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Abstract 
This is a report on fabrication and electrical 

characteristics of pentacene OTFT that uses conducting 
PEDOT/PSS as source drain electrodes. We demonstrate 
enhanced conductivity of PEDOT/PSS film with glycerol 
and optimize properties for ink jet printing. We also 
present the application of oxygen plasma technique in 
order to favor selective spreading for subsequent inkjet 
printing. 

 
 

1. Introduction 
 

A new interest in organic thin film transistors 
(OTFTs) with solution process has increased recently 
for organic electronics due to distinct advantage : low 
cost over a large area and low temperature processing 
as compared with amorphous silicon and polycrystalline 
silicon TFTs. Especially, The substitution of gold 
electrodes with a conductive polymer1)-3) is a significant 
step forward for reducing material cost and fabrication 
on flexible substrates. 

In manufacturing OTFTs with solution process, 
many groups using ink jet printing technique because 
it can be eliminate the use of photomasks and enable 
simple fabrication with highest accuracy and 
resolution.4)5) However, its resolution is limited to 
20~50 um by statistical variations of the flight 
direction of droplets and their spreading on the 
substrate. This is not sufficient for defining 
source/drain electrodes of practical thin film 
transistors without accidental electrical shorts. 
Moreover, in fabricating on plastic substrate, it had a 
several problems.  

Thermal shrinkage of the substrate occurs at elevated 
temperature, it causes serious problem in adjusting 
alignment for fabrication. In this regard, deposition at 
room temperature is highly recommended. Besides 
PEDOT/PSS is an aqueous solution and is hard to be 
coated on the hydrophobic surface of gate dielectric. 

For this reason, some modification is necessary to 
accommodate the wetting characteristics between ink 
and insulator surface. 

In this work, we demonstrate enhanced conductivity 
of PEDOT/PSS film with glycerol and optimize 
properties of ink for ink jet printing. We also present 
the application of plasma technique combining 
printing technique in order to overcome the resolution 
and accuracy limit of inkjet printing without heating 
on processing. As a result, we are able to obtain high 
patterning resolution and operational performance 
from OTFT based PEDOT/PSS. 

 
 

2. Experimental  
 

We used polycarbonate(PC) substrate with thickness 
of 125um, which was purchased from DuPont Teijin. 
Particle contamination was minimized by cleaning the 
substrate before depositing the materials in class 1000 
clean room. The substrate was also pre-annealed for 
reduction of polymer shrinkage.  
Before the pentacene deposition, substrates were 
exposed to photolithography process and source/drain 
regions were fabricated by O2 plasma treatment. 
Modified PEDOT/PSS(Baytron ph 500) which was 
mixed with glycerol and followed by stirrer for 3 hr 
was printed in air using a UJ-2400 ink jet printer from 
UNIJET co. Ltd. Inkjet printing was performed using 
a custom-made piezoelectric drop-on-demand system 
adapted from Micro-Fab Technologies Inc. We used 
printhead with 50um diameter tips. After inkjet 
printing of source/drain, it was cured at 120 oC for 20 
min. Then, a 45 nm thick layer of pentacene was 
deposited at a vacuum level of 2×10−8 Torr at a 
deposition rate of 0.3 Å/s, as measured by a quartz 
crystal monitor. The substrate was held at room 
temperature during deposition.  
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3. Results and discussion 
 

Here we applied different concentrations of 
glycerol into PEDOT/PSS to make modified 
PEDOT/PSS solutions. The evolution of the films 
sheet resistance(measured by four-point probe 
techniques) versus the percentage in weight of 
glycerol added to the PEDOT/PSS is reported in Fig. 
1. The sheet resistance of pristine PEDOT/PSS is 
about 2 MΩ/□ and suddenly decreases to 290 Ω/□ at a 
specific concentration of glycerol. It can be seen that 
the surface resistivity decreases with increasing 
glycerol concentration, reaching minimum value at a 
glycerol concentration of 10 wt%. Converted sheet 
resistance into conductivity, it was about 430 S/cm.  
In addition, we measured viscosity to determine 
appropriate range of concentration of glycerol with 
sheet resistance. Generally, the viscosity of the ink 
should be suitably low, and typically 20 mPa.s in 
order to minimize pressure drop within the small 
diameter nozzle and also to facilitate subsequent 
deposition of the drop on a substrate.6)7)  We 
recommend that the concentration of glycerol was 
about 10 wt%. 

 

 
Fig. 1. Sheet resistance and viscosity according to the 

concentration of glycerol 
 
In fabricating OTFT on plastic substrate, thermal 

shrinkage of the substrate occurs at elevated 
temperature, which causes serious problem in 
adjusting alignment for fabrication. Moreover, 
PEDOT/PSS is hard to be coated on the hydrophobic 
surface of gate dielectric without heating.(fig. 2 a)) 

In this regard, in order to confine the spreading of 
PEDOT/PSS ink droplets with high resolution patterns, 
we used combining photolithography and oxygen 
plasma technique. The oxygen plasma treatment 
imparted selectively hydrophilic characteristics on 
source/drain area. It define the critical device 
dimensions. Even though, PEDOT/PSS ink was jetted 
on wrong position by statistical variations of the flight 
direction of droplets, it could be moved on correct 

position by difference of surface energy. We have 
fabricated devices with channel length down to 10 um, 
limited by the resolution of our photolithography 
setup.(Fig. 2 b)). 

 

   
Fig. 2. An optical microscopy image of (a) a inkjetted 

PEDOT/PSS droplet on PVP insulator without 
heating on substrate, (b) a inkjetted 
PEDOT/PSS droplet on PVP insulator with 
pattered by O2 plasma  

 
Finally, Source/drain electrodes were successfully 

deposited via inkjet printing method using modified 
PEDOT/PSS. We can see that the devices with 
modified PEDOT/PSS and gold have similar effective 
mobility, while the devices with pristine PEDOT/PSS 
have notably lower effective mobility.(Fig. 3) These 
results indicate that the low electrode resistance as 
adding glycerol to PEDOT/PSS lead to current growth 
which means enhancement of mobility. Moreover, in 
spite of the relatively lower electrical conductivity(~ 
430 S/cm) compared with Au(~ 4.1 x 105 S/cm), The 
mobility of pentacene TFT using modified 
PEDOT/PSS is similar to that of devices with 
photolithgraphically defined gold electrodes. It was 
caused by the lower height of the charge injection 
barrier from the PEDOT/PSS electrodes into the 
pentacene active layer. The lower barrier height 
resulted in easier charge injection from the 
PEDOT/PSS electrodes into the active layer.8)9)   

 
Fig. 3. Electrical transfer of bottom contact pentacene 

OTFT with different source drain electrodes 
(Au, pristine and modified PEDOT/PSS). The 
source drain region was formed by O2 plasma 
treatment   
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4. Summary 
 

In summary, here we present high performance in 
OTFTs made of plasma modification followed by 
inkjet printing without heating on plastic substrate. 
Conductivity of PEDOT/PSS films are significantly 
increased with increasing concentration of glycerol, 
reaching maximum value at a glycerol concentration 
of 10 wt%. we improved its conductivity from 0.07 to 
430 S/cm for OTFTs application and investigated its 
available viscosity for inkjet printing. 

In fabricating OTFTs on plastic substrate, 
PEDOT/PSS should be deposited at room temperature 
due to possible shrinkage of the substrate by heating. 
However, without heating fine patterns are hard to 
obtain on hydrophobic surface.  
In order to overcome the resolution and accuracy limit 
of inkjet printing, PEDOT/PSS aqueous dispersion 
has been deposited onto a pre-patterned insulator 
which defines a channel with wettability contrast and 
OTFT with a channel length of 10um have been 
achieved. Finally, Source/drain electrodes were 
successfully deposited via inkjet printing method 
using modified PEDOT/PSS. We have shown that it is 
possible to use PEDOT/PSS instead of Au for OTFT 
in very simple and efficient way. 
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