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Abstract

Lag oS1rp;MnO3; (LSMO) ultrathin films with various thickness (in the range of 5-50 unit cells) are grown on (0 O 1) substrates of the single-
crystal SrTigo9Nbg 0103 by laser molecular-beam epitaxy (laser-MBE), and the surface morphology of these films were measured by scanning
tunneling microscopy (STM). STM images of LSMO ultrathin film surface reveal that surface morphology becomes more flat with increasing film
thickness. This study highlights the important effect of strain caused by the lattice mismatch between substrates and ultrathin films. And the results
should be useful to the investigations on growing manganite perovskite materials.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Ever since the discovery of colossal magnetoresistance
(CMR) in the doped manganite perovskite materials Ln;_,
A MnO; (Ln = lanthanides, A = alkaline earth elements), there
has been considerable interest in these materials [1-3]. Recently,
positive magnetoresistance and photoelectric effects have been
found in epitaxial oxide heterojunctions we fabricated by laser
molecular beam epitaxy (laser-MBE) [4], and the positive
magnetoresistance effectsin La; _,Sr,MnO5/StTig 9oNbg 9103 p—
n junctions, which are explained by an interface effect [5—7]. For
the potentially practical applications of La; _,Sr,MnO3 materials
on magnetic random memory, read-head, semiconducting field-
effect transistors and novel all-oxide p—n junctions, it is desirable
to investigate the near-interface lattice distortion effects.

It has been revealed that the microstructure, the surface
morphology, the magnetic and electrical properties of the man-
ganite perovskite films are extremely sensitive to the lattice
strain, caused by a lattice mismatch between substrate and film,
and these effects strongly depend on the film thickness [8—13].
Magnetic patterns shown by magnetic force microscopy are also
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related to strain types and magnitude [11,13,14]. Strain
originating from the Ilattice mismatch between films and
substrates causes magnetic anisotropy of manganite thin films
[10,15,16]. To our knowledge, however, there is few report
related to the thickness dependence of the surface morphology of
ultrathin films, especially for La; _ ,Sr,MnO; films. To investigate
the growth process of La;_,Sr,MnO; films with different
thickness, the surface morphology and other strain effects, we
grew Lag oSt 1MnO;3; (LSMO) ultrathin films with the thickness
of 5, 10, 20 and 50 unit cells, respectively, on (0 0 1) substrates of
the single-crystal StTiggoNbg 9103 (Nb-SNO) by laser mole-
cular-beam epitaxy, and monitored by reflection high-energy
electron diffraction (RHEED). The lattice parameter a is about
0.3889 nm for La, _,Sr,MOj; bulk compound, so the thickness of
5, 10, 20 and 50 unit cells is roughly corresponding to 2, 4, 8 and
20 nm, respectively, for LSMO films. These films were investi-
gated by scanning tunneling microscopy (STM) to study the
thickness dependence of the surface morphology of the samples.

2. Experiment

Nb-STO substrates were washed sequentially in alcohol,
acetone, and deionized water, and then put into an ultrahigh
vacuum epitaxial chamber immediately. When the base
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Fig. 1. RHEED intensity variation during the deposition of LSMO on Nb-STO substrate and the RHEED patterns of LSMO ultrathin films with various thickness on

Nb-STO (0 0 1) substrates.

pressure of epitaxial chamber was pumped to 5 x 10~ Pa, and
the substrate temperature was heated up to 600 °C, a focused
pulsed XeCl excimer laser beam (~20 ns, 2 Hz, ~1.5 J/cmz)
was irradiated onto a LSMO target to grow films with various

thickness (~5-50 unit cells) on single-crystal (0 0 1) Nb-STO
wafers. The growth progress and the thickness of the film were
examined in situ by RHEED. LSMO films were post-growth
annealed at the temperature of 600 °C, meanwhile an active

Fig. 2. STM images of LSMO film for the area of 1000 nm x 1000 nm (a) and that of 80 nm x 80 nm (b) with the thickness of 5 unit cells on Nb-STO (00 1)

substrate.
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Fig. 3. STM image of LSMO film for the area of 1000 nm x 1000 nm with the thickness of 10 unit cells on Nb-STO (0 0 1) substrate.

oxygen source of 5.0 x 10" Pa pressure was introduce into
epitaxial chamber.

All the topographs of LSMO surface presented below were
taken by an Omicron commercial AFM/STM system operated
in constant-current mode using a W-tip with a bias voltage of
around 3 V at room temperature in atmosphere. Because the
growth conditions affect greatly on surface morphology of the
films, all the thin films covered in this study were grown exactly
in the same conditions.

3. Results and discussion

The RHEED intensity of the growth surface of LSMO
ultrathin films and the RHEED patterns of LSMO ultrafilms

with different thickness on Nb-STO (00 1) substrates are
shown in Fig. 1. The deposited layers can be determined by the
observation of RHEED oscillations from a growth surface. One
period in the RHEED intensity oscillations marks the
completion of 1 unit cell growth. So the thickness of LSMO
ultrathin films can be controlled by counting the number of
laser pulse. In terms of laser frequency and the average period
of RHEED oscillations from a growth surface, the deposition
rate of the films was about 26 laser pulses per unit cell in this
study. The sharp RHEED patterns of LSMO shown in the inset
of Fig. 1 indicate that the LSMO films with various thicknesses
all have a good crystallized structure.

Typical surface morphologies of ultrathin films with the
thickness of 5, 10, 20 and 50 unit cells are shown in Figs. 2-5,

(a)

(b)

Fig. 4. STMimages of LSMO film for the areaof 1000 nm x 1000 nm (a) and thatof 100 nm x 100 nm (b) with the thickness of 20 unitcellson Nb-STO (0 0 1) substrate.
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Fig. 5. STM images of LSMO film for the area of 5 nm x 5 nm (a) and that of 10 nm x 10 nm (b) with the thickness of 50 unit cells on Nb-STO (0 0 1) substrate.

respectively. Fig. 2(a) shows the typical morphology consisting
of a series of big black and bright clusters with height of 1.5 nm.
In order to analysis morphology in detail, 80 nm x 80 nm area
of Fig. 2(a) were focused and shown in Fig. 2(b). The existence
of rounded grains with height up to 1.4 nm in Fig. 2(b) suggests
a rather rough surface morphology for a film with the thickness
of 5 unit cells.

Fig. 3 shows the surface morphology (1000 nm x 1000 nm)
of LSMO films with thickness of 10 unit cells on Nb-STO
wafers. Compared with the same scale STM micrograph of
ultrathin films with the thickness of 5 unit cells, LSMO films
with the thickness of 10 unit cells have a similar surface
morphology. The difference between them is that the cluster-
shape grains were arrayed in order along straps.

STM images of LSMO films with the thickness of 20 unit
cells on Nb-STO (0 0 1) substrates are shown in Fig. 4. The
surface is mainly consisted of a series of bright strips with
height of 1.0 nm. These strips are mainly composed of many
small clusters as shown in Fig. 4(b).

Fig. 5 shows that the surface topographs of the LSMO films
with thickness of 50 unit cells. The grain height of 5 nm x 5 nm
and 10 nm x 10 nm surface shown in Fig. 5(a) and (b), is 0.3 and
0.2 nm, respectively, which indicates that the surface of films
with thickness of 50 unit cells are flat at atomic scale.

The lattice parameter for Nb-doped SrTiO; compound is
about 0.3905 nm. Therefore, the La;_,Sr,MOj3 films on Nb-
doped SrTiO; substrates will be tensed in the plane, and the
strain imposes great effects on the surface morphology of
LSMO ultrathin films with various thickness covered by this

study. The surface morphology of LSMO ultrathin films are
characterized by cluster-shape grains. And the films’ surface
becomes more flat with increasing thickness of LSMO films.

All the surface morphology presented by this study are quite
different from those with different thickness introduced by
Okawa et al. [8] and Desfeux et al. [13] which may be due to the
films with various thicknesses and the different growth
conditions.

4. Conclusion

In this work, the LSMO ultrathin films with different thickness
(~5-50 unit cells) were studied by STM in order to investigate
the thickness dependence of the surface morphology. LSMO
films grown on Nb-STO wafers are under small tensile strains.
STM images reveal that ultrathin LSMO film surfaces perform
cluster-shape characteristics in initial growth stage (5-20 unit
cells). Films exhibit more flat surface when the thickness of
LSMO ultrathin films increases from 5 to 20 unit cells, which
indicates that strain affects caused by mismatch between sub-
strates and films on surface morphology vary. As to the efforts of
strains on the electronic and magnetic properties of LSMO
ultrathin films, further investigations are under our next efforts.
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