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Bottom-contact organic field-effect transistors having low-dielectric layer
under source and drain electrodes
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An organic thin-film transistor~OTFT! having a low-dielectric polymer layer between gate insulator
and source/drain electrodes is investigated. Copper phthalocyanine~CuPc!, a well-known organic
semiconductor, is used as an active layer to test performance of the device. Compared with
bottom-contact devices, leakage current is reduced by roughly one order of magnitude, and on-state
current is enhanced by almost one order of magnitude. The performance of the device is almost the
same as that of a top-contact device. The low-dielectric polymer may play two roles to improve
OTFT performance. One is that this structure influences electric-field distribution between source/
drain electrodes and semiconductor and enhances charge injection. The other is that the polymer
influences growth behavior of CuPc thin films and enhances physical connection between source/
drain electrodes and semiconductor channel. Advantages of the OTFT having bottom-contact
structure make it useful for integrated plastic electronic devices. ©2003 American Institute of
Physics. @DOI: 10.1063/1.1580646#
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Recently organic thin-film transistors~OTFTs! have at-
tracted tremendous attention due to their potential appl
tion in low-cost large-area flexible displays and low-e
electronics.1–5 Now, their performance can compare with h
drogenated amorphous silicon thin-film transistors (a-Si:H
TFT!.6–9 Because organic semiconductors are generally s
sitive to solvents and chemicals used in photolithograp
processing, OTFT performance is degraded when using
ditional patterning methods in device fabrication.10 There-
fore, bottom-contact structure devices, which are fabrica
by depositing the active organic material onto pattern
source/drain electrodes to avoid or minimize exposure to
vents and chemicals, become ideal structures for org
electronics. However, the performance of OTFTs in
bottom-contact structure is generally lower than that of
vices in a top-contact structure since the contact area
tween accumulated layer and source/drain electrode
small.11 Surface modification of source/drain electrodes
ing a surfactant has recently been used to improve the ph
cal connection between electrode and semiconductor c
nel, and it can enhance the performance of bottom-con
devices.12,13

On the other hand, the operating voltage of OTFTs
often too high for practical use. Metal oxide film, having
relatively high dielectric constante as the gate insulator, ca
be used to overcome this shortcoming.14 However, high-
dielectric-constant materials usually have the disadvan
of high gate leakage currents.

In this letter, a specific structure of an OTFT devi
@shown in Fig. 1~a!# is presented to improve the performan
of bottom-contact devices. The concept is based on a bott

a!Electronic mail: yandh@ciac.jl.cn
3960003-6951/2003/82(22)/3967/3/$20.00
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contact-structure OTFT having high-dielectric-consta
Ta2O5 as an insulator. A low-dielectric insulating layer, pol
~methylmethacrylate! ~PMMA!, is located between gate in
sulator and source/drain electrodes to reduce leakage cur
For comparison, bottom-contact and top-contact devi
@shown in Figs. 1~b! and 1~c!# have been fabricated under th
same conditions.

Corning7059 glass is used as a substrate,
magnetron-sputtered metal Ta is used as a gate electr
The Ta2O5 film, which has a capacitance of 66 nF/cm2, is
deposited as a gate insulator using magnetron reactive s
tering. A 150-nm PMMA layer is coated on top of the Ta2O5

gate insulator as additional insulator layer. Gold source
drain electrodes~a 20-nm-thick Al layer is used under a 60
nm-thick Au layer for adhesion between the Au layer a
insulator! are thermally evaporated on top of the insula
layer through a shadow mask with a defined channel wi
and length of 1200 and 80mm, respectively. The unwante
part of the polymer is removed by a self-alignment dry e
in O2 plasma using source and drain electrodes as a m
Finally, the organic semiconductor of 200-nm CuPc is dep
ited at room temperature. Before deposition of the act
layer, the device is annealed at 70 °C under a vacuum
1025 Pa in order to remove O2 absorbed during dry etching
Current–voltage measurements are carried out in air an
room temperature using KEITHLEY 236 voltage sour
units.

Figures 2~a! and 2~b! show output and transfer chara
teristics of an OTFT device in bottom-contact structu
From the curve of square root of drain current versus g
voltage at constant250 V drain–source voltage, carrier mo
bility is estimated to be 7.331024 cm2 V21 s21, which is
similar to the value reported by Baoet al. for a room-
temperature CuPc TFT device.15 Threshold voltage is abou
7 © 2003 American Institute of Physics
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3968 Appl. Phys. Lett., Vol. 82, No. 22, 2 June 2003 Yuan et al.
FIG. 1. Schematic structures of OTFT devices:~a! our structure,~b! bottom-
contact structure, and~c! top-contact structure.

FIG. 2. Output and transfer characteristics of the bottom-contact struc
device:~a! I D vs VD for a series of gate voltages and~b! I D and I D

1/2 vs VG

for a fixed drain–source voltage of250 V.
Downloaded 09 Sep 2012 to 159.226.165.151. Redistribution subject to AIP
27.5 V, and on-state current is 331027 A. The positive
current nearVDS50, increasing withVGS, is due to leakage
between source/drain and gate electrodes through the
insulating layer. The field-effect mobility is estimated in th
saturation regime using Eq.~1!:

I D5W/2LmEFCi~VG2VT!2. ~1!

Figures 3~a! and 3~b! show output and transfer chara
teristics of an OTFT device in top-contact structure. Fro
the curve of square root of drain current versus gate volt
at constant250 V drain–source voltage, carrier mobility i
estimated to be 0.01 cm2 V21 s21. Threshold voltage is
about212 V, and on-state current is 2.131026 A. It can be
seen that the properties of the top-contact device are m
better than those of the bottom-contact device.

Figures 4~a! and 4~b! show output and transfer chara
teristics of an OTFT device in our structure. From the cur
of the square root of the drain current versus gate voltag
a constant250 V drain–source voltage, carrier mobility i
estimated to be 0.01 cm2 V21 s21, which is more than one
order of magnitude higher than that of the normal botto
contact device and is almost the same as that of the
contact device. It has threshold voltage of212.5 V. At a
gate–source voltage of250 V, the device has an on-sta
current of 2.3631026 A, which is almost one order of mag
nitude higher than that of the normal bottom-contact devi
Leakage currents between source/drain and gate electr
through the gate insulating layer are greatly reduced~from
1.131026 to 3.531027 A, at VG5250 V!.

re

FIG. 3. Output and transfer characteristics of the top-contact structure
vice: ~a! I D vs VD for a series of gate voltages and~b! I D andI D

1/2 vs VG for
a fixed drain–source voltage of250 V.
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Morphology of CuPc thin films is observed using
SPI3800N atomic force microscope~AFM!. An area near the
source/drain electrode is shown in Fig. 5. CuPc thin films
the top of Ta2O5 layer are polycrystalline. Grain sizes ne
electrodes are larger than that of crystals in the middle
channel. The growth of the semiconductor layer is modifi
in the channel area, either the polymer layer has not b
removed completely or the Ta2O5 surface is chemically
modified by exposure to O2 plasma.

FIG. 4. Output and transfer characteristics of structure device:~a! I D vs VD

for a series of gate voltages and~b! I D and I D
1/2 vs VG for a fixed drain–

source voltage of250 V.

FIG. 5. An AFM image of CuPc thin film near the source/drain electro
The grain size in the CuPc layer varies across the channel.
Downloaded 09 Sep 2012 to 159.226.165.151. Redistribution subject to AIP
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The low-dielectric polymer may play two roles to im
prove OTFT performance. One is modification of electr
field distribution between source/drain electrodes and
semiconductor channel and thereby enhanced charge in
tion. The additional layer has a low-dielectric constant sim
lar to organic semiconductor, and redistributes the elec
field to fall on the semiconductor near the area connectin
the electrode. The other reason confirmed by AFM obser
tion is that the polymer influences the growth behavior
CuPc thin films and enhances the physical connection
tween source/drain electrodes and semiconductor chann

Our OTFT structure dramatically improves electron
properties of the OTFT device, such as mobility and on-st
current. Moreover, the additional insulating layer can depr
leakage current derived from overlap of gate/source and g
drain, and it can reduce parasitic capacitance derived f
gate/source and gate/drain overlap. Those qualities are
very valuable when this structure is used in integrated
cuits and active matrix displays. Combining its advantage
fabrication, our OTFT in a bottom-contact structure is su
able for application in integrated plastic electronic device

In summary, a bottom-contact organic thin-film trans
tor having a low-dielectric layer under source and drain el
trodes is demonstrated. It has the advantages of a bot
contact device for easy integration, and has the h
performance of a top-contact device. The low-dielectric
sulating layer reduces leakage current and parasitic cap
tances derived from gate/source and gate/drain overlap.
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