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In view of the increasing requirements on energy
saving, as well as the necessity to cool the growing
number of on-chip components, the alternative cool-
ing principles not associated with the traditional re-
frigerants become more and more actual. The most
promising are the solid-state cooling devices, among
which are widely used systems based on the Peltier ef-
fect. However, due to the low refrigerating factor of
these systems, methods of cooling based on the caloric
effects [1, 2] seem more perspective.

Caloric effects describe the change of temperature
or the thermodynamic entropy of the system by the ap-
plication (or removal) of an external force. If this exter-
nal force is the electric field there is the electrocaloric
effect (ECE), if the magnetic – the magnetocaloric ef-
fect. In the case of the elastic stress application it is
the piezocaloric effect. Such an effects are more inten-
sive near the phase transition points, where the inter-
nal parameters of the system as the polarization, the
magnetization and the deformation are strongly depen-
dent on the temperature. In literature we were able
to find consideration of the impact of various exter-
nal fields on the temperature independently from each
other. At the same time, extremely promising and at-
tracting the attention type of materials are multifer-
roics [3], in which there are at least two of the three
possible interactions between these fields. In particu-
lar, for multiferroics-ferromagnetics the main feature
is the relationship between the electric and magnetic
fields (magnetoelectric effect) that allows to control the
electric field using the magnetic and vice versa. It is
offered to use this physical feature in order to create a
fundamentally new solid-state cooler.

We have investigated the temperature dependence
of the multiferroic sample subjected to a periodic elec-
trical, magnetic and elastic fields (the heat exchange
with the environment is taken into account). It is pos-
sible to increase the sample temperature by controlling
of the electric field employing the magnetic field. The
change of the temperature during one cycle is propor-
tional to the magnetoelectric coefficient. As a conse-
quence, for a large number of applied cycles the re-
sulting temperature change may reach value in 5-10
times higher than in the case of the only electric field
presence. Such a result is very promising for practi-
cal realization of a high-performance solid-state cooler
devices.

Numerical calculations performed in [4] on the basis
of simplified model demonstrate a significant increas-
ing in the electrocaloric effect employing the modula-
tion of the electric field by an elastic force. It is obvious

that the additional opportunity for influence the elec-
tric field by magnetic field result in more effective ECE
reinforcement. A simple case of periodic changes in the
electric and magnetic fields has to be considered:

E = E0 sin(wt), H = H0 sin(wt+ ϕ), (1)

where E0, H0 are the amplitudes, ω is the frequency,
ϕ is the phase shift. The time dependence of the sam-
ple temperature is shown in Fig.1. One can see that
the difference between initial and steady-state temper-
atures depends strongly on the phase shift.

We have proposed an approach for reinforcement of
the ECE in order to refine the cooling parameters of
refrigerator, which is designed on multiferroics. This
work has presented basic physical ideas how to im-
prove the solid-state cooler parameters. These ideas
are supported by calculations, thereby making them
vital. Our study may provide a theoretical basis and
physical insights for the further refinement of solid-
state cooler characteristics.
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Fig.1. The time dependence of the sample
temperature in response to periodic oscillations of the
applied electric and magnetic fields with a relative
phase shift of (a) φ = −π/2, (b) φ = −π/6 and (c)

φ = −π/8.


