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1. Introduction

The organic thin film transistor (OTFT) isunder development
by several research groups in the world for special applications,
such as the large-area flexible display and low-cost appliances
[1-2]. The performance is approaching to that of o.-Si TFTs. The
most important factor to determine the performance is the
molecularorderingoftheorganicactive-layer,and themolecular
orderingismostly affected by the surface condition on which the
organic active-layer is deposited. There were some reports on
the effects of interface treatments between the organic film and
the gate dielectric layer to improve molecular ordering [3] but
the detailed investigation hasnotbeen reported. In this paper we
investigated the effects of hydrophobic treatment with the
self-assembly materials (OTS and HMDS) on the molecular
ordering of the pentacene thin film and on the performance of
pentacene OTFTs, especially on the hole mobility with the
analysis of the temperature and gate voltage dependence.

2. Effect of Hydrophobic Treatment on Pentacene TFT’s
Performance

OTFTswerefabricated onthe thermally oxidized Sisubstrate,
which was heavily doped and used as the gate. Then, Au source
and drain contacts were evaporated and patterned by lift-off
process. Subsequently, the self-assembly material was coated to
achieve the hydrophobic treatment prior to the deposition of
pentacene poly-crystal with OMBD. The surface morphology
and the hole mobility of pentacene poly-crystal were analyzed
to investigate the effect of the hydrophobic treatment on the
performance of OTFTs.

Asshownin AFMimagesinFig.1 thegrainsizeandthesurface
roughness of pentacene poly-crystal treated by OTS produced
thebestresultsamongthethreecases:thenon-treated,the HMDS-
treated and the OT S-treated thin films. And also OTFTs with the
OTS treated film exhibited the superior performance as shown
in Table 1. Especially, the field effect mobility was about
0.3cm?V.sec, which was approaching to that of a-Si TFT. In
addition, the off-state current was much reduced to 107"'A,
resulting in the high on/off current ratio of 10% The I-V
characteristics were compared in Fig.2. Alltheaboveexcellent
results were attributed to the hydrophobic treatment with OTS,
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whichmodifiedthehydrophilicsurfaceofSiO,tothehydrophobic
termination,and enhancedtheattraction of pentacenemolecules
to the surface of Si0,.

Fig.1. AFM images of a) the non-treated, b) the HMDS-treated, and
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c) the OTS-treated pentacene thin film.

Table I Performance parameters of OTFTs

LrEr Lo s

(cm®/V's) WOy | SR o lfﬁ

Unireated | 5.76x10% | 237 201 50x10° | 59x10™
HMDS 0.04 331 097 1L0x10° | 1.0x10™
0TS 026 0.00 1.05 1ox10° | 50x10™
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Fig.2. a) Ips-Vp, and b) Ipg-V characteristics of OTFTs with
and without the hydrophobic treatment.

The field effect mobility of holes in pentacene OTFTs were
measured and analyzed with respect to the temperature and
the gate voltage variation as shown in Fig.3. As the gate
voltage increases, the more holes are injected into the
channel and the hole density in the grain p increases.
According to the model of mobility in poly-crystal [4] it
reduces the trap barrier Eg, resulting in increasing the grain
boundary mobility pgs and the hole mobility p as well. As
the temperature decreases, the electrons trapped in the grain
boundaries attract the holes to reduce the hole mobility.
Therefore, the hole mobility strongly depends on the grain
boundary properties and the OTS-treated pentacene OTFTs
producing the largest mobility were identified to possess the
least grain boundaries, which is identical to AFM images in
Fig.1.
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Fig.3. a) The gate voltage dependence, and b) the temperature
dependence of the hole mobility in pentacene

3. Conclusions

In this paper, the effect of hydrophobic treatment with the
self-assembly materials such as HMDS and OTS on the
molecular ordering of the pentacene thin film and the
improvement of pentacene OTFT’s performance is
investigated. The field effect mobility of OTFTs treated with
OTS was enhanced to 0.3cm?/Vesec, and the off-state
current reduced to 10"'" A, resulting in increasing the on/off
current ratio to 10°. And also we have observed the
temperature and gate voltage dependence of hole mobility in
the pentacene poly-crystal, and analyzed the grain boundary
properties as well as their effect on hole mobility.
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