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Photoinduced formation of charge-ordering clusters in a manganite film
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Effects of pulse-laser irradiation on §.#a 3MnO; film (T-=260 K) are investigated by the pump and
probe technique as a function of temperatiFeK<T=<470 K). We find that the photo-induced transmission
changes 4T) at Ej o, 1.55 eV and 2.54 eV show significant temperature dependence. These transmission
changes are interpreted in terms of photoinduced formation of the charge-ordering clusters.
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. INTRODUCTION precipitously belowT . A similar diffuse reflection has been
observed as well in the paramagnetic phasd (=120 K)

In perovskite-type doped manganites, the subtle competief La, ,Sr; ;Mn,O, with bilayer structuré® Machidaet al’
tion between charge-ordering instability and thereported a temperature-dependent absorption bandldh
double-exchandenteraction produces a variety of phenom- eV in manganite films, that they ascribed to the formation of
ena. Among them, a phase separation phenomenon attra&®© clusters.
considerable attention as a strong candidate for the origin for In this paper, we investigate the temperature variation of
the colossal magnetoresistand€MR). So far, many the photoinduced transmission changeAT) on a
experiment&® and theoreticdl*® studies on the phase Lag7CaMnO; film (Tc=260 K) at Epope=1.55 eV and
separation problem have been carried out to clarify the origir2.54 eV. We interpreAT at 1.55 eV in terms of the forma-
of the CMR effects. In particular, substitution of the perov-tion of CO clusters. This interpretation is consistent with the
skite B-site induces the coexistence of the ferromagnetic menegativeAT value at 2.54 eV due to the photoinduced sup-
tallic (FM) and charge-orderingCO) clusters of the order of ~pression of the ferromagnetic correlatith'because the an-
~10 nm, as confirmed by the dark field image of the supertiferromagentic charge-exchange-ty(feE-type spin corre-
lattice spot in Lg37:Cay god MNgoCrp 09 O3 (Ref. 11 and  lation couples with the CO fluctuation.
Ndy,Cay5(MNg ¢1Crp 09 O3 .7 Such microstructures have
been ascribed to the destruction of the coherence of the
charge/orbital ordering: From Monte Carlo simulations, Il. EXPERIMENT
Moreo et al? indicated that randomness of the exchange
and hopping amplitudes can cause the phase separation.
Thus, phase separation effects are enhanced by the introduc- A Lag /Ca sMnO; film with a thickness ok=1700 A was
tion of randomness. Then, photoirradiation, which transientlyfabricated by a laser-molecular beam epitdxySintered
destroys the ferromagnetic correlation between the localayCa MnO; pellets were used as target. A pulsed-laser
tyg-spins in the FM stat&®>1#can trigger the formation of the beam (193-nm ArF excimer lasgrwith 5-Hz repetition
CO clusters. ratio was used for ablation. The distance between the sub-

In the paramagnetic phases{T¢), a more dynamical as- strate and the target was 40 mm. The, @& ;MnO; film
pect of the CO clusters is suggested by diffuse x-raywas grown on a SrTi@ (001) substrate in an NOatmo-
scattering:>® optical absorptiort/ Raman scatterif and  sphere at a pressure of XA0 ® mbar and at a substrate
electron diffractioh’ measurements. For example, Shimo-temperature of 700 °C. After film formation, the substrate
mura et al’® found a (—0.3,10,0 diffuse reflection in temperature was kept for 30 min in NQpressure of 1.0
(Ndg 155y 579 1,51,,MN0O5, and interpreted it in terms of X 10 2 mbar.
the CO fluctuation. Interestingly, the intensity of the diffuse  X-ray diffraction measurements revealed that the obtained
reflection increases on approaching the Curie temperagire films were (00D)-oriented in the pseudocubic setting. The
(=130 K) from the high temperature side, and then dropsCurie temperaturdl - (=260 K) was determined from the

A. Sample preparation
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temperature dependence of the magnetizalameasured at 4
0.05 T after cooling downat5 K atzero field(ZFC).

I

F Lag7Cag;MnO; film Vs
F () at 5K (KT,) T=260K
B. Optical measurements _
Absorption coefficienta(w) was determined from trans-
mission spectra using the standard formula neglecting the

multireflection effect, since the optical density of our films is 0 e
larger than 0.7 in the spectral region investigated. Reflec- E (b) at 265K (~ Tp)

o (w) (10° cm™)
[\®]
1

tance correction is not performed, since the reflectivity is low 'g 3 : i v
and nearly constantR~0.15) in the spectral region investi- > ok
gated(0.6—3.0 eV. Here, note that experiment above 3.0 eV Z
is impossible due to the intense absorbance of the SrTiO I 1fp ~ v
substrate. 3 l {
Photoirradiation effects were measured by means of the 0 et s 1=
pump and probe method using a dye laser system as a pump . _F ©at4l0K (P>T)
source. The pulse duration and frequency are 20 ns and 10 g 3
Hz, respectively. The photon energy is fixed B, o2 N: "Cluster"
=3.05 eV, below the absorption edge of the SrJiD01) =2 F
substrate. We confirmed that the substrate does not show any 3
photoinduced signal. We used a cw "Ardaser €prope 5

=2.54 eV) and a cw Ti:AlO; laser(1.55 e\) as probe light
sources. The transient data were accumulated for 5 min. with
a digital oscilloscope. Photon Energy (eV)

FIG. 1. Absorption spectrax(w) of LayCa MnO; film at
IIl. RESULTS AND DISCUSSION (@ 5 K (<T=260 K), (b) at 265 K (~To), and(c) at 410 K

A. Temperature variation of absorption spectra (>Tc). Each spectrum consists of six components, that is, three

o . temperature-independent  charge-transfer transitioflsroken
Before describing the photoinduced effects on the mang&sryey, and three temperature-dependent transitisnid curves.

nite film, let us survey the temperature variation of the ab-the three charge-transfer components correspond to the transitions
sorption spectra of LgCa MNnO; used in the present €X- from O 2p band to Mrey;, Mntyy,, and Mrey levels, re-
periment. Figure 1 shows absorption spectiw) of  spectively. The temperature dependenl.5 eV and ~3.0 eV

Lag ,Cay gMNnO; film (a) at 5 K (<T¢=260 K), (b) at 265 K transitions are called as “cluster” andgap transitions, respec-
(~To), and(c) at 410 K &>T¢). As indicated in the figure, tively. Downward arrows irfb) represent the probe photon energies
the absorption spectra can be divided into six componentsE pe.

three temperature-independentharge-transfer transitions
(broken curvesand thregemperature-dependetransitions

(solid curves. The three charge-transfer components corre . : . oL
spond to the transitions from Quzband to Mreg; , Mnt,g, | component can be ascribed to the intraband transition within

and Mreg, levels, respectiveli+1-2LIn the following, we the exchange-split ban(_JI, or the so-callgd Drude-like compo-
will discuss the origin for the three temperature-dependenf€nt- Here, we only notice that tieg carriers of doped man-
components. ganites are amenable to the poIaror_1 formation, .and _the as-
In the double-exchange doped manganites, it is well esSignments: 0f5 Z'éhe low energy regiofi<l eV) is still
tablished that thee; banda priori splits into two band$? controversiaf>
since the one-electron bandwidtf(~1 eV) is much smaller Now, let us proceed to the origin for thel.5-eV com-
than the on-site exchange coupling~3 eV) between the ponent. This~1.5-eV component has been reported in
local t,4 spins and the itinerarg-electrons. Actually, Mori- R Slh.aMNOz  (R=Sm, Nd»sSmy75, and Ng Sy s)
tomo et al?* have found a characteristic excitatiod-gap  film*” and in Ng, -St, MnO; single crystaf® In Fig. 2, we
transition at ~3 eV between the exchange-split bands; theplotted the spectral weigl8; of the component against tem-
spectral weight increases with decrease of the ferromagneterature. With increase of temperatusg suddenly jumps at
correlation between the loca), spins. Looking at Fig. 1, T. and then gradually decreases. This temperature-
one may find the corresponding transition-a@ eV, whose dependent behavior scales well with the diffuse x-ray scat-
spectral weightS, increases with temperature due to thetering due to theintrinsic CO clusters>'® Therefore, we
suppressed nearest-neighboring spin-correlafisee also ascribe the~1.5-eV component to the optical transition
filled circles in Fig. 2. Inset of Fig. 2 shows the linear within the CO cluster, and will use it as a monitor of the
relation betweerS; and 1- (M/MJ?, whereM andMgare  clusters. This assignment is further supported by the fact that
the temperature-induced magnetization and the saturatidthe ~1.5-eV component is significantly enhanced in the
magnetization, respectively. Thus, we can monitor thecharge-ordered insulating state of {N8r,,MnO; (Ref. 27)
spin correlation by the transmission changeT at and Pg/Ca qMnO;.%8

Eprone= 2.54 V131 Within this picture, the lowest-lying
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FIG. 2. Spectr_al weight of _the “clus_ter”?qc; open circley and 4 F () Eppope = 2.54 &V
J-gap (S;; filled circles transitions against temperatufie: means I T T .
the Curie temperature. Inset shows linear relation betvieand 0 500 1000 1500
1—-(M/Mg? whereM and M are the temperature-induced mag- Delay time (ns)

netization and the saturation magnetization, respectively.
) o FIG. 3. Temporal evolution of the transmission chamge of
B. Photoinduced spin-disorder Lag -Ca, sMnO; film at various temperatures: squares, triangles, and

Figure 3 shows prototypical examples of the temporag€ircles are at 5 K «T¢=260K), 210 K (ST), and 290 K
evolution of AT of the La, ,Ca, MnOs film at various tem- (= Tc). respectively. The probe photon energiggeare (@) 1.55
peratures: squares, trian'gles,' and circles arb H (<T¢ eV and(b) 2.54 eV. The pump-pulge duration, frequency, photon
=260 K), 210 K (=To), and 290 K &T.), respectively energyE.,., and pulse energy densityare 20 ns, 3.05 eV, 10 Hz,
Th o h cn d oul c/o d it " and 4 mJ/crh, respectively. The thin solid curves are the best-fitted

€ excitation photon energge, an pu se. ener.gy ENSIY  results with exponential functior(see text
are 3.05 eV and 4 mJ/cnrespectively. With thi€,,., the

&y, electrons are excited from the pand(see Fig. 1 ig jonger:~400 ns at 1.55 eV ane-300 ns at 2.54 eVopen

We have confirmed that the photoinduced signal is proporgiangies in Fig. 3. In addition, a fast positive signal overlaps

tional tol up to 4 mJ/crf at 5 K and 300 K. First of all, let  ith "3 slow negative component at 1.55 eV. With further

us investigate thT—t curves in the ferromagnetic state j,crease of temperature aboWe:, the signal intensity at

with perfect spin polarizatiotat 5 K; open squaresin this - 3 54 ev s fairly reduced, while thaT—t curve at 1.55 eV

state, the photoirradiation induces negathV€ both at 2.54 s yominated by the positive componefdpen circles at

eV and 1.55 eV, which monitor the nearest-neighboring spir g K). To quantitatively analyze th&T —t curve, we fitted

correlation and the CO clusters, respectively. This indicateg . 4ata using the following exponential functions:

that the photoexcited down-spin carriers create the spin

waves via the strong on-site exchange couplingnd cause AT=—Ae Ya+C (1)

the spin disorder. We think only a part of energy is trans-

formed to the spin waves. Other parts of the energy may b Eprone=2.54 €V,

transformed to the phonon system, or be converted into pho- ot/

ton again and emitted as luminescence. Mat=id# *® have AT=Be "8+ C )

estimated the efficiency of the photoinduced effect in dopedor Eprobe=1.55 eV (T=270 K),

manganites; one photon affectsl0—-50 spin sites. This im-

plies that at least several spin waves are excited by one pho- AT=—Ae Va(1—e Vmise)+ C (3

ton. The ferromagnetic ordering recovers #80 ns. This

fast recovery process rules out conventional heating effect a{gr Eprope=1.55 eV (<130 K), and

the source of the photoinduceXT. Interestingly, the spin AT=—Ae Ya(1—e Y7ise)+ Be V84 C (4)

disorder accompanies negatidd at 1.55 eV, suggesting the

formation of the CO clusters. It is probable that photoin-for E,pe=1.55 eV (130 KsT<270 K). A and B are the

duced disorder of the transfer integral[ =t,cos(/2), magnitude of the negative and positive components, respec-

where 6 is the relative angle between the neighboring  tively. 7o (7g) and 7 are the decay time for the negative

sping causes the formation of the CO clust&tg® (positive component and the rise time for the negative com-
How does theAT—t curve change with increase of tem- ponent, respectivelyC represents a long decay tinfes~

perature? At 210 K near beloWi (=260 K), the decay time ms) component due to the conventional heating effect. The
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FIG. 4. Temperature dependence of magnitude&@ohegative FIG. 5. Schematic pictures of photoirradiation effe¢&:before
(A) and(b) positive (B) components of decay curve of transmission and (b) after photoirradiation in the ferromagneti@<Tc) state
changeAT. The pump pulse duration, frequency, photon energy@nd. (c) before and(d) after photoirradiation in the paramagnetic
Eexe, and pulse energy densityare 20 ns, 3.05 eV, 10 Hz, and 4 (T=T¢) state.
mJicnf, respectively. Open and filled circles are dataEgfope

=155 eV and 2.54 eV, respectively. Broken curve(@ is the Recently, Kiseet al*! have investigated temperature de-
magnetization measured at 0.05 T after cooling dowB K atzero  pendence of the lifetime of the spin system in conductive
field (ZFC). T¢ is the Curie temperature. ferromagnet SiFeMoQ;: The lifetime is less than-0.2 ns

even neaff - and further decreases with decrease of tempera-

solid thin curves in Fig. 3 are the best fitted results, takingure. Presently observed lifetin{e.g., ~1 us at 250 K of

the pulse duratiori20 n9 into account. Ther,-value criti-  the spin system of LaCa, 3MNnO; is much larger than the
cally increases on approachifig, e.g.,~1 us at 250 K  case of SfFeMoQ;. We ascribe the longer lifetime to the
This behavior is qualitatively similar to that of ferromagnetic formation of CO cluster domains. Because the cluster is ex-
Sr,FeMoQ;.%! On the other handsg (=30 ng and 7,  Pected to be metastable, due to the accompanied lattice dis-

(=10-20 n$ are nearly temperature independent. tortion.

D. Photoinduced annihilation of clusters
in the paramagnetic phase

On the other hand, the intensiB/of the positive compo-
nent[see Fig. 4b)] shows a characteristic temperature de-

C. Photoinduced formation of clusters
in the ferromagnetic phase

Figures 4a) and 4b) show temperature variation of mag-

nitudes of the negativéd) and positive(B) components, re-
spectively. As seen in Fig.(d), theA value at 2.54 e\(ffilled ~ pendence: th& value increases on approachihg from the
circle) scales well to the magnetizatidhroken curvg con-  high-temperature side, and then drops precipitously below
sistently with our interpretation that photoinduced disorderTc- This temperature-dependence is very similar to that of
of the spin system causes the signal. The fiditealue ob-  intrinsic CO clusters, as detected by the absorption spectros-
served abov& . is possibly ascribed to the photodestructionCOpY (see open circles in Fig) 2n the same Lg/Ca MnO;

of the residual ferromagnetic short-range correlation. Wdilm used in the present experiment. Therefore, we ascribe
found that theA value at 1.55 e\fopen circles in Fig. @)]  the positive signal to the direct annihilation of the inherent
shows similar temperature variation to that at 2.54 eV. InCO clusterssee schematics shown in Figgchand §d)].
addition, the decay times, at E,ope= 1.55 €V and 2.54 eV Note that the excitation photon enerBy,. (=3.05 eVj cor-

are nearly the same in a wide temperature range of 5—240 kesponds to the O[2-Mney transition, and can destroy the
(not shown. These observations indicate that the origins forcharge-/orbital-ordering within the clusters.

the two photoinduced signals are the same, i.e., photoin-

dyced formation of the CO clustdrsee schematics shown in V. SUMMARY

Figs. 5a) and 3b)]. Note that the CO clusters prefer the

antiferromagnetic (CE-type spin fluctuation, and could We have observed temperature-dependent photoinduced
cause the negativaT value at 2.54 eV. transmission changes &,,,,=1.55 eV and 2.54 eV, and
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