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Abstract 
We developed 4.8 inch WQVGA e-paper on plastic 

substrate using organic field effect transistors (OFETs). 

Polyethylene naphthalate (PEN) film was used as a 

flexible substrate and arrays of OFETs with bottom-gate, 

bottom-contact structure were fabricated on it. Low-

temperature curable organic gate insulating materials 

were employed and polymer semiconductor solutions 

were ink-jetted on arrays with high-resolution. At all 

steps, process temperature was limited below 130℃. 

Finally, we could drive flexible e-paper displays based 

on OFET arrays with the resolution of 100 dpi. 
 

 

1. Introduction 

 

Organic electronic materials have been of great 

interest for last few decades, and large technological 

progress has been achieved in the field of practical 

applications. New materials with high performance 

and improved reliability are designed. Also printing 

process which enables solution process with higher 

accuracy at lower cost is available. With the 

development of new materials and process, 

commercial products based on organic electronics are 

on our hands. Organic field effect transistors (OFETs) 

have continuously been studied [1, 2], and practical 

applications are recently reported in the field of 

flexible electronics such as electronic papers, 

chemical sensors and RF tags [3-5]. We have already 

reported the organic semiconducting materials with 

high-performances [6] and solution processible 

organic gate insulators [7] for the embodiment of 

flexible displays. In addition, we demonstrated active-

matrix organic light emitting diode and 

electrophoretic displays using OFETs arrays on glass 

substrates [8, 9]. In the aspect of low-cost 

manufacturing and simplification of the process, the 

reported results showed the technological possibilities 

for the commercialization of display devices based on 

OFET arrays. We integrated them on a plastic 

substrate using materials optimized for low 

temperature process and solution processing with 

precision. In this paper, high-resolution e-ink displays 

adopting OFETs on flexible substrate are 

demonstrated. 

 
 

2. Experimental  
 

PEN film of 0.1 mm thickness was annealed at 

130oC for 10 hours in oven and laminated on glass 

substrate using adhesive tape. The PEN laminated 

glass substrate was cleaned using isopropyl alcohol 

and deionized water. A 200 nm thick Aluminum–

Neodymium alloy was deposited by sputtering and 

patterned by photo-lithography process to be 

employed as a gate electrode. Low temperature 

curable polymeric material [7] was used as a gate 

insulating layer and spin coated to a thickness of 500 

nm and cured at 130oC in oven for 30 minutes. On the 

surface of the organic gate insulator, thin silicon 

dioxide layer was deposited by CVD method. The 

surface temperature of the substrate during the 

deposition process did not exceed 120oC. The silicon 

dioxide layer was formed for the self-assembled 

monolayer to be formed easily on the surface of gate 

insulating layer. Via holes for contacting gate 

electrode were formed by reactive-ion etching process 
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using a gas mixture of O2 and CF4 with a ratio of 4:1. 

A 100 nm Au layer was deposited by e-beam 

evaporator and patterned to serve as source and drain 

electrodes. The channel width was 100 µm and 

channel length was 10 µm. Storage capacitor was 

designed to use the same layer of the gate insulator as 

its dielectric material. 

Confining semiconducting layer to active channel 

region, we formed banks by spin coating of photo-

acryl and photo-lithography to a thickness of 500 nm. 

The final curing temperature of bank material was 

120oC. After formation of bank, we treated the surface 

of gate insulator with self-assembled monolayer 

(SAM) of octyltrichlorosilane for the alignment of the 

polymer semiconducting layer. Polyalkyl(thiophene-

thiazole)s (PATTz) derivatives [6] were employed as a 

polymer semiconductors and dissolved in 

tetrahydronaphthalene (THN) at a concentration of 0.1 

wt%, and then ink-jet printed to a thickness about 50 

nm. The resulting printed OFET arrays were annealed 

at 120°C for 30 minutes in N2 atmosphere. The photo-

acryl material used for bank was spin coated to a 

thickness of 0.5 µm as a passivation layer. Fig.1 

shows the cross-section of the OFET devices 

integrated on PEN substrate. 
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Fig. 1. Cross-section of OFET integrated on PEN 

film laminated on glass substrate. 

 

 

Aluminum–Neodymium alloy was deposited as a 

reflective layer and pixel electrodes. The e-ink film 

was finally laminated on the organic FET arrays built 

on plastic substrate. 
 

 

3. Results and discussion 
 

Polyethylene naphthalate (PEN) film was used as a 

flexible substrate on which OFET arrays of bottom-

gate, bottom-contact structure were formed. Although 

the glass transition temperature of the PEN is 120oC, 

below 130oC PEN film shows good thermal expansion 

properties. Coefficient of linear thermal expansion 

(CLTE) is about 20 ppm/oC. Pre-annealing of PEN 

films minimizes thermal shrinkage or expansion, 

during the fabricating process. Aluminum–

neodymium alloy is suitable for the gate metal 

electrode of a flexible substrate. CLTE of aluminum is 

comparable with that of plastic substrate. 

 

TABLE 1. Thickness and CTE of each layer 

composing OFET arrays. 

Material Layer 
Thickness 

[µm] 

CTE 

[ppm/oC] 

Glass Carrier 630 3 ~ 4 

PEN Substrate 100 15 ~ 20 

Al-Nd Gate 0.2 ~ 20 

Au Source/Drain 0.1 ~ 15 

 

 

For the fabrication of flexible displays with high 

resolution, minimizing misalignment between gate 

and source-drain electrodes is required. Development 

of the new low-temperature curable gate insulating 

materials enables us to lower the process temperature 

at all steps below 130°C. We cover the surface of 

organic gate insulating layer using thin film of silicon 

dioxide. Most of the insulation and polarization 

function is performed by organic insulating layer. The 

thin layer of silicon dioxide is deposited to offer 

reactive sites for the formation of self-assembled 

monolayer. Monolayer of octyltrichlorosilane gives 

rise to alignment of the polymer semiconductor 

molecules followed by increase of the field effect 

mobility. Also the annealing temperature of polymer 

semiconductor is 120oC. 

Through the development of new materials and 

optimization of unit process to be compatible with 

each component, we can overcome the technological 

limitations without deterioration of FET performance. 

The mobility of ink-jet printed OFETs integrated on 

PEN substrate through low temperatrue process was 

0.05 V/cm2·sec. 

Finally, we fabricated ink-jet printed OFETs driven 

4.8 inch WQVGA e-ink displays on PEN substrate 

with the resolution of 100 dpi as shown in Fig. 2. 

Excepting metal electrodes and thin layer of silicon 

dioxide, all the components employed were solution 

processible organic materials. We expect that the 
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alternatively layered structure of metal or inorganic 

and organic constituents will improve the 

phenomenon of mechanical crack occurred while 

bending the flexible display substrate. Detailed 

analysis and further studies regarding this subject are 

in process. 

 

 

 

 

Fig. 2. 4.8 inch WQVGA e-ink displays driven by 

printed OFET arrays on PEN substrate. 
 

 

4. Summary 

 

Realization of flexible e-papers has recently been of 

great interest, commercial products are expected to be 

on the market soon. But we are still confronted with 

problems such as limitation of process temperature or 

reliability of organic materials. We have continuously 

developed new materials and process. In this paper we 

demonstrate flexible e-paper displays using organic 

gate insulators and polymer semiconductors by 

solution processing. This result will pave the way for 

the embodiment of low-cost and large area flexible 

displays. 
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