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We present an optical investigation of novel heterostructures based on
beryllium chalcogenides with a type-I and type-II band alignment. In the
type-1I quantum well structures (ZnSe/BeTe) we observed a strong exciton
transition involving an electron confined in the conduction band well and a
hole localized in the valence band barrier (both in ZnSe layer). This transi-
tion is drastically broadened by the temperature increase due to enhanced
exciton—acoustic phonon interaction. ’ '

PACS numbers: 78.66.Hf, 78.20.Ls

Semiconductor heterostructures based on beryllium chalcogenides are rela-

tively new and very promising materials for applications and fundamental studies.
Recently these compounds were successfully used for creating light emitting diodes
for the blue spectral range [1]. Also heterostructures of high quality with a positive
and negative valence band offset are grown on the base of beryllium chalcogenides.
These structures can considerably increase faculties for band-structure engineer-
ing. ‘
The structures studied were grown by molecular-beam epitaxy on GaAs sub-
strates with (100) orientation. Two types of samples were fabricated: (i) sample 1:
70-A-thick ZnSe/ZnBeSe QW, which has a type-I band alignment, i.e., electron and
hole have a minimal energy in ZnSe layer; (ii) sample 2: 160-A-thick ZnSe/BeTe
quantum well (QW). This system has a type-II band alignment with a very large
confinement potential for electron (about 2.0 eV), which is localized in ZnSe, and
for hole (0.9 eV), with minimum of its energy in BeTe layers.

A band diagram of the type-II QW structure ZnSe/BeTe is shown in Fig. 1.
There are two types of excitonic transitions in such structure: (i) spatially indirect
with the energy of about 1.95 eV and (ii) direct transition inside the ZnSe layer. In
the case of large negative valence band offset, the hole can be effectively localized
above the barrier because of the strong above-barrier reflection [2]. The energy
spectrum of such states is quasi-discrete. In the present paper we study optical
properties of the direct exciton states in the type-Il QW structures.
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Fig. 1. Band diagram of the type-II QW structure ZnSe/BeTe.

Reflectivity and photoluminescence spectra (PL) at 1.6 K are presented in
Fig. 2a, b for samples 1 and 2, respectively. The reflectivity spectrum shows three
resonances for the type-I QW. These resonances can be identified as heavy-hole
and light-hole excitons and a donor bound exciton. At a low temperature the
dominating PL peak (2.822 eV) corresponds to the bound exciton state. A strong
resonance feature was observed in the reflectivity spectrum at the energy exceeding
the ZnSe band gap for the type-II structures. We identify it as the direct exciton .
consisting of a confined electron state and a quasi-localized above-barrier hole
state in the ZnSe layer.

Using magneto-optical measurements we have determined an exciton binding
energy for both structures: E;g = 25 meV, EY} = 14 meV. This value for the
type-1I is smaller than for bulk ZnSe, where it is E{** = 18 meV. Temperature
dependences of the exciton line width for both type-I and type-II structures are
plotted in Fig. 2. A drastic increase in the exciton line width for the type-I1 QW
was observed at low temperatures (T < 100 K) in contrary with that dependence
for the type-I QWs. This behavior evidences enhancement of exciton—acoustic
phonon interaction in the type-II QWs.

The temperature dependence of the exciton damping (i.e., exciton line width)
is generally expressed in the following form:

I'(T) = I'(0) + yacT + yLon(T), (1)
where I'(0) is the exciton damping at zero temperature, yaoc and ypLo are the
constants of the exciton interaction with acoustical and optical phonons, T is a
temperature, n(T") is the Planc!!!!k distribution. Such I'(T") dependence for the

type-I structure is plotted in Fig. 3 by a dotted line with the parameters: yac =
0.018 meV/K, vLo = 12 meV, I'(0) = 2.8 meV.
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Fig. 2. Photoluminescence and reflectivity spectra measured at 1.6 K for the type-I (a)
and the type-II (b) structures. Excitonic parameters determined from reflectivity spectra
[3] are the following: (i) in a ZnSe/BeZnSe QW resonance energy is hwo = 2.828 €V,

oscillator strength hwyr = 1.2 meV, damping A" = 1.3 meV; (ii) in a ZnSe/BeTe QW
hwo = 2.805 eV, hwrr = 1.05 meV, A’ = 1.6 meV.

The energy of optical phonon in this system is 31.5 meV, hence the last
term in Eq. (1) is exponentially small for the temperature range below 100 K. At
the same time the acoustical phonon contribution is proportional to the tempera-
ture and dominates at low temperatures. An exciton scattering by the acoustical
phonons is an elastic process. It means that the final electron state has the same
module of the wave vector as the initial state. The maximal wave vector of an
emitted or absorbed phonon is gmax = 2k, where k is the wave vector of the exci-
ton. For the optically active exciton in the bulk material the exciton wave vector
is k ~ 10° cm~?1. Therefore, the only long wave phonons can participate in the
exciton—phonon scattering. For the type-I QW one can show [4] that the maximal
wave vector of the interacting phonon is k & m/Lqw = 10% cm™!. So the situation
is changed. At the region outside the QW the hole wave vector is large enough (in
parabolic approximation k x /2m*eveo/h ~ 4 x 107 em~1), and the number of
the phonons which can interact with the hole increases strongly for such state in
comparison with the type-I QW and bulk materials.

A phonon broadening of the hole state can be estimated in the relaxation-
time approximation. In this approximation I'anc = li/r, where I'sc is an energy
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Fig. 3. A full width at a half maximum of the exciton resonance as a function of the
temperature for the type-I ZnSe/BeZnSe QW (experiment — open circles, calculation
— dotted line) and for the type-II ZnSe/BeTe QW (experiment — squares, calculation
— solid line). '

level broadening, 7 is a relaxation time. We take into account the fact that outside
the QW the hole has a kinetic energy which is much larger than the exciton binding
energy and it reduces the problem to the scattering problem of a free particle. Using
a deformation potential approximation the damping can be expressed as [5]

_ Dom*ehp /Zk [ Bvog 4

where £2y and M is a volume and mass of a unit cell, respectively, vg is a longitudinal
sound velocity, epr is a deform-potential constant, m* and % is effective mass and
wave vector of the particle, respectively, kg is the Boltzman constant, T' is a
temperature.

‘ The I' value is plotted in Fig. 3 (solid line). The following parameters
were used vp = 4 x 10° cm/s, epr = 5 €V. The values m* = 1.5bmg and k =
1.35 x 107 cm~! were found from the comparison with experiment. The calcu-
lated curve is very similar to the experimental one. At the high temperature
limit Eq. (2) transforms into the second term in Eq. (1) with effective interac-
tion constant v§% = (2om*edpkn/h2Mvd)k. This quantity increases as \/EvBo
by increasing the negative band offset value eypo. At the low temperature limit
yac x eyBo depends weakly on temperature. So, the above-barrier states have
a large phonon contribution to the damping even at zero temperature. We note
that the piezoelectric potential is of minor importance for the considered situation
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as ya¢ x 1/k « 1/,/evBo. Hence, the efficiency of the exciton-acoustic phonon
scattering via piezoelectric potential decreases for states with a larger k-value.

In conclusion, we have studied the optical spectra in the type-II ZnSe/BeTe
QW and observed strong exciton transitions involving the above-barrier quasi-lo-
calized hole states. We have found the drastic temperature increase in the exciton
line width at low temperature range (T < 100 K). The model is suggested to
explain these results.
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