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This article is devoted to the study of the magnetoelectric element based on magnetostrictive-

piezoelectric laminate for use in energy harvesting devices. Magnetoelectric element works on the 
magnetoelectric effect which exhibits itself as inducing the electric field across the structure in an ap-
plied ac magnetic field and arises as a product property of magnetostriction in magnetic layer and pi-
ezoelectricity in piezoelectric layer. Possible applications of energy harvesting devices are in monitor-
ing the human security, wireless sensor networks, telemetry, and others. Obtained results showed that 
one ME element can be used as an energy source.The layered ME structure based on the PZT plate 
had dimensions of 40x10x0.38 mm, and double-sided electrodes, which were fabricated from three 
layers Metglas and corresponded in size PZT plate. It was investigated element with dimensions 
40x10x0.5mm, and the composition of the PZT-Metglas. Low frequency magnetoelectric coefficient 
was 1,24 V/(cm⋅Oe) at an output current of 2.6 microamp, on the resonant frequency of 41 kHz mag-
netoelectric coefficient was 1,32 V/(cm⋅Oe) at an output current 205 microamps.  

 

Introduction 
The rapid development of modern civilization ac-

celerates the process of mastering the new not covered 
by the technical progress of spaces. Development of 
electric networks such the already familiar for us 
would not be well-founded for any place. In some 
places there is the inaccessibility of the energy system, 
in others there is the need for an independent power 
supply for devices, thirdly this is a definite economic 
benefit from application of energy harvesting system. 
On practice a variety of devices converting the energy 
of vibrations, wind, light, temperature gradient and 
heat into electrical one are used as independent power 
supply devices or devices collecting the energy. Con-
struction of such devices can use piezoelectric, induc-
tive, photovoltaic, thermoelectric, electrostatic, dielec-
tric, and other elements. Possible applications of ener-
gy harvesting ideas are in the field of structural and 
industrial monitoring human health, the cells of wire-
less sensor networks, telemetry, and others. This will 
ensure the new developments in the field of energy 
storage (supercapacitors, batteries, fuel cells, microbi-
al cells, and others.), new technologies in the collec-
tion of energy, energy-efficient electronics for the 
collection and distribution of energy, bioenergetics. 
New development of magnetoelectric (ME) materials 
allows to design the new energy sources, which will 

be effective enough for the energy product [1]. ME 
materials are an effective means to collect energy [2]-
[5]. The layered magnetostrictive-piezoelectric mate-
rials are suitable for installation in a variety system of 
self-contained or mobile destination. Despite the in-
significant level of power generated by one element, 
this may be enough to provide by power supply, for 
example, the sensor circuit or the microprocessor. 

This paper is devoted to the study of the properties 
of one ME element of small size for the better under-
standing of how it can be used in more complex de-
vices such as, for example, generators or energy har-
vesters, each of which can contain up to several thou-
sand of simple ME elements. The study of the energy 
characteristics of ME elements will allow to predict 
the probable level of received energy, to develop the 
design of complex devices for collection of energy, to 
identify the most effective modes and to understand 
the ways of further improvement of ME elements for 
energy harvesting. 

ME element 
ME element can be manufactured for example of 

magnetostrictive and piezoelectric layers [6]. Layered 
structure based on piezoceramic PZT plate in this case 
had 0.38 mm of thickness, 40 mm of length and 10 
mm of wide, Fig 1. Piezoelectric was polarized in the 
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thickness direction. The electrodes are applied on two 
sides of the piezoelectric plate. The electrodes are 
made from three layers of Metglas and correspond in 
size the PZT plate. Thickness of one layer of Metglas 
was of 0.02 mm. Joint of layered design was done by 
gluing. Various types of adhesives including epoxy 
glue can be used. The electrical signal is taken from 
the surface of Metglas plates. In general case, several 
ME elements instead of one can be used to increase 
the output voltage. 

 

 
Fig.1. ME element. 

Measuring stand 
Fig. 2 shows the measuring stand for measuring 

the ME coefficient and AC current. The measuring 
stand included generator HMF2550, oscilloscope 
HMO722, gauss meter DX-180, multimeter HM8112-
3, solenoid, permanent magnet and ME element. 
Measurement of the amplitude-frequency characteris-
tics were carried out by the oscilloscope, the generated 
voltage and current by the multimeter. 

The gaussmeter allows to measure the values of 
AC and DC magnetic fields. AC is supplied from the 
generator to the solenoid and creates AC magnetic 
field which acts on ME element. Via ME effect the 
alternating electric potential and current in ME ele-
ment were initiated and then it was observed by the 
oscilloscope and multimeter. Bias magnetic field was 
applied to ME element for correct work. 

 

 
 
 
 
 
 
 
 
 
 

Fig.2. Measuring stand. 

ME element’s characteristics 
Fig. 3 shows the characteristics of ME coefficient 

for ME element depending on the frequency at bias 
magnetic field of 50 Oe. The optimum mode of opera-
tion in which ME coefficient reaches a maximum of 
1.24 V/(cm⋅Oe) is of 50 Hz at the low frequency and 
1.84 V/(cm⋅Oe) of 41 kHz at the resonance. 

 
Fig.3. Frequency dependence of ME coefficient. 

Fig. 4 shows the characteristic of the ME element, 
depending on the applied DC magnetic field at a fre-
quency of 50 Hz and amplitude of the AC magnetic 
field of 1 Oe. It should be noted that the ME coeffi-
cient strongly depends on the DC magnetic field and 
at optimal value of 65 Oe the ME coefficient reaches 
of 1.32 V/(cm⋅Oe). 

 
Fig.4. DC magnetic field dependence of ME coefficient. 

Fig. 5 presents the frequency dependence of ME 
element output current in the frequency range up to 
50kHz. When DC magnetic field is of 65 Oe and an 
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AC magnetic field is of 20 Oe at frequency of 50 Hz 
the current reaches a value of 2.6 microamps, at a 
resonance frequency of 41 kHz it reaches of 205 mi-
croamps. 

 
Fig.5. Frequency dependence of ME element  

output current. 

The output power value is defined as the product 
of voltage and current. Fig. 6 shows the dependence of 
the output power in the resonance region. Maximum 
power for magnetizing field 65 Oe and an alternating 
magnetic field of 20 Oe was at the resonance frequen-
cy of 0.37 mW. At the same time in the low-frequency 
output power was of 0.18 microW. Fig. 7 shows the 
characteristic of ME element output current at the 
resonance frequency of 41 kHz and a magnetizing 
field of 65 Oe in the alternating magnetic field range 
from 0 to 20 Oe. 

 

 
Fig.6. Characteristic of ME element output power  

in the resonance range. 

 
Fig.7. Dependence of ME element output current on AC 

magnetic field. 

Thus, the experiments have conclusively proved 
the possibility of using the ME element as a device for 
collecting energy of non- power-consuming schemes. 
Using a resonant regime the ME element provides big 
output power. 

Theoretical approach 
The calculation of ME coefficient of the proposed 

layered structure can be carried out according to the 
following equation [2]: 
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where E3 and H1 are the intensities of the electric and 
magnetic fields, ps11 and ps12 are the compliance coef-
ficients of the piezoelectric material under constant 
electric field, ms11 and ms12 are  the compliance coeffi-
cients of the magnetic phase with permanent magnet 
field, pε33 is permittivity of piezoelectric material, pd31 
is the piezoelectric coefficient of the piezoelectric 
phase, mq11 and  mq21 are piezomagnetic coefficients of 
the magnetic phase, V is the volume fraction of piezo-
electric material, V=pV/(pV+mV), pV and mV are the 
volumes of piezoelectric and magnetic materials. 

The output voltage for ME element can be calcu-
lated by the known ME voltage coefficient of the ma-
terial, which is determined by experimentally or theo-
retically, if the magnitude of the alternating magnetic 
field is known: 

(2) U=αE,31⋅H1⋅d, 

where d is the thickness of ME element. 
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The power generated by ME element can be calcu-
lated by the formula: 

(3) P=U2/R  

where R is the internal resistance of ME element. 
The equivalent circuit of laminated ME element 

which proposed in this article, in the simplest case 
corresponds to the diagram of the piezoelectric reso-
nator shown in Fig. 8. Here C0 is the static capacitance 
of the ME element, Lr, Cr, Rr are the parameters of the 
equivalent circuit of the serial resonator. 
 
 
 
 
 
 
 

Fig.8. The equivalent circuit of ME element. 

According to the calculation method proposed in 
[7] the impedance, i.e. the active and reactive compo-
nents of the resistance can be written according to the 
equations: 
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where ω is the circular frequency. 

The calculations that were performed by the pre-
sented equations are in good agreement with the ex-
perimental data. 

Conclusion 
The energy harvesting devices remains the popular 

product in the energy market. In the present study the 
data obtained from a single ME element can be used 
as an energy source. 

ME element with dimensions 40x10x0,5 mm in the 
non-resonant mode generated the power of 
0.18 microW, in a resonant mode at a frequency of 
41 kHz output energy was of 0.37 mW. Such elements 
can later serve as a basis for the development of more 
powerful devices. 
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