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The crystal structures, magnetizations, and magnetotransport properties of;SSRO films grown on
SrTiO; (STO substrates are studied. The crystal structures of SRO films shpbd@-oriented and a
[010]-oriented epitaxially growth for films deposited on the STQ1) and STA110 substrates, respectively.

The low-temperature magnetization follows the Bloch law both for the [8R@qienteq@nNd SRP010]yriented

films, while the magnetization nedr: follows the scaling lawM o (T--T)¢, with «=0.43 and 0.34 for

SR 110)yienteg@nd SRO010]yienteqfilms, respectively, indicating the nature of magnetic anisotropy in SRO.
Furthermore, a crossover from B to a T5 temperature dependence of resistivity corresponding to the
Fermi-liquid to non-Fermi-liquid crossover at around 30—40 K has been observed both in th#19RQRnteq

and SRQ010]yrienteqfilms. In the paramagnetic regime, the magnetoresistance shows a sifarependence

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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[. INTRODUCTION ments. Meanwhile, Mackenziet al.” have reported the ob-
servation of quantum oscillations in the electrical resistivity
Ruthenium oxides, exhibiting a wide range of physicalof a SRO film, and strongly suggested that the ground state
properties such as superconductivity, metallic ferromagof SRO is a Fermi liquid. A close study on the breakdown of
netism, and insulating antiferromagnetism, have been ththe FL state has been made by Laad and Miiller-Hartrfiann,
subject of intense study. One of the ruthenium oxides thain which they further confirm the significance of the elec-
has attracted much attention is STRUSRO), which shows  tronic correlations in SRO. Thus it should be expected that
a variety of interesting electronic and magnetic propertiesthe magnetotransport properties will respond to the FL to
SRO is a GdFe@type distorted perovskite structutghe  NFL crossover. Indeed, some studiéshave observed a
only example of ferromagnetism in a conductingl 4 small but significant enhancementdip/dT for SRO in the
transition-metal oxide, and an intriguing magnetic systenrange of 30—40 K. However, no detailed discussions have
with some anomalous features observed. Specific hedteen given so far for this phenomenon. Similar observations
measurementsphotoemission studiesand low-temperature of the crossover from a low-temperature FL regime to a
susceptibility measuremefiteave shown results for density high-temperature bad-metal behavior have been explored in
of states and bandwidth that differ from the prediction ofthe perovskites of Ga,Sr,VO; (Ref. 10 and BaRuQ (Ref.
band theory. In addition, transport studies of SRO show unil) or the itinerant ferromagnetic Mn$Ref. 12, an inter-
usual aspects at high temperatures, where the resistivity iresting subject that merits further investigation.
creases linearly with temperature, passing through the loffe- In this work, we will report on the crystal structures, mag-
Regel limit without saturatioR.This phenomenon has been netizations, and magnetotransport properties of SRO films
regarded as suggestive of non-Fermi-liquid behavior, or sogrown on SrTiQ (STO) substrates. The crystal structures
called “bad metal” behavior. The properties of these badeharacterized by the x-ray diffraction technique show an ep-
metal materials wittk=l < O(1) are not well described within itaxial growth for our SRO films. In the magnetization mea-
the present theoretical frames, and have focused a great deairement, the low-temperature Bloch-law behavior and the
of interest during the past years. Some characteristics of SR€xaling lawM o (T-—T)* nearT; have been observed, show-
still require more experimental information and explanationsng the nature of magnetic anisotropy in SRO, whistds
even though a large number of studies have been done. Thiee magnetizationT is the temperature, ant is the Curie
first point to note is the Fermi-liquidFL) to non-Fermi- temperature. Furthermore, in the transport-property measure-
liquid (NFL) crossover occurring at temperatures aroundments, a crossover from the FL state to the NFL state can be
10-30 K. Kosticet al® have found unusual frequency de- observed at around 30 K, and will be discussed within exist-
pendences at 40 K in their infrared conductivity measureing theoretical frames. It is argued that the fluctuation-
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induced strongly correlative electrons dominate the NFL 20
transport properties. Finally, we report thé #iependence of

magnetoresistancéMR) 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.
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Expitaxial SRO films were grown on ST@01) and 2 0 (degree)
STO(110 substrates by the off-axis magnetron sputtering
technique. The sputtering gas was a mixture of argon anc
oxygen gas(3:7). The sputtering pressure was kept at (b)
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. Th
cooling rate was 3 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- \ ) . ) L .
ized by an x-ray diffractometer using G, radiation. For 20.0 40.0 50.0 60.0 70.0
transport measurements, films were photolithographically 20 (degree)
patterned to a 10@sm long by 50um wide bridge. The
resistivities and magnetizations of films were measured bé
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FIG. 1. X-ray diffraction patterns of SRO films grown @a)
TO(001) and(b) STQ(110 substrates. The inset shows the rela-

the standard four-terminal method, and by a superconductin : ) .
onship of crystal-growth orientation.

quantum interference device magnetometer, respectively.
SRJ010]IISTJ 110] for used substrates of ST@1) and
STQ(110), respectively. Thereafter, we denominate the

ll. RESULTS AND DISCUSSION
former SRQ110]yienteq @nd the latter SRM10]yriented r€-

A. Crystal structure and magnetic properties of as-grown spectively. It has been pointed out that the $RM],icnteq
films film is possibly grown with the coexistence of the in-plane

Figures 1a) and Xb) show the typicab—26 x-ray diffrac-  orientation relationship  of  SRQ@10]ISTJ100],

tion spectra of SRO films grown on ST@D].) and STQllO) SRC[OOl]HSTquO], and SR(DT].O]H STquO],

substrates, respectively. In Figa, only the(110) and(220)  srq001]I1STA[100],1 which is indistinguishable in our
peaks of the film are observed, indicating that a highly ori~y oy in_plane scans. Otherwise, the in-plane orientation for

ented film is obtained. In Fig.(#), only the(020) and (040 SR 010)yienteq film is found to have the crystal structure
peaks of SRO are observed, also indicating that the film rer'elationships of SR{O1]I STA001] and

veals a highly oriented growth. The bulk SRO has been re — . S ] .

garded as an orthorhombic phase with lattice parameters SRA100]IISTA 110], which coincides with the lattice pa-
=5.570 A,b=5.530 A, andc=7.856 Al3 while STO has a rameters of dspqoon=7.86 A~2dsrcroon, and dsrqiog

cubic perovskite structure with a lattice constant of 3.905 A=5.57 A~ 2dstq 110}, respectively. The x-ray scans for our
According to the peak positions shown in Figa)l the SRO SR 110]yienteg@nNd SRPO010], ienteqfilms will be presented

film grown onto ST@001) substrate i$110] oriented normal and discussed elsewhere.

to the substrate with an out-of-plane lattice parameter of Figures 2a) and 2b) show the temperature dependence of
d;10=3.949 A, which is close to that of 3.96 A obtained by magnetization for SRQ10]iented @Nd SRP010,riented
Ganet al,'* and is slightly greater than the bulk value of films, respectively, with an applied field of 100 G perpen-
va?+b%/2=3.924 A. On the other hand, according to Fig.dicular to the substrate plane. The spontaneous magnetiza-
1(b), the SRO film grown on STQ@10 has theg010] orien-  tion nearT. follows the scaling lawM o (Tc=T)* with «
tation normal to the substrate with an out-of-plane lattice=0.43, T=137 K, and «=0.34, T,=160K for
parameter ofly;;=5.527 A, which is very close to the bulk SRQ110]yienteq@nd SRPO10]yrienteqfilms, respectively. The
value. The small deviation of the lattice parameter from thevalue of exponenta remains controversial. Klein and
bulk value implies a smaller strain effect in the SRO film co-worker§1® obtained the exponen#=0.325 and inter-
grown on ST@110 substrate. The insets of Figs@@land  preted it with an Ising behavior, while Kiret al1® found

1(b) show the crystal-growth orientation relationship be-«=0.5 and regarded it as a mean-field behavior. The obvious
tween the SRO films and substrates of $U@) and difference in o between our SRA10]yieneq and
STO(110), respectively. Generally, SRO films are grown SRQO010],enieq films implies that the critical exponent
with out-of-plane directions of SRQ10]IISTO001] and seems to be dependent on the magnetization orientation. This
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ot field. The inset is the temperature dependence of the resistivity de-
- =T rivative dp/dT. Arrows indicate the jump imp/dT.
g 9%
\E B. Transport properties of as-grown films
E ek The transport properties are expected to be influenced by
p the crystal structure and anisotropic magnetization. Figure 3
shows the temperature dependence of the normalized resis-
301 010 tanceR/R(300 K) for SRA 110yienteg @nd SRO010]yiented
L [ B loriented films at zero field. The resistance-temperature curves exhibit
Hf 10|0 G‘ TR YN a pronounced bend at around Curie temperature. Also shown
00 40 80 120 160 200 in the inset of Fig. 3 is the temperature dependence of the

T (K) resistivity derivative,dp/dT. At T, the resistivity has a
break in slope and therefordp/dT jumps as reported by
FIG. 2. Magnetizations of(@ SRO110lyiened and (b)  previous workerg:>1516Kim et all® have recently demon-
SRA010]grienteq films in H=100 G. The solid lines are the fitted strated the Fisher-Langer relation and the existence of fluc-
curves byM o (Tc-T) The insets shoW"® plots of magnetization  tuation nearT., according to the overlap between their
for th'e. corresponding sample and the straight lines are the B|00fbackground—subtracted specific heat apddT. However, it
law fitting. is interesting that another pronounade/ dT jump at around
30-40 K can be observed both in our SRM0],ienteq @2nd
o . ) ) - SRA010]yrientegfilms, implying an occurrence of phase tran-
is in accordance with the nature of magnetic anisotropy inition within the temperature region. This low-temperature
SRO as reportefl.In addition, the suppression dfc ob-  anomaly has not been particularly discussed yet. In Ref. 2,
served in the SR 10]oieneq film may be due to the larger ajjen et al. observed the enhancementdp/dT in the range
strain that changes the Ru-O-Ru interatomic distance Opf 35-45 K, where their specific-heat measurentaiithout
bonding angles, consequently reducing the exchange energyckground subtractgddid not show any significant
among spins, and is responsible for the suppression of thgnomaly, and argued that this effect is sample-dependent.
Curie temperature. The insets of Figéa)2and 2b) show the  actually, in an early study, Kanbayd$has found a dramatic
T-> plots of magnetization for SRQ10lyientes @Nd  change in magnetocrystalline anisotropy in this low-
SR 010]yrienteafilms, respectively. According to the Bloch- temperature region, where tip/dT is expected to be af-
law theory, in the low-temperature limit, the dominant exci- fected not only byM), but also by{AM?).16 The observation
tations known to suppress magnetization are spin-wave exchf no significant specific-heat anomaly in the low-
tations, which suppress the magnetizationA8(T)/M(0)  temperature region may be due to the extremely small varia-
=AT*% In this model \=(0.058785)(ksg/2J9"° for the  tion in specific heat, and a precisely subtracted background
simple pseudocubic magnetic lattice of RwhereSis the  needs to be taken into account. It merits further consideration
total spin of Rd, andJ is the exchange interaction between with more experimental work. The low-temperature anomaly
two neighboring Rt ions. TakingS=1, we obtain)J=14.41  in dp/dT in our observation not only implies the change in
and 20.57kgK for SR 110lgienteq @nd SRPO10lgriened  p-T behavior, but also corresponds to the FL-NFL crossover
films, respectively, which is comparable to that of 26kK3B  observed in the quantum-oscillation study at extremely low
reported'’ The larger exchange energy for SRQ@0lyienes  temperaturesand the unusual infrared-conductivity behavior
films is in agreement with the highdi; observed. for T>40 K. In the following discussion, the magnetotrans-
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10 20 50 TE) 4 50 in the SRA110]yiented @Nd SRP010]ysienteq films. Further-
T . T pe more, the values oA are found to be 4.210°° and 1.2
LA §s X102 uQ cm/K2 at H=0 for the SROL10leneq aNd
7 OB S S SR 010]yienteqfilms, respectively, which are comparable to
P= Py tAT gpefis X8 o ¢ 7 that of 2.5<10°° uQ cm/K? for BaRuQ, (Ref. 11 and
_ . iigg’%g o ¥’ 3.4x 1072 uQ) cm/K? for metallic perovskite LaNi@ (Ref.
g 40 % %EEJDﬁ 19). Within the standard free-electron model, an empirical
S 2 S H(4T) . relationship has been found between coefficianand the
Iy Sish T coefficienty of the electronic specific heat by Kadowaki and
= N it N Woods2® A/ y2=1x 107 xQ cm/(mole K/mJ2. Using our
36 S B e experimental values ok and y=30 mJ/mole K24 we have
| 7TT ‘% e e Al¥*=0.5X10"° and 1.3x10°° uQ cm/(mole K/mJ? for
- §4.2-5§:~.§‘Li our SRCEllO]O,i_emedand SR(DOlqo,ientedf|lm§, respectively,
324 (a) Taol et S which agree with the Kadowaki-Woods ratio.
— T T T T T It is noticed that the contribution of electron-magnon scat-
0 500 1000 1500 2000 2500 tering also provides &2 temperature dependence of resistiv-
T2 (K?) ity. Mannar?! has demonstrated that the electron-magnon re-
10 20 50 TE 4, S0 sistivity should be expressed by
IILI//II l I o = T2_37TSS( “>2|‘EN2‘JZ(0) h
404 = 0.1,2,3,4,5.6,7T . % i % g Pelectronmagnon Aem 16 e2 me Eé 27T|(|: y
- SRR &
285e%x 2
T ggggg g ' whereu is the effective mass of magnoNJ(0) is the spin-
é 3.0 o ‘E$E++ H(T) orbit coupling energyEr is the Fermi energy, an@lg is
2 i S S - the wave vector at the Fermi surface. Mannari obtained
= 222 bann Aem=1.1X10"° uQ) cm/K? for the Ni metal. For SRO,
o S0 RN taking Ep=1.4eV for T<T.?? the Fermi velocity
2.0 4 St -\“'. VE=1X10° m/s? andNJ(0)=0.4 eV?8 into Eq. (1), we ob-
;T ‘%ﬁﬁ!;; S tain A, ,=~4.15X 10% uQ cm/K? for SRO, which is more
_ N0k e than one order of magnitude larger than that for Ni, but is
(b) g of = about several percent of the ratio compared with our experi-
o 500 1000 1500 2000 2500 mental values. However, the strong field dependence of co-
T2 (K2) efficientA as seen in the insets of Figgastand 4b) cannot

be well explained by taking account of electron-electron

FIG. 4. Low-temperature resistivities ) SR 110]yeneqand  SCattering only because a weak field dependenc® isfex-
(b) SRA010,riented filMs in a magnetic field as a function af. pected in the FL regime. In the presence of a magnetic field,
The solid lines are the fitting gf=pga+AT2 The insets show the the coupling between electrons and magnons will produce
field dependences gfgsn and A for corresponding data and the significant spin-flip scattering, and therefore coefficians
straight dashed lines correspond to a linearly field dependence. expected to be dependent on the field. From this, we see that

the electron-magnon scattering considered here has a small

port properties of SRO with their mechanisms will be ex-but non-negligible contribution to resistivity. The field de-
plored. pendence of resistivity coefficiedt has also been observed

Figures 4a) and 4b) show that the resistivities of the on the doping manganite Lg{Pb, Cag 3dMnO; single crys-
as-grown films follow approximately the forp=poa+AT?  tals by Jaimeet al?® They attributed thd? temperature de-
at temperatures below 25 K with applied fields parallel to thependence of resistivity to a single-magnon scattering and ex-
currentl. Here the resistivities in different fields are affectedtended Mannari’s calculation to support their ideas.
by the spin-flip scattering, without the Lorentz contribution According to their calculation, the effect of an applied field
due toHIlIl. As shown in Figs. é) and 4b), the residual is to open a gapA=gugH in the magnon spectrum with the
resistivity pga and the value ofA are field-dependent, and result thatA(0)—A(H) « A« H. This field dependence of co-
reveal negative MR, the characteristics of ferromagneticfficientA is similar in behavior to that observed in our SRO
compounds. The insets of Figgafand 4b) show the field films. Thus, the linear field dependence of resistivity coeffi-
dependences ofpgs and A for SRO110lyienes @nd  cient A may be attributed to the effect of electron-magnon
SRA010],ienteqfiims, respectively. In zero field, the residual scattering.
resistivities pga=3.8X107° and 2.2<10°Q cm, respec- Figures %a) and %b) illustrate theT*° temperature depen-
tively, for our SRQ110]yienteq@nd SRP010]yrientegfilims are  dence of resistivity for SR 10|y ienteq@Nd SROO010]ysiented
close to that reported for single-crystal samplégoreover, films, respectively. It can be seen that the resistivity can be
as shown in the insets of Figs(a#and 4b), a linear depen- described by =pyg+BT-° over a wide temperature range of
dence ofpga VS H at high-field region can be observed both ~50—120 K. The top insets of Figs(é# and §b) show the
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tional to T*° by Mills et al?* However, Mazin and Sindgh
have estimated the characteristic magnon enéggy, for
SRO and obtained,,~ 70 K. Thus, we infer that thg*>

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 Rivadukd al?® showed that the
unconventionall*® temperature dependence of the resistiv-
ity can also be observed in several strongly correlated sys-
tems such as NaCoO, or CaVG;. 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

B sl mechanisms, such as self-consistent renormalization
4.0 I theory?” that can also produce tié-° law of resistivity have
3er B been discussed by Rivaduké al. and have been excluded in
L s L their case because no evidence of antiferromagnetic fluctua-
0 500 1000 1500 2000 tion can be found in the metallic phase. This consideration is
T3 (K!2) applicable to the SRO which shows ferromagnetic fluctua-
T (K) tion only. Furthermore, we obtain the values of coefficient
2040 60 80 100 120 140 160 B=2.2x10% and 4.4x108QcmK?'® for our
T ' ' ' ' ' SRA110)yiented @nd SRQO10]ysienieq films, respectively,
o4 A0 P = Pop* BT which are close to that of~3x10%Q cm K™ for
i) 1778 \ A 5 Nay C0o0, and ~5x 108 ) cm K™1° for CaVQ; estimated
- 14.0% ' from the data of Rivadulleet al. Thus, we infer that the
£ = mechanism of scattering between fluctuation-induced local-
é %0 (b) ized gl(_actrons and FL electrons is applicable to SRO for
o - AN d_e_scrlblng_ the‘|’1-5temperature depend(_ance of resistivity. Ad-
o 20 40 ditionally, it is noteworthy that an earlier theoretical w&tk
Dy also proposed a similar NFL behavior g T1-%6 within the
framework of a self-consistent spin fluctuation theory for
404 E fmg three-dimension ferromagnetism. Although the mechanism
Ssay \D“B\‘E\ of resistivity in this theory seems to be different from that
'g r Bra g proposed by Rivadullat al, both theories give the consis-
e S —— tent picture that spin fluctuations play an important role for
0 500 1000 1500 2000 NFL behavior in SRO.
T!3 (K!9) Figures @a) and &b) show the temperature dependence of
- the longitudinal MR ratio, defined by MR#s(H)
FIG. 5. Resistivites of (@ SRJ110entes @nd (b)) - 5(0)]/p(0), in fields ofH=2, 4, and 6 T along the direction

SR 010orienteq films in H=0 and 7T vs T**. The solid lines are applied current. We can see that the MR is negative,
the fitting of p=pgg+BT*> The top insets show the resistivity reaching a local minimum at aroufig, and shows a second
crossover fromT? to T-* dependence at around 40 K. The insets |gcal minimum at temperatures aI’Ol,Jnd 25 K. near the FL-
show the field dependence pjg for corresponding data and the NEL crossover temperature. On the other har,1d, in the para-
straight dashed lines correspond to a linear dependence. magnetic regime the magnitude of MR monotonically de-
g creases with an increase in temperature. An interesting issue
is whether the MR behavior is affected by the spin fluctua-
tion at temperatures abovg, 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

resistivity crossover from &2 to aT*® dependence at aroun
40 K, which is near the secondp/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 resistivityog decreases linearly with an . . ;
increase in applied field for both SROLOleneq and function of the square of normalized magneﬂz:_;ﬂileM,mIX
SRA010],,eneqfilms as seen in the lower insets of Figeap 0 SRA11000rienteq @Nd SR(DOlO]Orignted films with an ap-
and §b), respectively. The origin of the NFL behavior for Plied field of 2 T. The MR{M/M,,)° curves were obtained
SRO has been investigated by Laad and Miillier-Hartnfann.using the MRT) and M(T) data, whereM,, was taken by
They provided a model to explain the NFL features observedmax=M(5 K,H=2 T), the magnetization at the lowest tem-
in the optical response of SRO fdr>40 K, in which a NFL  perature in our measurement.
metallic state can be affected by thg orbital orientation in For several ferromagnetic pervovskite oxide&? it has
an almost cubic structure. However, in this temperature rebeen reported that in the loW-regime, the electrical resis-
gime the transport behaviors have not been debated yet. Hetigity and magnetization can be approximately described by
this unusualT*® law observed in the transport properties of _ _ _ 2
the SRO films will be discussed below. MR =[p(H) = p(0)J/p(0) = = CIM(H)/Mmad™. ()
A contribution to the resistivity from the incoherent part This origin of MR=M? can be explained by the carrier scat-
of electron-magnon scattering has been found to be propotering due to the thermally fluctuating spins, or the spin-
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of H=2, 4, and 6 T fo(a) SRA110]ieneq@nd(b) SRA0L0]yriented —_ 150 200 250 4002 5000 160K
films. The inset is the MR as a function of the square of normalized £ 40f _ T&) (T (Ii & ©
magnetizatiorM /M, and the dashed lines are the fitted lines by E [100] oriented 00 °
H/1 o
Eq. (2). ;
disorder scattering. When the induced magnetic moment is
developed, the amplitude of the spin fluctuation decreases so
that the resistivityp(H) decreases, and therefore the magni-
tude of MR increases. Furukawehas 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.,
Fhe Hund coupling. The calcglated value ©fis abogt 4-5 FIG. 7. Negative MR as a function &2 for (8) SRA 1100 iented

in the case of strong coupling, but becon@s-1 in the  and (b) SRA010]yieneq films. The straight lines correspond to a
weak coupling limit. As seen in the inset of Fig. 6, the MR jinear fit: -MR=HZ2. The insets show the temperature dependence
follows the expression of Eq2) for both SRQ110l,iened of B and thedt versus(T-Te)? plots.

and SRQ010]ysienteqfilms. We obtainC=0.7 and 1.1 for the

SRQ 110)rienteg@nd SRQO10lorieniedfilms, respectively. The  field region. The deviation frori2 behavior for MR in high
obtained values of coefficiel imply that the SRO is close fields should be due to the nonlinear field dependendd of

to the weak coupling limit, being in correspondence with thejn the high-field region when the temperature is n&ar
weaker Hund coupling of-0.5 eV for SRO(Ref. § than  Also shown in the insets of Figs(d and 7b) are theg vs T

that of =4 eV for the doped La,SEMnO; with x=0.175%  ang g1 vs (T-Tg)? plots. It can be seen that a straight
Otherwise, the obtained smaller value of coefficierfor the  gashed line fits well the data, which is in accord with our
SRA1100rientea film should be attributable to the effect of geduction. This indicates that magnetotransport originates
structural tuning, which has been observed in the ferromagfrom the local spin fluctuations. Our results also coincide

netic manganite$’ _ _ with the observation of the MR scaling &f2/(T-T)? for
According to Eq(2), and takingM =xH into account, we SR films grown on LaAIQ33

can easily obtain that théi?> dependence of MR, MR
=-BH?, holds with coefficient3 being proportional to
1/(T-Tc)? because the susceptibilig(T) of this system far
above Tc follows a Curie-Weiss paramagnetismy(T) In summary, we have reported the crystal structure, mag-
«1/(T-T¢). Figures 7a) and 1b) show —MR vsH? for the  netization, and magnetotransport properties of SRO films in
SRA1100yriented @Nd SRQPO10]yienteq films in the paramag- the ferromagnetic and paramagnetic regimes. The crystal
netic regime, respectively. Clearly, a stroHg dependence structures of SRO films are characterized by the x-ray dif-
of negative MR is observed both for the SRQ0],icnieg@nd ~ fraction techniqgue and show 4110]-oriented and a
SR 010],ienieq films at temperatures above 180 K. Below [010]-oriented epitaxially growth for films deposited on the
180 K, theH? dependence of -MR holds only in the low- STQ(001) and ST@110 substrates, respectively. The low-

IV. SUMMARY
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temperature magnetization follows the Bloch law for bothtrons and the localized electrons due to the bond-length fluc-
the SRQ110]yienteq @Nd SRO010]ysiented films, and a larger tuation. On the other hand, in the paramagnetic regime, the
exchange integral is obtained in the SRM0)yicnteq film, MR shows a strongf? dependence, and can be explained by
corresponding to a highéi: observed. In addition, the mag- the carrier scattering due to the fluctuation spins. The local
netization neafl ¢ follows the scaling lavM « (T—T)%, with  spin fluctuations further govern the NFL magnetotransport
a=0.43 and 0.34 for SRA10]yienied @Nd SRP010]eneq  Properties from the ferromagnetic regime to the paramag-
films, respectively, indicating the nature of magnetic anisonetic regime.
tropy in SRO. The crystal structure and anisotropic magne-
tization are expected to affect the transport properties. ACKNOWLEDGMENT

Furthermore, the magnetotransport measurements show a
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