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(R F %R EFHHHRAF K 100176)
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Ot LED #1451 LED N i FAURART 85 00 #1530 34 288 L3R 3l 5 28 Mk LA A o 55 [R) 381, Bt Mlicro-LED 19 4 AR f 28
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LCD # OLED W] LAl 04 i34, A B T HLERIREE T 1 - 9 B A0, 3 Bos S 35 5% . A LR T Micro-LED (1 #f
LR $E L T Micro-LED MR £ fif U 19 £ A A1, 4R35 1 AH OG5 A [R) B0 ] B 149 i p 77 1] L & Micro-LED 7E #1L2% | i1 b
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g E LT Micro-LED HA 5 59 8 /R 452 . Micro-LED 78 35 AR 25 15 R HLAR B 4% 0 5L O 3 10 37 200 B R A .

X B " Micro-LED; Ak 2 & 5 3 55 A

FESZE S TP394.1; TN383" .1 X HRARIREL A doi:10.37188/CJLCD.2020-0096

Application of Micro-LED technology in airborne display
HAN Hong-song”™ , QI Ai-xiang, LIU Jun-guo, XIE Xiao-bo, SUN Sheng-lin
(Beijing BOE Special Display Technology Co., Ltd., Beijing 100176, China)

Abstract; In order to cope with the complexity and change of the airborne environment, airborne dis-
play is required to have high performances in weight, luminance, resolution, and heat dissipation. Mi-
cro-LED technology has problems such as low internal quantum efficiency of red LED and green LED,
low heat transfer efficiency of the device, and difficulty in solving the driving scheme. Therefore, the
technological maturity of Micro-LED is not yet able to meet the needs of airborne display for main dis-
plays and micro displays. However, Micro-LED has the incomparable advantages over LCD and
OLED, such as high luminance, high resolution, and high pixel density, and is expected to be used in
application scenarios such as head-up displays and main displays in airborne environments. This article
reviews the research progress of Micro-LED, puts forward the technical problems of Micro-LED ur-
gently to be solved, and discusses the possible solutions to related technical problems and the applica-
tion prospects of Micro-LED on airborne. In short, Micro-LED's light weight, high luminance, high
resolution and other characteristics are sufficient to meet the high requirements of airborne displays in
terms of weight, luminance, and resolution. Theoretically, due to the excellent display characteristics
of Micro-LLED, Micro-LED display technology will become a new display technology with great advan-

tages for airborne display.

& B #5:2020-04-22 3 18T B #§ :2020-10-29.
x 18 fE B & A , E-mail : hanhongsong@boe.com.cn
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TEHLEIAHE T HLE 2 7R (Airborne display,
AD) A DL ®AT LSt A S R . BoRTE
% b 045 B AT DLRS B /AT D PR AR TR ALY S
B RATIRE . AR HL B R X RAT R PUAT R AT
SRR RS, BE D RBEARN LR, PLE PR
FE B SR B 7R Y SR AT RE R AT et O
SRR R TE % A B AT AR EOR A
MEMRIE S SR, WLk BR 2 EZL T &
PLHLACER AL AR A 36 L 255 48 BIAXER L BT A 4
2k & (Cathode-ray tube, CRT) T & 7~ %% . SF Al
R AR B, 20 4 70 ARAR LLRT, R SR HL
HLASCFR PR ) IR X 3R B R TS SR JE ML A B R (1)
AR 3K AR AN A 1 BRI LY B, (H
B E R AR 2 1 O AR BRI 2 o
SERTRAT DL MERR DR R B S B AL, 20 1
28 70 4EAROK . CRT WL R a5 09 1 Bl 3 7 &
INEAR YA W R AT BOR AR B 4
AR, EF 20 g 80 ALK X R AT
it B B2 S s AR T I S F ST Bl I s i A R Pk
. Bl . % % F " (Plasma display, PDP) .
30k 6 R (Field luminescence display, EL) .
W 2R (Liquid crystal display, LCD)ZEH: A Y
R R T B K RET AL B A . R
J2 LCD £ AR AR BN o3 98 5 8 550 5
I LCD P4 s i IE B W IO CRT WoR s

IAESR,OLED BoRFi R & R # ., BT A
i 2L, OLED A LUE A 59 Y 3¢ 7 A1 5 42 Y
#ia, A LR AL S R M A3 OLED 1 LCD
M 37 I [R] BEPfe , 0 b B B ey, € B i T AR B
LS U OLED B THLE /R, B2,
OLED [l P > B iy 69 5k A5, B 73 i AR AR . X
THLE AR 7R, 52 I AR IR 2 55 224K I 8] 27 46 4]
s AR IE T, T OLED M B BEa AR, K5
AL OLED B AR ] Jl 2% 5 5 ik . 2019 4R, fif
LIS S 5T N BB — 0 H % OLED 5%
By 2 AMERROR . %007 AT LG i R 2 1R
ERHEMLMEDN F OLED £ R E T
WEAE R BR R R B, H T X T OLED 2% 4% 7] 2
MR IEAF B AE SE IR R UE By Be . IR G FE ML 2R B s

G, OLED $& A A 75 ZEAR K B ) 5 il 5% 15 6k
R0 DA S OLED SR #8048 (1 4 4k A mT S8 4
Micro-LED 2—FM#H B B R AR, R ®
BRE R SRR B s L RGO AR
FEAE R 5 70 R S R AN 3 R A LA T A Y
NS . 2013 4, F s BHEE K2 Lin 58 AV 5@
T E 3 Ao R A PR 4E B (Active matrix,
AM) LEDoS f{ % {7 £ 19 Ji £ 5145, Ji R T i 5t
AN 3-LEDOS ¥ AL JFE A, % 5
HL4a# LEDoS i{th i i 35 /4% Micro-LED & % Al
£L Micro- LED R R i, ] =t . % =6
FUR I A B IR A R A EG, A
WG AL TE A I DL T 58 GRS HLAH
Ft . 3-LEDoOS $5 52 AL 2 45 44 B8 ] B | f i B 5%
SRR R T &, BEE 50 00 AN W R AL i 7
NI PERE R AR TR R . 2018 4, F i Jade Bird
ANEIESE N B4 T — ol R R R A
37, LS B A R4 L % (Integrated circuit,
10 IR G2 SR T Re 48 1F BE 5 1 B R IR &
B o T R TR T S B R AL W] L
T LA AR A [ 9 RSBk A A A T B ) TR
B R R IR 5 3 Al AT A B M AE — 3 10,16
em(4 in) MREMR B #1451 & 48 BEE (5 000 PPD) |
1R 5 B 1 B 6 R R R 2 (AMpLED) . Hovh
Zrf AMpLED 58 B /i ik 3 X10° ed/m”, J&
BIRARMGK 1000 £4%, #F Micro-LED # A&
At FE AR A RN S B L W A L DL R
Micro-LED 7 6 44 F 89 8 & {1 %, Micro-
LED A & % 1% J3 i ] T 35 5 3 92 (Augmented
reality, AR) i 75 L 2% F ¥ &2 7= 1 (Head-up
display, HUD) F1 {5 #5 X #0O6 £ 52 A 55 0 1 %
St. WA A R N 5 T, A7 A O HL A B A B
2 A BT Touch Taiwan2018 JB4r bR T 4
FA 30.73 cm(12.1 in) Micro-LED /R EEHL . F)
FRSE/NF 30 pm B Micro-LED, SZ# 169 PPI
GEEERM 1 920 X720 ¥ F, BT RH AM
LTPS 5 #3988l , B AR R 0T LAl 7 &k, DL S
R e A = S AV B RUR T RE . RS P 5 i
HF AN HEED Micro-LED {2V elLux & K TE
Touch Taiwan2019 FJEH T 30.73 cm(12.1 in)
Micro-LED Ff i , 8508 35 % if OLED i A,
KF 120% 18 £ % K 42 PPI, Micro-LED 4E
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R — T B B 7R B, R I 7 OR R 6 8k
REMLHAZ B FH B2 5 Bk, KK, Micro-
LED 3% 20 R 2 7R 3 A0 1] 3 2 7R 4% I
K.

2 Micro-LED £E#LE 2 & P & 5 A
%

2.1 Micro-LED EHHETRHHEZAHS
i 7 25 0 RSE 43 AL 3R R 25 1T A2y B
BB RE A E BRI NN A% &R . Micro-LED
BE AT DLAE S S 8 o 2% 00 L o ] DU AE £
TNER .
HLE HUD R H 38 I8 7R 25 1E S IR

L
SRR IO R R A KT A A e gt

K1 5 000 PPT & {5 3 % B 10 AMpLED JR 7R3
B, (@4t AMpLED; (b) 856 AMpLED;
(¥ AMuLEDY

Fig.1 Display effect of 5 000 PPI ultra-high pixel

density AMpLED; (a) Red AMpLED; (b)
Green AMpLED; (¢) Blue AMuLEDM!,

S AE BB INAE AR Ah S b, O 2 BB AT b1 IE AT
TGS Ab ., ML HUD 2 48 %8 2 s 2% 42 1
BT R R S SRR R TR R R, H ISR T
I FH ' EL T K A% U S 1 P11 o B G 15 b
/) B Ah 5 & fn . T Micro-LED 7E 43 3% R F0 =%
JE RIS 2R APl HUD & 4056 i 0 R
fEMR B R, AW Jade Bird 24 A
FHIC B IR A 4R U i A AR iy il 1 T2, R
T 5000 PPT 18 = % ) AMpLED, &l 1
()~ ) Fral, Hik, Micro-LED H A7 # K 1)
W DL A R A8 % =X T AL HUD
Micro-LED B T 7 1 A & /% % J5 1 A3 W 16
(R 07 AR B o L 8 BL 3R 3 S8R 4% O T 6 R FH At
AAEw K. Lk E B3 Bon i E B e
B Bh AT B R AL ST AR, R
HLA S M AT SR LR A R L L B SR A
5 RAT AT AR IR A R R Y 1
/M. Micro-LED [ B % 6 & 7w UL K& Jo #L 4% v fff
A5 LA ) 7 R (] RN B IR T A B A b AR
T LA 3 7 i X ST PR R AT SRR A Bk,
H . Micro-LED I 55 15 2% %% B Fl e 52 B 7
B AR A S 7 AR L A AT R D TR R R
R, I, Micro-LED & B AE A& 3k 5 T WL
F W& B H Toh RSE R A
2.2 Micro-LED,OLED.LCD #E#R b8
Micro-LED 5 OLED,LCD &R $ A 38 ¥5 1
g 1R, SHEMEEXRETESRA
9%, Micro-LED 1 OLED #84& A % 6. 1fi LCD
WAE R AR R . B Micro-LED Al
OLED #5J& A &t s %, Br ifEE & btk LCD
WA, ST OLED i & . K fi a2 oA AL &
JEIZ MR . P, OLED il F2 % d5f 2% fg 22
SREIN ™. MBS T F, Micro-LED A9 45 ¥4 i
Fe OLED B8 B 5, i T 3 &OGHLE AT HL
B R PR AH 25 5 Micro-LED ¥ RTE 22 iF . &
TR TFE L FF i AR IR BE e O B[R] 45 AR 1
FOOL T A PIRRE A . 4R 512 A 5 52 BE 4 1o FH 40
5%, Micro-LED PJH 10° od/m* #it 4 % (6 55 fif
POA R R A R AR . XL AR
R HLEL HUD R 48 s OB e 5. ik b,
Micro-LED RUSFA] 46 2= JL 30K . & 4 JF el
BN R Micro-LED [ 8 Z R ¥ 2 —. 2014
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., Ostendo Technologies 2 @ R4 Hl 7E 5 000
PPI 4 % i Micro-LED # #L7', 2017 4,
VueReal 24 &l fET 6 000 PPI .5 {4 Micro-
LED #HLY . 4R, H BT Micro-LED 4 R A/ #§
TE— SR AR, thin B B A, HAT s
AIFZE AW 7RG - Micro-LED $ R 744 3% #f
J8# Micro-LED 7EH AR R A 58 4+ ) 7 i H% 22
HATHE 23

% 1 Micro-LED.OLED.LCD #5#x Lk %

Tab.1  Specifisation comparison of Micro-LED, OLED
and LCD
bR Micro-LED ~ OLED LCD
RICHLH EW i ARG EEAEOL
Gig % il H
ESR T i JE
43 Bk % /PPl <6 000 <5 600 <2500
SR/ Ced » mot) ~10° <2X10° <3X10°
(2RfE) (2EE) (2EH)
S E [ i ik
LA ik oL h
XF b BE =10 000 : 1 >10 000 : 1 >2 000 : 1
HF i IS il IS
TAEMEEE/C —100~120 —50~70  —20~80
Mg Ji s [ ns ps ms
A [ oL ik

3 Micro-LED EHERIRBE T 69 & A
e &

Micro-LED 7 5% B AU D FE X Lh L 77
iy W 7 IS R 4% 45 A5 J7 10 ¥4 45 T OLED #l LCD
AR VET I, AT A EAE AR HLE HUD, L
B WA HOE R B AF Jr m B A — o 1 A
Pe#e, BRI, Micro-LED 475 i Ifi 4 2 K W] 3k 4 1)
(BB, FATHE % Micro-LED (4 A i #1 , 4 5 &
HLER IR I8 T A 7 FFE A 0 RT i 1) ik oy SR b AT 42
T 20 BT AR A0 21 5% LED f14k% LED N & 1
FOEAQE LT i 4 # A% 388 BOR AR DL A 3K 3y
J7 B ME L UL A

3.1 413 LED fA4k3% LED HEFHER TaA

KR it

LED 2§ MOCVD 7E %} Ji§ b 5 5t #h %E i
I B UL R S & GaN, I 4E 3k, GaN 3 %
Micro-LED i FR0CR G 8] TR K4 &, = ik
5% UL LML LED Fgkot LED (1 & 74K
FRABSREAL Y, R T LA F A Micro-LED
Won, WL 5 K =6 LED, WE FRRNA
— BB R AT 3R A 5 ) Micro-LED (1 5% B Fi 44
AbE. UL Gnfar R 40 0% LED gk )t LED %
Wi FRCRG R T AR Z 5 E 1,

Nuese"™ SE A58 A 51 £ H 38 Jin B2 387 25 22 o )23
JELJE W] DLAR 241 0% GaAsP LED &OGRER, #F5%
FEH, JEL A 2% w2 T LA RE AR GaAsP il GaP i
S R NI Ak A 1 O H PR R L B
LED W52 % .

100

@ :

sor ; B—

: /'/_/.;‘LM"I
- S
< 60f e NN
o 40} / MQW pairs
(=4 " :
= s —a—X1
. —a—X5
201 —a—x10
——x20
0 : A
1 10 100
Current density/(A-cm?)
1001 ®) G e e —

o 8 lf . .
%) l a7
2wt
2 -~
B 404 j
& i --a-- 30 pmx30 pmx5 MQWs

204 & —4—30 pmx30 pmx20 MQWs |

- 8- 260 pmx260 pmx5 MQWs
0 ——260 pmx260 pmx20 MQWSs

0 4 8 12 16 20 24
Current density/(A-cm?)

Kl 2 (AR MQWs AR LEDGE A R 30 pm X
30 pm) XA TQE 5 L i % FEAY G R (b)
WA LED 3544 /9 A [5] MQWSs J& 3] fir
XF R AT EQE M2 E M,

Fig.2 (a) IQE of LEDs (chip size: 30 pm X 30
pm) with different numbers of MQWs as a
function of current density; (b) Relative
EQE obtained from different-size LEDs with
different numbers of MQW pairs as a

function of current density"**!.
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Jeong " AERF 58 N B E 5T T 40 9% AlGalnP
LED i N & F 808 58 v R~F £ & + B
(MQWs) B e R . FREERERY N R
SEORR /N A RE TR bR K, R IR AR R, e
TRCRMAL; E 5 A/em® B % T, AlGalnP
LED7E 5 > MQWs &N LED 1y IQE K T
60% , B i & T 10 > MQWs J& #1(60% >IQE>
50%),Lh & 20 A~ MQWs Ji 1 (50% > IQE >
40%) . WA 2 iR, F 2(b) R T AR R
) LED M XF EQE {8 , £ W] EQE HAK# T ith 7
K/NF MQW's 1 i, 78 T A AR [ H 3t 25 B8 2%
AR A R B MQWSs i % #>, LED Y
EQE fH# K.

Bai' " SE 05 N B T — Bl B A RE 1Y
12 52 BB /N B RURE i e B2 19 406 InGaN LED, 2%
A BEIR B AL 1 PL £k A5 0, BT AF 5 1Y 200
InGaN LED B§ %1 45 #4 3R 8L th 28 % B9 N & &%
IS B MEE A RR TR 3.6 pm . [H]
FEh 2 pm BR8N AL R RS O
LED, K 3Ca) ~(e) II/mw .

Ishimoto ™ ZEF 58 A b1 42 8 FH Ik 5 AIN 28
HIZHR R GalnN 4456 LED #9 % 5% %, i i3
I AIN 2% b )2, S B T K 30 7 = 3 4k fn
MQW's Jz2 A5 1) B AR, DT 4 & 1 4801 LED 1Y
RTRR AT Y 52 5 WF 58 20 M K 4% 06 LED
AT RCR M 40 IR B 2 52% .

Wang ""VEMF 5 N BB TR T 2R
AlGaN EXF GalnN &% LED R 4 = 19 5% i
ER R, 516519 GalnN/GaN MQW's 45 ¥4 #
6. AlGaN IL JZ7E 8 40 A il 5 s VE
ARG E T LED B A& S 203 i x)
Z i PHRAL B T, 75 A H I 5 R AR IO 5
Iy B SR R T — Rl IR AR

K, 200 LED & 7 80CR KT B3 % b
A =S TR Y i D T ), — 2 3G R AR 2% v
JE R BE s 02 /N O BE T AR, R IG R T R
=i MQWs il 1 %, 40t LED N &
RORART ) B 0] 2= 20 P R g e Oy ). — S 5l
A AIN 2 BRAR B T Rl ik — 2tk 2
El G

XFF ML R 45, ToI0 2 F R 45 38 2 i
R T A R4 B 4 0 B oR A8 1 K R
o, AT, WA AT AT M U7 . B S Micro-

'10K ) ¥ ) ."""——'- o
® o«
4 F / 490
°
.
3 | 17
< ° "
2 ] £
@ B ) 60
5 ° =4
E °
2 L l. 145
?
- d 30
300K
1 1 1 1 1 1 1 1
480 520 560 600 640 0.00 0.03 006 0.09
A/nm )

©

K3 &t LED B 51 i BE IR B 28 1k i PL il £ [

() IQE fH.(b) » FESI R (o) o T8 A B % 2

H3 A/em® 1Y B AMBEE CEAVERT s

BT (D ME AR BFLHE N 9 A/em® 1Y 1
I AR RO s PR (o,

Fig.3 Green LED array of PL curves varied with

temperature (a), IQE value (b), array size

(c¢), microscope picture under injection

current density of 3 A/cm” (Upper: under a

low magnification; bottom: under a high

magnification) (d)., and microscope picture

under injection current density of 9 A/cm?®

(Upper: under a low magnification, bottom:

under a high magnification) (e)™'*!,

LED (1 FF %& ¥ & Micro-LED 7E#L % 7~ th 1 ]
(9 FF 3, Bl 5 X400 LED 4t LED P& 13k
RIPIRATFFE , KK 4 {6 Micro-LED i) & e ¥ %
HRIT, AL I Micro-LED 7EHLE B 7~ H7
4 10
3.2 Micro-LED 8814 #1518 U X T 18] & B9 £ 1

ITAESK , Micro-LED Bt [a] 481 14 7 3| 2 0 5%
AN B AR/ N HE T Micro-LED #44% i3 45
U (R 3 N7 FAER PR RN R AR 1 5 a3 A DA K i
e S5 A AR ) R ) T

Micro-LED #§ 4 1 N &8 #4 i 32 223 o #u4%
o R A . DLBR R Micro-LED #5144 ],
FHE T H2 E Micro-LED 2844 1 Fa 75 15 B 40 15
B4 FIMAEBOCN £ WA E L AR 3 50 R
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YRS A B AR AL E . B Micro-LED #3514 28 34
FQ TN A, =cd WK NEIE G, K
BT B R BE S35 a b Fle,

@ ®)

AR (O 0/4, c
, b
A
hT;

B4 PALBREIE, (OB (DN,

Fig.4 Transverse view (a) and top view (b) of heat

transfer model"'"™

HBEBE K 6 2 B HLAK 5 4 BAE 5 T 1 BE
T 5 o X B AN R Micro-LED £ 4 g 47 4
BB A5 B2 2 Micro-LED 2% 1 4 W B2 43 A5
B0 E 5 BTk, ANIE 5 Ca) AT LA, P =
Az (10 R PR v L DO G 0 B A R A v B G
2 Micro-LED a8 44 #y v 5 X3 s DAEL 5 (b) AT LA
E W, A AE B4R 2 Micro-LED #§512F 1 %% X %,
MR EEAE 40 C LA b, 55 vl DIl i) 38 B CR T 45
CHMZEANK, B HAR FE Micro-LED 2§ 14 1 i
BEIFAR, AUHFIE T H4 3% Micro-LED 1) i B
Gy A7 B AR R RS B IR L B R R

e g
B Tz A,
(@) ®)
%10 mm
18
L6 (©)
14 60
12 55
1 50
0.8 45
49
0.6 0
04 15 2
0.2 %102 mm IMI-S
% 020406081 121416 1.8 oo O3 *10* mm
x10* mm

Bl 5 @A AR B A AT () IR (D) =
TICECE
Fig.5 Top view (a) and three dimensional diagram

(b) of thermal distribution"'™

BEEE A A 43 07 4% 18 AR A7 E 0 AR BRI
B, % BB B 3 X 3.5 X5 £ AL 51 Micro-
LED & i i CEPERE AT BF 5T . IR SR 45 R 3R 1Y,
R TRV A AE By B3 DRSO, AR B o A1 A L 45
SR, b T A ER DI RO S R 5 A A A R

G3 AN XA F T a A I R RS E AR S50
Jt. B 6 A 3X3.5X5 BEFIZE I ELS A
g MR X F . 3 X 3 R 51 B BE B Ip {5 2
MAE 4> 5K 52 °C/W F151.5 C/W ;35X 5 [ 31 #k
BHL 2 12 {8 55 SR 43 )y 85.4 °C/W il 84.3 °C/
W, X5 A 3R U1, #0501 4 — 3.
R A ADL 1 ek B 43 A AL AT DL L B A R 1Y
UG IR R . YO R R AR R R
b FFF SRR A B T AR R B IR EE ETE, Bose
1 (i 1 R N e o7 B 7 O VAL R RT E
RIS A . XU IR 3 S Bk T /451 v
O IR R RO T ARG i & .

100 @
Zg 3X 3 array

I 50
g 8 d 515 °C/W.»
E 20 v_»
> 60 0(1;0 - ~
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g
e 20 « experimental

1 = theoretical
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Dissipated heat power/W

—
(=3
(=]

5X5 array
-

(®) 'so
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l % W
| 20 85.4°C/W »
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g « experimental
50 « theoretical

02 04 06 08 10
Dissipated heat power/W
El6 Seommilas RS A RN, ()3X3 K
B 5 (b5 X 5 [EH I,
Fig.6 Comparison of experimental results and simu-

lation results. (a) 3 X 3 array; (b) 5 X

Sarray'’l.

F T 2 B g Micro-LED Y HLH
AHOCHF TN D130 DA KR 132 14 e} | 2 i Al % R 5 43
TR TR RS AR O, R R S A AR R A
PR T B WF 58 T M8 45 b RE | BB BE A LI R
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SRR, WRIT A R R B A R v, Y R
MRS IR T 55 i P-N S5 o 125,06
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SRR AR T PR Y AR Al 25 15 R (Y R AR AR
AN A8 42 o R B T AR XS i G $ 3% LED
FR 52 M 458 /0 ik 55 R i MR YRR R L RO OGS
I A R T AR T E 55 B, P-N 4R E
120.32 °C . #BH K 1.41 K/W; 4 JiE 35 38 78 4 4
B S HCR T I L P-N 453 B 123,11 C,
PN 1.62 K/W, AN A BF 58 T 3 AR 5 B X
B BE 52 R, 2R R IR 52 AR 38 1 L AR B R,
JE R BRI BR 4. SR T AR MR Y 2 AR, U
EERAEIREE . HBEE A0, 5 AE)E
£ A 8 0 ke F, SE o Sy A AR 0, 5 A R
F 5 PR B % [ AIC P-N &5 15 B BB L 4R ik
PobERe . @k R B R B, B R AR
PR F 9 B4 LED B M B 00 5% i & K
UL AT L, LED 324 3 i 02 5% e LED 45 i (1) i
FE N E LT LED 35525 3 5 R X i3
Micro-LED H{# & L & K,

@

‘Temperature [C] (b)
126.000

122.750
119.5
103.250

K7 ORI SRR RS 7 B 3 LED R E = |,
() ~ (AR B S 3520 10,2040,
80,160,320,640,1 280 W« m™' « K7'),

Fig.7 LED temperature nephogram of chip level

package with different welding materials, (a) ~
(h) the thermal conductivity of the welding ma-
terial are 10, 20, 40, 80, 160, 320, 640, 1 280

Wem '« K, respectively"*.

ARG L B 25 59 Micro-LED B AH ¢ B9 WF
FE AT LA Y, Micro-LED 8B 0 f# ok )y 1] 32
BEAT WA 5 — 2 RS PF SEAROR L R 3 R R L B
WO AR A B S AR BRI P-N 4 T R R
FIBE DT 2 i BRI BB 5 0 DA S A 25 4 1Y
FRE 3 ok AR SR AR SRR B X AR T iR
HEAT AL o 08 S 1 ) B PR g

AR VF Z 058 N B E & JF IR 56 1 Micro-
LED [ B ] (81, (R X 3% [n] 80 3 587598 R
IR A, Micro-LED 78 £ K Jo it b F AL 3%
F R A ISR N TR SR A L #8064 A T
AR R, DA R LR R R G R SRR
3.3 Micro-LED 3K h 75 2 ¥E I fi iR 18] 71 i #R i+t

H A SCHRHRE 19 Micro-LED 3K 3 7 24 45
A EHE IC Fl Micro-LED [ %1 8K 1 | 1C 45 &
LTPS 5 H8K s DL K s AT 3R HOR sh 45 . & X 7=
AT S A TR) K X A [R) 3K 38y =X 04 1 gk AT
JEFT I SRR R HLEL B 7R Micro-LED (1) 9K 3 i
G

H 20 et 50 4 RA LUK, ik 56 4 A v B A5
B T RFER P K R kL AR R DL TR
8B A5 A BRSO I SR LR RE T
WA E YR H FILT Br A B LT & b IR R
MR T ANZAE S, 20 a2 F 2R E S
KA BUH I = MR S R ORI & Ak R AR
PR PERE WG AT 26 o B O i TO6 I BOR A
AL Z B HL 4. Micro-LED 1E R &G 2§ 4.
FLHREHE 1C BB R R AR 2 2 T I BR b i
FINHRIIH AR Z —, Zhang ZEHFSE A G454 ik i
IC F1 Micro-LED FEZI ] 7 10.16 cm (4 in) Hf
8 Micro-LED #§#4. M A1JF & 7 245 09 1 iR
BEBBA  XIE AR T4 R T k342 A A B
Tl & e e R 11 i 2 B el 1R e L B 1 s A
RT 2. HETFrESLAE LA I 1 2 Ak SRS 1 1
G B A B B R TR G AR A SR T A B
JE AM Micro-LED s #8 5 /R & 40 9 A4 7 . i T
HAt i R AS | AR R B K A T T BR TR A
L

B T 45 & k3 1C A1 Micro-LED F& 1) ] DL 5¢
MK E) Micro-LED fi5E4h, IC 454 LTPS ik
UK 5 A —Fh ] S2E Micro-LED #4555 1) 3R 3
Jr . RA LTPS M 9K sh 44 A L AR Z AR AT



446 W5 B

836 %

37 3K B 555 BE S B HEORS A Y s s AT LR B
BRI FER . H)21E T Micro-LED %y 1C
RS, 2018 4, B B @ 4 %F Micro-
LED #1360 . B 4H MBI5359/MBI5S759 % &
BEICHENRW TR, BRAFAANRIEHT
Micro-LED 1y IC HZ /YT K, Wik T 100 pA L
T ARG FEL T T ) L R AN T R A 4 2 M-
cro-LED 3K 8l 1C BIF il (1 5 o5 . B {1 ol 904G v 45
HI4h & T Micro-LED Y IC i 75 B4 3K S A6
WP IRE . 1C 1Y B G B2 AR gk i T DA s i
HMBE R R SRR R, Bk, s IC 25 A
LTPS 54 3% 20 4 AR AT 5 B H 375 4% o 45 61 L B¢
IR FE IR SR I ) 8 55 08 55 19 1 R L X 1 7=
FHT 75 2 — oA HL 5 4 00 B sl il Pl 6. i L
PLER R BOR WoR a1 R4 Z et Wk, sy
IC 454 LTPS & M 3K 2l B0 AR ¥ 25 B B i iy
UK Bl ik e 5 5

fE Micro-LED JF & Hii #1, JJy B AR B A , 55 55
% R FHTE Micro-LED ¥ Mt I 8 % 2 i 5 ¢
L % (Cell Test Unit) 511, LA 32 B HL I 328 B B
HI Cell Test s ATiAH S 58, %7 %98 Micro-
LED &7 7 50 HPREE , 6 % S 9 21 4% 35 1 % 1) 1
JER

LI E 3 F Micro-LED s %% J7 3¢ ¥ 0] 52 31
Micro-LED fi48. 4543 1C Al Micro-LED [
VK2 5 LTPS 5 42 3K 3 AH te . 45 & #E JE 1C Al

£ % X #:

Micro-LED B 31 it 55 31 1) £ A F0 7= & 534 v 58
B, PUONEEW S 30 R BN T B0 IR B
P, S0 BCAPE BB I &, BEOE T 3% 88, Cell Test
FSE AR AN RE ST IR SR I ) e, L HL 7 R
B MR B A C K % Micro-LED fH AR R

% AR R ST IR Bl S A B, KR PLE
/R Micro-LED 13K 3 fift Tk J5 58 7] Bg 23 51 45 57
IC 254 LTPS 5 M 3K sh 44 AR Jr 1) & Fe , LA 52 SR
P D0 G 4 T L AR AU D AR TR ARG T ) 7 S A 5 1

PERE .

AL P WF Micro-LED #F 58 1 J& , $& H JF 5 1)
T Micro-LED $ R 415 LED f%4¢5% LED N # F
RORARS , S5 PR B8 S8R AR T L 3K 3l 5 28 Xk L fig
HRZE ] 5, FE YR T Micro- LED 7EHLZR (08 s 28 L)
e 3 S s 4 5 T N ET . Micro-LED #5807
RSB L AT PR AR R R DL R LR R A
R L PR 5 A s R, {H &, Micro-
LED 7EHUH 7 T 19 85035 DL K 78 5K 20 ) X 1 i 56
TIE A7 % R Mk FEBIF 5% N 5L e — 2B BiF 5 BT &
Micro-LED 575 2 AR RN 25, FE 85 il Ak i) L 2R
WoR TS AT E O, #ie E, T Micro-
LED BA {5 49 5 45 . Micro- LED SR 8 ARkt
23 O HLE s A ELOL S B B R R

(1] B4 K, F RS0, CHLE AR AR WoR 4% i R R AEOL LT ] IR 2 77,2005 (1) : 22-25.
YAN Z W, LI C G. Development survey of the cockpit display [J]. Advanced Display . 2005(1): 22-25. (in Chi-

nese)

(2] S 3 ENZEN CHLEMR TRt R A% T8 % ,2005,11(1):57-58,62.

GUO X C. Advances in cockpit ergonomics of military aircraft in China [J]. Chinese Journal of Ergonomics, 2005,

11(1): 57-58, 62. (in Chinese)

[3] e, k0 2. —FEXt AMOLED #5525 (LA HL A A HOR [T ] dy 5 2 7, 2019,34(4) :335-341.
XIE H J, ZHANG X B. Electronic-compensation technique for improving the degradation of AMOLED devices []].
Chinese Journal of Liquid Crystals and Displays, 2019, 34(4); 335-341. (in Chinese)

[4] LIUZ]J, CHONG W C, WONG K M, et al. A novel BLU-free full-color LED projector using LED on silicon mi-
cro-displays [J]. IEEE Photonics Technology Letters, 2013, 25(23): 2267-2270.

[5] ZHANG L, OU F, CHONG W C, ez al. Wafer-scale monolithic hybrid integration of Si-based IC and [ll-V epi-

layers— A mass manufacturable approach for active matrix micro-LED micro-displays [ J]. Journal of the Society

for Information Display, 2018, 26(3): 137-145.

[6] SUGIURA N, CHUANG C T, HSIEH C T, et al. 12.1-inch 169-ppi full-color micro-LED display using LTPS-



1 UL, 25 Micro-LED 7EHLZE I % 5 FH 447

7]

(8]

9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

TFT backplane [J]. SID Sym posium Digest of Technical Papers, 2019, 50(1): 450-453.
DAY J, L1J, LIED Y C, et al. lll-nitride full-scale high-resolution microdisplays [J]. Applied Physics Letters,
2011, 99(3): 031116.
JIANG H X, LIN J Y. Nitride micro-LEDs and beyond-a decade progress review [J]. Optics Express, 2013, 21
(S3): A475-A484.
ZHANG K, PENG D, LAU K M, ez al. Fully-integrated active matrix programmable UV and blue micro-LED dis-
play system-on-panel (SoP) [J]. Journal of the Society for Information Display, 2017, 25(4) . 240-248.
JUNG T, CHOI J H, JANG S H, et al. Review of micro-light-emitting-diode technology for micro-display appli-
cations [J]. SID Sym posium Digest of Technical Papers, 2019, 50(1) . 442-446.
KIM DS, KIMSY, JUNG J H, et al. High-quality imaging micro-LED display based on quantum dot CSP tech-
nology [ C]//Proceedings of Electronic Imaging » Color Imaging XXl : Displaying ., Processing s Hardcopy »
and Applications. Burlingame: Society for Imaging Science and Technology, 2018 185-1-185-5.
NUESE C J, TIETJEN J J, GANNON ] J, et al. Optimization of electroluminescent efficiencies for vapor-grown
GaAs,—, P, diodes [J]. Journal of the Electrochemical Society, 1969, 116(2): 248-253.
OHJ T, LEESY, MOON Y T, et al. Light output performance of red AlGalnP-based light emitting diodes with
different chip geometries and structures [J]. Optics Express, 2018, 26(9): 11194-11200.
BAIJ., CAI Y F., FENG P, et al. A direct epitaxial approach to achieving ultrasmall and ultrabright InGaN micro
light-emitting diodes ( pLLEDs) [J]. ACS Photonics, 2020, 7(2): 411-415.
ISHIMOTO S, HAN D P, YAMAMOTO K, et al. Improvement of emission efficiency with a sputtered AIN
buffer layer in GalnN-based green light-emitting diodes [J]. Japanese Journal of Applied Physics, 2019, 58
(SC) . SC1040.
WANG Z X, MO C L, ZHENG C D, et al. Effect of AlGaN interlayer in bottom quantum barriers on efficiency
enhancement of InGaN green light-emitting diodes [J]. Superlattices and Microstructures, 2019, 128. 307-311.
P F A AlGalnP-LED 51 % 11 J 2 8 4 i H R W58 (DA 2 - b B RL 232 Be 4 A OO0 20K 2 MUALS 4 B0 5%
Jir »2018.
BAN Z. Study on Micro AlGalnP-LED arrays device and full-color Integration [ D]. Changchun: Changchun Insti-
tute of Optics, Fine Mehcanics and Physics, Chinese Academy of Sciences, 2018. (in Chinese)
X e e LED (Y B 25 4500 5 #5543 BT LD 1. R 50« i Bt 2 i K K%, 2017,
LIU C. Structure and thermal simulation analysis of chip scale packaged LED [D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2017. (in Chinese)
LOOSE M, BELETIC J, GARNETT J, et al. High-performance focal plane arrays based on the HAWAII-2RG/
4G and the SIDECAR ASIC [C]//Proceedings of the SPIE 6690, Focal Plane Arrays for Space Telescopes 1.
San Diego: SPIE, 2007: 66900C.
BELETIC J] W, BLANK R. GULBRANSEN D. et al. Teledyne Imaging Sensors: infrared imaging technologies
for astronomy and civil space [C]//Proceedings of the SPIE 7021, High Energy, Optical , and Infrared Detec-
tors for Astronomy lll. Marseille: SPIE, 2008:. 70210H.
BIRKBECK A L, FLYNN R A, OZKAN M, et al. VCSEL arrays as micromanipulators in chip-based Biosystems
[J]. Biomedical Microdevices, 2003, 5(1): 47-54.
TOKUDA T, KIMURA H, MIYATANI T, et al. CMOS on-chip bio-imaging sensor with integrated micro light
source array for optogenetics [ J]. Electronics Letters, 2012, 48(6) . 312-314.

EE @I

BRI (1995 —) 5, BN L L i+, 2019 4F F s R R KA 3RS A 247, EZ S OLED DK
Mini/Micro-LED & 7/8 4% AW %Y . E-mail: hanhongsong@ boe.com.cn



