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Pencil-impacted simulation and module optimization
analysis of flexible OLED module
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Abstract: The internal components of flexible OLED module will be damaged due to impact and other
factors while used. Modifying the structure of the module and testing the performance through mechanical
test are the effective way to improve the impact resistance strength of the module. In this paper, the
finite element simulation method is used to establish a finite element model of pencil-impacted test. The
model is used to analyze how the single or double cover window, the different thickness and modulus of
cover window, the different thickness and modulus of OCA layers and whether add a SUS layer under the
bottom will influence the maximum strain of TFE layer which is easily damaged in OLED panel. The
simulation results show that using the double cover window structure, increasing the thickness and
modulus of the upper cover window and OCA layer, and adding a steel SUS layer under the bottom plate
can reduce the maximum strain of the TFE layer, which is beneficial to improving the impact resistance

strength of the module, and some results are verified by the test. The simulation results provide guidance for
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optimizing structural design and improving the impact resistance strength of existing structures.
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Fig. 2 Cutaway view of the impact system
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Tab.1 Parameters of OLED used in the model

ok 1% KA it /M Pa HEL /N
CWF 5 500 0.29
POL 3750 0.33
TSP 2 680 0.31
TFE 3248 0.22
AMOLED 9113 0.33
BPF 4 600 0.32
&) STHEAR 68 900 0.33
NI NE P 3300 0.37
A S 2R 2 300 0.36
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Tab.3 Parameters of Prony series
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1 0.6211 0.018 797 2
2 0.152 11 0.214 29
3 0.118 918 2.004 3
4 0.068 251 9 23.258

5 0.034 583 5 331.55
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Fig.5 Influence of parameters of top CWF layer on the

maximum strain of TFE layer. (a) Influence of
modulus of top CWF layer; (b) Influence of thick-
ness of top CWF layer.
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Fig. 6 Influence of parameters of OCA layer on the maxi-
mum strain of TFE layer. (a) Influence of OCA’s
modulus; (b) Influence of OCA’s thickness.

M 6 1T LU Bl OCA B i 3%,
TFE )2 (57 & A8 44 e s/, BIE OCA i+
14 A B 34 K 3 R 1 10 fi5 B, TFE J2 (151 [ A48
W NF 7R Bl 22 9 /0N o T R B I R 4 R B
TFE JZ i W 28 3800, %t 48546 (e wh o v B A A F)
(A5 ) o 380 e )22 11 JEE B B % s /b TFE J22 11 i

7T ] e 0 0 9 2 g 22 ) JRE B I, JFL 2 o Bl 34
3.3 EEWTEEM—E®RA (SUS)ER I

8 B BE AR S5 F A vh i o B s A B B
M T BB 55 H A 3B A0 & A o Y il i A fi
M B0AZ J3 35 K, 7R IR Al BPE R | — )2
25 pm A OCA &4 K — )2 30 pm SUS J X 45 41
HEAT 2y A Ab B DT BR i L 3l JF K SUS JZ 1
JEE AR YR 4 3] 60, 80,100, 120 pum , I 5 Ji 5 45
H AT X H gl R 7 R .

4
[Sa]
= —e—LEII
3
S 35t
=
B3
EX
g~ 3}
g
=1
<
=

25

1 1 1 1 1 1
Origin 20 40 60 80 100 120
Thickness/um

P 7 SUSJZ R HIFEEEXT TFE JZ W72 () 52 157
Fig. 7 Influence of SUS and thickness of SUS on the strain
of TFE layer

TENEHR T inA OCA 2R SUS 2 J5 , 41 1Y
BARZ BN T A BB N SUSJZ A, A vpifi
b AR AR By REEh N N SR TFE 2 /9 5k
NS A BT 0N L B SUS 2 8 B 8 n , TFE )2
() foe KON AR 2 Bl 2 BEAIG . 25 5B, in A SUS J2
Z HIXT TFE J2 0 R A8 o038 A A, IF B F ol 3%
T L2 Bl SUS J2 At J58 B2 38 Jon i 38 i o
3.4 KIGIIE

oI 411 ) =N S A ) E R i L 10
PL 1 em Sy a) B, V8 4 9 Bk 0 06 R, 43 e SR
21 IR B B ) i v B, G R N R 8 () BT R
7 5 ST R A B AE B OCATL JE BE I
B SUS 2 (B A vp 38 58 5T 95 BR 1% = B
TFE JZ /) fie R0 A2 5 A 8 B A R i O 3 — 3,
b X5 AN R 5 26 b 9 BR AR = 00 = B AR BT R VR
e E R L 25 R AN 1 8 (b) T

R 7 B 45 2R, % T2k OCAL R FE 1
2 CUWIEE EELE 9. 2 cm I, L RE AR 0 AR 5 R
Uh B A AE W) UR R R 10 em B AR TRD 9% 28 1 B 40
YRG0 BN 10 em FEARE] 9. 2 em, Pt vb o PE B
BT R BE. M SUS Bg b5 220, &



1156 NGRS TN o537 %

(®) o — FHB 36 2 oh i iR 5, g T A PR IT AR X A 4
e . (B0 s M BE UEAT 0 HE L RIS T CWF 25 4k .

SUS JZH OCA J& bt 45 52 e 5] 28 X6 B2 21 119 5% )
XA B4 ST EL oM A DL R 4598

(1) 35 A A5E 4 PN 35 T 4 4 £ 4 A 3 B
WU T AR S L R SRR A, b
N 5 A (4 A58 AE 5. 5~55 GPa 2 [A] 48 1 | J& i 7E
Opgin  0CA. BB 25~150 pm 22 [A] 245 5T i Bif] 25 A5 RS JEE 174 38 K

KIS %I 507 5. (a) oh i X0 % B 5 (b) 05 215 3K TFE JZ 19 fie K A7 B AZ 3/, B0 ob o P E 45 2

Liotey SO BT

Fig. 8 Pencil-impacted test and simulation. (a) Impacted test (2)ERTFHOCAREBEHREERFMNO. 1~

system; (b) Comparison between simulation and 10 4%, JEBEE 13~75 pm > A E R B % OCA
testresuls I 08800 22 W TRE J2 0
Fr A% R EE 3G 06 2 35 AT B9 OCA M R B

Z5 R IR A B R AE 10 em BEHIR , I B AE A I R
SXTE 12,3 em W) IR e B 1 50 2 28 i 45030, 40 (3 TEJEAR FHE I — 2 SUS J2 R % i 1+ 1 /Iy

sl PEREA BT TE . o OCATRYIRIE LRI s b i 5 3040 4F 0 08/ TFE J52 1 5% o i 725 |

# B 10 em BEIRE 9 cm, SUS 2/ 10 em M SUS 2 5 j# #8 30~120 pm 0 R P9 18 4, b 25
%12 em, I 5 07 EL AL R4 EEE SUS J22J5E iz i 80 011 137 25 4 Ak 5 i /N

[3]

[4]

[5]

[6]

[7]
[8]

[9]

SR VA RS R T UZ s A M B R

% w M A B B B AT 19 OCA JR B FIRE i 78 IS Al
TN SUS JZ ¥ REAE I/ TFE JZ (19 fie K02

A SCHR 4 2 P OLED #5417 14 8 M 18 i 1 M % B 18 OLED A 41 9 4T o o 1 B YRR o

% X #f:

LOGOTHETIDIS S, LASKARAKIS A. Towards the optimization of materials and processes for flexible organic
electronics devices [J]. The European Physical Journal Applied Physics, 2009, 46(1): 12502.

HANADA T, NEGISHI T, SHIROISHI I, ez al. Plastic substrate with gas barrier layer and transparent conductive
oxide thin film for flexible displays [J]. Thin Solid Films, 2010, 518(11): 3089-3092.

FRAE . VR RLIAOCHBART]. wAH K ,2009,33(8):25-29.

LI T H. Brief introduction to key issues of flexible display technology [J]. Video Engineering, 2009, 33(8): 25-29.
(in Chinese)

JUS, LIJF, LIUJ, et al. Transparent active matrix organic light-emitting diode displays driven by nanowire transis-
tor circuitry [J]. Nano Letters, 2008, 8(4): 997-1004.

BAE S, KIM H, LEE Y, ez al. Roll-to-roll production of 30-inch graphene films for transparent electrodes [J].
Nature Nanotechnology, 2010, 5(8): 574-578.

SEKITANI T, NAKAJIMA H, MAEDA H, et al. Stretchable active-matrix organic light-emitting diode display
using printable elastic conductors [J]. Nature Materials, 2009, 8(6): 494-499.

SOMEYA T. Tiny lamps to illuminate the body [J]. Nature Materials, 2010, 9(11): 879-880.

ERITT M, MAY C, LEO K, et al. OLED manufacturing for large area lighting applications [J]. Thin Solid Films,
2010, 518(11): 3042-3045.

NOH J, BATI Q S, SHEN R Q, er a/. Laser-induced shock wave sintering of silver nanoparticles on flexible sub-
strates [J]. Applied Surface Science, 2021, 546: 149097.



oM AR B L 55 R OLED B 4L 4 7% 22 vlvili 0 1 5 841 Ak 70 1157

[10] BACKIJH, BAEK D, PARK J W, ez al. Shock absorption of semi-interpenetrating network acrylic pressure-sensi-
tive adhesive for mobile display impact resistance [J]. International Journal of Adhesion and Adhesives, 2020, 99:
102558.

[11] & 365,35, 5o m R, 5 . 2V BRSO ke [T]. 42 & # R 5 4R 40 ,2017(6) : 21-24.

LIU Y L, HU K, DANG P L, et al. Study on mechanical test method used for flexible display device [J]. Informa-
tion Technology & Standardization, 2017(6): 21-24. (in Chinese)

[12]  sems iR 33 sk & F . R B RS EURGAR A iR [T]. 12 & B R 5 A7 44 ,2016(10) : 22-25.
DANG P L, HU K, ZHANG X B, et al. Development of international standards of flexible display device mechani-
cal test method [J]. Information Technology & Standardization, 2016(10): 22-25. (in Chinese)

[13] # R4 . T Abaqus MG EENAS T ZAT R AHI[T]. # Fhushsr T42,2013,22(82) :404-407 .

XUE Z W. Analysis on dynamic mechanical behavior for optical adhesive based on abaqus [J]. Computer Aided
Engineering, 2013, 22(S2) : 404-407. (in Chinese)

[14]  E &, BB SR, B A . TR A R A5 20 00 A5 I o I #4172 e PE RO S R A IF 98 (0], A 42,2012, 34
(6):544-550,539.

WANG W T, SHANGGUAN W B, DUAN X C. A study on the effects of hyperelastic constitutive models on the
static characteristic prediction of rubber isolator [ J]. Automotive Engineering, 2012, 34(6) : 544-550, 539. (in Chinese )

[15] LUO W B, WANG C H, HU X L, et al. Long-term creep assessment of viscoelastic polymer by time-temperature-
stress superposition [J]. Acta Mechanica Solida Sinica, 2012, 25(6) : 571-578.

[16] K& . S LRI S BEAM R SRABITID]. L5 H 8 K%, 2012.

ZHANG W F. Powertrain rubber mounting constitutive relation and optimization [ D]. Beijing: Tsinghua University,
2012. (in Chinese)
EE R

SRR (1994—), 5 R HRBH A, B
WF5EE | 2016 4F F A6 i B 4 K 24 3145
LA, BT 1 S Fetk OLED Jif 4t
B 77545 2 . E-mail: 178462532@qq.

com

BEHBA1973—), 5 m HE A 1
&, B A%, 2002 4 T AR PR R A A
(L oy VAR CE AN S S WA S R
L WFFE . E-mail: liaodunming@hust.

edu. cn




