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Abstract Lithography hotspot detection plays a critical role in realizing the manufacturability design of integrated circuits
(IC) and ensuring the final yield of IC chips. Considering that conventional lithography hotspot detection methods based on
deep learning are challenging to meet the inspection precision requirement of advanced IC manufacturing, we propose a
detection algorithm based on improved Yolov5s for the precise detection of hotspot defects in the lithography layout. In the
algorithm, a coordinate attention mechanism is introduced into the backbone network, which can improve the attention of
the Yolov5s model to the patterned area in the layout. Thereby, the performance of the lithography hotspots based on the
Yolov5s detection algorithm can be greatly promoted. Meanwhile, the Sigmoid linear unit activation function is used to
improve the nonlinear expression of the entire neural network, and the Scylla intersection over union loss function is
adopted to realize the quantitative evaluation of the bounding box regression loss more quickly, which can enhance the
convergence speed and accuracy of the algorithm. Using the ICCAD (The International Conference on Computer-Aided
Design) 2012 contest benchmark and the optical proximity correction optimized lithography patterns as the dataset,
performance test experiments are carried out to verify the excellent detection accuracy of the proposed algorithm. The
experimental results indicate that the mean precision, mean recall, mean F1l-score, and mean average precision of the
algorithm reach 97.7%, 98.0%, 97.8%, and 98.4%, respectively, which are significantly better than those of other
hotspot detection algorithms and show its good application prospects.
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CBL: Conv+BN+Leaky ReLU; C3: cross stage partial network with 3 convolutions
BN: batch normalization; SPPF: spatial pyramid pooling fast
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Table 2 Model detection results

Type P/% R /% Jersee/ Y6 fure /%0
Missing 99.7 95.2 97.4 95.7
Extra 100.0 92.8 96. 3 97.3
Soft bridging 93.4 100.0 96.0 98.9
Hard bridging 97.9 100.0 98.9 99.5
Soft pinching 97.2 100.0 98.6 99.5
Hard pinching 97.9 100. 0 98.6 99.5
Average 97.7 98. 0 97.8 98.4
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Table 3 Ablation experiment results

Method Runtime /

Yolov5s SiLU SIoU CA P R/ I (h-mm ?)
N 96. 4 95.2 95.8 97.3 0.687
N N 95. 6 97.2 96. 4 97.9 0. 610
NG N 96. 9 96. 9 96.9 98.1 0. 687
NG NG 98.6 96.0 97.3 98.0 0.625
NG NG NG 97.5 97.3 97.4 98. 2 0. 740
NG N/ NG N 97.7 98.0 97.8 98. 4 0.697

EE] %% 3 %%ﬂ%ﬂ ,SiLU /gﬁ(ﬁ @ﬁi?j@{% Yolovbs IEJEH‘ ,fFl-score *nfmAPi,‘g%Eér%} T 0. 64\56:}'1@1 ,ﬁﬂémﬂ[
90 265 A TR0 A HE B R AR T 0. 84 B A0 i AR IR o S 0 46 450 80 i % A 00 1 B AR ) T 4R . SToU 4t
i 7 2.0 a2 T s SR BER . K sRBORE % 42 7 I 45 A5 Y A 1 0 3 A A [ o, g i i
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Table 4 Comparison of experimental results of different methods

Method — P/% R/% fn /% T
(h*mm °)
CNN 16.0  97.8 26.5 25.2
Googl.eNet 47.5 98.3 63.5 —
Faster R-CNN 40.3  96.1 53.1 0.7
Proposed method 97.7 98.0 97.8 0.7

FH 7% 4 25 ST, BT £ 5 9k A A I o A R A F 1 4y
BoamER TRENHNEE. BREmNE, 5K F
CNN ., Googl.eNet Fll Faster R-CNN Ay # i 46 ) 7 1%
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B, 55 2% 4 v F At 3 R B 2 2 10 06 Z A A D
FH L JIT B8 B30 3 A DN 3k B Tt AT — o 4R T P
KM FEHS A 0. 7 h/mm’,

5 4 1w

T — P TF R UE Yolovbs R 45 B U it S 20
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ICCAD 2012 52 28 3 i .4 OPC 4k J= 10 5 21 K B A
Sk B S T 4R R O R B R S G, B0 E T HR S
G B P O S A K BE L R R S R 4 SR SR T 4
FRCRG I B 3 X 4 6 28O 2 A X R R A
W AERA 1, S B e 32 37 R S F LA 40m
I8 7 H0K5 5 o B 3k #) 97.7%.98.0% . 97. 8% FiI
98. 4% . H I b S 4 B nT A, Bl vk IS G R0 4% B R A
A ARG Pk RE IR TR AR Yolovos ALY . [R] E, F)
FHOXF B S 55 9IE 58 T BT 4 7 IR AR FAR S = 2R B
R Bk i e RbE o DL R85 R I T TR ki
A BRI AT AT M A i D' 20 40 5 b ol 2 A R A T )
5 T EL A R T

2 % X #

[1] Carre H, Doxtator R H, Duffy M C. Semiconductor
manufacturing technology at IBM[J]. IBM Journal of
Research and Development, 1982, 26(5): 528-531.

[2] Chen A, Foong Y M, Thaler T, et al. Aerial image
metrology for OPC modeling and mask qualification[J].
Proceedings of SPIE, 2017, 10446: 104460V .

[3] MitralJ, YuP, Pan D Z. RADAR: RET-aware detailed

simulations[C]/
Proceedings of the 42nd Annual Design Automation
Conference, June 13-17, 2005, Anaheim, California,
USA. New York: ACM Press, 2005: 369-372.

[4] Cobb N B, Zakhor A, Miloslavsky E. Mathematical and
CAD framework for proximity correction[J]. Proceedings
of SPIE, 1996, 2726: 208-222.

[5] Yao H, Sinha S, Chiang C, et al. Efficient process-
hotspot detection using range pattern matching[C]//2006
IEEE/ACM International Conference on Computer-
Aided Design, November 5-9, 2006, San Jose, CA,
USA. New York: IEEE Press, 2007: 625-632.

[6] YuY T, Lin G H, Jiang I H R, et al. Machine-learning-

based hotspot detection using topological classification

routing  using  fast  lithography

and critical feature extraction[J]. IEEE Transactions on
Computer-Aided Design of Integrated Circuits and
Systems, 2015, 34(3): 460-470.

[7] GaoJ R, Yu B, Pan D Z. Accurate lithography hotspot
detection based on PCA-SVM classifier with hierarchical
data clustering[J]. Proceedings of SPIE, 2014, 9053:
90530E.

[8] Shin M, Lee J H. CNN based lithography hotspot
detection[J]. International Journal of Fuzzy Logic and
Intelligent Systems, 2016, 16(3): 208-215.

[9] Jiang Y Y, Yang F, Yu B, et al. Efficient layout hotspot
detection via binarized residual neural network ensemble
[J]. IEEE Transactions on Computer-Aided Design of
Integrated Circuits and Systems, 2021, 40(7): 1476-1488.

[10] BERGvE, 228, Frw . ST HIZ4 VGG LA 1Y
ZNIR AN J5 1L LT, 6224, 2023, 43(3): 0312008,
Liao L F, L1 S K, Wang X Z. Lithography hotspot
detection method based on pre-trained VGG11 model[J].
Acta Optica Sinica, 2023, 43(3): 0312008.

2422001-8



E605F 24H/2023 F 12 B/ ERBFEHE

[12]

Chen R, Zhong W, Yang H Y, et al. Faster region-
detection[J].
Computer-Aided Design of Integrated Circuits and
Systems, 2022, 41(3): 669-680.

Zhu X K, Lyu S C, Wang X, et al. TPH-YOLOVS5:
improved YOLOVS based on transformer prediction head

based hotspot IEEE Transactions on

for object detection on drone-captured scenarios[CJ/
2021 TIEEE/CVF International Conference on Computer
Vision Workshops (ICCVW), October 11-17, 2021,
Montreal, BC, Canada. New York: IEEE Press, 2021:
2778-2788.

T, B, A T YOLOVS i JE ALk
I L] e 5O EOR, 2022, 20(5): 48-56.

Wang JN, Li S T, NiuJ. UAV detection method based
on improved YOLOVS5[J]. Optics & Optoelectronic
Technology, 2022, 20(5): 48-56.

TR, R, RSEW, LTI YOLOVS i1k
Ot B ER H BR R [T]. O 5 e B F kR, 2023, 60
(4): 0404001.

ShuZ T, Zhang Z B, Song Y Z, et al. Low-light image
object detection based on improved YOLOvV5 algorithm
[J]. Laser &. Optoelectronics Progress, 2023, 60(4):
0404001.

Zheng Z H, Wang P, Ren D W, et al. Enhancing
geometric factors in model learning and inference for
object detection and instance segmentation[J]. IEEE
Transactions on Cybernetics, 2022, 52(8): 8574-8586.

(16]

[17]

(18]

[19]

(20]

[21]

2422001-9

Hou Q B, Zhou D Q, Feng J S. Coordinate attention for
efficient mobile network design[C]/2021 IEEE/CVF
Conference on Computer Vision and Pattern Recognition
(CVPR), June 20-25, 2021, Nashville, TN, USA.
New York: IEEE Press, 2021: 13708-13717.

Elfwing S, Uchibe E, Doya K. Sigmoid-weighted linear
units for neural network function approximation in
reinforcement learning[J]. Neural Networks, 2018, 107:
3-11.

Gevorgyan Z. SloU loss: more powerful learning for
bounding box regression[EB/OL]. (2022-05-25)[2023-04-
02]. https://arxiv.org/abs/2205.12740.

Torres J A. ICCAD-2012 CAD contest in fuzzy pattern
matching for physical verification and benchmark suite
[C]/Proceedings of the International Conference on
Computer-Aided Design, November 5-8, 2012, San
Jose, California. New York: ACM Press, 2012: 349-
350.

Zhou K B, Zhang K F, Liu J E, et al. An imbalance
aware lithography hotspot detection method based on
HDAM and pre-trained Googl.eNet[J]. Measurement
Science and Technology, 2021, 32(12): 125008.

FEoRoE, L, gkE B . LT Faster R-CNN 96 20 #4
K [T]. ¥ T2, 2018, 48(6): 834-838, 845.

Guo Q S, Shi Z, Zhang P Y. Lithographic hotspot
detection based on faster R-CNN[J]. Microelectronics,
2018, 48(6): 834-838, 845.


https://arxiv.org/abs/2205.12740

	2　Yolov5s网络模型
	3　Yolov5s网络改进
	3.1　引入CA机制
	3.2　改进激活函数
	3.3　改进损失函数

	4　实验结果与分析
	4.1　数据集的建立
	4.2　实验环境及参数配置
	4.3　评价指标
	4.4　实验结果
	4.5　消融实验
	4.6　对比实验


