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Abstract 

Metal oxide/metal bilayer structures are explored as 
contacts with a low injection barrier in organic thin-film 
transistors (OTFTs) in an effort to realize their true 
potential for low-cost electronics. OTFTs with a bilayer 
electrode of WO3 (10nm) and Al shows a saturation 
mobility as large as 0.97 cm2/Vsec which are 
comparable to those of Au-based control samples (~0.90 
cm2/Vsec). Scaling of contact resistance with respect to 
the thickness of WO3 layer is also discussed. 

 
 

1. Introduction 
 

Organic thin film transistors (OTFTs) are 
promising candidates for flexible electronics and/or 
low cost integrated circuits (ICs) due to their 
performance comparable to amorphous silicon TFTs 
(~1 cm2/Vs) and low-cost, low-temperature 
processibility [1, 2]. Considerable progress has been 
made in developing high performance OTFTs by 
improving organic semiconductor itself [3], gate 
dielectric layer [4], or source/drain contacts [5, 6, 7]. 
But most of the p-type OTFTs reported to date employ 
Au as source-drain (S-D) contacts to match their 
Fermi-levels to p-type organic semiconductor’s 
highest occupied molecular (HOMO) level, making it 
unlikely to realize the full potential as a building 
block in ultralow-cost electronics. Recently, it has 
been shown that one way to overcome this is to use 
metal oxide/metal bilayer in which metal oxide layers 
and metal layers served as a hole injection layer and a 
conducting path, respectively[5]. However, the effect 
of the metal oxide layer thickness on TFT 
characteristic has not been reported in detail. 

In this study, we explore pentacene-based OTFTs in 
top-contact structure with WO3/Al bilayer source/drain 
contacts, and compare their characteristics with those 

of control devices having Au contacts. Their characteristics 
are analyzed as a function of WO3 thickness. 

 
 

2. Experimental  
 

The structure of the top-contact pentacene TFT and 
the energy level of each material are shown in Fig.1. 
n+-Si wafer with thermally grown 100-nm-thick SiO2 
was used as a substrate and, at the same time, as a gate 
electrode. Prior to pentacene deposition, SiO2 surface 
was treated by O2 plasma and HMDS (Hexamethyl-
disilazane). Then a 50-nm-thick layer of pentacene 
was thermally evaporated at the rate of ~0.3 /s. Finally, 

WO3 and Al, or Au were thermally evaporated through 
a shadow mask to form a source/drain contacts. WO3 
layers with various thicknesses were prepared to 
investigate its effect to TFT characteristics. Pentacene 
layers deposited in the same run were used for all the 
devices under study for a fair comparison. Electrical 
characteristics were measured using an HP4145B 
semiconductor parameter analyzer in an N2 
atmosphere at room temperature. 

 
 

3. Results and discussion 
 

Pentacene OTFT with WO3/Al S-D contacts 
showed a similar performance with the device with Au 
S-D contacts although the device with only Al S-D 
contacts showed ten times lower current level. (Fig2.) 
WO3 layer is served as good hole injection layer in bi-
direction of metal to organic and organic to metal.  
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When WO3 layer was deposited by evaporation, the 
resultant film is in W-rich state, not in the 
stoichiometry and some impurities also can be 
contained in the film. Such excess W components or 
impurities can effectively increase the hole 
concentration as in doping. Such high carrier 
concentration results in the narrow depletion width at 
Al/WO3 junction to form Ohmic contacts regardless of 
energy level mismatch, if any. [See Fig1. (b)] And at 
the junction between WO3 and pentacene, Ohmic 
contact is formed by energy level matching. As a 
result, WO3 layer can serve as both injecting (source) 
and collecting (drain) electrodes [5]. Furthermore, 
WO3 layer may protect organic layers from the 
penetration of metal atom and chemical reaction 
between metal and organic material. A two-terminal 
device of ITO/WO3 (100 nm)/Al structure was made 
to confirm  Ohmic injection of the WO3 layer. [Fig3. 
(a)] The device showed an ideal Ohmic behavior 
without any injection-limited behavior [Fig3. (b)]. 
From this, one can be assured that WO3 form a good 
Ohmic contact both with Al and ITO. 

Fabricated pentacene TFTs had ideal electrical 
characteristics with apparent linear and saturation 
regions. (Fig. 2) In particular, it is noted that  the 
device with a thinner WO3 layer tends to have a 
higher saturation current. A device with 10-nm-thick  

WO3 layer exhibit a mobility that is even slightly 
higher than that of devices with Au contacts. In all 
devices, the other parameters such as leakage current, 
sub-threshold swing, turn on voltage almost remained 
unchanged. See Table 1 for summary of parameters 
extracted from devices under study. The mobility was 
estimated using Eq. 1 in the saturation region: 
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Fig2. Output characteristic of top-contact Pent-
acene TFT using (a) Au,  (b) Al and (c) WO3/Al 
bilayer of tWO3=20nm. (L=50um, W=1200 um) 

 
 

 
Fig1. (a) Structure of top-contact pentacene TFT 
with WO3/Al bilayer source/drain contact and (b) 
energy level of Au, Al, WO3 and pentacene. (The 
HOMO of WO3 layer is given as a range of values 
considering the values reported in the literature.) 
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Since the intrinsic mobility of pentacene film 
under the same gate dielectric surface and deposition 
condition should not vary, the observed difference in 
fact comes from the different contact resistance. WO3 
layer does not have a sufficient conductivity to be 
negligible, so that considerable voltage drop can occur 
through the WO3 layer in source and drain contact. 
The actual source and drain voltages at the end of the 
channel shrink and it makes lower gate to source 
voltage difference than the nominal values[8]. As a 
result, the saturation current is decreased. In 
conclusion, to make high performance pentacene TFT 
using WO3/Al bilayer source/drain contact, the 
thickness of WO3 layer should be decreased as long as 
it can operate as a layer improving the hole injection. 

 
 

4. Summary 
 

Pentacene TFT with source/drain contacts based on a 
bilayer of WO3 and Al was fabricated by thermal 
evaporation. It showed a similar or higher 
performance than the device with Au contact. And the 
study varying the WO3 layer thickness has revealed 
that a thinner WO3 layer tends to yield OTFTs with a 
higher effective mobility due to low contact resistance. 
We believe the results shown here can help to realize 
the low-cost p-type organic TFT by replacing Au 
electrodes with a relatively inexpensive WO3/Al 
bilayer. 
 

 
Acknowledgement 

 
This research was supported by the ERC program of 
the Korea Science and Engineering Foundation 
(KOSEF) under grant R11-2007-045-01001-0 funded 
by the Korea Ministry of Education, Science and 

 

-1.0 -0.5 0.0 0.5 1.0

-0.10

-0.05

0.00

0.05

0.10

 

I (
A

)

V (V)
 

Fig3. (a) Structure and (b) electrical characterisitc 
of two terminal device of WO3 layer sandwitched 
by Al and ITO 
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Fig4. (a) Output characterisitics at VG=-40V and 
(b) transfer characteristics at VD=-30V of 
WO3/Al contact Pentacene TFT with barious 
WO3 thickness. (L=150um, W=1200 um) 
 
 

 
 
TABLE 1. Mobility of WO3/Al contact 
Pentacene TFT with barious WO3 thickness. 
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