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Proposal for 2024-2025 [LNF ....... Trieste]

We propose a new concept for soft-x-ray/UV microscopy based on the development of a confocal microscope
using bent meta-lenses (Micro-Channel Plates — MCPs) suitable for SR, FELs, betatrons and conventional
sources.

Following the tests performed with synchrotron radiation and the instrumentation already available the
microscope will demonstrate the feasibility to image objects/samples placed inside the focal spot of a bent
MCP. The microscope considers a full field transmission layout and two low cost-low weight meta-lenses.
Facilities for the R&D are available at the INFN in the Laboratori Nazionali di Frascati and in Trieste. In
particular the set up will be assembled andtested at the Circular Polarization beamline (CiPo) of ISM-CNR at

Elettra. The existing layout is based on two available six axes manipulators to align the meta-lens in the
confocal geometry

Technical Plan

Year 1: Assembly of the optical layout inside the HV chamber
and characterization and tests of the bent meta-lenses.

Year 2: Acquisition of microscopy images to reach an almost
TRL4 phase for components/system and validation in the
laboratory environment.
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The microscope
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Mlustratien: ©Martin Highoem/The Rayal Sweduh Acadermy of Sceeaces

Jacques Dubochet, Joachim Frank and Richard Henderson received the prize for their part in
developing cryo-electron microscopy (cryo-EM), a technique that fires beams of electrons at

proteins that have been frozen in solution, to deduce the biomolecules’ structure even in systems
not suitable for X-ray crystallography.



Meta-lenses

Capillary optics is a powerful optical technologies because of its superior capacity of generating
high flux density x-ray beams in the um - and sub um range, their gain, high spatial resolution and
high temporal resolution. Actually, channeling based devices may guide and shape a radiation
beam and control intensity, spot size, divergence and spatial distribution.

A polycapillary device consists of compact and low weight optics made by an array of a large
number of small hollow glass tubes of circular or squared shape. Hollow cylindrical
microcapillaries work also as waveguides for X-ray radiation. This optical device collects radiation
emerging from a radiation source within a large solid angle and guides radiation in order to have
a focused or a parallel beam.

Based on experimental and theoretical data, the study of the channeling phenomenon may gives
unique information on the nature of X-ray wave interaction and propagation of radiation. Indeed,
both experimental and theoretical data point out the presence of propagation radiation modes in
such glassy waveguides and the interference between incident and reflected (fluorescence) waves
inside microcapillaries.



Micro-Channel Plates

Radiation can be transmitted in a wide energy range at the exit of micro-channel plates
(MCP). We have studied both energy and angular distribution spectra of X-rays for large
MCPs (20 mm and 33 mm of diameter) with a thickness of ~0.3 mm, characterised by
long micro-channels with a length-to-diameter ratio ~80:1 (~12-13 mrad).

MCPs have spatial regular empty channels (pitch size of 4.2 pym) with a hexagonal
symmetry in the transverse cross-section. Micro-channels with a diameter of 3.4 pym
have their walls oriented parallel to the normal of the MCP surface.



What we can do MicroChannel Plates

Microchannel plates (MCPs)

The focusing effect arises from total external reflection of
radiation at the interior surfaces of the channels of a MCP.
Point to point focusing was observed with flat and curved MCPs,

and collimation from a point source to a quasi-parallel beam was
observed with curved MCPs.



Working in Hard X-ray vs. soft X-ray and VUV

MCPs-based device

Eph= 94 eV

After single MCP After double MCPs

Mazuritskiy, M. I., et al. J. of Synchrotron Radiation 29.2 (2022).
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The invention of the confocal microscope is due to Marvin Minsky, who produced a working microscope in 1955.
The principle of confocal imaging patented in 1957 is employed in all modern confocal microscopes that offers
several advantages over conventional microscopy. The existing x-ray confocal microscopes use expensive special
mirrors and requires intense x-ray fluxes.

Meta-lens based confocal microscope

The present Concept/Principle relates to MCPs, i.e., optics based on a powerful optical technology that
guarantees a superior capacity of generating high flux density of radiation, a high spatial resolution and a
high temporal resolution. Actually, these meta-lenses (see Fig. 3a) may guide and shape a beam and
control intensity, spot size, divergence

These compact and low weight optics are arrays of a large number of small hollow glass tubes of circular
shape that work also as waveguides for radiation collecting radiation emerging from a source within a
large solid angle.



CiPo beamline@Elettra

e source: electromagnetic elliptical wiggler
® SGM monochromator (~40-900 eV)
® /IRMA HV experimental chamber






CROWN 2024

Confocal micRoscopy at sOft x-ray WaveleNghts

XXXX



Confocal scanning microscope

...... An ideal microscope would examine each point of the specimen and measure the amount of light
scattered or absorbed by that point. But if we try to make many such measurements at the same time then
every focal image point will be clouded by aberrant rays of scattered light deflected points of the specimen
that are not the point you're looking at. Most of those extra rays would be gone if we could illuminate only
one specimen point at a time. There is no way to eliminate every possible such ray, because of multiple
scattering,

_This
reduces the amount of light in the specimen by orders of magnitude without reducing the focal brightness at
all. Still, some of the initially focused light will be scattered by out- of-focus specimen points onto other
points in the image plane. But we can reject those rays, as well, by placing a second pinhole aperture in the
image plane that lies beyond the exit side of the objective lens.

(We could also employ a reflected
light scheme by placing a single lens and pinhole on only one side of the specimen - and using a half-silvered
mirror to separate the entering and exiting rays.)

(One can think of the lenses on both sides of the microscope combining, in effect,
to form a single, larger lens, thus increasing the difference in light path lengths for point-pairs in the
object plane.)

The price of single-point illumination is being able to measure only one point at a time. This is why
because we must
add all the time intervals it takes to collect enough light to measure each image point. ......

http://web.media.mit.edu/~minsky/


http://web.media.mit.edu/~minsky/
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 Application Areas:

Soft X-ray/VUV imaging: the applications area of this technology are: materials science, biology,
biomedicine, geophysics, cultural heritage and industrial characterizations.

* European Framework:

Industrial Leadership - Nanotechnologies, Advanced materials, Biotechnology, Advanced
manufacturing and processing.

This instrument is based on a multi- disciplinary technology. It may enable processes, goods and
service innovation. It will provide a technology brick suitable to enable a wide range of product
applications, improving energy and align the second meta-lens in the confocal geometry.

* IP Rights:
The X-ray confocal microscope with meta-lenses is an invention to be protected by a patent.

This product/apparatus is novel, show new characteristics; it is a step beyond the average
knowledge, and it is capable of industrial applications.
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e Status

We have assembled at Elettra/CiPo an experimental end-station to test optical layouts based on MCPs and meta-lenses
for 3rd and 4th generation radiation sources. We tested flat and bent devices working in the normal incidence geometry
in transmission, at different energies. Tests with coherent XUV radiation are being conceived also to pursue holographic
applications with novel light sources (FERMI FEL, Elettra 2.0 ).

e Market Opportunity

"The global x-ray imaging market accounted for revenue of 9 GS in 2015, and it is expected to grow by ~5% during
2016-2022". [www.psmarketresearch.com/market-analysis/x-ray-imaging-market]

The patent trend in x-ray and microscopy area are continuously increasing, still no patents for design x-ray confocal
microscopes using meta-lenses exist. Those using Fresnel lenses works with monochromatic radiation and require high x-
ray flux at present are not compatible with conventional sources. This instrument may work with conventional x-ray
sources, is compact and use low cost meta-lenses. It makes possible industrial applications and commercial applications
interested to soft x-ray imaging using compact laboratory sources.

e Competitors

In the field of x-ray optics there are many players and competitors like Canon, Carl Zeiss, Matsushita, Philips, Nikon, At&t,
Sumitomo, Xerox, Rigaku, Xenocs, CEA, etc. with hundreds of patents in the area and potentially interested to this
technology. Carl Zeiss is probably the main player interested to a licensing. A full search has to be performed.
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Hexapod for the alignment
of the meta-lenses






X-ray focusing: Fresnel zone plates

- Diffractive optics: radially varied grating
spacing

- Largest diffraction angle is given by
outermost (finest) zone width 3,

as ©=A/(23,,)
- Rayleigh resolution is then 5,=0.61 A/(©)
=1.22 3

- Zones must be positioned to ~1/3 width
over diameter (10 nm in 100 ym, or 1:104)

Central stop and order sorting aperture
(OSA) to isolate first order focus



X-ray lenses



Focusing efficiency

2L

M= 4i/L.



Imaging of object inner structure using passing through of

soft x-ray radiation and coded aperture approach





