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1.1 8%

o PHEMAEDOHKEICLY, L TCERavyva—&L LT, A R3IRITKRBEMA (VR; virtual reality) &HFEZ R — 2 L 2HERIE (AR;
augmented reality) ZEE T2 LB TE L LI o7,

o VRIZBIFE DM & (358 ICHlT T N RAEBEZ T 2R L. ARIZEHEOHFICRBMAZ AKX L TRRL T 5,

« VREARDREAFEL L THEHABER (MR : mixed reality) L ILR5RIIE (XR : extended reality) 28% %, MRIZ U 7 &% 4 L CEEEOEREE &t
HYERT 2o 7Y aray 7 vy 2 EETLIHEMTH Y, XRIZVREARDHEGEXZ HHICYI 0 B2 720, @RI 22N TEIHITh 2,
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2.2 Near-Eye Display®

+ Google Glass 1320154FICHRTEAE T & 7o 7223, % D1kl Enterprise Edition & L CEBHEER~THEIEL 72, COEBHOFERITNE L,
ZDHEKDA=H=BBAL TS, ZO—HlELTITRT,

s INHDT 4 A7 L A &l { wearable display, /e ERAEDETH S AR ( Augmented Reality ) . EHh S bR 2 HIERPINVA O PFEEER & —E
LCTw3 XR (Mixed Reality) ® 32D %4 7RMEET %5, AR, XR Zwaveguide TR FERTH 5,

- ~ =~ - :
v ~ / > /s Microsoft HoloLens N

/ VUFINE N ,“EPSON MOVERIO BT-300 AN / \
/" 540 x960(QHD) LCoS full color /" micro-OLED 1,280 x 720 v LCoS Field Sequential Color
0.37” 1,366 x 768

e Waveguide

Sony Smart Eyeglass SED-E1
Green mono color, 1,000cd/m?
Green LED light source + LCoS

Magic Leap one
LCoS Field Sequential Color
0.28” 1,280 x 960

Vuzix M400 Smart Glass
Full color 640 x 360 micro-OLED

Waveguide
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3.1 Micro-OLEDEZ DRIt

o HERE M L T T w5 Micro-OLED @ /513 White emission + CF (Color
Filter) #CcH 3% _]»Color filter substrate
« CMOS Bi#E)[mlEE % 2Rk L 7z Silicon #HAR FIicz&EIc XY RGB @z A%y 7 L Resin layer
7- White emission @ i CF ERZK 1D X5 ICliv G224 7L,

Passivation layer

L B} IR s A . A Cathode
passivation FICCF ZEEEMT 5 24 7535 %, - OLED (light emitting layer)
« Hhi@e LCIREEM. B, EEML EORIRM@EICmA T, REME LT Anode

e _ . . . v e NN Silicon substrate
BTV EAAATRL— =D a—T 74 VXL ERHLTH o =5, FLE

I% wearable @ near-eye display & LCTHWONE X HICRY, 2D X5 @& M1
AT 7z S AL - mEEREAE D 72 0 O EAN BT KA 1T TR o T & 7,

v 4

A A R CamT 74 v s Ae— b TR

» ITE Micro-OLED % 4 - HR58 L T\ 5 DlE, eMagin, Kopin, Sony, MICROOLED <, EPSON ZttN# G ITOEEEL L Tnb,
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3
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3.4 Micro-OLED @ Direct Patterning : Lithography

SHOIGHREISR O 7= 7m e LCTHifFE N5 AR B8R1Z. B2 WHHRBRE COMRMEZ IR T 2 - © O @A L E 7 [, waveguide DR

PRI L v v v DI 2 RIGICED TES BEEDH 5, o T, RAMEZAMNIC BT T 22RO EELFHEL Lo T3,

« BLR D Micro-OLED{Z White + CF /7 0CTH 2 7201, CF IC X o TKRIALBEEET 2\ TH Y, &> T CF ZH\ 72> RGB side-by-side D /7
REBEATZ Y EINS, LrL, BEHA O OLED #iEcHwboTw? FMM (Fine Metal Mask) (3500ppi f2E 2 RFATH Y
Microdisplay T% 3k X 31 2 fEHllE I ﬂ}ﬁ?‘% 7DD 7 a k RAFRBMETH D,

o XK D—D 1% Lithography TH %, L 7> L Lithography ToOMEIL, AEFESMELD photo resist DIEBIC L > TABLCLES> 2L TH 5,

TNz ICEZEBRZ v 5 Fik% IMEC2S BFE L 72,

« iMEC (3 fluorinated photoresist ZH>C OLED @ ¥& — vl %Z ¥ L T\ 7225, non-
fluorinated photoresist ® chemically amplified i-line photoresist (Fujifilm OCR) % F > T
B3u v FoNR—vALHRECTH DL LR L, (HX)

optical

islands

FPDH®D i A7 v XT3 CD=15 ym, — 3500 ppi T Brl 128 5% LAR
A @ KeF (248nm ), ArF (193nm)  — 10,000 ppi T BAOIE 35% LIk

PL

e LYRMITRIZELRZ LA 7L T, Zu—7Ky 7 ZAHFCRRAETITS 720 OLED#H My
BT 2, CoXFEE LT, LY X FOLEDEEMSEZ Tk LT, 2018 K 190
> 150h ¥ CiEK L TV 5,

optical
holes

PL
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4. Monolithic Micro-LED (A3 f RESEARCH

4.1 Monolithic Micro-LED & Driver Chip & ® Hybridization

« Hong Kong Univ. of Sci. & Tech. (& Sharp &[FEkD QD ic X 2 122 #a% fHv>7z Monolithic Micro-LED%ZG8{fF L 7223, Sharp 2% GaN on
Sapphire @ Epi layer Z W7z D I1cxf L T, Siwafer FICAE 472 GaN Z# T2 X FHIR AIRE &R /L2 BT L 72,

Sn

Anode (p-elec.) Sn bumps
Cathode SiO:
p-GaN
(n-elec.) ;
MQw 1
1
Si Substrate, 800-um-thick : Si Substrate, 400-um-thick :
) i Flip-chip Bonding with CMOS
Blue pLED Array Fabrication ' Bumping Process l & Si Growth Subs. Removal
] : (HNA Wet etching)

1
Red Green Blue

o Siwafer ¢ GaN LED ZEx+4, 2% X 1D X 51T Sn bump T CMOS Driver &
Flip chip bonding L 7z#%1C. Epi wafer ® Si % etching TERZE L TH b IR & 5D
Bbe b, BRENET A4 RG220 X5 1Lk,

o REL7ZDIL 0,557,200 x 120 W5E, HFEL v F =60um (423ppi) @ Full Color Micro-
Display ,
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5. Micro-OLED or Micro-LED ? (A3 f RESEARCH

5.1 Micro-LED or Micro-OLED? : Micro-LEDf|Z2>5 @ B 5

Micro-OLED 2> & R 7z Micro-LED & @ [tigiZ, MICROOLED S.A.S. 73 SID2019 TOFE#E DO Th~_T\ 3,
Micro-OLED [Z8ER— 2D MmE L CHiHIcH T o BHC10FE U ERE L Tk, REEERD R SHBROBED Fa LT up TH 2
ZEDHMEIC R > TED, ShICH L CORMBIR D #ATH B,
—7J5 @ Micro-LED (3 BER O RSB MR TE 2 D5, 2 EOARPHADBIERICE W EICRD X ) RERATER I LT 5,
1. HEROBEENT7 Y FHBIEFICKZ WD, HIED frame memory Z iDL E R H 5
2. Micro-LED @ EQEmax (% 10A/cm? DL _icH % 23, FKnICHERHEE X 100mA/cm? DL ~_)v, fiE-> CTE\Ww EQE THRRT 5729
I PWM BB 3% & CMOS filic K & 7 Al 230242 %,
3. Micro-LED DH#HEY 4 X% /NX L LTWwL & EQE BSRIBITIE T35 D¢, EAEHIL A3 R %,

TRICHKEEZ T DTV, Eido X 5 BB 2 5 AR Micro-Display & L Tl Micro-OLED %% Main stream 72 & #& o

Technology Image quality Power efficiency Max brightness

Micro-OLED Hugh: in volume High High Medium, but moderate
production potential to increase
significantly
Micro-LED Very low: Major challenge Major challenge for Very high in Major challenge: cost
monochrome uniformity and color required small pixel monochrome, still to of GaN, complex
demonstrators size be demonstrate in full  hybrid process, yield
color
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