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Abstract: Active layer patterned OTFT was obtained 
on a plastic substrate using the optimal growth 
condition of pentacene thin films as active layer and 
parylene thin films as passivation layer. Tranditional 
photolithography was performed to use a dry etch to 
pattern the material stack. The pentacene thin film and 
parylene thin film were deposited onto a plastic 
substrate using PC-OVD and CVD, respectively. 
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Objective and Background 
In recent years there has been growing interest in the 
field of organic thin film transistors (OTFTs) on plastic 
for organic electronics such as smart cards, low cost 
identification (ID) tags, and flexible displays.[1] OTFT 
offer advantages compared to traditional field-effect 
transistors, like mechanical flexibility and weight 
reduction.[2] Pentacene, a polyacene, consists of five 
linear benzene rings and has demonstrated the highest 
electron and hole mobility of organic small molecules. 
The material exhibits a strong tendency to form highly 
ordered films which depend on the growth conditions 
and the substrate. Pentacene thin film have been 
fabricated by solution precipitation,[3] organic 
molecular beam deposition,[4] vacuum thermal 
evaporation,[5] organic vapor phase deposition,[6] all 
having compared performance.  
 
However, many unresolved problems still remain in 
OTFT processing for more advanced organic-based 
integrated circuits such as display applications. A very 
important one problem is a difficulty in the organic 
active layer using photolithography and etching. It is 
known that the conventional photolithography process 
cannot be applied to organic materials. Several 
approaches have been proposed in the literature for 
patterning organic semiconductors. The Jackson group 
made a pentacene TFT using a poly(vinyl alchol) (PVA) 
passivation layer.[7] The Jang group made a OTFT 
using the selective growth of pentacene thin films 
between and on Au/Cr source and drain contacts.[8] 
 
For this work, we developed the technology to enable 
photolithography patterning of pentacene between 
source and drain contact of an OTFT. Also, we have 
grown the pentacene thin film with new deposition 
technique such as pressure control organic vapor 
deposition (PC-OVD). PC-OVD proceeds by the 
sublimed source materials into hot inert gas flow that 

transports the vapors toward a substrate where 
condensation of the organic occurs. Opposite the 
substrate in the reactor, the gas inlet is configured as 
showerhead from in one surface. 
 
Results 
Figure 1 shows a schematic diagram of the PC-OVD 
reactor used to grow the pentacene thin film. As 
received pentacene, obtained from Aldrich Chemical 
Co., is used without additional purification. The source 
material, pentacene, was evaporated at a temperature of 
about 300oC and its deposition temperature was 10 oC. 
The reactor is regulated to have a pressure of 1 torr 
using N2. Compared to the thermal evaporation, this 
method minimizes material waste and achieves uniform 
deposition of pentacene thin film on 5 inch wafer. 
 
The pentacene TFTs were fabricated a bottom-contact 
structure. Cr/Al/Cr and Au/Ti were used for the gate 
and the source/drain metals, respectively, and they were 
deposited by sputtering and e-beam evaporation 
methods, respectively. For OTFT with an organic gate 
insulator, J1 was deposited onto the patterned gate 
metal by spin coating from solution. The gates were 
planarized by the spin-coated J1 at a thickness about 
300 nm. After pentacene deposition, the parylene thin 
film as the passivation layer was deposited. Parylene 
coatings are very well suited to this process. The 
material is deposited onto the pentacene surface at the 
room temperature and polymerizes during the 
deposition process into a solvent-resistant, chemically 
inert film. The passivation layer protects pentacene 
against any attack with the solvents used for the 
photolithographic process.  
 
Figure 2 shows the optical image of a mask align keys 
in an OTFT array on Poly-carbonate (PC) substrate. It is 
not observed the misalign in the mask align keys. 
 
Figure 3 and 4 show the transfer (a), output (b), and 
mobility characteristics (C) of a pentacene TFT after 
passivation and active patterning, respectively. We 
observed that the mobility was not change after active 
patterning. 
 
Figure 5 shows the image of OTFT array on a plastic 
substrate.  
  
Impact 
We developed the technology to enable 
photolithography patterning of pentacene between 
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source and drain contact of an OTFT. Also, we have 
grown the pentacene thin film with new deposition 
technique such as pressure control organic vapor 
deposition (PC-OVD). A bottom contact OTFT with the 
pentacene thin film exhibited a field-effect mobility of 
0.1 cm2/Vs and an on/off current ratio of about 107. 
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Figure 1. Schematic diagram of the PC-OVD reactor. 

 

 

 

 

 

 

 

 
Figure 2. The optical image of a mask align keys in an OTFT array PC substrate. 

 

 
 
 
 

 

 
(a)                        (b)                       (c) 

Figure 3. Transfer (a), output (b), and mobility characteristics (C) of a pentacene TFT after passivation. 
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(a)                        (b)                       (c) 
Figure 4. Transfer (a), output (b), and mobility characteristics  

(C) of a pentacene TFT after active patterning. 

 

 
 
 
 
 
 
 
 
 

Figure 5. The image of OTFT array on a plastic substrate. 
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