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Abstract

Polycrystalline La0.67A0.33MnOz (A¼Ca, Sr) thin films with [202] preferred orientation were synthesized on amorphous quartz substrates by
means of metal organic deposition (MOD) technology. The Curie temperature (TC) and metal−insulator transition temperature (Tp) are 172 K,
247 K and 227 K, 335 K for La0.67Ca0.33MnOz (LCMO) film and La0.67Sr0.33MnOz (LSMO) film, respectively. The hysteresis and vertical
anisotropy behaviors of MR are exhibited by the films below TC, which strongly relies on the magnetization process. The magnitude of these
magnetotransport properties would decline with increasing temperature. The in-plane hysteric MR behaviors could be explained by multiple-
domain model. For vertical anisotropy of MR, demagnetization effect plays an important role. Especially, compared to LCMO film, LSMO film
still presents the above hysteretic MR effect and vertical anisotropic MR at RT due to its higher TC.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

In the field of spintronics, La0.67A0.33MnO3 (A¼Ca, Sr)
perovskite manganite materials, are still the research focus
because of their high spin polarization and colossal magne-
toresistance (CMR) properties [1–6], which will bring forth
desirable applications on magnetic sensors, magnetic random
access memory (MRAM), etc. The CMR properties of
La0.67A0.33MnO3 (A=Ca, Sr) manifest complexity. Firstly,
the so-called low-field magnetoresistance (LFMR) effect has
been widely reported in the materials. The spin-polarized
intergrain tunneling or the spin-dependent scattering related
to grain boundary or other structure defects is ascribed to
LFMR [7–12]. Secondly, when the applied field is changed
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from positive direction to negative direction, the hysteresis of
MR would occur. The magnetization process is decisive for the
magnitude of MR hysteresis [13,14]. Thirdly, for the epitaxial
film samples, in-plane anisotropic MR phenomena have been
found [13–16]. When the angle between the magnetic field
applied in the film plane and the current direction is trans-
formed, the MR ratio will have a sinusoidal dependence on the
angle. For the epitaxial films, magnetic crystalline anisotropy
is an important fact responsible for the in-plane anisotropic
MR [13]. Since the MR behavior is correlated with the angle
between the magnetic field and current direction, it could be
imagined that interesting magnetotransport phenomena would
appear if the magnetic field was applied out of the film plane.
In fact, the vertical anisotropy of MR has been reported on
La0.67Ca0.33MnO3 film synthesized by molecular beam epitaxy
(MBE) or by pulsed laser deposition (PLD) when the field
direction is vertical to the film plane [13,14].
ghts reserved.
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Fig. 1. The XRD spectra of LCMO film and LSMO film.
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The study on the magnetotransport properties such as
hysteresis and anisotropy of MR is significant for the applica-
tion of CMR manganites. Hitherto, much more researches on
magnetotransport properties are focused on epitaxial films
synthesized on expensive single crystalline substrates such as
(100) LaAlO3 or (100) SrTiO3 whose lattice constants are
close to that of La0.67A0.33MnO3 (A=Ca, Sr) [15,16]. However
the polycrystalline films deposited on cheap substrates are also
worth studying while considering the application cost. In this
paper we reported the magnetotransport properties of poly-
crystalline La0.67A0.33MnO3 (A=Ca, Sr) films synthesized on
cheap amorphous quartz substrates by means of metal organic
deposition (MOD) technology and also found the hysteresis
and vertical anisotropy of MR in these films. The mechanism
of these magnetotransport properties was discussed.

2. Experimental

As reported in a bit earlier paper [17], MOD is a simple and
cheap technique for synthesizing manganite films for the
substrates can be chosen randomly and the composition of
the films can be adjusted conveniently. Here, the size of each
amorphous quartz substrate for synthesizing La0.67A0.33MnOz

(A¼Ca, Sr) films was 1 cm� 1.5 cm. All substrates were in
advance cleaned by ultrasonic cleaner and dried in an oven.
For the MOD experiment, the starting solutions, LaO1.5,
MnO1.5, SrO and CaO were purchased from Symetrix Cor-
poration in Japan. Their molar concentrations were 0.1
−0.5 mol/l. According to the nominal composition of
La0.67A0.33MnOz (A¼Ca, Sr), the above starting solutions
were mixed in such a way that the molar ratio of La:Sr (Ca):
Mn was consistent with 2:1:3. Here, the oxygen composition is
marked as z because the MOD annealing technique was
conducted in air, which would result in the minor deviation
of oxygen and non-stoichiometric oxygen. The mixed solu-
tions were used as precursor solutions, spin-coated on the
above clean substrates to form wet films. Then the wet films
were baked in air at 473 K for 10 min. In order to increase the
film thickness, the above process of preparing and baking gel
films was repeated twice. After the baking, the gel films were
annealed in air at 953 K−993 K for 50 min. After annealing all
the samples were slowly cooled down to room temperature
(RT) by shutting off the heat treatment system.
The samples were coded with LCMO and LSMO, corre-

sponding to La0.67Ca0.33MnOz films and La0.67Sr0.33MnOz

films, respectively. Rutherford backscattering spectra showed
that the thickness of the films was about 100 nm−120 nm. The
crystalline structure of the samples was determined by an X-
ray diffractometer (XRD). The surface morphologies were
observed by an atomic force microscope (AFM). The magne-
totransport properties were measured by means of standard
four-probe technique over a temperature range from 77 K to
RT while the probe current was parallel to the longitudinal
direction of the films. Finally, the magnetic properties of the
samples were obtained from a SQUID magnetometer.
3. Results and discussion

The XRD spectra of LCMO and LSMO films are shown in
Fig. 1. According to Fig. 1, both the samples manifest obvious
polycrystalline perovskite structure. The strongest [202] peaks
imply the [202] preferred orientation of the films. Moreover,
for the two samples, the 2θ position of the strongest [202]
peaks is very close, indicating that the difference of lattice
constants between the LCMO and LSMO films is slight. Based
on the pseudocubic unit cell, the lattice constants can be
calculated as 0.382 nm and 0.386 nm for LCMO and LSMO,
respectively, which are basically consistent with the results of
the epitaxial films reported in other references [18–20].
Fig. 2 displays the 5 μm� 5 μm AFM images of the surface

morphologies of LCMO and LSMO. It could be noticed that
the surface morphologies of the two samples are similar. First,
near round particles were grown smoothly and uniformly on
the quartz substrates. The size of the particles ranges from
200 nm to 300 nm. At the same time, the structure of each film
seems a bit porous, meaning the films are not dense and the
grain boundaries are weakly linked. In addition, the surface
root mean square (RMS) roughness is 7.5 nm and 8.2 nm for
LCMO and LSMO, respectively, indicating that the average
size of LSMO grains might be a bit larger than of LCMO
grains.
The temperature dependences of normalized resistivity of

LCMO and LSMO films under zero field are plotted in Fig. 3.
Here the normalized resistivity is defined as ρT/ρmax, where
ρmax is the maximum resistivity. Either LCMO film or LSMO
film presents only one resistivity peak under zero field,
corresponding to the typical metal–insulator transition. The
data of metal−insulator transition peak temperature (Tp) are
172 K for LCMO and 227 K for LSMO. Usually for epitaxial
CMR films, the Tp is always close to the Curie temperature
(TC), meeting with the double-exchange theory. For our
samples, the TC had been measured, namely 247 K for LCMO
and 335 K for LSMO. Thus Tp of LCMO or LSMO is far
lower than the corresponding TC. According to our previous
research [17], the great difference between Tp and TC results from
the porous structure defects of the samples, which could cause



Fig. 2. The 5 μm� 5 μm AFM images of surface morphology of LCMO film
(a) and LSMO film (b).

Fig. 3. Temperature dependences of normalized resistivity under zero field for
LCMO film and LSMO film.
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weak-linked grain boundaries and change of spin-dependent
scattering properties.

The field dependences of normalized resistivity of LCMO
and LSMO films were investigated at different temperatures,
namely 77 K, Tp and RT (about 297 K), respectively. Here, Tp
is 172 K for LCMO film and 227 K for LSMO film.
The magnetic field was scanned from +10 kOe to −10 kOe
and back. The direction of the field was adopted as two modes.
One was that the field was parallel to the current in the film
plane. The other was that the field was vertical to the film
plane. Additionally, the magnetic hysteresis loops at 77 K and Tp
were also measured. The results are displayed in Figs. 4 and 5.
First, for both LCMO and LSMO films, at 77 K and Tp, while
the field is parallel to the current in the film plane, the normalized
resistivity ρH/ρ(H=0) presents hysteresis change within a certain
field range. Beyond this range, the normalized resistivity changes
linearly with the applied field. In the hysteresis zone, in the one
hand, the maximum resistivity is not located at zero field but at a
certain field, defined as switching field Hp. Thus, the MR partly
manifests positive in the hysteresis zone. On the other hand, the
low-field MR (LFMR) behavior is observed and sharp MR peak
appears near Hp. Secondly, in the case of field parallel to film
plane, the hysteresis loops at 77 K and Tp exhibit typical soft
magnetism properties. Beyond 3 kOe field the magnetization
would get saturated. Thirdly, while the field is applied vertical to
the film plane at 77 K and Tp, vertical anisotropic MR behaviors
appear. The LFMR is strongly suppressed and the MR peaks get
blunt, showing upward-curving MR curves among the hysteric
zones. Accordingly the hysteresis loops decline accompanied
with smaller remnant magnetization and larger saturation field,
which reveals the vertical anisotropy of magnetization. Finally, at
RT, it could be noticed that CMR properties disappear for
LCMO film. But for LSMO film, the properties of hysteresis and
vertical anisotropy of MR remain at RT.
Considering the fact that ferromagnetism would disappear at

RT for LCMO film, Fig. 6 only displays the hysteresis loops of
LSMO film at RT with the field parallel and vertical to the film
plane. Like the conditions at 77 K and 227 K, vertical
anisotropy of magnetization is also shown at RT.
Table 1 lists the data of coercive field HC, switching field Hp

and maximum positive MR at 77 K and Tp for both LCMO
and LSMO samples and those data at RT for LSMO film under
the magnetic field parallel to the film plane. Here, the
maximum positive MR is calculated as [ρ(Hp)−ρ(H¼0)]/
ρ(H¼0)� 100%, showing the magnitude of hysteresis. Accord-
ing to Table 1, whether for LCMO or for LSMO, the data of
HC, Hp and maximum positive MR decrease quickly with the
temperature increasing from 77 K to Tp or RT temperature.
Moreover, at same temperature, Hp is near HC although Hp is
always a bit larger than HC. Under condition of field vertical to
film plane, the data of coercive field HC, switching field Hp and
maximum positive MR at 77 K and Tp for both LCMO and
LSMO samples and those data at RT for LSMO film are listed
in Table 2. Just similar to the condition of field parallel to film
plane, when the field is vertical to the film plane, the data of
HC, Hp also decrease quickly with the temperature increasing
from 77 K to Tp or RT temperature. But the data of maximum
positive MR become small and could almost be neglected at
RT for LSMO film.
The results shown in Figs. 3 and 4, Tables 1 and 2 reveal the

intimate correlation between the magnetotransport properties
and magnetization process and this correlation manifests



Fig. 4. Magnetic field dependences of normalized resistivity ρH/ρ(H¼0) at 77 K, Tp (172 K) and RT and magnetic hysteresis loops at 77 K and Tp for LCMO film.
The left column of this figure is corresponding to the condition of field parallel to the film plane and the right column is corresponding to the condition of field
vertical to the film plane.
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complex, which is determined by the structure characteristics
of samples. The hysteric MR behaviors of our samples are
basically similar to those of the epitaxial films [13,14]. Addition-
ally, for epitaxial films, easy axes for magnetization plays
important roles in-plane anisotropy MR [13–15]. O'Donnell once
put forward a multiple-domain model to explain the hysteresis
and in-plane anisotropy MR behaviors in epitaxial LCMO films
[13]. At magnetic fields far greater than the switching field Hp,
the sample is a single domain. At moderate fields near Hp,
multiple domains parallel to the easy axes exist in varying
abundance determined by applied field. Under the multiple-
domain model, the magnetization reversal proceeds via motion
of domain walls.

The resistivity of the sample is composed of three compo-
nents, namely the resistivity of domains parallel to the applied
field, the resistivity of antiparallel domains and the resistivity
of perpendicular domains. Under different conditions of
applied field, the data of the three components of resistivity
would be correspondingly changed. Under field applied
parallel to the film plane, as domain walls move, the MR
deviates from linearity due to the growth of transverse (to the
applied field) domains with higher or lower resistivity. The
reversal of magnetization near HC would lead to steep change
of the resistivity. When the field is still parallel to film plane
but vertical to current, the collapse into the aligned magnetic
state can cause an increase or decrease in resistivity and then
anisotropic MR. Detailed discussion about multiple-domain
model could be seen in Ref. 13.
For our samples, although they are polycrystalline on

amorphous quartz substrates, the similar in-plane hysteretic
MR behaviors to those of epitaxial samples imply the existence
of magnetocrystalline anisotropy in our samples, which might
be related to the structural characteristics with [202] preferred
orientation of the samples. Furthermore, the polycrystalline



Fig. 5. Magnetic field dependences of normalized resistivity ρH/ρ(H¼0) at 77 K, Tp (227 K) and RT and magnetic hysteresis loops at 77 K and Tp for LSMO film.
The left column of this figure is corresponding to the condition of field parallel to the film plane and the right column is corresponding to the condition of field
vertical to the film plane.

Fig. 6. Magnetic hysteresis loops of LSMO film at RT within 7600 Oe field.
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films could be regarded as the samples with multiple domains.
Thus the multiple domain-model given by O'Donnell [13]
might be well used to explain the in-plane hysteretic MR for
our samples. However, this model might not be entirely
suitable for analyzing the vertical anisotropy of MR of our
samples. For the thin films the effect of demagnetizing field
should be emphasized [21]. While the field is vertical to the
film plane, the demagnetizing field direction is opposite to
applied field, canceling the applied field as the magnetization
begins to rotate out of the plane. Thus the hysteresis loops
would decline and vertical anisotropy of magnetization occurs.
Correlated with the spin–orbit interaction [22], the vertical
magnetization would result in quadratic dependence of MR on
applied field, namely the vertical anisotropic of MR, just like
the results shown in Figs. 3 and 4.



Table 1
Data of coercive field HC, switching field Hp and maximum positive MR at 77 K and Tp for both LCMO and LSMO samples and those data at RT for LSMO film
under the magnetic field parallel to the film plane.

HC (Oe) Hp (Oe) Maximum positive MR

LCMO (H//plane) 77 K 172 K 77 K 172 K 77 K 172 K
300 115 340 120 4.7% 0.7%

LSMO (H//plane) 77 K 227 K RT 77 K 227 K RT 77 K 227 K RT
310 110 40 350 165 50 5% 0.8% 0.1%

Table 2
Data of coercive field HC, switching field Hp and maximum positive MR at 77 K and Tp for both LCMO and LSMO samples and those data at RT for LSMO film
under the magnetic field vertical to the film plane.

HC (Oe) Hp (Oe) Maximum positive MR

LCMO (H⊥film)
77 K 172 K 77 K 172 K 77 K 172 K
280 100 280 110 0.4% 0.2%

LSMO (H⊥film) 77 K 227 K RT 77 K 227 K RT 77 K 227 K RT
300 120 20 380 180 50 0.1% 0.1% 0.04%
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Since the magnetotransport properties entirely rely on the
magnetization process, the fact that the effects of hysteretic MR
and anisotropy MR would decline with increasing temperature
and disappear at temperature above the Curie temperature TC
could be understood. As demonstrated by Fig. 5, LSMO keeps
substantial MR properties at RT. Thus LSMO film shows more
desirable application than LCMO film.

4. Conclusion

In summary, La0.67A0.33MnO3 (A¼Ca, Sr) thin films were
synthesized on amorphous quartz substrates by means of
MOD. The XRD spectra show that all the samples are
polycrystalline with [202] preferred orientation. The hysteresis
and vertical anisotropy of MR are exhibited by the films below
Curie temperature TC, which are strongly correlated with the
magnetization process. The in-plane hysteric MR behaviors
could be explained by multiple-domain model. But for vertical
anisotropy of MR, demagnetization effect should be consid-
ered. The effects of hysteretic MR and anisotropy MR would
decline with increasing temperature and disappear at tempera-
ture above TC. Because the LSMO film exhibits higher Tc
above RT, it still retains certain CMR properties near RT and
thus presents more desirable application prospects than
LCMO film.
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