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The following is a comment on the published paper shown on the preceding page.

Introduction
In the past decade, magnetoelectric multiferroics, materials 

that shows both magnetic and ferrolectric orders simultaneouly, 
have been attracting renewed interest and have been extensively 
studied in terms of both fundamental and technological points 
of view [1,2]. Among various types of magnetoelectric multi-
ferroics, studies of magnetically-induced ferroelectrics in which 
the inversion simmetry breaking and resultant ferroelectricity 
are induced by complex magnetic orders, have been triggered 
almost a decade ago by the discovery of multiferroic nature in a 
perovskite-type rare-earh manganites TbMnO3 [3]. The magnet-
ically-induced ferroelectrics often show giant magnetoelectric 
effects (remarkable changes in electric polarization in response 
to a magnetic field), since the origin of their ferroelectricity 
is driven by magnetism which sensitively responds to an ap-
plied magnetic fi eld. Thus, it is expected that the magnetically-
induced ferroelectrics provide new types of device applications 
by using the magnetoelectric effect, such as memory devices in 
which magnetic and/or ferroelectric domains are controlled by 
an electric and/or magnetic fi elds. However, their magnetoelec-
tric effects usually occur at temperatures that are too low to be 
practically useful. The lacks of room-temperature magnetically-
induced ferroelectrics have signifi cantly hampered the promise 
of this class of multiferroics in developing new devices. Thus, 
one of the grandest challenges at the present stage in this fi eld 
is to design or identify room-temperature magnetically-induced 
ferroelectrics.

Hexaferrites as magnetoelectrics
Hexaferrites are iron oxides with hexagonal structures and have 

long been used in technological applications such as permanent 
magnets, microwave devices, and absorbers in the gigahertz 
frequency range because of their room-temperature ferromag-
netic and insulating properties [4]. These compounds are classi-
fi ed into several types such as M-type [(Ba,Sr)Fe12O19], Y-type 
[(Ba,Sr)2Me2Fe12O22], Z-type [(Ba,Sr)3Me2Fe24O41] (Me=divalent 
metal ion). These hexaferrites’ structures can be described as 
stacking sequences of the basic blocks: S (spinel block), R 
[(Ba,Sr)Fe6O11]2-, and T (Ba,Sr)2Fe8O14. Recently, it has been 
reported that some Y-type hexaferrites with the TST’S’T”S” 
stacked structure [e.g., (Ba,Sr)2Zn2Fe12O22 and Ba2Mg2Fe12O22] 
show magnetically-induced ferroelectricity and resultant mag-
netoelectric effects related to modifications of complex spiral 
magnetic structures by applying a magnetic fi eld [5]. Although 
spin ordering temperatures of these Y-type hexaferrites are above 
room temperature, their magnetoelectric effects can be observed 

only up to ~130 K. This is mainly because these hexaferrites are 
not sufficiently insulating to sustain a substantial macroscopic 
ferroelectric polarization above ~130 K. 

Room-temperature magnetoelectric effect
in a Z-type hexaferrite

In this work, we discovered that a Z-type hexaferrite, Sr3Co2Fe24

O41, exhibits a low-field magnetoelectric effect at “room tem-
perature” [6]. Figure 1a shows the Z-type hexaferrite structure 
which can be described as the sequence RSTSR*S*T*S*. One 
of the key factors for the achievement of the room-temperature 
operation is a highly insulating character of polycrystalline Z-
type hexaferrites heated in an oxygen atmosphere [~109 Ωcm 
of electrical resistivity at room temperature]. The high resistiv-
ity enables us to measure the ferroelectric polarization at room 
temperature. Furthermore, a recent powder neutron diffraction 
study proposed that Sr3Co2Fe24O41 exhibits a complex magnetic 
order (transverse conical order), as illustrated in Fig. 1b up to 
about 400 K [7]. According to former theoretical study [8], the 
magnetic structure can induce fi nite electric polarization though 
the so-called spin-current mechanism. 

　Figures 2a and 2b display the magnetic fi eld dependence of 
the magnetization and the electric polarization, respectively, at 
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Fig.1 Schematic crystal (a) and proposed magnetic structures [at small magnetic fi elds (b) 
and large magnetic fi elds (c)] of Z-type Sr3Co2Fe24O41.
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100, 200, and 300 K for Sr3Co2Fe24O41 polycrystalline samples 
sintered in oxygen. As seen in Fig. 2a, the magnetization in-
creases in two steps up to the saturation magnetization. As 
the magnetic fi eld increases, the magnetization shows a rapid 
increase from 0 to ~0.1 T, gently increases from ~0.1 T to ~0.7 
T, and then is almost saturated at around 1 T. These features 
can be explained by the transformation from the transverse 
conical ordered state (Fig. 1b) into the ferromagnetic state (Fig. 
1c). These anomalies in the magnetization accompany mag-
netoelectric effects. As displayed in Fig. 2b, there is almost no 
spontaneous polarization at zero magnetic fi elds. By applying 
a magnetic fi eld, the electric polarization appears and shows 
a rapid increase up to ~0.2 T. With the further increase of the 
magnetic fi eld, the electric polarization reaches a maximum at 
0.25~0.3 T ( 23 μC/m2 at 100 K) and then starts to decrease. 
Finally, the electric polarization vanishes at around 1 T where 
the system becomes a simple ferrimagnet. These results dem-
onstrate that the Z-type Sr3Co2Fe24O41 exhibits the magneto-
electric effect at a wide range of temperatures including room 
temperature. The room-temperature ME effect can be under-
stood in terms of the appearance of the electric polarization 
which is induced by the transverse conical magnetic structure 
through the spin-current mechanism [8]. 

　In the Z-type hexaferrite, a potential use of the magneto-
electric effect in practical device applications is demonstrated, 

i.e., a sequential switching of the electric polarization by 
oscillating magnetic fi elds between 0 and 0.25 T (Fig. 3a) at 
300 K. As displayed in Fig. 3b, reproducible variations of the 
electric polarization were observed without any decays in their 
magnitudes. In addition, the signs of the magnetoelectric sig-
nals are switchable with the polarity of a poling electric fi eld 
(Compare Figs. 3b and 3d). Thus, the low-fi eld magnetoelec-
tric effect observed in the Z-type hexaferrite ceramics at room 
temperature has the promise of practical device applications 
including non-volatile memory where information is stored 
as electrically-detectable and -controllable spin-helicity, as 
schematically illustrated in Fig. 3e. 

Summary
　A Z-type hexaferrite Sr3Co2Fe24O41 has been found to exhibit 
a low-fi eld magnetoelectric effect “at room temperature”. The 
discovery clearly demonstrates the magnetic-field control of 
ferroelectricity at “room temperature”, and represents an import-
ant step toward practical applications using the magnetoelectric 
effect. The results presented here provide the promise of prac-
tical magnetoelectric device applications including non-volatile 
memory where information is stored as electrically-detectable 
and -controllable spin-helicity. 
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Fig.3 Room-temperature magnetoelectric effect of Sr3Co2Fe24O41 polycrystalline ceramics 
sintered in oxygen. Oscillating electric polarization responding to periodically varying 
magnetic fi elds between 0 and 0.25 T (a,c). The data for (b) and (d) were obtained after 
poling at plus and minus electric fi elds, respectively. (e) Schematic illustrations of electri-
cally-detectable and -controllable spin-helicity.

Fig.2 Magnetic-fi eld dependence of (a) magnetization and (b) electric polarization at 100, 
200, and 300 K for a polycrystalline sample of Sr3Co2Fe24O41 sintered in oxygen. 




