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Deposition of Ferroelectric Pb(Zr0.52Tio.48)03 Films on 
Platinized Silicon Using Nd: YAG Laser

Hoong-Sun Im*,  Sang-Hyeob Kim, Young-Ku Choi', Kee Hag Lee', and Kwang-Woo Jung*'

* Author to whom correspondence should be addressed.

Korea Research Institute of Standards and Science, Taeduk Science Town, Taejon 305-600, Korea 
Medicinal Resources Research Center and Department of Chemistry, Wonkwang University, Iksan 570-749, Korea

Lead zirconate titanate (PZT) thin films were deposited onto the Pt/Ti/SiOJSi substrate by the pulsed laser de­
position with the second harmonic wav이ength (532 nm) of Nd: YAG laser. In order to determine the optimum 
conditions for the film deposition, the phase of the films were investigated as functions of ambient oxygen 
pressure, sub아rate temperature, and laser fluence. Also the chemical composition analysis was conducted for 
the PZT films deposited under various ambient oxygen pressure. When the distance between substrate and 
bulk PZT target is set to 20 mm, the optimum conditions have been determined to be 3 torr of oxygen pres- 
sure, 1.5 J/cm2 of laser fluence, and 823-848(± 10) K range of substrate temperature. At these conditions, 
perovskite phase PZT films were obtained on pl간inized silicon. The 아lemical composition of the films is very 
similar to that of PZT bulk target. The physical structure of the deposited films analyzed by scanning electron 
microscopy 아lows a columnar morphology perpendicular to the substrate surface. Capacitance-Voltage hys­
teresis loop measurements 아also a typical characteristics of ferroelectric thin film. The dielectric constant 
is found to be 528 for the 0.48 pm thickness of PZT thin film.

Introduction

Recently, thin films of ferroelectric materials with 
perovskite structure, such as BaTiO3, PbTiO3, and lead-zir- 
conate-titanate (PZT) have attracted considerable attention 
due to their useful applications in various devices such as 
piezoelectric vibrator, surface acoustic wave devices, py­

roelectric detectors, and nonvolatile random access memo­
ries.1 Such applications require the deposition of these 
ceramic films onto silicon and the integration of the de­
position techniques with semiconductor processing.2

A variety of processing modes in이uding rf magnetron 
sputtering,3 ion-beam sputtering,4 electron cyclotron reso­
nance (ECR) plasma stream,5 sol-gel synthesis,6 and pulsed 
laser deposition (PLD)7 have been used to prepare fer­
roelectric thin films; among them, PLD has become a very 
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attractive technique for the deposition of multi-element com­
pounds.8"10 Film deposition by laser ablation is typically ac­
complished by focusing a high intensity laser beam on a 
bulk target of the material to be deposited; the interaction of 
the laser beam with the target produces the flux of eva­
porated material, i.e., plume, which is deposited onto a heat­
ed substrate. The composition of the plume generated by 
PLD is quite different from that by other evaporation tech­
niques. The main characteristics of PLD are closely related 
not only to both composition and evolution of the plume 
but also to the interaction of the ablated species with the 
ambient gas. The plume by PLD is composed of the species 
preserving the original stoichiometry of the bulk, which in 
turn should result in better stoichiometric films.1 Therefore, 
the PLD technique has been widely studied as one of the 
most promising methods for obtaining thin films, specially 
multicomponent oxides thin films.

Although a systematic investigation of the role of laser 
fluence, ambient oxygen pressure, and substrate temperature 
in the ablation process has not been carried out, the com­
parison of structural properties of the deposited PZT films 
with the bulk targets indicates that each condition has pro­
found effect on the deposited film quality.8,1112 Moreover, it 
is still unclear whether the ambient oxygen pressure, which 
is needed to obtain good quality Hlms, is incorporated dur­
ing the plume evolution or adsorbed directly on the de­
posited film. In fact, in order to determine the optimum de­
position process, detailed studies of the characteristics of 
the plume are necessary in the ablation regime during the 
deposition process. However, through the comparison of the 
properties of deposited films, the choice of the relevant 
parameters among various deposition conditions is possible.

In this work pulsed laser ablation and deposition method 
has been used to prepare the perovskite-type PZT thin films 
onto the platinized silicon substrate. In order to determine 
the optimum conditions of the deposition process, detailed 
studies of the influence of the ambient oxygen pressure on 
the chemical composition and the phase in the deposited 
films have been performed by analyzing the energy disper­
sive X-ray measurements and the Glancing X-ray dif­
fraction patterns of deposited PZT films. Also the film struc­
tures were compared with those of the bulk target as func­
tions of substrate temperature and laser fluence. In addition, 
we report the morphological structure and the fenoelectric 
property of the films deposited at the optimum deposition 
conditions.

Experimental

A schematic diagram of the experimental apparatus for 
the preparation of PZT films is shown in Figure 1. The 
PLD chamber, previously evacuated to 10-6 torr, was filled 
with oxygen to a pressure of 0.1-10 torr before the de­
position. Laser radiation was provided by the second har­
monic output (532 nm) of a Nd: YAG laser (Quanta-Ray; 
Model DCR-3) that produces pulses of 10 ns duration at 10 
Hz repetition rate. The radiation from the laser was focused 
to a 1.7 X 2.4 mm2 spot on a rotating PZT bulk target. The 
resulting energy density was 0.7-3 J/cm2. The laser pulse 
strikes the target surface at an angle of 45°, and gives rise 
to the formation of a hot plume13 consisting of electrons,

Fisure 1. Experimental apparatus for the pulsed laser deposition 
of PZT thin films.

ions, neutrals, and clusters. During the laser irradiation, the 
target was rotating at 5-10 rpm in order to avoid crat- 
erization of the target surface and to eliminate the changes 
in target composition.

The bulk targets obtained from the Ssangyong Research 
Center consists of a single-phase pellet of Pb(Zr052Tio48)03 
with 2 wt.% of SrO. The Pt(300 A)/Ti(300 A)/SiO2(~20 A)/ 
Si substrate (Chunnam University), mounted parallel to the 
target at a distance of 20 mm, was held at 773-873(± 10) K 
during film deposition. Pt layer is chosen as a lower elec­
trode and it helps to reduce the lattice mismatch between 
PZT and Si substrate. In order to enhance the adhesion of 
Pt to Si oxide, extra Ti layer is also used. These layers 
could maintain a tolerable barrier effect against PZT.14 The 
substrate temperature is estimated by a preliminary meas­
urement using thermocouple and IR-pyrometer. After de­
position, the film was annealed for 15 min. The charac­
teristic parameters of the experimental apparatus are listed 
in Table 1.
The structure and composition of the deposited films were 
사laracterized by Glancing X-ray diffraction (GXRD; Ri- 
gaku 12KW rotary anode generator) measurements using 
CuKa radiation and energy dispersive X-ray analyzer 
(EDXA; Philips LAM1000), respectively. The mor­
phological structure of the deposited films was measured 
with a scanning electron microscopy (ISID130C). Charact­
erization of electrical property was performed by measuring 
the capacitance versus bias voltage with a low frequency im­
pedance analyzer (HP4192A).

Results and Discussion

It has been known that the stoichiometric growth of PZT 
films is difficult due to the high volatility of Pb with 
respect to the other elements of PZT targets.12 In order to in­
vestigate the effect of ambient oxygen pressure (P02)on the 
chemical composition, EDXA analysis was carried out for 
the PZT films prepared under various ambient oxygen pres- 
sures at a laser fluence of 1.5 J/cm2 and a substrate tem-
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Table 1. Characteristic parameters of experimental apparatus for 
the pulsed laser deposition of PZT thin films 

Nd:YAG laser
Wavelength
Pulse duration(fwhm) 
Repetition rate 
Spot dimension 
Energy density

Target
Substrate
Target-substrate distance
Oxygen pressure
Deposition time 
Annealing temperature 
Annealing time

532 nm
10 ns
10 Hz
1.7x 2.4 mm2
0.7-3 J/cm2
Pb(Zr052Ti048)O3
Pt(300 A)/ri(300 A)/SiO2(~20 A)/Si
20 mm
0.01-10 ton
180 sec
773-873(±10) K
15 min

perature of 823(± 10) K. Figure 2 shows the PO2 de­
pendence of the film compositions. The relative abundance 
of Pb increases significantly with P02, whereas there is a 
smooth decrease in the (Zr+Ti) amount. In the low pressure 
regime, the concentration of Pb is very far from that of the 
bulk target. These chemical compositions of thin films con­
verge close to those of the bulk target at the P02 of 3 ton. 
When the P% is above 3 torr, the Pb amount of the films is 
larger than th제 of the bulk target, while the other metal 
components become lower. These results indicate that the 
adequate P02 is neccessary in order to match the stoichiome­
try of the deposited films. The observed improvement of Pb 
fraction in the films produced at the sufficient ambient oxy­
gen pressure can be ascribed to the fact that re-evaporation 
of volatile Pb atoms is suppressed by the effective for- 
m가ion of PbO since its vapour pressure is lower than that 
of Pb. The ablated materials interact with ambient oxygen 
molecules to produce PbO and also other oxides during the 
plume propagation from the bulk target to the substrate. 
Therefore, the formation of PbO and clusters containing Pb 
in the plume helps to maintain the stoichiometric com­
position of the film with respect to Pb, the most volatile 
component.

Figure 3 아lows typical GXRD patterns for a bulk ceram­
ic PZT target (top) and for the PZT thin films prepared un­
der various ambient oxygen pressures. PZT thin films were 
prepared at a laser fluence of 1.5 J/cm2 and a substrate tem­
perature of 823( ± 10) K. Based on the JCPDS card number
of 33-784, six peaks (20=22.05, 31.40, 38.70, 44.85, 50.25, 
and 55.65) in the spectrum of bulk PZT correspond to the 
(100), (110), (111), (200), (210), and (211) orientations of
perovskite-type structure, which are the typical pattern of 
tetragonal PZT phase. The thin film prepared at the P02 of 
0.01 torr exhibits amorphous structure, indicating that the 
perovskite type films cannot be obtained from the in­
sufficient P02. This is confirmed by the result of EDXA 
analyses. At such a low ambient oxygen pressure the chem­
ical composition of the films should be far from that of the
bulk target. As increasing the gas pressure to 0.1 torr, the 
perovskite phase appears together with unwanted peak (20= 
29), which is attributed to the lead oxide (PbO) phase. It is 
evident that this PbO phase is formed due to the deviation 
of the chemical composition from optimum stoichiometry. 
At the P02 of 3 torr, the only perovskite phase of PZT film
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Figure 2. Oxygen background pressure dependence of film com­
positions, Pb/(Zr+Ti) and (Zr+Ti)/(Pb+Zr+Ti), in PZT films pre­
pared at different oxygen partial pressure: PZT films 아iowh in 
this figure are prepared at 1.5 J/cm2 laser fluence, 823 K sub­
strate temperature, and 3 min. deposition time.
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Figure 3. Glancing X-ray diffraction patterns of the PZT ttiin 
films deposited at the same conditions in Figure 2.

is obtained (see figure 3). When the pressure increases 
more than 3 torr, however, the peak for PbO phase appears 
again in the GXRD pattern. At 10 torr, the film exhibits 
poor crystalline structure containing PbO phase. Furth­
ermore, the formation of PbO phase competes with the 
growth of (110) orientation of PZT film since the increase
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of PbO phase causes the reduction of (110) peak intensity 
(see figure 3).

The results from EDXA and GXRD indicate that the P02 
controls the amounts of metal elements and also the phase 
of the film. The results suggest that with the given laser flu­
ence and substrate temperature there is an optimum pressure 
of P02 for obtaining the perovskite phase of PZT film. In 
the present experiment, it is known that the fonnation of 
PbO phase originates probably from the deficiency and ex­
cess of the P02 during the deposition. That is, the deviation 
of the stoichiometric composition causes the formation of 
PbO phase in the deposited films.

In a recent study on the diagnostics of the ejected species 
in the laser ablation of PZT targets by time-of-flight mass 
spectrometry (TOFMS), fluorescence spectroscopy, and co­
variance mapping technique, Amoruso et al.i5 reported that 
the ionized part of the plume is restricted to the range 5- 
10%, They also concluded that the ions possess higher 
kinetic energy than the neutrals and such high energy ions 
stimulate the epitaxial growth by creating cry아alline centers. 
The role of the ions on the achievement of a good quality 
deposition is not yet completely clear; however, the high 
reactivity of the charged species is expected to enhance the 
collisional processes during the plasma expansion. This col­
lisional processes are responsible for the formation of molec­
ular oxides and small clusters which are considered relevant 
for the attainment of the required chemical composition and 
the phase in the deposited films."서&

Our results obtained from the studies by EDXA and 
GXRD also confirm that the ambient oxygen pressure plays 
an important role both in the capture of oxygen required to 
obtain the correct stoichiometric composition of the de­
posited film and in the formation of the perovskite phase by 
producing various oxides (such as PbO, PbTiO, TiO, etc) 
and their clusters originating from the interaction between 
the ablated species and oxygen molecules.

The substrate temperature influences drastically the cry­
stal structure of deposited films. Figure 4 shows GXRD pat­
terns of the deposited films at different substrate tem­
peratures in the range 773-873(± 10) K. The laser fluence 
and P02 were 1.5 J/cm2 and 3 torr, respectively. The film 
grown at temperature lower than 773( ± 10) K consisted of 
only a PbO phase. At about 823(± 10) K the film contains 
the perovskite single phase of PZT. The patterns are not so 
different for the thin films grown between 823(±10) K and 
848( ± 10) K, which 아low a perfect perovskite structure of 
PZT. Above 848(±10) K the PbO phase appears again 
with the PZT perovskite phase. The appearance of PbO 
phase at below 823 K and above 848 K causes from the 
combination of the retained Pb and O in the present PZT 
pervoskite structure because of the stoichiometric deviation. 
The result indicates that the processing window for in-situ 
deposition of perovskite phase of PZT is narrow with sub­
strate temperature of 823-848(±10) K.

GXRD measurement is carried out for PZT films pre­
pared under various laser fluences at a substrate temperature 
of 823(±10) K and the P02 of 3 torr (see Figure 5). The 
film deposited below 1 J/cm2 of the laser fluence has a 
large amount of the PbO structure compared with the 
perovskite one, though above this fluence, the perovskite 
structure becomes dominant in the deposited films. Further
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Figure 4. GXRD patterns of deposited films as a function of 
substrate temperature. The error term of the temperature is om­
itted intentionally in the figure for convenience. The PZT films 
are prepared at 1.5 J/cm2 laser fluence, 3 ton oxygen pressure, 
and 3 min. deposition time.
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Figure 5. GXRD patterns of deposited films at different laser 
fluences. The PZT films are prepared at 823(± 10) K substrate 
temperature, 3 torr oxygen pressure, and 3 min. deposition time.

increase of laser fluence causes the PbO phase in the de­
posited films due to the compositional vai간ions." The las­
er fluence has a profound effect on the deposited film qual­
ity because small fluctuations of the laser fluence result in
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Figure 6. SEM photographs of a surface (top) and cross section 
(b아tom) of PZT films deposited at the optimum conditions, i.e., 
1.5 J/cm2 laser fluence, 3 torr oxygen pressure, 823(± 10) K sub- 
아rate temperature, and 3 min. deposition time. The scale of the 
top and bottom photographs are 2 |xm and 0.4 gm, respectively.

the compositional changes within the plume and con­
sequently in its interaction with the oxygen molecules.20 
Though a systematic investigation of the influence of laser 
energy on the deposition process has not been carried out, 
several authors,19,21~23 have 아｝own that the superconducting 
films of the good quality are obtained when the energy den­
sity of the laser is equal or larger than 2 J/cm2, which is in 
reasonable agreement with our present result of 1.5 J/cm2 
for PZT thin films.

The morphology of the deposited films was analyzed by 
scanning electron microscopy (SEM) of surfaces and cross 
sections of the films. SEM photographs of deposited film 
prepared 가 the laser fluence of 1.5 J/cm2, the substrate tem­
perature of 823(± 10) K, and the PO2 of 3 torr are shown in 
Figure 6. Although the droplets, or particulates, of less than 
a couple of micrometer are randomly distributed over the 
film surface, deposited PZT films are found to have a 
smooth surface and a dense structure. Droplet formation is 
the most important issue to be solved for the application of 
films prepared by laser Elation. Droplet formation is as­
cribed to the fact that the ejected clusters are not decom­
posed efficiently during the propagation of the plume to­
wards the substrate.24 The films were also found to be per­
meated with microcracks in some areas. A restive diff- 
e此nee in thermal expansion coefficients between PZT film 
(2.5x10-6 pT) and Pt layer (8.9X10'6 °C-1) of pla­
tinized substrate can result in cracks during the annealing 
process.25 However, evaporation of excess lead oxide from 
the grain boundaries has also been 아iown to cause cracking 
during grain densification.26 The cross sectional view of the

•°

9
 

8
 

7

°

0-
0'

슨

羿m

읉
 d
0

0.6

I ' I ■ I • 1 1
4 6 8 10 12

Figure 7. Capacitance vs voltage curves for the PZT film de­
posited at optimum condition. The test was performed with an 
impedance analyzer using an ac excitation voltage of 100 KHz 
and a scan interval of 0.2 V/step at room temperature.
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film shows a columnar morphology perpendicular to the sur­
face. The columnar structures are seen to grow on top of a 
Pt layer and are fairly regularly spaced. From the film thick­
ness the deposition rate is calculated to be in the range of 80 
per second, which is at least two orders of magnitude great­
er than that of magnetron sputtering.27

Electrical measurement of capacitance versus bias voltage 
across the film was performed to characterize the electrical 
behavior of the deposited PZT film. Figure 7 displays the 
capacitance C versus bias voltage V measured at room tem­
perature with an impedance analyzer. The deposited films 
show high resistance and low dissipation factors, which are 
the typical features of high dielectric thin films. The capa­
citance showed two peaks on either side of the abscissa (de 
bias). The capacitance peaks and the corresponding hys­
teresis loops are characteristic of well-behaved PZT films as 
revealed by the good symmetry in the hysterectic curve 
shown in the figure. This measurement indicates that the 
conduction of PZT films deposited by laser ablation is sim­
ilar to that observed in films produced by other techniques. 
The dielectric constant of the deposited films having a thick­
ness of 0.48 gm was determined to be 528.

Conclusion

PZT thin films of perovskite phase were successfully pre­
pared by pulsed laser ablation of a stoichiometric bulk tar­
get. The structure, chemical composition, and electrical pro­
perty of the deposited films are clearly dependent on the ox­
ygen background pressure, laser fluence, and substrate tem­
perature. The films deposited at the optimum conditions ex­
hibited good ferroelectric properties. Work is in progress to 
elucidate the mechanisms controlling the synthesis of PZT 
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films and to understand the ablation process and chemical 
reactivity of ejected species during the plume expansion and 
propagation.
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The electrochemical properties of LLCqNiiM》compounds (y=0.1, 0.3, 0.5, 0.7, 1.0) prepared by citrate sol­
gel method have been investigated. The Li*C%Nii_yO2  compounds were annealed at 850 °C for 20 h after 
preheating at 650 °C for 6 h, in air. The x-ray diffraction (XRD) patterns for Li^COyNivj.02 have shown that 
these compounds have a well developed layered structure (R3 m). From the scanning electron microscopy of 
LixCoyNiAyO2, particle size was estimated less than 5 |丄m. The Li//LixCoyNi1.yO2 electrochemical cell consists of 
Li metal anode and 1 M LiClO4-propylene carbonate (PC) solution as the electrolyte. The differences in int­
ercalation rate of the Li^Co^Nij^Oj in the first charge/discharge cycle were less than 0.05 e~. The first 
discharge capacities of LixCoO2 and LtCo0.3Ni0.7O2 were ~130 mAh/g and *160  mAh/g, respectively.

Introduction have been intensively studied as cathode active materials in
lithium secondary batteries. Among them, LiNiO2, LiCoO2, 

LiNiCb,只 LiCoO2,7~15 LiMn2O4,16~19 and LixCo),Ni1.yO220~24 and Li^COyNii.^Oa are isostructural with a-NaFeO2. In these


