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The transport mechanism of polycrystalline sampleggh#rg 179Vin; —,Cu,O; (0=x=0.20) and the effects
of Cu doping have been investigated. It can be concluded that the existence of Cu induces the superexchange
interaction and weakens the long range ferromagnetic order in the samples. The transport mechanism in the
metallic regime is attributed to the magnon-carrier scattering and the transport mechanism in the insulating
regime transits from polaron transport to variable-range hopping with the adding of Cu. The effect of the
surface phase is also observed in the samples.

[. INTRODUCTION the 3d electrons of Cu and theelectrons of O leads to a
strong antiferromagnetic coupling. Because the radius of
Recently, doped manganese perovskites have attract€@i?' ion is close to that of M#' ion, the Mn site can be
much renewed attention due to the discovery of colossabccupied by Cu. So if Cu is doped into manganese oxide,
magnetoresistance (CMR).1® In the systems of useful information for understanding the transport mecha-
Ln;_ AMnO; (Ln=La-Th, andA=Ca, Sr, Ba, Pb, etg. nism of CMR oxides could be obtained. In this paper, the
the existence of the dopant leads to mixed valency of the Miag g>5515 174VIn; _Cu,O5 (0=<x=<0.20) has been studied. It
ions (MrP"/Mn**). In proper content the mixed valency can is found that the bivalent Cii cations induce the antiferro-
result in strong ferromagnetid@M) interactions which can magnetic superexchange interaction and destroy the double
be explained by the double-exchange mechar(®f).* In exchange interaction in the samples. The transport mecha-
addition to DE interactions the strong coupling of the vibra-nism transits from the polaron transport to variable-range
tional and electronic system in the L.nA,MnO; lattice was  hopping with the increase of &l ions. The effect of the
found to play an important role in the mechanism of thesurface phase has also been discussed.
CMR.>® In particular, the Jahn-TellefJT) effect was be-
lieved to affect both the magnetic and transport properties of Il. EXPERIMENT
the Ln,_,A,MnO; systenf’ In order to get further under-
standing of the mechanism. Mn site doping effect has been The samples were prepared by the usual solid-state reac-
studied®** A. Barnabeet al® found that the substitution of tion method with specpure L@;, SrCQ;, MnO,, and CuO
Mn by Cr suppresses the charge ordering and induces ferr@s the starting materials. The mixture of these starting mate-
magnetism. The research work by Gayatrial® suggests rials were heated in air at 1300 °C for 24 h. Then the powder
that Co substitution for Mn dilutes the DE mechanism andwas ground, palletized, and sintered at 1350 °C for another
changes the long range FM order of L& ;MnO; to a 24 h. Finally, the furnace was cooled down to room tempera-
cluster glass-type FM order. However, this kind of researctiure. To the as-obtained samples, we have carried out the
is quite inadequate. We consider that in the CuO plane of
high-temperature superconductors, the hybridization betwee!
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FIG. 3. The changes of ESR signal with temperat@@ex=0; (b) x=0.06; (c) x=0.14. The peaks marked with are paramagnetic
peaks.

following measurements: the x-ray diffraction, ac magneticwere measured using a BRUKER ER-200D spectrometer at
susceptibility(y), electron spin resonand&SR), resistivity =~ 9.46 GHz. The resistivity under zerocs T magnetic field
(p), and magnetoresistan¢®IR). was measured by the standard four-probe method in the tem-
The x-ray diffraction patterntshown in Fig. 1 were ob-  perature range from 20 to 325 K.
tained from Japan RigakD/max-ya rotating powder dif-
fractometer using CWKK, radiation. The detective range is
15° to 75°. It indicates that up t®=0.20 the samples are Ill. RESULTS AND DISCUSSION
single phase. On substitution of Mn by Cu, no structure
change has been observed.
ac susceptibility measurements have been carried out in Figure 2 shows the ac susceptibility versus temperature
the temperature range 80—-325 K, at a magnetic field amplieurves. In the doping level€9x=<0.16, all samples display a
tude of 0.5 Gs and a frequency of 108 Hz. The ESR signalparamagneti¢PM) to FM phase transition. The Curie tem-

A. Magnetic properties
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FIG. 4. The resistivity versus temperature curves qf dagfy 174Mn; _,CuOs. (8) 0<x=<0.12; (b) 0.14<x=<0.20.
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FIG. 5. The fitting of resistivity curves of lgg,Sr 179Mn; _,Cu,O;. The dotted lines represent the experimental daaThe p~ T2°
curves of low temperature zongb) The In(p/T)~1/T curves for the samples with=0, 0.04, and 0.14/c),(d)] The In(/T)~1/T curves as
well as Inp~T ~Y curves for the samples witk=0.18 andx=0.20.

peratureT ¢, which is defined as the peak temperature of theexistence of Cu causes a magnetic disorder. Therefore the
differential curves ofy~T, decreases from 299.1 K to 190.5 double exchange interaction is hard to form and the magnetic
K and T2"**'drops from 309.3 K to 233.4 K with the increase transition cannot occur.

of x. Here TX®is the onset temperature of PM-FM phase = The ESR properties for @55t 17,9VnO; are consistent
transition which is determined by the crossing point of thewith the experimental results reported by other grotips’
extension line of PM regime and the tangent line of phasd-igures 3a)—3(c) show the temperature dependence of ESR
transition regimdi.e., the regime with the largedty/dT). It ~ signal for the samples witk=0, 0.06, and 0.14, respec-

is marked with” in Fig. 2. Meanwhile, the magnetism is tively. It can be seen from Fig.(8 that there are clear PM
weakened and the range of the magnetic transition is broadines with g factor near Amarked withA) above 300 K. So
ened. Wherx=0.18 the samples have no obvious magnetiche sample is in PM phase. Below 300 K, the PM line shifts
transition. So it can be concluded that the ferromagnetism o0 low magnetic field and decreases gradually with cooling.
the samples decreases with the increase of Cu. It suggedissuggests that the sample undergoes a PM-FM phase tran-
that although the Gt substitution enhances the content of Sition around 300 K. Because the FM regime appears at the
the Mrf* ions, this effect is less considerable for transportPhase transition temperature, the remained PM regime is ac-
process. With the adding of Cu, an antiferromagnetic supertually surrounded by an internal magnetic field induced by
exchange interaction is induced and increasetf At the  the FM phase. Therefore at a lower applied magnetic field,
same time, the MiT-O?> -Mn** bonds are destroyed gradu- the sum of the internal and applied field can reach the needed
ally. This causes the, electrons of MAT ions localized. So magnitude of the resonance field. So the PM line is located at
the double exchange interaction in the samples is weakenetl lower field. With the decrease of temperature, the FM
by the increase of Cu, which caused that the electron spinghase becomes dominant and the PM phase vanishes gradu-
form the FM alignment at lower temperature. Therefore, theally. Hence, the PM line of ESR decreases and disappears at
temperature of PM-FM phase transition decreases and tHast. It is similar for the other two samples. For the sample
transition range is broadened. In the heavily doped range, theith x=0.06, the magnetic transition temperature is around

TABLE |. The Curie temperatur@ and transition temperatufg, for the samples with different.

X 0 0.04 0.06 0.10 0.12 0.14 0.16 0.18 0.20
Tc(K) 299.1 286.9 281.8 250.2 238.5 204.7 190.5
TK) 309.3 293.7 291.4 269.9 259.0 238.9 233.4
Tp1(K) 313.2 2955 291.2 2452 230.1
Tpo(K) 258.5 241.7 230.2 174.6 160.5 129.1 106.6




8920 LI PI, LEI ZHENG, AND YUHENG ZHANG PRB 61

FIG. 6. The scanning electronic microscope photo of dagry 174N, ,CuUOs. (@) x=0; (b) x=0.08; (c) x=0.12.

280 K. And for the sample witlk=0.14, the transition tem- electrons cannot hop in low temperature which causes that
perature is between 200 K and 240 K. These results demorthe polaron transport does not dominate. At the same time,
strate through microscopic view that the PM-FM transitionthe DE interaction cannot occur in the system. So the elec-
actually occurs in the samples. And the transition temperatron spins form a random magnetic structure instead of FM
tures determined from ESR are consistent with that of thalignment. Hence, the low temperature resistivity can be fit-
susceptibility measurements. Furthermore, the existence ¢&d well by the Mott variable-range hopping relatidndith

the PM lines demonstrates that there actually exists the erthe continuous increasing of Cu, more severe magnetic dis-
vironment for the formation of magnetic polarons abdye order forms in the sample, which destroys the environment
With the doping of Cu, this environment is destroyed graduheeded by the formation of polarons. Hence, the transport
ally, which can be seen in the transport measurement. process is dominant by variable-range hopping.

From the resistivity versus temperature curves, it can be
found in Fig. 4 that the interfacial tunneling really exists. In
0=x=0.12 the curves have two peaks which locatd af

The resistivity versus temperature curves are shown imndTp,, respectively Tp;=Tp,). Here theTp, is the tem-
Fig. 4. It can be seen that in the range ¥<0.16 there is an  perature of metalinsulator transition caused by PM-FM phase
insulator-metal transition while for the sample witb=0.18  transition. The peak afp; is a sign that the polarons delo-
the transition is not observed. At the same time, the resistivealize to naked carriers and the electrical conduction changes
ity increases dramatically with the adding of Cu. from polaron hopping to free carriers itinerating in FM en-

In order to investigate further, we have fitted the- T vironment. We listTp;, Tp,, Tc and T2*into Table | to
curves of Fig. 4. We usefl=p,+AT?® to fit the metallic  compare. It can be seen that for the samples wiD.06,
regime. Figure &) shows that thep~T?® curves of this T, consists withT2"**'and for the samples witk=0.1 and
regime are nearly linear. It suggests that the transport mech@:12 T, consists withT . It is reasonable because with the
nism of this regime can be attributed to the magnon-carriefncrease of Cu content, PM-FM phase transition is broadened
scattering, which demonstrates further that the metallic reand the FM amplitude is weakened. So only when tempera-
gime is actually in FM phase. To the |n§ulat|ng regime, Weyre is lower thanT2™* and close toTc, can the naked
have fitted the curves of the samples witk 0, 0.04, 0.16,  carriers delocalized from polarons increase to a certain
0.18, and 0.20. For the samples wit# 0, 0.04, and 0.16, we  gmount and the metallic property appears. Thereford the
replotted the resistivity curves as pi{)~1/T because itis of the samples withk=0.1 and 0.12 is close tdc. The
commonly accepted that the transport mechanism of the inyeaks aff ., are believed to reflect the spin-dependent inter-

sulating rggzizme_ of LaSKMnO; is the magnetic polaron  facjal tunneling due to the difference in magnetic order be-
transport®~2?? Figure §b) shows that in the range of

B. Transport properties

>Tc the curves are compatible with linearity quite well. 07f

And the activation energy obtained from fitting is x=0.14

82meV x=0), 84meV&=0.04), and 111meW 061

=0.16). For the samples with=0.18 and 0.20, we plot the 05| x=0.06

In(p/T)~1/T curves as well as the variable-range hopping ' ' A
relation Inp~TY*in Fig. 5(c) and Fig. %d) to compare. For 04l “\.\_

the sample withx=0.18, Fig. %c) indicates that the two o 5 «-.

relations can fit the curve well in different temperature range.= 0.3} W

For the sample withx=0.20, Fig. 5d) gives that the x=0.0 3
In(p/T)~1/T curve apparently deviates from linearity while 02} Bt

the Inp~TY4 curve correspond with linearity quite well. Al 01

the fitting results suggest that the transport mechanism tran i D““a@..%

sits from the polaron transport to variable-range hopping 441

with the increase of Cu ions. Obviously, with the adding of 030 100 180 200 20 300 350
Cu, theey electrons of MA" ions become localized, which T (K)

increases the activation energy. When the content of Cu

reaches 0.18, the, electrons of MA" ions are more local- FIG. 7. The magnetoresistance curves of

ized and the activation energy becomes very large, sethe Lagg,s5t 174Mn; ,Cu,O5. The applied magnetic field is 5 T.
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tween surface and cofé.In heavily doped range, the grain creases the barrier height of the intergréinwith the in-
sizes of the samples are relatively sm@ken from Fig. 6, crease ok, the MR atTp, increases because of the surface
the scanning electronic microscope phot®o the grain sur- expansion.

face expands with the increasexoénd the conductive chan-

nels gradually reduces. Hence, the contribution to the resis- V. CONCLUSION

tance of the interfacial tunneling becomes larger than that of

the grain core and the height of the peaks af exceeds that by Cu on the electrical and magnetic properties of the CMR

of the peaks aflp; gradually. In the range of 0.&x :
<0.16, the peak which reflects the magnetic transition isfgstliwgl_rggzgfr?él:i\)/lrgg&;?ceo?glasrt?rr\“t:ﬁq?lzgo ::j&:ﬁeor;s

overwhelmed by that of the interfacial tunneling. So there isand chanaes the transport mechanism of insulator bhase from
only one peak on the curve. 9 P P

We measured the resistivity at applied magnetic fields OPoIaron transport to_ vgr|ab|e-range hopplng. The double
x=0, x=0.06 andx=0.14 samples. The magnetoresistanc eak onp~T curves indicates that the spin-dependent tun-

(MR) as a function of temperature is plotted in Fig. 7. Here'neling and intrinsic transport properties simultaneously exist

the MR is defined as p/po=(po—pu)/po, Wherep, is the " OUr samples.
resistivity at zero field angy is the resistivity at an applied

magnetic field of 5 T. These samples all have pretty large

negative magnetoresistance. And on the MR curves, there are The authors would like to thank Dr. Yunhua Xu and Pro-
corresponding peaks at the insulator-metal transition temfessor Fanqging Li for help in the experiments. This work was
peratures. The MR &ftp, can be attributed to the ionic spins supported by the National Natural Science Foundation of
in the surface being aligned by external field, which de-China.

In summary, we have studied the effect of dilution of Mn
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