Electric Field Control of Nonvolatile Four-state
Magnetization at Room Temperature

Sae Hwan Chun'*, Yi Sheng Chai’, Byung-Gu Jeon', Hyung Joon Kim', Yoon Seok Oh’,
Ingyu Kim1, Hanbit Kim', Byeong Jo Jeon', So Young Haam', Ju-Young Park’, Suk Ho Lee’,
Kee Hoon Kim', Jae-Ho Chung?, Jae-Hoon Park®
ICeNSCMR, Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea
2Department of Physics, Korea University, Seoul 136-713, Korea
3Department of Physics and Division of Advanced Materials Sciece, POSTECH, Pohang 790-784, Korea

The control of magnetization by an electric field at room temperature remains as one of the great challenges
in materials science. Multiferroics, in which magnetism and ferroelectricity coexist and couple to each other, could
be the most plausible candidate to realize this long-sought capability. While recent intensive research on the
multiferroics has made significant progress in sensitive, magnetic control of electric polarization, the electrical
control of magnetization, the converse effect, has been observed only in a limited range far below room
temperature. Here we demonstrate at room temperature the control of both electric polarization by a magnetic
field and magnetization by an electric field in a magnetoelectric (ME) hexaferrite BagsaSr24sC02Fe24041. The
electric polarization in this compound rapidly increases in low magnetic fields (~5 millitesla), and its
magnetoelectric  susceptibility reaches the highest value (3200 ps/m) among single-phase materials. The
magnetization is then modulated up to 0.62 pB/formula unit in an electric field of 1.14 MV/m. We find further
that four ME states induced by different ME poling exhibit unique, nonvolatile magnetization versus electric field

curves, which can be approximately described by an effective free energy with a distinct set of ME coefficients.
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