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A perovskite (Sr,Ca)RuO3 [SCR] electrode has been explored in order to utilize its
advantages in structural match with (Ba,Sr)TiO3 [BST] films, which may enhance the
electrical properties of BST films. The SCR electrode led to the leakage current density
(10−7A/cm2) of BST films an order lower than that on RuO2. The leakage current was not
sensitive to the composition of the SCR electrodes, while the dielectric constant of the BST
thin film capacitor ranged from 160 to 280 depending on the Sr/Ca ratio in SCR electrodes.
The BST/SCR (Sr/Ca= 7/3) system resulted in a 5-nm thick interfacial layer. Furthermore,
the interfacial layer turned out to be partially crystallized according to the lattice image
taken by an HRTEM. It is believed that such enhancement in electrical properties of BST
films could be induced by the improvement of interfacial characteristics through structural
matching. C© 1999 Kluwer Academic Publishers

1. Introduction
Post-Gbit dynamic random access memory (DRAM)
capacitors which utilize ferroelectric materials have
been studied extensively for many years. In order to
realize a simple capacitor structure with a high charge
density, preparation of ferroelectric material is known
to be a key for ULSI device applications. (BaxSr1−x)
TiO3 [BST] is an attractive capacitor material for
DRAMs, since it has chemical stability and good di-
electric properties compared to the other ferroelectric
materials such as Pb(ZrxTi1−x)O3 and BaTiO3 [1–3].
To date, Pt has been the most widely used electrode
for dielectric layers. However, it requires a multi-layer
(Pt/TiN/Ti/Si) structure which is complicated to process
and it exhibits poor properties in fatigue and etching.
On the other hand, RuO2 conductive oxide material has
been explored with the expectation that it could over-
come such problems [4–7]. It has been reported that
the RuO2 electrode acts as an effective diffusion bar-
rier against oxygen and has a relatively low resistivity
applicable for the electrode. Also, RuO2 can be eas-
ily etched anisotropically by a gas mixture of CF4 and
H2. And, it is quite physically and chemically stable at
a high deposition temperature [8–10]. But, the practi-
cal use of RuO2 is still limited by such the problems
as a relatively high leakage current associated with a
low barrier height and a degradation of the dielectric
constant caused by the chemical and the structural in-
compatibility with the BST [11, 12].

Thus, it is very encouraging to investigate the per-
ovskite structured (Sr,Ca)RuO3 [SCR] conductive ox-
ide electrode under the assumption that the proper mod-
ification in structure and composition could enhance the
electrical properties. Noting that the lattice parameter
of (Ba0.5Sr0.5)TiO3 is 3.92Å, it is possible for SCR to
match perfectly with BST, since the lattice parameter
of SCR can be tuned from 3.83 to 3.93Å, depending on
the Sr/Ca ratio [13]. In addition, SCR could effectively
suppress the interdiffusion between BST and SCR lay-
ers due to the common Sr. In this study, SCR films with
various Sr/Ca ratios were prepared by adding Sr and Ca
to RuO2. Also, the effect of the Sr/Ca ratios on the di-
electric constant and the leakage current of ferroelectric
thin films was investigated.

2. Experimental procedure
A (Sr,Ca)RuO3 sputtering target was prepared by
uniaxially pressing the mixture of RuO2, SrO and
CaO calcined at 1000◦C. SCR films were deposited
on a P-type (100) Si wafer by an RF magnetron
sputter using the targets with various Sr/Ca ratios,
Sr/Ca= 7/3, 5/5, 9/1, 10/0. BST films were also de-
posited by an RF magnetron sputtering system using
a cold pressed target of (Ba+Sr)/Ti= 1.025 consider-
ing the sputtering yield. Then, Al top electrodes were
deposited by a thermal evaporation method through a
metal hard mask to investigate the electrical properties
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of Al/BST/SCR thin film capacitors. The deposition
conditions for SCR and BST films are summarized in
Table I. An X-ray diffraction was performed to deter-
mine the crystalline phases and to calculate the lattice
parameter of SCR and BST films. The surface morphol-
ogy of specimens was observed by a Scanning Electron
Microscope (SEM). An AES analysis was carried out
to profile the elemental distribution at the interface in
BST/SCR thin films. More careful investigation of the

Figure 1 XRD patterns of BST/SCR with various Sr/Ca ratios in SCR
electrodes.

Figure 2 The surface morphologies of SCR electrodes and BST/SCR films with different Sr/Ca ratios in SCR electrodes. (a) SCR (Sr/Ca= 7/3),
(b) BST/SCR (Sr/Ca= 7/3), (c) SCR (Sr/Ca= 5/5) and (d) BST/SCR (Sr/Ca= 5/5).

TABLE I Deposition conditions of SCR and BST films

(Sr,Ca)RuO3 (Ba,Sr)TiO3

O2/Ar ratio 1/9 5/5
Substrate temperature (◦C) 500 550
Working pressure (mTorr) 10 10
Target Composition Sr/Ca= 5/5, 7/3, Ba/Sr= 5/5

9/1, 10/0
Target Size (inch) 3 3
RF-Power (W) 130 130
Thickness (nm) 300 200

interface between the ferroelectric film and the bottom
electrode was done by a High Resolution Transmission
Electron Microscopy (HRTEM). The leakage current
characteristics were analyzed by an HP4145B semi-
conductor parameter analyzer. The dielectric constant
was calculated from the capacitance measured by an
HP4280A 1 MHz C meter/CV plotter.

3. Results and discussion
X-ray diffraction patterns of (Ba,Sr)TiO3 films de-
posited on the (Sr,Ca)RuO3 bottom electrode with var-
ious Sr/Ca ratios are shown in Fig. 1. The thickness of
(Ba,Sr)TiO3 and (Sr,Ca)RuO3 film are 200 and 300 nm,
respectively. Regardless of the composition of the bot-
tom electrode, all the (Ba,Sr)TiO3 films show (110)
preferred orientation following the orientation of SCR
which has the same cubic perovskite structure as BST
films. As the Sr/Ca ratio in SCR increases and, there-
fore, the lattice constant of SCR approaches that of
BST (3.92Å), (111) and (200) diffraction peaks from
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BST disappear gradually. Since the lattice parameter
of SCR calculated from the peak at the high Bragg
angle changes from 3.87 to 3.93Å as the Sr/Ca ratio
varies from 5/5 to 9/1, the lattice parameter of SCR
can be perfectly tuned to that of BST (3.92Å) by a
judicious selection of the composition. The success-
ful lattice matching between SCR and BST was ob-
served when the Sr/Ca ratio was 9/1 and the split of the
Bragg angle between BST(110) and SCR(110) was not
shown.

The surface morphologies of the SCR and BST/SCR
films are shown in Fig. 2a–d, respectively. The SEM
images of SCR electrodes show that the SCR (Sr/Ca=
5/5) electrode has a rougher surface and larger grains
than SCR (Sr/Ca= 7/3). It turned out that the surface
morphology of BST films is closely linked to that of the
SCR substrate. The grain size of the BST film deposited
on SCR (Sr/Ca= 5/5) electrode is approximately 60–
70 nm while that of BST/SCR (Sr/Ca= 7/3) is about
40–50 nm. Such grain size differences in the BST/SCR
systems with various Sr/Ca ratios in electrodes are re-
flected in the electrical properties.

Using Rutherford Back Scattering (RBS), SCR
films deposited with the targets having Sr/Ca ra-
tios of 5/5, 7/3 and 9/1 were characterized and the
practical compositions of the resulted films turned
out to be (Sr0.47Ca0.53)RuO3, (Sr0.61Ca0.39)RuO3 and
(Sr0.90Ca0.10)RuO3, respectively. The slight difference
in compositions between the targets and the resulting
films is from the sputtering yield difference between
the elements. In our results hereafter, all the properties
will be compared as a function of Sr/Ca ratios in targets
instead of a real composition of films.

The leakage current properties of BST on the various
SCR electrodes are shown in Fig. 3. Irrespective of the
SCR compositions, the leakage current of BST films

Figure 3 I-V characteristics of BST/SCR with various electrode compositions. The Sr/Ca ratios of SCR are 5/5(u), 7/3(+), 9/1(,) and 10/0(n).

increases slowly with the applied voltage. It is verified
from the I -V characteristic that the current through
BST film capacitor is electrode-limited, because the
shape of curve for negative bias is different from that
for positive bias. Since Al has a relatively low work
function, the potential barrier height between Al and
BST is small at contact. Such an effect will lead to
the absence of the flat region in theI -V curve when
the negative bias is applied to the top electrode. On the
contrary, when the positive bias was applied to the top
electrode, the flat region appeared because of a rela-
tively high potential barrier between SCR and BST.

The leakage current densities of BST films on the
various electrodes at DRAM operation voltage of
0.1 MV/cm are shown in Fig. 4. The leakage current
density of BST film on the SCR electrode is in the range
of 10−7A/cm2, which is compatible to the specification

Figure 4 Variation in leakage current density of BST films as a function
of Sr/Ca ratios in SCR electrodes (•) and the RuO2 (j) electrode at
0.1 MV.
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in practical devices. This value is about one order of
magnitude lower than the value reported in the case
of the BST/RuO2 system (6× 10−5A/cm2) [14]. For a
system having different structures between the dielec-
tric layer and an electrode like a BST/RuO2 system,
an amorphous interfacial layer is likely to form, which
has the possibility of blocking the path of the leak-
age current. However, at the same time, the structural
mismatch provides a better chance to generate defects,

Figure 5 Dielectric constants of BST films as a function of Sr/Ca ratios
in SCR electrodes (•) and the RuO2 (j) electrode.

Figure 6 HRTEM image of the interface between BST film and the SCR (Sr/Ca= 7/3) electrode.

which could act as sources for leakage current. Pre-
sumably the latter effect overwhelms the former effect
in the BST/RuO2 system. Indeed, Izuhaet al. [15] re-
ported in their system of (Ba,Sr)TiO3/SrRuO3 which
consists of an identical structure, that the minimization
of the lattice distortion at the interface and the ion va-
cancy due to structural match led to the reduction in
leakage current.

Fig. 5 illustrates the dielectric constant of BST films
as a function of the Sr/Ca ratio in the SCR target. And
two features can be pointed out. One of the results is that
the dielectric constants of BST films deposited on SCR
are higher than those on RuO2 which range from 130
to 160 [13]. It is well known that the undesired interfa-
cial layer has a low dielectric constant and behaves as
a series capacitor. Also, the overall dielectric constant,
which is calculated from the total capacitance, depends
on the relative thickness of the low dielectric phase. The
thickness of the interfacial layer in the BST/SCR sys-
tem is believed to be thinner than that in the BST/RuO2
system, because SCR is the same as BST in terms of
structure. Hence, the dielectric constant of BST/SCR is
higher than that of BST/RuO2. The reason the BST/Pt
system shows a high dielectric constant is associated
with the grain size of BST grown on Pt [16]. Fig. 5
also shows that the dielectric constants of BST films
are dependent on the composition of SCR films. How-
ever, leakage current properties of BST films are not
very sensitive to the composition of SCR films. It is be-
lieved that the increment of the dielectric constant as the
Sr/Ca ratio approaches to 5/5 is not only because the
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BST/SCR (Sr/Ca= 5/5) system results in larger grains
than BST/SCR (Sr/Ca= 7/3) system but also because
this composition in SCR electrode can help to keep the
stoichiometry in BST film by suppressing the driving
force for the diffusion between elements.

In order to visualize the advantage of structural
matching, the interface between BST and SCR was ex-
amined by HRTEM (Fig. 6). It was found that BST
films grew to (110) orientation following (110) lattice
fringe of the bottom electrode. This result corresponds
to the previous XRD result in that the orientation of
dielectric films was largely affected by preferred orien-
tation of the bottom electrode. The continuous lattice
fringes at some portion of the interface seen from the
HRTEM image indicate that two films can even form a
partially crystallized interface. It reveals a 5-nm thick
interfacial layer in BST/SCR. Consequently, this im-
provement in interfacial layer thickness results from the
structural similarity obtained by applying a perovskite
oxide electrode.

4. Conclusions
The electrical properties of (Ba,Sr)TiO3 thin films were
investigated in terms of the microstructure and compo-
sition of the (Sr,Ca)RuO3 bottom electrode. HRTEM
image has proven the structural advantage of the per-
ovskite electrode on the BST dielectric film. It shows
a partially crystallized thin interfacial layer between
BST and SCR. Such improvement in interfacial prop-
erties led to the enhancement in electrical properties of
BST films. The leakage current of BST film on SCR
electrodes is about one order less than that on RuO2
films processed under the same laboratory conditions.
This is thought to be from the mechanical stability at
the interface and the decrease of defects induced by
a structural match. Also, the improvement in property
of low dielectric layer at the interface by adopting the
electrode with the same structure and similar composi-
tion, resulted in the increase in the dielectric constant
of BST/SCR compared to BST/RuO2.
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