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Using High Resolution X-ray Diﬀraction (HRXRD) diagnostic techniques the inﬂuence of the transition layer of
nanoporous silicon on the practical implementation and certain features of the epitaxial growth of GaN layers
with the use of molecular beam epitaxy were investigated by means of plasma activation of nitrogen (MBE PA)
on the templates of SiC/por-Si/c-Si. For the ﬁrst time it was shown that introducing of the transition layer of
nanoporous silicon in the template of SiC/por-Si/c-Si where the layer of 3C-SiC was obtained by substitution of
the atoms had a number of indisputable advantages as compared with conventional silicon substrates.
Particularly, such an approach, in fact, enabled a 90% reduction in the level of stresses in the crystalline lattice of
the epitaxial GaN layer which was synthesized on SiC surface of SiC/por-Si/c-Si template by means of MBE PA
technique as well as to decrease some of vertical dislocations within GaN layer.

Introduction

Materials and methods of investigations

Gallium nitride (GaN) and silicon carbide (SiC) are the most necessary representatives of the wide band-gap semiconductors and they
are of a special interest for researchers, technologists and engineers.
Their excellent structural, optical and electro-physical properties make
GaN and SiC especially perspective materials for design of the electronic components base [1]. Based on the properties of the mentioned
materials and the current progress of the growth technologies, it is
possible to note that hybrid heteroepitaxial GaN/SiC will take a preferable place in the commercial devices. A lot of technological techniques were proposed for improvement of crystalline perfection of the
hybrid GaN/SiC heterostructures [2]. One of the approaches to the
above described problems is utilization of the transition nanoporous
layer of silicon (por-Si), proposed in a number of our previous works
[3,4]. There is a number of works describing the growth of GaN layer
on SiC/Si templates, but there are no actual studies concerned with a
direct growth of GaN on the templates of SiC/por-Si/c-Si. Therefore, the
aim of this work is to HRXRD study of the eﬀect of a por-Si on the
epitaxial growth quality of GaN on the templates of SiC/por-Si/c-Si.

Epitaxial GaN layers on the substrates of two types were grown in
the common growth process by MBE PA with the use Veeco Gen 200. In
order to grow unnon-doped GaN layers, SiC/c-Si(111) and SiC/por-Si
(111) templates were utilized where SiC layer was formed by the atoms
substitution technique [5]. A porous layer of silicon was formed on the
half of single-crystalline c-Si (111) plate by its electrochemical etching.
The thickness of the obtained porous layer was 30 nm. The speciﬁed
technological mean diameter of the pores was ~1–5 nm. The structural
quality of the samples was employed with the use of HRXRD applying
reciprocal q-space mapping (RSM) of the samples with the diffractometer Seifert 3003 HR.

⁎

Experimental results and discussion
In Fig. 1 (a and b) the maps of the intensities distribution for the
diﬀracted radiation in q-space around a symmetric node of (0002) of
GaN are presented for heterostructures of both types. It is clearly seen
that for both RSM obtained around (0002) reﬂection of GaN (see Fig. 1a
and b) there is an additional node that is due to the reﬂection form the
plane of (111) in SiC layer. Based on the experimental data, it is possible to calculate crystal lattice parameters, also the distortion of a
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Fig. 1. RSM for (0002) GaN and (111) Si node for the heterostructures on the SiC/c-Si template (a) and on the SiC /por-Si template/s-Si (b). Cross sections of the
(0002) GaN and (111) SiC nodes for heterostructures on the SiC/c-Si template (c, e, f) and on the SiC/por-Si/c-Si template (d, j, k).

are quite eﬃciently redistributed into the layer of por-Si and the layer
of silicon carbide. As a result, structural quality of GaN ﬁlm increases
and therefore, a more uniform layer of GaN layer is formed with a
higher quality without visible extended defects.
It should be noted that prior to our investigations there had been no
any reports concerning with the growth of GaN ﬁlms on the templates
of SiC/por-Si. There are several known works where GaN layers were
successfully grown on the porous Si substrates [6,7]. However, GaN
layers in [6,7] were grown by MOCVD on the por-Si with diﬀerent
degrees of porosity with the use of transition AlN layer while in our
work we rejected its use in favor of SiC layer. Moreover, the application
of MBE PA for GaN synthesis on the SiC/por-Si/c-Si template made it
possible to obtain GaN ﬁlm with a considerably higher structural
quality than was achieved in [6]. These ﬁlms are characterized by lower
stresses and at a much lower temperature of growth than in similar
works where growth of ﬁlms was employed with the use of Si porous
substrates [6,7]. Summarizing all of the ideas presented above, we
think that the use of SiC/por-Si templates as substrates for the following
growth of GaN ﬁlms has a number of indisputable advantages compared with the conventional ones.

Table 1
HRXRD results.
Sample

GaN/SiC/c-Si(111)
GaN/SiC/por-Si(1 1)

GaN
GaN

Lattice parameters

Defor-mation

c, Å

a, Å

εzz

5.1813

3.1835

−9·10−4

5.1894

3.1933

6·10

−4

Stress, σ

0.93
0.28

lattice (deformation) and the level of stresses in the epitaxial GaN layer.
The calculated parameters are presented in Table 1. The analysis of the
shape and location of the nodes in the RSM provides additional information on the structural properties of the samples as well. Broadening of the node for the inverse lattice in the RSM is known to occur in
two directions – parallel to the diﬀraction vector and perpendicular to
this one. The parameters of the broadening can be estimated with the
use of their cross-sections are presented in Fig. 1. According to the
analysis of the information presented in Fig. 1 (f and k) one can see that
GaN (0002) node in the RSM of heterostructure grown as on SiC/c-Si
template, as on template of SiC/por-Si/Si with the porous sub-layer
both have actually the same half-width in the plane of growth.
As for the size of GaN (0002) node in the direction of growth in the
map of heterostructure grown on the template with the porous layer
(see Fig. 1d), it is 15% less than the similar one in the map of the
heterostructure grown on the conventional template of SiC/c-Si (see
Fig. 1c). This can indicate that in the case of heterostructure growth on
the por-Si substrate compared with the substrate of c-Si a percentage of
the vertical dislocations in GaN layer reduces considerably while the
contribution of the horizontal dislocations remains approximately the
same. It should be noted that the analysis of the shape of the intensity
distribution for the diﬀracted radiation around the node of (111) SiC-3C
(see Fig. 1c–e, and j) demonstrated a considerably greater half-width of
this node as in the plane as in the direction of growth in the case when
GaN was grown on the template with the porous layer. A similar situation was observed for the node of (111) Si. First, this fact supports
the idea on porosity as of the substrate as of SiC layer and it can possibly indicate the redistribution of stresses from the epitaxial GaN ﬁlm
into the layers of SiC/por-Si template.
The results of the HRXRD demonstrate that GaN layer formed on
SiC/por-Si/c-Si template compared with the one formed on SiC/c-Si
template shows much greater level (−90%) of the stresses in crystal
lattice (see Table 1). Based on the analysis of the RSM, it is concluded
that in the heterostructure grown on SiC/por-Si/c-Si template the
stresses caused by a mismatch of crystal lattices in GaN-SiC-Si system
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