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The global small and mid-sized display market is changing from thin film transistor-liquid crystal display to organic light
emitting diode (OLED). Reflecting these market conditions, the domestic and overseas display panel industry is making great
effort to innovate OLED technology and incease productivity. However, current OLED production technology has not been able
to satisfy the quality requirement levels by customers, as the market demand for OLED is becoming more and more diversified.
In addition, as OLED panel production technology levels to satisfy customers’ requirement become higher, product quality problems
are persistently generated in OLED deposition process. These problems not only decrease the production yield but also cause
a second problem of deteriorating productivity. Based on these observations, in this study, we suggest TRIZ-based improvement
of defects caused by glass pixel position deformation, which is one of quality deterioration problems in small and medium OLED
deposition process. Specifically, we derive various factors affecting the glass pixel position shift by using cause and effect diagram
and identify radical reasons by using XY-matrix. As a result, it is confirmed that glass heat distortion due to the high temperature
of the OLED deposition process is the most influential factor in the glass pixel position shift. In order to solve the identified
factors, we analyzed the cause and mechanism of glass thermal deformation. We suggest an efficient method to minimize glass
thermal deformation by applying the improvement plan of facilities using contradiction matrix in TRIZ. We show that the suggested
method can decrease the glass temperature change by about 23% through an experiment.

Keywords : OLED, TRIZ, Position Process, Glass Thermal Deformation, Contradiction Matrix
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<Figure 1> OLED Structure[11]

<Table 1> OLED Functional Layer

Layer Description

HIL Hole Injection Layer
HTL Hole Transfer Layer
EML Emission Material Layer
ETL Electron Transfer Layer
EIL Electron Injection Layer
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{Table 2> XY-Matrix for Finding Main Causes
C1Q Impact of quality defect
Weight Disuse | Repair Quality Weight
(5) | (4) |verification(1)| (sum = 10)
Main T ) ]

No Category Small classification Potential cause Rating scale Sum | rank
1 . Low technology 3 4 4 35 34

—1 Design error - —

| 2 | Lack of understanding of facilities 2 3 2 24 46
3 Hardware , Rising facility price 1 1 2 1| s3

— 1ssues No improvement —

| 4 | Missing Item Reflected Improvement 2 3 3 25 43

[ 5 | Equipment setting error | Standard Non-compliance 4 3 3 35 34

| 6 | Logic wrong definition | Low technology 4 5 4 44 29
7 . Device compatibility issues | Design error 3 4 2 33 39

[——| Machine Software

[ 8 | issues Breakdown Problems due to bugs 5 4 4 45 27
9 Missing reflected interlock 4 3 4 36 32

— Interlock not set

[ 10 | Lack of knowledge 3 4 4 35 34
11 . Lack of relevant knowledge 3 4 3 34 37

— Post-maintenance error -

i Machine Root cause no action 4 3 4 36 32
13 management . Equipment production priority not yet implemented 6 5 4 54 21

—— PM non compliance . . ” -

14 Variation of application condition of equipment/process 6 5 6 56 17
i Evaporation | Emitting material High temperature application for material vaporization 6 4 4 50 23
[ 16 | material Electrode material High temperature application for material vaporization 6 4 3 49 25
[ 17 | Disadvantage of thermal expansion of glass material itself| 8 9 6 82 2
[ 18 | Difficult to control heat to minimize glass thermal deformation| 9 8 8 85 1
i Glass Strength Compressive/tensile/flexural strength is weak due to material| 7 5 8 63 10

20 . Stress due to thermal deformation 7 7 8 71 4
——1 Material Broken
21 | Broken by external shock 8 6 9 73 3

22 . Low technology 8 6 4 68 6
——1 Production error -

[ 23 | Lack of managed items 5 4 4 45 27

[ 24 | Mask Welding defect Low technology 6 6 6 60 14

[ 25 | The tensile strength Insufficient knowledge of Stick tensile strength 7 6 5 64 9
26 Material Minimize Thermal Deformation Material Not Applied 7 5 5 60 14
27 Spec no criteria Lock of knowledge 6 8 4 66 8

o New method/ ; :

28 Increase defect Difficult to control management items 5 7 3 56 17
— New model
[ 29 | Increased skill difficulty | Low technology 6 4 4 50 23
30 | Correction value error Correction value error 7 6 8 67 7
[ 31 | Process Deposition temperature Technical limitations according to deposition method 7 4 5 56 17
32 | conditions | Technical instability Technology unstable 6 3 5 47 26
33 | No control condition Recipe setting error 4 6 7 51 22

34 Position misalignment 6 8 7 69 5
—— Process Camera —

35 | Unknown key due to lighting problem 6 6 7 61 13
36 Alignment . Mecha align error 7 5 7 62 12

— Glass alignment error -

37 | Glass slip 5 3 6 43 30

38 | Align key recognition error 4 2 6 34 37

[ 39 | Total pitch variation Mask production error 7 5 8 63 10
40 FMM High resolution process margin tight 7 4 6 57 16

—1 Shadow effect -

41 | Method Degree of adhesion between glass and mask 7 4 4 55 20
42 Mask slit tolerance Low technology 5 3 4 41 31
43 . Lack of competence 5 1 3 32 40

1 Engineer -

ﬂ Ability to Standard Non-compliance 4 1 2 26 42

45 | maintain | Outsourcing Lack of responsibility 2 2 2 20 | 48

46 | Check system Standard Non-compliance 2 3 2 24 46
47 . Lack of knowledge 2 3 3 25 43

— Root Cause Action Error -

[ 48| Man ) ) Lack of education 1 2 2 15 52

[ 49 | FaéLu;:bﬁg;on Unskilled A lot of new recruits 3 2 9 32 40
50 . Standard error 1 3 2 19 49

— Standard Non-compliance -

| 51 | Not running 1 2 4 17 50

i Quality Lack of knowledge Lack of interest 2 3 3 25 43
53 consciousness | Lack of information sharing | Lack of information sharing 2 1 2 16 51




Woo—-Sung Lee - Jin Young Choi

120

2= o

s

2kl Al €]

Ho

Hlo

H

4 ZZA

3L
o

ato] &

3}

i)
=%

5

s

Cvpaz Al A

3]

)
Hol| A EF A
]_

4.12 Byl A AMA

=
=

ERE
%
= EAS <Table 353} o] vehAT.

o o
oy O
% T O

o i

<Table 3> Improved or worsed Features in Contradiction

141

5

107}14] g5l o

20

ojg|g = Ao L&

Matrix

a1 FoH=

n
ks
=
O v |
o} — o | | L
2i=4215]=l8
el 2|9 84S
£ ==
g
o
HHEEEE
HEETHEEE
S| al e al 8| =
o= E|=5| E|=|E
ol | o =| | =| ©
S| < | Q||| x|©
HEEHER
Sl E (2| & 2| E
SIE_| 25| 2~
E| 2 283
TR o T ok
~~
—_ ) —
ﬂbtwwwoﬂﬂmoonbu
Mo ™ % g %o T
ﬂ‘qoﬂa.l_xmﬁﬂﬂ
g o) "R T
ﬂo%.n_%m{xomﬂut
oo oA
iﬂ%ﬂﬁ.og
T ® W
ﬂonfiﬂ%@oﬁ-z?
Ho = of = " gy o
W o— X o < M
71_-Hq}ro Jml
N f
Waﬂﬁiﬁsuawa
\IOL 1ro‘_|ww_JE
° em_x.s@l =
o7 B o= M=
Mg B O
%@e%%ﬂ%ﬁ
—_— e — :@,
NIXE LFR &
NI N
K of " BE T R
| ﬁv 7r 1o oF %Lﬂx
o X Fom g PX
E T R o

=
bt

)
of

djo

"

T
B

=

Ny 700
K- mo
= B
=
.. 7
™ W
Sy T
=i
o =
&R
w M
w A
F
"
N
=
M =
T

N
3 &
oK
do .
dJo &

] wHE7)(17), 71AIA AE(18), S lE(24),

o
L2
fnl

(13), =+

1] 22(25), BA(26), 71 AIAI 2~ ] ] A](28), A2

X
7(32).

Al
=

o

mjp

i
‘_ﬂ\ﬂ
te)
)
B
<

ol

g F 48 7t A/

2

d

Z
T

=
-

3AAAA = 13709

]

0] 2(25)

X

1(10), A

z o

Caaboss

A

X
il

AZ Yol &

BE

Aol &

[e=]
=

®

o

o

wir

FdTh AR el

9|

23

=

H

of

] 7] E(24)

mj

TR

24 74

41.1

(13), =A1(26),

AZM, YEEH ] 39714

o
2 AL &

S5 A

Foich w3k Z87)(12), 2D vHEE(17), 7))

=
=
5

A}
4§

wjp

e
o]

"

il



TRIZ-based Improvement of Glass Thermal Deformation in OLED Deposition Process 121

=1 1_%(18)9/] ?‘%%% %‘21]' gﬂ]g] %ﬂ;ﬁl ‘;—l :67‘]3)6}9/] Heater
Aotow Fux A WY Hane A AUt FEol Controller
A A9 EATHT] |L| the:];z*:euple
415 Hek Bg T
BomRdAE 7E d7se A9 P ¢4 2 3A Heater£|
dele wedstel e~ o WY HasE AP Glass
q

Py = 1 [ |
e LE WaE A28 4 ) Mot B =gl Pump
A AAZE 2 el AR 24 B AR A 2R E _ - :
1,27_1” T ?4{ j ] r ! <Figure 11> Schematic Diagram of Heater Installation
F sIH e AA 9IA = <Figure 10>} 2k
1™\
=
é ——30mm
é — N, =——S50mm
= 100mm
o

Transfer Transfer
chamber chamber

Glass direction

0 5 10 15 20 25 30 35 40 45 50 55 60 Time(s)
<Figure 10> Position of Heater Installation

(a)

2 =l #8498 A J|EES <Figure 11>°]
eI AFEE AW E 584 &g 7c}74(stainless
steel : STS, KS 712 Adola, Fej= 713
Agu] Aeo] AA5ha, B8 &

439l Egl2E B3 =& 4

|

i oo & ok N > &l

> B

o Hi o rob o

—30mm

iie4

> rjo 12 o2

=—50mm

Max - Min

100mm

éj‘gmmlmi

=
o) 27t AbsetEE AAsga, Fe)se)
2t 3|E7F B3 4 QuE AT A o)A ~E v}
sk &, H9M 4 7#A A
&

ZA|skal, o] & | & A &1 (proportional integral deriva-

0 5 10 15 20 25 30 35 40 45 50 55 60 _
Time(s)
(b)

_{ﬂ-j

f
%

U
=

[~

rfo
M1

tive : PID)A|o1 & &3 &8 & Ao} A|~Ho] ek A7t <Figure 12> Glass Temperature Trend by Distance to Heater[7]
By o ol 22 ol 2 ] 5

Holl 3 5] SdE gl TARASL AT L o) mase, ge

s AYE P SE AAE H) AR FF A R ’

=iz £k W3S Haststo] Y29k v 7he W=0xex Ax (T!'—T3)

R EL R 2 E I e

= 49 & 5 Ak W Foje v 2k

W % BAR YA|(W)

gz 2eygd 2 24988 B 449 A D 2 E -2 TEE(5.67x107 W/m® - k)
stoll i3l Aae $Astn Wk Ashe vheat g ¢ ¢ WA (emissivity)
OLED %% #4¢] w3 AYuE 107pa~ATM F72] A+ 28H(m’)(650mmx750mm)
AR etk AU Yoo g BaF & T, : Al 2 2(AY2X[K])
Aol AgH) ol WF FHlel A X dgw ~ T,: AL 5 2E(EH2EK])



122 Woo—-Sung Lee - Jin Young Choi

o
>~
>
o
oM
rlo
iClal
__>|4_11
N
L
2
ivd
N,
il
ook
>
ol
i
=
o
~
>
o M NE

AHAE eo] 00]aL, SAE 1otk A4
HOoR 0<e<19 o2 FHHAH

=2
f
rH‘ U
Mo
=
2 X

N
il
BN
[
ot
ol
=l
Y
ol
Q
£
o
vl
10 o
)
o,
rfo
k1
2
e 17
o e
ol

)
ofo
&

a2
fo ax o M T T rf = (2

tlo
off
:<|)L_',
N
ax
rfo
bt
il

S

EYE)
we [
o
(& ol
o T

= <Figure 12>¢} 7o]

%3 AAs T <Figure 12(a>& 3|HE
uRgg & FY29 sHAel AEE 30mm,
S0mm, 100mm= HSA 7| A Fefz 228 54T
#i Zo|th. <Figure 12(b)>= SAHE S~ 2529 HjA|
St H A vlolHE o] &sto] Sl 2] HjA-H A
2 9] #Fo]= YEbA 2 Zo|t}h. <Figure 12>0l4] g1
2 9)zo] Fg 29 3E 7+ A7} 50mm v u)

e,
o

Improvement E

Tz

Tz

Th

As‘-is TU:kJe

<Figure 13> Experimental Result

i<

i
i
o
Y
£
ol
o,

R

S L =3 3
$ ¥ 292 ex 229

b oF 23% = MES FATE 5 ANl

= 2 H

24
=

o
rhu

. =FoA= OLED #id AAF 7|&o] =gt
uel TEYE AE Lo o 4 A T SR
# OLED 2 A A ol77F HaL o+
ol ogt A 9% FFE MNAT F Ade WH
| oF )

“ 1

AQRIEE o] &35t ¥Asla, X-YHHES o] &3l F
A B g s =&ALk 1 A Aol 7|&
FSol ofgh e WA/FS B o] FH P4 93]
ol 7HE & 9GS AT Y ez Fls)
Hal, A FAFE e TRIZ 71H& &-831e 3
AANEG Atetdty 1 AR FE 2 LS Tt 2
22 o] AHAZE A AE A e oF 23% = 7N
g st

gy A 71 FeolA s OLED 53 37golA]
29 d& ALt ARE VEA 7= ol frdEt
H, 2o il uky = EAHeR s e AlE
o] F4 TAE AN wEbA] FEA S~ 4
WS fAE] e E Feag nhaae] F Qe
9 s HAsE - e FHY A5 dHNEE
A& oz APt Fo] s, ol & Aol A
A JE vy @A AT wgekeltt

Acknowledgement

This work was performed for Master's thesis[7].

References

[1] An, Y.S. and Hwang, K., A new Management Inno-
vation Strategy through 6 sigma for R&D linked with
TRIZ, Journal of Society of Korea Industrial and Sys-
tems Engineering, 2009, Vol. 32, No. 3, pp. 178-187.

[2] Han, Y K. and Park, S.C., A six sigma methodology
to solve pooling problems of display products, Journal
of the Korean Institute of Plant Engineering, 2011, Vol.
16, No. 2, pp. 57-70.

[3] Jeon, W.S., Lee, S.T., and Kwon, J.H., Technology
Status and Future Trend on OLED Pixel Patterning Pro-
cess for Large Mother Glass Production, Applied Chemi-
stry for Engineering, 2008, Vol. 11, No. 5, 2008, pp.
16-29.

[4] Jin, W .B., study on ultra rapid thermal annealing process
using a flash lamp : dopant activation and crystallization
of amorphous silicon [Master’s Thesis], [Seoul, Korea] :
Hongik University, 2014.

[5] Kim, D.H., Park, S.H., Hong, W.E., Chung, J.K., Ro,
J.S., and Lee, S.H., Thermal Analysis on Glass Back-
plane of OLED Displays During Joule Induced Crystalli-
zation Process, Transactions of the Korean Society of
Mechanical Engineers, Pusan, Korea, 2009, pp. 797-802.

[6] Kim, J.T., Properties of organic thin film and OLED



TRIZ-based Improvement of Glass Thermal Deformation in OLED Deposition Process 123

device with various deposition temperatures [Master’s
Thesis], [Pocheon, Korea] : Daejin University, 2009.

[7] Lee, W.S., Improvement of glass thermal deformation
in OLED deposition process [Master’s Thesis], [Suwon,
Korea] : Ajou University, 2017.

[8] Park, H.J., Oh, SK., Shin, Y.H., and Chung K.H., Heat
Transfer from a Sample to a Hot Plate in a Low Va-
cuum, The Korean Vacuum Society, 2008, Vol. 17, No.
4, 2008, pp. 302-310.

[9] Park, J.Y., Status of OLED Technology Development,

The Proceedings of the Korean Institute of llluminating
and Electrical Installation Engineers, 2005, Vol. 19,
No. I, pp. 22-30.

[10] Park, Y.H., OLED Equipment Technology trend, Sunic
System, Ltd., 2008.

[11] Samsungdisplay, http://blog.samsungdisplay.com/12.

ORCID
Woo-Sung Lee | http://orcid.org/0000-0002-5090-1013

Jin Young Choi | http://orcid.org/0000-0001-6397-3107



