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ABSTRACT

Sol-Gel derived ferroelectric PZT thin films were fabricated on ITQO/Glass and Si/S8i0; substrates. In order
to investigate the effect of catalysts on the densification and crystallization of PZT thin films, a nitric acid
or ammonium hydroxide was added to the PZT stock solution at the stage of partial hydrolysis reaction. The
measured pH for a stable PZT sol was 5.2~93, In case of an acid-catalyzed PZT sol, a highly condensed
particulate PZT sol was formed by accelerating the hydrolysis reaction. But weakly branched polymeric PZT
sol was formed with a base-catalyzed condition. The difference in densification behavior was not found in
the pH range of added catalyst, but the refractive index of PZT thin film was increased rapidly as the annealing
temperature increased. The PZT thin film annealed at 540C for 10 min was fully densified and its refractive
index was above 24. When the annealing temperature increased, the transition from the pyrochlore phase
to perovskite appeared at 540%. The base-catalyzed PZT thin film suppressed to form the pyrochlore phase
and proceeded effectively to convert the perovskite phase. This was due to the formation of polymeric molecular
structure by controlling the hydrolysis and condensation reaction through the addition of the ammonium hydro-
xide.
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Table 1. Annealing Conditions Used in This Study.

Annealing Conventional Annealing
Type (heating rate: 10C/min.)
Annealing
Step C-I c-I
Intermediate
Annealing 400%C, 1 hr. No
(LAY
Final
Auneal Each temp. Each temp.
ne.
rneating for 30 min. for 10 min.
(F.A)
Repetition of
Multi-coatin, No
T 1A e FA
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Fig. 1. pH variation of PZT sol according to catalyst
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Fig. 2. Status of PZT sol according to catalytic con-
dition; (a) HNOy 0.5 mol, (& HNQ; 003 mol,
{c) Non-catalytic, (d) NH,OH 0.03 mol, and {e}
NH.OH 3.0 mol.
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Fig. 6. (a) Thickness and (b} refractive index of PZT thin films annealed at 5407 for 30 min. vs. withdrawal
speed (C-I method).
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Fig. 7. (a) Thickness and (b) refractive index of PZT thin films annealed at various temperatures for 10 min
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Table 2. Relative Density of PZT Thin Films Annea-

led at 540TC.
Relative . .
. Annealing Type
Density
Catalyti
atalytic cI I
Condition
Non-catalytic 70.81% 50.04%
HNO; 0.03 mol 70.89% 93.80%
NH,O0H .03 mol 68.35% 90.85%
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Fig. 10. SEM micrographs of PZT thin films according to catalytic conditens and annealing temperaiures; {a)
N500, (b} A500, () B50O, (d) N540, (e) A540, (f) B540, (g) N560, (hy A560, and (i) BRGD (500, 540, 560:
annealing temperatures (C), N: non-catalytic, A: HNO; 0.03 mol, B: NH,OH 0.03 mol).
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Fig. 11. Perovskite fraction of PZT thin films calcula-
ted from SEM images according to catalytic
conditions and annealing temperatures.
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Fig. 12. AES spectra of PZT thin films coated on ITO

plass substrate; (a) non-catalytic, () HNOs
0.03 mol, and (¢) NH;OH 0.03 mol,
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Fig. 13. AES depth profile of 0.03 mol NH.OH added
PZT thin {ilm annealed at 560%C.
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Fig. 14. AES depth profile of 0.03 mol NH,OH added
PZT thin film as a function of sputtering time.
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