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Our studies of compressively strained La0.7Sr0.3MnO7 ~LSMO! thin films reveal the importance of
domain structure and strain effects in the magnetization reversal and magnetotransport. Normal and
grazing incidence x-ray diffraction indicate that the compressive strain on these LSMO thin films on
~100!LaAlO3 is not completely relaxed up to thicknesses on the order of 1000 Å. The effect of the
compressive strain is evident in the shape of the magnetization loops and the magnetotransport
measurements at various temperatures. Although the domain wall contribution to the
magnetoresistance is significantly larger than that predicted from a simple double exchange picture,
the contribution is a small fraction of the measured magnetoresistance.
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The role of domain structure in transport properties h
been the focus of recent research in epitaxial colossal m
netoresistance~CMR! films. In elemental magnetic thin
films, the effect of domain walls~DWs! on resistivity has
been explained in different ways; the effect of internal fie
and surface scattering on electron trajectories, a Hall ef
mechanism, a two channel conduction model in ferrom
nets, and spin dependent scattering.1–3 In these systems, th
contribution of domain walls to resistivity has been found
be small compared to conventional anisotropic transport
fects, and can be either positive~increase resistivity!or nega-
tive. In colossal MR films where mean free paths are sm
the effect of internal fields on the diffuse scattering of ele
trons at the film interfaces is negligible and the overall co
tribution of the DW is to enhance the resistivity.

In CMR thin films, Mathuret al.4 report that the mea
sured resistivity of a magnetic domain wall is four orders
magnitude larger than that predicted by a simple double
change picture. Wanget al.5 have suggested that DW sca
tering is the mechanism explaining a low field MR observ
in compressively strained epitaxial (Pr,Sr!MnO3 thin films.
We present, in this paper, results that indicate that altho
the DW contribution to the resistivity is significantly large
than that predicted from a simple double exchange pict
the contribution is a small fraction of the measured MR.

We have studied the effect of DW transport in compr
sively strained epitaxial LSMO thin films on LaAlO3 sub-
strates. These films are grown using conventional pulsed
ser deposition~PLD! where three-dimensional island grow
gives rise to partially relaxed films. Details of the grow
conditions are described elsewhere.6 Rutherford backscatter
ing spectroscopy indicates that the film has, to within
accuracy of the measurement, the composition of the tar
Normal incidence x-ray diffraction indicates that the film
are oriented in and out of the plane of the film and thus
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be called single crystalline. Normal incidence diffraction,
combination with grazing incidence diffraction~GID!, pro-
vides us with in-plane and out-of-plane lattice paramete
Since GID only penetrates 100 Å beneath the surface of
film, it provides insight into the relaxation of the lattice th
occurs for thicker films. Figure 1 below shows a plot
LSMO/LAO films from 280 to 4500 Å thick. For compari
son, the LSMO bulk lattice parameters areabulk5bbulk

5cbulk53.88 Å and the substrate lattice parameters area
5b5c53.79 Å. Figure 1 indicates that even in films on th
order of 1000 Å, the strain is not completely relaxed. T
strain in these films can be written down in terms of a bu
strain (eB5exx1eyy1ezz), associated with a hydrostati
volume distortion, and a volume preserving Jahn-Te
strain (eJT5(1/A6)(2ezz2exx2eyy)), associated with the
lattice mismatch between film and substrate.7 Since we have
direct measurements of the lattice parameters both in and
of the plane, we can easily separate these two contributi
In agreement with the results of Raoet al.8 and Millis et al.,9

we observe an increasing Jahn-Teller strain with decrea

FIG. 1. Relaxation of the lattice parameters in and out of the plane of
film is observed in CMR films of thickness 100–4500 Å.

http://jap.aip.org/
http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-53059
http://www.ub.uni-konstanz.de/kops/volltexte/2008/5305/
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thickness while the bulk strain contribution becomes m
negative with decreasing thickness. Therefore volume p
serving Jahn-Teller strain is a dominant factor in the epit
ial thin LSMO films of all thicknesses. These GID measu
ments are consistent with a biaxial compressive strain du
the lattice mismatch between the film and the substrate. T
biaxial strain is predicted to give rise to a perpendicu
anisotropy.10

Magnetic force microscopy~MFM! provides us with im-
ages of the domain structure of our films in their zero fie
state after saturation. In Fig. 2 are images of a 1400 Å th
LSMO/LAO thin film in its zero field state after saturation
a direction normal to the film plane~a! and in the plane of
the film ~b!. In ~b!, the domains are predominantly elonga
along the direction of the saturating magnetic field. The
fore, if scattering at DW’s contributes significantly to th
resistivity, the DW effect should manifest itself in the ze
field resistance of the same sample poled in different dir
tions.

We measured the MR of films of varying thickness
and found that the main MR effects can be understood
terms of bulk colossal MR and anisotropic MR. Figure
shows MR curves for a 800 Å thick LSMO/LAO film from
room temperature down to 4 K with the magnetic field a

FIG. 2. Magnetic domain structure of a 1400 Å LSMO/LAO film aft
saturation in a direction~a! perpendicular to the plane of the film and~b!
parallel to the film plane at room temperature.

FIG. 3. Magnetization and magnetotransport curves of a 800 Å thick LS
film with the magnetic field applied in the plane of the film and perpendi
lar to the current.
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plied in the plane of the film and perpendicular to the c
rent. The MR curves exhibit a low field hysteretic behav
and a sublinear deviation from the linear high field behavi
In the limit of extremely high magnetic field, we would ex
pect the MR to approach a constant value. However our
measurements up to 6 T, as well as those of other group11

indicate that we continue to suppress spin fluctuations e
at these high magnetic field values. Below magnetic fie
corresponding to saturation in the MH loop~Fig. 3!, the MR
deviates from linearity. At these fields, moments rotating
from the applied field direction and out of the film plan
direction, as observed, would lead to a superlinear devia
of the MR. However, the resistivity anisotropy in our films
such that the resistivity is smallest when the magnetizatio
perpendicular to the film plane and for this reason the M
deviation is sublinear.12

As the temperature is reduced below room temperat
we observe an increase in the coercive field that dire
correlates with the hysteretic behavior in the MR measu
ments, thus confirming that the MR hysteresis is associa
with domain wall motion. With decreasing temperature, t
remnant magnetization increases significantly. This remn
magnetization indicates that the moments have a n
negligible projection of magnetization in the plane of t
film. Therefore moments in the demagnetized state do
exhibit true perpendicular anisotropy but are most like
canted out of the film normal direction.

Now let us turn to MR measurements where the appl
magnetic field is perpendicular to the current and the pl
of the film. We observe a negative MR with a high fie
linear dependence on the applied field. We attribute t
negative MR to the suppression of spin fluctuations at h
fields ~CMR!. At lower fields, there is a sublinear deviatio
of the MR from the linear high field behavior, with the re
sistivity approximately field independent. The field at whi
the deviation occurs corresponds to the magnetic satura
field ~Fig. 4!. As the field is lowered below the saturatio
field, reversed magnetic domains form and, while the app
field is varying, the internal magnetic field B is approx
mately constant and the CMR is suppressed.

As a function of temperature, we observe very litt
change in the MR and MH loops~Fig. 4!. With decreasing
temperature, the perpendicular anisotropy associated with
biaxial compressive strain increases faster than the mag
zation, thus leading to higher remanence. At lower tempe
tures, we also observe an increase in the coercive field w
is consistent with an increasing in-plane component of m
netization.

The difference between the in-plane transverse and
pendicular MR atH50 reflects the effect of domain con
figurations on film resistivity. However we need to take in
account the fact that in the ‘‘maze’’ configuration@Fig. 2~a!#
a portion of the current is shunted by the domains and n
not cross domain walls, thus producing a smaller resistiv
With this consideration in mind, we have estimated the D
MR from the MR data to be 331023 at room temperature.13

A simple double exchange picture predicts a DW MR
1.531024.13 As the temperature is lowered, the DW cont
bution to the MR remains the same order of magnitude.
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increasing in-plane magnetization component renders
DW resistivity estimate a limiting case, thus emphasiz
even more the discrepancy between experiment and a si
double exchange model. A more detailed model of the
main wall MR, in double exchange ferromagnets, predict
1%–2% effect which is consistent with our measured MR14

FIG. 4. Magnetization and magnetotransport curves of an 800 Å th
LSMO film with the magnetic field applied normal to the plane of the fil
e
g
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-
a

We acknowledge Jonathan Sun for useful discussio
This work was supported in part by a NSF CAREER Awa
~Y.S.!, a David and Lucile Packard Foundation Fellowsh
~Y.S., C.B.E.!, NSF-MRSEC funds~Y.S.!, DARPA-ONR
Grant No. N00014-96-1-1207~A.D.K.! and NSF-DMR
9802444~C.B.E.!. Some structural characterization was c
ried out at the central facilities of the Cornell Center f
Materials Research~NSF-MRSEC!.

1A. D. Kent, U. Ruediger, J. Yu, L. Thomas, and S. S. P Parkin, J. Ap
Phys.85, 5243~1999!.

2M. Viret et al., Phys. Rev. B53, 8464~1996!.
3J. F. Gregget al., Phys. Rev. Lett.77, 1580~1996!.
4N. D. Mathur, P. B. Littlewood, N. K. Todd, S. P. Isaac, B.-S. Teo, D.
Kang, E. J. Tarte, Z. H. Barber, J. E. Evetts, and M. G. Blamire, J. Ap
Phys.86, 6287~1999!.

5H. S. Wang and Qi Li, Appl. Phys. Lett.73, 2360 ~1998!.
6Y. Suzuki, H. Y. Hwang, S-W. Cheong, and R. B. van Dover, Appl. Ph
Lett. 71, 140~1997!.

7A. J. Millis, T. Darling and A. Migliori, J. Appl. Phys.83, 1588~1998!.
8R. A. Rao, D. Lavric, T. K. Nath, C. B. Eom, L. Wu, and F. Tsui, App
Phys. Lett.73, 3294~1998!.

9A. J. Millis, A. Goyal, M. Rajeswari, K. Ghosh, R. Shreekala, R.
Greene, R. Ramesh, and T. Venkatesan~to be published!.

10J. O’Donnell, M. S. Rzchowski, J. N. Eckstein, and I. Bosovic, Ap
Phys. Lett.69, 1312~1996!;72, 1775~1998!.

11H. Y. Hwang, T. T. M. Palstra, S.-W. Cheong, and B. Batlogg, Phys. R
B 52, 15046~1995!.

12In magnetic crystals, the spin–orbit interaction, which is at the mic
scopic origin of this resistivity anisotropy or anisotropic MR~AMR! ef-
fect, leads to a resistivity which depends not only on the orientation
magnetization and current and but also on the relation of these vecto
the crystal structure. For example, resistivity anisotropy of this type
recently been reported for transition metal epitaxial thin films.

13Y. Wu, Y. Suzuki, J. Yu, U. Rudiger, A. D. Kent, T. K. Nath, and C. B
Eom, Appl. Phys. Lett.75, 2295~1999!.

14L. Brey, Condensed Matter Preprint~Los Alamos!No. 9905209, 1999.

k


	Text2: First publ. in: Journal of Applied Physics 87 (2000), 9, pp. 6746-6748 
	Text4: Konstanzer Online-Publikations-System (KOPS)URL: http://www.ub.uni-konstanz.de/kops/volltexte/2008/5305/URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-53059


