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Abstract 
Copper phthalocyanine (CuPc) Field-effect transistors 
(FETs) was successfully fabricated on plastic substrates. 
Orientation of CuPc crystallites on substrate could be 
obtained via rubbing process. It was revealed that CuPc 
crystallites were perpendicularly aligned on PES substrates 
with the rubbing direction. The performance of FETs was 
affected by orientation of CuPc on rubbed substrates. 

 
 

1. Introduction 
 

Recently, organic semiconductors have been of 
great interest in flexible electronic devices, such as 
field-effect transistors(FET’s) [1], thin film transistors 
(TFT’s), electroluminescent (EL) and photovoltaic 
solar cells. The copper phthalocyanine (CuPc), which 
was grown into columnar structures by п-п stacking 
are good candidates as active layers in organic 
FET’s[2]. Mostly, the CuPc grains deposited on 
substrate have been oriented randomly[3]. Ofuji et al. 
have shown that field-effect mobility anisotropy could 
be obtained with different orientation of CuPc 
crystallites on glass[2,4]. In this work, CuPc films 
deposited on plastic substrates with different 
substrates temperature were characterized. The effect 
of rubbing process on the orientation of CuPc 
crystallites was investigated. Organic(CuPc) FET’s 
were successfully fabricated on rubbed PES substrates. 
It could be observed that CuPc crystallites were 
perpendicularly grown in rubbing direction. We have 
characterized the performance of FET’s with different 
rubbing conditions.  

 
 
 

2. Experimental  
 

A polyethersurfone(PES) substrate with 200 
micrometer thickness was cut into pieces and 
ultrasonically cleaned with isopropyl alcohol(IPA) for 
10min. One side was rubbed with cotton velvet cloth. 
CuPc(Aldrich, 97%) was purified three times by 
carrier-gas sublimation and vacuum deposited onto 
the PES substrates using a bell-jar evaporator 
(background pressure, ~3*10−5 Pa). During the 
deposition, the substrate temperature was changed 
from room temperature to 150°C. The deposition 
speed and final CuPc thickness were 0.6 Å/ s and 50 
nm, respectively. The procedure for the fabrication of 
organic FETs was presented in figure 1. The 
morphologies of CuPc on PES were examined by 
atomic force microscopy (AFM). After rubbing 
process, optical anisotropy could be measured by 
polarized UV spectroscopy. Then gold was vacuum 
deposited through a shadow mask to form source and 
drain electrodes. The mask defined the channel 
lengths (L) and channel widths (W), which were 25 
mm and 0.5−1 mm, respectively. A typical test piece 
(15 mm*15 mm) had 10 source-drain pairs on its 
surface. The FET characteristics were evaluated using 
tungsten probes and an Agilent 4156C semiconductor 
parameter analyzer.  

 
 

 
Fig. 1. Schematic of organic FETs fabrication. 
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3. Results and discussion 
 
To investigate the effect of the substrate 

temperature on the growth of CuPc grain, CuPc was 
vacuum deposited on rubbed PES substrate with 
different temperature varied from room temperature to 
150℃. With increasing the substrates temperature, the 
gain size of the CuPc deposited on PES was increased, 
as shown in figure 2.[5] At higher temperature the 
CuPc molecules were activated around the surface of 
substrate, resulted in increasing the grain size of CuPc. 
However, the plastic substrates could be slightly 
deformed at too high temperature. Therefore, in our 
work, the substrates temperature was determined at 
100℃ during the vacuum deposition.  

 
 

 
Fig. 2. AFM images of CuPc deposited at 

different substrate temperatures.  
 
 
From the AFM images shown in figure 3, it could 

be found that the CuPc crystallites were aligned after 
rubbing. The alignment of CuPc grains was observed 
in perpendicular direction to rubbing one. In contrast, 
the optical anisotropy was appeared in rubbing 
direction. When the substrate temperature is 100℃, 
the larger CuPc crystallites were well aligned on 
rubbed PES substrates[See figure 3(c), (d)] . 

 
 

 
(a)                     (b) 

 

 
(c)                     (d) 

 
Fig. 3. Optical absorption spectra and AFM 

images of CuPc layers deposited at different 
substrate temperatures;(a),(b) RT and (c),(d) 100℃ 

 
 
The CuPc FET’s structure and rubbing direction on 

PES substrates are shown in figure 4. The output 
characteristics of devices were performed at -60V of 
gate voltage. As shown in figure 5, the performance of 
FET could be improved at higher temperature due to 
the larger size of CuPc crystallites. It could be also 
confirmed that the orientation of CuPc crystallites 
between source and drain electrodes attributed the 
performance enhancement of FET’s. These results 
indicated that the ordering of CuPc crystallites on PES 
substrates via rubbing process lead to improve the 
performance of organic FETs. 

 
 

 
Fig. 4. Device structure and Rubbing direction. 
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Fig. 5. Output characteristics of CuPc FETs. 

 
 

4. Summary 
 
CuPc FET’s were successfully fabricated on 

flexible PES substrates and CuPc crystallites were 
well aligned between source and drain electrodes via 
rubbing process. It could be revealed that CuPc was 
perpendicularly aligned in rubbing direction. It could 
also be found that the higher performance of FET’s 
was affected by CuPc crystallites’ orientation, not 
optical anisotropy. 
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