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Evaluating Properties for Bi-layer PZT thin film Fabricated by
RF-Magnetron Sputtering System
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Abstract Pb(Zr,Ti)O3(denoted as PZT) in the perovskite phase is used as a dielectric, piezoelectric, and
super appetizer material owing to its ferroelectric properties. A PZT film was formed by an RF
magnetron sputtering process by preparing a target composed of Pb1.3(Zr0.52Ti0.48)03. The PZT film
was formed by dividing the material into a mono-layer PZT produced continuously with the same
sputtering power and a bi-layer PZT produced with two-stage sputtering power. The bi-layer PZT
consisted of a lower layer produced under low-power sputtering conditions and an upper layer produced
under the same conditions as the mono-layer PZT. XRD revealed small amounts of pyrochlore phase in
the mono-layer PZT, but only the perovskite phase was detected in the bi-layer PZT. SEM and AFM
revealed the upper part of the bi-layer PZT to be more compact and smooth. Moreover, the bi-layered
PZT showed superior symmetry polarization and a significantly reduced leakage current of less than
1x10-5 A/cm2. This phenomenon observed in bi-layer PZT was attributed to the induction of growth
into a pure perovskite phase by suppressing the formation of a pyrochlore phase in the upper PZT layer
where the densely formed lower PZT layer was produced sequentially.
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Table 1. Sputtering conditions for Mono-layer and
Bi-layer PZT thin films

type M:rn;;}iy Bi-layer PZT
Target materials P13(Zrosz, Tio.4s)03
Grounded Substrate Pt(zggz?glgéT;g?/;m)/
Sputtering Gas(sccm) Ar(18) : 0:(2)
Base Pressure(Torr) 5 x 10°
Working Pressure(Torr) 5.0 x 107
Substrate
Temperature(C) 400
Substrate distance(cm) 10
RF-Power(Watt) 100
Deposition Time(hour) 05, 1,2 3
Under layer _ 25
RF-Power(Watt)
Under layer Deposition _ 10
Time(h)
Heat treatment(RTA) 700C, 80sec
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(2 (b)

Fig. 1. Sectional structures of Mono-layer(a) and
Bi-layer PZT thin film(b).
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Fig. 2. Surfaces and cross-sectional SEM images of
mono-layer(a) and bi-layer(b) PZT thin films.
(a-1):270 nm(0.5h), (a-2):350 nm(1h), (a-3):470nm(2h),
(a-4):520 nm@3h), (b-1):340 nm(0.5h), (b-2):520nm(1h),
(b-3):900 nm(2h), (b-4):1140 nm(3h)

®-4)

(b-3)

(b-1) (b-2)
Fig. 3. Surface images of Mono-layer PZT(a), and
bi-layer PZT(b) thin films.
(a-1):270 nm(0.5h), (a-2):350 nm(1h), (a-3):470nm(2h),
(a-4):520 nm(3h), (b-1):340 nm(0.5h), (b-2):520nm(1h),
(b-3):900 nm(2h), (b-4):1140 nm(3h)
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Fig. 4. Relationships for mono and bi-layer PZT films
between deposition time and RMS value.
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Fig. 5. Relationships for mono and bi-layer PZT films
between deposition time and thickness.
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Fig. 6. The XRD patterns of mono-layer and bi-layer
PZT thin film with various deposition times.
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