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Abstract: An organic thin-film transistor (OTFT) with an OTS/SiO, bilayer gate insulator and a MoOs; /Al electrode con-
figuration between gate insulator and source/drain electrodes has been investigated. A thermally grown SiO, layer is used

as the OTFT gate dielectric and copper phthalocyanine(CuPc) is used as an active layer. This OTS/SiO. bilayer gate insu-

lator configuration increases the field-effect mobility,reduces the threshold voltage,and improves the on/off ratio simulta-

neously. The device with a MoQO; /Al electrode has shown similar 4 compared to the device with an Au electrode at the

same gate voltage. Our results indicate that using a double-layer of electrodes and a double-layer of insulators is an effec-

tive way to improve OTFT performance.
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1 Introduction

Organic field-effect transistors (OFETs) based
on semiconductive materials have attracted increasing
interest for their promising application to flexible,
low cost, and large area displays, and electronic de-
vices like smart cards due to the extraordinary electri-
cal and mechanical properties of the small mole-
cules” ~* . Since the interface between the organic ac-
tive material and the gate dielectric material is a criti-
cal part of the field-effect device,control over this in-
terface is of great importance. Therefore, many meth-
ods of modifying the inorganic/organic interface have
been explored to improve the growth of ordered va-
por deposited films. We found that the characteristics
of CuPc TFTs can be improved by using a self-organi-
zing material like octadecyltrichlorosilane(OTS) between
the SiO, gate dielectric and the CuPc active layerm .

The silane coupling agent OTS is a particularly
interesting material because it can bond to silicon ox-
ide surfaces and form a Si—O—Si bond, which can in-
fluence deeply the characteristics of insulator films. In
this paper.,a solution technique was used to form OTS
monolayers. High-quality OTS monolayers can also be
spontanecously formed in solution through a simple
chemical reaction. Then, we investigated the effect of
OTS self-assembled monolayers (SAMs) on the char-

acteristics of evaporated CuPc thin films"® " ,and ob-
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served that OTS SAMs not only depress the surface
roughness of SiO, film but also decrease leakage cur-
rent. Finally, we found that this method improved the
significantly and en-
hanced the performance of a CuPc organic thin film

organic/inorganic interface
transistor.

Since the organic FETs are generally used for
low-cost applications, the easy fabrication processes
and the simplified structures are of great interest. In
most of the literature, Au is used in the device as the
electrode material because of its high work function,
which can match that of many organic active materi-
als. However Au is also a high price metal, which in-
creases the cost of the device. If we can find a suitable
cheaper alternative material and reduce the cost of
manufacturing, then the work is of great significance.
Although aluminum (AD is a well-known contact ma-
terial in integrated circuits,its low-work function pre-
cludes the application of Al to high performance OT-
FT for p-type semiconductors. In addition, high per-
formance OTFTs can be achieved by inserting a tran-
sition metal oxide layer between Al electrodes and or-
ganic semiconductors. Following Chu et al." , we se-
lect MoO; as a modified layer of electrodes.

In this paper, we present the fabrication proce-
dure and electrical characteristics of a FET using
OTS/SiO, with the bilayer gate insulators modifying
method and MoQO; /Al for the device modificative e-
lectrodes.
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Fig.1 (a) Schematic structure of the OTFTs; (b) Chemical
structure of CuPc

2 Experiment

The OTFT device structure used in this study is
shown in Fig. 1 (a). For simplicity, our devices were
fabricated using a heavily doped silicon wafer as the
substrate and gate electrode,with thermally grown sil-
icon dioxide as the TFT gate dielectric. First,a 230nm
thick thermal SiO, layer was grown as the OTFT gate
dielectric (SiO, thickness was measured by ST2000-
DLXn, Apectra Thick STD-Auto). The SiO, surface
was ultrasonically cleaned with acetone, ethanol, and
deionized water in that order, and subsequently the
wafer was treated by UV for ten minutes. Then, the
SiO; surface was treated with OTS by immersing the
sample into a 0. 5% solution of OTS (CH;Cl : C4H,,
=1:3) for 12 hours at room temperature in an anhy-
drous ambient. This chemical process is described in
Fig. 2(a) , which allows a monolayer of OTS to self-as-
semble on the surface of the SiO, and form an LB
monolayer (the schematic structure is shown in Fig. 2
(b)).The UV activates the Si—OH bond and makes
the reaction occur more easily. A 40nm thick CuPc
thin film (the chemical structure is shown in Fig. 1
(b)) was then deposited by vacuum deposition at a
rate of 2nm/min under a pressure of 6 X 10 * Pa. It
was purified twice using vacuum successive sublima-
tion. Finally, the devices were completed by deposi-
ting Au or MoQO;/Al bilayer source and drain elec-
trodes through a shadow mask (the thickness of the
MoO:; is 10nm) . The clectrodes were patterned to be

(®)

Fig.2
(b) LB membrane schematic structure of OTS on surface of
SiO,

(a) Chemical process between OTS and surface of SiO; ;

35um in length and 2000pm in width.

The current-voltage characteristics of devices
were measured by home-made transistor detection
equipment. The measuring voltage (YJ32-2 Model)
and accuracy of the micro-ammeter (HP-4140B Mod-
el) used in our experiments can reach * 100V and
107" A, respectively. All experiments were carried out un-
der dark conditions in ambient at room temperature.

3 Results and discussion

The I-V curves of OTFT have two working re-
gions: the linear region and the saturated region. In
this paper,the field-effect mobility is estimated in the
saturation region using the equation:

Ips = (W/2L)uCi(Vg — V)P
where W and L are the channel width and length,re-
spectively, . is the carrier mobility of the holes in the
OTFT channel, C; is the gate dielectric capacitance
per unit area,and Vg, Vs, Vi are the gate voltage,
drain-source voltage, and threshold voltage, respec-
tively.

Figures 3 (a) and (b) shows the I-V characteris-
tics for a CuPc OTFT fabricated on untreated and
OTS-treated oxidized silicon substrates held at room
temperature. Clearly, a significant increase in current
is observed in devices biased with the same V5 and
Vps. The plots in Fig.4(a) show the characteristics of
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Fig.3
without an OTS layer; (b) Current-voltage characteristics of an
OTFT device with an OTS layer

(a) Current-voltage characteristics of an OTFT device

lglps versus Vi at a fixed Vs of — 40V for the de-
vices. Figure 4(b) shows the square root of the drain

current I5¢

ps versus gate voltage Vs curve at a fixed
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face; (b) AFM image of a 5um square of OTS-treated SiO; sur-

(a) AFM image of a 5pm square of untreated SiO; sur-
face

drainsource voltage Vps of — 40V. From these four
figures, we can conclude that OTFTs on untreated
gate dielectrics have a field-effect mobility of 6 X10~*
cm?/(V « s),an on/off current ratio of about 10°,and
a threshold voltage of — 9V. Meanwhile, OTFTs fab-
ricated with OTS-treated gate dielectrics have a field-
effect mobility as high as 1.5X 107 cm*/(V + s),an
on/off current ratio of more than 10*,and a threshold
voltage of —6V.The above-mentioned results suggest
that treating the SiO, surface prior to the CuPc active
layer deposition with an OTS monolayer has been
shown to improve noticeably the electrical character-
istics of CuPc TFT.

The surface roughness of the insulator is critical
to the OTFT device’s performance because the regu-
lar morphology of thin film is important for the
transport of carriers in the film. In our tests.the sur-
face of the OTS-treated SiO, insulator was character-
ized with atomic force microscopy (AFM). Tapping-
mode AFM was used to characterize the surface
roughness and to image the surface effect,such as pin-
holes and defects. Figures 5(a) and (b) show that the
OTS-treated SiO, layer is flatter than the bare SiO,
layer and also show a considerable difference in sur-
face roughness. Thus,the OTS shows an improved sur-
face modified result.

For OTS-treated TFTs, another reason for the
large improvement in OTFT performance using an
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Fig.6 Current-voltage characteristics of an OTFT device with
Au and MoOs /Al clectrodes

OTS-treated SiO, gate dielectric is the altered film
growth at the gate dielectric interface and adhesion of
CuPc to the substrate. The OTS SAMs change the sur-
face properties of the thermal oxide SiO, to a more
hydrophobic surface with a low surface energy'®’ . Sec-
ondly,the OTS SAMs perpendicular to the SiO, sub-
strate would cause a preferential out-of-plane orienta-
tion of the evaporated CuPc molecules in an initial
layer at the interface, which effectively improve the
n-n stacking in the direction of current flow and lead
to higher mobility. Therefore, the characteristics of
CuPc organic TFTs can be improved with a silicon di-
oxide gate dielectric chemically modified with OTS
monolayers. Importantly, the interface trap of organic
film and inorganic insulator proved to be a limiting
factor in OTFT performance. The results presented in
this paper show clearly that the use of monolayers
self-assembled at the interface is indeed a good meth-
od for improving the performance of the devices.

Field effect transistors require an ohmic source
contact and an ohmic drain contact for ideal opera-
tion. In many real situations, the injection of charge
carriers from metals into semiconductors can be an in-
efficient process, that is, non-ohmic, for example, Al
to many of organic active materials such as CuPc,pen-
tacene. This has an adverse impact on the perform-
ance of thin film transistors and makes the mobility
of electrical measurements very poor because contact
effects need to be disentangled from transistor prop-
erties. In this paper.to resolve this question.,we adopt
a vaporing thin MoO; film to modify the Al electrode
layer and form double-layer electrodes. Figure 6
shows the current-voltage characteristics of OTFTs
and MoO; covered with Al metal as the electrode. The
source-drain current Ips versus Vps of the OTFT at
the same Vg display very clear saturation currents as a
function of the gate bias voltage and also show similar
characteristics and performance compared to the Au
electrode.

The introduction of the metal oxide MoOs in our

OTFTs played an important role in decreasing the
contact resistance. The measurement of work function
based on the method of contact potential difference
reported by our team showed that the work function
of MoO; was 5.4eV, which is near that of CuPc
(5.3eV).The small hole injection barrier from MoO;
to CuPc resulted in strong hole injection. In addition,
MoO; has a lower melting point and the ability of
preventing Al metal diffusion into the organic materi-
al. These results demonstrate that the device with
MoO, /Al electrodes has a similar I, to the device
with Au clectrodes at the same gate voltage. Thus,
using a transition metal oxide as the hole injection
layer is an effective way to improve the characteris-
tics of OTFTs.

4 Conclusion

We have fabricated bilayer gate dielectic organic
TFTs with improved electrical characteristics, inclu-
ding a field-effect mobility as high as 1. 5X107° cm*/
(V « s),an on/off current ratio of more than 10*,and
a threshold voltage of — 6V. This OTS/SiO, bilayer
gate insulator configuration increases the field-effect
mobility,reduces the threshold voltage,and improves
the on/off ratio at the same time. The device with
MoQ, /Al electrodes has a similar Ips to the device
with Au electrodes at the same gate voltage. MoO; /Al
has been proven to be a superior electrode.

These results further increase the likelihood that

organic thin film transistors will find use in low-cost
electronic applications.
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