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Abstract La0.7Ba0.3MnO3 (LBMO) thin films were pre-

pared on different substrates such as Si, MgO, and c-ZrO2

substrates at substrate temperature 1023 K using electron

beam evaporation technique for first time. Through opti-

mizing the preparation condition, the better film uniformity

of thickness, composition, and temperature was achieved.

To find the influence of substrates, we studied the structural,

compositional, morphological, and electrical properties of

LBMO thin films. All the LBMO films exhibited a single

phase and good crystallinity with no impurity phases. Films

deposited on MgO have high temperature coefficient of

resistance (TCR) value with low transition temperature

(245 K). Better TCR (4.09 %/K) value at room temperature

is observed in LBMO films deposited on Si substrate.

Keywords Structural � AFM � Substrates � Electrical �
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Introduction

Perovskite manganese oxides are well known because of

their varieties of unique magnetic and electrical behaviors

such as colossal magnetoresistance (CMR) (Kusters et al.

1989; Chahara et al. 1993; Jin et al. 1994; Helmolt et al.

1993) accompanied with a metal–insulator transition,

electronic phase separation (Renner et al. 2005; Uehara

et al. 1999; Renner et al. 2002; Antonakos et al. 2008;

Hong et al. 2003; Wang et al. 2009), and strong coupling

among spin, charge, orbital, and lattice degrees of freedom

(Chen and Cheong 1996; Jirak et al. 2000). These materials

have also aroused great interest because of the potential

applications in devices such as read heads and sensors.

Since most applications of CMR materials are in a form of

film, it is important to study the factors that affect the

properties of manganite films. Actually, numerous resear-

ches on strain effects in epitaxial manganite films have

been reported since the discovery of CMR, in order to shed

some light on such a strongly correlated electron system

with multi-degree of freedom (Huang et al. 2009;

Ovsyannikov et al. 2009; Sagdeo et al. 2008). While

sophisticated deposition techniques like PLD (Jin et al.

1994; Goyal et al. 1997; Rajeswari et al. 1996) and MBE

(Vas’ko et al. 1996) are highly successful in growing epi-

taxial thin films of manganites, other cost-effective depo-

sition techniques with greater flexibility in terms of various

deposition control parameters would be desirable. In order

to realize a good sensor detectivity, high TCR values are

warranted. Attempts have been made to fabricate uncooled

detectors using semiconducting YBCO grown on silicon at

low temperature and have met with considerable success

(Shan et al. 1995). Such films are semiconducting at room

temperature instead of the usual metallic ones grown at

high temperatures on crystalline oxide substrates. CMR

(R1-xAxMnO3), R=La, A=Ca, Sr, Ba, which are at the focus

of significant scientific activity over the past decade

(Salamon and Jaime 2001; Tokura and Tomioka 1999), can

also offer considerable tunability of their transport prop-

erties via control of cation stoichiometry and oxygen

content. It is important to mention that crystalline films of

manganites grown on single crystaloxide substrates at high

temperature have been studied for uncooled and cooled

detector applications. However, this approach yields
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positive TCR and is not technologically compatible with

the existing silicon technology due to high film growth

temperatures involved. In this work, LBMO films depos-

ited on Si and single-crystal oxide substrates using electron

beam evaporation technique.

Experimental

LBMO thin films deposited on different substrates such as

Si, MgO, and c-ZrO2 using electron beam evaporation, and

the target was prepared using solid-state reaction method.

Stoichiometric amounts of high purity (99.99 %) La2O3,

BaCO3, and MnO2 powders were mixed, and the obtained

single-phase powders were pelletized and sintered at 1373 K

in air for 16 h. The distance between the substrate and the

evaporation source was approximately 50 mm, and the

substrate temperature was maintained at 1023 K by a

resistance heater. The pelletized LBMO targets were heated

by means of an electron beam collimated from the dc heated

tungsten filament cathode, and the voltage and current were

constant at 5 kV and 50 mA, respectively. The deposition

parameters maintained during the preparation of LBMO

films are given in Table 1. The structure of LBMO thin films

was characterized by X-ray diffraction (XRD) with Cu Ka
(0.154 nm) line as the radiation source. The elemental

analysis of the films was carried using energy dispersive

spectroscopy (EDS). The surface morphology was observed

using atomic force microscopy (AFM). The electrical

properties of the films were analyzed using standard four-

probe method in the temperature range 213–333 K.

Results and discussions

Structural properties

The X-ray diffraction patterns of the films formed on dif-

ferent substrates are shown in Fig. 1. The peaks in the

spectra of LBMO thin films deposited on Si, MgO, and c-

ZrO2 substrates confirm the pseudo cubic structure. The

absence of impurity peaks in the XRD patterns of all the

films indicates that the films are single phase. The films

prepared on Si substrate exhibited (100), (110), and (200)

preferred orientations. The films prepared on c-ZrO2 sub-

strate exhibited (100) and (200) orientations, and the films

prepared on MgO substrate exhibited (100), (111), (200),

and (211) orientations. Furthermore, a small angular shift

of the (100) and (200) peaks is observed with changing

substrates. The crystallinity of LBMO films was deter-

mined from the full width at half maximum (FWHM)

values of (200) diffraction peak. Since FWHM is one of the

measurements of crystallinity, smaller FWHM values

indicate the higher crystalline films. The crystalline size (L)

of the films was calculated from the X-ray diffraction peak

using the Scherrer’s relation:

L ¼ k k =b cos h; ð1Þ

where b is the full width half maxima (FWHM) of the XRD

peaks after subtracting, h is the Bragg angle, K is the

practical factor (=0.89), and k is the wavelength of Cu Ka
radiation. The values of crystalline sizes given in Table 2

are found to be in the range from 28 to 39 nm. It is observed

that the smallest one corresponds to the LBMO thin films

deposited on c-ZrO2 substrate. The lattice parameters of

LBMO films formed on Si, MgO, and c-ZrO2 are 0.388,

Table 1 Deposition parameters of LBMO thin films

Parameters Values

The target to substrate distance 50 mm

Base pressure 1.3 9 10-5 mbar

Working pressure 2 9 10-4 mbar

Substrate temperature 1023 K

Evaporation time 15 min

Accelerating voltage 5 kV

Filament current 50 mA

Substrates Si, MgO, c-ZrO2

Table 2 Crystalline size and lattice parameter values of LBMO thin

films formed on different substrates

Substrate Orientation

(hkl)

Crystalline size

(d) (nm)

Lattice parameter

(a) (nm)

Si (100) (200) 34 0.388

MgO (100) (200) 39 0.394

c-ZrO2 (200) 28 0.387

Fig. 1 X-ray diffraction patterns of LBMO films deposited on

different substrates
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0.392, and 0.387 nm, respectively. Electronic properties of

thin epitaxial films are influenced by the nature of the

substrate which largely controls the film growth mor-

phologies, defect structure, and the level of stress.

In general, if the difference between the lattice

parameters of the film and substrate is within 1 ± 2 %,

film growth takes place in a layer by layer mode

accommodating the difference through expansion or

Fig. 2 EDS pattern of the

LBMO film deposited on Si

substrate

Fig. 3 EDS pattern of the

LBMO film deposited on MgO

substrate

Fig. 4 EDS pattern of the

LBMO film deposited on

c-ZrO2substrate

Appl Nanosci (2016) 6:461–466 463

123



contraction of the in plane lattice parameter. However, if

the difference in the lattice parameter is significantly

large, an island-type growth starts at the beginning of film

deposition. The lattice parameter of bulk La0.7Ba0.3MnO3

is 0.391 nm, whereas for the cubic crystals of Si, MgO,

and c-ZrO2, it is 0.5431, 0.4312, and 0.5214 nm,

respectively. The obtained lattice parameters of the

LBMO films are given in Table 2.

Fig. 7 AFM image of the

LBMO film deposited on

c-ZrO2 substrate

Fig. 5 AFM image of the

LBMO film deposited on Si

substrate

Fig. 6 AFM image of the

LBMO film deposited on MgO

substrate
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Compositional analysis

The composition of the LBMO films deposited on dif-

ferent substrates is analyzed by energy dispersive spec-

troscopy (EDS) and shown in Figs. 2, 3, 4. From figures,

it was observed that the elements of La, Ba, Mn, and O

were observed in the LBMO films without any impuri-

ties. All the deposited films showed nearly stoichiometric

ratio.

Surface morphology

Figures 5, 6, 7 show the AFM images of the LBMO thin

films deposited on Si, MgO, and c-ZrO2 substrates. The

mean roughness (RMS) of the surfaces is calculated for a

9 lm2 scan area. It was clearly seen that both the RMS

roughness and grain size of the films changed with sub-

strate. It is found that the mean roughness of films depos-

ited on Si, MgO, and c-ZrO2 is 0.6, 3.4, and 4.9 nm,

respectively. It is known that the change in surface

roughness may cause deterioration of the electrical prop-

erties. These results, together with the XRD analysis,

clearly indicated that the crystallinity is influenced by the

nature of substrates.

Electrical properties

The electrical resistivity of LBMO thin films depends on

the microstructural and lattice mismatch between the sub-

strate and films. It is also observed that there is a clear

change of resistivity values with changing the substrate

material. The films showed high electrical resistivity of

27.8 MX cm when deposited on c-ZrO2 and low electrical

resistivity of 4.37 MX cm for the films deposited on MgO

substrate. Figure 8 shows the temperature dependence of

resistivity for the films deposited on different substrates.

The electrical resistivity for LBMO films deposited on

MgO substrate has lower resistivity with low transition

temperature, whereas LBMO films deposited on Si sub-

strate, exhibited high transition temperature nearer to the

room temperature.

Figure 9 shows the TCR as a function of temperature for

the films deposited on Si, MgO, and c-ZrO2substrates. The

TCR values are 5.32 %/K at 245 K for the MgO sample,

4.09 %/K at 295 K for the Si sample, and 3.2 %/K at

268 K for c-ZrO2 sample.

Conclusions

High quality thin films of LBMO have been grown on Si

(100), MgO (100), and c-ZrO2 using electron beam evap-

oration method for the first time The crystalline quality of

all films has been analyzed and found to be excellent. The

resistivities of the films varied with substrates, due to the

microstructural and lattice mismatch between the substrate

and films. Films prepared on MgO substrate have shown

high TCR (5.32 %/K) at low transition temperature

(245 K), but films deposited on Si substrate have shown

better TCR (4.09 %/K) value at room temperature. From

the above results, we conclude that films deposited on Si

substrates were useful for uncooled bolometer applications.
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Fig. 8 Variation of electrical resistivity of LBMO films deposited on

different substrates

Fig. 9 Temperature dependence of TCR of LBMO films deposited

on different substrates
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