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Crystal Point groups Centro-cymmetric Non-centro-cymmetric
structure
Piezoelectric Pyroelectric
Triclinic 1,1 1 1 1
Monoclinic 2,m,2/m 2/m 2,m 2,m
Orthorhombic 222, mm2, mmm mmm 222, mm?2 mm?2
Tetragonal
4,4,4/m,422,4mm,42m, (4/m)mm | 4/m,(4/m)mm | 4,4,422,4mm,42m 4,4mm
Trigonal 3,3,32,3m,3m 3,3m 3,32,3m 3,3m
Hexagonal
6,6,6/m,622,6mm,6m2,(6/m)mm | 6/m,(6/m)mm | 6,6,622,6mm,6m2 6,6mm
Cubic 23,m3,432,43m,m3m m3,m3m 23,43m | @ -
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Electrostrictive No symmetry center Piezoelectric Pyroelectric Ferroelectric
32 classes 21 classes 20 classes 10 classes 10 classes
Symmetry center Non-Piezoelectric Non-Pyroelectric
21 classes 20 classes 10 classes
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_ polarizability
e )SMSQ 6)14. p.b.. RFe,0, Crystallographic
2l RFeMO, different sites with
RGaCu,0. different charges of
R=Yb.Lu transition-metal
‘ M=Co Cu 10Ns causes non-
Véeo ' equivalent bonds
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ferroelectricity
r‘,Las Hexagonal The geometrical
YMnOs , BaMF, effects of increasing
w2 | M=3d transition- fhe packdng density
can also result in
metal ions permanent dipoles
and ferroelectricity
(in YMnOs, the off-
centering
displacement of Mn
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ferroelectricity
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' Zirconia balls
" Pulse laser deposition (PLD)
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' Sputtering
" RF magnetron sputtering
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' Spin coating
" Chemical solution deposition

Yo



9y Sl 4Y 3 (MOCVD) YJT ol Loy Sl Y (CVD) ‘G,Lm.«_w S Sl

(MBE) " JsSJss

Ggom S 8 S50 Y (Sl g 5 S be (plgs p @Y pj Sl (wyp V)T
GLaY 115 Sy 2 Dyomas Cud S Y 1 wols sl 2, San 5 Sl a5 im0
58 oy 3y50 oobe 1l 3L sloayY Sl s o sl ples g5, LaNIOa/Si (100) 5 Si (100)
adiges g5 (sl adsl Slge olgic & Sgoan 5 ol Sl el s 5l aS gudiow ol 0 V-] 28,8
Slp aiBo p 90 B BT er Copn b (A5 52 i () 4 00d digd Jolome 0l oolin
°C Glos joadlb VY. Goe slp Slas Y 5l o Y oo oailias aY 55 (69,0 4l Ve Ouw
°C loo ;o asli Y+ Suwe lp coled ;o g VAL °C (sloo jo sl YA Soe glp e g« Vo v

A ools &l Fe

ShIs Gges g0 o aSUl> y0 a5 ol yLis ladiges (XRD) LuSSl 655 ol 5JUT (slo )

‘5)“56)3-&-.";;:’.)91:’ LaNiOs Jjbd.ly S92 o.,\f.}‘_s_il.&.sd‘iy mgm‘wbsn(\’\)wf dt;-‘*")
Y digel 4 o 45 Sl Sewds YEIV MM dges pl 50 5o abal, 5l oo dwloee S ek o3lail
ol sleads as WSSl gi ol el Jloged wols las 2ol (VF M) el (g9, oo Slis

Sl ool oold ioled Y-V S j0 ladigaed

' Chemical vapor deposition
" Metalorganic chemical vapor deposition
¥ Molecular beam epitaxy
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' X-ray photoelectron spectroscopy
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' Field cooled
¥ Zero field cooled
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Abstract;

In this research bismuth ferrite nano-particles (BiFeOs) were synthesized using sol-gel
method. In the first, the effects of drying temperatures of synthesized solution at 80, 100, 120
and 150 °C on the structural, optical, dielectric and magnetic properties of the fabricated nano
particles were investigated. XRD and dielectric analyses show the sample dried at 120 °C
have the most pure BFO phase less dielectric constant variation with increasing frequency
from 20 to 10000 KHz.

FESEM images shows average grain size increases with increasing the drying
temperature. Magnetic analysis indicates that all samples shows saturated magnetic
hysteresis loops and the sample dried at 150 °C have much larger saturation magnetization
compared to others which can be due to the presence of the magnetic secondary phases in

this sample.

To modify the synthesize condition in order to decrease the impurity content, the drying
temperature 120 °C was chosen and the effect of annealing temperatures on structural,
morphology, dielectric and magnetic properties of the BiFeOsz nano-particles were
investigated. XRD analysis revealed that the sample annealed at 800 °C with about 1 percent

secondary phase has the most purity content .

FESEM images revealed that average grain size increases with increasing the annealing
temperature and the sample annealed at 800 °C has the largest grain size. Magnetic hysteresis
loops measurements show the samples annealed at 500 °C to 700 °C present saturated
magnetization while the sample annealed at 800°C shows a linear increase in magnetization
with increasing the applied magnetic field. This linear behavior is due to the larger grain size,
larger than the spiral spin structure’s period, in this sample which shows bulk bismuth ferrite

magnetic behavior .

In order to improve the magnetic property of the nanoparticles, the effects of Ni and
Mg doping in Fe site of BiFeOs were examined. Drying temperature of 120°C and annealing
temperature 800°C for 4 hours were chosen as a synthesis conditions. XRD results shows

introducing Ni and Mg at Fe sites increase the impurity content in comparison with the un-



doped sample. Dielectric constant measurements indicate increasing the dielectric constant
of the samples with doping. Investigation of the magnetic properties of the samples shows
that substituting Ni*? and Mg*? at Fe*? sites increase the ferromagnetic properties of the BFO
which could be due to the difference of the magnetic moments of the substituted ion’s with

the Fe** ion or presence of the secondary phases in the doped samples.

Keywords: BiFeOs, Bismuth Ferrit, magnetoelectric coupling, multiferroic, ferroelectric,

magnetic properties, dielectric properties, sol-gel method.
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