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Abstract. We report on the epitaxial growth of magnetoresistive La0:7Ca0:3MnO3 and La0:7Sr0:3MnO3 thin ®lms

by chemical solution deposition. Thin ®lms were prepared by spin-coating of single-crystal LaAlO3 (100)

substrates with precursor solutions of different concentrations and crystallized at 850�C. The structure of the thin

®lm was found to be in¯uenced by the concentration of the spin-coating solution. The thin ®lm structure and

epitaxy was clearly improved by reducing the concentration of the precursor solution. All thin ®lms displayed

excellent electrical properties such as a low resistivity and very high metal-insulator transition temperatures TMI .
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Introduction

The growth of epitaxial ceramic thin ®lms prepared by

Chemical Solution Deposition (CSD) has been

extensively studied over the last years. Subjects of

research were the relationship between substrate and

thin ®lm, the initiation of crystallization, the growth

mechanisms of the epitaxial thin ®lms, and the growth

conditions [1±3]. One of the most important factors is

the relationship between used substrate material and

the crystal structure of the deposited thin ®lm. If the

lattice mismatch between both structures is small

enough, epitaxy can occur. Usually, the substrate is

chosen in order to minimize the lattice mismatch,

although epitaxial thin ®lms have been grown by CSD

on substrates with a lattice mismatch as much as 16%

[2]. Crystallization of the epitaxial thin ®lm starts at

the substrate-®lm interface with the formation of

nanosized epitaxial grains. From these initial grains,

the ®lm grows to the surface at higher temperatures.

The driving force for such a crystallization

mechanism is the reduction of free energy by avoiding

or eliminating grain boundaries [1,3].

Epitaxial thin ®lms of La1ÿxCaxMnO3 or

La1ÿxSrxMnO3 have been prepared over the last few

years by a number of methods such as Pulsed Laser

Deposition [4±6], sputtering [7±9] or MOCVD

[10,11] and CSD [12,13]. Much of this recent research

has been inspired by the discovery of the Colossal

Magnetoresistance Effect (CMR) by von Helmolt et

al. [14] and Jin et al. [15] which offers future possible

applications as novel magnetic read heads [16] or

positioning sensors [17]. Commonly used substrates

are single-crystal LaAlO3 (lattice constant 3.79 AÊ ) or

SrTiO3 (lattice constant 3.90 AÊ ) since their lattice

constants are very close to values reported for

La0:7Ca0:3MnO3 (3.86 AÊ ) [18] and La0:7Sr0:3MnO3

(3.89 AÊ ) [19]. Such thin ®lms are frequently annealed
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at temperatures around 850±950�C for several hours

in air or oxygen to achieve complete crystallization

and to adjust the oxygen stoichiometry [11,20,21].

Characteristic values with respect to the electrical

properties are the transition temperature where the

conduction behavior changes from a metallic to a

semiconducting behavior, called TMI for metal-

insulator transition, and the magnetic Curie tempera-

ture TC where the ferromagnetic coupling within the

material ceases to exist. Typical values of TMI

reported for epitaxial La0:7Ca0:3MnO3 thin ®lms

deposited on LaAlO3 are 260 K [11] to 280 K [7].

For La0:7Sr0:3MnO3, values of 375 K [4] up to 455 K

[11] are observed.

Experimental

Thin ®lms of La0:7Ca0:3MnO3 (LCM) and

La0:7Sr0:3MnO3 (LSM) were deposited on polished

single-crystal LaAlO3 (100) substrates (Crystec

GmbH, Berlin) by CSD. Size of the substrates was

10 mm6 10 mm. The coating solutions were pre-

pared by dissolving stoichiometric amounts of the

metal propionates of La, Sr, Ca and Mn in propionic

acid with a ®nal concentration of 0.3 M with respect to

the Mn compound. The metal propionates were

prepared by an exchange reaction starting from

metal acetates, propionic acid and propionic anhy-

dride. A more detailed description of the experimental

procedure is given in reference [22]. Thin ®lms were

deposited from two different solutions with concen-

trations of 0.3 and 0.1 M, respectively. The less

concentrated solution was prepared by diluting the

0.3 M precursor solution with a 1:1 mixture of

propionic acid: 1-butanol. The addition of 1-butanol

improved the spin coating properties of the diluted

solution. Thin ®lms were deposited at 4000 rpm for

30 s on a commmercially available resist spinner. Wet

®lms were introduced into a preheated furnace after

each coating and crystallized at 850�C for 30 min in

oxygen atmosphere. Six coating-®ring cycles were

carried out. Analysis of the crystal structure was

performed by means of a Philips PW3020 diffract-

ometer. Electrical properties were measured with the

standard four-point technique. Electrical contacts

were formed with silver paint.

Results and Discussion

Structural properties

Figure 1 shows the XRD patterns of y±2y scans of

La0:7Ca0:3MnO3 thin ®lms deposited on LaAlO3.

Curve A displays the pattern of a ®lm obtained from a

0.1 M precursor solution, whereas curve B belongs to

the ®lm from a 0.3 M precursor solution. In curve A,

only the re¯ections of the LaAlO3 substrate and

additional peaks of the ceramic layer (LCM) can be

seen. The peak positions at 2y-values of 23.013,

46.946 and 73.382� correspond to the (100), (200),

and (300) re¯ections, leading to a lattice constant of

3.862 AÊ . Such a value is in very good agreement with

a lattice constant of 3.86 AÊ reported in the literature

[18]. The thin ®lm in curve B, which was prepared

from a solution of higher concentration (0.3 M),

shows some additional, very small peaks in the

diffraction pattern at 2y-values of 32.725, 40.402,

58.541 and 68.730�, that can be indexed to the (110),

(111), (211) and (220) re¯ections of La0:7Ca0:3MnO3.

Furthermore, the 2y-values of the (100), (200) and

(300) peaks are slightly shifted to 23.065, 47.106 and

73.765�, corresponding to a lattice constant of

3.854 AÊ . The small difference in the lattice constants

could be caused by the different ®lm thicknesses, the

110 nm ®lm being more compressed in the a-b-plane

leading to an elongation of the c-axis, whereas the ®lm

from the 0.3 M precursor solution could have more

Fig. 1. XRD pattern (y±2y scan) of La0:7Ca0:3MnO3 thin ®lms

deposited at 850�C on LaAlO3 (100) substrates. Curve A: Film

deposited from a 0.1 M precursor solution, Curve B: Film

deposited from a 0.3 M precursor solution.
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space to release stress due to the higher ®lm thickness.

Similar XRD patterns are observed for thin ®lms with

a composition La0:7Sr0:3MnO3 deposited under iden-

tical conditions. For LSM thin ®lms prepared from a

diluted solution 2y-values of 22.973, 46.932, and

73.365� are observed (Curve C, Fig. 2). From these

re¯ections a lattice constant of 3.868 AÊ is calculated.

As for the LCM thin ®lm, a number of additional

small re¯ections at 2y-values of 32.653�, 40.391�,
58.357�, and 68.614� can be identi®ed by XRD

(Curve D) for the La0:7Sr0:3MnO3 thin ®lms prepared

from the 0.3 M precursor solution. These can be

attributed to the (110), (111), (211) and (220)

re¯ections of the ceramic thin ®m. The (100), (200)

and (300) re¯ections can be found at angles of 22.965,

46.984 and 73.447�, with a lattice constant calculated

from these values of 3.866 AÊ . Again, very good

agreement with previously reported lattice parameters

of 3.89 AÊ is observed [19]. Examination of these

La0:7Ca0:3MnO3 and La0:7Sr0:3MnO3 samples from

the 0.3 M precursor solution by glancing incidence

XRD with an incidence angle of 1� improved the

visibility of the additional small re¯ections with

positions identical to those observed in the y±2y scan.

These XRD patterns are shown in Fig. 3. The

re¯ections correspond to a typical diffraction pattern

of polycrystalline LCM and LSM ceramics. Due to

the glancing incidence conditions, no re¯ections of

the single crystal substrate or the thin ®lm with

orientation parallel to the substrate layers can be

observed. That means that a small amount of

polycrystalline material is formed when the ®lms are

deposited with solutions of higher concentrations. In

order to eliminate this polycrystalline fraction, thin

®lms have to be annealed at high temperatures for

several hours.

In order to con®rm the high quality of the LCM and

LSM thin ®lms from the diluted precursor solution

and to exclude the possibility that only highly (100)

textured, but polycrystalline thin ®lms were prepared

by our CSD technique, scanning electron micrographs

of freshly broken edges of these thin ®lms were

recorded. Figure 4 shows SEM pictures of a

La0:7Ca0:3MnO0:3 thin ®lm prepared by using a

diluted precursor solution (Fig. 4(a)) and a 0.3 M

precursor solution (Fig. 4(b)). The ®rst ®lm displays a

very smooth surface without any grainy structure. No

clear difference between substrate and thin ®lm can be

detected. On the ®lm surface, small pores can be seen.

These pores are formed during the growth process due

to shrinking of the ®lm during the heating process. In

contrast to these results, the thin ®lm from the higher

concentrated precursor solution displays a clearly

different structure. On the ®lm surface, a number of

small grains can be detected. In addition, the ®lm

surface has a wavy structure with some large pores. At

certain points, the ®lm loses contact with the

substrate.

These results can be used to explain some aspects

of the crystallization mechanism. After introducing

Fig. 2. XRD pattern (y±2y scan) of La0:7Sr0:3MnO3 thin ®lms

deposited at 850�C on LaAlO3 (100) substrates. Curve C: Film

deposited from a 0.1 M precursor solution, Curve D: Film

deposited from a 0.3 M precursor solution.

Fig. 3. Glancing incidence XRD pattern (incidence angle 1�) of a

La0:7Ca0:3MnO3 and a La0:7Sr0:3MnO3 thin ®lm deposited at

850�C from a 0.3 M precursor solution. The re¯ections of a small

fraction of polycrystalline material can be seen. The intensity of

the re¯ections is close to the noise level.
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the wet ®lm into the preheated furnace, the next steps

are drying of the ®lm and the pyrolysis of organic

material, leading to an amorphous ®lm composed of

carbonates or oxides. Due to the close structural

relationship between substrate material �LaAlO3� and

thin ®lm, the crystallization will start at the interface

layer. If the thin ®lm thickness does not exceed a

certain critical value, the crystallization front will

consume the amorphous material from the bottom to

the ®lm surface before new seeds are formed at

random points within the ®lm or at the ®lm surface.

Thus, epitaxial ®lms can be grown on single crystals if

the ®lm thickness is suf®ciently small. The use of

higher concentrated solutions leads to amorphous

®lms with increased thicknesses after pyrolysis. At

certain points, the crystallization process initiated at

the ®lm-substrate interface will then not be suf®-

ciently fast to transform all the material into an

epitaxial ceramic ®lm. A small amount of misorien-

ted, polycrystalline material can be formed caused by

random crystallization in the ®lm. This can be

especially the case at points were the ®lm loses

contact with the substrate material. To eliminate this

polycrystalline fraction, the thin ®lms have to be

heated to high temperatures for elongated periods of

time. The driving force for this grain growth at high

temperature is the elimination of grain boundaries.

These results show that the concentration of the

precursor solution has a pronounced effect on the

crystallographic properties of the resulting thin ®lm

and that the epitaxial growth can be achieved at lower

temperatures if the ®lm thickness is reduced

Electrical and magnetic measurements in the low-
temperature regime

In order to gain an overview of the manyfold inherent

properties of the manganite thin ®lms we measured

the dc resistivity versus temperature under different

magnetic ®elds and the temperature dependence of

the magnetization. As shown for the epitaxial

La0:7Ca0:3MnO3 ®lm in Fig. 5, the resistivity reveals

a typical positive temperature coef®ent dependence

up to its maximum at TMI � 275 K. The low

temperature resistivity at 35 K is about

5610ÿ4 Ohm cm, which demonstrates the high

quality of our CSD prepared manganite ®lms and is

comparable to resistivities of thin ®lms deposited by

PLD, MOCVD or sputtering techniques [7,11,23].

Low temperature resistivities of 1610ÿ2 Ohm cm [7]

Fig. 5. Plot of the resistivity versus temperature of a

La0:7Ca0:3MnO3 thin ®lm deposited by the use of a diluted

precursor solution. Resistivity was measured without ®eld and at

B � 1 T and 4 T. TMI is measured at 275 K.

Fig. 4. Scanning electron micrographs of La0:7Ca0:3MnO3 thin

®lms deposited on LaAlO3 substrates. (a) Thin ®lm deposited by

use of a diluted precursor solution with c � 0:1mol�lÿ1. (b) Film

prepared from a precursor solution with a concentration of

0:3mol�lÿ1.
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down to 1610ÿ4 Ohm cm [11] are reported for

epitaxial La0:7Ca0:3MnO3 thin ®lms. The resistivity

at 295 K is 1:56�10ÿ2�Ohm cm, a value similar to a

resistivity of 56�10ÿ3�Ohm cm reported by Hiskes

[11]. The metal-insulator-transition temperature at

275 K is very close to the magnetic Curie-tempera-

ture TC (Fig. 6) and demonstrates the coupling of

ferromagnetism and electrical conductivity in these

materials as was predicted by Zener [24]. The values

of TMI and TC are much higher than those reported by

other workers for epitaxial sol-gel derived Ca-doped

manganite thin ®lms (230 K) [12] and correspond to

data for single-crystal material [11].

The magnetic ®eld dependence of the resistivity at

®elds of 1 T and 4 T, respectively, is shown in Fig. 5.

No magnetoresistance is measured at low tempera-

tures, indicating that no grain boundaries are present

in the thin ®lm sample. Grain boundaries lead to a low

temperature magnetoresistance as was shown in ref.

[25] by the use of arti®cial grain boundaries. Figure 7

illustrates the magnetoresistance versus temperature

as ��r�0� ÿ r�H��=r�0��. The maximum of the CMR

effect for our LCM thin ®lm is measured at 265 K,

which is slightly below TMI and TC. To our knowl-

edge, the MR ratio of about 80% for a magnetic ®eld

of 4 T is the highest value reported by now for this

magnetic ®eld.

Figure 8 illustrates the resistivity measurements for

our La0:7Sr0:3MnO3 thin ®lm. The magnetoresistance

was measured for this sample in a ®eld of 1 T and has

its maximum around 360 K corresponding to the

magnetic Curie temperature TC. This ®lm also

exhibits a small low temperature resistivity

�3610ÿ4 Ohm cm� and a metal-insulator transition

temperature TMI in good agreement with reported

values of single crystal thin ®lms and bulk material

[11]. The transition temperature TMI at 430 K is

remarkably higher than TC in contrast to the above

results for the La0:7Ca0:3MnO3 thin ®lms. Until now

this effect is not well understood and in contrast to the

theory of Zener. Nevertheless, the differences in TMI

and TC seem to be an inherent property of the

La0:7Sr0:3MnO3 material and have been also described

by other workers [11].

Conclusions

Highly conducting and magnetoresistive epitaxial thin

®lms of La0:7Ca0:3MnO3 and La0:7Sr0:3MnO3 were

Fig. 7. Magnetoresistance ratio, determined as �r�H� ÿ r�0�=
r�H��, versus temperature measured at B � 1 T and 4 T. At 4 T,

the MR ratio is about 80% at 270 K.

Fig. 6. Magnetic moment versus temperature of the

La0:7Ca0:3MnO3 thin ®lm. The magnetic Curie temperature TC of

270 K corresponds to the measured TMI .

Fig. 8. Resistivity versus temperature for the La0:7Sr0:3MnO3 thin

®lm deposited from a 0.1 M precursor solution. Magnetoresistance

was measured at B � 1 T. The MR effect is less pronounced for

the LSM thin ®lm than for the LCM sample.
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deposited by chemical solution deposition on LaAlO3

(100) substrates. The growth of the thin ®lms was

in¯uenced by the solution concentration, deposition

of ®lms by the use of diluted solutions and repeated

coating-®ring cycles clearly improved the quality of

the crystalline ®lm. The formation of misoriented,

polycrystalline material could be avoided by in¯uen-

cing the thickness of the resulting thin ®lm. A

magnetoresistance of about 80% was observed in a

®eld of 4 T around the Curie temperature TC for the

La0:7Ca0:3MnO3 thin ®lm.
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