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INFLUENCE OF BOUND MAGNETIC POLARONS
ON MAGNETIC AND ELECTRICAL PROPERTIES
IN METALLIC n-Cd0,95Mno,05Se*

P. GL6p, M. Sawicki, T. DIETL, T. SKOSKIEWICZ, A. LENARD,
AND W. PLESIEWICZ

Institute of Physics, Polish Academy of Sciences
Al Lotnikéw 32/46, 02-668 Warszawa, Poland

Doping-induced contribution to the millikelvin magnetic susceptibility
of Cdo.es Mno osSe:In has been found to undergo a maximum at n = 2n,
and to vanish for n > 8n., where n. is the electron concentration corre-
sponding to the metal-insulator transition. This confirms the presence, also
in the metallic phase, of bound magnetic polarons. Their slow dynamics may
account for hysteresis visible in our magnetoresistance data.

PACS numbers: 71.30.+h, 71.38.+i, 75.20.Hr

It is now believed [1] that a Hubbard-like conversion of the Fermi-liquid
electrons into the local electron moments begins already on the metal side of
the metal-to-insulator transition (MIT). In (diluted) magnetic semiconductors,
localized electrons polarize via s—d exchange interaction Mn spins within their
localization radius, thereby creating ferromagnetic clouds of the aligned spins —
bound magnetic polarons (BMP). Therefore, the presence of BMP’s via a strong
spin-disorder scattering of itinerant electrons could determine low temperature
transport properties of diluted magnetic semiconductors near MIT. Indeed, a
strong and proportional to the magnetic susceptibility increase in the resistiv-
ity with decreasing temperature [2] as well as the appearance of a giant negative
magnetoresistance in n-type Cdi_MngSe were observed [3].

We performed a systematic study of magnetic susceptibility x in
Cdg.o5Mng g3Se: In as a function of the electron concentration n, temperature
T, and magnetic field H. The measurements were performed in a dilution re-
frigerator equipped with a modified mutual-inductance magnetometer, capable of
detecting changes of x below 10~¢ emu [4]. The a.c. magnetic field of the am-
plitude of 0.2-1 Oe and frequency between 70 and 330 Hz was employed in the
measurements.

*The work has been supported by grant No. 2 0466 91 01 of the State Committee for Scientific
Research (Republic of Poland).
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Fig. 1. Change of the magnetic susceptibility induced by the magnetic field for undoped
(open circles) and In-doped (full circles) Cdo.os Mno.os Se. The inset shows the additional
(relative to an undoped sample) contribution to x for samples with different electron
concentrations in H = 0 Oe and T = 200 mK.

The field-induced changes of x at 200 mK, well above the spin freezing
temperature of 100 mK [5, 6], for samples with various n up to 2 x 103 ecm=3
are presented in Fig. 1. Since the critical electron concentration corresponding
to the MIT is n, = (5 £ 1) x 107 ¢cm~3 in n-Cdg.95Mno.o5Se [2, 3], the studied
samples covered both sides of MIT. As shown, the field dependence of x(H) in
the undoped and the most strongly doped sample is similar. At the same time,
x of the remaining samples is strongly enhanced in the weak magnetic fields,
H < 200 Oe. Such an additional contribution to y may arise from BMP’s, charac-
terized by a large value of the total spin. This conjecture is strongly supported by
our quantitative evaluation, shown by the solid line in Fig. 1. The calculation was
performed according to the current theory of BMP [7], with the values of x for
the undoped sample taken as the background susceptibility (dashed line in Fig. 1).
Thus, the BMP concentration N, was the only adjustable parameter, and the solid
line in Fig. 1 was computed for N, = 1 x 10'6 cm~3. We conclude that N, < n,
i.e., only a small part of the electrons in the studied samples forms BMP’s that are
capable to respond to the weak a.c. magnetic field employed in our measurements.
This may point to an antiferromagnetic coupling between the polarons and/or to
the presence of local magnetic anisotropy.

The slow dynamics of BMP’s suggested above is consistent with the results of
our magnetoresistance measurements. As shown in Fig. 2, we observed pronounced
hysteresis-below 0.5 K while the magnetic field was swept through zero. The effect
was found to depend strongly on the electron concentration, temperature and
the sweep rate. Furthermore, the results shown reveal the presence of a noise-like
structure in the intermediate range of the magnetic fields. This unusual behavior:
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Fig. 2. Hysteresis of the magnetoresistance observed, while the magnetic field was
swept through zero. The arrows indicate the direction of the sweeps. The sweep rate
was 0.12 kOe/min.

of the magnetoresistance may be a signature of macroscopic quantum tunneling
of the individual BMP’s. This interesting conjecture merits further studies.
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