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2. SID2019#iE

Display Week 20191Z7 £ 1) # San Jose McEnery Convention Center TH H12H 722517 H
¥ CHflE & 725 12 H 12 Sunday Short Corse, 13 H 2 Business Conference 3 & Uf Monday
Seminars, 13 H 75 Symposium B £ OEIRE DB S 7z SIEEITH8000 A& Bbit s,

SHEDO MYy 7 AL LTIE, 8K OLEDX TFT-LCD, 7+ —%7N, =57V, <47
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HHMIT 1 A 7'V A 7% EORFEM AR S iz,

ZZTIE, SID2019 M ¥y 7 2 & LC, FPD#Hflfu— K~ v 7% Keynote (3 #%iH) B
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Symposium D LB & CERFEII K EIZENR D,
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IHS Markit ¥1:@® Charles A. Annis [X7%* 5 “Roadmapping Strategies for Rapidly Diversifying
FPD Applications and Manufacturing Technologies” (Session 55-1) & # L 7= i@ A TH 72,
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Chapter 1

Growing complexity and diversification while historical driving forces of flat TV/monitors and mobile computing/phones “losing steam”

« FPDs will remain the key interface between people and the digital world
> FPD technology & application evolution will continue at a high rate VEIAR
« At the same time, diversification, slower growth of conventional FPD markets ‘
> Increasing niches, with diverging requirements Automotive
> Co-existence of various FPD technologies to fit needs of wide range of applications Wallpaper
" : : Displays
Industry is changing Smart Watches -
> Conventional strategies difficult to apply to the future Microdisplays Holography
i i Ultra-large Direct i
> Increaserg risk on techr{mlogy bets Smartphones View FPDs ::::l:“l%t:l Foldable
> New environment creating unprecedented challenges
for suppliers trying to map out High Transparent Rollable
long-term strategies = Y Performance _
Self-Emissive  Nom-intrusive
BRAVIA
Low Power i Component
Monitors Consumption Reflective Integration
Diversification started
accelerating from around 2010 Printed OLED
Top Emission
Netsbioks asi LTPS Oxide quantumDots | "%t | 11po  oter
m Rigid Flexible QD OLED
Lep EPD AMOLED Bottor Emission MiniLED MicroLED
= 2000 2005 2010 2015 2020 —
‘Source: IHS Markit ©2019 IHS Markit

1.8 FPD#{iiO— K< v 7[IHS Markit 4t &%}

LT AERIIG U CZy F BN HEZ L THAH . Lad, WEVHBED = — X120
IS b7 DOk A % FPD M E T4 L Bbhvs, L7zh-> T, g4 F TR
WL RAZ N TFHMENS, H1.92FPD & Filll & A FERESIHERE 2 /7376

TFT LCD and AMOLED equipment spending TFT capacity (000 m? and substrates)

524 120% 450,000 12%
o 400,000 ﬁf 10%
$20 80% E 350,000 8%
P o g ;; 300,000 6%
% g £ 250000 % @
é: sz 0% ; § 200,000 2% %
$8 § 150000 0%
s
_40% S 100,000 2%
. 50,000 4%
-80% -6%
2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
m==Revenues  —@—Growth s 000 Sbstr === 000 M2 —4—Area Grwth —e—Sbstr Grwth
St I iy e on 1o Cape March 18, 2018 vt ©2019 IS Marki Sourcs: IHS Markit ©2018 IS Markt
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2. BEETFTERE)Z L ¥ JJILTFT-LCD

AUN=TFT A T T /uy— AR, WYy 7% A FT201941H30H252H1
HEChfles iz, 1A0HICHEES NI F—T7L X TNV EWRICT 2 BREMOLE
EZ L FDRH ] D 5 FlexEnable #1: @ Principal Technology Transfer Specialist T & % Sharijil
Siddique K i “Materials & Processes for Curved Organic LCD (OLCD)” O#EE % LI T 12
SIHLCRAT 27

2.1 FlexEnable %t & OLCD

Py v 7 v VISR A S % FlexEnable 1, 79 AF v 7 2L bu=s A0 £H
THY, 650 EOFfEE A L TWwhb, 20184, WE® Truly Semiconductors ft: & OLCD @
BB LT A AZKIZHESX LT FlexEnable 37 L ¥ 7V T 4 AT LA Lk
YT EHRTL 7 bu=s 20M%EE X CE#EILDY -4 —THh Y, Truly Semiconductors
HIEFEORFTA AT LA A= =D~ TH %,
PEBE - KO A P RBETRIC L > TRESNS OLCD L, KEifg, KA, BHEEOR
FmILF Y TNVNTAAT LA 2 G TELM—DT A AT LA EMTH S HITFHEE20 mm
DR fE7% OLCD L, 2 Y2—~YILL 7 MU=V A, AY—h K—LT T4 7 VA, H
B, TUINHA XD RE, WEWT T r—2a yTlig=— XSG LT b,

OLCD (%, FlexEnable ® 7 L & ¥ 7 )W RIRAHEHERE ~ 7 > Y X% (OTFT) Ny 7 7L — U
% N=ZA2LCTWwb, I, TAC(Triacetylcellulose), PET (Polyethylene terephthalate)
REDOU—aA T T AFy 7 ERE R, BAFOaS TFT-LCD#ET 1 > THETE %,

OTFT /Ny 7 7L —id, aSi TFT £ ) b AW HEREFENL TV HDT, TIAF v
LCDIZH T AN=ADLCD L@ T+ AT LA MEH L BEEL 5 T& 2, Lid, #<
B CREIREPS L% 5,

L

=

2.2 OLCD D&%+ & Tl
FlexEnable ® OLCD IZ2WTlZ, SIDR IDW Tl SN T A DTl SN2 LwE
bbb, 22T, #FEHY A MVIZH D LD I OLCD DR & INLHEA & LI %o
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3.16 (2T LCD O FEFHF 2R T ZOFRFTHNWLN TS TFTIZHRY) 4 I FLEo
A TFT A TAC LOHH TFT(OTFT) Tdh 5. OTFT O 70t AL TFT 12~
AL REZR &6, TANBIOURICAEMDR D 5. RIBATIZT T AT v 7 BT
7 AWBIMET,) L TFTO 70t AimEE R M5, OTETFT 7ut AimEL ) b
THICE L RIFIUER S v, @QFERDOFRY) 4 I FPI(7 L ¥ 7V OLED 0¥ & # ) (£ T,
HEVDS, BFEIIELCD I2I3#E L T v, O EM o PIAEHE T, AME W 23R [ oo faf &

IZ2LET AR EY, Wz b,

Samsung LCD on FRP(220C), 2011° ““FlexEnable OLCD on TAC(100T), 2015

sid ~f

*JDI LCD on Colourless PI(270T)

AUO LCD on Colourless PI(220C)
+ All approaches involve either Inorganic TFT on PI, or OTFT on TAC
+Organic processing temperatures much lower than inorganic — better cost and performance

3.16 HE LCD MBS E [FlexEnable 1 & #}]

OTFT a-Si LTOS LTPS
T[iﬂzlx Tmax Tmax Tmax
|
PET oo
1

TAC e—t—
pPC *

Colorless PI(Co.2) _—F

Colorless PI(Co.1) _ﬁ
PI(yellow) —

a-Si FPD glass *h—

0 100 200 300 400
T,/ T

SOmmmm e e

[Sxl
o

T, must be sufficiently higher than the TFT processing temperature.
‘Conventional’ PI(for flex OLED, yellow in colour)has high Ty, but is optically
not suitable for LCD.

Colourless PI materials have lower T, — though will likely improve over time.

317 TIXFy vEWR(H T AEBBET,) & TFT O 70+ XBE [FlexEnable & #]
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4.1 mini LED £EF K v b (QD) &\ 7z UHD 4K HDR LCD

AUO#t1d mini LED & &7 Fv M % fl\v7:32" UHD 4K HDR LCD % J&7x L 72 (K13.40)
COTAAT LA OMARL, UTO#EY) ThHhsb, HE T3> M7 A M, GEHIHEHAL X O
B & 5 AMOLED [ZHARENTWE 2 LDh 5,

Resolution - UHD 4K 3840 % 2,160

Brightness : 600 Nit (typical), 10,000 Nit (peak)
Color Gamut 2100% NTSC

Contrast Ratio ©>1,000,000: 1

Viewing Angle (U/D/L/R)  :89°

Diming Zone : 1,152 zones

X 3.40 mini LED £2F Ky b %ML /2 UHD 4K HDR LCD [BR&15 TEEIRE

42 L—¥—/N\v 754 bALBK TFT-LCD

JDIAEIE, 17.3" 8K 120 HzERE)® IPSE— N TET-LCD % &% L 720 1% %7,680 x RGB X
43208 K ), f#{%1£510 ppi, GFFBIHFIBT.2020, 7L — A 120 Hz Th b, Ny 7 T
A MZF L= =% W TBT2020 04EH% 7 1) 7 L72(M3.41),

TFT-LCD O @ H B % 51272012, &1 Fv A2 HWZLCD TV & LA Mt ST
W5AS, BT2020% 27V 7 TELDIFEL—HF =Ny 7 T4 PwvbilTwb,
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Japan Display Inc.

__ | = BT.2020
| LCD with LED Backiight
|| LCD with Laser Backlight

08
or
06
os |
04

03

X341 JDIOL—H =Ny 754 hEBELZ17.3" 8K 120 Hz IPS-LCD[BREH TEERY

43 74X Ty FMEXREAWVWEIS—T 1 XS LA

AUOHIZF /T4 Y7 ) vy MR (WGP) 2 HW723 9 =T 4 AT LA & BIR L 72
WGPIZF /A4 7)) v MM A FHWTHER L, 88O~ Ay —E— LV FEH», #EHARL
DYA) Y THMTIS I T—T 4 AT LA ZHELZ(K342), COKRE SFHADNTH
bo HMFIZ, PEROFIREN—TIT—2HMAEDLEZDDIZHR2EEH 2 v, WGP I
BRSO —HET, ERIL05 u mP T EBEMTHL, I 771 AT LA OtLEkIE, #
153840 x 1,080, HEFE400 Nit, 1> b5 A hJK1,000: 1, WGP {@IEEE 20,000, WGP % i# %

86.6%, WGP I 7 — A= 45% LT TH %
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2. NUT 7T 4L &FFIEMF

21 7L XY JIVOLED AfEN\UT 7 1 IV L

OLED #E THEBWTIZ200C UL EOBMBIAS L TN L TEPH ), TOBErL 7L XY
TVAERRELH BN 7 7 1 VAOBFED RO 5 b, IWERFEIGA RIS L7
200C VL Eofif #: % 4§ A[EXPEEK® (.7 A¥—2) | 74 VA Z W27 LE Y 7V A
ELH/NY T 7 4 WV ADOWFERSE Z HED T 5,

(1) TEXPEEK" ] 04

TEYEMPEEK(RY) =7 VT =TV F)BIRT 4V ATH Y, KUY A I F LRGN
B (T, 320C) 2 AT %o MEEMMEICEN, HE-B) W7z B2\ % GEREOR L)
THL, BRBHETH %o

(2) T2 FA R

fit# 7 ¢ )V ATEXPEEK" ] EI2N) 7EAEH L, 7 L% 7))V OLED 781 AIZH#H L7z,
ZO#ER, OLED #iE TARICH T 2 MIRIL 7 0 v AFAM AN E (PERO AR EL 5 70t 2
AEAHE) THDH I EEEIETEL, 51T, N TR EE T 1 )V A[EXPEEK"] DN
UT7HEREL, 7 L% 7IVOLED 775 A4 A0 A 2 B L 720

41612731 AEEF %2, B417127 L F 2 7V OLED 7851 ZAdfEfl % 7R~ d

EXPEEK film (25 4 m)

Adhesive resin

Ornganic layers
(pluraltlayers)

1Z0(120 nm)

Barrier layer

EXPEEK film (25 4 m)

E4.16 7L %3 7ILOLED F/8 41 R&Ef [ILAFER)
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22 OLEDA7Z X &— MHIEEM

IR 138 L Wi 7 OLED 77354 A | kil & LT, 7 34— MUEIEEA#T OB 5
AWOFH/ ROFT 7 A T 7 kL THEE L TV 5,

BT ORERUE, TN ZAMH 25 DKRGEA A B —2) ZBHIES 2 B IEHA % v 7z
BIEFEMRAFTINNOVA™ EF] %2 Hivy, ¥ ¥ TPV 7NA AMER, fif7 7a -t A% L
TWw5(M4.18), &512, TAFTINNOVA™ EF 12 X BIETERIZIRICL D 7L 32 7UE
P EL JE MR o R F A 2 W13 5,

FERBAMBEE L LT, CaAEIZT, 60T /90% RHARAE 41T 8,000 1 ] 0 % 111 %
ZF L, WVTR(Water Vapor Transmission Rate) : 10 % g/m?*/day &5 (60C /90% RH) % F I
L72(K4.19), 7 L ¥ 7)VOLED s fEdh 2@ Bl % K 4.20 1277 T

Flexible substrate

Barrier resin

& Flexible substrate
AFTINNOVA™ EF film Barrier resin

(Enacapsulating substrate)

(plural'layers)

Organic layers

plural layers) > Transparent electrode

| Transparent electrode | Flexible substrate
‘ Flexible substrate ‘
OLED device

E4.18 [AFTINNOVA™ EM] 7 1 W LAIC & B F /N1 ZigE 1L A E R
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3. Light Polytmers#t® OLED &% MARFE R

SID2019 Market Focus Conference on Foldable Display T Light Polymers f1: @ Director
Sergey Fedotov 75 “Lyotropic Liquid Crystal Materials for Optical Enhancement of the
Next Generation of Foldable and Rollable Displays” & # L 7zi&i#i % - 720 T Z TIEZ D%
BEEIIHLTRIAT 57,

3.1 OLED AARE¥xIR

X 4.21 12 FHRESEHR & OLED @ 7734 AMkisk & FMR IS & 5 R B Ik o EHL 2 7R 5 [F]
B EWRT & 912, MR OEMIRI &, (AR % 3508 S & 72 /4 Rk
HE 7 4 VLD 7 4 VAP SHER SN TV b,

OLED 74 A 7L A 2B 2 M O#REIZ, OLED  SA VDD & 9 2 KD 50D
g #HER L, TAATLADIY N FANRWETLZETH D,

#1) BAKXOLED 714 Z 7L A OFEIL, H1L5 5 2 &% CETHEOMIFH A 7 Vil 2
HIENTE, FARATLAZFERHET DI HEVECTFHEERo3 528 Th %,

Viewer
Emission Light i

Polarizer (absorbs
Circular Polarizer emission light)
(CP) Retardation film
(quarter-wave plate)

Transparent electrode

Organic layer (containing
OLED light-emitting layers)

Reﬂe(:tive GIGCtdee (

Non-polarized

Light Linear Quarter-wave  OLED Display
Polarizer Plate Panel
Transmitting

Axis 0°

- Left
Handed

No Reflected Light ° Right
Handed

4.21 OLED AM{m¥ttR [Light Polymers #1 & #1]
100
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Ar =T, POV —=LVARTA AT VA ZERTLDIRPELNT A AT VLA 54
JVIE D RE B T BRI C &t /I OFRIEE O BFE L7 SO OHEIICE ), 7 ) A%
WLED 74 A7 LA Y AT 23N T TULEIZEAKD B 5 E R 2 R4t 5,

1.6 ZEEMR

ME T AT 7 ERENTEMEORAE A TE2E7F 7 + —VOEBIL, K2
ARl b, YA 27 BLED &4 7 0ICICL 27774 7~ M) v 7 ABRET, PWM % %
HL7e L2d, 120Hz0) 7Ly al— NCHEHEOLTAHINETFEHTAHZ LT, &
EREH IR O WVEGEE I TE S, MEBRLOY A1) ¥ 7HINT, KL, 7 A
7 FHOBHRMAEDETEKE 7+ —< v FOFEJIZILO,

B, ZOZ)AINVLEDT A4 AT LAY AT A1ESID2019 @ Display Industriyl Awards
[Tz,

2. Y4 % OLED 8h&HiT

~ A 7 1 LED O#EFANTIZ B S 2 KA EIMIZ OV THAT 5,

2.1 Veeco Instruments #£ D~ 1 ~ O LED &&H1iT

20184F 12, Veeco Instruments #l: @ Christopher Morath Ik &£ V) “Epitaxy requirements for
Micro-LED Display” & # L Cl#LD~ 1 7 1 LED 8y Hi7 2l § 2 whtp sk s Y L
T, BENEETIHL TREAT %,

Veeco Instruments #t 0 T i [A] §% 7 4+ A [ TurboDisc™| 72 / © ¥ — &, ~4 7 0 LED
TAATVADZ= X% 73T OICHENTH b, 6" %7747y FOH4, [EPIK™
700] 3y F7F v b7 x—alE, RORBERLBWH T, 146" Ny FH A 2B VT
BV Z A S Ho EPIKIET V¥V 5 X ORI ELSBS R EOIMUIIEA SN B 720,
Z O TOWEEATHIIZ100 ML EOEEATTRETH V), EARHEEZ MRS 25 2 LA TE 5,

B512ICAY— 74 YT LEDHEICBIT S, REMREPIK 7 2O XM~ v 7%
RTo QIDAY— 74 YO, FF—74 =V FH A X13092 e’ TH Y, F7— KW
B A R umTHEOI LT, 4K TV T FF—7 1 = FH A X110 em’, 5 —XK
fatr 4 2133 umThH b, ELELDOTT)r—32 3 12BWThH, EPIKIZI0% L Eo Kk
WHEEZERTHIENTE D,
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(@) QHD AR — F7 4 /% § % R s

Veeco EPIK-Defectivity yield for smartphone
3x3um? uLED—1um killer defect size

Display assumptions:

*QHD resolution (2,560x1,440)
+3x3um? LED size

-2um street width

—0.92 cm? Epi donor field per color

| 94% Yield (62 of 66 Fields) |

(b) TVIZHF 42 R s

Veeco EPIK-Defectivity yield for TV
9x9um? uLED—3um killer defect size

CS920:
> 3um
defects

Display assumptions:

-4K2K resolution (3,820%2,160)
*9x9um? LED size

+2um street width

—10 cm? Epi donor field per color

93% Yield (13 of 14 Fields)

K512 ZR¥—hr7+>/TLEDBEICRKRNEEPIKIINDORME~ v 7
[Veeco Instruments #1 & ¥]
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AN 72 8 X 8 mm HiET% 7 4 — WV &M L7214%6" Ny F4 A4 2123 5 F 66 LED O

EH—t~y 7251312077, 1~2 nmOH—MHHFAIZB W T0%DHEE T 21ET 5
CENTE D,

i

Bucke

Range of
uniformity requirements

25<x<25
x>26

: @@
:
100-
50-
3 o
:
:
:
E

[ 100
80 f
% 70 /
£ /
5 /
= 50
P
£ n ”
P 20
10 I
i
L] 1 2 3
8x8 mm? transfer field %0 Within Field Wavelength Range (nm)

Veeco EPIK can achieve > 80% uniformity yield for 4LED Display

513 14X6" /Ny FHA4 XIIWTHEFERLED DERHE—M4
1 ~2 nmOBE—HERRICh>T, $HBE ) 80% % &R [Veeco Instruments 11 E#}]

X 5.14 12 ALLOS Semiconductor ft & #& # L T 3% & & #1 7z Veeco Instruments ft &
[Propel ™| BZERX MOCVD v A7 2% W CTHEE L /28 Y1) 2y 7 TN 2 FBLED O
R —MERT,

Range of
uniformity requirements

lﬁ 100
% _..l"’*’*"w_’“
“ L
y.
E 70 /
60
zotf
for f
S [
= 30
= 20 ’
10 ,
i/
0 1 2 3
8x8 mm® transfer field X Within Field Wavelength Range (nm)
Veeco Propel can achieve > .80% uniformity yield ::3 ALLO S
for uLED Display -= Semiconductors

514 8 )AL INIWHTBEELED DERES—M
1~2 nmDOH—HEEICHE->T, HBE ) 80% %ER [Veeco Instruments 11 & #1]
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