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Abstract We reported here the fabrication of an all-

organic transistor built with metal–insulator–metal (MIM)

junctions and its preliminary results. These planar samples

consist basically of three interconnected tunnel junctions

each one formed by an insulating film of poly(methyl

methacrylate) (PMMA) sandwiched between two elec-

trodes of polyethylene dioxythiophene/polystyrene sulfo-

nate (PEDOT/PSS) assembled on a polyester flexible

substrate. Electrical measurements were taken at room

temperature, with a Keithley 2400 programmable semi-

conductor measuring system. The junctions presented

individual capacitances of 1.40 pF. We observed an oscil-

latory variation of the drain current with the gate voltage.

All associated capacitances were calculated for character-

izing the transistor and the bottom electrode material.

Introduction

Recently a great attention has been given to organic

materials for applications in electronic, microelectronic,

and photonic devices [1–3]. Also, single electron transis-

tors (SETs), based on tunnel junctions—which are metal–

insulator–metal structures—and operating on the principle

of Coulomb blockade (CB) in nanostructures are promising

candidates for future ultralow power and high-density

integrated devices [4–11]. Many features of the SET are

discussed in many papers [12–15]. However, the research

of SET able to operate at room temperature is not yet

concluded, because observing tunneling phenomena of one

single electron at room temperature is difficult. Although

the word ‘‘SET’’ is put side by side with the word ‘‘room

temperature’’, what the authors observed was a tunneling

current formed by more than one electron [12–15]. Most of

these papers are about SETs based on inorganic materials.

Typically single-electron tunneling devices operate in the

full Coulomb blockade regime, where thermal energy can be

neglected on electrical transport characteristics; at low-bias

voltages current is blocked due to the charging energy of

single electron. Otherwise, the weak Coulomb blockade

operates in a different regime, where single-electron effects

are still observed but temperature can influence the electrical

transport characteristics [16]. Here, we present an approach

to fabricate an organic three-terminal device—that we

called organic transistor—based on MIM junctions that

exhibit room temperature operation. The planar samples

consist basically of three interconnected tunnel junctions

each one formed by an insulating film of PMMA sandwiched

between two electrodes of PEDOT/PSS assembled on

polyester flexible substrate. The I–V characteristics of the

fabricated device show an oscillatory variation of the drain

current with the gate voltage at room temperature.

Experimental

The main feature of working with polymers is the fact that

it does not require special conditions for preparation. The
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PMMA is low molecular weight, q = 1.188 g/mL,

acquired from Bayer Co. and was dissolved at room tem-

perature in analytical reagent grade chloroform. The

PEDOT/PSS is commercialized with the name Baytron� P

obtained from Bayer (Germany). The planar samples

consist basically of three interconnected MIM junctions

each one formed by an insulating film of PMMA sand-

wiched between two electrodes of PEDOT/PSS. The poly-

ester flexible substrate was used to assemble the sample

and did not receive any special preparation. The bottom

electrode and the insulating film were deposited by spin

coating (6000 rpm) and the top electrode of the solution

PEDOT/PSS was painted on the PMMA films as showed in

Fig. 1. The thickness of the insulating layer of PMMA is

70 nm and this measure was taken by Dektak 150. The

junction suitable for this work is large in area, typically

200 lm2. The three junctions are identical and can be

named drain, source, and gate as show in Fig. 2. Each

junction is represented by its equivalent capacitance

and the common terminal is the bottom layer of PEDOT/

PSS.

Electrical measurements were taken at room tempera-

ture with a Keithley 2400 programmable semiconductor

system with stainless needle. No variations were noticed

due to the effect of light, and measurements were done in a

lit room. The I 9 V curves presented here were obtained

with 500-Hz ramps. Results have shown stability, having

been repeated in measurements taken days apart with no

special storing precautions. The capacitance per junction

was measured directly on the sample with an Agilent

4284A precision LCR meter. The junctions presented

individual capacitances of approximately 1.40 pF.

Results and discussion

The room temperature current–voltage (I–V) characteristic

of the device with the source–drain voltage (VSD) swept

from -10.0 to ?10.0 V is shown in Fig. 3. It can be seen

from the non-linear ID–VSD characteristics of the device in

Fig. 3 that the current remains constant for several voltage

ranges. The drain current of the device is on the order of

nanoamperes.

We can obtain from Fig. 3 the capacitance values for the

three external junctions. In this device, we have ne/

2Cj = V, where n is the number of electrons and Cj is the

capacitance of the individual external junctions. The value

of n is obtained by n = Dq/e, where Dq = I Dt. The cur-

rent I is obtained from Fig. 3 and Dt is related to the fre-

quency of the measurements, in this work 500 Hz. The

capacitance individual junction thus obtained was Cj =

1.25 pF and it is in agreement with the directly measured

values of 1.40 pF.

Figure 4 shows the room temperature current–voltage

(I–V) characteristics of the device with VG swept from

-3.0 to 0 V for a fixed VDS = 50 mV. Current oscillations

with gate voltage VG are visible for the applied source–

drain voltage; the drain current, which is in nanoampere

range, oscillates periodically with the increases of VG.

Following the idea proposed by Nakazato et al. [16] for

individual atomic crystal lattice, the charging energy will

finally correspond to the Hubbard model [17]. These con-

siderations immediately link electronic device miniaturi-

zation and single-electron effects to molecular electronics,

Fig. 1 Structure of the three planar junctions

Fig. 2 Organic transistor equivalent circuit schematic Fig. 3 Source–drain characteristic of the device at room temperature
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and indeed, articles on ‘‘multiple tunnel junctions in GaAs’’

do not fail to point out that their ideas are also applicable to

polymers [18, 19]. Taking that into account the observed

periodic current oscillations can be compared to Coulomb

oscillations in nanoscale devices. Specifically, the obtained

results can be related to the weak Coulomb blockade which

is noted at room temperature [19] as can be seen in Fig. 3.

For a weak Coulomb blockade regime, KBT is greater than

EC, where EC is the charging energy of the system. The

capacitance is proportional to the cross section of a particle

and, in polymers several nanometers in diameter, the

charging energy is comparable to the thermal energy at

room temperature.

In a weak Coulomb blockade regime it is convenient to

measure not the I–V directly, but the differential conduc-

tance, i.e., the slope of the I–V curve G = dI/dV versus V.

The result is nearly dip in conductance like shown in

Fig. 5. In order to obtain the PEDOT/PSS capacitance we

must determinate the number of internal junctions. In our

case, considering a polymer structure we can possibly

admit that we have a lot of internal junctions where the

conduction mechanism is hopping (tunneling assisted by

phonon). Here, we supposed that the PEDOT/PSS film

consists of a N-junction symmetric linear array of series

capacitance C as shown in Fig. 6. So, the full width at

half minimum of the conductance dip has the value

V1/2 = 5.439 NKBT/ne [19]. GV is the conductance at half

minimum V1/2 and GT is the maximum conductance value.

The depth of the dip DGV/GT, where which, in the lowest

order in EC/KBT is proportional to the inverse tempera-

ture DGV/GT = (EC/3KBT)[N - 1/N], where N = 9 9 107

junctions. In all case we used DGV/GT = �, so the EC

value could be obtained. In implemented organic transistor

EC = 78 MeV.

We could also determine the C* equivalent capacitance

EC = (ne)2/2C* where C* = 1/(1/Cj ? 1/Cj ? 1/Ci) and

Ci is the PEDOT/PSS equivalent capacitance. With this

value of Ci we can determinate the individual capacitance

of the several junctions in the PEDOT/PSS film: Cii =

2Ci(N - 1)/N = 124 pF.

Conclusions

An organic transistor organic using MIM junctions is

investigated by I–V characteristics. The drain current

oscillates periodically with the gate bias swept from -3.0

to 0 V. The conductance obtained is a function of the gate

voltage. The device parameters were calculated by

approximation from the measured data using ‘‘orthodox

theory’’. The estimated EC is higher than the room tem-

perature thermal energy, resulting in the observation of

Fig. 4 Periodic current oscillations measured at room temperature

for a source–drain voltage of 50 mV

Fig. 5 The differential conductance as a function of bias voltage V

Fig. 6 The equivalent transistor circuit model
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periodic current oscillations at room temperature when

compared to Coulomb oscillations. Based on these results

we can see that many electrons are possibly tunneling

through the PEDOT/PSS and the device consist of a mul-

tiple-tunnel junction structure.

Acknowledgements The authors are thankful for the financial

support received during the development of this work from CT-INFO

07 CNPq and INCT-NAMITEC. Authors also wish to thank Alex-

andre R. S. Romariz Ph.D. (University of Brası́lia, Brazil) for his

review of this manuscript.

References
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