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Abstract To meet the wide angular bandpass requirement of a small-size mirror in extreme ultra violet (EUV)
lithography illumination system, the designed broadband molybdenum (Mo) /silicon (Si) multilayer stack is deposited
by using the relationship between effective thickness of Si layers and velocity and the relationship between periodic
thickness of multilayers and velocity. Mo/Si periodic multilayers with different periodic thicknesses and I" (ratio
of Mo layer thickness and periodic thickness of multilayer films) are deposited by magnetron sputtering and
characterized by small-angle X-ray reflectometry. The relationship between periodic thickness of multilayers and
velocity, the relationship between effective thickness of Mo and Si layers and velocity, and the interface roughness
of multilayers are provided by characterization of X—-ray reflection spectrum. The broadband multilayer stack is
designed by utilizing the Levenberg—Marquardt algorithm, and the designed EUV reflectance is R=42%+1% at the
range of 16.8°~24.8°. The designed stack is deposited according to the relationship between effective thickness of
Si layers and velocity and the relationship between periodic thickness of multilayers and velocity. The measured

EUYV reflectance of the broadband Mo/Si multilayer stack is 41.2%~43.0% at the range of 16.8°~24.8°, which is very
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close to the designed value. Further fabrication error reversion indicates that the small difference between the

experimental and designed results is mainly caused by the systematic error in the calibration of I" value and interface
roughness of Mo/Si multilayers.
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OCIS codes 310.4165; 230.4170; 040.7480; 340.7480

1 5 7

W A ZNEUVL) AR R T —ROG 2 A, 5 G848 28 B 14 nm G 2077 25 W £ AM6 208 kR
10 ~ 14 nm B CIR BRI, JL-F BT A B 056 2% 4 RE e 33X — Ik B #R EL A 38 W, BT A TG 36 R A% Ge i 4 5 X0 2
ARG, P HCEAMNEZ R G0 B R G0 AR W 2 R O SR, H R e 2 o R R A R Y
PEZ 2 DL i RS 3 A JR I 22 2 R T R T O RS G S A A SEAR AR B T
Z JZ W AERE e A (N, PR U T R AR SR 1 22 )2 RO 38 K 22 2 I S G i o i 22 2 TR ) R S e
U8 F 0] UG BE L 1966 4F , Heavens S5 T 6 13 22 )22 IR A A8, FH LA 96 T LY 0 B S S B A o 1992
A, 95 [ A 9% — 50 %5 W AR R R4 B8P0 19 Joensen S P H — R i 11 XSRS Y 22 J2 IS I A ok A0 L O LA
# TS M 3.5 mrad FHW/Si e 2 )20, 1996 4F , H A Y Tawara 22 T X ST 584 2 )2 I
HMERRIE T IR N T PUC i 2 2 . 1998 4F , & P 11 B9 Protopopov &M f I G2 BRIG L $R L T 1%
X R T 22 2 B 0 A O iR BAE T BRI & T W/C TE M EETEA 22 . AR R FE M 2R AN ZI 5T Y
BT MOk M 22 06 T S A I BE TR 2 2 IS LTS RE D, RS B R E TR AR R R ML
J2 RS 2 TR 4™ 5 Ak B9 )y T o Bk O T R AR RS, — R DA AL B (GA) AR R W JE T R AL AR 1 4
Ja FARFL 55— 25 L) Levenberg—Marquardy(LM) A 36 (19 Jm 5 SO0 3R0L o 7EA S8 A1 Be, oh 1 )23 I 1 4
Ak R, R 18] O 22 J2 I8 S B 5 i AR A AL I X A Ak TR A 2R A D B AR O T R A 4 A S
() R, Ah 3 Ty X A A VAR U AR R R AR R R G T I O R R IR T O 22 )2 R R S
A5, DD 5 A T 1 ST T T S S 2R KOO L U PR 11, D0 2 A R ) 7 IO Ay B ) — 2T LA R

HRT, G F M 28 A0 56 22 )2 I 1) i 0 7 55 2R 150 01 10 X A A 3 40 ) B 3 i S R A A i T R A 2
o 5 ) B 5 0 14 BT I AR S BR 2 R 5 U T R S A R A WA O i IR AR AR R G . BRI AR S D A
T S ) 45 BT Mo/Si 22 )2 IR 9], PR 40 B R T W 58 A0 B 4 IR R I R SE L T2

2 Mo/Si 2 JZ B JZAT RUR BE 5 00 1 i 58 R A AU AR €

JI A Mo/Si 25 22 155 151 2Re ] 0 47 W Sk 9 FEATL ot 9, 9 RREAVL DAy 77 5] S 52 0 2 2 7™ 9 DR B T U G 4 D S0 0
F Gt Nessy 1900, HE JEHLEE 4 61> 600 mmx125 mm K/ YRR HE |, d5c B8 158 L IS 111 422 24 9650 mm , A JiE .
25 AT 8X 107" Pa, 3 i 2 8] 3 g TAD 6 U b R A R RS B R A5 K B £0.19%"" . I R 22 R B GF X A £
15 B X S AT A R faf 2% Panalytical 28 7] A2 77 19 X' Pert PRO MRD A7 5543, I 4t 22 )22 B 45 A1 I 5 35 1)
e 28 A% A M 7 [ Bruke ASC A4 77 1) CXUVS G5 L™,

Mo/Si 22 J22 5 5% 2% 18] 9 B AE 75 Mo )2 R Si 2 7R 4 56 A1 il B 't 2 J8E B R A= 28 Ak, PRI 7 i 5 984 Mo/Si
22 )2 IR T 3 g SO B A T TR R R A 1 5 AN S [ R JRE EE N (Mo 2 R BE 5 22 I T 0D IR B 1 L
{E) 9 Mo/Si 22 J2 BE R RS I 28 (MIL1~MILS), LS B2 A7 0005 2 5 20 5 B O R Ui Am i o U |, i ELHE Y
D7 ¥ 2 2R W J2 5 R 405 L, Mo/Si 22 2 IS O 11 58 A0 S 55 15 R 45 31 Mo/Si 22 J2 I Y A, ik 7 45 3] Mo J22 A1 Si
JERA SRR HI2 , 2 )2 B0 5 AP RO S A s T AR LS S AN B
A 2B A1 U 23 SRR BT, AT O %o DR e A o ) B 5 A0 S i i R AT A JE IR AR I ] B OS2 2 B AR SRR R . A
R T ZE R P AT X5 26 5 56 15 R 45 31 Mo/Si 22 )23 B8 i (B 0 43 5 5, DXL Ry 40t A SR X0 26 2 50 435 1)
I B JE 5 R LS AT, ELRE A T DL Sh At i i o BUAROR U, 22 2 A R )RR B B DR R A A Ak 2 =X
A1 N SR 5 [ 22 )2 0 Jo] S99 J5E 188, SR 7 22 B R 405 40 A SR X 2 I S 5 A 31 22 2 IR 45 4 28
Mo/Si 22 JZ2 i ] LAy J2 ph BEAEL A8 21 Mo 2= 14l Si J2 22 48 HE AR A, Mo J2 5 Si JZE 1) /Y 47 B30 U A8 J2 1) 18 Bt T
MRS B2 o v, B T RELRS B2 X6 2 9 3R 4 52 ) 1 Nevot—Croce & 1E R F exp(k k., 0 /2) R in U5 R, 76 i G L&

VA AR

0407001-2



L G-
L AR v R RS AR R B B R R T A S XS R RS S Y X AT S AR K R 0.154 nm
T B 58 A1 B S8 385 1 0 4K 7E 13.5 nm BRI, B UL, FH 79 b B SR AIF 22 J22 BEE Ak AS ] 3k 4 b A7 7E R 8 D 2 o R D/
P () 1) 28 e M 22, I X 2 S B35 B TN R & (k= 4 sin O/0 )5 W58 S0 S 53 10 IS R S i — B
22 J2 AR SRE XS e B S 3% 118 5 — At P AR AT SR 06— AR 0.6° B 3T, X N BCSH 2 O 0.85 nm ™, BT 22 )2 B AE
13.5 nm P AL (14 1E A S A 7E 20086 38, BRI 40 A A 28 70086305, X R HCS R O 0.87 nm™', A BE A A A
b, 30 3o 00 A 4 S IX (4 2 A B % 25 AR b sz e 22 22 B ) 1 () B 35 — 1 A1 06 A S5 0 BfE 3T 9 B ¥ T (0.2°~1°)
PRI X5 2 R 5 1% o B T 22 )2 B I 25 0 S 3B 3 o R A T 3R T A5 31 19 Mo/Si 22 )23 B R JEE R
M SR 1R, b o fo, 53518 Mo/Si £ )2 I Mo J27E Si J2 LRI SiJZ7E Mo J2 L1 ST HLES i . 4%
A ML1 ., ML2 F1 ML3 [ 52 18 25 44 2 8500 H 5045 210 (14 1 48 A0 % B 1) I i 26 45 JHL sl sz B o il 2 A7 Ee 3 (B 1),
ME LA LA 9 5 R 22 55 /08 RS 238 i e i) vt B 25 51/ T 20 pm, B 5 38 2200 /N T 1% ,3X 5853 T
W, LA 0.20~ 11 B 35 FBL PN 8 50 A B XS0 28 5 S 52 4 ml A BRAR B0 422 J05 A 28 90 I 5 % 45 31 Mo/Si 2 )2 K
{1 A, 32F 17 15 31 Mo JZ 1 Si 2 1Y A 80UR
F 1 R A EEHBE T Mo/Si 22 )2 I8 W 5L s o 5 Dfl

Table 1 Periodic thickness d and I value of Mo/Si multilayer films under different velocities

No. vy, /(r/min) y, /(r/min) d /nm r o o)
MLI 1.4108 0.7147 7.455 0.554 1.06 0.00
ML2 1.1355 0.7147 8.4333 0.485 0.95 0.01
ML3 1.4108 0.9438 6.4865 0.493 0.97 0.03
ML4 0.9501 0.7147 9.3862 0.429 0.98 0.07
ML5 1.4108 1.3889 5.5455 0.418 0.90 0.00
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Fig.1 Comparison result between measured and calculated extreme ultraviolet reflectance based on the multilayer film inversion
structure. (a) ML1; (b) ML2; (c) ML3
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Fig.2 (a) Design result of M4 broadband films based on LM algorithm; (b) thickness of M4 broadband multilayer films
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Fig.5 Comparison between measured and designed reflectance spectrum of M4 broadband multilayer films
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