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Why strain for magnonics?
The magnetic field tunability is slow and needs significant power consumption. 
In contrast, the electrical tuning is potentially much faster and more relevant to energy-consumption-based applications.

→ Efficient spin-wave transport control by both the electric and magnetic field



S. Finizio Phys. 1 021001 Phys. Rev. Appl. 2014 

Why strain for magnonics?
→Magnetoelastic coupling evidence → an effective field modifies domain structure in nanostructures

Magnetic Anisotropy Engineering in Thin Film Ni Nanostructures by Magnetoelastic Coupling



Why strain for magnonics?
→Magnetoelastic coupling evidence → an effective field modifies magnetization dynamics

Magnetization dynamics Engineering by strain

Ferromagnetic resonance (FMR) : 

Excitation of magnetic moments at
their eigenfrequency
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Strain induces an effective field and a consequent SW dephasing



Origin of the effective field : magnetoelasticity



X. Liang Sensors 20(5): 1532 (2020). 

Origin of the effective field : magnetoelasticity

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7085797/
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Origin of the effective field : magnetoelasticity
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 = E e ,  E Young modulus

Origin of the effective field : magnetoelasticity



Origin of the effective field : magnetoelasticity

CiJ ~ 1011 Pa, Bi ~ 106 Pa (or J/m3)   

Zeeman

Shape

Magnetocristalline (ex. cubic)

Magnetoelastic

Elastic



Origin of the effective field : magnetoelasticity

Magnetostriction : ls ~ 10-5

Magnetostriction : strain calculated at equilibrium

Joule magnetostriction



Origin of the effective field : magnetoelasticity
Magnetoelastic energy term in a polycristallin material :

Order of magnitude : ls ~ 10-5, e ~ 10-4 , E ~1011 Pa → DEms ~102 J/m3

Coey, Magnetism and magnetic materials,  Cambridge

DE effect
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Coey, Magnetism and magnetic materials,  Cambridge
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Origin of the effective field : magnetoelasticity

DE effect :  = (E +DE (M,H)) e



Duquesne, Rovillain, Hepburn, Marangolo J. Phys. : Condens. Matter 394002 (2018)

Magnetization dynamics under static stress

Villari effect



Duquesne, Rovillain, Hepburn, Marangolo J. Phys. : Condens. Matter 394002 (2018)

Magnetization dynamics under static stress

Villari effect



Materials for efficient magnetoelastic coupling

X. Liang Sensors 20(5): 1532 (2020). 

Terfenol-D : TbxDy1−xFe2 (x ≈ 0.3),

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7085797/


Static stress for magnonics



Static stress for magnonics

Savodnikov et al. Phys. Rev. Lett. 120 257203 (2018)Static stress modifies SW propagation



Static stress for magnonics

Static stress modifies SW propagation and interference

Villari effect : 

1) Strain induces an effective field
2) Damped precession of the magnetization vector
around a new direction (few ns)
3) Eigenmodes are modified by strain

2022



Dynamical stress for magnonics :
Surface Acoustic Waves 







Dynamical stress for magnonics

SAW-SW resonance is possible



~ 5 – 10 GHz Resonanc
e

~ 10 – 20 µm-1
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Ferromagnetic resonance (FMR) : 

Excitation of magnetic moments at
their eigenfrequency

SAW

rfh
M

B

Surface Acoustic Wave (SAW)

FSAW = 500 MHz – 5 GHz
lSAW = 5 µm – 500 nm

x
z

→ Acoustic to manipulate the 
spin

lSAW

lSAW

Deformation at the surface

SAW-FMR

rf effective field is created by acoustics
→magnetization precession at the FMR frequency 

through magnetoeleastic coupling→ Coupling at the anti-crossing of the 
magnon and phonon dispersion curves 

Magnetoelastic coupling
coupling between magnetization and strain

Principe de la SAW-FMR
Dynamical stress for magnonics



Delsing et al. J. Phys. D: Appl. Phys.  52 353001 2019

Some exceptional features for actuators and sensing : 

(i) SAWs are confined close to the surface

(ii) Coherently excited and detected with microwave electronics

(iii) Stored in compact high-quality resonators

or guided in acoustic waveguides over millimeter distances

(iv) Properties engineered by choice of  material and 

heterostructure

(v) Integration in MEMS

SAW is a mature technology

Dynamical stress for magnonics

SAW devices are routinely integrated into compact electronic circuits and 
sensors :  filters, oscillators, transformers, etc. 



Dynamical stress for magnonics



Dynamical stress for magnonics



Interdigital Transducers (IDT) IDT induce SAW on a piezoelectric substrate



Dynamical stress for magnonics

C. Hepburn,  PhD thesis https://theses.hal.science/tel-02411563



nSAW = 119 / 357 / 595 / 833 MHz 

Electron Beam Lithography

IDT IDT

GaAs

Fe

Dynamical stress for magnonics

C. Hepburn,  PhD thesis https://theses.hal.science/tel-02411563

A magnetic thin film on the piezoelectric substrate



Dynamical stress for magnonics

exx and wxz are very
intense in the magnetic
thin film.



Dynamical stress for magnonics Acoustic ‘dispersion’



Dynamical stress for magnonics

SAW-SW resonance is possible. SAW frequencies are often too low



Dynamical stress for magnonics

A trick : B//magnetic hard axis

B// hard axis → Softening of SW 
frequenciesSAW



Dynamical stress for magnonics



Dynamical stress for magnonics : sensing

: SW generation

: non reciprocity



Dynamical stress for magnonics : sensing



SW Sensing
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Courtesy of P. Rovillain

SAW-SW coupling is efficient

dephasing



SAW Velocity change              SAW Attenuation SAW-SW matching

SW Sensing

Rovillain et al. Phys. Rev. Appl. 18 064043 2022  
SAW-SW coupling is directional



Very accurate SW sensing

Duquesne et al. Phys. Rev. Appl. 12 024042 2019 SAW-SW coupling is strongly directional



Very accurate sensing

Mazzamurro et al. Proceedings 2018, 2, 902



Very accurate sensing

Liang et al. Sensors 20 1532 (2020)



Dynamical stress for magnonics : SW generation



SW generation



SW generation

Wave-vector preserving spin-wave excitation by SAW



Dynamical stress for magnonics : Non reciprocity



Non reciprocal SAW propagation

Lord Raleigh (1873) : the presence of a vibration source,  the signal received by a receiver remains the same when source and
receiver are interchanged.

Under reciprocity, there is no way to tune transmission to two different levels in opposite directions. As a result, the creation 
of acoustic and elastic wave devices that exploit unidirectional transmission, such as acoustic diodes, is impossible in the 
presence of reciprocity.

→ SW-SAW Interaction
is non reciprocal!



Non reciprocal SAW propagation
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Under reciprocity, there is no way to tune transmission to two different levels in opposite directions. As a result, the creation 
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→ Strategy : Acoustic pipe under constant air flow : 
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Non reciprocal SAW propagation
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Non reciprocal SAW propagation

Attenuation



Non reciprocal SAW propagation

Velocity / Phase

L. Christienne, PhD thesis



SWOT analysis (SWOT  = strengths, weaknesses, opportunities, and threats)

strengths weaknesses

SAW mature technology Frequencies quite low (< 5 GHz)

Electrical tuning :faster and lower energy-
consumption

IDT Macrodevices

1 IDT for hundreds or thousands of SW 
guides

Need of magnetoelastic and piezoelectric
materials

opportunities threats

Integrate SAW and MEMS for logics Difficulties to excite SWs into waveguides

Thicker film for stronger ME coupling Many technological steps to get a device

Non linear SWA-SW interaction Difficulties to overcome 4-5 GHz

Non reciprocity for integrated
magnonic/phononic devices

Difficulties to excite SWs locally



Thank you


