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radio frequency sputtering ofi00]-oriented MgO substrates

M. Morales *, P. Laffe2 , D. Chateign&r , I. Vickrid§e

8Laboratoire de Physique de I’Etat Condensé, Université du Maine, Avenue O. Messiaen, 72085 Le Mans Cedex, France
®Laboratoire de Cristallographie et Sciences des Matériaux (CRISMAT-ISMRA), 6 Boulevard Maréchal Juin 14050 Caen Cedex, France
°Groupe de Physique des Solides, Universites Paris VI et VII, 2 Place Jussieu, 75251 Paris Cedex 05, France

Received 14 March 2002; received in revised form 19 June 2002; accepted 21 June 2002

Abstract

Highly textured and insulating Li Las,, Ti9 s (3 <1) thin films with structurally incorporated lithium, have been deposited
for the first time onto Mg@100 substrates by radio frequency magnetron sputtering in afOAmixture. The chemical
compositions of the films have been determined by Rutherford backscattering spectrometry and nuclear reaction analysis. The
influence of the deposition conditions on the composition, the structure and the microstructure of the films have been analysed
by X-ray diffraction, X-ray quantitative texture analysis and transmission electron microscopy, and their hetero-epitaxial growth
modes are described.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Then, their ionic conductivity has been evidenced ani-
sotropic, and strongly correlated to the anisotropy of the
In the last few decades, considerable attention hasstructure, i.e. the distribution of the La ions in the
been focused on rechargeable power sources as lithiunflouble perovskiteg14].
ion batteries because of their high energy density and In the context of using films of the LLTO phases for
good cell performances, in which the choice of fast the micro- and nano-technologies, operational miniatur-
lithium ion conducting solids as electrolytes is crucial isation of devices is needed. This implies a considerable
[1-5. The lithium ion oxides Li, La/s_,0;/3-5,TiO3 research effort on micro-batteries used as power sources
(LLTO), which crystallises in a perovskite derived for smart cards or CMOS memories. Micro-batteries
structure[6,7], are very promising electrolyte materials using LLTO compounds have already been elaborated
due to their high ionic conductivity values at room in the form of sintered pellets with LiCoO and
temperature(approx. 10 $cm for the composition | Ti O ,,thin films as cathodes and anodes, respectively
x=0.11) and an electrochemical window larger than 4 [15] Syuch devices exhibit good performances V
Vv [8,9. The mechanisms of the ionic conductivity of geyeloped voltage, stability with cycling, high current
the LLTO phase have been mte_nswely mve;ﬂg_ated iN densities of 40wA /cr?, etc) despite a high level of
e relavel Hgher o o mcro-Sructurelcefects and & arge NCKNESB0Lm)
Y P i o PNAses ¢ the LLTO electrolyte. Thin film technology allows
have been correlated to the high mobility of the Li-ions ; . . : .
the manufacturing of solid-state micro-batteries with

through the vacant sites of the LLTO struct{i®-13. thin electrolytes and large electrochemically active inter-
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3518, by laser ablation were shown recently to be very
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Table 1
Cell parameters, composition and mean crystallite sizes of the studied thin films deduced from RBS, NRA, XRD and EDX analyses

Deposition Cell ¢/2a Y La/Ti La/Ti Li Lilay/s.,TiO3_3 Mean

conditions parameters (A3 (RBS) (EDX)  content crystallite
A A NRA ize (A

T Po, a (A) c (A z (NRA) size (A)

(°C)  (mbap

650 7.3x10°2 391(4) 7.904) 1.010 120.776 0.882) 0.89(3) 0.02()) z=0.02,y"
700 7.8<107® 3.883(7) 7.80(3) 1.004 117.605 0.542) 0.60(3) 0.98(1) z<0.46,y =0.13(3)* 271
700 7.3x107? 3.885(2) 7.817(2) 1.006 117.996 0.746) 0.70(7) 1*(1) z<0.24,y*=0.04(7)* 511
750 7.3x10°? 3.89(2) 7.856(9) =1.01 118.878 0.886) 0.86(7) 0.10(1) z=0.10,y*=0.21(7) 559
800 7.3x1072 3.889(3) 7.888(2) 1.014 119.300 0.722) 0.75(2) 0.02(1)) z=0.02,y*=0.05(2) 682

a2 As all the XRD patterns have been indexed in a tetragonal cell in agreement with TEM and QTA analyses and as a pure LLTO solid solution
is obtained for the compositional range 004< 0.5 according to the literature, a Li-rich impurity not visible in the XRD patterns must be present
in the Li,Lay/3,, TiO;_; films.

The — and + exponents ofy correspond, respectively, to the compositions Lita, 0O(LLTO) and Lilays., TiG;_s. Numbers in
parentheses represent errors on the last digit.

=0.17(3) 236

mooOm>»

for fundamental purposes, its use on an industrial scale13.56 MHz and target—substrate distance of 40 mm.
is still under progress for such materials. This led us to After sputtering, the thin films were keptifd h attheir
deposit LLTO thin films by radio frequency sputtering, growing temperature and oxygen pressure. Then heating
a well-established technique in industrial processing. For system and oxygen flux were turned off and the films
the first time, we show in this work that the stabilisation cooled down. Five representative filris- 3000 A thick)

of the Lilays,,TiOs_5 [6,17] thin fiims can be grown by varying the deposition conditions described
achieved using single target deposition process. Temperin Table 1 were chosen for this paper.

ature, oxygen pressure and the nature of the substrate Both initial targets and thin films have been charac-
should strongly influence the film structure and com- terised by X-ray diffraction(XRD) in the Bragg-
position. Thus, we try to optimise the deposition con- Brentano geometry using CuK radiation (X-Pert
ditions in order to obtain thin films with structural Philips diffractometer. The diagrams were recorded
parameters leading to the highest conductivity values.over the angular range 1€26 <80° with a step of
Films were grown on polycrystalline platinum,[$00 0.02.

and Mgd10d single crystals. The crystallinity, texture, As the XRD patterns of the corresponding thin films
composition and microstructure of these films have been exhibited preferential orientations, X-ray quantitative
determined by X-ray diffraction, transmission electron texture analysi{¥QTA) was performed on these films.
microscopy and nuclear analyses, and the influence ofWe used a Huber 4-circles diffractometer and the INEL
the deposition conditions on these properties is curved position sensitive detector, which spans a°120

discussed. range in 3, allowing the simultaneous acquisition of
several pole figureg18]. Pole figures were measured
2. Experimental by scanning the tilt angle of the goniometgt, in the

range 0-60 and the azimuthal anglep, in the range

LLTO targets of compositionc=0.11 corresponding 0-360, both using a 5step. The integrated intensities
to the highest bulk ionic conductivity were synthesised are treated and corrected for absorption, volume varia-
by classical solid-state reaction according to the processtions and delocalisation effec{d9]. In the direct inte-
reported in Fourquet et al6]. Stoichiometric mixtures  gration approach of peaks that we are using, the
of LiL0O;, La,Os, TiO, heated in air at 808C for 4 h defocusing effect is automatically correctg2]. Pole
were fired at 1150°C for 12 h. The resulting powders figures are normalised into distribution densities that are
were then pressed into pellets and sintered again twiceexpressed as multiples of a random distributjonr.d).
in air at 1150°C for 12 h. From several of these pole figures, we refined the

Thin films were sputtered on polycrystalline platinum orientation distribution functioGODF) using the WIMV
and S[1000 and Mgd10Q single crystal substrates method[21]. The ODF allows then the recalculation of
(5X10 mm). Reactive sputtering was carried out in a the experimental pole figures and the completion of the
mixture of argon and oxygen atmosphere. The oxygenblind and non-measured zoné€sppearing in white on
partial pressure, ®, was varied between 9:610~ 4 and the experimental pole figurgsThe calculation of the
7.3xX1072 mbar and the substrate temperatdfewas low Miller-indices pole figures allows simpler texture
adjusted between 25 and 80G in order to determine  visualisation. All data reduction and calculations were
the optimal deposition conditions. The sputtering con- operated using the Goman, Pof{@?] and Bearte23]
ditions were the following: power density 7 Xgn? at packages.
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The composition of the sputtered films onto MgO SEM Hitachi microscope and the 200 kv TEM
substrates was determined by Nuclear Reaction Analysismicroscope.
(NRA) and Rutherford Backscattering Spectrometry
(RBY) at the Van de Graaff accelerator of the Groupe 3. Results and discussion
de Physique des Solides, Jussiduniversity of Paris
VI, France. RBS Spectra were acquired with a 2 MeV 3.1. X-Ray diffraction
incident beam of He ions for h.C of incident charge.
The detector was placed at F6%nd the solid angle The LLTO bulk compounds have been assumed to
was determined using a Bi-implanted silicon reference have in the compositional range 0404<0.167 a
sample. Clear signals from Ti and La are obtained, tétragonal structuréP4/mmm) derived from a perov-
allowing absolute determination of atomic area densities Skite-type structure AB[6]. Complementary studies
of these two elements and in addition, the ratio of La have pointed out in these compounds the existence of a
and Ti is obtained directly from the peak areas and the Phase transition from tetragonal to orthorhombic
Rutherford cross-section, without need of reference. (Pmmm when the Li content decreased below 0.06,
Since the films are deposited on an oxygen-containing but with a weak orthorhombic distortiofi7]. Recent
substrate, it is not possible to use NRA to determine the Neutron diffraction studies performed on the LLTO
oxygen content. However, an approximate idea can becompound with the highest Li-substitution level,
obtained from the RBS spectra. We fitted these spectraliod-20410 3 have revealed that firstly this compound
using therump simulation prograni24] and varied the ~ Nave a rhombohedral perovskite structufe3c) with
assumed oxygen composition to obtain the best fit. This Li-ions not located at the A-sites of the perovskite as
is not very accurate, since the stopping power of the Sudgested previousl6], and secondly that the LLTO
film may be different from that used iRump, calculated ~ SOlid solution does extend up to values 0#0.167

. - . . . 10.
from the semi-empirical Ziegle—Biersack—Littmarck ele- [ . .
mental values and Bragg's rul@4]. We estimate that A typical XRD pattern of the LLTO targets is shown

the oxygen content of the film is determined to within E[ntFig. 1a|. 'At‘ putredpG?a(se was found E‘Z\T’]ing ;[he'tLhLTO
approximately 30% using this method. Further measure- etragonal structur space group PAnmm) wi

ments in progress are necessary before a more precis%zns'; ce;l(lj %arﬁ\z?ﬁte;rs rrﬁf'tﬂ(;? uf3|trrl19 tgguo pr?gvralznit ]
comment can be made on this point. a € g o of the ABO perovskite:

The lithium content of the films was determined using a=a,=3.8743) A andc=7.7482) A=2a).

S X . The stabilisation of the LLTO phase was only
a 1 Mev |nC|den_t beam .Of protons to mduce_the(p,l . observed for thin films grown onto Mgi@0Q substrates
o) nuclear reaction, which has a cross-section varying

slowly with energy in this range. The alpha particles (cubic system witlu=4.21 A). Whatever the deposition

h conditions, the obtained films are transparent and insu-
were detected with a 300 nfm detector placed at’150 lators (R=10"2 Q) in contrast to those observed for

which was protected from elastically scattered protons thin films grown by laser ablation where
by a 1.9 wm Mylar f'lm.' Lithium area densﬁy_was Lila,/s.,TiO5 insulator films are obtained only for
dete_rmlned by comparison of peak areas with that oxygen pressures d@>0.05 mbar[16]. The oxygen
obtained from a 15ug/cn¥ LiF reference film on Mylar  a5qre and the substrate temperature have an important
backing obtained from MicroMatter Inc. At the oW gffect on the crystallinity of the grown thin films and
beam current densities employed of 20/mAr? for the on their resulting X-ray patterns.
films and 2 nA/mn? for the reference, we confirmed Fig. 1b shows the typical diffraction pattern measured
that the alpha particle yields were stable up to three gn films grown at temperatur< 650 °C whatever the
times the incident dose used. partial oxygen pressur@llustrated as sample Yand on
Specimens for Transmission Electron Microscopy fiims deposited at7>700 °C with Po,=9.6x 10~ *
(TEM) observations were prepared by scraping off the mbar. The corresponding-26 XRD pattern of sample
thin films in ethanol using a diamond knife. A drop of A exhibits diffraction lines that are not well crystallised.
the suspension was deposited and dried onto a carborThis XRD pattern can be indexed in an apparent cubic
coated copper grid. TEM study of the scraped samplescrystalline system. The asymmetry and the width of
was performed in a 200 kV side entry JEOL 2010 these diffraction lines can be related to composition
Transmission Electron Microscoygélt +30°). Conven- variations in these films, with cell parameters a com-
tional bright field images and selected area electron prised between 3.89 and 4.07 A, dwd to the poor
diffraction (SAED) were used for the microstructure crystallisation of the film. It is a hard task to dissociate
study. For comparison with RBS results, the La and Ti between crystal structure symmetry, cell parameter dis-
contents of the deposited material were determined by persions and axis orientations in such pseudo-symmetric
Energy Dispersive X-ray analysi€DX) using a KEV- films. The exclusive presence of tl§g00) lines in the
EX and a LINK EDX Spectrometer coupled with a XRD pattern suggests a texture for this film with the
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Fig. 1. XRD patterns ofa) the LLTO target andb) the corresponding thin films synthesised for different temperatures and partial oxygen
pressure showing preferential orientations. The small peak at32° is only a\/2 contribution from the substrate.

axis parallel to the normal of the film in a cubic system
Or ang-axis orc-axis orientation in a tetragonal system.
In order to determine the averageda ratio of this
sample, we measuredyascan using an angular step of
1°, for the maximum of the 102 reflection of LLTO
(tetragonal systein Since this line is located approxi-
mately 45 from thea- or c-axis, we operated this scan
in the 40-50 range(Fig. 2). We clearly observe a shift

of the contribution towards values higher thart 4td
centred on 45.42for the maximum of the dispersion.
This is indicative of an average/2a ratio different
from 1, and proves that the film is mainly tetragonal.
Obviously, the width of the dispersion extends to more
than 7, including also the 45position, and we cannot
exclude completely the presence of a very minor cubic
phase. Simple crystallography links thga ratio to the
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Fig. 2. x-Scans of the {102} poles for samples (&ircles) and sample Gsquarey, corrected from the delocalisation, and showing the tetragonal
crystalline system of these samples. The same counting time has been used for both films. The interpolating lines are only guides for eyes.

observedy angle of the dispersion. According to the 45.23. Fig. 2 also shows the better crystallinity of
literature [6,17], in the insulating Lila/s., TIQ_; sample C: the FWHM of the dispersion being approxi-
systems we can suppose that generaly2q and then mately half that of sample A. The mean isotropic
tan x =c/2a for c-axis oriented parallel to the normal crystallite sizes of the thin films given in Table 1 have
of the film plane, from which we obtain @/2a ratio of been estimated using the Laue—Scherrer formula. With
1.01. The dispersion of thg distribution can then be the increase of the deposition temperature, and for a
interpreted by a dispersion of/a ratios, which is  given temperature with an increase of the partial oxygen
coherent with the extent of the Bragg peaks of Fig. 1b. pressure, the crystallite size increases showing a better
The diffraction patterns corresponding to the insulat- film crystallinity. The crystallite sizes do no extend over
ing films B, C, D and E grown al'>700°C andPo,> the whole film thickness. It can be linked either to some
9.6x10"* mbar are shown in Fig. 1b. These XRD Vvariation in compositions or to a local evolution of the
patterns exhibit only narrow peaks and are characteristictexture (from the interface to the outer surfacand/or
of fully crystallised films. They can all be indexed in a stresses in the films.
tetragonal structure in the Pdhmm space group. No
evidence of impurities was observed in such patterns.3.2. Quantitative texture analysis
Their corresponding cell parameters, determined using
both classical XRD and texture data, are given in Table pgle figures were measured and QTA operated on
1. The presence of thed0/) reflections with/" odd in  samples B, C and D. We observed the same texture for
films B, D and E imposes the doubling of tkeaxis of ~ samples B and D, on which we concentrate now. The
the LLTO phase[6]. These(00/) reflections are not  experimental and recalculated normalised pole figures
observed in the XRD pattern of sample C. This could of sample D are shown successively on Fig. 3a. A good
be attributed either to a strong Li incorporation in the reproduction of the experimental pole figures is obtained
LLTO structure[6,7] or to a peculiar texture with no  using thewimv program. The average reliability factor
{00/} planes parallel to the film plane. Fig. 1b shows of the refinement is of onlyRP,=57% for the levels
that film C exhibits at least two texture components, above 1 m.r.d. that attests for the quality of the ODF
with {102/110¢t and with{100/001} planes parallel to  refinement for such strong textures. An estimate of the
the film plane. But a quantitative texture analysis is strength of this texture is given by the calculation of the
required to check whether or not sof@01} planes are  so-called texture inde¥26] and of the texture entropy
aligned with the film plane or if the strong Li incorpo- [27] which reach the valueB?=209 m.r.d?> ands= —
ration makes{ 00/} planes with odd/s extinct[6,7]. 2.6, respectively. The texture index increases with the
Any cubic phase for LLTO in this film is excluded by texture strength while the texture entropyhich meas-
its 102 x-scan(Fig. 2), which is neatly centred og = ures the degree of disorder of the orientajidecreases
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Fig. 3. (a) Experimental and recalculated normalised pole figures of samplé)DRecalculated low indices {001} and {100} pole figures for
sample D.(c) Same for sample C. Values on the logarithmic scale bar are in m.r.d., equal area projections. Miller indices are shown for each
pole figure. The minimum density levels have been fixed to 0.2 m.r.d. for clarity.

for strong textures. Th&? values obtained in our flms  (four poles located ag=45" in the {001} and {100

are larger than the ones obtained on simpler systemspole figures, respectivelycoherently with the diagrams
[28] and can be related in our films to a relatively low of Fig. 1b. The reduction of the main component in this
number of hetero-epitaxial relationships, synonymous of film compared to sample D is due to the relatively larger
a higher crystallite organisation. Calculation of the low volume represented by the secondary components, in
indices{001} and{10G pole figures allows a simpler particular with {100} planes aligned with the film
texture visualisation(Fig. 3b). The {001} planes are ({001} reinforcements on the equator are enhanced in
preferentially aligned parallel to the film surfapole sample C compared to )D Consequently, the non-
figure plang, as seen by the strong pole in the centre observation of thg{00/} reflection in the®-26 XRD

of the {001} pole figure. This corresponds to a major pattern of sample C must be attributed without ambi-
texture component, with a maximum orientation density guity to a higher lithium conten6,7] incorporated in

of 96 m.r.d. Two minor orientation components are the LLTO film structure, than that incorporated in
visible, one with{ 001} planes perpendicular to the fim samples A, D and E.

surface(small reinforcements observed on the equator
of the {001} pole figure and the other with{111}
planes parallel to the film surfacéour poles located
aroundy =70°). For sample C, the orientation distribu-
tion function was refined with a reliability factor of A typical RBS spectrum and its simulation are rep-
RP,=33%. The calculation of the low indicel001} resented in Fig. 4. The La and Ti contents of the films
and{ 100 pole figures(Fig. 3c) shows three orientation deduced from RBS are given in Table 1 where they are
components, the major one being the same as in samplesompared to those determined by the EDX analysis.
D and B, but with a somehow lower texture strength The RBS values are averaged over the film thicknesses,
(F=105 m.r.c? S= —2.8, maximum on th¢001} pole although the RBS spectra do show evidence of compo-
figure, 71 m.r.d.. The{111} minor orientation compo-  sitional variations as a function of depth. The /Ta
nent of sample D has been replaced by a componentratios are in good agreement with those determined by
with {102 and{110 planes parallel to the film plane EDX (Table 1. For samples C and D, the RBS spectra

3.3. Composition analysis
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Fig. 4. Experimental Rutherford backscattering spectfsquare sym-
bols) for sample A and its simulatiotsolid line) with the Lg/Ti ratio
done in Table 1.

show clearly a diffusion of the lanthanum in the MgO
substrate.

Whatever the deposition conditions, NRA shows that
the Li ions are incorporated in the film&rable 1) in
contrast to growth by laser ablation where the lithium
is only incorporated for films grown for pressuPe, >
5%X1072 mbar [16]. We can give a composition
LiLa,/s.,TiO5_; of such film according to the literature
[6,17 (with 2/3+y+z<1 if we consider that the Li
ions are located on the A-site of the double-perovskite
LLTO) and whered is introduced to take into account
the imprecision of the oxygen composition.

Since no impurity is visible from the diffraction
patterns, the high Li content of films B and G> 0.5,
higher limit of the pure perovskite solid solution LLTO,
see Fourquet et al6] and Kawai and Kuwand29])

suggests either the presence of an amount of a Li-rich

impurity (e.g. Li,O) not visible in our XRD patterns or
that the solid solution LLTO can extend up to values of
z=0.5 as suggested in Alonso et &L.0]. For a given
oxygen pressuréPo,=7.3xX10"2 mba), according to
the variation of the intensity of th€00/) reflections
with odd / indices, the Li content increases dramati-
cally between 650 and 700C. Then the Li content

decreases due to the evaporation of the Li species when

the substrate temperatures increase up to ®0The
refined a-cell parameters in the films are, respectively,
approximately 3.88-3. of A as compared with the bulk
materials LLTO (a=3.874 A [6] and La/s., TIQ 5
(3.88 A<a<3.90 A [17]. The lower unit cell volumes
determined by X-ray analyses correspond to the thin
films grown at 7=700 °C, namely B and C, which
exhibit the higher lithium contents.

125

In thin films with composition Li La/3., TiQ_; , the
titanium cannot be fully oxidised to the 4 state[17].
However, as all the studied thin films are insulators, this
suggests that the oxidation state of titanium, is in
majority +4 (a=3.7 according to Kim et al[17]).
From electro-neutrality rules for samples A and D, we
find a=3.5, and according to Kim et all17] and
MacEachern et al[30] a metallic behaviour would be
expected in these films. As they are insulators and as
the evolution of the unit cell volumes are mostly
correlated to the largest ions a  content of the
structure, this suggests that the number of La atoms
incorporated in the Lilgs,, TiQ ; phase is lower
than those expected from Table 1. The La site occupancy
in these films will be determined with a better accuracy
using a new recent methodology for the analysis of X-
ray diffraction data for highly textured thin films, the
so-called combined analys[®5] that allows obtaining
simultaneously reliable results of texture, structure and
microstructural parameters, and will be described in a
forthcoming paper.

3.4. Microstructural studies

Electron diffraction studies were performed in order
to determine the microstructure of the studied thin films,
which is closely related to their physical properties. Fig.
5 is a typical SAED pattern along tH&00* zone axis.

It shows the single-phase nature of the selected area.
Such pattern can be indexed in a first step using an
apparent ideal cubic perovskite céli=a,~3.88 A.
According to a previous study in the bulk LLTO mate-
rials [6], this pattern is more likely the superposition of
two domains at 99 with tetragonal cellsa=a, and
c=2a, No limiting reflections are evidenced which
confirm the P4mmm space group. The corresponding
[100 HREM image(Fig. 6) exhibits domains oriented

Fig. 5. Typical SAED pattern along tH&00* zone axis, indexed on
the basis of the tetragonal LLTO cell.
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Fig. 7. (100y Low resolution image showing coherent interfaces
between the domains alord10).

onal perovskite cell. In the correspondififl0] HREM
image (Fig. 9), three areas labelled I, Il and IIl were
selected for Fourier transform. The corresponding Fou-
rier transform patterns confirm the presence of small
areas(areas | and N with a local body-centred tetrag-
onal diagonal perovskite unit celextra spot at thé€1/
2,1/2, /=2n+1) position9. The presence of different
ED patterns in our samples suggests local variations,
minor in volume, in the ordering of the La and Li atoms
[31,33. Complementary detailed studies are in progress
and will be reported elsewhere.

Fig. 6. (100) HREM image showing 90oriented domains and their ~ 3.5. Growth schemes of LLTO on (100)-MgO
corresponding Fourier transforms that give the resultant diffraction . .
pattern of Fig. 5. Electron microscopy and QTA results point out that

the growth of LLTO films deposited 0100) oriented
MgO single crystals is governed by hetero-epitaxial

. . . relationships. The main orientation component corre-

corresponding Fourier transform of these domdinsert s P

) . . ) . ponds to the relation:
of Fig. 6) confirms the two possible orientations of the
c-axis and the periodicity along theaxis. A coherent ~ (00D-LLTO//(001)-MgO; [10Q -LLTO//[100] -MgO
interface between theses domains along tH140),
directions is evidencedFig. 7). This microstructure
with different orientations of the-axis in the plane of
the films is favoured by /2a ratios close to 1(Table
1) and is consistent with the four-fold symmetry of the
pole figures. In majority, all the obtained imag€ésig.
7) show large domains with very few defedtdisloca-
tions, twinning, eto. in general observed in perovskite [110]*
thin films. - * -

Fig. 8 shows a SAED pattern along th&lQ]* zone . ;

axis evidenced for example in sample D and that :
confirms the doubling of the-axis of the cubic perov- 4 * L
skite cell, characteristic of the LLTO tetragonal cell. In

this pattern, extra spots sometime appear at the position T ® T ® o
[1-10]*
@ [ ’

at 90 with two possible orientations of theaxis. The

(1/2, 1/2, /) with / odd and suggest also a doubling
of the unit cell along the diagonal of the perovskite,
giving a local tetragonal2a, X |2a,Xc=2a, unit cell
yet proposed by Varez et dl31] and called ‘diagonal
perovskite’. This SAED pattern can be explained by the Fig. 8. SAED pattern of sample B along t[a)]* zone axis indexed

superposition of two ED patterns indexed in tWO_ tetrag- on the basis of the tetragonal LLTO cell. Grey arrows show extra
onal cells: the LLTO cell and a body-centr€t) diag- (1/2, 1/2, /=2n+1) reflections that are sometimes observed.
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Fig. 9. (110) HREM image of sample B and Fourier transforms of different areas showing the combifetizs | and N or not (area Il)) of
the tetragonal LLTO cell and of the body-centred diagonal perovskite/ 2&Jix | 2a, X 2a,

This relation may be surprising since it corresponds indices and will consequently, correspond to the creation
to a lattice mismatch of approximately 8%. However, of larger interface energies from the coincidence site
such orientations on MgO have been observed in similarlattice theory point of view. It looks coherent to find
perovskite systems such as highsuperconductors and them in a lesser degree in our system.
are explained by a continuous adaptation of the film
cell through the thickness, via oxygen non-stoichiometry
[33]. This could also be the case in LLTO films, though
more investigation is necessary to establish it.

The minor texture components are stabilised with the  For the first time, we showed that highly textured
hetero-epitaxial relationships: Lila,s.,TiO5_ ;5 insulating thin films with Li incor-

} ) . ) ) . porated in the structure could be synthesised by reactive
Ecl)g:?]) tﬂg////[(gfol]) 'I\\/I/Igo, 109 -LLTO//11001-MgO; sputtering onto MgQ@LOQ substrate. Several texture
- -MgO . .
components are generally achieved, which depend on
(102-LLTO//(00D-MgO; [010 -LLTO//[100 -MgO, the composition of the films and their deposition con-
[10-Z *-LLTO//[01Q -MgO ditions, the main texture component being always the
] simple axis relationship of hetero-epitaxy. Temperatures
E-lll-::L’;)S-]L*I:II(_)T/ 0/5(}?3)1(')\]@“? ’ C[)l35] *-LLTO//[10Q -MgO, deposition at approximately 70@ with oxygen partial
9 pressure greater than X@0~* mbar lead to films with

The first relation is realised with the same averaged highest lithium contents and [/&i ratios that give in
mismatch as previously because of the pseudo-symmetnthe bulk LLTO materials the highest ionic conductivity
of the structure. The relative amounts of crystallites in values. These prototype depositions are very promising
the corresponding relationships will then be governed but as the aim of this work is to obtain thin films that
by the realc/a ratio of the film, and the temperature can be used directly as electrolytes in micro-batteries,
and oxygen pressure conditions during deposition. Thefurther depositions on conducting substratés MgO/
two latter relations are accomplished with higher Miller Pt, Si/SiO,/TiO,/Pt) are also in progress. This work

4. Conclusion
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will be completed in a forthcoming paper with electro-
chemical measurements.
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