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Organic thin film transistors (OTFTs) have been explored because of their advantageous features such

as light-weight, flexible, and large-area. For more practical application of organic electronic devices,

it is very important to realize OTFTs that are composed only of organic materials. In this paper, we

have fabricated pþ-i-pþ type of OTFTs in which an intrinsic (i) regioregular poly (3-hexylthiophene)

(P3HT) layer is used as the active layer and highly doped p-type (pþ) P3HT is used as the source and

drain electrodes. The 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4-TCNQ) was used as

the p-type dopant. A fabricating method of pþ-i-pþ OTFTs has been developed by using SiO2 and

aluminum films as capping layers for micro-scaled patterning of the pþ-P3HT electrodes. The charac-

teristics of the OTFTs were examined using the photoelectron spectroscopy and electrical measure-

ments. We demonstrated that the fabricated pþ-i-pþ OTFTs work with carrier injection through a

built-in potential at pþ/i interfaces. We found that the pþ-i-pþ OTFTs exhibit better FET characteris-

tics than the conventional P3HT-OTFT with metal (Au) electrodes, indicating that the influence of a

carrier injection barrier at the interface between the electrode and the active layer was suppressed by

replacing the metal electrodes with pþ-P3HT layers. Published by AIP Publishing.
[http://dx.doi.org/10.1063/1.4946888]

I. INTRODUCTION

Organic thin film transistors (OTFTs) have been explored

because they have a potential to realize light-weight, flexible,

and large-area electronic devices.1–4 For practical application

of OTFTs to electronic devices, it is very important to realize

OTFTs that are composed only of organic materials. Since,

for the conventional OTFTs, metallic materials such as gold

(Au) and aluminum (Al) are generally utilized as the source

and drain electrodes, which may increase the fabrication cost.

Furthermore, the electrical performance of OTFTs depends

on both the charge density at the channel region and the car-

rier injection barrier residing at the metal/organic layer inter-

face. Especially, influence of the carrier injection barrier will

be enhanced as the channel length is reduced. This may lead

to a decrease in the apparent carrier mobility of OTFTs.5–10

Therefore, in order to reduce the fabrication cost and to

improve the performance of OTFTs, we need to develop new

types of all-organic OTFTs that are less affected by carrier

injection barriers at the interface between the metal electrode

and the active layer.

Molecular doping is a technique which is well known as

a charge-transfer process intended to improve the perform-

ance of organic electronic devices. Previously, it has been

reported that when a doped organic layer is inserted between

the electrode and the emission layer in OLEDs, carrier injec-

tion from the electrode is improved, leading to a notable

increase in the carrier conductivity of the transport layer.11–16

Furthermore, it has been revealed that the electrical perform-

ance of OTFTs with metal electrodes is improved when

a p-type dopant material, such as 2,3,5,6-tetrafluoro-7,7,8,8-

tetracyanoquinodimethane (F4-TCNQ), FeCl3, or NPD-9 is

used at the metal/organic layer interface (the so-called contact

doping), where the carrier density is modified to improve the

carrier injection characteristics at the metal/organic layer inter-

face, reducing the contact resistance.17–21 For these cases,

however, the carrier injection barrier at metal/organic layer

interfaces, which strongly depends on the chemical state of the

metal electrode surface, remains intact.

In this study, we apply the molecular doping technique to

fabricate a pþ-i-pþ type of OTFT in which highly doped

p-type organic layers are used as the source and drain electro-

des, instead of the conventional metal electrodes such as Au

and Al. Previously, OTFTs with organic (modified PEDOT-

PSS) electrodes have been proposed which work on the

almost same level with the OTFT with Au electrodes.22 The

difference between our proposed transistor and the conven-

tional one is that we use the same organic polymer, regioregu-

lar poly (3-hexylthiophene) (P3HT, band gap¼ 2.3 eV (Ref.

23)), for both the electrode and the active layer, as depicted in

Fig. 1(a). The Fermi level of the doped polymer electrodes

differs from that of the active layer, depending on the dopant

concentration (Fig. 1(b)). As shown in Fig. 1(c), a built-in
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potential is formed between the highly doped layer and the

intrinsic layer. The drain current (ID) of this OTFT can

be tuned by changing the gate voltage (VGS), as shown in

Figs. 1(d) and 1(e). We use F4-TCNQ as the p-type dopant in

the P3HT layer, because it has an extremely high electron-

accepting nature.24–29 We examined the electrical characteris-

tics of the interface of the intrinsic P3HT layer and the

F4-TCNQ-doped P3HT layers using synchrotron-radiation

photoemission spectroscopy (SR-PES). In order to fabricate a

prototype of pþ-i-pþ OTFT in which a highly doped (pþ)

P3HT layer is used as source and drain electrodes, we have

developed a pattering method for organic layers using SiO2

and aluminum capping layers. We demonstrated that the fab-

ricated OTFTs work and showed better characteristics than

the conventional bottom-contact P3HT-OTFT with Au elec-

trodes. This suggests that the influence of carrier injection

through the so-called Schottky barrier at the interface between

the metal electrode and the active layer can be suppressed by

replacing the metal electrode with pþ-P3HT layer. However,

the fabricated OTFTs exhibited undesired deterioration in

FET characteristics after post-annealing or long-term opera-

tion. We will discuss the cause of the deterioration and the

ways to suppress the deterioration.

II. FABRICATION OF p1-i-p1 OTFT

A. Structure of p1-i-p1 OTFT

We fabricated a pþ-i-pþ type of OTFT in which highly

doped (pþ) P3HT layers were used as source and drain elec-

trodes, as illustrated in Fig. 2(a). A 250-nm thick SiO2 layer

was formed by RF-sputtering on a SiN-covered p-Si sub-

strate. The surface of the oxide was treated with hexamethyl-

disilane (HMDS). A 5 wt. %-doped P3HT layer was then

formed by spin-coating a F4-TCNQ-containing P3HT solu-

tion (in chloroform with 5 mg/ml), and subsequently anneal-

ing at 100 �C for 5 min under dry N2 ambient. In order to

form the source and drain electrodes, the doped P3HT layer

was patterned by the photolithographic method that will be

described in Subsection II B. Next, the patterned pþ-P3HT

electrode was etched by photolithographic methods as

described in Subsection II C, to form the channel region and

the source/drain electrodes. Finally, a non-doped P3HT layer

that functioned as the active layer was formed by drop-

casting an intrinsic 3 ll P3HT solution (in chloroform with

5 mg/ml) on the middle portion between the source and drain

electrodes. In Fig. 2(b), we depict the cross sectional view of

the channel region. The doped layer was completely covered

with SiO2, and the area where the pþ and i-P3HT layers con-

tacted with each other was minimized. This structure is bene-

ficial to suppress an undesired leakage path. The channel

length was varied from 30 lm to 550 lm, and the channel

width was set at approximately 1 mm. Figure 2(c) shows a

top view of the fabricated pþ-i-pþ OTFTs.

B. Patterning of p1-P3HT layers

Here, we propose a method of pattering organic thin

layers by the photolithographic method. The highly doped

P3HT (pþ-P3HT) layer was patterned by the procedure as

depicted in Fig. 3. We utilized SiO2 and aluminum films as

the mask layers for photolithographic patterning. Previously,

some researchers have investigated a photolithographic

method for patterning P3HT layers.30,31 Jia and coworkers31

have proposed a patterning process which is compatible with

plastic substrates and P3HT layers. Since the organic semi-

conductor is sensitive to water, oxygen, and solvents, photo-

resist cannot be applied in direct contact with the organic

layer. Therefore, a protective capping layer must be depos-

ited on top of the organic layer before photoresist processing.

In their process, parylene and Al2O3 by atomic layer deposi-

tion (ALD) were used as capping layers. In our method, we

utilized SiO2 layers as the capping and protective layer. We

firstly deposited a thin SiO2 layer with a thickness of approx-

imately 5 nm on the pþ-P3HT layer by a vacuum evaporation

method. The SiO2 layer functioned as the protective capping

layer to prevent the surface of the pþ-P3HT layer from being

damaged in subsequent processing. In order to suppress

FIG. 1. (a) Cross sectional view of a

pþ-i-pþ OTFT. Energy diagrams of (b)

isolated pþ and intrinsic (i) layers, and

(c) the pþ-i-pþ OTFT in the thermal

equilibrium. Energy diagrams of the

OTFT under active modes of opera-

tion; (d) VGS¼ 0, VDS< 0 and (e)

VGS< 0, VDS< 0.
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undesired reactions of the SiO2 capping layer with the underly-

ing pþ-P3HT organic layer, the pþ-P3HT layer was positioned

more than 40 cm apart from the source during the SiO2 evapo-

ration, keeping the surface temperature as low as possible, that

is, below about 200 �C. After that, we formed a thin aluminum

layer, approximately 80 nm thick, by a vacuum evaporation

method. Next, photoresist (ZPN1150-90, Zeon Corporation)

was spin-coated on the Al capping layer, as shown in Fig.

3(a), and then was patterned by the photolithographic method,

as shown in Fig. 3(b). The uncovered portion of the Al and

SiO2 capping layers was etched away by a phosphoric acid

solution and a buffered HF solution that contains ammonium

fluoride, respectively, as shown in Fig. 3(c). Subsequently, the

photoresist overlayer was removed by a commercial remover

(ZS-50, Zeon Corporation) to form patterned Al mask layers,

as shown in Fig. 3(d). The portions of the pþ-P3HT layer that

were not covered by the Al mask were removed by the

O2 plasma ashing (Fig. 3(e)). Finally, the Al mask layers were

removed by a phosphoric acid solution to form the patterned

pþ-P3HT layer covered with the thin layer of SiO2, as shown

in Figs. 3(f) and 3(g).

C. Formation of the channel of p1-i-p1 OTFT

The channel region of a pþ-i-pþ type of OTFT was

formed according to the procedure shown in Fig. 4. First, we

covered the pþ-P3HT layer with a spin-on-glass (SOG)-SiO2

layer and a photoresist (OFPR-800LB 20 cP, TOKYO

OHKA KOGYO Co., Ltd.) layer, as shown in Fig. 4(a). The

thickness of the SOG layer was approximately 130 nm that is

formed by spin-coating of organic solvent-based solution

(SSN-SD2000, Exousia Inc.) and subsequently annealing at

100 �C for 5 min. Next, we utilized the photolithographic

method to form the open window in the SOG-SiO2 film on

the pþ-P3HT layer, where the channel was to be formed, as

shown in Figs. 4(b) and 4(c). Then, the pþ-P3HT layer in the

open window region was removed by O2 plasma ashing

FIG. 2. (a) Structure of the fabricated

OTFT in which highly doped (pþ)

P3HT layers are used as source/drain

electrodes. (b) Cross sectional view of

the channel region and (c) top view of

the fabricated pþ-i-pþ OTFTs.

FIG. 3. (a)–(f) Procedure for patterning of the pþ-P3HT layer. (g) Top view

of the patterned pþ-P3HT layers that are covered with a thin layer of SiO2.
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to separate the pþ-P3HT layer into two parts, as shown in

Fig. 4(d): one is the source electrode and the other is the

drain electrode. In order to attach the leading wires to the

two electrodes, a window was opened on each electrode by

the photolithographic method, as shown in Figs. 4(e) through

4(g). After removing the photoresist, the bottom SiO2 sub-

strate was treated with HMDS again to form a hydrophobic

surface, and the patterned pþ-P3HT layers were annealed at

125 �C for 15 min to evaporate the residual solvent. Finally,

a 3 ll P3HT solution was drop-casted on the channel region

to form the active layer, and the leading wires were attached

to the source/drain electrodes (Fig. 4(h)).

The key point in the channel formation process was the

structure of the channel region after the removal of the

pþ-P3HT layer by O2 plasma ashing; that is, the structural

profile as depicted in Figs. 2(b) and 4(d). We therefore exam-

ined in detail the structural profile of the channel region by a

confocal laser scanning microscope with a laser wavelength

of 405 nm. Figure 5 shows the typical optical images of the

channel region. Figures 5(a), 5(b), and 5(c) show a top view

of the channel region, a cross sectional depth profile along

the dashed line in Fig. 5(a), and a three-dimensional image

of the channel region, respectively. Note that the images

and profile are by about 50 times magnified in the vertical

direction. The depth profile of Fig. 5(b) indicates that the

pþ-P3HT layer was approximately 130 nm thick, which is

almost the same as the thickness of the as-deposited film.

We notice that the SOG-SiO2 capping layer on the pþ-P3HT

layer was about 30 nm in thickness, which should be com-

pared to the initial thickness of the as-formed SOG layer,

about 130 nm. It seems that the SOG-SiO2 layer was partially

etched by O2-plasma. However, we determined that the

30 nm thick SOG-SiO2 layer functions as an interlayer insu-

lation film. Close inspection of Fig. 5 indicates that the

pþ-P3HT layers without an SiO2 capping layer appeared at

the edge of the channel regions. Indeed, energy-dispersive

x-ray analysis (EDX) measurements demonstrated that at

those uncovered regions, emission of the C ka characteristic

x-ray which is originated from P3HT was identified. We sus-

pect that during O2-plasma ashing, the SOG-SiO2 capping

layer partially peeled from the pþ-P3HT layer and shrank at

edge regions.

III. RESULTS AND DISCUSSION

A. Built-in potential at the p1/i interface

In order to estimate the height of the built-in potential at

the pþ/i interface, as shown in Fig. 1(c), we have measured

C 1s and S 2p photoemission spectra for F4-TCNQ-doped

P3HT samples with different doping concentrations.

Synchrotron-radiation photoemission measurements were

performed at beamline 4-ID-C at the Advanced Photon

Source (APS) using 650 eV x-rays, and a Scienta Omicron

Argus electron energy analyzer. The angle of incidence

between the x-rays and the sample normal was 60�. Samples

were mounted using double sided carbon tape, and silver

paint was used to ground the surface of the samples to the

holder. All binding energies are referenced to the Ag 3d5/2

peak at 368.3 eV. In order to determine the dependence of

the Fermi level of F4-TCNQ-doped P3HT layers on the dop-

ing concentration of F4-TCNQ, we prepared F4-TCNQ-

doped P3HT layers with different dopant concentrations. We

spin-coated the F4-TCNQ-containing P3HT solution on the

Si substrate, followed by annealing under the same condi-

tions as mentioned above. Figure 6(a) shows typical C 1s

and S 2p core-level photoemission spectra for different

FIG. 4. Procedure for the formation of the channel region of the pþ-i-pþ

OTFT.

FIG. 5. (a) Top view of the channel region, (b) cross sectional depth profile

along the dashed line in Fig. 5(a), and (c) three-dimensional image of the

channel region. Note that the images and profile are by about 50 times mag-

nified in the vertical direction.
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dopant concentrations. We can clearly see that the binding

energy of both the C 1s and S 2p core-level decreases with

increase in dopant concentration, indicating that the ioniza-

tion potential, which corresponds to the HOMO level of the

doped P3HT layer, decreases as the dopant concentration

increases. This is in agreement with the previous results.32,33

Therefore, we can expect that a potential barrier forms when

the intrinsic and doped layers of P3HT contact with each

other. This potential barrier can be regarded as the hole-

injection barrier at the pþ/i interface, as shown in Fig. 1(c).

In Fig. 6(b), we plot the binding energy of the C 1s and S

2p1/2 core-level as a function of dopant concentration. It is

evident that the shift of the binding energy, i.e., the Fermi

level shift, is proportional to a logarithm of the dopant con-

centration, as we expected. This suggests that the electrons

effectively moved from P3HT to F4-TCNQ; that is, the

charge-transfer process almost completely occurred in the

complex of P3HT and F4-TCNQ. Furthermore, the result of

Fig. 6(b) shows that the potential barrier at the pþ/i interface

should be approximately 0.7 eV for a dopant concentration

of 5 wt. %. Considering that the gap energy between the

HOMO and LUMO level of P3HT is about 2 eV,23 we can

expect that this potential barrier functions as the hole-

injection barrier at the pþ/i interface. Conductivity of pþ-

layers is another important factor in fabricating pþ-i-pþ type

of OTFTs. Previously, we have measured the conductivity

of pþ-P3HT layers doped with F4-TCNQ by using the

four-probe method.34 We found that the conductivity was

proportional to the square of the dopant concentration at

high dopant levels.34 Unfortunately, even at high dopant con-

centrations around 10 wt. %, the conductivity of pþ-P3HT

layers was approximately 10�2 S/cm, which is much less

than that of PEDOT-PSS, typically 1–10 S/cm. However, the

main purpose of this study is to form the pþ-i-pþ structures

that are made from the same organic material. In addition, at

high dopant concentrations around 10 wt. %, aggregation of

F4-TCNQ molecules readily occurred. We therefore used a

pþ-P3HT layer with 5 wt. % concentration, which has a con-

ductivity of around 3� 10�3 S/cm, as the source and drain

electrodes in our pþ-i-pþ type of OTFTs.

B. Characteristics of the p1-i-p1 OTFTs

In Figs. 7(a) through 7(c), we show the electrical charac-

teristics of pþ-i-pþ OTFTs with three different channel

lengths. A gate voltage was applied to the pþ-Si substrate as

shown in Fig. 2(a). As mentioned above, we used highly

doped P3HT as source/drain electrodes in our OTFTs. We

can see that the OTFT exhibits typical p-type FET operation

as expected. At a gate voltage (VGS) of �20 V and a source-

drain voltage (VDS) of �20 V, the drain current (ID) was

almost in the same order as that observed for the conven-

tional bottom-contact P3HT-OTFT that we fabricated

by using metal (Au) as the electrodes shown in Fig. 7(d).

FIG. 6. (a) C 1s and S 2p photoemis-

sion spectra of P3HT layers with dif-

ferent concentrations of F4-TCNQ

dopant. (b) Binding energy of the C 1s

and S 2p1/2 core-level as a function of

F4-TCNQ concentration.
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In Fig. 8, we plot the apparent mobility evaluated from the

transfer characteristic of the OTFTs with different channel

lengths as the closed circle. We can see in Fig. 8 that the car-

rier (hole) mobility decreased with the decrease of the chan-

nel length, which is the similar trend as that observed for

conventional OTFTs with metal electrodes.5–10 We suspect

that the observed decrease in the carrier mobility is more or

less due to the influence of a carrier injection barrier at the

pþ/i interfaces. At a channel length of 20–30 lm, however,

the apparent mobility for the pþ-i-pþ OTFTs is an order of

magnitude higher than that for the conventional bottom-

contact P3HT-OTFT with Au electrodes as indicated by an

open circle in Fig. 8. From this result, we interpret that the

influence of a potential barrier at the pþ/i interfaces is signifi-

cantly suppressed as compared to the conventional metal/

organic interfaces. In order to give support to our interpre-

tation, we estimated the contact resistance (Rc) at the pþ/i

interfaces by using the transfer line method (TLM). In

Fig. 9, we plot the total resistance (R) as a function of

channel length. The total resistances have been derived

from the output characteristics of the OTFTs as shown in

Fig. 7. In the inset of Fig. 9, we plot the contact resistance

that is the y-intercept value obtained by extrapolating the

straight lines (dotted lines) to L¼ 0. We confirmed that the

resistance of the pþ bulk layer and the contact wire/pþ

interface is less than 0.1 GX cm. This implies that the

attachment of contact wires to the pþ-layers does not sig-

nificantly affect the electrical performance of the OTFTs.

Thus, we can determine from the result of Fig. 9 that the

contact resistance of the pþ-i-pþ OTFTs is almost half of

FIG. 7. Output and transfer characteristics of the pþ-i-pþ type of OTFTs for three different channel lengths: (a) 550, (b) 150, and (c) 30 lm and (d) those of the

conventional bottom-contact P3HT-OTFT with metal (Au) electrodes (L¼ 20 lm).

FIG. 8. Carrier mobility as a function of channel length of the pþ-i-pþ

OTFT as the closed circle of the conventional bottom-contact P3HT-OTFT

with metal (Au) electrodes as the open circle, respectively.

FIG. 9. Total resistance of the pþ-i-pþ OTFT for different channel lengths

(VGS¼�1 V, and each channel width (W) is set as 1 mm) and contact resist-

ance (inset) estimated from the transfer line method (TLM).

154503-6 Tadaki et al. J. Appl. Phys. 119, 154503 (2016)



that of the conventional bottom-contact P3HT-OTFT with

Au electrodes.

As mentioned above, the active layer of P3HT was

formed by drop-casting a chloroform solution of P3HT on

the channel region and subsequently drying it at room tem-

perature under dry N2 environment. The FET characteristics

of the OTFTs fabricated with channel lengths L¼ 550 lm

and 30 lm are shown in Fig. 10(a), which are the same as

those shown in Figs. 7(a) and 7(c), though the scales of the

vertical axes are partly different. In the formation process of

the active layer, we once annealed the drop-casted P3HT

layer at 125 �C for 15 min after drying the layer. Figure

10(b) shows the FET characteristics of the annealed OTFTs.

For a channel length of 30 lm, it is evident that the post-

annealed OTFT did not work, exhibiting an ohmic behavior.

It was suspected that during post-annealing, F4-TCNQ dop-

ants migrated from the highly doped P3HT electrode into the

P3HT active layer, resulting in the formation of a lightly

doped P3HT layer between the source and drain electrodes.

In order to give the evidence to the dopant migration at pþ/i

interfacial regions at elevated temperatures, we have per-

formed EDX on the post-annealed interface. We measured

the lateral distribution in the pþ/i interfacial regions of the

intensity of the F ka characteristic x-ray that comes only

from F4-TCNQ molecules. As a result, we found that the F4-

TCNQ dopants diffuse to at least 20 lm away from each side

of the interfaces after post-annealing at 125 �C for 15 min.

This observation suggests that for OTFTs having a channel

length of 30 lm, the whole part of the active layer will be

doped with F4-TCNQ. OTFTs with channel lengths of

550 lm, on the other hand, exhibited slight changes in the

FET characteristics by post-annealing. This implies that the

dominant part of the intrinsic layer in the channel region

remained undoped, though slightly doped layers were

formed at interfacial regions. Accordingly, we determine

that F4-TCNQ is mobile in P3HT layers at elevated tempera-

tures. We interpret that even when the active layer was

formed by drying the drop-casted P3HT at room tempera-

ture, F4-TCNQ slightly migrated from the pþ-P3HT electro-

des to the intrinsic layer.

In order to examine the stability of the characteristics of

the pþ-i-pþ OTFTs, we have carried out a series of measure-

ments of FET characteristics several times for the OTFTs as

shown in Fig. 10(a). We observed that whenever we repeated

a series of measurements, the characteristic of the OTFT

gradually deteriorated. In Fig. 10(c), we show the FET char-

acteristics of the OTFT collected after performing a series of

measurements four times for the OTFTs in Fig. 10(a). The

change was occurred in a channel length of 30 lm, while it

was slightly occurred in that of 550 lm. For the channel

length of 30 lm, it is obvious from a comparison of Figs.

10(b) and 10(c) that the characteristic of being measured

four times is quite similar to that observed for the annealed

OTFT. This suggests that the dopant migration occurred dur-

ing the operation of OTFTs. We suspect that during the

course of OTFT operation, negatively charged F4-TCNQ

dopants migrated from the negatively biased drain electrode

to the active layer. On the other hand, for the OTFTs with

channel length of 550 lm, slight changes in the characteris-

tics were observed during the FET operation. This indicates

FIG. 10. Output characteristics of the pþ-i-pþ OTFT with channel lengths of 550 lm and 30 lm with (a) as-deposited and (b) post-annealed P3HT active

layers. (c) Output characteristic of the pþ-i-pþ OTFT after fourth run of a series of FET measurements.
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that the intrinsic, undoped layer remained intact in the domi-

nant part of the channel region, though slightly doped layers

would be formed at the interfacial regions.

As described above, we found that the F4-TCNQ dopant

molecule is easy to migrate in the P3HT layer, leading to the

deterioration in the performance of pþ-i-pþ OTFTs such as

the temporal change in the characteristics of the OTFTs.

This deterioration was remarkably observed especially for

OTFTs with short channel lengths. In order to improve the

performance of pþ-i-pþ type of OTFTs, therefore, we need

to suppress the migration of dopants. One possible way to

suppress the dopant migration would be to develop the

immobile dopants, for example, a dopant molecule with

larger molecular weight. Another way would be to use an

effective barrier layer to prevent the dopant migration at pþ/i

interfaces. Typical inorganic barrier layers would be SiO2,

SiNx, Al2O3, or Al.35 We have tried to suppress the dopant

migration by using a thin SiO2 layer as the blocking layer.

However, the preliminary results showed that the SiO2 layer

was not effective for blocking the dopant migration. Further

studies are needed to develop an effective method for sup-

pressing the dopant migration.

IV. CONCLUSION

We have fabricated a pþ-i-pþ type of OTFT in which an

intrinsic (i) regioregular P3HT layer is used as the active

layer and a highly doped p-type (pþ) layer of P3HT is used

as the source and drain electrodes. F4-TCNQ was used as the

p-type dopant. A new method of micro-scaled patterning of

the pþ-organic electrodes has been developed by using thin

SiO2 and aluminum films as capping or mask layers. We

demonstrated that the fabricated pþ-i-pþ OTFTs work with

the carrier injection through a built-in potential at pþ/i inter-

faces. We found that the pþ-i-pþ OTFTs exhibit better FET

characteristics than the conventional P3HT-OTFT with metal

(Au) electrodes, indicating that the influence of a carrier

injection barrier at the interface between the electrode and

the active layer was suppressed by replacing the metal elec-

trodes with pþ-P3HT layers.

The present results demonstrated that the pþ-i-pþ OTFT

we proposed here is feasible and will enable the realization of

a new type of organic transistor; for example, all-organic flexi-

ble transistors that can be fabricated by printing processes.

However, it should be noted that the dopant migration or inter-

diffusion of organic materials at interfaces of OTFTs will be

the problem we have to address in fabricating such all-organic

TFTs by printing processes such as an inkjet printing method.
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