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Abstract Fast and accurate diffraction simulation for extreme-ultraviolet lithography mask with complex patterns is
achieved via combination of the expanded absorber model and optimized multilayer film model. The modified thin-
mask absorber model is expanded to enable simulation of absorber shifting. Equivalent-layer model and single-
surface approximation model are adapted for defective and defect-free multilayer film simulation respectively. For
incident angle larger than 10°, the simulation accuracy of the defective multilayer film is improved when the ideal
reflection of single surface is modified with the equivalent-layer model. Simulation speed is enhanced by concurrent
computing tensor product and vectorization concurrency. For defect-free mask with different simulation parameters,
the modified method achieves better simulation accuracy and speed (critical dimension errors within 0.4 nm
compared with the rigorous method) than the domain decomposition method. For defective mask, the critical
dimension change versus absorber shifting is accurately simulated by the modified method, and the simulation errors
are within 0.6 nm (compared with rigorous method) for a mask of 240 nm pitch while the modified method is
150 times faster than the rigorous method.
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Fig. 1 Schematic of EUVL 3D mask.
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(a) Absorber model; (b) multilayer film model
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Table 1 Parameters of various mask simulations
Mask Mask type Pitch /nm Pattern size /nm Accuracy index Speed index
A 2D absorber 400 200 Diffraction spectrum Simulation time
B 2D multilayer 400 Reflection spectrum Simulation time
C 3D defect-free 640 80-480 Areal image intensity Simulation time
D 3D defect-free 144 72-80 CD versus azimuth Simulation time
E 3D defect-free 176 88 CD versus azimuth Simulation time
CD versus pattern size
F 3D defective 240 88 Simulation time
CD versus pattern shift
G 3D defective 240 80 CD versus pattern shift Simulation time
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DA™ ¥ {5 5 WG J5 i by JE e 9 i pRe sl 1%
QUASI f ASDM Xf =44t D (9 CD {8 {j FLiR 22
25 RMS {H 43 %14 0.468 nm 1 0.176 nm., [fij X
SHEHERL E B CD fH 07 H 1% 22 19 RMS {8 40 51
0.236 nmAl 0.181 nm, Wi H ik ASDM 5 i Jy
2 QUAST M EL L X 5 A~ = 2 45 A5 47 E0RS B2 0 2 T
Ay0R 62.4% F1 23.3% . X S 4EMEEL E R AT S
AT B 7E M )05 B 1 (Intel 15 4 #% 2.6 GHz
CPU.4 GB WA M F BB T ™4 7 &
WG 77 B FIIF ] 28 61.52 s, P AP AR 5 2 QUASI
K ASDM JIF HI B[] 43501k 7.28 s J% 1.84 s, Bt i 5

2 ASDM (%47 B3 BE Ry J5 )5 16 (31.5 )Y 17 % X
7 QUASI 19 4 1%,
3.3.2 AR BAy A

XTI 240 nm O BARTE RS 60 nm) | ]
JERFAE R SR 88 nm OV AR T R F A 22 nm) 1 %
BRFAHERL FLAE 15° KA AT L™ 5 WG J5
PN FEME SRR 7 2 5 WG D 5 ASDM 15 H.45 F|
) AR AT S 1 22 A i An T 10 AR 11 B, Hop
JE7 AT SR 22 ) RMS {58 0.00842, Bt )7 i
ASDM 2 21 RMS {2l 0.00549 , 5 5 J7 41 Hef
FAFERTE T 34.7%,

0105001-8



% {5

Amplitude error

3
o
3~ 1 3\‘66“

B 10 = 4EHEmE F R AR J7 V64 J0A5 3 0 A7 569 1% 4% R 158 22
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diffraction spectrum simulation of 3D mask F
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