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We presented a systematic study on the transport properties of the La0.67A0.33MnO3 (LAMO)

(A¼Ba, Ca) and La0.67Ca0.33MnO3/LaMnO3 (LCMO/LMO) films with the LAMO layer of the

thickness from 0 to 50 nm and a fixed LMO thickness of 3 nm. An interface layer with degenerated

magnetic and conductive properties has been observed. It is interesting that the dead layer in

LBMO is much thinner than that in LCMO. The thickness for the dead layer is, deduced from the

conductivity-film thickness relation at 5 K, �6 nm for LCMO and �3 nm for LBMO, essentially

weakly dependent of magnetic field. After introducing the LMO buffer layer, the magnetic field de-

pendence is considerably enhanced; a simple estimate indicates that a field of 5 T depresses the

layer thickness from �6 nm to �3 nm. It indicates that the LMO layer enhances the sensitivity of

trapped charge carriers at the interface to magnetic field, thus activates the dead layer. VC 2015
AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4916297]

I. INTRODUCTION

The surface/interface properties of the manganite films

are different from those of the bulk. They become particu-

larly important when interfacial process, such as interface

layer coupling and transport, which dominates the properties

of multilayer structured materials.1–3 Because of the order-

disorder transition of the spin, charge, and orbital charge

degrees of freedom, and strong magnetic-conductive cou-

pling existing in the manganites,4,5 the magnetic field is

expected to have an important effect on the various behav-

iors of the manganites. However, the magnetic field effects

have been severely depressed by the strong surface/interface

effect. The magnetic degeneration of the surface layer in

manganite films6 and the presence of a magnetic/conductive

dead layer at the manganite/substrate had been reported.3

The occurrence of phase separation, due to lattice distortions

and related structure defects, probably leads to the degenera-

tion of interfacial properties.

In order to incorporate the excellent properties of the

manganites into corresponding devices, the interfacial layer

must be activated. Yamada et al.7 found the interfacial ferro-

magnetism of the La0.6Sr0.4MnO3 film on SrTiO3 (STO)

can be recovered by introducing LaMnO3 buffer layer.

As reported, the buffer layer enhanced positive magneto-

resistance (MR) can be observed in manganite-based junc-

tions.8–11 Besides, the interface layer was found to be easily

tuned by external stimuli such as magnetic field, electric

voltage, lattice strain, and charge exchange existing between

film and substrate.3,12,13 Up to now, the reports on the inter-

face dead layer are still limited due to its insulating behavior

and depressed magnetization, which hinders both the electric

transport and magnetic measurements. It is completely

essential to study the modulation of magnetic-conductive

dead layer of manganites films.

In this paper, we will present a systematic study on the

magnetic transport properties in the La0.67A0.33MnO3 (LAMO)

(A¼Ba, Ca) and La0.67Ca0.33MnO3/LaMnO3 (LCMO/LMO)

films with the LAMO layer of the thickness from 0 to 50 nm

and a fixed LMO thickness of 3 nm. An interface layer with

degenerated magnetic and conductive properties has been

observed. It is interesting that the dead layer in LBMO is much

thinner than that in LCMO. However, they are weakly depend-

ent of magnetic field. After introducing a LMO buffer layer,

the magnetic field response of interface layer is considerably

enhanced; a simple estimate indicates that a field of 5 T

depresses the layer thickness from�6 nm to�3 nm. It indicates

that the LMO layer enhances the sensitivity of trapped charge

carriers at the interface to magnetic field, thus activates the

dead layer.

II. EXPERIMENTAL PROCEDURE

Three series of manganese oxides films were fabricated

by growing, via the pulsed laser ablation technique, LAMO

(A¼Ba, Ca) monolayer, and LCMO/LMO(3 nm) bilayers

on (001)-oriented STO substrates. During the deposition pro-

cess, temperature of the substrate was kept at 720 �C and the

oxygen pressure at �10 Pa, for the LMO film, �60 Pa, for

the LBMO film, and �80 Pa, for LCMO film. The sample

size is 3 � 5 mm2, and the manganite film thickness is from

0 to 50 nm. The film thickness was controlled by the number

of laser pulses. In order to determine the thickness of ultra-

thin films, the deposition rate was carefully calibrated: Three

standard LMO, LBMO, and LCMO films were first prepared
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under the above condition, then parts of the films were

removed from the substrate by conventional lithographic

technique and the sharp film edge thus formed were meas-

ured by atomic force microscope (AFM). In this way, an

accurate correspondence between pulse number and film

thickness was established. The crystal structure of films was

analyzed by x-ray diffraction (XRD). The film surface mor-

phology was investigated by AFM. The transport measure-

ments were performed by Physical Property Measurement

System (PPMS), using the standard four-point technique.

III. RESULTS AND DISCUSSIONS

The surface topography of the manganite films were

investigated by AFM. The films are very smooth and the

root-mean-square roughness of the films varies between

�0.2 and �0.5 nm. Figs. 1(a)–1(c) present the typical AFM

images of the LMO buffer layer of 3 nm, LBMO and

LCMO films with the thicknesses of 30 nm, respectively.

Terrace-structured surface structure with a step of �0.4 nm

is observed in the LMO buffer layer, signifying a layer by

layer growth of the films. This will guarantee the high qual-

ity of the top LCMO films in Fig. 1(d). The top LCMO film

is still quite smooth, no visible difference between LCMO

and LCMO/LMO is observed.

The crystal structure of manganite films was presented

by XRD technique. Figs. 2(a) and 2(b) show the XRD pat-

terns recorded around the (002) peak (indexed based on the

cubic perovskite structure) of the LBMO, LCMO, and

LCMO/LMO(3 nm) with LAMO thickness of 35 nm. The

XRD peak of the LBMO film is very close to that of STO

substrate and unidentifiable when the film thickness is below

40 nm. Comparing with LCMO, the XRD peak of LCMO/

LMO shifts to lower angle, indicating the increase in lattice

parameter.

The lattice parameters of three series films along the

c-axis were calculated from (002) peak position, and thickness

dependence relations are shown in Figs. 2(c) and 2(d). The c
values are considerately larger and smaller than that of the

bulk for LBMO and LCMO, respectively. With increasing

LBMO film thickness, the c-axis value diminished slowly, the

film is not relaxed completely, even in the thickness up to

240 nm. In contrast, the lattice parameter of LCMO rapidly

increases to �3.812 Å as film thickness grows from 10 to

80 nm and approaches the saturated value above 80 nm, indi-

cating the relaxation of the tensile strains of the films. After

introducing the LMO buffer layer, the lattice parameter

increases and reaches to saturate more quickly.

Figs. 3(a) and 3(b) present a summary of the temperature-

dependent on the resistivity of the LBMO and LCMO films,

measured by the standard four-probe technique, alone the

manganites films plane with an applied current of 1 lA. The

resistance of the films was also measured under a constant

current of 0.1 lA, and no visible difference is obtained.

During cooling down process, the resistivity of both LBMO

and LCMO films undergoes first an exponential growth,

above a character temperature Tp, then a rapid decrease,

which is a typical insulator-metal transition behavior of the

manganite films. The LCMO films show a rapidly increase

in resistivity upon thickness reduction due to the stronger

Jahn-Teller distortion, also accompanying with the decrease

in Tp. In contrast, LBMO film shows a slower increase in re-

sistivity, and Tp can still be identified in the LBMO film of

4 nm. Here, the LBMO and LCMO exhibit different lattice

mismatch with STO substrate, which is ��0.15% for the

LBMO films and �1.2% for the LCMO films. Obviously,

the different strain types have no visible impact on the

increase in resistivity.

FIG. 1. (a) Surface topography of the LBMO, (b) LMO(3 nm) buffer layer,

(c) LCMO, and (d) LCMO/LMO(3 nm) film with the LAMO thickness of

30 nm. The scale of the image is 1 � 1 lm2.

FIG. 2. (a) and (b) The XRD pattern of the LBMO, LCMO, and LCMO/

LMO(3 nm) films with the LAMO thickness of 35 nm, recorded around the

(002) peak. (c) and (d) Film thickness dependent of out-of-plane lattice pa-

rameter of LBMO, LCMO, and LCMO/LMO(3 nm) films. Solid lines are

guides for the eyes.
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The increase in resistivity with decreasing film thick-

ness indicates the presence of an interface dead layer

with reduced conductivity. This can be seen clearly by

thickness dependence of the film’s conductivity (defined as

conductivity¼ 1/resistivity), as shown in Fig. 3(c). The

conductivity displays a linear reduction with decreasing

thickness. The effective thickness of the dead layer can be

obtained from the conductivity-thickness relation.2 It is inter-

esting that the dead layer in LBMO is much thinner than

that in LCMO, about �3 6 0.6 nm for LBMO film and

�6 6 1.0 nm for LCMO film, respectively, in the low tem-

perature limit T!0. However, no conductive dead layer is

observed at the room temperature (results not shown). The

Jahn-Teller distortion due to larger lattice strain probably

depresses the interface charge exchange and leads to a

thicker dead layer. Besides, the electric transport is also stud-

ied in the presence of a field of 5 T and the thickness of dead

layer shows weakly dependent of magnetic field (results not

shown). It indicates that magnetic field effect is deeply

depressed by inactive interface layer. It is truly essential to

consider how to modify the interfacial state and further

active interface layer.

In order to active the interface process, a proper buffer

layer is introduced between manganite film and substrate. As

reported, the positive MR can be found in manganite-based

heterojunctions by introducing a LMO buffer layer. Also the

magnetic response is strongly dependence on the LMO layer

thickness, maximized when the layer thickness is �3 nm. So

the LMO layer with thickness of 3 nm is chosen in this

paper.

Figs. 4(a) and 4(b) present the temperature dependence

of the resistivity of the LCMO and LCMO/LMO with

different LCMO thickness. The resistivity is measured by

the standard four-probe technique under a constant current of

1 lA. An obvious decrease in resistivity and accompanied

increase in Tp appear after adding LMO buffer layer. The

change in Tp is �31 K for 10 nm and �74 K for 50 nm. As

well established, the charge carries near the interface are

localized by Jahn-Teller distortion due to lattice strain. The

introduction of LMO buffer layer reduces the strain and

awakens the depression of conductivity in manganite film.

The film thickness dependences on the conductivity are

shown in Fig. 4(c). The interface dead layer thickness can

be obtained by extrapolating the conductivity-thickness rela-

tion to conductivity!0. It is �6 6 0.8 nm for LCMO/LMO

film and almost same as the LCMO monolayer. Besides,

the transport behavior is studied in the presence of a field

of 5 T. It is interesting that its field dependence is consider-

ably enhanced; a simple estimate indicates that a field of

5 T depresses the layer thickness from �6 6 0.8 nm to

�3 6 0.7 nm. It indicates that the LMO layer enhances the

sensitivity of trapped charge carriers at the interface to mag-

netic field, thus activates the dead layer. In contrast, the dead

layer in LCMO monolayer displays weakly dependence on

the magnetic field.

Fig. 4(d) presents Tp as a function of the LCMO and

LCMO/LMO(3 nm) thickness. The peak around Tp can not

be seen when the film thickness is close or below the dead

layer. They display first a smooth then a fast decrease with

the decrease in film thickness. Because of the incorporation

of LMO layer, the Tp increases from �127 K to �158 K for

10 nm LCMO, and from �176 K to �250 K for 50 nm

LCMO. With a field of 5 T, the Tp further increases to

�290 K, very close to room temperature. It indicates that the

metal-insulator phase transition temperature can be tuned

FIG. 3. Temperature dependence of the lateral resistivity of the LBMO (a)

and LCMO (b) films on the STO substrate. (c) Conductivity as a function of

film thickness at low temperature. Solid lines are guides for the eyes.

FIG. 4. Temperature dependence of the resistivity of the LCMO and

LCMO/LMO(3 nm) on STO with LCMO thickness of 10 nm (a) and 50 nm

(b), respectively. (c) Conductivity as a function of LCMO and LCMO/

LMO(3 nm) film thickness. (d) Tp as a function of film thickness. Solid lines

are guides for the eyes.
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from �127 K to room temperature, even high temperature. It

is meaningful and could be a potential application for man-

ganite architecture.

IV. CONCLUSION

In conclusion, the magnetic transport properties of the

LAMO (A¼Ba, Ca) and LCMO/LMO films with different

LAMO thickness have been studied systematically. An inter-

face layer with degenerated magnetic and conductive proper-

ties has been observed. With the decrease in film thickness,

an increase in resistivity and an accompanied decrease in

resistive transition temperature appear, due to the presence

of a conductive dead layer. The thickness for the dead layer

is, deduced from the conductivity-film thickness relation at

5 K, �6 6 1.0 nm for LCMO and �3 6 0.6 nm for LBMO,

essentially weakly dependent of magnetic field.

After introducing the LMO buffer layer, its magnetic

field dependence is considerably enhanced, a simple esti-

mate indicates that a field of 5 T depresses the layer thick-

ness from �6 6 0.8 nm to �3 6 0.7 nm. It indicates that the

LMO layer enhances the sensitivity of trapped charge car-

riers at the interface to magnetic field, thus activates the

dead layer. Besides, the metal-insulator phase transition

temperature can be tuned from �127 K to room tempera-

ture, even high temperature, by the buffer layer and mag-

netic field.
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