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𝑃𝐹6

−doped poly(3-MethylThiophene) (P3MT) conducting thin film was synthesized electrochemically on stainless steel 

(SS) foil of grade 304 under N2 atmosphere with a current density of 2mA/cm
2
 for 3 minutes. The sample was dedoped by 

supplying a reverse current density of 0.25mA/cm
2
 for 60seconds.The prepared film was further made to have 

metal/polymer/metal device structure using silver (Ag) on the polymer side. The temperature dependent current-voltage 

(I-V) measurement was carried out in these SS/P3MT/Ag device in order to study the conduction mechanism. The 

conduction mechanism in the polymer device was mainly controlled by bulk limited and contact limited conduction 

mechanism. The conduction mechanism in doped Poly(3-Methylthiophene) was governed by the trap controlled space 

charge limited conduction mechanism and its parameter are calculated. 
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INTRODUCTION 

Since the discovery of metallic conductivity in doped polyacetylene in 1977, the research interest in 

the field of conducting polymer have been increasing tremendously[1]. These π-conjugated polymers have 

been a fascinating material in the field of research due to their potential advantages such as low cost, easy 

processing, light weight, flexibility, high mechanical strength etc. They find wide application in various field 

of electronics such as organic light emitting diodes(OLED), organic solar cells, organic field effect 

transistors(OFET), flexible display, memory devices, sensors, energy storage etc.[2-7] In these devices, the 

conjugated polymer acts as an active material.  

The simplest device structure for studying the conduction mechanism in organic devices is 

metal/polymer/metal sandwiched structure. Understanding the basic principle of device operation is 

mandatory for improving and optimizing the efficiency and device performance. The conduction mechanism 

in these device structure is mainly controlled by the extraction and injection of charge carriers at the metal-

organic interface [8]. The conduction mechanism is often decided by the height of the potential barrier arises 

at the metal-organic interface. If the height of the potential barrier is less than 0.3eV, the charge conduction is 

considered to be space charge limited and is considered to be contact limited if it is greater than 0.3 eV.  The 

presence of electronic trap states in the between the HOMO and LUMO of the polymer have also plays a role 

in the conduction mechanism in which the conduction is controlled by the trap electrons[9-11].  

The conduction mechanism in metal/polymer/metal device can be studied from the Current-Voltage(I-

V) measurement of the device. The role of the trap states in the conduction mechanism has also been ruled out 

from the low temperature I-V measurement.Many researchers have been studied conduction mechanism in 

organic conductingdevices andboth contact limited conduction mechanism and bulk limited conduction 

mechanism were mostly observed. The role of the trap states in the conduction mechanism was also widely 

studied[12-13] . P. Anjaneyulu et.al. studied the conduction mechanism in SS/polypyrrolle/Ag device and 

reported the space charge conduction mechanism in the polypyrrole device[14]. A.J. Campbell et.al also 

reported the space charge limited conduction in Indium-tin-oxide/poly(phenylenevinylene)/ Aluminium light 

emitting diode[15]. In this work, a detailed conduction mechanism of Ag/P3MT/SS device has been studied 

through a temperature dependent I-V measurement. The role of interface and trap states in the conduction 

mechanism has been investigated. 

 

Experiment 

All the chemicals used during the synthesis of poly(3-MethylThiophene) thin films were procured 

from Sigma-Aldrich. The poly(3-MethylThiophene) thin films was electrochemically deposited on a 

StainlessSteel(SS) foil (Grade 304) of 50µm thickness. The electrodes were finely polished and cleaned with 

distilled water, acetone and isopropyl alcohol. Thiophene and propylene carbonate were distilled prior to use. 
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A 50mM solution of tetrabutylammoniumhexaflorophosphate (TABPF6) was made on propylene carbonate. 

TABPF6 was served as both electrolyte and dopant. An equimolar solution of 3-methylthiophene was added to 

the above solution. The above mixture solution was purged with Nitrogen gas for 10 minutes before growing. 

The poly(3-Methylthiophene) thin films were deposited on the SS electrode galvanostatically by passing a 

current density of 2mA/cm
2
 for 3 minutes at room temperatures. The sample was de-doped by supplying a 

reverse current density of 0.25mA/cm
2
 for 60 seconds. The thickness of the films was measured and found to 

be about 1µm. 

 For carrying out the I-V measurement, the top contact is made by using a semi dried silver paste on 

the polymer side of the film. The I-V measurement in this deviceis carried out in keithley 2450 sourcemeter 

with the SS being positively biased. The low temperature dependent I-V measurement of the doped poly(3-

Methylthiophene) device was carried out in a custom made cryostat upto 170K. The sample is loaded on the 

sample holder of the low temperature probe and electrical contact for four probe are made. The instrument are 

controlled by the KICKSTART software. The temperature was measured by using a pt-100 sensor. 

Results and Discussion 

The room temperature I-V curve of the  doped poly(3-Methylthiophene) device is shown in fig. 1. The 

I-V curve is almost symmetrical and this symmetric I-V curve indicates the bulk limited conduction 

mechanism because of the asymmetric work function of two contact electrodes (Ag~4.26eV-4.6eV, 

SS~4.9eV) can cause Schottky injection and curve will look asymmetric. This symmetric I-V curve is the 

indication of the absence of Schottky barrier in the device[16].The I-V curve also follows the power law 

𝐼 ∝ 𝑉𝑚  and the value of the exponent m can be found from the log-log plot of the I-V curve. 
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Fig1:- Room temperature I-V curve of doped poly(3-Methylthiophene) device 

 

The log-log plot of the room temperature I-V curve of the doped poly(3-MethylThiophene) device is shown in 

fig2. From the fig2. it is found that the value of 𝑚~1 at low bias voltage upto 0.2V. This suggests that at low 

bias voltage, the device will act as ohmic due to the thermally generated charge carriers. At higher voltage the 

value of exponent 𝑚~2.16 which indicates the trap controlled space charge limited conduction mechanism in 

the device. In Space charge limited conduction Mechanism, one of the electrical contacts act as ohmic and this 

facilities the injection of large number of charge carriers. In the low mobility solids, the injected charge 

carriers will create a space charge region near the interface, which starts controlling the current[9,17-18]. The 

intrinsic disorder in polymer and dedoping process are responsible for the formation of trap states in the 

polymer device and the injected charge carriers are trapped in theses states. 
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Fig2:- Room Temperature I-V curve of Poly(3-Methylthiophene) in log-log scale 
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The temperature dependence I-V curve is measured in order to study the nature of the trap present in this 

device. The I-V curve depends on the distribution of the traps states present in between the HOMO-LUMO 

gap of the polymer. The temperature dependence I-V curve of the device is shown in fig3 and it shows the 

thermally activated behavior. The value of the exponent m are calculated for all temperature and its variation 

with temperature is depicted in the fig4. As the temperature decreases, there is a systematically increase in the 

value of the exponent,m, from 2.16(303K) to 3.19(170K) which is a strong indication of the exponential 

distribution of the trap states in the HOMO-LUMO gap of the polymer device[9,19-20]. For exponential 

distribution of the trap states, the current density is given by[9] 

𝐽 = 𝑞1−𝑙𝜇𝑁𝑣  
2𝑙 + 1

𝑙 + 1
 
𝑙+1

 
𝑙

𝑙 + 1

𝜖𝜖0

𝐻𝑡
 
𝑙  𝑉𝑙+1

𝑑2𝑙+1 
− − − − − (1) 

where q is the elementary charge, l is the energy parameter given by 
𝑇𝑐

𝑇
 (𝑇𝑐  is the characteristics 

temperature of the traps) 𝑁𝑣  is the effective density of states, 𝜖 and 𝜖0 are dielectric constant of the 

polymer(~3) and absolute permittivity of the free space respectively, 𝐻𝑡is the density of the trap states, and 𝑑 

is the thickness of the polymer film. 
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Fig3:- Temperature Dependence I-V curv            Fig4:- m Vs 1000/T Plot                                                                                                                               

doped Poly(3-MethylThiophene) Device 

The energy parameter l is related to the exponent m as 𝑚 = 𝑙 + 1 =
𝑇𝑐

𝑇
. The plot of 𝑚 𝑉𝑠

1000

𝑇
 is a straight line 

and is shown in fig4. From the slope of the linear graph, the value of the characteristics trap temperature is 

found to be 382K which correspond to the characteristics trap energy of 𝐸𝑡 = 32.9 meV.  In order to find the 

characteristics energy of the traps, the above equation is modified as[21] 

𝐽 =
𝑞𝜇𝑉𝑁𝑣

2𝑑
exp  −

𝐸𝑡

𝐾𝑇
ln  

𝑞𝐻𝑡𝑑
2

2𝜖𝜖0𝑉
  =

𝑞𝜇𝑉𝑁𝑣

2𝑑
exp  −

𝐸𝑎

𝑘𝑇
 − − − (2) 
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Fig5:- Log J Vs 1000/T plot at various applied voltage 
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The characteristics trap activation energy can be found out from the log 𝐽 𝑉𝑠
1000

𝑇
 plot at a particular voltages. 

The plot of log 𝐽 𝑉𝑠
1000

𝑇
 at various applied voltage is shown in fig5. The trap activation energy can be found 

out from the graph and is found to be 69.38meV. The effective trap density at 1V is estimated using the 

equation Ea = Etln  
𝑞𝐻𝑡𝑑

2

2𝜖𝜖0𝑉
 and is found to be 2.8 × 1015  𝑐𝑚−3. 

 

Conclusion:- 

Doped poly(3-Methylthiophene) device was successfully fabricated as Ag/P3MT/SS sandwiched 

device structure. The conduction mechanism of the device was studied from the temperature dependent IV 

characteristics of the device. The conduction mechanism in the device was bulk dominated and  controlled by 

the trap limited space charge limited conduction mechanism. The trap characterstics and trap activation energy 

of the device were 32.9 meV and 69.38meV respectively. The effective trap density was also estimated to 

2.8 × 1015  𝑐𝑚−3 . 
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