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Resonance Raman Scattering by LO Phenons in CdTe/CAMnTe superiattices
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We have obzerved confined and interface phonons in [111] CdTe/CdMnTe
superlattices. With decreasmg barrier thickress, & small red chift and an
increasing broadening of the Raman resonance with the first heavy-hole
exciton has been measured. A dependence of the phonon frequenciex on
later energy is discussed in terms of strain prezent in the umple:.

1.
—T

Sl:peﬂttuces (SL‘:} of dituted mgnet:c nmlconﬁmn!:ftu Ol
possibilitiezs to tune magnetic interactions and to study the effects of
dimensionality on magnetic Behavior [1]. The aim of thiz work is the study of
the formation of SL's in the CdTe/CdMnTe sy'sum by decreasing the thickness
between adiacent weils., Retonance Raman xcattering iz a powerful techniqgue
for these studiex xzince it proves alectronic excitations [2), which should
reflect the changer in dimencionality, it iz very zensitive and it is free from
extrinsic effects due to impuritisx and imperfections, present in other optical

techniques suck as photoluminescence,

The samplex were grown by molecuiar beam epitaxy on (100)}-GaAs
substratesx. A 0.15um (111)-oriented CdTe buffer laver was followed by a
CdTe/Cdy.xMn,Te superlattice. Two serias of samples with x-0.21 and 0.10,
constant well width (d;=86A) and three different barrier thicknesszes, d;-
B6A 404,204, with 25,50 and 100 periods, respectively, were investigated; here
we will focur on the zeries with the larger Mn _concentration (zamples LTI and
III, reslpectivcly}. Raman spectra at 10K were excited with an LD700 cw-dve
e, ~uteped with a Krt-laser. The scattered light was analyred with a double
monochromator and datected by photon counting.

The phonon epectra of CAMnTe bulk crystalr [3] and CdTe/CdMnTe SLz
{4-6) have been studied previously in ths literature. Unpolarized R‘amln
gpectra in the vicinity of the first heavy-hole exciton (h,) are shown in Fig.1
for sample 1 (zimilar spectra were obtained in parallel #ad crossed
polarizations). Far above from resonance {1.916eV) three structures at 166cm-t
{LOy CdTe-like), 171cm1 {LO CdTe) and 198cm-1(LO; MnTe-like}, are resolved
in the spectrum. Pue to itz resonance bshavior (zee below), we axzign the



820

thoulder at 195cm-! to a MnTe-like intarface mode {IF) {4,7). Ac the later
energy approaches h; (1.635eV), the LO; mode ie strongly reduced, whiie LO
and If are resonantly enhanced. The LO; mode, which can propagate in both
layers [4], iz observed ar a shoulder at the low-energy side of LO. At energies

velow h; only the LO—CdTe phonon is seen in the spectra.

The reronance of the LO-CdTe phonon for the three SL’s, together with
that of the IF-mode for zsample I, are shown in Fig.Z. The enhancements
around 13:_100cm‘1 afid 13300cm-! are due to the incoming and ‘outgoing
resonances with h;, respectively {5,6]. We assign the asymmetry on the
high-energy side of the resonance to the weakly confined light-hole exciton,
whereas the shoulder et ~13900cm-1 may corraspand ta the second -h.cw—hde*réir-
exciton. The similar behavior of curves a} and B} in Fig.2 clearly indicates the '
intecface character of the phonon labelled IF [7}. The shift of ~25cm-
bstween the outgeinx resonances of IF and LO agrees with the energy

dif ference of their frequencies {3,8].

As the barrier width iz reduced from 86A to Z0A (curves k) and d) in Fig.2}

a small, but meszurable, red shift, together with an increaring broadening of
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Figure 1: Raman spectra for intensitiex of the IF- and
sampie I at 10K for different laser {O0-phonons. The liner are to guide

energies. the eye.
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the LO-phonon resonance iz observed. Taking sample I az & reference, 2 crude
estimation using a Kronig-Penney model with the same parameters az in Ref.6
and a conduction- to valence-band of fset ratio of 14:1 [9} obtains an energy
anift, AE, (broadening, AT} of 15cm{3I%cm-1) and 55cmi(1Q00cm!) for
sammples I1 anod III, respectively, The measured values are: AET10{+10)cmn-1,
.‘cAO(tIS)cm'l and AC=10{+10)cm-, 70{+iClkkm~t for zamplex II and III,
i-re:pectivoly. Both findings indicate the formation of minibanda az the

barrier width iz reduced.

Marked differences between [100] and [111]1 CdTe/CdMnTe SL’s, attributed
to the gquality of the interfaces and to the presence of strain, have been
reported 1n the literatare [4,1Cl. In particular, a dependence of ihe plioncmi’ = <=
frequenciez on laser energies in [111] zamples has been interpreted on the
baziz of the dizpersion relation for IF modes [4]. We have found a similar
dopendence on the first runs of our experiments. Figure 3 depicts this
dependence for samples I and III. However, in more recent measurements,
aftér cooling the zamples zeveral times, we do not find any appreciable zhift
with laser ena'rgy {within #1cm-1). Qur first data cannot be explained usink
the arguments of Ref.4, and a convincing explanation for the observed

dependence iz still Jacking. Recent tranzmission electron microscopy {11] and

1 T ! T photoluminescence [12] measuremaents
1715 864 / 864 s indicate that Dbiaxial compressive
‘: ./_’. gtrains are presant in {100} CdTs
‘.":' films, thinner than lsm, grown op
: oo GaAs., For [111] samplez the strain
o SR Ree — -
-'E should be smaller than for the [100]
hooed =
PE Cd'F!!Cdgngng_m'k o caze {13]. However, mnce our sambplex
£ e are below or only siightly above this
é . e o thicknesz, it iz pozsible that straio
B5AI20A
E‘no_;. “‘”-—'.._.__! . (1 o prezent in the szampies has relaxed
. o
tED“? - ': after the cooling cycles (GaAs and
Il o CdiTe have a quite different linear
£0 .
o™ sxpanzion coefficient, 6.9x10°K1 and
1551 bl —185 . . :
| "-?p\ 4,8x10*K"1, respoctively {14]). Figure
1 1
us00 - 13500 KS00 4 comparez the resonant profile of
Energy tem™) the LO-phonon in sample III in the

Figure 3: Frequency dependence of
Raman phonons acs a function of

lazer energy for sampler [ and 111 (B). The zhift towards higher energies

first (A) and more recent experiments



822

suggests a relaxation of the ptrain in

- the samples [12].

In cummary, we have shown that
- confined and interface phonons can
be obrerved in [111] CdTe/CdMnTe
superlattices. A red xzhift and an

Inferaity jarb, urvts)
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Figure 4: Rezonance Raman intencities .
of the LO-phoron in sampie III in u;.‘ superlattices. C L e

-

first runs of experimaents [A) amd after
several cooling cycles {B). .
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