"Vol. 84 (1993) ACTA PHYSICA POLONICA A No. 4

Proceedings of the XXII International School of Semiconducting Compounds, Jaszowiec 1993

MAGNETIZATION RELAXATION IN CdMnS
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The static magnetization measurements and relaxation of magnetization
data for two Cd1—rMn.S samples with different composition are presented.
The magnetization is described by the modified Brillouin function. The mag-
netization relaxation shows unusual composition dependence. This behavior
is explained by cross-relaxation to the unknown fast relaxing centers intro-
duced during growth.

PACS numbers: 76.30.Fc

Mn atoms introduced into II-VI crystals become Mn2* ions creating 65
ground state. For low Mn compositions the materials are paramagnets with mag-
netization given by Mn spin alignment (e.g. [1]). Previously, we investigated the
magnetization relaxation in CdMnTe [2] and CdMnSe [3]. We observed that the
relaxation in CdSe based materials is slower than in CdMnTe with the same Mn
composition as it has been observed in microwave EPR experiments [4]. Addition-
ally, only very weak dependence on crystallographic orientation was observed. To
extend our knowledge about the effect of anion type and crystallographic struc-
ture on spin dynamics we perform the measurements of magnetization relaxation
in Cd;_;Mn;S. The mixed crystals based on CdS have wurtzite structure with
local Mn environment of C3, symmetry (in CdSe the local symmetry is almost T}y).

The used crystals were grown using a Bridgman method with nominal Mn
concentration of 0.25% and 1.0%. The composition was checked using energy dis-
persive X-ray fluorescence (EDXRF) and established to be 0.8% and 1.2% for our
two samples. The microprobe analysis done on another part of the crystal from
which the second sample was cut gives £ = 1.2% with perfect agreements with our
findings [5]. To check the static magnetic properties of both samples the magneti-
zation was measured at 6 K up to 5 T using SQUID magnetometer. The results
are depicted in Fig. 1. To these data the modified Brillouin function was fitted in
the form [6, 7):

M(B) = M;Bs;a(y), (1)

where Bs5(y) is the Brillouin function with y = 5ug B/k(T+Tp), M; is a technical
saturation value (less than the true saturation x M) and Tj is a fenomenological
parameter describing interaction between spins. M, and T, are treated as fitting
parameters and their obtained values are listed below:

z=08%, M =153emu/s, To=024K, M,/ Mo=0.0078,
z=12%, M,=259emu/g, To=198K, M,/Mo=0.0133.
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Fig. 1. The magnetization of two Cdy—_,Mn,S samples measured at 6 K. The open and
close circles describe experimental data for a sample with £ = 0.8% and for a sample
with £ = 1.2%, respectively. The solid lines represent fitted dependence described by
Eq. (1) with the parameters listed in the text.

The value M,/Mj is effective Z-value usually a little bit smaller than the real
composition. In our case we found for our sample Z to be very close to the z
values obtained with other methods. Both % values are not smaller than z, but in
our experimental conditions (I' = 6 K and B < 5 T) the measured magnetization
is far from its saturation value and therefore the fit parameters are established with
quite large errors. Nevertheless, the presented results suggest that the distribution
of Mn ions in the crystals is almost random distribution.

The magnetization relaxation was measured using a “heat pulse” method
described elsewhere [2]. The short laser pulses (tens and hundreds ns pulse dura-
tion) warm the lattice disturbing thermal equilibrium between lattice and Mn spin
system. Changes of magnetization M(t) relaxing toward its new thermal equilib-
rium induced voltage in the pick-up coil. After a short transition time the voltage
decays exponentially suggesting the same time dependence of magnetization. The
relaxation rates were established from the fit of exponential function to these data.
The measurements were done at 4.5 K and in magnetic field up to 8 T.

The obtained results are presented in Fig. 2. As can be seen for the sample
with higher composition, at fields above 0.5 T magnetization relaxation is much
slower (even an order of magnitude at fields higher than 3 T) than in the sample
with £ = 0.8%. In previous experiments the inverse dependence on composition
has been observed [2, 3].

Such behavior was easy to understand. With increasing composition the
average distance between spins decreases and interaction between spins becomes
stronger (dipole type and/or exchange). Phonon modulation of the interaction
is responsible for the spin-lattice relaxation. Therefore, the presented unusual
dependence of relaxation rates on composition cannot be explained considering
interaction between spins, only. During slightly different growth process in two
samples a different concentration of unknown fast relaxing centers is introduced.
Thus, the relaxation process probably is going in two steps. First, the spin polar-
ization is transferred from manganese ions to the unknown centers (like defects or
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Fig. 2. The relaxation rate for two Cdi..Mn.S samples measured at about 4.5 K.
The circles denote data taken for ¢ axis parallel to the external magnetic field, and the
squares represent data for ¢ perpendicular to the field. The closed and open symbols are
for samples with z = 0.8% and z = 1.2%, respectively.

impurities) by the cross-relaxation. Then, in these centers the spin flip occurs by
the spin-lattice relaxation process. The presented model is additionally supported
by the magnetic field dependence of relaxation rates.

The data shown in Fig. 2 could not be explained by existing models of
spin—lattice relaxation of isolated spins. Because the presented results are strongly
dependent on taken samples, they cannot be compared with the previous results
on CdMnTe and CdMnSe. Also the dependence on crystallographic orientation
cannot be related to the behavior of spin—lattice relaxation of isolated manganese
spins. 1
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