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Ferroelectric lead-zirconate-titanate (PZT) thin films have been deposited by excimer laser
ablation on sapphire substrates with and without an electrode. In preparation for the

films, O, gas pressure has greatly influenced the film structure and morphology. For the first
time, we have confirmed the ferroelectric properties of PZT films prepared by laser

ablation without post-annealing. It appears to be possible to use these films for nonvolatile
random access memories with some additional improvements in the film properties.

Ferroelectric ceramics such as BaTiO;, PbTiO,, and
lead-zirconate-titanate (PZT) have many applications in
piezoelectric and pyroelectric devices. PZT, in particular,
has attracted great attention due to their high electrome-
chanical coupling coefficients, k, and high relative dielec-
tric constants, €. Recently, thin films of ferroelectric ma-
terials have become of great interest in device applications
such as piezoelectric vibrators,! surface acoustic wave
(SAW) devices,? pyroelectric detectors,® and nonvolatile
random access memories.

For preparing these films, magnetron sputtering has
conventionally been used.’® This method, however, has
some disadvantages such as low deposition rate and large
variations in composition. In order to overcome these dis-
advantages of the sputtering method, other methods such
as sol-gel technique,” metalorganic chemical vapor deposi-
tion (MOCVD)® and laser ablation®"* are being used to
prepare these thin films. In contrast with sol-gel technique
and MOCVD which require special material sources, the
laser ablation can use the ceramic target as a material
source, which allows this method to be applied to a prep-
aration of various kinds of thin films. In practice, the laser
ablation method has been used for preparation of
Ba,YCu;0, superconducting films with excellent results.

The most promising characteristics of the laser abla-
tion method are the following: (1) There is little difference
in the composition between the target material and the
deposited film. (2) Deposition in high oxygen pressures is
possible because of the absence of energy sources such as
filaments for the electron emission, heaters for the evapo-
ration, or discharge electrodes in the system. (3) Since
atoms ejected from the target have relatively high energy
compared with that of thermal evaporation, it is possible to
crystallize the films at relatively low substrate tcmpera-
tures. (4) Even materials with a high melting point can be
easily deposited if the materials strongly absorb the laser
light.

In recent years, many groups, including ourselves,
have reported the structural and compositional properties
of ferroelectric thin films prepared by laser ablation.>!? In
addition, some groups reported the results of D-E hyster-
esis measurements and confirmed the ferroelectricity of the

post-annealed films.'*™ They, however, have not con-
firmed the ferroelectric properties of as-deposited films.

In this letter, we report the results of the structural and
ferroelectric properties (D-E hysteresis) of as-deposited
PZT films prepared by laser ablation using the ArF exci-
mer laser.

A schematic view of the equipment for the preparation
of PZT films is shown in Fig. 1. The film deposition was
carried out by the ablation of a PZT ceramic target in a
vacuum chamber with an O, gas pressure of 27-267 Pa
using an ArF excimer laser (SHIBUYA SQL2240, 193 nm
wavelength, 10 ns pulse width, 5 Hz repetition rate). The
ceramic target consists of a single-phase pellet of
Pb(Zrg 5, Tig45) O3 with 1 wt. % of Nb,Os. The substrates
were an r-plane sapphire with an electrode to measure the
ferroelectric properties and a c-plane sapphire. The sub-
strate temperature, as measured by a thermocouple on the
substrate surface, was controlled between 420 and 560 °C.
The laser energy for the ablation was 70 mJ/shot, which
corresponds roughly to a laser fluence of 3.5 J/cm? shot.
After the ablation, the films were cooled to room temper-
ature in 3 h. X-ray diffraction (XRD) was carried out
using Cu Ka at room temperature to investigate the film
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FIG. 1. Schematic view of the equipment for preparing PZT film using
excimer laser ablation.

Reprinted from Appl. Phys. Lett., Vol .58, No.25, pp.2910~2912 (1991)
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FIG. 2. XRD spectra for at a substrate temperature of 520 °C under
various O, gas pressures.

structure. The morphology of the films was investigated by
scanning electron microscopy (SEM). The ¢, and the di-
electric loss factor, tan §, were measured at 1 kHz using an
LCR meter. D-E hysteresis loop was observed using a
Sawyer-Tower circuit at 60 Hz.

The XRD spectra of the PZT films on sapphire ¢ plane
prepared at a substrate temperature of 520 °C under vari-
ous O, gas pressures are shown in Fig. 2. Open and closed
triangles indicate the peaks for the perovskite and pyro-
chlore phase of PZT, respectively. Open circles indicate the
peaks due to the sapphire substrate. As shown in Fig. 2,
both the peaks for perovskite phase and pyrochlore phase
are observed at a gas pressure of 27 Pa. Increasing gas
pressure, however, the perovskite phase becomes domi-
nant. At the gas pressure of 133 Pa, the pyrochlore phase
disappears, resulting in the perovskite single phase. The
peak intensity of (110) and (111) planes of the perovskite
phase is stronger than that from the other planes in com-
parison with those of the polycrystalline bulk target. When
the gas pressure reaches 267 Pa, however, the peak of an
unknown phase appears around 26 = 33.5° besides the
peaks for the perovskite phase. On the other hand, at a
substrate temperature of 470 °C, most peaks are from the
pyrochlore phase at the gas pressure of 27 Pa. When the
pressure reaches 133 Pa, in a similar case as shown in Fig.
2, all the peaks are completely converted to those for the
perovskite phase. As for the dependence of the deposition
rate on O, gas pressure, up to the pressure of 133 Pa, the
deposition rate decreases gradually with increasing the gas
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FIG. 3. SEM photographs of the deposited films prepared under various
O, gas pressures of (a) 27 Pa, {(b) 67 Pa, (c) 133 Pa, and (d) 267 Pa at
a substrate temperature of 520 °C.

pressure. It suddenly decreases, however, at a pressure of
267 Pa.

SEM photographs of the deposited films prepared at a
substrate temperature of 520 °C under various O, gas pres-
sures are shown in Fig. 3. Increasing the gas pressure up to
133 Pa, the size and the shape of grains become slightly
smaller and spherical, respectively. At a pressure of 267
Pa, however, the lumps on the order of microns appear and
the morphology of the film surface suddenly becomes
rough. From the x-ray diffraction spectra, the film mor-
phology, and the deposition rate, it can be seen that O, gas
pressure of 133 Pa is suitable for preparing PZT films.

To investigate the ferroelectric properties of PZT films,
we used the film electrode on an r-plane sapphire as a
substrate. After the deposition of PZT film by laser abla-
tion, the film electrode was deposited as upper electrode at
room temperature. The crossed area between the upper
and lower electrodes was | mm?. Figure 4 shows the D-E
hysteresis loop of the as-deposited PZT film prepared at an
O, gas pressure of 133 Pa on a substrate temperature of
520°C. The observed loop is asymmetric, which suggests
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FIG. 4. D-E hysteresis loop for a 1.3-um-thick PZT film prepared by laser
ablation.



TABLE 1. Ferroelectric properties of the PZT films.

T, Pregsure  Thickness €, tan & P, E

X o
[Co) (Pa) (um) (%) {(uC/cm?)  (kV/cm)
520 27 0.50 84 6.3 cee o
560 27 1.0 207 19.1 5 115
520 133 1.3 350 4.8 - 20 130

that the films are already polarized in the as-deposited
state. The average values of the remanent polarization P,
and the coercive field £, are 20 uC/cm? and 130 kV/cm,
respectively. The value of P, is larger than the reported
values of the films prepared by laser ablation with
post-annealing'>'* and is almost the same as those of the
films prepared by other methods such as conventional rf-
magnetron sputtering.>> On the other hand, the value of E,
is larger than the reported values.” It is considered that this
is due to the small grain size of our film. The relative
dielectric constant €, of this film is 350 which is much
smaller than that of the bulk target of 1900. The results of
ferroelectric properties of PZT films and the preparation
conditions are summarized in Table 1.

In summary, we have shown that PZT thin films with
single perovskite phase can be grown on sapphire substrate
using excimer laser ablation and relatively high oxygen
pressure is suitable for preparing the perovskite phase. In
addition, we directly confirmed the ferroelectric properties
of the PZT films without post-annealing by measuring D-E
hysteresis loop. Considering the values of P, and E,, the
laser ablation is suitable for preparing PZT films. Addi-
tional improvements in the film properties, such as crystal
orientation, would make it possible to use these films in

nonvolatile random access memories.
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