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We studied the dilute substitution effect on magnetic and transport properties in an unstable ferromagnet
CeFe with a C15 cubic Laves-phase structure. In the Co substitution system Ce®), with x<0.10,
while the Curie temperatur; decreases with increasing the Co concentration, an antiferromagnetic ordering
appears in the low temperature region ¥ 0.05, and the transition temperaturg from ferromagnetic to
antiferromagnetic states monotonously increases with increasing the Co concentration. On the other hand, in
the Sc substitution system (£gSg)Fe, with y<0.10, both the Curie temperatule and saturation mag-
netizationM g at 4.2 K gradually increase with increasing the Sc concentration. Despite the decrease in lattice
parameter upon substitution in both the systems, an antiferromagnetic ground state is stabilized in
Ce(Fe_.Co),, whereas a ferromagnetic ground state is stabilized in ({&,)Fe,. These results indicate
that the Fe 8—Fe 3 ferromagnetic exchange interaction and the antiferromagnetic spin correlation arising
from the Ce 4—Fe 3 hybridization compete in Cekeand the enhancement/depression of the3d hybrid-
ization effect might make the ferromagnetic ground state in GeBestable/stable. Furthermore,
Ce(Fg_,Co,), exhibited a negative giant magnetoresistance reaching abplji=~60-65% at 4.2 K,
which is accompanied by a metamagnetic transition from antiferromagnetic to ferromagnetic states. The giant
magnetoresistance effect is originated from the reconstruction of Fermi surface due to the collapse of the
superzone gap after the metamagnetic transition.
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[. INTRODUCTION fore, it seems that the strong effect of substitution in
Ce(FeM), (M=Co, Al, Ru, and so onon basic magne-
CeFe crystallizes in the MgCutype cubic C15 Laves tism does not come from the change in the magnetic state of
phase structure and is an itinerant ferromagnet with the Curithe Ce sublattice, but rather come from instabilities of the
temperature offc=230K and the spontaneous magnetiza-magnetic structure of the Fe sublattice itself. These results
tion of Mg=2.3ug/f.u. at 4.2 K! CeFe is quite unique suggest the importance of the hybridization effect between
because of the lowedt: and smallesM g among the series itinerant Ce 4 electron and Fe@ electron in the static
of the RFe, (R=rare earth metalssystem. In addition, it is ground state in Ceke
known that a small amount of substitution of other metals Al, In 1998, Paolasinet al?* have probed the Fe magnetic
Co, Ru, Ir, Re, and Os for Fe makes the ground staténstability in CeFe by neutron inelastic scattering. They ob-
antiferromagnetié;*® irrespective of changing the lattice served a strong antiferromagnet&F) spin fluctuation with
spacing upon substitution, while the substitution of Ni, Mn,an energy of~1 meV around the reciprocal lattice point
Rb, and Pd leaves the ground state ferromagnetic like simpll/2, 1/2, 1/2 in the Brillouin zone, which corresponds to a
dilution 2% static AF component of about ‘0.Q5; in the ferromagnetic
Much attention have been also paid in the characterfof 4 ground state. It should be noted that such an unusual AF spin
electron in CeFg because Erikssoet al. predicted the ex- fluctuation does not absolutely exist in UF& which the §
istence of a magnetic moment on the Ce atom, the directiorlectrons are itinerarit. Furthermore, the spin-wave stiffness
of which is opposite to that on the Fe atoms, and a quenchingonstantD of CeFe is greatly reduced compared to that
of the orbital 4 moment** A polarized neutron diffraction found in YFe, while the spin-wave stiffness of Ukéds
study showed that the values of Fe and Ce moments wernhanced! ?® In addition, UFe has the low Fe magnetic
wre=1.174ug and pwce= —0.14u5, respectively® In addi-  moment and the significantly low Curie temperatligecom-
tion, the magnetic circular x-ray dichroisnfMCXD) pared to those in YReand CeFg Therefore, it seems that
experiment® 1Y and magnetic Compton scattering stfftly the U 5f—Fe & hybridization results in strong enhancement
have been carried out for determining the value of an orderedf the spin-wave stiffness constanD, while the
Ce moment, but the deduced values of Ce moments wer€e 4f —Fe 3 hybridization effect brings the reduction of the
widely scattered from-0.57up to —0.14ug. However, all  spin-wave stiffness constabtas well as the development of
the values of the Ce moments deduced are oppositely dAF spin fluctuations in Ceke Hence, the AF spin fluctua-
rected to those on the Fe atoms. Furthermore, Giorge#ii.  tions in the Fe sublattice seems to be very important in un-
compared the MCXD signals for Cefavith those of derstanding the intrinsic magnetic properties of GeFe
Ce(F@ Cqy,)2,, and concluded that the Co substitution in  In this paper, we present the experimental results of the
CeFe did not affect on the Ce magnetic moméhfThere-  dilutely Co and Sc substitution effects on the magnetic and
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FIG. 2. Temperature dependence of magnetization for CeFe
o . ~underH=1.0T. The reciprocal susceptibility as a function of tem-
transport properties in Cefkperformed to gain a deeper in- perature abov@ is shown in the inset.

sight into the instability of ferromagnetic ground state in
CeFe and discuss on the importance of Cle4-e 3 hy-
bridization.

FIG. 1. X-ray diffraction patterns using C« radiation at
room temperature for Ce(lFe,Ca ), with x=0, 0.05, and 0.10.

wasin situ cracked at liquid helium temperature. Generally,
fabrication of the artificial tunneling barrier on Ce based
compounds has been difficult due to their chemically very
reactive surface characteristics. The break-junction method,
_ ) however, provides a very useful way to investigate this class
Polycrystal specimens of CefeCe(Fg_xCo), With X of materials?#?*The differential conductanci/dV was di-
—0.05 and 0.10, and (¢e,Sg)Fe, with y=0.03, 0.05, and  rectly obtained by a constant ac-modulation technique with a
0.10 were prepared by arc-melting the mixture of stoichiogyr-probe method.
metric amounts of Fe, Co, Sc, and a small amount of excess
Ce than the stoichiometry with the purities of 99.99% in Ar
flow atmosphere. In order to ensure homogeneity, the ingot
was turned over and remelted several times. The ingots were
wrappe_d by Ta foil and then were annealed at 850 °C for one Figure 2 shows the temperature dependence of magneti-
week in evacuated quarz tbe. Al the samples 0fzation for CeFg underH=1.0T and the inset shows the
Ce(Fq*XCOX)? and (CQ*VSQ/).FeZ thus obta]ned were ex- reciprocal susceptibility as a function of temperature up to
amined by the powder x-ray diffraction studies at room tem-500 K. Here, it was ensured that the magnetic field of 1.0 T

perature. As an example, the x-ray diffraction profiles of theW nouah r he maanetization m ring th
Co substitution system are shown in Fig. 1. It is indicative as enough to saturate the magnetization by measuring the

. 4 magnetization vs magnetic field curves at various tempera-
that the samples are almost in a single-phase of th g g P

fures. As is evident from Fig. 2, Cefshows a typical fer-
MgCu,-type cubic C15 Laves-phase structure with no other ) . . . VY .
extra peaks due to impurity phase, neitheFe nor the romagnetic behavior with the Curie temperature Tf

=230K and the saturation magnetization at 4.2 KNOE

gaefglgophases except for a very weak Ce oxide peak around, 2.4uglf.u., in spite of the existence of antiferromagnetic

Magnetization measurement in magnetic fields up to 1.6 _lspin fluctuations in ferromagnetic ground state.
9 . . mag P ' The temperature dependence of saturation magnetization
was performed using a vibrating-sample magnetometeét

) T low temperatures might be explained by considering the
(VSM) in temperature ranges from 4.2 to 300 K. High field spin wave excitation and the Stoner excitation as follows:

magnetization measurements up to 5.5 T were done by a

superconducting quantum interference devi®8@®UID) mag- 1)
netometer in temperature ranges from 5 to 300 K. Electrical

resistivity measurements were carried out by a standard D@hereM(0) is the saturation magnetization B0 K, and
four-probe technigue in magnetic fields up to 9.0 T in tem-« and 8 are the parameters indicating the degree of the con-
perature ranges from 4.2 to 300 K. Magnetoresistance wasibutions of the spin wave excitation and the Stoner excita-
measured at 5.0 K in magnetic fields up to 9.0 T, in whichtion, respectively. The coefficient aF'? term, «, and that of
the direction of magnetic field was perpendicular to the curT? term, 3, are deduced to be 8.x110 ° and 7.20<10 7,

rent direction. The tunneling measurement was performed aespectively, by a least square fitting with the experimental
4.2 K using a break-junction method in which the sampledata. The calculated result using E#). is drawn by the solid

Il. EXPERIMENT

IIl. RESULTS AND DISCUSSION

A. Temperature dependence of magnetism in Ceke

M(T)/M(0)=1—(aT¥?+ BT?),
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FIG. 3. Lattice parameters of @& _,Co), and FIG. 4. Temperature dependence of the magnetization for
(Ce,_,Sg)Fe, as a function of the substituted Co and Sc concen-Ce(Fe;_,Ca,), underH=1T.
trations.

o ) B. Substitution effect on magnetism in CeFg
line in Fig. 1. TheMg vs T curve at low temperatures is

reproduced by the combination of the large component of Figure 3 shqws the lattice parametardgtermmed by the
spin wave excitation and a small component of the StonePOWder x-ray diffraction pattern as a function of the Co or Sc

excitation. Here. the coefficient in T32 law is connected to concentration. As is evident from Fig. 3, the lattice param-
a spin-wave Stif}ness constabtas follows: eter monotonously decreases with increasing the substitution
concentration in both the systems, indicating that a negative

a=[2.61gug/M(0)]/(kg/dmD)3?, ) chemical pressure acts in CgHgy both the substitutions.

where g is the g-factor being equal to 2up is the Bohr 1. The Co substituted system Ce;_,Co0,),
magneton, andtg is the Boltzmann constant. The spin-wave

stiffness constanD could be estimated using E() from Figure 4 shows the temperature dependence of magneti-

the coefficienta observed. the value of which was130 Zation undeH=1.0T for the dilutely Co substituted system

meVA™2 This value is good agreement wittD Ce(Fg_,Caq),. In the range okgo._lo,. the Cgrie tempera-
=155meV A2 deduced from a ferromagnetic spin-wave tUré Tc monotonously decreases with increasing the Co con-
dispersion curve in lowg ranges measured by neutron inelas-centration. In addition, an antiferromagnetic-like ordering
tic scattering®* Therefore, we conclude that the temperatureappears fox=0.05 below 30 K and the characteristic tem-
dependence of static saturation magnetization in géfe perature of the ferromagnetic-antiferromagnetic transitign
understandable by the spin wave excitation and a small corincreases with increasing the Co concentration. The behavior
tribution of the Stoner excitation, even though the antiferro-observed in Ce(Re ,Co,), is consistent with the magnetic
magnetic spin fluctuations exist in the ferromagnetic grouncphase diagram deduced by Rastogi and Mutaind
state. For the Co substitution system, we could not analyz&ennedyet al?” In this paper, we focus on only the mag-
the temperature dependence of saturation magnetization bretic properties in diluently Co substituted regime, in which
cause the magnetic field of 1.0 T is too weak to ferromag-an antiferromagnetic correlation develops even in ferromag-
netically saturate the magnetization in antiferromagnetimetic ground state. As is seen in Fig. 4, we notice that a small
state at low temperatures. ferromagnetic component appears at low temperatures in the
As is shown in the inset, the inverse susceptibility ofM vs T curve forx=0.05. In this work, we tried to make the
CeFeg follows a Curie-Weiss law above 270 K with the para- Ce(Fe, osCq, ¢5)2 Samples for two times by the same method
magnetic Curie temperature ¢f,=236K and the effective as used here and once by the different annealing process
number of Bohr magnetorp.;=3.96ug per Fe atom. This proposed by Roy and ColésHowever, the results obtained
value is comparable to that reported byeteset al’® As-  were almost the same as described above for all three
suming that Ce is in a nonmagnetic state, the value of magsamples. Therefore, we believe that it is intrinsic that a small
netic momentp.=gS, in the paramagnetic state is estimatedferromagnetic component exists at low temperatures in the
to be 3.08ug per Fe atom. Hence, the ratio pf to satura- system withx=0.05, suggesting the appearance of a canted
tion momentpg at 0 K, p./ps=2.6, considerably deviates spin structure in which antiferromagnetic and ferromagnetic
from one, indicating that Cekés characterized as a typical spin components coexist &=1 T. Similarly, it has been
itinerant ferromagnet. confirmed that a canted spin phase existed below 60 K in
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FIG. 5. Isothermal magnetization curves for(Eg ¢sCoy o9, at

various temperatures. FIG. 6. Isothermal magnetization curves for(Eg ofC0y 19> at

various temperatures.

Ce(Fey ggRUp 002 by neutron diffraction experimentSwhich  ferromagnetic and antiferromagnetic spin components  in
shows similar static magnetic properties to those obtained inero magnetic field, and the ferromagnetism is field-induced
Ce(Fe) 95C0p g5)2- with increasing in magnetic field after the first order meta-
Figure 5 shows the isothermal magnetization curve foimagnetic transition aH-=2.5T, which is frozen at 5 K.
Ce(Fey L0y o9, at various temperaturestA K theM vs H With increasing temperature, the metamagnetic transition
curve of CéFe, o£C0y o5)2 Shows a small ferromagnetic com- field H, shifts to lower magnetic field and the canted spin
ponent at low magnetic fields in magnetic field increasingstructure becomes stable even in magnetic field decreasing
process. With further increasing the magnetic field, a metaprocess, accompanied by decreasing the hysteredit-of
magnetic transition occurs #-=2.5T, leading to an in- Above 50 K, theM vs H curve shows a typical ferromagnetic
duced ferromagnetic state. The metamagnetic transition fieldehavior as shown in Fig. 5.
Hc is irreversible and accompanied with a large hysteresis. With further increasing the Co concentration, the magne-
Therefore, in magnetic field decreasing process, the step aization for CéFe, dCqy 10, at 5 K slightly increases with
magnetization corresponding to the canted magnetic phasecreasing magnetic field up to 5.5 T as shown in Fig. 6. This
with a small ferromagnetic component could not be observeéhdicates that the canted spin state with a ferromagnetic com-
at low magnetic fields, only leaving a small remanent magponent is not induced in C€g, dC0y 1), at 5 K, which is in
netization aH = 0. On the other hand, the magnetoresistancea complete antiferromagnetic ordering at least up to 5.5 T. At
effect, which will be described later, indicates that the field-40 K, the metamagnetic transition is observed Hg
induced ferromagnetism in (&g, g<C0y 09), iS frozen at 5 K =4.7T, the field of which decreases with further increasing
at demagnetized statsee Fig. 9. Therefore, we conclude temperature and finally disappears above 90 K. In the tem-
that CéFe) o2C0y g5)» at 5 K is in a canted spin structure with perature range from 90 to 190 K, a typical ferromagnetic
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21 . = — inset are shown the saturation magnetization at 4.2 K as a
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1 4F e F ] P . centration, the Curie temperature rises frdig=230K for
& i CeFe to Tc=270K for (Cg 905G 10F&. In addition, the
0 | ol ! - ! saturation magnetization at 4.2 K monotonously increases
0 50 1100 150 1200 250 300 with increasing the Sc concentration. These results indicate
To T (K) Ts that the Sc substitution for Ce in Cefimakes ferromagnetic

ground state stable, even though the lattice parameter de-
FIG. 7. H-T magnetic phase diagrams f@) Ce(Feo:C0oyo5)>  Creases with increasing the Sc content. This behavior is
and (b) Ce(Fey dC0 10)2- clearly in contrast to the result in the dilutely Co substituted
system as well as the decreaseTig under the hydrostatic
pressure in Ceke® On the other hand, it has been reported
that T¢ for YFe,, GdFe, HoFe, and ErFe linearly in-
creased with increasing pressdafeThe increase inTc,
behavior in theM vs H curve is observable as well. which is a common feature dtFe, with stable 4 electrons
The H-T magnetic phase diagrams deduced from magneand no 4 electron, suggests that the F&-3Fe 3 ferromag-
tization measurements are shown in Fig&) &and 1b) for  netic exchange interaction strengthens by the contraction of
Ce(Fe _«Co,), with x=0.05 and 0.10, respectively. For the the lattice even in Cekesimilarly to the othelRFe, system.
case of CEg) osCqy g5), in Fig. 7(a), it is to be noted that the
canted spin phase appears in low magnetic field region at
low temperatures. This canted spin state may be induced as a
result of the competition between the antiferromagnetic cor-  C. Discussion on the magnetism in substitution systems

relation arising from Ce#-Fe3 hybridization and the Despite the contraction of the lattice upon substitution in
Fe3d-Fe 3 ferromagnetic exchange interaction. On thepoth the Co and Sc systems, an antiferromagnetic ground
other hand, Cée&, 9dC0y 102 Shows a complete antiferromag- state is stabilized in the Co diluted Ee,_,Co,), system,
netic ordering below 90 K. From the above experimentalwhereas a ferromagnetic ground state is stabilized in the Sc
results, we conclude that the antiferromagnetic phase betdiluted (Cg_,Sc)Fe, system. We interpret this contrast be-
comes stable with increasing the Co concentration fohavior under the following three assumptiofi®). In CeFg,
Ce(Fe, _,Co,), with x=<0.10. there is a competition between the Fb-3e 3 ferromag-
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netic exchange interaction and the antiferromagnetic spir T I I l I
correlation due to Cef4-Fe 3 hybridizations.(2) The en-
hancement of the Cef4-Fe 3 hybridizations strongly sup-
presses the Curie temperaturg and the saturation magne-
tization Mg. (3) The Fe 3l-Fe 3 ferromagnetic exchange
interaction strengthens by the constriction of the lattice even
in CeFe, similarly to the otheRFe, system.

On the basis of the above assumptiafis,in the dilutely
Sc substituted system (€g,Sg)Fe,, the ferromagnetism is
stabilized by the suppression of the Cle4-e 3 hybridiza-
tions due to the decrease of the Ce concentration in additiot=
to the enhancement of the Fd-3Fe 3 ferromagnetic ex-
change interaction due to the constriction of the lattice. On
the other hand(2) the monotonous decrease in Curie tem-
peratureT under high pressures in Cef@an be explained
by the idea that the enhancement of the antiferromagnetic
spin correlation through the strengthening of Ge#e 3
hybridizations under pressure exceeds to the strengthening ¢ T (K)

the Fe 3—Fe 3 ferromagnetic exchange interaction due to ) ,
FIG. 9. Temperature dependence of the normalized electrical

the contraction of lattice. If there is no hybridization in this
y resistivity p(T)/p(300 K) for CdFe,_,Co,), inH=0and 9 T. The

system,T¢ should increase under high pressures like in the|nset shows a quadratic temperature dependence of the electrical
other RFe, systems. In the Co diluted system 4 P P

. . istivity.
CeFe _,Ca),, (3) since the lattice parameter decreases oo Y

with increasing the Co concentration, the k-3~ 3 fer-
romagnetic exchange interaction is strengthened and tHee 4f—Fe 3 hybridizations and the ferromagnetic Fe-3d
Ce4f—Fed hybridizations are simultaneously enhanced.exchange interaction may be completely different in the two
As a result of the fact that the enhancement of antiferromagcases of the Al, Co, Ru, Ir, Re, Os substitution and the Mn,
netic correlation due to the hybridizations exceeds to thé\i, Rh, Pd substitution for Fe in Ceféf both the ferromag-
strengthening of ferromagnetic exchange interaction by sub?etic Fe 3i-3d exchange interaction and the Ce4Fe
stituting Co for Fe, the Curie temperatufe decreases with hybridizations are suppressed due to the band effect upon the
increasing Co content and the antiferromagnetism is stabjater substitution and the degree of the suppression of the
lized as well. Similarly, this senario may explain that all the Ce 4f—Fe 3 hybridizations are much larger than that of fer-
substitutions of Al, Ru, Ir, Re, and Os for Fe site induce anfomagnetic Fe 8-3d exchange interaction, it seems that the
antiferromagnetic ordering at low temperatures, irrespectivé&urie temperaturd ¢ gradually decreases upon substitution
of changing the lattice spacirfg:®(4) To stabilize the static Without appearance of static antiferromagnetism, leading to
antiferromagnetism, it is needed that the dynamical antifersimple dilution of ferromagnetism. Further studies are
romagnetic spin fluctuation in the ferromagnetic state isheeded to clarify the origin of the above unusual substitution
trapped on the substituting atomic sites at low temperature§€ehavior.
even if the the Ce#—Fe 3 hybridizations is enhanced by
substitution. This idea is consistent with the results of recent
inelastic neutron scattering studies performed by Paolasini
et al,?® in which the antiferromagnetic spin fluctuation still
exists around thé& points in the Brillouin zone in the ferro- Figure 9 shows the temperature dependence of electrical
magnetic state for GEe, 94C0yg7)2 but it changes into a resistivity p for the Co substituted system Ee&,_,Caq,),,
typical antiferromagnetic spin wave dispersion with a propawhere all the electrical resistivities are normalized by the
gating vectorr=[1/2,1/2,1/3 in the antiferromagnetic state values at 300 K. The electrical resistivity for both
at low temperatures. Hence, we conclude that the developg=e(Fe) 9:C0y 05> and CéFey odC0y 10> Shows a kink afT ¢
ment of the antiferromagnetic spin correlation due to theand a discontinuous increases at the transition temperature
Ce 4f —Fe 3 hybridizations makes the ferromagnetic ground T, from ferromagnetic to antiferromagnetic states with de-
state in CeFgunstable upon dilute substitution. creasing temperature. The anomalous increasg of the

On the other hand, it is known that the substitutions of Ni,antiferromagnetic state for both the systems is suppressed by
Mn, Rh, Pd for Fe in CeRdeads to simple dilution of fer- a magnetic field oH=9 T. We have also investigated the
romagnetism. In the above argument, we cannot understarisothermal magnetic field effect gn The magnetoresistance
the simple dilution behavior of ferromagnetism, suggestingAp/p=[p(H)—p(0)]/p(0) at 5 K isplotted as a function of
that we have to take into account the change in electronithe magnetic fieldH in Fig. 10, together with thé/l vs H
band structure upon substitution. The band effect may beurves. For the Co 5% substituting system, a rapid decrease
also essential for the appearance of antiferromagnetism af Ap/p occurs at the metamagnetic transition field Hbf
low temperatures as well as the volume effect. The change irr 2.5 T, reaching a negative giant magnetoresistaGdéR)
band structure wupon substitution affected on theof 64%. Since the magnetization is irreversible, the magne-

)p (300 K)

p

0.0 / 1 | | | L

0 50 100 150 200 250 300

D. Transport properties in the Co substituting system

054405-6



MAGNETIC AND TRANSPORT PROPERTIES OF TH. .. PHYSICAL REVIEW B 63 054405

T 25
y at5 K
8 CofFerssConods
~@-Aplp
i ~-0-M
8 ColFaqyCoqide | 20
H -~k Aplp
:': M
0.2} " |
o .
! 415 =
J 3
& i 3 " H1°%E E FIG. 10. Magnetoresistance at
s 6 ' ; ~ 4.2 K as a function of the mag-
04k by . Jd1o0 = netic field, together with the mag-
O c : netization curves.
{4 '
P i
Pl " i < 05
o i e *
0.6 R
008000000090 0000000000800
WBDDDDDEO«PWW 1 1 0.0

0 2 4 <] 8 10

H(T)

toresistance\p/p does not recover to the initial value, leav- A,-. On the basis of Fermi liquid theory, the quadratic tem-
ing almost the final value at demagnetized state. This indiperature coefficient in electrical resistivityis proportional
cates that the magnetic state after removing magnetic field i® the square of the density of states at Fermi l&&(eg).

still ferromagnetic, where the ferromagnetism abd¥gis  Hence, it seems that the density of states at Fermi level in the
frozen at 5 K. In Cée)qfCoy 102 the magnetoresistance ferromagnetic state is larger than that in the antiferromag-
Aplp rapidly decreases atl-=7.5T with a hysteresis of netic state D(eg)g>D(eg)ar. This is consistent with the
about 2 T, reaching a negative GMR of 60% as well. Abehavior of the electronic specific heat coefficienthat is
similar negative GMR was also observed in the(REf. 30  ¥r> var deduced by Wadat al®* These results simply sug-
and Ru-(Ref. 31 substitution systems, but the GMR in the gest that the gaplike feature is formed near the Fermi level in
Al- and Ru-substitution systems was somewhat smaller. Athe antiferromagnetic state, leading to decrease in the density
is shown in the inset of Fig. 9, the electrical resistivity showsoOf state ate¢ due to small Fermi surface, and the density of
a quadratic temperature dependence, p.&.p,+AT2 atlow  states akg increases when ferromagnetism is recovered by
temperatures. We notice that in €e,_,Ca),, the qua- the metamagnetic transition. To clarify the formation of the
dratic temperature coefficient in the ferromagnetic statés ~ 9aplike feature, we measured the tunneling spectra in this

considerably larger than that in the antiferromagnetic stat&ork.
Figure 11 shows the tunneling spectra of B8 ¢=C0y g5)»

O HLELELN I B b L B at 4.2 K in zero magnetic fiel#f The result obtained clearly
indicates the existence of a gap structure with the width of
2A=~10meV on theV-shape back ground near the zero-
bias voltage which corresponds to the Fermi level. A similar
gap structure was also observed in(B8 ofC0y 19> With
2A=19meV, the value of which is almost twice of that in
CeFg) oCyg5),. We notice that the gap width is propor-
tional to the transition temperatufig from ferromagnetic to
antiferromagnetic states. This suggests, in the system
CeFe,_,Co,), with x=0.05 and 0.10, that a superzone gap
opens near the Fermi level in the antiferromagnetic state.
Therefore, we can understand the appearance of negative
GMR in the Co substituted system Ee,_,Ca), by the
following scenario(1) With decreasing the temperature, the
superzone gap is formed near the Fermi level below the

3.28

3.26

difdV (mS)

3.24

3.22

v tes v b vt by e b e by s el e

.20 10 0 10 20 ferromagnetic-antiferromagnetic transition temperatiig
vV (mv) and as a result of gap formation, the electrical resistivity
suddenly increaseg2) However, the electrical resistivity
FIG. 11. Tunneling conductance for Gey o:Cy o9, at 4.2 K. *  does not follow a thermal activation type behavior because
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of the formation of the anisotropic gap, reflecting the direc-The similar features could be realized in the Al, Ru, Ir, Re,
tion of a propagation vector in an antiferromagnetic struc-and Os substitution systems. However, the contrast behavior
ture. (3) At low temperatures, since the superzone gap isn the Ni, Mn, Rh, and Pd substituted systems for Fe in
collapsed with the metamagnetic transition from antiferro-CeFg as simple dilution of ferromagnetism is still unre-
magnetic to ferromagnetic state, the Fermi surface is recorsolved at present. Nevertheless, we can conclude that the
structed and the cross section of the Fermi surface becom&urie temperaturd - and saturation magnetizatiav 5 of
large.(4) Finally, as a result of recovery of the carrier num- CeFg is strongly suppressed by the development of antifer-
bers, the negative GMR occurs. romagnetic spin correlation due to the Cle4~e 3 hybrid-
izations in comparison with those of otheFe,.
CeFe _,Co,), with x=0.05 and 0.10 show a negative
IV. SUMMARY giant magnetoresistance effect reachiag/p=64% and
) o ) N 60% at 4.2 K, respectively. The quadratic temperature coef-
In order to gain a deeper insight to instability of ferromag-ficient A of electrical resistivity and the electronic specific
netic _gro.und state in Cekewe stud.|ed the dilute Co and S(_: hear coefficienty (Ref. 28 in the field induced ferromag-
substitution effects on the magnetic and transport propertieg,etic state is larger than those in the antiferromagnetic state.
In the Co substituted system Ee,_,Co)), for x=0.10,  Fyrthermore, the tunneling spectra directly show a gap struc-
while the Curie temperatufg; decreases with increasing the ture, in which the energy gapA2is proportional to the
Co concentration, an antiferromagnetic ordering appears f%rromagnetic-antiferromagnetic transition temperatlige
x=0.05 at low temperatures and the transition temperaturgjence we concluded that GMR in E®,_,Co), is origi-
To from ferromagnetic to antiferromagnetic states monotoyateq from the increase of carrier numbers due to the col-
nously increases with increasing leading to an instability |apse of the superzone gap after the metamagnetic transition.
of the ferromagnetism in CekeOn the other hand, in the Sc In this paper, it was clarified that the Cd-4Fe 3 hy-
substituted system (ge,Sq)Fe,, both the Curie tempera- prigizations were important to understand the intrinsic mag-
ture Tc and the saturation magnetizatidfs at 4.2 K in- netism in CeFg which might give rise to the AF spin fluc-
crease with increasing the Sc concentration, indicating th@ations of the Fe spins even in a ferromagnetic ground state
stability of ferromagnetism in CekgeDespite the constric-  from the investigation of the Co and Sc substitution effects
tion of the lattice spacing upon substitution in both the sySun magnetic and transport properties. Thus, it is considerably
tems, the substitution effect of Sc for Ce on magnetic propinteresting to know how the ferromagnetism in CgHees
erties is clearly in contrast to that in the Co substitutionchange when we apply hydrostatic pressure and the Ce
system. In (Ce-,Sc))Fe, the suppression of the antiferro- 4¢_fe 3y hybridizations are enhanced. Magnetization mea-
magnetic spin fluctuations due to the decrease of the Ce coyrements under the hydrostatic pressure using a CeFe

centration as well as the enhancement of the ferromagnetigngle crystal are now in progress, which will be published in
exchange interaction between F&-3Fe 3 spins due to the g|sewhere.

lattice constriction makes ferromagnetic ground state stable.
On the other hand, the Curie temperatufg: in
CeFe, _,Co,), decreases with increasing the Co content be-
cause the enhancement of antiferromagnetic spin correlation
due to the constriction of lattice exceeds to the increase in We thank L. Paolasini for useful discussions on the spin
strength of Fed@—-Fe 3 ferromagnetic exchange interac- fluctuations in Cekeas well as in Cée, Co,. We also
tion. Furthermore, as a result of trapping a dynamical antithank the cryogenic center in Hiroshima University for sup-
ferromagnetic spin fluctuations on the substituting Co sites, alying liquid helium and for the use of a vibrating sample
long-range antiferromagnetic ordering like a spin densitymagnetomete(VSM) to perform magnetization measure-
wave SDW develops at low temperatures inffeg_,Cao,),. ments.
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