Exciton line broadening in Cd,Zn,_, Te/ZnTe multiple quantum wells
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We have investigated Cd, Zn; _, Te/ZnTe multiple quantum wells using absorption
technigues. We have observed sharp excitonic features at low temperatures which strongly
broaden at room temperature. The strength of the exciton-phonon coupling is determined from
linewidth analysis. The large measured coupling explains the lack of well defined exciton
resonances at room temperature, an irnportant consequence for their use as optoelectronic

devices.

Epitaxial growth of FI- VI semiconducting materials has
led to high quality thin films and multiple quantum well
structures (MQW’s). The ability to tailor the band gap to
cover the visible to the UV region of the spectrum opens up
the possibility of semiconductor lasers and a variety of de-
vices based on band-edge excitons in this new wavelength
region.! In HI-V materials it is known that quantum well
and superlattice structures enhance lasing properties and in-
crease excitonic effects.” Many of the bulk properties of I1-
VI semiconductors have already been well studied and by
comparison to III-V materials they are more poiar, have
larger exciton binding energics, and have greater electron-
phonon coupling. The greater exciton binding energy is fa-
vorable for room-temperature operation of devices based on
excitons but the effect of the electron-phonon coupling
which homogeneously broadens the exciton resonances has
not yet been determined. Photoluminescence excitation
{PLE) has previously been used to study excitonic features
in these materials at low temperatures.> This technique,
however, becomes less useful at higher temperatures due te
the decrease in luminescence efficiency and the increase in
lire broadening. In this letter we study excitons directly by
absorption up to room temperature and we measure the
strength and nature of the thermal (homogeneous) broad-
ening.

Although epitaxial growth has been achieved with 11-V1
materials there are few lattice-matched compounds avail-
able and most II-VI heterojunctions are intrinsically
strained.’ Strain effects complicate the band structure of the
crystal, particularly the valence band, by shifting the band-
edge energy as well as lifting the degeneracy present at the
zone center. Lattice mismatches as great as 7% exist in
CdTe/ZnTe and in ZnTe/ZnSe MQW’s, both of which have
been  investigated recently.”® We have studied
Cd, Zn, ,Te/ZnTe alloy quantom wells with x =0.13
which are less strained than the binary ZnTe/CdTe MQW’s.
The lattice mismatch is of the order of 1%.

The quantum well structures were grown by molecular
beam epitaxy on GaAs substrates, with a 2 gum buffer layer of
ZnTe to reduce dislocations. The structures consisted of
Cdy 3 Zng 4, Te alioy wells sandwiched between layers of
ZnTe which acted as barriers. Sample 1 consisted of 50 A
wells and 50 A barriers repeated for 15 periods, while sample
2 had 10 periods of 106 A wells and barriers. The growth
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direction was (10C) in all cases. The GaAs substrate was
removed by etching to allow absorption measurements. This
was achieved by mounting them well side down on glass
cover slips with a transparent glue. The GaAs substrate was
selectively etched with a mixiure of NHOH and H, O, fol-
lowing recognized procedures.” It was found that the sam-
ples would shatter during the etching process if they were
not affixed with a strong adhesive. We attribute the shatter-
ing to stress relief in the Zn'Te buffer layer after the substrate
isremoved. The glue leads to additional strain when the sam-
pleis cooled, but the effect of this strain on the wells is negli-
gible in comparison to the effect of the 1% lattice mismatch
between the ZnTe and the Cd, ;; Zn, ; Te layers. Absorption
spectra were taken with a tungsten lamp and the sample
temperature was varied from 1010 300 K inaclosed cycle He
gas refrigerator.

Figures 1(a) and 1(b) show low-temperature absorp-
tion spectra for both samples. Clearly visible are two sharp
lines, which we have attributed to light ({m,| = {) and heavy
(!m;| = 3) hole excitons in the quantum well. This interpre-
tation is confirmed by polarization measurements in which
transitions involving the |m;| = } state are unfavorable for
polarizations perpendicular to the plane of the wells.' Both
the light and heavy hole exciton lines move to higher ener-
gies as the well width decreases from 100 to 50 A. However,
the separation between the lines also decreases, which is op-
posite to that expected from guantum confinement in a type
I MOW. Work on ZnTe/CdTe MQW’s, both experimen-
tal”!! and theoretical,'? suggests that the valence-band offset
is too small to cause the observed light hole, heavy hole split-
ting. The large splitting implies that strain due to the inher-
ent lattice mismatch plays an important rofe. This will be
discussed elsewhere.

Secondary features can be seen on the high-energy side
of the exciton lines in the 100 A sample. The energies of these
features suggest that they are longitudinal optical phonon
(1O phonon) replicas of the exciton lines. Strong absorp-
tion features were also seen above 2.36 eV which were bulk
ZnTe effects mainly due to the ZnTe buffer layer. These
features inclnded a broad exciton line centered at 2.375 eV
and band-edge absorption at 2.385 eV.

At low temperatures the exciton lines in the quantum
wells are inhomogeneously broadened with heavy hole
linewidths of 7.8 meV and 7.6 meV for the 100 and 50 A
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FIG. 1. 10K absorption spectra for Cdy ;4 Ny 5 Te/ZnTe MOW’s showing
light hole (Ih) and heavy hole (hh) exciton lines. (&) Lz = 50 A (b}
Lz= 100 A. Other features labeled (ph) are possible phonon replicas of the
exciton lines.

samples, respectively. The inhomogenecus broadening is
due to granularities in the alloy, which smear out the band-
edge energies, and due to well width fluctuations which
broaden the confined energy states. The contribution of sta-
tistical fiuctuations in the alloy to the exciton linewidth has
been studied using high quality Cd, Zn, ,Teailoys.”” From
those results the alloy contribution to the broadening for
x = 0.13 is expected to be ~6 meV. The broadening arising
from well width fluctuations was calculated on the basis of a
simple Kronig-Penny type model. Assuming fluctuations of
the order of one monolayer, the broadening is calculated to
be 1.6 meV for the 100 A sample and 4.5 meV for the 50 A
sample. The calculated alloy width is close to the measured
width in both samples. This, combined with the fact that the
measured widths are very similar for both thicknesses, indi-
cates that the contribution from well width fluctuations is
very small.

As the sample temperature is increased the excitonic
features broaden considerably as shown in Fig. 2. At 200 K
the hght and heavy hole peaks are unresclvable, while at
room temperature only an absorption edge is seen. This sifu-
ation is significantly different from the strong exciton reso-
nances observed in [II-V MQW’s GaAs/AlGaAs and
GalnAs/AllnAs ™'° at room temperature. The measured
line shape is a convoiution of an inhomogeneous part of full
width half-maximem (FWHM), I, and a temperature-de-
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FIG. 2. Absorption spectra near the light and heavy hole exciton lines for
the 100 A sample at different temperatures.

pendent homogenecus part (FWHM I', ). The mechanism
responsible for the homogeneous line shape can be deter-
mined from the temperature dependence of its width [',,.
The total inewidth (T, ) of the heavy hole exciton line was
measured from its half-width on the low-energy side because
of the overlap of the exciton lines. In the 50 A sample the
inhomogeneous line shape was best fit by a Lorentzian and
I, was calculated by subtraction of T, from [',,. In the 100
A sample the inhomogeneous line shape was not a pure Lor-
entzian but could be fitted by a Voigt profile which was then
deconvoluted from the total inewidth. Figure 3 shows I,
for both samples plotted as a function of temperature.

The temperature dependence of the linewidth, T, is
consistent with a model in which free excitons scatter off LO
phonons.’® This model has been used successfully by Miller
et al.'* and Weiner ez a/."” to describe exciton broadening in
TI-V MQW’s. The homogeneous linewidth is given by

R,
fexp(hQl /KTy — 1]
where 718}, , is the LO phonon energy and I, is 2 measure
of the exciton-phonon coupling. Using the energy of the
ZnTe LO phonon (26.1 meV), a good fit is obtained with
[ = 40 meV as shown in Fig. 3.

Below 70 K the heavy hole exciton iine is predominantly
inhomogenecusly broadened. The narrowness of the line, T,
=8 meV, indicates the high quality of the sample materials.
The line is well separated from the continuum by its large
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FIG. 3. Variation of the homogeneous linewidth as a function of tempera-
ture. Open dots refer to the 50 A sample. Solid sguares refer to the 100 A
sample. The continuous line represents a theoretical fit using I'), = [,/
fexp(A$h o /&T) — 1], with AL, = 26.1 meV and ', == 40 meV.
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binding energy and is resolved from the light hole exciton by
a combination of guantum confinement and strain splitting.
The large measured vaiue for I, indicates that the exciton-
phonon coupling is quite strong. In contrast [, = 10 meV
in GaAs/AlGaAs MQW’s." Possible phonon replicas seen
in one of the samples [Fig. 1(b}] are consistent with this
coupling strength. Since the L phonon energy is close to
the thermal energy at room temperature and because of the
strength of the exciton-phonon coupling, the exciton lines
broaden rapidly as room temperature is approached. At
room temperature, the exciton features are not distinct, and
are seen only as broad shoulders.

The operaticn of certain devices based on excitons must
take into account the strong broadening. The homogeneous
linewidth implies an ionization time of the order of 60 {s for
the excitons at room temperature. Accordingly devices
based on exciton lifetimes could be exceedingly fast. Despite
the broadening, the excitons show two-dimensional charac-
ter, as seen by the shift of the exciton energies with a change
in well thickness, whick may enhance excitonic effects from
the device viewpoint. The dimensionality of these structures
is complicated by the strain effects on the valence band. The
details of the competing effects and their influence on the
excitonic properties are not clear at present and will be dis-
cussed elsewhere.

In conclusion, we have seen confined excitons in
Cdy 3 Zntg 5 Te/ZnTe MQW's directly by absorption. Sharp
exciton lines observed at low temperature indicate high ma-
terial quality. These lines broaden with temperature and are
not resclved from the band edge at room temperature. We
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explain this on the basis of a strong coupling between LO
phonons and the excitons which are scatiered by the LO
phonons, The strength of this exciton-phonon coupling, de-
termined from linewidth analysis, is large. The broadening
of the exciton lines must be considered in any device design
based on excitons.
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