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Photoluminescence and reflection spectra in CdTe/(Cd,Mg)Te quantum wells with a width of 60 A with varying
degrees of doping have been experimentally studied. It was found that, in accordance with previous calculations,
an exciton state is observed approximately 17 MeV above the basic level of heavy exciton (1s lelhh). By all
indications, this condition should be associated with the exciton 2s 1elhh. In addition, another signal is observed
higher in energy, which most likely belongs to the exciton with a light hole 1s lellh.
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Quasi-two-dimensional structures such as quantum wells
and superlattices based on the CdTe/(Cd,Mg)Te system
have long become model objects in the physics of semicon-
ductor nanostructures. The technology for their cultivation
has been developing for about 30 years and has climbed to
very great heights [1-4]. CdTe/(Cd,Mg)Te heterostructures
are not much inferior to the GaAs/(Ga,Al)As family in
terms of crystallographic quality. The main advantages
of the CdTe/(Cd,Mg)Te system over GaAs/(Ga,Al)As are
associated with spin properties. Firstly, the lower natural
abundance of nuclei with spin results in a weakening of spin
interactions between the lattice and band carriers and, in
particular, weakens one of the channels of spin relaxation of
localized electrons. Secondly, the CdTe/(Cd,Mg)Te system
forms an ideal ,quantum constructor for nanostructures
based on the diluted magnetic semiconductor (Cd,Mn)Te
(which contains Mn?* ion spins ,,embedded” in the crystal
lattice ) [5]. All of the listed materials have a zinc blende
structure and belong to the A"BY! materials, so that the
magnetic ions Mn2* isovalently occupy the cationic posi-
tions of the crystal lattice, without forming impurity levels
in the band gap [6]. Magnetic (Cd,Mn)Te, non-magnetic
(Cd,Mg)Te, and even their solid solution (Cd,Mg,Mn)Te,
which provides an important opportunity to design the
potential profile of heterostructures regardless of the content
magnetic component in layers can be used as a wide-band
material.

»Ihin spectrum® of Raman scattering, consisting of five
narrow lines was discovered in a recent study [7] in
a (001)-CdTe/(Cd,Mg)Te quantum well with a width of
18 monolayers (60 A) in the region of the ground exciton
state 1s 1elhh. The width of the fine spectrum components
was approximately 0.1 meV, and its total width — was
approximately 1 meV with an exciton resonance width (at
half maximum) of approximately 3—4 meV. There was a
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fine spectrum upon monochromatic excitation above the
exciton energy 1s lelhh by approximately the energy of the
longitudinal optical (LO) phonon. It was shown that the fine
optical scattering spectrum is formed by a three-resonance
denominator process involving the 2s exciton state. This
process, resulting in narrow acoustic satellites LO £ LA,
LO £TA of the central LO scattering peak, will be called
exciton biphonon resonance (EBR).

The mutual arrangement of levels 1s and 2s of quasi-
two-dimensional excitons associated with the first levels of
dimensional quantization of an electron and a heavy hole
is of key importance for the EBR mechanism proposed
in [7]: 1s lelhh and 2s lelhh. The bond energies of both
excitons were calculated in Ref [7] using the variational
method, and the basic theory of EBR was built based
on the resulting difference in the calculated values. The
objective of this study was to verify the calculated results by
direct spectroscopic measurements. The photoluminescence
(PL) and reflection spectra were experimentally studied for
a series of samples with quantum wells, which allowed
determining the energy positions of the main exciton
resonances.

The samples for the study were grown at the In-
stitute of Physics of the Russian Academy of Sciences
on GaAs substrates and contained a series of isolated
(001)-CdTe/(Cd,Mg)Te quantum wells of various widths,
including quantum wells with a width of 18 monolayers. It
was on samples of this series that the optical spectrum of
EBR was discovered. The wells were selectively doped with
rhenium in various doses. Doping results in a decrease of
the quantum efficiency of PL from the doped well while
maintaining other, unrelated optical properties [7].

PL was excited by the green line of an Nd-YAG laser. The
reflectance spectra were measured in white light at normal
incidence.
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The PL spectra of all CdTe/(Cd,Mg)Te samples contain
the highest energy line (over 2eV). This line is identified
as the edge luminescence of the barrier layer. The position
of the maximum of this line varies slightly from sample
to sample: from 2.085 to 2.119eV. Using the known
dependence of the band gap on the magnesium content X
in the virtual crystal approximation [§]:

Eg = 1.606 + 1.755x eV,

we find that the magnesium concentration in the barrier
varies from sample to sample in the range of approximately
27-2%%.

In addition, the PL spectra of all samples contain
lines associated with quantum wells 18 monolayers wide.
A typical PL spectrum of CdTe quantum wells includes two
closely spaced lines (as in Figure 1). The line lying higher
in energy corresponds to the 1s lelhh exciton, and the
line lying lower in energy — corresponds to a positive or
negative trion [9-11]. The different nature of the exciton and
trion lines is manifested, for example, in experiments with
the magnetically-induced PL polarization, [12,13] optical
orientation [14-16] and spin-flip Raman scattering [17], and
the specific type of trion can sometimes be determined from
the shape of the zero-field level crossing line [18].

It should be noted that there is a small (within 10 meV)
scatter in the absolute energy position of the exciton
resonance ls lelhh from sample to sample, and with it
the scatter of the entire PL spectrum of the quantum well,
which does not correlate with the doping dose. Obviously,
this scatter should be associated, first of all, with the scatter
in the barrier potential due to different magnesium contents
(see above).

A powerful signal associated with the exciton resonance
Is lelhh dominates in the reflection spectrum. It is at
almost the same energy as the maximum of the exciton
line in the PL spectrum (Figure 1). We are also interested
in weaker signals located over the ground state. Circles
highlight two spectral features reminiscent of exciton reso-
nances in Figure 1. Due to the known problem with the
shape of the resonant signal line, which depends on the
resulting phase because of the interference of light reflected
by many interfaces inside the sample, the position of these
two features is not particularly accurately determined: the
first is spaced from 1s lelhh by approximately 17—18 meV,
the second at 23.5—24.5 meV.

Not all samples show weak signals from overlying exciton
states equally well. If Figure 1 presented data related to an
undoped quantum well, then Figure 2 shows the reflection
spectrum of one of the most heavily doped samples. There
is virtually no PL in it due to nonradiative recombination,
but exciton resonances in reflection are clearly visible.
Again we see a peak located at a smaller distance from
Is lelhh (16—17meV) and a peak at a larger distance
(21.5-22.5meV).

We interpret the emerging picture as follows based on
the analysis of literature data and the results of calculations
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Figure 1. PL and reflection spectra of an undoped

CdTe/(Cd,Mg)Te quantum well with a width of 18 monolayers
(60A). T = 2K. The main spectral features are indicated.
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Figure 2. Reflection spectrum of a CdTe/(Cd,Mg)Te quantum
well with a width of 18 monolayers (60 A), doped with rhenium.
T = 2K. The main spectral features are indicated.

in Ref [7]. The peak located at 16—18meV over the
ground exciton state 1s lelhh belongs to the 2s exciton
(2s 1elhh), and the peak located at 21.5—24.5meV over
the main resonance — exciton with a light hole (1s lellh).

It should be noted that the idea that the critical for
the EBR model developed in [7] is that 2s level of a
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heavy exciton is closer to the ground state (1s) than the
LO phonon energy at the band center (20.88 meV), but,
however, not too far. These energies were calculated
separately in [7] by standard variational calculation, and
their difference was 17meV. It should be said that the
theory based on these calculated values, practically without
adjustable parameters, gave a satisfactory description of all
the main features of the optical spectrum of the EBR.
Now we see that the experiment also reveals an exciton
resonance, located with good accuracy exactly 17 meV over
the ground state.

As for the higher-lying resonance, its location does not
allow it to be associated with the 2s exciton, not only
because the energy 22—23 meV is not suitable for the EBR
mechanism (> 20.88 meV), but also because it noticeably
exceeds even the total 1s bond energy of heavy exciton
(2045meV according to [7]). Over the past years, a
certain consensus has developed in the literature regarding
the typical values of the bond energy in CdTe/(Cd,Mg)Te
quantum wells, and calculations by various authors usually
gave, depending on the well width, values in the range
12—18meV [19,20]. On the contrary, it is known (and
can be easily estimated) that the light exciton 1s lellh
is approximately in this region in energy, but its energy
position is not so strictly tied to the position of the
heavy exciton 1s lelhh, since these two exciton states
are formed under different continua of single-particle states.
In particular, the potential profile for the quantization of
heavy and light holes is different due to such a poorly
controlled, but undoubtedly present factor as the biaxial
strain of the layers.

Thus, the reflection spectra for CdTe/(Cd,Mg)Te quantum
wells with a width of 18 monolayers actually exhibit an
exciton state in the expected position approximately 17 meV
over the ground level. By all indications, this state should
be associated with the 2s lelhh exciton, which confirms
the assumptions made in [7] regarding the mechanism that
forms the optical spectrum of the EBR. In addition, higher
in energy there is another signal, which most likely belongs
to an exciton with a light hole 1s lellh, and which, based
on its energy position, can hardly be involved in the EBR
mechanism.
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