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The reflectance of La0.7Ca0.3MnO3 epitaxial thin films on perovskite substrates with a range of
lattice constants is studied in the frequency range 50–5000 cm21. The complex dielectric functions
of the bare La0.7Ca0.3MnO3 films are obtained by modeling the measured reflectivity spectra of the
two-layer La0.7Ca0.3MnO3/substrate system with separately measured dielectric functions of the bare
substrate. The results thus derived indicate that the internal optical phonon modes of the MnO6

octahedra are strongly affected by the substrate-induced lattice distortion. ©1997 American
Institute of Physics.@S0021-8979~97!74108-2#
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The origin of the colossal negative magnetoresista
~CMR! recently observed in perovskite manganit
La12xAxMnO3 ~A: divalent alkaline ions! have been a sub
ject of intense experimental and theoretical studies. Re
theoretical investigations1 have revealed that the lattice e
fects and the strong electron–phonon interaction due to
Jahn-Teller coupling play an important role in the occurren
of the CMR in manganites. Many aspects of the magn
and resistivity data2–5 can be successfully explained in term
of the scenario of lattice polaron conduction. In order
further verify the mechanism of the CMR effect and the c
relation of lattice distortion with the magnetic and transp
properties, infrared data are needed for providing direct
formation of the optical phonon modes and the electro
phonon interaction.

The investigations of the electrical transport and m
netic properties of La0.7Ca0.3MnO3 ~LCMO! films on perov-
skite substrates with different lattice constants6 indicate that
larger lattice distortion induced by the substrates gives ris
larger zero-field resistivity and larger negative magnetore
tance. In the present work we report our experimental inv
tigations of the infrared properties of LCMO epitaxial film
on various perovskite-based substrates: LaAlO3~LAO!,
SrTiO3~STO! and YAlO3~YAO!. Infrared ~IR! reflectivity
spectra of single crystalline LAO, STO and YAO are al
measured. Using the dielectric functions obtained direc
from the bare substrate, we have fitted the measured re
tivity spectra of LCMO epitaxial films on the substrates
modeling the complex dielectric functions of bare LCMO
Our work indicates that the optical conductivity of LCM
and the observed Mn-O stretching and Mn–O–Mnbending
phonon modes are strongly affected by substrate induced
tice distortion.

The LCMO epitaxial films are grown by pulsed las
deposition using a stoichiometric target of La0.7Ca0.3MnO3 in
100 mTorr of oxygen. The temperature of the substrate
700 °C. The growth is followed by annealing in 1 atm ox
gen at 900 °C for 2 h, and the epitaxy of the films is co

a!Electronic mail: boris@issp.ac.ru
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firmed by the x-ray rocking curves. The thickness of t
films is 200610 nm. The lattice constantsa, b, andc ~c'
sample surface! of all samples are determined using hig
resolution x-ray diffraction spectroscopy. The results a
tabulated in Table I. As shown in Table I, the lattice disto
tion induced by the substrates yields the mismatch lat
strain, defined as (Da0/a0), wherea0 is the lattice constan
of the bulk perovskite, andDa0 is the difference between th
lattice constant of the film and that of the bulk LCMO. Th
substrate-induced lattice strain has important effects on
optical phonon modes. Therefore the infrared spectrosc
of films on different substrates can provide direct compa
son of the phonon frequency shifts with the lattice stra
determined from x-ray diffraction measurements.

Near normal incidence reflectivity is measured~against a
reference Al mirror! with a Fourier-transform spectromete
in the entire IR spectral region 50–5000 cm21. The tempera-
ture of the sample is varied with a liquid He-cooled cryost

The large contribution of the substrate to the reflecta
of LCMO thin films prevents direct derivation of the LCMO
complex conductivity from the standard Kramers–Kroni
~KK ! transformations of the measured spectra. It is neces
to know the substrate dielectric function with high accura
in order to model the optical spectra of the thin films. T
complex dielectric functions of single crystalline LAO, STO
and YAO are obtained by means of KK analysis of the m
sured substrate spectra. For the analysis of the substrate

TABLE I. The lattice constants and mismatch lattice strain determined fr
x-ray diffraction for La0.7Ca0.3MnO3 ~LCMO! epitaxial films on LAO, YAO
and STO substrates at 300 K. For comparison, the lattice constants~in Å! for
bulk LCMO are ~a/&53.840, b/&53.890, c/253.860!, LAO (a5b5c
53.792), YAO~a/&53.662,b/&53.768,c/253.685!, and STO (a5b5c
53.905).

Compound

Lattice constant~Å! Lattice strain~%!

~a/&! ~b/&! ~c/2! (Da0/a0) (Db0/b0) (Dc0/c0)

LCMO/LAO 3.842 3.854 3.921 0.05 20.93 1.58
LCMO/YAO 3.862 3.886 3.899 0.57 20.10 1.01
LCMO/STO 3.881 3.927 3.845 1.07 0.95 20.39
81(8)/5756/3/$10.00 © 1997 American Institute of Physics
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tra, we assume the constant reflectivity below 50 cm21 and a
single oscillator approximation above 5000 cm21. To avoid
the KK transformation error due to the uncertainty in t
extrapolation of the reflectivity spectra from zero to infinit
we perform analytical dispersion analysis of the measu
spectra. A model based on the following factorized form
the complex dielectric function7 is applied:

ẽs5es`)
j

v22v j z
2 1 ig jzv

v22v j p
2 1 ig jpv

. ~1!

The model has been successfully used to fit IR reflectiv
spectra of several oxidic perovskites.8,9 The adjustable pa
rameters forj th complex polep and zeroz in this descrip-
tion uniquely determine four phonon mode parameters
j th transverse optical~TO!-longitudinal optical~LO! pair:
the frequenciesvjT , vjL and damping termsgT , gL . The
assumption of different parameters for the TO and LO mo
is necessary when the TO and LO modes have different p
non decay channels and different damping rates. The pho
mode parameters of the substrates and the high-frequ
dielectric constante` are initially evaluated from the KK
analysis and then used as starting values for the least-sq
fit of the reflectivity spectra to the factorized expression~1!.
By this means the complex refractive indicesAẽs 5 ñs 5 ns
1 iks for the perovskite substrates are obtained and use
the two-layer~LCMO/substrate! modeling. Notice that good
agreement between the optical quantities which yield
best fit to reflectivity data and those obtained from a K
analysis is observed above 150 cm21.

Near normal incidence reflectivityR5u r̃ u of a film of
thicknessd on a semiinfinite substrate is related to the co
plex refractive indices of the filmAẽ f 5 ñf 5 nf 1 ik f and of
the substrateñs by the following equations for the reflectanc
amplituder̃ :10

r̃5
r̃ f1G

11 r̃ fG
, G5

r̃ f2 r̃ s
r̃ f r̃ s21

exp~2ic!, ~2!

where

r̃ f5
12nf2 ik f
11nf1 ik f

, r̃ s5
12ns2 iks

11ns1 iks11
,

FIG. 1. Reflectivity phonon spectra of LaAlO3, YAlO3, SrTiO3 ~a! and
La0.7Ca0.3MnO3 on the substrates~b! at 300 K. Open circles are experimen
tal data and solid lines are the best fit of Eq.~1! ~a! and Eqs.~2! and~3! ~b!
to the data. Solid curve for YAlO3 is the measured reflectivity spectrum.
J. Appl. Phys., Vol. 81, No. 8, 15 April 1997
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d~nf1 ik f !.

The dielectric function of the filmẽ f is described in terms o
the classical dispersion function which is the sum of con
butions from a Drude term with plasma frequencyvD and
the damping parametergD and from Lorentzian oscillators
with the strengthsSf j , frequenciesvf j and damping param
etersgf j for j th mode

ẽ f5e f`2
vp
2

v21 ivgD
1(

j

Sf j
2

v f j
2 2v22 ig f jv

. ~3!

Once the substrate complex refractive indicesñs is known,
we use Eqs.~2! and~3! to fit the measured LCMO/substrat
reflectivity spectraR~v!. Parameters for the optical phonon
in La12xSrxMnO3 crystals~x50.175!11 are selected as initia
values for this least-squares fit.

Figure 1~a! shows the reflectivity phonon spectra
LAO, YAO, and STO at room temperature. The open circ
represent the measured reflectivity spectra of LAO and S
the solid curves are calculated by the fitting procedure ba
on Eq.~1!. The fitting parameters thus obtained are listed
Table II. The results for STO are almost the same as th
previously reported by Kamaraset al.,9 although they did not
resolve a weak phonon structure around 650 cm21. The pa-
rameters of the TO phonon modes determined for LAO ag
well with those previously reported by Zhanget al.12 and are
derived by means of the classical dispersion analysis of
reflectivity spectrum.12 The optical constants of the YAO
substrate are obtained by the KK transformation, beca
many IR active phonons in YAO make the dispersion ana
sis more difficult.

The reflectivity phonon spectra of LCMO epitaxial film
on the substrates are shown in Fig. 1~b!. The open circles
represent the experimental data, the solid curves were ca

TABLE II. Best fit phonon parameters determined by Eq.~1! for LAO and
STO at 300 K.

LAO e` 4.2
vjT 183 427 494.7 651 680
gjT 3.9 6.4 1.7 22 65
vjL 277 596 494.5 743 687
gjL 4.3 9.9 1.6 10 70

STO e` 5.2
vjT 92 175 443.5 544 635.1 710.1
gjT 16 6.2 18.6 17 43 41
vjL 171 476 443.8 793 635.2 710.8
gjL 3.8 5.3 18.6 24 40 41

TABLE III. Best fit phonon parameters determined by Eqs.~2! and ~3! for
LCMO on LAO, YAO, and STO substrates at 300 K.

LCMO/LAO LCMO/YAO LCMO/STO

vj 160 351 405 607 158 342 393 583 154 335 379 5
gj 53 51 52 71 64 73 46 76 59 83 30 6
Sj 670 792 511 832 707 805 447 761 671 854 259 6
e` 8.6 9.0 8.4
5757Boris et al.
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lated by the fitting procedure based on Eqs.~2! and~3!. The
obtained fitting parameters are listed in Table III. The Dru
term in Eq.~3! is found to be negligible.

Figure 2 shows the optical conductivity spectra of ba
LCMO, deposited on various substrates, obtained fromẽ f .
There are three main phonon modes in the spectra: the M
stretching mode observed around 580 cm21, the Mn-O-Mn
bending mode around 350 cm21 and the La~Ca!-site external
mode, located around 160 cm21.13 The bending mode is
found to be split due to the orthorhombic distortion
LCMO. As shown in Fig. 2, the stretching and bending ph
non modes shift significantly to lower frequencies, as
mismatch lattice strain~see Table I! increases. On the othe
hand, the external phonon frequency is nearly independe
the lattice constant. If the dependence of the phonon
quency on lattice constant is approximated asv;a2a, the
powera is roughly estimated to be 8 for the stretching mo
and 5 for the bending mode. Similar stronga dependence o
the stretching mode frequency is observed in layered
prates and related materials.14 This fact indicates that both o
the highest frequency phonon modes may be strongly

FIG. 2. Optical conductivity spectra of La0.7Ca0.3MnO3 on various sub-
strates calculated fromẽ f using the parameters of Table III.
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e

e

-O

-
e

of
e-

u-

f-

fected by the interaction with electronic system, and the
ter might also be modulated by the change in the Mn
bond length and Mn–O–Mnbond angle. It should be note
that lineshapes of the phonon peaks in Fig. 2 are nearly
dependent of the lattice distortion induced by the substra
It suggests that the LCMO epitaxial films under study a
structurally homogeneous throughout the entire film thic
ness.

In summary, an analysis of the reflectance of LCM
epitaxial films on various substrates with an extended ra
of lattice constants has been performed by taking into
count the substrate contributions. Our results provide e
dence for a strong dependence of the Mn-O-Mn bending
Mn-O stretching phonon mode parameters on the lattice
tortion induced by the substrates. An extention of the pres
investigation to studying the variations of LCMO phono
modes with temperature and the analysis of the mid-IR
flectance and transmittance spectra may provide further
derstanding of the role of the lattice distortion and polar
conduction in the occurrence of the CMR effects in pero
skite manganites.
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