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a b s t r a c t

Sub-micrometer channel length (0.5 lm) organic thin-film transistors (OTFTs) are demon-
strated using a process flow combining nano-imprint lithography (NIL) and self-alignment
(SA). A dedicated test structure was designed and samples were fabricated on 4-in. plastic
foils using a p-type sublimated small molecule (pentacene) as semiconductor. Field-effect
mobilities, in saturation, between 0.1 and 1 cm2/Vs were obtained not only for the supe-
rmicron OTFTs but also for the submicron OTFTs. Those devices were used to select a model
based on the ‘‘TFT Generic Charge Drift model’’ which works well for a broad range of chan-
nel lengths including the submicron OTFTs. We show that these OTFTs can be accurately
modeled, thus giving access to complex circuit simulations and design.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Organic thin-film transistors (OTFTs) allow producing
low-cost and flexible circuits through the combination of
low temperature processing – thus compatible with flexi-
ble substrates – and high-throughput fabrication tech-
niques such as printing or vacuum sublimation applied in
a roll-to-roll manner. Apart from the semiconductor/tech-
nology used, the trend in design is to scale down the tran-
sistor features to increase the speed as well as the
integration level enabling more complex circuits and appli-
cations. In this paper we demonstrate the use of a technol-

ogy based on UV-nano-imprint lithography (UV-NIL) and
self-alignment (SA) [1] – which produces OTFTs with chan-
nel length (L) down to 0.5 lm and low gate/source–drain
overlaps thus reducing the overlap parasitic capacitance
– and we show that these OTFTs can be accurately mod-
eled, thus giving access to complex circuit simulations
and design. In the following sections, the complete work-
flow from the transistor layout to the modeling of the
OTFTs is described.

2. Device fabrication

As gate electrode, aluminum is thermally evaporated
onto a 4-in. plastic foil. A sacrificial layer and a UV-NIL re-
sist are applied by spin coating. A 4-in. nickel shim is used
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as a template for intermediate polymer stamp, which in
turn is used for the UV-NIL step to define the gate struc-
ture. After etch of the imprinted residual layer and of the
aluminum, the double resist layer is stripped in a solvent.
The dielectric is formed applying proprietary BASF material
by spin-coating and subsequent UV-curing in ambient
atmosphere. The dielectric is structured by photolithogra-
phy with transfer of the structure through O2 dry-etching.
The devices reported in this paper have a nominal dielec-
tric thickness of 200 nm and an averaged dielectric capac-
itance Ci = 17 nF/cm2. Source–drain (S/D) metal contact is
structured with self-aligned photolithography. The details
about the device fabrication will be published elsewhere.

Prior pentacene evaporation by organic molecular beam
deposition (without further patterning, tPentacene = 30 nm),

surface modification of the gold source–drains contact
was performed by means of a heptadecafluoro-1-decane-
thiol based self-assembled monolayer, while surface mod-
ification of the dielectric was realized by a 10 nm poly
(alpha-methylstyrene) (PaMS) layer [2] (neglected in Ci).

3. Layout design

A 2 � 2 array test layout compatible with this specific
fabrication method was designed for modeling purpose.
Each 28 � 25 mm2 quadrant comprises OTFTs, one is de-
picted in Fig. 1, inverters, capacitors (Self-Aligned-NIL com-
pliant design), ring-oscillators and other test structures.

Dummy structures were added uniformly in the design
on the NIL area in order to prevent undesired resist dis-
placement resulting in ghost features and ease the lift-off
process.

4. Results

The OTFTs were measured in inert atmosphere with an
Agilent 4156C. The output and transfer characteristics of
several submicron OTFTs are plotted in Fig. 2.

Transistors exhibited typical p-type enhanced mode
behaviour when negatively biased, with field-effect mobil-
ity, extracted in the saturation regime (lsat), in the order of
10�1 cm2/Vs. Whereas such values are common for large
channel lengths (e.g. 10 lm and beyond) they are excep-
tional for channel lengths in the (sub) micrometer range,
indicating good charge injection from S/D contacts into
the semiconductor [3]. The mobility lsat and corresponding
threshold voltage, VT,sat, are respectively displayed versus
the channel length in Fig. 3(a and b) for a selected set of
OTFTs. We report average values and standard deviations

Fig. 1. Microphotograph showing the channel of a SA-NIL OTFT with W/
L = 50 lm/0.5 lm.
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Fig. 2. Output (top) and transfer (bottom, in logarithmic scale) characteristics of submicron OTFTs with L = 0.5 lm and W = 25 lm (left), W = 50 lm (center)
and W = 250 lm (right). Note: for all output curves in this paper: 5 V P VGS P �10 V, step �2.5 V.
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