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Semiconductive Properties of Passivating TiO, Film as Photoanode
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Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology

Abstract Semiconductive property of the passivating TiO; film was investigated by measuring the
impedance of passivated titanium electrode in a 0.1 N NaOH solution. The passive film was pre-
pared galvanostatically with 10 mA /ent at formation potential of 50 V in a 1 N H,SO, solution.
The impedance measurement was conducted by superimposing an ac voltage of 5 mV amplitude
with the frequency ranging from 5 to 10000 Hz on a dc bias (applied potential). The donor dis-
tribution in the film was depicted from the analysis of the non-linear slope of Mott-Schottky
plot. The region with nearly constant concentration of donors near the electrolyte/film interface
amounts at about 60 percent of the total film thickness and donor concentration increases
largely with distance from the surface in an inner region near the film/metal interface. In a re-
gion of the film/metal interface the donor concentration showed a frequency dependence greater
than in a region of the electrolyte/film interface. The result of donor concentration against fre-
quency suggests a transition from crystalline to amorphous state with distance from the electro-
lyte/film interface in the passivating TiO. films. This is also confirmed by the ac conductivity

measurement.
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Fig. 1 Bode plot for the passivating TiO; film in 0.1
N NaOH solution. (a) impedance vs. fre-

quency (b) phase angle vs. {requency
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C :space charge capacitance
R :space charge resistance
R, : electrolyte resistance
Fig. 2 Equivalent circuit obtained from the Bode
plot.
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Fig. 3 Potential dependence of the space charge ca-
pacitance for the passivating TiO. film
measured at various frequencies. A :398
Hz; o : 1000 Hz ; o : 2510 Hz
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Fig. 4 Frequency dependence of the dielectric con-
stant for the passivating TiO, film.
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Fig. 5 Mott—Schottky plots for the passivating TiO
, film. A :398 Hz; o : 1000 Hz ; o : 2510

Hz
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JANF E g Clvs. V 249 s Iy e &
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V 3dezg g &£74Q 71§71, 4(1/CH)/4VE
Azbel AZRA(VIAAM TF 9L, o 71&7%
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Fig. 6. Distance from electrolyte/passivating TiO,

film interface vs. donor concentration
measured at various frequencies. A 398

HZ ; o :1000 HZ ; o : 2510HZ
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AME A film WellME Ao & donor %
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Fig. 7 Frequency dependence of the donor con-
centration measured at two different dis-
tances from electrolyte/passivating TiO, film
interface. © 130 nm; 0 :70 nm
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Fig. 8 Frequency dependence of the ac conductivity
for the passivating TiO, film.
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