, While 

the semiconducting polymer was deposited 

in multi revolution speeds (1000, 1500, 

2000, 2500, 3000) rpm to obtain a different 

active layer thickness. All devices were 

worked in enhancement or accumulation 

mode. The best characteristic of the 

organic field effect transistor is when the 

thickness of an active layer corresponding 

to (2500rpm), which has the highest 

saturation mobility value (5.86x10
-3

 

cm
2
/Vs) and (Ion/Ioff= 786), and lowest 

threshold voltage (-22V) and channel 

resistance (9.57x10
5
 Ω).  

Keywords: Organic field effect transistor 

OFET, TG-BC, Poly(3-hexylthiophene-

2,5-diyl) (P3HT), Polyvinyl alcohol 

(PVA), Thin film, Mobility, Threshold 

voltage, Channel resistant.  

 

 

 

الخصائص دراسة تأثير سمك الطبقة الفعالة على 

 الكهربائية لترانزستور

 ثير المجال العضويتأ

َاظى عبذاندهيم عبذالله
1

ونيذ عهي حسيٍ -
2

حسيٍ فانح   ، 

حسيٍ
2
. 

يشكض أبحاد انبىنيًش/ خايعت  - قسى عهىو انًىاد -1

 انبصشة.

قسى انفيضياء/ كهيت انخشبيت نهعهىو انصشفت/ خايعت  -2

 انبصشة. 

حى في هزِ انذساست حصُيع حشاَضسخىس حأثيش         

، ورنك باسخخذاو TG-BCيب انًدال انعضىي بانخشك

 PVAنخشكيم انطبقت انفعانت وانبىنيًش  P3HTانبىنيًش 

كطبقت عاصنت نهبىابت. حى حثبيج كم يٍ طىل قُاة انخىصيم 

(L=60µm)  وعشضها(W=1mm)  وسًك انطبقت

 (1000rpm)انعاصنت نهبىابت عُذ سشعت انذوساٌ 

ت، باسخخذاو طشيقت انطلاء بانبشو نخشسيب الأغشيت انشقيق

بيًُا حى حشسيب انطبقت انفعانت بسشع دوساٌ يخخهفت 

(1000, 1500, 2000, 2500, 3000 rpm) بيُج .

َخائح قياط ييضحي انخشج وانخحىيم اٌ خًيع 

حشاَضسخىساث انًصُعت هي يٍ انُىع انخعضيضي )او 

 enhancement or accumulation)انخدًيعي( 

mode) .اظهشث يقاسَت انًعايلاث انكهشبائيت 

انًحسىبت نهخشاَضسخىساث اٌ انسًك الأيثم نهطبقت 

انفعانت عُذ ظشوف انخصُيع انًخبعت هي عُذ انسًك 

، ار كاَج (2500rpm)انًقابم نسشعت انذوساٌ 

   يعايلاث انخشاَضسخىس الأفضم هي: 

mailto:nadhim_2011@yahoo.com


 

 
 

17 

(µsat=5.86x10
-3

cm
2
/Vs), 

(Ion/Ioff=786),(Vth=-22V), (Rch=9.57x10
5
Ω) 

 

Introduction: 

Organic electronics is a branch of 

electronics based on the organic materials 

as a effective medium in the manufacture 

of electronic devices, it’s also called plastic 

electronics, which are flexible, transparent, 

light weight, large area and cheap making 

cost. The use of organic materials to build 

electronic devices was the reason for the 

growth of our electronic world, and most 

of its products were environmentally 

friendly and low-energy consumption in 

both manufacturing and operation 

processes. Organic materials have been 

used in manufacturing many electronic 

devices such as flexible displays, 

processors & memories, electronic textiles, 

radio-frequency identification (RFID), 

sensors, As well as biochemical detectors, 

thin films batteries, organic light emitting 

effect transistors (OLE-FET) and other 

applications.[1-5] 

In the past few decades, researchers 

have focused on the possibility of using 

organic materials to manufacturing of the 

field effect transistor for new applications, 

because of their efficient applications in 

low cost integrated circuits that can be 

manufactured in large areas on different 

substrate, even flexible type. Research has 

been accelerated in the manufacture of 

organic semiconductors and the 

development of electronic device 

manufacturing methods. Studies have 

begun to investigate the improvement of 

the properties of organic semiconductors 

such as increasing the electrical 

conductivity of these materials. These 

efforts have resulted in the manufacture of 

the organic field effect transistor with a 

high current ratio, high mobilities and low 

operating voltage.[6-8]  

Thin Film Transistors-TFTs is the 

device that uses the electric field to adjust 

the electrical conductivity of the 

conduction channel located on the interface 

between the insulating layer and the 

semiconductor layer. Therefore, it is a field 

effect transistor (FET), similar to that 

known metal oxide field effect transistors 

(MOSFET), and is the basic structure of 

modern integrated circuits. The evolution 

date of both TFTs and MOSFETs is 

parallel at a time. Today, OFET transistors 

are made on different bases and even on 

flexible. Transistors are involved in the 

manufacture of many devices such as video 

equipment, flexible displays and small 

screens on the traditional glass bases of the 

mobile phone and other applications 

growing rapidly, such as LCD display 

screens, smart cards, memory cards, 

electronic textile and others. The organic 

field transistor technology can be ideal for 

the infrastructure of these applications and 

other applications because of the close 

compatibility of OLED and OFET 

materials and their good mechanical 

properties.
 
The transistors are the basic 

brick in modern circuits and are used as a 

amplifier tool or switching key. The effect 

of the field is the phenomenon in which the 

electrical conductivity of semiconductors is 

changed by applying an electric field on its 

surface. The electric field is applied 

through a metal gate in the device. The 

field effect transistors mainly consist of 

three electrodes: Source-S, Drain-D, Gate-

G , As well as a layer of semiconductor 

and insulating layer between the 

semiconductor and the gate. Figure (1) 

shows the general structure (in Bottom 

Gate-Top Contact, (BG-TC)) of the field 

effect transistor. The OFET is a two-

dimensional structure because the 

insulating and semiconductor layers are 
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formed in the form of two-dimensional thin 

films, due to the linear composition of 

many of the semiconductor materials used. 

In addition to the use of organic 

semiconductors and organic insulating 

material, all components of the transistor 

can be replaced with organic materials.[9-

12]
 
 

 

 

 

 

 

 

 

Figure (1) the general structure of the 

field effect transistor. 

In organic field effect transistor for 

saturation region, the charge carrier 

mobility (µsat) is:[13] 

  

Where L, W are the conductance 

channel length and width, Ids is channel 

current, Vgs is the gate-source voltage and 

Ci is the electrical capacitor per unit area of 

gate dielectric layer. The conductance 

channel resistance (Rch) is given by;[14]
 
 

  

Where Vth is the threshold voltage. 

The soluble polymers which can 

dissolve in solvents was contributed in 

development of multilayer devices by 

solution deposition methods in low 

temperature on a various types of 

substrates so as to flexible substrate. The 

thiophenes roots one of the most 

electronics organic semiconductors. The 

dielectric layer can be cross-linked or 

consist of polymer blends or doped 

polymer to manufacturing a high 

capacitance layer to limiting of leakage 

currents and providing a good surface to 

growth a semiconductor layer. Figure (2) 

illustrates the chemical structures of some 

dielectric polymers which used as gate 

dielectric layers in OFETs.[4, 15-18] 

 

 

 
 

 

 

 

 

 

Figure (2) the chemical structures of 

some dielectric polymers.[19] 

Materials and Methods:  
Regioregular polymer Poly(3-

hexylthiophene-2,5-diyl) (P3HT), product 

batch number M102 electronic grade, was 

purchased from Ossila Limited Co., UK, 

average molecular weight Mw 65200 and 

Mn 29600, >95.7% head-to-tail 

regioregularity, molecular formula 

{(C10H14S)n} is a conjugated polymer was 

used in this research, figure (3) shows its 

chemical structure. P3HT solution was 

prepared in 1,2-dichlorobenzene (from 

Sigma-Aldrich) in 10 mg/ml concentration 

by stirring at 60°C for 15 minutes. Finally, 

after cooling to room temperature, the 

 

            Substrate 

                 Gate 

             Insulator  

           Semiconductor 

Drain source 

L 

W 

 

 



 

 
 

19 

solutions was filtered with syringe filter of 

size 200 nm. 

 

 

 

 

 

Figure (3): Chemical structure of P3HT. 

Polyvinyl alcohol (PVA) with an 

average molecular weight within of 

(85,000-124,000) g/m, viscosity (4% 

aqueous solution at 20ᴼC): 28-32 cps, 

hydrolysis degree (99%)was obtained from 

Sigma-Aldrich-India. It has a chemical 

structure ([CH2-CHOH]n - as in figure (2)). 

Aluminum and gold of purity (99.99%) 

was provided from Sigma-Aldrich for 

deposition the electrodes. PVA solution 

was prepared in deionized water at 70 

mg/ml concentration by stirring at 90°C for 

8 hours. Finally, after slow cooling to room 

temperature, the solutions were filtered by 

syringe filter (220 nm).  

In cleaning process of substrates, it's 

received a multistep solvent clean by ultra-

sonication technique; 5 min in isopropyl 

alcohol, 5 min in acetone and 5 min in 

deionized water, then substrates dried in 

oven at 90ºC for 1 hour, then cooling to 

reach room temperature. A very thin 

aluminum layer than a gold source and 

drain electrode have deposited by thermal 

technique on glass substrates by using a 

local made mask with conducting channel 

constant distance of (W/L=1mm/60µm). 

P3HT thin films were deposited on 

electrodes by using the spin coating 

method in multi revolution speeds 

(1000,1500, 2000, 2500, 3000)rpm for one 

minute to obtaining a different thickness of 

the active layer thin film, and annealed to 

120ºC for 10 minutes in laboratory oven. 

The gate dielectric layer deposited by using 

spin coating at constant revolution speed 

(1000rpm), and annealed at 70ºC for 3 

hours. The upper aluminum electrode (gate 

electrode) was deposited  by evaporation 

method under vacuum (10
-5 

torr), to 

complete an OFET  in Top Gate- Bottom 

Contact (TG-BC) configuration.  

The output and transfer 

characterizations of organic thin film 

transistor was measured in darkness by 

using couple of Keithley-2400 device 

which are controlling by a computing 

system. The measurements done at 

darkness and room temperature.  

Results and Discussion: 

Figures (5-9) show the results of the 

measurement; (a) the output characteristic 

and (b,c) transfer characteristic of these 

organic transistors, which show that the 

changing of the active layer thickness in 

the transistor configuration has a 

significant effect on the electrical 

properties of this device. Where its 

electrical capacitor per unit area for 

AL/PVA/Au sandwich structure at constant 

frequency (1KHz) is (223 nF/cm
2
). 

 

 

 

 

 

 

 

 

figure (5); a) output and b,c) transfer 

characteristic at (Vds=-70V) and active 

layer (1000rpm). 
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figure (6);a) output and b,c) transfer 

characteristic at (Vds=-70V) and active 

layer (1500rpm). 

 

 

 

 

 

 

 

 

 

 

 

 

figure (7);a) output and b,c) transfer 

characteristic at (Vds=-70V) and active 

layer (2000rpm). 

 

 

 

 

 

 

 

 

 

 

 

 

figure (8);a) output and b,c) transfer 

characteristic at (Vds=-70V) and active 

layer (2500rpm). 
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figure (9);a) output and b,c) transfer 

characteristic at (Vds=-70V) and active 

layer (3000rpm). 

The main parameters of OFETs were 

calculated by using the equations (1,2) and 

transfer characterizations. The charge 

carrier mobility at saturation, the resistance 

of the conductance channel, as well as the 

threshold voltage and the ratio between the 

operating current and off current, were 

calculated directly from the conversion of 

the transistor current. Figures (10-13) 

shown the obtained results for these 

parameters of transactions versus the active 

layer deposition revolution speed. 

It is noticeable from these results that all 

devices were enhancement mode, and the 

resistance of the conduction channel is 

increased by increasing of active layer 

thickness due to the increased roughness of 

the surface of the effective layer with 

decreasing the revolution speed of the spin 

coating deposition method. This increasing 

of roughness at interface where the 

conduction channel is formed will results a 

charge traps that inhibit the transfer of 

charge carriers in the interface between the 

active layer and the gate insulator layer, 

which negatively affects the channel 

current value and the mobility of the 

charge carriers and increasing the threshold 

voltage in the organic field effect 

transistor. In addition to, the reduce of the 

thickness of the semiconductor layer is an 

auxiliary factor to increasing the electrical 

conductivity, because its reducing the 

defects of crystalline and increase the 

regularity of polymer chains within the 

polymeric lattice, as well as, increasing the 

overlap between the orbits of π orbital, 

which increases the mobility of charge 

carriers.[20-25] 

While the negative threshold voltage 

decreasing with decrease of active layer 

thickness, as a results of decreasing of 

charge carriers traps in the conduction 

channel. As that, the fluctuation of Ion/Ioff  

is may be related to either changing in the 

contact resistance or due to the charge 

carriers mobility, which are affective on Ion 

value. This result was correspond to 

previous studies. [26-30] 

Conclusions: 

The results shown that all OFET devices 

which made at AL/PVA/P3HT/Au 

structure, and were manufactured in a 

constant conductance channel width 

(W=1mm) and length (L=60µm), were 

operating in enhancement (accumulation) 

mode. 

We find from above results that the best 

characteristic of the organic field effect 

transistor is when the thickness of an active 

layer corresponding to the revolution speed 

(2500rpm), which has the highest 

saturation mobility value (5.86x10
-3

 

cm
2
/Vs) and (Ion/Ioff=786), and lowest 

threshold voltage (-22V) and channel 

resistance (9.57x10
5
 Ω) between the values 

of other samples. 
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Figure (10): The saturation mobility of 

OFET vs. deposition revolution speed of 

P3HT. 

 

 

 

 

 

 

 

 

Figure (11): The threshold voltage of 

OFET vs. deposition revolution speed of 

P3HT. 

 

 

 

 

 

 

 

 

Figure (12): Ion/Ioff ratio of OFET vs. 

deposition revolution speed of P3HT. 

 

 

 

 

 

Figure (13): The channel resistance of 

OFET vs. deposition revolution speed of 

P3HT. 
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