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Mask Multilayer in Extremeultra violet Lithography

Liu Xiaolei'” Li Sikun"® Wang Xiangzhao'
'Laboratory of Information Optics and Opto—Electronic Technology, Shanghai Institute of Optics and Fine Mechanics,
Chinese Academy of Sciences, Shanghai 201800, China
*University of Chinese Academy of Sciences, Beijing 100049, China

Abstract A model based on the equivalent layer method is developed to simulate defective mask multilayer in
extreme ultraviolet (EUV) lithography. In this model, the defective multilayer is divided into defect free region
and defective region. The reflection coefficients of two regions in different locations are computed by the
equivalent layer method. The spectrum of defective multilayer can be obtained fast and accurately. Simulation
time of the proposed model is 1/9 times that of the waveguide method for a multilayer of 200 nm size.
Compared with advanced single surface approximation (SSA) model and the simplified model based on SSA,
the simulation accuracy of the multilayer spectrum and aerial image of the proposed model is improved. The
errors of simulated amplitude and aerial image are also with little fluctuation in different defect sizes and
incidence angles. Taking + 1 order diffraction as an example, compared with advanced SSA model and the
simplified model based on SSA, in 6° incidence angle, the simulated amplitude error of the proposed model
decreased as much as 77% and 63%, respectively.

Key words optical design; EUV lithography; diffraction; defective multilayer; equivalent layer method,
advanced SSA

OCIS codes 220.3740; 050.1940; 050.1755; 070.7345; 070.7345

rfs B HA: 2014-12-31; Y 21 & 20 F5 H #3: 2015-03-09
BEEWE: BXK HRREIE4 (61474129 61275207 .61205102) FBHE 34 [ bR A% & 7EL T 0 H (2011DFR10010)
PEHE B XN (1987—), J , WL 0F 58 A, 22 N FEAR 58 1O 20 He A% fte i e 5 5 S0 H R O T A ik
E-mail: liuxl@siom.ac.cn
SUHE A Er(1957—), B 0F5¢ 5, A28 S0, 32 A5 B o i 1 B R 0 e i o 20 DL AR A5 O TP F Y
E-mail: wxz26267@siom.ac.cn(GE 5B R N)

0622005-1



DI S R

1 5 7

RS AN (EUV 2B S B e A T 0 F — A2 R . R R F IR A DUV, H: 22 406 %0 7 1
SR 5 1 2 40 J2 09 Mo/Si B2 B 22 2 LI ST A0 ol T LG T 2 4% 1 1 R A L 40 B e s
L 2 5 A R R ) 24 5 1 ot 2 S B P R R R — . ARG & R I LT L £ R
B B U T TR - 2 7 RS T DAL T 37 25 2 % B e S X T T 3
F B 2 T LR 2 10 2 AR A

I A% 22 51506 20 05 K509 51385 007 2058 35 SR 77 K 007 277 1 L A0 B 5 W 2% 43 3 (FDTD) VR 07, 74 4
L7 ot R AR ST 7 LA BRSO R S O A L TR BE R AL T 0 L R
ST T AR AL 0 20 L T 40T R B Bl s X M P B o 48 26 22 S0 280 RS A7 S0 ) 0 B 3, 45241y
T ST B 2 2 B R R A 2P T T L (SSA)S™ I3 i B EE  Clifford 2B th () B30k B - i
SIE ABLRE T (advanced SSA)E I BT 7 2 3 e B Ao Bl 2 2 AR R0 080 o SR P A 375 7258 26 /7% e 1 B2 ) (L
4 RGBT e s R 0 2 2 T T 7 0 5 22 B I S5 2 M E R W, 503 e A 37 228 ) R Bl 52 e e
TR BB X 22 R SO I It AS BRI 45 ) T — R T B T 302 100 2 I 2 2 B A B e 2
22 THEE MU 2y 37 T 26 J52 WS40 AT - B0 52 5, 5% L 37 2 2 i1 S 22 B0 28 0 72 7% A % 22 J2 5 2R B f
B, 15 ki B T 302 (LRSS TR L 76 0 203 AR 24 00 F L 35025 T B R SR (DL TR 10 5 R

T A 30E AU F A58 T S o A O BORS B MR K MR B T 0 B SR T 222 I 3.5 nm 5 1 9 B
2o B P T 1 10 nm 59 56 5 R SF (CDYAS A, B Ik T 75 2 2 ke 3 1 4 2 490 06 588 900 2 7 5 M
e b 05 L5 I 0 S 2 WA, AR SO T R T R 0 5 SO 2 A e e
oI AR S e A IR 4% S T B X S e DX SR P e R A A B s £
S T AR T 3 A ST 2R o D 037 A B 2 I B S

2 HIp AR
2.1 ZWEREE
2.1.1 3 EER A4 & #
B2 A PR TR L AT AR 4 L A B R A B O RS ST TE 2O L e R
i T 52 5 2 KO3 S 28 50T R4 0 TR 2k A 1 35 (TR 6 A S I -

_fi,cosB —7f, cosf 21, cos 0, ()
T cos @, + cosf,’ T il,cos 0, +7, cos b’
fo Bl 1 (TM) D A1 e A S
—n, cos @, +7, cos 6, 211, cos 0,
rp = ! ! s l[‘ = : - (2)

fi, cos 0, + 1, cos 0, i, cos B, + 7, cos B’
XA, A, AT AR, 6, 6, I A AT R PT I ER nosin 6, =n,sin 6, , n, o on, 230N Z IR
i, i, SRR .

R N I S E N
n / / /
/L /. /
AN A A\ A A
- I\, ¢ \ /’ \\ // \\ // \\
n, :02 § \\\ // \\ // \\ ...... // \\ ...... 2
Voo HER
\ \ \ \
ﬁg 0 X\ \\ \ \\ \\ 3
i YA, YA, VA, A A

B R S

Fig.1 Single layer structure
S 7 M RAE R SR, R SO A G TE IR G . W& 1k i 1A A S 2 A 5, B
B R BN r, B R EON 1, RV E LA 2 A RIS B, L1, (DU £
T = =Ty s bply = 1= r|22 . 3)

HoAb I Z B [ e e S, AR 1A 1 AT 4%

0622005-2



I I S 4

A=A,

Ay = Aot Ty8,ty,

A3 = AT 558,751 T 53851,

A4 Agliyrys 2(r21r235 ) Ly ’ )

k-2
Al. = A0t12r2332(r21r2352) by

s, MR FOE R AN 22, d )RR BE

5, = exp(—joTrnz‘ 2d cos 6,) . %)
PR RS BSOS i RO e =2 A B/
A0)=A +A, + A+ + A, +oee (6)
L4 (3)-(6)2% T
Ar(gl)on.M. (7)
1+r12r2332
FH A5 3 B )22 B 1Y S R B
o)=L ®)
T8,

212 % BRI A%
AR EUV A £ 2 IR B AR S5 AN 2 s, B V2 4L %, 22 )2 T il Mo/Si BUZ A i, B2 1E R Si0,,

HAZES S HILE 1.

Air : / " 1 9

Mo %\Vly’ T, " 1

Si %/ r, , 2

Mo \ / L 4 3

Si WAl 5 4

Mo :

N-1

Mo \/TN . N-1
ol A N+l N
SiO, : N+1

K2 Z 2B AL
Fig.2 Structure of multilayer
R WL R SR

Table 1 Structure parameters of multilayer

Material Thickness /nm Refractive index
Air - 1.0+0.0
Mo 2.78 0.9238-j0.00643
Si 4.17 0.9990-j0.0018265
Si0, 0.9780-j0.0108
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