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High performance pentacene organic thin film transistors (OTFT) were designed and fabricated using SiO2 de-

posited by electron beam evaporation as gate dielectric material. Pentacene thin films were prepared on glass substrate

with S–D electrode pattern made from ITO by means of thermal evaporation through self-organized process. The

threshold voltage VTH was –2.75±0.1V in 0−–50V range, and that subthreshold slopes were 0.42±0.05V/dec. The

field-effect mobility (µEF) of OTFT device increased with the increase of VDS, but the µEF of OTFT device increased

and then decreased with increased VGS when VDS was kept constant. When VDS was –50V, on/off current ratio was

0.48×105 and subthreshold slope was 0.44V/dec. The µEF was 1.10cm2/(V·s), threshold voltage was –2.71V for the

OTFT device.
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1. Introduction

Organic thin-film transistors (OTFTs) have re-
cently attracted attention for its potential applications
in smart cards, radio frequency identification tags and
driving circuits for flat panel displays.[1,2] Meanwhile,
particular attention has been paid to the morphology
and energy level alignment of organic materials on dif-
ferent substrates.[3−6] The morphology and order of
organic molecules strongly influence the charge car-
rier injection and transporting. Pentacene thin film
transistors have shown different field effect mobilities
for different substrates, e.g. 0.3 for SiO2/Si, 1 for
PMMA. Both organic and inorganic gate insulators
can be used for OTFTs, the organic materials such as
PVP (poly (4-vinylphenol)), PI (polyimide) are used
as gate insulators for plastic displays due to the simi-

lar thermal expansion coefficients of the substrate and
organic material layers.[7−11]

Ordinarily, Au is used as the source and drain
electrodes in top gate OTFTs devices. Therefore, the
interface energy and contact resistance between or-
ganic semiconductors and Au are of interest, since
charges have to pass through the interface. Yet the
research results of hole injection barriers (HIB) in pen-
tacene/Au interfaces were controversial.[12,13] Simi-
larly, contact resistance of source–drain and pentacene
interface arises from mismatch of work functions and
interaction between the metal electrode and the or-
ganic semiconductor.[14−16]

In this article, the characteristics of OTFT based
on pentacene as active layer, including threshold volt-
age, mobility and sub threshold slope under different
VGS and VDS, were studied in detail.
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2. Experimental

We fabricated bottom contact pentacene OTFT
with top gate structure on glass substrates. First, ITO
S–D electrodes were deposited on the glass substrate.
Then pentacene thin films were deposited on ITO S–
D electrode as active layer. To obtain patterned pen-
tacene islands we use thermal evaporation of a 98%
purity commercial source in high vacuum of 2×10−3Pa
through self-organized process. The gate insulator
layer SiO2 was made by electron beam evaporation.
Their thickness were 80nm (S–D electrodes ITO), and
100nm (pentacene), and 350nm (SiO2), respectively.
Finally, aluminium gate electrode of 110nm was de-

posited on gate insulator layer across shadow mask by
thermal evaporation. All the thin films were prepared
at low temperature (<100◦C) and low deposition rate
(≤0.06 nm). The I − V measurements of the OTFTs
were performed with a Keithley 2410 and 6430 Source
Meter Parameter Analyser in darkness at room tem-
perature.

The fabrication process indicated by cross-
schematic structures, the bottom contact pentacene
OTFT with top gate structure and the energy level
diagram are shown in Figs.1(a), 1(b) and 1(c), re-
spectively. The ratio of channel width to channel
length, W/L of the pentacene OTFTs was chosen to
be 10000µm/500µm.

Fig.1. (a) The fabrication process shown by cross-schematic structures; (b) pentacene OTFT device

with top gate structure; (c) energy level diagrams of ITO, pentacene, SiO2, and metal (Al).

3. Results and discuss

Figure 2(a) shows the source–drain current (IDS)
versus source–drain voltage (VDS) of the OTFT with
ITO as the S–D electrodes at different gate voltages
(VGS). The device showed typical p-channel charac-
teristics. As can be seen, the output characteristics
displayed clear saturation currents which behaved as

quadratic functions of the gate bias. The electrical
transfer for the device is shown in Fig.2(b). Its un-
usual saturation behaviour is attributed to contact re-
sistance on the source electrode. This is suggested by
fitting of theoretical calculation to the experimental
data in the linear regime of the IDS vs VDS plots of
the output characteristics.[17−19]

Fig.2. (a) Output characteristics and (b) transfer characteristics of OTFT device at different VGS (–20V–

0V) and VDS (0V−–50V), respectively. The ratio of channel width to channel length W/L was 20.
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The plots of log(IDS) vs VGS and
√

IDS vs VGS

for OTFT devices with different VDS: (a) VDS=−50V,
b) VDS=–40V, (c) VDS=–30V, (d) VDS=–20, (e)
VDS=−10V are shown in Fig.3. Figure 3 shows the
variation of field-effect mobility (µEF), threshold volt-
age (VTH) , on/off current ratio and subthreshold slope

of our fabricated OTFT with VGS. We obtained field-
effect mobility (µEF), threshold voltage (VTH), on/off
current radio, and subthreshold slope from log(IDS)
vs VGS and

√
IDS vs VGS curves at different source to

drain voltages VDS.

Fig.3. plots of log(IDS) vs VGS and
√

IDS vs VGS for OTFTs with different Vds: (a) Vds=–50V,

(b) Vds=–40V, (c) Vds=–30V, (d) Vds=–20, (e) Vds=–10V.

In the linear regime VDS < (VGS − VT), the fol-
lowing expression is used to describe IDS:

IDS =
WµEFCi

L

[
(VGS − VTH)VDS − V 2

DS

2

]
, (1)

in which W is the transistor channel width, L is the
transistor channel length, µEF is the field-effect mo-
bility, VTH is the threshold voltage, and Ci is the ca-
pacitance per unit area of the insulator.

In the saturation regime, VDS > (VGS − VT), ID

is given by

IDS =
WCiµEF

2L
(VGS − VTH)2. (2)

The field-effect mobility in the linear regime was
extracted from the transconductance of the device. If
W , L and Ci are known, the field-effect mobility µEF

was calculated at the linear regions from the following
equation:

µEF =
L

WCiVDS

∂IDS

∂VGS
. (3)
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It may be extracted also at large VGS. The result may
be better approximated than that of the mobility in
the OTFT channel.

In the saturation regime VDS > (VGS − VTH), the
mobility was extracted from the transfer characteris-
tics plotted as

√
IDS vs VGS. The mobility is calcu-

lated using Eq.(3) by solving for µEF,

µEF =
2L

WCi

(
∂
√

IDS

∂VGS

)2

. (4)

The threshold voltage VTH was determined from the
intercept of the fitting line used to extract the mobil-
ity in the linear regime with x-axis or the intercept
of the fitting line used to extract the mobility in the
saturation regime with x-axis.[20−23]

The µEF and VTH and on/off and subthreshold
slope of OTFTs device were calculated for different
VDS in the linear and saturation regime by Eq.(3),
Eq.(4), as shown in Table 1.

Table 1. Performance of bottom contact OTFTs with top gate structure in fixed VDS.

VDS/V K/10−4 VTH/V µEF/(cm2/(V·s)) on/off(105) subthreshold slope/(V/dec)

–50 3.32 –2.71 1.10 0.48 0.44

–40 3.11 –2.67 0.96 0.41 0.45

–30 2.62 –2.83 0.68 0.29 0.41

–20 1.84 –2.85 0.33 0.14 0.37

–10 0.94 –2.67 0.13 3.35 0.42

Note: K = ∂
√

ID/∂VGS (W/L=20, insulator layer SiO2 (Ci=10nF/cm2), Ci = ε0ε/d, d is thickness of insulator layer)

Table 1 shows that the threshold voltage VTH was
–2.75±0.1V in 0−–50V range of VDS, and that sub-
threshold slopes were 0.42±0.05V/dec for the OTFTs
devices. The top contact OTFTs device with top
gate structure is more stable, because insulator gate
layer was deposited on active layer pentacene, and
SiO2 layer plays not only the important role of in-
sulator layer, but also the role of passivation layer
which protects the active layer from moisture and oxy-
gen, which could induce degradation of OTFTs device,
and consequently the stability of OTFTs devices was
improved.[24]

Figure 3 and Table 1 show that the on/off cur-
rent ratios of 0.48×105 and subthreshold slope of
0.44V/dec for OTFT device, which were also de-
termined from the log(IDS) versus VGS curve. At
the same time, the field-effect mobility (µEF) of
1.10cm2/(V·s), threshold voltage (VTH) of –2.71V for
the OTFT device were also determined from the

√
ID

vs VGS curve at fixed VDS of –50V. Lower thresh-
old voltage (–2.71V) indicates a low concentration of
trap states and suggests the presence of barriers.[25]

Indeed, the S-shaped output characteristics at small

voltages indicate that even holes may experience small
barriers before reaching the pentacene highest occu-
pied molecular orbital (HOMO) level from the ITO
electrodes.[26,27]

Table 2 shows the field-effect mobility µEF chang-
ing with VGS when VDS is definite for bottom contact
OTFTs with top gate structure.

Figure 4(a) shows curves of threshold voltage
vs VDS and effective field-effect mobility vs VDS for
OTFT devices. We obtained more stable OTFTs de-
vice, the threshold voltage VTH swing was ±0.1V in
0−–50V range of VDS, and that subthreshold slopes
has fluctuations of ±0.05V/dec. Figure 4(a) shows
that the field-effect mobility (µEF) of OTFTs device
increases with increasing VDS, but the field-effect mo-
bility (µEF) of OTFTs device increases and then de-
creases with increasing VGS when VDS was kept con-
stant according to Fig.4(b).[28,29] For OTFT devices,
there must be an optimization voltage value VGS at
which the field-effect mobility (µEF) has a maximum
from our experiment results. This rule has already
been verified in our experiments and the experimental
result was shown in Table 2 and Fig.4.
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Table 2. Experimental parameter of relation between field-effect mobility µEF and VGS at

definite VDS.

VGS/V µEF/(cm2/(V·s)) µEF/(cm2/(V·s)) µEF/(cm2/(V·s)) µEF/(cm2/(V·s)) µEF/(cm2/(V·s))
(VDS=–10V) (VDS=–20V) (VDS=–30V) (VDS=–40V) (VDS=–50V)

–20V 0.694 0.708 0.707 0.694 0.697

–16V 0.895 0.919 0.917 0.895 0.90

–12V 1.001 1.047 1.043 1.010 1.016

–9V 1.194 1.275 1.260 1.194 1.210

–5V 0.774 0.909 0.893 0.774 0.80

–1V 0.046 0.222 0.138 0.046 0.059

0V 0.015 0.014 0.015 0.015 0.021

Fig.4. (a) Plots of threshold voltage VTH vs VDS and effective field-effect mobility µEF vs VDS,

and (b) Plots of effective field-effect mobility µEF vs VGS in VDS of 40V for pentacene based on

OTFT devices with top gate structure.

4. Conclusion

We report studies of the VDS and VGS dependent
carrier transport in pentacene OTFTs with top gate
and top contact structure, which correlate the infor-
mation about output and transfer characteristics. The
pentacene films were deposited by thermal evapora-
tion on glass substrate with ITO source and drain elec-
trodes through a self-organized process. We obtained
more stabile OTFTs device, the threshold voltage VTH

was –2.75±0.1V, in the 0−–50V range of VDS, and the
subthreshold slopes were 0.42±0.05V/dec. The field-
effect mobility (µEF) of OTFTs device increases with
VDS increasing, and the field-effect mobility (µEF) in-
creases and then decreases with VGS increasing at def-
inite VDS. When VDS was –50V, the on/off current
ratios of 0.48×105, subthreshold slope of 0.44V/dec,
the field-effect mobility (µEF) of 1.10cm2/(V·s) and
threshold voltage (VTH) of –2.71V for the OTFT de-
vice were obtained.
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