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Abstract 
We have fabricated vertical-type organic transistors 
(static induction transistors; SITs) with built-in nano-
triode arrays formed in parallel by a colloidal-
lithography technique. Using this technique, we could 
fabricate a microstructure in a lateral direction within a 
large-scale organic device without relying on 
photolithography. The organic transistor showed low 
operating voltages, high current output, and large 
transconductance. 

 
 

1. Introduction 
 

Recently high performance electric and 
optoelectronic devices based on organic 
semiconductors have been demonstrated, such as 
OLED, thin-film transistors (TFT), solar cells, etc. 
These organic devices show promise for low-cost, 
large-area and flexible devices. In particular, display 
panels using OLED are expected for mobile electronic 
devices and excellent stability and high efficiency 
OLED have been reported.  On the other hand, rapid 
progress of organic transistors has been made in 
recent years [1-3]. Furthermore, all-organic display 
devices are expected by combining the OLED with 
organic transistors [4-7], because organic transistors 
driving OLED are necessary to achieve flexible and 
large scale active-matrix-displays. To be practical, 
however, it is necessary to operate with a drive 
voltage as low as a few volts and have sufficient 
reliability. Conventional organic field-effect 
transistors (OFETs) have low-speed, low-power, and 
relatively high operational voltage mainly due to their 
low-mobility and high-resistivity. 

From these points of view, we have proposed a 
colloidal-lithography technique [8] without relying on 
photolithography and high performance OSITs were 
obtained using this technique. 

 
 

2. Experimental  
 

Figure 1 schematically shows the fabrication 
process of organic SITs using colloidal lithography.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1.  Fabrication process of organic SITs using 
colloidal lithography. 
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Glass substrates were immersed in an aqueous 
suspension of nano-particles, resulting in adsorption. 
Positively charged polystyrene particles were chosen 
to exploit the electrostatic interactions between 
particle surfaces and substrate. The nano-particles 
were homogeneously dispersed on the surface (Fig. 
1a). After adsorbing the particles, a bottom electrode 
(Pt), an insulating layer (Al2O3), and a gate electrode 
(Al) were successively deposited by vacuum 
evaporation (Fig. 1b). After the deposition, the 
particles were selectively removed by an adhesive 
tape (Fig.1c). As a result, a large number of nanoholes 
were formed without destroying the film. Then, an 
organic semiconductor layer and a top electrode (Au) 
were deposited on the porous film to complete the 
OSIT (Fig. 1d ). Copper phthalocyanine (CuPc) and 
pentacene were used as p-type semiconductor 
materials. The effective device area of the OSIT is 2.0 
mm× 2.0 mm, and 28 million nanotriode cells operate 
in parallel. 

 
 

3. Results and discussion 
 
The static output characteristics of the pentacene 

SIT are shown in Fig. 2a and b. The pentacene SIT 
shows low operating voltages (a few volts), high 
current output (several mA), and large 
transconductance (more than 6 mS). These properties 
will be further improved by optimizing the 
semiconductor material and the device structure in 
future. The vertical-type OFETs with built-in nano-
triode arrays are able to fabricate by simple process 
and expected for not only display devices but 
integrated circuits, such as paper-like devices, RF-ID 
tag etc. We also demonstrated the driving of an light-
emitting diode, audio speaker, logic circuits, etc. 

 
 

4. Summary 
 

Vertical-type OFETs with built-in nano-triode 
arrays in lateral direction were fabricated using a 
‘colloidal lithography’ technique. Using this technique, 
we could fabricate a microstructure in a lateral 
direction within a large-scale organic device without 
relying on a photolithographic method. The organic 
SITs with low operational voltage, high current output 
and high transconductance were obtained even by a 
low-carrier-mobility material. This high performance 
would extend the applicability of organic transistors to 
flexible displays, logic ICs and sensing devices. 
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Fig. 2.  Static output and transfer characteris
tics of pentacene SIT. 
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