JOURNAL OF APPLIED PHYSICS

VOLUME 95, NUMBER 11

1 JUNE 2004

Magnetic properties of helimagnetic YMn2À x „Fe,Co… x O5À ␦ „0.0Ï x Ï1.0…
for the room temperature ferroism
In-Bo Shim,a) Jai Hoon Yeom, Kang Ryung Choi, and Chul Sung Kim
Department of Physics, Kookmin University, Seoul 136-702, Korea

Hyun Jung Shin
Department of Material Science and Engineering, Kookmin University, Seoul 136-702, Korea

Sung Yong An
Department of Physics, Colorado State University, Fort Collins, Colorado 80523
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The structural, electrical, and magnetic properties of the YMn2⫺x (Fe,Co) x O5⫺ ␦ (0.0⭐x⭐1.0)
pseudobinary oxides have been studied utilizing x-ray diffraction, atomic force microscopy, and
magnetic measurements. Our interest in these oxides begins with the hypothesis that both
ferroelectric and ferromagnetic properties coexist 共a condition known as ‘‘ferroism or
multiferroism’’兲 in these oxides. Pure and 共Fe,Co兲-doped YMn2 O5⫺ ␦ series have been successfully
prepared by means of the sol–gel process. The samples with YMn1.8Fe0.2O5⫺ ␦ and
YMn1.8Co0.2O5⫺ ␦ composition display a room temperature spontaneous polarization 共ferroelectric兲
and magnetization 共ferromagnetic兲. The ferroism responses in 共Fe,Co兲-doped YMn2 O5⫺ ␦ series
present an opportunity to create and implement spintronics devices that actively couple the
ferromagnetic and ferroelectric order parameters. © 2004 American Institute of Physics.
关DOI: 10.1063/1.1689091兴

I. INTRODUCTION

space group, Pbam, and these materials shows antiferromagnetic helicoidal structure of Mn3⫹ and Mn4⫹ spins below the magnetic phase transition temperature T N
⫽40– 45 K and near Curie temperature T c ⫽19– 20 K ferroelectrical phase transition with spontaneous polarization
appears.8 –10 The aim of the present article is development of
the ferroism materials based on the YMn2 O5 oxide, modified
by Fe and Co atoms in room temperature region with the
simple synthesis process.

The term ferroism 共or multiferroism兲 has been coined to
describe materials in which two or all three of ferromagnetism, ferroelectricity, and ferroelasticity occur in the same
material. This means that they have a spontaneous magnetization, which can be reoriented by an applied magnetic field,
a spontaneous polarization, which can be reoriented by an
applied electric field, and a spontaneous deformation, which
can be reoriented by an applied stress.1,2 These ferroism materials present opportunities for potential applications in multiple state memory elements, electric field controlled ferromagnetic resonance device, transducers with magnetically
modulated piezoelectricity, and the emerging field of spintronics device. Unfortunately materials with simultaneous
ferromagnetic and electric ordering are rare. There has been
recent research interest in number of prototypical magnetic
ferroelectrics, including YMnO3 , a hexagonal perovskite3,4
that is antiferromagnetic 共Néel temperature T N ⬃70– 100 K)
and ferroelectric 共Curie temperature T c ⬃570– 990 K) and
BiMnO3 , a monoclinic perovskite5 that is ferromagnetic
(T N ⬃100 K) and ferroelectric (T c ⬃450 K) and BiFeO3 , a
rhombohedrally distorted perovskite that is antiferromagnetic
(T N ⬃643 K) and ferroelectric (T c ⬃1103 K). 2 The family of
RMn2 O5 共R stands for rare earth materials and Y atom兲 was
first described by Quezel-Ambrunaz et al.6 and Bertaut
et al.,7 whose prepared single-crystal phase from Bi2 O3 flux
for R⫽rare earth, and gave the unit cell parameters for the
complete series. YMn2 O5 is described by orthorhombic

II. EXPERIMENT

In
our
experiments,
polycrystalline
YMn2⫺x (Fe,Co) x O5⫺ ␦ (0.0⭐x⭐1.0) were obtained by the
sol–gel process. One of the advantages of using the sol–gel
process is the easy control of composition. For this method,
precursor solutions of yttrium and 共Co,Fe兲 doped
manganese were prepared. Yttrium nitrate pentahydrate
(Y共NO3 ) 2 •5H2 O), manganese acetate (Mn共CH3 CO2 ) 4
•H2 O), iron nitrate (Fe共NO3 ) 3 •9H2 O), and cobalt acetate
(Co共CH3 CO2 ) 2 •4H2 O) were used as starting materials.
These were dissolved in mixed a solvent system 共ethanol:
acetic acid: distilled water: diethanolamine⫽2:1:1:0.02 mole
ratio兲. The solution was refluxed at 80 °C for 12 h. Afterwards, it was dried at 150 °C and finely powdered. The dried
mixtures were calcined at 600 °C for 2 h. The final products
were crystallized in the temperature range from 700 to
1400 °C for 6 h in air. The crystal structures of the samples
were examined by x-ray diffraction with Cu K ␣ radiation
共⫽1.5406 Å兲 and neutron diffraction at the Korea Atomic
Energy Research Institute Reactor HANARO high resolution
powder diffractometer 共⫽1.8348 Å兲. A commercial atomic
force microscopies 共AFM兲 共Seiko SPA 400兲 were used to
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