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k, Factors
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Comparison of k; Factor:
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Pioneering Works of EUV Lithography B

H. Kinoshita et al, Japan Applied Phys. Society Fall Meeting
Abstract No. 28p-ZF-15 p322 (1986) (Japan Domestic)

Softx-ray reduction lithography using multilayer mirrors BpZF-15 = xmmmommmtems (co o
" H. Kinoshita, K. Kurihara,” Y. Ishii,and Y. Torii NTT RNAMTEE KTHM, TR RERA. DKEN. nE, A
NTTLS! Laboratories, 3-1 Morinasato Wakamiya, Atsugi-shi, Kanagawa 243-01, Japan m.mune‘”“_‘i”,ﬁ\,_,),;ﬂ?,',,ww“ n,;:;;mﬁ_gﬂw T
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A soft x-ray lithograpy using multilayer mirrors for demagnifying optics and a reflecting mask i ﬁ"ﬁﬁﬂ TrrmEnemAnka e
has been designed and studied experimentally. In this system, a wavelength of 45-130.A has been
. selc(:te_d.bast:d on the optical characteristics, the exposed depth of the resist film, and the
reflectivity of the multilayer mirror. To obtain a replication pattern resolution of 0.2 um, the
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numerical aperture required is estimated to be greater than 0.0125 or 0.0325 for a wavelengthof T L P N S VI A
30 or 130 A, respectively. These values show that the multilayer optics using two mirrors can be BSPeREL. Fard uxn, o deV-CMERACE, SRrEuA auns sk anAeANLEr o DA L e
reahz,e,dtorephcatea{}_zﬂmpmtem_'n]eexp?n‘r]emswem formed on the SR beamline BL-1 FYIRTAIE IR EUD MM AL ?EM\-;GV.@‘(,NU¢.< . = B2 oo n B e G )
of the KEK-PF storage ring. The Sch: i o " N . 3 RMER BEENANS Y MERT, TR OURMDT I A, phan. NEsiile Bige ES
! storage ring. le Sc warzschild demagnifying optics with a ring field were S EHUEMTH. 0. ImoMOTRALHY POMApnOREL Alg 90 28 8 ionics 196511 i
designed and fabricated. Demagnified exposure patterns of less than 0.5 um have been obtained ) ALY A b R Ae S 1 TODICS 13 . =
using a reﬂectlﬂg mask. The fes.sibility of the soft X-ray reduction method using muItilayer Lty seuRiTRe SEFLOBBAKSCEBRATORRAG LD RN K010 2N MNE oh WP U PHILD. ZomdfSL

mirrqrs has bcgn confirmed. Furthermore, new telecentric optics are proposed to realize a
practical reduction lithography system. ’

H. Kinoshita et al, J. Vac. Sci.TechnoI. B7(6) p1648 (1989)

Reduction imaging at 14 nm using multilayer-coated optics:
Printing of features smaller than 0.1 pm
J.E. Bjorkholm, J.-Bokor, L. Eichner, R, R. Freeman, J. Gregus, T.E. Jewell, ¥
W.M. Mansfield, A. A. MacDowell,? E.L. Raab,® W.T. Silfvast,” L.H. Szeto,
D.M. Tennant, W. K. Waskiewicz,® D.L. White,® D.L. Windt,* andO.R: Wood |
AT&T Bell Laboratories, Holmdel, New Jersey 07733-1988

J.H. Bruning
GCA Corporation/ Tropel Division, Fairport, New York 14450

(Received 29 May 1990; accepted 19 July 1990)

We demonstrate high resolution reduction imaging in the soft x-ray s'_pectral region using
multilayer-coated reflective optics. In particular, a Schwarzschild objective was used at 20:1
reduction with 14 nm radiation to image line and spacé features from a transmission mask ontoa
resist-coated silicon wafer with a resolution better than 0.1 pm. The mirrors of the ofn;e_::t]vc were
coated with Mo/Si multilayers to provide nearly 40% reflectance at near-normal incidence .for
the 14 nm radiation. Our results demonstrate that multilayer coatings are capable of anhanc!ng
the reflectance of optical components at soft x-ray wavelengths without significantly degrading
their imaging performance.

J. E. Bjorkholm et al, J. Vac. Sci. Technol. B8(6) p1509 (1990)
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Overall EUVL Development Plan in Japan
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NGL Sept. 26, 2000, No. 2
Fourth NGL Workshop at Reston VA. 2000
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1999 (2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 |2009({2010
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International Collaboration is the Key
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Issues of EUV Lithography
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High resolution and improved LER
are observed in Molecular Resist

MBSAZ2

ua.
o LER evaluation with 2 um
nppl1el1a 2.8 kV X40BK 75.68nm measurement Iength

LER: 3.4nm (30)

IR

eelgle 2.8 kV X40BK 75.8hm
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Summary

1, EUVL moderates design layout constraints in
32 nm design rules and below.

2, No complicated OPC structures will be necessary
for EUVL Masks.

3, Light source and resist materials developments
are the key for industrial use of EUVL.
Not only a powerful source development, but
also a new resist chemistry is really required.

4, International collaboration is indispensable to
accelerate EUVL development.

5, Working with many colleagues in Japan and In
the World was very enjoyable for me.
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