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A KrF excimer laser with wavelength of 248nm and pulse width of 22ns was irradiated on
rotating sintered BaZr,Ti;.,05 (BZT) (x=0.00, 0.25, 0.50, 0.75, 1.00) target at fluence of 3.0J/cm?
and pulse frequency of 2Hz. The single layer BZT films were deposited on Nb-doped SrTiO;
(111) substrate at temperature of 973K in 0,-8%0; atmospheric gas pressure of 0.1, 1 and 8Pa.
The BZT super lattice films were also fabricated at same conditions of single layer BZT films. The
films were oriented to (111) direction. The 2-theta peak position of BZT (111) decreased as the x
value increased. In the case of x>0.5, the dielectric constant was hardly changed by atmospheric
gas pressure. The dielectric constant of the BZT solid solution film decreased as x value increases.
In the case of x<0.5, the dielectric properties were different at each atmospheric gas pressure. The
temperature dependences of dielectric constant in BZT film at 100mPa and 1Pa were almost con-
stant, however the film at 8Pa was not stable. The oxygen pressure influenced dielectric properties

in particular composition region (x=0.25) where relaxor phenomenon existed.
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1. Introduction

In these days, the ferroelectrics are widely applied to
the memory IC cards, the chip capacitor and flash memory
in our common life. Especially, the chip capacitors called
multi layer ceramic capacitor (MLCC) are used for most
compact electric apparatus such as notebook computer,
PDA, and mobile phone. This passive component is indis-
pensable part for propagations of ubiquitous computing life
in the near future.

ABO; perovskites of the included lead and different
valence state of B-site ion such as Pb(Mg;s3Nby;3)O; [1]
and Pb(Sc,;Ta;,)O;5 [2] had been attracted as ferroelectric
materials with relaxor phenomenon. The relaxor phe-
nomenon originates large dielectric constant in wide tem-
perature range above 100K due to the disorder of the elec-
tric dipole polarization caused by fluctuation of the crystal
phase in the compound [3]. This peculiar phenomenon is
also controlled by the ordered and disordered structure for
A(B'},B"5)O5 along to <111> direction of the crystal [4].
However it is not cleared enough about the phenomenon
what is dominant factor. On the other hand, by limiting the
Pb use in electric products, the dielectrics of non-lead
perovskite compound with the relaxor phenomenon are
actively developed. Recently, relaxor phenomenon of
non-lead ferroelectrics, which has two B-site ions with
same ion valence of 4" was reported.

It is well known that pulsed laser deposition (PLD)
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with an excimer laser can fabricate functional thin films of
oxides from bulk targets [5]. We can also control the crys-
tal growth in the atomic scale by counting the pulse num-
ber of laser, because the deposited layer at a laser pulse is
less than an atomic monolayer. Utilizing these advantages,
the development of the new oxides such as superconduc-
tors [6], ferromagnets [7] and ferroelectrics [8] is suitable
in comparison to other film formation methods. The PLD
has recently been noticed as a high-speed research and de-
velopment system for the new materials.

In this study, we aimed at development of thin film
capacitor instead of the MLCC fabricated by sintering. It is
necessary to improve of dielectric properties of BaTiO;
film. The effect of atmospheric gas pressure on the dielec-
tric characteristics of solid solution BaZr,Ti,.,O; films that
are suggested relaxor phenomenon is discussed. The super
lattice BaZr,Ti;.,O3 films were also prepared to compare
the dielectric characteristics with solid solution films.

2. Experiment procedures

The deposition targets were prepared by sintering of
compacts, which consisted of high purity BaTiO; (BTO)
(99.8%; Kishida Chemical) and BaZrO; (BZO) (98%; Ko-
jyundo Chemical) powders. The composition of sintered
BaZr,Ti; O5 (BZT) targets were varied in mixture ratio of
BaTiO; and BaZrO; as x=0.00, 0.25, 0.50, 0.75 and 1.00,
where the sintering temperature were set at 1523K, 1623K,
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1673K, 1773K and 1773K, respectively.

BZT films with a thickness of 200nm were fabricated
by using a pulsed laser depositon (PLD) with KrF excimer
laser. The laser was irradiated on rotating target at fluence
of 3.0J/cm” and pulse frequency of 2Hz. The single laser
BZT films were deposited on 1%Nb-doped SrTiO; (111)
substrate of 0.5x0.5x0.5mm’ by using BZT target at the
temperature of 973K in 0,-8%Q; atmospheric gas pressure
of 100m, 1 and 8Pa. A distance from target to substrate was
kept at 5S0mm. The two kinds of BZT super lattice films
were also fabricated by repeat alternate laser ablation of
two kinds of BZT targets at same conditions in case of sin-
gle layer BZT films. The super lattice film with the average
composition of x=0.25 was deposited by using BZT
(x=0.00) target and BZT (x=0.50) target, and the super
lattice film with the average composition of x=0.50 was
deposited by using BZT (x=0.25) target and BZT (x=0.75).
These structures were obtained by repeating deposition of
each layer 20 times.

The crystal structure was examined by X-ray diffrac-
tion using CuKa radiation. The 26 was scanned from 20
degree to 120 degree at scan speed of 1 degree/min. The
electrical measurements were conducted by configuration
of platinum/BZT film/STO substrate. The platinum elec-
trodes were deposited by sputtering through a metal
shadow mask with an area of 0.25mm® Capacitance and
dielectric loss tangent were measured by using a LCR me-
ter (HP4284A) at frequency from 100Hz to 1MHz and
temperature from 250K to 400K.

3. Results and discussions

The deposition rate of the films deposited at 100mPa
and 1Pa was about 3.0nm/min. That of the films deposited
at 8Pa were about 2.3nm/min. The XRD peaks of the BZT
single layer thin films were observed at the position of
lower angle than substrate of STO (111). There was hardly
changed of the peak positions in different gas pressure. The
films had only the diffraction peak from BZT (111) and
grown oriented to substrate. The peak position of BTO film
at x=0.0 was very close to substrate. The position of dif-
fraction angle shifted to lower angle as composition x in-
creased. The spacing of (111) plane (d (111) value) calcu-
lated from diffraction angle of BZT (111) is related to
composition x and was changed linearly. In Fig. 1, the
spacing of (111) plane obtained from the JCPDS card and
result of XRD for BZT targets were also described. These d
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Fig.1 The spacing of (111) plane of BZT films.

(111) values gradually increased in linearly relationship the
increase the increase in the composition x, following Ve
gard's law. The gradient of these straight lines was almost
the same. The d (111) value of the single layer films was
larger than that of bulk target. The supper lattice has more
interface than the single layer film. This suggested that the
lattice of the films was expanded to <111> direction by
compressive strain due to lattice mismatch at the interface.
While the d(111) of the supper lattice films was almost
same as the single layer films.

In the case of super lattice BZT films, the satellite
peaks in addition to the main peak from BZT (111) were
observed as shown Fig. 2. These satellite peaks were de-
noted by the number of i which corresponds to the i satel-
lite peak. The presence of higher order satellite peaks ad-
jacent to the main peak indicates the formation of a new
structure having a periodic modulation of the structure and
a coherently grown film with the one of in-plane lattice
parameter throughout the entire film thickness. The main
peak of BZT (x=0.25) and BZT (x=0.50) super lattice films
appeared slightly lower angle than the each single layer
films as shown Fig. 1. These were thought that the effect of
the compressive strain enlarged because the interface was
increased by formation of super lattice. This increment of
the plane lattice parameter means growth of films with the
lattice expanded in <111> direction because of stacking
strain at interfaces by super lattice structure. The plane
lattice parameter calculated from main peak and satellite
peaks was almost agreement with setting values, which
were 12.4nm and 13nm for BZT (x=0.25) and BZT
(x=0.50) super lattice films respectively.

Fig. 3 shows the relationship between the dielectric
permittivity and composition x in single layer BZT films
deposited at 100mPa. The dielectric permittivity of BTO
film at 1IMHz was almost constant, while that at 10kHz
was dispersion in the high temperature region. The fre-
quency and temperature dependences of diclectric permit-
tivity for the film at larger than x=0.25 were stable within
the range of the measurement in this study. The BZT film
of x=0.25 had the largest value. It was reported that BZT
(x>0.2) bulk ceramics had large dielectric constant due to
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Fig. 2 XRD patterns of the super lattice BZT films.
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Fig.3 Dielectric permittivity of the BZT films
deposited at 100mPa.

relaxor behavior with diffuse phase transition [9-10]. The
dielectric permittivity of the BZT films decreased with an
increase of composition x in the region where x is larger
than 0.25. There was a clear difference in the composition
dependence of the dielectric permittivity on the BZT films
deposited at 1Pa compared with that of 100mPa as shown
Fig. 4. There were no increase of the dielectric permittivity
at x=0.25 as seen for the films deposited at 100mPa. The
dielectric permittivity of the BZT films decreased with an
increase of composition x. The dielectric permittivity of
BTO film and BZT (0.25) film decreased about 20% as the
frequency increases from 10kHz to 1MHz. The tempera-
ture dependence of dielectric permittivity for the films
hardly changed. The closed symbols in the Fig. 4 denoted
the dielectric permittivity of the super lattice whose aver-
age composition was 0.25 and 0.50. The super lattice films
had larger dielectric permittivity than single layer films.
The super lattice films had the structure that lattices expand
more than the single layer films in <111> that is the direc-
tion of the film thickness. In this <I111> direction, the
voltage was applied when dielectric characteristics meas-
urement, and a great difference existed in the polarization
between the single layer films and the super lattice films.
The permittivity of the film made with 8Pa was the maxi-
mum at x=0.25 as well as 100mPa, however temperature
dependence dispersed, as shown in Fig. 5. The permittivity
of single layer BZT (0.25) deposited at 8Pa was larger than
that of super lattice at 1Pa.

To discuss the influence of pressure on a dielectric
characteristics at x=0.25, the composition ratio of
Ba/(Zr+Ti) was analyzed by an Auger electron spectros-
copy (AES). However, any differences could not be

168

350 T T T T T T
BZT film at 1Pa, measured at 10kHz
—0— 253K
300 | —0—273K| 1
—— 303K
“ 250} —v— 353K |
= 1 —0— 393K
>
£ 200 R
£
g 150+ 3 .
0
g 100 | E
0
O s50f _
0 1 1 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0
xin BazZrTi, O,
350 T T T T T T
BZT film at 1Pa, measured at 1MHz o 253K
300 | —0— 273K| 4
—4— 303K
W™ —v— 353K
> 2501 —0—393K] ]
=
£ 200 a R
g L 4
& 150f 3 .
Q
B 100 g
9
O 50t ]
0 1 1 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0

x in BaTi,_Zr O
1-x~ x 3

Fig. 4 Dielectric permittivity of the BZT films
(open symbol; single layer, closed symbol; supper
lattice) deposited at 1Pa.

confirmed to the composition ratio of Ba/Ti+Zr by each
deposition pressure. In addition, the full width at half- maxi
mum (FWHM) of the (111) diffraction peak was substi-
tuted in the Sherrer equation and then the crystallite size
was estimated. Here, it was assumed that the lattice strain
of the film deposited at 100mPa, 1Pa and 8Pa was also the
same because the plane lattice parameters of these films
were almost same as aforementioned. The crystallite size
of the film deposited at 100mPa and 1Pa was about 34nm
and that at 8Pa was 24nm. This was thought that the crys-
tallite size became smaller than film thickness because the
films were epitaxial growth. In the films made with 1Pa
that had the peculiar dielectric characteristics, there was no
remarkable difference in the crystallite size. While the
crystallite size at 8Pa was smaller due to increase of colli-
sion frequency among ablation particles at 8Pa. The sur-
face oxidation was the main at 100mPa and the collision
oxidation was the main at 8Pa from the relationship be-
tween pressure and the mean free path [11-12] On the other
hand, it became the pressure region where the surface oxi-
dation and the collision oxidation are caused at 1Pa. It is
thought that the PLD process had some influences on the
growth of the film though the factor that the permittivity
increases at x=0.25 was not clearly understood.

Fig. 6 shows relationship between dielectric permit-
tivity and O3-O, gas pressure. In the case of x>0.5, the di-
electric constant was hardly changed by atmospheric gas
pressure. The dielectric constant of the single layer BZT
films decreased as x value increases. In the case of x<0.5,
the dielectric properties were different at each atmospheric
gas pressure. The temperature dependences of dielectric
constant in BZT film at 100mPa and 1Pa were almost
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Fig. 5 Dielectric permittivity of the BZT films
deposited at 8Pa.

constant, however the film at 8Pa was dispersion. BZT film
fabricated at 100mPa had large dielectric constant at
x=0.25. We considered that the oxygen pressure was most
important factor, which influenced dielectric properties in
particular composition region (x=0.25) where relaxor phe-
nomenon existed.

4. Conclusions

The single layer films had only the diffraction peak
from BZT (111) and grown oriented to Nb-STO(111) sub-
strate. In the case of super lattice BZT films, the satellite
peaks in addition to the main peak from BZT (111) were
observed. The main peak of BZT (x=0.25) and BZT
(x=0.50) super lattice films appeared slightly lower angle
than the each single layer films. This increment of the
plane lattice parameter means growth of films with the
lattice expanded in <111> direction because of stacking
strain at interfaces by super lattice structure.

The dielectric permittivity of the single layer BZT
film deposited at 100mPa and 8Pa had the largest value at
x=0.25. The dielectric permittivity of the single layer BZT
film deposited at 1Pa was decreased with composition of x.
The temperature dependences of dielectric constant in BZT
film at 100mPa and 1Pa were almost constant, however the
film at 8Pa was dispersed.

The super lattice films had larger dielectric permittiv-
ity than single layer films. The super lattice films had the
structure that lattices expand more than the single layer
films in <111> that is the direction of the film thickness.
By controlling atmospheric gas pressure, the permittivity
of single layer film at 8Pa was larger than super lattice at
1Pa. We considered that the oxygen pressure was most
important factor, which influenced dielectric properties in
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Fig. 6 Dielectric properties of the BZT films.

particular composition region of x=0.25.
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