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Abstract: In this work, studies of the structural and electrical 

characteristics of yttrium (Y) substituted bismuth ferrite (BiFeO3) at 

Fe-site with a composition of Bi(Fe0.95Y0.05)O3 (abbreviated as BFYO5) 

has been reported. BFYO5 material has been synthesized through a 

conventional solid state reaction method. The basic crystal data and 

phase formation were analyzed by using X-ray diffraction (XRD). 

Detailed studies of the effect of Y (5%) substitution on electrical 

properties of BiFeO3 has been examined by using phase sensitive 

multimeter (PSM) in a wide range of temperature (25-350
0
C) and 

frequency (1-1000 kHz), which provided a significant enhancement in 

the electrical properties of bismuth ferrite. Our results confirmed that 

yttrium doped BiFeO3 at Fe-site is an effective way to rectify various 

issues relevant for device applications. 
 

Keywords: Multiferroic, X-ray diffraction, Bismuth ferrite, Solid state 

reaction, Electrical characteristics. 

 

1. Introduction 

 

       Recent years, the multiferroic material, which exhibits ferroelectric and 

ferromagnetic properties simultaneously in a single phase have greatly 

drawn an attentions of researchers because of their potential applications in 

various devices such as data storage media, multi-state memories, 

spintronic, microelectronic devices and transducers, etc.1-4. Among few 

multiferroic materials, BiFeO3 is one of the most studied compound as it has 

ferroelectric and anti-ferromagnetic ordering simultaneously at above the 

room temperature(Tc = ⁓830
0
C and TN = ⁓370

0
C)5. It has rhombohedrally-

distorted perovskite crystal structure with R3c space group. The ferroelectric 
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property of BiFeO3 occurs due to the existence of 6s lone pair electrons of 

Bi
+3

 ions while the anti-ferromagnetic order is due to Fe
+3

 ions6
. 

Unfortunately, BiFeO3 has some inherent problems such as high current 

leakage, high dielectric loss, structural distortion, etc., which restricts its 

practical applications in electronic devices as it effects the structure and the 

value of dielectric and electrical properties. 

       In order to overcome the above problems, much efforts have been paid 

by applying several doping at Bi/Fe-site of BiFeO3. A substitution of 

BiFeO3 some rare earth and other elements had also been carried out in the 

last few decades7,8. From the literature reviews, a significant enhancement in 

the multiferroic properties of BiFeO3 has been observed by substituting 

divalent ion or trivalent ion at the Bi and Fe-site respectively9,10. Therefore, 

in this work, a systematic study of the effect of yttrium substitution at Fe-

site of BiFeO3 has been reported. 

 

2. Experimental 

 

       A polycrystalline sample of Bi(Fe0.95Y0.05)O3 was fabricated by using 

bismuth oxide (Bi2O3), iron oxide (Fe2O3) and yttrium oxide (Y2O3) through 

a solid state reaction method. All the ingredients were mixed thoroughly 

with the help of mortar and pestle in a dry air for 2 hrs and wet medium for 

another 2 hrs. The sample was calcined at 750
0
C for 6 hrs after 

homogeneously mixing. The calcined sample powder was then mixed with 

polyvinyl alcohol (as a binder), and make a disc shape pellet of 12 mm 

diameter by applying 4x10
6
 Nm

-2
 by using a KBr hydraulic press. The disc 

shape pellet sample was then sintered at an optimised temperature 800
0
C for 

6 hrs in air atmosphere. Finally, the sintered sample was polished by using a 

fine emery paper and electroded with a high quality silver paste for 

electrical measurements. 

 

3. Results and Discussion 

 

3.1 Structural analysis: Fig. 1 shows the room temperature powder XRD 

pattern of Bi(Fe0.95Y0.05)O3 compound. The X-ray diffraction technique was 

utilized for checking the phase formation of the studied material. The XRD 

peaks were indexed with a standard software ‘POWDMULT’. Based on the 

agreement between observed and calculated inter planar spacing d value, the 

crystal system of the material changes from rhombohedral to orthorhombic 

symmetry due to the effect of yttrium 5% substitution at Fe-site of bismuth 

ferrite. The lattice parameters are: a=9.5490 Å, b=8.6769 Å, c=10.8778 Å 
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and volume V=901.30 Å
3
 with a minimum standard deviation, SD=0.033 Å. 

The average crystallite size of the material was calculated by using Sherrer’s 

formula, Phkl=Kλ/β1/2 Cosθ and found to be 39 nm. Where K=constant that 

depends on a crystallite size, λ=1.5418 Å, β1/2=peak width of reflection at 

half height and θ=Bragg’s diffraction angle. 
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Figure 1. The X-ray diffraction pattern of Bi(Fe0.95Y0.05)O3 material in a diffraction angle 

20
0
-80

0
. 

 

3.2 Dielectric study: Fig. 2 shows the temperature dependence of dielectric 

constant (ɛr) and dielectric loss (tanδ) (inset image) at a wide range of 

frequency (1kHz-1MHz). The dielectric constant value of low frequency 

spectrum increases with the rise of temperature. Two peaks were observed 

at 150
0
C and 300

0
C due to the presence of antiferromagnetic transition11. 

Whereas, a slow rate of increasing dielectric constant value throughout the 

temperature was observed in higher frequency spectra (500 kHz and 1 MHz) 

as compared with low frequency curve. The value of dielectric loss is almost 

constant up to 270
0
C for all the selected frequencies. However, a sharp 

increase of tanδ occurs at 340
0
C as a result of thermally activated charge 

carriers and existence of small imperfections during the synthesis process. 

Both the dielectric parameters were increased at higher temperature and low 

frequencies probably due to interfacial polarization dominating over dipole 

polarization. On the other hand, dielectric constant and dielectric loss were 

decrease with increasing frequency, it is a general feature of dielectric 

materials. Different types of polarizations such as electronic, ionic, 

interfacial, atomic, dipole, etc. were exist in dielectric materials. All these 
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polarizations were gradually vanish with increasing frequency, and that 

subsequently results a decrease in dielectric constant. 
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Figure 2. The variation of dielectric constant (ɛr) and dielectric loss (tanδ) (inset image) 

with temperatures at frequency (1kHz-1MHz) for Bi(Fe0.95Y0.05)O3 compound. 
 

Fig. 3 shows the variation of frequency dependent dielectric constant and 

dielectric loss of Bi(Fe0.95Y0.05)O3 compound at a selected temperatures 

(25
0
C -350

0
C). It has been observed from the plot that the value of dielectric 

constant is high at low frequency region, which gradually decreases with the 

rise in frequency, which is due to the fact that only a few dipoles followed 

the applied electric field at higher frequency region. So, the dielectric 

constant shows a dispersive spectrum at low frequencies. A decreasing trend 

of dielectric loss (tanδ) with increasing frequency is also observed at 

selected higher temperatures (300
0
C and 350

0
C) which probably due to the 

presence of iron in the compound12. Whereas a small change in the value of 

tanδ has been observed for lower temperature curves. At higher frequencies, 

both the dielectric parameters (ɛr and tanδ) remains almost constant at all the 

selected temperatures. This nature clearly indicates the presence of polar 

dielectrics in Bi(Fe0.95Y0.05)O3 compound. 
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Figure 3. The variation of dielectric constant (ɛr) and dielectric loss (tanδ) (inset image) 

with frequency at selected temperatures (25
0
C, 100

0
C, 200

0
C, 300

0
C, 350

0
C) for 

Bi(Fe0.95Y0.05)O3 compound. 
 

3.3 Impedance study: Fig. 4 shows the variation of a frequency dependent 

impedance (Z’) of Bi(Fe0.95Y0.05)O3 at selected temperatures 25
0
C, 100

0
C, 

200
0
C, 300

0
C and 350

0
C. The value of impedance (Z’) gradually decreases 

with increase in temperature at the low frequency region, which clearly 

suggests the behavior of negative temperature coefficient of resistance of 

BFYO5 compound. At higher frequency region (40kHz-1MHz), all the 

curves of Z’ were tend to merge to get nearly a constant value, which may 

be due to the release of space charge at this region13. 
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Figure 4. Variation of a frequency dependence of impedance (Z’) at selected temperatures 

(25
0
C -350

0
C) 
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3.4 AC-conductivity study: Fig. 5 represents the variation of ac-

conductivity in a wide range of frequency (1-1000 kHz) at selected 

temperatures (25
0
C -350

0
C) for BFYO5 compound. The nature of ac-

conductivity shows that the conductivity increases with the rise of frequency 

and temperature. The conductivity plot gradually rises and tend to merge at 

higher frequency region. A frequency independent nature has been observed 

in some of the selected temperature curves i.e. 300
0
C and 350

0
C. A suitable 

approach called ‘Jonscher’s power law’
14

 has been used for investigating the 

frequency dependent conductivity characteristics of the material as given 

below: 

 

(3.1)                  a c x y       

 

(3.2)                a c x P       

 

Where a c   total conductivity, x   frequency independent part, P  and   

suggests range of interaction among the mobile ions with a crystallographic 

lattice sites and strength of polarizability respectively. 
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Figure 5. Variation of a frequency dependence of ac-conductivity a c  at selected 

temperatures (25
0
C -350

0
C) for Bi(Fe0.95Y0.05)O3 compound. 
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4. Conclusion 

 

       A single phase Bi(Fe0.95Y0.05)O3 compound has been successfully 

synthesized through a conventional solid state reaction method. The basic 

crystal data and phase formation were confirmed by using X-ray diffraction. 

The crystal system changes from rhombohedral to orthorhombic structure 

due to the effect of yttrium substitution. The average crystallite size of the 

compound was calculated using Scherrer’s formula and found to be 39 nm. 

The dielectric constant and dielectric loss were highly dispersed at low 

frequency region and decreases with the rise of frequency and increases 

with increasing temperature. Study of conductivity of the compound shows 

negative temperature coefficient of resistance behavior. A significant 

enhancement in the electrical characteristics of BiFeO3 has been observed 

from this work. Based on these significant enhancements, Bi(Fe0.95Y0.05)O3 

could be considered as a promising candidate for advanced electronic 

devices. 

 

Acknowledgement:Authors are thankful to SERB-DST, Government of 

India, New Delhi for financial support in the form of Research Project no. 

EMR/2015/002420. 

 

References 

 
1. M. Fiebig, Th. Lottermoser, D. Frohlich, A.V. Goltsev and R.V. Pisarev, Nature, 419 

(2002), 818. 

2. T. Kimura, T. Goto, H. Shintani, K. Ishizaka, T. Arima and Y. Tokura, Nature, 426 

(2003), 55. 

3. C. W. Nan, G. Liu, Y.H. Lin and H. Chen, Phys. Rev. Lett., 94 (2005), 197-203. 

4. J. F. Scott, Nat. Mater,  6 (2007), 256. 

5. A. Singh, V. Pandey, R. K. Kotnala and  D. Pandey, Phys. Rev. Lett., 101 (2008), 

247602.  

6. C. W. Nan, M. I. Bichurin, S. Dongb and D. Viehland, J. Appl. Phys., 103 (2008), 

031101.  

7. L. Thansanga, A. Shukla, N. Kumar and R. N. P. Choudhary, Study of Effect of Gd 

Substitution at  the Fe-Site on Structural, Dielectric nd Electrical Characteristics of 

Bifeo3,  Appl. Phys. A, 125 (2019), 764. 

8. A. Mukherjee, M. Hossain S k, M. Pal and S. Basu, Effect of Y-Doping on Optical 

Properties of Multiferroics Bifeo3 Nanoparticles, Appl. Nanosci., 2 (2012), 305–310. 



 

160                                              Alok Shukla and L. Thansanga
 

 
 
 
 

 

 

 

9. C. Nayek, A. Tamilselvan, Ch. Thirmal, P. Murugavel and S. Balakumar, Origin of 

Enhanced Magnetization in Rare Earth Doped Multiferroic Bismuth Ferrite, J. Appl. 

Phys. 115 (2014), 073902. 

10. R. K. Mishra, D. K. Pradhan, R. N. P. Choudhary and A. Banerjee, Effect of Yttrium on 

Improvement of Dielectric Properties and Magnetic Switching Behavior In Bifeo3, J. 

Phys. Condens. Matter, 20(4) (2008), 045218. 

11. Y. Ma and X. M. Chen, Enhanced Multiferroic Characteristics in Nanbo3-Modified    

Bifeo3 Ceramics, J. Appl. Phys., 105 (2009), 054107–054111. 

12. N. Kumar, A. Shukla and R. N. P. Choudhary, Structural, Electrical And Magnetic 

Characteristics of Ni/Ti Modified Bifeo3 Lead Free Multiferroic Material, J. Mater. 

Sci.:Mater. Electron, 28 (2017), 6673–6684.  

13. A. Belboukhari, Z. Abkhar, Y. Gagou, J. Belhadi, R. Elmoznine, D. Mezzane, M. Ei 

Marssi and I. Luk’yanchuk, Dielectric Properties And Relaxation Phenomena In The 

Diffuse Ferroelectric Phase  Transition In K3Li2Nb5O15 Ceramic,  Eur. Phys. J. B., 

85 (6) (2012), 1–9. 

14. A. K. Jonscher, Universal Relaxation Law, Chelsea Dielectrics Press, London, 1996. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


