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*ZX: Yole Development(2018)
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3. MICRO-LED & ZA}

Azx¥ MICRO-LED FH& £z, o|%, HA}(Mass Transfer)S S8 JA7 zHH0,
AAF= LED HE& tAaZgol 7|de] A Ae #¥S ou)dtl. MICRO-LED
gaZdlol= Fo a717h we & J4d F7F gorE i A 49 A e
Tl wES Hstn FEE NMsteE o] aFdEd AxplEe A A& AA
ol g7l A AAIET T3k wiZfAlE ol &4 olFAlTIE QM AAPEE FEEh
71&2 LEDv #HA 200im o] A7lel=z, 2y Z@0mS &3 tho] BY A4S
F¥sto] LED He IAdstn k= Aol A= Zol  &Lolsigiv a#u
MICRO-LED #H2& =717} w% &l HF3&& ol&st 7|E HAor HdAFste Ao
o $H, ¥ RS e daFdHole Aeel st A ool MICRO-LED A
AL Fastel F4 Alzke] w9 Sk E}

MICRO-LEDE {3 d7-¥ dAAls 5 shvde vl dElxo] digtwrt Aok
v 159 22 & FEA (Elastomer) & ©]23F= X—Celeprint W2]o] At} €A 0]
2 =24 (PDMS)> ZA714 AaEoz 43es WA A MICRO-LED & F2A]
Atk E3H Aol 9l PDMSE wojdl of &Xke] ot g ox MICRO-LED 3

AA 8 5 e 7Eolth

of| [‘-IE

¥0 i
o

B 4 Koo
>~
o Y rr

oy
©

[13 5] X-Celeprint A} 2HH

transfer-stamp (PDMS)
/ devices are attached to stamp only

by Van der Waals forces

native substrate with
“printable” devices l

B

devices are transferred devices are printed onto
onto the stamp non-native target substrate

Nature Mater. 5 33-38 (2006)
*ZX: Micro-Transfer-Printing Technology Overview(2017)
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Preparation of LED
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AvoLe
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Reflective layer [ pGaN : Lithography
lithography n-GaN o B B B B B | patterning to
x Sub ' Larrier Viafe define individual

patterning Sapphire Substrat |
stabilization posts

Flip chip and sy
boding onto
carrier substrate »

Sapphire laser lift off

- E EEBEER
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oy s | BB R E B

micro LED singulation

$
Deposition of sidewall dielectric l! !! !_'

+ lift off lithography to open top n-contact

*ZX: Yole development, MicroLED Display Report(2017)
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s, Zuld AFel uFAS MICRO-LED tAZ#oe|7t ALEwHA Ao HAH
u}

B 20259 7| & 12Z¢ 22 A& =L MICRO-LED C|AZ2|0] A%

AN ZZAA A &0k (Omdia) 2] 20200 HauAe] =™, MICRO-LED tyAZdo] &3l
o= 2027de] AREYXE 1HU, TVEE 330%HE dold Ror o3
MarketandMarkets®] 2018d Al BuAe] wat = AZFS AA A2 3.9%%
2Pt =) MICRO-LED HAEdole] AltRe 20256d 7l ¢F 12 9 MR
QA3 Ao o ZHT)

o

SdlEd fAaEdeld FHD #ES $st 100vte] 22w E olste] Fd 9 &x JH3) 7|&
M AT 49, ARds 2do]l A & F, A Qe AlVE 2024WC®
ASEH™ 2028d7HA F/oiEH Sul A e 40%, =8 A ARES 18.7%%
o AH T},

[Z 2] I MICRO LED C|AZY 0] o4 AT H{E

T= 20254 20264 20274 20284
L= A1 & 20% 40% 60% 70%
*FZ2XN: TAV|Y 7|22EW MEEDA C|AE80((2017)
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MICRO-LED

Z2Y o)7|YLE 2 7| UMK MICRO-LED AIRZEIE 743}

e 71, WA 7159 MICRO-LED yAZdolo] #3 7|4 7 Aol HA

B MICRO-LED C|AEg0] 22YH 7| &

o] Z A S0 ZFEW 7|YE5S MICRO-LED tAZgole AL3E 93 7144 A=
53171 8 Ay 4%, LED H &8 53 7|#el] LED H& w7 AAsES w27
A= sHH, o WS B3 Vs ST FUstA skal Qlth

[AAAAA/E=] AAHAE 2018 WIEH A 7Fd BFEs| (IFA) oA i Z& 9]
U Ezgto]| = (PlayNitride) o] #H& ®AsH 7198 752% MICRO-LED TVE 3713 oH,

LED #H Alolze= 7F2ARE 22 30m, 50mel Aoz FgHrt, o]$, MICRO-LED
gaZyols #E3k thdst TV ‘The Wall' & 75¢1%, 8891, 9391, 110914,
15091%], 29221#] AlAE @RIgS w7/t A=7ox =Zgu|gd TVe]l MICRO-LED
gaEdolE A&t At

AR ZEud kel TVE 7IHkez 3ke] 2020 3%7] WlEdS 7|Fo2 AAA TV
A AfEo] 33.1% 23k 9 Hu 715E AT oo wEh, 2y Zndd
TVE 7 ZAAdA 95 A TV FEdES olo7tax e Zox Holm,
A AR HEEA AR 4" AR Jes A&Estel AHxHE MICRO-LED TVE

EA8t FEES FodEs dEow s wr)

[ 12] CES 20200|A S7HE A/dHXIC| ‘The Wall

*E£X: SOIYE, 2020
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MICRO-LED

[RZ/ml=] AIAl Hul "HaZee] 8 7Y T sl oled AvEYA 9
tiupe] 2o MICRO-LED HAZd#ol7b gAlE Alas EAs7] 918 7ds 13
ghetett, o &2 MICRO-LED tAEdo] 7j&e] A5780% #4S Holm, 2014%
714 HAH (LuxVue) & AF3ISiTh o] o] A] 2015 =4l (Max1m)°i—rE1

] A A 27 A A 2~ B (MEMS, Micro—Electromechanical Systems) A4S Q143

o 22 AntEQ XA, AnfEZ#d A T A8 MICRO LED tyAZ#o] /Mis FH407

sk, AR 7|HF goigE 71719 ArtEZIACFY iGlass) & N Folth 2017d €49

AA - L AH-FAWWDO) Al s Exfzo] ofo]E 4 ofo]gl=& AR¥} VR

of ZglAlol S NEE 4 %l AR ZIEKIT) 7 37/E o, ofZo] Hx4 o=z A5
AEZEYol9 T2AA H, GAAE gAY Aoz dHFT.

o 22 tAZdo]l IHIAME AAAAALY} LG oEst= Ao E AUEHI 319,

ol sk tAaEHo] YEEE

eylaly] 918 "o ® MICRO-LED tlAZ o] ke
Aol AoF I stk

[EAE/H] ZAFZE 20163 AFZ(Sharp) & 43 &, &4 ¥ LCD ¥ MICRO-LED
woke] ARlE sty Stk FAFEE 20179 MICRO—LED tagde] 7les R
W 7)9del o]ldA(elux)E ¢4t LED H AlxAF =¥ = (Epileds) o] AEE
d<estH, MICRO-LED 7]=¥ SHg g3 J&3e 9371a o€ &8 7I= LCD =
At S2E e o] (eLux) ¢ MICRO-LED 7]%2 AR VR 7171 4 &<
2He Fu Y Aoz BAHEY, oI = (Epileds) = 20189 99 MICRO-LED #H

Lo

FAHE 9% MOCVD2) 12d1E F7F T sksict.

[2Y/¥9E] &Y MICRO-LED7F OLED Htt digsle] fast Fds& &gt TV,
Atolu Al 5o g Algel AHssta v aAde AdE "aEHol Al%:% T
xRl CLEDISZH: o]0 2 digaad Mug Fsa 3l
708 B} Qlth. CLEDIS+ RGB MICRO-LEDE ©] &3t 7+ 345 594 Oi ?EM 7=
At gazdo]  slgelth. ZRD-1(HAZdol  f3)3 ZRCT-100(HAEEZ) o2
TAEH, ZRD—-19 A7]= 403x453mm (3t 4 320x360) 2, Zod 3pd A7) uhe}
ZRD-19] wisg F7bebv] 7A€ 7b sk Welal 4o 2717k 0.003mm’ el 2 3hato]
steo A Edo] (AeHe M &S 99% oo R = 4 9lo] 2 W FEo] shEsitt

T M
229 7]9952 MICRO LED f~Zgo] S 9s #hd Hop AR 7|95 914 awe
3 Ve gR S£E5E Folu 9o, AN VIdES Ve N, Fals fg A4 E

SEE T IC

77185 FB7IAE GaAs 7|EHY0| 22 GaAlAs?t GaAse| Ofm|E4 HZE0| AL8&l= FH|
14



[E 3] MICRO LED 2+ A sz

MICRO-LED

& up|
AUO (Ci2h
JBD (=)
MICRO-LED
Cl|AE2o]
Lumiode (O|=)
PlayNitride (CHZH
Aledia (Z2tA)
GLO (O]=)
LED 7H'%
Micro Nitride (¥£)
Nichia (2&)
3D-Micromac (£ ¢)
Aixtron (5 ¢¥)
MICRO-LED
HH| H=

ALLOS Semiconductors

(=2

Coherent (0]=)

71€9] LED Az 944
o, e ATl

g B Qe

B MICRO-LED ZAE}

[MEUEA] AetexE= 1987d 3¢

o

N

719 M

LH&

2018 12.1QX] MA ZCf TFT- #+8 =Z8 MICRO-LED
ClAEe o] Z2EEIYS AA

SHHQl sto|=ES 2524 £3 72 J|HoR 2 U
Oj0x| Z2MM ojZ2|HOIMS 9P MICRO LED 7l

00|32 CIAZY 0|E 74t

220 oiEZ|Ao]d0 S-S F1 MICRO
F

Pixel LED C|AEg 0|t Z2 J|as EMUSE GaN 7|E
MICRO LEDO|| F=

H2|Z IO|HOA 3D GaN LED §&7|& 7i%

CIAZE 0| OfZ2|AHOME GaN LExQto|of 7|8 MICRO
LEDE 7H&, 2019 =x ZZxo| ZZEEIJS SH

MICRO LED C|AE2{0|& Ot0|3Z uv LED & 7HE
MICRO LED &, M&7|= & 23 HHE 74

(o]

MICRO LED MAh2 |8l 3D Micromac2 90|l % 1
7148 Oo|X ZZE 2= IHE NS

AIX G5+ MICRO LED 440l AMEEl= MOCVD A|AHCE,
gojmyel #d Mo, e X #=F A VCIER MICRO
LED 27AtEE 2ot Z2XQ 15 7|52 NS

GaN-on-Si 7|&0| SHE & 2AZ, Veeco®t 2 MICRO
LED ‘d4H2 2{8ll 200mm GaN-on-Si HO|HE Al

g0|X &2 MICRO LEDE =2Z|3t1 LED O3 0|E EEtsh= o
AtE

*Z£X: MICRO LED 7|&S2ft A&HE, NDSL

MICRO-LED tAZgo] ok Ayhds flef FAbsti
7| AAT 4,

SRV d, T4 7199 FA T AT

s

dg

SHEN, 2HL, ZAEAUX|L|0F

] /\JFJQO] 2002Lﬂ 1 ]75]-01] A]—?é)]—ﬂ —TLLH

Hol LED Az dAloltt. sAk= AIAl LED AlelA 714 “H% 7l—£ 491 22 =24
719e® LED HFH #7|A7A FAALS 725 2E5300mH, A3AE A&nfo] QAIAE

<3l LED = Y3t sAR= 20204
A A& Agatel AN
FAE ERY 10% olYE
AN oln] Y WES et

A

282 7H A3 (CES) oll A A grfo] @A 2o A

“One—Pixel” RGB MICRO-LED tAZgolE& F7]3t}
ko] Exbsla Qlom dF Alolyx] A|FI TV

s
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MICRO-LED

[ 4] MEREN F7150| 3 7|2 MFeZhK-rrs 3271F)

Performance Fiscal Year 20174 20184 20194

(B2 %) DHEAE 2) 11,104.1 11,941.8 11,299.0

ZZE YoY(%) 16.4 75 -5.4
geold ) 982.5 948.9 4954

S HO|AE (%) 8.8 79 44

=0|(A &) 463.8 626.0 358.4

EPS(2) 692 1,077 592

’ EPS SUE(%) 114 55.6 -45.0
’ P/E (¥) 403 18.0 275
T HMyl:)’*"'“‘ EV/EBITDA(X) 8.1 6.6 8.5
(1) 4712k 38, @ FHLY: SUHS ROE(%) 6.7 101 >3
@) 2lWAL 918 @) HayH|L: gie P/B(X) 27 17 14

ZEX: Hlo|H{=&, NICEC|HH| M7t

+ 19969 64¥c] AfEo] LED AMds Felste]l 2006d 8€ IAY
Aol R Aot sAE AR LED ¥ 19 9AE oF 30%9 AhE
AAeta glow, = Hx= A4 dAE Holds MICRO-LED HAZdHo] Al gt
AAoltk. 0.7591x1¢] HD MICRO-LED fYAZEdo] RaE/E, & HAF 34& o] &3
MICRO-LED YAZdo] RE7de] A3, 20183 AlA % 0.8mm v|A 3] (Fine
Pixel Pitch) 2d18 tAZdolE &A%t

rsL' flo

¢

[ 5] FHA FItF0| 9 7|2 YEHEK-IFRS FH7|F)
Performance Fiscal Year 20174 2018 20194
T E=CITERC) 3,615.7 3,2583 3,2359
SZE YoY(%) -10.2 99 0.7
Feiol(of &) -92.1 -203.8 -392.2
FUOIAE (%) -25 -6.3 -121
=0|(A &) 1.7 -314.8 -611.1
EPS(&) 66 -672 -1,310
EPS SLE%) 5d HH Hx|
' P/E (X) 635 — —
B EV/EBITDA(X) 207 1763 97

(EEZ2|Q 2AMI|E)

1) 2A170: 34, (2) S S, ROE(%) 15 -16.3 -41.8
() 2lUA: g8, @) HaHHI8: 2e P/B(x) 0.9 0.7 1.2

*ZX: UO|HZ8, NICEC|MH| M7t=

[ZAEAAYAH] ElEdAYOHL 1998 A= F o] 20199 7€ SPAC S =3
AEdol, R TN FF AEGAIh FAE TaZdo] HYS AxT v

At A4 A7 4ulOry Btehen)d @4 FE& Ager], uA AE7ES

AL ==
g8ty LED E571%S Ao ARYJo=ZHN LED AlZel AEFsHA HAd =
Ae)es ZHte® ARE Feje] A4l AAO(Anodic  Aluminum  Oxide) 7] &2
MICRO-LED t©lAZ#o] Alx T4 AL=Ho U dA|eS 738 & As oz
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MICRO-LED

[E 6] ZQAEQX|L|O{E F71F0] U 7|2 IHEHBK-IFRs HZ7|F)

Performance Fiscal Year 20174 20184 20194
ojEH 2 &) 495.1 609.4 466.6
SZE YoY(%) - 23.1 234
Hofo|Q(f &) 97.2 137.8 466
N 0|5 (%) 19.6 226 100
- AN 0/ &) 69.4 1089 1.3
- EPS(2) 132 204 21
® EPS SZE(%) 116.4 545 -89.7
C e 201508 201602 201507 20200 202007 P/E (x) —_ — 96.4
— EQEUX|LOE KOSDAQ

EV/EBITDA®X) - - 10.1

EEzo 2M7|E)
) BAIZE 34, @) TAWE: YT, ROECR) - 250 20
) 2B 218, (4) HeHHI: %S P/B(x) — - 17

*EX: HO|H =&, NICEC|HH| {7t
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