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PZT Thin Films Deposited by RF Magnetron Sputtering

Shun-Fa Hwang ® and Wen-Bin Li

Department of Mechanical Engineering, National Yunlin University of Science and Technology, 123
University Road, Sec. 3, Douliu, Yunlin 64002, Taiwan, ROC

®hwangsf@yuntech.edu.tw
Keywords: PZT thin film; RF sputtering; perovskite; leakage current; ferroelectric property.

Abstract. PZT thin film was fabricated by using RF-sputtering process, and platinum was used as
bottom electrodes. The sputtering gases were Ar : O,=25 : 0 sccm, Ar : O,=20 : 5sccm, or Ar :

0O,=15 : 10 sccm. After sputtering, the PZT film was annealed for 5 minutes under 0O, gas
environment and at the temperature of 600 °C, 650 °C, 700 °C or 750 °C. To judge the quality of the
deposited PZT film, its physical properties and electric properties were evaluated. The results indicate
that the best crystallization temperature of PZT thin film is about 700 °C. Also, the roughness of the
PZT thin film becomes larger with the increasing of annealing temperature. By adding more oxygen
in the sputtering gas, one could have better crystallization of the PZT film. As for the electrical
properties, the leakage current of PZT thin film increases with the increasing of annealing temperature.
Furthermore, the ferroelectric property is affected by the crystallization amount of perovskite, the
thickness of PZT thin film, and the diffusion situation between the bottom electrode and the PZT film.

Introduction

Lead zirconate titanate (Pb(Zr,Ti)Oz or PZT) has been a well-known ferroelectric and piezoelectric
material because of its high electromechanical coupling, short response time, and low actuation
voltage. PZT thin films have attracted great attention as promising candidates for use in micro
actuator [1], micro sensors [2], non-volatile ferroelectric random access memory devices [3], surface
acoustic wave filters [4], etc.

To create PZT thin films, various methods have been used, such as sol-gel process [5],
metal-organic chemical vapor deposition [6], laser ablation [7, 8], and sputtering [9]. Among these
methods, sputtering is likely to be a dominant method because of its simple fabrication process, low
processing temperatures, and possible integration with silicon technology. However, sputtering
deposition methods requires a post-annealing treatment to crystallize the film in the perovskite phase.

Radio-frequency (RF) magnetron sputtering with stoichiometric single oxide target on silicon
substrate is a popular method to sputter PZT thin films. During this process, Pt/Ti bilayers are
commonly used as a bottom electrode for PZT films [10-11]. Platinum (Pt) has been selected mainly
due to its stability in a high temperature oxygen environment and its high Schottky barrier height.
However, platinum has poor adhesion to a substrate such as silicon dioxide. Hence, a titanium (Ti)
interlayer is used to improve the adhesion. The purpose of this work is to investigate the properties of
PZT thin films deposited on platinum electrode by RF magnetron sputtering with different process
parameters.

Experimental Procedure

The substrate chosen was a 4-inch p-type (100) silicon wafer. It was cleaned by a RCA cleaning
processes before use. Then it was put into a high temperature chamber to grow a layer of SiO, with
100 nm thickness to protect the platinum electrode from the silicon substrate. After that, titanium and
platinum films was deposited by a dual electron gun evaporation system. The titanium film was used
to increase the adhesion of the platinum film on the SiO; layer, and the platinum film was used as the
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bottom electrode. The sputtering of PZT thin films was carried out under a base pressure of 2.6x10°
torr at 100 W RF power. The working pressure was 8 mtorr and the gas flow rates of argon and oxygen
were Ar : O,=25 : 0 sccm, Ar : O,=20 : 5 sccm, or Ar : O,=15 : 10 sccm. The deposition time
was 100 minutes. Since the PZT thin films right after deposition are amorphous, a post-annealing
treatment is necessary to crystallize the film in the perovskite phase. To discuss the effect of annealing
temperature, 600 °C, 650 °C, 700 °C or 750 °C was used in the rapid thermal annealing for 5 minutes
under pure oxygen condition. After that, silver top electrodes with a diameter of 200 um and 500 um, ,
as shown in Fig. 1, were deposited on the PZT films by a lift-off process for measuring the electrical
properties. To characterize the deposited PZT thin films, 3D Alpha-Step Profilometer was used to
measure their thickness, SEM was used to see their surface morphology, and XRD was applied to
judge their lattice structure. For the electrical properties, the leakage current was measured with
respect to the applied voltage by an LCR meter. The ferroelectric properties were obtained using an
RT-66A standard test system.
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Fig. 1 Schematic diagram of PZT specimen
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Fig. 2 XRD pattern of deposited PZT film under different gas flow rates

Results and Discussion

Crystallization of PZT Films. The X-ray diffraction patterns of the deposited PZT films under the
gas flow rates of Ar : O,=25 : 0 sccm are shown in Fig. 2(a) for different annealing temperatures.
As shown, when there is no annealing treatment, there is no clear appearing of perovskite phase.
When the annealing temperature is 600 °C , PZT(100), PZT(110), PZT(111), PZT(200), and PZT(211)
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start to occur. As the annealing temperature is further increased, the crystallinity of PZT films is
clearer. However, if the annealing temperature is 750 °C, the crystallinity of PZT films is decreased.
Hence, the suitable annealing temperature is between 650 °C and 700 °C. As shown in Figs. 2(b) and
2(c) for the gas flow rates of Ar: O,=20 : 5 sccm, and Ar : O,=15 : 10 sccm, respectively, the
crystallinity of PZT film is increased as compared to that in Fig. 2(a) at the same annealing
temperature. This implies that high oxygen flow rates may increase the crystallinity of PZT films.

(a) No annealin (b) 600°C

(d) 700°C (e) 750°C
Fig. 3 Surface morphology of deposited PZT film under the gas flow rates of Ar : O,=25: 0
sccm

(a) No annealing  (b) 600°C

(d) 700°C |
Fig. 4 Surface morphology of deposited PZT film under the gas flow rates of Ar : 0,=20 : 5
sccm

Surface Morphology. The surface morphologies of the deposited PZT films under the gas flow rates
of Ar : O,=25 : 0 sccm are shown in Fig. 3 for different annealing temperatures. Without annealing
treatment, the surface is quite flat and it should be under amorphous structure. As the annealing
temperature is increased, the crystalline becomes clearer. However, when the annealing temperature
is 650 °C, some cracks along the grain boundary appear. But, these cracks disappears as the annealing
temperature is 750 °C. As the gas flow rate is Ar : 0,=20 : 5 sccm, the crystalline and cracks
become clearer as the increasing of the annealing temperature as shown in Fig. 4. When the gas flow
rate is Ar : O,=15 : 10 sccm, similar phenomenon occurs as shown in Fig. 5. In comparison, the
surface cracks become less in the latter gas flow rate.

As for the surface roughness measured by atomic force microscope, the root-meant-square (RMS)
roughness of the deposited PZT films becomes larger with the increasing of annealing temperature.
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For example, when the gas flow rate is Ar : O,=20 : 5 sccm, the RMS value is 1.5 nm without
annealing treatment. It becomes 4 nm, 10 nm, 18 nm, and 23 nm, as the annealing temperature is 600
°C, 650 °C, 700 °C and 750 °C, respectively. This may come from the crystallinity of the film. As for
the thickness of the deposited PZT film, the average thickness measured by Alpha-step is about 500
nm, 330 nm, and 260 nm for the gas flow rate of Ar : O,=25 : 0 sccm, 20 : 5 sccm, and 15 : 10
sccm, respectively. Since argon is used to bomb the target for PZT deposition, the thickness of the
deposited PZT film is decreased as the decreasing of the argon.

(d) 700°C () 750°C
Fig. 5 Surface morphology of deposited PZT film under the gas flow rates of Ar : O,=15 : 10 sccm
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Fig. 6 Leakage current density of deposited PZT film under different gas flow rates

Leakage Current. The leakage current density with respect to the applied voltage is shown in Fig. 6
under different gas flow rates. As shown, the leakage current density increases as the increasing of the
annealing temperature. This may come from the cracks created by the evaporation of Pb and O..
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Among the three gas flow rates, the one with Ar : O,=20 : 5 sccm has the least leakage current
density, as shown in Fig. 6(b). This may be due to the balance between the reducing effect of the
addition of oxygen and the increasing effect of the grain size. From the viewpoint to have less leakage
current, it is recommended to deposit PZT films under the gas flow rate of Ar : O,=20 : 5 sccm and
less annealing temperature.

Ferroelectric Hysteresis Curve. The ferroelectric hysteresis curve without the addition of oxygen is
shown in Fig. 7. Itis clear that the ferroelectric properties are not good. As the gas flow rate is Ar :

0,=20 : 5 sccm, the ferroelectric properties is significantly increased as shown in Fig. 7(b). For
example, the saturated polarization is 60 pC/cm? and the remnant polarization is 27 pC/cm? as the
annealing temperature is 700 °C, while the saturated polarization is 61 pC/cm? and the remnant
polarization is 5 pC/cm? as the annealing temperature is 750 °C. As the gas flow rate is Ar : O,=
15 : 10 scem, the saturated polarization is 66 pC/cm? and the remnant polarization is 25 pC/cm? as
the annealing temperature is 700 °C, while the saturated polarization is 66 pC/cm? and the remnant
polarization is 17 uC/cm? as the annealing temperature is 750 °C, as shown in Fig. 7(c). Therefore, it
IS better to control the gas flow rate from Ar : O,=20 : 5 sccm to Ar : O,=15 : 10 sccm and to
anneal the film at 700 °C.

80
34
60 kA2
ez AdlSoa
24 andd o
AdAARA A A A
AAAAAA“ A 40 aast Aege?
. e yes Ak ,‘" P
U add? A4 L oA . 'A;x..‘
E AL Ak 5 207 re MCLLART o an
= AAN G~ L S a~ sue* 6'""'““.
=z ] ".m‘-hlaéi"' E A‘A ‘..5;;..“--":!
g ° nZ P T oy g° “:'"HU..I;I 2%
= Aman® o u et '
= .-....||II::,.*- [ “- i -l.ll“lll=5§..::‘:'.. ,.,n,'.:"
8 A A% T AT5e® Log=
ERlE s a* £-20 ;3%"‘ ¢ e )
Z A aaasd = ..si, A& —m— as-deposited
£ 3+ AhAAALAA . [ o* & Ak —e— annealed at 600°C
afAasasasdas —m— annealed at 600°C -40 s LA annealed @
21 annealed at 650°C /A’A 4 A‘AAA‘ annealed at 650°C
—a— annealed at 700°C 60 Alldaaasd —a— annealed at 700°C
.3 annealed at 750°C annealed at 750°C
T T T T T T T T T -80 T T T T T T T T T
-1000 -800 -600 -400 -200 0 200 400 600 800 1000 -1000 -800 -600 -400 -200 0 200 400 600 800 1000
Electric Field (kV/cm) Electric Field (kV/cm)
(@ Ar: 0,=25: 0sccm (b) Ar : O,=20 : 5sccm

754

60 4

45 |

30 4

Polarization (nC/ cmj)

-304 AA’A f‘x‘ —m— as-deposited
‘A’ / —«— annealed at 600°C
-45 " aaahd oo
& e annealed at 650°C
60 4 e \zdd Anu‘“ —a— annealed at 700°C

annealed at 750°C
-75 4

T T T T T T T T T
-1000 -800 -600 -400 -200 o] 200 400 600 800 1000
Electric Field (kV/cm)

(c) Ar: O,=15: 10 sccm
Fig. 7 Ferroelectric hysteresis curve of deposited PZT film under different gas flow rates

Conclusions

In this work, PZT thin film was fabricated by using RF-sputtering process, and Platinum was used
as bottom electrodes. From the above discussion, the addition of oxygen in the gas flow will increase
the crysatllinity and ferroelectric properties. However, the leakage current is also increased. To create
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the perovskite phase, it is necessary to have annealing treatment in the present manufacturing process.
Among them, the annealing temperature with 700 °C may have the best results.
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