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1. Introduction

Organic field-effect transistors (OFETs) have attracted
great interest as a key technology to realize low-cost, flexi-
ble and large-area electronics, and the active-matrix or-
ganic light-emitting diode displays have already been
demonstrated using an OFET backplane. Despite the early
success, probrems still exist, which may limit the future
widespread use of OFETs. In particular, it is well known
that OFETs generally have relatively high source-drain
contact resistance, which leads to the decrease in output
current and in operating speed and to the increase in de-
vice-to-device variation.

To investigate charge injection processes from elec-
trode contacts into organic semiconductors, a number of
experimental [1-5] and theoretical studies [6-9] have been
done, and the two dimensional device modeling for OFETs
has been used to investigate the influence of injection bar-
rier at the electrode contacts [6-8]. Ruden et al. have found
that the work function difference between electrode and
organic semiconductor causes a significant voltage drop at
the contact in bottom-contact OFETs [7]. Hill has reported
that top-contact devices have a contact resistance of two
orders of magnitude lower than bottom-contact devices and
has showed the larger gate-voltage dependence of contact
resistance [8]. However, the high contact resistance and its
gate-voltage dependence have generally been observed in
OFETs with low energy barriers [1,4,5] and thus more de-
tailed OFET modeling is still needed to study the origin of
contact resistance.

In this study, we investigate the influence of localized
states and structural disorder at the electrode contacts in-
herent in OFET devices on contact resistance in top-contact
and bottom-contact OFETs by two dimensional device si-
mulation.

2. Numerical simulation

The device structures used in the simulation are shown
in Fig. 1. The representative hole transporting material of
pentacene was assumed as the organic semiconductor and
the physical quantities appropriate for pentacene were used
(e.g. the hole mobility of 0.1 e¢m’/Vs and the ionization
potential of 4.9 eV). For the gate dielectric and the
source-drain electrode metal, conventional SiO, layer (300
nm in thickness) and Au (4.9 eV) were assumed, respec-
tively. The numerical simulation of OFET characteristics
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Fig. 1 Device structures of (a) top-contact and (b) bottom-contact
OFETs used in numerical simulation.

were performed using a two dimensional device simulator
of ATLAS (Silvaco. Co. Ltd.). For the localized states, we
used the following exponential localized distribution which
has often been found in organic semiconductors

N(E) = Noexp(— e J ()
kT,

where N, is the density of localized states at the valence
band edge E,, k3 is the Boltzmann constant, and 7y is the
characteristic temperature. In bottom contact devices, the
disorder regions (100 nm in width) were also assumed at
interfaces between electrode and semiconductor. The con-
tact resistance was determined with the conventional trans-
fer line method by extrapolating the total resistance ob-
tained in OFETs with different channel lengths L to L=0.

3. Results and discussion

Figure 2 shows the simulated gate-voltage dependence
of contact resistance in top-contact OFETs with and with-
out an exponential localized-state distribution having
To=500 K. It can be seen that the contact resistance in the
OFET without localized states is almost independent of the
gate voltage, whereas the contact resistance and its
gate-voltage dependence increases with density of localized
states. Such large voltage dependence is consistent with the
experimental results obtained from top-contact pentacene
FETs with Au source-drain electrodes [4]. The observed
increase in contact resistance results from charge trapping
into localized states at semiconductor bulk between elec-
trode and dielectric. The gate-voltage dependence is caused
by the filling of localized states by injected charges, which
leads to the increase in charge mobility to the longitudinal
direction and the decrease in contact resistance at higher
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Fig. 2 Simulated gate-voltage dependence of contact resistance in
top-contact OFETs with and without an exponential local-
ized-state distribution having 7,=500 K.

gate voltages, as observed in Fig. 2. We also examined the
influence of energy barrier height at the electrode contacts
in top-contact OFETs without localized states, as reported
in the literature [8] (not shown). The obtained contact re-
sistance shows similar behavior to the previous report, but
its gate-voltage dependence is much weaker than that from
OFETs with localized states. These results clearly indicate
that charge trapping into localized states in the semicon-
ductor bulk is one of possible origins in contact resistance
in top-contact OFETs.

In contrast to top-contact devices, the contact resistance
in bottom-contact devices is not influenced by localized
states in the semiconductor bulk. In the fabrication of
bottom-contact OFETSs, strucural disorder in organic
seimconductor layers around the source-drain electrodes
would be increased because of the large diffenece in
surface energy and height between eclectrode and gate
dielectric. In the surface potential measurements of
bottom-contact OFETSs fabricated using pentacene [2] and
poly(3-hexylthiophene) [3] with Au electrodes, relativly
large potential drops have been observed at the interfaces
with both source and drain electrodes, suggesting the
presence of large structural disoder in semiconductor at the
interface with electrodes in bottom-contact OFETs. The
simularted gate-voltage dependences of contact resistance
in bottom-contact OFETs with disorder regions at the
contacts are shown in Fig. 3. In the disorder regions, hole
mobilty of three orders of magnitude lower than the bulk
mobility was assumed. We see that the contact resistance
significanlty increases and shows gate-voltage dependence,
which is very similar to the experimental result reported in
the bottom-contact pentacene FET with Au electrodes [5].
It is also found that the reported gate-voltage dependent
surface potential distributions can be reproduced by
considering disorder regions.

4. Conclusions
We have carried out the two dimensional simulation of
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Fig. 3 Simulated gate-voltage dependence of contact resistance in
bottom-contact OFETs in the presence of low mobility regions at
electrode/semiconductor interfaces. The experimental data is
obtained from Ref. 5.

top-contact and bottom-contact OFETSs in the presence of
localized states and disorder regions in order to investigate
the origin of contact resistance. It is found that the contact
resistance in top-contact OFETs increases and shows strong
gate-voltage dependence with increasing localized-state
density in organic semiconductor layers. We show that
contact resistance in the bottom-contact OFETs can be ex-
plained by considering structural disorder in the vicinity of
source and drain electrodes. These results clearly indicate
that disorder in organic semiconductors and in OFET de-
vice geometries cause contact resistance in OFETs.
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