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X-ray Projection Lithography Using Multilayer Mirrors

Hiroo Kinoshita

NTT LSI Laboratories

NTT LSI#fZEek

A feasibility study on soft x-ray reduction lithography using multilayer mirrors has been performed. An
exposure wavelength range of 70 to 110 A is proposed as most suitable with current technology. With the aim of
providing multilayers with very sharp interfaces and high reflectivity, we attempted to improve the mulitilayer
fabrication process, with one results being the fabrication of an amorphous Mo/Si multilayer, by controlling
substrate temperature. A new telecentric optics consisting of two-aspherical mirrors has been proposed. The
experimentals were performed on the SR beam line BL-1 of the KEK-PF storage ring. Demagnifying exposure

patterns of less than 0.15 um have been obained using multilayer reflecting mask.
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Table 1 Requirements for X- rey projection lithography.
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Fig.2 The reflectivity efficency of Ni/C, Ru/B‘C and
Mo/Si multilayer.
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Fig.3 Calculated exposure depth of several resist.
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Fig.5 MTF curves of designed optics for incoherent
illumination. NA is 0.07, wavelength is 130 A.
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Fig.7 Designed optics with large exposure field
(AT&T).



e H5EF2S (199245)

A e bIEBREL LTV B, NAIX0.08TH
», MTF i3 50004/mnC 40 % (EFEIK) B TH
D, BB 0.1 un%EErlRE L T 2 FRELG
TW3, TOXIUNFEFRTIE, MIFET 4 R
=y a N MU= Rt 7DRRIZHD, WA
AR I I3 51 OB ELE S
T 5,

LD 2oDHITID 3 5 —DRER%E 50 %
EFBERN—Ty b LTI AWMBRDREG 1/
HETFL, BRIV—Ty MEZidvuniebisn 3
T TERTIIDVERTH D, £/, 1
D35 —DIRBEADERME S 3 5 —HE % n
ETBEA/8ndlh I T ROz oONT
MIEELE L5,

PIED &SIz, 20mmll EOENFEHTO.1 pn%k
BT INFREIREIREEONTE Y, 5%
WS EAEE S IEREDE R KO TEBIT 5
DHRETH 5,

4. ZEEOHME

BNV RTF LOBAN—Ty MLTREBEK
5 —-DOREBEOH VR OEELE S, XHRICK
DBV AT L ED RN — Ty HEDfEH

137

S1IWIT—DEEIROKEERLE LTid 40 %LU
b, HEIEE LTI SARENEEn S, £/, £
BIEORFRIIETLR L BITROYEOMHEE &
BETRD 6N 50, EBIT, ZEREEEC
ZLAKELTED, 22o0BORANAET,
POENENDOBNEE (TEILT 7 R) IR
INBEIENEETH S,

ZREROBESME LTE< /% ba vty
F, A LE—LR/Ny S, BFE—LREEN
BREENTOE, 14 v E—LXSy 7B EE
BREDEZERT 1K<, BERTEILT 7 ZIEHEN
ERTE TV, RIEBEENE VD, FE
b4 2B EEBEOALERICERT 3 -bbbh
BIRBEBSE L, +HBREENMELN TN
Vo BT E—LEEERIIR Yy 7 ROIREAL,
IKERRE)F I & 2 IRESIEHE I RN D 5, 20
7e, BIROEERETIE< /R b vy &
(2 &k B BRI b B R IC#E LT B,

X 812 NTT DIFFREHABER Licw s/ = b
Y ANy FIL K B BEEREE 27T, 64
YFDY =y b3MEAEREL, SRRV —I2id 4
AVF T 2 RETHEEARETH B, D
B SRR SRRSO e D R R L & — D]

_-substrate motion drive
E_D__older rotation monitor
_~Substrate holder
|
: 224
target isolating wall el substrate
e — _% /shutter
- substrate and
shutter motion
target controller
[____J'—_‘ shutter
motion
drive

Fig.8 Schematic illustration of magnetron sputter deposition system.



138
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Fig.@ Cross-section TEM photograph of Mo/Si multi-
layer fabricated at a differrent substrate tem-
perature (a) high temperature (b) low temper-
ature.
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Fig.10 Measured reflectivity of a Mo/Si multilayer
mirror.
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Fig.13 Schematic illustration of the experimental setup
to evaluate the image forming characteristics.
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isolated pattern.
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