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Both the in-plane and out-of-plane magnetoresistivities have been measured in the normal state of an
optimally doped BjSr,Ca, Y, ,.CW,0g, 5 Single crystal with a magnetic field applied parallel and perpendicu-
lar to the CuQ planes. Whatever the magnetic field and the current directions are, a negative magnetoresis-
tivity is obtained over a wide range of temperature above the critical tempergturEor the in-plane and
out-of-plane measurements, the nondominant orbital contribution to magnetoresistivity suggests the substantial
role played by the spin degrees of freedom.

One of the most interesting issues of the highsuper-  Bi,Sr,Ca, g ,C0g. 5 (Bi-2212) single crystal. We ob-
conducting cuprates is the understanding of their normalserve that the MR is almost independent of the transverse or
state properties. In particular, there is a great deal of experiongitudinal configurations not only for the out-of-plane cur-
mental evidence for the spin gap opening and the carriefent but also for the in-plane current. This feature implies an
confinement effect® Among the many unusual transport essential role of the spin correlation in the out-of-plane trans-
properties that have been reported in these systems, the ggort phenomena and the negative MR is discussed in terms
existence of a nonmetallic out-of-plane resistivity with a of formation of a pseudospin gap. The in-plane MR is also
metallic temperature dependence for in-plane resistiwily  found negative in sign and almost isotropic. We account for
have raised numerous questions concerning the electroniis feature considering a strong coupling between Cu spins
processes involved in the conduction mechanisms in angnd the charge carriers.
across the planés'? To get further insight into the anoma-  The crystals of BiSr,Ca_,Y,Ct,Og, s Used in this
lous charge transport properties and in the possible spin egtudy were grown by a self-flux method which has been de-
fects on the out-of-plane and in-plane charge dynamics o$cribed elsewher®:'® The structural investigations under-
high-T. cuprates, in-plane and out-of-plane magnetoresistaken to check the quality of crystals, in particular their ac-
tance(MR) measurements witB parallel and perpendicular tual cationic compositions are reported in an earlier péper;
to thec axis are very useful. An important amount of mag- it is demonstrated that substitutions of low concentrations of
netotransport experiments in anisotropic superconducting cu¢3* on the CA" site lead to a set of samples with different
prates has been achieved; for instance, in the two, da¥  doping states. The actual cations contents were checked by
ers BpSL,CaCuyOg, 5 (Bi-2212), a negative anisotropic out- energy dispersive spectroscoplDS) x-ray spectroscopy
of-plane MR has been observed and interpreted in terms afith a Kevex analyzer mounted on a 200-kV electron micro-
field dependence of a pseudogap in the spin syStém. scope following the procedure described in Ref. 15 for each
La, ,Sr,CuQ, (La-214), the same feature has been reportedbatch. In this work, we investigate charge transport in
in the underdoped staté.Besides, in TIBa,CuQy, 5 (TI- Bi,SrCa, Y, CwOg 1 s With Xgps= 0.2 which corresponds
2201 single crystals, positive transverse and longitudinalapproximately to the optimum doping stdfeThe typical
out-of-plane MR has been found and an explanation in termdimensions of the sample arexx0.01 mnt. We have
of anisotropy of the in-plane mean free path is givéRe-  evaporated six “silver pads” as described in Fig. 1: two on
sults for in-plane MR measurements are more contrastinghe top face, two others on the bottom face, and one silver
Indeed, a slight negative longitudinal MR is observed in op-pad on each ac plane. Voltage and current contacts were
timally doped B5Sr,CuQ;, 5 (Bi-2201) (Ref. 14 and under- established by thin gold wires attached to the evaporated-
doped La-214Ref. 15 whereas such a phenomenon is notsilver pads with silver paint. The sample was then annealed
reported in the studies of Kimuratall! in La-214 and in air at 400°C for 10 min in order to reduce the contact
Heine et al® in Bi-2212. In these latter cases, the authorsresistance. This simple contact geometry allows measure-
have interpreted the positive in-plane MR as a result of suments of the in-planep,,, and the out-of-planey., resis-
perconducting fluctuations. It is worthy to note that, in La-tivities on the same crystal. It has been checked that the
214 single crystals, an isotropic negative in-plane MR hasvaporation of silver pads on the ac planes does not affect
been measured by Preyet al'’ However, none of those the p, data. To measure thg, resistivity, the current is
papers report measurements of the anisotropic MR with variapplied along thec-axis direction and the voltage drop is
ous field orientations in the same Bi-2212 single crystal. Inrmeasured parallel to it. This yields good estimatepof as
this work, we report magnetoresistari®4R) measurements discussed in Ref. 21 for Bi-2212 single crystals. On the other
with current flowJ||ab andJ||c and with the magnetic field hand, to measure the in-plane resistivity, the current is ap-
oriented parallel B[ J) and perpendicularRL J) to the cur-  plied within theab plane and the voltage drop is measured
rent. This study is achieved on tleameoptimally doped with either the two contacts on the top face or the two other
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circle) and longitudinal B||c||J) (black circle out-of-plane magne-
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C ] fectly the magnitude of the one reported by Yanal?® in
. 400 F ] Bi-2212 single crystals. However, in this latter paper, the
S - N——’/ authors consider a slightly underdoped compound whereas
é}’ 300 F ] ours is optimally doped. Qualitative and/or quantitative com-
=< - ] parison with the experimental features we have observed
"5 200 [ ﬁ ] would be difficult.
a . L [B== =By ] The result exhibited in Fig. 2 implies that the positive
100 [ i »— orbital contribution to the TMR, arising from a bending of
. e = ] the carrier trajectory by the magnetic-field-induced Lorentz
ok b force whenB. J, is absent. This suggests that a spin part,
S rather than an orbital part, is strongly involved in the ob-
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served negative out-of-plane MR.
T (K) More interesting are the results of the Fig. 3, which show
the temperature dependence of the longitudiriglJ) and
FIG. 1. Zero-field out-of planéa) and in-plane(b) resistivity transverse B.LJ) !n-plar]e dljab) MR.‘ This current con-
curves. In the inset, we have schematically drawn the contact Corﬂguratlon also gives rse to a n_otlceable, but negatl\_/e,
figurations. The solid lines correspond to the current lines. amount of MR for bqth f'eld directions. | et us, note again
that the MR changes in sign and becomes positive Tigass
or the out-of-plane MRsee Fig. 2 This is attributed to the
nset of superconducting fluctuations that give rise to an
additional positive MR term as approaching Tg. At this
point, it is important to note that the negative MR occurs
regardless of the respective field and current directions.
oreover, whenl|lab, despite the fact that the TMR is

ones on the bottom face. For the MR measurements, thf
sample was aligned with the magnetic field parallel and per
pendicular to the axis to an accuracy of 0.1°. According to
previous result$>?! the zero-field out-of-plane resistivity
temperature dependence shows a strong semiconducting
havior [Fig. 1(@]. The zero-field in-plane resistivity mea-
surements exhibit a metalliclike temperature dependence 3.0

with a slight upturn just abovd ;=88 K [Fig. 1(b)]. At [ 25_' L _

room temperature, the zero-field resistivity values are % 2'0 £ JLlc E

pap(300 K)=~400 1) cm and p,(300 K)~7 Q cm. These = 1'5 £ o ] TMR(BLJ)

values are in perfect agreement with those reported in Ref. =~ '2F 3

12 for an optimally doped Bi-2212. 5 1o ¢ ° LMR(B/J) 3
First, we focus on the out-of-plane MR. Figure 2 shows 8 05 = o 3

the temperature dependence of the longitudirglJy and o 00F '_ —
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TMR, respectively, in the following. A change of sign, from E& 40FE @ Dnnnunnnﬂﬂ“””

positive just above; to negative up to 150 K, is found for =~ 45k “unnmmmn:nnm“

both field orientations. Moreover, the LMR and TMR are & "“F

essentially equivalent implying that the out-of-plane MR is '2'085 90 95 100 105 110 115 120 125 130 135 140

“isotropic,” i.e., independent of the field direction. Such an T (K)

isotropic negative out-of-plane MR is a common feature that

has already been observed in Bi-2212Bi-2201* FIG. 3. Temperature dependence of transveBie(J) (black

SKL,RuQ,,?2 and underdoped La-214.It is important to note squarg and longitudinal B|lcLJ) (open squarein-plane magne-
that the magnitude of our experimental MR matches pertoresistivity at 7 T.
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found “more positivé than the LMR, in agreement with the plane transverse configuration, the orbital contribution is ex-
additional positive orbital contribution expected in this trans-pected to be important. The negative transverse MR and the
verse configuration, only a weak in-plane MR anisotropy isweak anisotropy found between the transverse and the lon-
observed. gitudinal configurations might indicate that the orbital part
Our experiments report negative in-plane LMRATMR  does not dominate the in-plane MR. This weak Lorentz-force
in Bi-2212 single crystals. In La-214, Kimuret al** ob-  dependent property suggests a spin dominated origin of the
serve a positive in-plane MR whatever the field direction anqn-plane MR. As noted previously, Preyet al}” have also
the doping state are. At least for the underdoped compoungyyserved an isotropic negative in-plane LMR and TMR. The

they account for this result considering the excess of conducy,thors have emphasized that such experimental features are
tivity arising from superconducting fluctuations of an inconsistent  with  coherent  backscattering(weak

Aslamasov-Larkin type. For other doping states, they assumg, i, ation?” or conventional interaction effect8. They

:gagtr?: dngrm:rl]'jégiea:\fs f(l-_)sr 'Exgl‘:ﬁj% Cé(()jnlt_r;sztllnf r_(reﬁgltasua_tr ave suggested that the charge carriers are strongly scattered
P y : nderaop : by the fluctuating Cu spin system which in such a case limits
thors have observed a negative in-plane TMR at low tem:

perature for very high magnetic fields. In the same way, forthe conductance. If an intense field is applied, a reduction of

the same compound, Preyetall” have observed a nega- thesg9 spins fluc_tu_ations i_s obtained as proposed by N. P.
tive, but isotropic in'-plane MR. The authors give such aOng. For explaining the in-plane expt_am_*nental resul_ts pre-
I’eSlillt as evidencé for spin scattering effect in limiting thesentefj above, we can expect_that a s_|m|lar mechanism is at
conductance. Besides, no evidence for a negative MR terr¥1vork in our optimally doped B|-22;2 single cryst_al.

: ’ In numerous papers, magnetic field suppression of super-

when Jlab is found for SyRuQ, (Ref. 22 and : . Lo
23,24 g - conducting fluctuations are used to describe in-plane and
YBa,Cls07_ 5 (YBCO).™*"The bismuth system exhibits an out-of-plane MR data®3°~33 However, even when orbital

:_rp;?rcl)rtapt I%Sﬁrevparncy in rthg ber}g\\ll'o;&g%h'inhp:?nebMRr;and spin contributions are considered, one cannot account
€ineet al. - have measured positive ch has beeng, . o negative longitudinal and transverse in-plane MR. For

analyzed in terms of superconducting order-parameter fluGy, o 5yis transport properties, it has been shown that the
tuations and interactions of carrier spins with magnetic fleld.decrease of the one-electron ’density of SO at the

In Bi-2201 single cryst_alé,*_ a slight negative MR is ob- Fermi level induced by the formation of Cooper pairs in the
served only when the field is perpendicular to thefim' normal state can lead to a negative LMR. However, the isot-
ers. Neverthelgss, n th? same compound, Aetdal.” have ropy revealed by the measurements reported in this paper is
reported only little positive MR. not yet understood in such a framework.

Actually,tlthe ﬂgeitlon Is to knotw dhogv to ?CC%U?; for tlhe Besides, several magnetotransport experiments suggest
nonconventional behavior presented above for both IN-pIang, 4+ yhec-axis LMR contribution has the same origin as the

and out-of-plane MR. In many papers, the existence of Ei'n-plane orbital MR contribution. Indeed, in TI-22QRef.

negative out-of-plane MR is often interpreted in terms of a13) and optimally doped La-213 where no negative-axis
field-dependent pseudogdp The out-of-plane charge . MR contr?butionyis cF))bserved, the-axis LMR % found to

transport is blocked by this normal-state gap which plays, iNollow the orbital in-plane MRT dependence. Apparently,

such a.plctur.e,.a. central role in the tgmperature dependen%%r experiments are not consistent with such a behavior and
of c-axis resistivity and magnetoresistivity. When one ap- 0 not suggest thataxis transport is dominated by scatter-

pllesha magdnenf: f|eI<|j, thlsrgseqdogﬁp is suprl)lrelssedd promaq g process within the planes.
Ing the conduction along theaxis. This naturally leads to a In conclusion, we have measured both the in-plane and

negative out-of-plane MR. The isotropy shown on Fig. 2 iSofut-of-plane MR with a magnetic field oriented parallel and

“S“"’?”V considered as an evidenqe suggestive of tge role ?)erpendicular to the current. We have obtained a negative
the field on the MR through the spin degrees of freedain. MR regardless of the field and the current directions. An

attractive scenario may be that the interlayer charge tranqugotropic c-axis MR and a slightly anisotropic in-plane MR

is .prevented by spin-singlet state pajring associated with flave been found. These results are qualitatively in agreement
spin gap. The presence of a magnetic field would break u ith a field-dependent spin gap picture for thexis trans-

thz S|tr]glet ft,?hte betwezn SPIns. Therefore t?ihco?comllt_ag) rt. We also show that the spins seem to play a substantial
reduction of the gap Inauces an increase of the Wnneling, o, the in-plane magnetoresistivity. We have also dis-

“ussed our results in terms of superconducting fluctuations

tive out-of-plane MR. Accc_)rdmg to Yastal,™ the gap is and two-component picture models where thexis conduc-
not supposed to affect the in-plane charge transport. Thus t Bn is governed by the in-plane one

argument presented above cannot account for the experimen-
tal results concerning in-plane measurements. For the in- We thank Dr. Pelloquin for structural analysis.
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