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Organic field-effect transistors (OFETs) are of interest for use in widely area electronic
applications. We fabricated the organic field-effect transistor based a copper phthalocyanine
(CuPc) as an active layer on the silicon substrate. The CuPc FET device was made a top-
contact type and the substrate temperature was room temperature and 150 C. The CuPc
thickness was 40 nm, and the channel length was 50 um, channel width was 3 mm. We
observed the typical current-voltage (I-V) characteristics and capacitance-voltage (C-V) in
CuPc FET and we calculated the effective mobility with each device. Also, we observed the

AFM images with different substrate temperature.
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1. INTRODUCTION

Organic semiconductors have recently been used as
active layers in electronic devices such as field-effect
transistors (FETs), photovoltaic solar cells, and light-
emitting diode (OLED)[1]. The mechanism of carrier
transport in organic semiconductors is one of the most
important research subjects to be elucidated for
improving of the device performance[2-4]. The CuPc
materials are well known to show excellent
semiconductor performance and have been studied for
the use as organic field-effect transistors (OFET). Until
now much experimental efforts, such as modification of
the film quality, has been devoted to improve the device
performancel5,6].

In the present paper, we show the I-V, C-V
characteristics and AFM images to understand the carrier
transport and the effect of the substrate temperature in
CuPc FET.

2. EXPERIMENTALS

Figure 1 shows a molecular structure and the device
structure of the top-contact CuPc FET. The CuPc FET

was fabricated using the silicon substrate and the
UV/ozone treatment for 30 min with oxygen gas before
deposition of the CuPc material.

The CuPc was deposited on the substrate by thermal
evaporation method with a deposition rate of 0.5 A/s in
107 torr. The channel length (L) and width (W) were 50
Hm and 3 mm, respectively.

The I-V and C-V characteristics were carried out in an
ambient condition by using a source-meter (Keithley
type-2400) and LCR meter (Hioki type-3522-50)[3,4].

The AFM image measurement was carried out with
bulk CuPc thin film on the silicon substrate with
different temperature as room temperature and 150 C.

3. RESULTS AND DISCUSSION

Figure 2 shows the AFM images of the bulk CuPc¢ thin
film surface with difference substrate temperature at
room temperature and 150 C. From the AFM images we
could observe the surface characteristics of the CuPc
organic thin film. We were guessed that the CuPc
materials were layered to parallel with the substrate and
we could observe clearly the CuPc grain. Using the 150 C
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Fig. 1. Device and molecular structure of the CuPc FET.

substrate, the CuPc grain was more than larger and also
we observed the line-fiber from the CuPc film surface.
Some researchers were reported that we could observe an
phase transition and line-fiber of the CuPc film from the
changed the substrate temperature[10].
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Fig. 2. AFM images of the bulk CuPc thin film surface
with difference substrate temperature.

Figure 3 shows the I-V characteristics of the CuPc FET
with difference substrate temperature such as room and
150 C. Figure 3 shows the typical FET characteristics
and using the 150 C substrate we observed more than
faster saturated region of the CuPc FET. And we were
calculated the field-effect mobility of 1.2x10° ecm*/Vs
with 150 C substrate and 1.2x10™* cm®/Vs with room
temperature substrate of the CuPc FET. The field-effect
mobility of the 150 C substrate CuPc FET was very low
more than room temperature substrate CuPc FET. The
reason is maybe the CuPc bulk property was changed by
heating (see Fig. 2(b)) such as line-fiber and more than
larger grain size from the AFM image Fig. 2(b). The
electrical conductivity was depended on grain orientation
and the substrate temperature of the CuPc material[10].
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Fig. 3. I-V characteristics of the CuPc FET with
difference substrate temperature.

Figure 4 shows the capacitance-voltage (C-V)
characteristics of the CuPc FET with difference substrate
temperature such as room temperature and 150 C. Also,
we applied the varying frequency 43, 100, 1 K, 10 K and
100 K [Hz] to the CuPc FET for the capacitance
measurement. The capacitance of the room temperature
substrate CuPc FET was approached about 78 pF, and
the 150 C substrate CuPc FET was reached about 63 pF.
The capacitance of the CuPc FET with different substrate
temperature was not so much changed.

4. CONCLUSION

The top-contact CuPc FET wusing the different
substrate temperature such as room temperature and

150 C were fabricated. We observed the more than larger
grain size from the AFM image at 150 C substrate CuPc
FET. Also, we were measured the electrical characteristics
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Fig. 4. C-V characteristics of the CuPc FET with
difference substrate temperature.

of the CuPc FET, we observed the electrical conductivity
was depended on grain orientation and the substrate
temperature of the CuPc material. From the C-V
characteristics, the capacitance of the CuPc FET was not
so much changed with the substrate temperature,
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