
 

P

A th

  

 

S 

roccessi

hesis subm
 

chool of M

ng of PZ
N  

Profe  

mitted to 
of the re 

Nanote 

Unive  

College  

Metallurg

ZT-Co ba
Nanocom

Me 

Unde 
ssor Seyy

Profes  

the Grad
equiremen

echnology

J

 

ersity of T
e of Engin
gy and Ma

 
 
 

ase Mag
mposite T

  
  
  
 
 

By:  
ehdi Khod

 
 

er supervisio
yed Ali Se

 
 

Advisor: 
ssor Sung

  
 

duate Stud
nts for th

in  
 

y- Materi

 
 
  
  
  

June 2014
 

Tehran
neering
aterials E

gnetic Fe
Thin Film

daei

on of:
eyyed Ebr

gi Baik

dies Offic
e degree o

als Engin

4

Engineerin

errite Mu
m

rahimi

e in parti
of Ph.D. 

neering 

  
ng

ultiferro

ial fulfillm

  

oic 

ment 



Abstract 

Multiferroic effect is a new phenomenon considered recently that its 
fundamental and applicable investigations are under development in the world. 
Nowadays, progressing of theoretical investigation of multiferroics has resulted in 
development of new materials and components in this regards. Magnetoelectric 
multiferroic compounds have an application in device for transferring the magnetic 
energy to electrical energy and vice versa. In this research, multiferroic nanocomposite 
thin films consisted of cobalt ferrite, CoxFe2±xO4 (CFO), with magnetostriction property 
and lead zirconate titanate, Pb(Zr,Ti)O3 (PZT), with piezoelectric property in bilayer 
structure have been investigated that are prepared by pulsed laser deposition (PLD) 
method. The goal of this research is investigation of effect of cobalt ferrite composition 
on magnetoelectric effect of thin films consisted of CFO and PZT that they investigated 
by XRD, XANES, VSM, SQUID, AFM, MFM, PFM, VFM-PFM, and P-E tester. At 
first, CFO and PZT single layer were deposited on Pt(111)/Si substrates and optimum 
conditions of their preparation were obtained. CFO layers have perfect (111)-orientation 
and show strong in-plane magnetic anisotropy that is resulted from orientation and 
residual stress. Comparing to the stoichiometric CoF2O4 compound, the Co0.8Fe2.2O4 
compound has a higher saturation magnetization and coercivity. It is determined that the 
in-plane magnetic anisotropy of PZT/CFO bilayers is stronger than their corresponding 
CFO single layers, and this is more visible in PZT/Co0.8Fe2.2O4 sample. The reason of 
enhancement of in-plane magnetic anisotropy in CFO layer by deposition of PZT top 
layer is increasing of residual stress of CFO layer. Magnetoelectric effect of PZT/CFO 
bilayers at nanoscale was verified using piezoresponse force microscopy (PFM) in the 
presence of variable magnetic field (VFM). In addition, investigation of polarization in 
the PZT/CFO bilayers by applying the magnetic field showed that variation of 
polarization in PZT/Co0.8Fe2.2O4 sample is higher than that in PZT/CoFe2O4 sample, 
which can be resulted from higher magnetostriction of Co0.8Fe2.2O4 compound. 
Furthermore, variation of polarization by applying the magnetic field in 
PZT/Co0.6Mn0.2Fe2.2O4 sample is higher than that for other samples, which can be due to 
the increase in the magnetostriction sensitivity of Co0.8Fe2.2O4 compound by 
substitution of Mn. 

 
 
 
 
 
 
 
 

 
 
 


