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Abstract We present a comparative study of B4C/Mo and
B4C/Mo,C periodic multilayer structures deposited by mag-
netron sputtering. The characterization was performed by
grazing incidence X-ray reflectometry at two different ener-
gies and high resolution transmission electron microscopy.
The experimental results indicate the existence of an inter-
diffusion layer at the B4C-on-Mo interface in the B4C/Mo
system. Thus, the B4C/Mo multilayers were modeled by
an asymmetric structure with three layers in each period.
The thickness of B4C-on-Mo interfacial layer was estimated
about 1.1 nm. The B4C/Mo,C multilayers present less in-
terdiffusion and are well modeled by a symmetric structure
without interfacial layers. This study shows that B4C/Mo,C
structure is an interesting alternative to B4C/Mo multilayer
for X-ray optic applications.

1 Introduction

Multilayer mirrors are widely used for different applica-
tions in extreme ultra-violet (EUV) (solar physics, pho-
tolithography) [1-4] and soft X-ray [5, 6]. Even if sev-
eral two-component multilayer mirrors have been produced
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and studied such as B4C/Mo [7], B4C/Si [10], Ir/Si [11],
Mo, C/Si [4], the Mo/Si system remains the most studied
for EUV applications. High quality mirrors made from this
material pair have been demonstrated for 10-50 nm wave-
length range (25-125 eV) [8, 9]. A key point that allowed
the achievement of high reflectivity is the study and im-
provement of interface imperfections, such as layer rough-
ness and interdiffusion. The composition and thickness of
Mo/Si interfaces have been studied [12-15]. Several ap-
proaches were proposed to improve reflectivity taking into
consideration these interfacial properties such as the sput-
tering a B4C barrier layer between Mo and Si layers in
order to prevent interdiffusion [14, 16-18]. Some authors
have also proposed to replace the Mo by Mo,C in order to
increase thermal stability and/or to reduce the mechanical
stress. Interesting results have been published concerning
Mo, C/Si [4] and Mo, C/Be [19] systems. On the other hand,
the Mo, C is used as diffusion barrier for copper metalliza-
tion [20] to prevent the copper diffusion in silicon for Cu/Si
system. Concerning the B4C/Mo multilayers, Barthelmess
et al. have shown that the interfaces are not perfect and that
the presence of interdiffusion layers limit the normal inci-
dence reflectivity at 6.7 nm [7]. However, we found no study
in the literature on the characterization of these interfacial
layers.

In this paper, we focus on the B4C/Mo and B4C/Mo,C
systems for potential applications in the energy range 500—
2500 eV (~0.5-2.5 nm). In particular, there is a need for an
efficient multilayer system with symmetrical interface prop-
erties to be used in the fabrication of Alternate Multi-Layer
(AML) grating. Such AML gratings allow a high efficiency
for first order of diffraction and a rejection of the other or-
ders [5, 6]. Thus, we present in this paper a comparative
study of interface properties of B4C/Mo and B4C/Mo,C pe-
riodic multilayers. The main objectives of this study were
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to characterize the thickness of each deposited layer at sub-
nanometric scale, and to assess the existence of any interdif-
fusion layer between two consecutive layers in each system.
It is organized as follow: at first, the experimental proce-
dures to fabricate the multilayers and the characterization
techniques are briefly presented. The main part deals with
X-ray reflectivity measurements performed at grazing in-
cidence at different wavelengths and the numerical adjust-
ment with the modeling of the two systems. Then, a qualita-
tive observation and analysis of high resolution transmission
electron microscopy (HTEM) images are presented and dis-
cussed for both multilayer systems.

2 Experiments
2.1 Sample preparation

A magnetron sputtering deposition system, described else-
where [21, 22], was used to fabricate B4C/Mo and B4C/
Mo, C multilayers. During the process, the chamber of
preparation has a nominal vacuum of 5 x 10~8 Torr (mbar).
The sputtering was performed with argon gas at a pressure
of 2 mTorr. The targets size was 200 x 80 mm. The radio-
frequency power was 150 W for B4C target and a direct
current of 0.06 A and 0.07 A was used for Mo and Mo,C
targets, respectively. In order to obtain a high homogeneity,
the samples were rotated at 50 rpm, while passing over the
targets with a velocity about 1°/s. The number and the ve-
locity of scans determine the thickness of sputtered material.
Multilayers with different expected thicknesses of B4C, Mo
and Mo, C, were deposited on silicon polished substrates.
The number of periods was fixed at 15 for all samples. The
expected parameters for each sample are summarized in Ta-
bles 1 and 2. The deposition parameters that provide the ex-
pected thickness were deduced from calibrations on single-
layer thin films.

2.2 Characterizations

Characterization of multilayers was performed with X-ray
reflectivity measurements in grazing incidence. The experi-

Table 1 Expected parameters for B4C/Mo multilayers. The number
of periods is 15 for all samples

Sample B4C thickness Mo thickness Expected period
(nm) (nm) (nm)

Al 0.63 2.50 3.13

A2 1.25 2.50 3.75

A3 2.50 2.50 5.00

A4 5.00 2.50 7.50

A5 2.50 1.24 3.74

A6 2.50 5.00 7.50

A7 2.50 74.5 9.95

mental reflectivity curves were obtained using a goniometer
BRUKER-DISCOVER D8 that works at the copper K-alpha
radiation of 0.154 nm (=8 keV). In the bench geometry, the
sample stays at a fixed position. The reflectivity spectra ver-
sus grazing incidence angle were measured by moving the
source arm, while tracking the reflected beam with the de-
tector arm (6 — @ scan configuration). The source arm con-
sists of an X-ray tube, a collimating Gobel Mirrors provid-
ing high flux density, a rotary absorber, a 0.1 mm divergence
slits and a Soller slits. The arm of detection consists of sec-
ondary Soller slits placed between two 0.1 mm divergence
slits and a scintillator. The mechanical precision on angles is
better than 0.01° and the angular resolution is about 0.01°.

Characterization of the multilayers was also performed
on the soft X-ray branch of the Metrology and Tests Beam-
line at synchrotron SOLEIL [23]. For the experiment,
a 1200 lines/mm VLS plane grating was used in order to
cover an energy range between 400 and 1700 eV. Measure-
ments were performed with constant exit slits opening, lead-
ing to a spectral resolution ranging from 4000 at the lower
end to 500 at the higher end of the range. Flux at the sample
position was about few 10'? photons/s in the 200 x 100 um?
FWHM focal spot and the spectral purity was more than
99 %. The reflectivity spectra versus grazing incidence an-
gle were measured by moving the sample, while tracking
the reflected beam with the detector arm (6—26 scan con-
figuration). Silicon AXUV-100 photodiode with aluminum
flash coating was used to detect the reflected signal.

In a first stage, a homemade Fourier transform analysis
of the reflectivity curve [24] was used in order to give a first
approximation of the number of layers and of their thick-
ness. By fitting the reflectivity curve using a trial and er-
ror method, the grazing X-ray reflectometry allows the de-
termination of thickness, the interfacial roughness and the
complex index (n =1 — § — i where § is the unit decre-
ment of the refractive index and S is the extinction coeffi-
cient) of each of the successive films deposited on the sub-
strate [25, 26].

Table 2 Expected parameters for B4C/Mo,C multilayers. The number
of periods is 15 for all samples

Sample B4C thickness Mo thickness Expected period
(nm) (nm) (nm)

B1 0.75 2.5 3.25

B2 1.31 2.5 3.81

B3 2.63 2.50 5.13

B4 5.26 2.50 7.76

B5 2.50 0.63 3.13

B6 2.50 1.25 3.75

B7 2.50 5.00 7.50

B8 2.50 2.50 5.00
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A high resolution transmission electron microscopy
(HRTEM) was used to study the structure of the as-
deposited multilayers. The analyses were performed using
the microscope FEI-TECNAI G2 F20 S-TWIN operating at
200 kV located at SERMA TECHNOLOGIES of Grenoble
in France. Cross-sectional TEM specimens were prepared
with the focused ion beam technic using FEI-FIB Strata
DB400.

3 Results and discussion
3.1 B4C/Mo multilayers

Two sets of B4C/Mo multilayers are presented in Table 1.
In the first set (samples Al to A4), the expected thickness
of Mo layers was fixed at 2.50 nm while the B4C expected
thickness varied between 0.63 and 5.00 nm. In the second
set (sample A3 and AS to A7), the expected thickness of
B4C was fixed at 2.5 nm and the expected thickness of Mo
varied.

The period thickness, the thickness and the unit decre-
ment of the refractive index § of the individual layers, as

« Experiment
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Fig. 1 Grazing incidence X-ray reflectivity of sample A4 measured
(dots) at 0.154 nm and fitted one with a model of two layers in the
period (continuous). The expected thickness of B4C/Mo is 5.00 nm.
The figure in the inset presents the model of two layers: B4C/Mo

well as the interface roughness of all multilayer systems
have been determined by fitting X-ray reflectometry mea-
surements. An example of X-ray reflectivity measurement
under grazing incidence at 0.154 nm and the correspond-
ing theoretical adjustment that was performed with a model
of two layers in the period are illustrated in Fig. 1 for sam-
ple A4. Figure 1 shows that the fit with a model of two layers
in the period is not in good agreement with the experimen-
tal curve. In particular, it was not possible to obtain a good
fit of the intensity of Bragg’s peaks with this simple model.
This indicates that the model of two layers in the periods is
not appropriate for the B4C/Mo multilayers. The properties
deduced from this fit are summarized in line A4* into Ta-
ble 3. In comparison with the thickness of each layer, the
roughness is remarkably high (4.32 nm) at the B4C-on-Mo
interface while it is relatively lower (1.40 nm) at the Mo-on-
B4C one. These asymmetric values of roughness suggest the
presence of an interdiffusion layer at the B4C-on-Mo inter-
face. The same experimental curve (sample A4) and its cor-
responding numerical adjustment that was performed with a
model of three layers in the period are illustrated in Fig. 2.
This figure shows a very good agreement between the ex-
perimental measurement and the fit.

Therefore, the interlayer regions are asymmetric. The de-
position of B4C on Mo leads to the creation of an interfa-
cial layer whereas the deposition of Mo on B4C leads to
a sharp interface (see the model in the inset of Fig. 2). It
should be noted that the § values for the B4C and Mo layer
are, respectively, around 0.7 x 107> and 2.7 x 10~ which
are slightly smaller than the theoretical values 0.75 x 107>
and 2.86 x 1073 [27]. The § value of the interfacial layer
is ranged between those of B4C and Mo. It is around
1.9 x 107>, The properties of all samples of the two sets
deduced from the model of three layers in the period are
summarized in Table 3.

The evolution of the fitted thicknesses of B4C (lozenge
points), B4C-on-Mo called IL (triangle points) and Mo
(square points) layers as a function of the B4C expected
thickness for samples Al to A4 is given in Fig. 3. The ex-
pected thickness of Mo is 2.5 nm. Table 4 shows that the

Table 3 Parameters of the

B4C/Mo multilayers deduced Sample Thickness (nm) Period (nm) 5 (x1079) Roughness (nm)

from the numerical adjustment B4C IL Mo B4C IL Mo B4C IL Mo

using a model of three layers in

the period. The Ad4* line Al 000 091 195 286 - 195 275 - 038  0.19

corresponds to a fit with amodel -, 000 133 187 320 - 197 270 - 037 020

of two layers in the period
A3 1.09 1.20 1.97 4.26 0.66 1.84 2.71 0.33 0.21 0.17
A4 3.08 1.04 2.09 6.21 0.68 1.87 2.72 0.28 0.20 0.17
A4* 4.17 - 2.03 6.20 0.82 - 2.90 1.40 - 4.32
A5 0.92 1.10 1.04 3.06 0.68 1.85 2.70 0.30 0.26 0.17
A6 1.01 1.26 4.46 6.73 0.67 1.84 2.73 0.32 0.22 0.17
A7 0.86 1.20 6.38 8.44 0.66 1.87 2.68 0.26 0.33 0.19

@ Springer



F. Choueikani et al.

+ Experiment
—Fit-3 layers/period

Log Intensity (arb. units)
(5]

Grazing angle (deg)

Fig. 2 Grazing incidence X-ray reflectivity of the sample A4 that was
measured (dots) at 0.154 nm and fitted with a model of three layers
in the period (continuous). The expected thickness of B4C is 5.00 nm.
The figure in the inset presents the model of three layers: B4C/IL/Mo
where IL is the B4C-on-Mo interfacial layer
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Fig. 3 Variation of B4C, B4C-on-Mo (IL) and Mo fitted thicknesses
as functions of B4C expected thickness. The expected Mo thickness is
2.5 nm for all samples. The dashed lines are guides for the eyes

period deduced from the fit is always smaller than the ex-
pected one. The Mo thickness is reduced from 2.5 to 2 nm.
The diminution of the B4C thickness is around 1.5 nm. The
thickness of the interfacial layer IL is around 1.1 nm. There-
fore, each B4C layer that has an expected thickness lower
than 1.5 nm (Al and A2 samples) completely vanishes to
lead to the creation of an interfacial layer. Then, the system
can be fitted with a model of two layers: IL/Mo. This re-
sult is confirmed with the other set of samples in which the
expected thickness is fixed at 2.5 nm for B4C and varies be-
tween 1.25 and 7.45 nm for Mo (see Table 1). We have plot-
ted in Fig. 4 the variation of the fitted thicknesses of B4C,
IL and Mo with the expected thickness of Mo layers for this
second set of samples.

This figure shows that the thickness of the B4C layer is
about 1 nm (reduction of 1.50 nm from its expected value)
while the thickness of Mo is 0.50 nm smaller than the ex-
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Fig. 5 Transmission electron microscopy cross-sectional images of
the sample A3 (see Table 1). The scale bar is 10 nm for the micrograph
A and 2 nm for the micrographs B

pected one. The thickness of the interfacial layer is around
1.10 nm.

High resolution Transmission electron microscopy
(HTEM) micrographs of A3 sample (B4C/Mo; see Table 1
for details) are shown on Fig. 5. The expected thickness of
Mo and B4C layers for this sample are 2.50 nm. The scale
bar of image A is 10 nm while it is of 2 nm for image B. In
fact, the molybdenum has a higher atomic number (Z = 42)
and therefore appears darker as it scatters more electrons
than boron carbide. The TEM micrograph A show the very
good regularity of the deposition process in thickness and
roughness through the coating. The micrograph B indicates
that the Mo layers are amorphous. In addition, the period
deduced from both images is 4.35 nm which is in good
agreement with the value obtained by X-ray reflectometry.
We can clearly see on both micrographs that the Mo-on-
B4C interface is well defined and sharp whereas the B4C-
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Fig. 6 Grazing incidence X-ray reflectivity at 0.154 nm measured
(dots) and fitted with a model of two layers in the period (continuous).
The graph correspond the sample B7 which is described in Table 2

on-Mo interface is more diffuse. In fact, it is difficult to
distinguish, on image B, the IL and B4C layers in each pe-
riod in order to determine their exact thickness. The aver-
age thickness of the molybdenum layer per period is around
2.16 £ 0.09 nm which is close the value obtained by X-ray
reflectometry. The total thickness of B4C and IL layers is
around 2.05 £ 0.09 nm. The more bright part corresponds
to the B4C material while the more contrasted one is for
IL. Thus, the HTEM measurements on the B4C/Mo systems
confirm the result obtained from the optical characterization.
The B4C/Mo multilayers present a B4C-on-Mo interfacial
layer that can be approximated with an asymmetric model
of three layers in the period.

3.2 B4C/Mo,C multilayers

The details of the two sets of B4C/Mo,C system deposited
with the same sputtering parameters are described in Ta-
ble 2. The first set consists of samples B1 to B4 with an ex-
pected Mo, C thickness of 2.5 nm and with a varying thick-
ness of B4C (from 0.75 to 5.26 nm). In the second set (sam-
ple B5 to B8), the expected thickness of B4C was fixed at
2.5 nm while that of Mo, C varied from 0.63 to 5.00 nm.

Figure 6 (resp. Fig. 7) shows an example of grazing in-
cidence X-ray reflectivity measurement at 0.154 nm and its
corresponding numerical fit for a B4C/Mo,C multilayer us-
ing a model of two (resp. three) layers in the period. The
parameters of these fits are given in the lines B7 (2 lay-
ers/period) and B7* (3 layers/period) of Table 4.

The comparison between Figs. 6 and 7 shows that both
models of numerical adjustment can be appropriated for
modeling of the B4C/Mo,C system. The addition of an in-
terfacial layer in the model do not improve the fit. This
means that, if an interfacial layer exists in the structure, it
is thin enough and has no significant effect on the reflectiv-
ity spectra. These results were confirmed by measurements
performed on Soft X-ray branch of Metrology and Tests

= Experiment
—Fit-3 layers/period

—_ —
o« O )
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'

2 3
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Fig. 7 Grazing incidence X-ray reflectivity at 0.154 nm measured
(dots) and fitted with a model of three layers in the period (continu-
ous). The graph corresponds to the sample B7* which is described in
Table 2
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Fig. 8 Grazing incidence X-ray reflectivity at 0.83 nm measured for
the sample B7 (dots) and fitted with a model of two layers in the period
(continuous)

Beamline of Synchrotron SOLEIL. The experimental curve
measured at 0.83 nm (1500 eV) on sample B7 with its cor-
responding numerical adjustment, is plotted on Fig. 8. The
fitted thicknesses of Mo, C and B4C layers are, respectively,
5.1 nm and 1.6 nm. These values are in good agreement with
those obtained at 0.154 nm. Thus, a simple model with two
layers in the period, is sufficient to model the X-ray reflec-
tivity performances of B4C/Mo,C multilayers.

The fitting results deduced from the numerical adjust-
ments using a model of two layers in the period are sum-
marized in Table 4 for the others B4C/Mo,C samples. The
mean values of the decrement of the refractive index are,
respectively, 2.47 x 107> and 0.72 x 10~ for Mo,C and
B4C layers. They are close to the theoretical values, which
are 2.59 x 107 for Mo,C and 0.75 x 107> for B4C [27].
The evolution of the fitted thicknesses of B4C and Mo,C
with the B4C expected thickness is given in Fig. 9 for the
first set of samples. These results show that the average
value of fitted Mo, C thicknesses (squares) is slightly higher
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Table 4 Properties of the

B4C/Mo,C multilayers deduced Sample  Thickness (nm) Period (nm) 8 (x1079) Roughness (nm)
from fits using a model of two B4C IL Mo, C B4C IL Mo, C B4C IL Mo, C
layers in the period. The
thickness is in nm. B7* line Bl 009 000 259 268 080 - 236 027 - 0.36
corresponds to the fit using a B2 076 000 255 331 072 - 250 019 - 04l
model of three in the period
B3 1.87 000 2.68 4.55 0.67 - 2.58 0.19 - 0.34
B4 4.19 0.00 276 6.95 072 - 2.54 0.15 - 0.32
B5 1.95  0.00 1.08 3.03 072 - 2.45 0.17 - 0.36
B6 1.90  0.00 1.55 3.45 072 - 2.39 0.18 - 0.20
B7 148 0.00 521 6.69 072 - 2.48 0.15 - 0.30
B7* 144 050 475 6.69 0.70 1.53 255 0.15 0.17  0.30
B8 1.78  0.00 2.65 4.43 0.68 - 2.56 0.19 - 0.32
5 6 1
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Fig. 9 Variation of B4C and Mo, C fitted thicknesses with B4C ex-
pected thickness. The expected Mo, C thickness is 2.5 nm for all sam-
ples. The dashed lines are the linear regression

(~2.54 nm) than the expected one (2.5 nm). The graph
(Fig. 9) presents also a linear variation of the fitted thick-
ness of B4C (lozenges) as a function of the expected ones.
In comparison with the expected values, the fitted values of
B4C thickness are lower. The difference between expected
and fitted thicknesses increases when the expected thick-
ness increases. For example, the reduction value is around
0.66 nm for an expected thickness of 0.75 nm while it is
around 1.07 nm for an expected thickness of 5.26 nm. More-
over, extrapolation of this linear variation suggests that, for
an expected thickness lower than 0.6 nm, the final thickness
of B4C will vanish.

The variation of the fitted thickness of B4C (lozenges)
and Mo, C (squares) layers as function of the expected thick-
ness of Mo,C is presented in Fig. 10 for the second set of
samples.

This graph confirms the behavior that is observed in
Fig. 9. In fact, it shows also that the thickness of B4C lay-
ers decreases when the Mo, C thickness increases. In order
to obtain more details of the structure of the B4C/Mo,C
multilayers, HTEM measurements were performed on an
additional sample (B8, see Table 4) and results are shown

@ Springer

Mo,C expected thickness (nm)

Fig. 10 Variation of B4C and Mo, C fitted thicknesses with Mo, C ex-
pected thickness. The expected B4C thickness is 2.5 nm for all samples.
The dashed lines are linear regressions

Fig. 11 Transmission electron microscopy cross-sectional images of a
B4C/Mo,C sample (B8) in which the expected thickness of each layer
is 2.5 nm. The scale bar is 10 nm for the micrograph A and 5 nm for
the micrographs B

on Fig. 11. The expected thickness of each layer in the
period is 2.5 nm. The image A shows that the period is
4.38 £ 0.03 nm. This value is in good agreement with re-
sults obtained by X-ray reflectometry measurements (see
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Table 5 Reflectivity values of samples that were measured at 1500 eV
using the soft X-ray branch of Metrology and Tests Beamline

Sample A3 A6 B3 B7

Expected thickness (nm)
B4C/Mo or Mo,C 25/25 25/50 26.5/25 25/50
Reflectivity (%) 13.2 13.7 16.5 15.7

Table 4). It shows an average thickness for the Mo, C layer
around 2.4 £ 0.04 nm while the thickness of the B4C layer
is 1.93 + 0.04 nm. The image B looks similar to the case
of B4C/Mo multilayer (Fig. 5) with a sharp Mo,C-on-B4C
interface and a more diffused Mo, C-on-B4C interface.

Finally, the reflectivity of the first Bragg peak was mea-
sured at 1500 eV for samples A3, A6, B3 and B7. The results
are summarized into Table 5 For a same expected thickness,
the B4C/Mo,C systems (B3 and B7) present a reflectivity
higher than the B4C/Mo systems (A3 and A6).

4 Discussion

The results show the existence of asymmetric interfaces in
B4C/Mo multilayers that can be modeled by adding an inter-
facial layer in the system at the B4C-on-Mo interface. This
interfacial layer is about 1.1 nm thick and probably consists
of a mixture of Mo, B, or Mo, C, materials. The character-
ization techniques (Grazing X-ray reflectivity and HTEM)
do not allow determining the exact chemical composition of
this interfacial layer. However, the existence of this B4C-on-
Mo interdiffusion layer is in good agreement with several
published works [28-30]. Rooij-Lohmann et al. have used
thin B4C layers (typically less than 1 nm thick) as barrier
layer between the silicon and molybdenum layers in Si/Mo
multilayers, in order to improve the reflectivity. Their study
highlights the role of the B4C barrier as retarding agent of
diffusion [28]. However, our results indicate that for a depo-
sition thickness lower than around 1.25 nm, the B4C layer
has completely vanished. Thus, the true nature of the bar-
rier layer is not B4C but a mixture of B4C and Mo (which
we called here interdiffusion layer). We found no previous
quantitative study in the literature related to the interdiffu-
sion between B4C and Mo layers. The existence of such
an interfacial layer is a major drawback of this multilayer
system for applications where index profile symmetry is re-
quired. This is the case in particular for the achievement of
Multilayer Grating that allows a high efficiency in the range
of 500-2500 eV [5, 6]. In this context, we propose to use an
alternative system in which Mo layer is replaced by Mo,C.
The B4C/Mo,C system looks very similar to B4C/Mo one
on HTEM pictures. However, the Mo, C-on-B4C interface is
less diffuse and X-ray reflectivity measurements show that
this structure can be modeled with only two layers per period

(no interfacial layer). The Mo, C-on-B4C interfacial layer, if
it exists, is less that 0.5 nm thick and is below the sensitivity
of grazing angle X-ray reflectometry. The theoretical density
of Mo,C, p =9.18 g/cm?, slightly lower than the density of
Mo (p = 10.2 g/cm?), provides a good density contrast with
B4C (p=2.25 g/cm3). Measurements with synchrotron ra-
diation source at 1500 eV show that the Mo, C/B4C multi-
layers present higher reflectivity than the Mo/B4C ones with
similar structures. Thus, the Mo, C/B4C multilayer system
provides high reflectivity and good symmetry of the opti-
cal index profile as shown by the model with two layers in
the period. In addition, our results suggest that Mo,C or a
combination of B4C and Mo;C could be a better solution as
barrier layers in Si/Mo or other Mo-based multilayers.

5 Conclusion

In this paper, we report on an experimental comparison
between B4C/Mo and B4C/Mo,C multilayer systems de-
posited by magnetron sputtering. The B4C/Mo system
has an interfacial layer, which thickness is approximately
1.1 nm, at the B4C-on-Mo interface. Its X-ray performances
were well simulated by using an asymmetric model with
three layers in the period. The HTEM images confirm that
asymmetry of this multilayer system with a sharp Mo-on-
B4C interface and a more diffuse B4C-on-Mo interface. The
B4C/Mo,C multilayers present a better symmetry of the op-
tical index profile. We have shown that X-ray reflectivity can
be well simulated with a model of two layers in the period,
without interfacial layer. Moreover, the experimental reflec-
tivity peak at 1500 eV is higher for B4C/Mo,C samples than
for B4C/Mo ones. Due to its symmetry, the B4C/Mo;,C sys-
tem is a promising solution for applications such as alternate
multilayer gratings with a high efficiency.
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