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Abstract: In the lithography process, a hotspot refers to a circuit pattern that has a high probability of
causing undesired open/short-circuits, which should be detected and removed at the design stage. In recent
years, for fast hotspot detection, some machine learning-based methods have been proposed. However, there
is no open benchmark dataset that can accurately evaluate and compare hotspot detection methods. There-
fore, in a study, a method that enhances an existing open benchmark dataset was proposed. It modifies the
dataset and applies optical simulation to generate additional training/test data. In this study, we found some
problems in its simulation-based labeling process, such as labeling a pattern causing open/short-circuits as a
non-hotspot. We improved the process and thus the reliability of the generated dataset. In addition, using
the enhanced dataset, we conducted experiments to evaluate and compare some hotspot detection methods.
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TBKAIC ARG 5.1 HiD (1) TEELTWAA, T0
BHCR L TEA TR THD, SBOBEE RS, £5.1
ffio (5) DLGEICHLILIMEE LT, #ig%OmiE i
R ANORIGESHOBEE LTHETF 5N S.
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1 DFR O EBERS BRI N

10 BIFNLOaDFRORKY S 2 —>

®3 VI AL—ralIiHOET—XZDITNIVE
B} ReLabel EdgeMove WireMove
HS N-HS HS N-HS HS N-HS

338 207 360 185 318 227
1795 2849 | 1974 2670 | 2336 2308
3415 1934 | 3473 1876 | 3805 1544
1305 2258 | 1406 2157 | 1543 2020

677 1475 715 1437 716 1436

=|o|Q|m|»

6.2 FliRT— 2 DBMERZ S =B

KO EMICHEEOMREZ KT 2 &, £ L Tl
T2 BOBEMA Ry b ARy MR E O Eic Dk
MBVMGRET 2T 2 HE LT, Ky b ARy MESH
Batiofz. BRI, SNVEMIELB{ET—Z
oy bOBREHWIGGE, AT —208BINERZ &
BolGED, 2 DDk y FARY MERRTH 5.

i/ U7z 5541, DBLF, HOLP, LiWS TH 5. &
BRICIE Intel Xeon E5-2620 v4 2.1GHz, AEY 128GB ©
LinuxPC (CentOS 6.10) 2\ 7z, FILFFH(E Python
3.6.8, FHET)IVIF Scikit-learn A 7 VU ® AdaBoost
7S5 AWz, 753, Adaboost DF5 2R anldEARZE
iz, %7z, DBLF UANDOTRTORMEIZ DBLF O
N7 MVIZKEE L, DBLF OFHEEET 2 THWE.
Fr R L OEANGREZ IR T 5728, Ky B ARy
MR TIRRL, ZOEEETERTHZ KRy F ARy M
TEDRZIT, HIERS 2 7T U 7z,

AEERTIE, TNV ENFELUMGET—2t2y b (L
', ReLabel) Oz HWWIZEEX 70% ZilT— 2 I H
W, D 30% T AR T—RELTWA., iz, dlT—
Z DB Z P T23551&, ReLabel ICECRRD 1 317%F
TBEIEEe7—% (LR, EdgeMove) & HSREAE 17
BEiciz7—% (IR, WireMove) Z3BINL, AT —
2% 3f%5& LTW5A. ReLabel, EdgeMove, WireMove D
FNIVDONERZZ 3 1TRT .

MR, RO T L R L ODER T DEEH
BIEETH S F1L Aa7zZHwiz (12, F1 Aa7 &
FERWV. a8, MHEONEB N =10 L7z, F/z,
HOLP Dt XA+ 7T LDOEVE B [5] TRENTWVSIE
DICB=8 & L7z T, NEERFMEDOKDIZD, &
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x4 BNERH EELOEED F1 XAa7
F—xtwv bk (EE) | B | DBLF | HOLP | LiWS

A: array_benchmarkl | 7L 0.931 0.929 | 0.941
HY 0.927 | 0.923 | 0.937
B: array_benchmark2 | &L 0.688 0.697 | 0.724
HY 0.679 | 0.676 | 0.713
C: array_benchmark3 | &L 0.858 0.867 | 0.875
»Ho 0.859 0.868 | 0.883
D: array_benchmark4 | &L 0.816 0.832 | 0.860
Ho 0.768 0.781 | 0.829
E: array_benchmark5 | 7L 0.781 0.794 | 0.812
»Ho 0.738 0.743 | 0.796

FMUET F1 AaA7 DB ERD KD BNAIR—INT A—

2%, DLFIORTRTOMAEDLETHE L [13).

F9F B 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 200,
400, 600, 800, 1000

REARDHFRE 2, 3, 4

FBYE 095 0.96, 0.97, 0.98, 0.99

BT —2ty MBI 2T — 2 DBNAERD D &3
LOBGEDOSFHIERD F1 A7 Oigsfizzm Uz E DxFR
ATRT . F iz, T2 DIRW array_benchmark1l
DT — 2 DB ERKD D &5 LOBGED, 55725558
R, REfiEaol F1 RAa7fthe Liz 75 77K
11 &£X 12 1TR7

FERASRD S, BINERD O LR LEBLDEEE, Fl
A A7 DIEENRE RN > TDIF EDT—2 Xy M
VT LIWS &7z /e, BIERE LDEE L HENT, &
WA Z - 723580 F1 A7 OfEEhin B Lz0i,
arrya_benchmark3 ZH Wz & DHR T, ZRLUNDT—
2ty FTRREDTFEBIT L.

EBINERZ - T2 F1L Aa7 D L UzOhY ar-
ray_benchmark3 Z W E DA E G- T ERE LT,
DRV FI—7 T—RIINNE L 755 T—2 W% SBE
RENTLRY, TNEDOHNEZZELTLEoTzEWw
IAREMENE X BNS. HUENZ VL E WS T &id, RE
FINEHMTH B, EORBERTERA DN TORWEEN
BB, TN ORENRTI7TH 2 L TRTREMED
H5. RRORED XUREE « TNV FEOW R
SHOBETH 5.

7. FL&

ARWFFETIE, BMEFICHE DIV ITIT Ry R
Ry MUETFEDTZOD¥Y « 7 A M F— 2B TFECE
WT TNV TROMENZFR L, Zn5 OREN%E
Rk « AT 271D DORRFEZRE L. £, BEF
FICEDERUIET—2Z2H0TEHRY B ARy MHETFE
ORISR E T 7z, SHROBEE LT, Uiy mte 2%
FRTORER, XDEZLDIE—=2TOTNUHFFEED
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0= DBLF =B=HOLP Liws
1
099
098
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=092
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2 4 6 & 10 20 40 60 80 100 200 400 600 800 1000
P EBRH
11 array_benchmarkl BI4EKDH DD F1 A7
—0—DBLF =—=HOLP Liws
1
099
098
097
0.96
b 095
1 094
093
—
b

092
091

09
0.89
0.88
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2 4 (3 8 10 20 40 60 80 100 200 400 600 800 1000

[FERE

i, EPE (Edge Placement Error) AT [14]

%

12 array_benchmarkl BIIAEKA LD F1 A7

(L17v

RSB — 2 DEBRROIA L Gt/ 2 — 2 DFEBD Iy 2D

HEHC KB =5 —HE) DT NIVFIADISH, KOk

Wk y ARy b EJERY B ARy &Y 5
Hik 2R ED

NFBHT e
Falim ERBIFENS.

BEXH

(1]

2]

(4]

(6]

ANV, BRI TE, FERRHE L ARER T S A OHHIME
2L A% OPC £idfi & DFM $¢ffs, :ZL ¥ 21—, Vol.67,
No.4, pp.11-15 (2012).

Lin, S. -Y., Chen, J. -Y., Li, J. -C., Wen, W. -Y. and
Chang, S. -C.: A novel fuzzy matching model for lithog-
raphy hotspot detection, in Proc. ACM/EDAC/IEEE
DAC 2013, pp.1-6 (2013).

Matsunawa, T., Gao, J. -R., Yu, B. and Pan, D. Z.: A
new lithography hotspot detection framework based on
adaboost classifier and simplified feature extraction, in
Proc. SPIE, vol.9427, 94270S, pp.1-11 (2015).

Yu, Y. -T., Lin, G. -H., Jiang, I. -R. and Chiang, C.:
Machine-learning-based hotspot detection using topolog-
ical classification and critical feature extraction, IEEE
Trans. on CAD, vol.34, pp.460-470 (2015).

Tomioka, Y. and Matsunawa, T.: Lithography hotspot
detection by two-stage cascade classifier using his-
togram of oriented light propagation, in Proc. ASP-DAC
2017, pp.81-86 (2017).

Wuu, J. -Y., Pikus, F. G., Torres, A. and Sadowska, M.
M.: Rapid layout pattern classification, in Proc. ASP-

© 2021 Information Processing Society of Japan

(7l

8]

DAS2021
2021/9/3

DAC 2011, pp.781-786 (2011).

FrivdiE, FAARHEN, kI, FbRE— @ EdiiETs & OB
%E%%%ﬁbﬁ%@gh;%UV7774$/Fxﬁv
MR, BT EHEEEES BAhTERE (VLD2019-51),
vol.119, 1no.282, pp.185-190 (2019).

Torres, J. A.: ICCAD-2012 CAD contest in fuzzy pat-
tern matching for physical verification and benchmark
suite, in Proc. IEEE/ACM ICCAD 2012, pp.349-350,
(2012).

Banerjee, S., Li, Z. and Nassif, S. R.: I[CCAD-2013 CAD
Contest in Mask Optimization and Benchmark Suite, in
Proc IEEE/ACM ICCAD 2013, pp.271-274 (2013).
P, RARHEN, &KL, FHRE—, WEE Vv o
F7 4Ky ARy M ARAEIRT — 2 OB IEIC X
BT — 2 OBNER, B REE RS BAhR
% (VLD2019-107), vol.119, no.443, pp77-82 (2020).
Matsunawa, T., Yu, B. and Pan, D. -Z.: Optical prox-
imaty correction with hierarchical Bayes model, J. Mi-
cro/Nanolith. MEMS MOEMS, vol.15 (2), n0.021009,
pp-1-8 (2016).

Raschka, S., Mirjalili, V., #EFURM, RX2tt s 4 —
7" . Python %W”"ﬂ7 0753V EANT—2Y AT
VT A AT K DML FEE W 3R, T LA (2020).
P, FAARHEN, KA, BME— RN =8 T
A2 FCOBBBICHES S VY 557 4w kAKY
MR TR O LR, BT ERaE S B
(VLD2018-71), vol.118, no.334, pp.215-220 (2018).
Yu, Peng. and Pan, D. Z.: A novel intensity based
optical proximity correction algorithm with speedup in
lithography simulation, in Proc IEEE/ACM ICCAD
2007, pp. 854-859 (2007).

126



