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Nano-patterning research at LBNL:
enabling new science and technologies

Patrick P. Naulleau

The Center for X-ray Optics, Lawrence Berkeley National Laboratory
1 Cyclotron Rd., Berkeley CA, 94720

Abstract: Despite significant progress in bottom up assembly technologies in recent years, top
down nano-patterning remains the only practical option for the fabrication of generalized nano-
structures. Lawrence Berkeley National Laboratory (LBNL) is involved in a wide array of nano-
patterning methods including mechanical, electron, and photon transfer methods. Here we
summarize these activities in nano-imprint, e-beam, and extreme ultraviolet (EUV) lithography.
The nano-imprint and e-beam activities are geared primarily towards enabling and driving new
science, whereas the EUV activities are focused on technology and enabling the next generation
of high volume manufacturing of nano-electronics by the semiconductor industry.

There a two major e-beam programs at LBNL: one being part of the Molecular Foundry
user facility and the second being part of the Center for X-ray Optics and focused primarily on
the fabrication of ultra-high resolution zoneplate lenses for the x-ray regime. In the zoneplate
area, a double patterning process has been implemented enabling the fabrication of lenses with
outer zone widths as small as 12 nm. These lenses have recently been used to demonstrate soft x-
ray microscopy with half pitch resolution of 10 nm.

The EUV nano-patterning program at LBNL is centered around a microfield exposure
system with a numerical aperture (NA) of 0.3 and installed on an undulator beamline at the
Advanced Light Source synchrotron radiation facility. The unique characteristics of the
undulator light enable this system to achieve a theoretical resolution limit of 12 nm
approximately half the size of the Rayleigh resolution limit. In practice the limiting factor for
resolution in this system is the photoresist itself. Conventional chemically amplified resists thus
far have had performance limited to approximately 20 nm. Using experimental non-chemically
amplified resists, however, patterning resolutions of 16 nm have been demonstrated using the
0.3-NA system.
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