
Large magnetodielectric response of PST/LSMO/
LCMO film over a wide temperature range
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Pb0.6Sr0.4TiO3/La0.7Sr0.3MnO3/La0.7Ca0.3MnO3 (PST/LSMO/LCMO) film is grown on Si substrate by chemical

solution deposition method. The film crystallizes perfectly into perovskite phases with a random crystalline

orientation. The La0.7Sr0.3MnO3/La0.7Ca0.3MnO3/Si layer exhibits low resistivity and obvious negative

magnetoresistivity (MR); the PST/LSMO/LCMO film shows notable magnetocapacitance (MC) above 350

K, from 102.9% to 29.5%. Near room temperature, there is no distinguished magnetoelectric coupling;

the MC is 34.3% @ 250 K, 29.5% @ 300 K and 32.8% @ 350 K respectively. The mechanism can be

explained in light of the Maxwell–Wagner (MW) model and the enhanced MR origin from the successive

mixed manganite phases and spin dependent tunneling across the junctions of PST/LSMO/LCMO. This

work provides a new approach for designing and developing novel composites with promising MC.

Introduction

Magnetodielectric compounds with magnetocapacitance (MC)

over a wide temperature range near room temperature have

attracted much attention due to possibility of designing next

generation multifunctional devices such as magnetic eld

sensors, multistate memory elements, actuators, transducers,

electro-optic system, lters and phase shiers.1–5 The MC is

dened as (CH � C0)/C0 � 100%, where CH and C0 present

capacitance with and without a magnetic eld respectively.

However, such materials are rare, since the electronic origins of

spontaneous magnetic and electric dipolar orderings are

generally mutually exclusive.2,6,7 Since Catalan putted forward

that MC responses can exist in materials that are not necessarily

multiferroic, it is accepted that Maxwell–Wagner (MW) space

charge polarization combined with magnetoresistivity (MR)

extrinsically contribute to the MC in heterogeneous structure

materials,8 MC response aroused from MW and MR mutually

has been found in varieties of transition metal oxides and their

composites,9–15 such as SrxLa1�xTiO3/LaxSr1�xMnO3,
16 La0.7-

Ca0.3MnO3/SrTiO3 (ref. 17) BaxSr1�xTiO3/LaxSr1�xMnO3,
18,19 and

PbxSr1�xTiO3/LaxSr1�xMnO3 (ref. 12) etc. The MR is dened as

(RH � R0)/R0 � 100%, where RH and R0 are the resistances with

and without magnetic eld respectively. It is shown the positive

MC is a typical feature of Catalan type contribution. Among

them, SrxLa1�xTiO3/LaxSr1�xMnO3 give a massive MC up to

200% near 140 K, La0.7Ca0.3MnO3/SrTiO3 shows relatively large

MC �20% near 225 K, BaxSr1�xTiO3/LaxSr1�xMnO3 and Pbx-

Sr1�xTiO3/LaxSr1�xMnO3 lms have a little evident MC � 5%

near room temperature. The low values of MC near room

temperature undoubtedly restrict the practical applications.

Considering Catalan type contribution, large MC near room

temperature can be achieved by obtaining large MR near room

temperature. Enhanced MR over a wide temperature range have

been found in La1�xAxMnO3 and their composites due to a close

interplay among the spin, charge, and orbital (lattice) which

have important and prominent intrinsic inhomogeneities.20–25

The polycrystalline La1�xAxMnO3 lms have wider temperature

range MR compared with those in epitaxial lms for the exis-

tence of boundary effects and separated phases.21,23–26

In this paper, Pb0.6Sr0.4TiO3/La0.7Sr0.3MnO3/La0.7Ca0.3MnO3

(PST/LSMO/LCMO) polycrystalline lm was grown on (100) Si

substrate by chemical solution deposition (CSD) method to

obtain large MC response over a wide temperature range. The

PbxSr1�xTiO3/LaxSr1�xMnO3/LaxCa1�xMnO3 thin lm was not

discussed in the literature so far. Here, La0.7Sr0.3MnO3/La0.7-

Ca0.3MnO3 (LSMO/LCMO) was chosen as MR and electrode

layer. LSMO and LCMO are ferromagnetic and present intrinsic

MR around the Curie temperature Tc. The Tc of bulk LCMO (Tc
� 250 K) is much lower than that of bulk LSMO (Tc � 360 K).23

LCMO bulk has very strong MR response and LSMO bulk has

very low resistivity (r). Therefore, in LSMO/LCMO, there exist

mixed phases of paramagnetic and insulator LCMO phase and

ferromagnetic and metallic LSMO phase over a rather broad

temperature range near room temperature. In LSMO/LCMO

structure, the LCMO phase can work as the spacer of tunnel
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junction. Moreover, LSMO and LCMO have very similar lattice

parameters, making them very attractive to make heteroge-

neous systems with interfaces of good quality. Assembling

LSMO and LCMO together is expected to obtain large MR and

low r over a wider temperature range near room temperature.

Pb0.6Sr0.4TiO3 (PST) was chosen as dielectric layer for its excel-

lent dielectric properties, whose lattice structure is simple and

has only one phase transition, that is the ferroelectric–para-

electric phase transition, and the Tc is far above 400 K.27–29

Compared with pulsed laser deposition and sputtering, CSD has

the advantages of excellent chemical homogeneity, easy control

of stoichiometry, and suitable for large area.30–32 Si wafer was

chosen as substrate because the Si wafer is one of the main

micro-electronic materials, which is essential for future

commercial applications.

Experimental

The lms of PST/LSMO/LCMO, LSMO/LCMO, LSMO, LCMO

were prepared on (100) Si substrate by CSD. The precursors were

prepared by using (CH3COO)3La$1.5H2O, (CH3COO)2Sr$12H2O,

(CH3COO)2Mn$4H2O, (CH3COO)2Ca$H2O, (CH3COO)2Pb$3H2-

O, (C4H6O)4Ti as starting materials, acetic and deionized water

as solvent. The Si substrate was coated with LCMO, LSMO and

PST layers in sequence. Every layer was deposited using spin

coating and then dried, pyrolyzed, and followed by annealing

respectively. PST (7 layers, 240 nm)/LSMO (5 layers, 76 nm)/

LCMO (8 layers, 100 nm) lm was achieved by repeating the

spin-coating and heat-treating cycles. The drying temperature

and pyrolysis temperature are 200 �C and 400 �C, respectively.

The annealing temperature of LCMO and LSMO layers were

750 �C, while, that of PST layers was 650 �C.

The structure and morphology of the lms were character-

ized by conventional X-ray diffraction (CXRD) and grazing

incidence X-ray diffraction technique (GIXRD: D/max-2550/PC,

Rigaku, Tokyo, Japan). The cross-section morphologies of the

PST/LSMO/LCMO/Si lms were observed using scanning elec-

tron microscope (SEM, Magellan 400, FEI Company, Hillsboro,

OR) and transmission Electron Microscopy (TEM, JEM-2100F,

JEOL, Japan). The crystal structures and chemical composi-

tions of the PST/LSMO/LCMO/Si lm were analyzed by the

selected area electron diffraction patterns and energy dispersive

spectrometry (EDS) measurements.

The electric, dielectric, ferroelectric, magnetic, magnetotran-

sport properties were measured with and without magnetic eld

by Physical Property Measurement System (PPMS-9, Quantum

Design, USA), Precision LCR Meter (TH2827, Tong Hui, China)

and a ferroelectric tester (Premier II, Radiant Technologies, USA).

The magnetic eld was perpendicular to the lm surface. The

dielectric and ferroelectric propertiesmeasurements were carried

out on capacitor structures fabricated with Pt top electrode,

which were sputtered through a photolithography. Standard four

probe method was used to measure the resistances with Pt top

electrode being sputtered on the surface of LSMO/LCMO lms.

The sample was cooled to 5 K in a zero magnetic eld, and then

a magnetic eld of 500 Oe was applied in order to conduct the

zero-eld-cooled (ZFC) measurement. The measurements were

conducted while the temperature of the sample was being

increased from 5 K to 400 K. The eld-cooled (FC) measurements

of the magnetization were carried out in a magnetic eld of 500

Oe while the temperature of the sample was being decreased

from 400 K to 5 K.

Results and discussion
The structure of the composite lms

The conventional CXRD patterns and the GIAXRD of LSMO/

LCMO/Si and PST/LSMO/LCMO/Si lms (Fig. 1) proved that

Fig. 1 The CXRD of PST/LSMO/LCMO/Si film and GIAXRD of PST/LSMO/LCMO/Si and LSMO/LCMO/Si films.
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the LSMO/LCMO/Si and PST/LSMO/LCMO/Si crystallized

perfectly into the perovskite phase with a random crystalline

orientation and the lattices matched well. The peaks of PST

hold together with those of LSMO/LCMO/Si. According to SEM

and TEM images (Fig. 2a and b), the LCMO and LSMO poly-

crystalline show granular growth together, the interface

matched well, there is no obvious interface boundary; the PST

polycrystalline shows columnar growth. The EDS (Fig. 2c) line

scanning from the surface of the lm to the inside of the Si

substrate shows that Pb, La, Mn and Ti elements diffuse across

the interface of PST/LSMO, and Ti elements diffuses deeper to

LCMO layer, and Sr and Ca elements diffusemutually across the

interface of LSMO/LCMO. Because there are no obvious

heterogeneous phases in the CXRD and GIAXRD of the PST/

LSMO/LCMO/Si lm, there may exists continuous perovskite

phases La0.7SrxCa0.3�xMnyTizO3 and Pb0.6�xLaySr0.4TizMnkO3

caused by the diffusion chemical elements near the interface

LSMO/LCMO and PST/LSMO.

The electronic and magnetic transport properties in LSMO/

LCMO lms

Fig. 3a shows the temperature dependences of the ZFC and FC

magnetizations and the corresponding dM/dT in LSMO/LCMO/

Si lm and PST/LSMO/LCMO/Si lm respectively. The temper-

ature dependence of the ZFC and FC magnetization, and the

corresponding dM/dT in LSMO/LCMO/Si lm and PST/LSMO/

LCMO/Si lm have similar change trends, except the ZFC and

FC magnetization is smaller than that of LSMO/LCMO/Si. There

are three obvious intense phase transition zones near 49 K, 230

K and 338 K in the curves of temperature dependences of dM/dT

in LSMO/LCMO/Si and 48 K, 235 K and 339 K in that of PST/

LSMO/LCMO/Si lm respectively. The ferromagnetic–para-

magnetic phase transition temperatures (Tc) of LCMO and

LSMO sublayers in LSMO/LCMO/Si are 230 K and 338 K are

respectively; the Tc of LCMO and LSMO sublayers in PST/LSMO/

LCMO/Si are shi to �235 K and �339 K. The decrease of

magnetizations and maximum magnetic entropy change, the

shi of phase transition temperatures in PST/LSMO/LCMO/Si

mean that the magnetic orders are weakened which may be

caused by the diffusion of elements or the strain from PST

phase. Fig. 3b shows the magnetic hysteresis loops of PST/

LSMO/LCMO/Si lm measured at 5 K, 50 K, 100 K, 200 K, 300

K and 400 K. The saturation magnetizations match with the

values in the curves of temperature dependence of magnetiza-

tions shown in Fig. 3a. From 100 K to 400 K, with the increase of

the temperature, the magnetic order tends to disorder and the

magnetization decreases gradually. Near 300 K, though

Fig. 2 The microstructures and components of PST (240 nm)/LSMO (76 nm)/LCMO (100 nm)/Si film: (a) The SEM and (b) TEM image of the

cross-sectional microstructure, (c) the EDS line scanning.
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ferromagnetic phases are still existent in PST/LSMO/LCMO/Si

lm, the magnetization has became very weak, the magneto-

striction is small, the strain induced by magnetic eld can be

neglected. From 235 K to 339 K, the large, wide and successive

amplitude of dM/dT means that there exist intense successive

phase transitions which are come from the competing mixed

phases of paramagnetic and insulator phase and ferromagnetic

and metallic phase.

In Fig. 3b, the coercive eld increases with the temperature

decrease from 100 K to 5 K, while the saturation magnetization

increases slightly with the coercive eld increase. The coercive

eld is the magnetic eld strength required for magnetic spin

reorientation. The nearly stagnant saturation magnetization

means the existence of irreversible phase. In Fig. 3a, in the low

temperature range, as temperature decreases, the ZFC and FC

magnetization reach a maximum at �80 K and decreases

aerward to a minimum at �49 K and tends to level off to 5 K.

The ZFC magnetization is smaller than the FC magnetization.

Such a behavior is the existence of cluster-spin-glass system. In

the curve of T-dM/dT of PST/LSMO/LCMO/Si lm, near 49 K,

there exists a peak, is also a proof of the existence of cluster-

spin-glass phase transition.

Fig. 4 shows the temperature dependences of the surface r of

LSMO/LCMO/Si lm in 0 T, 3 T and the corresponding MR. The

plot of r versus T of LSMO/LCMO/Si lm exhibits metal to

insulator transition temperature TMI at 234 K and themaximum

value of r occurs at this point for H ¼ 0 T. Below TMI, the r falls

quite sharply followed by metallic behavior and the r saturation

is attained around TMin ¼ 30 K, Kondo like temperature, where

the ferromagnetic spin ordering starts to reduce and spin glass

occurs as shown in Fig. 3a. The plot of r versus T in H ¼ 3 T

exhibits similar behavior but larger TMI occurred at 240 K, the

maximum value of r is reduced from 0.1388 to 0.1207 U cm and

TMin shis from 30 K to 24 K. The applied magnetic eld tends

to align the local spin in cores and reduces the spin-dependent

scattering of the polarized electrons at boundaries. The negative

MR in LSMO/LCMO/Si lm measured at 3 T is observed in

a wide temperature range from 5 K to 380 K, and the amplitude

decrease with the decrease of temperature. Above the Tc of

LCMO (230 K) and LSMO (338 K), the paramagnetic phases of

LCMO and LSMO occurred in the system are in polaron type

conduction mechanism. The polaron is a complex of electrons

in the conduction band of a crystal and the lattice distortion

associated with it. Below the Tc of LCMO and LSMO, as

temperature decreases, double exchange interaction becomes

dominant and system starts to behave as a metal, the systems

show much better magnetic ordering and magnetic moment as

shown in Fig. 3. The MR regimes are dominated by inhomo-

geneities in the form of coexisting competing phases (Table 1).

The magnetodielectric response in the composite lms

Fig. 5a and b show the temperature dependences of dielectric

constant (3r) and dielectric loss (tan d) of PST/LSMO/LCMO/Si

lm. In 0 T, from 5 K to 400 K, as temperature increases, the

Fig. 3 (a) The temperature dependences of the ZFC and FC magnetizations and the corresponding dM/dT abtained at magnetic field 500 Oe in

LSMO/LCMO/Si film and PST/LSMO/LCMO/Si film respectively. (b) The magnetic hysteresis loops of PST/LSMO/LCMO/Si film measured at 5 K,

50 K, 100 K, 200 K, 300 K and 400 K.

13178 | RSC Adv., 2021, 11, 13175–13182 © 2021 The Author(s). Published by the Royal Society of Chemistry

RSC Advances Paper

O
p
en

 A
cc

es
s 

A
rt

ic
le

. 
P

u
b
li

sh
ed

 o
n
 0

7
 A

p
ri

l 
2
0
2
1
. 
D

o
w

n
lo

ad
ed

 o
n
 8

/2
6
/2

0
2
2
 4

:2
6
:0

9
 P

M
. 

 T
h
is

 a
rt

ic
le

 i
s 

li
ce

n
se

d
 u

n
d
er

 a
 C

re
at

iv
e 

C
o
m

m
o
n
s 

A
tt

ri
b
u
ti

o
n
-N

o
n
C

o
m

m
er

ci
al

 3
.0

 U
n
p
o
rt

ed
 L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/D1RA00689D


3r increases and the tan d decrease as a whole. In 3 T, the 3r

increase and tan d decrease obviously compared those obtained

in 0 T. According this trend, the ferroelectric–paraelectric phase

transition temperature of the PST in this lm is above 400 K.

The ferroelectric hysteresis loops which directly show the

ferroelectric behavior of the PST/LSMO/LCMO/Si lm were

measured at 1 kHz in dc bias magnetic eld (0 T and 3 T). Well-

dened hysteresis loops were clearly observed at 100 K and 300

K as shown in Fig. 5c and d. The remnant polarization and

coercive eld at 100 K are larger than those at 300 K, which are

corresponding with the regulation of the temperature variation

of the 3r. However, as the applied magnetic eld varies, the

ferroelectric hysteresis loops show no obvious change and we

can conclude that there is no distinguished magnetoelectric

coupling effect in PST/LSMO/LCMO/Si lm.

Fig. 6 shows the corresponding temperature and frequency

dependences of MC and ML in 3 T respectively. The MC is the

magnetocapacitance, dened as (CH� C0)/C0� 100%; the ML is

the magnetoloss, dened as (tan dH � tan d0)/tan d0 �

100%. From 1.3 kHz to 100 kHz, as frequency decreases, the MC

increase. At 2.5 kHz, as temperature decreases, the corre-

sponding MC increase from 2.36% (400 K) to 102.9% (5 K), the

corresponding-ML increase on the whole (Table 2). The values

of MC and ML measured at 2.5 kHz. Near room temperature,

the MC values are 34.3%@ 250 K, 29.5%@ 300 K and 32.8%@

350 K respectively.

From the magnetic hysteresis loops of PST/LSMO/LCMO/Si

lm (Fig. 3b) measured at 300 K, the ferroelectric hysteresis

loops (Fig. 5d) measured at 1 kHz, in applied magnetic eld (0

T, 3 T) at 300 K, we know the magnetic polarization is weak and

there is no distinguished magnetoelectric coupling effect in

PST/LSMO/LCMO/Si lm. That is to say, the appearance of

dielectric enhancement and frequency relaxation are correlated

to the onset of Maxwell–Wagner (MW) behavior, they are arti-

facts of carrier migration. The MC response with applied

magnetic eld could be attributed to the MR effects originates

from heterogeneity of the structure in PST/LSMO/LCMO/Si lm.

The structure can be described by an equivalent circuit

comprising of two parallel RC circuits according the MW

model.9 One associated to the LSMO/LCMO (Cl and Rl) and one

attributed to the PST (Cp and Rp). The real and imaginary parts

of its permittivity can be expressed in terms of eqn (1) and (2),

where sub indices l and p refer to the LSMO/LCMO layer and

PST layer, respectively, and R, C, and u represent resistance,

capacitance, and frequency, respectively. sl ¼ ClRl, sp ¼ CpRp, s

¼ (slRp + spRl)/(Rl + Rp), C0 ¼ 30A/t, A is the area of the capacitor,

and t is the thickness.

3
0
ðuÞ ¼

1

C0

�

Rl þ Rp

�

sl þ sp � sþ u2
slsps

1þ u2
s
2

(1)

300ðuÞ ¼
1

C0

�

Rl þ Rp

�

1� u2
slsp þ u2

s

�

sl þ sp

�

1þ u2
s
2

(2)

Here, the 3r and r of PST and LSMO/LCMO are quite different,

so the contribution of the capacitance of the LSMO can be

neglected too. So the resistance of LSMO/LCMO thin lm is the

major factor which affects the value of the measured dielectric

loss. The negative MR directly originated from the reduced

dielectric loss of the PST/LSMO/LCMO/Si lm with applied

magnetic eld and therefore the negative MR yield positive MC.

At low frequencies, the charge carriers in the relative low

resistance layer (LSMO/LCMO) do respond, so that most of the

electric eld dropped across the layers and thus the apparent

decrease in dielectric thickness results in an increased

Fig. 4 The temperature dependences of the surface r of LSMO/LCMO/Si film in 0 T, 3 T magnetic fields and the corresponding MR. The MR is

defined as (RH � R0)/R0 � 100%, where RH and R0 are the resistances with and without magnetic field respectively.

Table 1 The values of MC and ML measured at 2.5 kHz

T 5 K 50 K 100 K 150 K 200 K 250 K 300 K 350 K 400 K

MC (%) 102.9 82.1 73.0 59.3 44.8 34.3 29.5 32.8 2.36
ML (%) �84.3 �78.1 �65.5 �49.7 �36.6 �30.5 �35.6 �48.1 �17.9

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 13175–13182 | 13179

Paper RSC Advances

O
p
en

 A
cc

es
s 

A
rt

ic
le

. 
P

u
b
li

sh
ed

 o
n
 0

7
 A

p
ri

l 
2
0
2
1
. 
D

o
w

n
lo

ad
ed

 o
n
 8

/2
6
/2

0
2
2
 4

:2
6
:0

9
 P

M
. 

 T
h
is

 a
rt

ic
le

 i
s 

li
ce

n
se

d
 u

n
d
er

 a
 C

re
at

iv
e 

C
o
m

m
o
n
s 

A
tt

ri
b
u
ti

o
n
-N

o
n
C

o
m

m
er

ci
al

 3
.0

 U
n
p
o
rt

ed
 L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/D1RA00689D


capacitance. So as r increases in the relative low resistance

layer, the 3r measured decreases accordingly. In the same way,

with applied magnetic eld, the charge carriers in LSMO/LCMO

layer do respond effectively than that of without magnetic eld,

so, the capacitance of the composite lm becomes larger with

applied magnetic eld at low frequencies. At high frequencies,

charge carriers in both low resistance layer (LSMO/LCMO) and

high resistance layer (PST) do not have time to respond to the

electric eld, so as frequency increases, the measured capaci-

tance decreased. Compared all the frequency dependent curves

of MC and ML in Fig. 6c and d, they show a similar trend except

the curves obtained at 5 K, 50 K and 400 K. At 400 K, in 3 T, there

is no change in r; the MR tends to zero, so MC is. At 50 K, the

system is in intense cluster-spin-glass phase transition states,

the r and tan d show obvious frequency relaxation, so, in the

high frequency range, as frequency increases, the MC and -ML

decrease rapidly. At polaron freezing temperature 5 K, the spin

dependent disorder and scattering can be suppressed largely as

an applied magnetic eld is applied, so the MC is relatively

insensitive to frequency and larger than those measured at

other temperatures.

Aer inputting the permittivity, the resistance of PST/LSMO/

LCMO/Si and LSMO/LCMO/Si at 1 kHz to eqn (1) and (2), the

MC is found nearly equal to the MR. While the real value is

several times of the theoretical value, and MC decreased more

smoothly near room temperature, not like the MR in LSMO/

LCMO/Si drops faster as temperature increase. Considering

there is no distinguished magnetoelectric coupling effect in

PST/LSMO/LCMO/Si lm, and from 235 K to 339 K, there exist

successive competing mixed phases of paramagnetic and

insulator phase and ferromagnetic and metallic phase, the MC

response must be produced by other favorable MR source

except that of LSMO/LCMO/Si. The diffusion of Pb, Sr, Ca, Mn

and Ti elements in the interface and core of PST/LSMO/LCMO/

Si may enhance the MR response. Enhanced MR have been also

obtained in LCMO and LSMO by ionic substitutions,33–36 which

is attributed to the response of magnetic polarons to the applied

magnetic eld. The replacement of ions leads to lattice distor-

tions. The role of the magnetic eld is to enhance the hopping

of the carriers between different lattice sites. Carriers' hopping

Fig. 5 The temperature dependences of 3r (a) and tan d (b) of PST/LSMO/LCMO/Si film in the temperature range from 5 K to 400 K, at the

frequency of 1.3 kHz, 2.5 kHz, 10 kHz respectively, in 0 T, 3 Tmagnetic fields. (c) and (d) The ferroelectric hysteresis loops of PST/LSMO/LCMO/Si

film measured at 1 kHz, with applied magnetic field (0 T, 3 T) and the temperature of 100 K and 300 K respectively.

Table 2 The phase transition temperatures of composite films

Ts (K) Tc1 (K) Tc2 (K)

LSMO/LCMO 49 230 338

PST/LSMO/LCMO 48 235 339

13180 | RSC Adv., 2021, 11, 13175–13182 © 2021 The Author(s). Published by the Royal Society of Chemistry
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between different lattice sites decreases the charge-depletion

(high resistivity) width in applied magnetic eld, reduces of

the current barrier and gives rise to continuous junction MR.

The homologous principles go in PST/LSMO/LCMO/Si lm. The

enhanced MR is not only residing in the successive diffused

manganite phases, but spin dependent tunneling across the

ferroelectric is possible, as is magnetic tuning of size of the

depletion layers at the manganite–titanate junctions.37,38

Conclusions

We prepared LCMO/LSMO lms by CSD method, studied the

magneto electric transport mechanism and found that the

LSMO/LCMO/Si lm has the lowest r and obvious MR. Then, we

grew PST/LSMO/LCMO/Si lm, measured the structure, the

magnetic, dielectric and ferroelectric properties in applied

magnetic eld. From 235 K to 339 K, there exist successive

mixed phases of paramagnetic and insulator phase and ferro-

magnetic and metallic phase. The ferroelectric hysteresis loops

show no obvious change in applied magnetic eld. There is no

distinguished magnetoelectric coupling effect. Notable MC

were obtained over a large temperature range, at 2.5 kHz, it

increases from 2.36% (@ 400 K) to 102.9% (@ 5 K). Near room

temperature, the MC is 34.3% @ 250 K, 29.5% @ 300 K and

32.8% @ 350 K respectively. The mechanism can be explained

in the light of the M–Wmodel and the enhanced MR residing in

the successive mixed manganite phases and spin dependent

tunneling across the junctions of PST/LSMO/LCMO. It provides

important guideline for designing and developing novel

composite lms with high MC in the future.
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Fig. 6 The temperature (a and b) and frequency (c and d) dependences of MC, ML of PST/LSMO/LCMO/Si film in 3 T magnetic field. The MC is

the magnetocapacitance, defined as (CH � C0)/C0 � 100%; the ML is the magnetoloss, defined as (tan dH � tan d0)/tan d0 � 100%.
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