Infrared optical properties of La ,Cag3MnO5 epitaxial films
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The reflectance of LgCay ;MNnO; epitaxial thin flms on perovskite substrates with a range of
lattice constants is studied in the frequency range 50—5000 cfine complex dielectric functions

of the bare Lg/Ca ;MnO; films are obtained by modeling the measured reflectivity spectra of the
two-layer Lg /Ca, ;MnO,/substrate system with separately measured dielectric functions of the bare
substrate. The results thus derived indicate that the internal optical phonon modes of tge MnO
octahedra are strongly affected by the substrate-induced lattice distortiorl99® American
Institute of Physicg.S0021-897@07)74108-3

The origin of the colossal negative magnetoresistancérmed by the x-ray rocking curves. The thickness of the
(CMR) recently observed in perovskite manganitesfilms is 20010 nm. The lattice constants b, andc (cL
La; _,A,MnO; (A: divalent alkaline ionshave been a sub- sample surfageof all samples are determined using high
ject of intense experimental and theoretical studies. Recemesolution x-ray diffraction spectroscopy. The results are
theoretical investigatiorishave revealed that the lattice ef- tabulated in Table I. As shown in Table I, the lattice distor-
fects and the strong electron—phonon interaction due to th#on induced by the substrates yields the mismatch lattice
Jahn-Teller coupling play an important role in the occurrencestrain, defined asXag/ay), wherea, is the lattice constant
of the CMR in manganites. Many aspects of the magnetiof the bulk perovskite, and a, is the difference between the
and resistivity data® can be successfully explained in terms lattice constant of the film and that of the bulk LCMO. The
of the scenario of lattice polaron conduction. In order tosubstrate-induced lattice strain has important effects on the
further verify the mechanism of the CMR effect and the cor-optical phonon modes. Therefore the infrared spectroscopy
relation of lattice distortion with the magnetic and transportof films on different substrates can provide direct compari-
properties, infrared data are needed for providing direct inson of the phonon frequency shifts with the lattice strain,
formation of the optical phonon modes and the electron-determined from x-ray diffraction measurements.
phonon interaction. Near normal incidence reflectivity is measufedainst a

The investigations of the electrical transport and magreference Al mirroy with a Fourier-transform spectrometer
netic properties of LgCa, ;MNnO; (LCMO) films on perov-  in the entire IR spectral region 50—5000 cThe tempera-
skite substrates with different lattice const&ritslicate that ture of the sample is varied with a liquid He-cooled cryostat.
larger lattice distortion induced by the substrates gives rise to  The large contribution of the substrate to the reflectance
larger zero-field resistivity and larger negative magnetoresisof LCMO thin films prevents direct derivation of the LCMO
tance. In the present work we report our experimental invescomplex conductivity from the standard Kramers—Kroning
tigations of the infrared properties of LCMO epitaxial films (KK) transformations of the measured spectra. It is necessary
on various perovskite-based substrates: Lafl@®O), to know the substrate dielectric function with high accuracy
SITIOy(STO) and YAIO,(YAO). Infrared (IR) reflectivity in order to model the optical spectra of the thin films. The
spectra of single crystalline LAO, STO and YAO are alsocomplex dielectric functions of single crystalline LAO, STO,
measured. Using the dielectric functions obtained directlyand YAO are obtained by means of KK analysis of the mea-
from the bare substrate, we have fitted the measured reflegured substrate spectra. For the analysis of the substrate spec-
tivity spectra of LCMO epitaxial films on the substrates by
modeling t,he_ complex dlelectrlg functions Qf ,bare LCMO. TABLE I. The lattice constants and mismatch lattice strain determined from
Our work indicates that the optical conductivity of LCMO y_ray diffraction for La, Ca, MnO; (LCMO) epitaxial films on LAO, YAQ
and the observed Mn-O stretching ancdhMO—Mnbending  and STO substrates at 300 K. For comparison, the lattice consiars for

phonon modes are strongly affected by substrate induced lalpulk LCMO are (a/v2=3.840, b/v2=3.890, ¢/2=3.860, LAO (a=b=c
tice distortion =3.792), YAO(a/v2=3.662,b/v2=3.768,c/2=3.6859, and STO a=b=c

The LCMO epitaxial films are grown by pulsed laser =3.905).

deposition using a stoichiometric target ofyl:&&, MnO; in Lattice constantA) Lattice strain(%)
100 mTorr of oxygen. The temperature of the substrates is
700 °C. The growth is followed by annealing in 1 atm oxy-

Compound (avV2) (bV2) (cl2) (Aaglag) (Abg/bg) (Acy/cy)

gen at 900 °C for 2 h, and the epitaxy of the films is con-LCMO/LAO  3.842 3.854 3921 005 -0.93 1.58
LCMO/YAO 3.862 3.886 3.899 057 -0.10 1.01
LCMO/STO 3.881 3.927 3.845  1.07 0.95 —0.39

3E|ectronic mail: boris@issp.ac.ru

5756 J. Appl. Phys. 81 (8), 15 April 1997 0021-8979/97/81(8)/5756/3/$10.00 © 1997 American Institute of Physics



TABLE Il. Best fit phonon parameters determined by EL).for LAO and

v, simio, STO at 300 K.
LAO € 4.2
wr 183 427 4947 651 680
_ Yir 3.9 6.4 1.7 22 65
’ La, Ca, MnO, Lo, Ca, MnO, Ly Ca MnO, o5 277 596 4945 743 687
0.8 “on LaAlo] o VAIO, onSrTio, Vi 4.3 99 1.6 10 70
g0 STO 5.2
=2 04 % .
g wjr 92 175 4435 544 6351 710.1
0.07"200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000 ‘Y]T 16 62 186 17 43 41
w171 476 4438 793 6352 710.8
Wavenumber (em i 3.8 5.3 18.6 24 40 41

FIG. 1. Reflectivity phonon spectra of LaAJQ YAIO3, SrTiO; (a) and
La, ,Ca sMNnO; on the substrated) at 300 K. Open circles are experimen-
tal data and solid lines are the best fit of Ef). (@) and Eqs(2) and(3) (b)

to the data. Solid curve for YAIQis the measured reflectivity spectrum.
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The dielectric function of the filng; is described in terms of
tra, we assume the constant reflectivity below 50 tand a  the classical dispersion function which is the sum of contri-
single oscillator approximation above 5000 tmTo avoid butions from a Drude term with plasma frequensy and
the KK transformation error due to the uncertainty in theyne damping parametey, and from Lorentzian oscillators

extrapolation of the reflectivity spectra from zero to infinity, yith the strengthsSy; , frequenciesor; and damping param-
we perform analytical dispersion analysis of the measure@tersyfj for jth mode

spectra. A model based on the following factorized form of )
the complex dielectric functidnis applied: _ wg Sfj 3
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Once the substrate complex refractive indicgss known,
we use Egs(2) and(3) to fit the measured LCMO/substrate
The model has been Successfully used to fit IR I'EﬂectiVityreﬂecti\/ity SpectraQ(w)_ Parameters for the 0ptica| phonons
spectra of several oxidic perovskit$The adjustable pa- in La, ,Sr,MnO; crystals(x=0.175"" are selected as initial
rameters forjth complex polep and zeroz in this descrip-  values for this least-squares fit.
tion uniquely determine four phonon mode parameters for  Figure Xa) shows the reflectivity phonon spectra of
jth transverse opticalTO)-longitudinal optical(LO) pair:  LAO, YAO, and STO at room temperature. The open circles
the frequenciesy;r, w;. and damping termsq, y . The  represent the measured reflectivity spectra of LAO and STO,
assumption of different parameters for the TO and LO modeghe solid curves are calculated by the fitting procedure based
is necessary when the TO and LO modes have different phayn Eq.(1). The fitting parameters thus obtained are listed in
non decay channels and different damping rates. The phonormble I1. The results for STO are almost the same as those
mode parameters of the substrates and the high-frequengyeviously reported by Kamaras al.’® although they did not
dielectric constant,. are initially evaluated from the KK resolve a weak phonon structure around 650 triThe pa-
analysis and then used as starting values for the least-squarggneters of the TO phonon modes determined for LAO agree
fit of the reflectivity spectra to the factorized expressidh  well with those previously reported by Zhaegal? and are
By this means the complex refractive indicg& = s = ns  derived by means of the classical dispersion analysis of the
+ ik, for the perovskite substrates are obtained and used ifeflectivity spectrunt? The optical constants of the YAO
the two-layer(LCMO/substratg modeling. Notice that good substrate are obtained by the KK transformation, because
agreement between the optical quantities which yield thenany IR active phonons in YAO make the dispersion analy-
best fit to reflectivity data and those obtained from a KKsjs more difficult.
analysis is observed above 150 tm The reflectivity phonon spectra of LCMO epitaxial films
Near normal incidence reflectivitR=|r| of a film of  on the substrates are shown in Figb)l The open circles
thicknessd on a semiinfinite substrate is related to the com-represent the experimental data, the solid curves were calcu-
plex refractive indices of the filg'e; = iy = n; + ik; and of
the substrat@, by the following equations for the reflectance

a_mplitude’F’;10 TABLE Ill. Best fit phonon parameters determined by E@.and(3) for

LCMO on LAO, YAO, and STO substrates at 300 K.

~ ?f+r T ?f_?s 2i 2
r= =, ===—-6€X 1),
T47,T o1 A(2i) LCMO/LAO LCMO/YAO LCMO/STO
h @, 160 351 405 607 158 342 393 583 154 335 379 559
where y 53 51 52 71 64 73 46 76 59 83 30 65
_1-n—ik 1—n—ik, S, 670 792 511 832 707 805 447 761 671 854 250 669
= o F = _ , e. 86 9.0 8.4
1+ns+ikg 1+ng+ikg+1
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fected by the interaction with electronic system, and the lat-
ter might also be modulated by the change in the Mn—-O
bond length and M—O—-Mnbond angle. It should be noted
that lineshapes of the phonon peaks in Fig. 2 are nearly in-
dependent of the lattice distortion induced by the substrates.
It suggests that the LCMO epitaxial films under study are
structurally homogeneous throughout the entire film thick-
ness.

In summary, an analysis of the reflectance of LCMO
epitaxial films on various substrates with an extended range
of lattice constants has been performed by taking into ac-
count the substrate contributions. Our results provide evi-
dence for a strong dependence of the Mn-O-Mn bending and
Mn-O stretching phonon mode parameters on the lattice dis-
] tortion induced by the substrates. An extention of the present
@ investigation to studying the variations of LCMO phonon
, , , . , ) — modes with temperature and the analysis of the mid-IR re-

100 200 300 400 500 600 700 flectance and transmittance spectra may provide further un-
Wavenumber (cm-1) derstanding of the role of the lattice distortion and polaron
conduction in the occurrence of the CMR effects in perov-
FIG. 2. Optical condgctivi.ty spectra of paCa MnO; on various sub-  skite manganites.
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There are three main phonon modes in the spectra: the Mn-O
Stretching mode observed around 580_&Iﬂhe Mn-O-Mn tA. J. Millis, P. B. Lit_tgrwood, and B. I. Shraiman, Phys. Rev. L&,
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