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W 55 4 il HL % T 200 RN IR ) 4 KRR T
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Effects, OPE) LA S £EERm#% . BROGREE )5 T2
ANHREPERE R B SE R UG AT AT i B T R A
NGEfE IR R, TR Z(Computational Litho-
graphy, CL)#&H T 2 Fi 73 #2178 4 R (Resolu-
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OPC)il i fEFEAE EGI N U M, 7ERR G R
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T 5 H s B R BE R B — S

FEOPCIT 15 EE T 4 T HU (rule-based)
FIEE TR (model-based) . H, T H
IOPCH AN T2 3R 5 5 Rk s, @il xf
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ARG ARAEAILAR o 1%2 07 VI8 I i B AT EL T
U S: D) o I = R B B 8 NS )
FE R R IR B0 R 9T T Hopkins U 3
WHRIR G2 G RGBS 51 N6 2 A% 8 iR AL
(Optical Transfer Function, OTF) A &4 H b8 24
(Point Spread Function, PSF)fJ & | 5 & T 4E
T HLH G 22 pRAR Y FEIZAESE T, A
B IE R TS B sR A T E , 3RTT T %
AP R T Z 5 100, SR, 768 B4
B BEARBOLRE T, 5 TRAOPC
e CLZE RS H 2 A, LR i S R o R
PEATISRAT R

Jve Ik B R R, 1A 6 2 HOR (Inverse
Lithography Technology, ILT )}t %I it #2 455
WL R R, LR A AR AR I 5 2 ] o X A
BEATOUAL, A A R AR S SRR H AR . A EUA%
FOPC, WHZ|H AR (Inverse Lithography Tech-
nology, ILT)HA B & & ih H i &R RRAS R
WRTVEASEACFEEIEM B H b Sk R oy
PACTTEN . TUT 8 E AU D205 5=, Rk
TFAH R, DL & RS b 7 A R 75 R

B R 2 S R BF 93 T 6 R F N 2R ip
M a M B RE5 ILT St B = & kAR
PR, SERLPRIE A . TR il
— UKHT LR R A SRAF AL AR A FE AR, g SRR AR
PR ) 4 4 B 22 RP 2, BRI E R, 4
W, GAN-OPC (Generative Adversarial Network
for Optical Proximity Correction) /775 FH A= mi Xt
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PO 28 S HE AR AE B 1Y); Neural-ILT (Neural-In-
verse Lithography Technology) X U-Net &%
10 ' 20 AR g it 3 iy 1) AR RS AR 25 11T DAMO
(Deep Agile Mask Optimization) /5 iZilit 2 R
AR 5 % Br I SRER TH A A ks E Y. CFNO
(Convolutional Fourier Neural Operator)
KRS KA, SEILAT TR AL SO 20 77
AW, MultilLT (Multi-level lithography simula-
tion for ILT) id £ ZOCZIMT HHOR,  SEIL =R
SAFEIGZIP R BIRITVEAE T SRR AR R o &
TiTH AT TRV, EFEAZ: GAN-OPC,
Neural-ILT, DAMO% 77 %5 T B L5, %
PR 1] Jm o, e DU s A AT i 5 S A
P4 RO : CENO B G| NS, (HHAH B
JE R I 5 e R, AR T AR ML R 250 5%
R RIS RER . B, 7ERRAILH
BN, WABAXNEREEZEAL, SEETHE
QAE GG FE 5 10 20 55 T7 TA AR AE W 22

L, ASSCHR A R B 5] S
Z REHHZIH A (Frequency domain self-atten-
tion guided Multi-Scale Inverse Lithography
Technology, FMS-ILT). B8R 3T %25
U 2 REE i as— RS S 451, il I BhERE Bk
gt o Z R B R R A SR E AR B 4 R B TR
SCIBER R, RN M B 22 1 e el VR JE X 4545 B
P FEGmAY & AR i 5] AR E R HLE], K3)
SER SR ERRE Mg, Bk T E
() A AU SZ BTS2 PR ), SCRE B B Iy i
Joi B SR B R B SR BEARFALE s T A 5 92 D 40T
S SRR IO, SRTHRUERE . I ZRid 72
H R PO 25 5 I 2R 45 & i B B simg o],
H N R Bol L AR A il E AR EUR A X3
SRS, ARERAE EYIARTE LIRS BB
(] BB DG R, BRI 2R e TE S e 2 AR
B, AT ETTIRE ST

(1) 52t —Fhdudsl B i 2 oLl 51 31 2 RE
WG ZIBARMELE , W bk 2 2 RO 9 L 25— fid 1L
a4k R 50 B VR LR P R, SR RR
RERE

(2)FH— MBI aEE IV, KR EE
15 P4 R B RE AR SE &, A R ) R A
HEFEKEEFTFERR.

(3) Vit AE 5 H A BER B R X533
WZRsEng, RFaalss a5 AR 2 a2,
NEINNGRIZ At s B — Bk S Haa k.

(4)fELithoBench ¥ £ L1 sL it 45 R K W,

FMS-TLT P35 £2451 2 33 L A 1 FR 2% - 107 %,
FIL % E % EPERK4T%-1115%, BT
FMS-ILT 77k 0 B A8 35
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2.1 RZIEH
JCZIAUH T LR L RO R G . HA
O G B R R 2| IR R NI ZE . E 2
T, NS S R, KRR MG
BEALB R R G, IR RO I _E s
BURT . 1X—id fd % 20 (1) B B Hopkins AT
BRI TR AT R 38 o Ly J2 Sk S O A% R 4L

AR E . S oRon BRUEHE, | 2Rt
FAN TR
K
I=H(M)=> ulhy @ MJ? (1)
k=1

B S E A CZI AR Y B, 62 AR 57 ks
AR TR N B A AT ENEIMR Z o NSCHFbR R I
FAERE, A SCR AN 20 (2) B s wl i) e 2 gAY,
Horb th AR B, ozl ek EBEI R . 1A
RN 7S (AR R B WS Oy [0,1] Ya A BT ERIENR,
B CZI R BROG 5 5 5 1 B 28 il 12

Z(e,y) = 02(0(@9) = 1101
2.2 [EEEE X

FERA G AR T, SR B AT R &R T
ST (AN FRER RIS O 98 T 45 ) (AR AT 77 A R 2
Z5t. NZIE T ZR s RS R, ILT &
R =R T SH S, SRR R
B ARPRE AR /AME, EEXTIX =R T2, 2l
K Z DA% s O AR B DG 2 SO,
X AT EREME KON AN Zoom, Zmaxs Zin » FEARIE
A e, cofik I T ST ENEIME 5 Hir K
B REARR 2, 2 ORAIE G R B2 B R B A
[, 12481k (Process Variation Band, PVB)
M TIPS HEEAE AR T 264 gt Lo
SO T Z A B E N fE ) WG E R E
(Edge Placement Error, EPE)H T &7 E1EZ
W% 5 HbRiA % 2 MR RS R, g PR R AEAE
WAVER B4R bR . BRI, AL R A c2402k .
PVB Ml EPE fE NVl fEdR, MEIBF R, T2
R T PRI AR G 34> T3 THDA FE AL AL AR AT 4
T PEA

EXL(£2): FTEERR I TN
B Z,om 5 BAREET Z ) 25, HE XN

2
L2 (Znom;T) = ||Znom - TH2

(2)

(3)
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JE X2 (PVB): T2 (Process Variation
Band, PVB)&/RIEA R A4 T A B9 A~ 4T EE
18 Z s Zoin LI ZE 57 X3, HosE UM

PVB (Zmaxa Zmin) = ||Zmax - ZminH; (4)

JE N3 (EPE): % E %% (Edge Place-
ment Error, EPE)2# £+ ENEME 5 H Az B 2 [H
HUmR AR RE T, anEI1FTR . DR A B AR R A
RS A, AERFE R AT R Zoom B S H
P BB TR B 2 (8] i BB B D (2, y) i 5E 1)
BIE thei, 8 —KEPEEM. EPEIM A%
R AR EPE- 7. Hog SR
1, D(z,y) > thr

EPE(z,y) =
@) {0, D(x,y) < thr

()

] (AL ) g HAR R, Iy
WHERIEAT I, TR PR AT 2 1)
H, EA2R4TENEIMRAE L2127 . PVBMEPES
by Fak B /M.
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ARSCHEH — P B R L 5 S 2 R

WYeZ)Hi A (Frequency Domain Self-Attention

Guided Multi-Scale Inverse Lithography Techno-
logy, FMS-ILT). WiE2fR, BAR I T% %=

X

—

— HixE&T

— EEREZ,,,
— EPE W28 ([f4h)
— EPE H§45 ()

S

1 EPERG A /R 2

LRI 2 RE D d—fRig ds a5 0, i ik )= M 2%
TICL S SR EAN T RHIE, IR JZ P28 R
K 5 s R BN SUE R, IR IR
GERR 2 M 28 PRI S5 B BRI, AT
THRAGNS B ST G0 55 i . ot o R0t 42 ey
TERIE AR BE 77, FMS-TLTYE 4 A 88 A 3ty 51\
A B v = I (Frequency Domain Self-Atten-
tion Mechanism, FSAM), 418 SR E K11 5HIT
P AU, A TSR A1 0 4 12 i o 2 1) 5 BRURK
52 52 IRLEA IR, AT [ P 220 ) S 45 R
TR SR KA S KR &, #E— 5Tk
BHREFE . TEIZRSRNS I, FMS-ILTRFATIZ S
FUNGAHEE & I BT BAEZR . B 2R Bl il 4
BA: e H AR BUR A X SUAESS, 513 MR AE
RFAIE 2 [A) v 2 ST T 25 15 A8 45 TR 2 1A A Pk
PR R, fIRRIEHEN T UIZRR BUN H & S 5RK)
B, ST E 1 5 R A AR R .
BB, 2 RE i s A s 451 . A
S5 LV R AL AR 7y ST 5 SR A L P,
R 7 — Mmook R RS
3.1 Tl

AL G IR , E ek H s B
N IREE TR 2RV, S50 AT i B 5, s SR
T EIT . BEyRRGEACHR T R B DG
ZWiE, AT KREGIR ALY PLZE, TR
FERTAG I B AR LA R0 Hbr R AL
SR AR R R BRI GRRCR, e g
RSk, MRz, AR CS SR [15],
T CHONGR + EUIZR” PR BONZRAESE . TR
W 2% 12 B ] G s R AY AR 45 1, JFAESR Y A5 K
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i 51 Nk EVE R AL, R L« gy
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3.1.1 RADES-MRRD AR LAY

A LS5 U-NetHE S8 ) 2 i 45— L & 45 44 21,
BT A48 U-Netl®, HALH 2 A T4 5 Tk 2%
BRI 2 R o) 5 5088 4 JR) SN AL i L2
A, MR AL R A o G A B 3T R
SRR, &R A 1R ZE B PRI oK
WE . BREEHERIE PN ELSH 3 x 3E R M B
FRRHERICE T, RGP E RGN EEAA
—4t(Batch Normalization, BN)5ReLU(Rectified
Linear Unit) G R4 W ZEEKMAGE S
A H PGB RS SRR AR, izt EA
ABRF . —RBINGRIERFF S HE K [F 342
T RABUERZE . —RHMIA— R R 2 RERHE S
ARSIE s =R WO s AR s B AR LML A
VU B 22 P TR J PR 2 i A8 s 3R B2 T, 3K
SR bR LR e L, [RIIN A ARG 2 AR R .

AR GRS A PR B A AL TR E AT E S
I3 A BT BIHEAR (Projected onto the Mask, PM) Al
#5592 H #rE% (Projected onto the Target image,

PT)/ET AL (AN 4FTR) . fEEIF, 2t X RR
B R (U . BRI REIR, 1RZ 9w
T8 (gmhs 2 2) 32 B e yE /N RS 1 Ry SRR IE , il
G, IR ZE RG2S (GhY Z5) ) 5 8 4
HiJa K FE TR . IX— 25 RIGAE | 2 N ESFAE
FERCL | FEFE R AL A 8, BE6% B 4 T H gl
PG R ARG R, AR A RS .

D A% R H 5 gt 83 X FR i B2 450, W5
o — 21 ol A - RAE KR AE B 2 9
KT 2fs, AEEdBkEER:, MDY
WEEFE, H5 ERFEENREZECR=AMm, M
MK 7R 2 W PR 0 R 4 (i & . M, 2
Ui ) 5IRE M IR 4/ B R SOE B (AR R 4
M. B AT RER G, Ra&ERELGM
HORGIERFIE o 2% T H i I A2 BR A (R 2E A B s 2R
&, G ARIRIZ W 25 P IRTRR B 2k SRR IR AL i)
A, [RI R DR A R e B R 4l T R B S A R 4
P —EES
3.1.2 TIN5 2 5244

AT R E AR K P, A SCHE T SR AR 2%
Rt 17 “AERMEEE B AR ER” 534

HARE &

P 4 RRAETK BT B (PM) RIS B H A7 EE (PT)E AT HLAL

3 IRZEZB RIS 4%

PM

PT

GiimjE1 G2 Gt J23 Y24 4t j25 fefth 2%
B2 Max- B2 Max- B % Max- B2 Max- B2 Max-
E %8k [ Pool BB [ | Pool || || B8 [T Pool |[]| %8 [ Pool BHL Pool %I
/ ~
(1,512,512)| /| [32512,512] ">~ (64,128,128 [128,64,64) [256,32,32) [512,16,16]
12512)] N
/
// L
Conv Conv FSAM
D]]]]T (3x3) BN+ReLU™ (3,3 [*|BN+ReLU P
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BRI — MU BRI 5] 102 R EAR 5

¥y, SR, KA AR A A H bR B AR E R P
RS FFATAL SR, i AR B 7y S0 5 B AR ER E
3o AT . AR AR RSy Sl B 5 Sigmoid
BRI AR R AR . B bR IR A 4 SR A IR
IR, 2R H bR B A R V) BEG OC &R
W IR R E I 2RI 780 R H AR BUEAE S, v F
R BUR M ARG HERI WIS H . X — X0 SR AE
TR B b s 7% I BIMRHIE, R 1 3
RIS

LS G TR, 16 () $5 40 B Ko 2
FKH, SINAREER DG, R4 RA S H
P P B R 453 R AE R PRI AN A ST A R e i, DA A 38
JEIRFBIFADIRDS, BUR R B SuEaH T E, ik
T AR EE ) 73 SOR BB FEASE A A 2k BR ER UL S
. T EI6(b)E o R SRR R AT, R H AR
KIE S5, FINGM B am kT &, IIghadiE
WSS . 1X KB H AR A 73 SR 5] SRR )
MRt = P BN SEBOT R B R EE, Aeig A2
FETH AL I R e A B 2 BB T B o R AT i
SR A RAIIE TIX— IR
3.1.3 SuE B EE I

T 2 B 5% 2K Sl 51 N AR H 3 = I L (Fre-
quency-domain Self-Attention Module, FSAM),

CERJUE TR, A% O BAR R WAL Gt 1) 2 A 4
B E R BRSPS TR 2 iR %
FRo BRI, MINRHEET < 1ERY s g
fEfa, A RE 7 EERAENRER(Q) #(K)
AME(V). SRJE5 QF1 K AT PR ([ AR (FFT),
FEARUER P TH B e AT 2 R 3 = A B AR R, AT B
IS AT 54 )R E I E R R, 23]
F1R) I A R O 2 ok T ) L I AR 46 (IFFT) B 5 [
P, BEGER K, 5 VT ZE s s B
 REEEIX IR R EE4ER, s
PIRFE B . FSAMBIARFAAE T H RE 8 R AL G &
()R 2 B BR ], e o) 2 AE e RS N, RS
3 A AR F AT RO SR AR TP, T S
A 42 2 R s SRR SC YR . K4 “FSAM”
— AT E SN KR, FSAMBIAER LR
LA A4 Ry bR OSBRSS B R AR T T R I
Mot
FSAM¥ Q Fl K I ik {8 5L 1730 460 4 460 28 Aok,
FIHEHFE T EEEIINE, A THES
Vg &, HatEdERR AH(6),
Y =Nom(F "(F(Q) o F(K))oV  (6)
Hor, FOMFY 53 5 4 B A e e AR e,
O NZTGREELE, AT H—1.

| FSAM | |

A PR

Conv(3x3)+Sigmoic

Sl

lic

[512,16,16]

[64,128,128)

[1,512,512]

32,256,256] [16,512,512]

H b R T

Conv(3x3)4Sigmoid

Conv (3x3) [™] BN+ReLU [™] Conv (3x3) [™]

BN+ReLU

N

& =iz

[1,512,512]

Bl 5 RGP &

0.065 0.015
R AR R
el =L SEALGES

— 0.005

HEIA ek
=)
5
|

0.025

1 2 3 4
I
(a) B Zedik

— 0.010 X

0.004 45
— R
e FEIR H AR H A
0.004 40 N TN
X
o
5
0.004 35 |
0.004 30
1 2 3 4
VIRV E

(b) RSk

K 6 THUNZRI R S R SR e Btk
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Q| [ prr
“’ 2C A
wosEE | [ mar ] — , EEES | [ b
[C=512,32,32] [ |Conv(1x1) o [T~ @OK, || IFFT |~ BEH OV Mconv(1x1)[™] [C=512,32,32]
EAY T
2C

7 Sk B R ML FSAMEE 4

3.2 FilZk

TN B AN RS HO I AR, 8 AT il
62 HSL IR 5] S RO (K2) . H FRhi
BT 2 4 L) AR ) % D 265 26 R TU A Ve, I8
ANAROCZIF A TE . 7 Fad R 2E T 320(1) K Hopkins
SRR R T, P 2 (2) DG 2 IR
RGEETENERIER Z . IR T2 &, Rl fErs
#(Nominal). # K (Maximum) /N (Minimum)
EANTEZATHATHENGE, EWZoom, Zmaxs Zmin
H T 07 FAB R e ] il 45k AT 17 A s
AR B RRIR R, TMEREMNERE, A ERE
RV B AR PRI A5 M . e 2R A E (1),
(2), (3)FFEhRL2, PVB, EPEHERILILT & .
3.3 KA
3.3.1 FRIIZKRM BRIk iR 2K

TETRIIZR B, WX 4 32 B2 S RIS 56 2
— R\ B AR R B B S, DUAR R R B 2
WHFERL R S 2 AN H Arhi B 250 24T B R G
WA, T LA S AR 2 SR 18] ) B SR B
NI, AR 34 o A R K ek K X
THER A B 3, SR (7)) B g SR 4 2k B L
Lonasic 20 AL AR VT 5 HERERR 25 M Z 1 1 22
F, IG5 P45 2 ) 5 PR ME S .

) 2
M — Mpe ,

(7)

ST H AR EUR B4y 52, A SR 2 (8) B ik
35K BB Crecon LR BRI B AR EUR T 5 B
NEFREG T2 — 80, %5 300 A )
A TGS A ) 4% 25 > HEASS 30 AR 0 BRI
Lrccon = |T — T3 (8)
TN 5 B A5 e 2 B 25 052 26 10 BT,
MR (9). ASLHH, HoBERE, B SEHT
DAL T 25 S USRI BT 45, T T L B b
(O HE AR A BT 55, AT 58 0 A R . IR
a W EIERIEI(0,1), ARSLIEE NO.1.
Lyre = Liask + 0+ Lrgcon (9)

3.3.2 EIZMELIRS R
F NG Bk 51 N aT o 21405 B S #E 5

‘Cmask =

TR AL o Z Y BB S R BRI Lo, WA
K(10)FTw, B =8 Ak £2 200 AR .
Lovp AR T ZEBHEME,  Leomplexity XVRITEBE JRE,
EESHRE L, AN =) =1.0, A3 =0.05,
HUP X B  AAR A tabr, IR ERESE,; 3N
BN, BRI B R B, SR
g6 A S S JUTRRE 5 0%, MUV ME,
DA b 2 T AR AR s SRR AE (0, 2] X TR AR

Emain = )\1£L2 + >\2 ACPVB + )\3£c0mplcxity (10)

He, £2, Lovg M XA (3), (4) » L complexity
B (1) . XA MO R HERL, HATW 5
MANHEESEE . M, RN AT 2B
GOV A - 2400 R BB TH B Y B8 8 [R] I
G HRE . L2 Ret 5B E A, Scolak
FERITESCZIRAL o
;] AW
L complexity = oW Z Z (| M jy1 — M |

i=1 j=1
+ M1, — M ) (11)

4 I
4.1 SKEIRE

AR T7153 T Python 3.8F1PyTorch 2.0.15281,
FHTEL % Intel Xeon Platinum 8368 CPUL
NVIDIA A100-PCIE-40 GB GPU [¥flR% # Lik4r
PPAL . SEEGK A LithoBench (Benchmarking AT
Computational Lithography) 854", ZHHEE
MmE 27 SRS, HEEEZ
(MetalSet). HFLE (ViaSet) & HbrifE it T2
(StdMetal, StdContact), HA RGFMARESZ
FEME . ST HIE RS IR 1R
4.2 LIGHR

F T TR S AR SR 1N YT 2 R LA 1)

% 1 LithoBench &ML BiiRESIT

MetalSet ViaSet StdMetal StdContact
Y 14,824 104,733 0 163
R4 1,648 11,642 271 165




H123 DRI

— RO B AL B 102 R B 7

WA e Z R AT XL, BFEGAN-OPCHY
Neural-ILT! | DAMOU! | CENOMILL K Mul-
tILTRO . R 2R 1 HT 51 1) B S % A S 7 1 B 45 :
ERL R AT IR, PR IR AR B FEEE 2.2 T W
3TFER: MR LKA TITHEGRE BnEB
B R 22 L2 12784k 58 PV B LA S i 43 B i
ZEPE. &AM E RS RIL S TR2, KXk
A= BT BN RGN S AR RIS BT o
PAASCITEFMS-ILTYE At L i R (Ratio =
1), LithoBench{FNEHE4%E, 7EBMARRGIRZE IR
£2 b, BTTERAS AR 19998, B HERIAI[F
K2%-107%. {EiFfh LZE&HEMKPVBIEH I,
GAN-OPCHUERAKAE 19156, LA HEAK31%,

HH L2MEPES B & H107% M1 115%, R H B
B . AR EPVBR bR LR
MG AR LT kT . EEEINEX TR EN EPE
fabr b, AROOTEFRIFERA BEMRE, FHEPEN
1.95, ELIREUEREAMTAT%-1115%. 7EiHEREXT T
W, RSO BRI [A]0M0.036 s, EiNeural-ILT
1219%, 1BHHAb 7ER47%-63%, FEBL T #E5R I
BT

KT RER T LR 28 T 2 R E g i 2%
S 2EE Y AN b AE M=l K DS & il
GRS FEER . Ho, 2RSS T &
AT 54 R BN SCRHIERI A Smh A Ak H R )
MUk &5 &S E R 5 e REERE 1, 51 5

&2 BIEMUITHEER

o GAN-OPC [ Neural-ILT 17 DAMO [ AT
BiiEs £2 PVB EPE HH(s) £2 PVB EPE W) £2 PVB EPE HE(s) £2 PVB EPE H(s)
Metalset 43414 41200 87 0.070 36670 42666 7.3 0.050 32579 41173 5.4 0.055 32384 40142 3.6 0.066
ViaSet 14767 6686 83  0.160 12723 8537 6.2 0.059 5081 9962 0  0.162 4526 7936 0  0.062
StdMetal 25929 23715 4.6  0.004 20045 23548 24 0.005 16120 23796 0.2 0.006 17886 22738 1.3  0.009
StdContact 81378 4931 73.2 0.003 25422 41537 3.2 0.003 50445 35673 26.7 0.004 25683 40234 2.9  0.007
SEHIME 41372 19156 237 0.059 23715 29072 4.8 0.029 26056 27651 8  0.057 19998 27763 1.95 0.036
bt 2.07 069 1215 1.63  1.19 1.05 246 0.81 1.30  1.00 410 1.57 1 1 1 1
- CFNQO [ MultiILT 27 A7

HUE £2 PVB EPE HE(s) L£2 PVB EPE Hflil(s) £2 PVB EPE HHHE(s)
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A Frequency Domain Self-Attention Guided Multiscale
Inverse Lithography Technology

LUO Binling®  WANG Ying”  CAI Shuting®
®(School of Integrated Circuits, Guangdong University of Technology, Guangzhou 510006, China)
®(Gucmgzi Vocational College of Water Resources and Electric Power, NanNing 530013, China)

Abstract:

Objective Optical Proximity Effect (OPE) in lithographic processes causes printed wafer patterns to deviate
from target layouts. Therefore, Optical Proximity Correction (OPC) is required for mask optimization before
exposure. Traditional rule-based OPC methods show reduced accuracy for complex layouts, whereas model-
based OPC methods require high computational cost. Deep learning-based methods have recently been used to
accelerate mask generation. However, their limited receptive fields make it difficult to model long-range optical
interference, which restricts optimization accuracy. To address these limitations, this work proposes Frequency-
Domain Self-Attention-Guided Multiscale Inverse Lithography Technology (FMS-ILT). The method jointly
models local geometric details and global optical interference to improve printed image fidelity, edge placement
accuracy, and process robustness.

Methods FMS-ILT uses a residual convolution-based multiscale encoder-decoder architecture. Shallow layers
extract fine geometric features, such as edges and corners, whereas deeper layers capture large-scale layout
context. Residual blocks and multilevel skip connections are used to preserve high-frequency information and
stabilize training. To overcome the limited receptive field of spatial convolutions, a Frequency-Domain Self-
Attention Mechanism (FSAM) is introduced at the encoder output. Global feature interactions are modeled
using the Fourier transform. The resulting attention responses are then mapped back to the spatial domain
through the inverse Fourier transform to adaptively reweight feature representations. A two-stage training
strategy is adopted. During pretraining, a dual-branch structure jointly learns mask geometry and imaging
consistency, providing physically meaningful initialization. During main training, lithography simulation is
applied under nominal, maximum, and minimum process corners to refine mask optimization under physical
constraints.

Results and Discussions The comparison results with baseline models are summarized in Tables 2 and 3. FMS-
ILT is used as the reference method (Ratio = 1), and all experiments are conducted on the LithoBench dataset.
For the overall imaging £2 error, FMS-ILT achieves the lowest value of 19,998, outperforming the baseline
models by 2%-107%. For Process Variation Band (PVB), GAN-OPC obtains the best value of 19,156, which is
31% lower than that of FMS-ILT. However, its £2 error and Edge Placement Error (EPE) are 107% and 1
115% higher, respectively, indicating an imbalance between imaging fidelity and edge accuracy. The remaining
baseline models show PVB performance comparable to that of FMS-ILT. For EPE, FMS-ILT also shows a clear
advantage, achieving an average value of 1.95, which is 47%-1 115% lower than those of the baseline models.
These improvements are mainly attributed to the multiscale encoder-decoder fusion mechanism, which
integrates local and global features; the combination of attention mechanisms and frequency-domain operations,
which guides the model toward critical regions; and the dual-branch pretraining strategy, which introduces
physical priors into the network. These modules enable FMS-ILT to achieve balanced performance in imaging
fidelity, process stability, and edge accuracy.

Conclusions This work proposes FMS-ILT for mask optimization in computational lithography. The model
uses a residual convolution-based multiscale encoder-decoder architecture to extract rich spatial features. It also
incorporates FSAM to jointly model local geometric details and global optical interference. A two-stage training
strategy is used. In the pretraining stage, mask generation and target image reconstruction are used as dual-
branch tasks to improve the physical consistency between the mask and the printed image. In the main training
stage, lithography simulation is introduced to further improve imaging accuracy and process robustness.
Experimental results on the public LithoBench dataset show that FMS-ILT achieves strong performance in
terms of L2, PVB, and EPE. The method improves printed image quality and provides a feasible and efficient
solution for computational lithography.

Key words: Mask optimization; Inverse lithography; Frequency Domain Self-Attention; Multiscale
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