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Abstract—The influence of hydrogen on the structure of thin cerium films formed by the method of magne-
tron sputter deposition was investigated in this work. Hydrogen-charging of the films was carried out by the
method of Langmuir hydrogen dissociation on a tungsten substrate. The cerium hydride films were coated
with a protective layer of nickel or chromium. It is demonstrated in this work that the used method of hydro-
gen charging can be used for introduction of hydrogen also into other hydride-forming metals and alloys.
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INTRODUCTION
Thin films based on metal hydrides and intermetal-

lic compounds draw the particular attention of
researchers owing to the possibility of their application
in several branches of engineering as hydrogen sensing
materials [1], electrochemical cells [2], and hydrogen
storage [3]. One of the most widely used methods of
formation of metal films is the magnetron sputter
deposition on a substrate (physical vapor deposition).
The vapor-phase hydrogen-charging or electrochemi-
cal method was earlier used to form the hydride phases
based on such films. In this work, the Langmuir disso-
ciation of hydrogen into atoms on tungsten wire was
applied to form the cerium hydride films deposited on
silicon wafers and coated with a protective layer of
nickel or chromium. Currently, such method of
obtaining of the monatomic tritium is used for intro-
duction of the radioactive label into carbon nanoma-
terials and organic compounds [4–6].

Reagents and Materials
Cerium (99.99%) was used in the experiments on

the deposition. The metal was deposited on cleaned
and degreased silicon wafers 0.6 × 0.6 cm2 in size.

EXPERIMENTAL
Magnetron Sputter Deposition

The engineered magnetron sputtering system with
two magnetrons was used for cerium deposition [7].

The sputtering was carried out from the cerium tar-
get. First, the system was exhausted to the pressure of
10–5 Torr, and then it was filled with the working gas
(99.9998% purity Ar). The working pressure was 5 ×
10–2 Torr. Sputtering of the target was carried out at
constant current. The power of energy per unit area of
the surface of target, was 1.6 W/cm2 during the sput-
tering, which corresponded to the sputtering rate of
0.75 nm/s. Films 300 nm thick were deposited. In
order to prevent oxidation of the material, the investi-
gated film was covered with a chromium layer 70 nm
thick or a nickel layer 20 nm thick.

Hydrogen-Charging Technique

The samples of silicon wafers with the deposited
cerium layer with the chromium or nickel coating were
treated with hydrogen atoms obtained at dissociation
on the tungsten wire. For that to happen, the samples
were placed in a special cylindrical reservoir along the
axis of which the tungsten wire was placed. The sput-
tering system was exhausted to the residual pressure of
10–5 Torr and then filled with hydrogen to 0.01–
0.05 Torr, and the reaction was activated by heating
the tungsten wire to 2000 K by electric current pulses
for 20 s each. Periodically, the residual gas was
removed and new portion of hydrogen was admitted.
The total time of treatment of the samples with atomic
hydrogen was 9 min. Variation of the pressure in the
system was determined by a thermocouple vacuum
gauge.
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Fig. 1. SEM micrographs of films of metals deposited on the surfaces of silicon substrates: (a) cerium (chromium protective
layer); (b) cerium (nickel protective layer). Images are presented in the mode of secondary electrons and backscattered electrons.

200 μm(а)

2 mm(b)
TECHNIQUES OF STUDYING THE FILMS
X-ray Diffraction (XRD)

The X-ray diffraction of the samples of the
obtained films was performed with a Rigaku SmartLab
X-ray diffractometer (Rigaku Corporation, Japan)
with CuKα (λ = 1.5406 Å) anode emission within the
range of angles 2θ = 5°–60°. The data were refined by
the Rietveld method.

Electron Microprobe Analysis (EMPA)
The elemental microanalysis of the surfaces of the

obtained films was carried out using a SEM LEO EVO
INORGANIC MATE

Table 1. Cell parameters of the phases present in the com-
position of the cerium film (nickel protective layer) depos-
ited on the silicon substrate after its hydrogen charging
(according to the data from XRD)

Composition Structure Unit cell parameter a, Å

CeH2.51 FCC 5.41 ± 0.001
Ni FCC 3.49 ± 0.01
Si FCC 5.43
50 XPV microscope (Carl Zeiss, accelerating voltage of
20 kV, resolution to 2 nm). Images of the regions subjected
to elemental analysis were made in the mode of backscat-
tered electrons (BSE) and secondary electrons (SE).

Scanning Electron Microscopy (SEM)

To obtain photomicrographs of the samples of the
obtained films, a TESCAN VEGA scanning electron
microscope with LaB6 cathode (working accelerating
voltage of 30 kV, resolution to 2 nm) was used. The
morphology of the samples was determined in the
RIALS: APPLIED RESEARCH  Vol. 11  No. 4  2020

Table 2. Cell parameters of the phases present in the com-
position of the cerium film (chromium protective layer)
deposited on the silicon substrate after its hydrogen
charging (according to the data from XRD)

Composition Structure Unit cell parameter a, Å

CeH2.51 FCC 5.42 ± 0.001
Cr FCC 2.90 ± 0.005
Si FCC 5.43
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Fig. 2. Data of electron microprobe analysis of films of metals deposited on the surfaces of silicon substrates: (a) cerium (chro-
mium protective layer); (b) cerium (nickel protective layer).
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mode of secondary electrons and backscattered elec-
trons.

RESULTS AND DISCUSSION

Cerium is subjected to rapid oxidation under stor-
age in air; for this reason, the films of this metal should
be protected by a layer of another metal. The surfaces

of the cerium films were coated with chromium and
nickel. The thicknesses of the protecting layers were 70
and 20 nm for chromium and nickel, respectively.

The SEM micrographs of the obtained films are
shown in Fig. 1. In all cases, regardless of the nature of
the protective metal, these films constitute a layer
homogeneous over its thickness, evenly covering the
whole surface of the substrate. There are only a small
INORGANIC MATERIALS: APPLIED RESEARCH  Vol. 11  No. 4  2020
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Fig. 3. Typical X-ray diffraction pattern of cerium films deposited on silicon substrate after hydrogen charging: (a) with chromium
protective layer; (b) with nickel protective layer.
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number of defects, and most of them pertain to edge
defects. It can be inferred that the magnetron sputter
deposition is a good method for deposition of such
layers.

Composition of the deposited films was also veri-
fied by the electron microprobe analysis (Fig. 2) of
several sites of the surface of each sample and by X-ray
diffraction. In particular, the elemental analysis
reveals that, within the area of a defect of the film (see
Fig. 2b), only silicon exists, though beyond its limits
the surface is represented by cerium and nickel. This
supports the conclusions of uniformity of deposition
of the metal at sputtering. Since the protective film of
nickel and chromium has a much smaller thickness in
comparison with the target metal, the material of the
protective coating is not always determined in the ele-
mental analysis. In this case, we form an opinion
about the uniformity of its deposition indirectly by the
contrast ratio by comparison with those analyzed sites
of the surface where the metal of the protective layer is
found. The composition of the deposited layers is con-
firmed also by the data of X-ray diffraction.

The X-ray diffraction patterns of the samples of the
cerium films with the protective layer deposited on the
silicon wafers and subjected to hydrogen charging are
given in Fig. 3. Analysis of the diffraction pattern
INORGANIC MATE
demonstrates that hydrogen charging in both cases
results in formation of hydride of CeH2.51 composi-
tion, which crystallizes in the FCC phase with the
parameter a ≈ 5.42 Å (Tables 1, 2). Also, the lines cor-
responding to the phase of silicon, which is the mate-
rial of the substrate, are in evidence on the X-ray dif-
fraction patterns. At the same time, reflections of
phases of the metals—materials of protective coat-
ings—are barely distinguishable from the background,
which is due to their small thickness. The results of the
quantitative X-ray diffraction analysis are presented in
Tables 1 and 2. Note that, because of small thickness
of the deposited layers, the values of lattice periods of
the detected phases calculated with using the Rietveld
method have a large error.

CONCLUSIONS

Synthesis of cerium hydride films deposited on sil-
icon was accomplished. For this purpose, first, the sil-
icon wafers were coated with a cerium layer 300 nm
thick by magnetron sputtering and then with a protec-
tive film of nickel or chromium 20 nm and 70 nm
thick, respectively. Through the use of the treatment
with atomic hydrogen obtained by dissociation on
tungsten wire, obtaining the hydride of CeH2.51 com-
RIALS: APPLIED RESEARCH  Vol. 11  No. 4  2020
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position under the mild conditions was a success. The
utilized method of hydrogen charging of films can be
used for introduction of hydrogen also into other
hydride-forming metals and alloys.
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