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Abstract—Beamlines on synchrotron radiation sources may impose different and sometimes even incompat-
ible requirements to the X-ray beam. In some cases, implementation of probe methods for examination of
samples in the mapping mode necessitates beams with the smallest possible cross–section. In contrast to this,
radiation processing of material and manufacture of a commercial product using X-ray lithography approach
require an X-ray beam with a relatively large area and providing a uniform exposure field. On the beamline
X-Techno under development for the synchrotron radiation source SKIF, it will be possible to form synchro-
tron radiation beams up to 100 mm in size in the horizontal plane, differing in the spectral composition. Such
beams will be used in any of the beamline’s three research chambers for study of radiation effects in materials,
as well as for creation of structures in the micro- and nano-size range. The design of the beamline will enable
study of the physicochemical properties of materials exposed to X-rays in the spectral range from 2 to 70 keV.
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INTRODUCTION

To date, the use of synchrotron radiation sources is
divided between research and technological experi-
mental beamlines [1–4]. On the beamlines of the first
group, the task of obtaining new knowledge about the
composition, structure, and functional characteristics
of objects is solved. On the beamlines of the second
type, the goal is to modify an object X-rayed according
to a given algorithm subject to the knowledge already
obtained on the research beamlines. For the beamline
described in this article, it was proposed for the first
time to combine the possibilities of conducting a com-
prehensive study using analytical X-ray techniques
with the targeted formation of micro- and nano-sized
surface and bulk structures. The wide aperture of the
incident X-ray beam makes it possible to apply the
implemented methods in the operando mode, that is,
during formation of structure or during operation of
device under study. Simultaneous use of several signal
channels and, respectively, detectors significantly
increases the amount of information obtained about
the object being analyzed/modified. This paper pres-
ents a preliminary concept of the beamline. Since the
beamline X-Techno is one of the second-stage beam-
lines of the CCU SKIF, work on the development of
the project continues.

CONCEPT OF DESIGN OF BEAMLINE
X–TECHNO

Purpose of Beamline X-Techno
The beamline is intended for conduction of exper-

iments in the field of materials science, radiation
chemistry, and photochemistry with the aim of study
and modification of the properties of a surface or thick
object under the action of intense synchrotron radia-
tion in the photon energy range from 2 to 70 keV. The
purpose is creation of new materials and devices, study
and optimization of radiation processing technology,
and using the obtained knowledge in creation of vari-
ous topological forms with high spatial resolution, as
well as high or even ultra-high aspect ratio (the ratio of
the depth to the characteristic size in the lateral plane).
The tasks solved with the use of the beamline equip-
ment include study of the conditions of radiation
modification of materials; study of the physicochemi-
cal properties of materials under the action of high-
power X-rays at varying temperature; study of the
photovoltaic effect on the surface and in the volume of
various materials in the course of various processes;
absolute calibration of X-ray detectors [5]; study of
desorption and absorption of gases by various materi-
als under the action of X-rays; generation of short-
lived radical centers in materials for further research
on their physicochemical properties by the methods of
electron paramagnetic resonance, nuclear magnetic
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Table 1. Basic parameters of X-ray radiation used at the X-Techno station

Magnetic field of bending magnet, kG 20
Critical wavelength λс, Å 1.03
Critical photon energy Ес, keV 12
Current in storage ring, mА 400
Total thickness of beryllium windows, μm 200
Distance from X-ray source point to the sample, m 55
SR beam width on the specimen in straight beamline, mm 100
resonance, luminescence spectroscopy, etc.; study of
the radiation resistance of materials and microelec-
tronic devices intended for operation in space, at
nuclear power plants, and at electrophysical installa-
tions generating a high-level background radiation;
optimization of conditions for formation of functional
micro-components and their small-scale production
for real devices.

The main parameters of the synchrotron radiation
to use on the beamline are presented in Table 1. Func-
tionally, the beamline is divided into the optical part
and the complex of experimental modules.

Optical Part of Beamline X-Techno
The optical part of the beamline X-Techno

includes a grazing incidence mirror and a set of
absorption filters made of different materials with
variable thickness: glassy carbon (thickness of 25 to
400 μm), sapphire (thickness of 100 to 500 μm), alu-
minum (thickness of 5 to 50 μm), titanium (thickness of
2 up to 50 μm), nickel (thickness of 1 to 50 μm), platinum
(thickness of 1 to 50 μm), and other materials.

With the f lat mirror moved to one of the three posi-
tions, an X-ray beam up to 100 mm wide can be deliv-
ered to one of the three experimental modules.
Because of the angular divergence of the radiation, the
width of the mirror should be 40 mm at least. It is sup-
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Fig. 1. Sketch of station: 1—radiation source; 2—radiation
protection; 3—flat grazing-incidence mirror; 4—straight
beam module; 5—module for beam reflected at angle of
0.5°; 6—module for beam reflected at angle of 1°. 
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posed to use a f lat mirror made of electrochemically
polished silicon and divided into two working areas:
the wider, reflecting one, for cutting off the hard spec-
tral components during micro- and nanostructuring,
and the relatively narrow dispersive area, which
ensures wavelength scanning of the photon flux, as
described in [6]. Such combination of functions will
allow for a comprehensive study on the beamline, and
the sample can stay in the vacuum chamber. The
reflective coating is a sputtered layer of metal (plati-
num) several tens of nanometers thick. The dispersive
element is an aperiodic multilayer system with energy
resolution ΔE/E ∼ 10–2. The technology of manufac-
turing of aperiodic systems of mirrors is well developed
[7, 8]. Since this dispersive element cannot be used
with a straight SR beam, a section with a diffraction
grating is envisaged in the SR transport line [9].

For reduction of heat loads, the mirror is placed in
a bath filled with a eutectic gallium–indium alloy,
which is liquid at room temperature.

Module System

Modular assembly. The incident SR beam will be
used in each of the three experimental modules on the
beamline (Fig. 1). The modules are separated from the
beam transport line and thus from each other by vac-
uum-tight windows (made, for example, of beryllium
foil 50–200 μm thick). This enables an individual gas-
eous environment in each module and prevents entry
of volatile products of decomposition of materials
(including X-ray resists) under the action of high-
energy quanta into the neighboring modules.

Reflection of the X-ray beam occurs in the vertical
plane. In particular, at a distance of 33 m from the
mirror to the experimental setup and inclination of the
mirror by 0.5°, the X-ray beam will shift upwards from
the orbit plane by approximately 575 mm, at which
height the entry to the module is located (Fig. 1, posi-
tion 5). At a mirror tilt angle of 1°, the beam deviates
from the orbit plane by 1150 mm and gets into another
module (Fig. 1, position 6).

If the mirror segment coated by the multilayer
structure is tilted by 0.5° and inserted into the beam
propagating horizontally in the orbital plane, the
reflected beam gets into module 5 and the first-order-
TRON AND NEUTRON TECHNIQUES  Vol. 17  No. 6  2023
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Fig. 2. Calculated spectral power of SR (in energy band
ΔE/E = 10–3) at distance of 55 m from emission point per
1 cm of horizontal area, integrated over angle in vertical
plane subject to filters and beryllium windows installed in
the beamline. X-ray source: bending magnet with the field
strength H = 20 kG. 1—Beryllium window 200 µm thick;
2—beryllium window 200 μm thick and platinum-coated
mirror oriented at angle of 0.5° to horizontal plane; 3—
beryllium window 200 μm thick and platinum mirror at
angle of 1°; 4—beryllium window 200 µm, aluminum filter
50 µm thick, and platinum mirror at angle of 0.5°; 5—
beryllium window 200 µm thick, titanium filter 10 µm
thick, and platinum mirror at angle of 1°; 6—beryllium
window 200 µm thick and Sm/Eu selective filter with
thickness of 700/200 µm. 
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diffraction beam enters module 6. In this case, the
beamline can work with two beams simultaneously.

For minimization of the time for cleaning of the
modules from adsorbed products of degradation of
materials under study, the beamline is equipped with a
redundant module, which has similar ports for con-
nection of the main kinds of detecting equipment.

Module for straight beam. A straight SR beam inci-
dent on an object features high intensity in a wide
range of photon energies 2–70 keV (Fig. 2), sufficient
for heating of the irradiated area up to several hundred
degrees during the acquisition time. A radiation with
low degree of monochromatization is suitable both for
study of sample layers about 1 μm thick (in the low-
energy region of the spectrum) and for provision of
dose homogeneity in millimeter-thickness layers (at
high photon energies and low power levels).

The module for the straight beam (Fig. 1, position 4)
is equipped with the following measuring equipment:
mass spectrometer, X-ray total absorption detector,
position-sensitive detector for measuring the angular
dependence of scattered radiation, object heat capac-
ity meter, object electrical conductivity meter,
SQUID magnetometer, detector for reflected X-rays,
photoelectron current detector, ionization current
detector based on a secondary electron multiplier,
microstrip detector, bolometer for measuring the tem-
perature of object, photomultiplier for detecting the
luminescent radiation of object, laser-detector line for
measuring the reflectivity of object, infrared spectro-
photometer for measurements of the Raman spectra
and reflection spectra, and optical microscope. Some
of the above instruments can be connected with any of
the three experimental modules of the beamline.

The straight-line module is designed for study of
photodesorption, photoablation, radiation resistance,
radiation annealing, targeted introduction of radiation
defects, etc. The beamline is a unique one for develop-
ment of new radiation-resistant materials and devices
for nuclear energy, chemical industry, and space
experiments. The mutually-complementary measure-
ment equipment on the beamline will enable research
within the framework of final qualification works of
students and graduate students. In this module, the
best conditions will be created for formation of micro-
structured objects with ultra-high aspect ratio at pho-
ton energies of above 10 keV.

Module for reflected beam with quantum energies of
2–15 keV. When the mirror is inclined by 0.5° (Fig. 1,
position 5) relative to the orbit plane, the X–ray spec-
trum is optimized for research and submicron-resolu-
tion transfer by the deep X-ray lithography method
[10–13] of an image of the original topology into thick
layers (up to 10 mm) of materials. Optimization of the
spectral f lux is necessary for achievement of the max-
imum of the function that is expressed in the first
approximation as the product of the absorption coef-
ficient of the X-ray resist layer and the transmission of
JOURNAL OF SURFACE INVESTIGATION: X-RAY, SYNCHRO
the X-ray mask, and this will provide the highest per-
formance at the minimum radiation dose from the
scattered X-rays and secondary electrons. On the
beamline, it is possible to implement an extensive pro-
gram in the field of development and manufacturing
of X-ray lenses [4], diffraction gratings for phase-con-
trast study of low-contrast objects, anti-scattering
grids [14], meshes with calibrated size cells, perforated
electrolyte membranes, structured X-ray screens,
X-ray collimators, and chromatic optical elements for
infrared and terahertz spectral ranges.

The experimental module is equipped with a sys-
tem of automated linear translators for moving/scan-
ning an object in a vertical plane. For reduction of the
SR flux without distortion of the initial spectrum of
the X-ray beam, it is planned to install an obturator
into the experimental vacuum chamber.

Transmission diffraction gratings can ensure a
quasi-planar quasi-coherent radiation front during
transfer of image in the interference mode.

Other tasks that can be solved are similar to those
mentioned above for the straight beam module.

The aforementioned modules are an improved ver-
sion of the LIGA beamline, operating as part of the
Siberian Center for Synchrotron and Terahertz Radi-
ation [15].
TRON AND NEUTRON TECHNIQUES  Vol. 17  No. 6  2023
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Module for reflected beam with photon energies of
2–6 keV. At mirror inclination of 1° relative to the
orbit plane (Fig. 1, position 6), conditions in the
reflected beams are optimal for research and submi-
cron-resolution transfer by the deep X-ray lithography
method [9–11] of an image of the original topology
into thin layers (up to 100 μm) of materials. The SR
spectrum for this module is optimized for manufac-
turing of intermediate X-ray masks, as well as develop-
ment and manufacture of small series of electronic
and electro-mechanical devices of micron and submi-
cron topological sizes such as test structures of large inte-
grated circuits, artificial dendrites of lithium batteries,
chromatic nano-optical elements, regular filters, matri-
ces for self-organizing nanosystems, arrays of magnetic
nanodots, etc. by methods of interference holography or
direct reproduction. X-ray lithography can be used for
production of spike microsystems [16, 17], large arrays
of which in emission or absorption of radio waves have
the properties of phased antenna arrays, which are of
interest for radio detection.

A quasi-planar quasi-coherent radiation front in
the transmission of image in the interference mode
can be provided with the use of transmission diffrac-
tion gratings.

High-aspect-ratio refractive X-ray lenses made of a
polymer material with relatively low X-ray absorption
cross-section [18, 19], radiation-resistant refractive
X-ray lenses made of metal [20], beam position sen-
sors, and aperture diaphragms created by deep X-ray
lithography can be used on other beamlines of the SR
source SKIF.

Other tasks that can be solved on the beamline are
similar to those mentioned above for the straight beam
module.

CONCLUSIONS
The presented project of the X-Techno synchro-

tron experimental station is unique because it will
enable implementation of full-cycle technologies in
the field of microstructuring. Materials research car-
ried out on the beamline will become the foundation
for development and small-scale production of micro-
structured products with submicron spatial resolution.
The planned beamline will be of interest to graduates
of universities, as well as to organizations involved in
research and development in the field of creation of
elements of microstructural technology, micro-optics,
and micro– and nanoelectromechanical systems.
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