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Fig. 5. TMR of (Ga,Mn)As/GaAs/(Ga,Mn)As under the magnetic field along
the [100] crystalline direction measured at low temperatures (after [28]).

Fig. 6. Resistance changes ∆R after current-pulse injection for a 1.5 ×
0.3 µm2 device at 30 K. Closed circles show ∆R for initially parallel magne-
tizations (configuration A, which was obtained by magnetizing the system in a
high field), and open triangles show ∆R for initial configuration C (antiparallel
magnetizations, which are obtained by cycling the field below the coercive
field of the magnetically harder layer). The inset shows the current–voltage
characteristic of the device (after [41]).

ferromagnetic electrode to the other across the tunnel barrier
exerts torque between the two electrodes, and its direction
depends on the flow of spin, i.e., on the current direction. In
a sufficiently small MTJ, torque can reach a threshold value
above which magnetization reversal takes place. This is called
CIMS. In submicrometer (Ga,Mn)As MTJ, CIMS has been
observed [30], [41]. In the case of the RP state, the current
pulse injected from the thicker to thinner (Ga,Mn)As induces
the magnetization reversal in the thinner (Ga,Mn)As, which
results in the RAP state. The opposite current direction results
in the RP state. This is shown in Fig. 6. Critical current
density jC for switching is of the order of 104–105 A/cm2.
CIMS in (Ga,Mn)As MTJ can be qualitatively understood by
Slonczewski’s spin-transfer torque model [41], although the
model predicts jC of greater an order of magnitude than the
observed one.

Fig. 7. Velocity of magnetic DW as a function of current density at various
device temperatures. The thin broken lines show a fitted theoretical dependence
of the velocity on the current density (after [43]).

A very large TAMR of up to 150 000% has been reported
for (Ga,Mn)As-based MTJ in vertical and lateral device struc-
tures [31]–[34]. Although further work is needed to establish
firmly the origin of TAMR [29], it has been attributed to
the anisotropic valence-band structure induced by the spin-
orbit interaction and lattice strain in combination with the
metal–insulator transition and correlation effects.

VI. CURRENT-INDUCED DW MOTION

Magnetic domains are formed in a ferromagnet as a result
of competition between exchange energy (which tries to align
all the spins) and magnetostatic energy (which tries to align
magnets antiparallel). The transition region between the do-
mains, in which localized spins (Mn spins in our case) gradually
change its direction, is called a DW. Spin-polarized currents
interact with DW and, once a threshold is passed, can displace
the DW, resulting in the magnetization reversal of a region
swept by the DW. Although such a current-induced DW motion
has been of interest for many years, the DW switching has
been demonstrated, and DW velocity as a function of current
density j with temperature as a parameter has been measured
very recently and only in a (Ga,Mn)As structure [42], [43].
We used a 5-µm-wide 20-nm-thick (Ga,Mn)As channel with
its magnetic easy axis perpendicular to the plane to observe
the current-induced DW motion; this easy-axis direction is
useful in monitoring the DW position through the anomalous
Hall effect and by the magnetooptical Kerr effect (MOKE)
microscope. The area swept by the DW was measured by
MOKE as a function of current-pulse duration to determine
the effective DW velocity veff . A small increase in the sample
temperature was corrected by using the temperature-dependent
sample resistance as a thermometer. The current dependence of
veff at a fixed temperature showed that there are at least two
regimes that are separated by critical current density jC , which
is of a few 105 A/cm2, as shown in Fig. 7. Above jC , veff

increased almost linearly with j; below jC , the DW velocity
was much reduced, and its functional form was much more
involved. The linear dependence of veff above jC and the


