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Polymorphic materials are known for being prone to intergrowth. Remarkable examples are strontium
ruthenates whose properties are dramatically tuned by impurities and disorder. In particular, Sr3Ru2O7 shows
a strong variation in transport and magnetic properties depending on synthesis process. It is therefore crucial to
correlate atomic structure and properties to identify the functionalities of individual nanostructural constituents.
We report a comparative study between Sr3Ru2O7 crystals grown as single phase and in Sr3Ru2O7-Sr2RuO4

eutectics. Our analysis by transmission electron microscopy reveals that Sr3Ru2O7 domains of the eutectic have
a significantly lower level of impurities compared to Sr3Ru2O7 single-phase crystals, where intergrowths of
Sr4Ru3O10 and SrRuO3 phase are seen. This is confirmed by magnetic measurements. These results identify the
eutectic solidification as a fruitful way to grow highly pure crystals of polymorphic materials which, in
combination with recent technological developments allowing the extraction of embedded features of crystals,
opens a pathway for understanding of their physical properties and applications.
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I. INTRODUCTION

Over the last decades, perovskite oxides in the Ruddles-
den-Popper �R-P� series have been a major focus as they
exhibit a wealth of exceptional properties such as high-
temperature superconductivity in cuprates and colossal mag-
netoresistance in manganites. Among them, the 4d-elec-
tron-based Srn+1RunO3n+1 strontium ruthenates attracted
widespread interest for the profound n dependence of their
physical properties providing an ideal playground to study
new forms of order in materials with strong electron-electron
interactions. Due to the competition between the conduction
band width W and the Coulomb interaction U,1 these mate-
rials exist in a narrow range across the metal/insulator
boundary �U /W�1�, so that small structural variations, di-
luted doping, pressure changes, and alterations of crystal
structures can enable pronounced changes in both physical
properties and ground-state behavior. In general, all the
strontium ruthenates are metallic when they are grown in
their stoichiometric forms and inclined to be magnetically
ordered but small changes in either the crystal structure or
the phase purity can switch their ground states all the way
from correlated electron insulators to high-conductivity
metals.2–4 A great exception is represented by the n=1 mem-
ber, the single-layered Sr2RuO4, which is a paramagnet dis-
playing an unconventional spin-triplet superconductivity
near 1.5 K.2 In contrast to most of the superconducting ma-
terials, the superconducting state in Sr2RuO4 is sensitively
suppressed also by nonmagnetic impurities or defects.5 In-
deed, the achievement of high-quality single crystals with
remarkably low residual resistivity is crucial to observe the
superconducting state in Sr2RuO4 at 1.5 K.6 With regard to
the synthesis of the intermediate oxides of the Srn+1RunO3n+1
series, the chemical phase diagram7 and the Ru evaporation
at high temperatures considerably restrict the achievement of

highly pure single crystals of the n=2 member, the double-
layered Sr3Ru2O7. So far, although impressive advances have
been made in the fabrication of single crystals of Sr3Ru2O7,
their transport and magnetic properties are strongly related to
the levels of disorder in which they are grown.8–10 Sr3Ru2O7
was first found to be antiferromagnetic,11 later reported as an
itinerant ferromagnet,12 then as an enhanced paramagnetic
metal with a changeover from paramagnetism to ferromag-
netism under uniaxial pressure,13 lately claimed as a meta-
magnet with quantum criticality.10 An impurity-induced tran-
sition to a Mott-insulator ground state has been found in
single crystals of Sr3Ru2O7 doped by only a few percent of
Mn at the Ru site.14 Moreover, a superconducting state has
been very recently measured in Sr3Ru2O7 grown in
Sr3Ru2O7-Sr2RuO4 eutectic crystals by flux-feeding floating-
zone technique.15–18 Several pictures have been proposed to
explain this unusual behavior such as a proximity effect16 or
an exotic pairing coming from Sr2RuO4 inclusions finely dis-
persed in the Sr3Ru2O7 domain.18 Due to the lack of a de-
tailed microstructural investigation aimed at clarifying the
occurrence of spurious phases, a conclusive picture on the
intrinsic properties of Sr3Ru2O7 is still missing. Recurrent
intergrowths of R-P layers with other n values have been
observed by transmission electron microscopy �TEM� in
Sr3Ru2O7 polycrystals19 and thin films.20 This phenomenon
is typical of layered materials with polymorphism21,22 and
sensitively affects the corresponding transport/magnetic
properties.23 In case of growth of Sr3Ru2O7 crystals, three
different phases, i.e., Sr2RuO4, Sr4Ru3O10, and SrRuO3, can
solidify due to their compatible Gibbs formation energies
and to the Ru excess used to compensate its evaporation
during the growth which may yield the solidification of the
last two phases. The analysis on the structure at atomic level
by TEM of Sr3Ru2O7 is therefore crucial to shed light on its
intrinsic properties and on the interplay between processing
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parameters, nanostructures, and transport/magnetic proper-
ties.

In this work, we report on a comparative study on the
nanostructures of the Sr3Ru2O7 single-phase crystals �SPC�
and of the Sr3Ru2O7 region of a Sr3Ru2O7-Sr2RuO4 eutectic
crystal �EC�. Furthermore, to establish the correlation be-
tween structure and functionalities, we studied the magnetic
properties of both the Sr3Ru2O7 SPC and the Sr3Ru2O7-
Sr2RuO4 EC in low magnetic fields.

II. SAMPLE AND EXPERIMENT

The Sr3Ru2O7 SPC and the Sr3Ru2O7-Sr2RuO4 EC have
been grown by flux feeding floating-zone technique with Ru
self-flux, using a commercial image furnace equipped with
double-elliptical mirrors and two 2.0 kW halogen lamps
�NEC Machinery, model SC-K15HD-HP�. An off-
stoichiometric ratio kSPC=1.6 and kEC=1.45, respectively
�where k=2N�Ru� /N�Sr�, N�Ru� and N�Sr� being the mol
fraction for Sr and Ru� was used to compensate the Ru
evaporation during the crystal growth.15 During the eutectic
solidification, the Sr3Ru2O7 and Sr2RuO4 phases solidify
along the b direction in an ordered pattern consisting of al-
ternating lamellae of thickness ranging from 60 to 200 �m
piled up along the c direction. From polarized light optical
microscopy investigation, the Sr3Ru2O7-Sr2RuO4 EC result
in about 40 percent of volume fractions of Sr2RuO4 and
about 60 percent of Sr3Ru2O7 corresponding to a final mean
ratio kf =1.2. For the Sr3Ru2O7-Sr2RuO4 EC crystal the de-
crease from the initial value �kEC=1.45� is a consequence of
the Ru evaporation during the growth leading, at the steady
state of the growth, to the kf =1.2 mean ratio in the liquid
nearby the solid-liquid interface. X-ray analysis showed only
the presence of the Sr2RuO4 and Sr3Ru2O7 phases which are
fully aligned in the crystallographic directions.15 Rietveld
analysis of powdered eutectic crystals confirmed the previ-
ously determined ratio between the two phases.

The microstructure of the crystals was explored using a
Leo Ultra 55 field emission gun scanning electron micro-
scope �SEM� with attached Oxford INCA Energy 300
energy-dispersive x-ray spectroscopy �EDS� system. The
EDS analyses were carried out operating the microscope at
20 kV and at 10 mm working distance using an aperture size
of 30 �m and a probe current of 5 nA.

The TEM studies were performed using a Philips CM 200
field emission gun TEM operated at 200 kV with an attached
Link ISIS EDS system and a Gatan Imaging Filter. TEM
specimens were extracted using a Fei Strata 235 DualBeam
combined SEM and focused ion beam �FIB� instrument. 100-
nm-thick TEM foils were thus obtained by a FIB-SEM lift-
out procedure and further thinned down to electron transpar-
ency by a Gatan Precision Ion Polishing System equipped
with two Ar sources.

The magnetic measurements have been performed by
means of a vibrating sample magnetometer �VSM� inserted
in a Quantum Design, Inc. USA, physical property measure-
ment system �PPMS� 6000, a system with a cryostat
equipped with a superconducting magnet. The equipment can
measure the magnetic moment �m� in the temperature range

from 2 to 400 K and the magnetic field H0 can ramp from
−90 kOe to 90 kOe. The dc susceptibility is given by �
=m / �H0� P�, where P is the sample mass.

III. RESULTS AND DISCUSSION

The morphological characterization carried out by SEM
on Sr3Ru2O7 SPC revealed the presence of two kinds of
defects. The SEM micrograph of Fig. 1�a�, taken in the a-c
plane of a well-polished Sr3Ru2O7 SPC by back-scattered
electrons, shows the occurrence in the Sr3Ru2O7 matrix of
both layered spurious phases �stripes of bright contrast� and
irregularly shaped clusters with incorporated nanosized
bright contrast particles.

The clusters of about �5�5� �m2 size are randomly dis-
persed throughout the microstructure over distances ranging
from 10 to 50 �m. The straight marks running from the
clusters are due to the polishing procedure and indicate that
the embedded particles are harder than the surrounding ma-
trix. On the contrary, the same analysis performed on the
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FIG. 1. �Color online� Backscattered SEM images taken in the
a-c plane of �a� a Sr3Ru2O7 single crystal showing layered defects
of bright contrast �arrows with triangles� and clustered defects �ar-
rows with squares� dispersed in the dark contrast Sr3Ru2O7 matrix
and �b� the Sr3Ru2O7 region of a Sr3Ru2O7-Sr2RuO4 eutectic crys-
tal, in which the clustered defects are indicated by arrows with
squares. In the insets, the histograms representing the number of
EDS analyses versus different values of k=2N�Ru� /N�Sr� obtained
for each system. The blue lines are guides to the eyes.

CIANCIO et al. PHYSICAL REVIEW B 80, 054110 �2009�

054110-2



Sr3Ru2O7 domain of the Sr3Ru2O7-Sr2RuO4 EC �Fig. 1�b��
revealed a homogeneous microstructure where no layered
defects are seen, even at high magnification. Clusters similar
to those observed in the Sr3Ru2O7 SPC case are detectable.
The presence of such defects indicates the occurrence of lo-
cal changes in composition with a significantly higher purity
of the Sr3Ru2O7 domain of the Sr3Ru2O7-Sr2RuO4 EC com-
pared to the Sr3Ru2O7 SPC. To statistically explore the
chemical composition of the two systems, a grid of
�40 �along c-axis��10 �along a-axis�� fine probe energy-
dispersive spectroscopy spots analysis was traced over re-
gions of approximately �150�100� �m2. The amounts of
strontium, ruthenium, and oxygen were determined at each
spot and converted into the equivalent mol fractions. The
EDS data corresponding to each system are represented in
the histograms of the insets of Fig. 1, where the number of
events versus the corresponding value of k is reported. The
k-values distribution for the Sr3Ru2O7 SPC �inset of Fig.
1�a�� is not a perfect Gaussian curve centered about k=1.33,
as expected for a nominally pure Sr3Ru2O7. The curve �guide
to the eyes� indicates that the distribution is not symmetric
with a tail toward higher k values, indicating the presence of
other homologs with k�1.33, i.e., Sr4Ru3O10 �k=1.5� and
SrRuO3 �k=2�. In contrast, the k distribution corresponding
to the Sr3Ru2O7 EC �inset of Fig. 1�b�� is a quasisymmetric
Gaussian, whose mean value and standard deviation are �k�
=1.33 and �=0.01, in reasonable agreement with the k value
of a Sr3Ru2O7 SPC, indicating a minute contribution of dis-
persed Sr2RuO4 �k=1�. In fact, a detailed EDS analysis of
the clusters reveals a Sr:Ru:O=2:1 :4 local chemical com-
position which justifies the shift of the mean k value toward
lower values. In addition, the precipitates embedded in the
cluster matrix have a Ru-rich chemical composition but their
contribution to the mean k value is negligible due to their
small volume fraction. This result is representative of all our
Sr3Ru2O7 SPC and Sr3Ru2O7-Sr2RuO4 EC measured
samples. The EDS data and the morphological analysis
clearly show that the slight decrease in k can be related to
Sr2RuO4 clusters which are present in a very small amount
and are randomly distributed over long distances. To rule out
the presence of intergrowths of other R-P homologs not re-
vealed by SEM/EDS, a detailed investigation at atomic scale
is mandatory. For this purpose, the nanostructures of the two
systems have been explored by TEM. Thin foils of approxi-
mately 100 nm thickness were extracted by focused ion
beam “lift-out” procedure from the Sr3Ru2O7 SPC and from
the Sr3Ru2O7 domain of the EC. Our analysis revealed pro-
found differences between the two systems. The high-
resolution TEM �HRTEM� investigation on the Sr3Ru2O7
SPC showed that a fair proportion of the crystal has a disor-
der typical of intergrowths. As shown in the micrographs of
Fig. 2 taken with the electron beam parallel to the �010�
direction, such planar faults appear as embedded regions �en-
lightened by the dash-edged red boxes� with different
atomic-layer stacking.

A diffuse dark contrast is associated with these areas, in-
dicating the presence of strain. The inset of Fig. 2�a�, in
which a zoom-in of the defective region is displayed, shows
that most of such phases are thin slabs of SrRuO3 intercalat-
ing in the Sr3Ru2O7 matrix, as enlightened by the dash-edged

red box where the typical SrRuO3 stacking can be discerned.
Moreover, randomly distributed one unit-cell and half unit-
cell-thick layers of Sr4Ru3O10 are seen. In Fig. 2�b�, the case
of one unit cell of Sr4Ru3O10 intercalating in the Sr3Ru2O7
matrix is displayed. By the intensity profile, taken integrating
over the dashed-edged area, the c-axis parameters corre-
sponding to Sr3Ru2O7 and Sr4Ru3O10 are quantified in
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FIG. 2. �Color online� HRTEM micrographs of a Sr3Ru2O7 SPC
taken in the �010� zone axis: in �a� intergrowths of SrRuO3 slabs
intercalating within the Sr3Ru2O7 matrix and associated with a dif-
fuse dark contrast are shown �dash-edged red regions illustrated at
higher resolution in the inset�; in �b� isolated one unit-cell-thick
layers of Sr4Ru3O10 dispersed in the Sr3Ru2O7 matrix and intensity
profile taken integrating over the dash-edged box in which the
c-axis parameters of Sr4Ru3O10 and Sr3Ru2O7 are quantified.
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cSr3Ru2O7
�2.1 nm and cSr4Ru3O10

�2.9 nm, respectively.
These values are in good agreement with the c-axis values
reported for Sr3Ru2O7 �Refs. 24 and 25� and Sr4Ru3O10.

26

On the contrary, the Sr3Ru2O7 domain of the EC is perfectly
ordered over large regions: neither intergrowths nor strain
are observed in all the imaged areas over distances of more
than 50 nm along the c direction �see Fig. 3�a��.

The HRTEM micrograph taken in the �010� zone axis of
Fig. 3�b� shows no sizeable changes in the atom arrangement
within the sample. In the intensity profile taken integrating
over the dashed-edged region indicated in Fig. 3�b�, the
�2-nm-long periodicity corresponds to the c-axis value of
the Sr3Ru2O7 phase. Only occasionally the investigation re-
vealed the presence of layered defects interpreted as
Sr2RuO4 layers in the Sr3Ru2O7 matrix.18 The volume frac-
tion of these layers is extremely small in all the analyzed
samples, as confirmed by selected-area electron diffraction
�SAED�. The typical electron-diffraction patterns of the
Sr3Ru2O7 SPC and of the Sr3Ru2O7 domain of the EC are
shown in Figs. 4�a� and 4�b�, respectively. The analysis on
the Sr3Ru2O7 SPC �Fig. 4�a�� revealed the presence of both
diffuse streaks along the c axis and extra spots in addition to
the spots of the double-layered Sr3Ru2O7 structure.

The stronger intensity of the Sr3Ru2O7 spots indicates an
overriding Sr3Ru2O7 ordered volume in the sample. The ad-
ditional spots are the characteristic reflections of the ortho-
rhombic Sr4Ru3O10 in the �010� zone axis. The presence of
diffuse streaks running through the fundamental spots is
characteristic of a two-dimensional lattice defect on the a-b
plane due to the presence of the intergrowths. On the con-
trary, the SAED investigations performed on the Sr3Ru2O7
domain of the EC �Fig. 4�b�� revealed only the characteristic
spots of the Sr3Ru2O7 phase. The above remarks underscore
the higher purity of the Sr3Ru2O7 domain of the EC in which
no atomically layered spurious phases are seen except for
intergrowths of Sr2RuO4 occurring in very localized regions
with poorly ordered volume to yield detectable spots in ei-
ther XRD or electron diffraction. The statistics carried out on
several representative regions showed that the total volume
fraction of the Sr2RuO4 intergrowths is less than 5% of the
imaged volume. The higher purity of the Sr3Ru2O7 domain
of the EC compared to Sr3Ru2O7 SPC, ascertained at atomic
scale by TEM, is representative of the bulk samples, as con-
firmed by the magnetic measurements. Indeed, VSM mea-
surements of tens of Sr3Ru2O7 SPC and Sr3Ru2O7-Sr2RuO4
EC revealed most of the eutectic samples have a significantly
higher phase purity compared to Sr3Ru2O7 SPC.

The susceptibility ��=M /H0� �where M is the magnetiza-
tion and H0 the external magnetic field� versus temperature
�T� measured on the Sr3Ru2O7 SPC and the
Sr3Ru2O7-Sr2RuO4 EC are shown in Figs. 5�a� and 5�b�, re-
spectively. The curves were obtained in zero-field-cooling
mode �ZFC, rightward orange arrow� and in field-cooling
mode �FC, leftward orange arrow� applying magnetic fields
at 50 Oe, and 3 and 10 kOe parallel to the a-b planes. At
high field �H0�3 kOe�, in both crystals the susceptibilities
are reversible and a maximum in the susceptibility is ob-
served at about 16 K, typical of the Sr3Ru2O7 phase.13 As
shown in the inset of Fig. 5�b�, a large difference can be
observed between the susceptibilities at 50 Oe measured on

the SPC and EC. In the SPC, the susceptibility displays two
sharp enhancements at about 170 and 100 K, as emphasized
by the blue and magenta arrows in the inset of Fig. 5�a�, with
a maximum around 16 K occurring in the ZFC branch.
Moreover, below T=170 K, the � curve shows an irrevers-
ible behavior, questioning the occurrence of additional ferro-
magnetic phases within the crystal. Taking into account the

FIG. 3. �Color online� HRTEM micrographs in the �010� zone
axis showing the well-ordered atom arrangement of the Sr3Ru2O7

region of the eutectic. The c-axis parameter of Sr3Ru2O7 �quantified
by the intensity profile taken on the dash-edged box in �b�� is con-
stant all over the sample.
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TEM and SEM data, these enhancements can be related to
the SrRuO3 and Sr4Ru3O10 intergrowths. Moreover, the sus-
ceptibility curves measured below 170 K show a strong de-
pendence on the applied magnetic field. In particular, � mea-
sured below 35 K at 50 Oe is 50 times greater than its values
at 10 kOe. The reversible behavior of the susceptibility, ob-
served at higher field, is due to the paramagnetic fraction of
the crystal, since the magnetization of the ferromagnetic
phases is saturated. On the contrary, in the Sr3Ru2O7-
Sr2RuO4 EC, the susceptibility curves do not show any mag-
netic transition at about 170 K, ruling out the occurrence of
SrRuO3 within the eutectic. Moreover, the experimental val-
ues in the EC are nearly five times lower than the suscepti-
bility measured at 10 kOe in the SPC and the susceptibility
slightly depends on the applied magnetic field, as expected
for a paramagnet with a small amount of ferromagnetic in-
clusions. Indeed, the � measured at 50 Oe increases at 95 K
with an irreversible behavior at T�90 K underlining the
occurrence of a minute volume fraction of Sr4Ru3O10 in the
EC. Nevertheless, its effect on the susceptibility is very
slight with respect to the analogs curves measured on SPC.
From the above results, we conclude that the presence of
ferromagnetic Sr4Ru3O10 intergrowths in EC is very diluted,
in a full agreement with all the structural layout. The higher
purity of the Sr3Ru2O7 domain of the EC, ascertained by
TEM and by magnetic measurements, can be strictly related
to the mechanism of the eutectic growth.27 The lamellar eu-
tectic structure is a consequence of the cooperative growth of
two components accompanied by an atomic diffusion in front
of the solid/liquid interface. In case of the Sr3Ru2O7-
Sr2RuO4 EC growth, at the steady state of the solidification,
the mean k value in the liquid nearby the solid/liquid inter-
face is about 1.2. The solidification of the Sr2RuO4 phase
�k=1� in front of the solid Sr2RuO4 seed leads to the increase
in the local Ru concentration in the liquid. Analogously, the
solidification of the Sr3Ru2O7 phase occurs at the expenses
of the mean k value of the liquid which therefore tends to be
lower than kf =1.2 in front of the Sr3Ru2O7 seed �leading, as
a consequence, to an increase of the Sr concentration in the
liquid�. Therefore, the cooperative growth of the Sr3Ru2O7

and Sr2RuO4 lamellae is accompanied by a Ru diffusion
from the liquid in front of the Sr2RuO4 phase toward the
region in front of the Sr3Ru2O7, and by a Sr diffusion in the
opposite direction. These driving forces tip the balance of the
Sr and Ru concentration in front of the two solid phases,
determining the lamellar thickness of the two phases. Fur-
thermore, since in the eutectic solidification the Sr3Ru2O7
crystal �k=1.33� is grown starting from a Ru-poor liquid �k
=1.2�, the formation of R-P phases with k�1.33, i.e.,
Sr4Ru3O10 and SrRuO3, is inhibited. On the contrary, during
the single-phase crystal growth, the initial Ru excess �k
�1.33�, not evaporating during the growth, gives rise to spu-
rious phases with k�1.33. Therefore, the occurrence of pla-
nar faults of Sr4Ru3O10 and SrRuO3 in Sr3Ru2O7 SPC is due
to the narrow region of the chemical phase diagram in which
single-phase samples can be grown and of the unbalanced Ru
off-stoichiometry during the growth. The presence of finite
slabs of intergrowth having different atomic-layer stacking
compared to the surrounding matrix, involves the occurrence
of structural strain at the slab edges. This feature is shown in
Fig. 2�a�, where the difference between the c-axis parameters
between the embedded SrRuO3 slabs and the Sr3Ru2O7 SPC

FIG. 5. �Color online� Susceptibilities �= �M /H0� versus tem-
perature measured on �a� a Sr3Ru2O7 SPC and on �b� a
Sr3Ru2O7-Sr2RuO4 eutectic crystal at 50 Oe, and 3 and 10 kOe
magnetic field parallel to the a-b planes. In the inset of �a�, a zoom
of the susceptibility curves measured on the single-phase sample. In
the inset of �b� the susceptibility curves at 50 Oe of both crystals are
displayed in semilog scale. The rightward and leftward orange ar-
rows indicate the ZFC and FC curves, respectively. The blue and
magenta arrows indicate the magnetic transition of the SrRuO3 and
the Sr4Ru3O10 phases, respectively.
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I4 /mmm �Refs. 24 and 25� and Pbam �Ref. 26�, respectively.
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matrix leads to the occurrence of strain which appears as a
diffuse dark contrast.

IV. CONCLUSION

We have shown that Sr3Ru2O7 in Sr3Ru2O7-Sr2RuO4 eu-
tectic crystals can be grown with higher quality than
Sr3Ru2O7 single-phase crystals. Indeed the HRTEM on
Sr3Ru2O7 SPC revealed the presence of atomically layered
Sr4Ru3O10 and SrRuO3 within the Sr3Ru2O7 matrix associ-
ated with strain and randomly dispersed Sr2RuO4 clusters.
On the contrary, Sr3Ru2O7 grown via eutectic solidification
showed a much more ordered microstructure with a small
amount of randomly dispersed Sr2RuO4 clusters and only a
very diluted presence of layered Sr2RuO4. The profound dif-
ference in the nanostructures of the two systems is reflected
in their magnetic behavior: susceptibility versus temperature
curves measured on Sr3Ru2O7 SPC in low magnetic fields
revealed two additional magnetic transitions at 170 and 100
K, compatible with the presence of SrRuO3 and Sr4Ru3O10,
respectively. The same measurement performed on the eutec-
tic material confirmed that the Sr3Ru2O7 domain of the EC
have less impurities than the Sr3Ru2O7 SPC. This result is
particularly relevant if we consider that resistivity versus
temperature measurements performed on these crystals show
that the two systems have comparable residual resistivity
values.28 Due to the higher purity, the Sr3Ru2O7 grown via
eutectic solidification is the best candidate to study the in-
trinsic transport/magnetic properties of the Sr3Ru2O7 phase.
Our results show that the eutectic solidification can be a

fruitful way to grow high-quality samples of strontium ruth-
enates. Because of the high similarities between these mate-
rials and other polymorphic oxides, these findings can be
considered as representative of a wide class of materials and
therefore applicable to the eutectic growth of other aniso-
tropic oxides systems. Indeed in eutectic crystals, where two
phases form alternating domains, the solidification process
tends to preserve the coherence of each domain which can
grow with a considerably lower amount of impurities. The
eutectic solidification therefore promotes a morphology of
the phases which allows the extraction of embedded crystals
using recently developed techniques for measurements on
local scale. This enables the investigation of fundamental
properties of each crystal structure and also future applica-
tions spurred by the particular properties of the crystals.
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