[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

goboobobooogdd eNNODooggd

Title(English) Curvilinear Mask Pattern Generation for CNN Training to Accelerate
EUV Lithography Simulation

Authors(English) Moe Sugiyama, Hiroyoshi Tanabe, Masayuki Shimoda, Atsushi
Takahashi

oo(@o) DAODDOODDO2025000, , , pp. 106-112

Citation(English) Proc. DA Symposium 2025, IPSJ Symposium Series, , , pp. 106-112

oo™
oo™
oo™
oo™
oo™
oo™
oo™
oo™
oo™
oo™

goboboodoodad
gobboboooggd
gobboboooggd

m

oo
oo
oo
oo

Ooodod
Ooodod

Oood O0000o0Ooobooooooooon
Notice for the use of this material The copyright of this material is
retained by the Information Processing Society of Japan (IPSJ). This
material is published on this web site with the agreement of the author
(s) and the IPSJ. Please be complied with Copyright Law of Japan and
the Code of Ethics of the IPSJ if any users wish to reproduce, make
derivative work, distribute or make available to the public any part or
whole thereof.

All Rights Reserved, Copyright (C) Information Processing Society of
Japan.

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

DA

Design Automation Symposium

EUVUYSS74023al—3raFbizHpa

CNNEERH—TIVZTIRINZ—2%RK

Bl e R AEYY RE LN EiE e

BE RV Y 7T 7 4T, B K- OBy, S A7 KX =B ZDF FREPE X —-— LT
TN EWHEEINT, VN RIEREINBEFE X — 2% HEARZ = GEDT 572912, v R T8
R — VR IET 2 EEEMREMESNE L oTW5,. EUV EXRICBWTIE, OEERMIED- D12,
<27 3D FROERBMHETHS. LrL, YA 3D MEEEETZ 2 EMGEIZIER IR
MB. ZDDIATHETIE, A2 3D MREEHICHE T 2 CNN 2V 2 FIEPMER I N 20
FETIE, SNV R YRR =V RRANT — R TEFEETAPHBIN, YUY X UTRY
NE—V DR 3D WREREERIHEETE S 2 LRI, L LSBRAEMERT2EE25
NDZH—=T V=T RRAIRE=VIZOWTIE, HliT—XORRIZE D BENIRDE WS HEID - /2.
ABGETIE, EBNRA— TV =T RAZRR =% ILT ZHWTERERRRT 2. BEFETERT
ZH—=TVZTRAIRR =V EHT—X e LTHWT CNN 232832522 T, EBENEI -7V =
TRAIZNRE =D AT 3D REBERIMETE 2 Z e pifran 3.

F—IO—R:VUVIFFT7 432 —ay, Inverse Lithography Technology (ILT), extreme ultraviolet
(EUV), Curvilinear Mask (Curvy Mask)

Curvilinear Mask Pattern Generation for CNN Training to

Accelerate EUV Lithography Simulation

Abstract: Lithography simulation simulates the circuit pattern to be transferred onto a wafer. In EUV
exposure, it is necessary to improve the accuracy of optical proximity effect correction by considering the
mask 3D effect. Electromagnetic field calculations have been used to obtain the transferred circuit pattern
with high accuracy, but there is an issue that electromagnetic field calculations take a very long time. In
a previous research, a method using CNN was proposed to obtain the transferred circuit pattern with high
accuracy and speed. In the method, a learning model was constructed using Manhattan patterns as training
data, but there was an issue that the accuracy was low for curvilinear patterns due to a lack of training data.
In this paper, generation of training data for curvilinear mask patterns is discussed. By training a CNN
using generated training data, we aim to achieve faster lithography simulations for curvilinear mask patterns
than conventional electromagnetic field calculations and higher accuracy than existing methods.

Keywords: lithography simulation, Inverse Lithography Technology (ILT), extreme ultraviolet (EUV),
Curvilinear Mask (Curvy Mask)
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1. [IL®IC

HVYT57 437 LA Z -V RERT 25
VIOTIETH 3. BAMPBRHEINTZT =2 L, v A&
IEMNLTBNRTRZILT, RRAZ X =7z B
EEXN, ToF Y7 TRERT, v ki tx—
UHBERENG. Ui L, EEE -2 oMMy,
FEENRMBEE L D, TV VT 4 VIR R R —
RIOTFHBD=DIZ, SATRER—UBEDOFEF T LI
EEINRLRoTWVS,

Z DORFREICHALS % 728, 1990 FREY: & b FORFESDHR
#HIE (OPC: Optical Proximity Correction) 23 A X
N (1] BEZHROEFLR—Z OPC T, 7xkic
FrEEDEEASRZ =V RERT 2RI X =%, VYT
774332 —=arviEBDIRLENOHETS 2. =
AT NRE =Y DHFER AR VHIBD DI, VY TFT 4
a2l —YarvoEE s iRETH S.

I D FEOCEEE T IIMIRENEA (EUV: Extreme
Ultraviolet) 2M#bH T3, EUV ZEHIZBWTIE, EUV
K BT 2 HFMEDTFE LRV, KFRDEERD
BHXNZ. ~2 27 RAMICRKERITHER A TED, 7
RUEELAEN 7 AER LI, TV TTFY (Mo) &2V
a Yy (Si) ZRHEIHK S0 EEE L2 @RI 7 -2l X
N3, 20, EUV AEZRING 2 %> &L (Ta) R—2R
DRIADBFHNSN S (K1), KEEDEERTIE, YadR
D HAET 2720, w27 EOWRIKDREDR Fo
EErZD, v IR EN AR — 3D
Br3) 5. EUV CRBIADELIZ K > TEHKE N S
MIEAmO 7 27 M kBB EZ 12 kD, YAT 3R
FEENR (M3D: Mask 3D effect) 2EEZICHN 5.

kDY ZST7433Iab—varyTlE XERXD
T—WERRBLY 2N LEDHEEERDTWS. LiL,
N AH 7= Bz LHEE, M3D MRz #EYIcE
HTEF, v LONRELIEMICIERDZ Z e TE
V. vz EORBOEENE, HEBHRIEE Rk Lzt X,
FIEDEBIN LT ERIET 5. v = RIZEREh
2 A& — > % IEHEICR®D 2 7= 912k, M3D SR %2%E
BLTY 2N EOBGEIEHICKRD 2 2 L BT, Bl
% (EM: Electromagnetic) X al—> 3 gy
N3, LAL,EMY¥Ial—YaYiditEax yadk
HIZEWE W FREND 5.

FATHR T, EM Y al—aryeRET23FE
LT, SAZRRZ—2 D M3ID RFRXA—REHET IS
HAHZa—F )%y kT—2 (CNN: Convolutional
Neural Network) [3] Z i\ 2 FiESRE X Nz [4-16).
CNN THEE L7z M3D RF X —ZEHWE Z 2T, 7z
FIERENZEEARZ—V%, EMYIal—Ya v
W AREELHLEMZOD, EMSIal—a il

2025 Information Processing Society of Japan

DAS2025
2025/8/28

(l;, mg) A(lL,m;lg,mg) (L, my) : Incident angle

(1, m): Diffraction order

<+————— Ta absorber

Ru capping layer

\/ Mo/Si multilayer

[«— ULE glass

X 1: EUV =X Z OWiHEXI.

THJ 3,000 5 EpRICKD 5.

TN EIERENZEE X — O EEAAR— I
X3 MEEX, ZRESEVHREIRO <R 7% —
Y (=T V =7 RE—) VWA THALETS L
HRIGATWS. UL, Bk X 78GR L h
SRR — VEREIR D I B 7R B Ny R RR—
PHWSLN TV, EE, EUV AT~ 2 27 85EI28 W,
~JLF E'— 4 (multi beam) 238 A X hiz [17). 2 OFEHAC
o T, w27 Q8GR Z —EIREDD, =TV =7
RE—VREEMETES. Z0kD, v 2 78Ea X+
DBRIBICHIR X, FRAI—T V=7 RE—V DRI
FEROBLETS TN T 2 Z e B FE N5,

LA L, BBd CNN % 7z M3D 85 X — ZH#fEE Tk
T, TNy RYRR—=VEHRAT—X 2 LTHOLTWY
5. FDRD, TNy RUSE— IEE VRS B E
FTEDIIHL, =TV =7 RE—=I0PT BIEE IR,
H—=T V=7 RE=ZH LT M3D T X — X EEHN
FEETHE TE % CNN ORI E T 3.

FATHIZE T, BEiT— RT3~y XX —Y
X, YR THBICHWOLNE S Y Ny R YRR =V %L
2, fRiE, BRE, MERZEORR—ERREERL, *
DHPE T VR LIERT S, —F, BikTlE, <x7T
FBICHWONE D =TV =T RE=Un b, BT —X&
BERT 272002 =R ERT S Z L BHET
H5.

RIFFETIE, ~R 7 TEBICHWLNEZ D —T V=7
NRE—=ZHIH LTz M3D 8T X — X BHEE T % CNN
DOEREHET. AFTIE, ZOH1EBEE LT, CNN
DHEHIT— R T2Hh—T V=7 X =V DERFEE
BRT 2. BEFETIE, vy X U8R — 22 HES
=L, ZOHENRKX -5 5 Inverse Lithography
Technology (ILT) ZFIWTR A7 R =V 2AEKRT 5. 5
BT, ILTIXBI RV Y IT7 74332l —>ayTff
H32h—3% EUV AT —ANVIZERL, YAIT
HKIBICHWSNE =TV =7 KX =AW EZ LN
BRE—=UPFONT-Z e BHER L.
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2. EUVUYYISTIq4>ZIal—oay

AETIZ,EUVYYZS57433Ial—vayiiBils
BWIGS I 2L —Ya vy 2T ERSIHT 3.

2.1 EWfFRIEETI VY

EUV BB ORI T, ~ 2 7134 2 ASH (1,,m,)
oI XN, HF~ R 7 & o THIFT 2. HIFRIE A
GEASA (1o, m,) ¥ EHFTREL (1, m) WKIFT 5.

JEATHIAE [4-6,16] TiE, ARG A ZiRIE AFT © 52
@ M3D RIE AP 2L, LR X 512K T 5.

A(l,m; 1y, mg) = A¥T(1,m) + A3P (1, m; 15, my).

IRIE AFT 137 — vV =24 (FT: Fourier Transform) 12 &
D EEICRD o0, EHRIE A O ERZHDITDH 5.

—77, M3D #&IE AP OF SN Z VWS DDOEHTE T,
A (I, ms) WL THLPIKET 5. ZOREFEMHE,
UTD L3121, BEU m (BT 28 L TGEUX
N3 [16].

AP (1, m; s, my) ~ ag(l,m) + ag(1,m) <ls + é)
+ ay(l,m) (ms + %) ,

Z ZCREBIH ap(l,m) € C BXUFRE a,(I,m), ay(l,m) €
C% M3D NTA—=REFER., A7 %4 XA 2,048 nm
OB O% (NA: Numerical Aperture) A% 0.33 DR, M3D
NI RX—RDIEEIX 5,399 TH D, ag(l,m) & 1,901 1,
az(l,m) BEX ay(l,m) FFhZzh 1,749 H 72 5. M3D
NIRA=REEMG272DIEEM ¥ a2l =y a U
BB, GTREaZ AE.

2.2 CNN IZ&3 M3D /N5 XA —RHTFE

FATHRTIE, SR I KX —=2p 5 M3D T X =& %
#EE 3 %5 CNN [16] AHEEE Nz, EM¥ Ial—>a v
% CNNICEE#Z 2282 T, EUVIYYIZI7 433
L—yarEEEtT 3.

X 212 CNN % F\/= M3D N?X—ﬁ?ﬁﬁ@ﬂ%“%?
§. CNNDATNEIR R &%=, HNEM3D 85 X —&
T %. CNN & Re(ao(l,m)), Im(ao(l,m))7 Re(az(1,m)),
Im(ay(l,m)), Re(ay(l,m)), £ LT Im(ay(l,m)) FFICE
6o MHW2.

BEHFFETIE, CNN OZEf T — X [ANFIZ< oy & Vo8
R—r AR L. M3RHEHALEY Y Ny R RZ—
DOFEEERYT. X4 7 A, B, C,D,ElZZzhzhs V&AL
7% L/S (Line and Space) 3% —2>, 14 nm @ V (vertical)
74 ¥, 14 nm D H (holizontal) 4 >, OPC % 14 nm
DVIA4Y, OPCHE14m DOHIA>THS. Th
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Targets

mp | M3D parameters

2: CNN 12 & % M3D 85 X — RHEE.

D: 14nmVw E:l4nmHw
A: Random L/S B: 14nmV C: 14nm H OPC OPC

T Bl =
- Ee K
DFE

X 3: ?ﬁﬁﬂi‘?‘—ﬁﬁﬂﬁv Ny RUNRE—

N

S5, 7794 V74—V RRR—=V X =TT 4 —)LFK
RE—VDOMHEBEENT VWD, EIXRIREX—VEA T
WZBWT 2,000 [HDO~ A7 KX =V EERLIE, 7—
JERZ VT T — 2 BU% 50 51 L7z [7,8]. £ OFER,
BB =2 R A T LT 10 FifE, 24K8T 100 HE02EE
T2 EHEL.

2.3 EUVUYYIST704>Zal—2a Vil

A, BB EM Y Ial—YaritkoTiEoNT
N~ v 7, FTIC & o TH7ARIE AT (1, m) D&%z HW
TR~ v 7' ONNIZ & o THEE L7z M3D 85 X — &
ZHWTIRIE AFT(1,m) ZRIE L KEE~ Y 7 BLO
Z 6 O D T FEIR (RMS: Root Mean Square)
ZRT.EMYIal—3a k3 HEE~y 7 CNN
W ko THIELRE~ y 7L D% 0.9% &, FFT £ O
72 2.5% v L THEI/NZ W,

FHEREREE, Intel® Core™ 19-10920X CPU ¥ Nvidia
RTX3090 GPU ZfEH L THIE L7=. CNN 2 &k 2% M3D »¢
7 X — X OHEERIEAY 0.05 B, i@~ v 7O ICE
T ARENI 0.07 B TH D, AEHN 0. 12 B ko, Th
W, EMYIalb—yaryiHWTERE~ Yy TEFEL
72356 v L LY 3,000 f5 @ TH % [16).

3. BEFZE

ARETIX, AR T % CNN I K 3 M3D 285 X — X DHEE
Z, BBIEHINZ =T ) =7 2= b EE 5
72D, BRIT—R e LTHWE =TV =7 8% — 2 DIE
RFEERET 5. IBEFETIE, v v XY RZ—2D
EiE,¢& — > % 5 Inverse Lithography Technology (ILT)
PRHWTH =TV =7 %=V EMT 5. BFEDILT
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EM FT CNN
Mask (Rigorous EM) (Fourier Transtorm) o (CNN prediction) o
0.7 3
L e T
||||| | |I l "“lu |||' 05 lIl"I 05 ||'|| ||| 05
04 0.4 04
0.3 0.3 | 0.3
| ||| I il , n | ||
I | | 0.2 Ill l 02 lll |I I 0.2
[ |
"||| ||| Il "||| I ||nl|n ¥ "ln (LT el i o
NA0.33 . :
DX90 s 0.9/0.55 Difference: Difference:
Ta 60 nm* EM-FT o0e EM-CNN o0
I ' ]
: '! Kol W, o bos
-IRMS ot foo (B R [ o
l'tzs% e B 0.9 % BN IS

- |~ ' o2 -0.02

e hile
| 002 | I §-002
(A l. I I l L goos - -0.03
004 004

K 4: EUVIYYZI74¥Ial—a R

(a) fi 1.
X 5: Fl—DEHEASX =T EH—T ) =T RER—
D—1.

(b) Bl 2.

1, YEIRIEE 193 nm TOR A7 KX — VAERFETH D,
EUV A Tid v, #2FETE, BHFO ILT %, ILT
DIVTST74¥Ialb—aryTERTEI—FLE
EUV [ ICE#R L THHT 5.

3.1 BEMLH—-TVZTNEZ—
CNNZHWAZEUVVY 574332l —>avyT
X, EFEE R M3D 2%8F X — ZHEE D 7= DI HERRRF D AT
HNT —RCHERTIUENDD. ZDizd, EEN D —
TYVZTRR—= VBT — ZICHWS Z EBEF L.
AFTE, ERERR~ R 7 2 IXEGERRESE E D, 7
Gl ¥ DR A RE D SERI N IR Liz~v R
55 UNC—RLH =7V =7 8% = D= R il
FHZ oW TR 3.
o H/IMRIBHIH: K/ NRIEICRE S 2 HilF.
o /NERREIK: KV IVt OR/NEREICEE S 2 HlF.
o BMERFIK: TUBLHHREET 2T v DIFERIT 2.
o MEFEHIK: —EEERMORY 2 3L T 2519
=T V=7 K= D% 5I1ZRT. m/ R
WoOBlE»POR 2 b, 5(a) TIE—HFD Sub-Resolution
Assist Feature (SRAF) [18] FDHINFR T D235 THE D
FFNCER L TWS. —77, [ 5(b) 3#lF £ 2 H0FEE
IR R T. Z05E, K 5(b) d-8&x— VB[ 5(b)
DIRR— THRE L L.
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3.2 UVYIJST74vZal—ay

RAZNR =Y M € RVN ot~y 7T €
RVXN ADZHE, Sum Of Coherent Systems (SOCS) €
TMZED FEOXTEHETE 3 [19).

N2

I(w’y) :Zwk|M($vy)®hk‘(I>y)‘27 (1)
k=1

R BFBEAAAEE, wy & hy(z,y) FBCRAITKES
ZEAEE EEREK (h—3v) THS. T, Hopkin's
model [20] Z W TRATEMTE 3.

Ny

I(z,y) ~ Y wil[M(x,y) ® hi(2,y)|%, (2)
k=1

M E¥ab—yayTHERT LI - NVEERT. 2
MBI BT 2 BAAABEE, FEBEBICE T 5 RE
LEMTHL BN TWS. ZOWEEZFHT 5 Z
&, md 7 — Y & (FFT: Fast Fourier Transform) %
Aoz kb, XA & 5 1GHERR 2 2 5 12m L&
B2 ZEDARETDH 5 [21].

Nx
x y)Rf}:vaLF_l(fTC>f(A4D\Fa (3)

ngcP”WMT&ﬂﬁﬁm; F% hi, © 7 &~ — )L,

LI FFT ¥ FFT 2 2hZ2nRT. H—H P A4
zP#7/7%4XNiD%m WIEEIE, F(M) O
BRI R R 5. AR T, BUV #7272
H—2NVELER L, N =50,P =47,N =2,048 ¥ LT
Sal—YarETS.

TN ERIERENZEE X —E, lE~ Y 7
I%274% U PRMNIEZEBTLIRAMNRE =Yy S
Z c BNN 2ZEf1T 5 2 e THEONS. AR TR OEH
X, HEREE 74 LY A MNBREORERILE TS Z T
fIbh, RATERINZ T 5.

0 if I(xz,y) <th,,
Z_{ (,y) <

1 otherwise,

(4)
ZZT, thy 1374 FL YR MEBEOBER RS

3.3 Inverse Lithography Technology (ILT)

ILT X OPC 0—fTH b, HEAR—VBEZ 60T
BRI, HKEBIOL YA MET AR HWT, Mi#EYE LT
WA NE— 2 BT 2FRTHS. [EkoL—L
N—2Z OPC IZHARTHIERED & <, FriciliirRz & 0B
Mg R R — R0 ) — R THEMTH 5.

BR LYY 7974332 —a VIERATRES.

Z = f(M). (5)
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ILT TlX, HERRR — VPO RilER~ AT %R — Vi
RT3, Thbb, X THRES.

Moy, = f~1(2Zy), (6)

T IT, Moy BIRER<Y AT R =, Z ZEEAA X —
YERT. ZoFMERNEYBEO—DOTH D, FAER
R LRV, 20Rb D, 20 TIFARK Rk
I T7 T —=F =NV SO N TE R [21-23]. AFE
ThH, AEETEZHALZILT ICE>ThH—T Y =78
R—VRHENT 5.

ILT # W2~ A7 82 — VBB WT, = Ry —
T2 RTHMOATHEIC S 2720 D— N Fike LT, XX
DESWX2MEDTRIARE— M € BNN 22 7E4 K
BEUCE W CHEfiE~ R 7 KX — > M, € RVXN A28
T 2 FEPHVLNS.

1
1 +exp(—fm x (M — Su)’
TIT, B BT AIRER—VDAIBE, S ids 7 R RS
RA=RERT. Sy=05F5ZLT, XhREWVSRAF A
ARTE 2 [21). BRI, MEE~ v 7 T &k Eem
< T I, ~NERNEHCTERRT 3.

I 1
14 exp(—p x (I -5

M.

(7)

(8)

DFD ILTXBIZIVYFIT7 4> 3al—arTR,

ANEND 2MH~ R 7 &Z—> M e BVXN ZEEHE~ 2

INRE—2 M, € RNN N ZfL, g~y 7 T %1%

3. FDk, HEE~ v 7 I 2 o ERE~ v 7 I,

WSS 7+ FLY R MIERRT Z e BVXN 2153,
ILT 1281} % BRBIEIIRA TR E 5.

Mopt = H]}iln l/(.l\l7 Zt), (9)

ZHETIT, BRA R EHIBIRDRR SN TE T/ [21-23]. &
T, ARCHEAT 2 ILT FACHEBLTHEMT 3,
BB 2 A3 29 7 HIB Rz 33 5. HRYBIENZ
XA THBENS.

L(M,Z;) = ar, x L1, + apys X Lpvg, (10)

TIT, Ly, BNBE<y T HEAAX -0 2 FiHE
L, = | Znom — Z4||3 TH Y, Lpyp 3B 2FBHEICBYT
BENENDVI A RR =9 T Zaxe, Zinin & BHEER
2= D 2 FTGEDH Loy = || Zmax — Zi|2 + || Zrnin —
Z |3 TH 3. a,,apyp € RIFENZEN Ly, Lpyg DE
AIFRBTDH 5.

4. RER

AR TIZ ICCAD2013 D R 7 8% — Vit a v 5
2 b [24] THEHAEAERYF—22HWT, H—T7Y
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SRRV DEREEEIT o7, L ILT OBEF
FEL LT curvyILT [23] &, OpenlLT [25] 232 AL 3 2 fifi
Gy MultilLT [21] Z 4R L7z, A5EEE Intel®) Core™
i9-10920X CPU ¥ NVIDIA RTX A6000 GPU 23f&# &
7=t 1T, Python 3.12.11 Z T o 7=.

FEBHERO—EZ K 6 12T, 5K MultilLT O
B (X 6(a)) Ti&, SRAF 232V R — U BER X N2 K
M, ERV VT IBWELTIERVDBDDHZ V. X
T, R I VNI DELCTWE AR =2 b H D, T
NRE—VFERTER o7z,

—77, curvyILT OFEHR (K 6(b)) T, FRV I YDy
OB TH Y, BB MultilLT & b b EBHI X —
>HfEBNIz. L L, B MultiILT & b % SRAF 532
BB oTELTY, WEFNIOER T 220535 5. curvylLT
ZHRAC XD EE RS8R — VERFIEANDILERIZ, AFE
DEHDOFETH 5.

5. Fo

AWIFETIX, CNNICKB EUV YUY I 7 4332l —
2avDdD, h—T V=7 K= VEENT — RERTF
EERERE L. WEkTEo ILT Hiili 232, EUV B h—
FVERWS Z e TEBEN RS —T ) =7 X —VERE
1To7-.

SHOMEL LT, XDEBNR ATV =7 RX—>
ARFIEOBETE & b, fER LB 7— X &2 Hich —
TV =7 R&Z— A CNN OREEEBRET LTV 5.

HE

AFED—ERIE JSPS RHFFE JP25K03090 72 & TN XCER
BHAE KR Xonics FEARBIER SR FEHE JPI011438
DB EZIFT2HDTT.
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6: BEUV IZBIT 25 ILT OFER.

Fast EUV lithography simulation using convolutional
neural network. Journal of Micro/Nanopatterning, Ma-
terials and Metrology (JM3), 20(4):041202-1-041202—
14, 2021. do0i:10.1117/1.JMM.20.4.041202.

Hiroyoshi Tanabe and Atsushi Takahashi. Data augmen-
tation in EUV lithography simulation based on convolu-
tional neural network. In Proc. SPIE 12052, DTCO and
Computational Patterning, pages 120520T-1-120520T—
7, 2022. doi:10.1117/12.2615267.

Hiroyoshi Tanabe and Atsushi Takahashi. Data
augmentation in extreme ultraviolet lithography
simulation  using convolutional neural network.
Journal of Micro/Nanopatterning, Materials and
Metrology (JM3), 21(4):041602-1-041602-10, 2022.
doi:10.1117/1.JMM.21.4.041602.

Hiroyoshi Tanabe, Akira Jinguji, and Atsushi Taka-
hashi. Evaluation of CNN for fast EUV lithography sim-
ulation using iN3 logic mask patterns. In Proc. SPIE
12495, DTCO and Computational Patterning II, pages
124951J-1-124951J-7, 2023. doi:10.1117/12.2659063.
Hiroyoshi Tanabe, Akira Jinguji, and Atsushi Takahashi.
Evaluation of convolutional neural network for fast ex-
treme ultraviolet lithography simulation using imec 3 nm
node mask patterns. Journal of Micro/Nanopatterning,
Materials and Metrology (JM3), 22(2):024201-1-
024201-11, 2023. doi:10.1117/1.JMM.22.2.024201.
Hiroyoshi Tanabe, Akira Jinguji, and Atsushi Takahashi.
Accelerating EUV lithography simulation with weakly
guiding approximation and STCC formula. In Proc.
SPIE 12750, International Conference on FExtreme
Ultraviolet Lithography, pages 127500D-1-127500D-8,
2023. doi:10.1117/12.2688029.

Hiroyoshi Tanabe, Akira Jinguji, and Atsushi Taka-
hashi. Accelerating extreme ultraviolet lithography sim-
ulation with weakly guiding approximation and source
position dependent transmission cross coefficient for-
mula. Journal of Micro/Nanopatterning, Materials
and Metrology (JM3), 23(1):014201-1-014201-11, 2024.
doi:10.1117/1.JMM.23.1.014201.

Hiroyoshi Tanabe, Akira Jinguji, and Atsushi Takahashi.
Pre-training CNN for fast EUV lithography simulation
including M3D effects. In Proc. SPIE 12954, DTCO

2025 Information Processing Society of Japan

[14]

[15]

[16]

[17]

[18]

and Computational Patterning III, pages 1295401-1—
1295401-6, 2024. doi:10.1117/12.3009880.

Hiroyoshi Tanabe, Akira Jinguji, and Atsushi Takahashi.
Weakly guiding approximation of a three-dimensional
waveguide model for extreme ultraviolet lithography sim-
ulation. Journal of the Optical Society of America A,
41(8):1491-1499, 2024. doi:10.1364/JOSAA.516610.
Hiroyoshi Tanabe and Atsushi Takahashi. Absorber de-
pendence of M3D overlay errors in high-NA and hyper-
NA EUV lithography. In Proc. SPIE 13424, Optical
and EUV Nanolithography XXXVIII, pages 134240Q—
1-134240Q-6, 2025. doi:10.1117/12.3046583.

Hiroyoshi Tanabe, Masayuki Shimoda, and Atsushi
Takahashi. Rigorous electromagnetic simulator for ex-
treme ultraviolet lithography and convolutional neu-
ral network reproducing electromagnetic simulations.
Journal of Micro/Nanopatterning, Materials, and
Metrology (JMS3), 24(2):024201-1-024201-17, 2025.
doi:10.1117/1.JMM.24.2.024201.

Hiroshi Matsumoto, Jumpei Yasuda, Tomoo Motosugi,
Hayato Kimura, Michihiro Kawaguchi, Yoshinori Ko-
jima, Hiroshi Yamashita, Masato Saito, Takao Tamura,
and Noriaki Nakayamada. Multi-beam mask writer
mbm-3000 for next generation euv mask production. In
Photomask Technology 2023, volume 12751, pages 263~
269. SPIE, 2023.

Lars W. Liebmann, James A. Bruce, William Chu,
Michael Cross, loana C. Graur, Joshua J. Krueger,
William C. Leipold, Scott M. Mansfield, Anne E.
McGuire, and Dianne L. Sundling. Optimizing style op-
tions for subresolution assist features. In Christopher J.
Progler, editor, Optical Microlithography XIV, volume
4346, pages 141 — 152. International Society for Optics
and Photonics, SPIE, 2001.

Nick Cobb. Sum of Coherent systenms Decomposition
by SVD.

H. H. Hopkins. The concept of partial coherence in op-
tics. Proceedings of the Royal Society of London. Series
A, Mathematical and Physical Sciences, 208(1093):263—
277, 1951.

Shuyuan Sun, Fan Yang, Bei Yu, Li Shang, and Xuan
Zeng. Efficient ILT via multi-level lithography simu-

111



DA

Design Automation Symposium

(22]

23]

(24]

[25]

lation. In 2023 60th ACM/IEEE Design Automation
Conference (DAC), pages 1-6, 2023.

Jhih-Rong Gao, Xiaoqing Xu, Bei Yu, and David Z.
Pan. MOSAIC: Mask optimizing solution with pro-
cess window aware inverse correction. In 2014 51st
ACM/EDAC/IEEE Design Automation Conference
(DAC), pages 1-6, 2014.

Haoyu Yang and Haoxing Ren. GPU-accelerated inverse
lithography towards high quality curvy mask generation.
In Proceedings of the 2025 International Symposium on
Physical Design, pages 42-50, 2025.

Shayak Banerjee, Zhuo Li, and Sani R. Nassif. ICCAD-
2013 CAD contest in mask optimization and benchmark
suite. In 2013 IEEE/ACM International Conference
on Computer-Aided Design (ICCAD), pages 271-274,
2013.

Su Zheng, Yuzhe Ma, Binwu Zhu, Guojin Chen, Wengian
Zhao, Shuo Yin, Ziyang Yu, and Bei Yu. OpenILT: An
open-source platform for inverse lithography technique
research. https://github.com/OpenOPC/OpenlLT/,
2023.

2025 Information Processing Society of Japan

DAS2025
2025/8/28

112



