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Current-driven motion of ferromagnetic domain walls has attracted intensive attention due to its rich
physics and the potential applications in racetrack nonvolatile memory. However, the interplay between
antiferromagnetic-ferromagnetic (AFM-FM) phase boundaries and current has remained elusive. Here,
electrical control of anisotropic FM domains is investigated in AFM domains during the AFM-FM phase
transition of Pd-doped FeRh films. For the as-grown state, the AFM-FM phase boundaries are initially
aligned along the [100] axis with weak anisotropy. A stronger anisotropy is introduced by applying a cur-
rent with a density of approximately 106A/cm2. Moreover, the phase boundaries can be reversibly oriented
by the applied (writing) current, giving rise to an orthogonal alignment between the phase boundaries and
the current. Alignments of anisotropic FM domains generate multilevel resistance. Overall, the results
confirm electrical control of domains in magnets, and provide an alternative way to create multilevel
memories.

DOI: 10.1103/PhysRevApplied.11.024021

I. INTRODUCTION

Rotation or propagation of magnetic domains is gen-
erally involved in magnetization. Switching of individual
nanoscale magnetic elements, such as tunnel junctions, has
been used to build alternative magnetic memory and logic
devices. Motion of domain walls (DWs) that is driven by a
large current in a magnetic racetrack provides “racetrack
memory” as alternative information storage that would
innately be three-dimensional memory [1,2]. Thus, DWs’
motion has attracted extensive interest. A series of ferro-
magnetic films have been used, from simple FePd and Co
films to (Ga,Mn)As single layers and perpendicular Co/Pt
magnetized stacks [3–6]. Corresponding mechanisms such
as spin-transfer torque and spin-orbit torque [7] have been
attributed for DW motion. Relevant DWs were charac-
terized by magnetic force microscopy (MFM) [8,9] and
photoemission electron microscopy combined with x-ray
magnetic circular dichroism [10,11].

In addition to ferromagnetic (FM) DWs, antiferro-
magnetic (AFM) DWs have been investigated for anti-
ferromagnetic spintronics [12–16]. AFM domains of
CuMnAs have been realigned by applied current via
spin-orbit torque because of its oppositely arranged spin
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sublattice [17]. Here, we propose that an alternative
DW-like structure, the antiferromagnetic-ferromagnetic
(AFM-FM) phase boundaries (PBs), are expected to be
manipulated by the applied current, providing a unique
opportunity to encode information. FeRh exhibits a first-
order AFM to FM phase transition driven by temperature
or a magnetic field [18,19], making it a possible candidate
for the investigation of AFM-FM PBs and electrical con-
trol of AFM-FM PBs during the phase transition [20–24].
The AFM-FM PBs of Pd-doped FeRh films are initially
aligned along the [100] axis with a weak anisotropy [25],
which can be substantially stabilized along the [100] and
rotated to the [010] axis by current applied along the [010]
and [100] axes, respectively. The alignments of AFM-FM
PBs are dependent on the magnitude of the applied current,
which serves as a basis for multibit data storage.

II. METHODS

Pd-doped 30-nm-thick (1 at. %) FeRh (Pd-FeRh) films
are grown on (001)-oriented single-crystal MgO substrates
with dc magnetron sputtering [26]. Pd doping lowers the
FeRh transition temperature to room temperature [27,28].
The base pressure is 2 × 10−5 Pa, and the films are
deposited at 573 K and 0.8 Pa Ar pressure from a sto-
ichiometric Fe50Rh50 target with a thin Pd rod, resulting
in stoichiometric Fe49.5Rh49.5Pd1 films. The films are then
heated in situ to 1023 K and annealed for 100 min. Finally,
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they are fabricated into an eight-terminal Hall cross by
electron beam lithography and ion milling etching.

The microstructure of the Pd-FeRh films is analyzed
with an x-ray diffractometer (XRD) using Cu Kα radia-
tion. Transport measurements are performed with a Physi-
cal Property Measurement System that provides magnetic
fields up to 9 Tesla (T) and variable temperatures over
1.5–400 K. MFM images are recorded with an Attocube
system at 300 K and 9 T. Two-dimensional (2D) finite-
element analysis is performed by COMSOL Multiphysics
to simulate electrical scattering induced by the anisotropic
FM domains. For this simulation, MFM images are first
converted to binary ones, followed by edge detection in
MATLAB, during which points on the PBs are extracted
and imported directly into the geometry configuration [29].
The geometry of the eight-terminal Hall cross used for sim-
ulations is set proportional to the experimental devices,
and the electrical scattering center is then introduced into
the Hall cross based on the extracted PBs. The scattering
centers refer to the FM-phase regions embedded inside the
AFM matrix. Because of the different resistivities of the
FM (65 µ� cm) and AFM (155 µ� cm) phases, a distorted
electric field will be induced in the Hall cross, leading to
the different voltages on the Hall arms.

III. RESULTS

The strong XRD peaks in Fig. 1(a) reflect the high qual-
ity of the Pd-FeRh films, with the Pd-FeRh (001) plane
parallel to the MgO (001) substrates. The quality of the
chemical ordering can be calculated by the order param-

eter S, S =
√

I exp
001/I exp

002/1.07, where I exp
001 and I exp

002 are the

intensities of the (001) and (002) Bragg reflections, respec-
tively. The S = 0.89 result from Fig. 1(a) indicates high
quality Pd-FeRh films. The films are then patterned on
the Hall bar, which reveals the first-order transition from
the AFM state (high-resistive state, HRS) to the FM state
(low-resistive state, LRS), driven by the magnetic field
(ρxx–µ0H ) at room temperature. The AFM and FM states
coexist in the magnetic phase transition area, as indicated
in Fig. 1(b); that is, 5.5→8.5 T for the AFM-FM transi-
tion and 4→1 T for the FM-AFM transition. Figure 1(c)
is a schematic of the transport measurements, where ρxx
and ρxy of the Pd-FeRh are denoted. The x-axis is along
the [11̄0] direction, while the y-axis is along the [110]
orientation.

The symmetries of the Hall signals in the eight-
terminal Hall cross during magnetic phase transitions
of the Pd-FeRh films are determined via experiments
depicted in Fig. 2(a) and are performed as follows. A
small reading current of 100 µA is applied along the
[01̄0], [11̄0], [100], and [110] axes of the Pd-doped FeRh
films and the voltage is recorded in the vertical direc-
tion. The current direction in each measurement config-
uration is indicated in Fig. 2(a). The MFM image at
left (magnified by a factor of two) reveals the coexis-
tence of AFM and FM domains at 7 T, highlighted by
the dashed square at the Hall cross. The correspond-
ing field-dependent Hall resistivity is plotted at right
as the ascending [Fig. 2(b)] and descending [Fig. 2(c)]
branches of the magnetic-field-dependent resistivity curves
(marked as curves I to IV and from I′ to IV′). There
are two eminent features in Fig. 2(b): (i) With increas-
ing field, the polarity of the Hall signals undergoes the

(a)

(b)

(b) FIG. 1. (a) X-ray diffraction pat-
terns of Pd-FeRh. (b) Resistiv-
ity of Pd-FeRh vs magnetic field
from 0 to 9 T. The regions dur-
ing the magnetic phase transition
are denoted in a dark color. The
AFM-FM and FM-AFM transi-
tions are indicated with the red
and blue arrows, respectively. (c)
Schematics of the transport mea-
surements of Pd-FeRh.

024021-2



ELECTRICAL CONTROL OF ANISOTROPIC . . . PHYS. REV. APPLIED 11, 024021 (2019)

(a) (c)(b)

FIG. 2. (a) Schematics of Hall detection of anisotropic fer-
romagnetic domains in antiferromagnetic domains during the
magnetic phase transition. The eight-terminal Hall cross is shown
in the microscopic images. The MFM image (magnified by two
times) shows the magnetic contrast of the dashed square of the
Hall cross at 7 T. The reading current is applied along four dif-
ferent axes, that is, [01̄0], [11̄0], [100], and [110] of Pd-FeRh,
indicated by the arrows. The current directions are listed from
top to bottom. The dashed square marks the region where MFM
images are taken. The scale bar is 10 µm in length. (b) Hall
evolutions when increasing the magnetic field from 0 to 9 T in
different detecting geometries. (c) Hall evolutions when decreas-
ing the magnetic field from 9 T to 0. The AFM-FM and FM-AFM
phase transition regions are marked in blue. The resistivity-vs-
field plots illustrated on the right in (b) and (c) correspond to the
same current orientation as described on the left in (a).

variation of zero-negative-positive-zero, zero-negative-
zero, zero-positive-negative-zero, and zero-positive-zero,
as displayed from the top to the bottom panels, respec-
tively; (ii) the absolute values of the Hall signals with only
one polarity are larger than those with two polarities. The
Hall signals exhibit a single but opposite polarity when the
current flows along the [11̄0] and [110] directions, indicat-
ing that the PBs of the Pd-doped FeRh films are aligned
along the [100] axis with a weak anisotropy. In this sce-
nario, when the reading current is applied along the [01̄0]
and [100] directions, the electrons are scattered randomly
without apparent orientation, giving rise to both positive
and negative Hall signals with smaller intensities. Simi-
lar but reduced Hall signals are observed for the FM-AFM
transition in Fig. 2(c) when decreasing the magnetic field.
This indicates that the AFM-FM PBs are aligned along the
[100] axis in the reciprocal process.

Large current pulses are applied to investigate how
they affect magnetic phase transitions in Pd-doped FeRh

films. A combination of a 100-µA constant current (current
density of 1.2 × 105 A/cm2) and 1-ms current pulses with
a 5-s delay time are applied along the [01̄0] axis, while the
longitudinal voltage is recorded along the channel. Figure
3(a) plots the ρxx vs µ0H curves during the AFM-FM
transition with an applied current ranging from 1.2 × 105

(detecting current) to 1.2 × 107 A/cm2. For small currents,
ρxx vs µ0H is similar to that for 100 µA in Fig. 1(b) with
the AFM-FM transition at 5.5→8.5 T. With increasing
current (1.2 × 107 A/cm2), the AFM-FM transition occurs
at much lower magnetic fields (6→2 T), as shown in
Fig. 3(a). In contrast, the FM-AFM transition is nearly
unchanged for various current pulses [Fig. 3(b)], changing
the “first-order” magnetic phase transition to almost “sec-
ond order.” The experimental geometry for Figs. 3(a) and
3(b) is shown in the inset of Fig. 3(b). A comparison of ρxx
vs µ0H at 300 and 305 K in Fig. 3(c) indicates that both
AFM-FM and FM-AFM transitions shift to a lower field
direction when the temperature is increased by only 5 K.

The asymmetrical current-induced phase transitions can
be attributed to three mechanisms. As displayed in the left
panel of Fig. 3(d), the hysteresis of the first-order phase
transition corresponds to the energy barrier for nucleation.
This barrier height is lower under electronic excitation
[30], which is reflected by the reduced hysteresis window
of the magnetic phase transition. The second mechanism
can be spin momentum transfer via flowing electrons,
where the spin current will interact with local moments
via s-d exchange interactions. The current will be spin-
polarized when passing through the FM part of Pd-FeRh.
Based on the Landau-Lifshitz-Gilbert equation, ∂m

∂t =
−γ (m×Heff) + αG

M0

(
m× ∂m

∂t

) + σJ [m×(m×p)], the spin
current will contribute to an effective magnetic field, favor-
ing the formation of FM states. Therefore, the magnetic
phase transition loop will shift to the left side, as illustrated
in the right panel of Fig. 3(d). In addition, the current-
induced Joule effect will also contribute to this loop
shift, as shown in Fig. 3(c). These mechanisms result in
current-induced promotion of AFM-FM transitions. Mag-
netic states of Pd-FeRh after current pulses are directly
observed with MFM in the dashed square of Fig. 2(a).
Magnetic contrasts from −50° to 50° are presented in
Fig. 3(e), where the light and dark regions are AFM and
FM phases, respectively. The densities of current pulses are
denoted below the arrow. The initial state is 6 T at 300 K,
where little magnetic contrast is visible. Most of the Pd-
FeRh remains in the AFM state, with a small part in the FM
state. For an increasing current density of 2 × 106 A/cm2

to 1.2 × 107 A/cm2, the Pd-FeRh gradually transforms
from AFM (light) to FM phases (dark). The transforma-
tion starts at 4 × 106 A/cm2 and is almost finished at
1.2 × 107 A/cm2, where only small AFM domains remain.

The Hall effect is generated by the anisotropic FM
domains embedded in the AFM phases [29]. A simulated
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(a)

(c)

(c)

(d)

(b)

FIG. 3. (a) Resistivity vs magnetic field increases from 0 to 9 T with current pulses in different magnitudes of current density at
300 K. The width of the current pulse is 1 ms. The delay time is 5 s. The density of the current ranges from 1.2 × 105 (detecting
current) to 1.2 × 107 A/cm2. (b) Resistivity vs magnetic field decreases from 9 T to 0 with current pulses in different magnitudes of
current density at 300 K. Inset figure shows the experimental geometry of (a) and (b). (c) The resistivity of Pd-FeRh vs magnetic field
in the absence of a current pulse at 300 and 305 K. (d) Illustration of two mechanisms where current will interact with first-order
magnetic phase transition. The original phase transitions are shown in solid lines while the counterparts with current excitations are
shown in dotted lines. (e) MFM images are recorded at 6 T at 300 K, which serves as an initial state. Afterward, current pulses ranging
from 1.2 × 105 to 1.2 × 107 A/cm2 with a width of 1 ms are applied along [01̄0] axis Pd-FeRh films, where each magnetic state after
a corresponding current pulse is scanned with MFM at the identical location. The magnetic contrast is shown in the right, down panel
of the figure, where the dark represents the FM and AFM is denoted in light counterpart. The scale bar is 3 µm in length.

effect of a single AFM-FM PB on the Hall signal is
shown in Figs. 4(a) and 4(b), where the elliptical domains
with major axes along the [01̄0] and [100] directions are
inserted into the core of the transport channel. The ellip-
tical domain is a qualitative example with the ability of
breaking symmetry to show how the anisotropy of the FM
domains can affect the measured transverse voltage. The
aspect ratio of the ellipse is 2.4. Because of the lower
resistivity of the FM phase (65 µ� cm) relative to that
for the AFM phase (155 µ� cm), the current at the Hall
cross will mainly flow along the elliptical FM phase when
the current flows along the [01̄0] axis and [100] direc-
tions for Figs. 4(a) and 4(b). Thus, the current will be
deflected to the [1̄1̄0] and [110] directions, respectively,
as marked in the figure. It is then expected that sizeable
Hall signals with opposite polarity will be obtained with

anisotropic FM domains. The diagram shows the intensity
of the Hall signals, denoted by the ratio Vxy /Vxx, of trans-
verse to longitudinal voltages, respectively. The Vxy /Vxx
values in Figs. 4(a) and 4(b) are approximately 0.016 and
−0.016, respectively. The assumed distribution of elec-
trical conductivity in the devices is plotted in Figs. 4(c)
and 4(d). The embedded FM phase exhibits higher con-
ductivity, which supports the explanation of Hall signal
generation.

To determine whether the weak anisotropy of [100]
PBs can be modulated by current pulses, a 100-µA con-
stant reading current is applied along the [11̄0] direc-
tion while the Hall voltage is recorded along the [110]
direction. In addition, 1-ms current pulses with 5-s delay
times are applied along the [100] axis, as illustrated
in Fig. 5(a). The sign of the Hall resistivity changes
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(a)

(d)

(c)

(b)

FIG. 4. (a) and (b) Simulations of Hall signal induced by
anisotropic domain walls between AFM and FM along the [010]
(a) and [100] (b) axis of Pd-FeRh, respectively. The Vxy /Vxx rep-
resents the ratio of transverse and longitudinal voltages. (c) and
(d) The distributions of conductivity in the Hall cross corre-
sponding to geometries of (a) and (b). σ denotes the electrical
conductivity.

from negative (−1 µ� cm) to positive (1.5 µ� cm) with
a 2 × 106 A/cm2 current pulse, while a higher current
pulse of 8 × 106 A/cm2 enhances the Hall resistivity up to
9 µ� cm, as displayed in Fig. 5(b). This observation sug-
gests that the anisotropy of PBs varies from the initial [100]
axis to the [010] axis with the large current pulse along
the [100] direction [i.e., orthogonal alignment between
the PBs and the applied (writing) current]. When the cur-
rent pulse is applied along the [01̄0] direction [Fig. 5(d)],
the Hall resistivity is greatly enhanced from −1 µ� cm to
−18 µ� cm [Fig. 5(e)], indicating that more AFM-FM PBs
nucleate and grow along the [100] axis with stronger PB
anisotropy relative to the initial counterpart. The compared
peak values are obtained under different magnetic fields,
because the current pulse will also prompt the magnetic
phase transition from AFM to FM. In contrast, the Hall
signals for the FM-AFM transition are not sensitive to the
current pulses, regardless of their directions along [100]
[Fig. 5(c)] or [01̄0] [Fig. 5(f)]. This asymmetric modula-
tion is consistent with the effect of current pulses on the
longitudinal resistivity (Fig. 3). Therefore, the AFM-FM
PBs are formed perpendicular to the current direction, sim-
ilar to the case of current-driven FM/FM or AFM/AFM
DWs’ motions [31–35].

IV. DISCUSSION

Electronic control of anisotropic FM domains to
generate multilevel resistance is shown in Fig. 6. The

experimental configuration is identical to the scenario of
Fig. 5, with a series of applied current pulses at room tem-
perature with a fixed 4-T magnetic field [Fig. 6(a)]. The
initial Hall resistivity is almost zero, indicating the AFM
state of Pd-FeRh. When an 8 × 106 A/cm2 current pulse
is applied along the [100] axis, the Hall signals have a
positive sign. The Hall signals are stable over 10 consec-
utive current pulses, reflecting the nonvolatile nature of
the anisotropic PBs. The PB state and the concomitant
Hall signals can be modulated only by stronger current
pulses, giving rise to multilevel resistive states. The Hall
resistivity reaches a peak value of 9 µ� cm with a cur-
rent pulse of 1.2 × 107 A/cm2, as displayed in Fig. 6(b),
which coincides with the positive polarity of Hall sig-
nals in Fig. 5(b). When the proportions of AFM and FM
domains are comparable, a maximum of PBs are formed,
resulting in the largest Hall value. With further increases
in current density, more AFM domains are transformed to
FM domains, resulting in fewer PBs and a decreased Hall
resistivity.

The corresponding magnetic domain image in Fig. 6(d)
following a current pulse of 1.2 × 107 A/cm2 directly sup-
ports the above conclusion, where the proportions of AFM
and FM states are comparable. The PBs exhibit a main
axis, for example, [010]. To semiquantitatively correlate
the anisotropy of PBs and Hall signals, the Hall voltage
is simulated with 2D-finite-element analysis by imprint-
ing the PBs to the Hall cross, as shown in Fig. 6(f). The
current is reflected downward, producing a positive Hall
voltage, and demonstrating that the AFM-FM PBs are ori-
entated along the [010] direction. This is consistent with
the case of Fig. 4(a), which possesses a single domain with
the main axis along [010]. In addition, when the current
pulse is as high as 1.4 × 107 A/cm2, the Hall resistivity
decreases because the FM FeRh domains becomes a dom-
inant part of the films and fewer AFM-FM PBs remain.
The Hall signal nearly returns to zero when the current
pulse is 1.6 × 107 A/cm2, revealing that FeRh behaves as
a FM state, accompanied by a negligible Hall effect, which
is corroborated by zero Hall resistivity at both AFM and
FM states in Fig. 2.

The sign of the multilevel resistive states is opposite,
but the tendency is identical when the current pulse is
applied along the [01̄0] direction, as shown in Fig. 6(c).
Figure 6(e) displays the MFM image after applying a cur-
rent pulse of 1.2 × 107 A/cm2 along [01̄0]. The domain
is oriented along the [100] direction, which is supported
by the 2D-finite-element analysis. The current is reflected
upward, producing a negative Hall voltage, demonstrating
that the AFM-FM PBs are oriented along the [100] direc-
tion, as in the case of Fig. 4(b), including a single domain
with the main axis along the [100] direction. A compar-
ison of Figs. 6(b) and 6(c) shows that the former has a
smaller absolute value of the Hall resistivity (9 µ� cm vs
13 µ� cm). The anisotropy of the PBs can be modulated
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(a)
(c)(b)

(d)
(f)(e)

FIG. 5. (a) and (d) Schematic geometries with the current pulses along the [100] and [01̄0] axes, respectively. The duration time of
the repeated current pulses is 1 ms, while the delay time is 5 s. (b) and (e) Hall evolutions during AFM-FM phase transition. (c) and(f)
Hall evolutions in FM-AFM phase transition. The current density applied in (b), (c), (e), and (f) ranges from 1.2 × 105 (detecting
current) to 8 × 106 A/cm2. Hall signals in (b) and (c) correspond to the configuration in (a), while the curves in (e) and (f) correspond
to the counterpart in (d), respectively.

along the [010] direction and become stronger with large
current pulses, but it is enhanced more easily along the
initial [100] axis. The 2D-finite-element analysis exhibits

a similar tendency in that the simulated value of Vxy /Vxx
in Fig. 6(f) is 0.008, while the counterpart in Fig. 6(g) is
−0.012.

(a)

(c)

(d)

(e)

(f)

(g)

(b)

FIG. 6. (a) Current pulses with dif-
ferent magnitudes (only one pulse at a
certain magnitude) are applied along
[100] and [01̄0] axes. The initial state
is set as 4 T at 300 K. (b) and (c) Hall
stages maintained after current pulses
with different magnitudes in orthogo-
nal channels along [100] (b) and [01̄0]
(c) axes. (d) and (e) MFM images
after current pulse of 1.2 × 107 A/cm2

along [100] (d) and [01̄0] (e) axes,
respectively. (f) and (g) Simulations
of Hall signals with the correspond-
ing MFM images, which reflect the
anisotropy of the domain walls. MFM
images are taken at 4 T on the iden-
tical regions at 300 K. The magnetic
contrasts range from −50° to 50°,
while the Vxy /Vxx represents the ratio
of transverse and longitudinal volt-
ages. The scale bar is 2 µm in length.
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(a)

(c)

(b)

FIG. 7. Illustrations of the repeatability of the multistates Hall
memory. (a) Current pulses in six different magnitudes of three
periods are applied, respectively. Positive and negative magni-
tudes indicate applying current in the orthogonal directions along
[100] and [01̄0] axes. (b) The initial states before each current
pulse are set at 6 T, 300 K. Magnetic fields are reduced from 6 T
to 0 for transformation from FM to AFM states, that is, erasing
the data. (c) Six repeatable Hall stages after current pulses are
shown.

The reversibility of the PB anisotropies is examined
by cycling the current pulses. An alternating series of
4.8 × 106 A/cm2, 5.6 × 106 A/cm2, and 8 × 106 A/cm2 cur-
rent pulses are applied along the [100] and [01̄0] channels.
The pulses along these directions are respectively referred
to as positive and negative writing signals, as illustrated
in Fig. 7(a). Meanwhile, a magnetic field of 6 T is gener-
ally applied to make sure that the Pd-FeRh films remain
at the AFM-FM transition state at room temperature. The
required current density is lower than that used at 4 T in
Fig. 5, because the increased magnetic field will reduce
the AFM stability. Meanwhile, it is switched to zero field
before each current pulse to erase the previous AFM-FM
PBs through the FM-AFM transition [Fig. 7(b)]. With the
input signals as mentioned above, typical cycling signals
of the Hall resistivity are as presented in Fig. 7(c). They
are recorded by the voltage measurement along the [110]
direction while the reading current is applied along the

[11̄0] direction. The polarity of the Hall signals can be
reversibly modulated by the alternative pulse current along
the [100] and [01̄0] directions. Hall signals with the same
input current pulse (applied three times) exhibit the same
polarity and magnitude, indicating the anisotropy of the
PBs is highly controllable, reversible, and reproducible.
Because of the enhanced PB anisotropy, the Hall signals
increase with increasing current pulse (i.e., −12 µ� cm
with a current pulse of −8 × 106 A/cm2). The PBs between
the AFM and FM domains are originally oriented along
the [100] direction. Therefore, a larger current density is
required to align the PBs along the [010] direction than that
for alignment along the [100] direction. These controllable
multilevel resistance states ensure multibit data storage
based on AFM-FM PBs. In addition to the magnetic field,
temperature can be used to drive the magnetic phase tran-
sition from AFM to FM, providing an opportunity for
zero-field, multilevel storage encoding.

V. CONCLUSION

In conclusion, electrical control of anisotropic FM
domains is realized during the magnetic phase transition of
Pd-doped FeRh films. This control requires a large current
pulse of 106 A/cm2, which is at the same level of current-
driven magnetization switching. The AFM-FM PBs can
be oriented perpendicular to the applied (writing) current,
which is aligned along the [010] and [100] axes by the
current pulse applied along their vertical [100] and [01̄0]
directions, respectively. The current-pulse-dependent FM-
domain anisotropy produces multilevel Hall resistance in
a Pd-doped FeRh Hall device. This will enable multibit
data storage based on FM domains during magnetic phase
transitions.
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