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Abstract

The organic field-effect transistors with poly(styrenesulfonate)-doped poly(3,4-ethylenedioxythiophene) (PEDT/PSS)

as p-type semiconductor are fabricated on heavily doped silicon substrate working as the gate. Dielectric layer,

semiconductor, and source/drain layer are deposited by spin coating and then patterned with UV lithography and RIE

techniques using aluminum thin film as the mask. The electrical characteristics of the device have been investigated in

the atmosphere at room temperature. The devices have field-effect mobility as high as 0.8 cm2/VS, on/off current ratio

larger than 105, threshold voltage of 9.3 V, and subthreshold slope of 4.5 V/decade.

� 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Organic field-effect transistors (OFETs) based on

semiconductive polymers have attracted increasing in-

terest for the promising applications to flexible, low cost

and large area displays, and low-end electronic devices

like smart cards due to the extraordinary electrical and

mechanical properties of the polymers. A lot of undoped

or doped conjugated polymer such as polyaniline [1],

polythiophene [2], poly-3-hexyl-thiophene [3], aryl-

amino-poly-(phenylene-vinylene) [4], and alpha-sexithio-

phene [5] have been demonstrated as the active materials

for the OFETs. And since the organic FETs are gener-

ally used for low-cost applications, the easy fabrica-

tion processes and the simplified structures are of much

interest.

In this paper, the fabrication procedure and electrical

characteristics of a FET using poly(styrenesulfonate)-

doped poly(3,4-ethylenedioxythiophene) (PEDT/PSS) as

semiconductor prepared by low-cost spin coating tech-
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nique are presented. The device requires only three spin

coatings and twice photolithography plus reactive ion

etching (RIE).
2. Experimental

PEDT/PSS is a kind of promising polymer for elec-

tronic applications because it is solution processable and

has the transparent property with light and dark blue

color when it is dried [6].

The schematic cross-section view of the fabricated

FET is shown in Fig. 1. For the fabrication of PEDT/

PSS FETs, an n-type heavily doped silicon wafer with

resistivity of about 0.01 X cm was used as the substrate

and the gate electrode for convenience. Poly(4-vinyl-

phenol) (PVP) as the gate dielectric layer was spun on

the substrate after wafer cleaning. The thickness of PVP

layer was 800 nm. Then the wafer was cured on the hot

plate at 110 �C for 5 min to remove the solvent in the

thin film. After baking PVP, PEDT/PSS and polypyrrole

(PPy working as source/drain electrodes) were deposited

by spin coating in sequence. The sample was cured at

115 �C for 5 min after each spin coating. The thickness of

PEDT/PSS semiconductor layer was 1 lm as measured.
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Fig. 1. Schematic structure of FET with PEDT/PSS as the

semiconductor.
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Here, a layer of aluminum 120 nm thick was thermally

evaporated as the pattern mask for RIE process. In our

work, two reactive ion etching steps were utilized to

pattern the polymer layer. Finally, the PEDT/PSS FETs

were implemented with the wet etching for aluminum

layer and the RIE etching for polymer layers. The first

aluminum wet etching and RIE are used to pattern the

whole device structure. And the following Al wet etching

forms the source and drain mask for the second RIE

etching of PPy to obtain the final device as shown in Fig.

1. The electrical characteristics of the fabricated FET

were measured with Keithley SMU236 and 237 in the

atmosphere at room temperature.
3. Results and discussion

For the FET described above, the ID–VDS drain

characteristics of a typical FET fabricated with the

PEDT/PSS as semiconductor and the PPy as source and

drain materials are shown in Fig. 2. This device has a

channel length and width of 40 and 300 lm, respectively,

and a gate dielectric thickness of 800 nm. In the poly-
Fig. 2. Typical drain characteristics of OFET with PEDT/PSS

as the semiconductor, PVP as the gate dielectric, a heavily

doped Si as the gate, a channel length and width of 40 and 300

lm, respectively.
mer-based FETs, the ID is controlled by the VG applied

to the low-resistivity Si. The negative gate voltages en-

large the conduction channel due to the formation of the

hole accumulation layer.

From the Fig. 2, it is found when VG is at zero volts

bias, the current between drain and source, ID increases

linearly with drain–source voltage, VDS. However, when

the applied VG is more negative, ID rises more sharply at

the small VDS and shows a tendency to saturate at rela-

tive high drain–source voltage. Thus, the characteristics

of FET have two working regions: linear region and

saturated region, as shown in Fig. 2. It indicates the

channel conductivity is increased with the negative gate

voltage. From the Fig. 2, it also shows that the PEDT/

PSS works as a p-type organic semiconductor with the

holes as the majority carriers. When the negative bias is

applied to the gate electrode, the holes are attracted to

the region near the dielectric layer between drain and

source. Under this bias condition, the conductivity of

the channel between drain and source is increased. Thus,

the field effect of this FET is due to the accumulation of

the holes in the PEDT/PSS film near the PVP gate di-

electric layer between drain and source.

To analyze the electrical characteristics of organic

FET, we assume that the MOS theory for the traditional

Si FETs is still held. Thus, similar to the conventional

FETs, the drain current in the linear region and the

saturation region can be expressed as [7]:

ID ¼ W lFETCi

L
VDSðVG � VthÞ ð1Þ
IDsat ¼
W lFETCi

2L
ðVG � VthÞ2 ð2Þ

where W and L are the channel width and length, re-

spectively, lFET is the carrier mobility of the holes in the

PEDT/PSS channel, Ci ¼ ei=di is the gate dielectric ca-

pacitance per unit area (ei and di are the dielectric con-

stant and the film thickness of the gate dielectric layer,

respectively), and VG, VDS, Vth are the gate voltage,

drain–source voltage and threshold voltage, respectively.

Fig. 3 shows the measured I1=2D versus VG ð¼ VDSÞ
characteristics of the PEDT/PSS based FETs. By lin-

early extrapolating the curve to the VG axis, the thresh-

old voltage, Vth is found to be 9.3 V. This indicates that

the FET is a normally-on transistor and the positive gate

voltage is necessary to turn off the device. And the hole

mobility lFET can be calculated to be 0.803 cm2/V S from

Eq. (2) and Fig. 3. To be useful, the organic FETs must

have a sufficiently large on current and low off current

for the practical applications, such as to charge the pixel

capacitance of the display. When the VDS of )8 V is

applied and the gate voltage is swept from 20 to )50 V,

the current on/off ratio is about 1.05 · 105 and the sub-

threshold slope is about 4.5 V/decade.



Fig. 3. Plot of I1=2D vs. VG ð¼ VDSÞ of OFET comprising a

PEDT/PSS as the semiconductor, PVP as the gate dielectric, a

heavily doped Si as the gate, a channel length and width of 40

and 300 lm, respectively.
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The charge transport in the semiconductive polymer

is strongly affected by the doping concentration. The

carrier mobility and the conductivity will be changed

with the doping. The resistivity of the PEDT/PSS films

in this work, as measured by Keithley 236 instrument

using two parallel Au electrodes, was found to be 1.26

X cm. Thus, from the equation r ¼ qlp (q is the ele-

mentary electron charge), the carrier concentration, p,
can be calculated to be 6.2 · 1018 cm�3, approximately

equal to the doping concentration of PEDT/PSS film.
4. Conclusions

In summary, OFETs with the simplified structure

have been fabricated with PEDT/PSS as the semicon-
ductor by easy fabrication processes of spin coating and

reactive ion etching with aluminum as the pattern mask.

By replacing the heavily doped Si with the conductive

polymer as the gate, the described fabrication processes

may be a potentially low-cost method to fabricate the

all-organic field-effect transistors. The fabricated OFETs

were characterized in the atmosphere at room temper-

ature, with field-effect mobility as high as 0.8 cm2/VS,

on/off current ratio larger than 105, threshold voltage of

9.3 V, and subthreshold slope of 4.5 V/decade. The

carrier concentration of the PEDT/PSS film was calcu-

lated to be about 6.2· 1018 cm�3.
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