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Highly (h00)-oriented (Ba, Sr)TiO, (BST) thin films were grown by pulsed laser deposition on the perovskite
LaNiO (LNO) metallic oxide layer as a bottom electrode. The LNO films were deposited on 8i0,/8i substrates by
rf-magnetron sputtering method. The crystalline phases of the BST film were characterized by x-ray 6-26, w-
rocking curve and ¢-scan diffraction measurements. The surface microsturcture observed by scanning electron.
microscopy was very dense and smooth, The low-frequency dielectric responses of the BST films grown at vari-
ous substrate temperatures were measured as a function of frequency in the frequency range from 0.1 Hz to
10 MHz. The BST films have the dielectric constant of 265 at 1 kHz and showed multiple dielectric relaxation at
the low frequency region. The origin of these low-frequency dielectric relaxation ave attributed to the iomized
space charge carriers such as the oxygen vacancies and defects in BST film, the interfacial polarization in the
grain boundary region and the electrode polarization. We studied also on the capacitance-voltage characteristics

of BST films.
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I. Introduction

artum strontium titanate[(Ba,, Sr, YTiO,, (BST)] is one
B of the most promising candidates for 1 Gbit dynamic
random access memories (DRAMs) capacitor. For the appli-
cation of this material as a dielectric capacitor, electrode
materials are required to have certain properties such as
high metallic conductivity, sufficient resistance against oxi-
dation, good adhesion to BST, and interfacial smoothness to
achieve large capacitance and low leakage current. Some
perovskite oxides are highly conductive and stable at high
temperature even in oxygen-containing atmosphere. Futh-
ermore, some of them have lattice constants similar to those
of BST and better lattice matching can be expected at the
interface between BST and electrodes, which may eliminate
interfacial defects and additional electronic states at the
interface and reduce the leakage current or the dielectric
degradation. Recently, the conducting perovskite oxides
such as YBa,Cu,0,, La,,5r,;Co0, and SrRuO, were
employed as electrodes in epitaxially grown single crystal
capacitors and they manifested higher qualities such as
higher dielectric constants for paraelectric capacitors or
higher fatigue resistances for ferroelectric capacitors.” On
the other hand, some attentions have been focused on the
fabrication of perovskite oxide LaNiO(LNO) thin films.*?
Because the LNO has a structure similar to that of perovs-
kite ferroelectric, the textured LNO films has been used as a
bottom electrode for the growth of (100)-oriented ferroelec-
tric films on S1 substrates, such as Pb(Zr, Ti)O‘a(PZT).E)
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LaNiQ, is a perovskite-type metallic oxide with a lattice
parameter of 3.84 A The resistivity of LaNiQ; is isotropic
and low(2.25%10™ Q-cm), and the temperature dependence
indicates a good metallic behavior.”

In this letter, we report on the crystalline structures and
dielectric responses of BST thin films deposited on elec-
trodes of LNO film by pulsed laser deposition (PLD).

II. Experimental

The LNO thin films was deposited on the (100) surface of
silicon substrates using radio frequency magnetron sputter-
ing technique.’ The LaNiQ, target with 2-inch diameter
were made by using a conventional mixed-oxide method,
which included calcination at 900°C for 4 hours and sinter-
ing at 1000°C for 2 hours. Sputtering was carried out at a
power density of 2.5 W/em® and a working pressure of 10
mTorr with a gas ratio of Ar/0,(15/3). The substrate temper-
ature during deposition was kept at 300°C. We confirmed
that the LNO films have a highly (100)-oriented perovskite
phase by x-ray diffraction analysis.

(Ba, ;8r,)TiO, thin films were grown by the pulsed laser
deposition on LNO(100)/810,/8i substrates. The energy flu-
ence was 2 J/cm” and the target to substrate distance was
kept at 45 mm. The films were deposited at the tempera-
tures of 500-700°C under 200 mTorr oxygen pressure. A
growth rate was approximately 1 A/pulse.

The crystallographic structures of BST films were ana-
lyzed by x-ray diffraction(XRD) using a characteristic x-ray
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of Cu-Ke. In addition to 6-20 diffraction, rocking curve mea-
surements and ¢-scan diffraction were carried out. The sur-
face morphology and the thickness of the BST film were
examined by scanning electron microscopy.

The dielectric properties of the BST films were studied for
the capacitors with metal-insulator-metal (MIM) device con-
figuration. Au top electrodes of 2000 A in thickness and 1
mm?® in area were deposited through a shadow mask at
room temperature. LNO films were used for the bottom
electrodes. The bias voltage dependence of the capacitance
and the dielectric loss were measured using a computer-con-
troller impedance analyzer(HP4194A) at 10 kHz and 0.5
V_.. oscillation voltage. The frequency dependence of com-
plex impedance was measured by an impedance gain/phase
analyzer (Solartron SI-1260) in the frequency range from
0.1 Hz to 10 MHz. The complex dielectric constants of BST
films were calculated from the measured complex imped-
ance.

ITI. Results and Discussions

BST film orientation with respect to the LNO/510,/81 sub-
strates and the temperature dependence of the unit-cell
parameters were determined by XRD. Figure 1 shows the 6-
26 diffraction patterns of the BST films deposited at differ-
ent substrate temperatures. All the films showed a highly
(100)-oriented pervskite phases. However, the film depos-
ited at 500°C had a much weaker intensity of diffraction
peaks. At the growth temperature of 500°C, BST films st-
arted to form a perovskite phase. BST films deposited at
temperatures of 600°C, 650°C, and 700°C exhibited good
crystallinity as shown in Fig. 1. The presence of only (100)
and (200) diffraction lines of BST film on LNQ film suggests
that the BST film is either highly (100)-oriented or grown
epitaxially on the LNO(100)/3i0,/8i substrates. The d(100)
spacing obtained from the (100) peak of BST films was
3.951 A, which is close to that of bulk BST(a=3.947 A). This
value was constant at the deposition temperature.

To confirm the epitaxial growth and crystallinity of BST
films, w-rocking curve and ¢-scan diffraction measurements
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Fig, 1, X-ray 6-260 diffraction patterns for the BST films on
LNO/810,/51 substrates.
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Fig. 2. (a) Rocking curve for BST(200) diffraction line and (b)
¢-scan diffraction for the BST(101) plane of the BST film.

were carried out. Figure 2(a) 1s the x-ray rocking curve ob-
tained on the (200) diffraction line of the BST film grown at
650°C. The solid line is fitted by Gaussian function. The full
width at half maximum (FWHM) is estimated to be around
1.69°. Profiles of ¢-scan diffraction were measured for (101)
plane of the BST film. In Fig. 2(b), four equally spaced peaks
separated by 90° are seen. Thus, this clearly suggests that
the BST film with perovskite structure is epitaxially grown
on the LNO film substrate.

We studied the microscopic surface morphology of the
BST films using scanning electron microscopy (SEM). Fig-
ure 3 shows the typical SEM image of BST film deposited at

Fig. 3. Surface morphology for the BSTO film deposited at
650°C.
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Figure 4 shows the bias voltage dependence of the capaci-
tance for BST films deposited at several temperatures. The
thickness of the film was 3000 A. The capacitance-voltage
(C-V) curves were measured at the frequency of 10 kHz with
a small amplitude of 0.5V, while the dec bias voltage was
swept from negative bias(-5V) to positive bias(+5V) at a
sweep rate of 0.1 V/sec and back again. The capacitance of
the films increased with increasing the deposition tempera-
ture, and exhibited a strong nonlinearity on an applied volt-
age. The maximum values of the capacitance were taken at
about zero voltage. The C-V curves showed a small hystere-
sis, which indicates that they contain a few movable ions or
charge accumulation at the interface between the film and
the electrodes.

The dielectric properties of BST films were investigated at
a frequency range of 0.1 Hz~10 MHz. Figure 5(a) and (b)
show the frequency dependence of the real part £ and imag-
nary part £ of the complex dielectric constant for BST(100)
films deposited on the LNO film at the growth temperature
of 500°C, 600°C and 650°C, respectively. The measurement
was performed at room temperature. The value of real £ in-
creased with increasing the growth temperature, which was
265 at 1 kHz. All the films exhibited a remarkable dielectric
dispersion in the frequency range from 0.1 Hz to 10 MHz
and showed multiple dielectric relaxations with peaks in
the imaginary dielectric constant of the films. A peak in the
imaginary dielectric constant of BST films grown above
600°C is observed at around 22 Hz and 150 kHz, and that
for BST films grown at 500°C is shifted to higher frequen-
cies. Dielectric relaxation represents the charge in polariza-
tion of a material according to a time-variant applied field.
It depends upon frequency as various mechanism responsi-
ble for polarization are effective at different frequencies. In
dielectric materials, four different mechanism are possible:
electronic polarization, atomic polarization, dipolar polar-
ization, and space charge polarization or interfacial polar-

Fig. 5. Frequency dependence of the complex dielectric con-
stant for the BSTO films deposited at 500°C, 600°C and
650°C. (a) real (g, and (b) imaginary (¢") dielectric constant.

ization. Electronic and atomic relaxations are related to
very rapid oscillations of weak dipoles, and are only measur-
able at high frequencies (>10" Hz). If the materials possess
preferably orientated dipoles, the subsequent dipolar relax-
ations appear at audio frequency range from 10 Hz to 10
MHz. Practically, the dielectric properties are strongly in-
fluenced by the presence of moisture, by the complexity of
the grain boundaries, by the various grain size and orienta-
tion, and by an ionic space-charge carriers. Thus, this di-
electric relaxations occurring in the low frequency region
can be related to lonic space-charge carriers such as the oxy-
gen vacancies and a defect generated during film growth,
the interface polarization located on grain boundary and the
interface between the flm and electrode, and electrode po-
larization. The role of oxygen vacancies(V, ™ " )and their relat-
ed defects are often the proposed culprits in various reliabil-
ity limiting processes of oxide perovskite materials. The V, *
is doubly charged with respect to the neutral lattice and is
considered to be the most mobile intringic ionic defect in
these materials. [t 15 considered that oxygen vacancies act
as donors in BST film, as follows: O =V, "+2e™+1/20,, where
O, is oxygen ions at oxygen sites, V," * ionized oxygen vacan-
cies, and e electron. Based on comprehensive studies of crys-
talline strontium titanate by Waser and co-worker,'“' it
has often been suggested that the oxygen vacancy plays an
important role in the resistance degradation and dielectric
degradation of thin polycrystalline BST films. Also, Warren
reported that the -Vn - -.related defect dipoles in perovskite
oxides are aligned along the applied external field direc-
tion.*” The paraelectric BaTiO, single crystal exhibits the
low-frequency relaxation attributed to anisotropic conduc-
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tivity or Debye-like relaxation from dipoles arizing from de-
fects in the crystal lattice'® and surface.” The ultralow fre-
quency (~1 Hz) relaxation observed in polycrystalline Sr-
TiO, and BaTiO, at T>Tc is due to Maxwell-Wagner interfa-
clal relaxation arising from the capacitive grain boundaries
and the resistive grains present in the microstructure.' As
is shown in Fig. 5, these dielectric relaxation phenomena in
the low frequency are attributed to the dielectric rotation of
V.- -related defect dipoles in grains, the interfacial polar-
ization at the grain boundaries and the electrode polariza-
tion with long-range movements of space charge carriers.
Due to the increase of electrical conductivity at low fre-
quency below 10 Hz, both £ and £" tend to increase as the
frequency decreases below 10 Hz.

IV. Conclusions

Highly (100)-oriented BST films were successfully grown
on conductive metallic oxide LaNi0,(100) films at various
temperatures by pulsed laser deposition. LNO film provides
not only a bottom electrode for BST but also an excellent
seed layer for epitaxial growth of BST on it. The surface mi-
crostructure of BST film was dense and smooth. BST thin
film deposited at 650°C has a dielectric constant around 265
at 1 kHz. The dielectric properties of BST films showed a
remarkable dielectric dispersion and multiple dielectric re-
laxation at the frequency range from 0.1 Hz to 10 MHz. The
present dielectric relaxation was interpreted on the basis of
dielectric rotation of V- --related defect dipoles in grains,
the interfacial polarization at the grain boundary region
and the electrode polarization with long-range movements
of space charge carriers.
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