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l. Introduction
Much progress has been made in recent years in the field

of organic thin-film transistors(TFTs;ttl-lct. Organic TFTs
have many advantages in terms of low cost processing,
mechanical flexibility, or versatile material selectivity. These
properties make organic devices very attractive for enabling
electron devices in the next generation.

Pentacene(Cz:Hr+) is a promising material, because it has

been reported that its TFT has a relatively high mobilitytrl,
and can operate as an ambipolar devicet2l. However, the
mobility is still low for a practical use. To achieve higher
TFT performance, it is strongly required to make clear of the
carrier transport mechanism in the FET channel in detail.

This paper reports the fabrication of pentacene TFT, the
modification of pentacene film, and the analysis of carrier
transport in the FET channel. In particular, the carrier
mobility is discussed as functions of both lateral and
perpendicular electric fields in the FET structure.

2. Device Fabrication
The pentacene thin film layer was evaporated in a vacuum

on 33nrn-thick SiO2 thermally grown on the surface of a

heavily doped n* silicon wafer. The vacuum evaporation was
typically performed under the base pressure of about l0'6 Pa,

the deposition rate of 0.05nm/s, and the substrate
temperature of 25T. To modify or to hopefully improve the

pentacene filrn qualitlr, a thermal treatment at 50'C for an

hour in a vacuum was employed for a part of the sarnples.

The device repofted in this paper has approximately
50nm-thick pentacene film, and 30nm Au electrodes for
source/drain contacts were thermally evaporated on the top
of the film. The gate length and width were both 500pm.
Fig. I is a schematic cross section of the pentacene TFT. The
heavily doped silicon substrate acts as the gate electrode.
X-ray diffraction and atomic force microscope (AFM) were
used for characterizing sffuctural qualities of the frlm.

3, Results and Discussion
Fig.2(a) and (b) show the x-ray diffraction patterns of

pentacene films before and after the thermal treatment. In
both cases, no other phase rather than the thin film phasetslt6i

was observed. Furthermore, note that the 50"C, lhour
thermal treatment significantly improves the molecular
ordering (more than 20 times in the intensity ratio).

Fig.3(a) and (b) show AFM images of the film surfaces
before and after the thermal treatment. In Fig. 3(a), the grain
size is about 0.3pm, while in Fig. 3(b), some of the grains
grows larger. tt looks like that some adjacent grains

combined with each other. It is also found that the RMS
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Fig.t. Schernatic diagram of pentacene TFT device. The n* silicon
was used for gate electrode, while the thermally grown SiO2 was
used for gate insulator. Au was deposited as source and drain
electrodes on the pentacene layer.
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Fig. 2. X-ray diffraction patterns of (a)before and (b)after the
thermal treatment. In both cases, the same scale in the vertical axis
was used. .

Fig.3. AFM images of (a)before and (b)after the thermal treatment.

Scanned area is 2pm x ZVm.. It is observed that the grain size
becomes slightly larger by the thermal treatment

value of the pentacene top surface is reduced from 8.lnm to
6.7nm in the l0xl0 pm2

The Id-Vg and Id-Vd characteristics of the perrtacene FET
are shown in Fig.4 and Fig.5. Both results clearly
demonstrate that the device fabricated in this work operates
very well as a conventional p-FET with a long channel. The
subthreshold coefficients of devices before and after the
thermal treament were approximately the same or it might
be slightly degraded, though the structural property was
significantly irnproved. Note that the highest mobility value
we obtained is about O.2cm2lVsec, which is in the world's
top class value so far repofted tll-t4l.

To further investigate the carrier transport in the FET
channel, the filed dependence of the mobility was
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Fig.4. Id-Vg characteristics of the pentacene
thermal treatment.
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Fig.6. Drain-Source voltage dependence of the filed effect mobility.
Solid(f) and open([l) squares correspond to before and after the
thermal treatment, respectively. All points were extracted from
saturation region fitting in Id-Vg characteristics at Vg:-10Y.
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Fig.7. Gate-Source voltage dependence of the effective mobility.
Solid(O) and open(O) squares correspond to before and after the
thermal treatment, respectively. All points were extracted from the
slope of /d- Vd characteristics at I/F|.

1r0.2cm2/Ys for the p-channel FET. Furthermore, the
therrnal treatment effects on the film properties and the field
dependent mobility were discussed. The results indicate that
the thermal treatment improves significantly the molecular
ordering of the film, but that it affects little on the carrier
mobility. Moreover, the field dependence of the mobility
implies that the interface qualities at the grain boundary
and/or the pentacene /SiO2 limit the FET performance in
high quality films. Finally, ir is addressed that there is
another engineering point of irnproving the interface in
addition to the macroscopic molecular ordering, in order to
achieve high perforrnance organic FETs.
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Fig.S. Id-l/d characteristics of the pentacene TFT before the
thermal treatment.

investigated. The mobility was extracted from Id-Vg
characteristics as a function of the drain-source voltage in
the saturation region (the field effect mobility), and also
from Id-Vd characteristics as a function of the gate-source
voltage in the linear region (the effective mobility). Fig.6
shows the drain-source voltage dependence of the field
effect mobility. solid and open points represent before and
after the thermal treatment, respectively. Furthermore the
gate bias dependence of the effective mobility in the linear
region is shown in Fig.7. We have noticed the time
dependent degradation or recovely of I-V characteristics
during measurements, which apparently caused some
inconsistency between the results in Fig. 6 and 7. But, in this
paper we focus on the electric field dependence of the
channel mobility. As shown in Fig. 6 and 7, the mobility
increases with both lateral and perpendicular fields. The
results can be reasonably understood from the viewpoints of
the filed-induced barrier lowering in the channel
(Pool-Frenkel type barrier lowering in the lateral direction)tal,
and the screening effect of free carriers (including the
effective barrier lowering at the grain boundaries),
rcspectively.

On the other hand, when it is considered that the structural
properties were significantly improved by the thermal
treatment as discussed before, the mobility results suggest
that the pentacene FET mobility is dominantly determined
by the interface qualities at the grain boundary and/or the
pentacene/Sio? rather than macroscopic molecular ordering
in the high mobilify regime.

4. Conclusions
We have investigated the pentacene FET and obtained
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