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1. 5l

RTINS BAL & R REOR, R S ASIE 5 S AT . B s B

BRI AR A0S, 2 RE UL S (virtual reality, VR) . 1 98 B SE

(augmented reality. AR), B&EFASAE M KRGS . ke bL



K, HTEUR R RHERE T T AR 4% (cathode ray tube. CRT) 27 f 7~
(liquid crystal display, LCD). &) —#% & (light-emitting diode, LED) .7~ LA S 0k
(laser diode. LD)R/RHARSE, HUTVIMEAW S ¥ . W4 CRT B/t T
AN RMCIIFE . S PR SRR T RIZHHE H 3%, LCD Wi /R BT A B
ARG FREREGE . W R R A A B A S RO T E T R BN EOR

{4 LED o B PR iy 2 A i B PRS0 %S, 4032 T = N AR R 7R 1)

Fte ALK IE M (organic light-emitting diode, OLED)tH H & A (19 2 45 55
ERTOFE T A A0 v i 23 32 S5 000 4 7 A% B 10w B s QUK o 4f E AT, T

WO R WFE S8 (. v e B 45 U T J s AL o AR

B _E 4 90 AEARBI B LWL LED & W LIk, 4 E ) K% LED &
OO RE. U LED B/R bR 3R F AL GUE(RGB) = #E (4 ¥) LED 454
B, BT AR R ST ROR, (AR K B BE IR £ 20 mm (pixel pitch 20 mm, P20)/°
Ho BSOS RT e/ oK, By BB EERE 3 mm (P3) 2R 5
CRE L. BE—5Hh, &/ RFEF 100 um 24, Tk EFRZ N mini-LED,
BEIMBEREEIAE] 0.2 mm (P2)A A, mini-LED R ~FEAA ] H i LED % H4
PEREAR IR o« 720 A RSHRT OLED AT ELEB UL T, 2P X b B R AT Sk 25y
1l mini-LED &R T E KM . ek LED (micro-LED)HE— S48 A R~ 45
WA 50 um LAF, BT micro-LED & RSF/h. B RRT A RS R, AE
WoRJ7HY LCD. OLED AHELTESEE . /p#F3e. XTLLJE . RekE. M. R
P N FAR S TR U T LA SE ORI AR AL,

Micro-LED FIH AR T 1992 4F 1) 5 [ U1/R 524 % s o 4 52AR B 2000

2 B BTN LRSI ZL B AR N I & 1 R T IIDR A ) micro-LEDM,



FHAE 2001 FF4RIE 7 H T 88 18 B RS 12 pm. 10x 10 FEF1 35 micro-LEDP!;
2004 5[ B 77 KK 2% MLD. Dawson 25 A\ #RiE 785 4 R5F 20 um. 64 X 64 [

Hi| /148 4 (ultraviolet, UV) micro-LEDI®); 2013 fE & RHE R 2E X 40 SEf x| H 445

ANHRIE 738 ) 50 umy BUE #3360 ppi HI4E7MF1 RGB micro-LED!,
WFFCAE 2014 FRIE T O RS 15 pmy BUE S FEF 1700 ppi HIHE% micro-
LED!®4l; 2015 4F & A0 K 2 itk vh & ANl 1R SR IOR &1 RSl
P L 4 () iR AR 2 T8 RSE 35 pm 1942% RGB micro-LED!Y; 2017 4F
7% F. Templier % NHRIE 73 THEA RS B RS2 2 pm (#3556 micro-LEDM;
2020 AF [E P FE/R MR 9 NARGE T R B TR 2 75 & 15 20 5 A
AR S A RS A 3.6 pm B4 micro-LEDM?, Micro-LED /R ARTEA Wi

MR R B, F£ 1R 2001 EE4 micro-LED 7F &N A 3 wF 50 # .

# 1: 20012020 4 micro-LED ‘ol 43 i3 f&
Tab. 1 Some results-of micro-LED display from 2001 to 2020

pixel pixel
year substrate size(um) pitch{ m) array wavelength group reference
2001 sapphire 12 50 10x10 Blue H. X. Jiang et al [5]
2004 sapphire 20 30 64x64 uv M. D. Dawson et al [6]
2011 sapphire 12 15 640%480 Green/Blue H. X. Jiang et al [13]
2013 sapphire 50 70 60%60 RGB/UV Z.J.Liuetal [71
2014 sapphire 15 ~20 256x192 Blue K. M. Lau et al [8]
2014 Si 45 100 10x10 Blue M. D. Dawson et al [14]
2015 sapphire 35 40 128x128 RGB H.C. Kuo et al [10]
2017 Si 2 3 — Blue F. Templier et al [11]
2017 sapphire 5 10 873x500 Green/Blue F. Templier et al [15]
2019 Si - 40 64%36 Blue K.M. Lau et al [16]
2019 sapphire 3x10 — — RGB H.C. Kuo et al [17]
2020 sapphire 3.6 5.6 — Green T. Wang et al [12]

1 micro-LED o/~ H A H, RIE-

=REEMREHEY T micro-LED &



NBE. BJETE 2012 FEIXMEH T 55 5T H micro-LED /RBF “Crystal LED
Display” , 2018 F=- Xt 1 780 S~ Hf 4 p#) “CLEDIS” 16 K /] micro-LED i
INBE. ZEAE 2018 FFEHEH T 146 Hif 1) “The Wall” micro-LED /R bf. E P H

A ANVAE micro-LED Eon N EEUAR IR 2019 4 7 A2 HEEH T 324

32~} 8 K ) micro-LED 7R B, 10 HIKFFEAAHMEH 7 236 9] 8 K [ “Smart
Wall” micro-LED 7R Bf, 11 HARAEHEH T 135 58~) 8 K ) “The Great Space”
micro-LED /R ff. fEREE 5G HARBHIIT IR, 5G iR 5 VR, AR F1 8K

eI DU A {8 7R AR R 25 45K 32— 2P HE S0 miero-LED (1A J&

I

B O RSHD 2] 50 um AT, micro-LED. fill 8% (1457 A PR #E K & 2 30 H
K. Micro-LED fIAMEAK:, 1ENJ7, SREERIIZ AR s AP EHERR
P BRI R BN ANE K I SR R BRI Inm DL, LR
JEAE 1 AJem® LU 5 EORFF BRI N & 7230 . 1T micro-LED 28 F A AR
S BN TAMERT RS, B T SR RGBS AR R Hon, T EL4E

PSRN BIRE A5 R FY) micro-LED b ) #0F5 BE R B A iR, 3 75 ey 28 H G 4 R A e %)

B MR E AR S micro-LED 7 KIAME R AR K, X T8 5 KL

e PS5 R 225 ) 56 B A A B2 Mlicro-LED 85 7 () BB % 1] /U2 H HiT R o

FH I G o) L, ASFETARSE AR S LED O, N T SR H micro-LED 5 /7

) G s Y W IR 2 O W i WA PRIV = e 70 N L 5 G ALY D A ST

micro-LED 05 5 [ E EHEFE R . Micro-LED U F [k A& 5 [F)E Th 11R 3k 4% ,

A 48 ARG I 75 9 DA AOK RS H 30 8 K HY micro-LED 5 F 34T A ROtk il

I HA A B R MR _E A micro-LED s 4 B BE B0, K AR XX FL AT

BEE s . #F micro-LED [IKENJ5 T, 0GR BRKFRE T2 A 6] TAE



B IX (A )22 53, B IR A% (thin film transistor, TFT) JX3HA1 E M4 )&
FAH¥ S (complementary metal oxide semiconductor, CMOS)5K 5} 75 B4+ % A
7 oy N2 FH AU R ) g

Micro-LED {Es MHEAE 24 23 —+4F, REAESE LED. o bR SR Al e i

AP e T, Til7RE micro-LED 7~ 77 [0 %6 B PR R 5t o 1T SR — S8 1 7%

# O micro-LED 275 B H] HP A7 72 BB 23 Ir) Ui HY L 45020, 2020 4F MR

EEEH - M. S. Wong 55 A\ [ | micro-LED 7£ Y 75 A1 A] W't AT A

FEBERE, FFIE 1 micro-LED FY R RO 25 W A7 R ) — HE PR R PY; 5 H K2

HH © 5 ARGt A48 T micro-LED 7R (£ A J7 T I G H Rl i, M Z A

FPEAN 4 T micro-LED 4R o i 8 Ml 4707 SR: 07 Bl KAz H %245

NEES T 8T RAARSE micro-LED o o (1 W AT AR O, il 7 T8 1 i

] micro-LED S5/ £ ARTE A RBIR B /200, ix ¥ 255} micro-LED B3 A+,

AT R RA BRI, Rl s a5 A NKIWH g B 7 VF 208 AR DL,

B2 H BTR A SCERAL_micro-LED % /s MAME BI85 1 8 — Z 81 R Co i {8 4 THT

H 1) 3R o AT £ 4 THT L0 micro-LED 27 82 H BiT T Il B A% O 10 AT 0 5
FRUE micro-LED AMEA AN Fr T 2PN 7 o AMEAEA TS TG SR R
HL I BRI ST RS R, Tt T2 e tir. EEHRBA

R S AR S LB A, I HASHE 1 AT BE R AR R SEMASK A R 3 o

2. Micro-LED #1 #F & 4 % & K
Micro-LED #ME A [ im AR i & 2 B o3t . 5K RSHT LED o8& F

FLE, micro-LED AhE ki« WA Fo Iz s M MR A 1) S 1k 2 [l B 9 R . i



T micro-LED & 7 RSP #E 50 um BUR, R Ron i db FAR AR, B i
RIMER A S BRSNS G0N EE I H il T R EMER [F —SME -
O Fr Z 8] B 5 i SR PE ek SE IR, IR T micro-LED 5 %2 BE AR
B LRI ANIE By, B BEAL IR BB BRIE 4544 . Micro-LED A X Itk i & 3 5L
P AT O R SO B, PR R TR, HARE I & 15 i il AL %
JCWEAB A A A AS , AT s B, ARG 2 ot A IR X kA B3

AT KRR SF 2844, micro-LED 43 M7t b A, H micro-LED [y K35 5] 14

FLE I SR I B A HEST, PRI RR 240 micro-LED iR 38 S P42 th B i 1)

2. 1 Bz
24 micro-LED N FEoRiss. XF B TAE % BERE, AR L) ABC 1R

Bk € P 2% FEBR AT micro-LED #5856 803 1) s i 7).

Bn?
An + Bn? + Cn3

Hrbn, o MRS EEREE, MTREOEELUERTSHRIVIFENE S0,

Nraa =

STER TS H A 5 Shockley-Read-Hall (SRH)E &28140L, 7 R4 4 xF
I SRH B & MKRME SRR S, R B X NEHES, R CXPRHE
H on NBURFIREE . EARHIRS R T, BURTIREE n 80, RECXRIY
G A IEATTLLZNE, 17 R E 4 X R SRH 56 MR E &S EE AN
SRS B R, q I E BRI

Micro-LED &5 7y M BE [RIAR 5 & Tl T AR 2 B KT R RS) LED Oy, 3 Al
9 micro-LED 5y U1 BE B AT SE 2 (R R TR 68, I FLAE SR ) £ o o s A

A58 3 T (inductively coupled plasma, ICP)ZI| 72> 75 0 F- I B BT i 451153 ,



I e SR R SR B ICP 21k 5 B0 BE 15345 22 8143 micro-LED [H I 5™
B[ THI R B ) o 111 micro-LED &5 1 B 22 1 R I3 5 B0 AR o 52 & Ll B 7,
S PEERN E G RN 0q NI, WA N E TRE T .

ML A RRKE , 4 micro-LED 76K IR E FEREN KA T, WETREL
KJNSF LED 85, X EZIHET micro-LED [N J1at 5. HIRY RA 2R3N
128300 AR/ LS FEIRE N 264, micro-LED AHLE T KRS) LED 22 471E
WE TR T M, 1B FBLE T micro-LED 244 5™ 5 R 1 S, Hhads
MR HAEAN R ICP 2y SR f) (U B3 475150341,

*Y micro-LED T~ SR, 0f 821 AR B 25 FE AR, IRy 1 3 )
FROR, A RGO RIS TR AR S E A . —J7 T LR A B R4
(1735390 | R y0 Al 27 Ak FROO-2TFNHAGR K BWA2IEE Tk IR R T BR b S U AR AR S 2
%I micro-LED P & ¥R AUSANA . 55— 77 T AJ LR A B G I 2 b 5 vEAR B ICP
Zp 43, sl SR HE A 45 7 128 S Xt GaN A9 ZIpR1 2, 2012 42 A K& A RS
T3E M3 NG KIS IR RS AE — e R P R AR 1 Z) AR %5 %6 micro-LED [
50, 315 micro-LED TEMIK FRLIRL 2 B R 1 P & AR B, 2018 4F MLS. Wong %5
N7 10 pm 2 100 pm (15— R A F 3% micro-LED, 43 712K F J&
T JZ U (atomic-layer deposition, ALD)F1 %% B4 144 34 5 Ak, 2 < A T AR (plasma-
enhanced chemical vapor deposition, PECVD)#F /7 3U7E micro-LED 0 F I EE VAR
SiOy EREATHIAL, FHRA ICP FEZ A0 E SRR (HF) 0 21 e 3 A7 2U7E
M EEGTAR ) Si02 b FLIN S JmEefil . 4niEl 1(a)~(b)Fras, HAXTHFE & LED-1 &
ZMEERI{L AL, LED-2 £3d ALD MIBESEAL AN 3521 T FLAL B, LED-3 £3d

PECVD M EEEiAL AR V20 ph P FLAL R, LED-4 £33 ALD BRI AL FIVE %) ik



TEALALEE, 25 R WK A ALD M BES{AL AR 21 ik T L1 77 2% micro-LED ]
BEJEAT AR B i o KT8 RS 20 um (1) micro-LED, U EE A 22440 Ab 22 Fisf
FHLIGAE A BT 2% (external quantum efficiency, EQE)N 24%, &t 512 i A
[y 75 ORE 0] B B A 3 5 L EEAE EQE X 31 33%037. 2019 ARz FU k18 T Sk
H] KOH V&% micro-LED U BEBEAT AL 240 PE, 2 )5 FiEid ALD PR SiO, #E47

MEEREAL, XL RENS BN RO R T sk s S BUn AR R S 2 50,
(a) (b)
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B 1(a) R AN [F] M BE B A AN Z Tk £L 7 E T micro-LED HLEURGIE: (b) 73 hlZid ALD A
PECVD #ALARER ] 20%20 pm? ] micro-LED FEAN R FLJLE B 26 A1 R IREHa H Dh BT (o)
i ICP ZI/i T 258 %% (A [F] )S) micro-LED (1) EQE 5 ML % BE G R (d) 4id NBE %Ik
T 245 FIAN A )SF micro-LED [¥) EQE 5 HLI 2 B [¥) 56 R4

Fig. 1.(a) Electroluminescence images of the micro-LEDs with different sidewall passivation and
etch methods at 1 A/cm?; (b) Light output power characteristics of ALD and PECVD passivation

methods at different current density for 2020 um? micro-LEDsP’]; (¢) EQE as a function of current



density of micro-LEDs with different sizes fabricated by the ICP and (d) the NBE process!*3l.

2019 4E H A Tl RHE A 700 1 2% 18 2 A 4RIE T SR F b R 1 3R ol 1)
(neutral beam etching, NBE)H /7 VARE 0 A bkt S 2 ihdii7, & 1(c)A1 1(d)73 7l
N ICP %A NBE Zih AbEE 75 211 micro-LED b &1 205 Bl FL I 25 A5 4k 1) il
LK, mE 1(d)nI %1 H NBE ZI AL EE ) micro-LED HI4h & T 80CR A B E ]~
AN R B, £E 1 A/em? (/N LR %SRS micro-LED 4h & 13 F AH 2

7E 10% LA, I H/ANRGE Y micro-LED Ab& MR 8 i, XK W] NBE ZI|1iA &%

b G 1 DN BE A Z A5 51T, 2020 4 9 [ AR R EOK 2 R AR AR Je R x

GaN BT THEZ M AL 3 T A iR i) %% 1 RS04 3.6 um () micro-LED,

ZITESAEAT R AR KA K n-GaN JEALSIO, J2, ZJEXT Si0, 2T 6% 3%k
AL, FR I X A T FAERAL AR IR K n-GaN 2 & T BFHZE A p-GaN
B, R AN TR B GaN BEAT A ZI i, DT 8 G OB P 2 ek 454
SR FH X A7 1 i 45 2 micro-LED LG HI A& TR IB FIZ) 6%, & HRTZ0
micro-LED #th 41240 (M i i, He & 12805 28%, KOt BE T 107
cd/m21),

AN F micro-LED & ~F— /N T 50 um, 78 [R—AME Fr b B2 6] (4o

W GE Tk SN ™ . A B A D AR TR S 5B e T e ] U H Uit 38 3 2 5 i

micro-LED & PERE, XK SECRRLS B 2 BB R HEREZ Hlid K, K micro-

LED R T s i 75 2 B ARAL R 2 FE R AME Fr o R A GaN #JiHEAT [R5 4P E 1]
VISR iRl = AME fr, {2 GaN A i — e 78 i bR Fisd S <M
#ME (hydride vapor phase epitaxy, HVPE)A: K15 244, HVPE $5 A A 7 H A e

IR HY GaN AP . HATA K GaN T ZR R BAME R T7 3, % HI R B o



TEAT ARG W 5 A0 (0-ALO3) (ST FTRALEE(SIC)AT RS o N PR 57 B AME GaN
WIRLAE 3, TR 2 BRI [A] #h 4E (epitaxally lateral overgrowth,
ELO)H AR ETEAL A LA

G E R DN JE 2K GaN A= KAR Ak i 3 BE IR i by, (29 GaN (1 =4k &
AR R B 4K, MR GaN BIRZERE B o 7815 50 4o T L)
% micro-LED [ Z MRS GaNEOSIRT AINUOISE, fEREA i 18 F IR 2
A AlGaN/AIN ZZpj ZULI4ATI 0 AIN/GaN i ks 22 i 2 48VRN 4 B 2H 20328 (step-
graded) AlyGai N ZE 250049 b R0 2 Gg 484 2 SR T 7C O AR RERT R R
HI AIN TG AL 4173 AlGaN ZAE NGz, SMERE] TR 8 pm. RIADGIE L
HE GaN, I HAAS B R T 1.6X 108 em™, [d]I SR A F 2 b /2 77 145 51
THRKRERE 102 um HEZHLHK GaNBO, 2019 b5t K2AHF R AHARIE T 7
Si(100)4} iR Si0s JE ARG A s @ A S b 2 ) %543 2 1 i GaN
e, BARAEKSROE 2 BrR, HRETR T A EE ALK GaN 1AL HLELR

HMENLH, Ty micro-LED 55 GaN HOURL G5 Si H rBE AR BT F R A2,

& S

Bl 2 78 B A FABA B A 58 45/S102 2 21 Si(100)_F 73 7 A= K ey GaN R 7R 7=
(a)fE Si(100) EE A K GaN/AIN, FALYIAEPMAS [FH A 1) & 1 _E RO (b)Si(100) IR TH
45K, ()NHs TRALER J5 e RE (040 8605, (d) A 55k 1 AIN B B (e)fE AIN Bz )= EAR K



ZAR GaN; (DFEBAT LA 8207/ Si02 S0 R I Si(100)4 i€ LB ¥ B GaN 2]

Fig. 2. Schematic diagram of the epitaxy of single-crystalline GaN film on Si(100) without and with
single-crystalline-graphene/SiO> interlayers. (a) GaN/AIN directly grown on Si(100), Nitrides
nucleate on neighboring terraces with two orientations; (b) Surface construction of Si(100); (c)
Transferred graphene after NH3 pretreatment; (d) AIN nucleation islands on graphene; (¢) GaN

strips on the AIN nucleation layer; (f) Single-domain GaN film on Si(100) substrate with single-

crystalline-graphene/SiO; interlayers>2l.

M1 S EH FH AR LA SiOx SING 5§, #i7r&JEun WL Ti f1 AVTi &4
S5 AR AT LAV S0 i A1 A TR o AR RRES258) . 76 GaN AR K i i Hp i e iR B
AL ) 50, RS D XA & i &b, XA R m T e 84K GaN
SRR . A SR T e R R E R IR S, fEAE K R R
e FLAE S T DABE G JE 1) 6 21 520 BRISOTL, 2017 4R BB 75 JH 9K T i
S5 NHRE TR T A AR B AR K GaN IR R I AN BLZ (KA SR, R A SR
ZAR YK SRV AT DUASA5 533 R D — 20, 2019 48R E G.C.Yi 4%
NIE As B4 n 28 Si(100) AT FH S S5 (14 7 VA5 — 2 100 nm {42 @45
(W), ZJal A s8I T 20 B A 9l i A E I, TR A ZnO A0KEE(E N
Hh )2, e AN E A 3 5 5 B GaN, AT 4% 17505 H AT A 10 pm ) micro-
LED, XfhJ7ikitt | EREBENE, #7587 micro-LED 5 Si FEr Bk —iAILEE
FIR AT B R,

E 000 ) AP AE 3 R AME T AL AT, A T B NFR I, T2 R A
AL AT IR PR 5 N T LAGE 66— VR AN, [N Bt oo 0 AE 2 1) i 0 o 2 AT R LA
# (light extraction efficiency, LEE)%®%, I ik b I RER 521 GaN A% H 0

oA, LERUZ S B R B A RS i & I A I, AN B B IE S

K, GaN (3 A5 B FARCN . T AT R A IR IAR | )BT RST # 2 0f

HMIE Fr R B E FCRE T 38 9K B AT SRR L T RCK PR A T i A



R FRTHE), (H B R 4, IAPRIRED . 9K EREZ1 6384,
R B AR 2 AT 7T b O SR FH A9 OK R BT 5 ik i 4 1 K TR AG I 5 A 4
J&(nanopatterned sapphire substrate, NPSS), i#id 7E NPSS #JiE_F 4K GaN {#75 5
B G P T ROR B, AT GaN IR B RERS A7 othnh 5, A a5 B2 B
R3] 1.8 X 10% em=2, MV REZ FEKH] 0.1 nm PA R0,

2. 2 HAb 371 il

c MAKN GaN {77 H K WAk (spontaneous polarization) 37, [A] B 45 I [X

InGaN 5 GaN ) gni& KA 2> 5 BUE R Ak (piezoelectric polarization) 7. ik
LA AR TE AR G VR X Rl A LR URY,  F M2 0 R O 7 ) b S Bk
TR A LR, W73 micro-LED A& TR T FF, RN tiTHik iz
FEALE, 2 HIR AR A I W A 33 e 77 A (i B8 3 B0 R 22 187881, Sy 1k /N Y X
HIRAG L 50, BN TS XU PR R e, AT DL ME GaN (A7 U5 X 3R 4T
ZERBETTO8Y, B R GaN AP RIEEAT BAR ¢ T GaNI®2-89],

A VR IX 548 BT J7 VA R BB P AR IR PV K TR 8% InGaN/GaN &1 [k g

AR 1974, B R AlIGaNU>791 AIInNBOAT InNBURG N 245 5153 T 4k T
BC, RIFINRAL HL37 %) micro-LED P& 1 RCR 520 o SR B B AR I B 1 7 v
Al LA InGaN FH i) In 5, K ZE In Ao AFER InGaN FE B, ML

Re IR EE 1 InGaN/GaN =1, 41l 3(a)Fr7n. 2011 4F H.P. Zhao FE A R4

HuARIE | e TR HE I B AR S e LED ROGRCE 7 1 BIAE . % TR0

WKAE 520 nm F] 525 nm [{] = EA 5 InyGa; N/InyGa; «N/InyGa; N &= 1B, H

R RS AN, 0 AL G ) InGaN/GaN & 1B s 1 1.38~3.72 %, ixX{#

3 LED Hytiih st s 1 2.0~3.5 U, il 3(b)Ais. AlGaN i NJZ AT LA




P TR RE R 458, FHIE InGaN F In [A) 4N H, [EI AlGaN 2 HIA77E AT LA
7% InGaN/GaN [8] [ N 1 HA R T GaN #8224 K I8 B, X Le#ig )T

EBIR T HES 5 A 30578, 2014 4F 1.1 Hwang 25 A8 7 K AlGaN #fi A

JZH] AlGaN/InGaN/GaN 1B & Y6 N 629 nm B, X M [ /M5 RN 2.9%,

AH BT H0 InGaN/GaN &M B B 3E 5, IXE 5]\ AlGaN 3 A 2 1] L3z

i LED FEANEKIFKIEENRAESCE, EFF micro-LED 4L,

2016 4F S. Kimura 25 A8 7 #4532 InGaN/GaN & B4 A JEE 1 nm (A [E

Al #1771 AlGaN Jz=, HETPHRRET K] SR oM E SR il 4 Fox,

HEE T A B AT RAR L T A S AlGaN JZHIE B, &H AlosGaoN JZHIE
T HESE TR N Z — O 25 7R R B e, B BT A /N FRE N B BRI 2 A/m?
IR EE AR e SE N B R, AN TR KT R TR A A A, R AlGaN 2
(¥4 A\ 5 A1) T4 & micro-LED 7E/N UFEN R A & 24300, AllnN Al InN
HNZFFEREZE M InGaN/GaN H s FLly, RS BOR TR E a0, 1=
Tt micro-LED ROGRUE, FFAE L0 S5 K B AT AR bE T A 85 4 N\ = 1 H R

InGaN/GaN 1B 2l 51 15180811

a b
(@) In,Ga, ,N (b)
In,Ga, N In,Ga, N In,Ga, N InGa;,N l In,Ga, N 1000
N/ N o 'no.z:/GgwsN Apoak ~ 520-525nm
GaN GaN Area=510umx 510 um
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FIG. 4. Band diagrams, the corresponding carrier distribution, and the recombination rate of multi-
quantum well (MQW)_structures with thin AlyGa;yN interlayers. (a) and (d) show those of the
MQWs whose AIN mole fractions were set to y=0; (b) and (e) show those of the MQWs whose AIN
mole fractions were set to y=0.15; (c¢) and (f) show those of the MQWs whose AIN mole fractions
were set to y=0.30. The operation current densities in (a)~(c) and (d)~(f) were set to 2 and 30

A/cm? respectively!7¢]
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Fig.5. (a)Schematic diagram of the semipolar GaN grown on a patterned sapphire substrate: (b)

Cross-sectional scanning electron microscope (SEM) image of (20-21) GaN grown on a patterned

sapphire substrate by orientation-controlled epitaxy: (¢) Experimental data and simulation curves

for normalized external guantum efficiency of c-plane and semipolar micro-LEDs: (d) Peak

wavelengths of ¢c-plane and semipolar micro-LEDs in range 1 to 200 A/cm? current density°l,
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Fig.6. Typical distribution of emission wavelengths on wafer of micro-LED.
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Fig.9. Schematic of the fabrication process of the hybrid RGB LEDs: (a) the fabrication process of
the blue/green dual-color LEDs using selective area growth; (b) the process for the formation of the
red pixels using adhesive bonding; (c) top and cross-sectional views of the final device, microscopic
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Fig. 10. (a)The process flow of the full-color emission of quantum-dot-based micro-LED display!'%;
(b) Optical microscopy image of photoresist square windows with the pixel size of 35 pm x 35 um,
where the pitch is about 40 pm. And the laser scanner microscope image of the photoresist square
wall, where the height of the wall is 11.46 pm!!''!l; (¢) Fluorescence microscopy image of patterns
printed by red quantum dots on a glass by using the latest SIJ printing system (the inset depicts

minimum linewidth) and atomic force microscopy (AFM) image of deposited quantum dots ['7],
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FIG.11. Bird’s-eye-view SEM and emission images excited by He—Cd laser from InGaN/GaN
nanocolumns: (a) 143 nm,(b) 159 nm, (¢) 175 nm, (d) 196 nm, () 237 nm, and (f) 270 nm!''];
InGaN nanocolumn LEDs on the AIN/Si nanotemplate: (g) Schematic of the InGaN nanocolumn
LEDs; (h) Top-view SEMimage of the obtained nanocolumn LEDs; (i) Bird’s-eye-view SEM image

of the obtained nanocolumn LEDs!'!7],
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Fig.12. (a) Transfer stamp retrieves an array of micro-devices from a native wafer with densely
packed micro-devices; (b) Transfer the dispersed micro-devices onto the receiving substrate; (c) A
transfer stamp is illustrated-in cross section; (d) A photograph of a transfer stamp with a 100 mm x
50 mm active area, the inset shows an electron micrograph of the surface relief on the elastomer

stampl!30],
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Fig.13. Schematic of the laser lift-off process along with the band diagram of the GaN/sapphire

interfacel!39].
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Fig.14.Schematic diagram of confocal micro Raman combined photoluminescence inspection

system of micro-LEDI!4!,
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Fig.15. (a)~(c)The pseudo color map and 3D distribution of the luminance of the single micro-LED
chip under different current; (d) The certain chips on the micro-LED array; (e) The average

luminance of these chips under different voltages!!>%.
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Abstract: The continuous miniaturization and integration of pixelated
devices have become a main trend in the field of display. Micro light-

emitting diode (micro-LED) display is composed of an array of LEDs that
are sub-50-micrometers in length. It has huge advantages in brightness,

resolution, contrast, power consumption, lifetime, response speed and

reliability compared with liquid crystal display (LCD) and organic LED

(OLED) display. Consequently, micto-LED display is regarded as the next

generation display technology with high potential applications, such as

virtual reality (VR). augmented reality (AR). mobile phones. tablet

computers, high-definition TVs and wearable devices. Currently, the

combination of commercial 5G communication technology with VR/AR

display, ultra high definition video technologies will further prompt the

development of micro-LED display industry. However. micro-LED display

still has some basic scientific and technological problems to be resolved.

As the chip size shrinks to below 50 um, some problems that are not serious

for large-size LEDs appear for micro-LEDs. These problems include

crystalline defects., wavelength uniformity, full-color emmision, massively

tranferring and testing, and so on. In the past two decades, many research

groups have proposed various solutions to those problems. which have




greatly promoted the progress of micro-LED display. In this paper. the

overview of micro-LED display since 2000 is given firstly, which includes

the main research results and application achievements. Secondly the
issues involved in the wafer epitaxy and chip process of micro-LEDs and
possible solutions are discussed based on the display application in details.

Surface state induced by the dangling bonds and dry etching damages are

concerned for the nonradiative recombination at low injection level. The

remedies are provided for those surface states. such as atomic-layer

deposition and neutral beam etching. Some methods to reduce the

threading dislocation and suppress the polarization field are summarized

for micro-LED epitaxial growth. Moreover, the GaN-based LEDs on Si

(100) substrate are also introduced for the future integration of micro-LEDs
to the Si-based integrated circuits. As to the wavelength uniformity, the

MOCVD equipment and growth technology including the laser treatment

are discussed. In the chip processing part, the full-color display, mass

transfer and effective inspection technology are discussed. Assembling

RGB individual LEDs, quantum dot phosphor material and nanocoloumn

LEDs are different routes for full-color display. Their trends in the future

are provided. The pick and place, laser lift-off technologies are

strengthened in the massively transferring for micro-LEDs. In the

massively and rapidly inspection technologies. the photoluminscence

combined with Raman scattering, the electroluminescence combined with



digital camera are discussed. Finally, the summary and outlook in these
issues are also provided.

Key words: micro light-emitting diodes; display;_epitaxy; chip process;
inspection
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