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Improvement of blister-resistance of Mo/Si multilayers by capping layer attached
via intermediate layer

Hiroaki TOMURO, Koichiro KOUGE, Tatsuya YANAGIDA, Masayuki MORITA,
Masahiko ANDOU, Yoshiyuki HONDA and Tsuyoshi YOSHITAKE
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Mo/Si multilayer mirrors are used for extreme ultraviolet (EUV) lithography. The formation of
hydrogen-induced blister in the Mo/Si multilayer is a problem that reduces the reflectance of the
mirror. In this study, the blister-resistance of Mo/Si multilayer mirror samples with multiple
materials of intermediate layers as thin as 1 nm between the capping layer and the multilayer was
investigated using a high-frequency hydrogen plasma system as a hydrogen ion source. As a result, it
was observed that the intermediate layer suppressed the blister formation. Furthermore,
intermediate layer materials that can suppress blister formation and materials that cannot suppress
blister formation were observed, and investigation has shown that the blister-resistance is greatly

affected by the properties of the multilayer interface.
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Fig.1 Schematic diagram of the capacitively coupled

plasma (CCP) device for hydrogen exposure.
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Fig.2 Calculated ion energy distribution of 30 MHz
VHF-CCP, 500 mTorr hydrogen.
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Table 1 Blister coverages of capping samples after hydrogen exposure by SEM measurements.

Intermediate No P Q R S T
layer materials

Blister formation Yes No No Yes Yes No
Blister coverages [%0] 1.0 - - 57.6 0.5 -
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Fig.3 Typical SEM images of blisters on Mo/Si multilayer with capping after hydrogen ion exposure : (a)

no intermediate layer, (b) intermediate layer P, (c) intermediate layer Q, (d) intermediate layer R, (e)

intermediate layer S and (f) intermediate layer T.
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Fig.4 Cross-sectional TEM images of blisters in Mo/Si multilayers (a) without intermediate layer, (b)

with intermediate layer P.

LR BIRNT ENghoTz. Fio, BVEXICL DA
JEFHRIORER, oA OEE EFITIEE A LS,
IR EFREDBCTHo7=. ZNHDOFERENS, K
BAF LD T NADE A =Dl SIS, &
FERRIZ LV AKRFET Y AZTEOFMHAIE L TE 5 &
ZEzbhb.

3.2 TYRSBRER

KHHEBOMEE 7V AX DR OATIZDONT
Table UICFE L 05, £, 7V AX OIEHRA LEOMHRS
DI=DIZAT 7=, SEMBIEOFER A Fig3lImRnd. K
EIZETHUCIZLEL LT, FHEOMEICL>TT
U A H OMPEISE RS D Z LN ->7-. Fig.s(a)
EHMERENY T THY, T RAZRIEALT
V5. Fig.3®),,0n k 51z, P,Q,TH =FfFEHD M/
R BY T ET Y RAZBRRAEL TR L, Mk
Dl EICEDNTHS Z LR ENTZ. —FH T, Fig.3(e)
O X oz, PRESIEEOm ER RSN -721E
7y, Fig3(Ad L 512, FRBRIZOV-CIXHHHfE 7
WL EV TV ARSI AL, ok
Mo, FREEITEE2ME TRWES, 7Y A XmHE
M ELZ20Dy, DLAKRFLTLE) ZEEREBL
TWa. ZOBERTFHEERIZ, 7V RAZOHARK
ThORMEZL bOMEThoTeh EBEZDLND.

HEBIZ T U AZBREEL TN & E2ERT D
7e®lz, B NFKEOWE A TEMASHTIC XV R L
7=. Fig 42 oM "B REREY 7 () &,
B PO = R 7L (b) O W i TEMAS 5t %
R, B REREY L TV REED T2 T U R Z R
B SN TW=nizx LT, HREEPO =8 kg
YTINET Y A B S N2 o T

R 7 U AZ R E< 9 2 THEZTH 2 H
B IR D12 DIZSIMS /T 44T - 7. SIMSHr4T TIdifll
ELIZWHRZ ARy 2 ) 7T D, b

10 —— w/ inermediate layer (P) after H exposure
------------ w/ inermediate layer (P) Ref.
n —— w/o inermediate layer after H exposure
= | w/o inermediate layer Ref.
7 10 T
- Mo layer
=g
s O
L 2 | 02|
g g
g =
2
20
8 10
jen
19 il g
10 Ll
0 5 10 15 20
Depth [nm]

Fig.5 Hydrogen concentration in the sample surface by

SIMS measurement.
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Fig.6  Schematic of (a) hydrogen-induced blister
formation process in the Mo/Si multilayer without
intermediate layer, (b) hydrogen permeation process in

the Mo/Si with intermediate layer
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