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Abstract

High quality epitaxial (La,/;3Sr,3)MnO3 (0 0 1) thin films were grown by pulsed laser deposition on SrTiOz (0 O 1) substrate at optimized
growth parameters. The films quality was confirmed by both structural and physical properties characterization. Channeling Rutherford
Backscattering Spectrometry characterization showed the minimal channeling coefficient as low as 4%. The LSMO thin films growth on SrTiO;
substrate follows the island growth model. The Curie temperature of LSMO films is around 360 K, which is the one of the highest reported in
literature. The resistivity of LSMO films showed the metal—insulate transition temperature coincides with the Curie temperature. This high quality
LSMO is suitable for room temperature magnetic devices application.
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1. Introduction

The colossal magnetoresistance (CMR) phenomena were
observed in many perovskite structure manganite oxide
materials. CMR effect was explained by the Zener double-
exchange model via Mn>*—O-Mn"** bond [1]. (La,/3Sr;,5)MnO5
(LSMO) is one of the most extensively studied CMR materials
because its Curie temperature (7. ;% ~ 370 K) is higher than
room temperature. This property makes it a great potential
candidate in the application of room temperature magnetic
devices [2-4].

High quality LSMO thin films are required for the application
of magnetic field sensors or magnetic recording devices. Among
physical deposition methods, sputtering and pulsed laser
deposition are the two most widely used tools in LSMO thin
films growth. Compared with sputtering, the PLD has the
advantage of growth at wide range of working pressure, from
ultra high vacuum to very high gas pressure [5,6]. This advantage
is very important for complex composition oxide thin films
growth, because the working pressure affects not only the
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composition, but also the electrical properties of the as-grown
films. The electrical properties are modulated through structure,
composition and the oxygen vacancies, which are significantly
affected by the oxygen working pressure and growth tempera-
ture. Besides LSMO [7,8], ferroelectric (Ba,Sr;_,)TiO5 [9] and
superconducting material YBa,Cu30,_; [10] are the successful
examples of high quality films growth by PLD.

In this paper, we presented high quality epitaxial growth of
LSMO films on single crystal SrTiO; (00 1) substrate. The
films quality was proved by both structural and physical
properties characterization. The films were systematically
studied by Channeling Rutherford Backscattering Spectro-
metry (c-RBS), secondary electron microscopy (SEM), and
physical properties measurement system (PPMS, Quantum
Design). The minimum channeling coefficient x ~ 4% was
observed by c-RBS, and SEM further showed the epitaxial films
follows the island growth model. The measured Curie
temperature (7,) and metal-insulator transition (7,) tempera-
tures are coincided at 360 K.

2. Experiment

Standard disc shape LSMO target was used in this
experiment. Commercial SrTiO3 (0 0 1) single crystal substrate
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was used for LSMO film epitaxial growth by pulsed laser
deposition (PLD). The SrTiO; substrate was cleaned by
acetone, ethanol and DI water in ultrasonic bath, followed by
dry nitrogen gas blowing, and then loaded into PLD chamber.
The chamber was pumped down to base pressure below
5x 1077 Torr. The SrTiO; substrate was baked in PLD
chamber at base pressure at 800 °C for 30 min to further clean
the surface trace contamination, and got the surface recon-
struction pattern [11]. Before growth, the PLD chamber was
filled with oxygen at 350 mTorr pressure and the substrate was
cooled down to 600 °C for thin film growth. The target-
substrate distance was kept at ~50 mm. During growth, laser
power density ~5 J/cm” and frequency at 2 Hz was applied to
the target. The growth duration was 2.5 h to reach 300 nm thick
LSMO films. After growth, LSMO films were cooled down in
chamber with oxygen ~10 Torr with cooling rate ~10 °C/min.
No further treatment was done on the as-grown LSMO films.
After growth, the structural and physical properties of
LSMO films were systematically characterized. The composi-
tion and thickness of LSMO films were obtained by Rutherford
Backscattering Spectroscopy (RBS). The epitaxial relationship
between substrates and films was further characterized by
channeling RBS (c-RBS). The surface morphology of the films
was observed by SEM. The physical properties, including Curie
temperature, temperature—resistivity relationship and coercive
force were measured by physical properties measurement
system (PPMS, Quantum Design Inc., San Diego, CA).

3. Results and discussion

Channeling Rutherford Backscattering Spectrometry (c-
RBSY) is a powerful tool to investigate the quality of crystalline
materials. Fig. 1 is a typical RBS characterization result of as-
grown high quality LSMO films, both random and aligned. The
relatively He ion scattering yield (channeling coefficient
x ~ 10%) near channel 500 (energy 2.7 MeV) is attributed
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Fig. 1. RBS characterization of LSMO/STO sample, both random and aligned.

to the LSMO films surface back scattering. The aligned LSMO
thin film showed the minimum channeling coefficient y ~ 4%,
indicating high quality epitaxial LSMO (0 0 1) film on SrTiO3
(00 1) substrate. The composition simulation based on RBS
spectrum showed the films are stoichiometric (La,/;3Sry,
3)MnQOj3, matching that of the target. Generally the composition
of as-grown films is affected by the substrate temperature,
vapor pressure of each species of the target and working gas
pressure. If vapor pressure of one species in the target is
significantly different to others, like Zn in Ba(Zn;,3Ta;/3)O3
[12], the volatile species Zn will be difficult to be incorporated
into the films, compared with less-volatile species (like Ba and
Ta), especially at elevated substrate temperature. Oxygen
content in the target can always be supplemented since the
working oxygen pressure 350 mTorr is high. Similar situation
occurred in Cu(In,Ga;_,)Se semiconductor thin film growth.
High temperature PLD growth of always Cu(In,Ga, _,)Se films
results in Se-deficiency, and selenization treatment is required
to compensate the loss and achieve stoichiometric films [13]. If
two or more volatile species in the target, like Zn and As in
ZnGeAs,; [14,15], the composition of as-grown films will be
very sensitive to the growth temperature. For LSMO, all the
metal elements (La, Sr, and Mn) have vapor pressure in the
same order of magnitude at 600 °C, which facilitates the high
quality thin film growth and the stoichiometry.

Secondary electron microscopy (SEM) was used to observe
the surface morphology of PLD grown LSMO films. Fig. 2(A)
is the low magnification observation of top films surface, some
boulder like feature droplet with size of hundreds nanometers
was scattered on the films. This is quite common for PLD films
growth, because of the pulsed laser ablates some boulders/
particles from the target, and some of boulders was transported
through the shock wave in the laser plume, and deposited on the
substrate. This non-ideal surface affects the RBS channeling,
especially the surface scattering showed in Fig. 1 (surface
channeling coefficient x ~ 10%). Fig. 2(B) is the high
magnification SEM image of the LSMO films. The half
micrometer diameter boulder/particle droplet on the films top
surface was clearly observed. Besides that, very regular LSMO
grains with length ~30 nm square pattern can be observed from
the top view. This is very likely that the isolated magnetic
domains, when comparing the size and shape reported by
Casanove [16]. This surface pattern also showed the epitaxial
LSMO growth follows the island growth model, either Volmer—
Weber (VW: island formation) or Stranski—Krastanov (S—K:
layer plus island growth) model [17]. For VW model, LSMO
islands directly grow on STO substrate because of non-wetting.
For S—K model, a complete LSMO films with thickness of
several monolayers grow in a layer-by-layer fashion on the STO
crystal substrate. Beyond the critical thickness, which depends
on strain energy and the chemical potential of the deposited
LSMO film, the films growth continues through the nucleation
and coalescence of adsorbate islands. c-RBS results already
showed epitaxial growth of high quality LSMO (0 0 1) films on
cubic SrTiO; (00 1) substrate. Considering the similar
perovskite structure and lattice constant, the S-K growth
model is highly likely for PLD LSMO films growth on SrTiO;
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Fig. 2. Low (A) and high magnification (B) SEM observation of as-grown high
quality LSMO films on SrTiO; substrate. The boulder droplet was present on the
surface, and the regular square pattern with length ~30 nm was observed on the
high magnification (B) image.

substrate. This growth model was observed by high resolution
transmission electrons microscopy (HRTEM) [16,18].

The physical properties of as-grown LSMO films were
characterized by physical properties measurement system
(PPMS, Quantum Design). Fig. 3 shows the magnetic
momentum measurement scan from 5 K to 400 K of as-grown
LSMO films. During the measurement, 500 Oe magnetic field
perpendiculars to the sample surface were applied on the
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Fig. 3. M-T curve to measure Curie temperature of LSMO films.
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Fig. 4. Resistivity—temperature curve of LSMO sample cooling down from
400 K to 5 K, without magnetic field.

sample. The Curie temperature as high as 360 K was measured,
which is close to the bulk LSMO Curie temperature, and is one
of the highest in all reported LSMO films [19-21]. The very
high Curie temperature further proved the high quality epitaxial
films growth by PLD, and makes this films be very useful in
room temperature magnetic devices.

The resistivity of as-grown LSMO films as a function of
temperature was measured, with and without magnetic field.
Fig. 4 is the resistivity—temperature curve of LSMO without
magnetic field from 5 to 400 K range (cooling down from
400 K). The metal-insulator transition temperature (7)) is
360 K, coinciding with the Curie temperature (7,.). This is
consistent to the Zener double exchange theory [1]. Experi-
ments already showed when the synthesis in reducing/oxidizing
atmosphere could result in the change of T, and 7),. The possible
mechanism is the small variation of oxygen content in the
LSMO materials, and it was observed the T, could be lower
[22,23] or higher [24,25] than the T.. In this experiment, the
oxygen working pressure is 350 mTorr. Such a high oxygen
pressure could make sure the as-grown films is stoichiometric,
and no oxygen deficient, so the coincidence between metal—
insulator and ferromagnetic—paramagnetic transition was
observed.
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Fig. 5. Typical hysteresis curves of the LSMO films at 300K and 5K
temperature respectively.
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The typical hysteresis curves of the LSMO films at 300 K and
5 K temperature are shown in Fig. 5. The coercive forces are
131 Oe (at 300 K) and 35 Oe (at 5 K), respectively. This value is
much lower than typical LSMO films coercive force. For
example, the as-deposited LMSO films coercivity at 5 K was
reported to be 181 Oe by Du [26], and after 950 °C annealing, the
coercivity decreased to 10 Oe, because of the crystalline quality
improvement. Generally the defect like surface roughness, grain
boundary and point defect all play an important role in
determining the coercivity [26,27]. The More defect density,
the higher coercivity, because all defects may act as the domain-
pining sites. The low coercivity is attributed to the high quality,
low defect density of epitaxial LSMO films on STO substrate.

4. Conclusions

Epitaxial (Lay/3Sr1,3)MnOs (0 0 1) films have been grown on
SrTiO; (00 1) substrate by pulsed laser deposition under
optimized growth condition. Both structural and physical
properties characterization showed the as-grown LSMO film
high quality. The aligned RBS showed the minimal channeling
coefficient as low as ~4%, and the measure Curie temperature
as high as 360 K. The LSMO top surface regular square pattern
showed island growth model. The metal-insulator transition
temperature matches the Curie temperature. The relatively low
coercivity of as-grown LSMO films proved the high quality
epitaxial growth with low defect density. This high quality
LSMO films could be very useful for room temperature
magnetic devices.
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