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1. Introduction

Organic field effect transistors (OFETS) are very attrac-
tive device for fabricating the flexible displays, information
tags, etc. However, organic semiconductors have some
disadvantages of low current density and low speed of op-
eration due to their high resistivity and low carrier mobility.

Organic static induction transistor (SIT) with vertical
structure has been expected for the high-speed and
high-power operation device [1] due to the short channel
length than that of lateral type transistor such as
metal-oxide-semiconductor transistors (MOSFETs).The
excellent characteristics of the organic SIT arise from the
very short length corresponds to the thickness of an organic

semiconductor film between the source and drain electrodes.

The gate electrode is inserted into the semiconductor layer.
In our past research, organic SIT using CuPc thin film and
Au source electrode was fabricated on glass substrate and
the dynamic characteristics showed a cutoff frequency of
2.3 kHz [2]. However, the organic SIT has problems such
as low on/off ratio and low current value.

In this study, to achieve the high on/off ratio and high
current values in the organic SIT, we studied the influence
of inserting ultra-thin CuPc layer between the source elec-
trode and pentacene film on the static characteristics of
organic SIT.

2. Experimental procedure

Figure 1 shows a schematic diagram of a pentacene SIT.
Device processing is as follows. First, the ultra-thin CuPc
layer of 1 nm was deposited on ITO formed on glass sub-
strete. Second, the pentacene thin film of 100 nm was de-
posited on the CuPc layer. Third, a very thin Al film of 30
nm was formed on the pentacene film. It was found that the
characteristics of the SIT were greatly affected by a very
thin Al film. The ideal Al gate electrode should be of the
mesh type [1],[3]. In this experiment, a grid type gate elec-
trode with a line and space region was fabricated using an
evaporation mask. The thicker Al part of the grid gate
blocks the current flow from the source to the drain elec-
trode due to the formation of double Schottky barriers, and
the wider gap region of the gate electrode also does not
control the current flow effectively [1]. The dimension and
edge feature of evaporated Al electrode are controlled by
adjusting the evaporation material source size, the distance
between the source and the substrates, and the space be-
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tween the substrate and the evaporation mask. In this case,
the estimated the gap between gate electrodes was ap-
proximately 4 ¢/ m. Fourth, the Al film as a gate electrode
was covered with the pentacene film of 100 nm. Finally, the
drain Au electrode was formed on the pentacene film. The
CuPc layer and pentacene films were fabricated under a
vacuum of 2x10™* Pa. The source temperature of CuP¢ and
pentacene were approximately 200°C and 420°C, respec-
tively. The evaporation rate of organic semiconductors were
0.1nm/s.
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Fig. 1. Schematic diagram of pentacene SIT with ul-
tra-thin CuPc layer on glass substrate.

3. Results and discussion

Figure 2 and 3 show the static characteristics for the
pentacene SIT with and without an ultra-thin CuPc layer. In
both samples, drain-source current (/ps) at a constant
drain-source voltage (Vps) decreases with increasing gate
voltage (V). This phenomenon demonstrates that the ma-
jority carriers of holes in the pentacene flow from the
source to the drain and are controlled by gate voltage Vg
applied to the Al Schottky gate electrode. From these re-
sults, the on/off ratio and the current value for the SIT with
an ultra-thin CuPc layer were higher than those for the SIT
without an ultra-thin CuPc layer. On the other hand, from
Fowler-Nordheim tunneling theory[5], an equation men-
tioned bellow was obtained.
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where ¥ is a parameter that depends on the barrier shape.
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Fig. 2. Static characteristics of the pentacene SIT
with an ultra-thin CuPc layer.
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Fig. 4. Fowler-Nordheim plot of the static characteristics
for the pentacene SIT with an ultra-thin CuPc layer.

Figure 4 and 5 show In(-/pg/ VDSZ) vs -1/ Vpg character-
istic known as Fowler-Nordheim plot (FN plot)[6] of the
static characteristics for the pentacene SIT with and without
an ultra-thin CuPc layer. They were characterized to con-
form the dependence of the gate voltage V' on the tunnel-
ing current in drain-source current /pg. If the gradient is
negative, the tunneling current were contained in
drain-source current /pg. In case of the plot for the SIT with
the ultra-thin CuPc layer, deviation from the negative gra-
dient at higher Vpg is likely to be due to the tunneling cur-
rent.

These results demonstrate that the formation of the hole
injection barrier at the pentacene / ITO interface is effective
to fabricate the high performance organic SITs.

3. Conclusions

We found that there was clear correlation between the
modulation in static characteristics of a pentacene SIT and
an interface condition of organic semiconductor layer /
source electrode. As a result, it is necessary to form the
hole injection barrier on a source electrode to achieve the
high on/off ratio and high current value for the organic SIT.
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Fig. 3. Static characteristics of the pentacene SIT
without an ultra-thin CuPc layer.

10_7: ' ' ' ]

| it

i Ve=—0.5[V] 1

T lO.S [V] step

10'8:‘ Ve=2.5[V]

0 ' I ' 2
-1Vps [V7']

Fig. 5. Fowler-Nordheim plot of the static characteristics
for the pentacene SIT without an ultra-thin CuPc layer.

The barrier works effectively as controlling a tunnel current
from a source electrode by applying the gate voltage.
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