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The crystal structures, magnetizations, and magnetotransport properties of SrRuO3 sSROd films grown on
SrTiO3 sSTOd substrates are studied. The crystal structures of SRO films show af110g-oriented and a
f010g-oriented epitaxially growth for films deposited on the STOs001d and STOs110d substrates, respectively.
The low-temperature magnetization follows the Bloch law both for the SROf110gorientedand SROf010goriented

films, while the magnetization nearTC follows the scaling law,M ~ sTC−Tda, with a=0.43 and 0.34 for
SROf110gorientedand SROf010gorientedfilms, respectively, indicating the nature of magnetic anisotropy in SRO.
Furthermore, a crossover from aT2 to a T1.5 temperature dependence of resistivity corresponding to the
Fermi-liquid to non-Fermi-liquid crossover at around 30–40 K has been observed both in the SROf110goriented

and SROf010gorientedfilms. In the paramagnetic regime, the magnetoresistance shows a strongH2 dependence
at the low-field region. These results will be discussed within existing theoretical frames and lead to the
conclusion that the fluctuation-induced strongly correlative electrons dominate the non-Fermi-liquid transport
properties from the ferromagnetic regime to the paramagnetic regime.
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I. INTRODUCTION

Ruthenium oxides, exhibiting a wide range of physical
properties such as superconductivity, metallic ferromag-
netism, and insulating antiferromagnetism, have been the
subject of intense study. One of the ruthenium oxides that
has attracted much attention is SrRuO3 sSROd, which shows
a variety of interesting electronic and magnetic properties.
SRO is a GdFeO3-type distorted perovskite structure,1 the
only example of ferromagnetism in a conducting 4d
transition-metal oxide, and an intriguing magnetic system
with some anomalous features observed. Specific heat
measurements,2 photoemission studies,3 and low-temperature
susceptibility measurements4 have shown results for density
of states and bandwidth that differ from the prediction of
band theory. In addition, transport studies of SRO show un-
usual aspects at high temperatures, where the resistivity in-
creases linearly with temperature, passing through the Ioffe-
Regel limit without saturation.5 This phenomenon has been
regarded as suggestive of non-Fermi-liquid behavior, or so-
called “bad metal” behavior. The properties of these bad-
metal materials withkFl øOs1d are not well described within
the present theoretical frames, and have focused a great deal
of interest during the past years. Some characteristics of SRO
still require more experimental information and explanations
even though a large number of studies have been done. The
first point to note is the Fermi-liquid(FL) to non-Fermi-
liquid (NFL) crossover occurring at temperatures around
10–30 K. Kosticet al.6 have found unusual frequency de-
pendences at 40 K in their infrared conductivity measure-

ments. Meanwhile, Mackenzieet al.7 have reported the ob-
servation of quantum oscillations in the electrical resistivity
of a SRO film, and strongly suggested that the ground state
of SRO is a Fermi liquid. A close study on the breakdown of
the FL state has been made by Laad and Müller-Hartmann,8

in which they further confirm the significance of the elec-
tronic correlations in SRO. Thus it should be expected that
the magnetotransport properties will respond to the FL to
NFL crossover. Indeed, some studies2,9 have observed a
small but significant enhancement indr /dT for SRO in the
range of 30–40 K. However, no detailed discussions have
been given so far for this phenomenon. Similar observations
of the crossover from a low-temperature FL regime to a
high-temperature bad-metal behavior have been explored in
the perovskites of Ca1−xSrxVO3 (Ref. 10) and BaRuO3 (Ref.
11) or the itinerant ferromagnetic MnSi(Ref. 12), an inter-
esting subject that merits further investigation.

In this work, we will report on the crystal structures, mag-
netizations, and magnetotransport properties of SRO films
grown on SrTiO3 sSTOd substrates. The crystal structures
characterized by the x-ray diffraction technique show an ep-
itaxial growth for our SRO films. In the magnetization mea-
surement, the low-temperature Bloch-law behavior and the
scaling lawM ~ sTC−Tda nearTC have been observed, show-
ing the nature of magnetic anisotropy in SRO, whereM is
the magnetization,T is the temperature, andTC is the Curie
temperature. Furthermore, in the transport-property measure-
ments, a crossover from the FL state to the NFL state can be
observed at around 30 K, and will be discussed within exist-
ing theoretical frames. It is argued that the fluctuation-
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induced strongly correlative electrons dominate the NFL
transport properties. Finally, we report the H2 dependence of
magnetoresistance(MR) observed in the paramagnetic re-
gion and explain it by the spin-disorder scattering process. It
is found that the local spin fluctuations further govern the
magnetotransport properties from the ferromagnetic regime
to the paramagnetic regime.

II. EXPERIMENT

Expitaxial SRO films were grown on STOs001d and
STOs110d substrates by the off-axis magnetron sputtering
technique. The sputtering gas was a mixture of argon and
oxygen gass3:7d. The sputtering pressure was kept at
300 mtorr and the deposition temperature was held at
650 °C. Two films reported here were grown simultaneously
during the deposition process. After the deposition, oxygen
gas at 1 atm pressure was introduced into the chamber. The
cooling rate was 5°C/min and the films were maintained at
growth temperature for 1 h before the cooling process. The
as-grown films with a thickness of 100 nm were character-
ized by an x-ray diffractometer using CuKa radiation. For
transport measurements, films were photolithographically
patterned to a 100-mm long by 50-mm wide bridge. The
resistivities and magnetizations of films were measured by
the standard four-terminal method, and by a superconducting
quantum interference device magnetometer, respectively.

III. RESULTS AND DISCUSSION

A. Crystal structure and magnetic properties of as-grown
films

Figures 1(a) and 1(b) show the typicalu–2u x-ray diffrac-
tion spectra of SRO films grown on STOs001d and STOs110d
substrates, respectively. In Fig. 1(a), only the(110) and(220)
peaks of the film are observed, indicating that a highly ori-
ented film is obtained. In Fig. 1(b), only the(020) and(040)
peaks of SRO are observed, also indicating that the film re-
veals a highly oriented growth. The bulk SRO has been re-
garded as an orthorhombic phase with lattice parametersa
=5.570 Å, b=5.530 Å, andc=7.856 Å,13 while STO has a
cubic perovskite structure with a lattice constant of 3.905 Å.
According to the peak positions shown in Fig. 1(a), the SRO
film grown onto STOs001d substrate isf110g oriented normal
to the substrate with an out-of-plane lattice parameter of
d110=3.949 Å, which is close to that of 3.96 Å obtained by
Gan et al.,14 and is slightly greater than the bulk value of
Îa2+b2/2=3.924 Å. On the other hand, according to Fig.
1(b), the SRO film grown on STOs110d has thef010g orien-
tation normal to the substrate with an out-of-plane lattice
parameter ofd010=5.527 Å, which is very close to the bulk
value. The small deviation of the lattice parameter from the
bulk value implies a smaller strain effect in the SRO film
grown on STOs110d substrate. The insets of Figs. 1(a) and
1(b) show the crystal-growth orientation relationship be-
tween the SRO films and substrates of STOs001d and
STOs110d, respectively. Generally, SRO films are grown
with out-of-plane directions of SROf110g iSTOf001g and

SROf010g iSTOf110g for used substrates of STOs001d and
STOs110d, respectively. Thereafter, we denominate the
former SROf110goriented and the latter SROf010goriented, re-
spectively. It has been pointed out that the SROf110goriented

film is possibly grown with the coexistence of the in-plane

orientation relationship of SROf1̄10g iSTOf100g,
SROf001g iSTOf010g, and SROf1̄10g iSTOf010g,
SROf001g iSTOf100g,14 which is indistinguishable in our
x-ray in-plane scans. Otherwise, the in-plane orientation for
SROf010goriented film is found to have the crystal structure
relationships of SROf001g iSTOf001g and

SROf100g iSTOf11̄0g, which coincides with the lattice pa-
rameters of dSROf001g=7.86 Å<2dSTOf001g, and dSROf100g
=5.57 Å<2dSTOf11̄0g, respectively. The x-rayf scans for our
SROf110gorientedand SROf010gorientedfilms will be presented
and discussed elsewhere.

Figures 2(a) and 2(b) show the temperature dependence of
magnetization for SROf110goriented and SROf010goriented

films, respectively, with an applied field of 100 G perpen-
dicular to the substrate plane. The spontaneous magnetiza-
tion nearTC follows the scaling lawM ~ sTC−Tda with a
=0.43, TC=137 K, and a=0.34, TC=160 K for
SROf110gorientedand SROf010gorientedfilms, respectively. The
value of exponenta remains controversial. Klein and
co-workers5,15 obtained the exponenta=0.325 and inter-
preted it with an Ising behavior, while Kimet al.16 found
a=0.5 and regarded it as a mean-field behavior. The obvious
difference in a between our SROf110goriented and
SROf010goriented films implies that the critical exponent
seems to be dependent on the magnetization orientation. This

FIG. 1. X-ray diffraction patterns of SRO films grown on(a)
STOs001d and (b) STOs110d substrates. The inset shows the rela-
tionship of crystal-growth orientation.

L. M. WANG, H. E. HORNG, AND H. C. YANG PHYSICAL REVIEW B70, 014433(2004)

014433-2



is in accordance with the nature of magnetic anisotropy in
SRO as reported.4 In addition, the suppression ofTC ob-
served in the SROf110gorientedfilm may be due to the larger
strain that changes the Ru-O-Ru interatomic distance or
bonding angles, consequently reducing the exchange energy
among spins, and is responsible for the suppression of the
Curie temperature. The insets of Figs. 2(a) and 2(b) show the
T1.5 plots of magnetization for SROf110goriented and
SROf010gorientedfilms, respectively. According to the Bloch-
law theory, in the low-temperature limit, the dominant exci-
tations known to suppress magnetization are spin-wave exci-
tations, which suppress the magnetization asDMsTd /Ms0d
=lT1.5. In this model l=s0.0587/SdskB/2JSd1.5 for the
simple pseudocubic magnetic lattice of Ru+, whereS is the
total spin of Ru+, andJ is the exchange interaction between
two neighboring Ru+ ions. TakingS=1, we obtainJ=14.41
and 20.57 kBK for SROf110goriented and SROf010goriented

films, respectively, which is comparable to that of 26.33kBK
reported.17 The larger exchange energy for SROf010goriented

films is in agreement with the higherTC observed.

B. Transport properties of as-grown films

The transport properties are expected to be influenced by
the crystal structure and anisotropic magnetization. Figure 3
shows the temperature dependence of the normalized resis-
tanceR/Rs300 Kd for SROf110goriented and SROf010goriented

films at zero field. The resistance-temperature curves exhibit
a pronounced bend at around Curie temperature. Also shown
in the inset of Fig. 3 is the temperature dependence of the
resistivity derivative,dr /dT. At TC, the resistivity has a
break in slope and thereforedr /dT jumps as reported by
previous workers.2,9,15,16Kim et al.16 have recently demon-
strated the Fisher-Langer relation and the existence of fluc-
tuation nearTC, according to the overlap between their
background-subtracted specific heat anddr /dT. However, it
is interesting that another pronounceddr /dT jump at around
30–40 K can be observed both in our SROf110goriented and
SROf010gorientedfilms, implying an occurrence of phase tran-
sition within the temperature region. This low-temperature
anomaly has not been particularly discussed yet. In Ref. 2,
Allen et al. observed the enhancement indr /dT in the range
of 35–45 K, where their specific-heat measurement(without
background subtracted) did not show any significant
anomaly, and argued that this effect is sample-dependent.
Actually, in an early study, Kanbayasi18 has found a dramatic
change in magnetocrystalline anisotropy in this low-
temperature region, where thedr /dT is expected to be af-
fected not only bykMl, but also bykDM2l.16 The observation
of no significant specific-heat anomaly in the low-
temperature region may be due to the extremely small varia-
tion in specific heat, and a precisely subtracted background
needs to be taken into account. It merits further consideration
with more experimental work. The low-temperature anomaly
in dr /dT in our observation not only implies the change in
r-T behavior, but also corresponds to the FL-NFL crossover
observed in the quantum-oscillation study at extremely low
temperatures7 and the unusual infrared-conductivity behavior
for T.40 K. In the following discussion, the magnetotrans-

FIG. 2. Magnetizations of (a) SROf110goriented and (b)
SROf010goriented films in H=100 G. The solid lines are the fitted
curves byM ~ sTC−Tda. The insets showT1.5 plots of magnetization
for the corresponding sample and the straight lines are the Bloch-
law fitting.

FIG. 3. Temperature dependence of the normalized resistance
R/Rs300 Kd for SROf110gorientedand SROf010gorientedfilms at zero
field. The inset is the temperature dependence of the resistivity de-
rivative dr /dT. Arrows indicate the jump indr /dT.
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port properties of SRO with their mechanisms will be ex-
plored.

Figures 4(a) and 4(b) show that the resistivities of the
as-grown films follow approximately the formr=r0A+AT2

at temperatures below 25 K with applied fields parallel to the
currentI. Here the resistivities in different fields are affected
by the spin-flip scattering, without the Lorentz contribution
due to H i I. As shown in Figs. 4(a) and 4(b), the residual
resistivity r0A and the value ofA are field-dependent, and
reveal negative MR, the characteristics of ferromagnetic
compounds. The insets of Figs. 4(a) and 4(b) show the field
dependences ofr0A and A for SROf110goriented and
SROf010gorientedfilms, respectively. In zero field, the residual
resistivities r0A=3.8310−5 and 2.2310−5 V cm, respec-
tively, for our SROf110gorientedand SROf010gorientedfilms are
close to that reported for single-crystal samples.2 Moreover,
as shown in the insets of Figs. 4(a) and 4(b), a linear depen-
dence ofr0A vs H at high-field region can be observed both

in the SROf110goriented and SROf010goriented films. Further-
more, the values ofA are found to be 4.2310−3 and 1.2
310−2 mV cm/K2 at H=0 for the SROf110goriented and
SROf010gorientedfilms, respectively, which are comparable to
that of 2.5310−3 mV cm/K2 for BaRuO3 (Ref. 11) and
3.4310−2 mV cm/K2 for metallic perovskite LaNiO3 (Ref.
19). Within the standard free-electron model, an empirical
relationship has been found between coefficientA and the
coefficientg of the electronic specific heat by Kadowaki and
Woods:20 A/g2=1310−5 mV cm/smole K/mJd2. Using our
experimental values ofA andg=30 mJ/mole K2,2,4 we have
A/g2=0.5310−5 and 1.3310−5 mV cm/smole K/mJd2 for
our SROf110gorientedand SROf010gorientedfilms, respectively,
which agree with the Kadowaki-Woods ratio.

It is noticed that the contribution of electron-magnon scat-
tering also provides aT2 temperature dependence of resistiv-
ity. Mannari21 has demonstrated that the electron-magnon re-
sistivity should be expressed by

relectron-magnon= Ae-mT2 =
3p5

16

S

e2S m

me
D2kB

2N2J2s0d
EF

4

h

2pkF
T2,

s1d

wherem is the effective mass of magnon,NJs0d is the spin-
orbit coupling energy,EF is the Fermi energy, andkF is
the wave vector at the Fermi surface. Mannari obtained
Ae-m=1.1310−5 mV cm/K2 for the Ni metal. For SRO,
taking EF=1.4 eV for T,TC,22 the Fermi velocity
VF=13105 m/s,2 andNJs0d=0.4 eV,8 into Eq. (1), we ob-
tain Ae-m<4.15310−4 mV cm/K2 for SRO, which is more
than one order of magnitude larger than that for Ni, but is
about several percent of the ratio compared with our experi-
mental values. However, the strong field dependence of co-
efficientA as seen in the insets of Figs. 4(a) and 4(b) cannot
be well explained by taking account of electron-electron
scattering only because a weak field dependence ofA is ex-
pected in the FL regime. In the presence of a magnetic field,
the coupling between electrons and magnons will produce
significant spin-flip scattering, and therefore coefficientA is
expected to be dependent on the field. From this, we see that
the electron-magnon scattering considered here has a small
but non-negligible contribution to resistivity. The field de-
pendence of resistivity coefficientA has also been observed
on the doping manganite La0.67sPb,Cad0.33MnO3 single crys-
tals by Jaimeet al.23 They attributed theT2 temperature de-
pendence of resistivity to a single-magnon scattering and ex-
tended Mannari’s calculation to support their ideas.
According to their calculation, the effect of an applied field
is to open a gapD=gmBH in the magnon spectrum with the
result thatAs0d−AsHd~D~H. This field dependence of co-
efficientA is similar in behavior to that observed in our SRO
films. Thus, the linear field dependence of resistivity coeffi-
cient A may be attributed to the effect of electron-magnon
scattering.

Figures 5(a) and 5(b) illustrate theT1.5 temperature depen-
dence of resistivity for SROf110gorientedand SROf010goriented

films, respectively. It can be seen that the resistivity can be
described byr=r0B+BT1.5 over a wide temperature range of
,50–120 K. The top insets of Figs. 5(a) and 5(b) show the

FIG. 4. Low-temperature resistivities of(a) SROf110gorientedand
(b) SROf010goriented films in a magnetic field as a function ofT2.
The solid lines are the fitting ofr=r0A+AT2. The insets show the
field dependences ofr0A and A for corresponding data and the
straight dashed lines correspond to a linearly field dependence.
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resistivity crossover from aT2 to aT1.5 dependence at around
40 K, which is near the seconddr /dT-enhancement tem-
perature as shown in the inset of Fig. 3. It is worth noting
that coefficientB is almost independent of the applied field,
while the residual resistivityr0B decreases linearly with an
increase in applied field for both SROf110goriented and
SROf010gorientedfilms as seen in the lower insets of Figs. 5(a)
and 5(b), respectively. The origin of the NFL behavior for
SRO has been investigated by Laad and Müllier-Hartmann.8

They provided a model to explain the NFL features observed
in the optical response of SRO forT.40 K, in which a NFL
metallic state can be affected by thet2g orbital orientation in
an almost cubic structure. However, in this temperature re-
gime the transport behaviors have not been debated yet. Here
this unusualT1.5 law observed in the transport properties of
the SRO films will be discussed below.

A contribution to the resistivity from the incoherent part
of electron-magnon scattering has been found to be propor-

tional to T1.5 by Mills et al.24 However, Mazin and Singh25

have estimated the characteristic magnon energykBTm for
SRO and obtainedTm<70 K. Thus, we infer that theT1.5

law observed in the wide temperature range of 50–120 K
cannot be interpreted only with the electron-magnon scatter-
ing. A recent study done by Rivadullaet al.26 showed that the
unconventionalT1.5 temperature dependence of the resistiv-
ity can also be observed in several strongly correlated sys-
tems such as Na0.5CoO2 or CaVO3. They proposed a model
in which the scattering of the conduction electrons by locally
cooperative bond-length fluctuations and FL electrons are
taken into account to describe this behavior. Some other
mechanisms, such as self-consistent renormalization
theory,27 that can also produce theT1.5 law of resistivity have
been discussed by Rivadullaet al.and have been excluded in
their case because no evidence of antiferromagnetic fluctua-
tion can be found in the metallic phase. This consideration is
applicable to the SRO which shows ferromagnetic fluctua-
tion only. Furthermore, we obtain the values of coefficient
B=2.2310−8 and 4.4310−8 V cm K−1.5 for our
SROf110goriented and SROf010goriented films, respectively,
which are close to that of,3310−8 V cm K−1.5 for
Na0.5CoO2 and,5310−8 V cm K−1.5 for CaVO3 estimated
from the data of Rivadullaet al. Thus, we infer that the
mechanism of scattering between fluctuation-induced local-
ized electrons and FL electrons is applicable to SRO for
describing theT1.5 temperature dependence of resistivity. Ad-
ditionally, it is noteworthy that an earlier theoretical work28

also proposed a similar NFL behavior ofr~T1.56 within the
framework of a self-consistent spin fluctuation theory for
three-dimension ferromagnetism. Although the mechanism
of resistivity in this theory seems to be different from that
proposed by Rivadullaet al., both theories give the consis-
tent picture that spin fluctuations play an important role for
NFL behavior in SRO.

Figures 6(a) and 6(b) show the temperature dependence of
the longitudinal MR ratio, defined by MR=frsHd
−rs0dg /rs0d, in fields ofH=2, 4, and 6 T along the direction
of applied current. We can see that the MR is negative,
reaching a local minimum at aroundTC, and shows a second
local minimum at temperatures around 25 K, near the FL-
NFL crossover temperature. On the other hand, in the para-
magnetic regime the magnitude of MR monotonically de-
creases with an increase in temperature. An interesting issue
is whether the MR behavior is affected by the spin fluctua-
tion at temperatures aboveTC, and therefore it is important to
examine how the change in resistivity correlates with mag-
netic ordering. Shown in the inset of Fig. 6 is the MR as a
function of the square of normalized magnetizationM /Mmax
for SROf110goriented and SROf010goriented films with an ap-
plied field of 2 T. The MR-sM /Mmaxd2 curves were obtained
using the MRsTd and MsTd data, whereMmax was taken by
Mmax=Ms5 K,H=2 Td, the magnetization at the lowest tem-
perature in our measurement.

For several ferromagnetic pervovskite oxides,29,30 it has
been reported that in the low-M regime, the electrical resis-
tivity and magnetization can be approximately described by

MR = frsHd − rs0dg/rs0d = − CfMsHd/Mmaxg2. s2d

This origin of MR~M2 can be explained by the carrier scat-
tering due to the thermally fluctuating spins, or the spin-

FIG. 5. Resistivities of (a) SROf110goriented and (b)
SROf010gorientedfilms in H=0 and 7T vs T1.5. The solid lines are
the fitting of r=r0B+BT1.5. The top insets show the resistivity
crossover fromT2 to T1.5 dependence at around 40 K. The insets
show the field dependence ofr0B for corresponding data and the
straight dashed lines correspond to a linear dependence.
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disorder scattering. When the induced magnetic moment is
developed, the amplitude of the spin fluctuation decreases so
that the resistivityrsHd decreases, and therefore the magni-
tude of MR increases. Furukawa31 has calculated coefficient
C in terms of the Kondo lattice model with ferromagnetic
exchange interaction and showed that it is related to the cou-
pling between moving carriers and the localized spins, i.e.,
the Hund coupling. The calculated value ofC is about 4–5
in the case of strong coupling, but becomesC<1 in the
weak coupling limit. As seen in the inset of Fig. 6, the MR
follows the expression of Eq.(2) for both SROf110goriented

and SROf010gorientedfilms. We obtainC<0.7 and 1.1 for the
SROf110gorientedand SROf010gorientedfilms, respectively. The
obtained values of coefficientC imply that the SRO is close
to the weak coupling limit, being in correspondence with the
weaker Hund coupling of,0.5 eV for SRO(Ref. 6) than
that of ù4 eV for the doped La1−xSrxMnO3 with x=0.175.32

Otherwise, the obtained smaller value of coefficientC for the
SROf110goriented film should be attributable to the effect of
structural tuning, which has been observed in the ferromag-
netic manganites.29

According to Eq.(2), and takingM =xH into account, we
can easily obtain that theH2 dependence of MR, MR
=−bH2, holds with coefficientb being proportional to
1/sT−TCd2 because the susceptibilityxsTd of this system far
above TC follows a Curie-Weiss paramagnetism:xsTd
~1/sT−TCd. Figures 7(a) and 7(b) show −MR vsH2 for the
SROf110goriented and SROf010goriented films in the paramag-
netic regime, respectively. Clearly, a strongH2 dependence
of negative MR is observed both for the SROf110gorientedand
SROf010goriented films at temperatures above 180 K. Below
180 K, theH2 dependence of −MR holds only in the low-

field region. The deviation fromH2 behavior for MR in high
fields should be due to the nonlinear field dependence ofM
in the high-field region when the temperature is nearTC.
Also shown in the insets of Figs. 7(a) and 7(b) are theb vs T
and b−1 vs sT−TCd2 plots. It can be seen that a straight
dashed line fits well the data, which is in accord with our
deduction. This indicates that magnetotransport originates
from the local spin fluctuations. Our results also coincide
with the observation of the MR scaling ofH2/ sT−TCd2 for
SRO films grown on LaAlO3.

33

IV. SUMMARY

In summary, we have reported the crystal structure, mag-
netization, and magnetotransport properties of SRO films in
the ferromagnetic and paramagnetic regimes. The crystal
structures of SRO films are characterized by the x-ray dif-
fraction technique and show af110g-oriented and a
f010g-oriented epitaxially growth for films deposited on the
STOs001d and STOs110d substrates, respectively. The low-

FIG. 6. Longitudinal MR as a function of temperature in fields
of H=2, 4, and 6 T for(a) SROf110gorientedand(b) SROf010goriented

films. The inset is the MR as a function of the square of normalized
magnetizationM /Mmax and the dashed lines are the fitted lines by
Eq. (2).

FIG. 7. Negative MR as a function ofH2 for (a) SROf110goriented

and (b) SROf010goriented films. The straight lines correspond to a
linear fit: −MR=bH2. The insets show the temperature dependence
of b and theb−1 versussT−TCd2 plots.
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temperature magnetization follows the Bloch law for both
the SROf110goriented and SROf010goriented films, and a larger
exchange integral is obtained in the SROf010goriented film,
corresponding to a higherTC observed. In addition, the mag-
netization nearTC follows the scaling lawM ~ sTC−Tda, with
a=0.43 and 0.34 for SROf110goriented and SROf010goriented

films, respectively, indicating the nature of magnetic aniso-
tropy in SRO. The crystal structure and anisotropic magne-
tization are expected to affect the transport properties.

Furthermore, the magnetotransport measurements show a
crossover from aT2 to T1.5 temperature dependence of resis-
tivity for both the SROf110gorientedand SROf010gorientedfilms
in the ferromagnetic region, which corresponds to the FL-
NFL crossover at around 30–40 K, observed in other mea-
surements. TheT2 temperature dependence of resistivity is
governed by electron-electron scattering, while theT1.5 be-
havior should be attributed to the scattering of the FL elec-

trons and the localized electrons due to the bond-length fluc-
tuation. On the other hand, in the paramagnetic regime, the
MR shows a strongH2 dependence, and can be explained by
the carrier scattering due to the fluctuation spins. The local
spin fluctuations further govern the NFL magnetotransport
properties from the ferromagnetic regime to the paramag-
netic regime.
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