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We report an experimental and theoretical study of the strong dependence of the crystalline texture of thin
films of SrxBa1−xNb2O6 grown on MgOs001d on the Sr-contentx between 0.35øxø0.75. Synchrotron-based
x-ray diffraction measurements have identified three film-to-substrate crystal orientations, with contributions
from domains at 0°, ±18.43°, and ±30.96°. The relative contributions from these domains change dramatically
with x. Surprisingly, the ±18.43° orientation dominates, particularly for highx, although it has the largest
lattice mismatch to the underlying substrate. These results can only be explained by detailed modeling of the
electrostatic forces between the ions at the film-substrate interface, and not with simplistic lattice mismatch
arguments. Therefore, molecular dynamics simulations of the ionic heterogeneous interface structure of thin
films of such large oxide systems have been performed in an attempt to explain the diffraction data. The
simulations predict that, depending onx, an initial ultrathin layer of SrNb2O6 is favored, such that its Nb-O
network forms the first ionic layer on the MgOs001d substrate. This provides the necessary template for the
change in crystallographic orientation withx. Such layers were subsequently identified by further synchrotron-
based x-ray-diffraction measurements. This information has important consequences for ferroelectric and elec-
trooptic applications, on the optimal conditions required to grow thin films with large crystalline domains of
the desired orientation.
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I. INTRODUCTION

The tetragonal metal oxide SrxBa1−xNb2O6 sSBN:xd is
ferroelectric between 0.25øxø0.75, and can exhibit an ex-
ceptionally large anisotropic electrooptic coefficient of the
order of 1000 pm V−1, some 40 times larger than that of the
industry standard LiNbO3.

1 As even modest voltages across
thin films can produce large electric field strengths, the use
of high-quality SBN:x thin films is especially attractive for
optical switching, waveguiding, holography, surface acoustic
wave devices, and information storage applications.

Figures 1sad and 1sbd show the tetragonal structure of
SBN:x, which has a unit cell containing 45 atoms.2–7 High-
quality films of such chemically and crystallographically
complex structures can be grown using pulsed laser deposi-
tion sPLDd,8–12 mainly because of its ability to congruently
transfer the material from the bulk to the growing surface. A
second important property of PLD, and one that is often
overlooked, is the rate of deposition. The average deposition
rate is similar to that in MBE, of the order of 0.1 nm s−1, and
one can expect growth to be close to equilibrium, i.e., in a
regime where kinetics play a secondary role. Theinstanta-
neousgrowth rate, i.e., that during the time the ablation
plasma impinges on the substrate is, however, of the order of
103 nm s−1. This induces a high degree of supersaturation
above the growing surface, and a concomitant high density
of nucleation sites. This is normally associated with the
growth of films composed of many small crystallites, such as
in rapid thermal deposition at low temperatures. However,
the large time intervals between deposition events, typically
of 0.1 s duration, and the enhanced surface diffusion result-
ing from transfer of kinetic energy of the impinging flux to

the surface region, means that PLD is generally not kineti-
cally hindered and is capable of producing films of the high-
est quality at reduced growth temperatures.8

The most common substrate on which to grow SBN:x has
been MgOs001d, due to its low refractive index at infrared
and visible wavelengths. In addition, a second apriori reason
for choosing MgOs001d as a suitable substrate is the small
lattice mismatchd between one unit cell of SBN:x and 3
33 unit cells of MgO. Betweenx=0.35 andx=0.75, this
amounts tod= +1.4% to +1.8%, whereby the positive sign
indicates dilation in plane of the film. Despite this, such do-
mains fFig. 2sadg, with SBN:xk100l parallel to MgOk100l,
have until now not been observed.

Schwyn Thönyet al. found that although SBN:0.61 films
grew with theirc-axis perpendicular to the MgOs001d sur-
face, the domains were twinned in-plane, with the
SBN:xk100l axes parallel to the MgOf310g and f130g
equivalent axesfsee Fig. 2sbdg, i.e., at an angle of
±arctans1/3d= ±18.43° to the MgOf100g direction.9 Based
on heuristical arguments, they suggested that the large inter-
face strain energy between SBN:0.61 and MgO at this angle
could be offset by a lowering of the electrostatic energy and
accommodated by strain relaxation after a number of mono-
layers.

Cuniot-Ponsardet al. discovered another set of in-plane
twinned domains in SBN:0.67, which grew with itsk100l
axes at an angle of ±31° to the MgOf100g axis.11 Rouleauet
al. found both twinned sets of domains in SBN:0.61,
whereby they identified the larger angle of ±30.96° as
±arctans3/5d fFig. 2scdg.

A recurring problem in comparing data from independent
studies, such as outlined above, is that undocumented param-
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eters in the film synthesis, such as materials quality, nucle-
ation rates, and experimental geometry, can lead to seem-
ingly contradictory results.13 Therefore, we present a
systematic study of the crystallographic nature of approxi-
mately 90-nm-thick SBN:x thin films with different compo-
sitions s0.35øxø0.75d, using synchrotron radiation. The

films are grown on MgOs001d by a novel adaptation of PLD,
which allows the choice of any film stoichiometry using just
one ablation target.14 Molecular dynamicssMDd simulations
have provided a nucleation model that successfully describes
the different crystallographic orientations of the SBN:x thin
films with changing Sr content.

FIG. 1. sColord The structures of SBN:x and SrNb2O6. sad The projection of the unit cell of tetragonal SBN:x on thea-b plane.sbd
Perspective schematic of the 12-fold coordinatedstetragonald and the 15-fold coordinatedspentagonald channels in SBN:x. scd The projec-
tion of the 13231 cell of quasiorthorhombic SrNb2O6 sSNOd in theb-c plane andsdd on thea-c plane. In both structures, the planar region
containing Nb ions is labeled layer “A,” while that containing the Sr and Ba ions is layer “B.” The dashed lines depict the unit cells. Color
code: Mg: blue, O: red, Sr: yellow, Ba: brown, Nb: cyan.

FIG. 2. sColord Illustration of different film-to-substrate orientations. The three squares on the left depict tetragonal unit cells of
SBN:xs001d on MgOs001d, while the square on the right is the quasiorthogonal 231 cell of SrNb2O6s100d on MgOs001d.
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II. METHODS

A. Experimental

SBN:x films were grown by pulsed laser deposition
sPLDd in conjunction with a synchronized N2O gas pulse and
an O2 background gas15 at a substrate temperature of 750 °C.
Any desired Sr/Ba ratio could be achieved by using an ab-
lation target rod consisting of a section of SrNb2O6 and an-
other of BaNb2O6 and alternating between these in less time
than that needed to grow one monolayer.14,16 In contrast to
growth of other SBN:x films reported in the literature, there
was no need to postanneal the films in O2, which we attribute
to our use of the more oxidizing N2O gas pulse.17,18

The film compositions were determined by Rutherford
backscattering spectrometrysRBSd using 2 MeV4He projec-
tiles, and also by heavy-ion RBSsHIRBSd using 15 MeV
29Si projectiles, which allowed us to differentiate between Sr
satomic mass=87.6d and Nbsatomic mass=92.9d. X-ray dif-
fraction out-of-planeu-2u survey spectra were recorded us-
ing a Siemens D500 diffractometer with CuKa radiation. All
other x-ray data were collected at the surface diffraction sta-
tion of the Materials Science beamline at the Swiss Light
Source, Villigen, using 1 Ås12.398 keVd x radiation.

The quality of the in-plane crystallinity of the MgO sub-
strates was checked by recordingu-2u spectra and rocking
curves of the in-plane MgOs200d reflection, which was found
to have a width of less than 0.011° using 1 Å radiation.
Using the Scherrer equation, this corresponds to domains
with in-plane dimensions in excess of 450 nm, and negligible
mosaicity. We could therefore conclude that low substrate
quality can be excluded as an influence on the domain ori-
entations and size of the thin films.

In-plane measurements of the SBN:x films were per-
formed with the incident beam and detector axis set to 0.25°
above the surface, i.e., marginally higher than the critical
angle for SBN:x, which for l=1 Å lies at <0.21° for the
entire range of investigated stoichiometries. The in-plane do-
main orientations were established by setting the detector
angle for the 2us200d<9.2° reflection in the film plane, and
rotating the sample about its surface normal by the anglef.

B. Molecular dynamics simulations

The MD simulations are performed on model systems de-
fined by simulation cells with three-dimensional periodic
boundary conditions. The substrates and thin films are repre-
sented by slabs, i.e., systems periodically extended along the
lattice vectors spanning the interfaceainterf and with a finite
size perpendicular to the interface, along the lattice vectorc.
The length ofc is 8 nm.

All substrate models have two surface images, each in
contact with a thin film slabssymmetric coveringd. The slab
used for the MgOs001d substrate consists of nine layers and
is 4aMgO thick, where 4aMgO is the lattice constant of MgO.
The five innermost layers represent the bulk, and these ions
are kept immobile in the simulations. The film-substrate in-
terface regions are described by the mobile ions of the 2 sets
of 2 outermost layers. Figures 2sad–2scd depict the in-plane
dimensions of the substrate slabs directly in contact with

SBN:x films for different orientations. The in-plane sizes of
MgOs001d slabs coated with SrNb2O6s100d buffer layers and
SBN:xs001d films are ainterf=3Î8aMgO s±0.0°d and ainterf

=2Î10aMgO s±18.43°d.
SrNb2O6 sSNOd buffer layers are always described with

slabs that have the layer stacking “ABAB.” SBN:x films on
SNOs100d buffer layers are represented also by “ABAB”
slabs, while the same films placed directly on MgOs001d by
slabs that have the layer stacking 23 “ABAB.” In all models,
the two thin film types are separated by an approximately
2-nm-thick vacuum region alongc, in order to electrostati-
cally decouple them.

SBN:x slabs with two different compositions have been
employed to examine the film ionic structure at the film-
substrate interfaces at low and high Sr content, namely, with
x=0.3 andx=0.7. Both compositions could be simulated eas-
ily and are close to the smallest and largest Sr-contents of the
PLD-grown films.

To obtain energetically optimized ionic structures and in-
terface energies, all model systems have been treated within
a simulated melting and annealing approach. The melting
procedure consists of MD simulations for 100-150 ps at 0 K,
and 50 ps at 50, 200, 400, and 600 K. After, the systems are
quenched with simulations for 50 ps at 600 and 300 K and
finally for 100-150 ps at 0 K. A time step of 3 fs has been
used in the MD simulations. The calculations were per-
formed with theGULP code.19 The interionic potentials used
are based on the Born model of ionic solids, in which ions
are described as rigid spheres and interact via long-range
Coulombic interactions and short-range, parametrized inter-
actions. The potential parameters are taken from Woodleyet
al.20

III. RESULTS AND DISCUSSION

Representative x-ray diffractionsXRDd spectra of our
films are given in Fig. 3. Figure 3sad shows the out-of-plane
u-2u spectrum, demonstratingc-axis growth, and in-plane
data are shown in Fig. 3sbd. In addition to the two known
in-plane orientations at ±18.43° and ±30.96°, the as yet un-
reported domain with the SBNf100g axis parallel to the
MgOf100g axis s0.0° orientationd was discovered. The rela-
tive contributions of each domain orientation,f±f, could be
calculated by integrating the peak signals. Normalizing to
unity, we obtain

f±f =

E
peak

I+fdf +E
peak

I−fdf

oE
peak

Ifdf

, s1d

where the summation in the denominator is over the five
domains found at 0, ±18.43, and ±30.96, and the second term
in the numerator is ignored forf=0°, as the fourfold sym-
metry of the MgOs001d surface means that the 0° domain is
not twinned. The results are summarized in Fig. 3scd. At low
x, we observe a mixed orientational composition containing
all three domain types. The composition changes with in-
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creasingx, to one that is dominated by the ±18.43° orienta-
tion for xù0.55, despite the fact that it is this orientation that
has the largest lattice mismatch to the underlying substrate.

The c- and a-axis lattice constants and crystallite sizes
were determined byu-2u-scans and rocking curves out-of-
plane and in-plane, respectively. The out-of-plane crystallite
size, determined by the Scherrer equation, is of the order of
the film thickness of 90 nm, indicative of columnar film
growth. The thin film SBN:x in-plane lattice constants devi-

ate by no more than 0.2% from the bulk literature values.
The fact that the consistently dominant 18.43° orientation

is the one with the largest lattice mismatch suggests that the
electrostatic forces between the highly charged cations and
anions at the film-substrate interface play a critical role.
Hence we can assume that the strain between the film and
substrate must be relaxed either by crystallographic faults or
by a transitionalsbufferd layer of another structure.

The key questions to understand the change of the domain
orientation withx are as followssid What is the SBN:x in-
terface layer, and does it begin with a Nb-O or Sr-O/Ba-O

TABLE I. Interface lattice parameters of SBN:x,0.35øx
ø0.75, and SrNb2O6 sSNOd on MgOs001d for different film-to-
substrate orientationsv sin degreesd.

SBN:x,0.35øxø0.75 SNO

v 0.00 ±18.43 ±30.96 ±45.00

d a 1.26→1.70 6.52→6.96 −1.60→−1.16 7.3

ainterf
b 3 Î10 Î8.5 2Î2

aLattice mismatchsin %d.
bCharacteristic length of the interface unit cell in units of the MgO
lattice constantaMgO ssee Fig. 2d.

FIG. 3. Crystallographic data of SBN:x. sad u-2u scan of a
typical SBN:x film grown on MgOs001d using CuKa radiation, as
a function ofq=4p sinu /l. sbd In-plane scans showing the differ-
ent domain orientations for SBN:0.35 and SBN:0.75, using syn-
chrotron radiation at 1 Å. The detector was placed at a fixed in-
plane angle of 2us200d for thes200d reflection of SBN:x. The sample
was rotated byf around its normal axis.scd The relative contribu-
tions of each domain type as a function ofx, acquired by integrating
the peaks insbd, using Eq.s1d.

FIG. 4. sColord Results of the MD simulations.sad Interface
energies calculated with Eq.s2d for the model systems where
SBN:xs001d films are directly in contact with MgOs001d, either
with layer “A” or “B.” The smaller the interface energy is, the
stronger is the film-substrate interaction.sbd Comparison of the ex-
perimental relative orientational distributionsf±f with those pre-
dicted by the MD simulationspi at low and high Sr-contentx, both
with and without SNO buffer layers. “MgO/ /SNO” means a MgO
substrate coated with an SNO buffer layer. In all calculations insbd,
the first SBN:x interface atomic layer is the Nb-O “A” layer.
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ionic layers“A” and “B” in Fig. 1, respectivelyd? sii d Why is
the orientation with the largest lattice mismatch always the
preferred orientation?siii d Why do the 0° and ±30.96° orien-
tations almost disappear forx.0.55?

To answer the first key question, we have performed MD
simulations on model systems where SBN:0.3 and SBN:0.7
films are in direct contact with MgOs001d. The MD simula-
tions yield ionic configurations optimized with respect to the
potential energy of the film-substrate system,ETF-substr. Note
that the potential energy includes only the long-range Cou-
lombic interactions and short-range interactions between the
ions. For instance, entropy contributions were not taken into
account. To quantify the strength of the film-substrate inter-
actions of the three relevant film-to-substrate orientations
s0.0°, 18.43° and 30.96°d, we have introduced an interface
energyEinterf which is defined as

Einterf =
ETF-substr− nMgOEMgO − nSBN:xESBN:x

ainterf
2 . s2d

In Eq. s2d, EMgO and ESBN:x are the potential energies per
formula unit of the optimized bulk structures of MgO and
SBN:x, respectively. The termsnMgO andnSBN:x are the cor-
responding number of formula units used to construct the
model systems. The characteristic lengths of the interface
unit cellsainterf are summarized in Table I.

The interface energies are always positive because we
compare potential energies of systems with and without sur-
faces, i.e., slabs and bulk systems, respectively. Therefore,
the criterion is the smallerEinterf is, the stronger is the film-

substrate interaction. Figure 4sad depicts the derived interface
energies.

For all orientations, the electrostatic energy is minimized
if the first ionic layer above MgO is the Nb-O network, i.e.,
layer “A” in Fig. 1sbd, as first predicted by Schwyn Thönyet
al.9 The very strong Coulomb attraction between the highly
positively charged Nb cations and the oxygen anions is the
decisive factor.

To obtain quantitative answers to the second and third key
questions, the results of the MD simulations must be directly
comparable with the experimentally determined relative con-
tribution of each domain typef±f. Therefore, the calculated
interface energies of each domain orientation have been con-
verted to the relative contributionspi using the partition
function

pi =
gie

−Einterf,i/nkBT

o
j

gje
−Einterf,j/nkBT

. s3d

In Eq. s3d, kB is the Boltzmann constant,T is the absolute
temperature, andgi is the degeneracy of theith domain,
equal to unity for the 0° domain and 2 for the ±18.43° and
±30.96° domains. The argument of the exponent containsn
=2.25431019 m−2, the areal bond density of the MgO sur-
face, which is required to convertEinterf to a bond energy.
The temperature was taken to be the growth temperature of
1023 K, whereby it has been assumed that the rapid cooling
after film growth kinetically precludes any change in the
orientational distribution. The results are summarized in Fig.
4sbd.

FIG. 5. sColord Calculated ionic structures of substrate-thin film interfaces. Left: SBN:0.7s001d on MgOs001d. Right: SBN:0.7s001d on
MgOs001d coated with a SNOs100d buffer layer. The buffer layer has an in-plane orientation with respect to MgO of ±45°, whereas SBN:x
has in both structures an in-plane orientation with respect to MgO of ±18.43°. The panels on the outer left and outer right depict the sequence
of MgO, SBN, and SNO. The large balls represent the MgO ions of the bulk while the small balls the ions of the interface layers. The
polygons emphasize NbO6 octahedra, while the sticks depict ionic distances smaller than the sum of the appropriate ionic radii. The color
code is as in Fig. 1.
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First, let us compare the experimental and calculated ori-
entational distributions for lowx fleft-hand side of Fig. 4sbdg.
The MD simulations on the models in which SBN:x grows
directly on MgO yielded relative contributions in fair agree-
ment with experiment - the calculated contributions of the 0°
and ±30.96° orientations are somewhat larger than the ex-
perimental values, while that of the ±18.43° orientation is
slightly smaller than found experimentally. Therefore, the
experimentally determined orientational distribution at lowx
can be explained with SBN:xs001d films with their layer “A”
directly grown on MgOs001d.

In the case of SBN:0.7, however, the calculations for film
growth directly on MgOs001d yielded relative contributions
of the 0° and ±18.43° orientations that were much too large
and too small, respectively, compared with the XRD results.
This model therefore predicts that, for high Sr content, the
severe lattice mismatch of the ±18.43° domains is the domi-
nant factor and affects their formation negatively. Hence,
ionic configurations in which SBN:x is directly in contact
with MgO cannot explain why the ±18.43° orientation is
always preferred and why the 0° and ±30.96° orientations
almost disappear forx.0.55.

Some studies have hinted that, in thin film growth of
SBN:x,SrNb2O6 sSNOd might segregate out at the film-
substrate interface, depending onx, and also on the growth
conditions.11,21 This stimulated us to consider a second
model, in which a thin SNO buffer layer is introduced at the
film-substrate interface, with itsf010g axis parallel to the two

equivalent MgOf110g and f1̄10g axessi.e., an SNO in-plane
orientation of ±45°, see Fig. 2d. In order to calculate the
interface energiesEinterf for the second model, an additional
term −nSNOESNO is added to the numerator of Eq.s2d. The
terms ESNO and nSNO are the potential energy per formula
unit of the optimized bulk structure of SNO and the corre-
sponding number of formula units to construct the SNO
buffer layer, respectively. The first ionic layer of SNOs100d
above MgOs001d is also the Nb-O network, i.e., layer “A” in
Fig. 1sdd, as predicted by prior MD simulations.

The relative contributionspi for high Sr content, derived
from the MD simulations of the second model, are in excel-
lent agreement with the experimental relative contributions
for x.0.55 fright-hand side of Fig. 4sbdg. This result is at
first sight surprising, considering the large lattice mismatch
between SNO and MgO, comparable to that of the
±18.43°SBN:x domainsssee Table Id. However, SNO is a
more flexible structurefsee Fig. 1scdg, with the oxygen octa-
hedra connected to one another not just at their vertices, as in
SBN:x, but also along their edges, making it more easily
distorted.

Figure 5 shows energetically optimized ionic structures of
the first model, involving only MgO and SBN:0.7, and the
second model, which includes an SNO buffer layer, both at a
film-to-MgO substrate orientation of ±18.43°. One can im-
mediately identify the higher degree of order of the magne-
sium and oxygen ions at the interfacial region when SNO is
included, compared to the semi-amorphous interface when
SBN:0.7 is in direct contact with the MgO surface. The
higher order is the reason for a stronger electrostatic attrac-
tion between film and the substrate and, hence, the large

relative contribution ofpi <80% fsee Fig. 4sbdg. Hence, on
the one hand, the SNO buffer layer accommodates growth of
the ±18.43° in-plane orientation of SBN:x, while on the
other, the buffer layer adversely affects the formation of
SBN:x domains with orientations of 0° or ±30.96°. It seems
reasonable that the relative contributions of the orientations
will also depend on the size of the characteristic repetition
length describing the interfacesainterf. Interfacial unit net ar-
easainterf

2 which are large must accommodate concomitantly
large numbers of bond sites that may or may not be favor-
able. Indeed, for the ±30.96° orientation,ainterf=2Î34aMgO
s<49 Åd and the unit net contains some 544 interfacial ionic
bonds. The probability is negligible that these bonds will
repetitively form in a regular manner with a periodicity of
ainterf which explains why the growth of SBN:x with an ori-
entation of ±30.96° on an SNO buffer layer is suppressed.

The good agreement between the MD simulations includ-
ing a buffer layer of SNO and our experimental data led us to

FIG. 6. Evidence of a SrNb2O6 buffer layer.sad and sbd: u-2u
spectra of SBN:0.47 on MgO as a function ofq=4p sinu /l. The
SNOs200d peak atq=1.63 Å−1 is missing, because, when distorted
into a tetragonal unit cell, it becomes a forbidden reflection. The
s400d reflection atq=3.26 Å−1, however, is clearly visible.scd The
integrated SNOs400d peak intensity as a function of the Sr-content
x. Ignoring the anomalous data point atx=0.58, the SNO signal
increases monotonically withx. The straight line is a guide to the
eye.
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more closely inspect the laboratory-based spectra. They in-
dicated the possible presence of a very weak SNOs400d peak
at the expected position, labeled with an asterisk in Fig. 3sad.

We therefore reinvestigated the films using synchrotron-
based x-ray diffraction. Depending onx, a clear, if weak,
signal was found in theu-2u spectra at the expectedq value
for SNOs400d, although no SNOs200d peak was found, de-
spite the fact that the ratio of their intensities in powder
diffraction spectra should be 0.44fFigs. 6sad and 6sbdg. In the
MD simulations, however, it turns out that the SNO is dis-
torted from a quasiorthorhombic cell to a tetragonal cell, in
which the octahedra become coaxial parallel to theb axis
and the atoms within layers “A” and “B” become exactly
coplanar. The SNOs200d/SNOs400d intensity ratio in this
case was calculated to be only 2310−3, hence the SNOs200d
signal is suppressed. The observed SNOs400d signal in-
creases on average withx fFig. 6scdg.

Why should SNO be promoted? Oral and Mecartney have
suggested that fast nucleation processes, such as occurs in
PLD,8 will induce crystallization of the SNO phase.21 A sec-
ond source of nucleation centers may be the microscopic
morphology of the MgO surface, which is known to be rough
on the Å scale. Rouleauet al. could suppress the ±30.96°
domains by using MgO substrates with a 2° miscut. It was
suggested that the fourfold symmetry of the substrate was
thereby reduced to twofold symmetry, which suppressed
these domains.12 A 2° substrate miscut means, however, that
the terraces have an average extent of some 12 nm, which is
over 10 times the SBN:x unit cell in-plane lattice constant.
On the other hand, the higher density of terrace edges in the
miscut substrate will increase the density of nucleation and
crystallization sites for SNO. The MD simulations show that
the SNO buffer layer, with an orientation of ±45° with re-
spect to the MgO substrate, strongly adversely affects the
growth of the ±30.96° domains. This could be the reason for
their complete suppression when using miscut MgO sub-
strates.

IV. CONCLUSIONS

We have used a novel adaptation of PLD to grow
SrxBa1−xNb2O6 thin films with their s001d plane on
MgOs001d substrates. For Sr content fromx=0.35 to 0.55,
three film-to-substrate in-plane orientations with contribu-
tions of ±18.43°.0° . ±30.96° could be identified. MD
simulations could model this orientational distribution to
ionic configurations in which SBN:x grows directly on
MgO. However, for stoichiometries of 0.55,xø0.75, this
model completely fails to predict the experimentally ob-
served fact that the ±18.43° orientation dominates while the
contributions of the other two orientations are effectively
suppressed. However, for high Sr contents, MD simulations
also predicted the nucleation of SNO in a thin interfacial
buffer region, which promotes the growth of an otherwise
highly mismatched but electrostatically favored SBN:x crys-
tal orientation of ±18.43°. These predictions were subse-
quently supported by further synchrotron-based x-ray dif-
fraction measurements. The MD simulations predict also that
SBN:xs001d as well as SNOs100d grow on MgOs001d such
that its Nb-O network forms the first ionic layer on the sub-
strate. The dependence of the nucleation of SNO on the sur-
face on other factors, such as the roughness and miscut of the
substrate, should be further investigated.
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