
LA-UR- C~q , La -3S %
Approved for public release;
distribution is unlimited.

Title :

Author(s):

STRUCTURAL AND DIELECTRIC PROPERTIES OF Ba
(0.6)Sr(0 .4)Ti'+O(3) THIN FILM S

Q. X. Jia, J. S. Lee, B . H. Park, and P . Lu

I

Submitted to :

LosAlamos

Proceedings of Electrochemical Society

NATIONAL LABORATOR Y
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of California for the U .S .
Department of Energy under contract W-7405-ENG-36 . By acceptance of this article, the publisher recognizes that the U .S. Government
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U .S .
Government purposes . Los Alamos National Laboratory requests that the publisher identify this article as work performed under the
auspices of the U .S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to
publish ; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness .

Form 836 (8/00)

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact:

Library Without Walls Project
Los Alamos National Laboratory Research Library
Los Alamos, NM  87544
Phone:  (505)667-4448
E-mail:  lwwp@lanl.gov



STRUCTURAL AND DIELECTRIC PROPERTIES OF
Ba0.6Sr0 .4TiO3 THIN FILMS

Q. X. Jial, J . S. Lee', B. H. Parke, and P . Lu3

'Superconductivity Technology Center, Los Alamos National Laboratory
Los Alamos, NM 87545

2Department of Physics, Konkuk University
Seoul 143-701, Korea

3Department of Materials Science and Engineering
New Mexico Tech, Socorro, NM 8780 1

We report a systematic study of the structural and dielectric properties
of barium strontium titanate, Ba0.6Sr0 .4TiO3 (BST-0 .4), films grown by
pulsed laser deposition on LaA1O3 and MgO substrates . By optimizing the
processing conditions, choosing appropriate substrate materials, and
constructing layered architectures, we have successfully deposited BST-
0.4 films on both LaA1O3 and MgO substrates with large dielectric
nonlinearity and low dielectric loss . X-ray diffraction and transmission
electron microscopy analyses reveal that the dielectric tunability and the
dielectric loss are closely related to the crystallinity of the BST-0 .4 films .
We have also observed that a small variation of D value, defined as the
ratio of in-plane lattice constant/out-of-plane lattice constant, can result in
a significantly large change of dielectric properties of the BST films .

INTRODUCTION

Recently, barium strontium titanate, Bal_xSr,,Ti03 (BST-x), has been extensively
studied because of its many interesting properties such as its high dielectric constant (1)
and a large tunability of the dielectric constant upon an application of a dc electric field
(2-6). The nonlinear dielectric property of the BST-x makes it very attractive for
electrically tunable microwave devices . In these devices, it is desirable to have a large
change of capacitance ratio (tunability = (Cmax-Cmin)/Cmax) under a given range of electric
field accompanied by a small dielectric loss .

To achieve a large dielectric constant and a low dielectric loss tangent, the BST-x
films are usually grown epitaxially on single crystal substrates such as LaA1O3 (LAO ; a =
0.3793 nm) and MgO (a = 0.421 nm). These crystal substrates not only are structurally
and chemically compatible with BST-x, but also have a relatively small dielectric
constant and a low dielectric loss, both necessary for microwave applications . However,
physical properties of these epitaxial BST-x thin films are found to be substantially
different from those of bulk materials (1, 7-9) . The dielectric permittivity tends to be
significantly lower in thin films compared to the bulk, thereby limiting the potential
benefits of BST-x thin films for device applications . In this article, we review our



approaches to improve the dielectric properties of BST-0 .4 films by optimizing the
process conditions, choosing appropriate substrate materials, and constructing layered
architectures . This is possible because the dielectric properties of BST-x are strongly
correlated with the microstructure (10), the texture (11), or the stress state (12) . In this
article, we mainly summarize the results from BST-0 .4 because we have found that this
composition has the highest tunability (37%) at room temperature among all the BST-x
films deposited on LaAlO3 substrates (1) .

EXPERIMENTAL DETAIL S

We used pulsed laser deposition to grow epitaxial BST-0.4 films on LaA!O3 (LAO)
and MgO substrates . To investigate the effect of deposition temperature on the structural
and dielectric properties of BST-0 .4 films, a variable substrate temperature in the range
of 550 °C - 875 °C was used during film deposition . Following the deposition, the films
were cooled to room temperature in an oxygen pressure of 300 Torr without any further
thermal treatment .

To investigate the effect of strain on the dielectric properties of BST-0 .4 films, we
have inserted a very thin BST-x (x = 0 .1 - 0 .7) interlayer between an epitaxial BST-0 .4
thin film and the MgO substrate, where the interlayer BST-x and the main layer BST-0 .4
have thicknesses of 10 nm and 400 nm, respectively . Both layers were deposited at 750
°C under 200 mTorr oxygen. These conditions were optimum for BST-0 .4 on MgO
based on our early experiments (13) . To study the dependence of the lattice constant of
BST-0.4 films on the processing conditions, the substrate materials, and the strain state,
we performed x-ray diffraction scans using a SIEMENS D5000 4-circle x-ray
diffractometer . In order to understand the effect of deposition temperature on the
microstructure of these films, the BST-0 .4 thin films were also studied by cross-sectional
transmission electron microscopy (TEM) .

To . measure the dielectric properties of the BST-0 .4 films, we fabricated coplanar
capacitors by depositing gold on the top of the film surface . Each gold electrode had a
rectangular shape with a width of 200 .tm and a length of 2 mm . The separation between

gold electrodes for each capacitor was 5µm . We measured the capacitance at 1 MHz and
room temperature using a HP4194A impedance analyzer . The dielectric constant was
calculated using a simplified coplanar waveguide model .

RESULTS AND DISCUSSION

X-ray diffraction (XRD) 0-20 and 4-scan analyses show that the BST-0 .4 films are
epitaxially grown on both LAO and MgO for substrate temperatures between 650 °C and
875 °C. The in-plane and out-of-plane orientation between the LAO substrate and the
film can be described as [110]BSTII[lI0]LAO and (100)BSTII(100)LA0 . On the other hand,
the in-plane and out-of-plane orientation between the MgO substrate and the film can be
described as [100]BSTII[100]Mgo and (001)BSTII(001)Mgo . However, as can be seen in Fig .
1, these films (BST-0 .4 on LAO as an example) exhibit different full width at half-
maximum (FWHM) values both for the (200) and (110) diffraction peaks . It is well

known that line broadening in 0-20 patterns results generally from small particle (grain)



size, nonuniform strain, or stacking faults (14) . We have also observed that BST-0 .4
films deposited on MgO show the similar trends in terms of the relationship between the
FWHM values and the growth temperatures (13) . However, a deposition temperature of
875 °C leads to a serious degradation of epitaxial quality as illustrated by the larger
FWHM values of both (002) and (101) diffraction peaks compared to the BST-0 .4

deposited at 800 °C (13) .

1 0

8

6

4

2

500 550 600 650 700 750 800 850
deposition temperature (°C)

0

Fig. I Full width at half maximum (FWHM ) values of w-rocking curve on
(200) and ~-scan on (110) of BST-0 .4 films on LaAlO3 deposited at
different temperatures .

High deposition temperature leads to a higher degree of c rystalline quality is further
confirmed by the TEM study. Figures 2(a), (b) and (c) show the cross -sectional TEM
micrographs of the BST-0.4 films deposited at 825 °C, 650 ° C, and 550 °C, respectively .
The selected area electron diffraction (SAED) patterns from the substrate and the BST-
0.4 film are also shown in these figures . As can be seen from the graphs, these films
exhibit ve ry different microstructures due to the change of substrate temperature during
deposition . The BST-0 . 4 film deposited at 825 °C is highly epitaxial with respect to the
LAO substrate. The film deposited at 550 °C, on the other hand , consists of smaller
grains . The poorly defined SAED pattern as shown in Fig. 2(c) indicates that the
epitaxial quality is much worse . In the case of BST -0 .4 films on MgO substrates, a much
improved epitaxial quality occurs at a higher deposition of temperature of 650 °C (13) .
This is not unreasonable considering the large latt ice mismatch between the MgO and
BST-0.4 .

To illustrate the effect of deposition temperature on the dielectric properties of the
BST-0.4 films, here we take BST-0 .4 on MgO as an example . Figure 3 shows the
relationship between the K value (defined as tunability/loss) and the growth temperature .
It is interesting that both the tunability and the dielectric loss increase with temperature in
our investigated range. The K value, however, shows a maximum at 750 °C . This
implies that one needs to control the crystalline quality of the BST-0 .4 films in order to
obtain the highest K values . In other words, processing conditions must be optimized for



an optimum device performance . For example, for a BST-0 .4 film deposited at 750 °C

with a thickness of 1 .1 µm, the film shows a tunability of 65%, a dielectric loss of 0 .015,
and a K value of 43 at room temperature under a surface electric field of 80 kV/cm (13) .
This tunability value is much larger than that reported for any coplanar structure devices
comprised of BST-0 .4 films under a similar electric field .

Fig . 2 Cross-sectional TEM micrographs of BST-0 .4 films grown on LaAIO ; at
(a) 825 °C, (b) 650 °C, and (c) 550 °C . The selected area electron
diffraction patterns are also attached for comparison .
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Fig . 3 Tunability/loss of BST-0 .4 films on MgO as a function of the
deposition temperature, where the BST-0 .4 films are 0 .3 prn thick .



To investigate the effects of the BST-x interlayers on the structural properties of BST-
0.4 films, we have varied the x in the range from 0 .1 to 0 .7. The x-ray analysis on the
BST-0.4 films with different strain layers shows that the out-of-plane lattice constant of
the BST-0.4 film increases and in-plane lattice constant decreases as x increases . In other
words, the lattice distortion ratio (D = in-plane lattice constant/out-of-plane lattice
constant) decreases as x increases . Fig. 4 shows the zero field dielectric constant of the
BST-0.4 films as a function of the x value of the BST-x interlayers . In this figure, we
also show the K versus x values of BST-x interlayers . Under small tensile and
compressive stresses (D = 1 .0023 and 0 .9992), BST-0.4 films show large K values .
However, as the stress increases further, K value drastically decreases . Detailed
description of the effects of very thin strain layers on dielectric properties of epitaxial
BST-0.4 films can be found elsewhere (15) .
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Fig. 4 Zero field dielectric constant (open circle) and tunability/loss (solid circle)
as a function of x value of the strain layer BST-x . A surface electric field
of 80 kV/cm was used in the measurement .

SUMMARY

A systematic study of the structural and dielectric properties of barium strontium
titanate, Ba0.6Sr0 .4TiO3 (BST-0.4), films grown by pulsed laser deposition on LaA1O3 and
MgO substrates has been carried out . The substrate temperature during film deposition
plays a critical role in determining both the structural and the dielectric properties of the
films either on LaAIO3 and MgO substrates . A substrate temperature over 750 °C is
necessary to obtain high crystalline quality BST-0 .4 films. X-ray diffraction and
transmission electron microscopy analyses have indicated that the dielectric tunability
and dielectric loss are closely related to the crystallinity of the BST films . The higher the
crystalline quality of the film is, the larger the dielectric tunability . We have also
observed that a small variation of D value, defined as the ratio of in-plane lattice
constant/out-of-plane lattice constant, can result in a significantly large change of
dielectric properties of the BST-0 .4 films .
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