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Backplanes for Flexible Displays
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Qo] AsAt= 7IAZE ARA|eh= vlFET ARt HEs
o] zpAeh= H|Fo] Hr} Wolx|= FAlo|th. g AEA
AT BE Vle=o] AAHA AFel o8l iLgEhEof
7hal Stk gAEYelE BHH dAo= F3] Algh Al F
2olA e A} £k 59 FAsk= FX ooy olAl=
e Aol Az DMBe 5482 E3t o Yo 715 AR
E BAt= AVIHEY gaggelsrt s Qi) &
o AExf oF fE7F AR HFET 27t BAEH
o, WHel o &o] fAagyeld Axor HE HJRE
o] gstal FA QEUGeR 7Hgo] AttH Asats &3
ol HAEY R Agg Aotk 1T AsAE 7]751]
Molel E8)7]= HA ¢F Aotk -27) AMESh=
EZ= ou3tA] d&3 & 4= vk 23 10947 0}01]5 <+
= of| A /\P%EP% FA7|29 A2 F3F 5k
= 7he 2k 7]Fi’}r AT TVY A1H
Z} 0]-?—017\]L iﬂ}—of AEHo|7]7]12 HASH T
Zdgjo]of thgt =Fete] Hilo] wEH ujgiE
Z faEYol2= flexible display, 3D display,
high density/reality display, wearable display, large
displays= AASIR L™, I35 flexible display’} 7F&
AT gl 7Y fYE ACR ASstgit. P35t wmtol
Y gg|zEe AVfEd -2 tASYol50] @Al
= A7 & Aot} flexible e-newspaper® ZHE 3
B7F AXNZE BEEL FF] FYUAZdolE A7
gl F7holl oje] FARAE FEste] AUS Yot A
T, FAL A 4l e-paper® 74%F e-bookoE Q3%
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AL 7L ohd § Qe 9k Z2 AP 5 T ¢
aotd 29 uigls Y HAA] &7 olES A
Al = Qe AHAAYA YAEH 08 backplanedl thak

Flexible display= ©12] 484% EM At oS
of 7]#o] A 1 Yol displayd 52 %t 227 9
ARl #AIE UE= aaﬂolﬂ At E

sk O 98 Y s BEgo| dasitt. 4% A%
‘]ih LCD, OLED, e-paper’} 7Fs3l2gt oJAZct, o]
58 FAYAEY0IR FEIfEIME e HLE S
Asfjok 3 AA7A 7L =t o= 718 FeiAtoltt, &
AA 7|HO 2= plastict stainless steel (SUS) S A3}
plastic substrate®] -$-¢l|i= barrier coating®] Ht=
Zgsict, ®3F 22543 dimensional stability”Zl Wi
Z83ith SUSe #H9ole EHe| HEs o] vi=
dasitt, 2= g8 plastic 7o TH2=7}
200°C B 150°C olsph HW £7, sUSe] A9t en
of tigk Agt B} 5449 SHAZE Utk BALKE A
B LCDY #Afolls FAYAEY R Fdskr] Y3
AdEolof & AoRE= §A4S 7= BLU, 94X &
o] & Ysk= HFo| 7HeTA ol wE W] xd 1
of W2 AJokzts9] IA7E QUTt. o] displayd] 7ol 71
7] FAH B /RS BAL dXY e Rl EE
Z ool ¢tk e-paper?] Aol= 7189 AT &
H/F71782 EA7E oA passive display”7b ©bd
active=9] 75& {3l TFTE Aok 3hH, 1o i 53
A3t clolore] F-@e] IAolct, 18R] koW A=l
A7} display®¢] =25 7o) 7| wjioltt. OLED
display®] A%ol= o]220 2 flexible display®] +&o]
7 goldk 4= Q= 7] display®l AWt display=2A412] 7]
SAA| Boh= 73] B53 £7]4d0] WS 83 EAR
skl dch E3F FALAS] encapsulations $%F
thin film e A=} 22 7fgo] FR38lch o4
oAl E%0] flexible displays Ll =e} 53140l 7
A &3] YdiAE TFT7F E4eoll, o e G
AL 7HA= 7138l et TFTE Wdstolof 73t
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O. SAME 28t TFT7|=
1. a-Si 7[dle] |R9M TFT 7|&

a-Siv= A4 TFT-LCDoll AH&dh= F5axk2=A] ol
8MH] mother glass7kAl FAte] o]Fojx1L gt uwlEha
ol#gl 714 flexible displayel &&3 4 ok 713
v AeE A7k 2 Aot weba] Z27]ol= o3 H8E&
7R AL 9FAREQl a-Si TFT 7|4 7|Whe 23 flexible
display d77F =75 olF9oH, IR E| gt gAE&
o] Al 7150 20009 SHHEE 7G9S FHLE 9
FolA gt 2t A7)A FHeliAE E= A2 ot
targetS ZL-U) 7le/de) Fa3% wo] ok Ao
ot 2 dA Jidsk= 71<9 killer application & 3
3 4= Q= 7lEo] Hojof dth= Ao|tt.

Waterloo st} Ignis7t 3522 a-SiE plastic 7%
el 150°C 7F d-87Fsst A3 71eS 7Lkt o
E2 plastic 71#9]  barrier layer 24 SiNx& pas-
sivation A|# 7|49 barrier EAS R Fo| 1
Aol A=349] a-Si TFTE AXsHAt. °]52 on-off
ratio 10° Vt 1.5V, subthreshold slope 0.3V/dec,
mobility 1.1cm?/Vs, leakage current fAS] E42 71X
= 94713449l TFTE AIZstact. (Fig. 1) Honey-
well®= 150°C 3AHLS2 plastic 7|#o| a-Si TFT pixel
circuit® PEN Ao ghso] @M o2 A R, G, B colorg
T3}t ©]52 channel passivated type inverted
staggered type TFT £ A&sle] OLED o &8-S A=
stttk AMHAE PES 718E AREsk] 130°C 3 3L=
a-Si TFTE A4 pilotlineolA AZskALE 7159 A
A2]E 180°C oAl 24417t Aldsto] 7|53t 2| 4=0 A
o] EAE siEstdct. 53k ZF ol Zash A, v
A, doping 5 & HE T4 PECVD 130°ColA AAJsk
At 2 EAo] olF= 0.3~0.4cm?/ Vs, ZEHY 3.7V,
off current 1072 o]3}e] <=3t EAS FEsl] 400X
300 pixel (100ppi) 5” plastic LCDE AlZlel3itt. (Fig. 2)
Zto Philips®] French 5< EPLaR (Electronics on
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Fig. 1 a-Si TFT on Plastic at 150°C process by Waterloo
U/Ignis
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Fig. 2 a-Si process and TFT transfer characteristics on
PES by Samsung Electronic

Polyimide film Passivation

Glass (1.1mm)

Fig. 3 EPLaR a-Si Process 6 X8cm OLED lamp, pixel pitch
200um by Philips

Plastics by Laser Release) 2= 54 7Isiqct ol
A2 7129 LCD lineg 192 8% 5= = ZoR 7]
Hozx Ygdidol 43 polyimideE ARESIRO™ <o
200ume] pixelZ 7FAl+&= electrophoretic display= plas-
tic ¢l &8kt (Fig. 3)

2. LTPS 7[gte| R TFT 7|=

LTPSE plasticoll 7+&3t7] fIste] 2000t =7¢
g 7] 7150 AL a5 2 7HA 9] VsS4
7t} Flexible ICE= vl=re] A2l = FA
A= glass $lol F2AE AHE3TS plastic 718 F2)
AlZ1a 1 Qo) barrierd2 coating 3t T2 barrier 9=
TFTE 2= A2 & plastic 7]1TolA glassE H&]A
7l 3o metal 3HL 1 o]F FHE FPsIrt o]g2
6”7 NMOSS& PMOSE Z+Z Axsiich HEishglsdl,
NMOS9] o]5%E+= 250cm?/Vs, Vth= —5.5V, subthre-
shold slope 0.5V/dec® Ul 3%t datals HEIis}%C
U 1 o]%o] XAE Baskx] X3 A k. gk o]Eol
ARE8E lamination-delamination 71&ol= 2 7] £A

o] tt. &, uniformity, surface roughness, adhesion,

plastic deformation and dimensional control, delami-
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1. Barrier coating deposited on plastic Barrier Coating
2. Laminate plastic to glass carrier Plastic Substrate
3. Deposit a-Si; form poly-Si Adhesive
4. Pattern device island (MASK 1) Glass Carrier Wafer
5. Deposit gate dielectric & metal
—

ptSi Si pt Si

6. Pattern gate stack (MASK 2) Barrior Coating

7. Dope source/drain Plastic Substrate

Al

50, Si 5i0;
Barrier Coating

8. Contact oxide deposition

9. Pattern contact vias (MASK 3)
10, Deposit 1 level metal

1. Pattern metal (MASK 4)

Plastic Substrate

Fig. 4 LTPS on Plastic using lamination-delamination
process by FlexIC

nation ease and contamination, lamination &2} litho
4 solvent A5l WAL X7t e FEo|t) (Fig.
4) Lehigh g2} Sharpt plastic®] °Fd metal foil&
AH&og2 AMESte] LTPS TFTE AlRSHATE 1004me
SUS9| H-E HESIAIA 15nm ©lete] T #d=E A
Al 479 60X 80 pixelse WE°] CMOS TFT circuit
24l PLEDY #8<2 Al=sidth. S22+ PECVD
I thermal evaporation WS AMESIe] o] % 87~
200cm?/Vs, 110~130cm?/ Vs ZtZ 4%t Sony E3
o] 2okl gk A+E AASt E 714 /83 ATE U
At o] glass ¥l etch stoppers 8|1 I o
LTPS 7I5te] TFTE AR ol AA7F 7Fset glues
AA7)HE B o] F4olFo HFE AM8sto] glass
E AASIL etch stopperg AATH Fo| 1 9| plastic
78S AFAR 29 thE ARl 9= removable glues
AAS = 2 S35 Wl o] 7]«=& 300x300 LTPS
TFT pixel AZF5I¥tt (Fig. 5) ¥ Seiko-Epson®ll Al
= FARSE transfer 714 SUFTLA (surface free technol
ogy by laser annealing) ©]-§3lo] LTPS TFTE A3}
o] WE3It o] THL quatrz 71T Holl FRFOZA
a-Si layerg 2|1l 1 9jof TFTE A&t p-channel
I} n-channel& ¥/d% ol =849 2SS =32staL

umperal sah. lemporal sab. temperai sah.
remn b gae remor bl gl rrmenabic thie
o= bused polh-Si hased pob-Si based
dovice laver device bnner divice bver
dck depper ek apper afbeine
dass sobirae Pk wh

(@ ) ()

Fig. 5 Transfer process for LTPS on plastic by Sony
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Fig. 6 SUFTLA Process for flexible array & display
applications by Seiko-Epson
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Fig. 7 LTPS for AMOLED on SUS by Samsung SDI

g5 oR YA7IEE gt TFT 7189 F=2 excimer
laser & AR AFT TFTE EA7Igh 24 3
© & plastic 71E FAZA R FIAZ Fof =84 F=HA
o} JAZIEE AASE= S80Itk AR array= 428X
238 pixelelal 1 ZFZ+9] A7|= 34X46pmE all plastic
substrate LCD2} OLEDE A1&stict. (Fig. 6) 4HdSDI
¢} PARCAIAE SUS 7]&9]d H&5S WE0] LTPSE
T&sct A4 SDER= 160X 350 7= 5.6” 66ppi, PMOS
intergrated & 71¥-& SUS $lo| 7i¥ste] OLEDE &
sttt (Fig. 7)

3. Oxide Bt=H| 7|Hte| KM TFT 7|

2ol Y2l Hosono groupolA Natureol oxide TFT
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£ gagoEA S ASEYtERX A ATt F
Lol 7P idbsirtar olopy] & 4= Qi B3| ABARS 9%
Aot Ak o] A LGolA & F42 YERY
i glew, ETRIS tishs& sAe= Fas a7 A
=] A

P Qlrh. oheFgt wiEAAdAdo] ey & InOs-Ga:
05-ZnO(IGZO) ol SA A+=2 AF=H ok Oxide
TFT7} 234 ¥ o]§= amorphousel @2 43 A
71454, wide band gap®ll &J3t FH42] & 74,
post oxidation U|RHAY o2 AXEA S WL H2H A
23Ao] 71531719 flexible display& 7|HolAe]l &4
ol olf7F 2 4= 7] "iZoltt. &4, o= oxide TFT
= Zn0S Zo 2 thokst 3dEAIL 44EA ] AlslE vt
ZA7E A% o] st defect”t WiRoll EA517]
o o]59 HFS=Z n-type conductivitys UEFHCE =
zinc interstitial, oxygen vacancy, hydrogen 5% 34
I o]Foll o3t FaFol X} Bl e WSl o]
Eoll 93t carrier control® stability 7-7F Wi$- 593}
ot &3 oxide TFTOl dopinge 3l p-type conduc-
tivitys Fo] & = o4 p-type 58S 47I7F &2t
A 9ka1 EJE HAIAZ}| 93] n-typel 2 2SI} Oxide
TFT2+% 4454 (quarternary) oxide semiconductivity
7F 7P gdtsto] viAA IGZO (In:0s-Gax03-Zn0) & A
7RI, o] YHES|= Hosono 7} 2HaL it
20049 A4E9] Hosonox a-1GZ0O%t Y05 gate oxide
£ o]&ste] PETSOl 4ldlearte] JA4& Haskoh
. 8) ol% dXE2| Casio?} Koich WgllA ZnOE ©]
LCDE AR, Toppan Printinge IGZOE ©]
e-papers AZsFACE 20079 FH=o] LGHAAIA
a-IGZO & SuUSs7|sto] A&ste] flexible AMOLED
&3t (Fig. 9) °l&2 SUS 7]#He A 2|5}
WO HELE 0|3l top gate +=29 TFTE W&

passivationg 3 ol §7|8& S2A|7]L plastic barrier

=
i

Ut r|r ofo ofo
ol ok

film©e =2 encapsulation 3+ | top emission type 3.5”
AMOLED displayg T&AIZTE IMID 2007 23Es}S]
o SUS $9] AslE dh=A|e] B4 f2]7|2e] 799t
FARSE EAS YERdt 22 gl AASDICAE SUS
foil& AME3 flexible OLEDE WHESIITH

Fig. 8 1IGZO TFT& e-paper application on PEN by
Hosono Group
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Fig. 9 IGZO TFT & AMOLED application on SUS by
LG Electronics

4. 7| BkzH| J|Hie| RM TFT 7|&
(Printed Electronics)

7|1E9] AgFREAE Al F7IREAE AR 571
Az 349 gt H4e) 74, 9489 #
7}, roll-to-roll &0l &3t A7H43t 59| 74 7HA
I Fofl Slok. 7189 |7IRE=A (OTFT) 24 flex-
ible displays &s}7] {8t F7Ht=A] A2 AEA}
ol pentacene¥} A2l poly-3-hexylthiophene 5°]
ot A AE= pentacenesx ARESE 157 OTFT ar-
rays AR o5 =7F 7em?/Vs, on-off 10°9] A}
2 LCDE 83ttt ol S&34& o83t Aot} 1
2} o pentacenes soluble precursor® S0}
solution processE H3qsl= FAlol U}, o|gA A==
soluble processE 3t 1 A} o]F=7F 0.13~1.0cm?/
Vs, on-off= 10° o449 k&gt A4 TFTE AR
t}. polymer AlE2] F7|HE=A|2] 7-¢-of= o} pentacene
Ado] uj3] 1 EAo] Wt} o]59] Ag-L FAo WHIE
ZbA AL, ERF 2441 A8 J2ofe S AS5T =
At HTo| g W= §HFAo 7 HIEAIE A
g AP ARAEFL] o] A F=S bl Tt olw
AHgSlE 8 VEEs F4AEAAE A% vAlEiEY 34
S 22X, inkjet, gravure, flexo, offset 1|1l imprinting
71& 5°] Q). printed electronics®, ZHE FA7|HO
2 W0zl AR a3 52 AR AlES Yushd, o]wgh
printed electronics AlFLE2= 23 3z FAko] =
9 gga 24|, olF 71eAd JAE ZAYd &4, A
%, WAIE, A9E 59 =524, TFT 59 55 &%
7} 9o, o] 59 HFAE o]FojX, RFID tag, e-paper,
flexible display, solar cell, printed sensor 5°| At}.
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1995 = ZAAED S Chou’t Al%Het nano imprin-
ting lithography 3733 gAtANEe] Williams #<=7}
Aokt UVE o]83t step and imprint lithography 5°|
270 FHRAh ol 342 thermal imprinting 7]&, UV
nanoimprinting 7|%, g-contact imprinting 71& & T
FstA JiEe]l Y= 9tk (Fig. 10, Fig. 11) #]=¢]
NIST, ATP, Dupont, Sarnoff, Lucents2] ZAA]2-0A]
N8 thermal multilayer printing 7142 OLED dis-
play8% OTFT backplanex WI=x= Zolt}h, olgEs=
lem?/Vs, on-off ratio 10°, operating voltage —25V,
drain current 2¢A drive circuit, breakdown voltage 30
V, printing process®ll 2|3t 104m2] line widths 33t
ot. PARC °lA+& digital lithography®} additive print-
ing= ©]83%t OTFT array® 7H¥=E 7|29 lithography
Aol vlgl digital lithography2l %o+ PR (#3444
2]) & o] 83t g AFA §lo]l maskE jet printing
of oJsf| utE 7)ol FAPAIZIAL AZFAT strip 5FS
&3to] patterno] HlE FAE= Tl HlwEE= 7|E
9] lithography 53Xt 287418 &Y & St} o] 7|&=2

Fig. 10 Scheme of printing TFT for e-Paper
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Fig. 11 xCP(x contact printing) by KIMM
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Fig. 12 Additive printing process for TFT array by PARC
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Fig. 13 Ink-jet OTFT process for e-paper application by
Plastic Logic

printing lineZ 10pm7HA] A&re| 73S Wastnt &
o] 7Fdst RO 2 additive printing®] AAIEATE addi-
tive processing® 7o+ patterning AHAI7} OF] 212
sho] THef o]Fo|X= Ao R 7]E9] lithographys73
of H]3l process’t @ASHA &0 349 T=et 97t A
o] 7Fs3ltt. o]#3t digital lithographyoll 2%t a-Si
TFT array®} additive printing OTFT arrays &ils}
&t} digital lithography 53¢ 2A3+= 7|9 a-Si TFT
o} B3 Aol A7H EAAS A%, additive printing
OTFT + polythiopheneZ A3} ©]l§%E 0.1cm®/Vs
o] E43} 75dpi, 128128 all jet printed arrays A
4t (Fig. 12) Roger group®lAl imprinting WH o2
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OTFTE AR o]Fof 2008Woll= v]=r2] Liquidia Tech
-ology®llA] PRINT (pattern replication in nanowetting
template) 2= 3322 F7H34 perfluoro polyethers=
OTFTE AF3tt. HPAR= self-aligned implanting
lithography= ©|-83}5] roll-roll &3] 23] plastic 71
Tjoll TFT arraye 7839ty 9=r9] Plastic Logics
oAM= inkjetZ ©]-&3t TFT array +871&2 7Nk
oju] FAUANE 2+ AR d#A ot o] 175um
o] PETE ARg3dle] F7I9E=A|Q1 polyfluorene, silver
paste gate, PEDIOT/PSS A=%°22 BE FAS inkjet
o2 3} e-papers T3 (Fig. 13) Rolltronicss=
Flexible Active Matrix Mechanicl Switching Arrays
(FAS) 712 roll-to-roll 8 ©]83t array /I

Bhsiet.
mz £

A F7HA] ot flexible displayd TFTS FA4S ¢
gk 7|eS gotEsith dA) XY=l 9= TFT 7l&o o
3t Ak el AFFES Table 10 AeskAtt 270l a-
Si TFT2F LTPS TFTY plasticsE $3t 7]&2] 7dto]
o]FQoyt dA= organic TFTS oxide TFTE
Tkl ok f-AA7IEe| e FAxAe WETL
EA4T O AR P vA= FEE THsiA =
H, S5 reliabilitys SR} 7FZ o] gigt o]Fo]
ofof gttt EZL ICH ¥ HFE9 flexibledt: o]
o]FojAol A2 H flexible displaydl ARg-°] 71531
2 Aolt}. dA organic TFTE printed electronic® %
HE AHgste Aol FRE R, MEA S de
oxide TFTE A543 TFT 549 $422 794
£ Ao w2 A} sido] o]Foix|aL gt Ty
olffdt AE2 ALt dAFAoA T|Z2ATE sk
tolrtopsic}, E3E E5ES SET 4 Q= 4SS Fropof
7Y S AT 4 2 Aot vk l= o dis-
plays o= H3#2 7Wgsfof sh=Alof et 71+ target

[Table 1] flexible display®ll 28 753t backplane®] H]iL

Poly-Si Amorphous Si | Organic TFT | Oxide TFT

Type CMOS NMOS PMOS NMO S
Performance:
Mobility | > 50~150 0.5~1 1~5 1~100
Leakage OK Very good OK ¥Yery good
Stability Good Issue Issue Issue
Uniformity lssue OK Issue Good
Manufacturability Maturing Excellent N/A Dev.

Process Temp 400~600°C [ 150~300°C 80~120°C | Rt~200°C

Cost High Medium Low 7?7 Low
Rlesin . Under dev. Good Excellent Excellent
compatibility

3} killer application® 823t roadmaps 7FA]3L 7o)
Yot Aol Fasirt

mt
rar

Fo 2
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