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Abstract.- We have observed oscillatary structure in the axcitation spectra of CdTe/
Cd,Mn, ,Te superiattices. A comparizon of these spectra with conventional Raman spectra
shows that the structures correzpond to first and higher order LO-phonons of the CdTe
wells and the CdTe/Cd,Mny . Te barriers, az well as combination of them. A strong
enhancement in Resonance Raman scattering of both the CdTe and the CdMnTe phonons,
at the energy of the heavy-hole exciton of the mperlattice, suggests a =mall
valence-band of fret between the two maierialz.

INTRODUCTION

High guality superlatticez (SL’s) based on CdyMn;.Te have been grown in the last
vears uzing epitaxial technigues!-i. Although the optical properties of these SL's have
been profusely investigated with methods such ue photolurminescence (PL) and excitation
spectrozcopy {PLE}*, Raman studies are zcarce5?. The phonon spectra of CdTe and Cd,
Mn,.,Te have been stodied in great detail in the literaturef, and can be used az a
reference to compare new resulis in the SL’s. Here we present 4 combined Rezonance
faman scattering and PLE study of CdTe/CdMnTe SL’s. A correlation between the Raman
spectra and striking oscillatory structure in PLE iz established. On the other hand, the
rezonant behavior of the CdTe and CdMn, ,Te phonone indicates a emall valence-band
of fzet between the two matertale.

EXPERIMENTAL RESULTS AND DISCUSSICH

The samples used in our study have been grown by wmolecular beam epitaxy on
(100)-oriented GaAs zubstrates. A thick (~200nm) (111)-CdTe buffer layer was followed hy
a CdTe/CdyasMn; ;3Te superlattice. Three different samples with constant well-width L,
=100A and barrier-widthe I,=100,50 and 25A were investigated Detailr of the growth
technique and characterization have been described in a previour publication?.

The samples were mounted on a variable temperature cryostat and kept in a He-gac
stmosphere at 4.8K. An LD700 dye, pumped by a Krt-ion Iaser, was used to exciie the
zsamples with power dengities below 1W/scm? and SW/em2 for the PLE and the Raman
experiments, respectively. The scatiered light was analyzed with a 3/4m-Spex double
monochromator and detected with a GaAs-cathode photomultiplier.
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Figure 1 depicts the PL {dashed line) and the PLE (solid iine) specira of a 25-pericds
superlattice with 100A-wide wells and barriers. A Stokes shift of 8meV between the PL
and the PLE, which in GaAs/GaAlAs SL’s has been atiributed to well-width fluctuations?
or to impurttiesi?d, is clearly observed in the figure. The PLE spectrum shows three bhroad
structures {1.636, 1.653 and 1.695eV) together with sharp peaks, which correspond to first
and higher order LO-CdTe phonong. The vertical-downward arrows show {he resulis of a
calculation, in the envelope-function approximation, for the first heavy- (hi1) and
light-hole (h) excitons, as well as for excitons assotiated with the zsecond eonduction- and
valence-band levels [hz, hiz, h:zi, where the first (second) subindex indicates conduction-
{valence-) band levell. Effective massegil me*=0.096, mr*=0.4 and D"=0.1, a
free-exciton dependence on Mn concentrationiz, x, E(x)=1.5976+1.564x(eV), and a
somehow arbitrarily chozen 90-10¥% rule for the conduction- and valence-band
discontinuities were tted for the calculation. Taking into account the yncertainties in the
parameiers used for the calculation and strain effects in these lattice-rmizmatched
superlatticesi?, the agreement with the experiment it satisfactory and hints {o a small
valence-band of fzet hetween the two materials of the SL.

Excitation =pectra of a SL with S50A-wide barriers are shown 1n Fig.2. Az the detection
energy {arrow) iz moved toward highar vajues, sharp periodic structures are resolved.
These dominate completely the spectrum obtained at the high-energy tail of the PL
{dashed line). The energy distance of the first two peaks to the detection energy is
21.3meV (L) and 24.3meV (L0O:z), which correspands to the CdTe (well} and MnTe-like (in
CdMnTe) LO-phononst. The additional structures, with a period between the main peaks
of 21 3meV, correspond to higher order LO phonons of the CdTe wells and the CdTesCdo.s?
Mneaz barriers and combinations of them. Oscillatory structure in the PLE spectra of

bulk CdTe haz heen observed previously

ENERGY (eV) 13, Since phonon liner can he observed

1.70 1.65 1.60 hetow and _aho_\rfa the _h: exci_ton_. and a
T T T T — . secand periodicity, slightly higher than

ool i : the LO fregquency, iz absent in our
1 CdTe — 100A Cdpg;Mng 15Te specira, hot-exciton formation and

P2y 25 periods hot-electron effects can he ruled out,
hy leaving Heszonance Raman scattering as

J the only mechanizm responsihle for

li—hyz the observed periodic structurell,

Notice that the phonon peaks are also
T=4.8K abserved in the PL spectrum, however
a much higher zensitivity itz obtained in
the PLE spectra.

Important information about
. electronic excitations in a
E. zsemiconductor can be obtained from
' the resonant behavior of the Raman
"-, intensities, which orcur whenever the
! energies of the incident ({incoming
"{PL channel} or scattered photons {outgoing

INTENSITY (arb. units)

channel} coincide with the energy of
the excitationl4 We have investigated
first- and  higher-orders Resonant
| Raman =zcattering in these SL's. Figure
E 3 shows the results for the first-order
scattering at 4.8K for the SL with
i e 100A-wide barriers. The specira were
I recorded in the z'(x'x)Z’, where X' is in
7200 7400 7600 7800 the plane of the layers and 2’ along the
SL axis (the energy of the incident

WAVELENGTH (A) photon iz indicated far each

. ) spectrum). Two well-defined peaks at
Figure 1: Photoluminesrence (PL) and 172crmn-MLO-CdTe) and 196cm L0z
excitation specira (PLE) of a CdTe/CdMnTe MnTe-like), together with a small

superlattice with 100A-wide wells. shounlder at 168em-t{LO: CdTe-like)
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Figure 2: PL (dashed line) and PLE Figure 3: Raman spectra for the same
spectra taken at different energies sample asz in Fig.1 for different laser
{arrows) of a SL with 50A-wide wells. energies.

are resolved in a broad background due to the luminescence emission of the sample. The
frequencies are in good agreement with the results of Ref. & for a Mn concentration

¥=0.13. Az the energy of the scattered photons appreoaches hi  {1.636eV), a =trong
enhancement of the LO and LOz phonons i3 obrerved.

The intensity of the LO phonon, nncorrected for the absorption in the zample, iz
plotied in Fig. 4 as a function of lazser wavelength. The PLE spectrum iz alzo shown in the
figure for comparizon. The Raman points have been shifted by 1L0=21 1ImeV towards
lower energies, so that the resonance of the ocutgoing channel can be directly compared
with the hi exciton seen in the FLE spectrum. A sirong enhancementi by 2 orders of
magnitude i observed at the energy of hi. A zecond structure at 1.615eV, ILG phonon
frequency below hi, corresponding to the incoming rchannel iz also observed. The
asymmetry in the lineshape of the outgoing resonance, ar well az its stronger
enhancernent, have been attributed to impurity effectslS. A much weaker enhancement
for the It exciton can be observed in the figure; in this case the ibcoming and cutgoing
channels show a comparable hehavior, in agreement with recent results of Chang et al.t

An enhancement of the LO2z phonon at the energy of hi1  haz also been observed,
although in this case the resopnance could not be traced below the FLE peak due to the
luminescence emiszion of the sample and to the lower intensity of LO2 compared to that
of LO. In the energy range of 1.75-1.80eV, corresponding to the band gap of CdTe/Cdo.avMn
t.13Te, the phonons of the barriers and the wells are again resonantly enhanced. These
two facts indicate a large penetration of the hole wavefunctions into the barrier
material, and therefare a a small valence-band offset between the two materials. Our
resulte eontradict recent Raman studies of Suh et al?, who have found a selective
resonance enhancement of the LO phonons in the barriers and in the wellz. The
dif ference could probably lie in the larger Mn toncentration used in their samples
{x»0.25). Furthermore, we have not obzerved any frequency depenidence on the incident

photon energy of the LO4  and LO2 phonons, reported for [111] CdTe/CdMnTe SL’s in
Ref. 7.
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ENERGY (.V) Finally, we should mention that, since no
1.6B 1.66 1.64 1,62 1.80 1.5aappreciable shift haz been measured in the 10
T

1 T 1 LI B B B phonon, the CdTe layers are strain—free. The
100A CATe / 100R Cdp gyhing \5Te strain in the Cd:Mni-xTe lavers iz more difficult
25 perlodn to azsegt from our Raman meazurements, since
the Mn composition has been estimated only from
_growth parameters.
— T=4.8K
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- Figure 4: Excitation spectrum of the same zample
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