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Abstract: To improve the manufacturing quality of Micro-LLED display panels, it is crucial to perform in-
situ removal and repair of defective chips. This study introduces a laser two-temperature ablation model de-
veloped with COMSOL to explore the mechanisms and process parameters for eliminating defective chips
using a laser. Initially, the ablation threshold of the Micro-LED was identified by measuring the square di-
ameter of the surface spot created by a single-pulse laser ablation. A fitting analysis was then carried out to
determine the relationship between laser parameters and ablation depth, confirming the accuracy of the

two-temperature ablation model. An extensive analysis was also conducted to examine the laser spot over-
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lap rate, laser fluence, ablation characteristics, and removal mechanisms for different scanning paths on
the affected chips. Utilizing the two-temperature ablation model, the laser scanning path and process pa-
rameters were optimized. The findings reveal that the femtosecond laser ablation model for Micro-LLED
has a maximum analytical error of 9.28% . The optimized laser removal method allows for rapid and pre-
cise removal at a rate of 1 s/chip, while ensuring high-quality repair of pad surfaces. This provides essen-

tial guidance for efficient repair processes in large-scale production environments of large-format Micro -

LED display panels.
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Tab. 1 Main technical parameters of laser processing

Parameter Value
Wavelength/nm 355
Power/W <10
Pulse width/fs 300
Frequency/kHz 250~5 000
Optical quality/M* 1.3
Spot roundness 0.957

2.3 EWHE

S5 50 v 3E A SOG4 4 B 55 S B X Micro-
LED & F (058 1 25 B, X8 W 0T #8571 D6 5 B A
H1~5 pm ALY .t TR R RO B
A B e T AR 2 R R A T
I, s BRSO A R S A AR AT A . [
I, % 5O B A & W) 0 i DR RE 98 S
ok o s TRL BB Bl T SR T A A R BR
BEAR NP 3 P A8 40 5 ) b S R
L/

02(1— d )xmo%, (1)
2w,

0, MG H A2 d Ry AR AR A TR
TR R [ IR SIS 2 B R A ROR i ad
N ek U 4 Al 25 o R B R 3R TEREL RS O R AIE S
R HER L BRR A TFM AR TR &
PR R R BR R . SR AR, Wi KEY-
ENCE VHX-1000C # ) 3 i 3t 2 £ B % 8
(LSCM) I 5t 4% il DX B K 26 B ot v 1 6 48 L

Scan path 1
K3 R A s AR B

Fig.3 Schematic diagram of two scan paths

Scan path 2



9 3]

v fi, % . Micro-LED s H OG22 BRHLEE & T 2. 2 51k 1363

Kt B, F AT Apreo-s B 4 8 HL 5 2 3BT (SEM) K
FRAE L BRI LAY R IE A

3 B fely A

3.1 BEHMHENE
Sk Y 3R BOE N T GaN 3 Micro-LED i:
F e iy R 2 B DX IR) 38 F 7R S5 56 5 R bR
T RRUHE B 00 3 SR W 0 ol R {1 R B R
AH I8 ol TR D 5 3O 5 B T (B RT BROC R
F,= Feexp(—D*/2w}), (2)
F=2P/nw’ f, (3)
H . PRBOCFH 5 bk EE A, Y
Be il X IR ELAR D W/ B 0 B BT R 1Y 8 i %
F BRI 14 R e bt (4 F o
FE O B K e el s 0 G5 8 D 4K 355
nm ik 5& 47 300 fs B3O R 48 3 Micro-LED ith
R IR OB B AR R S pm. TR — 06
ZHCN 43 0 R 3 A Ik v s AT SE R 3l e 2R 2R
£8 I SO D AN TR ik AL AR IO (. R
Jik w48 ok 15 1 S 56 25 AN B A R AT DL O
Fr B TH 1 be L AR T O 5N B RO RE R Of
B ) B2k ¢ R, GaN 2 Micro-LED ) #0G
P {E A 0. 31 J/em®s

14 T T T T T
» Experimental data
r —Linear fitting

—_ —_
BN N oo S [\8]
T T T T

Squared dimeter D*/pum?

[\S)
T
=
w
—

| . i

8.25 1 2 3 4 56
Fluence/(J-cm?)

K4 Rmpenfl a7 SRe B RN LR

Fig.4 Squared diameters of ablated regions correlated

with applied laser fluence

3.2 XWEHER
MR R GaN 3 Micro-LED it H 09 306 e ik
HLEE , A SCALE e ph A A 7 vy 3 2 vh 5 e 4 L

] -FsF [ 22 180 14 G 3R DA B r, - it Ak 1) T A £ 15
W, 32 1 F COMSOL®multiphysics i K #b 58
PREAD S p TR SO I T xR b el sk B T
5 2 AR A e R B4 R AE T JF ELX R &
PR O R B %% B2 AR X B /N L DR, 2200 X g &5
M 58 /N B9 R B4 AR L 8 o R i R LI A
RO R R G IR A A R] A

oT, 9 ( T,
2 —ar( o ) (T — )+ S (2 w0, 1),
(4)
aT]_ a aT|
G P - ar(kl o )‘f’ak(TC T1), (5)

Ho:S (=2, wo, 1) F s A5 PG WML FE Y
POCUR I, ¢ SR AE BT TE] o Sh D 380 458 okt IX 30
GARbR TN F RGRE, TN it RGN,
kT FARE, CONH T AT, C o ik L
A a LTRSS B R 2 N YO R
] 3 BT AR R T B TR . X (4) A (5)
SR T R SRR R G 0 RE T o
o BRS (=, wo, 0) T4, HoAth 25502 th b b o .
I S AR v i B R T AR BE T UL AR, O A
303 B ARG D N P AR 2 R A R
—n(—h~NT)=

2P(1—R)-exp(—r2/(a;0) )/TE(O;O) , (6)
Ao T, P EOE TR R A bRk i
S BT WG S TR A G, O e R A

ZIN X R A5k A £ IO B B AR A T R R
4p

I= (1—R)X
T
II’IZZP[
r2 [2 VA
exp(— 2*(4IHZ)T*J adx, (7)
Wy tpf 0

S 2, O K b ARp 252 I8 ], 2 A 31 3 T BE

5 CAROG b b 5 ], A4 RE 0 i AY SO fE 5
AT R T A AN BOG ALA R . R, A
T FRAUER X AORE N B L R RS R R B B S
AR 7 23 18] R ] b 23 53 SCRE PR i o 7
A ARG, O Ol SR 22 i U0 2 R R
2 (4) R C5) 9 D Bk o O AR OR AT LT R G M
A s R G R AR . PR DLRR B 5 AR
Ge 5 50 IR B A A OG R BE TR AR (B



1364 e K TR

32 %

WA 01 Ak 2 ORI B AR AR
—n( —INT)=0. (8)
3.3 kRMmiEE
FEN B b ik BB oA 2 — 2D B R
HERA B} 5 08 Tt M1 370 A TR R, 7 A S 28 S A 400 1 AH
RS B A R 2R T IR BN 23 3 A VAR R
T, FE A T v sa aoF fiff FH 0T 0 8 5 1 A AR R ok 3R
TN SUR
&, =h(T—T.,,), (9)
Hr. o, B, A REE S8, T, 8 R
.
i 1 [ A5 T B 1P A, KOs o
oL, ,on=®,,n, (10)
Ko MM RLE L R AR w,, W 0TS
TE 5T % SR, m Ay LA TET 9 3% 1) o, SR AR A
AILA A %5l DL ) o 46t 2k T 5 250y JL AT A2
Ao A I AZ TR T i 5 3k 1] X A% S E v, O
v, = @,/ (pL,). (11)
3.4 RUEE
BRI b L S 800 B GaN S8, A ©
B GaN #E Micro-LED %8 it [ {5 0. 31 J/cm*fE
G RE B OLBEE AR R 5 pm, Bk YE R 300
fso S BN, AR T R KR BE S 2 970 K, BIVA
AR N 2 970 K, 4Nl 5 /i .

20 P .
HH x10°
297
2.87
1 2.76
2.65
5 2.54
244
233
222
2.11
£
11'0 f.‘)
1.79
1.68
1.57
1.47
05 147
125
1.14
1.04
0.45
0.0 v 450
00 05 10 15 20 25 30

um
FI5  PARIRLEE  f B A5

Fig. 5 Simulation results of vaporization temperature
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Tab.2 Experimental parameters of laser-induced damage bad chip

Sample No. Fluence/(Jecm %) Predicted ablation depth/pm Scan times Processing time/s
1 1.32 0. 60 10 1.36
2 1.51 0.67 9 1.21
3 1.93 0.75 8 1.06
4 2.92 0. 86 7 0.91

4.5.2 EFRHER M
HER2BHF LB T £k HH
Tl RO B H AR T 25 R T SO R R A 3R T E
W AR R B T SR AR RE ) S B e O R iy T
TSI 12 fir s o e % B 1,32 J/em® 5 1
LI IE AR BR AR REZ R Bl 2. 43 pm, Tl &

BER 1. 77 pms BEEL B E N 151 J/em® 1936 2 415
5 E R A AREZ R EE R 2. 21 pm, OB R
1.76 pm; BERE BB 1.93 J/em (Y 4 3 4H 52 56,
1E W 5% A KRL )2 W N 2013 pm, BB 5 R R
1. 71 pm; B BE 5 AE £ %5 B 0938 R OGBE & X B
X I A 8 ol R BB e A, S RS e T A R
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Fig. 12 Three-dimensional morphology after removing chip
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