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• Wide range of antiferromagnetic systems :
oxides, semiconductors, semimetals, half metals, metals etc

• Some spin-orbit based magnetotransport effects are equally strong in AF 
systems (AMR, TAMR…..) (Shick et al Phys. Rev. B 81, 212409 (2010)) demonstration (Marti, PW 
et al Nat. Mat. (‘14), Park et al.  Nature Mat. ’11, PRL ’12), Wang et al.  PRL ’12:)

• No stray fringing fields. Robust against external magnetic fields (like charge 
based memory) and against radiation (like magnetic memory)

• Ultrafast dynamics (Kimel,Rasing et al Nature ‘04, P. Roy, Wunderlich PRB 16, Gomonay, Jungwirth, 
Sinova PRL 16)

• Topologically interesting systems : predictions of magnetically switchable 
Dirac semimetals (L. Smejkal-Thursday morning) and AF skyrmionic compounds

Motivation



“Interesting, but without application”

Spintronics with antiferromagnets

Ferromagnet (FM): 
global uniform 

molecular field

Antiferromagnet (AF):
local alternating 
molecular field

Exchange bias
spin valve

AF
pinned FM
free FM



“Interesting, but without application”

Example:
Magnetic anisotropy energy due to coupling between 
spin and lattice orbitals ⟶ magnetic memory
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Spintronics with antiferromagnets

Ferromagnet (FM): 
global uniform 

molecular field

Antiferromagnet (AF):
local alternating 
molecular field

Effects even in magnetization should be 
equally present in FM and AF



“Interesting, but without application”

Spintronics with antiferromagnets

Ferromagnet (FM): 
global uniform 

molecular field

Antiferromagnet (AF):
local alternating 
molecular field

Effects even in magnetization should be 
equally present in FM and AF

To make them more widely applicable we 
need the ability to efficiently control and 
measure the spin state…
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Reading the antiferromagnetic state:
Anisotropic Magnetoresistance (AMR)
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W Thomson , Proc. Roy. Soc. (1856)



Reading the antiferromagnetic state:
Anisotropic Magnetoresistance (AMR)

(transverse geometry)

VI

longitudinal Rxx = R0 + R1cos2F

transverse Rxy = R1sin2F
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Switching an antiferromagnet

Need to generate an alternating local field on a sub unit cell resolution!

Zelezny, Jungwirth et al PRL 2014 predict a way to accomplish 
this based on current–induced spin polarization

F. Freimuth



Inverse spin galvanic (Edelstein) effect

!pcurr ⊥
!
J

Global inversion asymmetry - -> non-equilibrium spin polarization 

Current-induced spin polarization

GaAs
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Evidence for reversible control of magnetization in
a ferromagnetic material by means of spin–orbit
magnetic field
Alexandr Chernyshov1*, Mason Overby1*, Xinyu Liu2, Jacek K. Furdyna2, Yuli Lyanda-Geller1
and Leonid P. Rokhinson1†

The current state of information technology accentuates the
dichotomy between processing and storage of information,
with logical operations carried out by charge-based devices and
non-volatile memory based on magnetic materials. The main
obstacle for a wider use of magnetic materials for information
processing is the lack of efficient control of magnetization.
Reorientation of magnetic domains is conventionally carried
out by non-local external magnetic fields or by externally
polarized currents1–3. The efficiency of the latter approach
is enhanced in materials where ferromagnetism is carrier-
mediated4, because in such materials the control of carrier
polarization provides an alternative means for manipulating
the orientation of magnetic domains. In some crystalline
conductors, the charge current couples to the spins by
means of intrinsic spin–orbit interactions, thus generating
non-equilibrium electron spin polarization5–11 tunable by local
electric fields. Here, we show that magnetization can be
reversibly manipulated by the spin–orbit-induced polarization
of carrier spins generated by the injection of unpolarized
currents. Specifically, we demonstrate domain rotation and
hysteretic switching of magnetization between two orthogonal
easy axes in a model ferromagnetic semiconductor.

In crystalline materials with inversion asymmetry, intrinsic
spin–orbit interactions couple the electron spinwith itsmomentum
h̄k. The coupling is given by the Hamiltonian Hso = (h̄/2)�̂ ·�(k),
where h̄ is the reduced Planck constant and �̂ is the electron
spin operator (for holes �̂ should be replaced by the total angular
momentum J). Electron states with different spin projection signs
on �(k) are split in energy, analogous to the Zeeman splitting
in an external magnetic field. In zinc-blende crystals such as
GaAs there is a cubic Dresselhaus term12 �D / k3, whereas strain
introduces a term �" = C1"(kx ,�ky ,0) that is linear in k, where
1" is the difference between strain in the ẑ and x̂, ŷ directions13.
In wurtzite crystals or in multilayered materials with structural
inversion asymmetry, there also exists the Rashba term14 �R,
which has a different symmetry with respect to the direction of k,
�R =↵R(�ky ,kx ,0), where ẑ is along the axis of reduced symmetry.
In the presence of an electric field, the electrons acquire an average
momentum h̄1k(E), which leads to the generation of an electric
current j= ⇢̂�1E in the conductor, where ⇢̂ is the resistivity tensor.
This current defines the preferential axis for spin precession h�(j)i.
As a result, a non-equilibrium current-induced spin polarization
hJEikh�(j)i is generated, the magnitude of which hJ Ei depends
on the strength of various mechanisms of momentum scattering

1Department of Physics and Birck Nanotechnology Center, Purdue University, West Lafayette, Indiana 47907, USA, 2Department of Physics, University of
Notre Dame, Notre Dame, Indiana 46556, USA. *These authors contributed equally to this work. †e-mail: leonid@purdue.edu.
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Figure 1 | Layout of the device and symmetry of the spin–orbit fields.
a, Atomic force micrograph of sample A with eight non-magnetic metal
contacts. b, Diagram of device orientation with respect to crystallographic
axes, with easy and hard magnetization axes marked with blue dashed and
red dot–dash lines, respectively. Measured directions of Heff field are
shown for different current directions. c,d, Orientation of effective magnetic
field with respect to current direction for strain-induced (c) and Rashba (d)
spin–orbit interactions. The current-induced Oersted field under the
contacts has the same symmetry as the Rashba field.

and spin relaxation5,15. This spin polarization has been measured
in non-magnetic semiconductors using optical7–9,11,16 and electron
spin resonance17 techniques. It is convenient to parameterize hJEi
in terms of an effective magnetic field Hso. Different contributions
to Hso have different current dependencies (/ j or j3), as well
as different symmetries with respect to the direction of j, as
schematically shown in Fig. 1c,d, enabling one to distinguish
between spin polarizations in different fields.

To investigate interactions between the spin–orbit-generated
magnetic field and magnetic domains, we have chosen (Ga,Mn)As,
a p-type ferromagnetic semiconductor18,19 with zinc-blende crys-
talline structure similar to GaAs. Ferromagnetic interactions in this
material are carrier-mediated20,21. The total angular momentum of
the holes J couples to the magnetic moment F of Mn ions by means
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Figure 3 | Determination of current-induced effective spin–orbit magnetic field. a,b, Difference in switching angles for opposite current directions 1'(i)
H

as a function of I for sample A for different external fields H for orthogonal current directions. c, The measured effective field Heff =Hso ±HOe as a function
of average current density hji for sample A (triangles) and sample B (diamonds). d, Schematic diagram of the different angles involved in determining Heff:
'H is the angle between current I and external magnetic field H; 1'H is the angle between total fields H+Heff(+I) and H+Heff(�I) and ✓ is the angle
between I and Heff(+I).
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Figure 4 | Current-induced reversible magnetization switching. a, 'H

dependence of Rxy near the [010] ! [̄100] magnetization switching for
I= ±0.7 mA in sample A for Ik[11̄0]. b, Rxy shows hysteresis as a function
of current for a fixed field H= 6 mT applied at 'H = 72�. c, Magnetization
switches between the [010] and [̄100] directions when alternating ±1.0 mA
current pulses are applied. The pulses have 100 ms duration and are shown
schematically above the data curve. Rxy is measured with I= 10 µA.

experiment. As for the magnitude of H so, for three-dimensional
J = 3/2 holes we obtain

Hso(E)= eC1"

g ⇤µB

(�38nh⌧h +18nl⌧l)
217(nh +nl)

·(Ex ,�Ey ,0)

where E is the electric field, g ⇤ is the Luttinger Landé factor for
holes, µB is the Bohr magneton and nh,l and ⌧h,l are densities and
lifetimes for the heavy (h) and light (l) holes. Detailed derivation of
H so is given in the Supplementary Information. Using this result, we
estimate dH so/dj = 0.6⇥10�9 T cm2 A�1 assuming nh =n�nl and
⌧h =mh/(e2⇢n), where ⇢ is the resistivity measured experimentally,
and using 1" = 10�3, n = 2⇥ 1020 cm�3. The agreement between
theory and experiment is excellent. It is important to note, however,
that we used GaAs band parameters25 mh = 0.4m0, where m0
is the free electron mass, g ⇤ = 1.2 and C = 2.1 eVÅ. Although
the corresponding parameters for (Ga,Mn)As are not known, the
use of GaAs parameters seems reasonable. We note, for example,

that GaAs parameters adequately described tunnelling anisotropic
magnetoresistance in recent experiments26.

Finally, we demonstrate that the current-induced effective spin–
orbit field H so is sufficient to reversibly manipulate the direction
of magnetization. Figure 4a shows the 'H dependence of Rxy for
sample A, showing the [010] ! [1̄00] magnetization switching. If
we fixH = 6mT at 'H = 72�, Rxy forms a hysteresis loop as current
is swept between ±1mA. Rxy is changing between ±5�, indicating
that M is switching between the [010] and [1̄00] directions. Short
(100ms) 1mA current pulses of alternating polarity are sufficient to
permanently rotate the direction of magnetization. The device thus
performs as a non-volatile memory cell, with two states encoded in
the magnetization direction, the direction being controlled by the
unpolarized current passing through the device. The device can be
potentially operated as a four-state memory cell if both the [110]
and [1̄10] directions can be used to inject current. We find that
we can reversibly switch the magnetization with currents as low as
0.5mA (current densities 7⇥ 105 A cm�2), an order of magnitude
smaller than by polarized current injection in ferromagnetic
metals1–3, and just a few times larger than by externally polarized
current injection in ferromagnetic semiconductors4.

Methods
The (Ga,Mn)As wafers were grown by molecular beam epitaxy at 265 �C and
subsequently annealed at 280 �C for 1 h in nitrogen atmosphere. Sample A
was fabricated from a 15-nm-thick epilayer with 6% Mn, and sample B from a
10-nm-thick epilayer with 7%Mn. Both wafers have a Curie temperature Tc ⇡80K.
The devices were patterned into 6- and 10-µm-diameter circular islands to decrease
domain pinning. Cr/Zn/Au (5 nm/10 nm/300 nm) ohmic contacts were thermally
evaporated. All measurements were carried out in a variable-temperature cryostat
at T = 40K for sample A and at 25K for sample B, well below the temperature of
(Ga,Mn)As-specific cubic-to-uniaxial magnetic anisotropy transitions27, which has
been measured to be 60 and 50K for the two wafers. The temperature rise for the
largest currents used in the reported experiments wasmeasured to be<3K.

Transverse anisotropic magnetoresistance Rxy =Vy/Ix is measured using
the four-probe technique, which ensures that possible interfacial resistances, for
example, those related to the antiferromagnetic ordering in the Cr wetting layer28,
do not contribute to the measured Rxy . The d.c. current Ix was applied either along
the [110] (contacts 4–8 in Fig. 1a) or along the [11̄0] (contacts 2–6) direction.
Transverse voltage was measured in the Hall configuration, for example, between
contacts 2–6 for Ixk[110]. To ensure uniformmagnetization of the island, magnetic
field was ramped to 0.5 T after adjusting the current at the beginning of each field
rotation scan. We monitor Vx between different contact sets (for example, 1–7, 4–6
and 3–5) to confirm the uniformity ofmagnetizationwithin the island.

To determine the direction of magnetization M, we use the dependence of
Rxy on magnetization29:

Rxy = 1⇢ sin'Mcos'M

where 1⇢ = ⇢k �⇢?, ⇢k < ⇢? are the resistivities for magnetization oriented
parallel and perpendicular to the current, and 'M = \MI is an angle between
magnetization and current. In a circular sample, the current distribution is
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Writing by spin-orbit torque in antiferromagnets
Inverse spin galvanic (Edelstein) effect

Zhang et al. Nature Phys. 2014 
Zelezny, et al. PRL2014

“Hidden” spin polarization



Switching an antiferromagnet

All we have to do is find a system where the local spin accumulation 
matches the spin sub-lattices 
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CuMnAs material system
• Grown using molecular beam epitaxy on 

GaAs and GaP substrates
• Tetragonal Cu2Sb structure
• Single crystal growth
• Relaxed mosaic block structure on GaAs
• Strained and more coherent on GaP

Wadley, Campion, Gallagher, Jungwirth et al Nat. Commun. (13)  DOI: 10.1038/ncomms3322

Wadley, Campion, Jungwirth, Gallagher et al Sci. Rep. (5), 17079  (15)

Richard Campion – 9:30am Friday 



Writing the state
Jwrite ~ 107 A/cm2

CuMnAs (010)

CuMnAs (100)

Cu"

As"

Mn"
Mn"

a"
0  

1  

b"

1⟶0  

AMR9read"biaxial"AF"

0⟶1  

1  

0  

write"biaxial"AF"

“GMR”9read"uniaxial"AF"

1  0  
d" e"

AMR9read"uniaxial"AF"

c"

1⟶0  

write"uniaxial"AF"

0⟶1  



Cu"

As"

Mn"
Mn"

a"
0  

1  

b"

1⟶0  

AMR9read"biaxial"AF"

0⟶1  

1  

0  

write"biaxial"AF"

“GMR”9read"uniaxial"AF"

1  0  
d" e"

AMR9read"uniaxial"AF"

c"

1⟶0  

write"uniaxial"AF"

0⟶1  

Writing the state

Reading the state
Jread ~ 104 A/cm2

Jwrite ~ 107 A/cm2



0 5 10 15 20

0.36

0.39

0.42

0.45

 

 
R

xy
 (W

)

Scan number

 Set pulse along 12-6
 Set pulse along 3-10

December 2014 – Very first measurements

Wadley, Howells



+

-

R T

Jwrite

Jwrite

Jread

30	μm

[0
10

]

[100]

Electrical switching of antiferromagnetic CuMnAs

- Room-temperature
-- Switching current density ~106 A cm-2 comparable to FM STT-MRAM devices

150 μm

Wadley, Olejnik, Jungwirth et al. Science 2016  



AMR symmetry of the electrical read-out

transverse longitudinal

green line: probe current



Local inversion asymmetry & AF

Mn GaAs

!pcurr

LETTERS

PUBLISHED ONLINE: 2 AUGUST 2009 | DOI: 10.1038/NPHYS1362

Evidence for reversible control of magnetization in
a ferromagnetic material by means of spin–orbit
magnetic field
Alexandr Chernyshov1*, Mason Overby1*, Xinyu Liu2, Jacek K. Furdyna2, Yuli Lyanda-Geller1
and Leonid P. Rokhinson1†

The current state of information technology accentuates the
dichotomy between processing and storage of information,
with logical operations carried out by charge-based devices and
non-volatile memory based on magnetic materials. The main
obstacle for a wider use of magnetic materials for information
processing is the lack of efficient control of magnetization.
Reorientation of magnetic domains is conventionally carried
out by non-local external magnetic fields or by externally
polarized currents1–3. The efficiency of the latter approach
is enhanced in materials where ferromagnetism is carrier-
mediated4, because in such materials the control of carrier
polarization provides an alternative means for manipulating
the orientation of magnetic domains. In some crystalline
conductors, the charge current couples to the spins by
means of intrinsic spin–orbit interactions, thus generating
non-equilibrium electron spin polarization5–11 tunable by local
electric fields. Here, we show that magnetization can be
reversibly manipulated by the spin–orbit-induced polarization
of carrier spins generated by the injection of unpolarized
currents. Specifically, we demonstrate domain rotation and
hysteretic switching of magnetization between two orthogonal
easy axes in a model ferromagnetic semiconductor.

In crystalline materials with inversion asymmetry, intrinsic
spin–orbit interactions couple the electron spinwith itsmomentum
h̄k. The coupling is given by the Hamiltonian Hso = (h̄/2)�̂ ·�(k),
where h̄ is the reduced Planck constant and �̂ is the electron
spin operator (for holes �̂ should be replaced by the total angular
momentum J). Electron states with different spin projection signs
on �(k) are split in energy, analogous to the Zeeman splitting
in an external magnetic field. In zinc-blende crystals such as
GaAs there is a cubic Dresselhaus term12 �D / k3, whereas strain
introduces a term �" = C1"(kx ,�ky ,0) that is linear in k, where
1" is the difference between strain in the ẑ and x̂, ŷ directions13.
In wurtzite crystals or in multilayered materials with structural
inversion asymmetry, there also exists the Rashba term14 �R,
which has a different symmetry with respect to the direction of k,
�R =↵R(�ky ,kx ,0), where ẑ is along the axis of reduced symmetry.
In the presence of an electric field, the electrons acquire an average
momentum h̄1k(E), which leads to the generation of an electric
current j= ⇢̂�1E in the conductor, where ⇢̂ is the resistivity tensor.
This current defines the preferential axis for spin precession h�(j)i.
As a result, a non-equilibrium current-induced spin polarization
hJEikh�(j)i is generated, the magnitude of which hJ Ei depends
on the strength of various mechanisms of momentum scattering

1Department of Physics and Birck Nanotechnology Center, Purdue University, West Lafayette, Indiana 47907, USA, 2Department of Physics, University of
Notre Dame, Notre Dame, Indiana 46556, USA. *These authors contributed equally to this work. †e-mail: leonid@purdue.edu.
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Figure 1 | Layout of the device and symmetry of the spin–orbit fields.
a, Atomic force micrograph of sample A with eight non-magnetic metal
contacts. b, Diagram of device orientation with respect to crystallographic
axes, with easy and hard magnetization axes marked with blue dashed and
red dot–dash lines, respectively. Measured directions of Heff field are
shown for different current directions. c,d, Orientation of effective magnetic
field with respect to current direction for strain-induced (c) and Rashba (d)
spin–orbit interactions. The current-induced Oersted field under the
contacts has the same symmetry as the Rashba field.

and spin relaxation5,15. This spin polarization has been measured
in non-magnetic semiconductors using optical7–9,11,16 and electron
spin resonance17 techniques. It is convenient to parameterize hJEi
in terms of an effective magnetic field Hso. Different contributions
to Hso have different current dependencies (/ j or j3), as well
as different symmetries with respect to the direction of j, as
schematically shown in Fig. 1c,d, enabling one to distinguish
between spin polarizations in different fields.

To investigate interactions between the spin–orbit-generated
magnetic field and magnetic domains, we have chosen (Ga,Mn)As,
a p-type ferromagnetic semiconductor18,19 with zinc-blende crys-
talline structure similar to GaAs. Ferromagnetic interactions in this
material are carrier-mediated20,21. The total angular momentum of
the holes J couples to the magnetic moment F of Mn ions by means
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Figure 3 | Determination of current-induced effective spin–orbit magnetic field. a,b, Difference in switching angles for opposite current directions 1'(i)
H

as a function of I for sample A for different external fields H for orthogonal current directions. c, The measured effective field Heff =Hso ±HOe as a function
of average current density hji for sample A (triangles) and sample B (diamonds). d, Schematic diagram of the different angles involved in determining Heff:
'H is the angle between current I and external magnetic field H; 1'H is the angle between total fields H+Heff(+I) and H+Heff(�I) and ✓ is the angle
between I and Heff(+I).
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Figure 4 | Current-induced reversible magnetization switching. a, 'H

dependence of Rxy near the [010] ! [̄100] magnetization switching for
I= ±0.7 mA in sample A for Ik[11̄0]. b, Rxy shows hysteresis as a function
of current for a fixed field H= 6 mT applied at 'H = 72�. c, Magnetization
switches between the [010] and [̄100] directions when alternating ±1.0 mA
current pulses are applied. The pulses have 100 ms duration and are shown
schematically above the data curve. Rxy is measured with I= 10 µA.

experiment. As for the magnitude of H so, for three-dimensional
J = 3/2 holes we obtain

Hso(E)= eC1"

g ⇤µB

(�38nh⌧h +18nl⌧l)
217(nh +nl)

· (Ex ,�Ey ,0)

where E is the electric field, g ⇤ is the Luttinger Landé factor for
holes, µB is the Bohr magneton and nh,l and ⌧h,l are densities and
lifetimes for the heavy (h) and light (l) holes. Detailed derivation of
H so is given in the Supplementary Information. Using this result, we
estimate dH so/dj = 0.6⇥10�9 T cm2 A�1 assuming nh =n�nl and
⌧h =mh/(e2⇢n), where ⇢ is the resistivity measured experimentally,
and using 1" = 10�3, n = 2⇥ 1020 cm�3. The agreement between
theory and experiment is excellent. It is important to note, however,
that we used GaAs band parameters25 mh = 0.4m0, where m0
is the free electron mass, g ⇤ = 1.2 and C = 2.1 eVÅ. Although
the corresponding parameters for (Ga,Mn)As are not known, the
use of GaAs parameters seems reasonable. We note, for example,

that GaAs parameters adequately described tunnelling anisotropic
magnetoresistance in recent experiments26.

Finally, we demonstrate that the current-induced effective spin–
orbit field H so is sufficient to reversibly manipulate the direction
of magnetization. Figure 4a shows the 'H dependence of Rxy for
sample A, showing the [010] ! [1̄00] magnetization switching. If
we fix H = 6mT at 'H = 72�, Rxy forms a hysteresis loop as current
is swept between ±1mA. Rxy is changing between ±5�, indicating
that M is switching between the [010] and [1̄00] directions. Short
(100ms) 1mA current pulses of alternating polarity are sufficient to
permanently rotate the direction of magnetization. The device thus
performs as a non-volatile memory cell, with two states encoded in
the magnetization direction, the direction being controlled by the
unpolarized current passing through the device. The device can be
potentially operated as a four-state memory cell if both the [110]
and [1̄10] directions can be used to inject current. We find that
we can reversibly switch the magnetization with currents as low as
0.5mA (current densities 7⇥ 105 A cm�2), an order of magnitude
smaller than by polarized current injection in ferromagnetic
metals1–3, and just a few times larger than by externally polarized
current injection in ferromagnetic semiconductors4.

Methods
The (Ga,Mn)As wafers were grown by molecular beam epitaxy at 265 �C and
subsequently annealed at 280 �C for 1 h in nitrogen atmosphere. Sample A
was fabricated from a 15-nm-thick epilayer with 6% Mn, and sample B from a
10-nm-thick epilayer with 7%Mn. Both wafers have a Curie temperature Tc ⇡80K.
The devices were patterned into 6- and 10-µm-diameter circular islands to decrease
domain pinning. Cr/Zn/Au (5 nm/10 nm/300 nm) ohmic contacts were thermally
evaporated. All measurements were carried out in a variable-temperature cryostat
at T = 40K for sample A and at 25K for sample B, well below the temperature of
(Ga,Mn)As-specific cubic-to-uniaxial magnetic anisotropy transitions27, which has
been measured to be 60 and 50K for the two wafers. The temperature rise for the
largest currents used in the reported experiments wasmeasured to be<3K.

Transverse anisotropic magnetoresistance Rxy =Vy/Ix is measured using
the four-probe technique, which ensures that possible interfacial resistances, for
example, those related to the antiferromagnetic ordering in the Cr wetting layer28,
do not contribute to the measured Rxy . The d.c. current Ix was applied either along
the [110] (contacts 4–8 in Fig. 1a) or along the [11̄0] (contacts 2–6) direction.
Transverse voltage was measured in the Hall configuration, for example, between
contacts 2–6 for Ixk[110]. To ensure uniformmagnetization of the island, magnetic
field was ramped to 0.5 T after adjusting the current at the beginning of each field
rotation scan. We monitor Vx between different contact sets (for example, 1–7, 4–6
and 3–5) to confirm the uniformity ofmagnetizationwithin the island.

To determine the direction of magnetization M, we use the dependence of
Rxy on magnetization29:

Rxy = 1⇢ sin'Mcos'M

where 1⇢ = ⇢k �⇢?, ⇢k < ⇢? are the resistivities for magnetization oriented
parallel and perpendicular to the current, and 'M = \MI is an angle between
magnetization and current. In a circular sample, the current distribution is
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500nm x 500nm regions:
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Optical detection of the spin axis (Poster T5)

Saidl, Nemec, PW et arxiv 16
Switching using 250ps pulses (Olejnik, Schuler, Marti et al - ETH)

Marti, Olejnik, Schuler , et al.Talks by X. Marti and J. Wunderlich Thursday



• Incredible tool to study the domain 
behaviour and dynamics of 
antiferromagnets

• Switching with 250ps pulses achieved 
with very little optimisation

• Multi-level memory cell demonstrated
• Picosecond switching expected for 

coherent reorientation and domain 
wall motion

• Optical reading of the Neel vector 
demonstrated (Saidl, Nemec, PW et 
al)

• Insensitive to external fields

Outlook

1 µm
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