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We investigate the low temperature magnetic properties of crystalline DyScO3, a material that has
seen increasing importance as a substrate for the growth of strained perovskite films. The compound
exhibits strong magnetic anisotropy with an easy axis along the 关100兴 direction and a hard axis along
the 关001兴 direction, respectively, attributable to magnetocrystalline anisotropy. We find that DyScO3
undergoes a magnetic phase transition at 3.1 K, presumably from paramagnetism to
antiferromagnetic long range order. The presence of such a transition and the magnetic anisotropy
suggests the possibility of significant substrate impact on studies of the magnetism of the epitaxial
thin films grown on this material. © 2009 American Institute of Physics. 关DOI: 10.1063/1.3117190兴
Over the past five years, rare-earth perovskite scandates
with different lattice parameters1 have been exploited to
strain-engineer epitaxial ferroelectric and multiferroic perovskite thin films. The biaxial strain due to lattice mismatch
can dramatically alter the properties of commensurate epitaxial films.2 For instance, enhanced ferroelectricity with larger
polarization and higher paraelectric-to-ferroelectric transition
temperature has been achieved in compressively strained
BaTiO3 thin films grown on DyScO3 and GdScO3
substrates.3 Tensile strained SrTiO3 films, grown on DyScO3
substrates, exhibit ferroelectric behavior at room temperature
compared with the paraelectric behavior of bulk unstrained
SrTiO3.4 Epitaxial strain can also significantly affect phase
transitions and the magnetic anisotropy of magnetic oxide
thin films grown on top of these rare-earth scandates.5
In addition to serving as substrates for epitaxial thin film
growth, rare-earth perovskite scandates are of interest for
their intrinsic properties. For the rare earths Ho–La, they are
all isostructural with the orthorhombic GeFeO3 perovskite
structure with Pbnm space group.1 Smaller rare earths, e.g.,
all the way down to Lu, can form rare-earth scandates with
the same perovskite structure using epitaxial stabilization.6
The thermal expansion coefficients of bulk rare-earth scandates are similar to other oxide perovskites.7,8 Interest in
their potential application has been motivated by large band
gaps,9,10 high dielectric constants,11 and the ability to grow
epitaxial rare-earth scandate thin films on Si substrates.12 The
magnetic properties of these materials, which may be important especially when they are used as substrates for magnetic
oxide thin films, have not been reported in detail,13 although
in Ref. 13 the inverse susceptibility of gadolinium scandate
powder 共GdScO3兲 shows a negative value of Curie–Weiss
temperature. In this paper, we report the magnetic properties
of single crystal DyScO3 at low temperatures. We find a
strong magnetic anisotropy with an easy axis along the 关100兴
direction and a hard axis along the 关001兴 direction
respectively—attributable to magnetocrystalline anisotropy.
We also observe a phase transition to long range antiferroa兲
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magnetic ordering at TN ⬃ 3.1 K. Both of these findings result in important considerations for the study of thin films
grown on this substrate.
The growth of the DyScO3 single crystals used in
this study is reported elsewhere.8 In the convention of the
Pbnm space group, the orthorhombic unit cell structure
of DyScO3 has lattice constants a = 5.440⫾ 0.001 Å, b
= 5.717⫾ 0.001 Å, and c = 7.903⫾ 0.001 Å at room
temperature.14 DyScO3 has an orthorhombically distorted
perovskite structure because its Goldschmidt tolerance factor
is significantly less than 1 共Ref. 15兲 and it is often referred to
as pseudocubic with a lattice constant of about 3.944 Å.7 The
samples measured in this study are 共110兲-oriented plates with
in-plane edges along the 关1̄10兴 and 关001兴 directions. Note
that the indices used in this study are referred to the orthorhombic unit cell. We measured the magnetization with a
Quantum Design superconducting quantum interference device magnetometer, and the ac magnetic susceptibility with a
Quantum Design PPMS with the ACMS option.
In the main panels of Fig. 1, we plot the temperature
dependence of the dc susceptibility of DyScO3 for the low
temperature regime with a 100 Oe magnetic field applied
along the 关100兴, 关010兴 关001兴, 关110兴, and 关1̄10兴 directions.
Field-cooled 共FC兲 and zero-field-cooled 共ZFC兲 measurements were made on warming, and we found that the measured susceptibility is the same for both FC and ZFC
samples within the uncertainty of our measurements. All the
curves show a maximum of susceptibility around 3.1 K, although there is a strong anisotropy evident in the magnitude
of the susceptibility. The sharp drop in the susceptibility,
combined with the imperceptible difference between FC and
ZFC curves, strongly suggests a phase transition to long
range antiferromagnetic ordering at a Néel temperature of
TN ⬃ 3.1 K. The peak in the magnetization shifts to lower
temperature with increasing fields 共data not shown兲, which is
a characteristic of an antiferromagnetic state and indicates its
suppression due to the larger Zeeman interaction. Compared
with the susceptibility measured along different crystalline
directions, the largest and the smallest value of susceptibility
with the field applied along the 关100兴 and 关001兴 directions,
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FIG. 1. 共Color online兲 The temperature dependence of the dc susceptibility
of DyScO3 with a 100 Oe field applied along five different crystalline directions. Note the difference in the scale of the y-axes. The inverse susceptibility curves are shown in the inset figures. The pink lines represent the
Curie–Weiss fit over the temperature range T = 200– 320 K.
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FIG. 2. 共Color online兲 The field dependence of the magnetization at T
= 1.8 K 共a兲 and 10 K 共b兲 with the magnetic field applied along the indicated
crystalline directions.

easy axis. When the magnetic field is applied along the 关001兴
direction, M is linear with applied field up to 7 T with a
magnitude much smaller than the saturation value for an aprespectively, suggest strong magnetic anisotropy with the
plied field along the other directions, as expected for hard
easy axis of the antiferromagnetic order along the 关100兴 diaxis magnetization. At T = 10 K, well above the transition
rection and the 关001兴 direction being the hard axis.
temperature,
M is linear to the field for low fields indicative
The insets in Fig. 1 show the inverse susceptibility, and
of
paramagnetic
behavior and then approaches saturation
the pink curves represent the Curie–Weiss fit over the temvalues close to those at 1.8 K 关shown in Fig. 2共b兲兴.
perature range T = 200– 320 K. We note that the shape of the
Similar magnetic anisotropy has been reported in other
inverse susceptibility curves are dramatically different for
rare earth single crystal compounds such as NdFe2Si2,16
the measurement field applied along the 关100兴, 关010兴, and
CeNiGe2,17 and Dy2Ge2O7,18 and it has been attributed to
关001兴 directions, and the Weiss temperatures 共w兲 derived
strong anisotropy of crystal electric field that acts on the rare
from the Curie–Weiss fits differ markedly along the 关100兴
earth ions. Since Sc3+ is nonmagnetic, it is reasonable to
and 关001兴 directions. Additionally, the values of the effective
expect that the magnetic anisotropy in DyScO3 originates
moment derived from the slope of the inverse susceptibility
from
the magnetocrystalline anisotropy of the Dy3+ ions.
deviate significantly from that expected from the free ion. As
In the main panel of Fig. 3 we plot the temperature dementioned above, DyScO3 has an orthorhombic structure
pendence
of the real part of the ac susceptibility ⬘共T兲 of
with the smaller lattice constant along the 关100兴 direction and
as
a function of temperature; the inset shows the
DyScO
the longer axis along the 关001兴 direction. We attribute the
3
corresponding imaginary part ⬙共T兲. The magnitude of the
anisotropy to the effect of crystal fields on the ground state
applied ac field along 关100兴 is 10 Oe over the frequency
of Dy3+ ions, which is discussed in more detail below.
range from 10 Hz to 10 kHz. We observed two frequencyThe observed strong magnetic anisotropy is also supdependent maxima in ⬘共T兲 in the measured temperature
ported by isothermal magnetic measurements. Figure 2共a兲
range, and maxima in ⬙共T兲 corresponding to the sharp drops
shows the field dependence of magnetization M at T
in the ⬘共T兲 curves. The broad low temperature peak appears
= 1.8 K with the magnetic field applied along the aforemenat 3.1 K and does not shift with frequency, consistent with
tioned five crystallographic directions. We see that, with the
expectations for a long-range magnetic transition. The obexception of the 关001兴 direction, M increases linearly at low
served decrease in the magnitude of ⬘共T兲 with increasing
fields followed by a steeper increase around 0.3 T and finally
saturates at larger fields. This behavior is characteristic of a
frequency originates from the suppression of the high temspin-flop transition, providing further support for the exisperature peak at high frequency. The higher temperature
tence of an antiferromagnetic state at low temperature. The
maxima shift to higher temperature with increasing frefact that the saturation field is smaller when the magnetic
quency, a feature which can be characteristic of a spin-glass
field is applied along the 关100兴 direction than that along other
transition. This possibility can be excluded, however, since
directions, in combination with the comparison of saturation
there is no feature indicative of a phase transition in this
magnetization, suggests that the 关100兴 direction is the easy
temperature range in the dc measurements 共see Fig. 1兲. Such
axis,is关001兴
is the as
hard
axis, and
关010兴
is the
intermediate
a phenomenon
also been reported in canonical Downloaded
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transition masks the magnetic behavior of epitaxial films that
are grown upon its surface, thus requiring optical techniques
such as magneto-optical Kerr effect 共MOKE兲 to probe the
magnetism of such films. The combination of all of this behavior highlights a previously unrecognized concern for rareearth perovskite substrates for the growth of novel strained
materials. This is an important issue to be considered when
the crystals serve as substrates for the epitaxial growth of
thin films of magnetic oxides, as is increasingly the case as
multiferroic films become of greater interest.
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