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Temperature evolution of the 1.5-eV absorption band in doped manganites:
Formation of Jahn-Teller clusters
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A systematic investigation of the absorption spectra of thin films of doped manganites has revealed an
anomalous temperature variation of thd.5-eV absorption band. On approaching the insulator-metal transi-
tion temperaturd ¢ from the high-temperature side, the band increases in intensity and then merges into the
Drude-like band in the ferromagnetic metallic state. We have interpreted the temperature variation in terms of
formation and disappearance of Jahn-Teller clus{€8163-18208)02943-9

The doped manganitd®, _,Sr,MnO3, whereR is a rare- In this paper, we have systematically investigated tem-
earth metal, show colossal magnetoresistive properties neperature evolution of absorption spectra in thin films of the
above the insulator-metal transition temperaflige and are  doped manganiteR, ¢Sty ,MNnO;. With changing the aver-
attracting current interest from a technological point of view.aged ionic radiugr ) of the perovskiteA site, we can con-

Its generic behaviors of paramagnetic-to-ferromagnetic trantrol the W value; the ferromagnetic metallic phase is sup-
sition are understood within the framework of the double-pressed with reducing 4) and disappears belo{v 5)~1.32
exchange theorywhich includes only the transfer integial A (R=Sm).” We have found that the spectral evolution of
of the ey electrons and on-site exchange interactidand’s-  the ~1.5-eV band shows a close resemblance with that of
rule couplingJy) between the itinerarg, electrons and lo-  the prototypical charge-ordered compoung a, MnO5 .8
calizedt,qy spins S=3/2). To explain the “colossal” value This suggests formation of the cluster state of the JT po-
of the magnetoresistance for the system with small onelarons, or the short-range charge-ordered state, in the para-
electron bandwidthW, however, we need an additional magnetic insulating state.

mechanism for carrier localization aboVe as well as the Thin films of doped manganite®; ¢Sty MnO; with
magnetic-field release of the localization. thickness of ~100 nm were fabricated using a vacuum

The most probable mechanism to supplement the doublgulsed-laser deposition apparatus. Calcined powder was
exchange model is the strong electron-lattice interaction dupressed into a pellet with a size of 20 x5 mm and
to the Jahn-Telle(JT) instability? inherent to the constituent sintered at 1300 ° C for 48 h. An excimer laser beam of 248
Mn3" ions with four 3l electrons. In fact, several optical nm with a repetition rate of<5 Hz and pulse energy of
dat&* suggest formation of small polarotsr JT polarons  ~180 mJ was focused onto the target in the vacuum cham-
in the paramagnetic insulating state abdye According to  ber. The compound was deposited onto a MO0 sub-
their scenario, the insulator-metal transition can be viewed astrate that was heated at 850—-950 °C in an atmosphere of
transformation of small polarons into bare electrgmslarge  ~300 mTorr oxygen. The fabricated films were annealed in
polaronsg due to the enhanced transfer integrah the per- 760 Torr oxygen atmosphere for 1 h, and then slowly cooled
fectly spin-polarized ferromagnetic state. Here, we should beown. The MgO substrate is transparent in a wide energy
careful of the concept of “small polarons” because dopedregion of 0.1-5.0 eV, and is suitable for the optical measure-
manganites is a dense carrier system. In such a system, conents. X-ray diffraction measurements revealed that the ob-
relation among the JT polarons becomes significant. In somined films werg110)-oriented in the pseudocubic setting.
case, the correlated polarons spontaneously gather to formTaickness of the films was determined by a scanning elec-
cluster state, analogously to the case of the cooperatively Jfon microscope. Critical temperatufig. for the insulator-
distorted charge-ordered state of,l:8a, sMnO5.°> Recently, metal transition was determined from the inflection point of
Mori etal® have performed low-temperature electron-theM-T curve. Absorption coefficient(w) was determined
diffraction measurements for La,CaMnOz(x=1/2, 2/3  from transmission spectra using the standard formula ne-
and 3/4, and have found stripe patterns that are ascribed tglecting a multireflection effect, since the optical density of
two heavily JT distorted diagonal MAQg pairs. This obser- our films is larger than 0.7 in the spectral region investigated.
vation suggests that such a cooperatively JT distorted strudkeflectance correction is not performed, since the reflectivity
ture is stable in doped manganites. is low and nearly constanfl—R~0.85 in the spectral
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FIG. 1. Temperature dependence of absorption spectr(s) Photon Energy (V)

for (@ SmyeSr.MnO; and (b) (LagsNdgs)eSlhMNO;. Inset

. -, . FIG. 2. Differential absorption spectra\la(T) for (@)
(sg?g:/jsfrc;p;rt:csle:ogduct|V|tyr(w) for Pry ¢Ca 4MnO; single crystal SMyShMnO;  (insulatod, (b))  (Ndg 255Mb 790651 MNO5

(Tc=90K), and(c) (NdysSmy 565l MNO; (Te=175 K). Solid
and broken curves are for above and belbyv.

region investigated0.4 — 5.0 eV. Resistivity of the films
was measured by a conventional four-probe method. Thggiow ~1.4 eV. The higher-lying component is assigned to
p-T curves forR=Sm, Nd »s5my.75, and N@sSmys are of e interband transition between the exchange-split bands,
activation-type abov@c with activation energye, of ~0.2  yhjle the lower-lying component is to the intraband transi-
eV. Thep value steeply decreases below Curie temperaturgon (so-called Drude-band The temperature dependence
Tc, showing an insulator-metal behavior. of the interband transition is well reproduced by that of

Figure 1a) shows absorption spectrumx(w) for 71— (M/My?, whereM andMjare the induced and saturated
Smy ¢S1./MnO;, whose resistivity is typical of an insulator. magnetizations, respectively, as expected from a mean-field-
a(w) spectrum shows strong temperature dependence; thgpe interpretation.
spectral weight below~0.9 eV transfer around-1.5 eV To analyze the spectral behavior in more detail, we define
with decreasing temperature. Such a spectral evolution hasgferential absorption spectrutha(T) as
close resemblance with that of €&, ,MNO;, which shows
the charge-ordering transition ito=220 K.° The inset of
Fig. 1(a) shows optical conductivityr(w) spectré (elec- Aa(T)=a(T)— a(Tmay, (1)
tronic field E parallel to theb axis) for Pry {Ca, ,MNnO5: solid
and broken spectra stand for below and abdyg, respec- where T, is 300 K. In Fig. 2 are shown the differential
tively. In the low-temperature charge-ordered state, thebsorption spectra\«(T) for (@) R=Sm (insulatoy, (b)
nominally Mr?* and Mrf* species alternate within th@  Ndg ,:Sm, 75 (Tc=90 K), and (¢) Ndg sSmy s (Tc=175 K):
plane in the pseudocubic setting. Then, the moved spectrablid and broken curves stand for above and belgw In
weight around 1.3 eV corresponds to transition obgelec-  the case oR=Sm|[Fig.2a)], the ~1.5-eV absorption band
tron from the JT-distorted MiT Qg site to the undistorted grows as temperature decreases. Overall spectral evolution in
Mn** Qg site. The same charge-ordering pattern is comthe insulating state #T.; solid curve is similar for R
monly observed in doped manganites with commensurate- Nd, ,5Sm, 75 [Fig. 2(b)] and Ng sSmy 5 [Fig. 2(c)]. With
hole concentration X=1/2), e.g., NgSrMn0;,°  further decreasing temperature beloly., however, the
(La,Nd)g St MnO5t and (Nd,Sm)g sSrp sMnO5 . 12 ~1.5-eV band merges into the Drude-like componesee

In the lower panel of Fig. 1, we show(w) spectra for broken curves in Fig. 2 These have been interpreted in
ferromagnetic (Lag sNdy 5) 9 6515 4MNOz (Tc=315K) with  terms of crossover from JT polarons to large polarons due to
large W. With decreasing temperature beldli:, spectral the enhancetlVin the perfectly spin-polarized ferromagnetic
weight above~2.2 eV transfers to the lower-energy region state? In Fig. 3 we plotted the spectral weigBt
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C ] sorption band. The close resemblance of the spectral evolu-
| RogSro.4MnO; ] tion (see Fig. 1suggests that thelusterstate of JT polarons
is realized in the insulating state.

The most plausible local structure of the cluster state is
the cooperatively JT distorted state observed in the low-
temperature phase of Lg8Ca;,MnO;.%* In this structure, the
gain in lowering the elastic energy overwhelms the cost of
Coulomb energy. Nearly free electrons outside of the cluster
7 can mediate the charge transport, but are amenable to the
1 scattering at the cluster boundaries causing the insulating
behavior. These electrons are captured at the cluster bound-
aries as temperature decreases. Then, the clusters increase in

03 - -

1 size, causing growth of the-1.5-eV band as observddee
Ndo.sSmy.s | Fig. 3. Application of an external magnetic fie(dr further
cooling enhances the value via alignment of the local
spins, and hence, erases the clusters to achieve the ferromag-
netic metallic state. This is the scenario of the field- and
temperature-induced insulator-metal transitions.
T T R In summary, we have systematically investigated the ab-
0 100 200 300 sorption spectra of doped manganites, and have revealed an
Temperature (K) anomalous temperature dependence of t#5-eV band.
. . The observation suggests formation of a JT cluster in the
FIG. 3. Spectral weight of the ~1.5-eV band against tempera- jngy|ating state within the undistorted matrix. We believe
ture. Downward arrows represent the insulator-metal transition temg, ot formation of the cluster is the origin of the colossal
peratureTc . magnetoresistance as well as the insulator-metal behavior of
doped manganites. Electron diffraction and Raman-
S=F'2 EVA scattering measurements are now in progress to get direct
a(w)do. 2 ‘ L o
1.0eV evidence of the cluster formation in the paramagnetic insu-
lating state.
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In all casesS steeply increases on approachihg from the

high-temperature side, and then disappears bdlgwIf the We are indebted to T. Sumi for building the PLD chamber
absorption band were due to excitation igblated small  used in this study. We also thank T. Ishikawa, Y. Okimoto,
polaronst® growth of the band means increase in number ofS. Mori, and S.-W. Cheong for fruitful discussions. This
small polarons. This is rather curious because the estimataglork was supported by a Grant-In-Aid for Scientific Re-
polaron binding energyE,~0.8 eV (Ref. 4]is much higher search from the Ministry of Education, Science, Sports and
than the energy scale of temperature. In addition, activatio€ulture, from Precursory Research for Embryonic Science
energyE, (~0.2 eV) for resistivity is smaller than th&, and TechnologfPRESTOQ, Japan Science and Technology
value. These contradictions imply that polaron correlationCorporation(JST), and also from The Mazda Foundation
plays a significant role in temperature evolution of the ab-Research Grant, Japan.
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