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Abstract

Development of technology to manufacture defect‐free mask blanks
remains as a primary challenge which must be overcome before EUV
lithography can be introduced into production. The low thermal expansion
mask blank substrates themselves are recognized to be one of the most
difficult problems. Substrates must meet stringent surface flatness
requirements, have surface roughness of less than 0.1 nm RMS and be free
of scratches, bumps, pits and embedded particles. A combination of
chemical mechanical polishing (CMP) and magneto‐rheological finishing
(MRF) together with suitable cleaning can produce substrates which meet
the flatness and roughness demands, but the substrates continue to exhibit
non‐zero counts of shallow pits and scratches having dimensions sufficient
to cause printable defects on completed masks. Investigations of
alternative methods for surface polishing and of candidate approaches for
defect mitigation and repair which might be used in conjunction with CMP
or MRF have to date not resulted in satisfactory defect‐free substrates.

Exogenesis Corporation has developed a surface modification technique
known as Accelerated Neutral Atom Beam (ANAB) processing which shows
promise of being able to eliminate defects remaining after CMP or MRF.
ANAB is conducted under vacuum by a collimated beam of electrically
neutral argon gas atoms which have average energies of a few tens of
electron volts. Process uniformity is achieved by controlled translation of
the target through the beam. Using ANAB to remove material from a target
surface involves abnormal sputtering phenomena which act to diminish
nano‐scale surface asperities and pits. When used to process an already
extremely smooth surface, ANAB also exhibits unique ability to remove
material from the surface without increasing roughness. In the case of a
mask blank substrate polished to better than 0.1 nm RMS roughness by
CMP or MRF, without causing any roughness increase, ANAB can be used to
remove a sufficient depth of material so as to effectively eliminate all
residual pits and scratches.

Exogenesis and SEMATECH have collaborated to conduct an initial
evaluation of the feasibility of using ANAB for defect correction on EUV
mask blank substrates. A representative 152 x 152 mm quartz substrate
was characterized at SEMATECH to identify the location and nature of
residual pit defects to be re‐examined following processing by ANAB. For
tracking purposes, punch marks were added at the locations of the pit
defects of interest. Roughness of the substrate was measured to be 0.151
nm RMS. The substrate was processed at Exogenesis on an nAccel 100™
ANAB system using different ANAB doses on quadrant areas of the surface
so as to remove 20, 40, 60 and 80 nm thick layers from respective quadrants
and then using conditions to remove 40 nm from the entire surface. Post
processing examination of the substrate by SEMATECH showed that the
identified and marked pit defects initially present on the substrate had been
eliminated and surface roughness had been maintained at 0.160 nm RMS.

Results

These images shows the before and after analysis of one of the corrected
pit defects on a mask blank substrate that was processed by Exogenesis
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ANAB Technology

Accelerated Neutral Atom
Beam (ANAB) is recently
developed particle accelera‐
tor technology. ANAB is
typically performed using Ar
gas atoms, but beams can be
produced from many other
gas species. ANAB gas atoms
are electrically neutral, have
average energies of 20 to 40
eV, and have flux rates of
approximately 1E17 atoms
per second. The neutral
atoms eliminate charge build
up problems on work piece
surfaces and allow the beams
to remain collimated while
being transported over long
distances by avoiding space
charge effects.
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SUMMARY

• ANAB is a non‐contact dry process.
• ANAB produces no residual sub‐surface damage.
• ANAB can reduce surface roughness to below 0.1 nm RMS.
• ANAB has been demonstrated to eliminate EUV mask blank
substrate pit defects without increasing surface roughness
or altering surface flatness.

An argon ANAB sputter etches the EUV substrate surface at a low etch‐
rate of 15‐20 Å/sec. ANAB involves a unique lateral sputtering effect that
results in a lower etch rate in nanometer sized pits and scratches. This is
the mechanism that enables pit and scratch defect removal, while
smoothing the surface down to 0.1 nm RMS as measured by an AFM.


