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Single source MOCVD techniques were used to prepare perovskite films
with metallic conductivity (CaRuO3, LaΝiO 3 , La0.5Sr0.5CoO3 and
(La, Pr)0.7(Sr, Ca)0.3MnO3). Structural and electrical properties of the epi-
taxial layers on the coherent substrates are close to that of the films grown by
pulsed laser deposition and magnetron sputtering. Peculiarities of the growth
occur on the worse matched substrates, such as a mixture of two orienta-
tions, each aligned in the plane of the interface (LaΝiO3/ΜgO) and variant
structures in the films on yttrium stabilized zirconia. X-ray diffraction of the
films indicates pseudocubic lattice for all R1-xx ΑxΜO3 films in spite of the
distortions in the bulk material. The dependence of metal-insulator transi-
tion in R1-xΑx ΜnO 3 on the nature of R and Α and film-substrate lattice
mismatch was studied.

PACS numbers: 81.15.Gh, 68.55.-a

Thin films of Rl- x Αx ΜO3 perovskites with metallic conductivity, where R is
rare-earth element, Α — alkaline-eartl element and Μ — transition metal, have at-
tracted much attention for various applications such as fatigue resistant electrodes
for ferroelectric layers [1], metal layers in superconductor/normal metal/supercon-
ductor (SNS) junctions [2], high temperature refractory electrodes [3], gas sensors
[4] and oxidation catalysts [5]. On the other hand, the nature of the metallic state
in perovskites as well as their relation to the superconducting cuprates were subject
of numerous studies [6]. Metal-insulator transition (M-I) was observed in the vari-
ous Rl-xΑx ΜO3 compounds [7]. The discovery of giant magnetoresistance (GMR)
effects in R1-xAxMnO3+y  has attracted even more interest to the materials [8].
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In the current work we have prepared R 1 _ Α ΜO3 fllms by the perspective sin-
gle source metal-organic chemical vapour deposition (MOCVD) and studied their
structure and electrical properties.

Three versions of single source MOCVD described in detail elsewhere were
used, namely, flash powder evaporation [9], band flash evaporation [10] and aerosol
MOCVD [11]. The deposition conditions are summarized in Table I. The
R1- xΑx ΜΟ3 prepared were LaΝiO3 , CaRuO3, La1- xSrCoΟ3 (x = 0-0.5),
(La1-xΡr)0.7(Sr, Ca)0.3ΜnO3 (x = 0-1), single crystal substrates — LaΑlO3 ,

SrΤiO3, MgO, yttria stabilized zirconia (YSZ), buffer layers — PrΟx /ΥSZ,
CeO2/ΥSZ, CeO2/Al2O3. Volatile precursors were as follows: La(thd)3, Pr(thd)3 ,
Sr(thd)2, Ca(thd)2, Co(thd)2 , Ru(acac)3 , Μn(thd)3 , Ni(thd)2 and Ni(acim) 2,
where acac is acetylacetonate, the — 2,2,6,6-tetramethylheptan-3,5-dionate, acim
— acetylacetoniminate. X-ray diffraction (XRD) with four-circle diffractometer
Siemens D5000 was applied to determine phase composition, orientation and lattice
parameters. Scanning electron microscopy (SEM) was accomplished by
CAMSCAN equipped with EDAX system for quantitative analysis. Electrical re-
sistance R(Τ) was measured by the standard ac fonr-probe technique with silver
contacts in the range 77-300 K.

XRD patterns of R1- xΑ ΜO3 fllms (Fig. 1) look like that of cubic lattice
without any splitting of (001) or (hh0) reflexes or superstructural peaks. It does
not mean that the perovskite fllm is necessarily cubic because of the film orien-
tation. θ-28 scan reveals preferable orientation (001)e || (001)s , where indices f
and s mean film and substrate (LaΑlO3 , SrΡiO3 , MgO), respectively. Perovskite
substrates (LaΑlΟ3 , SrΤiO3) permit deposition of the layers showing only (001)
reflexes, φ-scans prove the epitaxy of the "cube-on-cube" type. Rocking curves
for (001) reflexes have FWHM 0.17-0.25 deg, which indicates the high epitaxial
quality of the films. La1-xSrxCoO3 was grown on MgO with the pure (001) orien-
tation up to 2500 Α thick. XRD patterns of R1- x Αx ΜnΟ3/MgO reveal (110) peak
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at the thickness > 2000 Α. LaΝiO3 demonstrates (001) and (hh0) reflexes always,
with (001) and (110) reflexes of the comparable intensity for the film > 500 Α
thick. Large lattice mismatch between MgO (α = 4.21 Å) and R1-xΑx ΜO3
(α = 3.80-3.90 Å) hinders the epitaxy of the film. The appearance of the ad-
mixture texture does not correlate directly with the lattice mismatch, which is
greater for La1-xSrxCoO3 than for LaΝiO3.

According to φ-scans (00I) oriented domains on MgO have good in-plane
alignment: fourfold degeneracy of peaks is observed at the tilt angle equal to that
between the plane under study and (00I) plane. Rocking curves for (001) planes
with FWHM 0.50 were measured for best La1- x SrCoΟ3 and R1-xΑxΜnΟ3.
For LaΝiO 3 fourfold symmetry was observed at the tilt angles referred to both
(001)LaNiO 3 || (001)M gO and (110)L aΝiO 3 || (001)MgO. hence, both orientations are
aligned in the plane. ΓWHΜ of (001) and (hh0) rocking curves are 0.8-1° and
1.2-20 respectively.

R1-xΑx ΜΟ3 perovskites on YSZ have preferable orientation
(110)f ΙΙ (001)YSZ. φ-scans reveal 4-component variant structure, caused by the
diagonal epitaxy with [1-11]f Ι| [110]YSZ and [1-11]f || [1

- 10]YSZ. Pure (110)f ΙΙ
(001)υSZ orientation can be obtained for manganites, but CaRuΟ3 and
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La1-xSrxCoO3 fllms contain an admixture texture (001)f||(001)YSZ. The result
correlates to the diagonal match with YSZ (a '4 to 5.140. The FWHM of the
rocking curves of the reflex (220) shows similar behaviour: > 1° for La1-xSrxCoO3,

0.77° for CaRuO3, 0.58° for La 0 .7Sr0.3ΜnO3. CeO2 and PrΟ buffer layers on YSZ
switch the film orientation to (001)f || (001)CeO2  || (001)YSZ.

La0.5Sr0.5C0O3 and La 0 .7Sr0.3MnO3 films on SiO2/(111)Si were randomly
oriented.

Room temperature resistivity p (300 K) of the best layers approximates the
values for epitaxial films prepared by pulsed laser deposition (PLD) or high density
bulk materials [12-14]. p(Τ) curves for LaΝiO3 , CaRuO3 and La0.5Sr0.5CoO3
thin films were metallic (Table II). Epitaxial layers possess lower resistivity than
oriented polycrystalline ones.

Temperature of Μ-I transition Τp in R1- xΑx ΜnO3 can be presented in the
form of a universal dependence on (R,A) radius (at a constant Mn 4+/Μn3+ ra-
tio) [15, 16]. The maximum Τp value, which exceeds room temperature, answers
Μ = Sr for x = 0.3. Our data (Fig. 2) is in agreement with the prediction.
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La0.7Sr0.3MnO3/LaΑ1O3 shows metal-like temperature dependence of the resis-
tivity in the range 77-300 K with steeper resistivity increase approaching 300 Κ.
La0.7Ca0 3MnO3/LaΑ1O3 reveals maximum resistivity at 230 K. The value corre-
lates with data for bulk and thin fllms of the same composition [15, 17]. Substitu-
tion of Pr for La initiates more complex behaviour.

Τ  of La1-x,CaxΜnO3 films was known to be dependent on the substrate
material [18]: La0.8Ca 0 .2MnO3 film on MgO had Τ, = 240 Κ and broader transition
width than film on LaΑlO3 (Τp = 270 K). The origin of the behaviour was not
elucidated in [18]: variation of lattice mismatch or variation of the epitaxial quality.
To clarify the problem, we compared the La0 7Ca0.3MnO3 films on LaΑlO3 and

SrΤiO3 being of practically the same epitaxial quality. Resistivity curves are very
similar for both fllms (Fig. 3), but shifted ^ 20 K. One can see that these substrates
possess nearly equal but reverse lattice mismatch with the film. Since, in addition,
Τ  of the epitaxial films on LaΑlO3 and NdGaO3 , the latter has very low lattice
mismatch with the film ( 0.3%), are very close [18], we can conclude that tension
but not constriction of the film in the plane of the interface results in the change
of Τ.

This research was supported by VW Foundation grant I/69341 and RFBR
grant 96-03-33027.
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