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The first experimental x-ray exposure system
J. Vac. Sci. Technol. 15 (3) 1978
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Multilayer
Reflective
Mask

Soft x-ray

Wafer H. Kinoshita, R. Kaneko, K. Takei, N. Takeuchi and S. Ishihara, NTT ECL, “Study on X-ray
Reduction Projection Lithography”, 28p-ZF-15, Extended Abstracts ( The 47" Autumn
Meeting, 1986) ; The Japan Society of Applied Physics

Multilayer Reflective
Reduction Projection
Optics
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NTT at KEK-PF

. H. Kinoshita, OSA Proc. on SXPL, 18 (1993
A. Hawryluk et.al, JVST B6(6) (1988) A. Hawryluk et.al, JVST B7(6) (1989) N. Ceglio et.al, JVST B8 (6) (1990) (1999)

AT&T Bell Labs (1988~) Application of X-ray laser and shortening Hitachi at KEK-PF
the wavelength, demonstrated 50nm resolution. _
Nikon at SORTEC A wafer

‘Mo/Si mirrors, 1/32 |

Mo/Si multilayer mirrors

O3Hm - Olum Secondary mirror/ Primary mirror
8-inch wafer
H. Nagata et.al, OSA Proc. on SXPL, 18 (1993) M. Ito, OSA TOPS on EUL, 4 (1996)

J. Bjorkholm et.at, JVST B 8 (6) (1990)
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Getting More from Moore's

Marshaling financial clout and technical astuteness, Intel has pushed its choice for the key
technology that will extend silicon chips to their limits By GARY STIX

When Gordon Moore, one of the founders of Intel, plot-
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ted a growth curve in 1965 that showed the number of
transistors on a microchip doubling every 18 months,
no one had any idea that his speculations would not
just prove prescient but would become a dictate—the
law by which the industry lives or dies.

Like a drug addict in search of a fix, the semicon-
ducter industry can keep on the curve of Moore’s law
only by constantly adopting new technology that re-

phistication. Intel, the company that has served as the
standard bearer for Moore’s law, has waged a five-year
crusade to develop a method of printing circuit patterns
on chips that could take the reigning CMOS chip tech-
nology until circuits can be made no smaller, the last
data point on the Moore curve.

These new lithographic machines for making bil-
lion-transistor microprocessors will mark one of the
most spectacular forays into the realm of nanotech-
nology, the precise manipulation of matter at the scale
of a few billionths of a meter. The Intel-nurtured tech-
nology—extreme ultraviolet lithography (EUV}—has
recently created one of its first images of a whole chip
at a Department of Energy laboratory set up to engi-
neer nuclear weapons. At a wavelength of 13 nanome-
ters, EUV will eventually have the ability to printa tran-
sistor element just 40 atoms in width.

Progress toward what the industry calls its next-
generation lithography lends credence to Intel’s strat-
egy of relying on collaborations with universities or
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national laboratories to tap a wellspring of basic re-

search and development resources. The Intel approach
stands in marked contrast to the large centralized lab-
oratories builc by AT&T, IBM and Xerox, which have
often invented technologies that they never succeeded
in commercializing. “The classic research model never
worked,” says G, Dan Hutcheson of VLSI Research, a
market research firm that has tracked these rechnaolo-
gies for 25 years. “Intel looked at research in a new way
and showed how to get a return on investment from
it.” Even before the founding of Intel in 1968, Gordon

Mow © h?d Jewtnpcd a bias against the traditional ap-
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EUV Focus Area 2003 - EUV Focus Areas 2006-2010: 22 nm half-pitch insertion target

2007 | 22hp

2008/ 22hp | 2009/ 22hp 2010/ 22hp

2006 / 32hp

1. Reliable high power 1. Reliable high power 1. Long-term source

1. Source 1. Defect free 1. Resist source & collector source & collector operation with 100
mask module module W at IF and
SMI/day
2. Resist resolution, 2. Resist resolution, 2. Long-term reliable 1. Long-term reliable
2. Defect free 2. Source 2 Cpllector sensitivity & LER sensitivity & LER source operation source operation
mask lifetime met simultaneously met simultaneously with 200 W at IF with 200 W at IF
3. Reticle 3. Resist 3. Defect free 3. Resist resolution, 3. Resist resolution, . Resist resolation,
handlin mask sensitivity & LER sensitivity & LER sensitivity & LER
9 met simultaneously met simultaneously met simultaneously
4' thICS Retlclg 4. Source 4. Reticle protection 4. Reticle protection = Reticle protection - EUVL - EUVL
lifetime handling power during storage, during storage, during storage, manufacturing manufacturing
handling and use handling and use handling and use integration integration
5. Resist Source power Reticle 5. Projection and 5. Projection and » Projection /
handlin illuminator optics illuminator optics illuminator optics
9 quality & lifetime quality & lifetime and mask lifetime
6. Optics Optics lifetime  Optics lifetime
quality Courtesy S. Okazaki
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