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Abstract We studied the phase formation and the effect of electrical properties of PZT thin
films with changing the oxygen partial pressure in cooling after deposition of PZT thin film by
reactive sputtering method. The roughness of thin film increased with decreasing the oxygen
partial pressure in cooling due to the evaporation on the surface of thin films and the grain size
was not changed very much. The hysteresis property of PZT thin film was improved toward
having a good squareness with increasing the cooling oxygen partial pressure. We observed the

decrease of remanent polarization, retained polarization and coercive field with decreasing the
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oxygen partial pressure. Dielectric constant decreased gradually and internal bias field

increased in the measurement of dielectric constant-voltage property with decreasing cooling

oxygen partial pressure. We observed the increase of nonswitched polarization in the measure-

ment of fileld accelerated retention and the decrease of nonswitched polarization with increasing

the bias time.
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Table 1

Application areas for ferroelectric thin films

Properties

Applications

Full hysteresis
switch

Partial hysteresis
switch

High dielectric
constant

Piezoelectricity
Pyroelectricity

Elecro - optic effect

Acousto - optic
effect

Nonvolatile memory

Analogue switching

Dielectric capacitor

Microactuator
Infrared sensor

Electro - optic
Waveguide modulator

Acousto - optic
Bragg deflector
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Fig. 1. Schematic diagram of DC magnetron

sputtering system.
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Table 2

Typical sputtering conditions

Base pressure 2~3x10% Torr
3”Pb, Zr, Ti metals

Substrate temperature 550°C

Target

Working pressure 10 mTorr
Ar/0, flow ratio 95/5
Power Pb 14 W

Zr 36 W

Ti 113 W
Substrate Pt/S10,/Si
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Fig. 3. XRD patterns of PZT (30/70) thin
films deposited at 550°C and cooled with

various oxygen pressure.
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Fig. 4. SEM micrographs of PZT (30/70)

thin films deposited at 550°C and cooled

with various oxygen pressure of (a) 107°
torr, (b) 107! torr and (c) 10 torr.
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Fig. 5. Hysteresis properties of PZT thin
films deposited at 550°C and cooled with

various oxygen pressure.
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Fig. 6. Polarization of PZT thin films depos-
ited at 550 °C and cooled with various

oxygen pressure.

Coercive Field (kV/cm)
&
1

754

70

T T T Y
3 -2 -1 o] 1

Oxygen Pressure (log(P))

Fig. 7. Coercive field of PZT thin films de-
posited at 550°C and cooled with various

oxygen pressure.
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Fig. 8. Internal bias field (E;)) of PZT thin
films deposited at 550°C and cooled with

various oxygen pressure.
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Fig. 9. Hysteresis properties of in-situ PZT
thin films and annealed PZT thin films (an-

nealing conditions . 650°C, O,, 10 min).
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Fig. 10. Dielectric constant versus voltage
characteristics of PZT thin films deposited
at 550°C and cooled with various oxygen

pressure.
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Fig. 12. Non-switched polarization(P") of
PZT thin films deposited at 550°C and

cooled with various oxygen pressure.
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Fig. 13. Non-switched polarization(P") of
PZT thin films deposited at 550°C and

cooled with various oxygen pressure.
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