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Outline

• Piezomagnetický jev

– mikroskopický původ jevu – linearní závislost magnetizace na strainu

– FEM model – využití výstupů mikroskopického modelu (SDFT)

• Elastokalorický jev

– mikroskopický původ jevu – uvolňování latentního tepla

– FEM model a nutné aproximace

• Shrnutí



Piezomagnetic effect in Mn3GaN - P. Lukashev et al., PRB (2008)

Canted triangular antiferromagnetic structure of Mn3XN

Ni, Pt, Ir, Ga, In, Sn
Mn
N

Endoh, Tetsuo; Honjo, Hiroaki. 2018. 

J. Low Power Electron. Appl. 8, no. 4: 44. 

https://doi.org/10.3390/jlpea8040044

Motivation



J. Zemen, Phys. Rev. B (2017)

Comsol model input:
Biaxial strain ~ 1% results in
Net magnetic field ~ 1 mT

Modeling of piezomagnetism from first principles (SDFT)
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Piezomagnetic effect in Mn3NiN on different substrates

Giant Piezomagnetism in Mn3NiN
David Boldrin, Andrei P. Mihai, Bin Zou, Jan Zemen, Ryan 
Thompson, Ecaterina Ware, Bogdan V. Neamtu, Luis 
Ghivelder, Bryan Esser, David W. McComb, Peter Petrov, 
and Lesley F. Cohen
ACS Applied Materials & Interfaces 2018
10 (22), 18863-18868
DOI: 10.1021/acsami.8b03112



Mn3NiN bar, 100 nm
MgO substrate, 200 nm
PZT stressor, 1000 nm

Device simulated in Comsol







Meshing







xz-cut-plane along bar yz-cut-plane perp-to bar

Strain profile



More realistic design with time dependence
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Solid state cooling



Temperature-strain phase diagram

J.Zemen, Phys. Rev. B, 2017



Elastocaloric cooling cycle – an alternative to magnetocaloric cooling
(Rare earth free, driven by a piezo-stressor)

Adiabatic straining: 
warming by 25 K

Heat
expelledHeat

absorbed

Adiabatic straining: 
cooling by 5 K

J.Zemen, Phys. Rev. B, 2017



S. Crossley, N. D. Mathur, and X. Moya, AIP Advances 5, 067153 (2015)

Comparison to other solid-state cooling mechanisms
(MagnetoCaloric, ElectroCaloric, mechanoCaloric)



Heat source releasing the latent heat
(instead of temperature dependent heat capacity)

QL ~ latent heat released or absorbed at phase transition



Stressor is activated locally (not along the whole bar as in previous case) 







Summary

• Piezomagnetický jev

– Magnetization control

– MRAM

• Elastokalorický jev

– Phase transition control

– Solid state cooling
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