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While structure refinement is routinely achieved for simple bulk materials, the accurate struc-
tural determination still poses challenges for thin films due on the one hand to the small amount
of material deposited on the thicker substrate and, on the other hand, to the intricate epitaxial
relationships that substantially complicate standard X-ray diffraction analysis. Using a combined
approach, we analyze the crystal structure of epitaxial LaVOg thin films grown on (100)-oriented
SrTiOs. Transmission electron microscopy study reveals that the thin films are epitaxially grown
on SrTiOs; and points to the presence of 90° oriented domains. The mapping of the reciprocal
space obtained by high resolution X-ray diffraction permits refinement of the lattice parameters.
We finally deduce that strain accommodation imposes a monoclinic structure onto the LaVOs3 film.
The reciprocal space maps are numerically processed and the extracted data computed to refine
the atomic positions, which are compared to those obtained using precession electron diffraction
tomography. We discuss the obtained results and our methodological approach as a promising thin
film structure determination for complex systems.

PACS numbers: 81.15.Fg, 61.05.cp, 61.05.J-,68.37.Lp

I. INTRODUCTION

Transition metal oxides (TMOs) form a class of materi-
als that exhibits a broad spectra of functional properties
such as, e.g., metal-insulator transition, ferroelectricity,
superconductivity, and colossal magnetoresistance [1H6].
They originate from the particular electronic and atomic
structures of TMOs, which induce high electronic po-
larizability and strong Coulomb correlations; and unlike
conventional semiconductors or metal, there is no domi-
nant mechanism in TMOs that dictates their macroscopic
properties: all, amongst the interactions that give rise to
strong coupling between lattice, electric charges, spins
and orbitals in these systems, compete with compara-
ble strength. Consequently, the ground-state landscape
in TMOs exhibits a rich structure of low-energy phases,
which may be explored at little energy expense [7].

Among the oxide compounds, the so-called Mott in-
sulators |§] are typical systems within which the com-
petition between electron kinetic energy and Coulomb
repulsion yields the formation of an energy gap. The
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crystal chemistry also plays an important role in the sys-
tem property: as it affects electron transport, it neces-
sarily influences the metal-to-insulator transition. Fur-
thermore, these materials are very sensitive to external
constraints such as temperature or hydrostatic pressure.
Hence, taking advantage of the substrate-induced biax-
ial strain, the thin film deposition provides a convenient
way to tune the TMOs’ properties |2-4, 6, 9]. For in-
stance, octahedral rotations in ABO3 compounds having
a direct effect on the orbital overlaps through the B-O-B
angles, may modify their transport properties. The ma-
jority of the perovskite group compounds are distorted
derivatives of the parent cubic (Pm3m (#221)) resulting
from a combination of the following contributions : (i)
tilting of BOg octahedra; (i) Jahn-Teller distortion of
BOg octahedra; (iii) cation displacement. Several theo-
retical studies have already addressed the crucial role of
these contributions on electronic properties |7]. As the
control of the properties in these systems is extremely
important in view of their potential applications, it has
thus become crucial to gain a fine understanding of their
structure. Many progresses have been made in the syn-
thesis of perovskite thin films and complex heterostruc-
tures but since little is known about their actual crystal
structures, it remains difficult to quantify, for a thin film,
the relationships between its physical properties and its
lattice structure. When comes the question of structural
analysis of complex systems as epitaxial oxide thin film
grown on an isostructural substrate, the accurate struc-
ture refinement still remains challenging.

X-ray diffraction (XRD) is the most widely used non-


http://arxiv.org/abs/1403.7445v3
mailto:nnihr@nus.edu.sg
mailto:philippe.boullay@ensicaen.fr

destructive analytical technique, which reveals relevant
informations on a crystal structure. However, in case
of a thin film deposited on a substrate, the geometry of
the sample and the small diffracting volume strongly re-
duce the interest of this technique. First, the epitaxy of
the film produces a highly textured material which often
presents oriented crystallographic domains, resulting in
a complex diffracted pattern with the convolution of sev-
eral crystallographic planes contribution in one peculiar
reflection. Second, the isostructural relation between the
film and the substrate structure produces two diffracted
patterns in the reciprocal space which are very close to
each other. The amount of substrate material being 5
orders of magnitude larger than that of the film, the
diffracted beam coming from the substrate is much more
intense than the film signal. If the structures are close,
the deconvolution of the two signals becomes difficult.
Third, as the small diffracting volume of the film pro-
duces a weak diffracted beam, this may result in the ap-
parent extinction of the weak reflections in the diffracted
pattern which should normally be present because of the
peculiar film structure. In addition to those sample con-
straints, the experimental set-up itself produces limita-
tions in the data acquisition: the system, film and sub-
strate, only allows the reflection configuration. In this
specific configuration, the experimental set-up produces
shadow zones in the diffracted pattern, resulting in inac-
cessible reflections. [10]

One solution to overcome these constraints is to use
a combination of several techniques focusing at specific
points. The combination of transmission electron mi-
croscopy (TEM) and XRD analyses results in a first
knowledge of the film structure and microstructure. Sec-
ond, a finer structure analysis can be operated by sepa-
rately focusing on the epitaxial relations between the film
and the substrate and on the refinement of the lattice pa-
rameters of the film. Note that even the determination
of the atomic positions can be made separately by fo-
cusing on a particular species of atoms. In the case of
oxide perovskite compounds, it as been proved that the
displacements of the oxygen atoms from their ideal po-
sitions produce specific reflections in the diffracted pat-
tern |11, [12]. Using XRD, partial structural studies fo-
cused on the determination of the amplitude of octahe-
dral tiltings in thin films were achieved [13-17]. Deal-
ing with the structure determination of unknown phases
deposited in the form of thin films, precession electron
diffraction (PED) |[18] has proved to be one valuable
technique [19, 120] not limited by the size of the probe
nor the small volume of diffracting material. This tech-
nique was thus retained as a good tool to investigate
the structure of our LaVO3 (LVO) thin films grown on
(001)-oriented SrTiOs (STO) substrates. In its bulk
form, LVO crystallizes at room temperature in an or-
thorhombic structure (Pnma (#62)) with the following
lattice parameters, a,=5.5529(2) A, b,=7.8447(3) A and
co=5.5529(3) A |21]. The LVO structure presents tilting
of BOg octahedra and La displacements which makes it

a derivate of the parent cubic structure (Pm3m). How-
ever in the case of LVO these distortions are relatively
small and the lattice parameters can be related to a pseu-
docubic structure according to the following equation :
ap =~ ao/V2 ~ by)2 =~ co/v/2 =~ 3.9251(1) A. The mis-
match between ap, ., and agro is about 0.5% indicat-
ing a film compressive stress. In this paper, we present
an in-depth study of the structure of LVO thin films by
combining XRD and precession electron diffraction to-
mography (PEDT) [22]. Then, we discuss the obtained
results by our approach as a promising thin film structure
determination for complex systems.

II. EXPERIMENTAL

Epitaxial LaVO3 (LVO) thin films were grown by
pulsed laser deposition technique on (001)-oriented
SrTiO3 (STO) substrate (cubic a=3.905 A). To grow the
films, a KrF laser (A=248 nm) with a repetition rate of 2
Hz and a fluence of ~ 2J /em? was focused onto a LaVOy
polycrystalline target. The substrate was kept at 700°C
under a dynamic vacuum near 10~° mbar. The distance
between the target and the substrate is 8.5 cm.|23, [24]

The sample used for transmission electron microscopy
(TEM) analysis was prepared in cross-section using a
JEOL ion slicer. After a hand polishing with a series
of grinding paper, the cross-section was finished by using
an Ar ion beam to decrease the thickness down to 100
nm. High resolution electron microscopy (HREM) im-
ages were obtained using a FEI Tecnai G2 30 (LaB6 cath-
ode) microscope. Precession Electron Diffraction tomog-
raphy data were recorded on a JEOL 2010 (LaB6 cath-
ode) microscope equipped with a Nanomegas DigiStar
precession module and an upper-mounted Gatan Orius
CCD camera. 64 PED patterns were recorded in the tilt
range -33 to +30 degrees with a precession angle of 1.5
degree. The data analysis and reduction were performed
using the programs PETS|25] and Jana2006]26] following
a procedure similar to the one described in ref.|27].

The reciprocal space maps (RSM) were acquired using
a high resolution 7-circles Rigaku SmartLab diffractome-
ter having a copper rotating anode (A = 1.54056 A) and
a 1D detector of 2°. This apparatus presents weak wave-
length dispersion (AMN/A = 3.8 x 10~%) and weak beam
divergence (Aw = 32’). After a classical optimization of
the diffractometer angles on the substrate, for intensity
measurements of the film, the angles were adjusted to
maximize the film intensity. We scanned a total of 26
RSMs either in coplanar or non-coplanar configurations.

The sample reference frame (Figll) used in the RSM
corresponds to and axes aligned with the main
edges of the sample, and Z perpendicular to the sample
surface. The diffractometer rotation axes are the conven-
tional x (tilt), w (incident) and ¢ (azimuth) angles, with
the incident X-ray beams at w from the sample plane
at x=0, and its projection on the sample plane aligned
with the 7 axis at ¢=0. The fourth circle of the diffrac-
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FIG. 1. Schematic representation of the measurement con-
figuration and definition of the sample reference coordinate
systems. k: and k. represent, respectively, the incident and
scattered beam vectors.

tometer corresponds to the Bragg angle, 26, given by the
detector position.

When rotating the sample around x, w and ¢, the beam
penetrates the sample in different ways, and, as shown
in the following equations, a correction of the diffracted
intensity at each (x, w, ¢, 8) measured point becomes
necessary [28] before analysis:

Imes
Icorr = lm (1)
AR

where Ailm is the correction factor:

_ —;,LTM(UJ,29)j|
Aﬁlm _ 2 ! exp [ cos X

X sin20M (w, 26) l—exp[ —zuT }
sin 26 cos x

(2)

with T the effective thickness of the sample and

1 1

M(w,26) = .
(,26) sn20 sin(2w — 26)

3)

Once this correction is applied, we process the cor-
rected RSM. Each RSM is made of a series of 1D diffrac-
tograms with 2° intervals in w for one fixed 26. To calcu-
late the integrated intensity of each RSM, we developed
a program that fits each (w,26) scan (Fig[2).

III. RESULTS AND DISCUSSION

Preliminary investigations were made by TEM on a
200 nm-thick film. The TEM bright field image obtained
along one <100>g7o direction (Fig[3h) presents a high
crystalline quality with a perfect epitaxy of the film on
the substrate. In the whole thickness, the film is made
off the imbrication of oriented nanosized domains as ev-

idenced by HREM imaging (FigBb) and selected area
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FIG. 2. (212) Reciprocal space map of LVO. The raw and
smoothed data, with the associated background, for a w scan
at a given 260 value (represented by the a arrow ) is plotted in
(a). The distribution of the intensity of the smoothed data
and the background along 260 represented by the (b) arrow
and plotted in (b).

electron diffraction (SAED) patterns (FigBk). In this
pattern, the most intense reflections correspond to the
perovskite subcell common to both STO and LVO phases
and are indicated by black dots in the schematic Fig[3d.
The weak reflections denote the presence of a superstruc-
ture as referred to the Pm3m prototype perovskite. They
can be indexed if one considers that the LVO film presents
a distorted perovskite structure involving rotation of VOg
octahedra consistent with the ones existing in bulk LVO
[21]. In this case, considering the existence of 90° ori-
ented domains, the weak reflections can be separated in
two subsets associated, respectively, to [010] and [101]
zone axes patterns of a Pnma structure having cell pa-
rameters a,y/2x2a,xa,V/2. In FigBk, these two orienta-
tions correspond to the case where the b-axis of the Pnma
LVO structure is parallel to the substrate plane but dif-
fers by an in-plane rotation of 90° around Z. Considering
its Pnma bulk form, the epitaxial relationship for LVO
can be written as (101)LVOI|(001)STO with for LVOr:
[010]LVO||[100]STO and for LVOq;: [010]LVO||[010]STO.
Interestingly, the microstructure of LVO deposited in
this 200nm thick film offers strong similarities with
the one observed for thin LVO layers in LVO/SrVOs;
heterostructures.|29]

A perfect epitaxial film, without any growth defects
nor orientation domains i.e. a single crystal would be-
have like a perfectly textured sample with one orientation
component. However, most of the epitaxial thin films are
assemblies of several crystallites with different orienta-
tions. In the case of our LVO thin film, according to the
TEM analysis, four 90° oriented domains are present in
the sample i.e. the two represented in Figl3k plus their
equivalents by a 180° in plane rotation around 7. In or-



FIG. 3. (a) TEM bright field view and (b) HREM image of
a LVO thin film grown on a (001)-oriented SrTiO3 substrate.
(c) SAED patterns obtained from an area corresponding to
the whole film thickness. (d) schematic indexing of the SAED
patterns with the contribution of 90°-oriented domains (SG:
Pnma) represented in (e). Black spots correspond to reflec-
tions common to both orientations (perovskite subcell). Re-
flections specifically related to LVOr and LVOq are indicated,
respectively, in green and blue.

der to get a better view on how these oriented domains
shall affect the RSM measured by XRD, the simulation of
the expected pole figures, represented in equal area pro-
jections [28], were performed with the MAUD software
[30] considering the bulk LVO structure [21]. For sim-
plicity, we focus only on the 101, 020, 204 and 323 reflec-
tions. First, considering that the film is fully textured,
i.e. with only one orientation component, we simulate
the four pole figures (Figlh). Each pole, as well as its
multiplicity, is clearly observed independently from the
others. Second, the four 90° oriented domains of the film
are considered for the simulations (Figlb). The convo-
lution of several poles appear at the same location in the
pole sphere. At the equator of the pole sphere, the 101
and the 020 equivalents are mixed; so do the 204 and 323
equivalents near the north pole. Following the TEM ob-

servations, these simulations indicate that the presence of
90°-oriented domains implies that some reflections repre-
sent the contributions of several crystallographic planes.

101
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-204,
-101 \.< b ‘-\Xlo-l
V 0-20 “=
2822.29
101 020 204 323 .
i l1 mrd
0.01

020 204 323 .2843.39

0.01
FIG. 4. a) (upper) schematic representation of the pole sphere
for a perfect epitaxial thin film of LVO. (lower) corresponding
101, 103 and 204 pole figures. b) (upper) schematic represen-
tation of the four 90° oriented domains. (lower) corresponding

101, 020, 204 and 323 directions. Each component is repre-
sented as a 10° HWHM Gaussian contribution.

To further investigate the structure of LVO in a thin
film form, we performed high resolution XRD measure-
ments on a 100 nm-thick film. First, we focused on the
characterization of the epitaxial relationships between
the film and the substrate examining the four asymmetric
reflections (204), (402), (323) and (3-23) shown in FigHl
These are represented in the reciprocal lattice units q,
= 2T [cos(20 — w) — cosw], q. = 3 [sin(20 — w) + sinw],
where ) is the wavelength and 6 and w are the angles de-
scribed (Figll). This representation is valuable for these
reflections because the measurements are performed in
the coplanar configuration, i.e. the angle x in the Fig[ll
is kept equal to zero. To reach these reflections, the angle
w is defined by the relation w =6 — x.

The RSM (Fig[H) shows that the LVO film is coher-
ently and fully strained on the substrate, i.e. we observe
a perfect vertical alignment between both families of re-
flections from film and substrate. As expected from the
pole figure simulations (Figldb), the horizontal alignment
of these four reflections reveals that they are equivalent
due to the presence of oriented domains in the film. We
can conclude from this observation that the a, and b, lat-
tice parameters of LVO thin film are qualitatively very
close. Also, the relative fractions of the four 90° oriented
domains are equal, with equivalent measured intensity
for the four groups of reflections. This is in agreement
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FIG. 5. Reciprocal space maps along the <103>" SrTiO3 and
[204]7, [402]", [323]", [3-23]" of LVO directions. The horizon-
tal axis is ¢, for each of the 4 RSMs.

with the TEM observations described above.

To perform cell parameters refinement, we recorded
all the accessible reflections allowed by the diffractome-
ter set-up (Table [l). Unfortunately, we observe a huge
distortion of the beam imprint with sample tilts (when
X is nonzero). This effect yields an important error on
the absolute value in 26 of the RSM ellipse center. This
can be corrected by using an analyzer crystal in front of
the detector but at the cost of an intensity decreased by
2 orders of magnitude. Consequently, several reflections
coming from the film could not be reached. This explains
why certain reflections in table [l are not associated with
a 26 position.

Wkl 200°) L Wkl  200°) Lt

101 2252(1) 118 033 0.012
102 0016 331 63.82(1) 0.56
211 0610 400 60

221 0.027

202 45.97(1) 500 410 0.67
040 46.47(1) 401 69.59(1) 0.011
212 47.48(1) 1.65 411 70.77(1) 0.046
231 0.14 303 7TL67(1) 2.5

132 0.14 313 72.83(1) 0.93
103 27 421 74.32(1)

311 53.34(1) 0.77 204 76.31(1) 78

123 57.42(1) 151 323 76.32(1) 77

203 59.70(1) 0.008 323 76.31(1) 78

312 61.00(1) 0.016 402 76.31(1) 79

TABLE 1. 20 positions and integrated intensities of the mea-
sured reflections. Neither the 26 positions of the non-coplanar
reflection measured without analyzer, nor the integrated in-
tensity of both 040 and 421 (different set-up configuration for
the 040 and too much distortion on the 421), are reported.

From the list of absolute 26 positions, we refined
the cell parameters of the LVO thin film using the
CELREF software.|31] We showed in a previous work
that a LVO thin film grown on SrTiO3 has a distorted

structure towards monoclinic symmetry.[15] According to
group-subgroup relation, the symmetry lowering form or-
thorhombic to monoclinic with the appearance of a f
angle would lead to the space group P2;/m|32] (most
symmetric choice). Thus, the refinement procedure was
done using P2;/m leading to the lattice parameters
a =5.554(3) A, b=7.810(4) A and ¢ = 5.555(5) A with
the monoclinic angle 8 = 89.45(9)° (table [[)). The b pa-
rameter verifies the relation b = 7.810(4) A= 2 x 3.905
A | confirming that the film is fully strained. This
quantitative result is consistent with previous qualitative
observations.|15] Comparing the bulk values with the re-
fined ones, the a and ¢ parameters remain equal to those
of the bulk within our experimental accuracy. But in
order to accommodate the substrate strain along [101]
and [101] directions, the angle 3 becomes smaller than
90°, whereas the b parameter changes significantly. The
strain is evaluated to be e3 = (bp —b)/bp = 0.5%, where
bp is the bulk parameter.

Bordet et al.[21] this work

a  5.55548(4)  5.554(3)
b 7.84868(6)  7.810(4)
¢ 5.55349(5)  5.555(5)
o 90.0° 90.0°
B 90.0° 89.45(9)°
o~ 90.0° 90.0°

TABLE II. Cell parameters refined for our LVO thin film de-
posited on STO.

Let now consider the possibility to refine the atomic
positions using the intensities integrated from the RSMs.
Some questions might occur regarding the intensities
recorded in a non-coplanar configuration (xy # 0) for
which some distortion of the diffracted beam is observed.
In order to retain as many reflections as possible, we as-
sume that the integrated intensity is not influenced by
the distortion of the beam when tilting the sample pro-
vided the beam imprint stick within the sample surface.
Thus, the RSM in coplanar and non-coplanar configu-
rations are investigated to get the maximum number of
reflections. Nonetheless, in order to keep the incident
intensity on the sample as constant as possible indepen-
dently of the orientation of the sample, reflections with
small w and high x values were not measured. Likewise,
in our integration process, the errors on the measured
reflections are not known and in the following structure
refinement we consider a unit weight ponderation scheme
to account equitably for all reflections, even the weakest.

While a close analysis of the RSM obtained by XRD
evidences a monoclinic distortion of the LVO lattice, the
indexing of the 26 measured reflections follows the rules
0kl: k+I1=2n and hk0: h=2n compatible with the or-
thorhombic space group Pnma. In the following we thus
consider that the LVO thin film structure deviates only
slightly to an orthorhombic Pnma structure, leading to



bulk reference [21] thin film (XRD) thin film (PEDT)
atom x y zZ X y zZ X y z Uiso(A?)
Lal [0.0295(4) 025  0.9951(8) | 0.007(2)  0.25  0.001(3) |0.0127(6) 0.25 0.9965(8) 0.018(2)
V1 0.5 0 0 0.5 0 0 0.5 0 0 0.023(3)
O1 |0.4880(6) 0.25 0.0707(10)|0.503(15)  0.25  0.03(2) | 0.499(4) 0.25 0.052(4) 0.021(6)
02 [0.2831(6) 0.0387(4) 0.7168(6) |0.262(14) 0.014(12) 0.742(15)| 0.272(3) 0.039(6) 0.730(3) 0.027(5)

TABLE III. Results of the refinement of LVO thin films using XRD and PEDT data. The structure of the bulk LVO is given as
a reference. The refinement were done in the space group Pnma with the cell parameters a=>5.554A, b=7.810A and ¢=5.555A.
In the XRD refinement, isotropic thermal displacement parameters (Uiso) were refined to an overall value of 0.065A2 for all
the atomic positions. The reliability factors Robs/wRobs are 9.4/8.1 and 18.2/20.9 , respectively, for the XRD and PEDT

refinement.

bulk

thin film (XRD)

thin film (PEDT)

FIG. 6. Schematic representation of the structure of bulk
LVO (room temperature)[21] and LVO thin films as obtained
from XRD and PEDT refinements. a) [010] projection b)
[101] projection.

a number of 7 atomic parameters to refine (see Table
[II). This number alone is already too high considering
that 10 observed reflections per parameter are usually
recommended, without considering the scale factor and
the atomic displacement parameters (ADP). Neverthe-
less, considering a global and isotropic value for the ADP
and adding the orientation variants with an equivalent
volume fraction, the atomic positions plus the scale fac-
tor were refined with JANA2006 [26]. In the refinement
process, to maintain a reasonable geometry of the Og-
octahedra, we imposed soft constraints on O-O distances
to keep them in the same average value as the ones ob-
served in bulk LVO:2.8A+0.1A[21]. Considering this, we
obtained the atomic positions indicated in Table [I with
reliability factors (Robs and wRobs) around 9%.

In contrast to XRD, the PEDT data collection allowed
to access a much larger number of reflections but with the
drawback of being a destructive method and the neces-
sity to prepare a cross-section of the film. Hence, about
3000 reflections were measured leading to 160 unique re-

flections (averaged from 1750 reflections observed with
I>30(I)). The structure was refined using the Pnma
space group without any O-O distance constraints (Ta-
ble ). The PED data are biased by dynamical scatter-
ing effects still present even using the precession method
and the values of the reliability factors (Robs and wRobs
around 19%) are typical of the ones obtained for a re-
finement against PED data considering the kinematical
approximation.

For the various reasons detailled previously, both re-
finements give reliability factors higher than the stan-
dards usually required in crystallography. Correlatively,
the obtained atomic positions (Table[[Il]) and interatomic
distances (Table [V)) have to be taken with caution es-
pecially for the refinement against XRD where the un-
certainties on atomic positions and distances are com-
paratively large. When comparing the three structures
represented in Figlfl the octahedral tilting directions and
amplitudes look similar between the bulk and the PEDT
refinement but differs in amplitude with the XRD refine-
ment. This last refinement clearly lacks of sensitivity re-
garding oxygen atomic positions which are not accurate
enough to draw valuable conclusion. The most notice-
able difference between the bulk and the thin films struc-
ture actually lies on the La atomic position. In the bulk
reference, the La is strongly displaced from the 0%0 posi-

tion and, with LaO-O distances ranging from 2.42A and
3.27Alﬂ]7 the oxygen cuboctahedron surrounding La is
strongly distorted with 8 first neighbors at an average dis-
tance of 2.60A and 4 second nearest neighbors at 3.18A.
In both XRD and PEDT refinements performed on our
film, the La environment is significantly less distorted
than in bulk reference (Table [V])) though the PEDT re-
finement issues with distortions closer to bulk ones. Com-
paring the structures using the COMPSTRU tool @]7
the La atomic position differs between bulk and thin
film by a value of 0.127A and 0.094A for the XRD and
PEDT refinements, respectively. With only a difference
of 0.037A between these two refinements, the La atomic
position in the thin film appears significantly different
from the bulk. Note that in both XRD and PEDT re-
finements, the La atomic position is robust compared
to the oxygen ones. In our case, this reduction of the



La displacement compared to the bulk reference can be
regarded as a signature of the substrate induced strain
amounting up to stresses of 3.5 GPa |15].

thin film (XRD)|thin film (PEDT)
V1-01 (x2) (A) 1.960(9) 1.973(3)
V1-02 (x2) (A) 1.97(9) 1.989(19)
V1-02 (x2) (A) 1.97(9) 2.000(19)
Average (A) 1.97 1.99
min Lal-O (A) 2.39(8) 2.47(4)
max Lal-O (A) 3.19(8) 3.15(4)
Lal-O 12 (A) 2.77 2.78
Lal-O first 8 (A) 2.71 2.65
Lal-O last 4 (A) 2.89 3.06

TABLE IV. Selected interatomic distances obtained from the
refinement of LVO thin films using XRD and PEDT data.
Note that the O-O distances have been constrained to keep
an average value of 2.8440.1A in the XRD refinement.

IV. CONCLUSION

Attempting to accurately determine the structure of an
epitaxial thin film is a challenging task even for a "sim-
ple" perovskite where finding a structural model is not an
issue. In the case of our LVO thin film, we concentrate
mainly on the use of diffraction techniques to achieve
this goal. From laboratory XRD analysis, we succeed
to get a deep insight in the epitaxial relationships and
refined accurately the lattice parameters revealing a sub-
tle monoclinic distortion induced by the film compressive
stress. The feasibility of the next, decisive, step of refin-
ing the structure of an epitaxial thin film against labo-
ratory XRD data is demonstrated despite uncertainties

on the oxygen atomic positions. In order to get better
accuracy, one should increase significantly the number of
reflections accessible in the RSM. Certainly one would
greatly benefit from the use of synchrotron X-ray diffrac-
tion. A higher incoming flux can allow to properly ob-
serve the weak reflections in the diffracted pattern of the
film. Also the acquisition of the RSM using a 2D detector
with a dedicated intensity integration software would be
a considerable implement in the reliability of the acquired
integrated intensity. Such an experiment would still re-
quire a consequent amount of time and an easy access to
synchrotron beamline. To this respect, Precession Elec-
tron Diffraction Tomography is complementary to XRD
as being one technique permitting the rapid acquisition
of numerous reflections from a thin film cross-section or
plane view. Using PEDT data, the structure refinement
could be achieved with less uncertainties on atomic posi-
tions. In a near future the treatment of intensities using
the dynamical theory of electron scattering|34] shall al-
low to achieve more reliable structure refinements. In a
broader perspective, both techniques can be applied to
precisely characterize the structure of various oxide films
and correlates it with the electronic properties.
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