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Imaging Current-Induced Switching of Antiferromagnetic Domains
in CuMnAs

Contributing teams: NOT, IOP
The magnetic order in antiferromagnetic materials is hard to control with external magnetic fields.
Using x-ray magnetic linear dichroism microscopy, we show in this work [1] that staggered effective
fields generated by electrical current can induce modification of the antiferromagnetic domain structure
in microdevices fabricated from a tetragonal CuMnAs thin film. A clear correlation between the
average domain orientation and the anisotropy of the electrical resistance is demonstrated, with both
showing reproducible switching in response to orthogonally applied current pulses. However, the
behavior is inhomogeneous at the submicron level, highlighting the complex nature of the switching
process in multidomain antiferromagnetic films (see Fig. 1).
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Current polarity-dependent manipulation of antiferromagnetic domains

Contributing teams: NOT, IOP
Antiferromagnets have several favourable properties as active elements in spintronic devices, including ultra-fast dynamics, zero stray fields and insensitivity to external magnetic fields. Tetragonal
CuMnAs is a testbed system in which the antiferromagnetic order parameter can be switched reversibly at ambient conditions using electrical currents. In previous experiments, orthogonal in-plane
current pulses were used to induce 90deg rotations of antiferromagnetic domains and demonstrate the
operation of all-electrical memory bits in a multi-terminal geometry. In this work [2] we demonstrate
that antiferromagnetic domain walls can be manipulated to realize stable and reproducible domain
changes using only two electrical contacts. This is achieved by using the polarity of the current to
switch the sign of the current-induced effective field acting on the antiferromagnetic sublattices. The
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FIG. 2. (a) XMLD-PEEM image, with 10 μm field of view,
taken over the central section of the device. The white region
marked “x” corresponds to a defect on the device surface.
(b) Difference between XMLD-PEEM images taken after apply2
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(c) Spatially averaged XMLD signal after each pulse train. Open
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Fig. 2 | Antiferromagnetic domain switching by current-induced domain-wall motion. a–d, XPEEM images (4!μm × 4!μm) of an antiferromagnetic domain
̄ axis (a,b) and E!||![100] axis (c,d), after applying current pulses (J)
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in the directions shown at the top of the figure. The red double-headed arrows indicate the local orientation Jof the staggered magnetization, as inferred
from the XPEEM images. The dashed red line in c and d marks the domain wall that is affected by the current pulse. The purple single- and double-headed
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Fig. 3 | Dependence on the direction of the current pulse. a, Illustration of the current pulse sequence. b, Expanded views of the 2!μm × 2!μm region
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Fig. 3 | Dependence on the direction of the current pulse. a, Illustration of the3current pulse sequence. b, Expanded views of the 2!μm × 2!μm region
marked by the orange square in Fig. 1c, after applying current pulses in the directions shown schematically in a. c, Difference between the two magnetic
domain images shown directly above in b. d, Expanded views of the 2!μm × 2!μm region marked by the green square in Fig. 1c, after applying current pulses
in the directions shown schematically in a. e, Difference between the two magnetic domain images shown directly above in d. The red lines in b and d mark
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Fig. 4 | Electrical detection of current-induced switching. a, Optical micrograph of the CuMnAs device, consisting of 8 arms of width 10!μm, and
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guides to the eye. c, Measured change in the transverse resistance (filled circles) and longitudinal resistance (open circles) versus the amplitude of the
current pulse. Error bars correspond to the standard error on the mean.
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Control of antiferromagnetic spin axis orientation in bilayer Fe/CuMnAs
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Figure 2. Rotation of the staggered AF moments due to exchange coupling, and anisotropic XMLD spectra. (a)

Experimental geometry for the XMLD measurements. (b) Fe L2,3 and (c) Mn L2,3 XMLD spectra, obtained as the
Figure 5: Rotation
of the antiferromagnetic moments in CuMnAs due to exchange coupling to Fe as
difference between absorption spectra measured with x-ray linear polarization vector along the [110] and [110]
directions
of the GaP substrate,
applied magnetic
revealed from the
anisotropic
XMLDwithspectra
[3]. field along [110] (thick lines) and along [110] (thin lines).
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The inset to (c) shows the magnitude of the Mn L3 XMLD peak as a function of temperature. (d) Fe L2,3 and (e)
Mn L2,3 anisotropic XMLD spectra, obtained from the difference between absorption spectra with parallel and
perpendicular configurations of the x-ray polarization and the 1000 Oe applied magnetic field, for fields along
〈110〉 (thin blue lines) and 〈100〉 (thick red lines) in-plane axes. The experimental XMLD spectra in (b–e) are
measured at temperature T = 250 K. (f) Calculated Mn L2,3 anisotropic XMLD spectra for tetragonal CuMnAs.
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