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The aim of the presented research was to investigate the influence of strontium dopant on the structure and
composition of Lai_;Sr;CoOs (z =0, 0.1, 0.2) perovskite thin films. Pure and Sr doped LaCoOg thin films were
grown by pulsed electron deposition technique on crystalline epi-polished Si/MgO substrates. Numerous analytical
techniques (scanning electron microscopy, atomic force microscopy, X-ray photoelectron spectroscopy, and X-ray
diffraction) were applied to characterize their phase/chemical composition, structure and surface morphology.
X-ray diffraction analysis showed the presence of pure LaCoOs perovskite phase in the undoped thin film. For
Sr doped thin films Lag.gSr0.2C0o03 (z = 0.2), Lag.9Sr0.1Co03 (z = 0.1) small contents of Laz Oz and LaSrCoO4
phases were noticed. The crystallite sizes, calculated from the Williamson—Hall plots, were about 18 nm for all
analyzed films. According to scanning electron microscopy/atomic force microscopy observations, obtained thin
films were free from defects and cracks. Atomic force microscopy (tapping mode) analysis revealed the differences
in the shape and quantity of surface crystallites for all thin films as a result of Sr doping and different deposition
parameters. Atomic force microscopy technique also allowed measurement of roughness parameters for analyzed
samples. X-ray photoelectron spectroscopy analyses of chemical states of elements of thin films showed that their
chemical state was stable across the film thickness and even at the interface with the MgO substrate. X-ray
photoelectron spectroscopy analysis also allowed to evaluate chemical states and atomic concentration of La, Co,
and Sr elements within cross-sections of deposited thin films.
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1. Experimental procedure

LaCoOj3 based perovskites are known as the functional
materials that are widely used especially for electronic
and catalytic applications. Unique properties of such ma-
terials are often affected by both, the type and the con-
centration of the dopant (i.e. Fe, Sr, Ca) as well as the
parameters of the deposition/manufacturing technique.
In this work, the influence of pulsed electron deposition
(PED) parameters and Sr dopant concentration on the
structure and properties of LaCoO3 based perovskites
thin films is discussed.

La;_Sr,CoO3 (z = 0, 0.1, 0.2) perovskite thin films
were deposited on crystalline epi-polished substrates:
(100) oriented Si, and (100) MgO (10 x 10 mm?). The
PED system consisting of electron gun PEBS-32 and vac-
uum chamber Pioneer 180 (manufactured by Neocera)
was used for the electron ablation process. The de-
sign and operation of PED system was described else-
where [1]. The experimental setup used in this work for
Laj_,Sr;CoO3 (z =0, 0.1, 0.2) thin films production is
presented in Table I.

The phases composition of the target and perovskite
thin films was examined by means of the X-ray diffrac-
tion phase analysis using PANanalytical EMPYREAN
DY 1061 with Cu K, (Acy = 0.154 nm) radiation in
the Bragg—Brentano and grazing geometry. The newest
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TABLE I

Parameters of LaCoO3 and LaSrCoOj thin films PED
process.

Sample LaCoOs3|Lag.gSrg.2Co0O3|Lag.9Srg.1 CoOs3
electron energy 10 kV 10 kV 10.5 kV
gap 2.5+3 mm
target—substrate dist.| 80 mm 80 mm 70 mm
repetition rate 4 Hz 4 Hz 10 Hz
number of shots 54 000
substrate temp. 570°C
work. gas press. pO2 12 mbar
C monitor 144.1 | 142.3 \ 141.5

data base PDF-4+ (product of ICDD) was used for phase
identification. The calculation of cell parameters was
performed using CellRef software. The surface mor-
phology and chemical composition of all samples were
observed/examined with the use of scanning electron
microscope (SEM, FEI Nova NanoSEM 450 equipped
with EDAX Energy Dispersive Spectroscopy Detector
and GENESIS software). Thin films surfaces topography
and roughness parameters were investigated using scan-
ning probe microscope (atomic force microscope, AFM)
Veeco Dimension®)Icon™SPM with NanoScope V con-
troller. The verification of the chemical states of individ-
ual elements was carried out by an X-ray photoelectron
spectroscopy (XPS) method using the PHI VersaProbe IT
instrument.
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2. SEM/AFM structure observations

On the basis of thorough structural analysis of pure
and Sr doped LaCoOgj thin films (Fig. 1) it can be con-
cluded that obtained perovskite films are generally dense,
compact and free from structural defects (there were no
pores and fractures observed). The presence of clus-
ters/agglomerates on perovskite surfaces does not signif-
icantly influence their properties. Observed structure,
however, is quite different, considering the target com-
position and PED parameters (electron energy, repeti-
tion rate and target—substrate distance). For the Lag.g
Srp.1 CoOgs thin film (10.5 kV, 10 Hz, 70 mm) one can
notice a minor amount of very small droplets. Their di-
ameter does not exceed 0.5 pm. The visible layer (out-
side droplets) seems to be made of very fine irregulari-
ties which may indicate that the growing crystallites are
nanometric (Fig. le). Meanwhile, on the surface of other
two perovskite thin films (10 kV, 4 Hz, 80 mm), a large
number of regularly distributed “island-like bulges” can
be observed (Fig. la,c). It seems that the presence of
Sr dopant plays an important role in the formation of
surface structure of thin films since the number of clus-
ters/agglomerates is visibly increased for Lag gSrp.2CoOg3
as against LaCoOj3. The topography study of all per-
ovskite thin films (Fig. 1b,d,f) done by AFM (tapping
mode in air) is in agreement with the results obtained
at larger scale from SEM analysis (Fig. la,c,e). As can
be seen, the surface of the Lag gSrg.1CoO3 thin film is
built of very fine irregularities (bulges) that constitute
the proper thin film. The droplets, also observed by
SEM, are indeed small in size, but their number can-
not be ignored. Fine irregularities may be treated as
the fronts of growing crystals. As mentioned before the
structure (topography) of the prepared thin films differs
depending on the target composition as well as the depo-
sition conditions and this is evident in measured rough-
ness values given in Fig. 1.

Fig. 1.

Images of perovskites thin films surfaces
SEM/AFM observations coupled with roughness pa-

rameters:  (a,b) LaCoOsg,
(evf) Lag.9 Sro.1 CoOs.

(c,d) Lagsg Sro2 CoOs,

3. X-ray diffraction analysis

Phase composition of the target was stud-
ied by X-ray diffraction method in the Bragg-
Brentano geometry. In the target we observed
only LaCoOjs, LaggSrg1Co0O3, and Lag7Srg.3C003
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with a minor amount of LaSrCoQO,4. The analysis of thin
films was performed in grazing geometry at the angle a =
1°. The results are shown in Fig. 2. The phase identifica-
tion was based on the JCPDS base cards: (00-025-1060)
LaCOO3, Lao.gsro,lcOO?,, (01—089—4457) La0,7Sr0,3CoOg,
(01-083-1344) La2Os, (01-083-2410) LaSrCoO4. The
analysis of diffraction patterns obtained for thin films
revealed the presence of LasOs and LaSrCoO, phases
(low content). Based on the X-ray results determined
from the Williamson—Hall plot the average crystallite size
for each film was calculated. For calculation we used
only peaks as follows: (012), (110), (104), (024), (300),
(214), (018). The crystalline size were about 18 nm ap-
proximately the same for all thin films. We did not
observe the decrease of the crystalline size with dop-
ing by Sr. Doping of the perovskite by other elements
may result in slowing of the crystal growth process [2]
or the blockade of crystal growth, causing the grain’s
fragmentation. Diffraction patterns for doped thin films
(Fig. 2b,c) showed small shift of diffraction lines (indi-
vidual peaks) towards higher values of 20. LaCoOj3 per-
ovskite has rhombohedral symmetry (space group R3c
(167)) (hexagonal setting) [JCPDS 00-025-1060] (see Ta-
ble IT). La; _,Sr,,CoOg3 has the same rhombohedral struc-
ture in the range of x = 0 + 0.5 for Sr. For values of
x > 0.5 the system becomes cubic [3]. In our case, the
volume of the cell changed with the increase of the Sr
dopant (Table IT). Similar effects were observed in the
system of LaCoOg3 doped by K [4] or Ba [5]. Observed
changes of the cell volume are not the consequence of
Sr?* substitution by La®*. Both La’t (1.36 A) and
Sr?* (1.32 A) ions have approximately the same size.
However, in order to preserve the electro-neutrality upon
the substitution, an increase of the cobalt oxidation state
from Co®** to Co?* must occur and/or oxygen vacancies
must be generated. The differences in the ionic radius of
cobalt (6-coordinate, octahedral, high spin) in different
oxidation states explain the change in the cell volume:
Co®*t (0.75 A) and Co*t (0.67 A). In other words, the
change in the cell volume is a direct effect of the existence
of some cobalt in oxidation state (IV) and consequently
confirms its presence. The evolution of the volume cell
was observed by Pecchi [6] in the system of Ca doped
LaFeOgs, where Ca substituted La and Fe was observed
in two oxidation states Fe3* and Fe*.

TABLE II

Structural parameters for Sr>* doped Laj_,Sr,CoOs
(z = 0+ 0.2) perovskites. Crystal system space group
is rhombohedral R3c-167; o, 8 = 90°, v = 120°. For La
and Srz=y=0,2=0.25,for Cor=y=2=0

Lattice parameters [nm)] (¢}
Sample =
a=b c vol. [nm”| x y z
z=0 0.5449 | 1.310 33.698 0.4537 | 0 | 0.25
z=0.1 0] 0.25
x=0.2 | 0.5454 | 1.313 33.85 0.4554 | 0 | 0.25
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of thin films:
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X-ray patterns in grazing geometry a = 1°
(a) LaCoOs, (b) Lag.9Sro.103, (c)

4. XPS experimental

XPS analyses coupled with the Ar™ ion sputtering were
used to investigate the oxidation state of elements on the
surface, inside the films at different depth as well as at
the film /substrate interfaces in order to find whether the
elements from the thin film reacted or did not with the
substrate. First XPS analysis of each sample was made
on the as received thin film surface. Then the samples
were sputtered using the Ar™ ion beam (ion etching) dur-
ing the certain time and after the sputtering process they
were immediately analyzed using XPS. The process of
sputtering and subsequent XPS analysis was repeated for
all samples several times until the substrate of the coat-
ing was reached. Chemical states of the perovskite thin
film and substrate elements were investigated by regis-
tering their strongest spectral lines: La 3d, Co 2p, Sr 3d,
O 1s, and Mg 1s (Fig. 3). On the surface of both sam-
ples (LaCoOg, Lag gSrg2Co03) besides the component
elements of the films, there was detected the presence
of an adventitious carbon (monitored line C 1s) and the
adventitious oxygen. They constitute the surface con-
tamination. For both thin films after the first sputtering
process the spectral line of carbon and the spectral line
of the adventitious oxygen completely disappeared and
were also absent after every further sputtering process.
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Fig. 3.
(b) Lao.gSro.2Co0O3 thin films.

XPS analysis results for (a) LaCoOs and

1123

5. Concluding remarks

The PED process enables to produce good quality
thin films of crystalline LaCoOs and LaSrCoQOgs per-
ovskites on [001] Si /MgO substrates that was confirmed
by SEM/AFM observations coupled with roughness pa-
rameters measurements. Morphology of analyzed films
is highly influenced by the PED parameters like elec-
tron energy (accelerating voltage), target—substrate dis-
tance, and pulse repetition rate. Except the surface
(contamination by the adventitious carbon and oxygen),
XPS analyses of chemical states of elements of thin films
showed that their chemical state was stable across the
film and even at the interface with the substrate. For
LaSrCoO3 perovskites unit cell volumes were slightly in-
creased (compared to pure LaCoQOg), that is the conse-
quence of either the cobalt oxidation state changes (Co®*
to Co?**) and/or oxygen vacancies appearance. Diffrac-
tion patterns for Sr doped LaCoOs thin films showed
the small shift of diffraction lines (individual peaks) to
the right towards higher values of the 20. The aver-
age crystallite size was calculated ~18 nm for all thin
films regardless of the presence of Sr dopant. Analyzed
diffraction patterns revealed small content of LasO3 and
LaSrCoQ4 phases for Sr doped LaCoOg films.

Acknowledgments

This work is supported by the National Science Centre
(grant no. UMO-2013/09/B/ST8,/01681).

References

[1] M.D. Strikovski, J. Kim, S.H. Kolagani, in: Springer
Handbook of Crystal Growth, Eds. G. Dhanaraj,
K. Byrappa, V. Prasad, M. Dudley, Springer, Berlin

2010, p. 1193.

[2] S. Phokha, S. Hunpratup, S. Pinitsoontorn,
B. Putasaeng, S. Rujirawat, S. Maensiri,
Mater. Res. Bull. 67, 118 (2015).

[3] N. Orlovskaya, K. Kleveland, T. Grande,
M.A. Einarsrud, J. Eur. Ceram. Soc. 20, 51

(2000).
[4] B.M. Bellakki, C. Madhu, T. Greindl, S. Kohli, P. Mc-
Curdy, V. Manivannan, Rare Met. 29, 491 (2010).
[5] R. Kun, S. Populoh, L. Karvonen, J. Gumbert,
A. Weidenkaff, M. Busse, J. Alloys Comp. 579, 147
(2013).

[6] G. Pecchi, M.G. Jiliberto, A. Buljan, E.J. Delgado,
Solid State Ion. 187, 27 (2011).


http://dx.doi.org/10.1007/978-3-540-74761-1_35
http://dx.doi.org/10.1007/978-3-540-74761-1_35
http://dx.doi.org/10.1016/j.materresbull.2015.03.008
http://dx.doi.org/10.1016/S0955-2219(99)00084-9
http://dx.doi.org/10.1016/S0955-2219(99)00084-9
http://dx.doi.org/10.1007/s12598-010-0155-7
http://dx.doi.org/10.1016/j.jallcom.2013.05.019
http://dx.doi.org/10.1016/j.jallcom.2013.05.019
http://dx.doi.org/10.1016/j.ssi.2011.02.014

