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Abstract

Encapsulation is required since organic materials used in OLED devices are fragile to water vapor and
oxygen. Laser sealing method is currently used where IR laser is scanned along the glass-frit coated lines.
Laser method is, however, not suitable to encapsulating large-sized glass substrate due to the nature of sequen-
tial scanning. In this work we propose a new method of encapsulation using Joule heating. Conductive layer
is patterned along the sealing lines on which the glass frit is screen printed and sintered. Electric field is
then applied to the conductive layer resulting in bonding both the panel glass and the encapsulation glass
by melting glass-frit. In order to obtain uniform bonding the temperature of a conductive layer having a
shape of closed loop should be uniform. In this work we conducted simulation for heat distribution according
to the structure of a conductive layer used as a Joule-heat source. Uniform temperature was obtained with
an error of 5% by optimizing the structure of a conductive layer. Based on the results of thermal simulations
we concluded that Joule-heating induced encapsulation would be a good candidate for encapsulation method
especially for large area glass substrate.
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Fig. 1. Degradation of OLED cell due to permeation of
molecules such as O, and H,O. (a) Immediately
after fabrication, (b) After a long time.
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Fig. 2. Schematics of Laser sealing method. IR Laser
having a shape of spot beam is scanned
sequentially on the encapsulation glass substrate.
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Fig. 3. Bending problem of mask as the glass size
increases when using Laser sealing method.
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Fig. 4. Schematic diagram of Joule-heating induced cell
sealing proposed in this work.




164 Aol 9)/3=EEAT

A7 & QA7F Az A7), A5 @A Ts
o T4 QAL HA 3} Holof gt o]

Q A= glass frit slerel] 1x]g HE

Z A3t dgoln}, E AFox= AAF BAL
AHE v o R HFAoR ool HASE &
A ZE EEoIen ol niEoE F& 7}

e
jus)
33
o
my
o
fo
I
=
k=)

S, g 71
W92 e @) wEel air £ ghF W A

o3 d £4L vnd Aoz AdtdEnh wie] f
2718E St ] eluATE AnsEe A
o2 wEstete] Abaqus GEA Z2IY ARE A
dAm=nke s

3. A8 Zu o nFE

A gele e 49 BE =HTS A
I A7l oste] W] AFEn. =45 T
Al QI7E AlZbell wet detibo] g}, Frit %3k
02 HAEFe EEHE glass fritS S8A1AH HEY
< olF= v 9 k] dehke BA] gklol
283 YAIBHL JE active layerdl] A4S F
A1 4= 9tk 53] OLED 4Aje] Wegso= s
ol f71te] 4 =4 wig- FHekel B B
o7] wZoll SH Wake] IS Aojste] FH

Agtsle 48 W o] FAo|t). EAlo]
AT WAGgS TR FLE Fo7 Foke 4
o5 THA= 7AF A1 Aol Wkl 2% v
g FEE o= oMY U FEE A |
ot A ¥R 54 olHd FHE M8
o8] ol AT 21902 Belel U AF
golds skt olHg e Fetste] =3
o2 20|= 02 um F7¢ Mo #& 1 mm=

S=F 300 Vo] 2 %S 100 ms A7 S

Zolvpak thHe] on B #st dak »A} At
F 28 5o Yeh} o} Active layer7} 54| 2F
o2 HE °F | mm ZEd A Ui 7+
Hahd HAF BAF Ay o YA oA ] Y &

N

80°C A== H2 AA Q77 2 12 Fol
) 5= Holi ¢t} OLED &Abe] §7)9he oF
B A

100°C o)’dellAl Eshrb A &= 7] it
BAF A2 EE G2 AA A7F AIZES 100 ms
oY= A3t Aol 71t gstE WA T F 3
= ZHolgk= Aol ¥aAth
a9 6ol VeRd vle} o] Z5S mek Abzb 7
A FEHE YA TAY F& 7HE Al EE A
< FYIATh A 34 Pz Y
HE TS AR} IYRE A S
FE& 34371 HsliA Azt H=tad

=2 = T
A =Y FE 7
o2 AFVF FY=HL HEHe AF dET =2
f3lth JEFE FAT HFH Y BAA
Afe 45, A4, 457, AAFE AA oA
AR, AARE T F S E w4
AR oM e dExE AR dojrt dA o4
d A AR YolMe #dd 2= £XE 717
ot o] A7|E Bt QA= power density
(W/em?)o]7] wj&of Ao] A7]7}F F7hshel| met 2l
7F QS 7 kAR 93 power densityS B
T 2o¥ TS FollMe A= T

Table 1. Temperature dependent properties of materials used in this study for simulating the encapsulation process

using Joule heating

Glass” Mo'*!?

T [K] K [W/mK] Cp kK] T [K] K [W/mK] C [VkeK]
296.15 0.89 740 300 144 285
323.15 0.95 780 1574 94 318
373.15 1.03 850 2018 78 440
473.15 1.14 950

573.15 1.2 1030

673.15 1.29 1090

873.15 1.45 1210
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Fig. 5. Two dimensional thermal simulation in order to check thermal degradation of organic layers located near
conductor lines. (a) Pulse voltage of 300 V is applied to a Mo layer for a period of 100 ms, (b) Cross sectional
view of the sample, and (c) Simulated temperature profiles as function of time.
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Fig. 6. Temperature distribution along the closed loop
according to numerical simulation using Abaqus
program.
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Fig. 7. (a) Patterned shape of a conductive layer by
dividing blanket line to multiple lines (b) Tem-
perature distribution along the closed loop
according to the line structure shown in (a).
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Fig. 8. (a) Pattern morphology of a conductive layer
around the corner, (b) Pattern morphology of a
conductive layer at input location, (c) Simulation
result of thermal distribution.
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