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Abstract: Lag;SrosMnO; (LSMO) thin films with different thicknesses were deposited on (PbggsLag;)
(Zr 588103025 Tig 1175)O3 (PLZST) ceramics by RF magnetron sputtering, and their microstructure, magnetic and electri-
cal transport properties were investigated. Microscopy observations show that LSMO thin films are perovskite struc-
ture without obvious impurity phase. All the LSMO thin films display smooth surface with uniform, and roughness is
as low as 2.93 nm for LSMO thin films at the thickness of 20 nm. Furthermore, large magnetoresistance (MR) effect
was observed in LSMO thin films in a broad temperature range of 10-300 K. Particularly the MR of LSMO thin films
with 20 nm in thickness exhibits excellent temperature stability. Moreover, the Curie temperature, metal-insulator tran-

sition temperature, saturation magnetization and electrical conductivity decrease as the film thickness increases, which

is attributed to the diffusion of Pb, Sn, Zr, etc. in the samples, resulting in the distortion of MnOg octahedron.
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La; «SryMnO; (LSMO) have been extensively investi-
gated in the past decades due to their tantalizing transport
properties, such as colossal magnetoresistance (CMR) and

(2] which make them very promising can-

half-metallicity
didates for applications in future generation microelec-
tronic devices, including magnetic field sensors, transduc-
ers, hard disk heads, etc®). The magnetic and electrical
transport properties of LSMO films are known to be very
sensitive to the nature of substrates, because of the strains
imposed by the lattice mismatch and thermal expansion
between the film and substrate. For example, strain in-
duced by substrate can suppresses ferromagnetism and
reduces the ferromagnetic Curie temperature due to
strain-induced distortion of MnOy octahedron'®. In addi-
tion, the substrate-induced stress may lead to the structural
disorder or defect, which greatly influence the electrical
transport properties of films!”.

Recently, extensive studies have been focused on
LSMO thin films grown on single crystal substrates
(SrTiOs, LaAlOs, DyScOs, Si, etc®!')). However, no re-
search regarding LSMO thin films deposited on perovskite

ceramics is reported. Lanthanum doped lead zirconate
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stannate titanate (PLZST) ceramics, with perovskite
structure, have been widely explored due to their multiple
phase transition behaviors and various external field in-
duced properties!'>"3). Up to now, there is no report on
PLZST ceramic acting as substrate. In fact, the perovskite
structure and lattice constant of PLZST can match well
with LSMO. In addition, the PLZST ceramics are cheap
and can be made in large size compared with the single
crystal substrates, such as DyScOj;, SrTiOs. So the PLZST
ceramics can be expected to be good substrates for the
growth of LSMO thin films. In this paper, LSMO thin
films were grown on PLZST ceramics by RF magnetron
sputtering, and their magnetic and electrical transport
properties were investigated.

1 Experimental

Lag7S193sMnO;5; (LSMO) thin films were deposited on
(Pbo.97L.a0.02)(Zr0 585003025 Ti0.1175)03 (PLZST) ceramics by
RF magnetron sputtering. The fabrication process of the
PLZST ceramics can be found elsewhere!'. Here, PLZST
ceramics were polished and then cleaned. Root roughness
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mean square (RMS) roughness of the surface of PLZST
was ~ 2 nm. The deposition was carried out in an argon-
oxygen flow with 80% Ar and 20% O,, at a pressure of 1
Pa, and a substrate temperature of 500°C. After deposition,
the films were post-annealed at 750°C for 30 min in air
and cooled to room temperature naturally. Films with dif-
ferent thicknesses were obtained by changing the deposition
time. The thicknesses of films were measured to be 20 nm,
65 nm and 120 nm using scanning electron microscope
(SEM, Magellen-2000). The surface morphology of LSMO
thin films were obtained using an atomic force microscopy
(AFM, Nanonavi probe station, SII, Japan). The phase
structures were characterized by X-ray diffraction (XRD,
D/max-2550V, Rigaku, Japan). Physical Property Meas-
urement System (PPMS-9, Quantum Design, USA) was
used for the measurement of the magnetic and electrical
transport properties.

2 Results and Discussion

Figure 1 shows the standard XRD patterns of LSMO
thin films with different thicknesses deposited on PLZST
ceramics. As shown in the XRD patterns, all the diffraction
peaks can be perfectly indexed to the perovskite structure.
The intensity of LSMO thin films peaks is weaker than
those of PLZST substrate, which may be ascribed to their
different thicknesses (0.5 mm for PLZST substrate). The
inset of Fig. 1 depicts an enlarged view of the (110) reflec-
tions of the LSMO thin films. As the thicknesses increase,
the (110) peak of LSMO thin films moves to lower angle
at first, and then shifts to higher angle, it means that the
lattice constant of LSMO firstly increases and then de-
creases with thickness increase.

Figure 2 presents the topography images of LSMO thin
films. All the films display smooth surface and the root
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Fig. 1 XRD patterns of LSMO thin films with different thicknesses
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Fig. 2 AFM surface morphologies of LSMO thin films with
different thicknessess
(a) 120 nm; (b) 65 nm; (c) 20 nm

mean square (RMS) roughness was characterized to be
4.13 nm, 2.98 nm and 2.93 nm for 120 nm, 65 nm and 20 nm
films, respectively. The films tend to be smoother with the de-
crease of thickness. There is no obvious variation in average
grain size detected for those films. However, the grain sizes
of 20 nm films are distributed more uniformly compared to the
thin films with 65 nm and 120 nm in thickness.

To understand the interaction of LSMO film and
PLZST substrate, the interfacial properties of LSMO thin
films on PLZST were studied. The cross section SEM im-
ages and the energy dispersive spectroscopy (EDS) line
scanning along the thickness direction, from the surface of
LSMO thin films to PLZST substrate, is shown in Fig. 3.
Evident diffusion behaviors between LSMO and PLZST
were observed. Moreover, the diffusion amounts of Pb, Zr,
and Sn in LSMO films increase as the thicknesses increase.
In this work, the temperature of PLZST ceramic substrates
was 500°C all the time during the deposition of LSMO
thin films. At this temperature, the diffusion of Pb, Sn, Zr,
etc. happened. So with the increase of deposition time,
both the thicknesses of films and the diffusions are in-
creased.

Pb®" can be accommodated in the La (Sr) site of the
perovskite lattice, and Sn*', Zr*" in the Mn site. The radius
of Pb*" is larger than La®" and Sr** (r.,>"=0.136 nm, rs*'=
0.1244 nm, rp,>"= 0.149 nm), the radii of Sn*" and Zr*" are
also bigger than Mn*" (ry,""=0.053 nm, rs,""=0.069 nm,
r,=0.078 nm)[”]. Therefore, the substitution of Mn or Sr
(La) by Zr (Sn) or Pb can cause the increment of lattice
constant of LSMO thin films!">"'%. With the continuous
increase of diffusion, the second phases such as PbO, ZrO,
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Fig. 3 Cross section SEM and energy dispersive spectroscopy line profiles of LSMO thin films
(a, b) 20 nm; (c, d) 120 nm

and SnO, may emerge, and locate at the grain boundaries
serving as barrier, which result in the decrease of lattice
constant of films. The analysis above is consistent with the
variation of lattice constant demonstrated from the XRD
patterns.

Fig. 4(a) shows the temperature dependence of resistiv-
ity of LSMO with different thicknesses under zero field.
Increment in resistivity and decline in metal-insulator
transition temperature (Tyy) are observed with the increase
of thickness. The Ty are 265 K, 255 K, 250 K for LSMO
thin films with 20 nm, 65 nm and 120 nm in thickness,
respectively. The diffusion of Pb, Zr, Sn in LSMO thin
films leads to random local lattice distortion by causing
the random displacement of oxygen ions, thereby resulting
in the distortion and rotation of MnQg octahedron and
hence the strong charge carrier localization!'”, which
should be responsible to the increase of resistivity as the
thickness increases.

Fig. 4(b) displays magnetoresistance (MR) values as a
function of temperature under applied magnetic field of 6
T. The MR is defined as MR=(R(0)-R(H))/R(0)x100%,
where R(H) and R(0) represent the resistivity measured
with and without applied magnetic field, respectively.
Large MR effect was observed in all samples in the tem-
perature range from 10 K to 300 K, and the MR increase
slightly with increasing thickness. The largest MR value
reaches 38% in 120 nm films at 10 K. The enhancement of
MR with increasing thickness can be attributed to grain
tunneling effect due to the increased structural disorder
and defects which were caused by the substitution of Mn
and La (Sr) in LSMO!"®. Moreover, the MR value of

LSMO films at the thickness of 20 nm exhibits excellent
temperature stability in the temperature range from 10 K
to 250 K, which can be ascribed to the more uniform grain
size and less diffusion than the films with 65 nm
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Fig. 4 Temperature dependent resistivity of LSMO films under
zero field (a) and temperature-dependent magnetoresistance of
LSMO films under 6 T (b)
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and 120 nm in thickness.

The low field magnetoresistance (LFMR) properties
of LSMO were measured at 250 K and presented in Fig. 5.
When the applied field H is scanned from -5 kOe to 5 kOe
and back, the LFMR properties become much more obvious
with the increase of thickness. Two sharp peaks at low
fields (about 800 Oe) were observed in LSMO films with
120 nm in thickness, when the thickness drop to 65 nm, the
peaks become broad and finally disappear for 20 nm films.
The enhancement of LFMR effect can be attributed to the
increase of the structural disorder and defects in thicker
LSMO films. It will make the strong spin-dependent scat-
tering of transport electrons at grain boundaries!' ",

Fig. 6(a) presents the magnetization as a function of
temperature in zero-field-cooled (ZFC) processes for
theLSMO films with different thicknesses. All of the sam-
ples exhibit typical ferromagnetic-paramagnetic transition
behavior. The Curie temperature (T¢) of LSMO thin films
of 120 nm is nearly 300 K, while the T¢ increases to ~340 K
for 20 nm films, according to the temperature dependence
of the derivative of magnetization shown in the inset of
Fig. 6(a). Meanwhile, the ferromagnetic-paramagnetic
transition zone becomes sharp with decreasing thickness.

Figure 6(b) presents the magnetic hysteresis loops of
LSMO thin films with different thickness measured at 300 K.
Increases of saturation magnetization with decreasing
thickness were observed, which may be derived from the
interaction between LSMO films and PLZST substrates.

The magnetic properties of LSMO have traditionally
been examined within the framework of “Double Exchange
(DE)”, which considers the magnetic coupling between
spin aligned Mn®* and Mn*" ions through oxygen sites!*!).
The substitution of Mn by Zr (Sn) in LSMO thin films causes
a significant decrease in the ferromagnetic ordering com-
pared to un-doped system®. Zr** and Sn*" are non-magnetic
ions and do not possess any unpaired electrons. Thus the sub-
stitution of Mn by Zr and Sn produces a sudden break in
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Fig. 5 Magnetic field dependence of MR ratio of LSMO films
with different thicknesses at 250 K
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Fig. 6 (a) Temperature dependence of magnetization of LSMO
thin films with inset showing temperature dependence of the
derivative of magnetization and (b) magnetic hysteresis loops of
LSMO thin films with different thicknesses measured at 300 K

the ferromagnetic Mn*"-O-Mn"" interactions and then leads
to the decrease of T¢ and magnetization because of mag-
netic dilution.

3 Conclusions

In summary, LSMO thin films were successefully
deposited on PLZST ceramics through RF magnetron sput-
tering, and their microstructure, magnetic properties and
transport properties were investigated. The AFM images
show that the LSMO films of 20 nm displays more uniform
grain size distribution and the RMS roughness is as low as
2.93 nm. Meanwhile, large MR effect was observed in
LSMO films in the temperature range from 10 K to 300 K.
Particularly the MR of LSMO films with 20 nm in thickness
exhibits excellent temperature stability. The magneto-
resistance (MR) ratio increase slightly with the increase of
thickness, which can be ascribed to spin-dependent tunn-
eling effect resulted from the enhanced structural disorder.
Moreover, the Tc, Mg, Ty and electrical conductivity all
decrease as the thickness increases, which can be attributed
to the distortion of MnOg octahedron arising from the
diffusion of Pb, Sn, Zr in LSMO films.
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