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Phase separation into a ferromagnetic �FM� metallic and a charge-ordered �CO� insulating state as found in
the manganite �Pr1−yLay�0.7Ca0.3MnO3 �PLCMO� is expected to be sensitive to structural changes. Reversible
biaxial strain has been applied to epitaxially grown films on piezoelectric substrates of
�PbMg1/3Nb2/3O3�0.72�PbTiO3�0.28 �001�. Reversible strain experiments give a unique insight into the effect of
strain on the magnetization and the electrical resistance, i.e., the so-called elastoresistance, of the films.
100-nm-thick PLCMO films of various Pr/La ratios have been grown using alternating pulsed laser deposition
from a La-based and a Pr-based target. We have found a drastic reduction in the resistance, or a “colossal”
elastoresistance, upon piezoelectrically controlled release of the tensile strain in the films, characterized by a
resistive gauge factor of up to 1800. This result is qualitatively consistent with the magnetic measurements,
where a higher saturation magnetization and an increased magnetic transition temperature are observed with
the release of tensile strain. The elastoresistance is highest at chemical composition y�0.6, the metal-insulator
phase boundary, and near the metal-insulator transition temperature, where the competition between the FM
and CO ground states is strongest. This indicates that the coexistence of the FM and CO phases is strongly
affected by strain with tensile strain suppressing the FM metallic phase.
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I. INTRODUCTION

To denote the response of the electrical resistance of a
material to one- or two-dimensional elastic strains, the term
elastoresistance has been introduced.1–4 It is related to the
piezoresistance, which describes the change in resistance per
applied mechanical stress. Since the 1950s, both properties
have been investigated for semiconductors such as doped Si,
Ge, and Bi, and have been applied in cantilevers of force
microscopes �see, e.g., Refs. 5 and 6�. Complex oxides are
another class of materials that has shown an outstanding sen-
sitivity of electronic properties to structural deformations.
However, not much is known about the piezoresistance and
elastoresistance of conducting complex oxides thus far. Ear-
lier work has revealed a large response of the resistance of
epitaxially grown ferromagnetic manganite films on a revers-
ibly applied elastic substrate strain.7–11 Since an even larger
effect may be expected in manganites known for the elec-
tronically driven coexistence of several phases with different
conductivity, the well-investigated compound series of
�Pr1−yLay�0.7Ca0.3MnO3 �Refs. 12–20� has been chosen for a
systematic study of the strain-dependent resistance and mag-
netization in thin epitaxial films. Reversible biaxial strain is
applied to the films using piezoelectric substrates.

The end members of the �Pr1−yLay�0.7Ca0.3MnO3 series
are a charge-ordered �CO� antiferromagnetic insulator �y
=0� and a ferromagnetic �FM� metal �y=1�, respectively.
The nature of the charge-ordered state has been clarified in
more detail in recent years; it was found that the idea of a
so-called Zener polaron state is more consistent with experi-
mental data than the earlier scheme of a Mn3+ /Mn4+-ordered
charge lattice.21 The different effect of the Pr and La ions at
the A lattice site of the perovskite-type lattice structure is
essentially caused by their difference in ionic radius: the
smaller Pr3+ ion causes a stronger tilt of the O-octahedra and
thus smaller Mn-O-Mn bond angles, reducing the width of

the conduction band and the itinerant ferromagnetic double
exchange. This is the so-called chemical pressure effect.
Mixed compounds of �Pr1−yLay�0.7Ca0.3MnO3 or compounds
with a similar doping of x�0.3 have been investigated as
bulk ceramic phases,13,14 single crystals,15 and epitaxially
grown films.17–20 With increasing y, a transition from a CO
insulating to a FM metallic state is observed, typically show-
ing a kind of threshold behavior where large changes in con-
ductivity and magnetic transition temperature are observed
near a specific composition.12–14 The long-range CO transi-
tion is observed as an anomaly in the resistance vs. tempera-
ture data.19,22 The coexistence of an antiferromagnetic CO
and a FM phase has been detected and investigated by neu-
tron scattering,23 electron diffraction in a transmission elec-
tron microscope,12,21 magnetic force microscopy,20 and
magneto-optical imaging.15 The extension of the different
phases in �Pr1−yLay�0.7Ca0.3MnO3 may reach the micron
range.12,15,20 Electrical conduction proceeds via percolating
conduction paths that can be visualized optically.24 The
metal-insulator �MI� transition, occurring during heating or
cooling close to the magnetic Curie temperature �TC� in the
samples with a metallic ground state, has been proposed to
be of a percolative nature.12,25

The coexistence of the charge-ordered insulating �COI�
and ferromagnetic metallic �FMM� phases in PLCMO or
related Pr manganites has been found to be sensitive to vari-
ous external parameters such as electric and magnetic dc
fields, light or x rays,26 hydrostatic pressure,27 and epitaxial
strain in thin films. The most well-known effect of an
external parameter is the colossal magnetoresistance, a drop
of the electrical resistance by many orders of magnitude un-
der an applied magnetic field. But also an electric field or a
current applied to insulating �Pr1−yLay�0.7Ca0.3MnO3 or
Pr1−xCaxMnO3 may induce a conducting state,15,28 i.e., de-
pending on the composition y, electrical conduction may be
highly nonlinear. Tokunaga et al.15,16 magneto-optically ob-
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served fluctuations of the conduction path depending on the
applied electric field, revealing the interaction of a spin-
polarized current with the local magnetic state. The response
of Pr1−xCaxMnO3 to hydrostatic pressure has been found to
be rather complex in the sense that the sign of the change in
conductivity with pressure depends on the doping level.27

Uniaxial or biaxial strain studies in bulk materials of the
investigated compounds are not known to the authors.

Several groups have investigated thin epitaxial films
of phase-separated �Pr1−yLay�1−xCaxMnO3 in the doping
range of x=0.3–0.375.17–20,29 Further work on, e.g.,
Pr1−x�Ca,Sr�xMnO3 films with x=0.3–0.4 �Refs. 28 and 30�
shows similar tendencies with respect to TC and conduction
behavior in dependence on composition, since the ionic ra-
dius effect is exploited in a similar fashion. The behavior of
films that are thick enough not to be dominated by finite
thickness effects is subject to one crucial additional param-
eter: the epitaxial strain in the film plane. It has been shown
that the energy balance between the different phases can be
controlled by choosing substrates with different lattice
mismatch.17,19,31 As a general tendency, tensile strain is
found to stabilize a CO state in several reports.19,31 Keeping
in mind the complex response of Pr1−xCaxMnO3 to hydro-
static pressure27 however, there may be exceptions to this
tendency.

By using reversible uniform biaxial strain from
piezoelectric Pb�Mg1/3Nb2/3�0.72Ti0.28O3�001� �PMN-PT�
substrates,7,32 we have investigated the direct response of the
electrical transport and the magnetization of epitaxial
�Pr1−yLay�0.7Ca0.3MnO3 films to reversible biaxial strain,
avoiding any additional influence of variations in composi-
tion or microstructure, which may occur when substrates of
different lattice mismatch are used. The reversible strain ap-
proach is especially useful for studies of transport properties
such as the elastoresistance since the comparison of several
samples in different strain states may be unreliable due to
different microstructures. The composition y has been
scanned to find the metal-insulator threshold in the ground
state of the strained films which is observed close to y=0.6.
Films of this composition show a positive elastoresistance
characterized by a gauge factor ��1800. The reversible par-
tial release of the as-grown tensile strain in the films leads to
an enhanced magnetic Curie temperature �by about 2 K for
the strain level of 0.07%�, enlarged magnetization and re-
duced resistance, directly showing the tensile strain to sup-
press the ferromagnetic double exchange, thus favoring the
charge- and orbital-ordered state. The strain dependencies of
the magnetization and the resistance are distinctly different
from those observed previously in simple ferromagnetic
manganite films in that there is a large strain response
present far below the Curie temperature.

II. EXPERIMENTAL DETAILS

�Pr1−yLay�0.7Ca0.3MnO3 films were grown by off-axis
pulsed laser deposition �PLD, KrF 248 nm excimer laser�
on monocrystalline platelets of PMN-PT�001� from
stoichiometric targets of Pr0.7Ca0.3MnO3 �PCMO� and
La0.7Ca0.3MnO3 �LCMO�. All films have a thickness of

100 nm and were deposited in an oxygen pressure of p
=0.3 mbar at a substrate temperature of T=725 °C with a
pulse frequency of f =2 Hz.

Films were grown by alternate ablation of the PCMO and
LCMO targets with a total number of 30 pulses per one
unit-cell layer of grown film. To grow a film with La content
y, 30y pulses of LCMO and 30�1−y� pulses of PCMO were
cyclically ablated until the desired thickness was reached. To
ensure thorough mixing of the ablated material on the sub-
strate, a 10 s pause was inserted between each 30 pulse
cycle. Films have been grown with y=0, 0.5, 0.55, 0.57,
0.59, 0.6, 0.63, 0.65, 0.75, and 1. Several samples of nomi-
nally the same composition around y=0.6 have been grown.
Compositions of the films have been analyzed by x-ray pho-
toelectron spectroscopy �XPS� measurements �system PHI
5600 CI, Physical Electronics�. The measurements were car-
ried out using nonmonochromatic Kg K� x-ray radiation and
3.5 keV Ar+ ions �2 mm�2 mm scan size� for sputtering
depth profiling. Atomic concentrations were calculated from
the peak intensities using single element sensitivity factors.

The single phase nature, orientation, and lattice structure
of the as-grown films have been characterized by �−2� x-ray
diffraction �Siemens D5000, Co K�� and, for selected films,
by reciprocal space mapping around the �002� and �013� re-
flections �pseudocubic notation�. Atomic force microscopy
�AFM, Digital Instruments� has been employed to investi-
gate the film surfaces. Magnetization of the films has been
measured in a superconducting quantum interference device
magnetometer �Quantum Design�. Resistivity measurements
in dependence on temperature, magnetic field and reversible
substrate strain have been carried out in four-probe geometry
in both a superconducting magnet and a cryogen-free refrig-
erator cryostat. All temperature-dependent data have been
recorded during cooling of the sample. A sufficiently low
measuring current of I�10 �A was chosen so that the films
showed Ohmic behavior and no field- or current-induced
conductivity variations.

To carry out the strain-dependent measurements, a voltage
V�200 V was applied along the substrate normal between
the PLCMO film on top and a NiCr/Au electrode on the
bottom �001� face of the substrate, producing an electric field
of E�6.7 kV cm−1 in the 0.3-mm-thick crystal platelet.
The resulting current is lower than 10−7 A after the crystal
has been poled. The huge resistivity of the substrate
��1010 	 cm� guarantees proper functioning of the manga-
nite film as upper electrode within the measurable range of
film resistances. The electric field in the film resulting from
the substrate voltage can be estimated as E times the ratio of
the resistivities of the film and the substrate. For the mea-
sured range of film resistivities, this ratio is below 10−8. The
PMN-PT substrate shrinks approximately linearly with in-
creasing E in both in-plane directions.8 The maximum field
of 6.7 kV cm−1 leads to 0.07% compression between 300
and 90 K.8,33 Due to the lack of strain data for PMN-PT
below 90 K we evaluate the strain response at low tempera-
tures based on the 90 K strain. Hence, the strain values for
T
90 K in this work may be systematically overestimated
since some strain reduction may occur toward low tempera-
tures. The duration of one field cycle from E=0 to
6.7 kV cm−1 to 0 was about 15 min.
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III. RESULTS

A. Influence of the composition

X-ray diffraction measurements give evidence that the
100-nm-thick PLCMO films consist of a single chemical
phase and are epitaxially oriented in a cube-on-cube way on
the substrate �Fig. 1�b��. AFM images reveal smooth film
surfaces grown in the island-type manner with a roughness
of rms 
1 nm for all films. The roughness has been evalu-
ated within one ferroelectric domain of the substrate, i.e., in
a typical area of 1�2 �m2. The composition of the films
has been analyzed by XPS using sputtering depth profiling.
In Fig. 1�a�, the XPS results of individual runs are compared
to the nominal composition of the films for a range of com-
positions around the metal-insulator phase boundary. The in-
dividual data points represent concentration values from sev-
eral film depths. The agreement between the nominal y

calculated from the ratio of the laser pulses on the PCMO
and LCMO targets and the value derived from the XPS mea-
surements is within a maximum deviation of 8%. The XPS
depth profiles �not shown� did not show concentration gradi-
ents with depth, giving evidence for good mixing of the com-
ponents throughout the film volume. These observations in-
dicate a successful control of the Pr/La ratio of the films by
the applied alternating ablation method from two targets.

The pseudotetragonal in-plane lattice parameter of poled
PMN-PT crystals is a=b=4.022 Å,33,34 which is 4–5 %
larger than the pseudocubic lattice parameters of the end
members of the film series, PCMO �a=3.806 Å� and LCMO
�a=3.864 Å�. Film lattice parameters have been recorded by
reciprocal space mapping for selected samples as a
=3.87 Å, c=3.85 Å for LCMO �y=1�, a=3.88 Å, c
=3.84 Å for PLCMO �y=0.6�, and a=3.84 Å, c=3.81 Å
for PCMO �y=0�. The lattice parameters reveal a residual
tensile strain state in the films which are tetragonally dis-
torted with c /a
1.

In order to investigate the effect of composition and find
the metal-insulator phase boundary, we have prepared films
with La concentrations of y=0, 0.5, 0.55, 0.57, 0.59, 0.6,
0.63, 0.65, 0.75, and 1. The strained state of the films leads
to shifted phase boundaries and transition temperatures with
respect to the bulk phase diagram. Figure 2 shows the tem-
perature dependence of the resistance of several films with
various y recorded during cooling of the sample. In agree-
ment with earlier studies of both bulk and thin-film samples,
a gradual change from the insulating to the metallic ground
state is observed with increasing La content, and the metal-
insulator transition temperature, TMI, increases with y. A
sample is referred to as “insulating” if the resistance is above
the measurable range at 10 K. This is done for practical
reasons; note that this does not strictly mean the absence of a
resistance peak at low temperatures. For compositions below
y=0.59 the films are insulating at low temperatures �Fig. 2�.
Close to y=0.6, both metallic and insulating samples have
been found. Hence, the composition y=0.6 represents the
metal-insulator phase boundary for our films. Pronounced
thermal hysteresis is observed close to this composition �see
example in Fig. 2�. Magnetic measurements �Fig. 3� prove a
systematic increase in the Curie temperature with growing
La content. In particular, a steep rise of TC can be seen
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FIG. 1. �Color online� �a� Composition y, determined by XPS,
plotted vs. the nominal y, calculated from the number of laser
pulses on the respective targets. �Scattering of single data points
from various sample depths shown.� �b� X-ray reciprocal space map
around the �013� reflection for a y=0.57 sample.
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FIG. 2. Electrical resistance of �Pr1−yLay�0.7Ca0.3MnO3 films as
a function of temperature for various values of y. The curves are
recorded during cooling. Thermal hysteresis is shown for y=0.59.
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around the metal-insulator boundary at y=0.6 �Fig. 3�. Such
a relation between TC and the MI boundary has been noted
earlier.12–14 The TC of the LCMO end member is suppressed
by 50 K with respect to the bulk value. This suppression is
essentially attributed to the tensile strain of the film.8 The TC
of the other end member, PCMO, is reduced by 20 K with
respect to the bulk value. Apart from the specific composi-
tion at the metal-insulator phase boundary, these observa-
tions are in line with the known phase diagram of
PLCMO.12–20 At the metal-insulator transition, percolating
electron transport takes place through the FMM clusters, em-
bedded in a COI antiferromagnetic matrix. The low-
temperature high-field magnetization M �10 K, 5 T� of the
films with y�0.6 is reduced to values below 200 emu /cm3.
This is in line with the idea that only a fraction of the film
volume is ferromagnetic. A distinct transition to a long-range
CO state has not been observed in the films with y�0.6 and
no distinct antiferromagnetic transition is found in their
temperature-dependent magnetization data at any tempera-
ture. This is, however, not unusual for films with composi-
tions where the CO state is not very pronounced. Other typi-
cal features attributed to the phase coexistence in earlier
studies, such as a strong hysteresis in magnetic field depen-
dent resistance data, have been registered �not shown here�.

B. Influence of reversible substrate strain

In PLCMO films with y�0.6, resistive and magnetic
measurements suggest a strong competition between the fer-
romagnetic metallic and charge-ordered insulating ground
states. Therefore, we expect the effect of strain on the bal-
ance between the phases to be largest in this region and will
focus the study of the reversible strain on these films.

The electrical resistance of our films depends sensitively
on the substrate-induced strain. Figure 4 shows a substrate
field cycle between +6.7 and −6.7 kV cm−1 for a y=0.6 film.
Note that an approximately linear in-plane expansion occurs
for negative field values as long as the ferroelectric coercive
field of the substrate is not yet reached.35 The resistance of
the film decreases under biaxial compression �E�0� and in-
creases under expansion �E
0�. It tracks the reversible in-
plane substrate strain in an approximately proportional way,
but in more detail, the curve is clearly nonlinear and hyster-

etic. This kind of hysteresis originates from the response of
the manganite film to the strain since the strain vs. field
characteristic of the substrate itself is not hysteretic beyond
the coercive fields.8 We note that R is not affected by the
electric field itself, since this effect should be independent of
the sign of E, contrary to the observations such as that in Fig.
4. Summarizing, we find a reduction in the resistance when
the as-grown tensile strain of the film is partially released by
the piezocompression of the substrate. This effect is seen in
all investigated films, regardless of composition. Thus, the
samples show a positive elastoresistance and the release of
tensile strain acts qualitatively similar to an applied magnetic
field, i.e., it enhances the electrical conductivity.

Most strain-dependent measurements have been done in a
unipolar manner �E�0� to limit the probability of fracture
by polarization reversal of the substrate. Figure 5 shows
an unipolar measurement at 104 K for a y=0.6 sample.
The elastoresistance of the film in Fig. 5 is �R�0�
−R�6.7 kV cm−1�� /R�0�=64%. The resistive gauge factor is
calculated as �= �R�E�−R�0�� / �R�0��� with the reversible
strain �= ��a�E�−a�0�� /a�0��, and is shown for the same data
in the lower panel of Fig. 5. The maximum value of � is
about 1800, which is an extremely large value for a bulk
effect. Recently, a giant room-temperature piezoresistance
with �=843 has been observed for an aluminum-silicon
hybrid36 and strained Si nanowires show gauge factors ex-
ceeding 1000.37 Our recent work on strained La0.7Sr0.3CoO3
films revealed an extreme value of � near 7000 �Ref. 38�
which, however, is not clarified as a bulk effect, but might
partially be defect related. Strain-dependent resistance mea-
surements have been taken at various constant temperatures
for films with an insulating �Fig. 6� or a metallic �Fig. 7�
ground state. The largest elastoresistance is observed in me-
tallic films with y�0.6 at temperatures close to the metal-
insulator transition temperature. Derived resistive gauge fac-
tors are as high as ��1000. Even larger values would be
possible depending on the steepness of the R�T� characteris-
tics at TMI.

39 For reasons of �i� the magnitude of the effect
being larger, to our knowledge, than published data on bulk
elastoresistance of other materials, and �ii� the temperature
dependence being similar to that of the colossal magnetore-
sistance in manganites, we suggest the term “colossal” elas-
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toresistance. The elastoresistance observed in the insulating
films is much smaller �Fig. 6� with a gradual increase in the
gauge factor upon lowering the temperature. Again, we note
the qualitative similarity in temperature dependence of the
elastoresistance and the magnetoresistance, here for the insu-
lating films. The applied piezocompression was not sufficient
to turn an insulating film metallic in the ground state. Con-
trary to what is known for the magnetoresistance, the elas-
toresistance does not vanish above the Curie temperature. At
300 K, far above the Curie temperature of the y=0.6
samples, still � values near 25 are recorded. The elastic de-
formation of the unit cell also affects high-temperature elec-
trical transport, whereas the field-induced magnetic order be-
comes negligibly weak far above TC.

In the following part, the strain dependence of the mag-
netization is discussed. Figure 8, of a y=0.6 film, represents
a typical measurement of field-dependent M�H� loops in the

as-grown and piezostrained state. We note that the commer-
cial NiCr electrode on the PMN-PT backside contributes less
than 1% of the saturated signal to the magnetization and
shows no strain dependence. Consistent with the transport
results, the piezoelectric release of tensile strain leads to an
increase in M. The magnetic coercive field remains the same
for the applied magnitude of strain �not shown in the figure�,
indicating a weak effect of the biaxial strain on the magne-
tocrystalline anisotropy. In contrast, the high-field magneti-
zation is enhanced by more than 10% for the data taken near
TC.8 �Full saturation is not achieved in fields up to 5 T.
Therefore, diamagnetic substrate contribution could not be
identified clearly.� For prototypical ferromagnetic manganite
films, an extraordinarily large shift of TC per strain of dTC /�
of up to 190 K/% has been observed.8 For those films, a
strain-dependent TC underlies the strain-dependent saturated
�or spontaneous� M measured at constant temperature. Fig-
ure 9 shows M�T� for the as-grown and the piezocompressed
state of a y=0.6 film. From the M�T� data, a TC shift of 2 K
has been estimated, leading to a value of dTC /��28 K /%
which is nearly an order of magnitude smaller than the above
cited value for a thin La0.7Sr0.3MnO3 film. Similar values
have been found for other films with y�0.6. Figure 9 also
shows the relative change in M between the two strain states,
�M /M�0�. It peaks slightly above TC and decreases gradu-
ally toward higher as well as lower T. �Note that M in finite
fields such as 1 T shows a tail-like decay for T�TC.�
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It is interesting to ask if one can reveal the effect of strain
on the phase-separated state in such M data. One may expect
to see a strain-dependent M not only close to TC but also at
lower temperatures. For a prototypical ferromagnet with a
collinear FM ground state, a shift of TC is expected to have
negligible influence far below TC. We estimate the pure ef-
fect of a strain-dependent TC shift by approximating the
change in M as follows: the M�T� data of the as-grown strain
state are shifted with respect to the T axis by �TC, the TC
shift under the piezostrain, and we can calculate the differ-
ence �M� /M�0� between both data sets. If �TC is too small
to be measured directly from the M�T� data, it can be ad-
justed so that �M� /M�0� fits best to the measured �M /M�0�
data around TC.35 This approximation, which is sure to over-
estimate the real effect of a TC shift at T
TC, produced the
dashed lines data in Fig. 9 for TC shifts of 2 and 2.5 K,
respectively. These data confirm the directly estimated TC
shift of 2 K. Comparison with the measured �M /M�0� re-
veals that the actual change in M is more than twice as large
as the expected value at temperatures T
100 K. This low-
temperature behavior differs from the behavior of prototypi-
cal ferromagnetic manganites and demonstrates an additional
effect of strain on the low-temperature magnetic order. The
different temperature dependence of the strain-induced M is
also visible in Fig. 10, where the �M /M�0� of several
PLCMO films is compared to that of a typical ferromagnetic
La0.7Sr0.3MnO3 film. �The behavior of a 150 nm
La0.7Sr0.3MnO3 film is expected not to deviate much from a
thinner film of the same material.� One notes the more pro-
nounced peak around TC for the prototypical FM, as well as
a more gradual decay toward low T for PLCMO. We suggest
that the latter is an effect of the strain on the phase-separated
magnetic state of the PLCMO films. In particular, the low-
temperature strain response of M reaches a maximum for y
�0.6 at the metal-insulator phase boundary. It is smaller in
the insulating samples with y=0.5, a fact tentatively attrib-
uted not to the absence of a phase-separated state, but to its
lower sensitivity toward the strain. However, it is clear that
this low-temperature behavior cannot be explained by as-
suming a ferromagnetic state with a strain-dependent TC
only.

Magnetization and resistance data in controlled strain
states demonstrate a strong suppression of the ferromagnetic
double exchange interaction by tensile strain in our films.
Piezoelectric release of tensile strain leads to a significant
increase in M and a huge reduction in R. The competing
CO-AFM state might be additionally favored by tensile
strain since it might stabilize the in-plane eg orbitals. A more
detailed mechanism of the effect of strain on a phase-
separated FMM/CO-AFM state is difficult to deduce from an
investigation of macroscopic properties. It may be speculated
that the maximum elastoresistance near the metal-insulator
transition is related to the percolative nature of the transport
with the release of strain leading to enlarged metallic regions
in the sample. In contrast, the smaller strain response of the
insulating films reflects the effect of strain on the insulating
matrix around FMM clusters.

IV. CONCLUSIONS

In order to investigate the effect of reversible biaxial sub-
strate strain on the properties of the phase-separated PLCMO
system, we have prepared films of a range of compositions
y=0–1 on piezoelectric PMN-PT substrates. The metal-
insulator phase boundary has been established to lie at y
�0.6. Measurements of the magnetization prove a system-
atic increase in TC with growing La content. In particular, a
steep rise of TC can be seen around y=0.6.

By application of an electric field of E�6.7 kV cm−1

along the substrate normal, the isotropic in-plane lattice pa-
rameter of the PMN-PT substrate is reversibly compressed.
The resulting release of tensile strain in the film plane in-
duces a drastic reduction in the resistance, or “colossal” elas-
toresistance, in films with y�0.6. Gauge factors as high as
�=1800 have been found around the metal-insulator transi-
tion temperature.

Consistent with the transport results, the piezoelectric re-
lease of tensile strain leads to an increase in both the ferro-
magnetic Curie temperature and the magnetization. Com-
pared to prototypical FM manganites, the PLCMO system
shows a much more gradual decay of the influence of strain
on the magnetization toward low temperatures. This is likely
to be an effect of the strain on the magnetic phase coexist-
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ence. Both magnetization and resistance data in controlled
strain states demonstrate a strong suppression of the ferro-
magnetic double exchange interaction by tensile strain in the
films.
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