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Correlation of anomalous Hall resistivity, magnetoresistance, and magnetization
in thin films of La ,/3Sr;sMnO4
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The Hall resistivity p; and magnetoresistance of J4®r;,3MnO; (Tc~360K) have been measured at
temperatures up to 300 K in fields to 6 T. The linear correlation between the anomalous Hall codRfi@edt
the longitudinal resistivity related to skew scattering is found. The change of the anomalous part is attributed
to the thermal spin fluctuation that could be described by an empirical relRjefM (0)—M(T)]. The
correlation amongRg, p, and[M(0)—M(T)] directly suggests that the dependence of resistivity may be
described by the scattering due to thermal spin disof@&f163-18209)01841-X]

[. INTRODUCTION ment is much higher than the value expected from the chemi-
cal compositior?:®° Since the origin of the anomalous Hall
Recently, the manganese perovskitgs ,B,MnO; (Ais  effect in the manganite perovskite system is not completely
a rare earthB is a divalent dopantattained a great amount known yet, the evaluation of Hall data in this means is
of attention, due to the colossal magnetoresistai@dR) spurious
effect in the vicinity of the paramagnetic-to-ferromagnetic  The anomalous Hall effect had been discovered in some
transition. The close interplay between magnetic and trand€rromagnetic metals before the advent of CMR effect in
port properties can be explained by the double-exchang@@nganese pgrovslgtes. In the ferromagnetic region of these
model augmented by the Jahn-Teller efféctsccording to ~ Metals, a relationship
this scenario, thg nominal I\ﬂﬁ. iOIjl in the parent compound pu(B,T)=Ry(T)B+ uoR(T)M(B,T) 1)
LaMnGs;, an antiferromagnetic insulator, has the electron ) ) o
configuration oft3,ef. The partial substitution of 1% by IS established, wher#(B,T) is the magnetizationRy(T)
the divalent ions, e.g., & in LaMnO; provides a mixture @ndRg(T) are the normal and anomalous Hall coefficients,
of Mn3* and Mrf* ions. Among these @& electrons, the respectwel_y, and is the applied magnetl_c induction. The
Iow-energytgg triplet contributes a local spin db=2 be- RoB term in Eq.(1) accounts for the ordinary Hall effect

cause of relatively poor hybridization with Op2states, arising from the inf!uence of the ITorentz force, whi'Ie the
while the strongly hybridizedaé state is either itinerant or second termp,R:M is the contribution of the magnetic re-

. . . . . sponse in the materials. It is generally believed that the
localized depending on the local spin orientation. Te@e anomalous contribution is established by an asymmetric scat-
electron hopping between Mhand Mrf* induces the elec- y y

tric and ferromagnetic correlations. Therefore, the trans Orering of the localized moments on the magnetic ions. In
9 ' ’ P agnetic materials, there often exists a direct correlation be-

properties are sensitive to the interaction between the IOCQ\Neen the anomalous Hall coefficient and longitudinal resis-
spins and the dynamics of tr% carriers. It is believed that tivity expressed in the following form:

the strong spin-dependent scattering together with its depen-
dence on the applied field qualitatively describes the physical Ry(T)oxp(T)". (2)
origin of the magnetoresistance in these materials.

Numerous measurements trying to unveil the nature of the Several theories explaining the intimate relations between
charge transport have been publisRetihowever, the scat- Rs(T) andp(T) have been developed. Karplus and Luttinger
tering mechanism is still debatable. The main issue is on thérst proposed a model to explain the anomalous Hall effect
correlation between the magnetic order and charge scattein itinerant ferromagnets: An intrinsic spin-orbit coupling
ing. In this regard, the transverse magnetoresistance, i.e., tlid magnetic electrons that are unequally populated in the
Hall effect, provides valuable information, e.g., the numberspin-up and spin-down bands leads to an asymmetry scatter-
and mobility of charge carrier, specific scattering mechaing. One of the predictions of their theory is tHa=p? in
nism, etc. Especially in a ferromagnetic material the embedelectrically isotropic systems. Later, the theory was extended
ded magnetic moments produce an anomalous Hall effectp include other scattering mechanism, e.g., scattering from
giving the possibility of investigating the properties of a spinimpurities, lattice imperfections, and phonons. Berger further
current®® proposed that the anomalous Hall effect can result from two

In the earlier studies, the origin of CMR is related to theelementary processesn=1 for skew scattering and=2
mobility rate of the charge carrier. The carrier concentratiorfor side jump*? This model is widely applied and discussed
is not influenced by the external field, and the CMR effectin the context of giant magnetoresistaiGMR) materialst®
results from the field-induced enhancement of carriefThe skew scattering term, believed to rise from the spin-orbit
mobility.*® The present experimental data, however, showcoupling between the magnetic moment and the conduction
that the carrier concentration derived from the Hall measureelectron, is expected to dominate in pure materials at low
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temperatures. The side jump is predominant at higher tem- La,,Sr,,MnO, / LaAlO, Film
peratures and in materials with high resistivities. 00 —————————————

A different model has been considered by Kondo: the _
charge carrierss electrons, are equally distributed between — — 34554 5 § g
states of opposite spins and the ions have a nonvanishing g =) z |z
total spin due to the localized spin of theelectrons:* The g - -
mechanism takes into account teed spin-spin interaction S 20001 - =
and intrinsic spin-orbit interaction of thet electrons within z g g
the magnetic ions. The skew scattering is caused by an an- § 1000 2 -
. . . = - = 3
isotropy of the interaction betweenelectrons and elec- = ] g
trons. Kondo’s expression for the anomalous Hall coefficient ‘J J s L
can be written as 0 - W, . L

10 20 30 40 50 60 70 80
R (M —(M))®)=(5M?3). ) 20 (deg)

In conventional itinerant ferromagnets, Kondo’s theory is in  FIG. 1. X-ray diffraction patterns with ClK« radiation for
good agreement with the results of Fe and Ni. Lay,5Sr;,sMNn0O; thin film.

Later, Irkhin et al. considered another spin-orbit interac-
tion, the mixed spin-orbit interactioll. Combining with all  powder was then reground again and pressed into pellets,
three scattering mechanisms, i.e., spin-disorder scatteringvhich was then sintered at 1450 °Cr 6 h in flowing oxy-
mixed and intrinsic spin-orbit interaction of the magnetic gen. The measurements were performed on epitaxial films of
electrons, their expression fé&t; can be written aRR;=R; Lay/sSrsMnO; grown on(100) LaAlO; substrates using la-
+aT3+ BT#, which is valid for low temperaturesTTc) ser ablation with a 248-nm XeF-excimer-laser pulse in 0.4
and scattering by thermal spin disorder. Hereand 8 are  Torr oxygen atmosphere. The substrate temperature was
constants, which represent, respectively, the couplingnaintained at 700 °C during the deposition. The thickness
strengths for the mixed spin-orbit interaction and the intrin-was about 200—250 nm for a deposition rate 3 nm/min. After
sic spin-orbit coupling of magnetic electrons. deposition, the samples were cooled to room temperature at

These theories essentially explain the anomalous Hall etthe rate of 10 °C/min in 1-atm oxygen atmosphere. The lat-
fect by considering a scattering mechanism for the itinerantice structures of the grown films were investigated using a
charges together with an appropriate spin-orbit interactionRigaku Rotaflex rotating anode powder x-ray diffractometer
which leads to the asymmetry scattering. This effect provide$Cu K« radiatior). The dc magnetizations were measured
another way to study the scattering mechanism from transwith a Quantum Design Magnetometer MPMSR2. For mea-
port measurements. suring the Hall effect and the longitudinal resistivity the

Nonetheless, the observed exponarnth Eq. (2) for the  films were patterned photolithographically into a 1-mm-wide
manganite peroskites is uncertain. There is no direct conne@nd 3-mm-long Hall bar configuration. The Hall voltage was
tion betweenRg and p" in Pr,Sr,,MnO; compound and obtained with a measuring current of 2 mA. To get rid of the
exponentn for Nd, ,Sr;,MnO; film is 1.74, as discussed by extraneous contributions due to misalignment and thermo-
Wagneret al3# In the LaysCasMnO; system,n=1 was electric effect, the Hall voltage was obtained by proper av-
observed by Matletal® and n=2.1 by Jakobetal® eraging of the signals measured at two reversal directions of
Asamitsu and Tokura reported that in crystals ofthe measuring current and the magnetic field. Since a hyster-
La;_,Sr,MnO; (0.5=x=0.18), n depends on the longitudi- esis in low fields due to the ferromagnetic domains is ob-
nal resistivity and doping level, approximatelyn~1.2—2°  served, to obtain a uniquely defined Hall resistivity(H)
More experiments are needed to explain these differences.we took five sets of Hall voltages in the sweepiihy

In order to clarify these discrepancies and gain a bette(0—6 T—0——6 T—0—6 T). py(H) is obtained by aver-
understanding of the CMR in the ferromagnetic state, weaging the last four sets of data. Note that the hysteresis only
report a detailed Hall measurement inyls8r;,5MnO; films.  occurred inH=<0.05T. This averaging process does not af-
A linear scaling between anomalous Hall coeffici®tand  fect the data above 0.05 T.
longitudinal resistivity was found above 100 K, suggesting a
skew scattering mechanism. The absenc&go#t low tem- IIl. RESULTS AND DISCUSSION
perature implies that thermal spin disorder may play an im-
portant role in asymmetry scattering. The relevance of the A typical x-ray diffraction of the as-deposited films

scaling to the material transport and magnetic properties ershown in Fig. 1 indicates a perovskite-type structure with a
ables us to check the existing theories. (100 orientation anct-axis lattice constant of 3.891 A. The

full width at half-maximum of the(100 line for all films
grown was less than 0.2°, indicating a high-quality crystal-
line structure. X-ray-diffraction patterns showed that the
The ceramic LgsSr,s;MnO; (LSMO) targets were syn- films are single phase without any extra peaks due to impu-
thesized using a conventional solid-state reaction methodities within the experimental error. The chemical compaosi-
Stoichiometric amounts of high  purity L@s, tion of the films was confirmed by energy-dispersive x-ray
CaNOy),-4H,0, and MnCQ powders were mixed, ground, analysis.
and calcined in an AD5 crucible at 900 °C for 6 h, 950 °C Figure 2 shows a representative magnetization vs tem-
for 6 h, and then 1000 °C for anoth@ h in air. The resultant perature curve at 1 T. The field was applied perpendicular to

Il. EXPERIMENT
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Lay;3ShsMnO;3 thin film at B=0 and 4 T and the magnetoresis-
FIG. 2. Magnetization of LgsSr,sMnO; thin film at 1 T. The  tanceAp/p.

dashed line indicates a4 (T) data linearly extrapolates to zero, it

intercepts to 360 K. Inset shows the full hysteresis loop of ) )

Lay/sSry/sMnO; thin film at 10 K. fined asAp/p=[p(H=4T)—-p(0)]/p(0), increases with
temperature in our measuring range. As reported previously

. . y Snyderet al,?° the resistivity can be analyzed with a fit to
the film plane for the measurement. The transition bEIweeRQ+a2T2+a4.5T4‘5. The temperature-independent teagnis

the ferromagnetic and paramagnetic states is observed cor@®

sponding to a Curie temperatufe about 380 K determined asc'ribed to scattering processes SUCh. as imgurity, defect,
by linearly extrapolating théVi(T) data to zerd® As it is grain-boundary, or domain-wall scattering. Thié depen-

- . dence is predicted by single-particle spin-flip excitations and
well known that the oxygen nonstoichiometry mtroducesth T45¢ : ianed t L tteri dicted
hole doping, it will change the competition between the su- € erm IS assigned to spin-wave scattering as predicte
perexchange coupling and the double-exchange transfer int Y the double-exchange _theory. Snyatral. reported that
grals. Increasing the oxygen deficiency would strongly sup- € field dependgnqe af, IS too.small to be measured and
press the Curie temperatur&c while increasing the a, 5 decreases with increasing field. On the contrary, Mandal
resistivity and magnetoresistance rdfid® The oxygen defi- St al.702tl)serveq that hath, anda, s decrease with magnetic
cit of thin film is difficult to determine. HoweverT: field.”™ The fitting d_atalof our experiments are listed n

Table | and shown in Fig. 4. The results of this analysis

(=360K, 100G measured in our sample is close to thosedemonstrate that fitting parametas increases bug, 5 de
. . _ . 9 _ 45 -
observed in high-quality crystas.’it suggests that the oxy creases with increasing field, unlike Mandslal. and Sny-

gen deficiency of our samples is negligible. The inset diS_der et al. More fitting parameters do not significantly im-

plays the full hysteresis loop at 10 K. The saturation magne- L Ing p 9 y

tization at 4.2 K is about 3.44g, close to that expected for prove thg fit. Keepmg Fhe number of free parameters to three,

the mangénese ions ' Tc; estimatgs, we use the fit with the coefficient of any odd powers dfbecomes

Ot Fyn+ Sy + 3+S' 5], where the, fraction of m_uch poorer. Th_e z_ibsence of linekidependence term i_m- _

Mnl‘a” gad M arern 4+'V'ﬂl and feoa=2 and the spin plies that the resistivity due to electron-phonon scattering is
Mn*™ 7™ 3 Mn°>™ 7 3

3 f ) . insignificant within this temperature range.
numbers are, a_nd 2 for Mrf a_md Mr", respectivelyg S In Figs. 5 and 6, we present a detailed comparison of the
the electron spin 'factor and is take’? to be 2.' Sgbsmu“n%eld dependence of the longitudinal magnetoresistaygp
:Egsfai\llh Wseuggsg?éT]j{/?a?ﬁgénngb?rI:g:g?gﬁ fr']%n:;r?]f Iand Hall resistivityp, . Due to the residue field and the
. Qs . , S peresistivity memory effect, data below 500 G are excluded.
Unlike Asamisu and Tokurdour as-grown films exhibit a

small hysteresis loop at 10 K with a coercivity of 200 G With increasing field, these curves indicate the following

expected from the pinning defect, demagnetization, Ortrends:(a) at low temperaturesipl/p varies linearly withH;

uniaxial anisotropy effects. At low field, magnetization rises(b) the absolute magnitude dip/p increases with tempera-

. . - tures;(c) at high fields H>1T), py increases linearly with
quickly due to the magnetic domain-wall movement, andH; (d) at temperatures higher than 100 K, decreases

then approaches saturation at higher field probably due to th&ee v with H in low field reaches a minimum &kl
domain rotation. The saturation field is about 0.7 T at 10 K. by . Lo : . .
Note in the ferromagnetic state, magnetizatwbor our thin ~0.7T, and then rises Ilnear_ly W'th. a slope pract_|ca||y inde-
films initially increases wittH with a finite slope in contrast pendent of temperature for higher fields. Note fidais close

with the abrupt jump observed in single crystals whoke
reaches 95% of its saturation value at 0.5 We believe the TABLE |. Fitting results of longitudinal resistivity p.
difference is due to the strong pinning in films, which ob- Pxx (£} cm)=ag+a, T +a,sT""
structs thedspontan((ajogs alglnrr;gnt of individual magnetic dol-:ield a a 2us
mains, as discusse Mat al. _ _ _ _ S
The temperature degendence of the resistip(ty) of the parameter (10 @ cm) (107°QemK™) (107®QemK™?
Lay/3SrsMn0O; thin film with thickness of 200 nm in zero o T 1.779 6.956 8.676
and 4 T isshown in Fig. 3. In the ferromagnetic state, me-4 T 1.564 8.885 5.725
tallic conduction is observed. The magnetoresistance, de
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FIG. 4. The fitti istivi HH (D)
. 4. The fitting results of the resistivity of LaSr;;sMnO;

g id i - 2 45 £
thin film. The solid line corresponds fo,,=A+BT"+CT"*fit. FIG. 6. The Hall resistivitypy, of Lay3Sr;,sMnO; thin film ver-

sus fieldH at temperature from 4.2 to 300 K.
to its saturation value @ ~0.7 T (see Fig. 2

Unlike single crystals and bulk samples, the linearity of In ferromagnetsp,, can be fitted empirically by the Eq.
Aplp of thin films slightly changes its slope through the re-(1). The applied magnetic induction i8=u[H+ (1
gion of magnetic domain rotation due to the small intergrain—-N)M]. Since the demagnetization factdt~1 in our
effect of the film’s defects. It provides a clue that electronsample geometry, the small deviation®from w,H can be
scattering at magnetic domain boundaries may not dominatgnored.
transport properties, as discussed by Hwangl® On the To extractRg, we have measureld on the same sample
other hand, compared with the reported behavior folMif®  as shown in Fig. 7. The solid dots in Fig. 7 represent the
in Lay3Sr,sMn0O;, our data are similar to single crystal. The measured field dependence of the magnetization at several
linearity of py in low temperature T<<100K) and high field  different temperatures and the solid lines are the results fitted
(H>1T) indicates that the Lorentz force dominates withinwith Eq. (1). R; is the scale factor chosen to match the rela-
these regimes. When the magnetic field exceeds 1 T, the
magnetizationM approaches saturation and the anomalous
Hall coefficient is also nearly constant. The slopepq{H)

La,,Sr,,MnO, Film

1/3

is almost unchanged in high field. Above 1 T, the value of g'g [ ' M .
Ro (3.855< 10 1°m%C) corresponds to a Hall density o2k Vst ]
=1/eR,;) of 0.91 holes per unit cell in agreement with 01l ¢ T=300K 4
Asamitsuet al® The Hall density is much larger than 0.33 ool * ] 06
expected from the Sr substitution. AL LA R S B
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1 H(T) FIG. 7. The field dependence of the magnetization, solid sym-
bols, of LgsSr;sMnO; thin film at different temperatures. The
FIG. 5. The magnetoresistanag/p of LaysSr;;sMnO; thin film solid line is fitted byuoM =R *(py—RoB), where the anomalous
versus fieldH at different temperatures. Hall coefficientR is the fitting factor.
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FIG. 8. The temperature dependenceRgiversus the zero-field FIG. 9. Temperature dependence of Hall coefficRptat 4 and

resistivity p of Lay3Sr,sMnO;s thin film. The open squares represent 0.6 T for a Lay,Sr;,3MnO; thin film. The solid line corresponds to
the Ry data extracted from thM-H curve fitting and solid circles  the curve fitting.

from the intercept of the,(H) curve to zero field from the linear

part of high field. below 100 K. Wagneet al. proposed that the total longitu-

dinal resistivity of Nd,;3Sr;;sMnO3 could be written in the

tions betweerpy-RoB and ugM. The error bar is estimated sense of Matthiesien’s rule as=pso+ po, Wherepgg rep-
by the possible fitting range &, to M. Below 100 K,R¢is  resents the resistivity caused by spin-orbit—dependent scat-
less significant. For comparisoRg could also be obtained tering events ang, is due to the scattering at grain bound-
from the anomalous contributidpe,M R, whereMg, the  aries, domain walls, impurities, or nonmagnetic lattice
saturation magnetic moment, is taken fréh{T) curve at 1 distortions. Becauspso becomes very small below 100 K,
T and the spontaneous Hall effepf,(=uoMcRs) is ex-  the skew scattering is negligiblp;,~0. Inspecting our data
tracted from the intersection of the linear extrapolation of(not shown herg shows that the resistivity at 4.2 K
pu(B) at high field. The remarkably linear relationship be-[p(4.2K)=0.14 () cm] is 44% smaller than at 100 K
tweenp(B=0) andR, is displayed in Fig. 8. Unlike previ- [p(100K)=0.25n) cm]. It suggests that in the
ous reports, we compare tiig values extracted by two dif- La,3Sr;sMnO; system other temperature-dependent contri-
ferent ways: one from th&l-H fitting (solid squargsand  butions to resistivity should be included.
the other from the intercept of thg, curve to zero field from The disappearance of the anomalous Hall coeffidrgrt
the linear part of high field. The deviation between these twdow temperatures implies that the the dominant source of the
methods probably results from the large diamagnetic contritemperature dependenceR§ is due to the spin fluctuation.
bution of the LaAlQ substrate tavi(T) at high fields. To A strong correlation wittRs<[ M (0)— M (T)]7 has been ob-
subtract the background signal of LaAlQve carefully mea-  served by Asamitset al. with »=32. As T approaches 0, the
sured a blank substrate of similar size. The Laj#Dbstrate  AM=[M(0)—M(T)] vanish; the anomalous contribution
shows diamagnetic signal, which is nearly temperature indedisappears. To demonstrate the validity of the scaling behav-
pendent and increases linearly with the applied field over théor, in Fig. 9 we present th& dependence of the Hall coef-
whole temperature range of our interest. As the diamagnetificient R, at 4 and 0.6 TR shows strong temperature de-
background of substrate becomes comparable with ferromagendence with a sign change at around 175 K at 4 T and 100
netic signal of sample, the total magnetization is close t at 0.6 T. Higher applied field will shift the sign reversal
zero, and then the value calculated by the superconductingoint to higher temperature. Over the whole temperature
quantum interference devicéSQUID) magnetometer pro- range (4.2-300 K, R, decreases monotonously with in-
gram becomes less reliable. creasing temperature in agreement with Maretal.”

The observed exponent for the sample investigated, We can rewrite Eq(1) in the following form:
Lay/sSrsMn0Os, is nearly 1(see Fig. 8 which is close to the
results of Asamitsiet al, n~1.2. Similar results have also Ry=Ro+ (uoMs/H)Rs. (4)
been observed by Ma#t al. for the Lg;Ca;sMnO5 system,
Rs(T)=ap(0,T), from 200 to 300 K in the limitH—0. Here R, is the normal or ordinary Hall coefficient and is
However, Jacolet al. showed thatRy(T)xp?! (B=9.5T) nearly temperature independent. Therefore, the temperature
for their La,sCay;3MnO; films, close to the side jump value. dependence dRy mostly results from the contribution of the
Although the ways of Matkt al. and Jakoket al. to extract anomalous partgoMs/H)Rs(T). Mandalet al. found that
R, are quite different, the main discrepancy between thenthe Hall coefficient fits well withRy=R,+AT? over the
arises from the CMR effect of the manganites’ resistiyity entire range of temperature. Since the magnetization
Previously existing theory to describe E@) do not take [M(T)—M(T)]=T? at low temperatures, they suggested
into account the magnetoresistant effectpobecause it is a thatRg is proportional tdA M. Unlike Mandalet al., our data
minor correction in normal metallic alloys. fail to fit the same formula. Ar*® term is needed to correct

Within the framework of Karplus and Luttinger, it is dif- the small deviation. The similar temperature dependence
ficult to explain why skew scattering mechanism is quenche@gmongRy , Rg, andp suggest the transport properties might
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550 ] dWit.hin the scheme of Kondo or the theory of Irkrenal,
. s-dspin-spin interaction is necessary to give asymmetry scat-
-6.0f Lay,Sr,,MnO, Film 1 tering besides appropriate spin-orbit interaction. In perov-
= -6.5} B=4T ] skite manganite some analogy of the electronic configuration
R 70 1 may be held, such a&s—egy, d«t,5. However, this analogy
o T is superficial because the itinerahelectroneg for the man-
— 15t T ganites has a different wave symmetry thandfié&e charge
& ol ] carrier in early theories, which caused different spin-orbit
850 o Experimental data interaction and scattering processes. Existing theories are
: Fit by IR, Ry ~ [ 1- MTYM(®) less successful for manganite perovskite compounds due to
9.0t i the large magnetoresistance effect. Because there is one itin-
. , ' — , | g g
35 30 -25 20 -15 -1.0 -05 0.0 erant electron per Mn site and yet LaMn@ an insulator

1- M(T)/M(0) due to the strong on-site Coulomb interaction between the
itinerant electrons, the manganese perovskites belong to the
FIG. 10. The anomalous paritM/H)Rs of Hall coefficient  strongly correlated systems. There is a need for a new for-
of Lay3SrgMn0O; thin film versus the change ¢M(0)—M(T)]  malism in which the anomalous Hall effect can be calculated
by double logarithmic scale, whefd(0) denotes the saturation with the double-exchange interaction in a strongly correlated
magnetization at zero temperature. system.
In summary, we have studied the anomalous Hall effect in

be governed by the same physical mechanism. It should beP2/3STsMnOs .thin film. The apomalous Hall .CoeﬁiCi?R.S.
noted thatRy,=b; +b,T2 also fit well with our data at 4 T was foupd to Ilngarly scale with th_e longitudinal resistivity,
but not the data at 0.6 T. The physical meaning behind sucRU99€sting possible skew scattering. From the absence of
fitting is still not clear. In Fig. 10, the scaling factar~1 asymmetry scattering in an ordered magnetic structure re-
between INRy—Ry|) and If(1—M(T)/M(0)] was observed, gime, we found the change & cc_)ul_d be well descnbed_as
different from Asamituet al. and Kondo’s prediction. To- RS“[M(O)__M(T)]' Although existing theqry can quahta-_
gether with previous discussion, the correlation R p t|v§-3Iy describe the anoma]ous Hall effect, it fails to quanti-
«[M(0)—M(T)] appears. It suggests that the Iongitudinalt""t'vely account the experimental data.

resistivity is related to the thermal spin fluctuation. The scale
relation also implies a possible way to estimate the double-
exchange strength under the influence of spin disorder. Ap- We would like to thank Professor C. S. Ting and Dr. D.
plied field will significantly suppress the spin fluctuation and C. Ling for useful discussions. This work was supported by
thus less scattering occurs, thereby producing the CMR efNational Science Council, Taiwan, R.O.C. under No.
fect. NSC88-2112-M-007-030.
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