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Manipulation in the scales comparable to the sizes of
molecules and even atoms is currently a very attractive.
Nanopatterning and nano-meter resolution imaging are
very important to control the matter on these small
scales. Nanopatterning allows for surface modifications
while nano-meter resolution imaging acts as a feedback
mechanism used to evaluate the results.

A nanometer scale periodic patterns obtain with
Interference Lithography (IL) were realized in
commercial photoresists (PMMA and HSQ) with typical
size below 100 nm using a compact nanopatterning tool
based on a Lloyd’s mirror interferometer. The EUV
source used was a table top capillary discharge laser
A=46.9nm producing pulses with an energy of
approximately 0.4 mJ and duration of 1.2ns FWHM.
High spatial coherence radius — 570 pm at 1.7 m from the
laser output and temporal coherence, for A4/A =~ 1x10™
equal to 470 um, allowed for parallel imprint of the
dense arrays of holes and nano-pillars with feature size as
small as 58 nm, shown in Fig. la) for PMMA resist,
imprinted over the large area of 0.5%0.5 mm” [1].

Figure 1. Example of the nanopattern in PMMA
obtained using EUV light and IL technique (a) and
reconstructed hologram of carbon nanotubes with
resolution of 46 nm (b).

Using the EUV laser a high resolution holographic
imaging was performed in a Gabor in-line scheme with a
wavelength  resolution. Low numerical aperture
holograms of an AFM tips were imaged with a resolution
of ~160 nm [2, 3], while high NA hologram of carbon
nanotubes, used as an object, was numerically
reconstructed with a spatial resolution of 45.8 +/- 1.9 nm
based on a knife-edge technique and independently
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assessed by a Gaussian filtering and correlation method
[4]. The result of the reconstruction is shown in Fig. 1b).
These experiments were performed at Colorado State
University.

Next step in high resolution imaging will be
designing and prototyping the EUV microscope based on
an incoherent plasma source with gas puff target built at
Military University of Technology [5]. The microscope
will utilize the diffraction optics, namely Fresnel zone
plates, for imaging the object with high magnification
and sub-100 nm resolution.

The results show that EUV lasers combined with IL
schemes have potential to become a useful compact
alternative for printing nanometer features in a university
laboratory environment. Short wavelength of the EUV
laser opens a possibility for sub-50 nm holographic
imaging and may become a photon based, high resolution
imaging method complimentary to scanning electron
microscopy and atomic force microscopy especially with
further development of even shorter wavelength EUV
sources in “water window” region. New existing and
future sources at MUT may also substantially contribute
to the high resolution EUV imaging in the near future.
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