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A transition of the field dependence of the electrical resistivity from a squareaM?j above
T. to a linear function ¢~H) below T is observed in the degenerate ferromagnetic
semiconductor HgGBe(n). Together with the large negative magnetoresistance, these
magnetoelectric effects correspond to effects observed in the perovskite-type oxides

La; ,CaMnOg. Inasmuch as the undoped semiconductor H§€ris a ferromagnet with
approximately the same critical temperature as the doped semiconductor and in view of the total
lack of data on the Jahn—Teller effect in this compound, we infer that our results cast
doubt on existing hypothesépolaron and binary exchangeegarding the origin of the giant
magnetoresistance in La,CaMnOg. Impurity sd scattering is discussed as a possible
magnetoresistance mechanism for both compounds19@9 American Institute of Physics.
[S1063-783%9)01710-4

A detailed analysis of the magnetoresistance of thirthe vicinity of T,. According to band calculatiorfsthe bot-
films of the perovskite oxide La,CaMnO; shows that the tom of the conduction band in this compound hassa34i
temperature and field dependences of the electrical resistivityature. We have previou$iyproposed a 4¢-3d mechanism
are dictated entirely by the magnetization at temperaturefor the impurity scattering of carriers in nonstoichiometric
both above and beloW, (Ref. 1). According to the interpre- magnetic semiconductors, whereby the temperature
tation of current carriers as small-radius polarop§M)  and field dependences of the resistivity are governed by
~p(0)(1—yM?) (Refs. 2-4. O'Donnell et al: have ob- the corresponding dependences of the magnetization:
served an abrupt transition in the low-fieltl{~0) depen- p=p(M(T,H)). The results of calculations based on this
dence of the resistivity from a square law £i”) aboveT.  gcattering mechanishior HgCr,Sey(n) are quite consistent
to a linear function {-H) below T.. According to polaron o, yith the actual existence of a large negative magnetore-
concepts, the low-field dependence of the electrical resistivgigio 0 <a and with its temperature dependence for this nons-
ity should exhibit a negative curvature at all teMPperatures, ichiometric compound. It is reasonable therefore to as-

bg:?mia?;itj:/g ?g\?:’;c (cl)?sei:i?/.ezaﬁ;/;ﬁ\:;e\éimggx- sume, on the basis of the sas@ scattering mechanism, that
P R - __the magnetoresistance of this compound could have the

1). Moreover, Ecksteiret al®> have observed a dependence o .
of the resistivity on the direction of magnetization in samplesabove__State(.j distinctive C.h aracterlstps. .
of the same compositions. A similar anisotropy of the mag- . To |dent.|fy the scattenng mechanism responsible for the
netoresistance observed much earlier in transition metals hgiant negative magnetoresistance, we have noted the low-
been well understood in terms s scattering These are all field electrical resistivity curves, analogous to t_hose in Ref.
new problems for the theory of electrical conductivity in the 1, for HgCpSe(n) both above and beloW, . As in Ref. 1,
oxides of transition metals. we have observed a transition from square-law behavior of
The objective of the present study is to compare thehe magnetoresistance abolgto linear behavior below .
experimental magnetoresistance curves of the ferromagnethoreover, in the latter case we have also observed a separate
semiconductor HgGBe(n) at temperatures above and be- magnetoresistance peak superimposed on the linear field
low the magnetic phase transition temperatligewith the  curve, attesting indirectly to a dependence of the resistivity
analogous curves for La,CaMnO;. Like the latter, the on the direction of the magnetic field. We emphasize that the
degenerate magnetic semiconductor H@ex(n) has a high  object in question is a compound that differs altogether from
negative magnetoresistancA g/ p~100%) with a peak in La;_,CaMnOgs, the only common ground being phase
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separation into conducting and nonconducting pHasasd 0.54

the same scattering mechanism. ~ a
The mechanism of binary exchange affecting the mag- 052 | T,

netoresistance is ruled out: The undoped compound "

HgCr,Se, is a ferromagnetic semiconductor with 0.50 }

T.=106 K. As the doping level or the degree of nonstoichi-

ometry is raised, the Curie temperature increases only 048 I

slightly, whereas the carrier mobility a&f. increases by
roughly two orders of magnitude.Data on the Jahn—Teller
effect are nonexistent. Consequently, the concepts of
polaron-type carriers must also be excluded for this com-
pound. Realistically, we can contemplate scattering by spin
disorder and scattering by nonstoichiometry defects. How-

ever, the strong concentration dependence of the mobility at © 0.42 010 0'1 0'2 0'3 0'4 0'5 0.6
low temperaturées strongly supports the latter. ’ ) ’ ) ) ' )

0.46 |-

044 |

cm

p, Q

0.60
- b
1. SAMPLES AND MEASUREMENT PROCEDURE 0.5 *
Single-crystal samples were prepared by the technology | .

described in Ref. 12 and were subsequently additionally an-

: 0.50 |-
nealed in mercury vapor at a vapor pressbre4.1 atm and
temperaturel = 350 °C for sample 1 and &=2.7 atm and
T=428°C for sample 2. This annealing procedure yields 0451 ..
degenerate-type HgCrSe, samples with a carrier density
that depends only slightly on the temperature. For the resis- 0.40 - .
tivity measurements contacts were microwelded to the
samples with the subsequent application of a mercury- 0.35 N
indium amalgam. Thin silver wire of @am diameter was
used for the conducting leads. Four contacts were attached 0.30 1 L t 1 L L
along a single line for the resistivity measurements and at the 00 01 02 03 04 05 06
corners of a square for Hall measurements on the large face H T

of the sample. A magnetic field up to 7 T was generated by a _ ) o

superconducting solenoid e ey ot emperetaes
The Hall emf, which was obtained as the voltage differ- ’

ence on the potential contacts for opposite directions of the

field, was found to be essentially constant in the temperaturg, . 2 nsition from a square-law dependence of the resistivity

range 4.2-160K, indicating a weak temperature dependen %igs. 1a and 1baboveT, to a linear dependence beldty
of the carrier density. Magnetic transport measurements wer, igs. 2a and 2b The occcurrence of the magnetoresistance

performed in the range of f'eldsZO_G. T at two tempera- peak superimposed on the linear curve at low fields can be
tures T=4.2K and 125K for the first sample and at' attributed to the onset of a resistivity dependence on the
T:4'2K and_lllK for the _secqnd sample. The rnagnet'CangIe between the directions of the magnetization and the
field was apph_eo_l _along the direction of the cu_rrer?t. we haVecurrent in the presence of magnetization rotation processes.
analyzed the initial segment of the magnetic field depen

L . The amplitude of the peak tends to zeroTas T.. Each of
dﬁncetr:)f ;h?drzssnvz)p at Hf<tg'6T' _Fltgqtresf 1at1hant<\jN1L‘_J the two peaks has its own corresponding field at which the
S OX.V ted 1€ eipen te?ce 0 teréisiszgv;(yf or the " Ot "N maximum is observed and its own particular amplitude of the
\slgfnlp?lz an?iqﬁfi ?or ;Z]pseer(?ol;d sample gtr)th if \I/\r/iich maximum. Auxiliary measurements aimed at clarifying the

B : ' . dependence of the magnetoresistance on the angle between
are aboveT ;=106 K. Figures 2a and 2b show the field de- b g 9

d fth istivity = 4.2 K for th | the applied field and the current have not been performed.
pendence ot Ihe resistivity dt=4. orthe same samples. However, existing data reveal a similarity to results obtained

for epitaxial La_,CaMnO; films.®> We recall that magne-

toresistance anisotropy has not been observed to date in bulk
In Figs. 1a and 1b, the field curves of the resistivity for La;-,CaMnO; samples.

the two samples exhibit a square-law behaviait)|y_o

7|'—12.' In Figs. 2'a.a'md 2b, as the field is mcrgased, the resis; e ~USSION OF RESULTS

tivity increases initially until it reaches a maximum, and then

decreases monotonically in higher fields. The linear curves Thus, having observed similar field dependences of the

extracted from these data are shown in Figs. 2a and 2b, arelectrical resistivity in the radically different compounds

the remaining peaks are shown in Figs. 2c and 2d. The mosta; _,CaMnO; and HgCsSe(n), we conclude that, apart

noticeable feature out of the entire set of experimental data isom the mechanism of binary exchange affecting the mag-

2. EXPERIMENTAL RESULTS
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FIG. 2. Field dependence of the resistivity at a temperaluret.2: (a) first sample;(b) second sample. Remaining positive magnetoresistaogdirst
sample;(d) second sample.

netoresistance and carriers of a polaron nature, an impuritgffective hybridization parameter between them vary mark-

mechanism ofd scattering may become the primary sourceedly in correspondence with the magnetization of the semi-

for a large negative magnetoresistance. conductor. In addition, the distribution of carriers between
The corresponding theory based exclusively on notionshe 4s and 3 scattering channels also changes, along with

of an sd scattering mechanism also reproduces the requirethe relaxation rate in the latter channel. Calculations have

transition from a square-law temperature dependence of thehowrt® that a jump of the temperature dependence of the

resistivity aboveT, to a linear dependence beloly (Ref.  resistivity and a peak of the magnetoresistance ratio should

13). These theoretical notions are based on the results dfe observed af<T,, the amplitude of the effect depending

calculating the band structure of a magnetic semiconductoon the specific nature of carrier scattering in tllechannel.

taking into account the strong Coulomb correlation of carri-The magnetoresistance anisotropy in this case emerges as a

ers in the 3 states of chromiuni* According to these cal- natural consequence of spin-orbit interaction, as found in the

culations, the bands ofsdand 3 states behave altogether ferromagnetic transitions of metdls.

differently: Whereas the band of the more diffuse states

undergo strong spin splitting as a resulsafexchange when  *E-mail: gav@iph.krasnoyarsk.su

the temperature is lowered, the amplitude of the partial den-

sity of 3d states corresponding to tHeé\,—°E transition

changes without any change in the energies of the states). o'Donnell, M. Onellion, M. S. Rzchowski, J. N. Eckstein, and

themselves. Shifts of thd band are possible only through ’J\l BFOZO\;C Phj’SPEev 554 Rf;éléii?w%

Heisenberg exchange, but they are of the orderTef - Furuxkawa ys. S0C.

~0.01K and are much smaller than fed-exchange intgr- 2. Inouie and S, Maekawa, Phys. Rev. | B4 3407(1995.

g - 4A. J. Millis, P. B. Littlewood, and B. I. Shraimen, Phys. Rev. Létt,
action. As a result, the fractions o64nd 3 states and the  5144(1995.
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