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The influence of the spin-glass phase formation of the (Cd,Mn)Te semi-
magnetic layers on properties of the exciton magnetic polaron were inves-
tigated both theoretically and experimentally. The theoretical model offers
a consistent description of the temperature dependence of the exciton mag-
netic polaron energy in the vicinity of spin-glass transition and shows good
agreement with the experimental data.

PACS numbers: 75.50.Lk, 75.50.Pp

1. Introduction

In exciting an exciton in semimagnetic semiconductor (Cd,Mn)Te the exci-
ton magnetic polaron (EMP) is formed through the strong exchange interaction of
the spin of the hole of the exciton with Mn spins in magnetic CdMnTe 1ayer [1, 2].
Since there are strong experimental evidences that CdMnTe exhibits a spin-glass
(SG) phase transition at low temperature Mn [3, 4], one can expect the spin-glass
phase of the CdMnTe layer to affect the properties of the EMP. Indeed, the mea-
surements of the circular polarization degree of luminescence in (Cd,Mn)Te with
Mn content exceeding 20% show the characteristical cusp in the temperature de-
pendence which is the evidence of a spin-glass transition [5]. The temperatures
of these cusps determined in the range of Mn-content from 0.24 up to 0.43 [6]
coincide very well with spin-glass transition temperatures TSG determined from
direct magnetization measurements [4]. The temperature dependence of the EMP
energy slows no pronounced cusp at TsG but a plateau at low temperatures [2],
which cannot be modelled with the modified Brillouin function (see [7]). Though
the plateau occurs at temperatures lower than TSG we point out that it is due
to the spin-glass phase of the magnetic layer. The shift of the temperature of the
plateau results from the high local exchange field in EMP. We present a short
description of a theory of the interaction of the hole spin of EMP with spin glass.
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2. Theoretical model
We suggest the following model of EMP—spin-glass interaction. The mag-

netic system (CdMnTe layer) consists of N spins, a part 'N of which constitutes a
percolated cluster with random fustrated interaction between spins, hence a spin
glass at low temperatures. The rest of the magnetic system is composed of rela-
tively small clusters of antiferromagnetically coupled spins. The spin of the hole
of the exciton interacts with a part of N1 = αN spins which contains the spins of
SG as well as the spins of antiferromagnetic (AF) clusters (see Fig. 1). Therefore
the EMP contains αN spins of SG and α(1 — ξ)N spins of AF clusters. Basing
on the Villain model of the spin glass in isolating systems of Heisenberg spins (see
[3]) we consider the spin glass as being composed of Ising pseudospins Ρ = ±1.

contains the following terms:
—KSGsz ΣiεSGcIust Ρ — the Kondo-like interaction between the spin of the

hole of the exciton sz and pseudospins of the cluster of the spin glass;
- KAFSz ΣiΕΑFcΙust Sf — the Kondo-like interaction between the spin of the

hole of the exciton and spins of the antiferromagnetic clusters;
— Σ(ij)εSG JijΡiΡj — the random interaction between spins of the spin glass

with Gaussian-distributed random J and the convention that (ij) counts pairs
ij only once and only with i ψ j;

Σ(ij)εΑFcΙust JAFSiSj — the interaction between spins in antiferromagnetic
clusters.

With the help of the replica-trick [8] we write the partition function of the
system and after the decoupling procedure obtain the following saddle point equa-
tions for the spin-glass order parameter q, average magnetizations in SG and AF
parts of EMP mSG and mAF and average spin of the hole p:
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The antiferromagnetic clusters were treated phenomenologically with the help of
the modified Brillouin function (see [7]). The values KSGp/N1 and KAFp/N1 are
the exchange fields between the spin of the hole and spins in SG or AF-clusters
respectively.

3. Comparison with experiment

In order to check the validity of the suggested model we compared its re-
sults with the experimental data for the Cd0.67Mn 0.33Te epilayer. Temperature
dependences of a magnetic-field-induced circular polarization degree of exciton
luminescence, which reflects the magnetic susceptibility [9], and of a magnetic po
laron energy, determined under selective excitation of localized excitons [2], are
presented in Fig. 2. The saddle-point equations of the previous part have been
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solved numerically with parameters typical of Cd0.67Mn0.33Te and the temperature
dependence of EMP energy has been analysed. The EMP energy was calculated
according to the formula

The temperature dependence of EMP energy shows a plateau at temperatures lower
than the spin-glass transition temperature in zero magnetic field in accordance
with experimental data.

Fixing the value of J = 8 K (the spin-glass transition temperature for
33% Mn [4]) we fitted the experimental curve for the EMP energy (see Fig. 2). The
best fit of experimental data shown by solid line gives the value of exchange field
in EMP Bex KSGp/N1 of 5.9 Τ which is close to the experimental value of about
5 T estimated from the exciton Zeeman splitting [9, 6]. The number of spins in the
polaron Ν1 80 which is also in very reasonable agreement with experimental
data [9]. The obtained results corroborate the assumption of the spin glass as the
reason for the observed plateau in the temperature dependence of EMP energy.

In conclusion, we worked out a theory of interaction of a single spin with
a spin glass, which describes the properties of exciton magnetic polaron at low
temperatures and is in good agreement with the experimentally measured data.
The theory explains the existence of a plateau in the EΜΡ energy at low temper-
atures. The local exchange magnetic field in the polaron shifts the temperature
of SG transition in the polaron to that in bulk which explains why the plateau
occurs at a lower temperature than the SG transition temperature.
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