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Abstract: The low light extraction efficiency of AlGalnP-based red light Micro-LEDs limits the luminescence inten-
sity of the devices. A self-assembled Ni metal nanomask and wet etching technique was proposed to obtain GaP sur-
face texture with high density and high uniformity. The critical angle is increased by surface texture to reduce the to-
tal internal reflection effect, thereby effectively improving the efficiency of light extraction. Different surface textures
were obtained by using nickel masks of different thicknesses. The results show that at a current density of 20 A/cm’,
the luminescent intensity and external quantum efficiency of the Micro-LED wet-etched with a 1 nm thick nickel met-
al nano-mask are increased by 21. 04% and 23. 58%, respectively, compared with the Micro-LED without surface
texture. Another method for preparing honeycomb cylindrical surface texture using ICP dry etching combined with
wet etching was proposed. The GaP layer was wet-etched for different durations after the same 1CP etching process.
The results show that when the current density is 20 A/cm’, the luminous intensity and external quantum efficiency of

Micro-LED etched by ICP and wet etching for 10 s *3 times are increased by 81.61% and 48.40%, respectively,
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compared with the Micro-LED without surface texture.

Key words: AlGalnP; flip-chip; light extraction efficiency; Micro-LED; surface texture

e

1 3l

Micro-LED /E A # — R B /mHE AR, T HA
1o e B BB PR e 1 AT T A L T A2
£ DRSS SR SN I P I s i o R T NN 5 1 A
(VR)/H4 58 B2 (AR) 0] 0L 6 3 £ 45 4 3. i
1A LAk 2 S TR K A9 PO I8 AlGalnP 3475
Micro-LED HA 1 #5747 Bl BR AT 1Y A1 ORHFR P H
T AlGalnP 1] LUKS B #h 55 GaAs # IS it 4% PC L, LA
HCH #  # F  BEROR AR 999%™, SR,
T GaAs 7 JiE X 8 2% 5 (560 nm) ] 21 ¢ (650 nm)
A Y L PO 0 R A, B AR T Ol T 0k R A AR
AL, GaP )2 L 56 A0 BT 22 8] A7 75 B8 K 1 4 55
xR, DA RAER S BT, HIGRA LR
17°P A RO E AR BT, YOG A AR Tl
T e S a R IR 2R N IR L Mok 2
WA, f &AL S $EE"Y . X T 41 0% Micro-
LED, N Z & F Bk b i S 0 R K2 2. 5% Befig
M GaP 2 1wk k" B, AR SCE i AR GaP
J= T 5, 32 5 Micro-LED G 32 BU &k & 5k 32 T}
e E e RE .

et WL HAE B B ARG T 4 Bl 5
22K $2 5 Micro-LED (9 )6 #2 O, i) n A= 4 2
A E o R A R p-GaP EAE A
AR h s R ERIE R OR 0 (HHPS) BEF™
) S B O AR R R R AR R
[T €L SN ok T DR I - =< 3 NI L3 1
3 @IS P SR 0K o NG o0 N 2 N T 4
A7 AL R ) Z 0 TR m OB IO OR . T
125 BN ik 2 ok 34 T A R R AR R
T SCE SR IR T RS T
T B W 1 20 ol A P He o TG 32 4 14 The P 3
{18 8 0BG O BE AR AE L B R T R AR TR LR
FIHL P

AR SC I AE 2 1 Micro-LED YOG H2 B3 14 )
B A AIG R T R P, DO T R 4 ) 1 O HE T, 4R
Je P W ol GaP 2 i 5 A 3R T S
AlGalnP JE {8 % Mirco-LED . A i it GaAs %I Ji§ %
o B W W, — 20 4R O B IR g 1 Y
GaAstH R MBI SR A% G, FRREEN

20 Alem’ B, {1 nm JEEER 4 T 999 K HE B 3 35 ot
ZI1 Micro-LED B & 658 B4 13. 23 med , ##R T
TG % 1 80 B B Micro-LED A9 &% 658 & 10. 93 med
T T 21.04% . WA A FH 1CP 1k 2 fd Al 125
20 bR 25 G 1 7 3k ) e e SRR [ AR 3R 1 S
g5 U 76 L R 20 Alem’ I i T ICP R
ZI RN 2 i Z1 10 s%3 IR A Micro-LED % 5% & L
JC 2% T 20 B AY Micro-LED #2585 T 81. 61%.

i 4 JE A AL AL 2 SO DT (MOCVD) 7R
49551 GaAs(100) 4 JiE - il £ & 6 3 K 4 630 nm
) 2L 5% AlGaInP 3£ Micro-LED . #% 7 45 ¥4 f9 &
0.3 pm JEAY n B GaAs WUHF 2 il )2 (1.3 pm JE Y
n & AlGalnP JZ . 270 nm JE 1Y 4 X K B 24 0
(AloA 65Gay, 35)0.5In0.5P g i ¥ Eq: )%' .530 nm E E/‘J
p A AlGalnP JZ F1 4.5 pm JE 8 p # GaP Z . H
1(a)~(g)J& 4L 0% AlGalnP 3 Micro-LED ] 45 T. 2
MR, AL EEEU LT WA 1) i
71N, Ao FH PR R 75 I VR A E 10 min, S PN BE IR
30 s, A FRKMWYE2 min, KBEFER RTA
HLW . B M EE R 7E 60 "CHY SRR IR I S min,
i 25 85 77K Mgk 2 min, FEAE 60 ‘CHYZ K iR
10 min, H 25 8 /K ok 2 min 25 BR 3R W2 1 F0
AW, TR 105 CRY PR EHERE 5 min, ]
MR ZE R DI SR, I 1(b) frs . SR )5
b PR PR K (RTA) ¥ #5144 7E 550 TR K 60 s,
T LR 4 @ 9 oK ORE , FH A ol 220 s 5, 4 &1 1 (e)
B FEEN(DH, GaP 2 HLAL I (HC1: HNO;:
H,0=3:1:3) 1 %] 30 s, 1 2% 3 I, JE Wi m 803,
RIG IR I 30 T 4% (BCB) 5 28 1F 48 5 2 W 5 4
|, NH,OH : Hy0,: H,0 1R & VB £ B GaAs %t
&L 1Ce) (D Fn . Bl (0 o B A 55 5
TR RS (1CP) , LA CL Fl BCI A Ay bt Za) A< 4k, Za) ot
AT . SR R 28 R TR N/P — IR
HL M Cr/AL/Ti/Au(50/800/200/200 nm) o R JH %5 85
T 1 48 5 b 2E S AH UL AL (PECVD) UL L 80 nm ()
Si0, B Ak 2 o SR HL R & 55 B AR O B
ZI i (RIE-ICP) 3 45 14 20 1l — W HL Al 1 19 Si0, 1B
AL AR, AR DR N/P YR L #% Ti/Pr/Au (10/50/



510 M WO, L. e H R AlGalnP F A5 35 Micro-LED [ )6 HL PEfE 1955

(a) (b) Ni - (e) 200008000000000000000A0008 (d)

GaP
GaP GaP GaP A
p-AlGal
P-AIGaInP P-MGaInP p_AlGaInP _
n-AlGalnP P CALE n-AlGalnP n-AlGalnP

(f) ()
n-AlGalnP

o mMew Mw

p-AlGalnP

(h)

n-AlGalnP

p-AlGaInP

GaP
n-AlGalnP

ﬂ

B 1 (a)HME R 5 (b)SME - ETURRER 48 5 (¢) RTA J5 A 8R4 )i 94 K ORL ; (d) GaP )2 R TSI ; () BCB 8 & W % 47 5 ()
FI B GaAs I IE ; ( ¢)Micro-LED g 5 (h) Micro-LED i #5181
Fig.1 (a) Epitaxial wafer. (b) Nickel metal is deposited on the epitaxial wafer. (¢) Nickel metal nanoparticles after RTA. (d)

Surface texture of the GaP layer. (e) BCB-bonded sapphire. (f)Stripping the GaAs substrate. (g)Micro-LED device struc-

ture. (h)Micro-LED microscope image
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FITAT B i FR) 22 5658 B R A1 7 555 R Al Al
KOG (EL) M A5 21, Bl el 30 2 B 1 28 Ak
P4 iR . 7620 Alem® BU 0% B T, FE & 1L ORE B
2 R 3 AR A 4 1Y 6 ER E 43 02 10. 93 med
12.38 med . 13. 23 med F1 12. 58 med , #7854 %
I3 W H 15.39% . 17.97% . 19. 02% F117.98% ., 5
FE b 1AH B R i 2 R 3 IR & 4 09 R G5 FE O

E % 46 &
60 25
50
= 20
1
£ 40
= 115
z S
& g
i Sample 1 =
§ 20 Sample2 10
E Sample 3

10 Sample 4 |5

0 L

1 1 1 1 1 1 0
0 20 40 60 80 100 120
Current density/(A+cm™)
K4  AlGalnP & Micro-LED f4 I-] i £ Al EQE-J i1 £&
Fig.4 I-] curves and EQE-J curves of AlGalnP-based Micro-
LED

W T 13.26%.21. 04% . 15. 09% , ¥ & 7 %%
Iy AR T 16.76% .23. 58% . 16. 83%., | iR 45
R, GaP )2 M F M SCELHE 5 T Micro-LED i &
RO . X T GaP )2 1Y 2 1 44 K Uk 1S hn T
B A AR AR K S R k3 3 25 K A
I, T T ORISR, S RMAHNI A
B 20 K 5S4 (R 2) A L, 4 Ni 4 ) 40
KA T B 2 CRE & 3 0 4) 1 & D 5 BB Fi Ak i 1
ORI A AR OF ERE AL 3 0 & O R B RS i
TRCEHEM 45 548w 1 5. 17% F15.78% ., iX
JE W AR 3 GaP J2 36 1 0B in ¥y Ay, il
Tk i 1 T REPE R
3.2 mEAFERRIE

1 v SR T SO A B T RO 5 A
Shi T RCREE T i 5(a) L (b) TR, it i
2 20 1l R 2 TE A 4 EESE N L, Y LED & B
g S DR BE AL K GaP RZ R, Z R
AR R Tl S B G RE S I B AR DA 4
JNT S P T R 1) s A< T R Y AE

SR Tl A TR DN R 35 50 1) % T A B v AR
AR A0 T 2 Z iR A ICP Tk iz, )
ICP & 15 2 1 (4 PE T, 38 K T GaP 2 A9 62k i Ot
FENH RN AR B 5 B 22 ik 2 DA B T R
TR, 76 R MY B T — Fh 35 5 114 3 780 e S 700 3]
bR 2 T S0 B O 2 AR R N R o 22 Uk R S AT
SR Rk W E S (e) ias . ICP IR A 500 W,
SR 365 W P Z1 S 4Kk CL/BCL:, i 3 43
5> 90 mL/min Al 10 mL/min. 7£ A1 [F & ICP fh %]
T2 AE AN [R] A9 5 2 il st 1] (10 %3 9K, 20 s*
3,30 %3 W) il £ = RO LSS 1F 2 S ARl
NRE G S ORE S 6 FIEE AL 7. Bl Z GaP 2 3K B



5510 4

W72, . W B AIGalnP FEH 2 Micro-LED (146 HE M fE 1957

n-AlGalnP
(b) \
gl /
”"4.-“.‘
N Z
GaP bl
p-AlGalnP v
n-AlGalnP
(e) N /"
PN oS~
GaP 'r' M52 2
— - 7 » &
p-AlGalnP 2 s

n-AlGalnP

5 AR RE O 2T O AT R (a) JEAL BB 1
() M 75 Z PR i 2~4 5 (o) B BLRL R TATAE i 5~7
Fig.5 The light emitting path form different surface of (a)
Sample 1, (b) Sample 2-4, and (¢) Sample 5-7
FLH SEM Al FIB 4N &1 6 fr 7w o = Ff B & 5 4
AHAR R A AR 2Z (8] /9 BB 252 1. 65 wm , {H R A 4R
HEMEmEAEZR . EHSHREEERN
1.916 pm, & B R 517 nm; £ f 6 19 B AE 7R B 420
2.230 pm, = B 492 nm; TR fh 7 09 18 FE IR B

6 22 P RIAT B 53 50K GaP 22 9 SEM LI FIB Il . (a)
B S5 (DR 65 () FE i 7

Fig.6 The SEM and FIB images of GaP layer are presented

left and right, respectively. (a)Sample 5. (b) Sample

6. (¢)Sample 7

2904 2.247 wm, & B2 R 467 nm. S5 R KR
12 20 ol bt ] 5 22 il GaP R 26 1 R S, M Y R
T SO AR F 6 H G .

i F 1 B 1) Ul R RN -Vl 2R an 1B T TR
HoRE SRR TR A A g E . B 7(a)
HH SR FH 1 35 R0 2 ok 220 1) 5 % 25 2 1 e P 9
AT 0 50, 2 U H R TE -9 VI R 1] i
TR 2 5. 1x10%0 AL A 7(b) s, 7E
TR E N 20 Alem® B BE S L ORESY 5 R AL 6 FTRE
a7 09 1E 1) fi B 48 5 R 1,99 V1,95 V|
1.96 VA 1.97 V. & 7(b) 4 & fr s , 5 F i
SEAE O RE S 1A B T RO il 2 S RS R
SPERRAT B TR . BE AL S BRI B AR MR RR AR
SAR TR TE

(a)

0.001 Sample 1

- Sample 5

) Sample 6

< 1E-5 Sample 7
g
g
=2
o

4
(b) 120
Sample 1
L Sample 5
-~ 100 Sample 6
' Sample 7
o 80
s
2 eof
£ 60
E 40 -
S 2}
ok 20 2.1 22 23
0 0.5 1.0 1.5 2.0 25
VIV
7 (a) 52 [ I HL 3 5 (b) Micro-LED f4 J-V il £k , 46 1€ .
J-V Il 2 Jay E s R

Fig.7 (a)Reverse leakage. (b)J-V curves of Micro-LED. In-

sert: local enlargement of J-V curves

JIA FEA 1 1-] R A0 EQE-J i £ 4n ] 8 () T
TN o RO S LA R OGRS TR
FRAEBARIK T Bl FRL U0 3 J3E A 485 i P 38
KB W AE 5 ZWHE T E o 7E 20 Alem® HL Ui %
T LREAL LR 5 RE A 6 FIURE St 7 1) K 658 B 43 5]
4 10.93 med. 19. 85 med . 19. 21 med F 15. 99 med,



1958 K b/

¥R % 46 &

(a) 90 30
80
701
60
501
401
301
201
107

o
EQL/%

Sample 1
Sample 5
Sample 6 15
Sample 7

Luminous intensity/med

0 20 40 60 80 100 120

Current densily/( A+em™)

(b)

1LOF Sample 1
Sample 5

08F

Sample 6

Sample 7
0.6 b

0.4

Normalized EL intensity

6(I)0 6iO 6I20 6I30 6;10 6I50
A/mm
'8 (a)Micro-LED By I-J il £& Fl EQE-J il £& 5 (b) Micro-
LED H—fL#9 EL i £&
Fig.8 (a)I-J and EQE-J curves of Micro-LED. (b) Normal-
ized EL curves of Micro-LED

A TRy 9 15.39% .22, 84% . 22. 28% F
20.54% . SHFE S VARG FE G S5 FE S 6 FIAE S T Y
KOG R BE Sy ) i A R T 81.61% . 75.75% A
46.29%, b FRCF S I T 48, 40%.44. T1%
F133.46%, WF5E45 R W], 1 1CP ZI il RS W
Z) b 10 s*3 I A AR & 5 X4 AlGalnP 3 Micro-LED

& X X #:

2 BE Y A A R KR O R 5 A R
B NI NS SO | B R S S PR g e
D) T TN S5 R o A oy G VAN K S 2
63k 3% B 4% 1AM . AR A 3 — 1k BL G 4n
K 8(b) F7s , Hoe B 9 K 228 630 nm. 72 HL I %
FE 20 Alem?BE, 5 HE 5L 1 AH LG, B S S ORE L 6
FE A 7 7E 630 nm 1% K Ab 19 06 5 BE 43 il T
77.10% .70. 62% F 54. 03% , iX ¥ — L 55 W] & 1
£ B AT L)L 42 5 AlGalnP 2 Micro-LED 1) & % i
It HL AR s 2 e B A I 2 R

4 %

AR SCR A 20 2% B 4 T 4 K i A TCP %) ik
S5 4 Tk 20 Tl O W) 9 7 i 45 T B GaP 3R
0] 20 1 AlGalnP 3 8] 2% Micro-LED . i jd SEM
FIFIB AT RAE T GaP JZ R EIEA , 45 R KW,
PN 7 7 1l 4 1) GaP )2 3 1H S0 ELA 5 %5 3 R
5510, IR T Micro-LED B & YGam B, Jf B 4
ar Ry A R BRI A W A AR . TE R
20 Afem’ B, {1 nm 587 42 T8 449 K 8 B 1 7k 1k
Z| B9 Micro-LED 1Y & )¢ 58 & LY JC 2% 10 20 PR ) Mi-
cro-LED 42 7+ 21. 04% . fdi FJ ICP A 25 ok 21 10 s
3 K1Y Micro-LED & 58 B Lt JC 2 17 80 34 1) Mi-
cro-LED #2155 T 81. 61%. R I, A% SCR e 511
FE N SO L A Y e BE 8] %€ Micro-LED , B
EEN =R SR A E R

A3 A G R L B (el A N R 2
http://cjl.lightpublishing.cn/thesisDetails#10.37188/
CJL.20250138

[ 1 ] HWANGBO S, HU L, HOANG A T, et al. Wafer-scale monolithic integration of full-colour micro-LED display using
MoS, transistor [ J]. Nat. Nanotechnol. , 2022, 17(5): 500-506.
[ 2 JLIUXY, YUAN Z X, ZHOU G F, et al. Improving the efficiency of micro-LEDs at high current densities employing a

micro-current spreading layer-confined structure [J1. Appl. Phys. B, 2022, 128(7): 121.

[ 3 JLEEH]J, CASTRO EJ D, KIM J H, et al. Effects of nanosized Ni particle structure on the enhancement of light extrac-
tion from 600 nm AlGalnP light-emitting diodes [J]. Appl. Phys. Express, 2012, 5(12): 122102.

[ 4 JLINJY, JIANG H X. Development of microLED [J]. Appl. Phys. Lett. , 2020, 116(10): 100502.

[ 5 ] SHEISC, ZENG X F, LIN N M, et al. SiN, nanopillars on AlGalnP-based light-emitting diodes to enhance light extrac-

tion using self-assembly ZnO nanomask coating by successive ionic layer adsorption and reaction method [J]. Thin Solid

Films, 2014, 570: 230-234.

[ 6 ]LEEY C, KUO H C, CHENG B S, et al. Enhanced light extraction in wafer-bonded AlGalnP-based light-emitting diodes
via micro- and nanoscale surface textured [ J|. IEEE Electron Device Lett. , 2009, 30(10): 1054-1056.



510 M WO, L. e H R AlGalnP F A5 35 Micro-LED [ )6 HL PEfE 1959

[ 7 ] CHENG W C, HUANG S Y, CHEN Y J, et al. AlGalnP red LEDs with hollow hemispherical polystyrene arrays [J].
Sci. Rep. , 2018, 8(1): 911.

[ 8 ] HUANG H H, HUANG S K, TSAL Y L, et al. Investigation on reliability of red micro-light emitting diodes with atomic
layer deposition passivation layers [J]. Opt. Express, 2020, 28(25): 38184-38195.

[ 9 ] LINDER N, KUGLER S, STAUSS P, et al. High-brightness AlGalnP light-emitting diodes using surface texturing [J].
Proceeding SPIE, 2001, 4278(1): 426852.

[10] MA L, JIANG W J, ZOU D S, et al. Improved light extracion efficiency in AlGaInP-based diodes (LEDs) by applying a
nanohole structure on GaP window layer [J]. J. Phys. , 2011, 276(1): 012077.

[ 11 ] HUANG P W, WU Y S. Output power of AlGalnP light emitting diode improved by double roughening AlGalnP surfaces [J].
Electrochem. Solid-State Lett. , 2010, 13(5): H163-H165.

[12 ] HORNG R H, WU T M, WUU D S. Improved light extraction in AlGalnP-based LEDs using a roughened window layer [ J].
J. Electrochem. Soc. , 2008, 155(10): H710-H715.

[13]SOSJ, HAHS, PARK C B. Improvement of brightness for AlGalnP high-brightness LEDs with nano-scale roughness on
top-GaP surface [J]. J. Korean Inst. Electr. Electron. Mater. Eng. , 2008, 21(1): 68-72.

[14] LEEY J, KUOH C, WANG S C, et al. Increasing the extraction efficiency of AlGalnP LEDs via n-side surface roughen-
ing [J]. IEEE Photonics Technol. Lett. , 2005, 17(11): 2289-2291.

[ 15] JIANG W J, XU C, SHEN G D, et al. Improved light extraction in AlGalnP-based LEDs using a self-assembly metal
nanomask [J]. J. Semicond. , 2010, 31(6): 064008.

[16] RYUHS, PARK M J, OH S K, et al. Vertical-injection AlGaInP LEDs with n-AlGalnP nanopillars fabricated by self-as-
sembled ITO-based nanodots [J]. Nanoscale Res. Lett. , 2015, 10(1): 356.

[ 17 ] FLETCHER R M, KUO C P, OSENTOWSKI T D, et al. The growth and properties of high performance AlGalnP emitters
using a lattice mismatched GaP window layer [J]. J. Electron. Mater. , 1991, 20(12): 1125-1130.

[18] HU X P, CAI J H, LIU Y Z, et al. Design of inclined omni-directional reflector for sidewall-emission-free micro-scale
light-emitting diodes [J]. Opt. Laser Technol. , 2022, 154: 108335.

[19] ZHAOM J, XU X H, YANG M J, et al. Performance improvement of AlGalnP based red LEDs by combination of omnidi-
rectional mirror and AuZn micro-contacts [ J]. Results Phys. , 2023, 44: 106159.

[20] TANG X S, HAN L L, MA Z G, et al. Enhanced light extraction from AlGalnP-based red light-emitting diodes with pho-
tonic erystals [J]. Opr. Express, 2021, 29(4): 5993-5999.

[21] KRAMES M R, OCHIAI-HOLCOMB M, HOFLER G E, et al. High-power truncated-inverted-pyramid (ALGa,_,) o sIng sP/
GaP light-emitting diodes exhibiting >50% external quantum efficiency [J]. Appl. Phys. Lett. , 1999, 75(16) : 2365-
2367.

[22 ] LEES Y, LEE E, MOON J H, et al. Damage-free plasma etching to enhance performance of AlGalnP-based micro-light
emitting diode [J]. IEEE Photonics Technol. Lett. , 2020, 32(17): 1041-1044.

[ 23] TANG X S, WANG L, ZHAO M L, et al. Enhancement of light extraction efficiency of AlGalnP-based light emitting di-
odes by silicon oxide hemisphere array [J]. Opt. Commun. , 2021, 481: 126539.

[24] HSUY H, WANT C, LO Y Y, et al. Study of thin film blue-light MicroLEDs by laser lift-off and texture process [J].
IEEE Electron Device Lett. , 2024, 45(2): 212-215.

[25] LINGJ, ZUOZY, LIU D, et al. Maskless surface patterning of AlGalnP light-emitting diodes by photochemical laser in-
terference etching [J]. J. Phys. Chem. C, 2013, 117(51): 27062-27066.

[26 ] LEE Y J, KUO H C, LU T C, et al. Study of GaN-based light-emitting diodes grown on chemical wet-etching-pat-
terned sapphire substrate with V-shaped pits roughening surfaces [J1. J. Lightwave Technol. , 2008, 26(11) ; 1455-
1463.

[27]1ZHOU S J, ZHAO X Y, DU P, et al. Application of patterned sapphire substrate for [1I-nitride light-emitting diodes [ J].
Nanoscale, 2022, 14(13): 4887-4907.

[28 ] ZHOU S J, ZHAO X Y, DU P, et al. 460-nm InGaN-based LEDs grown on fully inclined hemisphere-shape-patterned
sapphire substrate with submicrometer spacing [J]. IEEE Photonics Technol. Lett. , 2009, 21(19): 1366-1368.



1960 K )t 2% Eivd % 46 B

[29 ] ZENG X F, SHEI'S C, CHANG S J. Improving light output power of AllnGaP-based LEDs using GaP nanorods prepared
by SILAR method [J]. ECS Solid State Lett. , 2013, 2(11): Q79-Q81.

[30] LOHM, HSIEHY T, SHEIS C, et al. AlGaInP LEDs prepared by contact-transferred and mask-embedded lithography (1.
IEEE J. Quantum Electron. , 2010, 46(12): 1834-1839.

[31] CUISY, SHIL, JIN L, et al. Improvement of light extraction efficiency in AlGalnP-based vertical miniaturized-light-
emitting diodes via surface texturing [J]. Opt. Let. , 2024, 49(6): 1449-1452.

BE(1998-), 5, ZRA A, B+
IF5E R, 2021 4F F i [/ A7l K 2 (B
M) FRAG 7 2EAL, FEAEE Micro-
LED 7585 A i HF 5% o

E-mail : 202120131358@mail. scut. edu. c¢n

EH(1964-) J ITHTHA ML,
Bz WA A T, 2004 47 TR R
TR AT L2 0, FZ SO0
5 28 5 85 0F LA A IR A RS
AR AR U Y B

E-mail: phhwang@scut. edu. cn




