Preparation of (Bi,La)Ti;O,, Thin Films on AL, O;/Si Substrates by the Sol-Gel
Method

Eo0 JUNG CHANG, SUN HwAN HWANG, HO SUNG CHANG* , K. SAWADA **
AND M., ISHIDA**

Dept. Electronics Engineering, Dankook University , Cheonan 330-714, Korea

*Dept. Electrical, Electronics and Computer Engineering, Dankook University, Seoul 140-714, Korea

** Dept. Electrical and Electronics Engineering, Toyohashi University of Technology , Toyohashi 441-8580,Jjapan
paone: +82-41-550-3569, fax: +82-41-554-4769

e-mail: hjchang@dku.edu

(B1,La)Ti;042(BLT) ferroelectric thin films were prepared on Al,O5/Si substrates by the sol-gel method. The as-coated films
were post-annealed at the temperature of 650°C and 700°C for 30 min. The crystallinty, surface morphologies and electrical
properties were affected by the annealing temperatures. The BLT films annealed at above 650°C exhibited typical bismuth
layered perovskite structures with (00/) preferred orientation. The granular shaped grains with a size of approximately 90nm
was formed in the film sample annealed at 700C. The memory window volatge of the BLT film was 2.5 V. The leakage
current of BLT films annealed at 650°C was about 1X10”A/cm*at 3 V .

1. Introduction

As modern electronic devices such as mobile phones and notebook computers become to be popular,
there has been considerable focused to ferroelectric non-volatile memory devices. Ferroelectric random
access memories (FRAM) have good features such as high speed operation, low power consumption
end large scale integration. FRAM is a RAM-based device that use the ferroelectric effect for a charge
storage mechanism. The ferroelectric effect is the ability of a material to store an electric polarization in
the absence of an applied electric field (Pr). Nowadays, Bismuth-layer-structured ferroelectric
materials, such as SrBi,Ta,Oo¢ (SBT), (Bi,La)Ti;O;; (BLT) and SrBi;Nb,Og (SBN) are known as
promising materials for the non-volatile FRAM application due to their good fatigue properties, low
leakage current and high remanent polarization.[1-6] BLT is one of the most promising candidates for
FRAM. The technologies should be developed to prevent the FRAM devices from inter-diffusion
tetween deposited film layers during the annealing process by means of a low temperature process and
cptimization of the buffer layer materials. In this work, BLT thin films were prepared on Al,O3/Si
substrates by using the sol-gel method. The dependences of the crystallinity and the electrical properties
were investigated.

2. Experimental Procedure

The BLT ferroelectric thin films were coated on Al,O3/Si substrates by the sol-gel method. The BLT
sol-gel solution was spin-coated onto the substrates with a rotational speed of 2500 rpm for 30 seconds.
The spin-coated films were baked in a hot plate at 330 C to remove residual solvent. The coating and
drying cycles were repeated 5 times. For the crystallization of as-coated BLT films, the annealing
process was conducted at temperatures of 650 C and 700 C for 30 minutes under an air ambient. For
the electrical measurements, Pt top electrode was deposited onto the BLT film layer by using DC
sputtering through a metal shadow mask to form ferroelectric capacitors. Annealing at 470 C in O,
ambient was carried out for 10 minutes in the furnace in order to obtain good ohmic contact between
t=e Pt top electrode and the BLT thin film. The crystalline structures of the films were analyzed using
X-ray diffractometer (XRD). The surface and cross-sectional morphologies were examined using field
emission scanning electron microscopy (FE-SEM) and atomic force microscopy (AFM), respectively.
The chemical compositions and impurity contents of the films were examined by auger electron
spectroscopy (AES). The capacitance-voltage (C-V) characteristics was also measured by using
HP4155B and HP4180A.
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3. Results and Discussion

Figure 1 shows the X-ray diffraction patterns of the BLT films coated on the Al,O3/Si substrate as a
function of annealing temperatures. The as-coated BLT films showed the amorphous structures.
However, the films annealed at above 650 C exhibited typical bismuth layered perovskite structures
with (00/) preferred orientation. The peak intensities of the films increased as the annealing temperature
increased from 650 C to 700 C.

Figure 2 shows the AES depth profiles of the films coated on Al03/Si substrates which were
annealed at 700 C. The AES results show that no significant interdiffusion was found at the interface
between the BLT film and Al,Oj3 insulator layer.

Figure 3 shows the FE-SEM surfacial morphologies of the (a) as-coated BLT thin film and the films
annealed at (b) 650C and (c) 700 C on Al,03/Si substrates. The surfacial morphology of the as-coated
films was found to be relatively smooth and the grain growth was occurred at the annealimg
temperature of above 650C. The granular shaped grains with a size of approximately 90nm was
formed in the BLT film annealed at 700 C.

Figure 4 shows the capacitance versus voltage characteristics of the annealed BLT films at 700C
coated on AlyOs/Si substrates. The film samples showed typical ferroelectric hysteresis property which
is originated from remanent polarization caused by the electric field effect in the BLT films. The
window volatges were calcualted from these C-V hysteresis loops. The window volatge of the film was
found to be 2.5 V at the applied bias volatege of 5V.

The current densities of the BLT films as a function of the annealing temperatures of 650C and
700°C are shown in figure 5. The current density of the as-coated film was about 6.1 x10? A/cm? and
increased to 1.4x107 A/em® at 3 V when the BLT films were annealed at 650°C. That result can be
explained by the grain growth and volatility of Bi component caused by the increased annealing
temperature as seen in the FE-SEM morphologies.

4. Conclusions

(B1,La)T13012(BLT) ferroelectric thin films were coated on Al,O3/Si substrates by the sol-gel method
and then post-annealed at 650C and 700C for 30 minutes. The annealed BLT films were exhibited c-
axis oriented perovskite crystalline structures. The BLT film showed a dense microstructure with a
granular grain shapes. The window volatge of the BLT film annealed at 700 C on Al,O3/Si substrate
was found to be 2.5 V at the bias volatege of 5V. The leakage current of the annealed film was about
1.4x107 Alem® at 3 V.
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Fig.1 XRD patterns of the as-coated BLT thin films Fig. 4 Capacitance-Voltage characteristics of BLT thin
and annealed at 650 Cand 700°C on Al,04/Si substrate. film annealed at 700 C on AlL,0,/Si substrate.
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Fig.2 AES depth profile of the BLT film annealed at Fig.5 Current-Voltage curves of BLT thin films annealed at (a)
700°C on Al,0,/Si substrate. 650C and (b) 700°C on Al,O,/Si substrates.

Fig.3 FE-SEM surfacial morphologies of the (a) as-coated
BLT films and the ones annealed at (b) 650C and (c)
700°C on ALO;/Si substrate.
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