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Introduction

   An interest in the use of ferroelectric thin films for memory applications increased in recent years. For example, Pb(Zr,Ti)O3(PZT)[1], SrBi2Ta2O9(SBT)[2] and Bi4Ti3O12[3] have been intensively studied to overcome the limitation of conventional capacitor structure, because of high dielectric constant, large spontaneous polarization and low leakage current. Especially, ferroelectric random access memories (FRAMs) are promising nonvolatile alternatives. These devices use the switchable spontaneous polarization which is the characteristic of a ferroelectric material. But the ferroelectric materials concerned are complex, and difficult to integrate with silicon devices. SBT has the high process temperature, which makes the material difficult to join a process in conjunction with silicon devices. Bi4Ti3O12 has a low spontaneous polarization. And in the case of PZT, A polarization ‘fatigue’ occurs on common platinum electrode. This fatigue is the reduction of the polarization or stored charge with repeated switchings. So Park et al. have tried a different approach which modified Bi4Ti3O12, that is, Bi3.25La 0.75Ti3O12 films was deposited by laser ablation. From this approach, BLT showed the encouraged results such as a higher remanent polarization at a low annealing temperature and a resistance to fatigue[4]. 

   According to the progress of thin film technology, a number of studies on ferroelectric thin films are available in literature. The deposition methods ferroelectric thin films by several techniques such as dry methods (sputtering[5], laser ablation, and chemical vapor deposition(CVD)[6]) and wet methods (sol-gel[7], metalorganic decomposition(MOD)[8], and LSMCD[9,10]) have been studied. Among these methods, LSMCD generally has the advantages of good reproducibility of composition, high deposition rate, and the easy selection of metal precursors without the limitation of high vapor pressure at low temperature in CVD. The reproducibility of composition is especially an important parameter needed to achieve the desired electrical properties.
Experiment

   In this study, BLT thin films were prepared by LSMCD method using Bi 2-ethylhexanoate [Bi((OOCCH(C2H5)C4H9)3], La nitrate [La(NO3)3], and Ti isoproxide [Ti(OiC3H7)4] as metallic precursors. These were dissolved in a 2-methoxyethanol. Preparation process of BLT thin film was shown in Fig. 1. An ultrasonic nebulizer (HU-350, Samsung Electronic Co., Ltd. Frequency of sonicator : 1.63MHz) was used to make the mists of the precursor solution. The mist was transported to a deposition chamber by carrier gas (Ar). The Si(100) and Si(100)/SiO2(400nm)/Pt(100nm), were used as a wafer. The deposited BLT thin film was baked at 400oC for 10min. The films were subsequently annealed in the range of 600~750oC for 3min in a rapid thermal annealing (RTA) and for 30min in a conventional furnace. The thickness of a film was controlled by repeated deposition. The detailed growth conditions of BLT thin films are shown in Table 1. The structure and surface morphology of BLT thin films were characterized by x-ray diffraction (XRD) and scanning electron microscopy (SEM). The composition of the thin film was analyzed by using wavelength dispersive spectroscopy (WDS). Also, the depth profile was obtained by using auger electron spectroscopy (AES). In order to measure electrical properties, we prepared a Pt upper electrode of 400m diameter by using a shadow mask in the rf-magnetron sputter. Capacitance-voltage (C-V) and leakage current (I-V) characteristics were measured by using an impedance analyzer (HP4192A) at 100kHz frequency and picoampere current meter (HP4145B) with the conditions of 0.05V of step voltage and 1sec of delay time, respectively. P-E hysteresis curves were measured at room temperature by RT66A (Ramtron) with virtual ground mode.

Result and discussion

   BLT thin films were formed on platinized Si wafers from the mixed solution containing 20% excess Bi atoms. The WDS analysis showed that BLT thin film annealed at 700oC had the composition (Bi2.82,La0.79)Ti3O12. Figure 2 shows the X-ray diffraction patterns of the BLT thin films at the various annealing temperature. The 230nm-thick BLT thin films were annealed at 600, 650, 700, and 750oC in rapid thermal annealing (RTA) for 3min. The film at 600oC had slight layered perovskite structures. The films at above 700oC had good c-axis orientations. However, the films had mixed (117) planes and peaks related to Bi oxide. Figure 3 shows the surface morphologies of the BLT thin films at the various annealing temperatures. The film annealed at 650oC had the needle-type grains. However, The films at above 700oC showed plate-type grains. Also, as the annealing temperature increased, grain size increased. Figure 4 shows the dielectric constants for the BLT thin films. The BLT thin films at annealed 600, 650, 700 and 750oC had 194, 312, 407 and 455, respectively. Dissipation factors of the films were 0.03-0.05. This results is coincident with XRD patterns and surface morphologies. As the grain growth increased, dielectric constant increased. The dielectric constnat of BLT thin film annealed at above 700oC was saturated. The leakage current density of BLT thin film annealed at 700oC was 7.25x10-7(A/cm2) at 3V as shown in Fig. 5. 
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Table 1. The growth conditions for preparation of BLT thin film by LSMCD.
	Pressure during deposition
	500 ~ 760Torr

	Drying
	200 ~ 350oC, for 3min

	Baking
	400oC, for 10min

	Annealing
	600 ~ 750oC, for 3min ~ 30min

	Typical deposition rate 
	5 ~ 20nm/min

	Ar flow rate
	200 ~ 2000sccm

	Top electrode 
	Pt(100nm) by sputtering
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Fig. 5. Leakage current density of BLT thin film annealed at 700oC





Fig. 4. Dielectric constant of BLT thin films annealed at various temperature.
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Fig. 1. Preparation process of BLT thin film. 
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Fig. 3. Surface morphologies of BLT thin films annealed at (a) 600, (b) 650, (c) 700, and (d) 750oC 
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Fig. 2. X-ray  diffraction patterns of BLT thin films.
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