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I.

Excimer laser -based lithography: a deep ultraviolet wafer stepper

Victor Pol, James H. Bennewitz, Gary C. Escher, Martin Feldman, Victor A. Firtion
Tanya E. Jewell, Bruce E. Wilcomb, and James T. Clemens

AT &T Bell Laboratories, Murray Hill, NJ 07974

A deep UV projection system has been developed by modifying a commercial step and
repeat exposure tool to operate at 248nm with an all- quartz lens and a KrF excimer laser. The
lens is a 5X reduction lens with a minimum field size of 14.5 mm and a numerical aperture
which is variable from 0.20 to 0.38. This produces a practical resolution of 0.5µm over the 14.5
mm field, with 0.4µm resolution achievable in a lab situation. Furthermore, by reducing the
numerical aperture it is possible to print 0.8µm lines and spaces over a field larger than 14.5
mm with depth of focus greater than í2µm. The data presented are results of extensive
resolution studies as well as applications to real submicron devices. Some of the advantages
and limitations of laser -based lithography are discussed, including possible directions for new
laser development.

Introduction

Photolithography today is approaching a realm
which was once considered beyond its capabilities
for practical IC production. Manufacturers of
lithographic equipment are beginning to meet the
requirements for submicron design rules with
improved conventional step and repeat systems

An alternative method for attaining high
resolution is to decrease the wavelength, since the
resolution increases while the depth of focus
decreases linearly with decreasing X. Current wafer
steppers used in manufacture or in development
facilities use the mercury G, H, or I lines at 436
nm, 405 nm, and 365 nm, respectively. I -line
steppers, which are just beginning to appear in small

Proc. of SPIE Vol. 9776  977632-4



Meaning: What do all these impressive developments mean to users and to the competitive
lithographic technologies ? Well, there is good news and there is had news ! The good
news, to chip manufacturers, is that they can sleep easier tonight, knowing that they
can count on optical microlithography to continue the gradual but stable evolution that
has given ever -increasing productivity, - unprecendented in history, to the
microelectronic industry. (They can now devote their waking energies to creating new
chip demand, to pull the industry out of this recession).

The bad news, to the competing replication technologies such as X -ray and flood ion -beam
systems, is that they can still expect a very long bridesmaid wait by the telephone
before they will be called upon to fill a void in high- volume IC manufacturing left by
optical microlithography.

I thank all of you for your extraordinary response, in quantity and quality of papers,
and in your attendance to the Fifth Annual SPIE Conference on Optical Microlithography.

CHAIRMAN'S OVERVIEW

"A Glimpse into the Future of Optical Lithography"

Harry L. Stover
ASM Lithography
Veldhoven, The Netherlands

ABSTRACT

The conference papers relating to resolution and overlay of exploratory but
production- worthy exposure /alignment systems indicate performance far exceeding current
IC manufacturing demands, and hence give a glimpse of future production systems and
design rules. A summary table is presented.
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And what were the reactions to his announcement?
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Microelectronic Engineering 8 (1988) 3-11
North - Holland

Tenth micron lithography
with a 10 Hz 37.2 nm sodium
laser

W. T. Silfvast and O. R. Wood, II
AT &T Bell Laboratories, Holmdel, NJ 07733, U.S.A.

Abstract. A 1 mI 37.2 nm inner -shell photoionization- pumped sodium laser operating at
10 Hz is proposed as a source for doing soft -x -ray lithography at a resolution of 0.1 µm.
Submicron lithography is essential for taking full advantage of the high -speed capabilities
of gallium arsenide microelectronic circuitry. In addition to the laser source, the system
would include a reflection mask, a multi -layer coated annular field optical system, and a
tri -level resist and should be capable of a commercially significant throughput. The
availability of a collimated beam at 37.2 nm would also allow testing of optics in this
wavelength region.

In the meantime, the Silfvast & Wood paper appears

Proc. of SPIE Vol. 9776  977632-10



SODIUM LASER EXPOSURE CHAMBER

OSCILLATOR

REFLECTION
MASK

37 2 nm RADIATION
WAFER

1:1 OPTICAL SYSTEM

Proc. of SPIE Vol. 9776  977632-11



INCIDENT -
SYNCHROTRON

RADIATION
X go 14 nm

TRANSMISSION
MASK

SECONDARY
MIRROR

APERTURE

1

PRIMARY
MIRROR

RESIST- COVERED
WAFER Pitch = 100 nm

Proc. of SPIE Vol. 9776  977632-12



RESIST - COVERED
WAFER

1.

PR
MIRROR

IMARY

MIRROR
RY

MIRROR

APERTURE

_` TRANSMISSION
MASK

I

LASER
PLASMA
SOURCE

REFLECTOR

One more year later, Sandia developed a LPP source for it

 
, with the permission of American 

Vacuum Society
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Soft x -ray projection lithography using an x -ray reduction camera
Andrew M. Hawryluk and Lynn G. Seppala
Lawrence Livermore National Laboratory, University of California, Livermore, California 94550

(Received 2 June 1988; accepted 15 August 1988 )

Soft x -ray projection lithography can now be realized with recent developments in x -ray optics.
Using new x -ray optical components and spherical imaging optics, we have designed an x -ray
reduction camera which is capable of projecting with soft x -ray radiation, a 5 X demagnified
image of a mask onto a resist coated wafer. The resolution of this design is -- 100 nm with a depth
of focus of ± 5.6µm and a 0.5 -cm -diam image field. We use x -ray reflecting masks ( patterned x-
ray multilayer mirrors) which are fabricated on thick substrates and can be made relatively
distortion free. Our design uses a laser produced plasma for the x -ray source. Better resolution
and /or larger areas are possible with improvements in optic figures and source characteristics.

I. INTRODUCTION

New advances in the field of x -ray optics have been responsi-
ble for many new x -ray optical components such as normal
incidence soft x -ray mirrors, beamsplitters, and highly dis-
persive multilayer mirrors.1.2 These new optical components
have made it possible to design and build new instruments
such as x -ray microscopes, telescopes, waveguides, and in-
terferometers. Another application is a new form of lithog-
raphy which projects an image using soft x -ray radiation.

ondary photoelectrons generated in the photoresist (which
could degrade the resolution) is small (.- 5 nm). At 4.5 nm,
the x -ray absorption depth in resist is large (> I µm), and
the depth of focus of our inverse Cassegrainian system is
± 5.6µm. This large depth of focus at the image plane along
with the large x -ray absorption depth in resists at 4.5 nm
would allow us to expose thick (.- l ,um) resists. However, it
should be noted that other soft -x -ray wavelengths (2 = 2-
25 nm) can be used.

Independently, at 1988 3-beams conference in Ft. Lauderdale

 , with permission from American Vacuum 
Society; Presented at 1988 EIPB conference, Ft. Lauderdale, FL
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Reproduced from with the 
permission of American Vacuum Society 

One year later, reflective EUV masks were fabricated
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Encouraging exposure tool maker to develop EUVL for HVM 

Proc. of SPIE Vol. 9776  977632-17



FRIDAY'S

Published twice weekly for employees of the University of California Lawrence Livermore National Laboratory Friday, October 16, 1992 Vo1.17 No. 76

Watkins signs LLNL's largest CRADA
By Steve Wampler

Secretary of Energy James
Watkins joined representatives from
the laboratory and three California
firsts yesterday to announce a
collaborative research pact that may
lead to important advances in
manufacturing microclectrcmic
components.

Such advances would permit
manufacturing computer chips
that are 10 times faster and con-
tain 1,000 times more memory
than today's chips. reported Lab
scientists.

The four-year Collaborative
Research and Development Agree-
ment (CRADA) between the
Laboratory and the three electronics
companies was signed at the Na-
tional Technology Initiative confer-
ence at the Santa Clara Convention
Center.

Valued at 425.2 million. the
new CRADA is the largest signed
by the Laboratory to work with
US. businesses to develop new
technologies.

This agreement is part of in
broadcu national program iu soft

Photo by 6r /an Uuintard
Energy Secretary James Watkins, center. congratulates Lab scientists
Andy Hawryluk, right, and Nat Cegllo on research he described as
"concrete evidence of the success of National Technology Initiative."
Watkins said NTI is "helping U.S. companies leapfrog to next genera-
tion tachnoiagy."

NCI awards Lab
$5.2 million for
cancer research

A comprehensive study of
cancer- causing agents in the diet is
under way at the Laboratory as a
result of a $5.2 million grant from
the National Cancer Institute.

The grant is the largest ever
awarded by NCI to LINL's Biology
and Biotechnology Research
program.

"It will let us pull together
several interrelated threads of
research and produce a much clearer
understanding of how diet and food
preparation are connected to the risk
of cancer," said lames Felton,
biomedical sciences group leader
and principal investigator in the
effort.

During the past 10 years. the
Lab has explored the relationship
between cooking methods and the
production of carcinogens in fond.
In general, the hotter and longer
foods are cooked, the more cancer -
causing agents arc produced.

The new project is divided into
Eve approximately equal pads, each
to last four years:
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3 Groups came up with the EUVL  idea independently
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Of course, they later met and exchanged knowhow
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A critical enabler of EUVL: multilayer coating technology
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Technical Digest on

US -JAPAN Workshop
on EUV Lithography

October 27 -29, 1993

Hotel Mt. Fuji, Japan

Technical Program Committee

Takeshi Namioka
Universities Space Research Association, USA

David T. Attwood
Lawrence Berkeley Laboratory, USA

David L. Windt
AT &T Bell Laboratories, USA

Hiroo Kinoshita
NTT LSI Laboratories, Japan
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Kinoshita moved to Himeji Institute of Technology in 1995
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EUV LLC was established to continue to develop EUV
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Virtual National Laboratory established to carry out R&D

Slide courtesy of Hiroo Kinoshita

Richard Freeman
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39 nm at 0.1 NA
4
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Overview of EUV funding Projects in Europa

Project Program 97 98 99 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Project Goals
EUCLIDES ESPRIT EUV Optics Basics
PREUVE National (F) EUV Small field tool
EXTATIC MEDEA+ 45nm EUV Scanner
EXTUMASK MEDEA+ 45nm EUV Mask
EUVSOURCE MEDEA+ EUV Xe Source
EXCITE MEDEA+ 45nm Process & Resist
MoreMoore MEDEA+ 32nm Capability
EAGLE MEDEA+ 32nm Pre production EUV scanner
EXCEPT CATRENE 22nm EUV scanner & Infrastructure
ETIK National (D) 14nm EUV Optics
E450EDL ENIAC EUV Tool System Architecture & Design
E450LMDAP ENIAC N10 EUV Scanner
SENATE ECSEL N7 EUV Scanner
TAKE5 ECSEL N5 EUV Scanner
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Once 13.5 nm was chosen, Xe lost out to Sn as source element
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By early 2006, Sn had already been selected by ASML
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AD -tool

1L 13.5 nm

NA range 0.15 - 0.25

Field size 26 x 33 mm`

Wafer size 300 mm

Magnification 4x

Flare 16%

Dense US 40 nm

Isolated lines 30 nm

Isoldense contact 55 nm

Overlay 12 nm

Throughput -10 wph

SPIE AL 2006: ASML ADT in image qualification
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EUV processing of metal layer of logic circuit
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S
T:

Power of EUV is demonstrated by the following 2D structure
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*estimated
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(a) Conductive layer (c) Mo /Si mu

(b) Low thermal expansion material (d) Absorber

layer
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5mmx5mm 10mmx10mm 20mmx20mm 30mmx20mm 70mmx30mm 80mmx80mm Over 100mm
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Progress on EUV resist sensitivity and local CDU
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.

Towards sub-20-mJ/cm2-sensitivity, 
single-exposure, and simplified patterning process
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HF

Higher resolution and throughput than 0.33NA optics
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ASML source strategy includes roadmap for 250 W
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