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Abstract: BaTiO; thin film was electrochemically deposited on Ti electrode in a 0.4 M Ba(OH): solution of 85 C using a current pulse waveform.
Both BaTiO; crystallinity and faradaic efficiency for the film formation were enhanced with the increase of cathodic current density and pulse time.
Based on the surface analysis and electrochemical studies, it was suggested that, during cathodic pulses, the surface pH increase due to the
reduction of H:Q accelerates the structural changes of Ti oxides which were formed during anodic cycle. Prior to experiments, Ti oxides were
intentionally grown in 0.1 M H»SO; solution and the effect of initial oxide film thickness on the BaTiOs film formation was investigated. The
migration of Ti™ ions through the oxide film was retarded with the increase of film thickness and it was observed that the crystallization of

BaTiOs was only limited to the defect area of surface oxides.
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Figure 1. Experimental apparatus.
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Figure 2. X-ray diffractogram for different cathodic pulse
current: (tc = 10sec, i, =25 mA/cm’, and t.=20 sec, total anodic
time = 266 min Temp=85 T) (a) anodic only; (b) i =-10
mA/em’ (¢) i = -25 mA/em’.
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Figure 3. Applied current waveform.
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Figure 4. The effect of cathodic current pulses on the synthesis
of BaTiOs thin film: (i,=25 mA/cm’, total anodic time = 26.6
min, Temp=8 ) (a) anodic only; (b) t.=10sec; i.=-25
mA/cr’, and ta = 20 sec.
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Figure 5. Auger spectroscopy data for the needle-type crystal
found on the Ti surface in Figure 4 (a).
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Figure 6. Surface topographic changes of Ti surface with the
total electrolysis time: (ic = -25 mA/cm’, t. = 25 mA/

2 sec; I,=

e, t.=4 sec, Temp. =8 C) (a) 1 min; (b) 10 min.
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Figure 7. Linear sweep voltammogram with a prior cathodic
polarization: (scan rate:20 mV/s, Temp. =8 C, 04 M Ba(OH),)
(a) without cathodic polarization; (b) 5s of cathodic polarization
at -1.0 V.
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Figure 8. Potential transients for the stepwise current increase
from the -25 mA/cm® cathodic current to 25 mA/em’ anodic
current. Cathodic current time, t., was varied: (a) 1 sec; (b) 5
sec; (c) 10 sec.
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Figure 9. Potential variation of Ti electrode caused by the
anodization in 01 M H.SO; solution at room-temperature.
(applied current density =75 ¢ A/cm?).
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Figure 10. Topographic changes of the Ti surface with the
increase of initial oxide thickness. Thickness of the initial oxide
was assumed to be linearly increased with the potential in
Figure 9 (o = -25 mA/cny’, te=2 sec : . =25 mA/en’, ta =4 sec,
total electrolysis time: lmin, Temp. =8> T). Potential increase
due to the formation of oxide film on Ti was up to (a) 0.1 V,
(0.77 nm), (b) 05 V, (1.73 nm), (c-1) 1V, (293 nm), (c-2) 1 V
during total electrolysis of 7 min.

Figure 11. SEM image of Ti surface after lmin of total
electrolysis time when the opposite current waveform of Figure
3 is applied. In the beginning of electrolysis, anodic current is
applied first (i.=25 mA/em’, t.=4 sec; i =-25 mA/em’, to=2
sec, Temp. =85 ).
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