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Research on Photomask Defects Path Optimization Based
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Abstract: To solve the long lens moving distance and lens defocusing when Laser Chemical Va-
por Deposition(LCVD)equipment traces defect points in photomask defect repairing, a kind of ant col-
ony optimization (ACO) algorithm mixed with 2-opt neighborhood search was proposed to optimize
the sequence of defect coordinates. The method could effectively reduce the points tracing time and
lens defocus rate, compared with the traditional ascending sequence of X or Y axis. To enhance the al-
gorithm processing time in the case of large-scale defects, several acceleration tactics were applied in
the ACO algorithm mixed with 2-opt neighborhood search, including nearest neighborhood searching

tactic in ACO algorithm, fixed radius searching setting and “don’ t look bits tactic” in 2-opt algorithm.
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The experimental results showed that the improved ACO algorithm mixed with 2-opt neighborhood

search could reveal over 92.5% improvement than raw AOI distance, with only 5.72 s time consump-

tion and 0.28% defocus rate. The improved algorithm demonstrates better performance in path optimi-

zation quality, optimization time and maintaining lens focusing than basic ACO and basic ACO mixed

2-opt algorithm.
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Fig. 4 Flow chart of ACO mixed with 2-opt algorithm
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Tab.1 Optimization comparison among AOI order, X/Y ascending order, basic ACO and 2-opt+ACO_DFT
A1964391 A1955328 A1964382
BATR/mm AR /(0) FERT/s  BATE/mm EAEE/(0) FER/s  BATE/mm fRAEE/ (%) FER/s
AOTHEF 18 904 0 / 39 282 0 / 53 837 0 /
XFHF 17 656 6.6 / 14 203 63.8 / 36 647 31.9 /
Y 7+ 11 641 38.4 / 32547 17.1 / 29 044 46.1 /
Basic ACO 6748 64.3 270 5027 87.2 656 7659 85.8 2 044
2-opt+ACO_DFT 5246 72.3 19 5009 87.3 92 7160 6.7 194
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Fig.5 Optimized paths of AOI, basic ACO and 2-opt+ACO _DFT
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Tab.2 Parameter settings of four ACO algorithms mixed with 2-opt

a0 U WL TEAEL n, ny,
2-0pt+ACO _DFT WAL BR 5L 100 / /
2-opt+ACO _less ant 10 100 / /
a=1, f=2.0=0.6
2-opt+ACO _acc_1 10 100 20 20
2-opt+ACO _acc_2 20 200 20 20
F3 M 2-opt WAREMRUBRILL

Tab.3 Optimization results comparison of four ACO algorithms mixed with 2-opt

pr299 1417
AR FEIT /s EAE S WE/(%) A FEIT /s EAE S WE/(%)
2-optt+ACO_DFT 1293 49 250 2.2 4 909 12 052 1.61
2-opt+ACO _less ant 44 49129 1.95 112 12 034 1.46
2-opt+ACO _acc_1 et 4.28 49 030 1.74 st 8.32 12 032 1.44
2-opt+ACO __acc_2 14.96 48 904 1.48 28.26 12018 1.32
%4 2-opt+ACO_DFT #12-0opt+ACO_less ant E LR ML E R
Tab.4 Optimized paths of 2-opt+ACO_DFT and 2-opt+ACO_less ant
2-opt+ ACO _DFT 2-0pt+ACO _less ant
s FEI /s 11/ mm KB/ () /(%) FEI /s 177 /mm KAEAR/(N) e A/ (%)

1 1923 7954.03 0.31 92.41 52 7839.32 0.31 92.52
2 1740 7 768.36 0.62 92.59 53 7 882.88 0.62 92.48
3 1747 7 806.21 0.31 92.55 52 7 819.07 0.31 92.54
4 1718 7 846.97 0.62 92.51 53 7832.07 0.62 92.53
5 1719 7708.77 0.31 92.64 53 7 850.98 0.62 92.51
6 1818 7847.72 0.31 92.51 53 7951.2 0.62 92.41
7 1735 7 802.49 0.31 92.56 52 7 860.31 0.31 92.50
8 1686 7779.74 0.31 92.58 53 7 855.55 0.31 92.50
9 1663 7 850 0.31 92.51 52 7902.88 0.31 92.46
10 1718 7 800.7 0.31 92.56 52 7767.46 0.31 92.59
Ave 1746.7 7816.5 0.37 92.54 52.5 7 856.17 0.43 92.50
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Tab.5 Optimized paths of 2-opt+ACO_acc_1 and 2-opt+ACO_acc_2
2-opt+ACO _acc_1 2-opt+ACO _acc_2
P FEIT /s A7 /mm KR/ (%) A2/ (%) FEI /s 137 /mm REE/(%) A =/(%)
1 5.59 7792.38 0.62 92.57 19.22 7 806.15 0.31 92.55
2 5.63 7 801.62 0.31 92.56 19.36 7 738.88 0.62 92.62
3 5.47 7 805.7 0.31 92.55 19.22 7802.37 0.00 92.56
4 5.66 7 830.86 0.00 92.53 19.23 7739.23 0.00 92.62
5 5.54 7 823.87 0.00 92.5 19.09 7786.99 0.31 92.57
6 5.53 7 845.53 0.31 92.51 19.1 7 700.44 0.62 92.65
7 5.64 7 768.19 0.31 92.59 19.29 7792.98 0.31 92.56
8 5.53 7 836.91 0.31 92.52 19.26 7 813.04 0.31 92.55
9 5.54 7756.25 0.31 92.60 19.57 7802.21 0.31 92.56
10 5.59 7779.59 0.31 92.58 19.7 7812.41 0.31 92.55
Ave 5.57 7 804.09 0.28 92.55 19.3 7779.47 0.31 92.58
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Fig.7 Optimized paths of four 2-opt+ACO algorithms
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Tab.6 Application results of 2-opt+ACO_acc algorithm applied in practical production
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