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Fig. 1 Magnetoelectric phase diagram of perovskite GdMnO; and
TbMnQO;.10
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Fig. 2 (a)Electric dipole moment induced by vector spin chirality.
(b) Cycloidal magnetic order produces macroscopic electric
polarization.2
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g. 3 (Left) Profiles of (4% Q,, 1) neutron magnetic reflections in
an electrically poled TbMnO; crystal.24 The spin direction of
incident neutrons is polarized parallel (antiparallel) to the
scattering vector, when a spin flipper is turned off (on).
(Right) Relation between the helicity of cycloid magnetism
and direction of electric polarization.
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Fig. 4 Profiles of synchrotron x-ray diffraction in a DyMnO; single
crystal along (a) (0 k£ 2) and (b) (0 k 3) at various temper-
atures below Néel temperature.
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Fig. 5 Wavenumber Q,, of magnetic modulation in various distort-
ed perovskite-type manganese oxide compounds RMnO; as a
function of temperature, which is deduced from the superlat-
tice modulation of charge with Q,=2Q,,. Arrows indicate
ferroelectric transition temperatures.

Fig. 6 (Top) Crystal structure of perovskite-type rare-earth man-
ganese oxide compound projected along the ¢ axis. (Bot-
tom) GdFeO3-type distortion and orbital order result in fer-
romagnetic superexchange interaction between the next-
nearest neighbor Mn ions along the b axis but not along the
axis.2?)
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Fig. 7 Uniform (Q=0) and spatially modulated (Q=Q,,, 20,,)
displacement of atoms induced by various spiral magnetic
order through the exchange striction and inverse Dzyaloshin-
skii-Moriya interaction.2®)
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Fig. 8 Temperature dependence of intensity of an x-ray superlattice
reflection (0 Q; 3) in TbMnO5?.
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Fig. 9 Superlattice reflection in the conical magnetic phase of
CoCr,0,.2 The peak position corresponds to the magnetic
propagation vector obtained by previous neutron diffraction
studies.30-31
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Abstract

Magnetic ferroelectrics termed multiferroics often exhibit a giant magneto-electric response such

as an appearance, disappearance, and rotation of ferroelectric polarization by the application of a magnetic
field. In most multiferroics, long-wavelength spiral magnetic order arises from the competition among some
magnetic exchange interactions. Spin-polarized neutron diffraction studies reveal that the ferroelectric polari-
zation direction corresponds to the helicity of spiral magnetism. A change in magnetic order with the applica-
tion of a magnetic field has been investigated for various multiferroics by means of synchrotron x-ray diffrac-
tion, because it can provide us some information about the periodicity and type of magnetic order.
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