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The context of this project is the storage of digital information. Magnetic coding of information, e.g. in
hard-disks, has so far relied on bistable ferromagnetic (FM) states, “north”/”south” sub-micronic magnetic
grains coding for “0” and “1” bits . They are easy to manipulate with magnetic fields, but are also for the same
reason unfortunately sensitive to stray fields, stemming for instance from bit-to-bit interactions. To bypass
these issues, there is now a keen interest in using antiferromagnets (AF) for the magnetic coding of
information [1]. These materials are composed of two magnetic sublattices of opposite magnetizations M1
=-M2. The idea is to encode data (“0” and “1” states”) onto two orthogonal directions of the Néel vector L = M1
- M2. The total zero magnetization conveniently renders AFs pretty insensitive to magnetic fields, but also
makes them difficult to manipulate. We are thus implementing a novel strategy, relying on magnetostriction:
the coupling of strain and magnetic moments. We use the dynamic strain provided by GHz surface acoustic
waves (SAWSs), i. e. propagating coherent phonons [2]. The main objective is to gauge the possibilities SAWs
offer as opposed to the traditional excitation of AF dynamics with radio-frequency (RF) fields, in terms of
coupling efficiency, frequency, tunability, or zoology of excited modes. In the longer term this scheme would
limit Joule dissipation (and associated spurious temperature-gradient related effects) as strain will be excited
by electrical fields, and allow alternative AF data storage design using focusing, interference, wave-front
shaping and waveguiding effects, or remote accessing of bits, thanks to the weak attenuation of SAWs.

The interaction of electrically excited SAWSs with magnetization excitations (magnons) has been evidenced in
several ferromagnetic materials, including magnetic semiconductors, on which we have shown that SAWSs can
drive the ferromagnetic resonance, and achieve magnetization switching [3,4,5]. Controlling antiferromagnets
with strain has instead been very little explored, although their magnetoelasticity is well documented [5].
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SAW-driving of AF dynamics, and the resulting possible manipulation of AF static states will be explored on
two very different well-chosen systems, both bypassing in a different way the main bottleneck of addressing
collinear antiferromagnets: their near-total lack of macroscopic stray field and magnetization. One is a
ferrimagnet (Gd1-xCox) which can behave dynamically as an antiferromagnet but maintains a detectable
magnetization, and the other is a particular antiferromagnet, FeRh, transitioning via strain to a FM phase at
TAF-FM around room temperature.

Spin-phonon coupling in GdCo: For selected compositions ferrimagnetic GdCo alloys exhibit two
characteristic temperatures. At Tm the magnetizations of the two antiferromagnetically coupled sublattices
are equal and opposite, giving zero net magnetization. At Ta, the spin densities of the two sublattices are
equal and opposite, giving an AF-like dynamical behavior, but the total magnetization remains finite [7]. We
will study the interaction of SAWs with the magnetic sublattices, varying continuously from an FM-like
dynamic behavior to an AF-like behavior with temperature, and establishing the optimal conditions for a
resonant excitation of the dynamics. We will compare our results with the dynamics obtained by inductive
excitation to assess the benefits of SAW excitation.

Towards L vector switching in FeRh: The robustness of AFs to external magnetic fields also makes it very
difficult to switch between two AF states. In FeRh, similarly to heat assisted magnetic recording, one can
bring the system in the FM phase, switch the magnetization, which leads to a L-vector switching by 90° after
relaxation to the AF state. So far, the most significant results concerning L-switching in FeRh [8,9] were
obtained by temperature cycling under large fields (0.3-9T) . Relying on the equivalence of stress and
temperature for this magneto-structural transition we will investigate how a local and transient AF-FM
transition can be triggered by SAWSs.

Samples are already available from our collaborators and the experimental setup has been upgraded to
enable operation at several GHz.

The PhD student will be trained to master a broad range of experimental techniques from typical
magnetization characterization tools to magneto-optics, clean-room techniques, radio-frequency electronics,
cryogenics, but also micromagnetic analytical modelling and computer simulations.

The applicant should have a good background in solid state physics, an interest for magnetism and a clear
enthousiasm for experimental research.
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	Text2: SAW-driving of  AF dynamics, and the resulting possible manipulation of AF static states will be explored on two very different well-chosen systems, both bypassing in a different way the main bottleneck of addressing collinear antiferromagnets: their near-total lack of macroscopic stray field and magnetization. One is a ferrimagnet (Gd1-xCox) which can behave dynamically as an antiferromagnet but maintains a detectable magnetization, and the other is a particular antiferromagnet, FeRh, transitioning via strain to a FM phase at TAF-FM around room temperature. 
Spin-phonon coupling in GdCo: For selected compositions ferrimagnetic GdCo alloys exhibit two characteristic temperatures. At Tm  the magnetizations of the two antiferromagnetically coupled sublattices are equal and opposite, giving zero net magnetization. At Ta, the spin densities of the two sublattices are equal and opposite, giving an AF-like dynamical behavior, but the total magnetization remains finite [7]. We will study the interaction of SAWs with the magnetic sublattices, varying continuously from an FM-like dynamic behavior to an AF-like behavior with temperature, and establishing the optimal conditions for a resonant excitation of the dynamics. We will compare our results with the dynamics obtained by inductive excitation to assess the benefits of SAW excitation.
Towards L vector switching in FeRh: The robustness of AFs to external magnetic fields also makes it very difficult to switch between two AF states. In FeRh, similarly to heat assisted magnetic recording, one can bring the system in the FM phase, switch the magnetization, which leads to a L-vector switching by 90° after relaxation to the AF state. So far, the most significant results concerning L-switching in FeRh [8,9] were obtained by temperature cycling under large fields (0.3-9T) . Relying on the equivalence of stress and temperature for this magneto-structural transition we will investigate how a local and transient AF-FM transition can be triggered by SAWs.
Samples are already available from our collaborators and the experimental setup has been upgraded to enable operation at several GHz.
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