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High resolution X-ray diffraction (HRXRD), Raman scattering
(RS), and photoluminescence (PL) methods have been used to
study the influence of Si1−xGex buffer layer parameters on the
spatial ordering of self-assembled Ge nanoislands in multilayer
SiGe/Si structures grown on Si (001) substrates. The thickness
and the composition of a Si1−xGex buffer layer are shown to affect
the lateral ordering of nanoislands owing to the different sensitiv-
ities to the ordered strain modulation in the layer surface. The
spatial ordering is found to be governed exclusively by the lateral
ordering in the first period of the superlattice (SL). It is demon-
strated that, in the case of thick Si1−xGex buffer layers with a
considerable Ge content, a plastic relaxation is accompanied by
the emergence of mismatch dislocations at the interface, when the
SL layers are coherent to the buffer one. The complex researches
of the corresponding structural and optical characteristics allow us
to develop methodological approaches to the study of the nanois-
land ordering in the SL.

1. Introduction

Application of structures with self-assembled Ge/Si
nanoislands opens new prospects for the development
of opto- and nanoelectronics [1]. Arrays of Ge (GeSi)
quantum dots (QDs) can be successfully used to manu-
facture photodetectors and light-emitting diodes in the
near infra-red range, because they possess certain advan-
tages over traditional Ge/Si structures with quantum
wells [2]. There are a number of factors favorable for
the application of multilayer structures with Ge QDs in
new-generation thermoelectric devices [3]. Germanium
QDs are among potential candidates to be implemented
in quantum computers [4]. The manufacture of multi-
layer arrays of Ge QDs in Si matrices is promising from
the viewpoint of their application to solar cells and other
devices [5].

However, the wide application of Si/Ge nanoislands
in opto- and nanoelectronics can become really possible,
only if the parameters of grown structures can be ex-
actly predicted and controlled at the quantitative level.
Such parameters of nanoislands as their shape, dimen-
sions, composition content, mechanical stresses, and sur-
face concentration depend in a complicated manner on
growing conditions. Ge/Si islands can have the shapes
of hut clusters, pyramids, domes and superdomes which
can change their shape when growing silicon over them.
In most cases, multilayer structures – SLs with nanois-
lands formed in every layer – are grown for operating
electronic devices. This allows the total number of ac-
tive elements, which can play the role of emitters, ab-
sorption detectors, and so forth, to be increased. On the
other hand, the growing of multilayer structures with
nanoislands allows one to control parameters of the latter
within certain ranges owing to the influence of already
formed islands on those which are being formed. As a
result, the vertical and lateral ordering of nanoislands
can be substantially enhanced.

Traditionally, SLs with Ge (GeSi) nanoislands are
grown on Si buffer layers. For nanoislands in a SL, typ-
ical is a manifestation of ordering along the direction
of growth, the so-called vertical correlation [6]. At the
same time, the formation of nanoislands on Si1−xGex
buffer layers (with low x-values) is known to result in
their partial lateral ordering [7]. Therefore, the usage
of Si1−xGex buffer layers to form ordered nanoislands
should facilitate the enhancement of their ordering in
the SL bulk. Two major scenarios can be considered.
In the first one, only one Si1−xGex buffer layer, which
sets the ordering of nanoislands throughout the whole
SL, is used. In the second, a Si1−xGex buffer is formed
for every SL period.

254 ISSN 2071-0194. Ukr. J. Phys. 2011. Vol. 56, No. 3



PECULIARITIES OF NUCLEATION AND ORDERING OF GeSi NANOISLANDS

a b c
Fig. 1. Schematic diagrams of examined structures 1 (a), 2 (b), and 3 (c)

This work is aimed at determining the ordering pa-
rameters and features of GeSi nanoislands formed in a
SL with the use of Si1−xGex and Si buffer layers of vari-
ous types, as well as their dependences on the thickness
of SL structure layers.

2. Experimental Technique

Multilayer structures were produced using the method of
molecular beam epitaxy (MBE) of Ge and Si onto a Si
(001) substrate with a preliminarily grown silicon buffer
layer 250 nm in thickness. Three types of the multi-
layer structures obtained at a temperature of 600 ◦C
were studied. Structure 1 was formed by depositing
7.5 ML of Ge onto a silicon layer; afterwards, the formed
islands were covered with a silicon layer 26 nm in thick-
ness. This procedure was repeated five times. The upper
layer of islands was not covered with silicon. The struc-
ture of this type is schematically exhibited in Fig. 1,a,
and the corresponding transmission electron microscopy
(TEM) image is depicted in Fig. 2. Structure 2 was
fabricated by depositing 6 periods of the following se-
quence of layers: 10-nm Si0.9Ge0.1Si/10-ML Ge/40-nm
Si (Fig. 1,b). Structure 3 was formed by depositing 9 ML
of Ge onto a preliminarily grown 10-nm Si0.7Ge0.3 layer;
afterwards, the formed islands were covered with a sili-
con layer 31 nm in thickness; the procedure was repeated
five times (Fig. 1,c).

The RS spectra were registered at room tempera-
ture on a DFS-24 double diffraction spectrometer. The
spectra were excited by Ar-laser irradiation at a wave-
length of 487.9 nm. The signal was registered using
a Hamamatsu-R2949 cooled photoelectronic multiplier
operating in the photon-count mode. The experiments

Fig. 2. TEM image of a multilayer structure with Si1−xGex

nanoislands formed at a temperature of 600 ◦C. The nominal
thicknesses of Ge and Si layers are 7.5 ML and 26 nm, respectively

were carried out in the “backscattering” geometry. For
the positions of RS bands to be determined more pre-
cisely, the plasma lines of an Ar-laser with well-known
frequencies were used as reference marks. The PL spec-
tra were registered on a BOMEM DA3.36 Fourier spec-
trometer at a temperature of 77 K. The spectra were ex-
cited by Ar-laser irradiation at a wavelength of 514.5 nm.

For all fabricated SLs, we measured the diffraction re-
flection curves (DRC) for 004 symmetric and 224 asym-
metric reflections on a PANalytical X’Pert Pro MRD
XL high-resolution diffractometer with a 4-fold Ge (220)
monochromator and a 3-fold analyzer of the same type.
Specimens were scanned in a vicinity of their exact Bragg
position in the ω- and (ω − 2θ)-scanning modes. Two-
dimensional maps of scattered intensity distributions
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around sites 004, 113, and 224 of the reciprocal lattice
were recorded. The thickness of SL layers was deter-
mined from the DRC oscillations in the Bragg geometry.
The SL structural parameters were corrected by simu-
lating the diffraction spectra [8, 9] and carrying out a
subsequent autofitting procedure [10, 11].

3. Results and Discussion

The so-called vertical correlation is typical of nanois-
lands in multilayer structures. As can be seen from Fig. 2
for structure 1, every island in the upper layer is located
just above an island in the lower layer. Such an arrange-
ment of islands is connected with the influence of strain
fields created by islands located in the lower layers. If the
thickness of a silicon spacer does not exceed 100 nm and
the island heights are about 5 nm and more, the stress
fields are transferred coherently to the next Ge layer [6].
As a result, Ge islands are formed at those sites in the
upper layer, where the tensile stresses in the Si spacer
are maximal. In work [12], we demonstrated that the is-
land formation on a Si layer with tensile stresses differs
from the standard situation. In the course of Ge epi-
taxy onto such a silicon layer, the available stresses give
rise to a transformation from the layer-by-layer growth
regime to the island one at thinner thicknesses of the
wetting Ge layer. In this case, more Ge atoms that are
deposited during MBE take place in the formation of
islands, and, respectively, the islands are bigger. To ob-
tain islands with identical dimensions over the whole SL,
tne number of deposited Ge monolayers must be less by
one starting from the second layer.

3.1. RS researches

The characteristic feature of multilayer structures with
nanoislands consists in that a new periodicity different
from that of initial substances is realized. This periodic-
ity gives rise to a “convergence” of the dispersion branch
of acoustic phonons and to the manifestation of acous-
tic phonons in the spectral range typical of the optical
ones. Concerning to optical photons, the asymmetric
bands with low-frequency shoulders are observed in RS
spectra at room temperature, which are caused by an in-
significant slope of the dispersion branch for Si and Ge
in the interval from k = 0 to k = π/a of the Brillouin
zone, where a is the crystal lattice parameter.

It should be noted that, in the course of RS spectrum
registration for multilayer structures, we obtain the pa-
rameter values that are averaged over all islands in the
examined structure, which are located down to the depth

d ≈ 1/2α, where α is the effective absorption coefficient.
Owing to a spread of the composition content in islands,
which brings about a spread of elastic strain magnitudes,
the RS bands reveal a considerable broadening.

In the SL with nanoislands, the effective volume of is-
lands that contribute to the light scattering is small in
comparison with the volumes of the silicon matrix and
the substrate part. In the case of a short-period SL and
a small thickness of its layers, a large contribution to the
RS signal is given by the Si substrate; in the case of a
long-period SL, such contributors are silicon spacers. In
the experimental spectrum, this contribution manifests
itself in the form of an intense silicon-induced band at
a frequency of about 520 cm−1 which can overlap the
band induced by the Si–Si mode in the islands. In addi-
tion, the 2TA mode with a frequency of about 300 cm−1

induced by silicon spacers and the substrate can overlap
the Ge–Ge mode given by SiGe nanoislands. For the po-
sitions of RS bands that correspond to atomic vibrations
in islands to be determined exactly, we subtracted the
RS spectrum of the silicon substrate from the spectrum
given by the island structure, both being registered un-
der identical conditions. In work [13], we showed that
MBE at a temperature of 600 ◦C is accompanied by a
huge Si diffusion from the substrate and spacers onto
islands, the phenomenon being connected with inhomo-
geneous stresses around the latter. As a result, the is-
lands are a solid SiGe solution characterized by three
dominant modes in the RS spectrum.

Note that, for the correct determination of island com-
position content x and the elastic strain ε to be correct,
we consider the influence of every possible factor on the
positions of RS bands. According to the atomic force mi-
croscopy [13] and TEM studies, the islands formed at the
temperature Tp ≥ 600 ◦C have an average height of 4–
5 nm and the lateral dimensions of about 70 nm. There-
fore, the influence of size confinement on the phonon
frequency can be neglected in our case. Hence, the posi-
tions of RS bands induced by SiGe nanoislands are gov-
erned by their composition content and the elastic strain
magnitude. As for the intensities of the Ge–Ge and Ge–
Si bands, they depend on the nominal amount of de-
posited Ge and the closeness between the exciting laser
radiation energy and the energy of optical transitions in
nanoislands.

Figure 3 illustrates the RS spectra of three studied
structures. It is evident that the intensities of bands
produced by structure 3 are substantially lower than the
corresponding values in two other cases. The nominal
thicknesses of deposited Ge layers do not differ sub-
stantially for all three structures (ranging from 7.5 to
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10 ML). This means that the conditions for the RS in-
tensity amplification favored by the resonance were not
satisfied for specimen 3. Such considerable differences in
the RS spectra can be associated with the fact that is-
lands were not formed in structure 3, or they have dimen-
sions that considerably differ from those in structures 1
and 2. This result turned out a little unexpected. We
showed that nanoislands that are formed on Si1−xGex
buffer layers (0.1 ≤ x ≤ 0.25) have larger average di-
mensions than those grown on the Si buffer [7], because
the number of Ge atoms that participate in the island
formation increases due to a reduction of the thickness of
the wetting layer on the Si1−xGex buffer at the 2D–3D
transition. Islands could not be formed on the Si0.7Ge0.3

buffer layer, owing to the emergence of mismatch disloca-
tions (MDs) and their intergrowth into all upper layers
of the SL. In this case, first, the elastic energy of the
buffer layer decreases, and, second, the average value of
lattice parameter in the Si0.7Ge0.3 buffer layer grows.
Both phenomena result in an increase of the nominal
thickness of the Ge layer, at which the 2D–3D transi-
tion takes place. Therefore, nine deposited monolayers
of germanium might turn out insufficient to invoke the
island formation. Additional information concerning the
island formation can be extracted from PL and HRXRD
spectra, which will be discussed below. By analyzing the
frequency positions of RS bands in the spectra of two
other structures, we can estimate the composition con-
tent and the elastic strain. Note that two Ge–Si bands
are observed in the RS spectrum of specimen 2: they cor-
respond to Ge–Si vibrations in islands and in Si1−xGex
buffer layers, respectively.

The frequency of each mode in a Si1−xGex solid solu-
tion is known to depend on the composition content x
and the elastic strain ε as follows [14, 15]:

ωSiSi = 520, 5− 62x− 815ε, (1)

ωGeSi = 387 + 81(1− x)− 78(1− x)2 − 575ε, (2)

ωGeGe = 282.5 + 16x− 385ε. (3)

Composition and elastic strain of islands in multilayer
structures
Specimen Ge content Elastic strain (ε), Elastic strain (ε),

No in islands, x (according to (according to
RS results) HRXRD results)

1 0.65± 0.04 −1.6± 0.3 −1.3± 0.2

2 0.75± 0.02 −1.0± 0.2 −1.1± 0.1

3 No islands were formed

Fig. 3. Experimental RS spectra of structures grown at 600 ◦C.
Asterisks mark the bands that correspond to plasma discharges in
an Ar+-laser

Substituting the frequencies of Ge-Ge, Ge–Si, and Si–
Si vibrations determined from experimental spectra and
solving the system of equations (1)–(3) graphically, as
was shown in work [1], we calculated the x- and ε-values,
which are given in the Table. The data obtained tes-
tify that the silicon content in the islands formed on
Si1−xGex buffer layers (specimen 2) is a little lower in
comparison with that in the islands formed on Si layers
(specimen 1).

3.2. Photoluminescence

It is known that Si and Ge are indirect band-gap semi-
conductors, so that the emission efficiency of bulk struc-
tures fabricated on the basis of those substances is very
low. To obtain SiGe-based structures which would emit
in the near IR range, it is necessary to create a SiGe
quantum well (quantum dots), where current carriers
would be localized. For this purpose, the silicon layer
is grown above SiGe islands in the course of epitaxy.
The GeSi/Si heterostructures created in such a manner
are referred to type II. This type of heterostructures is
characterized by breaks in the conduction and valence
bands at the heterostructure interface [16]. The breaks
are arranged in such a manner that the potential well
for holes is located in Si1−xGex islands and that for elec-
trons in the silicon matrix. The elastic deformation of
compression in Si1−xGex islands results in the elimina-
tion of a degeneration in six equivalent Δ-valleys in the
conduction band.
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Fig. 4. PL spectra registered for structures 1 to 3 at a temperature
of 77 K

The conduction band bottom is formed by twice-
degenerate 2Δ-valleys which are prolate in the direc-
tion of Si1−xGex growth. The conduction band of silicon
is shifted in the same direction, but in the momentum
space, with respect to the valence band top in Si1−xGex
islands. It follows from the uncertainty relation that
the quasimomenta of those electrons in the Si matrix,
which are localized near the heterointerface, can be ar-
bitrary in the indicated direction of band shift, including
the case k = 0. That is, the probability of a direct, in
the momentum space, interband electron transition from
the conduction band of silicon into the valence band of
Si1−xGex islands by means of tunneling in the real space
through the heterointerface becomes different from zero.
Holes from the surrounding silicon matrix are accumu-
lated in the potential wells—nanoislands—charging them
positively. Owing to the Coulomb repulsion in nanois-
lands, the holes are concentrated along the heterointer-
face with the silicon matrix. The positive charge of is-
lands gives rise to a bend of the conduction band bottom
in silicon and creates a quantum well for electrons in sil-
icon near the heterojunction. In that way, there emerges
a possibility for quasidirect band-gap radiative recombi-
nation between electrons in silicon and holes in nanois-
lands. To increase the emission intensity, the structures
with nanoislands should be grown as multilayer ones.

The PL spectra for our structures, which were ob-
tained at a temperature of 77 K, are depicted in Fig. 4.
One can see that, for specimens 1 and 2, a PL band typi-
cal of SiGe nanoislands emerges in the range 0.7−0.9 eV
[16], whereas this band is absent in the PL spectrum
of specimen 3. This fact can testify that no nanois-
lands were formed in the latter structure. The low-

intensity PL band for this structure with a maximum
at 0.81 eV may correspond to the dislocation band D1

[17]. Even an insignificant dislocation concentration can
result in another scenario of the stress relaxation in the
Si0.7Ge0.3/Ge/Si system.

3.3. X-ray diffraction researches

The macroscopic relaxation of stresses in and the com-
position content of the examined structures were esti-
mated within the HRXRD method. The ω- and (ω−2θ)-
scanning, as well as the reciprocal space maps (RSM)
around sites 004 and 113, were used. In order to de-
termine the composition content of and the stresses in
SiGe using the method of X-ray diffraction, we used the
following formalism. Let us suppose that the SiGe layer,
when deposited onto a silicon (001) substrate, is tetrag-
onally distorted. Then, the nondistorted lattice parame-
ter in the SiGe layer, aSiGe, is connected with the lattice
parameters in the growth plane, a‖SiGe, and perpendicu-
larly to it, a⊥SiGe, by the relation

aSiGe = [(1− ν) / (1 + ν)] a⊥SiGe + [2ν/ (1 + ν)] a‖SiGe, (4)

where ν is Poisson’s ratio. For calculations, the depen-
dence of the nondistorted SiGe lattice parameter on the
Ge content x was taken in the form [6]

a(x) = 5.4309 + 0.20032x+ 0.026274x2 (Å). (5)

The degree of stress relaxation R can be presented as
the ratio

R =
(
a
‖
SiGe − aSi

)
/ (aSiGe − aSi) . (6)

Therefore, the precise determination of the Ge content
x and the degree of stress relaxation R requires know-
ing the results of SiGe lattice parameter measurements
both along the growth direction and perpendicularly to
it. The lattice parameter a⊥SiGe can be determined using
the Bragg law

a⊥SiGe =
2λ

sin
(
θSi
004 + Δω004

) , (7)

where λ is the wavelength, and Δω004 is the angular
distance between the peak given by the substrate and the
maximum of satellite-peak envelope which is determined
by the Ge content in SiGe layers at the (ω−2θ)-scanning
around diffraction site 004, and θSi

004 is the Bragg angle
for the 004 silicon reflection.
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Respectively, the lateral lattice parameter a‖SiGe is cal-
culated by the formula

a
‖
SiGe =

√
2λ√(

a⊥SiGe

)2 sin2
(
θSi
224 + Δω224

)
− 4λ2

a⊥SiGe. (8)

To compensate substrate misorientations, we used the
lattice parameter value averaged over the scans in [110],
[1–10], [−1–10], and [−110] diffraction plane directions
[18].

Figure 5 exhibits the (ω−2θ)-scans for all three struc-
tures together with the corresponding fitting spectra.
One can see that the fitting DRCs agree rather well
with the experimental ones. Near the peak connected
with the substrate (Si), we observe the fundamental peak
associated with the SL–the so-called zero-order satellite
dependent on the lattice parameter averaged over the SL
period–and the satellites of higher orders. In all DRCs,
the satellite peaks up to the tenth order can be observed,
which evidences a high-quality interface between the lay-
ers and an insignificant dispersion of SL periods. The SL
period T is determined in terms of the distance between
neighbor satellites [10, 11] as follows:

T =
|γh| λ

sin (2θB) δθ
, (9)

where δθ is the angular distance between satellites, θB
the Bragg angle, and γh the direction cosine.

The lattice parameter averaged over the SL period,
〈d〉, is determined using the angular distance Δθ be-
tween the peak given by the substrate and the zero-order
satellite:

εaver =
〈d〉 − d0

d0
= − Δθ

tan (θB) 2|γh|
γ0+γh

, (10)

where d0 is the distance between Si (004) planes, and
γ0 and γh are the direction cosines of the primary and
diffracted waves at the Bragg maximum with respect to
the inner normal to the surface.

The shift of the interference-peak envelope toward
smaller angles for specimen 3 corresponds to the position
and the shape of a diffraction maximum produced by the
Si0.7Ge0.3 buffer layer which lies under the grown SL.
Scattering by this layer modulates the diffraction image
of scattering by the periodic SL structure. From Fig. 5,
one can see that there is a split of coherent SL satel-
lites in the spectrum of specimen 2. This phenomenon
can result from the presence of two different SL periods
along the growth axis, i.e. in the [001] direction or/and
the presence of regions located in the SL and oriented

Fig. 5. Triple-axis (ω − 2θ)-curves of diffraction reflection for re-
flection 004 of studied structures 1 to 3: experiment (solid curve),
fitting curve (circles)

along the growth direction with different characteristic
values of germanium content in the layers. The second
reason is more probable, because the values of split pe-
riods practically coincide with each other. Two systems
of peaks-satellites are shifted by an angular distance of
about 80 − 120′′. Such a magnitude corresponds to a
variation of the germanium content by Δx ≈ 0.7 ± 0.1.
The peak shapes can be used to determine the Ge con-
tent changes along the vertical direction in the multilayer
structure. The broadening of SL peaks in the (ω − 2θ)-
scan registered in the direction normal to the reflection
planes is δθ0 = 55′′. The uniform broadening of SL
peaks does not depend on their order and can be con-
nected with a variation δx of the average Ge content in
the islands along the SL growth direction. This variation
of the Ge content can be estimated from the difference
(Δθ0 = −355′′) between the angular positions of the
SL zero-peak, which corresponds to the Bragg peak of
SiGe layers with the same average Ge content, and the
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Fig. 6. Variations of the germanium content along the SL depth:
fitting curve (black), technologically given parameters (red)

Si (004) peak:

δ 〈x〉 =
δθ0
Δθ0

=
55
355

= 15.5%. (11)

The distribution of the Ge content and its variation over
the depth of SL structures, which were obtained using
the fitting procedure, are depicted in Fig. 6. The analysis
of plots given in this figure demonstrates that the experi-
mental and the technologically given distributions of the
Ge content over the structure thickness are in qualita-
tive agreement with each other for specimen 1. Certain
differences in the thicknesses stem from the fact that
some part of Ge was spent on the formation of nanois-
lands. Concerning the dependence of the Ge content on
the thickness for specimen 2, we may assert that it con-
firms what was said above about the existence of two
regions with different germanium contents. It is this cir-
cumstance that is responsible for the presence of two dif-
ferent SL periods along the [001] direction. At last, the
largest discrepancies between the technological and ex-
perimental Ge distributions in the SL layers are observed
for specimen 3. They can originate from the largest de-

gree of relaxation of this structure, which gives rise to
the germanium redistribution over layers.

For the determination of the relaxation degree in the
systems, we measured and analyzed the maps of inten-
sity distributions around the reciprocal lattice sites. The
corresponding maps are presented in Fig. 7 for both sym-
metric, 004, and asymmetric, 113, reflections. As follows
from the RSMs, all the structures are coherent with re-
spect to the substrate and the buffer layers (the system
of peaks-satellites is arranged along the growth axis).

The RSM analysis showed that no islands were formed
in specimen 3. This follows from the absence of the typ-
ical diffusive background around the system of coherent
satellites given by the SL. This result is to some ex-
tent unexpected, because the nominal thickness of de-
posited germanium exceeds the critical value. The crit-
ical thickness of Ge deposited at T = 600 ◦C onto a
silicon buffer–i.e. the thickness of Ge layer, at which
the 2D–3D transition takes place—amounts to 4 ML. In
the case of Si1−xGex buffer layers, the critical thickness
decreases with the growth of x [19]. However, the mech-
anism of stress relaxation can be different from the clas-
sical Stranski–Krastanov one. Namely, it occurs through
the formation of mismatch dislocations (MDs). The MD
concentration can be insufficient for the dislocations to
be revealed using experimental methods. Nevertheless,
they bring about the relaxation in a buffer layer, as
well as in the whole structure, so that nanoislands are
not formed or are formed at different thicknesses of de-
posited germanium. In specimens 2 and 1, we observe
the scattering by a system of nanoislands. However,
only the last system turns out well-ordered in the growth
plane, because the asymmetric map for the 113 reflection
demonstrates pronounced lateral satellites in a vicinity
of the coherent zero-order satellite. The lateral satellites
are diffraction maxima of resonance diffusion scattering.
The distance between them in the reciprocal space, by
analogy with the distance between coherent satellites,
corresponds to the reciprocal value of the lateral SL pe-
riod. For specimen 1, the latter equals 240 nm.

In specimen 2, nanoislands are only at the initial stage
of their lateral ordering. The corresponding lateral pe-
riod is 229 ± 3 nm. The lateral ordering of islands in
this structure is worse in comparison with that in spec-
imen 1, because the separating silicon layer in this SL
is thicker. As a consequence, nanoislands in every next
wetting layer feel the influence of the strain fields induced
by nanoislands in the previous layers more weakly. In
other words, the so-called vertical correlation is absent.
Moreover, every SL period includes a Si0.9Ge0.1 layer
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N1 N2 N3
Fig. 7. 113 reciprocal space maps for specimens 1 to 3

which also reduces the influence of strain fields pene-
trating from below.

It is necessary to note that, for all specimens, the dif-
fusion background appears in the ω-scans (to the left
from the fundamental peak) and in the RSMs (per-
pendicularly to the diffraction vector). This diffusion
background is stimulated by the dislocation structure
(mainly, the MDs) at the silicon–buffer layer interface.

4. Conclusions

Hence, on the basis of the results of our researches ob-
tained using the high-resolution x-ray diffraction, Ra-
man light scattering, and photoluminescence methods
and dealing with peculiarities of the spatial ordering of
self-assembled GeSi nanoislands in multilayer SiGe/Si
structures, the following conclusions can be drawn:
1) the thickness of a separating silicon layer in the SL
period affects the spatial formation of the ordered system
of SiGe nanoislands;
2) the thickness and the composition content of a buffer
layer affects the lateral ordering of nanoislands owing to
the different sensitivity to the ordered strain modulation
on the layer surface;
3) the spatial ordering of nanoislands is governed exclu-
sively by the lateral ordering in the first SL period;
4) in the case of thick buffer layers, a plastic relaxation
begins; it is accompanied by the emergence of mismatch
dislocations at the buffer layer–substrate interface, and
the SL layers are coherent to the buffer layer;

5) a new methodological approach has been proposed to
study the nanoisland ordering in multilayer structures,
as well as their key parameters.
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ОСОБЛИВОСТI ЗАРОДЖЕННЯ ТА УПОРЯДКУВАННЯ
GeSi НАНООСТРIВЦIВ У БАГАТОШАРОВИХ
СТРУКТУРАХ, СФОРМОВАНИХ НА Si
ТА Si1−xGex БУФЕРНИХ ШАРАХ

В.О. Юхимчук, М.Я. Валах, В.П. Кладько, М.В. Слободян,
О.Й. Гудименко, З.Ф. Красильник, О.В. Новiков

Р е з ю м е

Методами високороздiльної X-променевої дифракцiї (ВРХД),
комбiнацiйного розсiяння свiтла (КРС) i фотолюмiнесценцiї
(ФЛ) дослiджено вплив параметрiв буферного шару Si1−xGex

на просторове впорядкування самоiндукованих наноострiвцiв
Gе у багатошарових структурах SiGe/Si, вирощених на (001)Si
пiдкладках. Показано, що товщина та компонентний склад
Si1−xGex буферного шару впливають на латеральне впоряд-
кування наноострiвцiв завдяки рiзнiй чутливостi до впоряд-
кованої модуляцiї деформацiй на поверхнi шару. Встановлено,
що просторове впорядкування задається виключно латераль-
ним впорядкуванням уже в першому перiодi надґратки (НҐ).
Показано, що у випадку товстих Si1−xGex буферних шарiв iз
значним вмiстом Ge починається пластична релаксацiя з вини-
кненням дислокацiй невiдповiдностi на межi подiлу, а шари НҐ
є когерентними до буферного шару. Комплекснi дослiдження
структурних та оптичних характеристик дозволили розвинути
методичнi пiдходи до дослiдження впорядкування наноострiв-
цiв у НҐ.
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