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Local mapping of strain at grain boundaries in colossal magnetoresistive
films using x-ray microdiffraction
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Using x-ray submicrobeam, we spatially mapped the strain in epitaxial La12xSrxMnO3 films grown
on SrTiO3(001) bicrystal substrates. Our results show that there is an elastic strain gradient at the
artificial grain boundary, which decays over a length scale of;1 mm. The tensile strain at the
interior of the grain—due to the lattice mismatch between La12xSrxMnO3 and SrTiO3—relaxes as
the film nears the grain boundary, yielding a grain boundary lattice constant which approaches the
value of that in bulk La12xSrxMnO3. © 2002 American Institute of Physics.
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The observation of negative magnetoresistance in
ferromagnetic phase of polycrystalline manganites1–5 such as
R12xAxMnO3 ~R5La, Pr, Nd and A5Ba, Sr, Ca, Pb! has
drawn much attention recently due to the potential appli
tions for magnetic field sensors. The phenomenon, whic
characterized by an initial peak and rapid drop in the re
tance at low fields followed by a slower decrease at hig
fields, has been attributed to spin-polarized intergrain tun
ing. Although spin-polarized tunneling can qualitatively e
plain the low field behavior in the resistance, details such
the gradual decrease of the resistance at higher fields
suggested the existence of a magnetically or electronic
distinct region at the grain boundary.6,7 In this work, we
present a local mapping of the strain at the grain boundar
an epitaxial La0.7Sr0.3MnO3 film grown on a bicrystal
SrTiO3(001) substrate using x-ray microdiffraction. Our pr
vious measurements on this film using magnetic fo
microscopy8,9 have elucidated the existence of magnetica
distinct regions at the grain boundaries with Curie tempe
tures higher than that in the bulk of the film,5 a phenomenon
which we attributed to strain relaxation at grain boundari
The current strain measurements by x-ray microdiffract
confirm that at the grain boundaries the strain relaxes, yi
ing a lattice constant different from the grain interior a
accounting for the magnetic behavior observed by magn
force microscopy.

a!Electronic mail: soh@research.nj.nec.com
7740021-8979/2002/91(10)/7742/3/$19.00
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Epitaxial La12xSrxMnO3 films with x50.23, 0.3 were
grown by pulsed laser deposition on bicrystal SrTiO3(001)
substrates with 45° misalignment. In this article, we use
pseudocubic notation to describe the crystal orientation
La12xSrxMnO3. On one side of the grain boundary the@100#
axis is parallel to the grain boundary, whereas on the ot
side it is rotated by 45° with respect to the grain bound
around the surface normal. The growth procedure was s
lar to those reported previously where La0.7Ca0.3MnO3 and
La0.7Sr0.3MnO3 films were grown on bicrystal SrTiO3(001)
substrates for magnetotransport devices across artificial g
boundaries.3 Due to the lattice mismatch betwee
La12xSrxMnO3 ~a5b5c53.88 Å for x50.3! and the
SrTiO3 substrate (a5b5c53.905 Å), these films are
known to have a tensile strain,10 resulting in a suppression o
the Curie temperature compared to the bulk,11,12 and a mag-
netization vector lying in the plane of the film.10 The degree
of strain depends on the film thickness, where partial or co
plete relaxation of the strain can occur as the film thickn
is increased.13

X-ray diffraction measurements to determine the crys
orientation, lattice constant, and thickness of the films w
conducted at beam line X16B at the National Synchrot
Light Source at Brookhaven National Laboratory. The sc
tering data were collected with 7.60 keV energy photons
beam size of 0.2 mm30.2 mm was selected so that the inc
dent x rays were confined to one domain of the film duri
the diffraction measurements. To determine the crystal or
tation, we searched for the (10L) and (11L) diffraction
2 © 2002 American Institute of Physics
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peaks of the films. On one side of the grain boundary~do-
main A! the @100# axis is parallel to the grain boundary. O
the other side~domain B! the @100# axis is rotated by 45° in
the plane of the film. By comparing the crystal orientati
information of thex50.23 film with the magnetic domain
images obtained previously on the same film,8,9 we infer that
the magnetic domain walls occur along the^100& direction.
The magnetic easy axes are deduced to be along the^100&
direction14 from the ripple structure inside the magnetic d
mains, which are believed to have a texture orthogonal to
average magnetization direction.15

Figure 1 shows the (10L) rod profile for domain B for
the x50.3 film, which was obtained by varying the surfa
normal momentum transfer around the~101! substrate Bragg
peak. The diffraction peak from the film is centered atL
51.018~L51 corresponding to the substrate peak!. The av-
erage value of the surface normal lattice constant of the
obtained from various Bragg peaks isc53.84260.002 Å
~1.0% smaller thanc53.88 Å of bulk La0.7Sr0.3MnO3!. The
interference fringes in the diffraction data attest to t
smoothness of the film and correspond to a film thicknes
1080620 Å. The intensities for in-plane momentum trans
measurements are centered atH51 in the (H 0 1.018) scan
and K50 in the (1K 1.108) scan, which means that th
in-plane lattice constants of the film are the same as for
substrate.

We next proceeded to investigate the crystal structur
the grain boundary for thex50.3 film using a submicron
x-ray beam. The x-ray microdiffraction measurements w
conducted at beam line 2-ID-D of the Advanced Pho
Source at Argonne National Laboratory. A schematic dra
ing of the experimental setup is shown in Fig. 2, where
monochromatic 8 keV x-ray beam with a bandwidth
Dl/l5231024 was focused to a submicron spot size at
sample. The focusing element for the x-ray beam is a Fre
zone plate made by Au electroplating, which is supported

FIG. 1. X-ray diffraction (10L) scan of the La0.7Sr0.3MnO3 film on SrTiO3

showing the substrate peak atL51 and the film peak centered atL
51.018, which gives a value ofc53.836 Å for the surface normal lattice
constant of the film. The periodicity of the interference fringes in the d
fraction data corresponds to a film thickness of 1150 Å.
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a silicon nitride membrane.16 The zone plate has a diamet
of 150mm, a thickness of 0.85mm, and a focal length of 100
mm at 8 keV, which means an upper bound of 0.086° for
divergence of the incident beam. The focused beam ha
elliptical shape with the minor axis in the vertical directio
We measured an upper bound of 0.35mm for the vertical
width of the beam size at the sample location by detect
the K fluorescence of a Cr knife edge. The sample w
mounted vertically on a sample stage with submicron tra
lation control with the grain boundary running along th
horizontal direction. This choice of the grain boundary o
entation allows us a spatial resolution of 0.35mm for micro-
diffraction in the direction perpendicular to the grain boun
ary ~which we cally!.

Using the focused submicron x-ray beam we looked
the~002! diffraction peak for the substrate and the film. Ev
though the film was grown on a SrTiO3(001) substrate,
where nominally only the in-plane axes of the two doma
were supposed to be misaligned, our measurements s
that there is a slight difference (Du;0.1°) in the orientation
of the c axis between the two substrate domains and si
larly between the two film domains on the opposite sides
the grain boundary. This slight difference in the tilt of thec
axis is sufficient to enable us to locate the grain boundary
detecting the~002! substrate or film peak on either side
the grain boundary and seeing it disappear as the b
crosses to the other side of the grain boundary as the sa
is scanned vertically alongy. The location of the grain
boundary is determined by the condition that the intensity
the ~002! reflection drops halfway from its maximum value
The grain boundary location determined this way by the t
substrate peaks and two film peaks are within 2mm of each
other, the difference arising from the hysteresis of the tra
lational motion of the stage.

In order to study the lattice constant of the film arou
the grain boundary, we did two-dimensional (u – 2u, y)
scans for the substrate and film peaks for both domains.
results for domain A are displayed in Fig. 3, with theu–2u
axis converted into a surface normal lattice constant. Sim
results were obtained for domain B as well. The 2u value at
the substrate peaks were used to calibrate the 2u angle of the
goniometer from the known value ofc53.905 Å. The width

FIG. 2. Schematic drawing of the experimental setup for microdiffraction
monochromatic x-ray beam is focused to a submicron beam size on
sample by a Fresnel zone plate. An order sorting aperture is inserted in
of the sample to select only the first order diffraction and reject higher or
diffraction. The sample is mounted vertically with the grain boundary alo
the horizontal direction. The sample and the detector are rotated to mee
Bragg conditions.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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of the substrate peak is determined by the resolution inu,
which was;0.06° ~equivalent to 0.005 Å resolution in lat
tice constant! in our setup. The two-dimensional substra
peak scans@Fig. 3~b!# show that the substrate lattice consta
is not spatially dependent. On the contrary, the same exp
ment on both film peaks~domain A and B! show a drastically
different effect: thec lattice constant increases as we a
proach the grain boundary.

The tensile strain, which results in a reduced surfa
normal lattice constant of 3.845 Å at the grain interior fro
the bulk value of 3.88 Å, relaxes near the grain bounda
This results in an enhanced surface normal lattice consta

FIG. 3. Two-dimensional~u–2u, y! scans of~a! the La0.7Sr0.3MnO3 film and
~b! the SrTiO3 substrate in one of the domains.y50 is the position of the
grain boundary.
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3.865 Å ~domain B! and 3.86 Å@domain A, Fig. 3~a!# com-
pared to the grain interior for the two domains opposite
the grain boundary. The current results are in line with o
previous magnetic force microscopy measurements wh
showed the existence of distinct mesoscopic regions at
grain boundaries with Curie temperatures higher than
grain interiors,8,9 a phenomenon which we attributed to stra
relaxation at grain boundaries. The length scale over wh
the strain relaxes is;1 mm, similar to the length scale of th
mesoscopic magnetism.

In summary, we have presented x-ray microdiffraction
a powerful tool to study lattice distortion effects at gra
boundaries in manganite films. In particular, using this lo
probe we discovered local variation of strain by as much
0.5% at the grain boundaries in epitaxially grow
La0.7Sr0.3MnO3 films.

The authors acknowledge valuable discussions with
K. Vlasko-Vlasov, Ch. Renner, and Frank M. Zimmerman
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