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Our studies of compressively strainedyL8r, ;MnO; (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 LaAlO; is not completely relaxed up to thicknesses on the order of 1000 A. 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 magnetoresistanc200@ American Institute

of Physics[S0021-897@0)55608-4

The role of domain structure in transport properties hade called single crystalline. Normal incidence diffraction, in
been the focus of recent research in epitaxial colossal magombination with grazing incidence diffractiqiGID), pro-
netoresistanc CMR) films. In elemental magnetic thin vides us with in-plane and out-of-plane lattice parameters.
films, the effect of domain wall$DWs) on resistivity has ~ Since GID only penetrates 100 A beneath the surface of the
been explained in different ways; the effect of internal fieldsfilm, it provides insight into the relaxation of the lattice that
and surface scattering on electron trajectories, a Hall effeadccurs for thicker films. Figure 1 below shows a plot of
mechanism, a two channel conduction model in ferromagbSMO/LAO films from 280 to 4500 A thick. For compari-
nets, and spin dependent scatterfingln these systems, the son, the LSMO bulk lattice parameters asg = bpyik
contribution of domain walls to resistivity has been found to=C,;=3.88 A and the substrate lattice parameters are
be small compared to conventional anisotropic transport ef=b=c=3.79 A. Figure 1 indicates that even in fims on the
fects, and can be either posititiacrease resistivityor nega- ~ order of 1000 A, the strain is not completely relaxed. The
tive. In colossal MR films where mean free paths are smallstrain in these films can be written down in terms of a bulk
the effect of internal fields on the diffuse scattering of elec-strain (eg= €,x+ €,y + €,,), associated with a hydrostatic
trons at the film interfaces is negligible and the overall convolume distortion, and a volume preserving Jahn-Teller
tribution of the DW is to enhance the resistivity. strain (eJTz(ll\/E)(zeZZ— €xx— €yy)), associated with the

In CMR thin films, Mathuret al? report that the mea- lattice mismatch between film and substraince we have
sured resistivity of a magnetic domain wall is four orders ofdirect measurements of the lattice parameters both in and out
magnitude larger than that predicted by a simple double exof the plane, we can easily separate these two contributions.
change picture. Wangt al5 have suggested that DW scat- In agreement with the results of Rabal® and Millis et al,’
tering is the mechanism explaining a low field MR observedwe observe an increasing Jahn-Teller strain with decreasing
in compressively strained epitaxial (Pn8nO; thin films.

We present, in this paper, results that indicate that although

the DW contribution to the resistivity is significantly larger 3.96 R
than that predicted from a simple double exchange picture, g 394¢ . agut-of-plane
the contribution is a small fraction of the measured MR. E 3921L

We have studied the effect of DW transport in compres- ‘aE‘: 39k b .
sively strained epitaxial LSMO thin films on LaAlOsub- g 2.88
strates. These films are grown using conventional pulsed la- e R .-
ser depositiofPLD) where three-dimensional island growth S 3861 =
gives rise to partially relaxed films. Details of the growth 5 384l m Fin-plane
conditions are described elsewh@r@utherford backscatter- 3.82 fu et .
ing spectroscopy indicates that the film has, to within the o 1000 2000 3000 4000 5000

accuracy of the measurement, the composition of the target. Film Thickness (A)

Norma_ll incidgnce x-ray diffraction indicate§ that the films kg 1. Relaxation of the lattice parameters in and out of the plane of the
are oriented in and out of the plane of the film and thus cariilm is observed in CMR films of thickness 100-4500 A.
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plied in the plane of the film and perpendicular to the cur-
rent. The MR curves exhibit a low field hysteretic behavior
and a sublinear deviation from the linear high field behavior.
In the limit of extremely high magnetic field, we would ex-
pect the MR to approach a constant value. However our MR
measurements up to 6 T, as well as those of other grbups,
indicate that we continue to suppress spin fluctuations even
at these high magnetic field values. Below magnetic fields
FIG. 2. Magnetic domain structure of a 1400 A LSMO/LAO film after corresponding to saturation in the MH loégig. 3), the MR
saturation in a'directioma) perpendicular to the plane of the film ario) deviates from Iinearity. At these fields, moments rotating out
parallel to the film plane at room temperature. . . . . .

from the applied field direction and out of the film plane
direction, as observed, would lead to a superlinear deviation

thickness while the bulk strain contribution becomes more®f the MR. However, the resistivity anisotropy in our films is
negative with decreasing thickness. Therefore volume pre§uch thaﬁ the re5|st|V|ty is smallest when th.e magnetization is
serving Jahn-Teller strain is a dominant factor in the epitaxPerpendicular to the film plane and for this reason the MR
ial thin LSMO films of all thicknesses. These GID measure-deviation is sublineat? _
ments are consistent with a biaxial compressive strain due to  AS the temperature is reduced below room temperature,
the lattice mismatch between the film and the substrate. Thid® Observe an increase in the coercive field that directly
biaxial strain is predicted to give rise to a perpendicularcorrelates with the hysteretic behavior in the MR measure-
anisotropy™© ments, thu_s conﬂrmln_g that _the MR hy_stere5|s is associated
Magnetic force microscopgMFM) provides us with im- with domain WaII' motion. With decrgag_ng temperature, the
ages of the domain structure of our films in their zero field®®Mnant magnetization increases significantly. This remnant
state after saturation. In Fig. 2 are images of a 1400 A thicknagnetization indicates that the moments have a non-
LSMOJ/LAO thin film in its zero field state after saturation in Negligible projection of magnetization in the plane of the
a direction normal to the film plané) and in the plane of film. Therefore moments in the demagnetized state do not
the film (b). In (b), the domains are predominantly eIongatedeXhibit true perpendicular anisotropy but are most likely
along the direction of the saturating magnetic field. There£anted out of the film normal direction.
fore, if scattering at DW's contributes significantly to the ~ Now let us turn to MR measurements where the applied
resistivity, the DW effect should manifest itself in the zero Magnetic field is perpendicular to the current and the plane
field resistance of the same sample poled in different direcof the film. We observe a negative MR with a high field
tions. linear dependence on the applied field. We attribute this
We measured the MR of films of varying thicknessesnegative MR to the suppression of spin fluctuations at high
and found that the main MR effects can be understood idields (CMR). At lower fields, there is a sublinear deviation
terms of bulk colossal MR and anisotropic MR. Figure 30f the MR from the linear high field behavior, with the re-
shows MR curves for a 800 A thick LSMO/LAO film from Sistivity approximately field independent. The field at which

room temperature down to 4 K with the magnetic field ap-the deviation occurs corresponds to the magnetic saturation
field (Fig. 4). As the field is lowered below the saturation

field, reversed magnetic domains form and, while the applied

%c 1000 T LN ] field is varying, the internal magnetic field B is approxi-
g ] mately constant and the CMR is suppressed.
£ S00f 4Kf E As a function of temperature, we observe very little
g N f ] change in the MR and M_H Ioop(sF_lg. 4). With de_creasm_g
= ] temperature, the perpendicular anisotropy associated with the
= 500 150K wa"‘“"" ] biaxial compressive strain increases faster than the magneti-
5 225K ] zation, thus leading to higher remanence. At lower tempera-
= 1000 200K L L L] tures, we also observe an increase in the coercive field which
© 0.005F 3 is cpnsjstent with an increasing in-plane component of mag-
e /’%\_\ netization.
& OF 4k /“‘/\'\\ ] The difference between the in-plane transverse and per-
5 -0.005 123E/A\ ] pendicular MR atH=0 reflects the effect of domain con-
% 0.01 figurations on film resistivity. However we need to take into
S T Fa225K ] account the fact that in the “maze” configuratipRig. 2(a)]
S-0015 ¢ ] a portion of the current is shunted by the domains and need
.0.02 [280K; , ) , not cross domain walls, thus producing a smaller resistivity.
45 -1 05 0 05 1 1.5 With this consideration in mind, we have estimated the DW
Applied Field (T) MR from the MR data to be 8 10" 2 at room temperaturg’
FIG. 3. Magnetization and magnetotransport curves of a 800 A thick LSMOA Slmplil cljs,OUble exchange p|ctgre predicts a DW MR (.)f
film with the magnetic field applied in the plane of the film and perpendicu-]--5>< 10 "7 As the temperature is lowered, the DW contri-
lar to the current. bution to the MR remains the same order of magnitude. An
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