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Magnetic properties to be changed
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Different mechanisms

*]1. Charge — field effect;

2. Lattice — strain effect;

*3. Spin — exchange coupling
*4. Orbit —ionic displacement

*5. Structure/composition — electrochemical
reaction



Charge modulation in ferromagnetic metals
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A large electric field can be used to
modulate the carrier density and electron
occupancy in ultrathin metal systems,
which have a high surface-to-volume
ratio. The application of voltage could
affect the energy of the 3z2-r2 orbital
and the corresponding electron
occupancy in 3z2-r2, xy, and x2—y2
orbitals. Then the magnetic anisotropy is
tuned owing to the spin—orbit coupling.
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Charge modulation in diluted magnetic
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The most prominent feature for a diluted ferromagnetic [[MIEE - .. - - <[5 [ ome s |
semiconductor is that its ferromagnetism is correlated InAs

. . . : . (Al,Ga)Sb
to carrier mediated magnetic interaction, as described AISb
by the p—d Zener model. This intrinsic feature makes it GaAs substrate
possible for the DMS to be used as an outstanding 50
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model for VCM, based on the FET configuration.
Consequently, the pioneering work on the observation
of VCM is realized in (In,Mn)As. A negative gate voltage
enhances the hole density and leads to an increase in
the FM interaction among Mn ions, accompanied by

enhanced magnetic moments and Curie temperature, 25 S ¥ =

whereas a positive counterpart does the opposite. [~ 777 7777
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Charge modulation in non-magnetic oxides
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The novel magnetic state and 2-DEG is
closely related to the interfacial
charge transfer from LAO to STO. The
significant perpendicular
magnetoresistance in this system can
be switched from positive to negative
as the voltages change

from negative to positive. The
dependence of interfacial magnetism
on the carrier

density was characterized by MFM. As
the external voltage gradually changes
from -4V to 0V, the perpendicular
magnetic domain structure is
weakened and spin aligns in plane.



