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1. Introduction 
  Optoelectronic elements using organic materials show 
promise for low-cost, large-area and flexible devices. Con-
ventional field effect transistors (FETs) using organic ma-
terials have low-speed, low-power and relatively high op-
erational voltage mainly due to their low-mobility and 
high-resistivity. It is known that the static induction tran-
sistor (SIT) is a promising device because of the high-speed 
and high-power operation. The excellent characteristics of 
the SIT mainly arise from vertical structure with a very 
short distance between the source, drain and gate electrodes 
[1,2]. The static characteristics demonstrate that the major-
ity carriers of hole in the organic material flow from the 
source to drain and controlled by the gate voltage applied to 
the Schottky gate electrode.In this case, drain-source cur-
rent (IDS) is restricted by spreading the depletion layer 
around the Schottky gate electrode under the gate voltage 
(VG) 
The characteristic of SIT depends on the distance between 
the source-gate, gate-source and gate electrode gap.  
Therefore we tried to fabricate organic SIT having 
nano-gate structure by electron beam exposure and Reac-
tive Ion Etching (RIE). This process can control and fabri-
cate fine gate electrode and the distance of gate gaps. In-
serting the resist film of between the source and gate elec-
trode as the insulator, reduces a gate leakage current. The 
fabrication process used here is simple to control the film 
thickness of resist, and organic layer, and the distance be-
tween source and gate, gate and drain electrode. The pur-
pose of this study is the improvement of SIT characteristic 
by optimizing the gate structure, using the process men-
tioned above and device simulation.  
 
2. Experimental details 
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Fig.1 Fabrication process of organic SIT. (a) Fabrication of Al and 
resist layer. (b) Expose the second resist layer using electron beam 
exposure, and lift-off. (c) Al and first resist layer etching by RIE. 
(d) CuPc and Au layer were deposited. 
 
Fig.1 shows the fabrication process of organic SIT. The 
first resist layer (150 nm) spin coated on indium-tin-oxide 
(ITO) coated glass substrate. Then, gate electrodes (Al: 15 
nm) were evaporated on the first resist layer, and the sec-
ond resist layer (400 nm) spin coated on the Al layer. (Fig.1 
(a)). Second resist layer was patterned using electron beam 
exposure. After the lift-off process (Fig.1 (b)), second resist 
layer use the etching mask of Al and first resist 
layer.(Fig.1(c)). CuPc film (370 nm) was deposited on this 
patterned substrate. Finally, drain electrodes (Au: 60 nm) 
were formed by vacuum evaporation (Fig.1 (d)). 
 
3. Results and discussion 
.  First, we evaluated the insulating characteristic of resist 
film. Fig.2 shows the device structure and electrical char-
acteristic of resist in the range of driving current level of 
typical SIT. Fig.2 shows that the resist film used here high 
insulating properties in the range of SIT operation.  
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Fig.2 Device structure and insulative characteristic of resist layer. 
 
 Second, we investigated the etching rate of Al and sec-

ond resist layer of RIE. Cl2 gas was used to etch the Al 
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layer, and O2 gas was used to etch the first resist layer. 
Fig.3 (a) shows the etching rate of Al and resist layer in the 
Cl2 gas at the room temperature, (b) shows the etching rate 
of Al layer depend on the substrate temperature. At room 
temperature, Al and resist etching ratio (resist/Al) is over 
100. Etching rate is increase according to the substrate 
temperature from 20℃ to 40℃. In this study adopt the 
substrate temperature was fixed at 40℃. Fig.4 shows the 
SEM image of gate electrode surface. Gate electrode edge 
have concavity and convexity, by reason that after corro-
sion of Al and fabricated the conductive film on the whole 
area of substrate to use SEM.   
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Fig.3 Etching rate of Al and resist layer. (a) Etching ratio of Al 
and resist layer in the Cl2 gas at the room temperature. (b) Etching 
rate of Al layer depend on the substrate temperature.  
 
 
 
 
 
 
 
 
Fig.4 SEM image of gate electrode surface. L is gate electrode 
width, S is gate electrode gap. (L/S=500/500 nm) 
 
Fig.5 shows the static characteristic of SIT. IDS at a con-

stant VDS decrease with increasing VG. Although, ON cur-
rent is sufficiency to driving organic electroluminescence 
device, OFF current is rather large. This large OFF current 
is mainly due to the wider gate gap comparing the spread-
ing depletion layer between gate electrodes. It is necessary 
to optimize the structure and the carrier density of organic 
semiconductor to improve the characteristic of organic SIT. 

 

ITO(source)

A

CuPc

Al

Au

ITO

I DS

V G

V DS
 
 
 
 
 
 
 
 
 
 
 

(a) 

time [s]

e
tc

h
in

g
 d

e
p

th
 [

n
m

] ○：resist
◆：Al

50 100 150 200 2500

100

200

300

400
 

VD S[V]

I D
S  [μ

A
]

 

G=0[V]

G=0.5[V]

G=1.0[V]
G=1.5[V]

-1.0 -0.8 -0.6 -0.4 -0.2

-60

-50

-40

-30

-20

-10

0 
 
 
 
 
 
 
 
 
 
 
 

(b) 
Fig.5 Static characteristic of the organic SIT. (a) Device structure 
of the organic SIT and the electrical measurement system for 
static characteristic. (b) Static IDS-VDS characteristic of the organic 
SIT. 
 
3. Conclusions 
   We have fabricated organic SIT with nano-gate struc-
ture using electron beam exposure and RIE., and show the 
basic operation of the organic SIT. Although off current is 
very high, it is expected that the device properties can be 
improved by optimizing the device structure and choosing 
proper organic materials. 
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