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Magnetization-dependent behaviors of interband transitions between the exchange-split bands
in doped manganite films
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The temperature dependence of absorption spectra for thin films of double-exchange ferromagnet
Ry 6Sr0.4aMNO3 has been investigated with variation of the one-electron bandWidthVith decreasing tem-
perature, which corresponds to the increase of the magneti2dtialarge amount of spectral weight transfers
from the high- -3 eV) to low- (<1 eV) energy region. We ascribe these transitions to the interband transition
between the bands split by the on-site exchange interadtiand the intraband transition within the lower
band, respectively. This suggests that optical excitations in the visible region strongly couple with local spin
alignments in these doped mangani{&¥0163-18207)01733-3

The conducting ferromagnetic state in the hole-dopedegion with decreasing temperature, equivalently corre-
manganese oxides with perovskite structure, e.g.sponding to increasing magnetizativh These observations
La;_,Sr,MnO,, is mediated by the double-exchan@2E) are well interpreted in terms of the transfer of spectral weight
interaction:™ Recent extensive investigations on the elec-from the interband transitions between the exchangeegpit
tronic properties have revealed colossal magnetoresistantands to the intraband transitions within the lower band. The
(MR) phenomena’ near the ferromagnetic transition tem- findings indicate that the locabg-spin alignment affects not
perature T, which is attracting broad interest from the only the transport properties but also optical transitions in the
viewpoint of applications. The generic magnetic and transvisible (2—4 e\) regions.
port properties in the doped manganites mainly arise from a Thin films of RygSro,MnO; (R=La, LagsNdgs,
strong on-site exchange interactidhlund’s-rule coupling NdgsSmg 5, and Sm with thickness of~100 nm were fab-
J~2 eV) between the localized,y spins and itinerang,  ricated using a vacuum pulsed-laser deposit®hD) appa-
electrons. The one-electron bandwidth of the g, state is  ratus. Calcined powder was pressed into a pellet with a size
likely to be smaller than) in these doped manganites, and of 20 mmx5 mm and sintered at 1300 °C for 48 h. An
hence theey carriers in the ferromagnetic ground state areexcimer laser beam of 248 nm with a repetition rate~d§
almost perfectly spin polarized, in contrast to the case oHz and pulse energy of 80 mJ was focused onto the target
conventional itinerant ferromagnets. The MR behavior espein the vacuum chamber. The compound was deposited on to
cially for La;_,Sr,MnO3 Ref. (4) having maximalW is  a MgO (100 substrate that was heated at 850—950 °C in an
well accounted for by a simple DE modéhat includes only  atmosphere of=300 mTorr oxygen. The MgO substrate is
the transfer integrat of the ey electrons andl. In these transparent in a wide energy region of 0.1-5.0 eV, and is
systems with a largd value corresponding to the photon suitable for the optical measurements. The fabricated films
energy in the visible region, one can expect that there apwere annealed in 760 Torr oxygen atmosphere for 1 h, and
pears strong coupling of the optical excitations with thethen slowly cooled down. X-ray-diffraction measurements
togspin alignment, and such a feature affects significantlyevealed that the obtained films we(®10 oriented in the
the optical spectrum. Recently, several researchers have rpseudocubic setting. The thicknesses of the films were mea-
ported a significant variation of the optical spectra for dopedsured by a scanning electron microscd&M). An absorp-
manganites, e.g., lg,Srp17MnO; crystaf and  tion coefficient «(w) was determined from transmission
Nd, /Sro.sMnO5 film.° However, there exists a large discrep- spectra using the standard forumula, neglecting a multire-
ancy between the spectral behaviors reported in the literatuféection effect, since the optical density of our films is larger
probably due to the different doping level In addition, the than 0.7 in the spectral region investigated.
investigations are restricted in the narrow energy regions be- We show in Fig. 1 temperature dependence of magnetiza-
low ~2 eV Ref.(8) or ~3 eV Ref.(9), even though their tion M for thin films of doped manganites with systematic
results imply that the spectral change extends far above 3 eWariation ofr 5, that is,W. M was measured under a field of

In this paper, we report on the temperature variation of0.5 T after cooling downa 5 K in zero field(ZFC). T¢ was
optical spectrum in the energy range of 0.5-5 eV for thindetermined from the inflection point of tHd-T curve. In
films of Ry gSrpMnO; (R = La, LayNdq,, NdqpSmys, LageSro.4aMnO3; which has maximalW, magnetization be-
and Sm with a fixed hole concentration of=0.4. TheW  gins to rise belowT-~325 K (indicated by a downward
value was controlled by changing the trivalent rare-eartharrow). With decreasing 5, T¢ decreases down t& 175 K
ions, becaus&V depends on the average ionic radiysof  for R=NdysSmy 5, and eventually the transition disappears
the perovskiteA sitel® We observed a large transfer of spec- for R=Sm(see also the inset of Fig).IThe observed critical
tral weight from the high- ¢ 3 eV) to low- (<1 eV) energy  temperatures are consistent with the previously reported ones
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FIG. 1. Temperature dependence of magnetization for thin films Photon Energy (eV)

of Ry ¢SryMnO3. Magnetization was measured in a field of 0.5 T
after cooling downa 5 K in thezero field(ZFC). Vertical arrows
represent the Curie temperaturBs. Inset represents relation be-
tweenT and average ionic radius, of the perovskiteA site. FM
and PI represent ferromagetic metallic and paramagnetic insulatin
phases, respectively.

FIG. 2. Temperature dependence of absorption spectr(iy)
for LageSroMnO3 film. The hatched area represents the
temperature-independent componeg{w). Inset shows thex(w)
%pectrum for the parent LaMnCcrystal.

the Mn 3 levels. In the inset of Fig. 2, we show the w)

for thin films!! To check the quality of these thin films, we spelctlrlzj)ml forha single crystal obeIaMrgéIci\t;ad rf]rom Arima
further measured resistivitigs up to ~400 K (not shown. eta - )N the energy region DEIOW> ev, the spectrum
For R=La, LageNdys, and NchsSmgs, the p-T curve consists of two CT-type transitions aroune? eV and~4
gradually increases with decreaéing femperature affove eV. The former and the latter correspond to the CT transi-

ana then ecreases bl sy o e case of e (0% 21, U o e tounepi, st
melt-grown crystalé.In Lag¢Sro, MnO5, especially, thep P ' P 9

value becomes sufficiently low<{1x1073 Q cm) in the :Ee ao(w) spelc':tr.um a;(t)#ndu 1t'3 e\'/t'andf4 ?\t/h Notg tga;
ferromagnetic phase, indicating a high quality of our thin € energy spiitting of these transitions 15 of the orded.o
films. In the case of SEKSTyMnOs5 having minimalW, Now, let us.proceed to_the temperature-fjependent compo-
however, resistivity remains insulating down to the IowestnemaT(w)' With decreasmg temperature, 1.e., from the bro-
temperature in this study. ken spectrum to the solid one, the spectral weight decreases

: s : in the energy region of 2.2—4.0 eV, while it increases below
Figure 2 shows variation of the absorption spectwfw) ) )
in the temperature range of 6-400 K for 2.2 eV. Hereafter, we define the areas, i3, Sg, andS,,

Lag SfeMnO, (To~325 K). The thick solid (dashed of the higher- and lower-lying spectral regionsaf( w) and
curve represents the spectrum of the lowgsghes) tem- ao(w) as

perature. With decreasing temperature, the spectral shape 406V

significantly changes in the wide energy range of 0.5-4.0 SAEf at(w)dw, 2
eV. Similar behaviors are observed in the spectraRfeiLa 22ev

0Ndgs (Tc=~315 K) and NdysSmps (Tc~175 K). p2ey

In Smq ¢Srp.AMNO 5 where the ferromagnetic transition does Sp= ' ar(w)dw @)
not appear, the behavior is qualitatively different: The spec- 0.5ev

tral weight below~1.0 eV transfers to the higher-energy
region with decreasing temperature, showing a gap-openinﬁnd

behavior. To analyze the spectral behavior more in detail, let 406V

us decomposer(w) into temperature-dependeptrt(w)] So= ap(w)dw. (4)
and temperature-independéniy(w) ] (the hatched region of 0.5ev

the spectrum in Fig.)2components as As discussed above, the spectral wei§htoriginates from

_ the CT-type transitions. We plotted in Fig. 3 the relative
= + . : . .
a(w)=ar(w)+ag(w) @ magnitudes of the higher- and lower-lying components for
The ax(w) component is considered to be dominated by thethin films of Ry ¢Srg sMNO 4 as a function of temperature. In
charge-transfefCT) transitions from the ligangd states to the case offNdySmys) g 6SrpsMNO3, the relative magni-
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FIG. 3. Temprature dependence of spectral weights(apf
the higher-lying componenfS,= 49 &Va+(w)dw] and (b) the
lower-lying component Sg= [ 32 &Var(w)dw] for thin films of
Ro.65r0..MnO5. The spectral weight is normalized by that of the 0.0 0.5
temperature-independent compondiB,= 52 SVao(w)dw]. Ar- 1-(M/Ms)*
rows represent the Curie temperatures.

1.0

FIG. 4. The relative intensity of the interband transition
(Sa/Sp) Vs 1—(M/M? for thin films of Ry ¢St ,MNO5. The inset
tude of theA componentS, /S, exhibits a weak temperature depicts the schematic band structures of the exchangeegpliates
variation aboveT-~175 K (indicated by a downward ar- with up spins {) and down spins ().
row), but steeply decreases beldw [see Fig. 8)]. A simi-
lar behavior is also observed f&=La and L& :Ndos, 8 Ry Sr, ,MnOs, the interband transition locates By,s~3.0
indicated by an arrow. In the insulating $p®ro,MnOs, oy
however,S, /S, does not §how any prominent temperature  \yjth decreasing temperature beld, the induced mag-
dependence. As seen in Figbg the lost spectral weight of petization significantly modifies the occupations of the up-
the A component is transferred into the lower-lyiBycom-  and down-spin states in both tdesplit bands, as shown in
ponent. For exampleSg /Sy for (NdgsSmyg) 065r0.aMNO3  the inset of Fig. 4. In the strong-coupling limif% W), the
steeply increases beloV (downward arrow; which almost  spectral weight of the interband transitiGindicated by up-
complements the decrease ${/S,. In the widerW (high-  ward arrow$ decreases with the spin polarizatit/ M as
Tco) compounds, the rise @g/S, shifts toward the higher- o«1—(M/MJ2. We plot in Fig. 4 the relative magnitude of
temperature side. Thus, the spectral change, being apparengly/S, for thin films of Ry¢Srg,MnO5; as a function of
temperature dependent, is governed by the spin polarizatiod.— (M/M 2. The values oM were estimated under a field
This argument is consistent with effects of an external magef 0.5 T to avoid the complexity arising from the nonrema-
netic field on the optical spectrum for NeSr,MnO; re-  nent behavior of the present systéifihe change of the spec-
ported by Kaplaret al:° They found that the spectral change tral weight (S,/S,) with temperature is well reproduced by
under the magnetic field is similar to the temperature variathe temperature-dependent spin polarization, indicating that
tion of the spectrum. the component should be characterized as the interband tran-
The A and B components, whose spectral intensities aresitions. On the other hand, the modified occupations enhance
strongly dependent on the spin polarization, can be interthe intraband excitation within the lower band, which corre-
preted in the following way. The strong on-site exchangesponds to the growth of the Drude-lilg2 component at low
interaction] J~2 eV (Refs. 12 and 1§ between thee; elec-  temperaturegsee Fig. 80)]. The spectral weight of the in-
tron and thet,, spins S=3/2) exceedsW, and hence the traband transition increases approximately in proportion to
ey band should be split into two bands byd.>® Note that M/Mg, which differs from the expectedM/Mg? depen-
optical transitions are allowed only between the same spidence. This suggests that additional interactions, such as the
species. We show in the inset of Fig. 4 the schematic energyahn-Teller (JT) coupling* or the orbital fluctuatiort®
structures of the exchange-spdij states with up spinsT( dominate the low-energy intraband transitions as well as
and down spins () for the ferromagnetic phas& € T¢, left  the transport properties. Okimott al® have observed simi-
figure) and the paramagnetic phasEX T, right figure. In lar temperature-sensitive excitations belowl eV for
the paramagnetic phase, the occupation of the up-epin LaggysSro174MNO; crystal, in which the temperature depen-
state (or the down-spiney state is the same in both the dence is not expressed by/Mg or (M/MY?2.
bands, and hence the interband transitions between the Finally, let us discuss the strength of the interband transi-
J-split bands occur strongly. The higher-lyidgcomponent tion between thd-split bands. As seen in Fig. 4, the relative
observed abové is assigned to such an interband transi-magnitudeS, /S, of the interband transitions afl/M¢~0
tion, while the lower-lyingB component is assigned to the (high-temperature limjtis strongly material dependent, and
intraband transition within the lower band. In the case of thancreases from~0.05 for R=NdysSmgs to ~0.08 for
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R=La. This enhancement can be ascribed to the variation afes, the strong on-site exchange interactibigoverns not
the corresponding transition matrix element between thenly the magnetic and electronic properties but also the op-
neighboringey orbitals. The matrix element increases with tical excitations in the visible region. The strong coupling of
the transfer integral, andt increases when we change the the optical excitations with thgg-spin alignment suggests a
material fromR=Nd 5Smg 5 to La. Thus, the strength of the controllability of the spin system by means of irradiation of
interband transitions in the optical spectrum reflects the magyisible light, which may lead us to apply the system to
nitude of W. magneto-optical devices with a photon mode. A study along

Inconclusion, we have investigated the stronglyihis trend is now in progress and will be published in a
temperature-dependent behaviors of the optical spectra up g?eparate paper.

~5 eV for doped manganites with variation of tiiévalue.

We have observed two characteristic optical transitions We thank N. Furukawa for fruitful discussions. We are
around~3 eV and~1 eV, and ascribed them to the inter- also indebted to T. Sumi for building the pulsed-laser depo-
band and intraband transitions of the exchange-split bandsition (PLD) chamber used in this study. This work was sup-
The temperature dependence of the interband transitions ported by a Grant-In-Aid for Scientific Research from the
well explained by that of £ (M/MJ)?, as is expected from a Ministry of Education, Science and Culture, Japan and also
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