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An organic thin-film transistofOTFT) having a low-dielectric polymer layer between gate insulator

and source/drain electrodes is investigated. Copper phthalocy@@in®), 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.2083 American Institute of
Physics. [DOI: 10.1063/1.1580646

Recently organic thin-film transisto(©TFT9 have at- contact-structure OTFT having high-dielectric-constant
tracted tremendous attention due to their potential applica¥a,Os as an insulator. A low-dielectric insulating layer, poly-
tion in low-cost large-area flexible displays and low-end(methylmethacrylate(PMMA), is located between gate in-
electronics-~> Now, their performance can compare with hy- sulator and source/drain electrodes to reduce leakage current.
drogenated amorphous silicon thin-film transistoasSi:H  For comparison, bottom-contact and top-contact devices
TFT).6~ Because organic semiconductors are generally seishown in Figs. tb) and Xc)] have been fabricated under the
sitive to solvents and chemicals used in photolithographi¢ame conditions.
processing, OTFT performance is degraded when using tra- Corning7059 glass is used as a substrate, and
ditional patterning methods in device fabricatidnThere- ~magnetron-sputtered metal Ta is used as a gate electrode.
fore, bottom-contact structure devices, which are fabricated "€ TaOs film, which has a capacitance of 66 nFfnis
by depositing the active organic material onto pattemedjeposited as a gate insulator using magnetron reactive sput-
source/drain electrodes to avoid or minimize exposure to solt€fing. A 150-nm PMMA layer is coated on top of the,Tg
vents and chemicals, become ideal structures for organi@at® insulator as additional insulator layer. Gold source and
electronics. However, the performance of OTFTs in adrain electrodega 20-nm-thick Al layer is used under a 60-
bottom-contact structure is generally lower than that of deNM-thick Au layer for adhesion between the Au layer and
vices in a top-contact structure since the contact area bd?sulato) are thermally evaporated on top of the insulator
tween accumulated layer and source/drain electrodes {8Ye' through a shadow mask with a defined channel width

small! Surface modification of source/drain electrodes us2Nd length of 1200 and 8Am, respectively. The unwanted

ing a surfactant has recently been used to improve the phys?—ag of :he polymer is removeddbé/ a seh;—ahgngnent dry etchk
cal connection between electrode and semiconductor chafl} Y2 Plasma using source and drain electrodes as a mask.

nel, and it can enhance the performance of bottom-conta&ina"y’ the organic semiconductor of 200-nm CuPc is depos-
devicesl213 ited at room temperature. Before deposition of the active

On the other hand, the operating voltage of OTFTs iSIayer, the device is annealed at 70 °C under a vacuum of

_5 . . .
often too high for practical use. Metal oxide film, having a 10> Paiin order to remove {absorbed during dry etching.

. . . . . Current—voltage measurements are carried out in air and at

relatively high dielectric constartas the gate insulator, can :
. p . room temperature using KEITHLEY 236 voltage source

be used to overcome this shortcomifigHowever, high- .
dielectric-constant materials usually have the disadvantage
of high gate leakage currents.

In this letter, a specific structure of an OTFT device
[shown in Fig. 1a)] is presented to improve the performance

Figures 2a) and 2Zb) show output and transfer charac-
teristics of an OTFT device in bottom-contact structure.
From the curve of square root of drain current versus gate
voltage at constant50 V drain—source voltage, carrier mo-

of bottom-contact devices. The concept is based on a bottonb—”ity is estimated to be 7:8310 4 cn?V-'s L which is
similar to the value reported by Baet al. for a room-

3Electronic mail: yandh@ciac.jl.cn temperature CuPc TFT devi¢eThreshold voltage is about
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FIG. 1. Schematic structures of OTFT devic&s:our structure(b) bottom-
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FIG. 3. Output and transfer characteristics of the top-contact structure de-

vice: (a) I vs Vp for a series of gate voltages afty) |, andI 2 vs Vg for

a fixed drain—source voltage of50 V.

—7.5 V, and on-state current is>x310° " A. The positive
current neaVpg=0, increasing withVgg, is due to leakage
between source/drain and gate electrodes through the gate
insulating layer. The field-effect mobility is estimated in the
saturation regime using EdL):

Ip=W/2L ueeCi(Vo—Vr)2. )

Figures 3a) and 3b) show output and transfer charac-
teristics of an OTFT device in top-contact structure. From
the curve of square root of drain current versus gate voltage
at constant-50 V drain—source voltage, carrier mobility is
estimated to be 0.01 &V ls . Threshold voltage is
about—12 V, and on-state current is %410 ® A. It can be
seen that the properties of the top-contact device are much
better than those of the bottom-contact device.

Figures 4a) and 4b) show output and transfer charac-
teristics of an OTFT device in our structure. From the curve
of the square root of the drain current versus gate voltage at
a constant=50 V drain—source voltage, carrier mobility is
estimated to be 0.01 &~ 1s !, which is more than one
order of magnitude higher than that of the normal bottom-
contact device and is almost the same as that of the top-
contact device. It has threshold voltage 6f12.5 V. At a
gate—source voltage of50 V, the device has an on-state
current of 2.36¢ 10 % A, which is almost one order of mag-
nitude higher than that of the normal bottom-contact device.

FIG. 2. Output and transfer characteristics of the bottom-contact structur&‘eakage currents between source/drain and gate electrodes

device:(a) |5 vs Vp for a series of gate voltages afig) 1, and|

for a fixed drain—source voltage ef50 V.

through the gate insulating layer are greatly redufeaim
1.1x10 ® to 3.5x10 7 A, at Vg=—50 V).
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The low-dielectric polymer may play two roles to im-
prove OTFT performance. One is modification of electric-
field distribution between source/drain electrodes and the
semiconductor channel and thereby enhanced charge injec-
tion. The additional layer has a low-dielectric constant simi-
lar to organic semiconductor, and redistributes the electric
field to fall on the semiconductor near the area connecting to
the electrode. The other reason confirmed by AFM observa-
tion is that the polymer influences the growth behavior of
CuPc thin films and enhances the physical connection be-
tween source/drain electrodes and semiconductor channel.

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

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