
萬能科技大學第五屆電資科技應用與發展學術研討會 

 

 

Surface Cracks of Flexible Substrate  

for Flexible Organic Light-Emitting Devices 
 

Cheng-Che Lee1, Kuen-Cherng Lin1, Li-Ling Chu1 ,Wei-yu Lee1*, Kun-Yi Lee1, 
Jiun-Haw Lee2, Chin-Yu Chang2 and Shu-Tang Yeh3 

 
1Department of Electrical Engineering, China University of  Science and Technology, Taipei, Taiwan 

2 Department of Electrical Engineering, National Taiwan University, Taipei, Taiwan 
3Display Technology Center, Industrial Technology Research Institute (DTC/ITRI), Hsinchu, Taiwan  

*Wei-yu Lee 
No.245, Sec. 3, Academia Rd., Nangang Dist., Taipei City 115, Taiwan 

Tel:+886-2-785-1067 
E-mail:wylee222@ntu.edu.tw 

 
ABSTRACT 

 
The mechanical properties, specifically, the tensile strength and the cyclic 

bending of ITO layer and organic light-emitting device have been exhibit. For cyclic 
bending test (5000 times) on a flexible OLED, leakage current increased then 
decreased. Besides, luminance decreased then increased under the same driving 
voltage. Those can be explained by the density and geometry changes of microcracks 
due to bending process. Besides, there is no obvious change in storage lifetime. We 
find over 5000 times bending till the OLED break down , but the ITO still well , then 
we removing the organic layer to exhibit the surface of substrate . 
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摘要 

我們探討了可撓式有機電激發光元件經過持續撓曲 5000 次後的光電特性、機械

性、表面張力。此外，並觀察軟性基板表面與金屬陽極層發生的變化。在軟性基

板表面發現了大量的裂痕，裂痕以有規律的方向呈現。這可以解釋撓曲產生之裂

痕到了一定程度即會造成元件之損壞。 
 
關鍵詞:有機電激發光元件、可撓曲、裂痕、彎曲 
 

 INTRODUCTION 
 

     Flexible organic light-emitting diodes (OLEDs) have attracted much attention 
for display application owing to their advantages of robust, lightweight, and thin 
[1~3]. In this paper, we analyzed the electrical, optical, and storage lifetime 
characteristics of flexible OLED upon cyclic mechanical bending. Such an OLED was 
fabricated on a polyimide (PI) film with glass carrier substrate. Increase in current 
density was observed when removing the flexible OLED from the glass carrier. It 
resulted from the micro-contacts of ITO anode and cathode due to the formation of 
microcracks upon bending [4]. When bending for the first 50 times with a radius of 
curvature (Rc) of 14 mm, current density increased again, which came from the 
density increase of those microcracks. However, further bending resulted in a 



decrease of current density. That means: (1) density of microcrack stopped increasing, 
and (2) depth and width of microcracks increased which resulted in an open-circuit, 
rather than micro-contacts. After 1000 times bending, the current density was kept at 
low value until 5000 times bending. At the same time, luminance decreased to 64% of 
its initial value when bending for 300 times. After 700 times bending, the luminance 
was back to 92% of its initial one and kept until 5000 times bending. Besides, 
although there is microcrack formation, no obvious degradation in storage lifetime 
was observed. Dark spot has little change for the flexible OLED with and without 
mechanical bending. Which layer prior break down when over bending test 5000 
times , we try to remove the organic layer by ACE and IPA , try again bending ITO 
layer. We used Optical microscope to examine the surface of substrate . We find over 
5000 times bending till the OLED break down , the ITO layer still well . But the 
substrate was crack for large area . 
 

RESULTS 
 

     In this study, flexible OLED was fabricated upon the glass substrate with the 
size of 275 x 335 mm2. PI film (with Tg>200oC) was spun on the glass carrier then 
cured as the flexible substrate [5]. Before OLED fabrication, transparent passivation 
was formed on the PI film. Organic thin films and Al cathode was evaporated upon 
the low-temperature sputtered ITO anode. After OLED thin-film process, device was 
encapsulated with stainless cover. Test device was scribed from the mother glass with 
50 x 60 mm2. Dimension of each test pixel was 3 x 3 mm2. Flexible OLED was 
detached from the glass substrate before bending tests.  
Fig. 1 shows the J-V characteristics before and after detaching OLED from the glass 
carrier. One can see leakage current increase after peeling process, especially at low 
driving voltage, i.e. < 6V. Microcracks were also observed under microscope with the 
dimensions of several m (not shown here). It may result from: (1) different the　 rmal 
expansion properties between glass carrier and PI film, and (2) strain when peeling PI 
film from the glass. Although the macroscopic lit-on pictures before and after 
detaching from glass substrate look the same, as shown in the inset of Fig. 1, there are 
some defects formation at microscopic range. Those cracks resulted in 
micro-short-circuits and increased the leakage current.  

 
 
 
 
 
 
 

 
 
Fig. 1 J-V characteristic of flexible OLED before and after detaching from the carrier 

glass substrate. Inset: pictures of flexible OLED with pixel lit on. 
 
     Then, we bent he devices to different Rc. When Rc=6 mm, open circuit was 
observed after 10 mins. ITO cracks across the device were formed from microscope 
image, which resulted in open-circuit failure. On the other hand, there was no obvious 
change was observed when Rc=14 mm for several days. Hence, we chose this 
condition for cyclic bending tests. Fig. 2 showed the current density and luminance 
variations under different bending cycles. One can see that current density increased 
and reached maximum when bending for 50 times. That came from the density 
increase of microcracks, resulting in the micro-short circuits. Then current density 
decreased to a minimum value and reached a steady state after 1000 times bending. 
The final current density is even lower than the initial one. With continuously bending 
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the flexible OLED, depth and width of the microcracks increase, which resulted in 
partially open-circuit condition, which not only reduced the leakage current, but also 
impeded the current spreading path. In Fig. 2(b), luminance under constant voltage 
driving decreased from 570 cd/m2 to 430 cd/m2 after 300 times bending. However, 
luminance returned again to 620-630 cd/m2 after 1000-5000 times bending. When 
bending for several tens to hundred times, the micro-shorts resulted in a local heating 
and yielded a reduction in current efficiency, which in turns reduced the luminance 
under constant voltage. With increasing bending cycles, short-circuits became 
open-circuits, which resulted in an increase in current efficiency, which boosted up 
the luminance.  

 
 

 
 
 

 
 
 

 
(a) (b) 

Fig. 2 (a) Current efficiency and (b) luminance under different bending cycles. 
 

 
 
 
 
 
 
 

 
          (a)                                                (b)                             

Fig. 3 (a) Structure of Flexible OLED surface.  
 (b) Interface of ITO and Substrate. 

 
     Fig. 3 (a) showed the pictures for the Structure of flexible OLED removing 
organic layer and red areas are pixels. Fig (b) and showed the surface of Flexible 
OLED sample. 

CONCLUSION 
 
     We have demonstrated the electrical, optical, and lifetime performances of 
flexible OLED upon continuously mechanical bending. Leakage current increased 
then decreased, together with luminance reduction then recovery. It resulted from 
micro-short-circuit due to the density increase of micro cracks at first stage. With 
further bending, the width and depth of micro cracks increased, which resulted in 
micro-open-circuits. Although those defects did affect the electrical and optical 
characteristics, there has little effect on storage lifetime performances. 
We find over 5000 times bending till the OLED break down , the PI film was crack 
for large area but ITO layer still well . So we think the device breakdown is due to 
flexible substrate cracks .   
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