
This article was downloaded by: [University of California, San Diego]
On: 09 August 2012, At: 14:26
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

Effects of Metal Electrodes on
the Performance of Vertical
Type Organic Thin Film
Transistor Using C60
Se Young Oh a b , Young Do Kim a , Sun Kak Hwang a ,
Jong Wook Park c & In Nam Kang c
a Department of Chemical & Biomolecular
Engineering, Sogang University, Seoul, Korea
b Interdisciplinary Program of Integrated
Biotechnology, Sogang University, Seoul, Korea
c Department of Chemistry/Display research center,
The Catholic University of Korea, Pucheon, Korea

Version of record first published: 22 Sep 2010

To cite this article: Se Young Oh, Young Do Kim, Sun Kak Hwang, Jong Wook Park &
In Nam Kang (2007): Effects of Metal Electrodes on the Performance of Vertical Type
Organic Thin Film Transistor Using C60 , Molecular Crystals and Liquid Crystals, 471:1,
181-187

To link to this article:  http://dx.doi.org/10.1080/15421400701548159

PLEASE SCROLL DOWN FOR ARTICLE

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

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400701548159
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
4:

26
 0

9 
A

ug
us

t 2
01

2 



Effects of Metal Electrodes on the Performance
of Vertical Type Organic Thin Film Transistor Using C60

Se Young Oh
Department of Chemical & Biomolecular Engineering, Sogang
University, Seoul, Korea; Interdisciplinary Program of Integrated
Biotechnology, Sogang University, Seoul, Korea

Young Do Kim
Sun Kak Hwang
Department of Chemical & Biomolecular Engineering,
Sogang University, Seoul, Korea

Jong Wook Park
In Nam Kang
Department of Chemistry=Display research center, The Catholic
University of Korea, Pucheon, Korea

Vertical type organic thin film transistor (OTFT) using organic semiconductor
such as C60 was fabricated. C60 shows n-type semiconducting property and has
relatively high electron mobility. Vertical type OTFT using n-type active material
has a layered structure of ITO(drain)=C60=metal(gate)=C60=metal(source). The
semiconductor layers and electrodes of OTFTs were deposited by vacuum evapor-
ation technique. The static characteristics of the fabricated OTFTs were investi-
gated. Especially, the effects of C60 layer thickness, source electrode and gate
electrode on the performance of vertical type OTFTs were studied.
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INTRODUCTION

Organic field effect transistors (OFETs) have been received much atten-
tion for flexibility, low cost, simple process and large area device. How-
ever conventional field effect transistors (FETs) using organic
semiconductor materials have low-speed, low-power and high-resistivity
because of their long channel length between drain and source electro-
des. On the other hand, vertical type static induction transistor (SIT)
is a promising device to improve the problems because of the high-
speed and high-power operation owing to the very short distance
between source and drain electrodes [1–5]. The vertical type organic
FETs are suitable for high speed and large current density.

In this work, we have fabricated vertical type organic transistor con-
sisting of ITO(drain)=C60=metal(gate)=C60=metal(source), and then
investigated the transistor characteristics. C60 was used as n-type active
material, which shows high electron mobility [6]. In general, it can be
argued that the characteristics of organic transistor were influenced by
carrier mobility and density. Thus, we have used several kinds of metals
as source and gate electrodes to optimize the device characteristics.
Source and gate electrodes such as Au, Ag, Al, and LiAl are used, because
the work-function of the electrodes affects on the electron injection and
carrier density. Additionally, the effects of C60 layer thickness on the
on-off ratio of vertical type transistor were investigated.

EXPERIMENTAL

N-type vertical type OTFTs consisting of glass=ITO(drain)=n-type semi-
conductor=metal(gate)=n-type semiconductor=metal(source) were fabri-
cated. All layers were fabricated on patterned ITO glass substrate
using vacuum evaporation technique (ULVAC VTR-300M=1ERH evap-
orator) under 10�6 Torr. ITO coated glass substrate with sheet resis-
tance less than 20X was cleaned ultrasonically with a series of organic
solvents. During the evaporation, the substrate temperature is main-
tained at room temperature. Firstly, n-type organic semiconductor
material was deposited onto the patterned ITO glass substrate. C60 used
as n-type semiconductor material was purchased from Aldrich. Co. Ltd.
The evaporation rate of C60 was maintained at 0.5 Å=sec. The thickness
of C60 layer was approximately 500, 1000 and 1500 Å, respectively. Sec-
ondly, Al gate electrode was fabricated with a patterned mask of
100mm grid type. The structural control of Al gate electrode is very
important in the performance of the vertical type OTFT [7,8]. Thus,
the Al gate having 100mm grid type was used in the present work. The
thickness of Al gate electrode was 300 Å. The grid type Al gate electrode
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should be buried in C60 active layer. Second organic semiconductor layer
was deposited onto the gate electrode by the same thickness and method
of first layer. Lastly, source electrode was deposited with several kinds of
metal. In order to explore the effects of source electrodes on the static
characteristics of the vertical type OTFT, metals such as Au, Ag, Al
and LiAl were used. The thickness of source electrode was approximately
1000 Å. The static characteristics of vertical type OTFT were investigated
using Keithley 237 and 2400 programmable source meter.

RESULTS AND DISCUSSION

Drain-source current (IDS) at a constant drain-source voltage (VDS)
decreased with increasing a gate voltage (VG) at a C60 active layer
thickness of 2000 Å as shown in Figure 1. The electron carriers
injected from the source electrode flow between source and drain elec-
trodes through potential barrier near the gate electrode. The gate elec-
trode blocks the carrier migration from source electrode to drain
electrode due to the formation of double Schottky barriers [7]. The
potential barrier is increased with the increase of gate voltage [9].
Thus, IDS could be controlled by the negative gate voltage. I-V charac-
teristics of vertical type organic transistors using C60 layers having
various thickness were shown in Figure 2. As increasing the thickness
of C60 layer, IDS was decreased. However, the on-off ratio showed a
maximum value of 66.7 at a thickness of 2000 Å, which implies that
IDS can be controlled effectively at the optimum thickness of n-type
active layer. In order to explore the effects of different source electro-
des on the performance of fabricated OTFTs, several source electrodes
having various work-functions were used. Table 1 showed the
transistor properties of devices using Au, Ag, Al and LiAl as source
electrode. IDS at a constant VDS decreased with increasing the metal
work-function of source electrode, because high metal work-function
of source electrode forms high potential barrier to the active layer
[10,11]. When the LiAl having low work-function was used as a source
electrode, the potential barrier near the gate electrode could not con-
trol the excessive electron carrier effectively owing to the increase of
off current between source and gate electrodes. The high on-off ratio
was obtained in Al source electrode. Thus, we next tried LiAl as gate
and source electrodes to improve the on-off ratio. Figure 3 is plotted
IDS versus VG in vertical type organic transistors using LiAl as gate
electrode. The maximum on-off ratio of 236 was obtained when LiAl
was used as gate and source electrodes. It may be argued that the
result is mainly due to the formation of high potential barrier com-
pared to the Al gate electrode. Especially, the on-off ratio of device
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using Al and LiAl as source and gate electrodes was higher than the
device of Al source and gate electrodes. Now, it should be noted that
the LiAl source and gate electrodes are the most promising among

FIGURE 1 I-V characteristics of vertical type OTFT consisting of Al=C60

(1000 Å)=Al gate=C60 (1000 Å)=ITO. (a) Plot of IDS versus VDS at various VG

and (b) Plot of IDS versus VG at a constant VDS of 6 V.
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the various metal electrodes, judging from the on-off ratio in vertical
type organic transistor. Hence it must be worth discussing LiAl
electrode in more detail.

CONCLUSIONS

Vertical type organic thin film transistor using C60 were fabricated
with various thickness of C60 active layer and several kinds of metals
as source and gate electrodes, and then the static induction transistor
characteristics were examined. The prepared vertical type organic

TABLE 1 I-V Characteristics of Vertical Type Organic Transistor using
Various Source Electrodes at a C60 Active Layer Thickness of 2000 Å

Source metal
(work-function)

Gate metal
(work-function)

Source-Drain
Voltage(V) Current (mA)

On-off
ratio

LiAl (3.0) Al (4.3) 3 VG ¼ 0 V; 36.383
VG ¼�3 V; 2.8209

12.9

Al (4.3) Al (4.3) 6 VG ¼ 0 V; 7.4710
VG ¼�4 V; 0.1120

66.7

Ag (4.6) Al (4.3) 6 VG ¼ 0 V; 3.4702
VG ¼�4 V; 0.1071

32.4

Au (5.2) Al (4.3) 6 VG ¼ 0 V; 1.5928
VG ¼�4 V; 0.0538

29.6

FIGURE 2 I-V characteristics of vertical type OTFT under various C60 layer
thickness at a constant VDS of 6 V.
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transistor showed the depletion mode as like a conventional MOS field
effect transistor. High drain-source current was observed in the device
containing low work-function metal as a source electrode. Especially,
relatively high current and on-off ratio (236) were obtained in the
vertical type transistor fabricated with LiAl source and gate electrodes
at a C60 active layer thickness of 2000 Å. It can be concluded that
carrier density, film thickness and potential barrier near the gate
electrode were influenced extensively on the performance of vertical
type organic transistor.
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