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Abstract 
The possibility of using the magneto-optical Kerr effect in thin magnetostrictive films to study the 
piezoelectric characteristics of ferroelectrics is demonstrated experimentally and theoretically. A 011 
PMN-PT ferroelectric crystal with an N*(TbCo2/FeCo) magnetostrictive nanostructure deposited on its 
surface is the object of study. 
 
INTRODUCTION 
Numerous studies of the effect deformation has on the physical properties of materials and structures 
have in recent years created a promising line of solid-state electronics referred to generically as 
straintronics[1].  Artificial multiferroics composed of elastically attached (strain-mediated) 
magnetostrictive and piezoelectric components are a striking example of using the straintronics concept 
to create materials with new properties. These materials are characterized by strong magnetoelectric 
coupling, which is of consider-able interest for different technical applications. Magnetoelectric 
memory with random access (MEL-RAM) and ultralow energy consumption is one intensely studied 
application [2, 3]. The basis for elements of this memory is heterostructures that contain 
magnetostrictive films or nanoparticles with bi- or multistable magnetic systems, deposited on 
ferroelectric substrates. A key role in the emergence of magnetoelectric interaction in these 
heterostructures is played by the anisotropic piezoelectric effect in a ferroelectric, which creates 
deformation in a magnetic film; the symmetry of the former allows the switching of magnetization 
between different stable states [4]. To study the piezoelectric effect experimentally, research-ers 
generally employ either resistive transducers, glued to the samples of interest, or ultrasonic and 
resonance acoustic means. These approaches are difficult to use with samples that are small or have 
complex topologies, which are of interest for straintronic applications. In this work, the principle of the 
local study of piezo-electric deformations is demonstrated using the mag neto-optic Kerr effect (MOKE) 
in a magnetostrictive film deposited on the surface of a ferroelectric. 
 
PRINCIPLE AND RESULTS OF MAGNETO-OPTICAL MEASUREMENTS OF 
PIEZODEFORMATION 
 

A 300-μm-thick PMN-PT ferroelectric crystal with a 011 cut and an electrode deposited on its bot-
tom surface was our object of study for piezodeformations. A 20*(TbCo25nm/FeCo5nm) nanostructured 
magnetostrictive film acting as both a sensor and a top electrode was deposited onto the top surface of 
the crystal via cathode sputtering in a magnetic field [4, 5]. Uniaxial magnetic anisotropy with an axis 
of easy magnetization oriented at an angle of 45° to the 100 PMN-PT crystallographic axis was induced 
in the film by selecting the direction of the magnetic field during sputtering. The structure was placed 
into magnetic field , which was perpendicular to the axis of easy magnetization (EA), as is shown in 
the schematic in Fig. 1. The structural geometry was similar to the one used in [3, 4] to demonstrate the 
magnetoelectric recording of information by a pulsed electric field. 

The energy density of the magnetic subsystem as a function of angle ϕ of the orientation of 
magnetization vector  had the form :  

            (1) 
 



where B is the constant of magnetostriction; HA is the strength of the anisotropy field; and uij is the 
tensor of piezo-deformation created in the film by the piezo substrate when electric voltage is applied 
to the electrodes. The magnetic system becomes bistable when magnetizing the film with magnetic field 
H < HA. This is used for the binary recording of information with pulses of the electric field applied to 
the substrate. Under the strength of a magnetizing field that exceeds that of anisotropy field H > HA, the 
magnetic system changes to the saturation state with magnetization directed along . Deformation of 
the film is accompanied by the magnetization deviating from the direction of the field. We then observe 
a certain relationship between the deformation and the normalized projection of magnetization on the 
easy axis: mξ = Mξ/M. Thus, 

        (2) 
where	 h	 =	 H/HA.	 The	 projection	 of	 magnetization	 can	 be	 registered	 without	 contact	 using	 a	
meridional	MOKE,	where	light	propagates	in	a	plane	parallel	to	the	easy	axis.	To	use	relation	(2)	
in	calculating	the	deformation,	the	MOKE	signal	must	be	normalized	to	the	magneto-	optical	signal	
measured	 when	 magnetizing	 the	 film	 to	 saturation	 along	 the	 axis	 of	 anisotropy.	 Due	 to	 the	
thinness	the	film	compared	to	the	thick-	ness	of	the	crystal,	an	anisotropic	deformation	measured	
in	this	manner	does	not	differ	from	the	proper	piezo-deformation	of	a	ferroelectric.		
The	sensitivity	of	the	magneto-optical	approach	to	registration	increases	near	the	point	of	spin	
reorientation	H	→ HA.	Figure	2	 illustrates	 the	 increase	 in	a	MOKE	signal	generated	by	a	weak	
alternating	electric	voltage	at	H	→ HA	=	1.4	kOe.	 Results	from	magneto-optical	measurements	of	
the	dependence	of	magnetization	projection	mξ	(U)	onto	the	easy	axis	on	electric	voltage	U	applied	
to	a	sample	are	given	in	Fig.	3a.	The	sensitivity	of	the	MOKE	signal	to	the	electric	field	grows	as	
the	 magnetizing	 field	 approaches	 the	 field	 of	 anisotropy.	 Figure	 3b	 shows	 the	 result	 from	
recalculating	dependences	mξ	 (U)	 to	 the	dependence	of	 anisotropic	deformation	uxx	− uyy	on	
voltage	U	using	the	known	parameters	of	the	magnetic	film:	M=800	G	and	B=10MPa.	 
Our	data	demonstrate	the	hysteresis	behavior	of	an	anisotropic	piezoelectric	effect	with	a	coercive	
force	of	around	17	kV/m	in	relatively	weak	applied	fields	Emax	=	0.1	MV/m.	The	full	range	of	the	
change	 in	 deformation	 agrees	with	 the	 data	 of	 [6],	 obtained	 for	 PMN-PT	 á011ñ	 crystals	 using	
resistive	strain-gauge	transducers.	At	the	same	time,	the	coercivity	of	the	sample	we	studied	was	
appreciably	 lower	 in	weak	fields.	 Individual	cycles	of	 the	hysteresis	 loops	presented	 in	Fig.	3b	
correspond	to	anisotropic	piezoelectric	moduli	d31–d32	=	6	×	10−9	C/N,	which	corresponds	in	
order	of	magnitude	to	the	value	obtained	in	[7]	by	ultrasound	means.	The	structural	sensitivity	of	
the	 crystal	 parameters	 and	 their	 considerable	 dependence	 on	 specific	 conditions	 of	
prepolarization	 for	 individual	 PMN-PT	 samples	 could	be	 the	 reason	 for	 observed	quantitative	
differences.		
	
CONCLUSIONS	 
The	 sputtering	 of	 intermetallic	 magnetostrictive	 nanostructures	 imposes	 no	 specific	
requirements	 on	 the	 materials	 of	 a	 substrate.	 The	 straintronic	 magneto-	 optical	 study	 of	
deformations	described	in	this	work	is	thus	suitable	for	a	wide	range	of	piezoelectric	sub-	stances.	
Modern	 lithography	 can	 deposit	 strain-sensitive	 magneto-optical	 films	 onto	 topologically	
complex	 structures	 and	 elements	 of	 devices.	 Films	 used	 as	 elements	 for	 the	 local	 control	 of	
deformations	can	in	this	case	also	act	as	metallic	electrodes.	Finally,	the	range	of	applicability	of	
the	magneto-optical	study	of	deformation	is	not	restricted	to	piezoelectric	materials,	and	can	be	
used	in	different	fields	of	materials	science.	Use	of	the	MOKE	for	visualizing	elastic	stresses	in	non-	
magnetic	metals	was	described	independently	in	[8].	 
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Figures 

	
Fig.	1.	Geometry	of	the	experiment	for	our	magneto-opti-	cal	study	of	anisotropic	piezoelectric	deformations	in	a	PMN-
PT	crystal.	Easy	magnetization	axis	ЕА	is	oriented	at	an	angle	of	45° to	the	á100ñ	PMN-PT	crystallographic	axis.	 

 

Fig.	2.	Dependence	of	the	amplitude	of	a	magneto-optical	signal	on	the	magnetic	field	strength.	The	signal	is	induced	
by	alternating	electric	voltage	applied	to	a	PMN-PT	crystal.		

	



 

Fig.	3.	(a)	Measured	with	the	MOKE	dependence	of	the	normalized	projection	of	a	magnetic	moment	on	easy	axis	ЕА	on	
the	electric	voltage	at	different	strengths	of	a	trans-	verse	magnetizing	field;	(b)	anisotropic	piezoelectric	deformations,	
calculated	using	relation	(2)	with	the	data	from	magneto-optical	measurements	(a).	 

 


