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Ferroics

• Ferroics: Ferroic materials display long-range 
order with respect to at least one macroscopic 
property, and they develop domains that can 
be switched by a conjugate field.



Different Ferroics

• Ferroelectric: possess a spontaneous polarization that is stable and 
can be switched hysteretically by an applied electric field.


• Ferromagnetic: possess a spontaneous magnetization that is stable 
and can be switched hysteretically by an applied magnetic field.


• Ferroelastic: display a spontaneous deformation that is stable and 
can be switched hysteretically by an applied stress.
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Multiferroics

• Multiferriocs refereed to materials 
with a coexistence of two or more 
primary ferroic orders.


• Multiferrioics can be of two types: 
Type-I: magnetic and ferroelectric 
order occur independently). 
Type-II: magnetic and ferroelectric 
order emerge jointly.



Simple explanation of multiferroics
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Magnetoelectric

• Magnetoelectric: Materials in which a magnetic 
(electric) field induces a proportional polarization 
(magnetization) were referred to as linear 
Magnetoelectrics.



Mangnetoelectric effect in multiferroic YMnO3 nanoparticles
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Altermagnetism
• Ferromagnet: Time reversal symmetry 

is broken. Have two spin split bands. 
Kramers degeneracy is lifted.


• Antiferromagnet: Time reversal is 
preserved. Don’t have spin split 
bands. The two spin sub-lattices are 
connected by translational or inversion 
symmetry.


• Altermagnets: Net magnetization is  
zero as in antiferromagnets but two 
subalattices are joined by rotation 
symmetry.
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The crystal structure of BaCuF4
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