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Abstract Lag7S1r93MnO3; (LSMO) films were prepared by the chemical solution
deposition method with an external magnetic-field (H,,; = 5 kOe) annealing process.
Structural and magnetic properties were systematically investigated. X-ray diffraction
results show that both LSMO films are single-phase. The results of field-emission
scanning electronic microscopy show that the mean grain size of the film annealed
under H,,; = 5 kOe are about 2.5 times larger than that of the annealed film under
H.y: = 0kOe. The enhanced magnetic properties are explained reasonably by the
magnetic-field annealing.
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1 Introduction

Hole-doped perovskite manganites Laj_,Sry,MnO3 have received a great deal of
interest due to their fascinating physical properties, including colossal magnetore-
sistance (CMR), insulating to metal transition, and paramagnetic to ferromagnetic
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transition [1-4]. Lag7Sr93MnO3 (LSMO) possesses higher value of Curie tempera-
ture than room temperature and combines its low carrier density among perovskite-
structured La;_, Sr,MnOj3 systems. It is already explained that the double exchange
(DE) interaction between pairs of Mn3t and Mn** ions through an oxygen atom is
responsible for its metallic and ferromagnetic properties [5].

It is well-known that the material should be in the form of films from the view-
point of practical applications. Therefore, in recent years, LSMO films have stimu-
lated intense study because it is widely recognized as one of the most attractive and
potential candidates for high-performance room-temperature tunneling magnetic re-
sistance devices due to the almost 100 % spin polarization of charge carriers [6-8].
In particular, integrating LSMO onto Si, the essential material of the semiconductor
industry, is crucial in maximizing their potential use. However, the growth of high-
quality film on Si substrate is technologically complicated due to the lattice misfit at
the interface. Some groups have attempted to prepare LSMO films by some methods,
including the pulsed-laser deposition method [9, 10], the DC-magnetron sputtering
technique [11]. These results suggest that when LSMO film is required for device in-
tegration, the direct growth on Si substrate can be difficult to achieve. Recently, some
researchers reported enhanced magnetic properties in BiFeOs3 thin films with an ap-
plied magnetic-field annealing [12, 13] and Zn-Mn-Zr spinel ferrite thin films [14].
However, there is no report about LSMO films prepared via chemical solution deposi-
tion (CSD) method with magnetic-field annealing process. In addition, CSD method
not only can be easily used to fabricate LSMO films with large area, but also it is safe
to our environment.

In this study, LSMO films were prepared using CSD method by the application of
the external magnetic field during annealing. In order to confirm the effect of external
magnetic field, LSMO films were prepared with and without the external magnetic
field, respectively. The structural, morphological, and magnetic properties of LSMO
films were discussed using XRD, FE-SEM and magnetization measurements.

2 Experimental

LSMO films were fabricated on n-type (100)-oriented Si substrates by the CSD
method (denoted LSMO/Si). The starting materials of high-purity lanthanum acetate
[La(CH3COO)3-5H;0, 99 %, Alfa Aesar], strontium acetate [Sr(CH3COQO);-1/2H,0,
99 %, Alfa Aesar], and manganese acetate [Mn(CH3COO)3-6H,0, 99 %, Alfa Ae-
sar] were dissolved in propionic acid at 70 °C and stirred at this temperature for 20
min. Polyethylene glycol (PEG, molecular weight 20000) was used as surfactant to
prevent the colloidal particles of chelate from aggregating. The transparent solution
with brown color was further stirred at room temperature for 20 h in order to get
well-mixed solution. The total concentration of the metal ions was 0.2 M. The films
were synthesized by spin-coating method on Si (100) substrates using rotation speed
of 4000 rpm and time of 60 s, and then dried at 300 °C for 5 min to expel the or-
ganisms. The spin-coating and dry procedures were repeated four times in order to
obtain the film with desired thickness. Some dried film was annealed at 800 °C in air
for 20 min in order to get the crystallized film, the others were annealed at 800 °C for
20 min with an external magnetic field (H.yx; = S kOe).
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Fig.1 XRD patterns for the
LSMO films annealed without
(Heyxt = 0 kOe) and with an
external magnetic field

(Hext =5 kOe). Inset: crystal
structure sketch map of
perovskite LSMO manganite
(Color figure online)

3 La,,Sr, ,MnO, film
—_— Hm=0 kOe

Intensity(arb.units)

Fig. 2 FE-SEM micrographs of
the LSMO films annealed

(a): Hoxr =5 kOe and

(b): Hexr =0 kOe

The crystal structure was characterized by X-ray diffractometer (XRD, Philips
designed, X’pert PRO type) with Cu radiation (wavelength A = 1.54056 A) at room
temperature. The morphology and thickness of the films were investigated by field-
emission scanning electronic microscopy (FE-SEM, FEI designed, Sirion 200 type).
Magnetization measurements were conducted with a SQUID magnetometer (MPMS,
Quantum design).

3 Results and Discussions

The standard XRD 6-26 patterns of LSMO films annealed without and with an exter-
nal magnetic field are shown in Fig. 1. All the diffraction peaks of both samples can
be well indexed to an orthorhombic structure. The average crystallite size of LSMO
particles was estimated using the classical Scherrer formula [15]. The obtained aver-
age crystallite sizes of both LSMO films are about 21.6 nm.

To further investigate the effects of magnetic-field annealing on the microstructure,
the surface morphologies of the LSMO films have been characterized by FE-SEM im-
ages. Figure 2(a) indicates that most of the grains on the surface of the LSMO films
are nearly peanut-like and these peanut-like grains exhibit a small size distribution.
For LSMO film annealed with an external magnetic field (H,,; = 5 kOe), peanut-like
grains with a diameter of about 50.4 nm and the length of about 116.8 nm. Whereas
the grains in Fig. 2(b) annealed without an external magnetic field show 2.5 times
smaller diameter and length than those with an external magnetic field. The growth
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Fig. 3 Room-temperature

M(H) hysteresis loops of 4001 La_Sr. MnO. film
LSMO/Si annealed under 07 ;93 3
T=300 K

Hyyx; =0 and 5 kOe,
respectively, the inset exhibits 200 —@— Hm=0 kOe
—e—H_=5kOe

M (H) hysteresis loops on a
larger scale (Color figure online)
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of larger grains annealed with H,,; = 5 kOe can be mainly attributed to easy connec-
tion, diffusion and agglomeration of individual grains along the annealing magnetic-
field direction [16]. The thicknesses of the films detected by the cross-sectional FE-
SEM are about 300 nm and the film thickness is independent of the magnetic-field
annealing.

In order to investigate the influence of the magnetic-field annealing on magnetic
properties of LSMO films, the magnetic field dependence of magnetization curves
M (H) are measured under the applied magnetic fields from —20 to 20 kOe, which
are parallel to the film plane. The magnetization M (H) hysteresis loops at 300 K for
LSMO films are shown in Fig. 3. It is seen that both LSMO films exhibit hysteresis
behavior in the M (H) curves, indicating the characteristic of ferromagnetism.

For the LSMO film annealed under H,;; = 5 kOe, the value of saturation
magnetization (M) comes out to be 447.0 emu/cm?, which is higher than that
(354.9 emu/cm?) of the film annealed under H,,; = 0 kOe. The increased M is
mainly ascribed to the enhanced magnetic coupling based on above discussion. As
seen from the inset of Fig. 3, the coercivity of the magnetic-field annealing film is
obviously higher than that of the nonmagnetic-field annealing film since the grain
size has a large influence on H, of the LSMO film, that is, considering our FE-SEM
results H. will increase with an increase in grain size according to Herzer’s random
anisotropy model [17]. These results demonstrate that the magnetic-field annealing
would be a novel and effective method to improve magnetic properties of magnetic
films.

4 Conclusions

In summary, magnetic-annealing effects on LSMO thin films prepared via the CSD
method are systematically investigated. It is observed that the grain size of LSMO/Si
film becomes larger after magnetic-field annealing, which is attributed to the enhance-
ments in the connection and diffusion of components under an external magnetic
field. Under the effect of external magnetic field (H,,; = 5 kOe), M of LSMO film
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is enhanced, which can be explained by the influence of magnetic texture, released
tensile strain and the enlarged grain size.
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