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We have grown high-quality single crystals of the colossal-magnetoresistance 共CMR兲 material
La0.7Ca0.3MnO3 by using the laser heated pedestal growth method. Samples were grown as fibers of
different diameters, and with lengths of the order of centimeters. Their composition and structure
were verified through x-ray diffraction, scanning electron microcopy with energy dispersive x-ray
analysis and by Rietveld analysis. The quality of the crystalline fibers was confirmed by Laue and
electron backscatter diffraction patterns. Rocking curves performed along the fiber axis revealed a
half-height width of 0.073°. The CMR behavior was confirmed by electrical resistivity and
magnetization measurements as a function of temperature. © 2003 American Institute of Physics.
关DOI: 10.1063/1.1619566兴

Magnetic manganites of the form R1⫺x Ax MnO3
关 R⫽La, Pr, Nd; A⫽Ca, Sr, Ba兴 constitute one of the most
fascinating classes of materials, exhibiting a wide variety of
structures and properties. In particular, for x⫽1/3, magnetic
manganites exhibit colossal magnetoresistance 共CMR兲.1
Their study has been specially renewed after the discovery of
the CMR effect in thin films of these materials.2 They are
being pursued both for their potential applications3 and for
understanding the fundamental mechanisms governing their
unique properties.4 Some of their unusual properties have
been tentatively explained by several modelsbased on the
Jahn–Teller distortion, double-exchange interaction, antiferromagnetic superexchange, charge-orbital ordering interaction, and phase separation.5 However, a complete understanding of the basic mechanisms involved is still lacking.4
The central role played by compositional variations in these
materials combined with inhomogeneities in its magnetic
properties has been remarkable. Therefore, to advance the
basic research about the magnetic manganites, in a reliable
and meaningful way, it is of crucial relevance the use of
high-quality single crystalline samples.
We report here on the growth and characterization of
high-quality single crystals of La0.7Ca0.3MnO3 共LCMO兲 by
using the laser heated pedestal growth 共LHPG兲 technique.
a兲
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Source pedestals of La0.67Ca0.33MnO3 were initially prepared
through a solid-state reaction route. Stoichiometric amounts
of high purity La2 O3 , CaCO3 , and MnO were mixed and
fired at 1200 °C for three sessions of 24 h each, with intermediate grindings and x-ray diffraction characterization to
check the phase formation. The resulting powder was cold
extruded with the same methodology described earlier.6 The
growth process was performed in a conventional LHPG system, with a CO2 laser 共Synrad, 60-1–125 W, cw兲.6,7 The
fiber and pedestal pulling speeds, as well as the laser power,
were modulated by an automatic diameter control system.7
The average pulling speed was 18 mm/h. The pulling process
of all pedestals was characterized by a stable behavior of the
molten zone, in spite of an increase of the diameter of the
pedestal.
The obtained fibers are single crystals with black surfaces. No inclusions of other phases were detected in their
volume or surface. The fibers have a diameter around 1 mm
and are up to 30 mm long. A longitudinally polished fiber
was examined in a metallographic microscope under polarized light. From the seed, the fiber starts to grow as a set of
long grains. After a few millimeters one grain orientation
becomes preferred and the entire fiber becomes singlecrystalline from this point on. The fiber composition was
verified by energy dispersive x-ray analysis 共EDX兲 and x-ray
diffraction 共XRD兲 measurements. XRD patterns of grinded
fibers 共Fig. 1兲 present only peaks identified as
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FIG. 1. XRD patterns of grinded fibers, evidencing only peaks identified as
La0.7Ca0.3MnO3 ; the inset shows a rocking curve performed along the fiber
axis providing half-height width of 0.073°.

FIG. 2. Magnetization vs temperature curves (H⫽0.1 T), for different segments of the fiber with different calcium concentrations, x, and T C values;
the segment nearest to the seed shows the lowest T C ⬇200 K, which increases steadily up to T C ⬇270 K, at the other extremity.

La0.7Ca0.3MnO3 . The quality of the crystals was confirmed
centration raises from 0.2 to 0.35 as the fiber was pulled.
by Laue and electron backscatter diffraction 共EBSD兲 patterns
Comparing the value near the seed 共0.2兲, with the starting
and rocking curves performed along the fiber axis. This charcalcium content in the feed pedestal 共0.33兲, one obtains a
acterization provides a half-height width of 0.073° 共inset,
ratio of K Ca⫽0.606, which is consistent with the value K Ca
Fig. 1兲 besides showing that the fiber grows along the 关100兴
⫽0.56 found by measuring the fiber composition directly.
direction. EDX analysis of the polished fiber detected only
As the solidification is carried on, there is an increase in
the expected LCMO phase. However, measurements perthe calcium content in the melt 共due to the Ca segregation兲.
formed at several points of the same fiber presented a slight
However, as a significant fraction of the Ca ions remains in
and gradual increase of the calcium content from the seed
the molten zone, it is reasonable to expect a concomitant
region down to the solidification front. Also, the Mn/(La
increase in the calcium content in the crystal. At a certain
⫹Ca) ratio is less than unity, indicating the presence of vapoint, the amount of calcium going from the pedestal to the
cancies in the Mn sublattice. In fact, the structure of LCMO
molten zone may become equal to the amount of calcium
allows the existence of cation vacancies in both La and Mn
incorporated to the crystal. At this point the crystal became
sublattices.
homogeneous with respect to calcium content. The results
Then, the formulas of this compound may be expressed
presented in Fig. 2 are consistent with this hypothesis: the
as 共LaCa兲1⫺x (䊐) x Mn1⫺y (䊐) y O3 , where 䊐 represents a vacontent of calcium in the crystal increases with the concencancy and the values of x and y can be as high as8 0.02. In
tration of Ca in the melt until an equilibrium situation is
spite of the presence of vacancies, the Mn content is constant
reached (x⬇0.35).
along the entire fiber. The composition of the fiber varies,
Further investigation of the CMR behavior was pertherefore, from La0.77Ca0.23Mn0.98O3 in the extremity near
formed by electrical resistivity measurements as a function
the seed, to La0.71Ca0.29Mn0.98O3 in the other extremity. This
of temperature. These results, obtained by using the convenhappens because the effective distribution coefficient for caltional four-points method, are presented in Fig. 3. The crystal
cium is K Ca⫽C s /C m ⬍1, where C s and C m are the cation
presents a semiconductor-like behavior at temperatures
concentrations in the solid and melt, respectively. The obabove T C . Below this temperature the resistivity also
served value K Ca⫽0.56, obtained by direct comparison of
changes dramatically to a metallic behavior. It is important to
the calcium concentration in both sides of the solidification
notice that the metallic behavior is observed in the as-grown
front, is very close to the result K Ca⫽0.57, verified in crystals grown by floating zone method9 共FZM兲. In fact, it was
observed that the molten zone presents higher concentrations
of both calcium and manganese, reaching Ca/La ratios as
high as 1.37.
The fact that the Curie temperature (T C ) in the LCMO
system is strongly dependent on the Mn3⫹ – Mn4⫹ ratio,
which is determined by the calcium concentration, makes
possible to correlate K x and T C .
In order to do that, a single fiber was cut in five segments and the magnetization as a function of temperature
was measured for each segment separately. The result is presented in Fig. 2. The segment nearest to the seed presented
the lowest T C ⬇200 K, which increased steadily up to T C
FIG. 3. Electrical resistivity vs temperature curves, for as-grown crystal
⬇270 K at the other extremity. Comparing these values with
with x⬇0.35 and different applied magnetic fields 共indicated in the figure兲.
4
the well-known magnetic phase diagram for LCMO, it can
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crystals down to the lowest probed temperature of 4 K. That
should be contrasted with the exponential increase of the
resistivity at temperatures below 130 K reported for asgrown crystals obtained by the FZM method.10 On the other
hand, further annealing of the sample in oxygen atmosphere
at 900 and 1030 °C for 30 and 50 h, respectively, did not
affect its resistivity behavior as a function of temperature.
These results indicate that the oxygen content in the asgrown crystals is rather close to the ideal value, a quite surprising and important result. The colossal magnetoresistance,
⌬R/R(H), for the as-grown crystal is presented in the inset
of Fig. 3. It shows the expected behavior of LCMO samples
as the external applied field is increased.
In summary, we report the growth of LCMO manganite
single crystals by the LHPG technique. The effective distribution coefficient for calcium was found to be K Ca⫽0.56, in
close agreement with the literature. The obtained crystals
presented a small mosaicity, complete absence of inclusions,
a sharp metal–insulator transition at the Curie temperature,
with the metallic behavior subsisting down to 4 K, and a
significant CMR of more than 250% for H⫽5 T. Our results
indicate that the obtained crystals are of quality comparable
or even higher than crystals obtained by other techniques.11
Thus, we conclude that the method described here is suitable
to grow CMR high-quality single crystals.
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