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N 22 7152 Breakthrough® FE31= Bolx9] 51
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74 AlzAolh,

91 s e 17154-E 8= Flexible 719
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E 1. Requirements in Flexible Substrates

Specification

Regquirements

Flexible

- Free standing films (Stee, ..)
- Dielectric coated metat foil, Plastics, etc,.

Dimensional stability

- Type of substrate (PEN, PET, glass, etc.,)
- Film manufacturing process

- Heat stabilization process

- Barrier coatings

- Device making process

Thermal stability

- Withstand elevated processing temperature
~ Localized high temperatures may be experienced

Radiation Stability

- UV radiation stability for outdoor applications

- Block UV penetration to active layers

- UV absorbing materials incorporated into the plastic, or &dded as an
additional layer

- Minimal solar loading effects

- Quality of ultimate barrier

Surface topography - ITO quality
- Final device quality
Optical transparency - Affects sufficiency

Internal and external cleanliness

- Polymer formation chemistry
- Polymer process control, Film process cleanliness
- Manufacturing environment, Process control

Solvent resistant

- Common organic solvents used during processing

- Substrate(and completed device) should withstand repeated
bending to a specified radius of curvature

Durability - TFT arrays, solder processes, processing chemicals,
- Compatible with rol-to-roll Processing
Toughness - Substrate should be resistant to tearing to a specified stress

High Young' s Modulus

- Limited elastic stretching deformation during fabrication and handling

¥ 2. Thermal and Chemiical Properties of Flexible Substrate®

Max. Process Material Characteristics
Temp. atena (good, OK, bad)
900 Steel Opaque, r"noderate CTE, moderfate chemical
resistance, metal contaminants
325T appear™ Clear, poor solvent resistance, high CTE, High Tg
) Polvimide( ) Orange color, high CTE,
75T olyimide(Kapton good chemical resistance, expensive
250¢C Polyethg;;hz)rketone Amber color, good chemical resistance, expensive
Clear, good di ional stability,
230¢C Polyethersulphone(PES) ear. 9oo lmenSIona sia ”t).l
poor solvent resistance, expensive
200¢C Polyetherimide(PEl) Strong, brittle, hazy/colored, expensive
Polyethylenenapthalate Clear, moderate CTE, good chemical resistance,
150 . .
(PEN) inexpensive
, moderate CTE, good chemical resistance,
120 Polyester(PET) Clear, moderate CTE, good chemical resistance
lowest cost

8T FYWIIE 22



OTFT-§ ®]-83} All Organic Display®] d7-54

o} 7)ge] FraN, A5, A I8 I, 52
A3k glom®, Vitex A= #71/571 thgeke A
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2. Fexible Display —~ OLED

OLEDE 457 &5 Aelell $A} 5~10 Vizn]e
A=Y 7ol tged AYE F2E A7E 71
< o o8] A Aol Qle AR eZRE 74
B 49 YWE e 28 W, ST A= T
e [TO AFE F2 A3, 23 AS2E 48
7} e 24 = 32(Ca, AlLL, MgiAg )& AME3H
t}. o] Aol &) RS 7R M e 771
%2} HOMO(Highest Occupied Molecular Orbital) &
= AFol Fo] Hu, SFIMe LUMO(Lowest
Unoccupied Molecular Orbital) 2 A7} 1€, 3
e A2 FE A E(exciton) FAJsla, of oA
ol v 2 Hojshar W WEshe 455 A7)
3% (electroluminescence, EL)olgkn 3t} AME-H e
F7] HEE &S A7lEe R Ade = gloy o
Ao AEH AAel AskTaE H7 ) Hs
Qslpdo] g o WS oo WREES =

ol7] 3} AF| LHELR] $53 F7] A2 =

>

B3} 3] OLEDE vhe taZgo)e} Hlwsle] 1
&, 2 AR, 135, He Ao, HE SHEE
9 549¢& vehiin, 2o AjFgAel Aoz 7}
sol] $3 7)199)9) AT Flexible Display® 2%
7hsd Ao AT

Zet2g 7% 9)ol) Flexible OLEDE Al2bshe
We A @ 7188 I3 71E8M N=S- wkx
A -4 - A (RGB) g4&F T8 P,

@ nEat £48 34 T (ink-jet, printing), &5
238 ZH” (screen printing) WHOE Qs ¥
A, @ D(Laser Ti= UV) o] &3l 7R fo R+ G-
B #719hekE AARls 4 (Laser induced thermal
image, LITD) 522 7H28 ¢ Sirt o] W ES A4
o Flexible Display?] 713 2 4391 Aa tig o)

:3
&)
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28 1. cieke Flexible OLED2| AlRHE
a) PM-PLED(Dupont, 2001), b) 238! =gl WS o8¢ PM-OLED(DNP, 2001),
¢) PM-OLED(ETRI, 2000), d) PM-OLED(UDC, 2002), e) Full color PM-OLED(Pioneer, 2003)

& ko) o] Poly-Si TFT 7152 2449 $4+3 dixl
CostZ™ o] 4 EE Ao, Amorphous Si TFT <] 73
= 249 Stability ERe)X 71249 Breakthrough
7h g Ha ot old vlsle] f7] Wt ERAAEHE
(Organic Thin Film Transistor, OTFT)& 4144 7)
A T Y T B A7 E8A] Ha it of
2 JFz7| TV e T 2EE /AT S
28 713 AR £ Qlm, 71Ee] AR E JibeR
o} 24 /A A2 $= 917] WEel| Flexible display®]
28914 axlZ AP AR AAEY. 59 AR 1
BEAZ o443 M=, OTFT 2$9147]<3 OLED, 18]
31 A% Flexible 71%o] $7182 7Fedith &5 Si
7145 YA 4 9l All Organic Display(AOD) 7+&
o] 7Fsd Aoz e}, o] 2 dF= A AAH L.
2 Seiko-Epson, Plastic Logics"”. Philips"?,
Simens"®, Infineon™ gollA] &ds] 2=z 3o,
UM = AIAE AR A7 &= 1

S8 oA AAA AT B OTFTel AMgEa 9=
Al /2arte] A tisle] 2heke] Algich

X 3. Flexible Display 7812 $i#t A¢ial Axje] EMOY

Poly-SiTFT | Amorphous SiTFT | OTFT
Type CMO0S NMOS PMOS
Performance:
Mobility Very Good | OK For PhOLED OK?
Leakage OK Very Good oK
Stability Good lssue Issue
Uniformity lssue oK lssue
Maunfacturability | Maturing Excellent N/A
No. Of Interconnects Data? Scan+Data | Scan+Data
Cost Medium Medium Low??
Plastic Under
Compatibility  |Development Good Excellent

31 OTFT-§ WEH) uigt Axj

F7] WA o83} AA AT ERAAHE 1986\
¥ o] Mitsubishi Electric Corporation®] Tsumura"®
So] Aeog §718 wtEA polythiophenes ©] &3}
OTETZE A&t 012 Cavendish Lab, CNRS, Philips,
IBM, Penn State University®] Prof. Jackson™® ol
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OTFT& °]-83} All Organic Display®] -5

A7t AP AT} HEeAFo 2 TR
2H 58 T+ Dipping W22 2 thiophene F%
Age] A7 AEAe] A AFFE PHE o
g3t AR/dol ¢+
fused ring compounds, Napthalene XA,
phthalocyanine +%A4 9 22 two-dimensional fused
ring compounds, 2 Heterocyclic oligomers 5°] 9
B3 Hch(E 4, 5 #=2).

A B2 p-type OTFTARE oligothiophene(OT),
pentacene, bis(dithienothiophene) (BDTT),
anthradithiophene(ANDT) &°] Bell Lab., CNRS,
IBM, Phillips, Penn. State Univ., Duraham Univ. &

mo
o

43+ pentacene®} < Linear

E 4. X2t OTFT 2@ 7= ¥ #7150l 84

o of8] AFE Yo, AR R gy vt
oligothiophene®] 7% &t} Hslo]s=7} 0.01 - 0.1
cm’/Vsel™, pentacene?] 745 Al 2 - 3 en’/VsE
Ehfle] eSiE s718taL ko] OTFT Al=e] 483 7Fs
8E FE3] RAFa v
282 n-typeAl E2+E phthalocyanine(PC) 2
fluorinated PC(FPC), tetracyanogino-dimethane
(TCNQ), Cg, naphthalene tetracarboxylic dianhydride
(NDTCA) ¥ perylene tetra-arboxylic dianhydride
(PDTCA) #=A| 5o] 3ot Aol gewe FPCY| 4+
0.0301H, Cy,+TDAE(tetrakisdimethylaminoethylene)
< AHERE 99 0.3 am®/Vso] a1 gholojA A3}

7 & OlZ = (cm?/V.s) | i1 (ref)
,,a_g"‘\-
I\j:j;[ 5 23/ 10~ 10° 17
-.‘< ‘\5‘-
gt NS W 3
) wﬂff;f P 0.15 NR 18
pf};' e a
f}l’?ﬁp 0.02-0.05 10° 19
Fused
aromatic IW 0.02-0.11 100 - 10° 20
0.003 NR 21
ng
ceo0 0.08 10° 22
) lﬂ 4 \§
A s)\\/sy’\s\”\( by 0.03 NR 23
N4 %/ b4
. A ,\,s\ VAN
Oligo- o8 | N e 0.08 NR 24
arylene _
0.1-0.01 10°- 10° 25
f PR FE FF FF ¥
o el isd VA NR 2
F FF FF FF FF F
pd :_;-" 0.02 4x10° 27
Phthalo-
cyanine
5 0.03
nd .
(FBCUPC) NR 28
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5. 22X} OTFT H2Ee] P= L Mot XZziv] nlE TI1ER! 84
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SV 0.1 ;
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. Gty
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pd 574,
0.01-0.02 10° 31
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P8
Fused aromati 02 NR 33
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A
i o 00006 30~ 150 4
BB
Organic- . ~ 061 NR 20
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1ol 50l UF
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Assembled Monolayer(SAM)E- o]-8-5] HAA <} vt
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S AMgeReE At REE T QG (R T R,

22} EAHAA 958 A Aol 8+ He 54
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¥ 6. 77| Rux9 325 4

=] Dielectric Min. process Deposition
== Problem
ES i constant temperature(C) process

SiO; 3.9 350 CVvD High temperature
SiNk 7 450 CVvD High temperature

AN 9~104 RT Sputter Leakage

AION 124 RT Sputter Leakage

AlOs3 9~98 RT Sputter Leakage

Ta0s 26 RT Sputter Leakage
La:0s 27~30 Thermal Oxidation High temperature

BZT 17.3 RT Sputter Leakage

PZT 600 RT Sputter Leakage

7. %71 fozEe] @218 48
= Dielectric Min. process Deposition
= Problem
i constant temperature(C) process
BCB 2.65 200 Spin—coat and cure High temperature
Polyimid 33 180 Spin-coat and cure High temperature
Parylene C 3.10 RT Vapor deposition Difficult process
PMMA 25~45 120 Spin—coat and cure Chemical resistance

CYPE 1856 NR Spin-coat and cure Moisture sensitive
PVP 78 100 Spin~coat and cure Moisture sensitive

3.3 838 RIIE 21

QAo A AF A2 ALF F5E A
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StollA] =9l3t Hie} o] 718 2Aje] AAAZRE
=R A B Wi a9l A B 2] Jed
e ws 7T 71 AL A FF A {77
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3.4 All Organic Display

olAZIA Bad hBAR A=A AR =l wHE
A7 eee] Msh= ® 89 2t} 53] Polyaniline®
73 deep UV ZA} o Fol] e} 1 k~10" £2/square
#E Vehlo] A5 e AAARAN BA o8] 7t
32 DEAE o83 A7H e 7hedE AskaL )
t} o] B HIZole frkEA &8 ASA R
Ag Ex 7R e RFE(CND)9F 22 Ui composites
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¥ 8. =8 SRl B driHs s Wt

Polymer Doping Materials Conductivity (S/cm)
10°~ 10°
Metal : Cu, Ag 10°
Polyacetylene(PA) Proton acid : HCIO4. H2504, CF3503H 10°
12, Br2, Li, Na 10*
“0—14
Poly(p-phenylene) (PPP) AFS EX10
Polypyrrole(PPy) BF4-, ClO4-, tosylate(CH3-C6H4-S03-) 7x10°
. 10°%~ 10*
Polythiophene(PT) BF4-, CIO4-, tosylate 10°
Poly(3-alkylthiophene) (PAT) BF4-, ClO4- 10°~ 104
Polyphenylene sulfide(PPS) AsFb 1~ 10
Polyphenylene vinylene(PPV) ASFB. 12 5l 02 (Ii)d 7
Polythiopenylene vinylene(PTPV) AsF5 3x10°
Polyphenylene(PP) AsFb, Li, K 10°
Polyazulene(PAZ) BF4-, CiO4- 1
Polyfuran{PF) BF4~, ClO4- 100
Polyaniline(PANi) HCI 200
£ 9. 7124 all organic integrated circuits 7[&S%
713 Organic Materials AN Substrates ol
= HEH | (Jon/orr) (ref)
S/D/G: PEDOT/PSS y Wafers, Hine
. . . 3x10° .
Philips Semiconductor: 102 - 107 glass, lithography
soluble pentacene Polyimide foils (35)
CcoT S/D/G : PEDOT/PSS 2%10° Inkjet
/Seiko-Epson Insulator : PVP 10° glass Printing
/Dow Semiconductor:FsT, (36)
S/D/G : PEDOT/PSS
Infineon Insulator : PVP 1x107? glass
Semiconductor: 10° 37
pentacene or P3HT

olA7A] AHEE 1 gl OTFTE #7718 Ag 4 71&
5o tiste] Aw Bar) o7 Wt 8
Al 012y &5 715 e 4

= AldAe] Ffdho] o]Fojx] 1 o] & o] 83}t A}
9] A& FFo) PIRTH, 77k Al B3
Fheo| &k HRE A4 F e 2vfETIE 1
2l Zel~g 1LCD % OLED "AZgold] 52 7%
32 5ol ARgE Zo] dlAE 31 ek, 2 Bell Lab. ol
Ae ZUY o Zetay 713 9o ERAAEE
TFaste] g Aate] 7Ped S BT T Hxp Ja9}
Az} Fole] FF J2R 7] EWR2EE o] &k

i
o F

o M
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4 9
¥

Aol BEAE 7kt sle] o] o dTtel B 7

< AT web R SR S d o e ]
HEEA|7F s o] Jvhd 7)E9] Si wEA AgE
Organic Electronics”} tiAlshe 22 i) 7]
SRN7 EAE Ro}

4. Flexible Electronics % Display ©| AI&

AODE F&3l=r 983 s47]&L 27 Flexible
Substrate, Flexible Electronics, Panel 7i&= s &
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Atk o] 7hed FAg 7|He AFHo| 7HEdt
OTFT 71%% EtiE 3 Flexible ElectronicsE =L 71
uijol B elsle] Display #9to] of} Integrated
Electronics, Smart Card & Tag, Sensor 59 &<k}
7bs & Ao o) mEA] f7]E2 o83 7
Z13H4Q1 FFalg] e ¥Aol§ Rol-Up A&,
QA2 YR/ el = Z43to] 48 417]50] v

A

B Ago] 7h53 A Fo] A2 AR o4 drt.
olH L 7lEgFo] AT ZV|TAIR ZAP | wEt
& 2 z}0)7} 902 Flexible Electronicse] 174238 8%
2 A9dle gaZde], M, BiEdA 52 T3
of 20100 2 5009989 $55l| o]2vta Bi H3A
(a8 4 3%),

38 2. WP YHE 0|88 OTFT FEO

Optical
Network

Integrated 2.
Electronics

Smart Card

&
RFID Tag

3@l 3. Plastic Semiconductors 2| S2¢|
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A7tA, R AE FEZ 3t A Flexible
Displaye @12l T2 FPD 71&3} vlwsly 7ub|s
o LA 5, 22 F4 59 Fohslt). o] 2 <lsla

A28 249 ks BEAQ) #l4|%e) e 3Tl
&= 3 gl om A A ol AdE BY
sk Eolth mEpA ol AR «Z3sE ol
A 9 7HA RolA HES o 33
Machine Design®] @<l M A& Fa4], 45
2l Aol W Uniform Quality?] 1M, Tedt o2
BrRg7goll ofd ARl nF R, 2dEly g A
83 mE 2xA0], Handling, %2 £0]%, &t
Alell Non-Exposed 713AL&<]l W& Clean Room 5]
H 474 52 55 F I

RTR(Roll To Roll Process)® 22 th#F A4k Alol&
@A A, AdHE Overall Factory Cost,
Equipment Cost, Labor Cost, Substrate And

Outsourcing Costs, Clean Class® & w&

Approximate Clean room Space/Cost 5°| 2 Ex]ojof
& A g}, oldl| whe} DuPont A7F At thek Ajat
MEAEE 23 490 A28k}

ojeat
o2

A oAU HelskAl AR 4= Sl d7 e
A S B A sl AAY taZgo) 7)
%2l Flexible OLED 719l disj 7H4s] dolrgte},

Folxy gka, Bo¥ W) BH E & & Flexible
Display= @3t 9] A2duto] ope} 717k ol %
2 7teldld & AEAA & Aoz Zidig.
A faZgo] Roke I7RRlY 8 $% A9
HEER) 9 B 8o 7]& A7) A4 ¢] ARk o)
TR AL Ao it 2l5A1 3] 7]3E e v)g
T Aol 2 AR odEn, ddriene] §8e
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