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Analysis of Luminance Degradation characteristics of
OLED using the Hotplate

Yun-Cheol Kim' - Duek-Jung Lee” - Joong-Soon Jangrr

1Department of Industrial Engineering, Ajou University
2Quali‘[y Center, LG display

Purpose: The purpose of this study is to propose efficiency of equipment testing the luminance
degradation of OLED.

Methods: The degradation model of Exponential model and Stretched exponential model is
analyzed by goodness of fit test using calculated R-square. The degradation model having the
higher R-square is finally selected. Scale parameter and Shape parameter using the selected
degradation model is estimated. The activation energy and current density n using peck model
among the accelerated model is estimated. the estimated parameters are analyzed by t-test.
Results: The results of t-test show that the estimated parameters on chamber and hotplate are
equal statistically. we can know the similarity of the luminance degradation rate and degradation
pattern on chamber and hotplate.

Conclusion: The result of the degradation test on chamber and hotplate is similar. when the
accelerated degradation test on the panel of the OLED TV is performed, hotplate is requiring less
samples, time and cost than chamber. so the accelerated degradation test on the panel of the
OLED TV using the hoplate is efficient of time and cost.

Keywords: OLED TV Panel, Chamber, Hotplate, Luminance Degradation Rate

LM E 371 57] 2ol & gaEd ool Hs) E3&e

7b Was, o] ge EAo] 9l HelA OLED

ol AL nE5SH, FAIok, 2HHY

13k 59 AL 7HA 2 %)= OLED(Organic Light
Emitting Diode)E TVA|Eo| A&l ZA]ehHA

o~
T

S vpotst 4= Q1= OLED 4
T840 9% AR Yk
OLED A A 3} £ & o Z3}7] 93 7} A]

Z A2

OLED7} H&Zd| o] FAZHA B2 735 v 9l e AF 2= AAZ )X 2 AREET
TH1-2]. 3FA%F OLED= A A AHA| 7} 35t A] & Ade Fdsttee #4E AdATES 1o

t WAAA} jsjang@ajou.ac.kr

2016\ 112 224 345 20169 129 169 $8E H4 2016 12€ 239 AA 24



Yun-Cheol Kim + Duek-Jung Lee * Joong-Soon Jang 357

WA @2 = 9tk 29T § 158 22
28 717 e g AAUZe) W) e
A 24 0 PS5 o) BATH AT 2o
o oleld WAL e s AFS 547
g £33 2EY 28 JHsdtel 19SS
A7 ARt G8Ee Y stel £UE A3
£ 459888 $As0k ATH3-4]

%E
o] A1 A
o] HE 2eFS ARG o] §3to] B2

SR
AR shs Aol LOM{S] ‘EEP Xﬂ*ol 1%

o
At 2 Al g 2EH X JAAE T
ek

& G
E}H OLEDoﬂ TxUs g iAol Bol
oA ek 1 A g ki3t 2
ol 7 7] OLEDY 23} 429 L5 9

A XERSE A7IE AES Fdst e, o4
TH6l= 11«1 SRzl BEF FAS sHHA E
32182 ST Sugimoto ef al[8]= OLED g9l
AREset 2x9 gz APS s
Ishii, Taga[9]% OLED®] 2&=9} AFe 27102 3§
TE g3lsiyith

0|48 OLEDY] £ExAdoz d3AFS 34
OLED €3l9elg uo}s w= OLED 3jd umw
U 2= #E 7t Fas OLED 3d W &

v PRy

Fig.1 Hotplate test screen

(&

APE7E A845 OLED Hd AAZL 598 &=
z702 dspt 1Y€t =, OLED s #A7t
A3t L=zH o2 487} HWOLEDY] H3ve &
et shete = Sl

AW E o] &s)A OLEDY 2=A18< 3hd &

Aesh= WAA7E 5710171 Wiel OLED Hd
ZFiAlE A(2E)o] AAEE Aok BT 1
)31 OLED 9] 520l ofa do] Ho] A
gslo)q A4 LrxAEY 257} ks @

=2,

o] Ay sit) o] 3t # g2 OLED 44| el A
e 2=27S Q3] wYsty] YEI, OLED 3
H«l AAER 2= o] 5 WA 71T} oo Hl 8l 3

o]E& <Fig. 1>7} 2¢] OLED ol sZ ¢]
%%ﬂﬂ ARE LE2A02Z NPS T+ 9
Ex 3o she] 2ExdoE A
9} 2] <Fig. 1> 2ol 3d Yol 9]
EUCZANPE T lTh webA

S ES la%HH OLED €] £=A19 < 3
o] ¥H2%7} OLED #de] HEHo
LSEA7E GOl A EFE &

it é

[ rE oo Xogeh S (m e
e pE mjo |
il
° o
rlu
r}o _'E

¥
2 =
> frt
2
o mlru >, iﬂ 1m
u dot =
bt
ru% ﬂ? lH‘?J
oL o
D
fo 2 o
1 S o
ty e
o o o
& xo >
gl N
o =
b Jm

o
rlo

o o 9,
O
9,

S H
T >
- o
, &
2 qe
[‘[rr_}imlo
o oo [N oX
BN % o N LY O

Ty

Y

lo |
40 U

e >,
N
r =
\“}(51) rir
N -
o
~ A
S
%
[0 EL
H
R o4
%’ o
I:—FU e
it
ol
T
1o,
ro
ki

=2
5 ©
rlo
>

B

Ao NS 3k w
2] o] ukAY 25]-1:]- ]o]] H] 3
of 24 EExRANE A& 7}
o of2f 229 Alde] 7heaiA

th. 24 A9 o] e AR ;Lg

= sdd 2HdoE M} gE

M kU
N

rr

> m.?L‘ L2 =

S,

s o

lo o

B
¥ ML (g

=

B >
It o
iy R
4 ok

N ol
T3
Hﬂjgm
H—lz?g'l}‘

ro fH gy
A ot g 2



358 Analysis of Luminance Degradation characteristics of OLED using the Hotplate

& wAsA gt webd AT 2ARE ok %}
Hlo|E & 7]|&9] A58 Gty 7]E 2
L3y FHEFE 483 Stretched e ponentlal
EYo] ALtk 1w oR o F djugoR
47k ARATE FelH ZE hgw < A=59
1, YRR e} Jrrsh Bkt 1 Foll=
exol AFS 7IEIAR e LR AR &R
Q1 PeckEF o #83te] A YA} HFLEE
A2 nlwstget 2 Azl Au|9} sEg o)E 9
A181717] 7ol OLED Y% G354 9] jo]5 &4
stk

£ =12 tad o] FAEH A1 e
Ao BA AAE A Ao, A228~A]
2480 Me GalA g9 Al 2 E3lu Y 7Ry
9] AA ol thal A A A stk A2 sﬂow: Ao}
StEH 0| Eol A A3k E3) bl oJBol A 22t 7
H B5ES A5G, A3HME ARES A A
STk

2. OLEDS] 7% ¥ s34

OLEDE A 948 &2 9 e Fol
Qe EEEEREREEE EEEREE
Azl gebany Te)n W, o, 2%, G4
Wo) AR Wl W EAWA 4
=3 Wetol 7} Bash 7] AR A N
=]

B(Flexible) 5 T Fe 9l 1421 S FAE 5 9]
TS, B0k, 22, mad 59 A4
73 ek

o) )
OO
Hole | Emission ng)gg

Transfer | Material
Cathode

Hole
" Layer Layer
Injection (H%L) (Er\);IL) Electron

Layer Transfer | Electron
(HIL) Layer | Injection
ETL
[ Ik
@@ exciton

U®®UU

Fig. 2 Emission principle of OLED

OLEDE o5 ®letgoz OlTOW 1o.H, <Fig.
2>8} o] AAFUF(EIL), FAGAZ(ETL), 2%
Z(EML), A 354 S(HTL), é% JZHIL) .2 T
d= o] Atk OLEDO H717F FHEHH F5A=
A7} FFell M= A Fol FU = ol WFFHEML) 7
A olFsHA Btk FFFAFHILF FEFES
(HTL)Z &=°llA F9€ M7} $3ZEML)7HA
T UEE dtal, AAFEFETL)F Azt

rl

2
gt
illa}

)& AFo] WAZEMLIA & AgE
gtk o]A | 7 AFA FAE Ao}
BTolA AAe] Hof o 7] 2HExicition)
, 7147} B 3 =2 oL A Aol
) 2 ol A WAk o 2] F9] A}
AR 2 WEsHA "ot oggh 3 duiA
uhsgkA g 10].

o
olNl
Py
[e2)

p—

—

ol 30

ox oX Rl
Qb g
=

2

ajy

o ok
~

¢

O
=

fr 2 2 oo 2 4 N
o4
rlo
L
I,
J

o

LED

mlm

3. ST ES o] $ A1

SEA | ES ol §8 MG L <Fig. 157 2o] A
ool GEe ol EolA Alge] o] Fojark o
A GEA e AL AP B A7 245
A ool SEH O ES FHNAN o] ol
PR EE REECE CARESES £
ZSIEk ol stelol= A9 A e

7}*/‘171” S0l 317

mlm ;E
e
-
v >
I o 4
. 2
:
A&
e
_EL

T2 7FEAA B4AE E3lste Al A%
o}t} AT SHEH O|E AP A1t o] HHS
7HEAI717] Wil AR o] RE RS 7HEE)

= /\] Hojl= AdtalA] gt}
AF=OLED TV #d9] W A= A5 &
5}*1 71 f‘l“‘o}ﬂ o] A APk ofjg} st
|o]E AR % 7hs8fth 18] 22 OLED TV #d
Ao} g % o|E& 7tz} A]¥3te] OLEDY] 3

4
Qo4 A B

bl o

4. OLED 93/ ¥
4.1 €3 A3 BA Az}

stZ 8 o] E o} AW 7+9] OLED B8-S £43}
= Ak <Fig. 3>9 2ol F5sHAR FA



Yun-Cheol Kim + Duek-Jung Lee * Joong-Soon Jang 359

‘ (D degradation test plan ‘

‘ @ test and degradation data acquisition ‘

‘ (3 Luminance degradation model selection ‘

‘ @ accelerated model selection ‘

‘ ® data analysis ‘

Fig. 3 Analysis process of degradation test
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Table 1 Temp. condition of chamber

no. avg. min max
1 53.6 49.6 60.7
2 56.1 51.7 62.7
3 53.7 48.6 60.7
4 51.5 47.2 58.2
5 53.5 48.9 60.3
6 52.5 47.9 59.1
7 51.3 47.1 57.7
8 51.3 46.6 57.9
9 51.4 47.1 57.4

Table 2 Temp. condition of hotplate
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Table 3 The result of 2 sample t—test

t-test | W-14 | W-21 | R-14 | R-21 | B-14 | B-21

P | g 0.666 | 0.258 | 0.070 {0.210| 0.025 | 0.208
equal | equal | equal |equal junequal| equal
0.28310.932| 0.254 {0.152| 0.037 | 0.08

value| o
equal | equal | equal |equal junequal| equal

Table 5 The result of 2 sample t—test after data

cleansing
t-test B-14
3 0.099
after data cleansing equal
P-value

0.059

!
equal
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Table 4 The Example of the estimated parameter on Stretched exponential model for red

Color R R Color R R
Curre.:nt 14 ’ Curre.:nt 14 ’
density density
Chamber/ . 1D Reld-a R21-a Chamber/ . ID Rold-b R21-b
Hotplate [location Hotplate  [location
C 1 -0.00000001235| -0.00001600 C 1 2.4963326 1.5564542
C 2 -0.00000001529| -0.00000761 C 2 2.4568806 1.6761527
C 8 -0.00000000318| -0.00000173 C 8 2.7093429 1.9303888
C 9 -0.00000000002| -0.00000111 C 9 3.4752353 1.9692275
H 1 -0.00000747121| -0.00004183 H 1 1.4450051 1.3390783
H 2 -0.00000000006| -0.00001402 H 2 3.2737245 1.4961548
H 8 -0.00000000007| -0.00000072 H 8 3.3135439 2.0671470
H 9 -0.00000000467| -0.00000426 H 9 2.6314825 1.7431433
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Table 6 Result of one sample t—test for Ea and current density n

Ea n
Chamber Hotplate | cham.-hot. p Chamber Hotplate | cham.-hot. p
W-Ea 0.363879 0.423765 -0.0599 0.785 W-n -0.58688 -0.99554 0.4086 0.887
R-Ea 0.165649 | 0.0499072 0.1157 R-n -0.65151 -0.99044 0.3389
B-Ea 0.112495 0.235108 -0.1226 equal B-n -1.2012 -0.60953 -0.5917 equal
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