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(BIT) thin films with anatase layer been prepared on the Pt/Ti/Si02/Si substrates by 
metalorganic vapor The BIT thin films with Ti02 anatase buffer layer exhibit highly a- and 
b-axes orientation, although the BIT thin film with no buffer layer exhibits a c-axis orientation. The 
ferroelectricity depends on the thickness ratio of the BIT thin film to the Ti02 anatase layer, indicating that 
the Ti02 anatase acts not as barrier but as an initial nucleation layer. When the 
thickness ratio is fixed at [(BIT)/(Ti02)] =15, the remanent polarization and the coercive field (Ec) are 
2Pr=81.6 flC/cm2 and kV/cm, respectively. The dielectric constant is 160. 
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1. INTRODUCTION 
Ferroelectric B~Ti3012 (BIT) has been expected to be 

applied to nonvolatile ferroelectric random access 
memories (FeRAMs) with nondestructive readout 
operation, because of its low dielectric constant and 
coercive field The BIT thin films are useful 
lead-free and fatigue-free ferroelectric materials that 
exhibit superior ferroelectricity even when using Pt 
electrodes. The large P, of the a-axis takes advantage 
of the reduction of the memory cell area of a 
NV-FeRAM. The formation process at low 
temperature below 500 oc is desirable for the realization 
of poly-Si-plug-stacked capacitor memory cells [5-12]. 
This is because interdi:lfusion occurs between the 
electrode and the poly-Si-plug during ferroelectric film 
formation at high temperature. 
In recent years, the Bi4-xLaxTh012 thin which was 
prepared at a crystallization temperature of 650°C, 
exhibited a relatively large remanent polarization, and 
superior fatigue endurance was confirmed [4-6]. Such 
a significant improvement in ferrolectricity has been 
observed only for (Bi4...xLax)(Ti3.yVy)012 and 
Bi4Ti3.yVy012 films [19-22]. Matsuda et al. prepared a 
Pr-substituted BIT (Bi4-xPrxTh012) thin film grown on 
an Ir/Si substrate from chemical solution [23]. They 
reported that the polar-axis-oriented Bh7Pr03Th012 thin 
film has the remanent (Pr) of 2Pr=92 
~-tC/cm2• However, these BIT thin films require high 
crystallization temperatures above 600°C. 

In this study, the a- and b-axes-oriented BIT thin 
films have been prepared on Pt/Ti/Si02/Si substrates by 
MOCVD using Bi(CH3)3 and Ti(i-OCH3H7) 4 sources. 
In order to prevent the interdiffusion, the anatase 
buffer layer is inserted between the BIT thin film and 
Pt/Ti/Si02/Si substrate [14,15], Ti02 anatase can be 
prepared at a low substrate temperature of 350°C by 
MOCVD [14,26,27]. Thus, the Ti02 anatase buffer 
layer is very effective for inducing interdiffusion 
between the BIT thin film and the Pt substrate. In this 
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paper, we present the structural and ferroelectric 
properties of the BIT thin films with a Ti02 anatase 
buffer layer. 

2. EXPERIMENTAL 
anatase buffer layers were prepared on (111) 

Pt/Ti!Si02/Si substrates by MOCVD. Tetra-isoproxy 
titanium [Ti(i·OCH3H7)4] was used as the Ti source in 
MOCVD. The pressure in the reaction chamber was 
fixed at approximately 5 Torr. Ti(i·OCH3H7) 4 was 
vaporized in a separate stainless-steel bubbler and 
maintained at 40°C, The substrate temperature (Ts) 
was approximately 350°C [14,26,27]. The prepared 
Ti02 anatase film exhibited (101) orientation. 

BIT thin films were deposited by MOCVD on the 
Ti02 anatase buffer layer prepared on Pt!ri/Si02/Si 
substrates, using an apparatus having a vertical cold~ wall 
reaction chamber. Trimethyl bismuth [Bi(CH3)3] and 
Ti(i·OCH3H7)4 were used as Bi and Ti sources in 
MOCVD. The Bi(CH3) 3 and Ti(i·OCH3H7)4 were 
vaporized in separate stainless-steel bubblers and 
maintained at 0°C and 40°C, respectively. The Ar 
and gases were used as the carrier gas and the 
oxidizing gas, respectively. The pressure in the 
reaction chamber was fixed at approximately 5 Torr 
[12,13]. The substrate temperature (Tsub) was fixed at 
500°C. Finally, the top Pt electrodes with a diameter 
of 0.2 mm were deposited on the film surface through a 
metal shadow mask rf-maguetron sputtering in order 
to measure the electrical properties. 

The structural properties of the BIT thin films were 
characterized by X-ray diffraction (XRD) using CuKa. 
The surface morphology and cross section were 
observed by scanning electron microscopy (SEM). The 
electrical properties were measured using the 
ferroelectric property measurement system. 
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RESULTS At"'D DISCUSSION 
1 shows the 
with the 

ratio 
stoichiometrical in these films. 

a- and 

1: XRD patterns of as-deposited BIT thin films with no 
layer and with Ti02 anatase buffer layer. The 

thicknesses of the buffer layer and the BIT thin film are fixed at 
50 nm and 350 nm, respectively. 

The mechanism of a- and b-axis orientation of the 
BIT thin film with the anatase buffer is very 
complicated. The lattice parameters of anatase 
are a==0.378 nm and c==0.949 nm. The interval of 
oxygen ion distribution of anatase is 
considered to be closer to the a- and b-axis lattice 
parameters than to the c-axis parameter 

mn) of BIT. The lattice mismatch between BIT 
anatase is estimated to be 5.4%. 
this value is almost of the same order as the 

lattice mismatch between BIT and Pt. the 
concept of lattice mismatch cannot the a- and 
b-axis orientation of the BIT thin film. This 
that the anatase buffer does not act as a 
simple barrier that prevents interdiffusion between 
the BIT thin film and the substrate. 

2 shows the cross-sectional of the 
BIT thin films with no buffer and with the 

The BIT thin film with no buffer 
with diameters 

are and 
round. These "''"rr>or~nl·'"' indicate that one or two 

the out-of-plane direction. grains 

The surface and interface of the BIT thin film with the 
anatase buffer very 

that the inte1face structure between the BIT thin film and 
the Pt electrode is the 

H<JW<~ve:r. the anatase buffer 
dis:appears with the formation ofthe BIT thin film. 

These results be evidence that the anatase 
buffer acts not as a barrier but as an initial 

of the BIT thin film. 

Surface 

BIT 

2: SEM cross-sectional micrographs of BIT 
films with (a) no buffer layer and with (b) 

buffer layer. 

3 shows the P-E loops for the BIT 
thin films with no buffer and with the anatase 
buffer These loops exhibit good shape, 
altll1mlgh the saturated were not observed. The 2 
Pr of as-deposited BIT thin films with no buffer 
and that with the anatase buffer layer were 10.0 

and 44.4 , The 2E0 of 
as-deposited BIT thin films with no buffer layer and that 
with the anatase buffer were 233 kV/cm and 
300 The small of as-deposited 
BIT thin film with no buffer layer originates from the 

c-axis orientation. The relatively large of the 
as-der>osJlted BIT thin film with the anatase buffer 

originates in the a- and b-axes orientations. 
the of the a- and b-axes-oriented BIT thin 

film is smaller than that of the a-axis of the BIT single 
This from the existence of (Ill) and 

(117) peaks. The s, ofthe BIT thin film with no buffer 
and that with the anatase buffer were 

~ 160 and The leakage current (IL) 
was ~ 1 o-6 BIT thin films. The h was 

vacancy. 

anatase buffer 

oet>OSited. on 
which has a small amount 
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Fig. 3: P-E hysteresis loops of as-deposited BIT thin 
films with no buffer layer and with Ti02 anatase buffer 
layer. 

Figure 4 shows XRD patterns as a function of 
thickness of the as-deposited BIT thin film with the Ti02 
anatase buffer layer. The film thickness of the Ti02 
anatase buffer layer is fixed at 25 nm in order to prove 
the effect of the buffer layer on the BIT thin film. The 
XRD patterns were confirmed for the BIT thin film with 
thickness ranging from 80 to 550 nm. The composition 
ratios of Bi and Ti were almost stoichiometrical in the 
BIT thin films with thickness ranging from 80 to 400 nm. 
The XRD patterns of the BIT thin films with thickness 
ranging from 80 to 400 nm exhibit highly a- and 
b-axes-oriented BIT single phase. However, the 
pyrochrole phase shown as a closed circle is observed in 
the BIT thin films with thicknesses of 460 and 550 nm, 
since the composition ratios of these thin films are 
Bi-excess and Ti-poor. The existence of the Bi20x 
phase is attributed to the decrease in nucleation density 
of the Ti02 anatase buffer layer with increasing in BIT 
thin film thickness, since the intensity ofthe Bi20x phase 
of 550 nm is larger than that of 460 nm. This is direct 
evidence that the Ti02 anatase buffer layer acts as an 
initial nucleation of the BIT thin film. 

Figure 5 shows P-E hysteresis loops as a function of 
thickness of the as-deposited BIT thin film with the Ti02 

anatase buffer layer. The P-E hysteresis loops are not 
observed in the BIT thin films with thicknesses of 460 
and 550 nm, which exhibit the existence of the BizOx 
phase. As the BIT film thickness increased, the 
hysteresis loop became square in shape. The Ec does 
not change much against the film thickness. A similar 
situation has been reported in the c-axis-oriented 
epitaxial BIT thin film and the PZT thin film [17,21,22]. 
When the low dielectric layer exists, it should strongly 
affect the E0, particularly for thinner films. However, 
such an apparent change is not observed in this study. 
On the other hand, it is significant that the P, value is 
found to be strongly dependent on the film thickness. 
The P, value decreases with decreasing thickness of the 
BIT thin film. In particular, the low P, and poor 
saturation of BIT thin films below 120 nm contribute to 
the remaining Ti02 anatase buffer layer, which acts as 

low dielectric layer. Therefore, the most suitable ratio 
of the thickness of the BIT thin film to the Ti02 anatase 
buffer layer is considered to be [(BIT)/(Ti02)] =15, 
although the ratio may change with the thickness of the 
Ti02 anatase buffer layer. To further investigate the 
mechanism of a- and b-axes orientation, ferroelectricity, 
and grain size of BIT thin film with Ti02 Anatase buffer 
layer, the effect of film thickness ofTi02 Anatase buffer 
layer and the detailed analysis of interface must be 
clarified in the future study. 
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Fig. 4: XRD patterns as a function of thickness of as-deposited 
BIT thin films with Ti02 anatase buffer layer. 
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Fig. 5: P-E hysteresis loops as a function of thickness of 
as-deposited BIT thin films with the Ti02 anatase buffer layer. 

4. CONCLUSION 
We have prepared a- and b-axes-oriented BIT thin 

films with the Ti02 anatase buffer layer deposited on 
Pt/Ti/Si02/Si substrate using MOCVD technique. The 
BIT thin films were crystallized at the low-temperature 
of 500 °C. The BIT thin films with the Ti02 anatase 
buffer layer exhibit highly a- and b-axes orientations. 
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The interface structure between the BIT thin film and 
the Pt electrode is improved by the Ti02 anatase buffer 
layer. The BIT thin films with the Ti02 anatase buffer 
layer exhibit relatively large P" which originates in the 
highly a- and b-axes orientations. When the film 
thickness was fixed at 400 nm, Pr and Ec were 2Pr =81.6 
J.LC!cm2 and 2Ec=250 kV/cm, respectively. The 
dielectric constant (ar) was 160. The Pr and Er of the 
BIT thin film with the Ti02 anatase buffer layer were 
almost of the same order as those along the a-axis of a 
BIT single crystal. These excellent ferroelectric and 
structural properties contribute the existence of the Ti02 

anatase buffer layer, which acts as an initial nucleation 
ofthe BIT thin film. 
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