JOURNAL OF APPLIED PHYSICS VOLUME 91, NUMBER 7 1 APRIL 2002
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Transport, magnetic, magneto-optid&lerr effech) and optical(light absorption properties have

been studied in an oriented polycrystalline jk#a 3dMnO5 film which shows colossal
magnetoresistance. The correlations between these properties are presented. A giant change in
infrared light transmissiofmore than a thousand-fold decreaseobserved on crossing the Curie
temperatureg(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. @002 American Institute of Physic§DOI: 10.1063/1.1453496

I. INTRODUCTION Il. EXPERIMENT

It is known'? that the conductivity of doped manganites The La_,CaMnOs (x~1/3) film described in this ar-
increases dramatically at the transition from the paramaggqie was gr(;\;(vn by pulssed-laser depositi®?LD) on a(001)
netic to the ferromagnetic state. In the,LaCaMnO; Sys-  griented LaAlQ substrate. A PLD system from Neocera Inc.
tem with doping levels in the range 0-LX<0.5, this ran- it 54 Lambda Physik KrF excimer laser operating at 248
sition occurs  simultaneously with an insulator-metalpyy, \yas used to ablate the target material with a nominal
transition. If the manganite samples have fairly good CrySta"composition LaCa,MnOs. The target was prepared by
line order, huge temperature changes in light absorption ang,)jiq-state reaction starting from high purity powders of
magneto-absorption can occur at the transition to the metaIIiEazos, caCQ, and MnCQ. The lattice parameter for the
ferromagnetic state. These effects open the possibility for USRyrget indexed for a pseudocubic unit cell is found toahe
of doped manganites not only as magnetic recording media.. 5 384 35 nm. The filnfabout 150 nm thickwas ablated at
but also for developing various optoelectronics devices cony ¢ pstrate temperature of 600 °C in an oxygen atmosphere
trolled by magnetic or thermal fieldsPreviously large tem- at pressur®,= 250 mTorr. During deposition the pulse en-
perature changes in light absorption and magneto-absorptiqtygy as 584 mJ with a repetition rate of 8 Hz. The target—
near the Curie temperaturéc, have been found n single- gypstrate distance was about 7 cm. Time of deposition was
crystal (La_,Pr)o & MnO; films (TCT 185 K)* and  4pout 31 min. After deposition the film was cooled to room
single-crystal Lg¢Sio,MNO; (Tc~160 K).” This work re-  omperature in the same oxygen atmosphere. The film was
ports similar effects in polycrystalline bgCésMnOs  postannealed in flowing oxygen for 25 h at 950 °C.
films with a higherTc, which is only moderately less than The film characterization and measurements were done
room temperature. This may be important in practical use Otjsing a variety of experimental techniques. A standard
these effects. This study will also address correlations ofy_»q scan was used for the x-ray diffracti¢kRD) study
other material propertieghe structural, transport, and mag- ot the film, The XRD patterns were obtained using a Rigaku
netic propertieswith the optical measurements for this sys- ., 4e| D-MAX-B diffractometer with a graphite monochro-

tem. mator and CWK ,; , radiation. The ac susceptibility and dc
magnetization were measured in a Lake Shore model 7229

dElectronic mail: eagan@magn.phys.msu.su ac Susceptometer/dc Magnetometer. Resistance as a function
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of temperature and magnetic field was measured using
a standard four-point probe technique in magnetic fields up 25 ) ' T " ! ' '
to5T.

Optical absorption spectra and temperature dependencie:
of the intensity of the transmitted liglitransmissioh were
investigated in the energy range 0.12-1.0 eV, the tempera- 20 F
ture range 80—295 K and in magnetic fields up to 0.8 T. The
constant magnetic field was applied along the direction of
light propagation perpendicular to the plane of the film. The
magneto-opticalMO) properties of the film were studied by
measurements of the linear transverse Kerr effEKE). The 15
TKE was investigated in the energy range 0.5-3.8 eV, the
temperature range 10—300 K and in magnetic fields 0.3 T. A
dynamic method to record TKE was used. The relative
change in the intensity of the reflected ligldt=[I(H)
—1(0)]/1(0), wherel(H) and1(0) are the intensity of the
reflected light in the presence and in absence of a magnetic
field, respectively, was directly measured in the experiment.
Other details of the technique used were described
previously’® St ]

counts

4
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10

Ill. RESULTS AND DISCUSSION
A. Structural, transport, and magnetic properties 0 _,]L JL L J

| M 1 N 1 1
A ©-20 scan permits determination of the lattice pa- 20 40 60 80 100
rameters in the direction perpendicular to the film plane. In
the XRD pattern(Fig. 1) only the (001), (002, (003, and 20 (degree)
(009 reflections from both the substrate and the film are
found, indicating a high degree out-of-plane orientation off!G: 1. XRD©-20 curve of the LgCa.sMnO; film on a LaAIC; sub-

. strate. The indexef001), (002), (003) and (004 (of a pseudo-cubic unit
the film. The XRD pattern for the substrate CorreSpondS t%em apply to the regions where reflections with these indexes are located for

single-crystal LaA1Q. At fairly high angles, the peaks for both for the film and the substrate. The regions around@6@ and (003
the substrate are splihaving doublets due to contribution  reflections are magnified in insets.

of the Koy and K, radiation. The less intense film peaks
are not split. The lattice parameter for the substrate is foun
to beag=0.3783t0.0002 nm. This agrees well with the ex-
pected valuea=0.378 96 nm for single-crystal LaAlS

The out-of-plane lattice parameter for the film is equal to . ) .
a;=0.3838=0.0002 nm which is a little less than that of the (TCR) shown in the inset to Fig.)3In general, the observed

target. The surface of the film appears bright and speculaf).(T) behavior(as well as they'(T) curve reflects the high-

Other films having the same structural, magnetic, and transquallty of _the film StUd'eq The temperaturg,=277.5 K,
. . where resistance peaks, is very closeltq as expected for
port properties were prepared in the same PLD run. The rm

roughness of one of these films was determined to be le ﬁ|g/h quall|ty films. Tlhehratmt())f re&stanc;is ?jb and 4.'2 .K’
than 2 nm in an atomic force microscope. The film studied P Ry, is extremely higftabout 48.6. This large variation

: ) of resistance with temperature is attributed mainly to the
here is expected to have the same high surface smoothness, : ) . .
strengthening of the magnetic order with decreasing tem-
The temperature dependence of the regl)(and the L i .
: . . oo perature. The resistivity at=4.2 K is about 0.9uQ) m
imaginary (¢”) components of the ac susceptibility are

shown in Fig. 2a). In Fig. 2b), the temperature dependence which 'is one of the lowest values reported for
of the magnetization is presented. The latter is rather noisl"'il"‘c"’!"vInos (x=1/3) films (e.g., compared with those in

due to the small mass of the film. Nonetheless, it is eviden}l{ef' 8. A; a measure of the MRy =[R(H) — R(O)]/.R(O)
. . . ... __.1s plotted in Fig. 4. The MR has a sharp maximgwith an
from Fig. 2 that the paramagnetic—ferromagnetic transition is _ - .
. . absolute value of 0.65 d&1=5 T) at T,,=275.6 K, that is
quite sharp. From these temperature dependencies the Curie - . . .
. actually at T=T.. Nearly identical and high values of
temperatureT, can be obtained. The value B£~276 K, o . .
) : . : . . T., T,, andT,, found in this study provide evidence of the
is found if T is defined as the temperature of the mﬂectlonhi h Tjali of this hiahlv oriented film
point in the x'(T) curve. It is expected also that’(T) gh quality gnly '
should peak aff.” This temperature is about 273.3 K,
which is very close to th@ ¢ value found from they'(T)
curve. The spectral dependence of TKE for the film studied
The temperature dependence of the film resistivity andFig. 5a)] is consistent with previous data for doped manga-

of the magnetoresistan¢®IR) are shown in Figs. 3 and 4. nites with similar doping level'° There is a large “negative

%\s evident from Fig. 3, the resistive transition which accom-
panies the magnetic one is also shésee also the tempera-
ture behavior of the temperature coefficient of resistance

B. Magneto-optical and optical properties
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FIG. 2. Temperature dependencies of the ac susceptitdlitand the mag-  FiG, 3. Temperature dependence of the resistivity of the investigated film in
netization(b). The real ') and imaginary £") parts of ac susceptibility  zero-magnetic field and in fieldé=2.5 T andH=>5 T. FieldH was perpen-

were recorded in ac magnetic fiektl,;=0.2 mT at frequency 125 Hz for  gjcular to the film plane. The inset shows the temperature dependence of the
field direction parallel to the film plané/(T) dependence was obtained at TCR atH=0.

Hy=2.5 mT. All dependencies were recorded with temperature increasing
after the film was cooled in zero field.

range under study, there are an allowed electric—dipole tran-
peak” atE~2.8 eV together with an additional feature nearsition in the octahedral complex (MpJd~ atE=3.5 eV and
E~1.6 eV. AtT=55 K, the peak amplitude neB=2.8 eVis  spin-resolvedd—d transition in Mr™ and Mrf* at lower
about —23x10 3. The temperature dependence of TKE energies. That is, a large MO effect in the neighborhood of
[Fig. 5(b)] was measured at two incident photon energieE=3 eV is caused by a charge—transfer transition with an
(1.8 and 2.8 eY, corresponding to the peak positions in TKE involvement of both Mn and O ions. The temperature depen-
spectra[Fig. 5@]. These temperature dependencies shouldlence of this transition should be more complex than that for
reflect that of the magnetization. Indeed, the temperature a&fn ions, as is actually observed in this study. Further studies
which an appreciable Kerr effect can be seen, when goingre necessary, of course, to clarify this effect. In general, the
from high to lower temperature, is close to tfig values TKE data obtained correlate well with the results of mag-
obtained from the magnetic and resistance measurementsetic and transport measurements and support arguments that
On the other hand, the temperature dependence curves ftris film is of excellent quality and homogeneity.
TKE recorded at different photon energies, are quite different  Let us turn now to the optical properties of the film. An
from each other. It can be seen that temperature dependenabsorption spectrum for the film in the paramagnetic state at
of TKE, measured aE=1.8 eV, looks quite similar to the T=295 K is presented in Fig. 6. It can be seen that an in-
M(T) dependencgFig. 2(b)]. Both curves reveal a sharp crease in wavelength\, leads to a decrease in absorption,
increase in magnetization nedg, but that forE=2.8 eV, that can be associated with the influence of “tails” of inter-
shows a far slower increase in the TKE signal with decreasband optical transitions. For a large enough increase in wave-
ing temperature below . This effect is most likely associ- length, the absorption begins to increase. This is determined
ated with the shifting of the peak to lower enerdyed” by the presence of the impurity band, which is usually posi-
region with increasing temperatuféig. 5a)]; whereas the tioned around\=10 um (E=0.12 eV} for manganites and
peak atE=1.8 eV is not shifted for a wide temperature associated with M ions>*!?Below T, a strong increase
range. The mechanism of this difference in temperature ban absorption has been observed. This is connected with the
havior of the spectral peaks is not clear at present. It is conlight absorption by free charge carriers. This phenomena is
ceivable that this is connected with the different nature ofdemonstrated more clearly by the temperature dependence of
optical transitions responsible for magneto-optical activity inintensity of light transmitted through the film at a wavelength
these energy regions. As was shown eatfién the spectral \=6.4 um (Fig. 7).
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FIG. 4. Temperature dependence of the MRH) —R(0]/R(0) atH=2.5
T andH=5 T. FieldH was perpendicular to the film plane.
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The light intensity is sharply reduced below 270 K in a T®

narrow temperature rand&ig. 7). The giant change in the FiG. 5. Spectral dependencies of TKE at different temperat(aeand

intensity is more than a thousand-fold decrease. The magemperature dependencies of TKE at different photon enetbjell de-

netic field shifts the intensity curvigT) to higher tempera- Pendencies were recorded at light incidence aggi6s°.

ture. The relative change of transmission under the influence

of the magnetic fieldmagnetotransmittand@T)], Al /1, o ) ) )
—[Iy—1o]/1,, peaks at 28% in a field of 0.8 T =265 K tanceR of manganites in the ferromagnetic state is a function

(see inset in Fig.)7 The MT is found to be significant for the ©f magnetization and the conductivity increases with en-
film studied in the temperature range 250—280 K. That cafiancement of ferromagnetic order. This, together with the
be important for possible applications. In previous wotfks, large drop of resistivity and Ilght transm|SS|on.beI6\¢y, is

this effect was observed at significantly lower temperatares the source of the huge negative MR and MT in manganites.

T<200 K). It must be emphasized as well that the effect is  1n€ sharp drop in resistance beldw in doped manga-
seen in unpolarized light. nites can be used for bolometric applicatidh#ctually, the

TCR of the film studied is fairly high in the temperature
C. Discussion range close to room temperatusee inset in_ Fig. B It has_ _

' been shown here, however, that changes in the transmission

It is quite clear that the giant decrease in transmissiorat the magnetic transition are much larger. Indeed, the ratio

found belowT, in this study is determined by the transition of resistances at, and 4.2 K,R,/R,,, was found to be
of the film to the metallic state with fairly high density of very high(about 48.8, but the optical transmission exhibits a
free (or quasifreg charge carriers. In spite of extensive ex- far larger drop(more than a thousand-fold decreabelow
perimental and theoretical efforts, a clear understanding of ..
the metal—insulator transition in doped manganites and the The transmissiont, of films is defined as the ratio be-
colossal magnetoresistan@8MR) associated with it is not tween intensities of transmitted and incident light. For a film
yet available. Several possible explanations can be found iwith high absorption, wheh<<10%, the transmission is re-
review papers:> One of the possible reasons for CMR in lated to the absorption coefficier, by the equatiori=(1
homogeneous samples is the shift of the mobility edge in—R;)(1—R,)(1— R;y)exp(—Kd), whered is film thickness,
duced by a change in temperature or magnetic fieldow-  R;,,R,, andR; are reflection coefficients at the boundaries
ever, it is hard to expect a sufficiently high homogeneity inof film substrate, substrate vacuum, film vacuum, respec-
doped manganitésOne of the certain things is that a clear tively. The absorption coefficient is proportional to the dc
correlation exists between transport properties and magnettonductivity (Drude model. It is evident from the foregoing
zation in the mixed-valence manganitésNamely, the resis- equation that there is no direct proportionality between the
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FIG. 6. Optical absorption spectrum of | @Ca 3qMnO; film at T=295 K. 100 150 200 . 250 300
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o . FIG. 7. Temperature dependencies of the intensity of light transmitted
transmission and the resistivity, but the temperature depefnrough LaCa, ;MnO; film in zero-magnetic field at fieldti=0.8 T for
dence of the transmission reflects th€T) behavior. The wavelengthh=6.4 um. The inset shows the temperature dependence of MT
change in intensity of the transmitted light through theatH=0.8T for the same wavelength.
sample at the transition to the ferromagnetic state is of par-
ticular interest for practical use. This change is large for the )
film studied in comparison with the moderate change in théR range_wnhh up 10 14um. As far_as we know, the number
absorption coefficient(lt can be shown that a thousand-fold Qf materials, Wh.'Ch can be us.ed. n th'§ energy range as op-
decrease in the transmission corresponds to an increase in t %al contrql devices, is very I_|m|t(_ad. H|gh quahty gnd high
absorption coefficient by a factor of 5.6, not taking into ac- omoggneﬂy dpped manganlte films yvhmh exhibit a sharp
count the change in reflectivijyThe decrease in skin depth, ma_gneUc transition and high corjductlwty in the ferromag—.
6, at T<200 K is responsible for the nontransparency of thenetic stgte ShOl.JId be very useful in development of appropri-
film in the ferromagnetic state. This can be estimated witrPte optical de\(lces.
the expressio=(2p/ uuow) 2 under the assumption that In conclusion, at a temperatu(@~270 K) not_far_from
the magnetic permeability is equal to unity to obta70  °0M temperature, giant temperature changes in light trans-
nm at T=4.2 K, and 3~486 nm atT=T, for light with mittance and large MT has peen opserved. These effects can
A=6.4 um. That is, the skin depth is far larger than the film be used for IR optoelectronics devices.
thickness(d=~ 150 nm) in the paramagnetic state, but in the
ferromagnetic state it is significantly less than the film thick-ACKNOWLEDGMENTS
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