
 
 

Abstract 
A power optimization method, pulse width modulation 
(PWM) technique, is proposed for a thermochromic 
organic display that consists of a polydiacetylene (PDA) 
derivative film as the thermally activating material. Heat 
generation of micro heaters by pulse generator is more 
efficient in power minimization than by dc voltage supply. 
The pulse wave of about 30% duty ratio is the most 
appropriate for power minimization. In addition to the 
power reduction, pulse wave activation can circumvent 
the overheating problem. 

 
 

1. Introduction 
 

Several works in recent years have demonstrated that 
thermally actuated displays are becoming a promising 
application of thermochromic organic materials [1]-[3]. 
Polyvinyl alcohol (PVA) thin film embedded with PDA 
polymer has thermochromic blue to red color transition 
property [4]. The color change is effectively realizable to 
form display images. In addition, micro-patterned 
functional color images are easily induced using external 
photomask or embedded mask layer during UV-irradiation 
[4]-[5]. Moreover, color transition temperature of PDA-
PVA composite film is reasonably low, so PDA-PVA film is 
one of the candidates to be used as an active material of 
thermochromic display. 

Thermochromic display needs relatively high power to 
be activated because heat generation demands sufficiently 
large energy. Therefore, power optimization would become 
important for thermally actuated display. In this work, pulse 
wave power supply is used to reduce the power 
consumption and duty ratio control by PWM technique is 
demonstrated to be an efficient power-saving method. 
Moreover, the overheating problem by high activation 
voltage is also suppressed. 

 
 
 

2. Experimental 
 

Thermochromic PDA-PVA composite film was prepared 
using mixture of 3-carboxyphenylpentacosa-10,12-
diynamide (PCDA-mBzA) dispersed solution and an 
aqueous 10% PVA solution, as reported in previous works 
[2]-[3]. Fabricated thermochromic display device is shown 
in Fig. 1. A display device consists of a transparent pyrex 
substrate, micro-heaters, a SU-8 layer, and a PDA-PVA 
composite polymer film. Pixels were generated using 
backside UV exposure method as described in [5]. 
Embedded micro-heaters act as heat sources which convert 
the color of each display pixel. 
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Fig. 1. (a) Self-aligned pixel generation by backside 

UV exposure with a embedded SU-8 mask.  
(b) Schematic of the thermally actuated 
organic display. (c)-(d) Fabricated display 
device and its close-up view. 

 
 

The activation of thermochromic display was achieved 
by applying voltage source. DC voltage supply and pulse 
generator were both used and compared. The duty ratio of 
pulse waveform was controlled to verify that PWM 
technique can decrease power consumption.  
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Figure 1. Schematic diagram of conventional COG 
and COF bonding on panel 

 
 

3. Discussion 
 

Fig. 2 shows a graph of thermo gravimetry analysis (TGA) 
of our new polymer substrate material.  
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Figure 2. TGA thermogram of new plastic substrate 
 
The polymer exhibits negligible weight loss at high 

temperatures up to 500oC. The CTE of our polymer film 
was measured in a thermomechanical analyzer (TMA) in 
the temperature range of 50 to 300℃. The obtained value 
was about 3 ppm/℃ over the entire measurement range. 
Maintaining a close match with the CTE of the glass carrier 
(3 ppm/oC) is important to minimize thermal stress and to 
preserve accurate overlay registration over a large substrate 
area (370 mm x 400 mm). These properties satisfied the 
implementation of the plastic substrate to the LTPS process. 

We have shown the critical issues during bonding of the 
COF on flexible panel in fig. 3. Air bubbles, cracks, and 
misalignment can occur. According to our technical 
experience, the lamination process used for anisotropic 
conductive film (ACF) is critically important for removal 
of air bubbles. The crack is dependent on process pressure 
of the bonding condition. The misalignment can be 
prevented by considering thermal expansion differences 
between ACF, the flexible substrate, and COF.  
  

    
         (a)                    (b) 

 
Figure 3. Process issues during bonding of COF on 
flexible substrate: (a) air bubble and misalignment, 

(b) crack of panel pad 
 

We are investigating candidate TSPs and polarizers for 
the flexible AMOLED display. It is common knowledge 
that thinner is better; however, there is thickness minimum 
for film type polarizers, and an electrical limitation for 
capacitive type of film on a flexible AMOLED. We will 
report on an acceptable TSP and polarizer after feasibility 
testing is completed, which will be soon.  
 

4. Summary 
 

We have determined two important factors for materials 
and components for flexible AMOLED displays. On the 
material side, high heat resistance and low CTE for the 
flexible substrate are required for compatibility with mass 
production methods. For the flexible module, the bonding 
technique between COF/COF and the flexible substrate is 
significantly important. A slim polarizer and flexible TSP 
were considered simultaneously to improve flexibility. 
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3. Results and discussion 
 

Fig. 2 shows the sequential optical images of the letter 
“I”. Clear image of the corresponding letter “I” was shown 
when the device was activated (Fig. 2 (b)-(d)). Time 
interval between following images are a few hundred 
milliseconds. Original state was recovered when the device 
was turned off (Fig. 2 (e)). If the applied voltage was 
increased, micro-heaters were overheated resulting image 
blurring as shown in Fig. 2 (f). 

 
 

 
Fig. 2. Optical images of the letter “I”; (a) before 

display activation, (b)-(c)-(d) sequential 
images when the device is activated, (e) 
when the device is deactivated, (f) when the 
device is over-activated. 

 
 

Pulse generator was introduced to minimize the 
overheating problem as well as the power consumption. 
The frequency of pulse waveform was fixed at 100Hz. 
Power consumption is simply expressed by  

 

 
2 ( ) /actP V Duty Ratio R= ×  (1) 

 
where Vact is activation voltage and R is the measured 
resistance of driving circuitry including micro-heaters. By 
adopting PWM technique, the duty ratio (a/T) was 
controlled, and Vact needed to acquire clear display image 
was investigated. Power consumption was then plotted in 
Fig. 3 as a function of the duty ratio. Due to difficulty of 
clear definition of the best display quality, 10 samples with 
different measured resistance R were investigated and 
statistically analyzed. All samples showed similar tendency.  
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Fig. 3. Power required for good display quality for 

different duty ratio. 
 
 

It was evident that demanding activation voltage was 
increased as the duty ratio was decreased. In terms of power 
consumption calculated by equation (1), duty ratio of 
around 30% was identified to be suitable for power-saving.  

 
 

4. Summary 
 

The pulse width modulation (PWM) technique is 
introduced to minimize the power consumption of 
thermochromic organic display. Pulse waveform of about 
30% duty ratio is demonstrated to be the effective power 
source. Image blurring problem by overheating is also 
suppressed by pulse wave power supply.  
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Abstract 

Materials and components for flexible AMOLED 
displays are reviewed in this paper. Plastic substrates 
need high thermal resistance and a low coefficient of 
thermal expansion for mass production compatibility. 
Flexible modules such as chip on flexible substrate, slim 
polarizer, and touch screen panel are also important for 
realization of flexible AMOLED displays. 

 
 

1. Introduction 
 

Active matrix organic light-emitting diodes (AMOLEDs) 
have attracted considerable interest in the emerging 
electronic device market because they are thinner, faster 
and more power efficient than active matrix liquid-crystal 
displays (AMLCDs). Some researchers have demonstrated 
flexible AMOLEDs with various thin film transistors 
(TFTs) on flexible substrates. [1-3] 

To realize flexible AMOLEDs, two important key 
requirements should first be satisfied or resolved for panel 
manufacturing. The first requirement is to fabricate a robust 
thin-film transistor on flexible substrate with high electrical 
performance. Although conventional amorphous silicon (a-
Si) TFTs show uniform electrical characteristics even over 
an 8th generation substrate (2200 mm ×2500 mm), they 
have poor electrical performance (<0.5cm2/V-s) and are 
unstable under a constant bias stress, which makes them 
unsuitable for OLED driving devices. [4-5] On the other 
hand, low temperature poly silicon (LTPS) TFTs have high 
mobility (>50cm2/V-s) and stable electrical performance as 
OLED driving devices. However, there are still significant 
issues including the high process temperature (>500oC) 
during dehydrogenation and activation of the dopant.  

Recently, several research groups have shown interest in 
polymer substrates [5]. Polyimide materials were mainly 

considered for use as flexible substrates because of their 
excellent mechanical properties (tensile strength, flexibility, 
modulus, etc.) and good coefficient of thermal expansion 
(CTE: 3-50 ppm/oC) [6]. However, their properties are 
unacceptable for LTPS processes, because the maximum 
processing temperature of plastic has been around 350oC, 
limited by glass transition temperature (Tg), and outgassing 
properties of polymer materials have not been acceptable 
for mass production. Therefore, selection of TFT backplane 
on plastic has been restricted to low-temperature process 
options such as amorphous silicon (a-Si) TFTs or metal 
oxide semiconductor TFTs. 

The other requirement is to achieve flexibility of the 
AMOLED module, including flexible components such as a 
flexible chip on flexible substrate (COF) and flexible touch 
screen panel (TSP). Generally, chip on glass (COG) is used 
to bond the panel to its driver ICs. However, COG is not an 
acceptable option for a flexible substrate because of its 
rigidity. In terms of the touch sensor, a capacitive type on 
plastic substrate is widely used for conventional cell phones 
because of low cost. However, thickness of the capacitive 
technology, which is currently around 200µm, needs to be 
decreased because flexibility decreases as device thickness 
increases. The last issue toward achieving a flexible module 
relates to thickness of the polarizer. As described in the case 
of the touch sensor, a thinner polarizer is needed to achieve 
best flexibility.    

 
2. Experiments  

 
We previously reported about panel fabrication of the 

flexible AMOLED at SID’10. [7] Bonding of COF and 
COG with the panel was performed using heat and pressure, 
as shown in figure 1. The touch sensor and polarizer were 
laminated using conventional lamination techniques.  
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