UCRL-JC-123008
CONF-T60 150~ 2

Preliminary Investigation of an Additive Approach to the
«Fabrication of Precision Aspheres

E. W. Weber, C. Montcalm, S. P. Vernon, D. R. Kania

Lawrence Livermore National Laboratory
Livermore, CA 94551

This paper was prepared for submittal to the

Optical Society of America
Extreme Ultraviolet Lithography
Boston, MA
April 29-May 3, 1996

May 24, 1996

This is a preprint of a paper intended for publication in a journal or proceedings.
Since changes may be made before publication, this preprint is made available
with the understanding that it will not be cited or reproduced without the
permission of the author.

LL6421# v1.0 (3/96 )ég
- DISTRIBUTION OF THIS DOCUMENT IS UNLIMIT

[ S



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial products, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or the University of California, and shall not be used for advertising
or product endorsement purposes.




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




Preliminary investigation of an additive approach to the fabrication of precision aspheres

F.W. Weber, C. Montcalm, S.P. Vernon, and D. R. Kania
Lawrence Livermore National Laboratory, P.O. Box 808, L-395, Livermore, CA, 94551.

%

Abstract

We report progress in the aspherization of precision
optical substrates via deposition of graded period Mo/Si
multilayer coatings using a masking technique. These
preliminary results show good agreement between the
measured and desired thickness profiles over 85% of
the sample, however, thickness deviations of up to 7%
are observed in the central area. The errors are attribu-
ted to misalignments of the mask relative to the substra-
te during deposition.

Key Words: Optical fabrication, Thin film deposition
and fabrication, X-ray mirrors, Microlithography.

Introduction

Extreme-ultraviolet lithography (EUVL) imaging
cameras requires multiple aspheric elements with accu-
rate figures and smooth surfaces. High figure accuracy
is required to minimize the wavefront error and low
surface roughness is required to minimize the adverse
effects of scatter. To date, the best aspheric surfaces are
fabricated using computer controlled localized polish-
ing techniques. However, these optics exhibit surface
roughness in the mid-spatial frequency range, f between
10! and 104 cm-!, that seriously degrade the imaging
properties and make them unsuitable for EUVL imaging
applications.[1]

Conventional optical fabrication methods, in combina-
tion with state-of-the-art superpolishing techniques, can
produce spherical surfaces consistent with the stringent
EUVL specifications. The best spheres exhibit mid-
spatial frequency roughness values thal are one order of
magnitude lower than those of the aspheres.[1] In
addition, it appears that Mo/Si multilayer coatings do
not significantly compromise the imaging properties of
an EUVL optic.[2] Indeed, their dominant effect is to
increase the surface roughness mainly in the high spa-
tial frequency range (f> 10* cm™1), which reduces the

throughput of the imaging system but not the image
contrast. This permits us to envision a strategy for the
fabrication of EUVL aspheres using laterally graded
multilayer deposition to build up the required aspheric
departure on a precision spherical substrate. This addi-
tive approach should produce aspheres with superior
surface finish than the current state-of-the-art polishing
techniques.

Superpolished spherical surfaces are readily available,
and the techniques for adding laterally graded multi-
layer coatings that preserve the surface quality have
been demonstrated.[3] The ability to form the surface to
the accuracy required for EUVL imaging optics is still
in question and this provides a major motivation of our
effort. A significant disadvantage of the additive
approach, however, is the potential for deformation of
the substrate due to intrinsic coating stresses. Never-
theless, this should not limit the utility of the approach
since appropriate adjustment of the Mo/Si multilayer
deposition conditions can eliminate, or at least mini-
mize, intrinsic stress.[4] The notion of aspherization
via thin film deposition is not a new idea and has been
employed in the past utilizing mainly single layer
coatings; however, the surface roughness of single layer
films can be inconsistent with the EUVL specifi-
cation.[5]

In this paper, we summarize the preliminary results of
our attempts to utilize precision multilayer deposition
methods to fabricate EUVL aspheres. As a test case we
have attempted to reproduce the aspheric departure of
the M3 optical element of the 3-mirror ring-field 5x
reduction imaging system under development at Sandia
National Laboratories.[6] This mirror has a base radius
of curvature of ~600 mm and a clear aperture of
~80 mm. The aspheric departure of this concave mirror
reaches 0.58 um at the center and edge, as shown in
Fig. 1. We have adopted a sequential approach to the

. aspherization employing Si wafers as substrates during

the initial phases of experimentation and development.
At the outset, masks are used to approximate the desired
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Figure 1. Aspheric departure as a function of radius for the
M3 optic of the Sandia 3-mirror ring-field 5x reduction
imaging system.

thickness profile of the coating. This work on wafers
constitutes the preliminary experiments. Subsequently,
an accurate velocity modulation method is used to
refine the profile by dynamically varying the transit
velocity of the substrate as it passes over each
source[7]. Optical flats are used in the final phases of
testing prior to generation of the asphere.

Procedure

To date, we have studied the efficacy of shaped aper-
tures (masks) between the deposition source and the
substrate to obtain a deposition profile approximating
the desired aspheric departure. In the future, we intend
to refine the accuracy of the coating profile using the
velocity modulation method. In all cases, the substrates
were rotated about their centers so that a radially sym-
metric multilayer coating and, hence, a radially sym-
metric aspheric departure was produced. The Mo/Si
multilayers were deposited in a dc planar-magnetron
sputtering system that has been described elsewhere and
which is shown in Fig. 2. Briefly, this system contains
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Figure 2. Schematic of the dc magnetron sputtering system
used for the deposition of the Mo/Si multilayers.

flow control l

two rectangular sources with chimneys that limit the
deposition to rectangular areas of 12.7 X 25.4 cm. The
substrate is held face down on a rotating platter at a
distance of 6 cm above the sources. The layer thickness
is determined by the time the substrate is exposed to the
source which, in turn, depends on the substrate transit
velocity. A stationary mask is placed directly below the
spinning substrate. The largest part that can be coated
with a profile in the present system is 100 mm in diame-
ter. The sputtering chamber was cryo-pumped until the
pressure was no greater than 5x10-7 Torr before deposi-
tion. Ultra-high purity Ar at a pressure of 1.75 mTorr
was used to sputter the Si and Mo targets at source
powers of 280 W and 110 W, respectively.

A high quality multilayer structure must be maintained
to accurately replicate the substrate surface. This limits
the range of thickness the individual layers may have
because they must be thin enough to avoid roughening
due to crystallite growth. In addition, it is preferable to
have Mo and Si layers of equal thickness since a thick-
ness ratio near 1:1 appears to minimize tle intrinsic
stress of Mo/Si multilayers.{4] Since an interlayer
forms between Mo and Si, the component thickness
should be large enough so that the structure is not com-
posed mostly of interlayers. Such a structure would not
be amenable to stress control. Therefore, in this study
the bilayer thickness was varied from 8 nm in the center
to 4.2 nm at the edge, the thickness ratio was main-
tained at 0.5, and 145 bilayers were deposited to
achieve the required 0.55 pm thickness difference
between the edge at 55 mm and the center.

A radially varying multilayer thickness profile #(r) is
generated from a mask with an angular aperture 6(r)
given by 6(r) =8, 1(r)/ t,, where 1, is the thickness of
the film at the substrate center and 9, 1s a normalization
factor. The thickness profile #(r) was generated from a
fifth order polynomial fit to the aspheric departure
shown in Fig. 1. A schematic of the mask employed in
the fabrication of samples reported in this study is
shown in Fig. 3. Here 6, = 360°, 1, = 1.16 um, and 6(r)
was divided by 3 to generate the three prongs.

The substrate surface profile is measured before and
after deposition with a WYKO 6000 phase shifting

Figure 3. Shape of the mask used to generate the thickness
profile of the multilayer samples discussed in this paper.




Figure 4. Plan view of the vacuum chuck used to hold the
Si substrate flat during the interferometric measurements.

interferometer and the data are subtracted to generate a
difference map. A radial thickness profile is then com-
" puted by performing an angular average of the differ-
ence. The angular average accounts for the radial
symmetry of the deposited coating and ignores any
residual asymmetry in the coating profile. The analysis
technique was sufficient for these preliminary tests, but
a more sophisticated characterization method, for
example Zernike polynomials, will be required for a
thorough analysis. ’
Electronic grade Si substrates, 100 mm in diameter,
were use for the preliminary experiments. A vacuum
chuck was used to hold the wafers flat during the inter-
ferometric measurements, in part because wafers have
too much bow for our measurements. This also allowed
us to overcome any residual stress deformation of the
multilayer coated wafers and measure the multilayer
thickness profile directly. The vacuum chuck, illustrated
in Fig. 4, is an optical flat with concentric grooves
machined in its surface. Each groove is coupled to a
vacuum manifold via a through hole and the manifold
fits in a standard optical mount suitable for interferome-
try. Dowel pins mounted in the manifold provide a
reference for locating the major and minor flats on the
Si substrates and permit accurate repositioning of the
substrate.

Results and Discussion

In Fig. 5a and 5b is shown the thickness profile of a
Mof/Si multilayer coating deposited on a Si substrate
using the mask shown in Fig. 3. The local irregularities
visible on the thickness map of Fig. 5a are caused by
particles trapped between the back surface of the wafer
and the reference surface of the vacuum chuck.
Extreme substrate curvature, a local slope that crowds
the interference fringes to their limit of discernability,
also occurs at the edges of the sample. The radial
thickness profile extracted from the thickness mapping
by angular averaging is shown in Fig. 5b. For a radius
between 7.5 mm and 37.5 mm, the coating thickness
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Figure 5. Thickness profile of the multilayer coating ob-
tained using the mask shown in Fig. 4: (a) contour plot of the
thickness map obtained from the interferometric difference
(contour lines spaced by 0.05 pum) and (b) angular average of
the interferometric difference compared to the desired profile.

profile agrees with the desired values to within 5 nm.

The error at the wafer edge is an artifact resulting from
deficiencies in substrate mount. The central bump,
however, is a genuine coating error and is an inherent
deficiency of the stationary mask-rotating substrate
configuration employed in this study. This configura-
tion is extremely sensitive to misalignment of the mask
and substrate, particularly at the center. When mis-
alignment occurs, a portion of the substrate in the vicin-
ity of the substrate center is cither always exposed or
never exposed to the deposition flux. In the case pre-
sented in Fig. 5b, the coating at the substrate center is
too thick, indicating everexposure of the substrate cen-
ter to the deposition sources. Unfortunately, this class
of localized error is very difficult to address with veloc-
ity profiling because the radial extent of the bump
(7.5 mm), translates into only 2.5° of platter rotation.




To confirm that the multilayers did not significantly add
to the roughness, 1 pm x 1 pm AFM scans were per-
formed. The bare wafers had an RMS roughness of
0.06 nm, while a coated wafer had an RMS roughness
0f 0.17 nm. |

Conclusions

We have been able to reproduce the aspheric
departure of a “real” EUVL imaging optic to better than
10 nm over the radial regiog between 7 and 40 mm of a
50 mm radius flat substrate using a masking technique.
The observed discrepancy at the sample center is a con-
sequence of misalignment of the mask and the rotating
substrate. To minimize alignment problems we have
recently changed the coating geometry and masked the
sources instead of the substrate. This approach directly
modifies the coating flux distribution. Preliminary tests
have shown that simple apertures over the sources yield
thickness profiles that are relatively close to the desired
ones with thickness discrepancies that seem easy to cor-
rect with the velocity modulation technique. Experi-
ments assessing the potential of this new approach are
in progress.
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