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Lowering Contact Resistance by SWCNT-Al Bilayer 
Electrodes in Solution Processable Metal-Oxide Thin 
Film Transistor 
Su Jeong Lee,‡a Tae Il Lee,‡b Jee Ho Park,a Il-Kwon Oh,c Hyungjun Kim,c Jung 
Han Kim,d Chul-Hong Kim,d Gee Sung Chae,d Hong Koo Baik,a and Jae-Min 
Myoung*a  

We introduced a single-wall carbon nanotube (SWCNT)-Al bilayer as electrodes for the high-

performance solution processable thin film transistor (TFT). The contact resistance was 

systematically lowered by inserting an Al layer between the SWCNTs and the indium-oxide (In2O3). 

The performance of the device was considerably enhanced by adopting the SWCNT-Al bilayer 

electrodes, thanks to the enlargement of the electrodes contact area and to the formation of an 

Ohmic contact between the electrodes and the semiconductor. The TFT using the SWCNT-Al bilayer 

electrodes show a threshold voltage of 0.45 V, a mobility of 4.50 cm2/V∙s and an Ion/Ioff of 6.86 × 105. 

 

Introduction 

A low cost, solution processable, metal-oxide based thin film 
transistor (TFT) has been recently studied and developed as an 
alternative to the conventional high cost vacuum processes.1-7 
Especially, studies focused on manufacturing flexible and 
transparent electronic components by using the solution process 
are very important for future electronics. Among various 
electronic components, an electrical conductor presenting both 
flexibility and transparency properties has been considered very 
attractive.8-15 This electrical conductor should be designed in 
order to present a nanowire or nanotube network structure.16 
Recently, An Ag nanowire network film has been found as the 
best flexible and transparent electrodes, due to its high 
conductivity and transparency (at 85% in visible light).12,13 
However, since Ag nanowires are vulnerable to heat, it is 
difficult to exploit this material for the industrial production of 
devices. If Ag nanowires are exposed to air or to temperature 
above 200 °C, they are partially oxidized or melted. During 
melting, thermal aggregation usually occurs. Further, the cross-
linked Ag nanowires turn into individual hemi-spherical Ag 
particles on the substrate, causing not only a rapid increase in 
the sheet resistance but also a degradation of the electrical 
characteristics typical of the devices.17-19 In contrast, single-
wall carbon nanotubes (SWCNTs) are oxidized at temperatures 
above 350 °C, and present high flexibility, excellent chemical 

inertness, and outstanding mechanical, electrical and optical 
properties.20-23 
Besides electrical conductivity and transparency, the contact 
resistance between the electrodes and the solution processable 
metal-oxide semiconducting layer is an important factor 
affecting the electrical performance of a device. Unfortunately, 
the majority of electrically conductive nanowires or nanotubes 
show a high work function, whereas the solution processable 
metal oxides are basically n-type semiconductors; thus the 
electrical contact resistance between the two solution 
processable materials is high.24,25 
 In order to solve this electrical contact issue, we proposed an 
energy-band-engineered ultra-thin metal layer insertion 
between the SWCNTs and the solution processable transition 
metal oxide channel layer for the first time. Experimentally, we 
chose to employ an ultra-thin aluminum (Al) layer between the 
SWCNTs and the n-type metal oxide semiconductor junction. 
Lowering the contact resistance is made possible through two 
different mechanisms. 
The first is geometric: a continuous Al film can increase the 
effective contact area with the metal oxide film compared to the 
porous SWCNTs. The second is based on the nature of the 
materials: the electronic barrier between the n-type metal oxide 
and the SWCNTs can be reduced by inserting an Al layer, 
which generally forms a good electrical Ohmic contact with the 
metal oxide because of its low work function, which is close  
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Graphical abstract 

 

 

 

The Electrical properties of TFTs. The transfer characteristics of the SWCNT and SWCNT-Al bilayer 

electrode TFTs on ITO coated glass substrate with HfO2 gate dielectric and In2O3 Channel layer. The 

inset shows optical image of the SWCNT-Al bilayer electrode TFT.  
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