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Bi4Ti30u-BiFe03-based compounds belong to the bismuth-layer-structured oxide family and are expected 

to show both ferroelectricity and weak ferromagnetism. In this study, Bi4Th012-BiFe03 thin films have 

been fabricated on Pt/TiOx/SiOiSi substrates by the chemical solution deposition. Homogeneous and 

stable Bi4Ti30trBiFe03 precursor solutions were prepared by optimizing the starting metal alkoxide 

compounds and the processing conditions. Bi4Th01z-BiFe03 (1:1) precursor films crystallized in the 

single phase of bismuth-layered Bi5ThFe015 structure with random orientation above 500°C. The 

crystallographlc structure ofBi5Ti3Fe015 thin film was confirmed by Raman spectroscopic analysis. The 

Bis Ti3Fe01s thin films exhibited typical ferroelectric P-E hysteresis loops. 

chemical solution deposition, ferroelectric properties 

1. INTRODUCTION 

Ferroelectricmagnetic materials are the special class 

of dielectric materials in which both ferroelectric and 

magnetic ordering exist simultaneously. Therefore, thin 

films of these materials offer a wide opportunity for 

potential applications in novel information storage 

memories, spintronic devices and new type of sensors?l 

Bismuth-layer-structured oxide (BLSO) belongs to 

the family of Aurivillius-type structure, which is a regular 

intergrowth of (A.n-JBm03m+d-perovskite-like layers and 

(Bh02)
2
+ slabs and m is the number of oxygen octahedra 

between bismuth oxide layers. These compounds have 

good structural stability, high Curie temperatures, and 

anisotropic characteristics. 

Among several BLSO compounds, Bi4Th0!2(BiT) 

has a bismuth layered perovskite structure and is one of 

the most important lead-free materials which have 

excellent ferroelectric properties. In order to design a 

new material consisting of both ferroelectric and magnetic 

ordering, BiFe03 (BF) is combined with BiT to obtain 
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Bi4Th01rBiFe03 (BiT-BF) compounds, because BF is 

reported to have both ferroelectric and antiferromagnetic 

natures. [Z-4J 

As a fabrication method of thin film, the chemical 

solution deposition (CSD) method using metal-organic 

compounds is known to be a useful thin film fabrication 

process to achieve the low-temperature fabrication and 

the precise control of chemical composition. [S,GJ 

Therefore, in this work, fabrication and 

characterization of BiT-BF (1:1) thin films on Si-based 

substrates have been carried out by the chemical solution 

deposition (CDS) method. The effects of several 

processing conditions on the surface morphology and the 

electrical properties of Bi5 Ti3Fe015 thin films were 

mainly investigated. 

2. EXPERIMENTAL PROCEDURE 

For preparing Bi4Ti30 12-BiFe03 (1:1) precursor 

solutions, Bi(O;C5H11)3, Fe(OCzHs)3 and Ti(O;C3H7)4 

were selected as starting materials. 2-methoxyethanol as 
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dissolved 

solution was 

used as 

conducted 

precursor films were 

min and calcined at various terrrp(ora:tur,es 

of l0°C/min in an 

were 

Film thickness 

thin films 

CuKa racllatron with a monochromator 

surface 

atomic 

electrodes were 

followed 30 min. The Pt 

substrate was used as 

bottom electrode. The electrical 

were evaluated 

at room temperature. 

3. RESULTS AND DISCUSSION 

of the films 

system 

3.1 Effect of calcination temperature on surface 

"''""'"f"''''"" ofBiT-BF thin films 

In the CSD process, elimination of 

from precursor film is very an'"''-tm>t to 

,~'u'"''"~ thin films with obtain 

shows AFM thin fiims 

at 700°C after calcined various temperatures. 

calcination temperature is effective to obtain thin films 

is 

calcination is 

into the 

above 500 oc and 

exhibited random orientation with an enhanced 119 

temperatures. These films 

reflection. tempareture increased, 

5wMU<~UJ increased. 

XRD patterns were not to whether 

the desired m=4 structure or 

not Because the of and 

same due to the presence of 

further 

thin films is 
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3.3 Raman SP(octr·os•:ook 

To understand 

measurements 

films. 

bonds. Mode 

modes. Mode C 

ofBiT-BF thin films 

structure of 

qt"''"hinn and vibration 

in 

11o1r'e''"· the 

of mode was shifted to lower wavenumber side. 

This comes from the substitution for titanium site. 

This that Fe 

block. On the other observed in 

and not in BiT. This mode results 

structure with m=4. Pl 

the thin films 

structure with m=4. 

400 600 
Raman shift (cm-1) 

Fig.3 Raman 
(a), (c) (b), 

results suggest that 

to the 

thin 

temperature. 

Fig.4 

an 

films are 

4.0 

increased 

the surface 

films on Pt!TiO/SiOJSi 
ami crystallized 

(c) 700"C and (d) 750°C 

thin films. The measurement was done at 

and 

These 

250 nm in thickness. The 

thin films exhibited the typical ferroelectric 

as shown in Fig.5. The Pr values of 

with the 

However, the 

decrease of Pr value was observed for the 

). 
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30 p 

E(kV/cm) 

-20 

Fig.5 P-E hysteresis loops 
Pt/Ti0/Si02/Si substrates crystallliz~ld 
(a) 600"C, (b) 650°C and (c) 70itC 

From the results described in the previous section, 

calcination at higher temperature enables to achieve 

smoother surface morphology because organic 

components of precursor film are completely eliminated 

through the appropriate temperature calcination process. 

On the other hand, with increasing crystallization 

temperature, the Pr values showed a at a fabrication 

temperature of 700°C. This can be explained by the 

grain size (crystallinity) and surface morphology of the 

crystallized films. Although the crystallization at higher 

temperature promotes the grain growth accompanied with 

the improvement of crystallinity of resultant thin films, 

the surface morphology is degraded as shown in Fig.4. 

Moreover, the Pr values ofcunent Bi5ThFe015 thin films 

were less than 10 J1 C/cm2
• Further improvement of 

ferroelectric properties and evaluation of magnetic 

properties of the Bi5 Ti3Fe015 thin films were required. 

Therefore, the doping of various ions to the Bi5 Ti3Fe015 

thin films and the characterization of magnetization 

behavior are now in progress. 

4. CONCLUSIONS 

Ferroelectric Bi5ThFe015 thin films were 

successfully synthesized by the chemical solution 

deposition process. Homogeneous and stable 

Bi5 ThFe015 precursor solutions were prepared by the 

selection of appropriate starting materials and a solvent 

Bis ThFeOts precursor thin films were found to crystallize 

in the desired Bi-layered structure ( m=4 ) as single 

phases on Pt/TiOxfSi02/Si substrates above 500 °C . 

thin films prepared by the optimized heating 

condition were found to exhibit the smooth surface 

morphology. The Bi5ThFe015 thin films exhibited 

fen·oelectric P-E loops. Ferroelectric 

of BiT-BF thin films were influenced 

by the crystallinity and surface morphology of resultant 

thin films. 
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