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Organic semiconductors broaden the applications of thin-film transistors, as a flexible substrate
can be used. Hence, many organic semiconductors are being studied in the search for high-mobility
organic semiconductors. Nevertheless, pyrene-based organic semiconductors have not been studied
exhaustively. In this project we aim to reproduce and determine the key performance parameters
of a pyrene-based OTFT presented in [1].
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I.

INTRODUCTION

A thin-film transistor (TFT) is a threeterminal device, in which a voltage applied to
a gate electrode controls current flow between
a source and drain electrode under an imposed
bias. The basic design and function of an organic TFT (OTFT) is analogous to the inorganic TFTs.
The active semiconductor layer of an ordinary inorganic device consists of lightly doped
Si, or combinations of Group III-IV elements,
such as GaAs. The voltage applied to the gate
causes an accumulation of minority charge carriers at the dielectric interface, i.e. an inversion layer. In an organic transistor, the active
layer is made up of a thin film of highly conjugated small molecules or polymers. A remarkable diﬀerence to inorganic materials is
that organics pass current by majority carriers, and an inversion layer does not exist: this
phenomenon is related to the nature of charge
transport.
OTFTs are particularly interesting as their
fabrication processes are much less complex
than the conventional inorganic fabrication
technology, which requires high-temperature
and high-vacuum deposition processes and sophisticated patterning methods. Moreover,
the intrinsic mechanical flexibility of organic
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materials makes them suitable for flexible substrates for lightweight and foldable products,
such as flexible circuits and displays, smart
cards and textiles, and even radio frequency
identification (RFID), which would serve as
smart tags for inventory control [2].
The active layer component of OTFTs limits
the current organic technologies. The organics
presenting the best electronic characteristics
to date are insoluble and therefore diﬃcult to
process, such as pentacene [3]. Consequently,
much eﬀort has been devoted to developing
organic semiconductors which not only meet
the performance criteria but also are easy to
process with long-term stability. In addition,
there is an interest in designing and discovering organic semiconductors which are costeﬀective to supply the growing need of substituting silicon [4].
Many researchers have designed aromatic
compounds as organic semiconductors for
OTFTs. However, pyrene-based (an aromatic
compound consisting of four fused benzene
rings) organic semiconductors with high performance parameters have not been studied
exhaustively. The properties provided by
the highly ordered crystalline structure and
the fused-ring aromatic structure suggest that
pyrene-based semiconductors will give good
performance parameters, in contrast to pyrene
derivatives [5, 6].
In this paper, we report the fabrication of
an OTFT, using a pyrene-based p-type semiconductor, 1,6-bis(5’-octyl-2,2’-bithiophen-5yl)pyrene (BOBTP). The field-eﬀect mobility
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(µ), threshold voltage (Vt ), on-oﬀ current ratio (Ion /Ioﬀ ) and subthreshold slope (SS) were
calculated to determine the performance of our
OTFT.
II.

PERFORMANCE PARAMETERS

When the drain current of an OTFT is in
the saturation regime, i.e. |Vds |
|Vgs Vt |,
it depends quadratically on the gate voltage,
Id =

W µCi
(Vgs
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Vt )
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(1)

where W/L is the aspect ratio of the transistor, µ is the field-eﬀect mobility and Ci is the
geometric capacitance of the dielectric layer,
given by
Ci = ✏r ✏0 /tox

(2)

where ✏r is the relative permittivity of the dielectric layer, ✏0 is the vacuum permittivity,
and tox is the width of the dielectric layer. The
mobility in the saturation regime [7], can be
calculated as
✓ p ◆2
2L
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The on-oﬀ current ratio Ion /Ioﬀ is the figure of merit that characterizes the diﬀerence
between the on and oﬀ state current. The subthreshold slope SS is a current-voltage characteristic related to how rapid a transistor can
switch between the on and oﬀ state. The lower
the subthreshold slope is, the better is the performance. Both parameters can be obtained
from a logarithmic plot of the drain current
versus gate voltage with drain, source, and
bulk voltages fixed. The calculated performance parameters are summarized in Table I.
III.

DEVICE DESIGN AND
FABRICATION

The structure of the fabricated device is similar to one of the typical MOSFET structures,
the top-contact bottom-gate. However, the
construction used is slightly diﬀerent, and it
is illustrated in Fig. 1.
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Figure 1. BOBTP OTFT construction type. The
gate and the substrate are connected with an embedded drop of silver.

For the device fabrication the following materials were used: gold for the drain and source
contacts, a thin layer of BOBTP as the organic
semiconductor, a 110 nm thick silicon dioxide (SiO2 ) layer for the dielectric with a selfassembled monolayer (SAM) of polystyrene,
and an aluminum foil for the gate contact. The
dielectric layer was synthesized in the clean
room facilities at UPC: the silicon substrate
was put in contact with an oxygenated atmosphere at about 1000 C, and an oxide layer
grew around the substrate, consequently obtaining the dielectric and substrate assembly.
To obtain the device, magnetic shadow
masks were used to define the transistor areas
with precision during the deposition processes,
by covering the target surface. The deposition
process was carried out by thermal evaporation. In order to do that, first of all we put in
a vacuum chamber designed to perform deposition processes the BOBTP material with an
already made assembly of substrate, gate and
dielectric (SAM included), supplied by the lab.
We left the vacuum chamber working for 24 h
until a pressure of 1 ⇥ 10 7 mPa was reached.
Next, we thermally evaporated the BOBTP
at around 225 C with an approximate deposition rate of 0.3 Å s 1 , until the thickness of
the semiconductor layer was 50 nm.
Once the deposition of BOBTP was over,
the fabricated piece was put into another vacuum chamber, used specifically to evaporate
gold to make the drain and source contacts.
A gold filament of 5 mm was heated up and
evaporated onto the shadow masks defining
the contacts on the assembled transistor piece.
We have to say that this second procedure did
not work out the first time as it the damaged
the transistor, probably because we heated too
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Table I. Key parameters for our BOBTP OTFT for diﬀerent dates of measurement, and from [1].
Compound Measurement date Dielectric surface µ (cm2 ) Vt (V) Ion /Ioﬀ (A A 1 ) SS (V dec
BOBTPa
04/20/2016
PS/SiO2
0.066
-25.97
⇠ 2.0 ⇥ 105
3.75
BOBTP
04/29/2016
PS/SiO2
0.187
-5.85
⇠ 1.6 ⇥ 105
2.45
BOBTPb
—
OTS/SiO2
2.1
-17.5
⇠ 7.6 ⇥ 106
0.94
a
b

1

)

Parameters determined for Vds = 30 V, W/L = 2 mm/80 µm, and Ci = 31.4 nF cm 2 at room temperature.
From [1]: W/L = 1000 µm/110 µm, Ci = 11.8 nF cm 2 , BOBTP layer thickness of 110 nm, and Vds = 40 V.

much the gold vacuum chamber. Therefore,
we had to perform another fabrication of the
OTFT.
IV.

This shift can be due to the oxygen exposure
of the cell, that leads to the formation of acceptors states in the band gap, reducing the
impact of the crowding eﬀect [8].

DISCUSSION
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For the purpose of observing the stability of
the OTFT over time, we measured it right after the fabrication and once again one week after. We generated three characteristic curves
of the transistor. In the output characteristic from the first day (Fig. 2), it can be seen
that the transistor presents a good behavior,
providing a higher drain current than the one
obtained with other organic materials. However, it needs a very high drain voltage to start
conducting. This may be due to the crowding
eﬀect, a phenomenon in which the carriers are
prevented of being picked up at the vicinity of
the contacts.
Analyzing the saturation characteristic
(Fig. 3a), it can be seen that it is linear in
the saturation regime. Observing the graph,
it is easy to notice that the threshold voltage
is quite large, probably due to the crowding
eﬀect previously mentioned.
The same characteristic curves were obtained one week after. The output was similar to the one obtained the first day of measurements. On the other hand, the saturation curve presents a very significant change,
as it can be seen in Fig. 3c. It can be appreciated that the current slope is much higher,
causing a great improvement in the mobility.
The threshold voltage has also increased from
25.97 V to 5.86 V. The evolution of the
transfer curve (Figs. 3b and 3d) has also a significant change: the current has a higher output value and the transistor starts to conduct
much before after one week of being fabricated.
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Figure 2. Output from 04/20/2016. The curves
diﬀering from an ideal output is due to the current
crowding eﬀect.

V.

IMPROVEMENTS AND FURTHER
STUDY OF THE OTFT

One possible way to improve the performance of the OTFT would be to reduce
the negative impact of the crowding eﬀect.
Consequently, it would be desirable to introduce a hole transport layer between the
semiconductor and the contacts to collect the
holes more eﬃciently, which experimentally
has been found to reduce the crowding eﬀect.
The reason why it works is not completely defined: in some cases it modifies the structure
at a molecular level, and in other cases it is unknown. One candidate material to use could
be MoO3 .
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(b) Transfer (04/20/2016).
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Figure 3. Characteristic curves obtained in the indicated dates. Transistor was fabricated on 04/20/2016.

The stability of organic transistors is not
only determined by the evolution of the materials with time, but also by the shift experienced in the threshold voltage when a
bias is applied to the gate electrode, the socalled stressing [9]. This is caused by trapped
charge carriers at the semiconductor-insulator
interface. Consequently, higher gate voltages
have to be used. Therefore, an interesting
study would be to analyze the outputs of
the OTFT after stressing it, for example, for
0 min, 10 min, 30 min, 90 min, and 180 min.
However, this study was not carried out for
strategic decisions within the project.
VI.

CONCLUSIONS

is quite interesting. However, an exhaustive
study of the evolution of the threshold voltage within more time should be performed to
determine the degree of stability. The current
ratio Ion /Ioﬀ was found to be lower, but it remains approximately to the desired order of
magnitude.
We conclude that the compound BOBTP
presents good performance parameters to be
used as the semiconductor layer of a thinfilm transistor. Still, we think that using
a polystyrene SAM instead of an octadecyltrichlorosilane (OTS) SAM is the reason why
our results diﬀer from the results in [1].
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