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Abstract

Ferroelectric CaBi4Ti4O15 (CBT) thin films were prepared by spin coating technology using solution-based fabrication. The as-deposited CBT

thin films were crystallized below 600 8C and the layered perovskite were crystallized at 700 8C using CFA processing in air. The enhancement of

ferroelectric properties in CBT thin films for MFIS structures were investigated and discussed. Compared the Bi4Ti3O12 (BIT), the CBT showed the

better physical and electrical characteristics. The 700 8C annealed CBT thin films on SiO2/Si substrate showed random orientation and exhibited

large memory window curves. The maximum capacitance, memory window and leakage current density were about 250 pF, 2 V, and 10�5 A/cm2,

respectively.
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1. Introduction

The bismuth layer structured ferroelectrics (BLSFs) were

excellent candidate materials for application in ferroelectric

random access memories (FeRAMs) device such as in memory

cards and portable electronic devices utilizing the low electric

consumption, nonvolatility, high speed readout. Several

functional ceramics of perovskite structures, such as lead

zirconate, lead zinc niobate, barium titanate, and bismuth

titanate were successfully synthesized and fabricated. They

have low coercive fields, high remanent polarizations (Pr),

fatigue-free, and low processing temperatures [1–5].

The bismuth titanate system based materials were an

important role for FeRAMs applications. The bismuth titanate

materials were given in a general formula of bismuth layer

structure ferroelectric, (Bi2O2)2+(An�1BnO3n+1)2� (A = Bi,

B = Ti). The high leakage current, high dielectric loss and

domain pinning of bismuth titanate system based materials

were caused by defects, bismuth vacancies and oxygen
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vacancies. These defects and oxygen vacancies were attributed

from the volatilization of Bi2O3 of bismuth contents at elevated

temperature [1–5].

Recently, the CBT material, with the nominal composition

of CaBi4Ti4O15, was a compound belonging to the bismuth

layer family. The Curie temperature of CBT material

around 790 8C was found by pervious study. In addition,

it was expected to special application in high temperature

[6,7].

Among various deposition methods such as, pulsed laser

deposition, metalorganic chemical vapor deposition, rf magne-

tron sputtering, and sol–gel technology were used to fabricate

the functional thin film. The advantages of polymeric precursor

were the high stoichiometry control, the low temperature

process and low cost method [1–7].

The leakage current density and the memory window of

CBT thin films measured using the metal-ferroelectric-

insulator-semiconductor (MFIS) structure were not developed

and investigated before. The subject of this work was to study

the possible application of CBT thin films deposited onto SiO2/

Si substrate using the solution-based fabrication. The physical

and electrical characteristics of CBT thin films were deposited

in the MFIS structures in this study. The leakage current
na Group S.r.l. All rights reserved.
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Fig. 1. The XRD patterns of as-deposited BIT and CBT thin films.
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Fig. 2. The XRD patterns of as-deposited CBT thin films for different annealing

temperature.
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density, capacitance, and the memory window of CBT thin

films were characterized.

2. Experimental

In this study, the ferroelectric CBT thin films were fabricated

on SiO2/Si(1 0 0) substrates by solution-based fabrication

technology. The calcium nitrate [Ca(NO3)2-4H2O], bismuth

nitrate [Bi(NO3)3-5H2O], and titanium isopropoxide

[Ti(OCH(CH3)2)4] were used as starting materials for calcium,

bismuth, and titanium elements. Bismuth nitrate was dissolved

in ethylene glycol solvent were stirred for 50 min at 120 8C.

After the solution cooling to 80 8C for reflux 20 min, the

CH3COOH was added to the solution were stirred for 50 min at

120 8C. Then, titanium isopropoxide was added to solution

were stirred 1 h at 120 8C. The calcium nitrate was added

to solution and stirred 50 min at 120 8C. The ratio of

Ca:Bi:Ti:CH3COOH is 1:4:4:9 in this solution. The CBT

sol–gel solution, with the nominal composition of CaBi4Ti4O15,

was fabricated from the above process. The solutions were spin

coated on SiO2/Si substrate at 3000 rpm for 20 s. The as-

deposited thin films were dried at 150 8C for 1 min using hot

plate. Subsequently, the as-deposited thin films were heat

treatment at 350 8C for 3 min and then annealing at 600–700 8C
for 1 h in air using a conventional furnace annealing (CFA). To

increase the thickness of thin film to about 300 nm, spin-

coating, drying, hot treatment and annealing were repeated 3

times.

The MFIS structures were made on a polished p-Si wafer of

nominal resistivity �1.0 V cm. The SiO2 buffer layer for

100 nm thickness was grown by wet thermal oxidation of the

silicon wafer at 1100 8C for MFIS devices. The crystal

structures of the as-deposited CBT thin films were determined

by X-ray diffraction (SIEMENS D5000) analysis obtained

using a Cu Ka radiation in the 2u range of 20–608. The surface

microstructure was observed using scanning electron micro-

scopy (SEM) morphology. To complete the MFIS structures, an

array of circular top and bottom contacts with an area of

0.00785 cm2 was formed by depositing a 500 nm thick

aluminum (Al) film using the thermal evaporation method.

The capacitance and leakage current characteristics of CBT

thin films were measured using a gain phase analyzer (HP

4194A) and a semiconductor parameter analyzer (HP 4156).

All the capacitance results of the CBT thin film were measured

at 100 kHz, with the initial dc bias at the top electrode scanned

between �20 and 20 V.

3. Results and discussion

The XRD pattern was used to identify the change on

crystalline structures of as-deposited CBT and BIT thin films.

From the XRD pattern, the crystalline orientations of (1 1 7),

(0 0 8) and (0 0 6) planes were apparently observed in Fig. 1. It

was found that the as-deposited CBT thin films consisted of the

preferred (0 0 8) and (1 1 9) orientation. The BIT and CBT thin

films were well c-axis oriented, but CBT thin film was more c-

axis oriented than BIT. For the polycrystalline CBT thin films,
the (0 0 8) peak was the strongest peak in both of thin films. The

change in the (0 0 8) and (0 0 6) orientation was observed

except for the degree of the (1 1 9) orientation of CBT thin

films. The XRD patterns of the as-deposited CBT thin films

under different annealing temperature were observed in Fig. 2.

These results indicated that the crystalline characteristics of

annealed-CBT thin films were better than those of as-deposited

CBT thin films. The crystallization characteristics of as-

deposited CBT thin films were influenced by annealing

temperatures process. The electrical and ferroelectric char-

acteristics of as-deposited CBT thin films for 350 8C hot

treatment under different annealing temperature will be further

developed.

In Fig. 3, circular-like grains of as-deposited CBT thin films

with 25 nm width were observed by SEM. From the cross-

sectional morphology, the thicknesses of the CBT thin film

were about 150 nm. In addition, the surface morphology and

micro-structure of as-deposited CBT thin films under the CFA

process were shown in Fig. 4. We found that the grain size of as-

deposited CBT thin films increased while the annealing



Fig. 3. The surface observation of the as-deposited CBT thin films.

Fig. 4. The surface observation of the as-deposited CBT thin films annealed at

700 8C.
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Fig. 5. The C–V curves for as-deposited CBT thin films annealed at

700–800 8C.

Fig. 6. Leakage current density in dependence of voltage for as-deposited CBT

thin films annealed at 700–800 8C.
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temperature increased to 700 8C. The surface of the grains size

increased and the porosities of the as-deposited CBT thin film

were followed the annealed temperature increased.

Fig. 5 shows the capacitance–voltage (C–V) curves of the as-

deposited and annealed CBT thin films in air atmosphere for 1 h

by CFA process. The applied voltages, which were first

changed from �20 to 20 V and then returned to �20 V, were

used to measure the capacitance voltage characteristics (C–V)

of the MFIS structures. After CFA process, memory window of

MFIS structure increased from 1 V to 2.2 V, and threshold

voltage decreased from �5 V to �2 V. We revealed that the

large memory window and high capacitance of the CBT thin

film contributed the large grain size. These results demonstrated

that low threshold voltage of the annealed-CBT thin films for

MFIS structure caused by oxygen vacancy decreased.

Fig. 6 shows the leakage current density versus applied

voltage curves of as-deposited and annealed CBT thin films on

the MFIS structure. We found that the leakage current density

of the annealed CBT thin films were larger than those of as-

deposited CBT thin films. At an electric field of 0.5 MV/cm, the

leakage current density of the 700 8C annealed CBT thin films
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Fig. 7. The J/T2 versus E1/2 curves of as-deposited CBT thin films.
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was increased from the 1 � 10�6 A/cm2 to 1 � 10�4 A/cm2 for

high annealing temperature. This result indicated that the

appropriate annealing temperature was effective method in

lowering leakage current density of as-deposited CBT thin film.

To analyze that the phenomenon of oxygen vacancies and

defect decreased of the annealed CBT thin films under the high

annealing temperatures, the Schottky emission transport and

Poole–Frenkel transport models were used to discuss the

mechanism [8,9]. Fig. 7 showed the ln J/T2 versus E1/2 curves

of annealed CBT thin films under 700 8C CFA annealing

process. The annealed CBT thin films exhibited the Schottky

emission transport mechanism and the as-deposited CBT thin

films showed the Poole–Frenkel transport mechanism. These

experimental results suggested that oxygen vacancies of the

annealed CBT thin films decreased under the 700 8C CFA

process in air atmosphere. However, the high leakage current

density of the 800 8C annealed CBT thin films were attributed

to the large grain boundary.

4. Conclusions

In conclusion, the as-deposited CBT thin films were

prepared by solution-based fabrication technology. We

investigated the CFA process treatment on electrical and

physical properties of as-deposited CBT thin films for MFM

structure at the annealing temperatures 700–800 8C. The as-

deposited CBT thin film exhibited low leakage current

characteristics. The leakage current density was 1 � 10�7 A/

cm2 as an applied electric field of 0.5 MV/cm applied. The

memory window of MFIS structure increased from 1 V to

2.2 V, and threshold voltage decreased from �5 V to �2 V. The

low threshold voltage of the annealed-CBT thin films for MFIS

structure was caused by oxygen vacancy decreased. Finally, we
found that electrical and physical characteristics of as-

deposited CBT thin films improved by CFA treatment process

from the XRD, SEM, C–V and J–E results.
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