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The active channel material of an organic thin film transistor �OTFT�, 6,13-bis�tri-
isopropylsilylethynyl�pentacene �TIPS pentacene�, is a functionalized pentacene designed to
enhance both the solubility and solid-state packing of the pentacene. In this work, in order to
improve device performance, three types of polymer binders—poly��-methylstyrene� �PAMS�,
poly�4-vinylbiphenyl� �PVBP�, and poly�triarylamine� �PTAA�—were employed to fabricate OTFT
devices with organic soluble TIPS pentacene. These binders improved film formation in a large area
uniformly and helped the TIPS pentacene to form a stronger binding between source/drain
electrodes onto dielectric layer. Thus, device performance was highly improved due to improvement
of interfacial contact and an increase in the charge transfer in the active channel. OTFTs using TIPS
pentacene with PAMS, PVBP, and PTAA for field effect mobilities in the saturation regime have
5�10−3, 8�10−3, and 2.7�10−2 cm2 /V s, respectively. © 2009 American Institute of Physics.
�DOI: 10.1063/1.3063123�

Organic thin film transistors �OTFTs� have potential for
use in many low-cost, large area, light weight, and flexible
electronic applications such as integrated circuits, displays,
radio-frequency identification tags, and sensor arrays. More-
over, an advantage of the OTFT is its capability of being
processed from a solution at a low temperature allowing
simple fabrication techniques such as spin coating, drop cast-
ing, screen printing, spray coating, and nanoimprinting.1–5

Pentacene has been the subject of special attention be-
cause of the combination of its commercial availability, de-
vice performance, and environmental stability. OTFTs, com-
prising vacuum deposited thin film pentacene providing high
field effect mobility ��1 cm2 /V s�, have been reported in
many literatures.6–9 Pentacene molecular crystals have an
open herringbone structure with a combination of face to
face and edge to face interactions. By attaching a functional
side group, soluble and stable functionalized pentacene can
be prepared,2 thereby making standard fabrication methods
more accessible for the solution processing of its organic
semiconductors �OSCs� into OTFT devices.

In this work, we synthesized soluble TIPS pentacene
by adding bulky groups at the 6th and 13th positions of
the pentacene molecule2 and used a 6,13-bis�tri-
isopropylsilylethynyl�pentacene �TIPS pentacene� as an OSC
for OTFT fabrication. Moreover, we prepared three kinds of
polymer binder: poly��-methylstyrene� �PAMS�, poly�4-
vinylbiphenyl� �PVBP�, and poly�triarylamine� �PTAA�.
These binders mixed with the TIPS pentacene exhibit good
film quality on the dielectric layer and impose function as
forming a good interfacial contact between source/drain elec-
trodes onto the active channel layer.

The device configuration of a TIPS-pentacene based
OTFT is shown in Fig. 1�a�. The heavy doped p-type Si
wafer, where the 100-nm-thick dielectric was thermally
grown, formed gate electrodes for the OTFTs on the Si sub-
strates. Sequentially, gold �Au, 200 nm thickness� source/
drain electrodes were deposited by electron-beam evapora-
tion. Also, a shadow mask was used to define the source and
drain electrodes. The channel width �W� and length �L� were
500 and 20 �m, respectively. Next, the TIPS-pentacene film
and TIPS pentacene mixed with PAMS, PVBP, and PTAA
films individually were deposited by a drop casting from a
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FIG. 1. �Color online� �a� A schematic of the bottom contact OTFT on a
highly doped Si wafer using TIPS pentacene with polymer binders. Chemi-
cal structures of polymer binders �b� PAMS, �c� PVBP, and �d� PTAA.
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2 wt % solution of TIPS pentacene in monochlorobenzene,
respectively. Finally, after coating the OSC, the device was
annealed using a hotplate at 110 °C for 1 min. After the
device fabrication, we measured the transistor characteristics
using a Keithley SCS/4200 in a dark box.

Figures 1�b�–1�d� show the chemical structure of PAMS
�Sigma-Aldrich, used as received�, PVBP �Sigma-Aldrich,
used as received�, and PTAA �used as synthesized�, respec-
tively. Moriguchi et al.10 reported that the crystal quality was
improved by using a PAMS treatment so that the carrier mo-
bility was higher than that of nontreatment since the chain
dynamics of the PAMS of high molecular weight in benzene,
a good solvent, in the dilute solution served as the hydrody-
namic interaction of flexible linear polymers in solution.11 In
addition, Brown et al.12 proposed that the TIPS pentacene
comprised polymer binders of PAMS or PVBP. In other
words, these preferred insulator binders act as an adhesion
layer as well as a nonpolar capping layer to overcome the
problem of poor compatibility between the TIPS pentacene
and the gate dielectric layer at their interface.13 Schroeder et
al.14 reported a method of decreasing the injection barrier
from the metal electrode to the OSC, namely, pentacene and
PTAA as the OSC. Here, PTAA acts as a good hole conduc-
tor between the OSC and source and drain electrodes as re-
ducing surface dipoles.15

Figures 2�a�–2�d� show the drain current �ID�–drain volt-
age �VD� curves of our OTFTs using TIPS pentacene without
a polymer binder and with PAMS, PVBP, and PTAA, respec-
tively. These curves are typical p-type OTFTs working in an
accumulation mode. According to the figures, the highest
drain current of −3.3 �A was obtained from the OTFT using
TIPS pentacene mixed with PTAA with a gate bias �VG� of

�40 V while the OTFT using TIPS pentacene mixed with
PVBP and PAMS, and without a polymer binder showed the
highest drain current of �1.84, �0.94, and −0.11 �A, re-
spectively �at VG=−40 V�. Figure 2�a� shows the ID-VD

characteristics of our standard TIPS-pentacene small mol-
ecule without a polymer binder. The drop casted TIPS-
pentacene film was approximately 300 nm thick and was not
patterned for these devices. The presence of large drain cur-
rent offset16 in a low gate bias is due to leakage current in the
output curve because of poor film forming property in TIPS
pentacene only. The poor interfacial contact between active
layer and dielectric layer can be expected. Figure 2�b� shows
the ID-VD characteristics of the OTFT using TIPS pentacene
mixed with PAMS. As expected, for the transistor, the output
characteristics showed two distinct regions of device opera-
tion: linear and saturation. However, Fig. 2�b� shows the
relatively nonideal comparison behavior of the device with
the linear and saturation regime in Figs. 2�c� and 2�d�. For
that reason, we think that the minor current-crowding effect
might be due to the contact resistance between the OSC
channel and source and drain electrodes.17 Furthermore, the
threshold voltage �VT=−18.2 V� of the TIPS-pentacene
based OTFT with PAMS appeared higher than other devices
with polymer binders such as PVBP and PTAA since PAMS
offered improving solubility and continuity of similar dielec-
tric properties.18 Also, the ID-VD characteristics for both �c�
and �d� in Fig. 2 exhibited pinch-off and current saturation.

Figures 3�a�–3�d� show transfer characteristics of our
OTFTs using TIPS pentacene without a polymer binder and
with PAMS, PVBP, and PTAA, respectively. The field effect
mobility was calculated from these data in the saturation
regime �VDS=−40 V� by plotting the −�ID versus VG and
fitting the data to the following equation:19

FIG. 2. �Color online� The drain current �ID� vs the drain voltage �VD�
curves obtained from our OTFTs fabricated using TIPS pentacene �a� with-
out a polymer binder with �b� PAMS, �c� PVBP, and �d� PTAA.

FIG. 3. �Color online� −� ID vs VG and −log�ID� vs VG curve characteristics
of the OTFTs using TIPS pentacene, �a� without polymer binder, �b� with
PAMS, �c� PVBP, and �d� PTAA, that the four OTFTs obtained with
VDS=−40 V.
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IDS = �WCi/2L���VG − VT�2,

where Ci=3.45�10−8 F cm−2, W=500 �m, and L
=20 �m. The VT can also be determined in the OTFT satu-
ration regime by plotting −�ID versus VG and extrapolating
the tangential line drawing, namely, intercept on the x-axis,
illustrated in Figs. 3�a�–3�d�. Additionally, on/off current ra-
tio �Ion/off� and subthreshold swing �SS� were determined
from −log ID versus VG curves of Figs. 3�a�–3�d�. Such pa-
rameters for all our devices are summarized in Table I.

The device with PTAA showed the best overall perfor-
mance except for the Ion/off and Ioff. The highest mobility
�0.027 cm2 /V s�, the lowest VT, and the smallest SS value
were achieved for the sample with PTAA. For the Ion/off of
the sample with PAMS, we found that this sample was much
better than other samples with polymer binders and the Ioff
was lower than other samples with polymer binders. It
should be noted that although the OTFT with PTAA exhib-
ited the highest mobility, it suffered from a low Ion/off. This
low ratio arose from the high Ioff indicating a high leakage
current possibly due to a high trap density at the interface
between active layer and dielectric layer.20

In summary, we fabricated four different OTFTs using
TIPS pentacene with polymer binders such as PAMS, PVBP,
and PTAA that were fabricated on a SiO2 dielectric/Si wafer
substrate. First, the device with PAMS presented a more
stable performance than the reference device. However, this
device appeared to have larger VT than other devices due to
the intrinsic low charge mobility of the OSC. That is, the
field-induced current was proportional to the field-induced
charge density. It was likely that this device needed a greater
surface charge density at the OSC/dielectric interface. Sec-
ond, the SS of the device with PVBP showed lower proper-
ties than other devices except for the reference device. A
large SS generally implied a large concentration of shallow
traps. That is, this device needed to improve properties of

interface quality and to have the high density of trap states
on the OSC/dielectric interface. Finally, the Ion/off of the de-
vice with PTAA was lower than other devices with polymer
binders, indicating a high leakage. To block the leakage cur-
rent, this device can have a reduced trap density without
adding any more trap sites in OSC/dielectric interface using
Ar ion beam treatment.20
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TABLE I. The OTFT characteristics of the field effect motilities in the
saturation regime, the threshold voltages, on/off current ratios, and the sub-
threshold swings for various polymer binders.

�
�cm2 /V s�

VT

�V� Ion/off

SS
�V/decade�

Without polymer binder 0.001 �8.1 4.33�103 2.38
PAMS 0.005 �18.2 5.51�104 1.19
PVBP 0.008 �6.2 1.25�104 2.52
PTAA 0.027 �0.2 8.42�103 0.36
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