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Theoretical model and process parameter analysis of ITO
area blackening method for repairing bright spot

WU Guo-dong, QIAO Lv-hua, HAN Hai-bin, WANG Bin,
ZHANG Shao-fen, NIE Zhu-hua, CAI Yun-mu, WANG He-wei"

(Hefei BOE Display Technology Co.,Ltd., Heifei 230012, China)

Abstract: Based on the ablation mechanism of femtosecond laser, the theoretical model of ITO area
blackening method for repairing bright spots was established and verified through experiments, and in
order to improve the success ratio of repair, the influence of various process parameters were also ana-
lyzed on the remediation effect. In this work, the repair mode was firstly established by a series of ex-
periments with light detection test, microscope images and Focused lon Beam (FIB) images. Then,
process parameters that effect success ratio were analyzed by contrast experiments, and these parame-
ters included the energy density per unit area of single-pulse laser, scanning speed., the laser frequency
and sport size. Finally, in order to deeply analyze the ablation mechanism of ITO area blackening
method, the variable “w” containing all process parameters was proposed and verified, and it success-
fully provides a theoretical basis for improving the success rate. Experimental results indicated that,
when the spot size was 4.0~10.0 pm, energy density per unit area of single-pulse laser was 1.0 m]J/

mm® or more, and the “w” was 4 250 ~ 12 500 mJ/mm?, the blackening effect of ITO after repairing

Y #5 B #3:2020-08-25 5 81T H #3: 2020-09-18.
* BIEHER N . E-mail :401195730@qq.com
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was up to the dark point standard and other undesirable phenomenon was not produced. According to

the experimental result, the theoretical model and process parameter analysis was applied to mass

production, the success rate of bright spot defective repair reached to 95.5%.

Key words: blackening method; repair; process parameters; success ratio
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Fig.1 Plan (a) and display area cross-section (b) of
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the sub-pixel for repairing mode.
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Fig.2 Display area of a sub-pixel before (a) and after

(b) repairment.
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Fig.3 Structure scheme of repair equipment
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Tab.1 Relevant process parameters of the femtosecond laser
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Fig.4 First mode of repairing failure
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Fig.5 Sub-pixel display area (a) and lighting phe-

nomenon (b) of the second repairing failure

mode
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Fig.6 Laser energy measuring instrument(Power Meter)
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Fig.7 FIB images of a sub-pixel’s ITO area before

(a) and after (b) repairment
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Fig.8 SEM images of a sub-pixel’s ITO area before

(a) and after (b) repairment
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Fig.9 FIB images of a sub-pixel’s color film sub-
strate side before (a) and after (b) repair-

ment
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Fig.10 FIB image of a sub-pixel’s ITO area

after repairment
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Fig.11 FIB image of a sub-pixel’s color film sub-

strate side after repairment
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Tab.2 Relationship between spot size and the total laser power. and the relationship between spot size and the unit area

energy of mono-pulse laser respectively

No. a/pm f/kHz P/mW e/(m] *» mm ?)
1 1 125 0.2 1.9
2 2 125 0.9 1.7
3 3 125 2.5 2.2
4 4 125 5.1 2.6
5 6 125 12.4 2.7
6 8 125 22.1 2.8
7 10 125 33.5 2.7
8 12 125 45.8 2.5
9 14 125 60.8 2.5
10 16 125 75.6 2.4
11 18 125 90.2 2.2
12 20 125 104.3 2.1
13 22 125 118.1 2.0
14 24 125 130.5 1.8
15 26 125 142.6 1.7
16 28 125 153.7 1.6
17 30 125 163.7 1.5

200 4.00
~-P(mW) —— e(ml/mm?) 3.50
150 1300
2 250}
£100 2.00?
b 150
50 1005
0.2 09 25 5.1 0.50
o—e—e—se ‘ 0.00
0 2 4 6 8§ 10 12 14 16 18 20 22 24 26 28 30 32
a/pm
Bl 12 HotsdhiZ P ok ot mARAR & ¢ 23 5 TORBER /N a MR,
Fig.12 Relationship between spot size and the total laser power, and the relationship between spot size and the

unit area energy of mono-pulse laser, respectively.
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Tab.3 Experimental conditions and results of 1** ~4" rounds
No. P,/ [/ v/ a/ e/ w/ SR/ BEEH"
mW kHz (pm+ s~ 1) pm (m] * mm™ %) (m] » mm ?) % AR
%%
1 1.8 125 200 4 0.9 2 238.8 4.0 Jc
2 2.8 125 200 4 1.4 3437.5 63.3 T
3 3.8 125 200 4 1.9 47375 96.1 J
4 5.1 125 200 4 2.6 6 400.0 98.9 J
5 6.3 125 200 4 3.2 7900 99.1 ¥
6 7.7 125 200 4 3.8 9575 98.8 g
7 9.1 125 200 4 4.6 11 425 98.9 T
8 11.3 125 200 4 5.7 14 137.5 98.5 H
L ot iy
1 2.8 125 200 4 1.4 3437.5 63.9 ¥
2 4.0 180 200 4 1.4 4 968 96.5 g
3 5.2 235 200 4 1.4 6 486 97.8 T
4 6.4 290 200 4 1.4 8 004 98.4 Jc
5 7.6 345 200 4 1.4 9 522 98.8 T
6 8.8 400 200 4 1.4 11 040 98.7 ¥
7 10.0 455 200 4 1.4 12 558 98.6 ¥
8 11.3 510 200 4 1.4 14 076 98.4 H
9 12.5 565 200 4 1.4 15 594 98.1 el
10 13.7 620 200 4 1.4 17 112 97.3 H
=5
1 2.8 125 300 4 1.4 2 333.3 5.5 ¥
2 2.8 125 250 4 1.4 2 800 46.6 T
3 2.8 125 200 4 1.4 3 500 68.9 J
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P
N P,/ f/ v/ a/ e/ w/ W/ R
o.
mW kHz (pm s ") pm (mJ *» mm %) (mJ » mm %) % AR
4 2.8 125 150 4 1.4 4 666.7 96.2 I
5 2.8 125 100 4 1.4 7 000 97.6 Jc
6 2.8 125 50 4 1.4 14 000 98.9 A
7 2.8 125 20 4 1.4 35 000 98.9 A
8 2.8 125 10 4 1.4 70 000 96.3 A
EHUE
1 2.8 125 200 4 1.4 3 437.5 59.5 J
2 4.3 125 200 5 1.4 4312.5 95.7 Jc
3 5.2 125 200 5.5 1.4 4743.8 96.5 Jc
4 6.2 125 200 6 1.4 5175 97.6 ¥
5 8.5 125 200 7 1.4 6 037.5 98.9 J
6 11.0 125 200 8 1.4 6 900 98.8 Jc
7 14.0 125 200 9 1.4 7 762.5 99.1 7o
8 17.3 125 200 10 1.4 8 625 98.1 T
120 120
- 06.1% 989% 99.1% 988% 98.9% 98.5% 96.5% 9B9% 988% 991% 981%
100 .
w o 916%
N 633% o 80
o b
el RN I
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40t
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e/(mJ « mm?) a/pm
13 GG 5 B ik p Ot S T AR B YOG R 15 R 5 EEER/NWE R
Fig.13  Relationship between shading rate and the Fig.15 Relationship between shading rate and the
unit area energy of single pulse laser spot size
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Fig. 14 Relationship between shading rate and Fig.16 Relationship between shading rate and scan-

laser frequency

ning speed
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HAFA X E 435N e € (1.9.4.6) m]/mm*, f €
(180,455) kHz, v € (100, 150) pm/s #l a €
(5.00,10.0) pm.

WA EA AKX G 1~4 LW RE
M ow TE 4RI B L X ) A A — 22 4R
XRPBAIR TS w FEEFCR.

R T RAEN I R AL B w WE R

S DCIE] L AD I BE 5 (B, SR R SR TR TR Y e
fwwa ®lE . HFra = 5€(4.0,10.0) pm, KL%
EA A w (H 50T BRALROR 09— Bobk, ansk 4
FR .
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Tab.4 Experimental conditions and results of 5" ~10" rounds
No. P,/ f/kHz v/ a/ e/ w/ i) YA
mW (pm s 1) pm (mJ * mm %) (mJ * mm ?) % AR
Nk
1 2.4 125 200 4 1.2 3 000 63.8 g
2 3.8 125 250 5 1.2 3 000 59.8 7
3 5.4 150 300 6 1.0 3 000 60.5 I
4 6.1 129 300 7 1.0 3 000 63.5 T
5 3.3 160 277.3 4 1.3 3 000 60.7 G
6 2.8 160 234.7 4 1.1 3 000 62.8 g
Eaeis
1 2.8 125 164.7 4 1.4 4 250 95.6 J
2 4.4 125 205.9 5 1.4 4 250 95.8 J
3 7.6 150 296.5 6 1.4 4 250 96.1 J
4 8.8 150 296.5 7 1.2 4 250 95.3 g
5 5.1 200 301.2 4 1.6 4 250 95.8 g
6 4.9 180 288.0 4 1.7 4250 95.1 Jc
B
1 2.4 125 100 4 1.2 6 000 98.6 ¥
2 3.8 125 125 5 1.2 6 000 98.8 g
3 6.8 125 187.5 6 1.5 6 000 98.7 T
4 12.5 161 300 7 1.6 6 000 97.8 Jc
5 4.5 200 186.7 4 1.4 6 000 97.5 J
6 6.5 225 300 4 2.0 6 000 98.3 ¥
N
1 3.0 125 75 4 1.5 10 000 97.8 g
2 4.7 125 93.8 5 1.5 10 000 98.8 J
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. P,/ s v/ a/ e/ w/ o R, R
mW (pm + s b pm (m] * mm 2) (m] « mm ?) % ERR
YA
3 8.1 150 135 6 1.5 10 000 98.1 7
4 9.6 150 136.5 7 1.3 10 000 98.8 Jc
5 4.8 200 120 4 1.5 10 000 97.5 ¥
6 5.8 200 144 4 1.8 10 000 97.9 ¥
EYIRi
1 4.0 125 80.0 4 2 12 500 98.3 o
2 6.3 125 100.0 5 2 12 500 98.5 Jc
3 10.8 150 144.0 6 2 12 500 98.1 ¥
4 17.6 150 201.6 7 2.4 12 500 98.8 ¥
5 9.9 200 198.4 4 3.1 12 500 97.5 J
6 8.6 180 172.8 4 3 12 500 97.3 v
R
1 6.0 125 107.1 4 3.0 14 000 98.8 A
2 9.4 125 133.9 5 3.0 14 000 99.1 A
3 16.2 150 192.9 6 3.0 14 000 98.8 H
4 19.1 150 195.0 7 2.6 14 000 98.1 H
5 10.2 200 182.9 4 3.2 14 000 97.3 "
6 5.8 200 102.9 4 1.8 14 000 96.8 A
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