/
(=oriy

RHMICH Flexible Display?] H*=5k

Display &= A 2}7] 7] &k A 7HE] QIEj o] AR A,
A7)12Q FRATE FAHR A2 WHBste] &
BE #A|, Agdhe AXNE G453 BHste B2
3t A thof) wheh B et IHCRT) A i A, 247
S5, 7 % 2] Flat Panel Display (FPD)Z A]#o] ¥ 3}
Skl gloh. whebA) Z4A|of Displays Rt o £ 3}
H, 2ok At E, 2ok 7hee, A M2 9 Display
7t RFE ACE AAEBR 2R A7HE, A
g tfHHo| 7hsdt F 3t 7] 2] OLED(Organic
Light Emitting Display, = -3-7|EL) 7] &2 2}A| t
Flexible T} A Zd|o} 9] g1 Hop7} & Aoz 7|gjs
t}. 2 Zof A= Flexible Display 2] A& 8 A7)
=9 71% 9 A3 FA, Full Color3}, A% 4
A 9 sk A7 @l ofste] 7heFs] AvfskaA

s},
2. Flexible Electronics & Display 2] A&t
Flexible TJ A Z 0] 0] ¢] 7]4-2 37| Flexible

Substrate, Flexible Electronics, #}'d, 3% X 253}
Ne2 U 4 ot $18 78] 4egHo] 7}

55} Flexible Electronics= 1 7|HkA o] 4 9] 5}of
Display ¥ 1qto] o}1} 2} Integrated Electronics, Smart
Card & Tag, Sensor 59| Hopr} 715 & A 0 2 oA}
Aok w2hA F7)1E8S o] &3 &4 AsHel 77
uhe] £+ ¥ Z0]4 Roll-Up AEH o], Q1A 2] W
H/ o) & 2-g-7ho] 423t A7) 5] AR A
go 7hset A4 o] M2 Ao R o4 "t
Flexible Electronics @] A}AMAJ-2 71&4Fo] 013 o
TF27|GA AR ZA] T w2 2fo 7} 9
© ALE P FfolE dagH o], A, =
FAA] 5L Z§5Le] 2010 o) oF 5002 E-9] 422
off o] Eckx ¥ = QTR 1, & D[1].

T e . Integrated | 7.
- Disptay : /  Etectronics !

"Smart Card |
&

i
_RFIDTag

S “Solid state |
Optical b | Lighting

_ Network

i F;iloto- }

Imaging | Voltaic
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H# 1, Semiconductors—on Plastic Opportunities
(Xt=: FlexICs).

H 2. Flexible Substrates MZH Al ZEE AEIE,

Srecification Requirements
Year ) - Free standing films(Steel, )
Segment 2000 2005 2010 2015 Flexitle ~ Dielectric coated metal foil, Plastiss, etc,
- Type of substrate (PEN, PET, glass, ef;,)
: . - - Film manufacturing process
— Dlsplay $6B $13B $25B $4OB Dl;‘:gﬁ??;]al - Heat stabilization process
3 - Barrier coatings
Imaging $0.2B | $0.4B | $0.8B | $1.3B  Tovits ki process
‘Thermal - Withstand elevated processing temperature
Integrat,ed $06B $O 9B $1 ZB $2B stability - Localized high temperatures may be experierced
Electronics - UV radiation stability for outdoor applications
. - Block UV penetration to active layers
Smart Card $01B $0 2B $O 3B $O 6B ia;g;r; - UV absorbing materials incorporated into the plastic, or added as an
. additional layer
Memorles $0 6B $1 2B $1 SB $2 5B - Minimal solar lcading effects
B Y - Quality of ultimate barrier
Photonics | $0.01B | $0.15B | $0.42B | $1B e | - 1T qualty
N - Final device quality
Bio-Tech |$0.005B| $0.02B | $0.06B | $0.16B T o oty
Solid State Intesnal and | - Polymer formation chemistry
$0B $0B $0.5B $5B
nghtmg . external - Polymer process control, Film process cleanliness
cleanliness | - Manufacturing environment, Process control
TOTAL $765B $154ZB $2978B $52568 rz:g:;:t - Cormmon organic solvents used during processing
- Substrate (and completed device) should withstand repeated bending
Durakili to a specified radius of curvature
urabiity - TFT armays, solder processes, processing chemicals,
= - Compatible with roll-to-roll Processing
x
3 F|eX|b|e jlmu X} = Toughness | - Substrate should be resistant to tearing to a specified stress
Hi‘%\h&:&i nSg S| - Limited elastic stretching deformation during fabrication and handling

M Z2& 7)4 9] BreakthroughE F 8= HoF59)
Bh}7h Al AR o] 520] Flexible Electronics@} Display
Bobo| i M 02 A dtE|ojof sh Hop= 1
7% M Al A o)tk

kT SASIHAE 7% shahs
7) 2 9 2}k (Barrier Layer) @4 7] &-& 2212 4
3= %l?fP AHez ge —*—5, 1;&% FALE
ol EXNS 7}/‘(] et EXo] &
i 7}#11]”7]50] L7 &
vﬁf{} 7lﬁ¥ & Azl HEF oo T ARG
2 7)99] FatA EA, GA el oA, Ystehy
Wy, 2 Rl PR AN A &

ol A AEE ofof st £ ol sk vrEh QU

H 32 Flexible 7| T2 AME7153 7| HEF
olo] W2 £, 3t3tA £ thstef et
o}. % 30l A Upehdetel Zo| 7] whe ok A A
A E FF L Aol it SRR
Qlste] AR Mol utFanrt & Aoz 7=t

F2 {7184 £A 2 31+ Fexible Electronics 2}
Display 7|&-& 48 EE Abs £33} 22 3}k
28 st {715 £7e] £ro] dEg wutol
oyt A o ¥ FEE HEF 7|&l
Ao e & g g3t 53] Display & AH&317] 943}
o 7ig # who] oplT} &5 HET ¢ e

IN' JN oS
g e fo l\)

10 il €078 : E2AjE Q2 E89]

1I o=s 2 AHX St EA
4Max. Process N Characteristics
Mats
Temp. aterial (good, OK, bad)
b e e e
90T Steal Opagque, modera’e (“TF, moderate ckem:cal resls’aﬂt‘e i
metal contarmrants
- . .
25T appear ™ . Clear, poor solvent resistance. tugh CTE. High Tg
+ BRSO - kg — -4
tugh
25T Polymide{Kapton) Grange color, high CTE, '
good chemical resistance, expensive )
—_— — e
l; m ket
20T Polyethereherketone . Amber color, good chemical resistance, expensive
(PEE]O
ber— —— —_— - 4
t n - bt
20T Polyethersulphone(PES) Clear, good dimensional stability,

poor solvent resistance, expensive

A - e

+
20T Polye&emmdf(l’E ] Strong, brittle, hazy/colored, expensive
- oy

—_—
| Polyethylenerapthalate ©  Clear, moderate CTE, good chemical resistance,
{PEN) inexpensive
e — [
lear, mocerate CTE, chemical istance,
Polyester:PET) Clear, eral good ches resistan
lowest cost

. L N

Encapsulation ZH A ek 7]« 7o) L a o}
o}, H A AFLE|L= PES, PET, PEN 7| #9] E4 271
1~60g/m?/day/atm % = 9] s=Z 0|1} Display= A} A%}
o] 1&g T 10 *gmYday/am FEE QT
sha glon g noh e Ade] AdaRp ol
2 A HiL Qich
o] -2 7} d o] A Schottrl= Flexible Glass Sheets
2 ¥ ekt WU 22 ALsgonn),
Vitex Ab& '1T7V—E1"7] thZEheb-g 0] 231 Ultra-Barrier
3] Encapsulation System2 A}t 4 Th( 1
T 274%FY 74

Packaging 3
2 3)[3]. SchottAb= AFgkAjo] 24
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Ay 5S AZSEAL Q1o T, VitexAte §71/5 7]
dhebol /g g =3ty JtEAS S AR,
o] ofz} vl o 7] A& o] &5 Ao A

71gof tiste] G ¥ Folmh.
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foite atons
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slww Sin giany

38 2. Schott At} R2|71® flof 22Xt ZYE
Flexible 7|®o| EM[2].

Mogiiner Iaorganie .
At £ ure Pepisign - 7

4. Flexible Display — OLED

OLED: %3} &3 Abolo] £717} 100~200 tie

oy el 471 gurEol Gl FR2 H7E

e E ML EER L L ERAES

Qoo W Y 2248 TET T H2E £

$IT0 A3 22 83, 23 Rt 9%
4 EL

7SS e(Ca, Al Li, Mg : Ag 5)&

R

=
e
=

Zeun g clrZoe]

AT of Aol urarel Meke Thshl b
o &= 7] 2 2] HOMO(Highest Occupied Molecular
Orbital) Y2 AFo] Yol HA, 74 =
LUMO(Lowest Unoccupied Molecular Orbital) 2 Az}
7t ZYE 208 AA-AEL A Eexciton) &
FAFIL, o] oAl Eo] Hekare) 2 HolshuA We
3t AL E A7) @ (electroluminescence, EL)
o A EE 7] H9EE gEo R A
ok, YabH oz Hel2e 4 5]
Hopgo) S4% O f7lu2E
B3 AFEES Fol7] Al AF

& 871 AaE =Bt oo}
9] A &o) A5 40| 7H53 OLED= th&

NS L -
Ko
o

> Sbomet T

o &
ofir N

B n

[>
1]= I
i)
°
o
R
=5
ok

-

52 AJopzt, whE 5
ZFA| O] Flexible Display2 28 7}5-&
P

ZotAE 73 9)o]) Flexible OLEDE A &}a}= 1}
HE A @ 77 HEAE AFo A 7HEE A A
2L oiA3E B H - A - 5MRGB) L E F
ot g, @ LA §4L P23 ZAY ket
printing), = 238 Z 2 g (screen printing) HH S
2 olHsh= B, @ HolHE o] 83t 71H 9o
R-G-B f71&834ES 9AA3te Wil (Laser
induced thermal image, LITL) 52 2 538k 4= It}

o] YHE F-oll Al XAl Flexible Display 2] 747 £

£ 0 12 x 2 H o9t

> |

o

Ink-jet

Red emitter aGreen ernitter

Blue emitter

=T

Cathode (ALCa)

Source

Vacuum Depasition
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LASER Beam

| L L SN p—

a3 5. BHME 018

gt Flexible OLED MZ[5].

FHU GAIL b F o] 73 7|23 S
EH QEH @ Ex @9 W] #T AoE
Ao a8y obA AEAE AF SE G R
7P et gaZgo]l E4& Ueha 9
Pioneer, UDC 5 &2 §]A]~0ﬂk] o] HhHS AF&3}
¢itt. Dupont, Philips 52 JE2} M- o] &
A ZaE e A7 gl o3 o] HAl
YR A o], where] FA 2, 5 33, 2] 4, 714
A 5A4A 0 5 71edol Bastth(H 4l
g SDI9} 3Mo]| Zro] 7ahgh LITI & o] A
Apsto] WA st Fofl 23 Donor EO.2
12 8 87) ¥ 92 §7)152 ALY
A&l 71&oltt. "ARA] 7]z Donor B&

z‘“o-](‘b‘zl— ul EE]- ) :yE]_TL] EB]—EI]—'_] 1:7]_“

Ao, th2 et A2 Ao A% A|of So] ¥
o[t 5). B 7149} Lol oJste] A
EEERELE

T
N

k

29 e
N

m]m

N e
uy 1

]

Moo~y 1o e o
ol
oX

’g

)

W A7HE YO 2A A Sl N 2 4P

7FA| A & Aol tH5].
ob2 A0 TAIQ] Flexible OLED 7142 Za}
A8 7 Y ¥ Ee AFAYRE o] &3
[

Passive Matrix(PM) OLED 7}&o| YR sl1 9=
F2 ol AR 08T S =Y

, 51 5)e 19 69} 7tk ZalAE PM-OLEDY)

7] £ Pioneer, UDC[6], DNP7} A 2215 0]-23}1 Q)

© 1, Dupont, Philips 5-0] 1 E2}& o] &3} d

&gt ok 19 To= ol A AF HIE
Flexible OLED A] 2+%-& Wrel] 9ict.

Flexitie OLEDS (FOLED™)

245 % $4 panaieu eatite 40 dpl reachition,
YD $s eulrandinate Gideo vass, 3% gray

O3 7. CHAISE Flexible OLEDS| A|RHE,
a) PM-PLED(Dupont, 2001), b) A3 mZEl
S 0[83H PM-OLED(DNP, 2001), ¢) PM-
OLED(ETRI, 2000), d) PM- OLED(UDC 2002),
) Full color PM—OLED(Pioneer, 2003).

PHOLED Name
Color

CIE (x. v}
Luminous Efficiency
{cd/A) at 1 mAJem? iz
Luminance {cdim?)

at 1 mAfem?

Lifetime (hours)

38 6. UDC ALY

12 Ui gopz1g - EYAjE gAE o]

BD30
L2 2 1

014,023

25 T 10

240 P50 100

e Lnder
beetpr - develonmient

White PHOLEDs
.+ CIE=
« 31,000 cdim?at 14V
. 6.4 ImMW

(0.37. 0.40), CRI = 83

QI&xH= 2| Performancel6l.



5. Flexible Display A& 4K

LCD, OLED, E-paper 53 Z-2 Flexible Display |
290% 272 BAEOE H2FAHES o] &3
A A71A B0l 08 23 A& gfof 3k o
2ol lth # 4= A9F &7 F 7 otet 7H,
A, 2219 e, ALs S SollA Blag A
ojtt. f7] vt EHMAAHE(OTFT)E oF3 A%
o] @ol 7/fA = olof stA|Tt Al x A 2&= 7} Hol
A gt ekl V1S AHEE £ 911, 7129
A E 7R ie R E8 /A Az2T 4 A7) b
Fof Flexible displayo]] 713 A3kt Aoz Aztg
th £3], A3 02 Ay IRZE AM3LL, A o]
EZAAR f7) ERRXLEHE 7|, €45, E4
1P A 5o BE EAS §U1ER AMES)
= AE TN B2 S ok A A H o=
Seiko-Epson, Plastic Logics, Philips, Dupont £-of| 4| &
W3] A5 APt Qlou, oA = AHetd S
FHo2 AFHAHT Yok,

£-3] Plastic LogicAH7]+= LEXE 0]-&3lo A=,
HAH), 719 eH S& UP PHo2 F7)HtEs)
AAAAE LE 3P 2w ul=2] Superior Micro
Powders, Spectra, Optomec 2} 37 8.8x 11" & AM
Flexible Electronic Paper DisplayE 2335} g3l
3 Fof AUtk OTFTo| A IP Py SAF e A
&4 2 AYer AU, 829 FRolg,
THFEE 27 9 o] & 7hs Aol A E B E B 7 &
ougaIrtF Ao 7}

OTFTY A4 ZF2E2E=p ¥ EZ= At

I of

el

H 4, Flexible Display 782 {8t AE AXte|

E
E4al.
Poly- Si TF Amorphous Si TF OTF
(S U + U VG
Type CMOS NMOS PMOS
POt [t
Performance:
Mobility Very Good OK For PLOLED OK?
Leakege 0K Very Good OK
Stability Good ‘ Issue Issue
Uriformnity . Issue . OK N O Isswe
Maunfacturability Maturing Excellent NA
. + + +
No. O Interconnects Data? Scan+Data Scan+Data
. + + +
Cost >-Medium Medium # Low??
T - N
Plasti '
as _f . Under Development - Good ' Excellent
Compatibility . N S

B2r 2 ol 2

(pentacene) 5 TH¥ e 7] A&A+ A £, thiophene 7|
& oligomer E= polymer 50] AFE5 1 9lom™, n-
% 0] 72 F,Cu-PC, TCNQ, perylene, Co 5-0] B3
B3 Qo Aol E A2 It o2 FHAbe
7 230 HARETL B2 FU1ES AHSSEE Q1o
L}, 2+ {71 &<l polyimide, photoresist, poly(4-
vinylphenol)(PVP) 5-& AH&-3te A7 3=
At A5 QEZA Al 5 G648 U0z ALg
St glevt 2= ot 7B F4& S
o BT = e BAEE FES] Yot Mz
A 118291 polyaniline, PEDOT -2 AF2-31= 2
7h A QUTHI] EA7EA] £l HaE o
A3} o] F E(pmr)= p-type] ¢ olv] aSi +F&
A= oF S5em¥/Vs7HA], n-type Q] -2 0.1em/Vsol) =2
ok 293 2A2A Y Hu) (/s ARHDE 10°
o =gt 9tk E3] Plastic Logic Ab= T8
A o] g8t A=, HAA, 4ot A F& J3
A ZdY PP F T3 2™ 1]=2) Superi or
Micro Powders, Spectra, Optomecat 37 8.8 x 11" &
Flexible Electronic Paper DisplayS Z®3}o] ¢ 12]
o ol S,

6. HEMAD|=

744, gE A& SR sh 24 o) Flexible
Display’= #A12) T2 FPDS] 7] 47} u] wako] 7]ut

Channel

I8 8. IUP WS 0|88 OTFT #Z[101].
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Hiope

gel BEAR, 27 U 34
stod g el 7)) WA HT QLo n] AL 2
oAl ob4 AW A 2Eo0lth. weHy
o A4S a7 ol ik A 9 74
Hof| A A E sl ojokst F A2 Machine Design®] T
o] e Ae Bul, A4 T e
Uniform Quality®] AJ4HE, THeh skl 4bg Aol
OJ3 AAHQ TEAILA, 250k HS Aol
& 24| o], Handling, 7 %] 8013, 49HAl o]
Non-Exposed 7} &A}2-of w2 Clean Room %] 4]
1471—1:0 ‘:0 /\olq

RTR(Roll To Roll Process) @} 22 tj 3 A AL Al o] =
chAE A7, o AFE] &= Overall Factory Cost,
Equipment Cost, Labor Cost, Substrate And Outsourcing
Costs, Clean Class 9] =& o] w2 Approximate
Cleanroom Space/Cost. 50| 4 E %] ofof 3} tligf A}
AN e 1 99 Zh

$e| Ropoz ol

7.2 8

o FollA & QA it Aot B 3HA AHEE < 3
o, 88 A *MM ﬁ}?‘; & &5 YA AT
A ga&g o] 71£¢ #7] EL d&Z&e o] 7]«
of thafl 7tefs] dopu et FolAY o, 8T
W HH £ 4 3l Flexible display= g8} &9f 44
o] ofy 2} 747k el ofl 21 E 7telol M B

s

a2 9. Dupont Atel RTR ZHHof| T2 Flexible
Display2] tiziddt SEE[11].

14 111 Eio}71g : E=Ag 2829

XA & /\°i 7\ tigte}. ohahA A9} o
Bol F7HAH Y 8 2E A HaSH ol £oF
= 718 AR A& A AR opy 2t Al AR
ol /WA HE vl FF AFYel E AR =R
2, dd7iene g2 5 A7ls AL AA
FANHE 7MY & AR 7|,

&0 8
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