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Abstract

Nanostructure (La2/3Sr1/3)MnO3 thin films were epitaxial grown on SrTiO3 (0 0 1) single crystal substrate by pulsed laser deposition. Both high

Curie temperature (Tc = 360 K) and high magnetoresistance (MR = �38% at 500 Oe magnetic fields and 320 K) were simultaneously achieved.

The high Curie temperature was attributed to the high quality epitaxial LSMO films. The high low field magnetoresistance (LFMR) was attributed

to the regular square nanostructure of the deposited LSMO films, where the boundaries serve as the barrier for spin-polarized tunneling and/or spin-

dependent scattering. The high Tc and large MR made the LSMO film very useful in room temperature magnetic devices.
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1. Introduction

The colossal magnetoresistance (CMR) property has been

observed in many perovskite structure manganite materials.

CMR effect was generally interpreted by Zener’s Mn3+–O–

Mn4+ double-exchange theory [1]. By replacing partial of the

La with Sr, the Curie temperature (Tc) of (La2/3Sr1/3)MnO3

(LSMO) could be elevated to �370 K, which makes it very

useful for room temperature magnetic devices [2–4].

For practical applications, it is critical to obtain high

magnetoresistance (MR = (Rh � R0)/R0 � 100%, where Rh/R0

are the resistivity measured with/without magnetic field

respectively) at high temperature and low magnetic field. Many

efforts to enhance the MR have been focus on improving the

transport properties by superlattice, tunneling junctions or

nanostructure/nanocomposite material. Venimadhav [5] reported

98% MR at 6–7 T magnetic fields in the LCMO/PCMO

superlattice. Yan [6] and Liu [7] observed enhanced MR on

LSMO based nanocomposite. Zhang [8] reported the high MR

LSMO films with ordered nanometer structure with nano-size

cracks as the tunneling barriers.
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Here we report the deposition of high quality nanostructure

LSMO films on SrTiO3 (STO) substrate by pulsed laser

deposition (PLD). Both high Curie temperature (Tc = 360 K)

and high magnetoresistance (MR = 38% at 500 Oe magnetic

fields and 320 K) were simultaneously achieved on the

deposited LSMO films. PLD has been proved to the successful

tool in complex composition oxide thin films growth, such as

and superconducting YBa2Cu3O7�d [9], different electrocera-

mics films [10–16], as well as semiconductors [17–19]. In this

paper, we showed high quality epitaxial nanostructure LSMO

films deposited by PLD. The mechanisms of the ultra high low

field magnetoresistance (LFMR) of LSMO films were

discussed.

2. Experiment

LSMO films were deposited by PLD on single crystal STO

substrate at 650 8C and 400 mTorr oxygen pressures. The

target–substrate distance was �5 cm. The laser density was

�4 J/cm2 with 2 Hz rep-rate. After growth, the LSMO films

were cooled down in chamber at rate �10 8C/min. No further

treatment was applied. X-ray scan diffraction was used to

characterize the films quality. Secondary electrons microscopy

was used to observe the films surface morphology. The physical

properties, including Curie temperature, magnetoresistance and
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Fig. 3. M–T scan curve of deposited LSMO films grown on STO substrate. Note

the Curie temperature as high as 360 K and coercivity force of 130 Oe at 300 K.
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coercive force were measured by Physical Properties Measure-

ment System (PPMS).

3. Results and discussion

The LSMO films growth rate was �100 nm/h. Fig. 1 shows a

typical log scale XRD scan of a 200 nm thickness LSMO films.

The LSMO phase was indexed as a pseudo-cubic phase: only

(0 0 l) diffraction peaks of the perovskite phase were present,

which clearly showed epitaxial growth relationship LSMO

(0 0 1)jjSTO (1 0 0). The embedded was the (0 0 2) rocking

curve scan, with Full Width Half Maximum �0.088, which

further confirmed the high quality LSMO films.

Fig. 2 shows the SEM image of LSMO films top surface.

Square nanostructure with �40 nm dimension was observed,

which is consistent to the reported isolated magnetic domains

[20]. Fig. 3 shows the magnetic momentum measurement of

LSMO films from 150 K to 400 K. A magnetic field of 500 Oe

perpendicular to the film was applied during the measurement.

The measured Tc was �360 K, which is close to the bulk LSMO
Fig. 1. XRD u–2u and rocking curve scan of LSMO (200 nm) showing high

quality epitaxial growth on STO substrate.

Fig. 2. SEM observation of typical LSMO films with regular spare pattern of

�40 nm size grain nano-structure on SrTiO3 substrate.
material. The hysteresis loop of the LSMO films with coercivity

force of 130 Oe at 300 K were also embedded in Fig. 3.

The resistivity–temperature relationship of the LSMO films

was plot in Fig. 4. The sample was cooled down from 400 K to

5 K at zero magnetic field, and then warm up to 400 K with

500 Oe magnetic fields. Fig. 5 is the MR curve of deposited

LSMO films, a maximum MR of 38% was achieved at 320 K at

low magnetic fields (500 Oe). This MR is comparable or even

higher than those LSMO based complicated tunneling device or

nanocomposite materials [6–8,21–24]. Two mechanisms could

possible explain the ultrahigh LFMR properties of the

nanostructure LSMO films: spin-dependent scattering (SDS)

or spin-polarized tunneling (SPT). As shown in Fig. 2, the

deposited LSMO films have very regular square pattern

nanostructure. The boundaries of the nanostructure films could

serve as spin scattering center in SDS mechanism. On the other

hand, the boundaries could also be the tunneling barrier in the

SPT mechanisms; or both mechanisms played the role at the

same time. The SDS mechanism is similar to the partial-

crystallized LSMO films where the nanosize ferromagnetic

LSMO crystals embedded in the nonferromagnetic amorphous

matrix [7]. However, in that study, the Curie temperature is very

low because of the low quality amorphous matrix. Ordered

nanostructure LSMO films [8,25–27] were reported with high

MR ratio, and the nano-size cracks between the LSMO grains

[8] serves as the effective tunneling barrier in SPT mechanism.

In our study, the nanostructure LSMO films is fully packed as

shown in Fig. 2, the SDS mechanism is more likely. Further

detailed study, including high resolution SEM/TEM structural
Fig. 4. R–T scan curve of deposited LSMO films with and without magnetic

field.
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Fig. 5. MR curve of deposited LSMO films.
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and I–V electrical transport characterization will be used to

explore the fundamental mechanism of the ultrahigh LFMR of

this regular pattern nanostructure LSMO films.

4. Conclusion

Epitaxial nanocrystalline (La2/3Sr1/3)MnO3 (0 0 1) films was

grown on single crystal SrTiO3 (0 0 1) substrate by pulsed laser

deposition. The Curie temperature of LSMO films as high as

360 K was achieved, because of high quality epitaxial growth.

The deposited LSMO films had very regular square pattern

nanostructure with size of 50 nm. MR ratio of 38% was

observed at 320 K temperature with 500 Oe magnetic fields on

the nanostructure LSMO films. The ultrahigh LFMR should be

attributed to the regular nanostructure pattern of the LSMO

films. The nanostructure boundary could serve as the electron

scattering center or tunneling barrier between each LSMO

grains. As a result, the MR effect was significantly enhanced.

This high quality LSMO films could be very useful for sensitive

room temperature magnetic devices.
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