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Report:

In this experiment we used kappa-geometry XRD goeter at BM25B, at beam energy14.5KeV
(A\=0.85 A) always at grazing incidence. We measutedrbient conditions four different .#r MnO;
(LSMO) epitaxial films on SrTig{001) substrates of (5x5.0.5m)mvith thicknesses: 1.8, 2.0. 2.3 and 3.5
nm. For the purpose of the experiment we explanathly L-scans at differertiK positions. Since bulk
LSMO presents rhombohed3C structure it should show reflections at differkl/2 K/2 L/2 which do
not overlap with cubic substrate The followingl&alists the measurements performed (the tableates

the name of the corresponding .spec file):

110406B_2.0nm 110722A_2.3nm 110404A_1.8nm 101222_3.5nm
10L 2/3(@4) 3/2(3) _3/3(4) _3/3(@4)
_4/3(4)rep
11L _2/5(6) _3/4(5) _3/5(6) _3/5(6)
21L 21 7(8) 3/ 6(7) 3/ 7(8) 3/ 7(8)
_4/5(6) rep
12L _2/9(10) 3/ 8(9) _3/ 9(10) _3/9(10)
22L 2/ 11(417) _3/10(37) _3/11(12) _3/11(12)
_4/3
20L _2/ 13(14) _3/ 12(13) _3/ 13(14) _3/ 13(14)
0505L _2/ 15(16) _3/ 14(15) _3/ 15(16) _3/ 15(16)
1505L _2/17(18) _3/ 16(17) _3/17(18) _3/17(18)
0515L _217 19(20) _3/18(19) _3/ 19(20) _3/ 19(20)
1515L _2/ 21(22) _3/ 20(21) _3/21(22) _3/ 21(22)
0525L 21/ 23(24) 3/ 22(23) _3/ 23(24) 3/ 23(24)
_4/4
1525L _2/ 25(26) _3/ 24(25) _3/ 25(26) _3/ 25(26)
2525L 2/ 27(28) _3/ 26(27) _3/ 27(28) _3/ 27(28)
417
33L _2/ 29(30) _3/ 28(29) _3/ 29(30) _3/ 29(30)
_41/8
-1515 L _21 31(32) _3/30(31) _31/31(32) _3/31(32)
15-15 L 2/ 33(34) 3/ 32(33) _3/ 33(34) 3/ 33(34)
-15-15 L _2/ 35(36) _3/ 36(35) _3/ 35(36) _3/ 35(36)
XRR _119(21,22) _3/48 /43 /48
Hscan _21246 _31/57 _4127 _21/3




Most of the scans were taken in the H, K>0 quadi@mapshots of the L-scans are shown in the foligwi
pages arranged along their respective HK values:
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Sample 110404A_1.8nm
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The scans were taken along the central axis (optithH1K1-H2K2 trajectory at low and high L values f
each L-scan) as well as AH, K+AK slightly shifted from the central rod positiortsderve as reference for
background subtraction (also depicted in graph gigen symbols).

L-scans at integer HK values show intense peakst@iger L values) corresponding to the SrEI{STO)
substrate (taken as reference for the HKL uniteeyTalso show broad tails with clear Kiessig fringe
corresponding to the overlapped film contributiothverystal coherence length of the full film thiess for
each sample (proving the high crystal quality ef &pitaxial films).

L-scans at H/2 K/2 values do not show any overlép the substrate and consist mostly of the exjgekci2
reflections compatible with eith& 3c rhombohedral d€2/c monaoclinic structures (extinction conditions
are fulfilled only for H/2=K/2=L/2 for all the sanfgs). Only slight differences in their relativeensities
were observed, which have to be analysed in detailder to distinguish between rhombohedral and
monoclinic structures.

Some scans they also show a very narrow contrib@iGcome L integer which is probably related gnd
order substrate contribution.

Some additional equivalent scans were taken iemfft quadrants (H,K<0) to account for possible
anisotropies in the sample.
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No particular differences were observed althoughrétative intensities of equivalent reflections aot
preserved. This was one of the main problems toemstully apply the truncated rod method. The sitess
for the separate reflections may be influencedneyeixperimental conditions so structure factoraetion is
compromised.

Further experiments are needed on symmetric camditin order to continue with truncation rod method



These graphs show X-ray reflectivity curves for éimalysed samples which correspond to their exgecte
film thicknesses

Sample 110406B_2.0nm Sample 110722A_2.3nm

Sample 110404A 1.8nm Sample 101222 3.5nm

For a selection of two samples of thickness 2.0%abBdve performed longer HK maps at a fixed L posit
around the film %2 %2 3/2 reflection.
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In the thickest film first order satellite peaksrd) [100] and [010] appear clearly as a resulhef t
periodicity of (100) and (010) twin planes. Thee#l#te separation is consistent with the 26 nm observed
by SEM in this film (the different intensity of tieatellites is not yet fully understood). Howevarthe



films of 2.0 nm no satellites are observed arotmedt %2 3/2 reflection. This may indicate that betow
critical thickness the twinned structure does restedop a substantial long-range periodic arrangéifiren
relation to the coherence length of the incomingnhbe

Satellite reflections along [100] and [010] direcis are consistently observed in most of the HKlec&ons
of the 3.5 nm thick sampléhfs twin domain structure added some difficult@apply the “truncation rod
method” since part of the reflection intensitiesit into lateral peaks, so simple scans alontimized
central HK positions do not contain all the infortima from the structure factor of the HKL reflectgy

Céll parameter determination

One of the objectives of the present experimentteavascurately determine the out-of-plane cell peaier
of the Films, since the measurements by using cdioreal Cu tube x-ray source in our home laboratory
indicated an unexpected expansion of the c-ax@anpeter for ultrathin films below 8nm.

We planed to use the different L-scans to deterrmaeell parameter. However, when we analysethplsi
L-scan we observed inconsistent c-axis parametedifferent L values. This was reproduced in digfe
HK positions.The spread of the extracted c-axis values was faughr than the foreseen variations
between samplesVhen we analysed in detail the deviations offithe-axes parameters for each HKL
reflection from an average c-axis value we notitted it was arranged in a particular pattern fostrd the
analysed samples. Depending on HK values the algfinates between consecutive reflections. This
unexpected result made us think about the posstd@ristence of two overlapped domawmjch has to be
further investigated in next experimental run
Still we could extract average c-axis parametenes| which were consistent with previous obseruatia
our home X-ray laboratory.
The synchrotron source values are depicted in the
following graph in red symbols (along with previtus

a0y 000 measured values by other sources). Bulk R-3c LSMO
cell parameter values of the primitive pseudocuabkit
g BB area=3.878 A. Since in-plane parameter is fully
2.0, in-plane | strained to match the substraae3.905 A) the

expected elastic response of the LSMO would be to
reduce its-axis parameter to 3.85 A (taking the

D . ;
E oo | Poisson ratio as standard values as for other
@ ° perovskites 00~0.33). These are the values attained
= : for our LMSO films at thickness of about 10nm.
g . | Hoyvever, thinner filmg shovy increasingaxis.values,
g . % out-of-plane which are not compatible with a mere elastic respon
S % This behaviour was supposed to be related eithiér wi
& % e additional structure constraints induced by the
8 3871 % o I rotational octahedral pattern imposed by substrate
% ] matching at the interface, or by nanoscale/sulastrat
S induced variations in the MiiMn** electronic
386+ I éo 1 configuration balance, thus causing additional Jahn

Teller distortion affecting the overall LSMO cell
volume.This was the main objective of determining

- N — the oxygen sublattice positions by the truncatet! ro
0 2 4 6 8 10 . . . .
thickness (nm) method, still to be further analysed in continuatiaf
this experiment at BM25B

3.85

Part of these results have been included in twensap
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