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Abstract
Hybrid insulator pentacene thin film transistors

(TFTs) were fabricated with thermally grown oxide
and crosslinked polyvinylalcohol (PVA) including
surface treatment by dilute ploymethylmethacrylate
(PMMA) layers on ri doped silicon wafer. Through
the optimization of SO, layer thickness in hybrid
insulator structure, carrier mobility was increased to
above 35 times than that of the TFT only with the gate
insulator of 9O, at the same transverse electric field.
The carrier mobility of 1.80 cnf/V-s, subthreshold
swing of 1.81 V/decade, and L/ Il current ratio >
1.10 x 10° were obtained at low bias (less than -30 V)
condition. The result is one of the best reported
performances of pentacne TFTs with hybrid insulator
including cross-linked PVA material at low voltage
operation.

1. Introduction

In recent years, a lot of efforts have been
attempted to improve the performances of organic
thin film transistors (OTFTs) [1], [2] for many
applications such as flexible circuits [3], radio-
frequency identification tags [4] and sensors [5].
Therefore, the high carrier mobility of devicesis aso
demanded for these applications. One of the effective
approachesto enhance the electrical characteristics of
OTFTs is to sdect gate dielectric layer with various
materids [6].

In this paper, we newly propose the hybrid
insulator structure with cross-linked PVA, SO, and
PMMA layer for the transistors to increase carrier
mobility of TFTs and merge the influences of each
insulator.

Among the vaious gate insulator materias,
crosslinked PVA was adopted as a polymer gate
insulator because of its high-k characteristics [7],
photosensitivity [8] and good surface aignment effect

[8]. Additiondly, the surface treatment of cross-linked
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Fig. 1. Device structure of hybrid insulator OTFTs witt
SiO,, crossdinked PVA and PMMA layers. W/L = 1000/2!
().

PVA was performed by coating of PMMA solution to
modify the surface state of gate dielectric layer. It is
expected to provide a similar termination to silicon
single crystds on which hydrocarbons are
chemisorbed [9] to reduce heterogeneous nucleation
fecilitating grain growth [9]. Findly, SO, was
adopted as a barrier layer to reduce carrier injection
from gate electrodes and enhance the saturation
characteristics in hybrid structure.

2. Device Fabrication

The top contact transistors were fabricated on i’
doped slicon wafers which were used as gae
electrodes. The dlicon wafers were thermally
oxidized to obtain to be 8, 40, and 100  thickness of
30, whichserve as the inorganic gate digectrics. The
PVA  solution with  ammonium  dichromate
photosensitizer was spin-coated on the SO, layer to
save as 500  thick polymer gate dielectric layer.
The coated PVA was exposed with UV light and
heatedat 110  for 5 hours in a convection oven to
define gate insulator and to make cross-linking PVA’ s
molecules, respectively. The dielectric constant of
crosslinked PVA was measured to be e=51 at 10
kHz frequency.

For the surface modification,8 thick PMMA
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Fig. 2. Electrical transfer characteristics of split hybric

insulator OTFTs: sample A = SiQ, (100 )/PVA (50(
)IPMMA (8 ), sample B = SiG; (40 )/PVA (50(
)JIPMMA (8 ), andsample C= SiO, (8 )/PVA (50(

YPMMA (8 ).

layer was formed onto the crosslinked PVA layer by
goin-coating process and it was baked at 110  for 30
minutes. In a fina step, 50 thick pentacene films
were deposited using a thermal evaporation system,
keeping the substrate temperature of 80 and
deposition rates in the range of 0.51.0 Ass.
Afterward, gold was thermally evaporated on top of
the pentacene layer using shadow masks giving
transistors with 25 channd length and 1000
width. The cross-sectiond illustration of the device is
schematicaly shown in Fig. 1.

3. Electrical Characteristics and Discussion

Fig. 2 shows the transfer characteristics of our
hybrid insulator pentacene TFTs under the three
different gate dielectric conditions. For the same level

sweeps and low voltage operation in saturation
regime, the drain voltage was held constant at -30 V
to the al devices. The carrier mobility and threshold
voltage were caculated from the dope of the plot of
Ilo|? versus Vgs at -30 V of gate voltage in Fig. 2.
The extracted values of electrical parameters for the
devices are summarized in Table 1. As shown in the
insets of Fig. 2 and Table 1, noticeably improved
drain current and carrier mobility was inspected
according the reduction of SO, layer thickness in
hybrid insulator.
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Fig. 3 Carrier mobility versus vertical electric field for
split hybrid insulator devices (SIG, (X  )/PVA (500
)JIPMMA (10 )) and PMMA treated SiO, insulator
devices (40 and 100 ) in saturation regime. The
thickness ratio of cross-linked PVA vs. SiO, in hybrid
insulator devices: sample A = 5:1, B = 1251, and C =
62.5:1for 100,40,and 8 SO, laver, respectively.

In low bias condition (less than -30V), the
pronounced result was extracted from the sample A (8
S0, + 500 cross-linked PVA + 8 PMMA):
the carrier mobility of 1.80 cm?/V s, subthreshold
swing of 1.81 V/decade, and |,/ |4 current ratio >
1.10 x 10° were obtained. Since the carrier mobility of
OTFTs has dependency by gate bias [10], the result is
one of the best results of hybrid insulator pentacene
TFTs including cross-linked PVA gate didlectric
material at low voltage operation.

To further study of cross-linked PVA effect and
equivalent comparison between the gate dielectric
condition and carrier mobility, we have inspected the
correlation of carrier mobility vs. transverse electric
field for the same structured samples shown in Table.
1 and the two kinds of devices with PMMA treated
40,100 SO: gate dielectric layers. The compared
result was shown in Fig.3.

From this figure, 0.238, 0.402, 1.139 cn?/V-sec
of carrier mobility was extracted a 06 /
transverse eectric field in hybrid insulator devices
which correspond to the thickness raio of cross-
linked PVA vs. SO, of 5:1 (Tox =100 ), 12.5:1 (Tox
=40 ),and 6251 (Tox=8 ) in hybrid insulator,
respectively. The optimum-device sample A shows 35
times larger mobility than that of the TFTs only with



the PMMA treated SO, (100 nm) gate insulator at the
same transverse electrical field by using the hybrid
insulator which has 62.5 times larger cross-linked
PVA portion than SO, thickness. Wheress, a dight
mobility change is occurred in the devices with SO,
insulator (40 and 100 ). Therefore, these results
prove that the effect of cross-linked PVA gate
dielectric layer which greatly improve carrier mobility
a the same eectric field condition in hybrid insulator
OTFTs.

4. Conclusion

In this paper, we proposed a new hybrid insulator
structure with thermally grown oxide and cross-linked
PVA layer including PMMA treatment to increase
carrier mobility of pentacene TFTs. Through the
optimization of hybrid insulator by the reduction of
J0, layer thickness, we increased the carrier mobility
of devices to above 35 times of magnitude than that of
90, insulator devices. Additionaly, the effect of
crosslinked PVA for increasing carrier mobility was
fairly proved using the comparison of carrier mobility
vs. transverse electric field for the devices which have
different thickness ratio of cross-linked PVA and SO,
layer in hybrid insulator.

From the optimum devices with SO, (8 ) +
crosslinked PVA (500 ) + PMMA (8 ) hybrid
insulator structure, The carrier mobility of 1.80 cnf/V
s, subthreshold swing of 1.81 V/decade, and o/ |y
current ratio > 1.10 x 10° were obtained at low bias
(lessthan -30 V) condition.

Table. 1. Summary of the electrical parameters for hybri
insulator OTFTs according to the changed thickness ratit
of oxide and cross-linked PVA layer by the reduction o
SiO, thickness n hybrid insulator ¥ SiO,/500
crosslinked PVA/8  PMMA).

Ratio of Tox Mest Vin lon/ | off S
crosslinked ( ) (cm?/ (V)  ratio (V/dec)
PVAvs. SO, V-s)

51 100 025

1251 40 053

-152 69x 10" 292
-150 80x 10" 228

62.5:1 8 18 -149 11x10 181
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