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Abstract: The multiferroic material, which shows the coexistences of multi ferroic orders (ferroelectricity, ferro-
magnetism or ferroelasticity), can realize the mutual control of the electric and magnetic signals, and becomes one of
the hottest research topics. The long-range ferroelectric or ferromagnetic order may be broken in compositionally
disordered systems. In this situation, it is posssible that materials display relaxor behavior. Multiferroic materials pos-
sessiong at least one ferroic relaxor character can be named as relaxor multiferroics. The polarization (or magnetiza-
tion) is very sensitive to the applied electric field (or magnetic field). Besides, the magnetoelectric coupling effect of
relaxor multiferroics is different from that of multiferroics with long ferroic orders. In this paper, the most recent and
important theoretical and experimental advances in this new research field are reviewed. Firstly, basic physical con-
cepts of the relaxor ferroic orders and the different mechanism of the magnetoelectric coupling effect on materials are
introduced with the coexistence of relaxor ferroelectric ordering and relaxor magnetic ordering. Then, the recent re-
searches on two sorts of the relaxor multiferroics, including perovskite (PbB;B,0; based and BiFeO; based) and
non-perovskite (Bi-layered based and improperly ferroelectric based) structural materials, are reviewed. Finally, the
further development of relaxor multiferroics is prospected.
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Fig. 1 Temperature dependence of dielectric constant for

classical relaxor ferroelectrics Pb(Nb,3Mg;/3)O; at various fre-
[13]

quencies
The classical relaxor ferroelectrics display the broad, frequency-dep-
endent dielectric anomalies. The value of the maximum dielectric
constant &, could reach above 10,000. The relation between the T,, and
frequency could be described by V-F function
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Fig. 2 Schematic representation of paramagnetic state, long-
ranged magnetic state (ferromagnetic, ferrimagnetic, antiferr-

omagnetic) and spin glass state
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Increase of the magnetic field H leads to decrease in P;. P; is nearly zero
when H reaches 0.5 T. This effect disappears after magnetic field being
removed. Correspondingly, the anomaly peak of the imaginary part for
dielectric constant shifts to the low frequency side with H increasing, which
reveals the increase of the relaxation time
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Table2 Polar and magnetic orderings of the BiFeO;
based multiferroic materials

Compositions Polar ordering Magnetic ordering
PbFe,sW 1303 Ferroelectric relaxor ~ Anti-ferromagnetic
crystalst! Tn=210K @0.1 MHz Ty=350K

Te=164 K Magnetic glass state

T,=10K

PbFe, sNbys0;  Ferroelectric Anti-ferromagnetic
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Tip 205 T.=350K
thin films®) @ 10 kHz
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(Zro.53Tig47)0803 Ty <600 K
thin film®*% @ 1 MHz
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Fig. 5 Relaxor multiferroics for multi-states memory device
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In situ PFM under magnetic field experiments
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The polarization switches obviously in the regions marked by blue and red rectangles
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The crystal structure is obtained from ref [68]. Between the two [Bi,0,]*

layers, there are four Ti(Fe)Os octahedra. The STEM measurement demon-
strates Ti/Fe atoms shift from ideal position along [110]
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