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Abstract

High quality PZT piezoelectric thin films were sputter-deposited on RuQ./Si0./Si substrates by using 2-

step deposition method. As the first step, PZT seed layers were fabricated at a low temperature(475C) to form a pure
perovskite phase by reducing the volatility of Pb oxide, and then, as the second step, the PZT films were deposited at
high temperatures (530°C ~5707C) to reduce the defect density in the films. By this method, the pure perovskite phase
was obtained at high deposition temperature range (530°C ~5707C) and the superior electrical properties of PZT films
were obtained on RuQ; substrate : 2P:: 604C/cm?, Ec 60kV/cm, Ji: 107°A/cm? at 250kV/cm. The residual stress of
PZT films fabricated by the 2-step deposition method was tensile and below 150MPa. It was attempted to control the
residual stress in the PZT films by applying a negative bias to the substrate. As the amplitude of the substrate bias

was increased, the residual tensile stress was slightly decreased, however, the ferroelectric properties of PZT films

were degraded by ion bombardment.
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Fig. 1. Schematic diagram of DC magnetron multi- target sput-
tering system.
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Fig. 2. Process diagram of 2-step deposition method.
Step 1-process 1 : TiO, seed layer deposition (T, =4757C)
-process 2 : low temperature PZT deposition (T, =475C)
Step 2-process 3: high temperature PZT deposition (=530~
5707C)
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Fig. 3. Pb/(Zr+ Ti) concentration ratio and the deposition rate
of PZT films as a function of substrate temperature.
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Fig. 4. XRD patterns of the PZT films deposited at various sub-
strate temperatures.
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Fig. 5. Variation of leakage current characteristics of PZT films
with substrate temperature.
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Table 1. Electric properties of PZT films fabricated on RuQ; and Pt

PZT on Pt

PZT on RuQ:

Remanent polarization

549), 7010), 1611)’ 2012)' 8013)’ 5215) 26]7) 24]9) 3421)

289)’ 4013) 2814) 2815) 4018)

2P{C/cm?) (average : 42) (average : 32)
Coercive field 519, 68'2 75'7, 39'2 100'®, 43'® 33'" 54'% 40" 53%, 35!, 30", 125'®
E{kV/cm) (average : 56) (average: 61)

Leakage current
Ju(A/cm? at 200kV/cm

6 pre 10—5 9)‘ 10‘6 ll)' 10—8 10

10—3 12)y 10’4 20)

Deposition technique : 9~ 12) sputter, 13~17) sol-gel, 18~19) CVD, 20) MOD, 21) Laser ablation
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Fig. 6. P-E hysteresis characteristics of the PZT films for vari-
ous substrate temperatures.
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Fig. 7. C-E characteristics of PZT films for various substrate
{femperatures.
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Fig. 8. Pb/(Zr+ Ti) concentration ratio and the deposition rate
of PZT films as a function of substrate bias voltage.
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