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Abstract—The structural, optical, and energy properties of epitaxial AlxGa1 – xAs:Mg/GaAs(100) hetero-
structures at different levels of doping with Mg are studied by high-resolution X-ray diffraction analysis and
Raman and photoluminescence spectroscopies. It is shown that, by choosing the technological conditions of
AlxGa1 – xAs:Mg alloy production, it is possible to achieve not only different conductivity types, but also sub-
stantially different charge-carrier concentrations in an epitaxial film.
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1. INTRODUCTION
Progress in the production of semiconductor

nanoheterostructures is defined by the demands of
high-tech production works for optoelectronic com-
ponents with new functional characteristics. There-
fore, numerous studies on the physics and technology
of semiconductor heterostructures are devoted to the
methods of their formation by molecular-beam epi-
taxy and metal–organic chemical vapor deposition
[1, 2]. Studies concerned with the systematic features
of the doping of epitaxial heterostructures based on
Group-III–V compounds are no less important, since
highly efficient optoelectronic components based on
Group-III–V compounds can only be attained with
unambiguous concepts of the structural, optical, and
energy properties of the constituent materials of the
heteropair and with an understanding of the processes
and systematic features of the doping of epitaxial
alloys with acceptor and donor impurities. Impurities
are introduced into the semiconductor layer to con-
trollably vary the conductivity type as well as a number
of electrooptical properties [3–5].

Doping of GaAs and GaAs-based alloys with vari-
ous impurities is an old problem. Nevertheless, annual
growth in the use of GaAs nanoheterostructures in
optoelectronic devices is stimulating the search for
solutions to old problems and a new look at classical
materials [6–11].

The development of new methods of doping [12],
including precise monitoring of the level of doping
[13] and new methods of impurity reactivation [14,
15], have resulted in considerable improvement in the

quality of epitaxial layers and, as a consequence, have
extended the field of their application [16, 17]. The
main dopant impurities in Group-III–V compounds
are carbon and silicon. However, although these
impurities are commonly used and their behavior as
dopants have been much studied, a number of
unsolved problems associated with the potential appli-
cation of impurities are still facing researchers [10, 18].
These factors are motivating the search for new dopant
elements and mechanisms of doping.

Specifically, at present, for the p-type dopant in
epitaxial GaAs and AlGaAs layers, beryllium (Be)
which possesses high incorporation coefficients and a
low vapor pressure at standard growth temperatures is
used. Nevertheless, because of the high toxicity of Be,
researchers are more and more often searching for
alternative impurities that are not so toxic and car-
cinogenic. Among the possible variants, magnesium
(Mg) is most promising [19–21]. The use of Mg is
rather advantageous, since it exhibits a high solubility
in Group-III–V alloys and, when incorporated into
cation sites of the alloys, gives a shallow acceptor level
[22–25]. In addition, Mg-doped epitaxial layers
exhibit a lower resistivity at the same composition in
comparison with layers doped with similar impurities
serving as p-type dopants.

It is known that the charge-carrier mobility and
concentration in an AlxGa1 – xAs layer doped with Mg
heavily depend on the Al molar fraction in the As/Ga
ratio.

In studies [26–29] concerned with the growth of
AlxGa1 – xAs layers containing Mg impurities, it was
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shown that the MBE or MOCVD growth of the layers
on GaAs(100) substrates yielded a decrease in the
charge-carrier concentration in the AlxGa1 – xAs layer
from 1017 to 1014 cm–3. This difference between the
charge-carrier concentrations was attributed to a sharp
decrease in the Mg concentration in Group-III–V
epitaxial layers with increasing substrate temperature.

The desire of researchers to fabricate epitaxial lay-
ers with the maximum mobility and to grow layers iso-
periodic to a single-crystal GaAs(100) substrate, with
minimum strains arising from the mismatch between
crystal lattices, is an interesting and promising task.

In this context, the purpose of this study is to explore
the properties of Mg-doped epitaxial AlxGa1 – xAs alloy
layers by a set of structural and spectral techniques.

2. EXPERIMENTAL

Epitaxial heterostructures based on AlxGa1 – xAs:Mg
alloys were produced on GaAs(100) substrates by
MOCVD epitaxy. Epitaxy was conducted using an
Emcore GS 3100 setup at a reduced reactor pressure
(0.1 atm) and a high rotational speed of the substrate
holder (1000 rpm).

For all of the samples, the alloy composition was set at
Al0.103Ga0.897As. The layer growth rate was 625 Å min–1,
the growth temperature was 700°C, and the layer
thickness was 2 μm.

For the Al and Ga sources, we used trimethylalu-
minun (Al(CH3)3) and trimethylgallium (Ga(CH3)3),
respectively. The source of Group-V elements was
arsine (AsH3, 100%). To dope the AlGaAs alloys with
Mg, the gas-carrier (hydrogen) f low was passed
through a bubbler with bis(cyclopentadienyl)magne-
sium (Mg(C5H5)2). The rate of f low through the bub-
bler was 5 cm3 min–1. For different samples, the bub-
bler temperature was varied in the range from 10 to
18°C; the pressure was kept at 0.5 atm. The technolog-
ical characteristics of the samples are listed in Table 1.

The structural quality of the samples and the lattice
parameters of the alloys were determined by the X-ray
diffraction (XRD) technique using a Seifert 3003 HR
diffractometer with a four-circle goniometer. In the
XRD measurements, we used monochromatic CuKα1
radiation with the wavelength 1.5405 Å.

The content of elements in the alloy was refined by
X-ray microanalysis, using a special electron-micro-
scope attachment.

The Raman spectra were obtained with the use of a
Renishaw 1000 Raman spectrometer equipped with a
microscope with a ×50 NPlan lens. As the excitation
source, we used an argon laser emitting at a wavelength
of 514.5 nm. The laser-beam power was no higher than
3 mW.

The photoluminescence (PL) spectra of the het-
erostructures were obtained by detecting the signal
from the sample surface at room temperature. The PL
measurements were conducted by the standard proce-
dure with a TRIAX550 monochromator equipped
with a CCD detector cooled with liquid nitrogen. To
excite the PL spectra, we used an argon laser emitting
at the wavelength 514.5 nm. The laser beam was
focused onto the surface with a 10× lens.

The charge-carrier concentration and conductivity
type were determined by Hall measurements at room
temperature (see Table 1).

3. RESULTS AND DISCUSSION
3.1. X-Ray Microanalysis

X-ray microanalysis allowed us to refine the con-
tent of elements included in the epitaxial films. In the
analysis, we used an electron accelerating voltage of
20 kB. We studied sample areas 750 × 750 μm in
dimensions. The effective depth of microanalysis was
about 0.5 μm.

The results show that the atomic content in the epi-
taxial film only slightly differs from the content speci-
fied in the stage of growth. The experimentally deter-
mined composition of the alloys corresponded to
Al0.103Ga0.897As.

From the measurements of the free-charge-carrier
concentration in the epitaxial films at room tempera-
ture, it is found that, for the samples grown, the hole
concentration in the layer increases, as the bubbler
temperature is lowered from 18 to 14°C. As the bubbler
temperature is lowered further to 10°C, p-type con-
ductivity changes to n-type.

3.2. High-Resolution XRD
In present-day studies of semiconductor nanohet-

erostructures, the high-resolution XRD technique

Table 1. Technological parameters of growth of AlxGa1 – xAs:Mg/GaAs(100) heterostructures

Sample Composition 
parameter x

Tgrowth, °C Tbubbler, °C
Conductivity type and charge-carrier 

concentration, cm–3 Mg molar f lux, mol min–1

EM2916 0.10 700 18 p = 1.2 × 1015 1.3 × 10–8

EM2918 0.10 700 14 p = 1.2 × 1017 8.8 × 10–9

EM2921 0.10 700 10 n = 7.0 × 1014 5.8 × 10–9



124

SEMICONDUCTORS  Vol. 51  No. 1  2017

SEREDIN et al.

provides a means for solving a number of problems,
among which are determination of the parameters of
epitaxial structures, refinement of the layer composi-
tion, the separation of deformations from misorienta-
tions in epitaxial layers, and determination of the
degree of relaxation of the crystal-lattice parameters of
epitaxial layers to the parameters of substrates in het-
erostructures [9, 25, 30, 31].

The optimal approach to analyzing the structure
and structural changes by XRD methods is the map-
ping of reciprocal space. This method makes it possi-
ble to detect structural defects and compositional or
strain gradients in an epitaxial layer by observing
changes in the distribution of the diffracted radiation
intensity around the lattice site.

It is well known that the crystal-lattice parameters
of the epitaxial layer of a heterostructure in the growth
direction (a⊥) and in the growth plane (a||) can be
determined from data obtained by analyzing maps of
reciprocal q space for the symmetric (400) and asym-
metric (511) reflections. Specifically, the parameter a⊥

can be determined from data for the symmetric (400)
or asymmetric (511) reflections as  = (h2/a⊥)1/2

or  = (h2/a⊥)1/2, respectively. At the same time,
the parameter a|| is determined only from the data for
the asymmetric (511) reflection by the relation

Here q500 and q011 are the lattice vectors in reciprocal q
space.

If we introduce the Poisson coefficient for a cubic
crystal ν, the crystal-lattice parameter of the epitaxial
film with consideration for internal strains (the
parameter is commonly denoted by aν) can be calcu-
lated in accordance with linear elasticity theory:

(1)

Since the heterostructure samples are here grown
in the region of compositions isoperiodic to the
GaAs(100) substrate, we use linear interpolations for
Vegard’s law, Poisson coefficients, and the composi-
tional dependence of the band gap similarly to how it
was done in previous studies [9, 10, 32, 33].

Thus, with consideration for the linear dependence
of the Poisson coefficients on the composition param-
eter x for an epitaxial AlxGa1 – xAs film grown on a
GaAs substrate,
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expression (1) takes the form

(2)

Figure 1 shows the maps of the distribution of the
diffracted radiation intensity around the site of the
reciprocal lattice for the (400) planes (symmetric
scan) and for the (511) planes (asymmetric scan) of the
samples under study. It can be clearly seen that the dis-
tribution of the diffracted-radiation intensities for the
symmetric and asymmetric scans presents a single
reflection (site). Detailed analysis of the maps of
backscattering allowed us to establish that, for all three
samples, the reciprocal lattice vectors in the growth
plane and, consequently, the lattice parameters of the
film and substrate are the same. This means that the
epitaxial film grows to match the substrate in terms of
lattice parameter. At the same time, as follows from
precise consideration of the results of mapping of
reciprocal space, the lattice parameter of the epitaxial
film in the growth direction differs from the lattice
parameter of the single-crystal GaAs substrate.

Table 2 lists the mismatches between the lattice
vectors q⊥ and q|| in reciprocal space, as determined
from the (400) and (511) maps. It is found that, for all
of the samples, the mismatches in the growth direction
of the epitaxial film are equal, which is indicative of
the growth of films identical in composition, ideally
matched in terms of lattice parameter in the growth
plane, and strained, but not compositionally
degraded.

From a qualitative analysis of maps of reciprocal
space, it is also possible to draw a number of important
conclusions. It can be clearly seen (especially for the
asymmetric scan) that the shapes of the site in recipro-
cal space are different for different samples. The
broadening of the (511) site in the q|| direction (see
Figs. 1b, 1d, 1f) is indicative of the presence of defects
in the film. The most pronounced broadening of the
(511) site is noticed for sample EM2921 which exhibits
the lowest charge-carrier concentration and n-type
conductivity.

The deviation of the line of interference maxima
from the q⊥ direction on the map of the (400) site for
all of the heterostructure samples suggests that growth
occurred on substrates initially misoriented with
respect to the (100) direction.

Assuming the validity of Vegard’s law for the sys-
tem of AlxGa1 – xAs:Mg alloys produced isoperiodic to
the GaAs substrate, by analyzing expression (1), cal-
culating the crystal-lattice parameters, and taking into
account the data of microanalysis, we determined the
refined content of constituent elements of the alloys
(Table 2). Table 2 also lists the crystal-lattice parame-
ters determined, with consideration for elastic strains
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Fig. 1. Maps of reciprocal q space around (left) the (400) and (right) (511) sites for AlxGa1 – xAs:Mg/GaAs(100) heterostructures
(a, b) EM2916, (c, d) EM2918, and (e, f) EM2921.
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in epitaxial alloys, from experimental data on maps of
the scattering intensity in reciprocal space, the data of
microanalysis, and Vegard’s law.

3.3. Raman Scattering

The effective depth of analysis by Raman spectros-
copy can be determined from the relation λ/2πk,
where k is the extinction coefficient. Using the argon
laser emitting at a wavelength of λ = 532 nm for the
analysis of heterostructures based on AlxGa1 – xAs
alloys, we established that the penetration depth of the
laser radiation and, consequently, the depth of analy-
sis does not exceed 500 nm. Thus, we can state with
confidence that, using a laser emitting at the above-
indicated wavelength in Raman spectroscopy, we gain
information on the layer of the alloy only.

From the analysis of Raman tensors [34], it is well
known that, according to the selection rules for struc-
turally diamond-like crystals, only longitudinal opti-
cal (LO) phonons can be observed upon backscatter-
ing from the (100) surface, whereas the observation of
transverse optical (TO) phonons is forbidden.

Figure 2 shows the Raman spectra recorded
in the x(y, z)  geometry of the experiment for
AlxGa1 – xAs:Mg heterostructures with different levels
of doping with Mg. As can be seen from the results, the
spectra of the heterostructures exhibit LOGa–As and
LOAl–As phonon modes characteristic of AlxGa1 – xAs
alloys. From Fig. 2, it can be clearly seen that the LO
vibrational frequencies are identical for all samples.
This is supported by high-resolution XRD data indic-
ative of the same composition of the alloy in all of the
heterostructures.

It should be noted that, in the experimental Raman
spectra of all of the heterostructures, there are TOGa–As
and TOAl–As vibration modes forbidden by the selec-
tion rules (see the inset in Fig. 2). This is a conse-

x

quence of violation of the crystal-lattice symmetry of
the epitaxial film.

From a more detailed analysis of the Raman data, it is
possible to detect an additional low-intensity mode that
appears in the spectra of AlxGa1 – xAs:Mg heterostruc-
tures at the frequency ω ~ 510–530 cm –1 (against the
background of the main vibrations) (see inset in Fig. 2).
Analyzing the results and the technological conditions
of growth of the heterostructures (Table 1), we can see
that the intensity of this phonon mode varies under
variations in the Mg source temperature. It would be
logical to conceive that this mode can be a conse-
quence of vibrations of the bonds of Mg atoms with
their nearest neighbors.

It was possible to confirm these assumptions on the
basis of a simple calculation of vibrational frequencies
of nearest neighbors in a diamond-like lattice within
the context of the model proposed by Harrison [35]
and successfully tested in [32, 36].

Table 2. High-resolution XRD data

Sample Heterostructure 
component

Reciprocal lattice site

Composition 
parameter x

Lattice 
parameter aν||, Å

(400) (511)

q⊥, nm–1 q||, nm–1 q⊥, nm–1 q||, nm–1

Δq⊥, nm–1 Δq||, nm–1 Δq⊥, nm–1 Δq||, nm–1

EM2916 GaAs substrate 7.0755 –0.0040 8.8445 2.4900 – 5.6532
AlxGa1 – xAs layer +0.0020 0 +0.0025 0 0.103 5.6541

EM2918 GaAs substrate 7.0755 –0.0030 8.8440 2.4950 – 5.6532
AlxGa1 – xAs layer +0.0020 0 +0.0025 0 0.103 5.6541

EM2921 GaAs substrate 7.0760 –0.0050 8.8445 2.4915 – 5.6532
AlxGa1 – xAs layer +0.0020 0 +0.0025 0 0.103 5.6541

Fig. 2. Raman spectra of AlxGa1 – xAs:Mg/GaAs(100)
heterostructures.
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We determine the force constants C0 and C1 as

(3)

Here, a is the crystal-lattice parameter determined
from the high-resolution XRD data and c11 and c12 are
the stress tensor coefficients for the AlxGa1 – xAs alloy.

Thus, the LO phonon frequency of the appearing
vibrations can be estimated as

(4)
where μ is the reduced mass of vibrating atoms and d is
the spacing between them. Since the dopant concen-
trations in the samples are low, we used the stress ten-
sor coefficients of GaAs [37]. The spacing between
nearest neighbors can be calculated with knowledge of
the properties of the zinc-blende lattice, in which the
AlxGa1 – xAs alloy crystallizes.

Calculations in this approximation show that the
frequency of the experimentally detected additional
mode (ωLO = 520 cm–1) is almost equal to that calcu-
lated for Mg–As phonons (ωLO = 512 cm–1). Thus, we
can state with confidence that, upon doping, magne-
sium atoms substitute atoms in the metal sublattice of

= +
= −

3
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3
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(3 /16)( 2 ),
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ω = μ +2 2
LO 0 1(8/3 )( 8 ),d C C

the AlxGa1 – xAs layer, similarly to that already
observed in AlxGa1 – xAs:Si/GaAs(100) and
AlxGa1 – xAs:C/GaAs(100) heterostructures heavily
doped with silicon and carbon [8, 9, 11, 32].

When analyzing the Raman spectra, we observe the
noticeable redistribution of the intensities of the main
and additional phonon modes in the heterostructures
(see Fig. 2). Specifically, the LOGa–As vibration inten-
sity is maximum in the spectrum of sample EM2918,
whereas the LOAl–As vibration intensity is maximum in
the spectrum of sample EM2916. The additional
vibration mode possesses the highest intensity in the
spectrum of sample EM2916. By analyzing the rela-
tion between the vibration intensities in the spectra
and the technological conditions of growth (Table 1),
we can draw some conclusions. Magnesium atoms are
incorporated in both the metal and nonmetal sublat-
tices of AlxGa1 – xAs alloys; in this case, the atomic
concentration of magnesium incorporated into all of
the AlxGa1 – xAs alloys is at a level of 1018 cm–3. This
concentration can be estimated by analyzing the areas
under the main and additional bands, taking into
account the fact that the concentration of all atoms in
the AlxGa1 – xAs alloy is about 1022 cm–3.

It is worth noting that the incorporated impurity
concentration is low to form an alloy, which is in
agreement with the XRD data and the data obtained
by us in previous studies. Previously we showed that a
significant increase in the Mg atomic concentration
yielded enhancement of the intensity of the forbidden
main TO phonon vibration mode in the AlxGa1 – xAs
alloy and a decrease in the intensity of the allowed LO
vibration modes related to both Ga–As and Al–As
bonds.

3.4. PL Spectroscopy

Variations in the conditions of doping, the intro-
duction of impurity atoms in different sublattices and
the resultant change in the stoichiometry composition
of epitaxial alloys, and the formation of levels in the
band gap can be accompanied by the breakage of
bonds or by changes in their lengths in the crystal lat-
tice. All of these factors are unavoidably bound to
influence changes in the energy characteristics of the
material created [9, 38]. Therefore, in addition to the
XRD methods and Raman spectroscopy, we here
studied the PL spectra. PL spectroscopy is one of the
techniques most sensitive to changes in the impurity
concentration introduced into the epitaxial layer.

Figure 3 shows the PL spectra of the
AlxGa1 – xAs:Mg/GaAs(100) heterostructures under
study. The spectra are recorded at room temperature
in the energy range 1.3–2.3 eV typical of emission
from AlxGa1 – xAs alloy with x ~ 0.1. The spectra shown
in Fig. 3 are normalized. In addition, Figure 3 shows
the spectrum of an undoped AlxGa1 – xAs layer with a

Table 3. PL spectroscopy data for AlxGa1 – xAs:Mg/GaAs(100)
heterostructures

Sample Energy (wavelength) of transition, eV (nm)

EM2916 1.553 (800)
EM2918 1.563 (795)
EM2921 1.546 (805)

Fig. 3. PL spectra of AlxGa1 – xAs:Mg/GaAs(100) hetero-
structures at room temperature.
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similar composition. For the undoped alloy, the emis-
sion peak is observed at about 1.614 eV; the half-
width of the peak is 0.30 eV. The PL spectra of the
AlxGa1 – xAs:Mg/GaAs(100) heterostructures are
identical in shape and observed at longer wavelengths.
However, the corresponding shift is no larger than
0.05 eV (Table 3). One more feature of these spectra is
a slightly increased half-width of the PL spectra of
Mg-doped AlxGa1 – xAs layers. In this case, for the
heterostructures, we notice some deviation of the
spectral band from symmetry in the short-wavelength
region.

The observed intense bands are apparently due to
different mechanisms of emission in the epitaxial layer
(Fig. 3). The major contribution to the observed spec-
tra is made by excitonic PL [39], whose spectral line is
the δ function broadened by scattering processes. The
high-energy tails in the spectra arise from the annihi-
lation of excitons bound at defects. According to the
data of studies in this field, these tails can be attributed
to emission from acceptor levels (g–g) and to bound
exciton–neutral acceptor transitions (A0X). Such tran-
sitions apparently occur due to an increased acceptor
impurity concentration and, correspondingly, density
of acceptor states. The data obtained here are in good
agreement with the data already obtained in a number
of studies of GaAs:Mg samples [22, 23, 27, 28].

Starting from the data of the study [24], in which
PL spectroscopy was applied to GaAs samples with
different levels of doping with Mg, and comparing
these data with the results obtained here, we can state
that, in view of the PL-band shape, the number of
impurity atoms introduced into the alloy corresponds
to the level of doping ~1018 cm–3. This result agrees
with the data obtained by high-resolution XRD and
Raman spectroscopy.

4. DISCUSSION
The selection of growth parameters and the simu-

lation of the physical and technological processes of
the epitaxial technology on the basis of data of high-
resolution XRD, X-ray microanalysis, Hall measure-
ments, and Raman and PL spectroscopies allow us to
make a number of inferences about the structural and
optical properties of AlxGa1 – xAs:Mg alloys produced
by MOCVD at different Mg-source temperatures.

First, the conditions of growth chosen (the tem-
perature of epitaxy, vapor f lows of metal–organic
compounds, the carrier gas f low through the dopant
impurity (Mg) source) do not change the alloy com-
position. From the data of studies by structural and
spectroscopic methods, it follows that the Mg concen-
trations introduced into the alloy are supposedly at a
level of ~1018 cm–3. However, depending on the bub-
bler temperature, not only different concentrations of
charge carriers, but also different conductivity types of
the epitaxial film are provided. This finding can be

easily interpreted, if we take into account the fact that
the charge-carrier concentration (determined from
Hall measurements) in the film is always the differ-
ence between the numbers of acceptors and donors
incorporated into the alloy, Nd – Na.

A decrease in the Mg-source temperature to 10°C
results not only in a decrease in the impurity mass
fraction in the f lux, but also in the transition of free
Mg atoms into the MgO oxide because of residual oxy-
gen in the carrier gas (hydrogen) and, finally, in the
formation of stable Mg-containing complexes in the
epitaxial film. All of these factors are favorable for the
appearance of a large number of donors in the epitax-
ial AlxGa1 – xAs alloy and for the recompensation of
charge carriers, with a change from p-type to n-type
conductivity.

An increase in the bubbler temperature to 14°C
provides the active incorporation of Mg atoms into the
alloy, with substitutions in the metal sublattice, which
corresponds to the appearance of an acceptor-type
conductivity. A further increase in the bubbler tem-
perature to 18°C yields an increase the Mg atomic
concentration in the f lux, but at the same time, this
increase favors a significant increase in the carbon
concentration in the f lux. It is well known that, under
standard conditions, carbon occupies regular sites of
the As sublattice in the crystal lattice of GaAs and
GaAs-based ternary compounds and forms shallow
acceptor levels. At the same time, it is known that car-
bon is an amphoteric impurity and can be responsible
for conversion of the conductivity type; i.e., in Group-
III–V compounds, carbon can be incorporated in the
metal sublattice. Taking into account the fact that the
activity of Mg atoms is much higher than the activity
of carbon, we can reasonably conceive that carbon
occupies metal sites in the epitaxial AlxGa1 – xAs alloy.
This results in a decrease in the number of charge car-
riers in the films because of impurity recompensation
at the same conductivity type.

All of the above-described features influence the
PL spectra. From analysis of the results obtained in
the study (see Fig. 3), it can be clearly seen that, for
different samples, the peak is at different positions in
the PL spectra. It is well known that the band gap of
the semiconductor decreases, as the dopant density is
increased. As a rule, this effect is attributed to narrow-
ing of the band gap or to a red shift. Correlating the
data on the technology of growth with PL spectros-
copy data and the data of calculation of the band gap
of the Al0.103Ga0.897As alloy, we can conclude that the
maximum level of doping with impurity atoms is
achieved in sample EM921 which was grown at the
minimum Mg-source temperature and exhibits n-type
conductivity.
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5. CONCLUSIONS
By the high-resolution XRD technique and Raman

and PL spectroscopies, the structural, optical, and energy
properties of epitaxial AlxGa1 – xAs:Mg/GaAs(100)
heterostructures are studied at different levels
of doping with Mg. It is shown that, by choosing
the technological conditions of production of the
AlxGa1 – xAs:Mg alloy (by varying the dopant-impu-
rity (Mg) source temperature), it is possible to attain
not only different conductivity types, but substantially
different charge-carrier concentrations in the epitaxial
film as well.
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