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ABSTRACT 

Multiferroic materials represent novel class of materials where multiple types of ferroic 

order parameters can coexist in single phase. These materials have attracted ever increasing 

interest due to their potential applications in multifunctional devices. Magnetoelectric coupling 

(MEC) in these multiferroics adds a new functionality in the form of controlling the electric 

polarization by applying magnetic field and vice versa. The magnitude of magnetoelectric (ME) 

coefficient is usually small in single-phase multiferroics as they often exhibit only weak 

magnetization or ferroelectricity. Composite multiferroics exhibit higher MEC as it may arise not 

only by direct coupling between the two order parameters in one phase, but also indirectly via 

strain developed between two separate ferroelectric and magnetic phases.  

Bismuth ferrite (BiFeO3) is one of the most investigated multiferroic materials due to its 

exotic room temperature ME properties. The main problem in device application of bulk BiFeO3 

arises due its weak ferroelectric polarization which resists the charge storage capacity of 

material. Several synthesis modes have been attempted to improve electrical, magnetic and ME 

properties of BiFeO3. Although these all attempts have resulted into improved ferroelectric and 

magnetic properties but strong room temperature MEC was not attained. Barium titanate 

(BaTiO3) is one of the lead free ferroelectric materials which has been very well studied in 

composite form of BiFeO3 – BaTiO3 (BFO – BTO). Improved magnetic as well as ferroelectric 

properties have been obtained in bulk BFO – BTO composites but still the observation of strong 

MEC is a challenging issue. The primary aim of the thesis is to establish a strong room 

temperature MEC in BFO – BTO composite nanostructures and to identify the coupling 

mechanisms involved.  
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In this work, composite nanostructures of BiFeO3 with ferroelectric perovskite BaTiO3 

have been prepared in different morphologies/configurations, viz. composite nanoparticles, 

nanocomposite thin films, bilayer and trilayer thin film heterostructures. These nanostructures 

have been investigated for effect of composition and thickness on their ME properties. Bilayer 

and trilayer thin films have been additionally investigated for interface effects on ME properties.  

The composite nanoparticles were prepared by sol-gel method while RF- magnetron sputtering 

technique was employed for thin film preparation. All the samples were obtained in pure phase at 

room temperature. Maximum remnant polarization (2Pr) ~ 30 μC/cm2 was obtained in bilayer 

thin film of BFO/BTO while maximum magnetization (Ms) ~ 61 emu/cc was obtained in trilayer 

samples of BTO/BFO/BTO. Highest magnetoelectric coupling coefficient ~ 515 mV/cm.Oe was 

observed in trilayer thin film with 20 nm BFO thickness. In composite nanoparticles and 

composite thin film of (1-x) BiFeO3 – x BaTiO3, a dominant contribution from magnetoelectric 

dipolar interaction was observed to the ME coupling. A large induced magnetic anisotropy was 

observed in x = 0.1 composition due to local minimization of free energy of spin magnetic 

moments by Dzyaloshinsky-Moria (D–M) interaction. Remarkable increase in magnetoelectric 

(ME) coupling in 0.9BFO – 0.1BTO composite thin film was observed due to interaction 

between magnetic and ferroelectric dipoles.  In this composition, maximum 24% increase in 

dielectric constant value was observed near resonant frequency while dielectric loss peak shifted 

toward lower frequency by applying magnetic field (5kG). The calculated ME coupling 

coefficient (αME) was found to be 124 mV/cm.Oe which is higher value than previously reported 

values. The coupling at the interface between BFO and BTO phases was further investigated in 

bilayer and trilayer samples. These samples were prepared at varied thicknesses of BFO layer 

while keeping BTO layer at fixed thickness. In bilayer BFO/BTO films interfacial charge played 
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a key role in inducing ME coupling. An induced charge was observed at grain boundaries of 

bilayer interface due to difference in ferroelectric polarizability of BFO and BTO. The 

interaction of induced charge at grain boundaries with applied magnetic field results in induced 

ME coupling in bilayer samples. The maximum calculated value of αME was found to be 61 

mV/cm.Oe for 50 nm BFO layer. Trilayer thin films were prepared with an objective to improve 

ME coupling by introducing two interfaces between BFO and BTO. Significantly enhanced αME 

~ 457 mV/cm.Oe was calculated for 20 nm BFO layer. Higher ME coupling in trilayer films 

prominently originates from bonding between Fe and Ti atoms at both interfaces via oxygen 

atom. Hybridization between Ti 3d and exchange split Fe 3d orbital via oxygen 2p orbital at both 

the interfaces bring about bonding between Fe and Ti atoms resulting in to magnetoelectric 

interaction between BFO and BTO. Such substantially high values of magnetoelectric coupling 

coefficient obtained at room temperature pave the way to fabricate new type of electric-field 

controlled magnetic random access memory (MERAM), magnetoelectric sensors, voltage 

tunable RF/microwave signal processing devices and spintronic devices. 
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