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A detailed study of the electronic transport and magnetic properties ,of,€e,Cr,S, (Xx<0.5) on single
crystals is presented. The resistivity is investigated fexT2<300 K in magnetic fields up to 140 kOe and
under hydrostatic pressure up to 16 kbar. In addition magnetization and ferromagnetic res¢idRge
measurements were performed. FMR and magnetization data reveal a pronounced magnetic anisotropy, which
develops below the Curie temperatufe,, and increases strongly towards lower temperatures. Increasing the
Cu concentration reduces this effect. At temperatures below 35 K the magnetoresidttRed,p(0)
—p(H)]/p(0), exhibits a strong dependence on the direction of the magnetic field, probably due to an
enhanced anisotropy. Applying the field along the hard axis leads to a change of sign and a strong increase in
the absolute value of the magnetoresistance. On the other hand the magnetoresistance remains positive down to
lower temperatures, exhibiting a smeared out maximum with the magnetic field applied along the easy axis.
The results are discussed in the ionic picture using a triple-exchange model for electron hopping as well as a
half metal utilizing a band picture.
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[. INTRODUCTION wide field for the further exploration and exploitation of
magnetoresistance effects.

Manganites, especially LaMnCand relatives, have been FeCrS, is a ferrimagnetic semiconductor, crystallizing in
known for their unusual transport and magnetic propertieshe normal spinel structure, where the Cr ions occupy the
for more than 50 years? However, their appreciation and octahedral and the Fe ions the tetrahedral $ft@$e Fe and
intensive interest are recent developments, which startethe Cr sublattices are aligned antiparallel in the ferrimagnetic
with the giant magnetoresistan¢actually named colossal state. In single-crystalline Feg$, the Curie temperature
magnetoresistand€€MR)] in thin films of LaBa;sMn0Os,  is Tc=167 K and aroundl a negative magnetoresistance
published by von Helmolet al. in 19937 even though a s observed* Doping with nonmagnetic Cu on the Fe
negative magnetoresistance of nearly 20% was discovered e Fe_,CucCr,S, (x=<0.5), shifts the Curie temperature
bulk Lag el 3MNOs by Searle and Wang already in 1970. upwards and is accompanied by decreasing magnetoresis-

Soon after the onset of the interest in these materials, it WaSnce without substantially changing the magnetic
realized that the theoretical framework used in the past t‘i.’)ropertiesl.z

understand the manganites’ behavior does not survive

quantitative_ analysis® The cpmplexity of the problem led to H1esized in the 1950s and 1960sTo explain the physical
the perception that manganites are prototypical for correlate operties two competing models with different valences of
electron systems, where spin, charge, and orbital degrees ﬁf .

freedom are strongly coupled. These couplings lead to a fail- e involved ions w_ere_proposed. Lotgerlegal.“ devel-

ure of the classical approach, which neglects some intera@Ped @ model considering a monovalent”Cion over the

tions for simplification, and opens the way for a complete/10l€ concentration range, while Goodenotigbostulated

range of new physics. As a consequence the experimentdivalent Cé" for the concentration range 6:&<1. Fur-

and theoretical studies of manganites and related compoundsermore the existence of monovalent as discussed at

provide the unique opportunity for deeper understanding othese times?

the fundamental physics responsible for phenomena such as Mossbauer-spectroscopy studies reveal divalefit fans

colossal magnetoresistance or high-temperature supercoi- FeCkS,, but trivalent F&* in Fey sCuy 5Cr,S,. 1% X-ray

ductivity. photoelectron-spectroscopy measurements show that Cu is
Looking for new materials exhibiting a CMR effect, the monovalent in FgsCuyCr,S, and in CuCsSeg, which

substitution of oxygen with the isoelectronic sulphur seemsneans that it exists in ad3® state!® NMR measurements

to be promising. Magnetoresistance effects in some chalco-and band-structure calculations led to the same conclusion

genide spinels were reported previously by Watafabel  for the Cu valence in CuB,.1*?° All samples under inves-

Ando et al® An elaborate review on this is given in Ref. 10. tigation in this study were prepared as described in Ref. 18

Since the CMR is associated with a double-exchange mechand found to contain only divalent S. Therefore Cu existing

nism, the rediscovery of a CMR effect in the chalcospinelonly in the nonmagnetic & state and divalent S only are

FeCrS,, ™ which is neither oxide nor perovskite, opened aassumed. The discussion in Sec. IV adopts this assumption.

a Polycrystalline samples of ke, Cu,Cr,S, were first syn-
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1 OOO . TABLE I.. Cgrie temperaturd ¢ of Fel,XCuxC.rZSAl, de.tefnjined

— by magnetization measurements, and electrical resistipityat
°$ room temperatureT=290 K) for specimens of different Cu con-

N centrationsx.

(0]

D X Tc (K£0.5) p (290 K) (mQ cm =10%)

S 0 167 236

© 9095 0.05 182 79.2

g 0.1 197 8.2

® 0.2 215 10.1

O 0.3 232 11.6

= 0.4 236 14.9

o 0.5 275 26.8

990 ®Reference 21.

o
o
S

1 L
0.25 0.50

. lead, located in immediate proximity to the sample. The

CU concentration x width of the superconducting transition of Pb did not exceed

15 mK, indicating good hydrostatic conditions and providing
FIG. 1. Cubic lattice parameter vs Cu concentrationin  an estimate of the pressure-measurement uncertainty,
Fe - xCuCrpS,. +0.4 kbar. The pressure at room temperature was deter-
mined from the pressure dependence of the resistivity of a

Il. EXPERIMENTAL METHODS manganin wire placed inside the cell.

Single crystals of Cu-substituted FeSy were grown by
the chemical transport-reaction method from polycrystalline lll. EXPERIMENTAL RESULTS
material obtained by a solid-state reaction. In this paper A. X-ray diffraction
samples with Cu concentratioxs=0.05, 0.1, 0.2, 0.3, 0.4,

and 0.5 are studied. In FeCpS, the substitution of Fe by Cu leads to a linear

The x-ray diffraction measurements were performed Withdependence of the lattice parameter O.f the cubic ‘?’meI struc-
éure on the Cu concentration following Vegard’'s law, as

a Stoe x-ray diffractometer. Single crystals were powdere L L .
and diffraction spectra were taken from 35° to 130° an _hown in Fig. 1. In addition, the x-ray studies of powdered

analyzed with the VisuakPo" software. fln?li Icrystals.tgzom‘rzrmed single-phase material with no de-
The magnetic properties were measured using a supercone-C able parasiiic phases.
ducting quantum interference device magnetoméfaran-
tum Design in the temperature range 8 <400 K in ex- B. Magnetization
ternal fields up to 70 kOe. In addition ferromagnetar The Curie temperaturebe of Fe,_,Cu,Cr,S, are listed
better, ferrimagneticresonancéFMR) measurements were iy Taple |, as determined by the kink-point metférom
carried out at X-band frequenci¢8.4 GH2 with a Bruker  magnetization measurements, and the room-temperature re-
ELEXSYS ES500-CW spectrometer using a continuous hesistivity, which is discussed in Sec. IV B. The Curie tempera-
lium gas-flow cryostatOxford Instrume_nt)sfor temperatures yre T, increases with the Cu concentratien The same
4.2<T<300 K. For the FMR experiments thin polished trend has been observed for polycrystalline samffles,
disks prepared in thé110 plane orientation with about though for higher Cu concentratioig remains at a lower
1-mm diameter and 0.05-mm thickness were used. value in single crystals. Figure 2 shows the magnetization,
The electrical resistivity was measured in an Oxf6ke M, for Fey o:Cl o:Cr>S, versus the magnetic fieldd, at T
cryostat equipped with a superconducting magnet capable of 4 » k andT=130 K, respectively. AT=4.2 K the mag-
magnetic fields up to 16 T. Conventional dc four-point tech-petic anisotropy is clearly observed. For the easy magnetiza-
niques were used with currents between 0.5 and 2808t tion axis (100) the saturation is already reached at 2 kOe
temperatures 2T<300 K. Gold wire with a diameter of \yhereas for the hard axiL1l) and the intermediate axis
25 um and silver paint were used to prepare the electric 110 saturation only occurs at 43 kOe. The temperature
contacts. The contact resistance was always between 20 aa@pendence of the anisotropy figtg, defined by the mag-
70 €. To prevent problems occurring due to aging contactspetic field where saturation is reached for all three directions,

leading to a contact resistance several orders-of-magnitudgs shown in the inset of Fig. 2. It decreases monotonically
higher, the measurements were performed immediately aftg;, increasing temperature and vanished at

preparing the contacts.

Hydrostatic pressure was produced in a conventional
Be-Cu clamp-type cell using fluorinéM as a pressure me-
dium. The pressure at low temperatures was determined from For a more detailed analysis of the magnetic anisotropy
the shift of the inductively measurell: of a small piece of we performed ferromagnetic resonan@eMR) measure-

C. FMR measurements
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FIG. 2. Magnetization of Rg:Cu, o<Cr»,S, vs magnetic fit_ald a_t [ . Vv )
T=4.2 K (O) andT=130 K[(X); here all crystallographic ori- O 1 OO 200

entations nearly coinciderespectively. Inset: Anisotropy field 5
vs temperature. The dashed line is to guide the eyes.

T (K)
ments, which will be published in a separate paper. Here we
confine ourselves to the presentation of one illustrative re- FIG. 3. Resonance fielt . of Fe _,CuCr,S, of the FMR
sult, which nicely reflects the evolution of the anisotropysloec_"“m as a function of the temperature for the mag_n_etlc field
with increasing Cu concentration and can be explained oAPPlied parallel to the hard ax{41) (closed symbols Addition-

. . ally the resonance fieldd,.sfor x=0.05 and 0.5 with the magnetic
the basis of th‘f FMR results published Tecem.'y fqr RS field applied in the easy directigri00) are shown(open symbols
single crystal$® For the samples under investigation<(®

. < . The anisotropy ofH . reflects the magnetocrystalline anisotropy in
=0.5) the FMR line exhibits an analogous behavior to theye gystem.

pure compoundk=0. Figure 3 shows the temperature de-
pendence of the resonance fi¢lgs for several Cu concen- first-order cubic anisotropy constant, the resonance condi-

trations below the Curie temperature. The static magneti¢ions read fo100) and(111) orientation, respectiveR?,
field was applied along a0111) or (100) axis within the

(110) plane of the disk-shaped samples and the magnetic K:H1°°+2H

microwave field was applied perpendicular to the plane. This y TS A

geometry allows measurements at different orientations of

the static field in the plane without change of the demagne- v 4

tization contributions to the resonance conditféA> Just be- v Hies™ 3 Ha- @
low the Curie temperature the resonance fielgs is ap-

proximately isotropic given by the Larmor frequenay Hence, the resonance shift,es—v/7y from the Larmor

= yH s, With the microwave frequency and the gyromag- frequency is proportional to the anisotropy field. For
netic ratio y determined by theg values of the two H||<100>'the shift is negative and the resonance disappears
sublattice€® With decreasing temperature one observes firsft Zero field. However, the shift is positive fbi|(111) and
a slight shift to smaller fields due to the demagnetization bufan e followed down to lowest temperatures, only limited
then a strongly anisotropic behavior appears. For the ma ) the_ field range, Wh|ch_|s accessible to the electromagnet.
netic field applied along the eag$00) axis, the resonance or this reason we can d'reCF'y compare the temperature de-
line shifts to low fields and disappears at a finite temperatur em_jence of the amsotropz field <_:a|cu|ated_ from t_he magne-
hown exemplarily fox=0.05 andx=0.5. For the field ization measurements for=0.05 (inset of Fig. 2 with the

as SI q el he h is th field temperature dependence of the FMR shift and use the results
aﬁ%'e ph‘"%‘“";‘] N fFOk; € a_r(11_|1]> ?]).(]lts’ ! r? rﬁso?alréce_ Ieb from the FMR to determine the anisotropy field for all Cu
Shifts to higher fields. Asimi ar shift to higher fields IS 0b- ., cantrations. This clearly indicates the continuous de-
served _for orientation along the |nte_rmed|§ula0> axis (not crease of the magnetic anisotropy with increasing Cu con-
shown in F|g. 3_. The maximum shift at I_ow temperatures . iation.
decreases with increasing Cu concentration.

This result is directly related to the decrease of the mag-
netic anisotropy. Neglecting the demagnetization effects,
which turn out to be small compared to the anisotropy field Figure 4 shows a semilogarithmic plot of the resistivity of
at low temperature® and taking into account only the first- Fe _,Cu,Cr,S, normalized by the room-temperature resis-
order cubic anisotropy fieldH,=K;/M, whereK; is the tivity and multiplied with the Cu concentrations=0.05,

D. Electrical resistivity
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10 Fe. CuCrS,
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x p(T) / p(290 K)

0 100 200 300
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FIG. 4. Electrical resistivity of Fe ,CuCr,S, normalized at
T=290 K and multiplied with Cu concentratiors Cu concentra-
tions x are indicated in the figure. Additionally the Curie tempera-

turesT¢ (<, dashed lingand the positions of the local minima [ 3.5 kbar
(O, dotted ling and maxima Q©, dotted ling are given. The cur- (b) 16.1 kbar
rent was applied along thel10) direction. 25 1 L . L s

0 100 200 300

0.1, 0.2, 0.3, 0.4, and 0.5, to enable the identification of the
different concentrations. The absolute values of the resistiv- T (K)
ity at room temperature are summarized in Table I. One
should keep in mind that such absolute values are given with FIG. 5. (a) Resistivity of Fg ¢:Cly 0£Cr,S; nearT¢ in magnetic
large uncertainty. The given error of 10% is the error due tdields up to 140 kOe. The magnetic field is applied in {fid1)
the determination of the geometric factor. A similar order ofdirection with the current in the110) direction. (b) Resistivity of
magnitude and tendency of concentration dependence of tHeb.esCl.0sCr2S, under hydrostatic pressure.
values given here was observed in single crystals by Haacke
and Beeglé’

The resistivity of F¢_,Cu,Cr,S, (x<0.5) exhibits a non- A. The ionic picture: Triple-exchange model

monotonic behavior with a local maximum slightly above The system Fe ,Cu,Cr,S, can be divided into two dif-
and a broad minimum belowW¢. The resistivity increases fqorant concentratioa regimes<x<0.5 and 0.5 x<1 with

strongly at low temperatures, indicating the insulalinggitterent physical properties. The concentration range 0.5
ground state of the system. The existence of the local ex=, 1 il be treated in a forthcoming paper.
trema is in agreement with the results in Fg&rt82

oI X S In the regionx=0.5 the valences of the ions can be de-

The resistivity of Fg_95Cu0_05Cr284 is plotted in Fig. %a) scribed by the formula
for different magnetic fields, 0, 50, 100, and 140 kOe. The
magnetic field is appli.ed alopg t.he hard ax'(illy direc- F&', Fetcu critsy™. ()
tion), and the current is applied in t{@10 direction. The
maximum in the vicinity of the Curie temperatuFe slightly ~ This description was already given by Lotgeriegal * and
shifts to higher temperatures, while the minimum remains aGoodenough® As a conduction mechanism Palmer and
a constant temperature with increasing magnetic field. Th&reaves proposed a triple-exchange mdétiéh this model
concentrationx=0.1, 0.2, 0.3, and 0.5 show a similar de- the electrical conduction is established via hopping between
pendence on magnetic field. F&" and FE". An illustration is given in Fig. 6. & has

The resistivity of FggsCly 0sCr>S, was also measured un- six 3d electrons, where the sixth electron is located ingpe
der hydrostatic pressure. In Fig.(bp the resistivity of band with the spin antiparallel to the spins of the other five
Fe) o=Cly 0Cr,S, for different pressures up to 16.1 kbar is electrons of Fe and parallel to the Cr moments, which define
shown. Under a pressure of 16.1 kbar the resistivity is rethe direction of the magnetization. The single electron in the
duced by 37% at room temperature. The minimum as well afe’s spin-upey band hops with an exchange mechanism,
the local maximum are shifted to higher temperatss=e  similar to the well-known double exchanggyia ap orbital
Fig. Ab) below for T and d Tpay /d p]- of the sulphur to Cr, providing an additional electron on the

IV. DISCUSSION
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FIG. 6. lllustration of the triple exchange betweer? Feand
Fe*' via S and Cr. The rough position of the bands is adopted from

the band-structure calculations of Partkal. (Ref. 30. The mobile 0.0 0.2 014 0.6
electrons and the empty states, into which they are hopping, are C .

. . u concentration x
circled. For details see text. '20 . ' : '

1
0 100 200 300

Cr site leading to an intermediate %Cr state. From there it
proceeds via the second S to thé' Fechanging the valence T(K)
to F€*. Because of its antiparallel alignment to the remain-
ing d-electron spins of the Fe, the spin of the hopping elec- FIG. 7. (a) Magnetoresistanc®R=[p(0 kOe)— p(50 kOe)|/
tron is parallel to the spin of the electrons in the Git 3 p(0 kOe) of Fg_,CuCr,S, for the concentrations=0.05, 0.1,
band?8 0.2, 0.3, and 0.5. The magnetic field is applied in ¢(h&1) direc-

The observed temperature and magnetic-field dependend@n; the current is applied in the110 direction. (b) Maximum of
of the resistivity for 6<x<0.5 can be explained by the t_he magnetoresistance at the Curie temperaTlgen a magpetlc
triple-exchange model. In the paramagnetic region algve field of I.-|=.50 kOe; (c) value of the magnetgre5|stande4al< ina
semiconducting behavior due to thermal activated hopping i§'29"etic fieldH =50 kOe vs Cu concentratian
observed. AfT the system enters the magnetically ordered
state and the Cr and Fe spins are aligned antiparallel, stimumetallic ferromagnetic state is realized, if all spins are fully
lating the hopping via the triple-exchange mechanism angbolarized forming one metallic and one insulating bahd.
leading to a positive temperature slope of the resistivity. FOFrom their calculations Parlet al. expected a metallic
the absolute values of the resistivity one would expect gyround state for FeG®,. The metallic ground state is
minimum at a Cu concentratior~ 3, where equal amounts changed by Coulomb interactions splitting the &gband,
of F¢" and Fé" exist. The values for the resistivity given |eading to a Mott insulata® In addition this splitting is sup-
in Table | show a broad minimum betwegr=0.1 and 0.3.  ported by the Jahn-Teller effewhich is peculiar to F&"
This is an |n_d|ca_1t|0n that the system cannot be degcrlbed P¥ns and shown by Mesbauer experimentsAt higher tem-
an pure ionic picture only. Thus, in the next section a deyeratres neaf the thermal activation is high enough to

scription in a band picture will be given. overcome the band splitting, which leads to the observed

Thg'atter'npts to fit th? low-temperature Increase of thepositive temperature gradient in the resistivity beldy.
resistivity with an Arrheniusip=exp(o/T)] or a variable- Above T the spins are not ordered anymore and a simple

i /4 i ;
range hopping laWpoexd (To/T)~“]} failed. The rise of the hopping conductivity is established.

resistivity is weaker than either a simple Arrhenius- or o . . .
variable-range hopping law and probably cannot be ex- Substituting Fe with Cu empties thezf—*eeg spin-up band

plained by only a single mechanism alone. In the whole tem@nd: thus, destroys the band splitting, which explains the

perature regime, variable-range hopping is assumed to be tsfrong decrease of the re_sis'Fivity in the goncentratio_n range
relevant conduction mechanism. But below the ordering temUP_t0 10%. Further substitution of Fe with Cu empties the
perature the triple exchange enhances the conductivity conf-€ "~ €y Spin-up band, reducing the number of charge carri-
pared to the Simp|e Variab|e_range hopp|ng process, corrers and, thUS, leads to an eventual increase of the rESiStiVity
lated with the magnetic anisotropy. Also in the orderedWith increasingx.

phase, there might be additional contributions to the resistiv- At Xx=0.5 all Fe ions should be trivalent and an insulating
ity from magnon scattering which increases with increasingground state is founthlthough Parlet al. assumed Cir).*
temperature. Nevertheless, in the region beldlix a positive temperature
gradient of the resistivity is found. To understand this, one
has to look at the concentration range0.5. Here we as-
sume a double-exchange mechanism betweéh &nd Cf*

We assume the Fermi edge to be located within the Feia S, as proposed by Lotgeringt al®* Slight off-
spin-upey band, as is shown in Fig. 6. This assumption isstoichiometries in FgCuysCr,S, can lead to the fact that
supported by band calculations of Parkal, who describe either not all F&" ions are changed completely to°Feor
Fe,_,CuCr,S, as a half-metallic ferromagnét.The half-  already at concentrations<0.5, CF* ions start to be turned

B. The band picture: Fe,_, Cu,Cr,S, as a half metal
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FIG. 8. MagnetoresistanceMR=[p(0 kOe)—p(S0 kOe)l/ FIG. 9. (a) Resistivity of Fg gCly o<Cr»S, at T=290 dependent
p(0 kOe) of F@eCloosCroS, (upper frame and FgdCo.iCraSs  on the applied hydrostatic pressufi) Shift of the local maximum
(lower frame with the magnetic field applied along the easy axis i the resistivity of FgosCly 0:Cr,S;, as obtained from Fig. (6)

(100 (@) and the hard axigl11) (X). The current was applied in (@) The dashed line indicates the critical pressure at alpout
the (110 direction always. ~8 kbar.

into C** and, thus, give the possibility to process double/™om 9.6% atx=0.05 to 4.6% ax=0.5. In the region be-
exchange in the ordered regime beld. tween 100 and 35 K the magnetoresistance changes its sign

cu' is in 3d% state and therefore has a closgahell. and its absolute value grows up to 63% Tat4 K for x

That is why in the ionic picture Cu is not supposed to con- 0.05. The values of the magnetoresistancé a# K de-
tribute to the conductivity. In the band picture thg ande pe_ndgnt on _the Cu concentratianare plotte(_d in Fig. ).
band letel filléd thus also in this case no c?ontriwlth increasing _Cu concentration the magnitude of the mag-
ands are comp y fiied, netoresistance is reduced from 63%xat0.05 to 8.4% at
bution to the conductivity is expected. x=0.5. Using the idea of triple exchange, the last results
indicate that obviously the magnetic field, applied along the
C. Influence of the magnetic field hard axis, leads to a weak distortion of teg orbital of Fe
out of its preferred direction, reducing the overlap between
the orbitals that participate in the hopping process, and there-
fore to the observed enhancement of the resistance in a mag-

netic field.

The magnetic order is anisotropic due to a strong spin
orbit coupling of the tetrahedral E& ions in the 31°
state?**>*The sixthd electron located in they band(see
Fig. 6) perturbs the sym_metry_ of the charge_distribution. This Applying a magnetic field along the easy axis allows the
leads to a preferred orientation of the orbitals and with the-g e, orbital to remain in its favored direction and so the
spin-orbit coupling to the observed magnetic anisotropy.  gyerfap between the, orbital of Fe and the orbital of S is

In Fig. 7@ the magnetoresistancé/R:=[p(0 kO€)  not changed significantly. In this case the magnetoresistance
—p(50 kOe)l/p(0 kOe) of Fe_,CuCr,S, is displayed. remains positive to lower temperatures, as is shown in Fig. 8.
Note, that in our definitioMR>0 if p(H)<p(0). For all  There the magnetoresistance of (54U o<Cr,S, and
concentrations the field was applied along the hard axige, Cu,,Cr,S, is displayed with the magnetic field applied
(111). As the magnetic field aligns the spins, the triple ex-along the easy and the hard axes. When applying the field
change is enhanced and the conductivity grows. This enalong the easy axis, the magnetoresistance exhibits a weak
hancement is most pronounced Bt due to the onset of maximum. It changes sign at significantly lower tempera-
spontaneous order and decreases to lower temperatures. #ites than those upon application of the field along the hard
the Curie temperaturé. a peak arises, which was theoreti- axis only for the sample with Cu concentratios 0.1. This
cally predicted in metafé and is smeared out with increas- change of sign may result from small misorientations of the
ing Cu concentration. The maximum of the magnetoresissample in the magnetic field, due to the experimental condi-
tance vs the Cu concentratiarns drawn in Fig. Tb). It drops  tions.
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60 . | . : . The application of hydrostatic pressure is expected to in-
6.0 kbar crease the qver]ap between the or_bl|tals and broaden the
= : bands, resulting in an enhanced mobility of the charge carri-
—X%— 9.9 kbar ers and a reduction of the energy gap between the bands.
—— 13.5 kbar This yields an enhanced electric conductivity, which is illus-
| _a 16.1 kbar trated in Fig. 10. Similar behavior was found in manganites,
. 4 for example, in polycrystalline La,CaMn0;.% If one
would approximately describe the different conducting
mechanisms with different hopping laws, a reduction of the
B o hopping barriers automatically yields the strong increase of
the PR value at low temperatures. However, it is necessary
to bear in mind that the pressure is relatively moderate in the
present study. Thus its effect on the hopping barriers is not
expected to be so large and one has to look for another
- mechanism. For example, the pressure might affect the Jahn-
F60‘950|U0.05CFZS4 Teller distortion and thus reinforce the conductivity.

(.4

40t

PR (%)

20

0 100 200 300

T (K) V. CONCLUSION

In this paper x-ray, magnetization, FMR, and resistivity
FIG. 10. Relative change of resistivity under hydrostatic pres-data from single crystals of ke,Cu,Cr,S, are presented.

surePR=[p(0 kbar)—p(p)]/p(0 kbar). The results are discussed in a hopping model, where the
conductivity is explained by triple-exchange mechanisms for
D. Influence of hydrostatic pressure the concentration range<0.5 and double-exchange mecha-

L isms forx=0.5.
The authors of Ref. 21 showed that by the application of Applying an external magnetic field or hydrostatic pres-

pressure the Curie temperatufg is shifted to higher tem- o
peratures as indicated by the shift of the temperature of thadre 0 the systemx(=0.5) has qualitatively an analogous

local maximumT,. of the p(T) curves. Therefore we con- effect for temperatures around the Curie temperafyrethe
max P ' overlap of the orbitals is enhanced and the bands are broad-
clude that the same effect works for the Cu-doped com

: X ened. Thus the conductivity increases, whilg is shifted
pounds, and the shift Gfimax Can be taken as the Sh.'ft.m.t:' 1Lupward. At lower temperatures this similarity of the effect of
The pressure dependence of the resistivity o

Fep Ol 0:C1S, at T=290 K is shown in Fig. @), At a an external magnetic field and hydrostatic pressure vanishes.

pressure of approximately 8 kbar the resistivity has declinecg\/hIIe the value ofPR shows a strong upturn at low tem-

about 37% from its value at ambient pressure. For highe eratures, in the magneforesistance a strong. anisotropy

arises. Applying the magnetic field along the hard axis leads
pressure® (290 K) stays constant. On the other hand, the, . . . i
temperature of the local maximum in th€T) curve [see ét;) a strong negative magnetoresistance, while applying the

Fig. 50b)] increases more strongly with pressures above ield along the easy axis results in a flat maximum in the
9- o gl P agnetoresistance. Since the origin of this unusual feature is
kbar, as shown in Fig.(®). Therefore one can assume that

the effect of hydrostatic pressure is changed, when a criticaiti” unclear, further investigations of the electronic and or-
. ' ital correlations in F r re n nd ar
value p~8 kbar is exceeded. In contrast to;LaSr,MnQOs, tal correlations £,CuCrS, are needed and are a

where a linear pressure dependence was fdfrid, the promising challenge for future experiments and theoretical

. . R alculations.
present system two different pressure regimes with dlfferen?

pressure gradients i, are in place.

Figure 10 displays the effect of pressure on the electrical
resistance PR), which is defined in analogy to the magne-
toresistance MR as PR:=[p(0 kbar)—p(p)]/p(0 kbar).
There are two remarkable features: first of all, at the Curie We would like to thank V. Sidorov for his assistance in the
temperatureT: a peak, similar to the magnetoresistance,pressure measurements. This work was supported by the
arises, however, secondly, the valueRRR does not change BMBF via VDI/EKM, FKZ 13N6917/18 and by the DFG
sign at low temperatures and its absolute value increases wgthin SFB 484 (Augsburg. Work at Los Alamos was per-
to 100%. formed under the auspices of the U.S. DOE.
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