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OS2 A & 9 AFEE AT 2 AT SYAE OLED &2k 12 31 A1E 2 3 T
A s 8 Y-S TR S o]8ste ]~0}°i°tt] A Azl v wEth, o] & Fate] Aol 7Y F 4TS |
e AFE Hotety, 3408 IS HAs) FoFH ZUAE OLEDS A=dS A7t atdct. 8] 54
9 F234 A3, A3 D5 wgle] o] Fo B2 9T 52 ¢ & ddeH, ocA7t B4l rXe FE vl
ststh E94E OLEDS] 89l 7H¢ & 932 == &A= plastic covere] o, 2 243}1817] $13t plastic cover
A9 HA 248 ARAGHORE ALe A3, & AlFE 4.2 GPa, €9 3ATE 20 ppm/°C € A5 FIAE
OLED?| & 1 mm °o|sp7} #& & = AT

Abstract: Flexible organic light-emitting diode (OLED) devices consist of multi-stacked thin films or layers comprising
organic and inorganic materials. Due to thermal coefficient mismatch of the multi-layer films, warpage of the flexible
OLED is generated during high temperature process of each layer. This warpage will create the critical issues for next

production process, consequently lowering the production yield and reliability of the flexible OLED. In this study, we
investigate the warpage behavior of the flexible OLED for each bonding process step of the multi-layer films using the
experimental and numerical analysis. It is found that the polarizer film and barrier film show significant impact on warpage
of flexible OLED, while the impact of the OCA film on warpage is negligible. The material that has the most dominant
impact on the warpage is a plastic cover. In order to minimize the warpage of the flexible OLED, we estimate the optimal
material properties of the plastic cover using design of experiment. It is found that the warpage of the flexible OLED is
reduced to less than 1 mm using a cover plastic of optimized properties which are the elastic modulus of 4.2 GPa and

thermal expansion coefficient of 20 ppm/°C.
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Fig. 1. Schematic illustration of flexible OLED structure used in
this study.
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Table 1. Material properties of flexible OLED layer

Young’s Modulus CTE Poisson’s
(GPa) (ppm/°C) ratio
Plastic cover 5.1 31.9 0.3
OCA 0.02 55 0.3
Polarizer 8.0 -9.2 0.3
Barrier film 2.3 81.8 0.3
PSA 0.01 40 0.49
PI 2.5 20 0.34
PET 3.6 16.9 0.3

Fig. 2. Three-dimensional finite element modeling using 1/4
quarter model.

Al 5.09 GPaolH, €34 A4+ 37 ppm/°C ] AT}
7+ B E2 BAL Table 29 2ot RE A F= &4 4
o o °‘Dh 7t o, AHEE ABEES] =
Tt A 7] G el AlFE vlolHE A }
Ay, 4 4] o5l Z &, 718 OCA 259 H
Ao 3 Q= vlolHE o] &kt
3, OLED/TFT 9] 4t 28 5o
stod FA 7} vl 9~ gFok(~1 pm) Bl FEFS v
o] musk Aoz wAtFE ) ¥ OLED/TFT 9] &
g SA k= Aol wg- FE7] o), & Aol
OLED/TFT = z_g /%l akg}oq ‘HH% z_ég }o:l 1;], i SHH o]]
A AHSE E9X4E OLEDS] X4 2d2 Fig. 29} 7
o] x, y Hlsko]] t &t thA FFo|B=Z 1/4 ﬂ]’d(sym
metric) 0.2 B 313 0™ AQ FHe A7k s o] &
ol & st Ao QA7F AR -2 &7 SellA
Bd& whestetdh WM A 2102 A 2d e o)
Aol Al &ete Fie S 2 5 HE
SXy,zH52E B F&5t] A S YA, @

He| AztzA He] 2712 st

e

bl
<

N T
ir =

o
o I

o

Z49 A5 OLED?] ¥ WY 19

B o= S E OLEDE] A 2ol o
1 E AEs = AR dEE e Z Y Ay, HF
ge wzlo] BE 2 PET 7|9l tisiA] Fe) JFe &
Aoz ARk Sehay AM e o] PET, uﬂ
Zlo] U5, WY FE59 D5 OCAR HFs 3719 Al
Zol thafA], 80°CE ZL2A A AlE F A<l 25°C
A B zHzt A s 89 S4 L fullfield shadow
moiré WS AHE3e] SYCEIN0 me, 1.8 412

o3& TG SR, Fg 33 Vol T4
A shiol 8 BEL 0CAE ol gslel 4210 s

A3} crying (M) FEI] o] WA
5}9}2133], 9] Z7]= 355 mmo| At} Fig. 49} 7o] &

Plastic cover

OCA

Polarizer

Fig. 3. Warpage measurement result for multi-layer film consisting
of cover plastic, OCA, and polarizer film.
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Fig. 4. Warpage measurement result for multi-layer film consisting
of cover plastic, OCA, and barrier film.
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Plastic cover
OCA
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Fig. 5. Warpage measurement result for multi-layer film consisting
of cover plastic, OCA, and PET.
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Fig. 6. Bonding process step of the flexible OLED device.
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Table 2. Equivalent material properties of plastic cover with
different thicknesses

Thickness of Young’s Modulus CTE

Poisson’s

plastic cover (um) (GPa) (ppm/°C) ratio
200 5.1 31.9 0.3
500 42 229 0.3
800 4.0 20.7 0.3
1000 39 19.9 0.3
1500 3.8 18.9 0.3

Fig. 82 Zet2¢ AW 77 wsle] gk fo] A715
Yehl AL lom ZekE A el 771 200, 500, 800,
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Ilnl

1000 1500
Plastic cover with various thickness (um)

Warpage (mm)
O P N W M U1 OO N 0 O

Fig. 8. Numerical results of warpage of plastic cover with different
thicknesses.

Fig. 9. Optimized warpage of the flexible OLED devices obtained
with numerical simulation.
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