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ABSTRACT 
 

Aims: To fabricate BiNixFe1-xO3 (x=0-1) ferrite films on a Si substrate with a thin Pt buffer using the 
spin coating method. 
Study Design: The focus of the study was two-fold: to examine the properties of the BiNixFe1-xO3 
(x=0-1) family of materials and to determine whether Pt is a suitable element for preventing 
diffusion between the film and the substrate. 
Place and Duration of Study: Dept. of Physics and Dept. of Electrical & Computer Engineering, 
Aristotle University of Thessaloniki and Dept. of Materials Science and Engineering, University of 
Ioannina, between November 2019 and November 2021. 
Methodology: The films were manufactured with the spin-coating method, and characterization 
was performed with various methods, including XRD, SEM/EDAX and VSM measurements 
Results: Pt can prevent diffusion effects. The target material was not formed, probably due to the 
low annealing temperature. No magnetoelectric properties were detected. 
Conclusion: The spin-coating method is not recommended for the fabrication of these materials. 
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1. INTRODUCTION 
 

Magnetoelectric (ME) materials have attracted a 
lot of attention lately, mainly because their 
intrinsic properties enable the control of the 
magnetic state through the application of an 
electric signal, and vice versa. The realization of 
this effect would lead to a slew of applications, 
such as fast magnetoelectric RAM, highly 
sensitive magnetic sensors in the pTesla range, 
spin-valves and more [1-3]. 
 

Research interest has mainly focused on the 
BiFeO3 perovskite (BFO), since it is one of the 
few materials that exhibits both ferroelectricity 
and magnetic ordering in room temperature [4-6]. 
Also, there have been attempts to study the 
effect of various substituting elements, such as 
Co, Cr, Mn, Cu for Fe and La for Bi [7-12], in the 
microstructure and intrinsic properties of the 
material with varying results. However, these 
attempts focus on small percentages of 
substitutions. 
 

Attempts to enhance the magnetoelectric 
properties of BFO through epitaxial strain have 
succeeded, producing thin films with excellent 
properties, however these films demand the use 
of intermediate layers of oxides such as SrRuO3, 
SrTiO3 και LaAlO3, thus increasing significantly 
the production costs [13-16]. On the other hand, 
growth of BFO films directly on a Si substrate 
produces films with poor magnetoelectric 
properties. Also, it appears that there is 
significant diffusion between film and substrate 
[17]. 
 

In this work, we attempted the synthesis of 
BiNixFe1-xO3 (x=0-1) (BNFO) thin films on a Si 
substrate using the spin-coating method and the 
study of the structural, magnetic and electrical 
properties of the entire family with various 

experimental methods. Also, we examine the use 
of a Pt buffer layer between film and Si as a 
method of eliminating diffusion problems. 
 

2. MATERIALS AND METHODS  
 

2.1 Chemical Preparation and Annealing 
Procedure 

 

The BNFO films were manufactured using the 
spin-coating method, which is a well-known and 
practiced method for depositing ceramic 
materials on substrates [18]. The sol-gel method 
[19] was used to create the necessary precursor 
materials, as described in detail below.  
 

An aqueous solution of appropriate quantities of 
Bi(NO3)2·4H2O, Fe(NO3)3·9H2O and 
Ni(NO3)3·9H2O was mixed in a magnetic stirrer. 
After the solution was stirred and heated at 80°C, 
citric acid was added and the mixture was heated 
at 85°C. Then, ethylene glycol was added. The 
pH of the mixture was monitored so as not to fall 
below 10. The mixture was stirred at 85°C until 
the water evaporated and a gel was formed.  
 

Consequently, the gel was applied on Si wafers 
capped with a thin (100nm) Pt layer. The 
purpose of the Pt layer was two-fold: to prevent 
the diffusion of the BNFO into the substrate, and 
to provide a base crystal structure for the growth 
of the films because of the similar cell 
dimensions of Pt and BFO. The gel was rotated 
at 4000-5000rpm for 60 sec and dried at 170°C 
for 10mins, in order to dispose of the excess 
ethylene glycol. Once the gel was dried 
sufficiently, the films were annealed in air at 
600°C for 4h in order to form the main phase. No 
attempts were made in higher annealing 
temperatures, because of the tendency of Pt to 
form Pt-Si compounds. The entire process is 
shown in Fig. 1. 

 

 
 

Fig. 1. Chemical preparation and annealing procedure 
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2.2 Experimental Setup 
 
The atomic composition of the calcined powders 
was evaluated by means of a JEOL JSM5900A 
scanning electron microscope, equipped with an 
INCA x-sight detector (Oxford Instruments) for 
energy dispersive X-ray microanalysis. X-ray 
patterns were obtained by a powder 
diffractometer (Seifert XRD-3003TT) using CuKa 
radiation and were identified according to the 
relevant JCPDS-ICDD Powder Diffraction Files. 
The magnetic characterization up to 1.2T was 
performed with a Vibrating Sample 
Magnetometer (P.A.R. 155) at room temperature. 
The electric characterization up to 9V/m was 
performed with an RT66B Ferroelectric Tester at 
room temperature. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Structural Properties   
 
SEM/EDXS characterization showed that all the 
samples display the nominal composition with a 
margin of error <1.5%, as shown on Table 1. Fig. 
2 shows typical SEM images captured for various 
compositions. 
 
There appears to be a slight underrepresentation 
of Bi in the films, which can be attributed to the 
drying and spin-coating processes. 
 
From the side images captured, the films’ 
thickness was evaluated between 1-2 μm, which 

is consistent with the deposition method. 
Attempts to produce thinner films were not 
successful: the films were not uniformly 
deposited and presented with significant cracks 
and/or empty substrate areas. Also, from the 
images taken no diffusion appears between the 
film and the substrate. 
 

In Fig. 3, the recorded XRD spectra for each 
composition is presented in ascending order. Pt 
and Si peaks are indexed accordingly. 
 

At low Ni concentration, the material consists of a 
mix of bismuth ferrite (BFO) and γ-Bi2O3 (bismuth 
oxide, BO). BFO peaks match the 
rhombohedrally distorted perovskite phase 
reported by Moreau et al. [20] while BO peaks 
match the structure reported by Radaev et al. 
[21], but Rietveld analysis indicates that the cell 
dimensions are slightly reduced compared to the 
report. This can be explained by the replacement 
of a small percentage of Bi by Ni. Cell 
dimensions increase with increasing Ni content: 
for 10% Ni, a=0.10187(4) nm and for 90% Ni, 
a=0.10231(3) nm. This increase indicates that Ni 
stops replacing Bi in bismuth oxide, and instead 
forms another compound, as shown by the 
appearance of new peaks in Ni concentrations of 
50% and above. These peaks are noted as NO 
(nickel oxide) and match with the Ni3O4 
orthorombic structure (Cmmm, a=0.5984nm, 
b=0.8263nm, c=0.2879nm, α=β=γ=90º). BFO 
peaks also decrease in intensity and disappear 
entirely at 60% Ni. At 100% Ni, the film consists 
entirely of Ni3O4 and γ-Bi2O3. 

 

 
 

Fig. 2. SEM images of spin-coated BNFO films: a) Surface, b) side of film 
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Table 1. Nominal and measured compositions of materials used 

 
Ni content Bi Ni Fe 

Nominal Measured Nominal Measured Nominal Measured 

0.1 50% 48,27% 5% 5,38% 45% 48,35% 
0.2 50% 48,78% 10% 10,44% 40% 40,78% 
0.3 50% 47,89% 15% 15,23% 35% 36,88% 
0.4 50% 49,36% 20% 20,16% 30% 30,48% 
0.5 50% 48,54% 25% 25,26% 25% 26,33% 
0.6 50% 49,78% 30% 30,33% 20% 19,89% 
0.7 50% 49,14% 35% 35,60% 15% 15,26% 
0.8 50% 48,82% 40% 41,24% 10% 9,94% 
0.9 50% 49,42% 45% 45,92% 5% 4,66% 
1 50% 49,94% 50% 50,06% - - 

 

 

 
Fig. 3. XRD patterns of BNFO films with different compositions 

 

The results indicate that a pure BNFO phase was 
not formed, which can be attributed to the low 
annealing temperature. Although there are very 
few publications concerning partial substitution of 
Fe by Ni, Ishiwata et al. [22] reported that pure 
BiNiO3 was formed under pressure and at much 
higher temperatures. A future point of research 
interest would be the use of Si wafers with a SiO2 
oxide layer, thus preventing the formation of PtSi 
compounds and enabling annealing at higher 
temperatures. 
 

3.2 Major Polarization Loops 
 

Major polarization loops were recorded at a 
maximum electric field of 9V/m at non-
magnetized samples. Then, the samples were 
placed in a DC magnetic field of 1T for several 

minutes, and the polarization loops were 
recorded again. The results of these 
measurements are shown on Fig. 4.  
 
The data show that there is no apparent change 
in the films’ electric behavior with increasing Ni 
content up to 90%. This behavior indicates that 
ferroelectricity can be attributed to the presence 
of variable valence Fe ions (Fe

+2
-Fe

+3
) in BFO. 

At 100% Ni, the coercivity practically disappears. 
Also, the presence of the intrinsic magnetic field 
has no effect on the electric coercive field. 
 

3.3 Major Magnetization Loops 
 

Major magnetization loops were recorded at a 
maximum of 1.2T. In Fig. 5, the magnetic 
coercive field for each composition is presented.  
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Fig. 4. Applied reversal voltage vs. Ni concentration 
 

 
 

Fig. 5. Coercive magnetic field vs. Ni concentration 
 
The magnetic coercive field is almost constant up 
to 30% Ni, and then decreases steadily, which 
corroborates the findings of the structural 
analysis. To elaborate, the initial coercivity can 
be attributed to the presence of BFO. 
 
BFO is naturally antiferromagnetic, but 
mechanical defects and small amounts of 
impurities in the structure can lead to the 
appearance of macroscopic ferrimagnetism 
either through misalignment of Fe spins or 
through superexchange phenomena between 

Fe
+2

-O-Fe
+3

 ions [6,7]. With increasing Ni 
content, BFO begins disappearing, which 
accounts for the constant decrease in coercivity. 
At 100% Ni, the coercivity can be attributed to 
the small percentage of Ni in Bi2O3, which will 
produce a small magnetic moment in the 
compound. 
 

4. CONCLUSION 
 
While Pt has proven to be useful in inhibiting 
diffusion phenomena between Si and BFO, the 

0 

0.02 

0.04 

0.06 

0.08 

0.1 

0.12 

0.14 

0.16 

0.18 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

A
p

p
lie

d
 v

o
lt

ag
e 

[V
] 

Ni content 

Non-magnetized 

Magnetized 

0 

50 

100 

150 

200 

250 

300 

0 0.2 0.4 0.6 0.8 1 

C
o

er
ci

ve
 F

ie
ld

 [
O

e]
 

Ni content 



 
 
 
 

Serletis et al.; JMSRR, 8(4): 251-257, 2021; Article no.JMSRR.79841 
 
 

 
256 

 

annealing procedure followed in this study was 
not successful in producing a distinct BiNixFe1-

xO3 phase with distinctive characteristics. The 
temperature constraints posed by the presence 
of Pt proved to be incompatible with the spin-
coating method, and the final result was that 
films were composed by different Ni and Bi 
oxides. However, it is possible that the use of a 
Si wafer with an oxide layer will produce better 
results. 
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