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10x Reduction Imaging at 13.4 nm
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ABSTRACT

Imaging experiments using a five-reflection system will be described. The system comprises a
laser plasma source, ellipsoidal condenser, reflection mask, and spherical imaging optics.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility 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. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
Uaited States Government or any agency thereof.
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Figure 1. Sketch of 10x EUV imaging system.

An on-axis ellipsoidal collector, located behind a decentered 50 mm diameter aperture, collects
EUV radiation from the source and directs it into the transport tube toward the Schwarzschild. The
aperture protects the unused portion of the ellipsoid from LPS debris. The system provides for
various means of debris mitigation. A 200 milliTorr pressure of He stops most of the atomic-size
debiis from depositing onto the condenser. A chopper, located between the source and condenser
and rotating at 12,500 rpm, stops a significant fraction of the larger size debris. The remaining
debris can be stopped by placing a 3700 A thick Si membrane filter in front of the condenser. As
an alternative to the membrane, the used portion of the condenser can be cleaned to restore
reflectivity.

Two and a half percent of the available 2x ster radians is collected by the f/2.25 condenser
aperture, providing Kohler illumination over the 4 mm field of view in the mask plane. The EUV
radiation is directed onto the mask at near normal incidence via a 45° degree turning mirror located
just below the Schwarzschild secondary. The radiation is reflected off of the mask into the
Schwarzschild entrance pupil, and an 10x reduction image of the mask is formed on a resist
_coated wafer located on three ball bearings on the Schwarzschild housing.

The Mo/Si multilayer coatings on the five reflecting elements must be matched to the same center
wavelength (13.4 nm). Coatings with tapered d spacing are required in some cases to
accommodate an incidence angle that varies across the clear aperture. The coating specifications on
the various surfaces cover the full range of requirements that apply to a practical EUV lithography
tool. The figure specifications include flats, spheres and an asphere. Incidence angles range from
near normal to large angles, and wavelength matching requires both uniform and tapered d
spacing. Table I summarizes these requirements. Measurements indicate that these specifications
have been met to within £1% on all surfaces, and experiments demonstrate EUV throughput
consistent with those results.



Table 1. Multilayer requirements

Element Figure Incidence Angle d spacing
1 Condenser Ellipsoidal 1.2°-12.6° Tapered
2 TurningMirror  Flat 45° Uniform
3 Mask Flat 1.2° Uniform
4  Primary Spherical 6.1°-13.6°  Tapered
5  Secondary Spherical 2.0°-43%°  Uniform

EUYV imaging experiments have demonstrated 0.1 pm resolution over a 0.4 mm field of view.
Figures 2 and 3 show images of lines and spaces of various widths down to 0.1 pm and a 0.1 pm
gate structure for a field effect transistor. Images in PMMA resist have be recorded using 1200
laser pulses, corresponding to 6 seconds at full laser repetition rate.

Figure 2. Ten-times-reduction EUV images in 600 A of ZEP 520 resist showing lines and spaces
down to 0.1 pm.
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Figure 2. Ten-times-reduction EUV images in 600 A of ZEP 520 resist of a gate structure for a
0.1 um FET.

A silicon membrane filter was used in these experiments to eliminate near UV radiation emitted by
the LPS. The multilayer-coated surfaces have enough reflectivity in the near UV to expose the
resist and degrade the high resolution image, if a spectral filter is not used.
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