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Giant change in infrared light transmission in La 0.67Ca0.33MnO3 film
near the Curie temperature
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Transport, magnetic, magneto-optical~Kerr effect! and optical~light absorption! properties have
been studied in an oriented polycrystalline La0.67Ca0.33MnO3 film which shows colossal
magnetoresistance. The correlations between these properties are presented. A giant change in
infrared light transmission~more than a thousand-fold decrease! is observed on crossing the Curie
temperature~about 270 K! from high to low temperature. Large changes in transmittance in a
magnetic field were observed as well. The giant changes in transmittance and the large
magnetotransmittance can be used for development of IR optoelectronic devices controlled by
thermal and magnetic fields. Required material characteristics of doped manganites for these devices
are discussed. ©2002 American Institute of Physics.@DOI: 10.1063/1.1453496#
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I. INTRODUCTION

It is known1,2 that the conductivity of doped manganite
increases dramatically at the transition from the param
netic to the ferromagnetic state. In the La12xCaxMnO3 sys-
tem with doping levels in the range 0.17,x,0.5, this tran-
sition occurs simultaneously with an insulator–me
transition. If the manganite samples have fairly good crys
line order, huge temperature changes in light absorption
magneto-absorption can occur at the transition to the met
ferromagnetic state. These effects open the possibility for
of doped manganites not only as magnetic recording me
but also for developing various optoelectronics devices c
trolled by magnetic or thermal fields.3 Previously large tem-
perature changes in light absorption and magneto-absorp
near the Curie temperature,TC , have been found in single
crystal (La12xPrx)0.7Ca0.3MnO3 films ~TC'185 K!3 and
single-crystal La0.9Sr0.1MnO3 ~TC'160 K!.4 This work re-
ports similar effects in polycrystalline La0.67Ca0.33MnO3

films with a higherTC , which is only moderately less tha
room temperature. This may be important in practical use
these effects. This study will also address correlations
other material properties~the structural, transport, and ma
netic properties! with the optical measurements for this sy
tem.

a!Electronic mail: eagan@magn.phys.msu.su
4400021-8979/2002/91(7)/4403/6/$19.00
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II. EXPERIMENT

The La12xCaxMnO3 ~x'1/3! film described in this ar-
ticle was grown by pulsed-laser deposition~PLD! on a~001!
oriented LaAlO3 substrate. A PLD system from Neocera In
with a Lambda Physik KrF excimer laser operating at 2
nm was used to ablate the target material with a nom
composition La2/3Ca1/3MnO3. The target was prepared b
solid-state reaction starting from high purity powders
La2O3, CaCO3, and MnCO3. The lattice parameter for the
target indexed for a pseudocubic unit cell is found to beap

50.384 35 nm. The film~about 150 nm thick! was ablated at
a substrate temperature of 600 °C in an oxygen atmosp
at pressurePO25250 mTorr. During deposition the pulse en
ergy was 584 mJ with a repetition rate of 8 Hz. The targe
substrate distance was about 7 cm. Time of deposition
about 31 min. After deposition the film was cooled to roo
temperature in the same oxygen atmosphere. The film
postannealed in flowing oxygen for 25 h at 950 °C.

The film characterization and measurements were d
using a variety of experimental techniques. A stand
Q–2Q scan was used for the x-ray diffraction~XRD! study
of the film. The XRD patterns were obtained using a Riga
model D-MAX-B diffractometer with a graphite monochro
mator and CuKa1,2 radiation. The ac susceptibility and d
magnetization were measured in a Lake Shore model 7
ac Susceptometer/dc Magnetometer. Resistance as a fun
3 © 2002 American Institute of Physics
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of temperature and magnetic field was measured u
a standard four-point probe technique in magnetic fields
to 5 T.

Optical absorption spectra and temperature dependen
of the intensity of the transmitted light~transmission! were
investigated in the energy range 0.12–1.0 eV, the temp
ture range 80–295 K and in magnetic fields up to 0.8 T. T
constant magnetic field was applied along the direction
light propagation perpendicular to the plane of the film. T
magneto-optical~MO! properties of the film were studied b
measurements of the linear transverse Kerr effect~TKE!. The
TKE was investigated in the energy range 0.5–3.8 eV,
temperature range 10–300 K and in magnetic fields 0.3 T
dynamic method to record TKE was used. The relat
change in the intensity of the reflected lightd5@ I (H)
2I (0)#/I (0), where I (H) and I (0) are the intensity of the
reflected light in the presence and in absence of a magn
field, respectively, was directly measured in the experime
Other details of the technique used were descri
previously.5

III. RESULTS AND DISCUSSION

A. Structural, transport, and magnetic properties

A Q–2Q scan permits determination of the lattice p
rameters in the direction perpendicular to the film plane.
the XRD pattern~Fig. 1! only the ~001!, ~002!, ~003!, and
~004! reflections from both the substrate and the film a
found, indicating a high degree out-of-plane orientation
the film. The XRD pattern for the substrate corresponds
single-crystal LaA1O3. At fairly high angles, the peaks fo
the substrate are split~having doublets!, due to contribution
of the Ka1 and Ka2 radiation. The less intense film peak
are not split. The lattice parameter for the substrate is fo
to beas50.378960.0002 nm. This agrees well with the e
pected valuea50.378 96 nm for single-crystal LaAlO3.

6

The out-of-plane lattice parameter for the film is equal
af50.383860.0002 nm which is a little less than that of th
target. The surface of the film appears bright and specu
Other films having the same structural, magnetic, and tra
port properties were prepared in the same PLD run. The
roughness of one of these films was determined to be
than 2 nm in an atomic force microscope. The film stud
here is expected to have the same high surface smoothn

The temperature dependence of the real (x8) and the
imaginary (x9) components of the ac susceptibility a
shown in Fig. 2~a!. In Fig. 2~b!, the temperature dependen
of the magnetization is presented. The latter is rather no
due to the small mass of the film. Nonetheless, it is evid
from Fig. 2 that the paramagnetic–ferromagnetic transitio
quite sharp. From these temperature dependencies the C
temperature,TC , can be obtained. The value ofTC'276 K,
is found if TC is defined as the temperature of the inflecti
point in the x8(T) curve. It is expected also thatx9(T)
should peak atTC .7 This temperature is about 273.3 K
which is very close to theTC value found from thex8(T)
curve.

The temperature dependence of the film resistivity a
of the magnetoresistance~MR! are shown in Figs. 3 and 4
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As evident from Fig. 3, the resistive transition which acco
panies the magnetic one is also sharp~see also the tempera
ture behavior of the temperature coefficient of resista
~TCR! shown in the inset to Fig. 3!. In general, the observe
r(T) behavior~as well as thex8(T) curve! reflects the high-
quality of the film studied. The temperature,Tp5277.5 K,
where resistance peaks, is very close toTc , as expected for
high quality films.7 The ratio of resistances atTp and 4.2 K,
Rp /R4.2, is extremely high~about 48.6!. This large variation
of resistance with temperature is attributed mainly to
strengthening of the magnetic order with decreasing te
perature. The resistivity atT54.2 K is about 0.9mV m
which is one of the lowest values reported f
La12xCaxMnO3 ~x'1/3! films ~e.g., compared with those in
Ref. 8!. As a measure of the MRdH5@R(H)2R(0)#/R(0)
is plotted in Fig. 4. The MR has a sharp maximum~with an
absolute value of 0.65 atH55 T! at Tm5275.6 K, that is
actually at T5Tc . Nearly identical and high values o
Tc , Tp , andTm found in this study provide evidence of th
high quality of this highly oriented film.

B. Magneto-optical and optical properties

The spectral dependence of TKE for the film studi
@Fig. 5~a!# is consistent with previous data for doped mang
nites with similar doping level.9,10 There is a large ‘‘negative

FIG. 1. XRD Q–2Q curve of the La0.67Ca0.33MnO3 film on a LaAlO3 sub-
strate. The indexes~001!, ~002!, ~003! and ~004! ~of a pseudo-cubic unit
cell! apply to the regions where reflections with these indexes are locate
both for the film and the substrate. The regions around the~002! and ~003!
reflections are magnified in insets.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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peak’’ at E'2.8 eV together with an additional feature ne
E'1.6 eV. AtT555 K, the peak amplitude nearE52.8 eV is
about 22331023. The temperature dependence of TK
@Fig. 5~b!# was measured at two incident photon energ
~1.8 and 2.8 eV!, corresponding to the peak positions in TK
spectra@Fig. 5~a!#. These temperature dependencies sho
reflect that of the magnetization. Indeed, the temperatur
which an appreciable Kerr effect can be seen, when go
from high to lower temperature, is close to theTC values
obtained from the magnetic and resistance measurem
On the other hand, the temperature dependence curve
TKE recorded at different photon energies, are quite differ
from each other. It can be seen that temperature depend
of TKE, measured atE51.8 eV, looks quite similar to the
M (T) dependence@Fig. 2~b!#. Both curves reveal a shar
increase in magnetization nearTC , but that forE52.8 eV,
shows a far slower increase in the TKE signal with decre
ing temperature belowTC . This effect is most likely associ
ated with the shifting of the peak to lower energy~‘‘red’’
region! with increasing temperature@Fig. 5~a!#; whereas the
peak atE51.8 eV is not shifted for a wide temperatu
range. The mechanism of this difference in temperature
havior of the spectral peaks is not clear at present. It is c
ceivable that this is connected with the different nature
optical transitions responsible for magneto-optical activity
these energy regions. As was shown earlier,11 in the spectral

FIG. 2. Temperature dependencies of the ac susceptibility~a! and the mag-
netization~b!. The real (x8) and imaginary (x9) parts of ac susceptibility
were recorded in ac magnetic fieldHac50.2 mT at frequency 125 Hz for
field direction parallel to the film plane.M (T) dependence was obtained
Hdc52.5 mT. All dependencies were recorded with temperature increa
after the film was cooled in zero field.
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range under study, there are an allowed electric–dipole t
sition in the octahedral complex (MnO6)

92 at E53.5 eV and
spin-resolvedd–d transition in Mn31 and Mn41 at lower
energies. That is, a large MO effect in the neighborhood
E53 eV is caused by a charge–transfer transition with
involvement of both Mn and O ions. The temperature dep
dence of this transition should be more complex than that
Mn ions, as is actually observed in this study. Further stud
are necessary, of course, to clarify this effect. In general,
TKE data obtained correlate well with the results of ma
netic and transport measurements and support arguments
this film is of excellent quality and homogeneity.

Let us turn now to the optical properties of the film. A
absorption spectrum for the film in the paramagnetic stat
T5295 K is presented in Fig. 6. It can be seen that an
crease in wavelength,l, leads to a decrease in absorptio
that can be associated with the influence of ‘‘tails’’ of inte
band optical transitions. For a large enough increase in wa
length, the absorption begins to increase. This is determ
by the presence of the impurity band, which is usually po
tioned aroundl510 mm ~E50.12 eV! for manganites and
associated with Mn41 ions.3,4,12Below TC , a strong increase
in absorption has been observed. This is connected with
light absorption by free charge carriers. This phenomen
demonstrated more clearly by the temperature dependen
intensity of light transmitted through the film at a waveleng
l56.4 mm ~Fig. 7!.

g

FIG. 3. Temperature dependence of the resistivity of the investigated film
zero-magnetic field and in fieldsH52.5 T andH55 T. FieldH was perpen-
dicular to the film plane. The inset shows the temperature dependence o
TCR atH50.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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The light intensity is sharply reduced below 270 K in
narrow temperature range~Fig. 7!. The giant change in the
intensity is more than a thousand-fold decrease. The m
netic field shifts the intensity curveI (T) to higher tempera-
ture. The relative change of transmission under the influe
of the magnetic field@magnetotransmittance~MT!#, DI H /I 0

5@ I H2I 0#/I 0, peaks at 28% in a field of 0.8 T atT5265 K
~see inset in Fig. 7!. The MT is found to be significant for the
film studied in the temperature range 250–280 K. That
be important for possible applications. In previous works3,4

this effect was observed at significantly lower temperatur~
T,200 K!. It must be emphasized as well that the effect
seen in unpolarized light.

C. Discussion

It is quite clear that the giant decrease in transmiss
found belowTc in this study is determined by the transitio
of the film to the metallic state with fairly high density o
free ~or quasifree! charge carriers. In spite of extensive e
perimental and theoretical efforts, a clear understanding
the metal–insulator transition in doped manganites and
colossal magnetoresistance~CMR! associated with it is no
yet available. Several possible explanations can be foun
review papers.1,2 One of the possible reasons for CMR
homogeneous samples is the shift of the mobility edge
duced by a change in temperature or magnetic field.13 How-
ever, it is hard to expect a sufficiently high homogeneity
doped manganites.2 One of the certain things is that a cle
correlation exists between transport properties and mag
zation in the mixed-valence manganites.1,2 Namely, the resis-

FIG. 4. Temperature dependence of the MR@R(H)2R(0#/R(0) at H52.5
T andH55 T. FieldH was perpendicular to the film plane.
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tanceR of manganites in the ferromagnetic state is a functi
of magnetization and the conductivity increases with e
hancement of ferromagnetic order. This, together with t
large drop of resistivity and light transmission belowTC , is
the source of the huge negative MR and MT in manganit

The sharp drop in resistance belowTC in doped manga-
nites can be used for bolometric applications.14 Actually, the
TCR of the film studied is fairly high in the temperatur
range close to room temperature~see inset in Fig. 3!. It has
been shown here, however, that changes in the transmis
at the magnetic transition are much larger. Indeed, the ra
of resistances atTp and 4.2 K,Rp /R4.2, was found to be
very high~about 48.6!, but the optical transmission exhibits
far larger drop~more than a thousand-fold decrease! below
TC .

The transmission,t, of films is defined as the ratio be
tween intensities of transmitted and incident light. For a fil
with high absorption, whent,10%, the transmission is re-
lated to the absorption coefficient,K, by the equationt5(1
2R1)(12R2)(12R12)exp(2Kd), whered is film thickness,
R12,R2 , andR1 are reflection coefficients at the boundarie
of film substrate, substrate vacuum, film vacuum, resp
tively. The absorption coefficient is proportional to the d
conductivity~Drude model!. It is evident from the foregoing
equation that there is no direct proportionality between t

FIG. 5. Spectral dependencies of TKE at different temperatures~a! and
temperature dependencies of TKE at different photon energies~b!. All de-
pendencies were recorded at light incidence anglef568°.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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transmission and the resistivity, but the temperature dep
dence of the transmission reflects ther(T) behavior. The
change in intensity of the transmitted light through t
sample at the transition to the ferromagnetic state is of p
ticular interest for practical use. This change is large for
film studied in comparison with the moderate change in
absorption coefficient.~It can be shown that a thousand-fo
decrease in the transmission corresponds to an increase
absorption coefficient by a factor of 5.6, not taking into a
count the change in reflectivity.! The decrease in skin depth
d, at T,200 K is responsible for the nontransparency of
film in the ferromagnetic state. This can be estimated w
the expressiond5(2r/mm0v)1/2 under the assumption tha
the magnetic permeability is equal to unity to obtaind'70
nm at T54.2 K, and d'486 nm atT5Tp for light with
l56.4 mm. That is, the skin depth is far larger than the fi
thickness~d'150 nm! in the paramagnetic state, but in th
ferromagnetic state it is significantly less than the film thic
ness. It should be added that the relative change of the in
sity of transmitted light in a magnetic field, MT5@ I H

2I 0#/I 0, is certain to be a direct analogue of MR5(@R(H)
2R(0)#/R(0)). As in thecase of MR, this quantity MT is
determined by the ability of an external magnetic field
enhance the magnetic order in the doped manganites.

The high-temperature optical phenomena of MT and
strong temperature dependence of MT nearTC that has been
reported here can be used for development of a numbe
infrared ~IR! optoelectronic devices, such as light modu
tors, optical attenuators, light shutters, temperature
magnetic-field indicators, etc. These devices can work in

FIG. 6. Optical absorption spectrum of La0.67Ca0.33MnO3 film at T5295 K.
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IR range withl up to 14mm. As far as we know, the numbe
of materials, which can be used in this energy range as
tical control devices, is very limited. High quality and hig
homogeneity doped manganite films which exhibit a sh
magnetic transition and high conductivity in the ferroma
netic state should be very useful in development of appro
ate optical devices.

In conclusion, at a temperature~T'270 K! not far from
room temperature, giant temperature changes in light tra
mittance and large MT has been observed. These effects
be used for IR optoelectronics devices.
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