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The paper presents the results of studies of W/B4C multilayer structures with small periods for their use as the
first mirror in a two-mirror soft X-ray monochromator at the ,,KOSMOS" station of the VEPP-4M synchrotron. It is
shown that even if the periods of the mirror and the RbAP crystal coincide, when operating in a wide wavelength
range, the Bragg angle must be adjusted due to the stronger refraction in the W/B4C multilayer mirror.
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Introduction

A two-crystal monochromator [1] has been used for many
years to conduct studies in the soft X-ray range at the
,KOSMOS* station in the ,,Siberian Synchrotron and Tera-
hertz Radiation Center (CUC ,,SSTRC*) of Budker Institute
of Nuclear Physics, Siberian Branch, Russian Academy
of Sciences”. Si(111) crystals in Bragg geometry with
incidence angles close to normal are used for conducting
studies with high spectral resolution in a monochromator.
The scheme of a two-crystal monochromator is shown in
Fig. 1.

The minimum energy available to a monochromator
with such crystals is 2000eV and allows working in the
vicinity of K-edges of elements such as phosphorus and
sulfur. K-the edges of such technologically important
elements as aluminum, silicon, magnesium, fluorine, oxygen

Figure 1. Diagram of a two-crystal monochromator used at
the synchrotron radiation station ,,KOSMOS*. SR — incident
synchrotron radiation, / and 2 — monochromator crystals.
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do not fall into the working area of the station. The
possibility of replacing the Si monochromator with organic
crystals with long periods is considered to expand the
operating range into the long-wavelength region. Crystals
of potassium biphthalate or rubidium (KAP and RbAP) are
good candidates for this role. Thus, the KAP(001) crystal
has a lattice period of 13.3 A, which makes it possible to
reach the working energy of the monochromator 470 eV and
work on the K-edges of light elements up to oxygen. One of
the promising tasks, in particular, is to study the properties
of perovskites, which have oxygen in their composition with
a hole on the p shell.

The problem of using biphthalates at synchrotron radia-
tion stations is their low radiation resistance, which leads
to degradation of the properties of the first crystal under a
white synchrotron radiation beam (SR) in a few minutes.
In this regard, it is proposed to use a hybrid optical scheme
in which the first crystal is replaced by a multilayer mirror,
implemented, for example, in [2,3]. Being the first element,
the multilayer X-ray mirror (MXRM) reduces the intensity
of the radiation incident on the crystal by many orders of
magnitude due to the preliminary monochromatization of
radiation at the level of 1/A1 ~ 200, thereby increasing its
lifetime. The spectral selectivity will be determined by the
crystal at the output of the monochromator.

The specific feature of using multilayer mirrors for this
task is the extremely small value of the period, at the level
of 13A. The exponential nature of the impact of interlayer
roughness on the reflectance requires atomically smooth
surfaces. The required number of periods also increases to
300—500 due to the small size of the period, which limits
the permissible instability of the technological parameters of
the growth of multilayer mirrors. Also, a greater refraction
in mirrors than in organic crystals should be expected due
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Figure 2. The dependence of the difference of the Bragg angles
of the KAP crystal and the multilayer mirror W/B4C with the
same periods on the wavelength. The proportion of layers W in
the MXRM period y = 0.46.

to the presence of ,,heavy* material in the multilayer mirror
period. The latter indicates the inevitable mismatch of the
Bragg angles in the process of scanning for photon energies.
All these factors are investigated for a short-period W/B4C
mirror in this paper.

1. Selection of materials for a multilayer
mirror

The wavelength range in which the optical scheme of
the monochromator should be optimized for operation is
1.69—24.8 A, which leads to the need for synthesis of
short-period structures (d ~ 1nm). It should be borne
in mind that the maximum reflectance is determined not
only by the optical characteristics of the mirror materials in
the selected wavelength range, but also by the amount of
roughness and transition layers, the development of which
in the structure leads to degradation of the reflectance. It
is also necessary to ensure the stability of the reflective
characteristics of the structure used under the influence
of thermal exposure. The study results show that the
structures based on carbides [4] are the most advantageous
from the point of view of thermal stability. Analysis of
reflectances of short-period mirrors shows that multilayer
mirrors based on tungsten and boron carbide [5-7] are
promising structures for operation in this wavelength range.
The results of the study of the effect of annealing on the
reflective characteristics of W/B4C structures indicate their
high thermal stabilitysti [8-10]. Based on this, it can be
concluded that to replace the crystal in the optical scheme
of the monochromator used at the synchrotron radiation
station ,,KOSMOS", a multilayer mirror based on tungsten
and boron carbide should be used.

The values of the angles at which the maximum reflection is
achieved at a given wavelength (first column), for KAP crystals
(second column) and RbAp (third column)

Length Angle, Angle,
waves, A degrees (KAP) Degrees (RbAp)
24.80 68.80
20.67 5098 53.23
17.71 41.76 4336
17.59 41.39 4298
15.50 35.64 3693
13.78 31.20 3228
12.40 27.79 28.73
11.27 25.07 2591
1033 22.86 23.61
9.54 21.01 21.70
8.86 19.45 20.08
827 18.11 18.69
7.5 16.94 17.48
7.29 1592 1642
6.89 15.01 15.49
339 732 7.55
1.69 3.65 3.76

The table below shows the values of the angles at which
the maximum reflectance is achieved for KAP crystals
with a period of d = 13.3A and RbAp with a period of
d=12.9A

It is worth noting that when replacing a crystal with
a multilayer mirror, the problem arises of choosing the
optimal mirror period, since the use of a structure with
an identical period will lead to a displacement of the
angle corresponding to the maximum reflectance at a given
wavelength. This mismatch of angles for the KAP crystal
and the W/B4C multilayer mirror is demonstrated in Fig. 2.

It can be seen from the presented dependence that the
greatest angle mismatch is observed in the long-wavelength
region of the spectrum. Therefore, in this case, the
period of the multilayer mirror should be chosen in such
a way that at the longest wavelength from the operating
range of the monochromator, the angles corresponding to
the maximum reflectance for the crystal and the mirror
coincide. At the same time, the permissible angle mismatch
should not exceed 0.34 degrees due to the design of
the monochromator and the recording part. Numerical
calculation shows that for the angle corresponding to the
first Bragg peak W/B4C of the structure at the wavelength
24.8° to be 68.8 degrees, its period (d) should be equal
to 1336A. A similar calculation shows that to replace
the RbAp crystal with a W/B4C mirror, its period should
be 12.96 A.

2. Experimental findings

The multilayer mirrors synthesized by magnetron sputter-
ing in a cylindrical vacuum chamber equipped with planar
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Figure 3. The angular dependences of the reflectance of the multilayer structure W/B4C, designed to replace the KAP crystal, measured
at wavelengths 1.54 A (top), 9.89 A (bottom left) and 17.59 A (bottom right). The black curve with dots corresponds to experimental data,

the red curve (in online version) matches the fitting,

magnetrons. Stabilized current power supplies developed
at IPM RAS were used as magnetron power sources. The
working gas was high-purity argon (99.998%), the pressure
of residual gases at the time of synthesis of the structure
was at the level of 10~7 Torr, the pressure of the working
gas — at the level of 1073 Torr. The thickness of the layers
of materials was changed by changing the speed of passage
of the substrate over the targets of the sprayed materials.
The sprayed materials was deposited on silicon substrates
with a mean square roughness 0.1—0.2nm. Details about
the methods of synthesis and research of multilayer mirrors
used in the IPM RAS can be found in [11].

The multilayer mirror designed to replace the KAP
crystal was synthesized at the first stage of the experi-
ments. This structure had the following parameters: period
d=13.36 A, tungsten layer thickness dw = 5.83 A, boron
carbide layer thickness dpsc = 7.53 A, roughness of tung-
sten layers ow = 2.5A, roughness of boron carbide layers
OB4C = 4.0,&, thickness loss at each period dz =0.01%
of the nominal value. The structure parameters were
determined by fitting the angular dependencies of the
reflectance at wavelengths 1.54, 9.89 and 17.59A in the
Multifitting program developed at the IPM RAS [12]. The
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above angular dependences, as well as their fitting, are
shown in Fig. 3.
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Figure 4. The calculated (dots) and experimental (stars) de-
pendences of the reflectance (black curve) and spectral selectivity
(red curve (in the online version)) in the operating wavelength
range of a monochromator for a W/B4C structure with a period
of d = 13.36A.
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Figure 5. Calculated curves of reflectance (black curve) and
spectral selectivity (red curve (in the online version)) in the
operating wavelength range of the monochromator for a W/B4C
structure with a period of d = 12.96 A

According to the results of fitting, Fig. 4 shows the
calculated (squares) and experimentally measured (stars)
dependences of the reflectance and spectral selectivity of
a W/B4C mirror with a period of d = 13.36 A of the
wavelength. It can be seen from the presented measurement
results that the reflectance is at the level of 1—-5%, and
the spectral selectivity is at the level of 1-2% in most
of the range, with the exception of the neighborhood of
45°, where the reflectance of the p-polarized radiation
component is close to zero. It is also seen that the mismatch
of the Bragg angles in this case lies within the permissible
values, which indicates the possibility of using this mirror
as a replacement for the KAP crystal in the optical scheme
of a two-crystal monochromator.

A multilayer mirror with a period of d = 12.96 A was
synthesized in the optical scheme of the monochromator to
replace the RbAp crystal. The curves of the reflectance
and spectral selectivity (Fig. 5) vs. the wavelength are
constructed based on the results of studies of reflectances at
the above wavelengths and fitting. The comparison of Figs. 4
and 5 shows that a multilayer mirror with d = 13.36 A looks
more preferable from the point of view of the reflectance.

Conclusion

Multilayer mirrors based on a pair of materials W/B4C
were synthesized and studied in this study to use them
instead of the first crystal in a two-crystal monochromator
circuit at the ,KOSMOS* station. Optimal parameters of
mirrors for replacing KAP and RbAp crystals were deter-
mined. It was found that the value of the angle at which
the maximum reflectance is observed at a given wavelength
shows a good match with the corresponding value for
crystals for synthesized structures. The misalignment of
the angles does not exceed the maximum allowable value,

which indicates the prospects of using these structures
in the monochromator scheme. The ,multilayer mirror
system with d = 13.36 A — the KAP“ crystal looks more
preferable for solving the task from the point of view of the
reflectance.
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