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Abstract Epitaxial La0.7Ca0.3MnO3 (LCMO) thin films

were successfully prepared by the metal-organic depo-

sition process on various (001) single-crystal substrates:

MgO, LaAlO3 (LAO), SrTiO3 (STO), and (LaAlO3)0.3-

(SrAlTaO6)0.7 (LSAT). The crystallinity and the epitaxial

growth of the LCMO films were characterized by X-ray

diffraction (θ − 2θ scans and pole-figure analysis). The tem-

perature dependence of the resistance of the LCMO/LSAT,

LCMO/STO and LCMO/LAO films exhibit typical charac-

teristics with a transition from the paramagnetic-insulator

state to the ferromagnetic-metallic state at a temperature peak

(Tp) ranging from 258 to 270 K. However, the LCMO/MgO

films exhibited a semiconducting behavior without any tran-

sition. Based on the R(T ) measurement, we calculated the

temperature coefficient of resistance (TCR) for a bolometric

application and we obtained 22%/K, 10.2%/K and 27.5%/K

for the film grown on the LSAT, STO and LAO substrates,

respectively. This difference in the TCR properties is related

to the strain induced by the lattice mismatch between LCMO

and the different substrates.
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1 Introduction

Perovskite manganese oxide materials of the type Ln1−x Ax

MnO3 (with Ln the rare earth—La, Pr or Nd; A the divalent
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alkali earth metal—Ca, Ba or Sr) have recently attracted

much attention both from a fundamental point of view

and also for their application in devices. These perovskite

manganite compounds exhibit colossal magnetoresistance

(CMR) effects and are characterized by a peak in the tempera-

ture (Tp) dependent resistivity close to the Curie temperature

(Tc) at which a phase transition occurs from the low tem-

perature ferromagnetic metallic state to the high temperature

paramagnetic semiconducting state [1–3]. The CMR could

be related to the double exchange mechanism, which depends

on the Mn−O−Mn bond distance and angle [4]. Recent the-

oretical and experimental studies have shown that the double

exchange model does not totally explain the magnitude of

the magnetoresistance [5–7]. The physical properties of the

manganite thin film are sensitive to structure, oxygen content,

and disorder, therefore, the Tc and resistivity of the film are

somewhat different from those of the bulk material. Conse-

quently, the growth method, the deposition parameters, and

also the substrate induced strain will influence these proper-

ties. Understanding the strain is of particular interest since it

can be used to advantage in tuning film properties, as has al-

ready been demonstrated in cuprates [8]. Since the resistance

change occurs over a relatively narrow temperature range, it

is accompanied by a large temperature coefficient of resis-

tance (TCR) in the phase transition region, making these

materials excellent candidates for infrared detectors utiliz-

ing resistance bolometers. Goyal and coworkers [9] studied

the TCR and Tp properties of different perovskite materials,

such as La0.7Ba0.3MnO3 (LMBO), La0.7Sr0.3MnO3 (LSMO),

La0.7Ca0.3MnO3 (LCMO) and Nd0.7Sr0.3MnO3 (NSMO) on

LaAlO3 (LAO) substrates. As a result, LCMO and NSMO

were found to be the most promising materials for bolomet-

ric applications in terms of their TCR values. However, the

effect of the lattice mismatch between LAO and the differ-

ent systems (NSMO, LCMO, LBMO and LSMO) and its
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effect on their electrical properties have not yet been dis-

cussed. Therefore, in order to understand the effect of the

lattice mismatch on the TCR properties, we investigated the

epitaxial growth of LCMO thin films by metal-organic depo-

sition (MOD) on LAO and SrTiO3 (STO) substrates [10, 11].

The LCMO/LAO system exhibited a TCR value of 27.5%/K

compared to the 10 %/K measured for the LCMO/STO

system. This difference in the TCR values was attributed

to the effect of strain induced by the lattice mismatch be-

tween LCMO and the used substrate. The lattice mismatches

of the LCMO/STO and LCMO/LAO systems are approxi-

mately +1.12% and −1.81%, respectively. Using transmis-

sion electron microscopy (TEM) and high resolution TEM

(HRTEM) studies, we demonstrated that the local structure of

the LCMO film depends on the substrate material type [11].

In this study, we prepared LCMO thin films on (LaAlO3)0.3-

(SrAlTaO6)0.7 (LSAT) and MgO substrates having differ-

ent lattice-mismatches with LCMO values of +0.2% and

+8.14%, respectively. The choice of LSAT and MgO is based

on their extreme values of lattice mismatch with LCMO in

order to better understand the effect of the substrate and to

compare their structural and electrical properties with the

films prepared on the STO and LAO substrates. The LCMO

thin films were prepared using the MOD, which is a simple

and low cost process.

2 Experimental

Details of the preparation procedure of the La0.7Ca0.3MnO3

thin films by MOD have already been described in previous

papers [10–12], and we only now recall the main features.

The starting solution was prepared by mixing the constituent

metal-naphthenate solution (Nihon Kagaku Sangyo) and di-

luting with toluene to obtain the required concentration and

viscosity. The molar ratios of La, Ca and Mn in the coating

solution were 0.7, 0.3 and 1.0, respectively. This solution

was spin-coated onto LSAT, STO, LAO and MgO (001) sub-

strates at 4000 rpm for 10 seconds. To eliminate the toluene,

the metal (La, Ca or Mn) naphthenate film was then dried in

air at 100◦C for 10 min. Before the final annealing, a preheat-

ing step at 500◦C for 30 min is necessary to decompose the

organic part. This preheating step is also required to prevent

the formation of fissures on the film surface during the final

annealing at high temperature. To obtain a satisfactory film

thickness for bolometric applications, the above procedure

(coating, drying, and preheating) was repeated four times to

produce a corresponding number of superimposed layers in

the LCMO product film. The final annealing was carried out

using a conventional furnace at 1000–1500◦C for 60 min in

air.

The crystallinity and epitaxy of the obtained films were ex-

amined by X-ray diffraction (XRD; MAC Science, MXP3A)

θ − 2θ scan analysis, and pole-figure analysis using the

Schulz reflection method. The surface morphology and

roughness of the samples were studied by atomic force mi-

croscopy (AFM: Nanopics 2100) in the damping mode. The

resistance–temperature R/R300 – T (R300: resistance value at

300 K) curves were measured by the usual dc four-probe

method and by cooling the samples from 320 K to liquid

nitrogen temperature (77 K).

3 Results and discussion

3.1 Crystallinity and surface morphology

In our previous studies of LCMO thin films prepared by

MOD on LAO and STO substrates, we have demonstrated

using XRD (θ -2θ scans and pole-figure analysis) that all the

films are well epitaxially grown [10–12]. Figure 1 shows

the θ − 2θ scanning profiles of the four-layer LCMO films

grown on (a) STO, (b) LAO and (c) MgO substrates using

MOD with a thermal annealing at 1000◦C for 60 min in air.

On the MgO substrate (Fig. 1(c)), we note that the LCMO

film is (002) oriented. However, the film crystallinity ap-

pears low according to the low intensity of the (002) peak

of the film grown on MgO in comparison with those grown

on the STO or LAO substrates. This low crystallinity would

be related to the high lattice mismatch between LCMO and

the MgO substrate which is approximately 8.14%. Also, one

can note that the (002) LCMO peak on the MgO substrate is

shifted to the low angles compared with those of the films

grown on the STO or LAO substrates. The (002) peak posi-

tion of the LCMO film grown on the MgO substrate coincide

with that of the pure LaMnO3 material. This would be con-

sidered to be due to the change in the film composition by

Fig. 1 XRD θ − 2θ scan profiles for the LCMO films prepared by

MOD process at 1000◦C for 60 min in air on (a) STO, (b) LAO, and

(c) MgO substrates
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Fig. 2 (a) XRD θ − 2θ scan profiles for the LCMO films grown on

MgO substrates with thermal annealing at 1000◦C, 1200◦C and 1500◦C.

(b) XRD pole-figure of LCMO (220) reflection for the film annealed at

1000◦C

a chemical reaction between the LCMO solution and MgO

substrate during the thermal annealing. In order to increase

the film crystallinity, we prepared LCMO films on MgO by

MOD using thermal annealing at 1200◦C and 1500◦C for 60

min in air. Consequently, the (002) peak intensity increased

indicating an improvement in the film crystallinity as shown

in Fig. 2(a). Since the XRD θ -2θ cannot provide information

on the in-plane alignment, we performed an XRD pole-figure

analysis to investigate the in-plane alignment of the LCMO

films. Figure 2(b) shows the XRD pole-figure of the LCMO

220 reflection for the film grown on MgO at a thermal an-

nealing of 1200◦C. As shown in Fig. 2(b), four distinct spots

were recognized for the film, and each spot was located at the

same φ angle as that for the 110 reflection of the substrate.

In conclusion, the LCMO films were well epitaxially grown

on the MgO substrates in spite of the large lattice mismatch.

The lattice mismatch between the LCMO film and LSAT

substrate is very low (+0.2%), therefore, using the XRD

analysis, it is difficult to distinguish between the (00l) peaks

of the film and those of the substrate. Indeed, the (00l) re-

flections of the LSAT substrate overlap the peaks of the film

reflections. High resolution TEM and electron diffraction ob-

servations suggest the epitaxial growth of the LCMO films

on the LSAT substrate. This microscopic study is actually in

progress and will be reported in future papers.

The substrate dependence surface morphology was stud-

ied using atomic force microscopy (AFM). Figure 3 shows

three-dimensional AFM images of the four-layer LCMO

films on the LSAT, STO, LAO and MgO substrates. It can be

seen that the film grown on the LSAT, STO and LAO sub-

strates have a smooth surface compared to the film grown on

the MgO substrate. The root mean square roughness (rms)

of the films grown on LSAT, SATO and LAO (Fig. 3(a), (b)

and (c)) are in the range of (2.5–3.5 nm); however, for the

film grown on MgO (Fig. 3(d)) the rsm is approximately of

4.8 nm. The relatively high roughness of the LCMO films

grown on the MgO substrate using the MOD process has

already been reported by other authors [13]. The high lat-

tice mismatch between LCMO and MgO is supposed to be

responsible of the high film roughness.

3.2 Electrical properties

Figure 4 shows the temperature dependence of the resistance

R/R300 (T ) and TCR(T ) of the LCMO thin films obtained

by the MOD process with thermal annealing at 1000◦C on

the LSAT substrate. The LCMO film is composed by four

layers giving rise to a film thickness of approximately 80

nm. It can be seen that the LCMO film shows the typical

characteristic of the CMR material with a transition from the

paramagnetic-insulator to the ferromagnetic-metallic state at

the Tp temperature (Fig. 4(a)). The transition temperature

Tp is approximately 263 K and is in agreement with that

of the LCMO films obtained by other techniques [9], though

slightly higher than that of the bulk material (260 K) [14]. The

temperature coefficient of resistance, TCR, was calculated

from the R(T ) data as TCR = (1/R)(dR/dT)100%. The TCR

behavior as a function of temperature is shown in Fig. 4(b).

As can be seen, the TCR(T ) has the same behavior as the

R(T ) with a transition from the paramagnetic-insulator to the

ferromagnetic-metallic state at the temperature denoted Tm

of approximately 248 K. For the proposed application as an

IR detector, the devices must be cooled to the Tm temperature,

which shows the maximum TCR value. The maximum TCR

value of the LCMO/LSAT system is approximately 22%/K

at 248 K. The sharpness of the R(T ) curve and the high

TCR value indicate that the prepared LCMO thin films on

the LSAT substrates have a good epitaxial structure.
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Fig. 3 Three-dimensional AFM images of LCMO thin films obtained by MOD by thermal annealing at 1000◦C for 60 min in air on (a) LSAT,

(b) STO, (c) LAO, and (d) MgO substrates

The R(T ) characteristics of the LCMO films deposited

on the MgO substrates at different annealing temperatures

(1000, 1200 and 1500◦C) are shown in Fig. 4. In contrast to

the films grown on LSAT substrates, the films grown on MgO

do not show the metal-insulator (MI) transition (Fig. 5). The

film resistance exponentially increases as the temperature de-

creases indicating a semiconducting behavior. By increasing

the film crystallinity, i.e., by increasing the annealing temper-

ature, the film resistance decreases, but the R(T ) is still that

of semiconducting material. This behavior is similar to that
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Fig. 4 (a) Temperature

dependence of resistance
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LCMO thin film obtained by

MOD at 1000◦C in air for
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Fig. 5 Temperature dependence

of resistance of LCMO thin

films prepared by MOD at

(a) 1000◦C, (b) 1200◦C, and

(c) 1500◦C on MgO substrates

of the pure LaMnO3 (LMO) materials. The high reactivity

of the MgO material with the metal-organic film during the

thermal annealing at high temperature (1000–1500◦C) can

maybe accompanied by the diffusion of Ca into the substrate.

Therefore, the Ca deficiency of the film might be responsi-

ble for this semiconducting behavior. On the other hand, the

LCMO thin films prepared by pulsed laser deposition on

MgO substrates show the typical R(T ) characteristics of a

metal-insulator transition [15, 16]. Hence, the semiconduct-

ing behavior of our films on the MgO substrates is probably

due to the MOD process requiring a high annealing temper-

ature. Thus, the doping Ca atoms might be diffused into the

MgO substrate during the thermal annealing. From the R(T )

data of the LCMO/MgO films (Fig. 4), we calculated the

TCR(T ), and the obtained values of the TCR are less than

2%/K (not shown here).[15pc]

To point out the effect of the substrate on the R(T ) of

LCMO, we summarized in Fig. 6 the R/R300(T ) of the LCMO

thin films prepared on different lattice-matched LSAT, STO,

LAO and MgO substrates. It can be seen that the LCMO

films grown on the LSAT and LAO substrates have similar

R(T ) characteristics with a sharp transition at the Tp of ap-

proximately 263 K and 258 K, respectively. However, the

film grown on the STO substrate exhibits a broad transition

at a higher Tp of approximately 270 K compared to the films

grown on the LSAT and LAO substrates. Figure 7 shows the

temperature dependence of the TCR of the four-layer LCMO

films prepared on the LSAT, STO and LAO substrates. In
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Fig. 7, the maximum TCR values and the corresponding Tm

temperatures for the different samples are shown. As can

be seen (Fig. 7), the films grown on the LSAT and LAO

substrates exhibit the highest TCR values of approximately

22%/K at 248 K and 27.5%/K at 242 K, respectively. For the

film grown on the STO substrate, the maximum TCR value

is approximately 10.2%/K at 230 K. Among the substrates

used in this study, the LSAT and LAO substrates are most

suitable substrates for the epitaxial growth of the LCMO

films having high TCR values. The obtained TCR values are

significantly higher than that of other bolometric materials

such as vanadium oxide, which has a TCR value of less than

5%/K [17].

4 Conclusion

Using a simple and low cost MOD process, the LCMO thin

films were epitaxially grown on various lattice-mismatched

substrates (LSAT, STO, LAO and MgO). AFM observations

show evidence for a smooth surface for the films prepared

on different substrates except for the film grown on the MgO

substrate. The effect of the substrate on the electrical prop-

erties of the LCMO films is discussed. LCMO thin films

grown on the LSAT, STO and LAO substrates show typi-

cal R(T ) characteristics with a transition at Tp (258–270 K).

However, the films grown on the MgO substrates exhibited

semiconducting behavior. For further application as infrared

detectors, we calculated the maximum TCR values for the

different films. As a result, the films grown on the LSAT and

LAO substrates were found to exhibit the highest TCR val-

ues (22–27.5%/K). Therefore, for future integration in silicon

based devices, LAO or LSAT would be good buffer layers

for growing epitaxial LCMO films with high TCR values.
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