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Abstract. In this paper, we consider the effect of rapid thermal annealing (RTA) on the
properties of Dy,O; film formed on the surface of a substrate with a por-SiC/SiC structure.
The atomic composition of the films under study was analyzed as a function of the RTA
time. It is shown that the RTA method makes it possible to obtain thin Dy oxide films with
a composition close to the stoichiometric one. In this case, an increase in the RTA time
leads to improving the quality of film-substrate interface and increasing the optical
transmission of Dy,0s/por-SiC/SiC structure.
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1. Introduction

Development of microelectronics necessitates the use of
materials that are characterized by high chemical and
thermal resistance, large values of dielectric constant (¢ =
8...20) and specific resistance (p = 10"...10' Q-cm),
such as rare-earth oxides (REQO). As a rule, REO oxides
are used in metal-dielectric—semiconductor (MDS)
transistors, heat-resistant and effective antireflection and
passivating dielectric coatings for photoelectric devices
[1-3]. At the same time, REO have high transparency in
the visible spectral region, chemical and thermal
durability and have an optimal refractive index for these
purposes [4-7]. In addition, the use of two-layer dielectric
films such as REO-SiO, in microelectronics allows
improving the electrical stability of MDS devices [1].
However, despite the large number of works devoted to
the study of the properties of rare-earth oxide films and
MDS systems obtained on their basis [2, 8-12], search
and development of new REO-semiconductor systems
remains topical task.

Modern requirements of microelectronics, related
with the miniaturization of devices, lead to the need to
take into account the physical limits of the minimum
permissible dimensions for materials used in MDS
structures. As it is known, a decrease in the thickness of
SiO, traditionally used in silicon and silicon carbide
MDS structures up to 10...15 A is accompanied by an
unacceptably high leakage current [10, 11]. A decrease in
leakage current through the gate dielectric is achieved by
replacing silicon dioxide with the so-called alternative
dielectrics (dielectrics with high dielectric constant —
high-k dielectrics) [10, 11]. The use of alternative
dielectrics allows to increase the physical thickness of the
dielectric and thus suppress the tunnel current [10, 11]. In
addition, when using REO as alternative oxides, the
absence of a “thick” disturbed transition oxide-substrate
layer is observed, which in the work [9] is associated
with relatively low temperatures for obtaining the
dielectric films based on rare-earth oxides that do not
cause significant mechanical stresses at the oxide —
substrate interface.

© 2018, V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine

360



SPQEO, 2018. V. 21, N 4. P. 360-364.

The structural, optical, and electrical characteristics
of REO films can significantly depend on the methods
and conditions of preparation, on following processing,
as well as on the type of substrates used [2]. So, for
example, depending on the method of oxidation in the
transition layer ‘a film of dysprosium oxide — silicon’,
formation of dysprosium pyrosilicates [13] is possible,
and the structure of the Dy,0j; itself can significantly
depend on the quality of the substrate [14, 15].

One way to decrease the value of mechanical
stresses at the oxide — substrate interface, as well as
reducing the influence of structural defects of a
semiconductor substrate, which penetrate during high
temperature process into a thin oxide film grown on this
substrate, is to create a porous interlayer between the
substrate and epitaxial layer [16, 17].

In this regard, the purpose of this work was to study
the characteristics of silicon carbide MDS structures with
dielectric films of dysprosium oxide Dy,0O; formed using
the RTA method on silicon carbide substrates with an
intermediate porous layer of por-SiC.
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2. Samples and measurement techniques

To obtain the Dy,O3/por-SiC/SiC structure, first of all, a
por-SiC layer was obtained on the silicon carbide
substrate. Porous silicon carbide was created using the
anodic etching of silicon carbide in an aqueous-alcoholic
solution of hydrofluoric acid: H,O:HF:C,HsOH = 1:1:2,
the current density was 20 mA/cm’, the etching time was
Smin. Then, the material was processed in the
KNO; + KOH etchant to open pores. Formation of the
oxide film Dy,0; was carried out as follows. A
dysprosium film was deposited on the surface of porous
silicon carbide by using the thermal deposition method.
Then, samples of porous SiC with the deposited metal
film were annealed in vacuum at the temperature close to
850 °C for 8 min and after that were subjected to rapid
thermal annealing in dry oxygen atmosphere at the
temperature 400 °C for 1...5 s.

The absorption spectra were measured at room
temperature and recorded on a SPECORD UV VIS setup
within the region A = 400-800 nm. In all the samples,
morphology of the coating was studied on an atomic
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Fig. 1. Images of the surface of the Dy,0s/por-SiC/SiC structure obtained using AFM (a) and scanning electron microscopy (b).

The RTA time is 1 s (1), 5 s (2).
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Fig. 2. Content of elements (in atomic percents) in the
Dy,03/por-SiC/SiC samples. The RTA time is 1 s (1), 5 s (2).

force microscope (AFM) NanoScopellla (DJ). The
atomic composition of the structures under study was
measured using the LAS-2000 Auger spectrometer with
the layer-by-layer etching of the samples with Ar ions
possessing the energy 1 keV.

3. Experimental results and discussion

The thickness of the oxide layers was determined by the
Auger spectroscopy method and was approximately
130...170 nm. The pore size determined using the
scanning electron microscopy method was 30 nm.

Fig. 1 shows images of the surface of the
Dy,05/por-SiC/SiC structure obtained using AFM and
scanning electron microscopy.

As can be seen from Fig. 1, the oxide film has a
non-homogeneous character and granular structure. An
increase in the RTA time contributes to a decrease in the
grain size and formation of an oxide film with a more
homogeneous structure.

Fig. 2 shows the atomic profiles of the structures
formed by dysprosium oxides on a por-SiC/SiC substrate
in the region of the ‘oxide layer — substrate’ interface.

As it follows from the Auger spectrometry data
obtained in the process of growing the dysprosium
oxides, heat treatment allows to form uniformly thick
oxide layers of Dy,0;, the composition of which is close
to the stoichiometric one. As can be seen from Fig. 2, the

ratio of the Dy,0; components formed on the SiC
substrate in the presence of a por-SiC buffer layer
practically corresponds to the stoichiometric composition
of the sesquialteral dysprosium oxide: No/Npy=1.4
regardless of the oxidation time.

The observed changes in the composition of the
oxide phases in the near-boundary layers and their depth
are related to the conditions of oxide growth. As can be
seen from Fig.2, the chemical composition of the
transition areas ‘oxide film — substrate’ differs from that
in the oxide bulk. An increase in the RTA time, like to
the case of erbium and titanium oxides formation [18-
21], leads to formation of a sharper interface ‘oxide film
— substrate’. This formation of the sharper interface
‘oxide film — substrate’ with increasing the RTA time is
most likely due to the fact that, with the RTA time
increasing, dysprosium silicates [13] formed in the
intermediate layer ‘oxide film — porous layer’ break
down.

Fig. 3 shows the transmission spectra of the
Dy,05/por-SiC/SiC structures at different RTA times, as
well as the transmission spectrum of the 4H-SiC
substrate.

The minimum in the transmission spectrum of the
Dy,05/por-SiC/SiC structures is caused by the presence
of nitrogen impurity in the 4H-SiC substrate (Fig. 2,
curve 3). The sharp decrease in the optical transmission
in the Dy,05/por-SiC/SiC structures as compared to that
in 4H-SiC substrate is due to the presence of a porous
layer and occurs due to an increase in scattering in the
porous layer.

As seen from Fig. 3, an increase in the RTA time
also leads to an increase in optical transmission within
the spectral range 400...800 nm, as well as in the
ErOs/por-SiC/SiC  [20,21] and  TiO,/por-SiC/SiC
[18, 19] structures. The growth of optical transmission
for oxidized dysprosium films, as well as a decrease in
the thickness of the transition layer at the ‘oxide film —
substrate’ interface, is most likely caused by the same
reasons, namely: destruction of dysprosium silicates at
the interface [13], which correlates with the Auger
spectroscopy data.
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Fig. 3. Optical transmission spectra of the Dy,0;/por-SiC/SiC
structures. The RTA time is 1s (), 5s(2), transmission
spectrum of the initial 4H-SiC substrate (3). The intensity of the
transmission spectra of the Dy,0O;/por-SiC/SiC structures is
five-fold increased.
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4. Conclusions

Thus, as seen from the experimental data, the RTA
method allows to obtain thin Dy oxide films with a
composition close to stoichiometric on the por-SiC — SiC
surface. At the same time, the increasing the RTA time
leads to improvement in the quality of the film-substrate
interface. In this case, the presence of a porous interlayer
between the substrate and epitaxial layer makes it
possible to reduce the influence of structural defects of
the semiconductor substrate and improve the quality of
the whole structure.
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