This article was downloaded by: [University of California, San Diego]

On: 08 August 2012, At: 14:23

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Organic Thin Film Transistors
Fabricated with Soluble
Pentacene Active Channel
Layer and NiO , Electrodes

Jin Woo Lee ° , Jin Woo Han ? , Sang Kuk Lee 2,
Jeong Min Han ? , Byung Moo Moon ° , Dae Shik Seo @
& Jae Hyung Kim °©

# Department of Electrical Engineering, Yonsei
University, Seoul, Korea

b Department of Electrical Engineering, College of
Engineering, Korea University, Seoul, Korea

¢ Department of Physics, Inje University, Kimhae,
Kyungnam

Version of record first published: 18 Mar 2009

To cite this article: Jin Woo Lee, Jin Woo Han, Sang Kuk Lee, Jeong Min Han, Byung
Moo Moon, Dae Shik Seo & Jae Hyung Kim (2009): Organic Thin Film Transistors
Fabricated with Soluble Pentacene Active Channel Layer and NiO, Electrodes,
Molecular Crystals and Liquid Crystals, 499:1, 276/[598]-281/[603]

To link to this article: http://dx.doi.org/10.1080/15421400802619552

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400802619552
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 14:23 08 August 2012

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of California, San Diego] at 14:23 08 August 2012

Taylor & Francis

Taylor & Francis Group

Copyright © Taylor & Francis Group, LLC
ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400802619552

Mol. Cryst. Lig. Cryst., Vol. 499, pp. 276/[598]-281/[603], 2009

Organic Thin Film Transistors Fabricated with Soluble
Pentacene Active Channel Layer and NiO, Electrodes
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We report on the fabrication of soluble pentacene-based thin-film transistors
(TFTs) that consist of NiO,, poly-vinyl phenol (PVP), and Ni for the source-drain
(S/D) electrodes, gate dielectric, and gate electrode, respectively. The NiO, S/D
electrodes of which the work function is well matched to that of soluble pentacene
are deposited on a soluble pentacene channel by sputter deposited of NiO target
and show a moderately low but still effective transmittance of ~65% in the visible
range along with a good sheet resistance of ~40Q/J. The maximum saturation
current of our soluble pentacene-based TFT is about 15pA at a gate bias of
— 30V showing a high field effect mobility of 0.03 cm? /Vs in the dark, and the on/
off current ratio of our TFT is about 10% It is concluded that jointly adopting NiO,
for the S/D electrodes and PVP for gate dielectric realizes a high-quality soluble
pentacene-based TFT.

Keywords: NiO,; organic TFT; PVP; soluble pentacene

INTRODUCTION

Organic semiconductors have generated considerable interest in the
fields of electronic and photonic devices due to wide range of applica-
tions, such as thin film transistors (TFTs) and organic light emitting
diode (OLED) devices. Among these, organic TFTs (OTFTs) on a thin
and flexible substrate have potential advantages of realizing low-cost,
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large-area, and structural flexible electronic devices [1-4]. Various
fabrication techniques are currently used to develop high performance
OTFTs, such as vacuum deposition, ink-jet printing, screen printing,
and rubber stamp printing [6]. OTFTs with vacuum deposited organic
semiconductors exhibit the highest performance but from the manu-
facturing cost point of view, solution based technology is more favor-
able. Therefore, to make use of the full advantages of OTFTs, large
area coverage, mechanical flexibility, and low-cost processing, it is
necessary to employ polymer gate dielectrics have been reported and
some of them exhibited good electronics performance comparable to
those with inorganic gate dielectric materials, showing a field effect
mobility over 0.025m?/Vs and an on/off ratio over 10* although
researchers used Au-Cr source-drain (S/D) contacts for the polymer
gate dielectrics devices [1].

In the present study, we report on the fabrication of soluble penta-
cene based TFTs using poly-4-vinylphenol (PVP) gate dielectrics and
RF (radio frequency) sputtered semitransparent NiO, S/D electrodes.
Our OTFTs have exhibited field effect mobility of 0.03 cm?/Vs and on/
off current ratio of 10* which are quite decent values for TFTs with
polymer gate dielectrics.

EXPERIMENTAL

The gate electrode has been made of 100nm-thick Ni, deposited
at room temperature using RF magnetron sputtering. Tablel shows
condition of RF magnetron sputtering.

PVP is used as a gate dielectric, which improves the electrical
properties of the OTFTs devices. Prior to the spin-coating of PVP film
on gate electrode substrate, the substrate is cleaned with acetone,
ethanol, and deionized water in that order. PVP films are then
prepared from solution of PVP and poly (melamine-co-formaldehyde),
as a cross-linking agent, in propylene glycol momomethyl ether
acetate (PGMEA) by spin coating and cross-linking at 150°C in

TABLE 1 Deposited Condition of Gate Electrode

Conditions Values
Ar gas flow (sccm) 12
O, gas flow (sccm) 0
Target-substrate distance (mm) 10
Pressure (mTorr) 2~3

Power density (Wem™2) 10
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FIGURE 1 Resistance per square of NiO.

vacuum oven [5]. Final thickness of the PVP films is ~500nm as
measured by Alpha step. NiO target is deposited by sputter. After
deposition, the resistance per square of this material is measured as
Figure 1.

Electrical characteristics of the device are measured using Keithley
4200-SCS semiconductor characterization system.

Poor surface characteristics of the substrate leads to inferior dielec-
tric properties of gate dielectric layer and significant degradation in
the performance of the resulting organic transistor by more disordered
molecular structure of polymer layer on gate dielectric. The relation-
ship between the molecular ordering of polymer layer and the electri-
cal characteristics of the device has been extensively investigated
recently. Especially using soluble pentacene as the active layer, there
is a direct correlation between the molecular structure and the field
effect mobility. Therefore, improvement of surface characteristics of
the gate-dielectric and source/drain electrode should be considered
to achieve high field effect mobility. Octadecyltrichlorosilane (OTS)
is used to improve surface of electrodes and gate dielectrics.

Contemporary soluble pentacene organic TFTs have different
designs [4]. One of them is the so-called top source and drain contact
TFT design, where both source and drain contact pads are deposited
on top of an active layer through a shadow mask. The top contact TFTs
are easiest to fabricate and they showed superior characteristics over
TFTs of other designs. However there is no suitable procedure to
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FIGURE 2 Cross section of TFT.

pattern the top contact TFT active layer to isolate the devices from
each other. TFTs of another design, where drain and source contact
metal is deposited on the gate dielectric and patterned prior to the
active layer deposition, are referred to as bottom contact TFTs.

Figure 2 shows cross section of TFT. Pattern formation is difficult
due to characteristic of polymer, before S/D is evaporated. So, bottom
contact TF'T structure is used. This structure can be obtained using
low-cost processes, such as spin-coating, ink-jet printing and rubber
stamp printing and easily be treated.

Here, purified soluble pentacene material has been used.

RESULTS AND DISCUSSION

Figure 3 shows the gate electrodes of fabricated TFTs. The size of the
island pattern is 700 x 900 um and the thickness of the film is 60 nm.

The capacitance of gate dielectric layer is the most important factor
to determined performance of TFT. Figure 4 shows C-V curve of PVP.
PVP has good electrical insulating properties.

Moreover, molecular ordering of channel is important to modify
the surface property of gate dielectric layer. In relation to molecular
ordering of gate dielectric layer, many studies are conducted, such
as O, plasma treatment, hexamethyldisilazane (HMDS) treatment,

FIGURE 3 The gate electrodes of TFT.
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FIGURE 4 The capacitance per area of the PVP gate dielectric.

self assembly-monolayer (SAM), and a-NMB. PVP of organic gate
dielectric layer is damaged using Os plasma treatment. HMDS and
a-NMB is not suitable for oxide electrodes, because these methods
improve only interface of S/D metal electrodes and gate dielectric

-leS =
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-20v
-8e-6 = -10v

-2e-6

FIGURE 5 I-V characteristics of polymer thin-film transistors with soluble
pentacene materials.
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layer [7]. Therefore, SAM method is taken using octadecyltrichlorosi-
lane (OTS) due to suitability of both a gate dielectric layer and oxide
electrodes. After OTS is treated, soluble pentacene is spread.

Figure 5 show the transfer characteristics of organic transistors
fabricated with surface treatment materials. Here, the active channel
is spin-coated. With non surface treatment, the field-effect mobility is
found to be 0.025 cm?/Vs and the on/off ratio was 10%~ 10%. However
with surface treatment, the field-effect mobility increases to
0.03cm?/Vs and the on/off ratio also increases to 10*~10° in
Figure 5. Consequently, using surface treatment, field-effect mobility
and on/off ratio are improved by factors of 10® and 102, respectively.

CONCLUSIONS

In this study, we report on the fabrication of soluble pentacene based
TFTs using PVP gate dielectrics and sputtered semitransparent NiO,
S/D electrodes. Our OTFTs have exhibited field effect mobility of
0.03cm?/Vs and on/off current ratio of 10* which are quite decent
values for TFTs with polymer gate dielectrics. The fabrication of
organic devices on extremely cheap polymer substrates may be
important for realizing future applications in flexible and disposable
electronics.
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