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We present an optical reflectance and Raman-scattering study Af théd’,MnO; system as a function of
temperature and doping (6sX<0.5). The metal-semiconductor transition in thg_,A’',MnO; system is
characterized by a change from a diffusive electronic Raman-scattering response in the high-temperature
paramagnetic phase, to a flat continuum scattering response in the low-temperature ferromagnetic phase. We
interpret this change in the scattering response as a crossover from a small-polaron-dominated regime at high
temperatures to a large-polaron-dominated low-temperature regime. Interestingly, we observe evidence for the
coexistence of large and small polarons in the low-temperature ferromagnetic phase. We contrast these results
with those obtained for EuB which is a lowT, magnetic semiconductor with similar properties to the
manganites, but with a substantially reduced carrier density and polaron ef&@d$3-18208)02429-]

[. INTRODUCTION =3/2. The remaining (+x) electron occupies they level
with its spin oriented parallel to the core spin due to a strong

The recent resurgence of interest in the so-called “colosHund’s rule exchange couplingy. In the so-called
sal” magnetoresistanc€cMR) compounds;? most notably ~ “double-exchange” model, Zener suggested that transport
the hole-doped manganese perovskifes ,A’,MnO; (A  in the FM metal phase involves hopping of the spin-
=La, Pr, Nd:A’=Ca, Sr, Ba, Ph has been motivated not Polarized charge between ¥hand Mrf* sites, thereby ac-
only by the potential technological usefulness of these matecounting for both ferromagnetism and metallic conduction in
rials, e.g., as magnetic recording heads and magnetic-fiel@® low-temperature phgse.
sensors, but also by a desire to understand the complex However, Millis et al.” recently argued that the double-

physical properties that characterize this interesting class dixchange model alone is insufficient to account either for the
strongly correlated materials. low transition temperature or for the large change in resistiv-

ity through T, in these materials. They propose that in addi-
tion to the double-exchange mechanism, strong electron-
phonon coupling in the form of dynamical Jahn-Teller
distortions tend to localize the conduction electrons in po-

L g . laronic states. In this description, the phase diagram at low
magnetic insulator. However, for sufficiently large doping doping x=<0.5) inA, A’ ,MnOs is primarily controlled by

(0.2=x=0.5), these materials are ferromagnefid/) met- o effective coupling parametarwhich reflects the compe-
als at low temperatures, with abrupt transitions to a paramagition hetween the Jahn-Teller distortion energy and the car-
netic (PM) semiconductor state above a doping-dependentgr hopping energy. Notably, the presence of strong
Curie temperature which can be as highTas=350 K for  electron-phonon coupling and lattice polaron behavior in
x~0.4. T; has also been shown to depend on the averagéhese materials has been deduced from a number of recent
ionic radius of theA site (r,).> The remarkable magne- experimental results, including the large oxygen isotope shift
totransport properties of these materials have long been bef T.,® structure in the MnK edge obtained in x-ray-
lieved to result largely from the nature of the Mrorbitals.  absorption fine-structure measuremerttse pair-distribution
Jonker and van Santénpointed out that the substitution of function resulting from neutron-scattering measureméhts,
divalent cations such as Ca and SrAMnO; causes a cor- and the temperature dependence of Hall coefficient and ther-
responding number of Mn atoms to change from®Mno  mopower measurementsYet, in spite of this evidence, the
Mn“**. Consequently, i\, _, A’ ,MnO; there are (4 x) Mn interplay between lattice and magnetic contributions to CMR
d electrons, three of which occupy thg, levels,d,, dy,, is still poorly understood.

and d,,, providing a strongly localized core spin &; In this paper we present optical reflectance and Raman-

The A;_,A'\MnO; system exhibits a rich phase diagram
as one introduces carriers into tke=0 material by substi-
tuting divalent cations such as Ca, Sr, and Ba for trivalen
La, Pr, or Nd. The parent materidiMnO; is an antiferro-
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FIG. 1. Qualitative temperature-doping/ionic radius phase dia- s 4 s | T ~300K
gram for theA;_,A;MnO; system, adapted from Ref. 3. The ap- § 0.8 ,:'. 280 K
proximate T.'s of samples studied are indicated as filled circles. e 1400 - 208 ‘ 200 K
PMI is the paramagnetic insulator, FMI is the ferromagnetic insu- o 204 o 145 K
lator, and FMM is the ferromagnetic metal. g oEr
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scattering results on the manganese perovskites as a function
of temperature and dopind@ ., (r,)). Raman scattering, in
particular, is a useful probe of materials in which there is a 0 -
strong interplay between the electron, lattice, and spin dy- 100 1000 10*
namics, as this technique affords a means by which energy (b) Energy (cm™)

and symmetry information regarding phononic, electronic, _

and spin excitations can be simultaneously explored. Our FIG. 2. (8 Room-temperature optical reflectance data of
results show strong evidence for a transition between A1-xAxMnOs for various T. values. (b) Real part of room-
small-polaron-dominated PM phase and a Iarge-polaront-empefature optlcall condl’Jctlwty data of conductivity of
dominated FM state in tha, _,A’,MnO; system. However, A~1-xAxMnOs for various Tc's. Inset: Neg(w=2.5€V) for the

we also find evidence for the persistence of localized stateSt A xMnOs samples studiefsee Eq(1) in the texi.

even in the low-temperature metallic phase, suggesting thajpectral overlap, and the reflectance mismatch between adja-
large and small polarons coexist in the FM phase of theseent spectral ranges was less than 1%.

materials. In an attempt to identify key features common to Temperature-dependent Raman-scattering measurements
all colossal magnetoresistance materials, we also juxtaposeere performed using a variable-temperature He cryostat and
our results for theA;_,A’\MnO; system with those for a Spex Triplemate spectrometer equipped with a nitrogen-
EuB;, a low T, magnetic semiconductor that exhibits similar cooled charge-coupled devig€€CD) array detector. The
physics to the manganites, but with a substantially reducegamples were excited with 25 mW of the 5145-A line of the
carrier density and polaron energy. argon laser. The spectra were obtained with the incident and
scattered light polarized in the following configurations in
order to identify the symmetries of the excitations studied:
(Ei vES) = (X7X): Ag ; (El !ES) = (X,y): Blg ; (El !ES) = (X

Ty, x+y): AgtBig; (Ei,Eg)=(X+y,x—y): Ag(weak)

Optical reflectance and Raman-scattering measure+ B;g(weak); whereE; andE are the incident and scattered
ments were performed on both as-grown andelectric-field polarizations, respectivelyandy are the[100]
mechanically polished100 surfaces of single-crystalline and[010] crystal directions, respectively, and wh@r&(l“l+ )

Pro Py 21Ca 0MNO; (T~145K),  LayePyaMnOs (Tc  andB,4(I'3) are the singly degenerate irreducible represen-
~200K),  LayedPhy28Ca1MNO; (Tc=280K),  and tations of the RyPhyCaodMNOs LagePhy 3dVINOs,

Pry 2515.3MnO5 (T,~300 K). The location of thesg,. val- Lag 6Py 2LCa 1/MNO;, and P g-SIp, 3 MnO3 space group

ues on a qualitative temperature-doping phase diagram f(('Déﬁ-ana).

the A; _,A’',MnQO;3 system is illustrated in Fig. 1. Raman-

scattering and optical measurements were also performed on lll. RESULTS AND DISCUSSION

the (100 surfaces of EuBsingle crystals prepared from an
aluminum flux.

Optical reflectance measurements between 100 and We first consider the effects of doping on the
16 000 cm* (12 meV-2 eV were obtained in a near-normal A;_,A’,MnO; system, as characterized by optical measure-
incidence configuration with a rapid scanning interferometerments. Figure 2 shows the room-temperature optical reflec-
The modulated light beam from the interferometer was fo-tance and conductivity of tha,; ,A’,MnO; samples, illus-
cused onto either the sample or an Au reference mirror, anttating the effects of doping and changifig ({r »)) on the
the reflected beam was directed onto a detector appropriatew-frequency optical response. The reflectance of the high-
for the frequency range studied. The different sources, polarest T, (~300 K) crystal is over 70% fow <600 cmi L. As
izers, and detectors used in these studies provided substantiak frequency increases, the reflectance drops steadily

Il. EXPERIMENT

A. Reflectance measurements
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throughout the infrared, with a reflectance minimum near
18 000 cmit. Several electronic features are observed for
frequencies above 18 000 cth With decreased doping, and

a corresponding systematic reductionTinfrom 300 to 145

K, the reflectance in the entire infrared region decreases. As
a consequence, the three infrared-active phonons observed
are more pronounced in low@. samples. However, doping
has little effect on the frequency of the reflectance minimum. T T
A similar doping dependence has been reported previously in
reflectance measurements  of  single  crystalline
La; _,SrMnO; (0<x=<0.3) (Ref. 12 and polycrystalline
La;_,CaMnO; (0=<x<1.0).1®

The real part of the optical conductivity;,(w), calcu-

lated from a Kramers-Kronig analysis of the reflectance
curves, is presented at the bottom of Fig. 2. All the phonon
modes and the electronic bands seen in the reflectance spec-
tra are more easily resolved in the (w) spectra. For all
doping levels studied, we observe three phonon resonances
at ~150, 340, and 580 crit, which are associated with the
external mode of the rare earth-ions, and the bending and
stretching modes of the MnQoctahedrd*° respectively.
The position and intensity of these phonon peaks are per-
turbed to some extent by both Ca doping and Pr substitution
at the La sites, reflecting changes in the environments sur-
rounding the MnQ@ octahedra.

As observed previoush?!® the low-frequency optical
conductivity does not show a pronounced Drude-like re- FIG. 3. Room-temperature Raman-scattering spectra of
sponse typical of a good metal in any of the samples studiedy, ,A;MnO; samples. The dashed line is a fit to the data, which is
Rather, with decreasing., the reflectance spectra of these a sum of inelastigsolid line) and diffusive (dashed-dotted line
materials changes from a spectrum typical of a poor conducesponses[see Egs.(3) and (4)]. Inset: Scattering rates in
tor at higher doping T,~300 K) to one typical of an insu- A;_,A',MnO;and EuR, illustrating the linear increase of the scat-
lator at lower doping T.~145 K). In the model of Millis  tering rate with temperature for th _,A;MnO; samples studied.
et al,'® this dramatic change in the optical response with
decreasingT, is attributed to the increased importance of measurements. As shown in Fig. 3, the Raman-scattering re-
electron-phonon coupling, and the attendant increased pr&ponse in the PM phase of al; ,A’,MnO; samples is
pensity for carrier localization, with decreased doping. Atcharacterized by three phonon bands, a diffusive low-
higher frequencies, we also observe two electronic absorgrequency electronic response, and a high-frequency elec-
tion bands at- 10 000 cmi ! and at~35 000 cmi?, observed  tronic scattering peak near 1100 thThe Raman response
previously in LaMnQ.**!” The doping dependence of the in all samples can be well fit with the spectral response,
low-frequency conductivity of these samples can be summa-

BE_
100 200 300
T
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rized by plotting the integrated spectral weight in the con- S(w)=Spr(w) + Se(w), @
ductivity, where
[ o } Ner()= et [“oy(onde’, @ S per
W eff - 7Te2 0 1 ’ _ il
S@) =[N0 oo O

where [m/m* ] Ngw(w) is the effective number of carriers

contributing to the conductivity below the frequeney m, represents three phonon modes with associated mode fre-
and e are the bare electron mass and charge, respectivelguency,w;, linewidth,I';, and amplituded;, and

m* is the renormalized electron mass, awg, is the unit-

cell volume. In theA; _,A’ ,MnO; materials,N.4 can be re- AwlT Agwl'y

lated to an effective squared plasma frequency via the rela- Se(@)=[1+n(w)] o2r2 T (02— w2)2+ T2,

tionship a)§~6Neﬁ. The inset of Fig. 2 shows the quantity ¢ ¢ (4

Ngi(w=20 000 cmY) plotted as a function o, illustrat- ) o o
ing the correlation between the number of carriers @géh 'S the electronic contribution to the spectrum, consisting of a

the A;_,A’,MnO; system. “collision-dominated” low-frequency responsddashed-
X dotted ling associated with diffusive hopping of the carriers
B. Raman scattering with a scattering ratey=1/7, and a high-frequency inelastic

electronic contribution neaq~1000-1100 cm %, which

is most clearly observable at low temperatures and in the
For the temperature dependence of the electronic responsawer T, materials. The quantity1+n(w)]=[1—exp

of A;_, A’ ,MnOs, we turn to the results of Raman-scattering (—#%w/kgT)] ! is the Bose-Einstein thermal factor.

1. Paramagnetic phase
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Considering first the phonon response in Fig. 3, the three
observed Raman-active phonon bands ne&00, ~470,
and ~630 cm ! have frequencies consist&éhiwith the rare-
earth vibrational mode, the Mn-O bending mode, and the
Mn-O stretch mode, respectively. Notably, as no Raman-
active phonon modes are anticipated in the perovskite struc-
ture, Of-Pm3m, the presence of Raman modes in Fig. 3 is
indicative of symmetry-breaking due to local distortions in
these materials. Indeed, the Mn-O modes are significantly
broader than the rare-earth mode, consistent with the general
belief that the disorder in these systems is primarily associ-
ated with the MnQ octahedra. Interestingly, we find that
nearT., the Mn-O bending and stretch modes narrow and
intensify substantially with decreasing temperature, suggest-
ing that the MnQ@ octahedra becomes more ordered below
T., in agreement with other observatiofs>?° For ex-
ample, we find that the Mn-O stretch mode narrows with
decreasing temperature tM'/T'~12, 30, and 16% in the
T.~145, 200, and 300 K samples, respectiv&yBimilar,
though less pronounced, evidence for lattice disorder associ-
ated with the boron octahedra is also observed in 3B

Intensity (arb. units)

330K
220K

As mentioned above, the electronic Raman-scattering re- ok
sponse in t_he PM phase of the manganites is dominatgd by 0 300 600 900 1200 1500
(a) a diffusive low-frequency scattering response described Energy Shift (cm™")
by the first term in Eq(4), which is associated with incoher-
ent hopping of the carriers, anth) a high-frequency FIG. 4. The temperature dependence of the Raman spectra of

inelastic-scattering response with a doping-dependent pedia-xAxMNnOs. The laser heating effect on the sample temperature
energy neawg~100—1100 cm?, described by the second has been taken into account.

term in Eq. (4). Interestingly, the diffusive scattering re- 1 ) ,
sponse in the PM phase of thg A’ MnOj is quite similar ~1100cm - (0.14 eV} is substantially smaller than band-

to that observed in the PM phase of By but with a sub-  Structure estimates of the Jahn-Teller splitting?.4 eV or

: " 24,26
stantially larger scattering rate due to greater disofiset, ~€Ven the more favorable estimates of Millis,0.6 V™=
Fig. 3. As a function of decreasing temperature in the ppvSecond, calculations suggest that the Jahn—TeIIer splitting
phase, the inset of Fig. 3 shows that the carrier scattering raf'0uld be strongly temperature dependent, while the peak at
in the A, ,A’,MnO; system decreases roughly linearly with el IS not highly sensitive to temperatufsee Fig. 3. (2) A
temperature. As the strong lattice disorder in these material@0ré reasonable possibility is that the high-frequency
is the dominant carrier scattering mechanism in the ppRaman-scattering peak is associated with photoionization of

phase, this trend likely reflects the reduction of lattice disor-SmMall polarons, i.e., a transition from a band of localized
der with decreasing temperature in the mangarites, for Small polaron states present in the PM ph&skto the con-

example, Refs. 10, 19, and 20 duction band. _There are currently no models for electronic
Figure 4 shows the temperature dependence of the Ram&rman scattering from small polarons, but an estimate of the

spectrum for theT ~145, 200, and 300 K samples. As a 100

function of decreasing temperature in the PM phase, the -

high-frequency inelastic peak gains scattering intensity at the 80 :." \\ |

expense of intensity in the diffusive scattering response. Ad- £ & -

ditionally, there is a more dramatic change in the electronic > 60 PP |

scattering response through the metal-semiconductor transi- g e‘%

tion, characterized by a loss of the diffusive response, which Z 40 160K 4

we will discuss in greater detail in the next section. The g 250K

growth of intensity in the high-frequency electronic scatter- E 5 330K

ing response with reduced temperature in the PM phase is o,

shown more clearly in Fig. 5, which plots the high-frequency 0 Lt ‘ ! T ‘

scattering response of thig~ 145 K sample after removing 200 400 600 800 1000 1200 1400

the diffusive and phonon contributions. Two noteworthy in- Energy Shift (™)

terpretations of the high-frequency inelastic-scattering con-
tribution are consistent with its temperature and frequencyrcmm5 K sample after removing the diffusive and phonon contri-

deper;dence(l) A transition between Jahn-Teller Spééj butions. The dashed line is a fit to the data using the small-polaron
andeg, levels, which is expected to be Raman activ@his response given by Ed5) in the text. The inset illustrates that the

interpretation is unlikely for several reasons. First, the ob-peak positior(small-polaron photoionization enengshifts system-
served energy of the electronic Raman excitationwat  atically to lower energy with increasexy. .

FIG. 5. The high-frequency Raman-scattering spectrum of the
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FIG. 6. T, vs 2Eb/w,23 for A;_,A’,MnO; (filled circle), where
Ey, is the polaron binding energy and, is the plasma frequency,

400 800 1200 1600 2000 O 400 800 1200 1600 2000

|IIustrat|ng_a systenz]atlc_decrease uElQlc_uf, with increasingT, . (a) Eneray Shift (om™) (b)  Energy Shift cm™)
The quantity Ey,/w;, estimated for EuBis also shown for com-
parison(filled square. FIG. 7. The Raman-scattering spectra in both the PM and FM

phases for(a) the T.~300 K sample andb) T.~145 K sample.
high-frequency scattering response which provides a qualitaFhe dotted line is a fit to the data which is a sum of the solid line
tive description of the data iS(w,T)~wchp(w,T), wheré”’ and the dashed-dotted lifisee Eqs(3) and(4), and the discussion
thereaftet.

Sinl(4E hw/A?) .
T AE oAz XA (hw)TAT] . . - .
pht @ show that this material exhibits a ratio of polaron and elec-
®  ton hopping energies which is comparable to that in the

is the small-polaron optical conductivit§, is the small- manganites, albeit with substantially reduced valuesafgr
polaron binding energyg(0,T) is the dc conductivity,A and E,. This suggests that the similarity in the observed
=2.2E,E,;, is a broadening factor, arfl;, is the charac- spectral response of Ey@nd the doped manganites may not
teristic vibrational energy, which iE;,=kgT in the high-  be accidental, but rather reflects a fundamental similarity in
temperature regime aril;, =% /2 at low temperatures. In the competition between the polaron formation and carrier
this description, the diffusive low-frequency scattering re-kinetic energies in these two systems.
sponse in Figs. 3 and 4 is associated with incoherent hopping
of self-trapped carriers between localized sites, and the high-
frequency inelastic excitation is associated with the photo-
lonization of the §ma|| polaron, with an energy g“’ef? Y The low-frequency Raman-scattering response in the
zg\?ngllzfté;%rseiﬁgiﬂtig iraot?gri%e(;?;k' pshuopnpoor:tctc;]uepl'sr;gél A, «A’,MnO; system exhibits a distinctive change through

. . . ) he PM semiconductor/FM metal transition, characterized by
polaron interpretation. First, the small-polaron picture pro- e . . .
vides a reasonable fit to the high-frequency scattering red change from a diffusive scattering respofiiest term in

sponse(dashed line in Fig. B with a value for the polaron =9 (4], to a flat continuum response which is typical of
formation energy,i we=2E,~138 meV which is within electronic scattering observed in strongly correlated metallic
1 e

30% of the value estimated from thermopower©Xides sgch as La,SrTiO; (Ref. 28 and the hight.
measurements. Additionally, Fig. 5 shows that this peak cuprate€® This crossover is best |Ilustrated in Fig. 7, which
has a temperature-dependence characteristic of small-polar6@mpares the fitted Raman response in both the PM and FM
photoionization, increasing with decreasing temperature d@hases for theT;~300K and T.~145K samples. The
the expense of the diffusive scattering strength. Finally, th&rossover between these two regimes is also shown for the
peak position shifts systematically to lower energy with in-T,~145 K sample in Fig. 8, which compares the tempera-
creasedr ., (inseb. This trend occurs as a much weaker func-ture dependence of the integrated scattering strength ratio for
tion of inverse carrier density than in Thomas-Fermi screenthe diffusive responsdg«(T)/1 4i(T=350 K), and the flat
ing, for example, but is nevertheless consistent with thecontinuum response .o T)/1 con{ T=90 K). Similar results
expected decrease in polaron binding energy with doping. were obtained for the other samples measured. Notably, the
Interestingly, one can use the polaron binding energy valtransition between diffusive and metallic regimes ri€ain
ues obtained from these Raman results with the optical rea, A’ MnO; is quite similar to that observed in the lower
flectance measurements of the squared plasma freqw%my T, material, EuR, as can be seen in the comparison in Fig.
to estimate the ratio of the polaron binding energy to thed, where the inelastic contributions to the response in
electron hopping energy. Figure 6 plols vs 2Eb/wf, for  A;_,A'\MnO; have been removed for comparison. How-
the A;_,A'\MnO; samples measured, showing a systematiever, while EuB exhibits an extremely abrupt transition be-
decrease in this quantity with increasiiig, in qualitative  tween these regimes, the transitionAp_,A’ ,MnO3 occurs
agreement with the phase diagram of Mikisal1® Notably, =~ more gradually belowT,, consistent with optical results
a similar estimate of this quantity in EgBusing measure- which show a continuous evolution of a Drude response be-
ments of the polaron energy from earlier Raman stutfies, low T,.'?

osf @, T)=0(0,T)

2. Metal-semiconductor transition and ferromagnetic phase
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tallic low-temperature regime to a small-polaron-dominated
high-temperature regime. However, this crossover occurs
gradually belowT . in the manganese perovskites, in contrast
with the rather abrupt crossover apparent in the electronic
Raman response of EyBThis likely reflects the fact that
both the carrier bandwidtht, governed by the double-
exchange mechanism, and the spin-dependent electron-
phonon coupling change gradually with temperature below
T, in the manganese oxide CMR materiHfis.
Importantly, while the transition to the FM phase in
A _,A',MnO; is associated with the development of a
0 50 100 150 200 250 300 350 dominant metallic response, there is evidence that localized
T(K) states persist in the FM metal phase down to the lowest tem-
peratures measured. Indeed Fig. 7 illustrates that the flat me-
FIG. 8. The temperature dependence of the integrated scatterintallic scattering response coexists with a remnant of the high-
strength ratio for the diffusive responsk(T)/14n(T=350K)  energy @e~1100 cn?) inelastic peak associated with the
(filed  circles, and the flat continuum  response, jonjzation energy of small polarons. One possibility is that
Leon{ T)/1 con{ T=90 K) (filled squarepfor the T.~145 K sample.  thjs residual peak is due to the presence of surface strains in
the samples, although we feel that this possibility is less
Two theoretical descriptions of FM metal/PM semicon- jikely since we find that the polaron feature persists at low
ductor transition in magnetic semiconductors are particularltemperatures in samples with both mechanically polished
noteworthy with regard to these results. Hilleeyal® at-  and as-grown surfaces. A more likely possibility is that this
tribute the MI transition in EuO to a collapse of large-radiusresidual peak reflects “two-fluid” behavior in the low-
polarons due to the increase of spin disorder with increasingemperature FM phase o&;_,A’,MnO; wherein mobile
temperature. This picutre appears to capture the physics ofarge polarons” coexist with carriers that remain localized
the abrupt MI transition observed in EyE’ On the other by structural disorder in the FM phase. Low-temperature
hand, Millis et al.” interpret the decreased electron itineracythermopower measurements, which reveal an exponentially
in the high-temperature phase 6f ,A’,MnO; to a de-  decreasing thermopower in the FM phasefgf ,A’ ,MnO5
crease in the electron hopping parametterelative to the indicative of unsaturated ferromagnetidhalso appear to be
self-trapping energy of a Jahn-Teller polaron. The dramaticonsistent with this possibility. Interestingly, it is clear from
cally different scattering responses in the FM and PM phasesig. 7 that there is an increase in the fraction of total elec-
in Fig. 7 are indeed consistent with a crossover from a metronic spectral weight associated with the small-polaron re-
sponse in the FM phase with decreasiig in particular,
I'voi/ I totar~0.55 and 0.65 in th@ ~300 and 145 K samples,
EuB, respectively. This result likely reflects the increased polaron
T 16K binding energy, and increased lattice disorder, in loWgr
© materials, resulting in the binding of a larger fraction of the
carriers at low temperatures.

350 K)

Idiﬁ(T)/I diff(-r

Intensity (arb. units)

18K (H=4T) IV. CONCLUSIONS

wh P g b 4 Mo
Mo A A i,

In summary, we observe spectroscopic evidence for small
. ) ‘ polarons in the high-temperature paramagnetic phase of the
o 50 Ene:g(i/OShif:(Sc?n") 200 2% A;_ A’ ,MnO; system, and estimate a polaron photoioniza-
tion energy of roughly 140 meV for the.~145 K sample.
A, A’ MnO, Furthermore, we find that the metal-semiconductiS)
330K T - 300K transition in the manganese perovskites is characterized by a
e change in the electronic Raman-scattering spectrum from a
diffusive response in the PM phase to a flat continuum re-
sponse in the FM regime. This dramatic change in scattering
response reflects a fundamental change from small-polaron-
40K dominated transport in the PM phase to large-polaroe-
Wi tallic) transport in the FM phase. Significantly, we also find
evidence that large and small polarons coexist in the low-
0 400 800 1200 1600 2000 temperature phase of tma_l_foanO3 system, dge possi-
(b) Energy Shift (™) ply to the presence of Iatthe disorder which Ioca!lzes a frqc-
' tion of the carriers even in the FM phase. This behavior
FIG. 9. The high-temperature diffusive response compared witiflistinguishes thé; _,A’,MnO; system from magnetic semi-
the flat, low-temperature metallic response in botia) conductors such as EuBmd EuO in which the FM metallic
A;_,A’,MnO,, after removing the inelastic contributions, afigl state is fully polarized due to the complete disappearance of
EuBs. spin disorder at the FM transitidi=° Finally, we find that

—_—
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=

Intensity (arb. units)
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i MMM i SIS
:

¥




PRB 58 RAMAN AND OPTICAL SPECTROSCOPIC STUDIES OF SMALL-TO-LARG. . . 2801

the low-T, magnetic semiconductor EyBT.~16 K) exhib-  tween polaron formfation and carrier hopping that are com-
its a temperature-dependent Raman-scattering response tHaen to these materials.
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