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Persistent photoconductivity in a ferromagnetic-metallic state of a Cr-doped manganite thin film
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Photoinduced persistent conductance has been observed in a Cr-dggéd, EMnO; thin film. The film
shows a diffuse phase transition and phase separation that arise from the quenched random fields produced by
the Cr ions. Photoexcitation of the sample with a continuous-wave—yttrium-aluminum-garnet laser causes a
gradual increase of the conductance in the ferromagnetic-meaMg state, whereas the magnetization and
absorption spectra show little change. The persistent conduction is ascribed to the increase in the conducting
paths by the optical excitation in the percolative conduction through FM regions, without significant overall
growth of the FM regions. The heating effect and the permanent damage to the sample are absent. The
temperature dependence of the absorption spectra and the phonon modes were studied and have presented
consistent results with the diffuse transition from a charge-orbital ordered insulating to FM phase.

DOI: 10.1103/PhysRevB.63.075111 PACS nuni®er73.50.Pz, 75.30.Vn, 72.80.Ga, 78.20.Ci

[. INTRODUCTION electric oxides, it is known that quenched random electric
fields originating from charged compositional fluctuations

As with many compounds of the correlated electron syscause the so-called relaxor behavior, such as diffuse phase
tems, perovskite manganiteR; ,A,MnO; (R=trivalent transition and slow relaxatiotf.The random fields break the
rare-earth element antl= divalent alkaline-earth element symmetry of the long-range ferroelectric order, and are re-
show various phases in the phase diagrams upon doping sponsible for the freezing into a nanometric ferroelectric do-
The doping dependence of their properties is still an opemain. Intriguingly, it is revealed that the Cr-doped mangan-
problem in the physics of these compounds, attracting muchies behave just as the “ferromagnetic” relax8rs. The
current interest. An interplay between spin, charge, orbitalphysics is not fully comprehended, but the origin is probably
and lattice degrees of freedom has now become a basic rexplained in the same way by analogy with the ferroelectric
search problem in transition-metal oxideBrom the techno- relaxor materials.
logical point of view, their peculiar properties, such as the The subtle balance of the phases, on the other hand, leads
colossal magnetoresistan@MR) effect, may find applica- us to speculate on the new possibility of the phase control in
tions in sensor and storage devices. these manganites by external fields or stimtilit> Espe-

One of the most important issues in manganites is theially when the system is frustrated and thus glassy, changes
intrinsic phase separation, especially in the neighborhood adf the configuration between a number of metastable states
the insulator-metalIM) transition’™* The ferromagnetic- by, for instance, optical excitation is expected. The quest for
metallic (FM) phase promoted by the double-exchangethose phenomena is important not only for fundamental in-
mechanism coexists with the insulating phase. Percolativeterest, but also for the practical utilities for applications.
conduction through metallic regions in the insulating matrix ~ Accordingly, for the studies of the phase separation and
often plays a key role in the IM transitions, particularly in the phase control, we have studied photoexcitation effects in
the CMR effect. The origin of the phase coexistence, howthe Cr-doped manganite. We prepared thin films of
ever, is still unclear. The intermediate one-electron bandPry :Ca, sMng o¢Crp 0405 that exhibit relaxor behavior. Thin-
width is clearly an important factor for the phase separation.

Besides, a new factor was recently discovered by Raveau A) (B)

et al% a few percent replacement of Mn atoms by Cr in the I
charge-orbital orderedCO-O0O manganites results in the o @@ o ° o
emergence of the FM phase and the coexistence of those two

phase<:® This discovery added a new dimension in investi- " o e © "' ° l "'
gating the phase control of the correlated electron systems;

the mechanism as well as the interesting properties deserve © * et © '.'I ©
to be studied. ef® o * eoj® o : ole

The Iocalized holes and orbital deficiencies produced by

cr* ions (t2 e , S=2) are the essence of the consideration
* 3+ 4+ 3+

of the phyS|cs of the IM transition in Cr-doped manganttes. Mn ©Mn ©cr
They act as pinning centers of the ordering patterns, and FiG. 1. Schematic diagrams of the charge-orbital order in Cr-
bring aboutfrustration because of the randomness of the Crdoped PssCa, MnOs. ds,2 2 anddsyz_,2 orbitals at Mii* sites
positions(Fig. 1). Thus it can be regarded as quenched ranand holes at Mi" and CP* sites are denoteda) Cr ions are in
dom fields in the CO-OO phase. The frustration forces thehase with the ordering patterh) Cr ions are out of phase. Frus-
order to diminish and give way to the FM state. In the ferro-tration occurs at the phase boundary indicated by the dashed line.
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film form is suitable for the optical measurements; it trans- 20
mits light and no polishing is required, which might cause "
surface damage. In the present paper, we show a gradual Ll oy .
increase of the conductance by irradiation of a continuous- @ 100§
wave (cw) YAG (yttrium-aluminum-garnetlaser in the FM 18 ;}5 ) Z ]
state at low temperature. The conductance is stable after the £ 10 B " : ]
light is switched off, suggesting controllable conductance by u.f” 7rs hee § ]
optical excitation. = g ]

The outline of this paper is as follows. In Sec. Il, experi- 9 16 o "” St 3'0;"4 T
mental details are described, including the procedure of thin- § 15 | Temperature (K) “J i
film fabrication. Characterization of the sample and results of 0 | ]
the experiments are shown in Sec. Ill. Photoexcitation ef- 8 b o i
fects have been investigated in conductance, magnetization, § | ]
and reflectivity and transmissivity spectra measurements. sk i
Section 1V is devoted to a discussion about the origin of the
experimental results an(_j about the el_ectronic structure of the b al i
sample, and the paper is concluded in Sec. V. | m m—10mW

11 f=——1=0min —0—47mW |
i3 a3l 1 i1 a3l 111l
Il. EXPERIMENT 1 10 100
Pro.sCay eMng o4Cr 0403 thin films with a thickness of 350 Irradiation Time (min)

nm on a MgO(002) substrate were fabricated by pulsed-laser
deposition. A pellet of a sintered stoichiometric mixture of

P.r203, .CaCQ, Mn3O,, and C.EO3 was chgcked by x-ray irradiated at the laser power of 10 mW for 1 h, then the laser was
diffraction and _revealed asa single phase; it was used for t rned off for 15 min. The sample was irradiated again at the power
ta_rget onto V_V_h'Ch ArF excimer laser pulses of about 100 m f 47 mW for the subsequend h after the suspension. Inset shows

with a repetition rate of 10 Hz were focused. The substratgemperature dependence of the resistivity of the sample under 0,

was held at 800°C in an atmosphere of 1 mTorr oxygen 5 and 9 T(solid lineg and the magnetization under 1.5(@pen
during deposition. The deposited film was postannealed fogquares

30 min at 700°C in a 760-Torr oxygen atmosphere, and then
cooled to room temperature in 1 h X—ray.diffrac':tion ind!— e *@d=1_[R(w)+T(0)], (1)
cates that the sample is polycrystalline partially oriented with
pseudocubic001) and(011) along the film normal; there is whered is the thickness of the film.
little stress effect by the substrate.

Resistivity under magnetic fieldap to 9 T) was mea-
sured by the standard four-probe method. Magnetization data
were obtained with a superconducting quantum interference A. Resistivity and magnetization

device (SQUID) magnetometer. For the resistivity measure- Diffuse phase transition of the samBlés depicted in the

ments with laser irradiation, the sample was mounted in g,get of Fig. 2. Magnetization appears gradually accompa-
continuous-flow helium cryostat. As a light source, a cw-pieq py the decrease of the resistivity. The FM ground state
YAG laser at a photon energy of 1.17 eV was used. The 1asgg confirmed. However, there is no clear transition tempera-
beam was focused onto the sample in a spot size of 2 MM ifre nor discontinuous change in the observed property.
diameter. Intensity of the light was controlled with neutral Large residual resistance, less magnetization than the full
density filters. The position_ and the shape of the focuse‘ﬂ)olarization, and the CMR effect over a wide range of tem-
laser spot were checked with a CCD camera. The gap Qierature strongly suggest the phase separation between

silver electrodes for resistivity measurements was 208,  co-00 insulating and FM states. All these characters are
and the width of the sample was 2 mm. When the phomexappropriate for the system to be termed a relaxor.

citation effect on magnetization was measured, the laser light
was introduced via an optical fiber into the SQUID magne-
tometer. The spot size was about 2 mm diam on the sample
whose size was 2.7 mm3.9 mm. Near-normal incidence Figure 2 shows the conductance increase by photoexcita-
reflectivity R(w) and transmissivityT (w) spectra were mea- tion as a function of irradiation time at 20 K. The sample was
sured in the midinfrared and near-infrared range. A Fourieirradiated fo 1 h at thelaser power of 10 mW, left for 15
transform spectromete{0.05-0.8 eV and grating mono- min with no light, and then irradiated again at the power of
chromators(higher than 0.6 eyYwere used. A gold mirror 47 mW for the subsequent 1 h. The conductance increased
and a MgO substrate were adopted as references in eagnadually by the photoexcitation; total increageG/G,) of
experiment. The absorption coefficiem(w) was calculated the conductance was 55%he resistance decreased from
as 90 kQ to 58 K1), where AG is the conductance change

FIG. 2. Conductance as a function of irradiation time at 20 K.
Pry sCay sMNg 9eCrp 0405 thin film on a MgO (001) substrate was

Ill. RESULTS

B. Persistent photoconductivity
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FIG. 4. Temperature dependence of the resistance before and
10 after the photoexcitation at 10 K and 20 K. The sample was irradi-
s ated at the laser power of 210 mWrfb h at 10 K and 20 Kafter
it was cooled from room temperature.
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and 85% at 10 K. Slight deviations observed after the laser
was turned off are due to the heating effect; high intensity
contributes to the heating. Even when the laser power is 21
times larger(210 mW/10 mW = 21) compared with the
result in Fig. 2, the conductance increase is much (43%o/
38% = 1.1). When the laser power is very high, it causes the
temperature rise of the sample resulting in the lower conduc-
tance increase. The resistance at low temperature before the
photoexcitation is a little differentseveral percentin each
_ temperature scan. The slight difference of the resistance in
SOl the FM region probably reflects the different connectivity of

0 10 20 30 40 .

FM clusters in every scan.

Photoexcitation at 70 K and 90 K was examined only to

FIG. 3. (&) Temperature dependence of the resistance before anind nothing *?Ut the_ heating e_ffect. 70 Kis the temperature in
after the photoexcitation at 20 Kb) The behavior around 20 K (N€ hysteresis region at which about half of the saturated
presented by the dashed squardanis magnified. magnetization appeatEig. 2, inse}, and 90 K is a tempera-
ture slightly higher than the resistivity peak. The conduc-
tance varies in the same way as the temperature increase

and G, is the conductance _befo_re _|rrad|at|on. _The COnOIUC_'Would cause, and returns to the original value when the laser
tance was stable before the irradiation and during the 15'm'ﬂradiation is discontinued

period in which the laser was switched off. The resistivity of Organizing the results up to this point, we can remark that

Fhe sa_rprgl)le ishmirr:imqm atﬁ20 K'in thebFMh staéig. Z'f hthe persistent photoconductivity occurs merely in the tem-
mse(;). us, the heating effect cannot be the cause of t f)erature region much lower than the resistivity peak and is
conductance increase. not due to heating. Also, it should be added that the applied

In order to identify that this is not due to damage of thegacqric field to measure the resistivity is not the substantial

Sample’ vt\)/efmeasudre? the teg?pefra.tur(; d$ﬁendencle of the Efriving force, as we observed an increase of the conductance
sistance before and after iradiatigfig. 3). The sample was after the irradiation even when there was no applied field

cooled down to 20 K, photoexcited by the laser as in Fig. 2 i o -

g photoexcitation. The increase of the conductance by
COO.|Ed further down to 7K, f[hen heated up to 30(_) K. '_I'he hotoexcitation depends on the intensity of the light, the du-
resistance in the heating run in the temperature region high Ltion of the irradiation time, and the temperature of the

than. the resistance peak is identica_l with that Of the ﬁrS.TsampIe: the lower the temperature, the more the conductance
cooling run. Furthermore, the behavior of the resistance in

this whole procedure is reproducible, which excludes thelncreases.
possibility of any damage to the sample.

The conductance increase by photoexcitation is larger at
lower temperature. The temperature dependence of the resis- The IM transition of this relaxor manganite is accompa-
tance before and after the irradiation at 10 K and 20 K isnied by the appearance of ferromagnetififilg. 2, inse};
depicted in Fig. 4. The laser power was 210 mW, and thaliffuse phase transition comes from the diffuse emergence of

irradiation time was for 1 h. The increase at 20 K was 43%the FM clusters and the percolative conduction through

Resistance (kQ)

Temperature (K)

C. Photoexcitation effect in magnetization
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ZFC and FC measurements is not due to the change of the
volume fraction of the FM regions by the magnetic field, but
is probably due to the freezing of the magnetization of the
FM clusters. This view is justified from the result of the
resistivity measurement as a function of temperature under 0
and 10 mT, which showed identical values in both cooling
and heating run&ata not shown Furthermore, when the 10
mT-FC sample was photoexcited in the field of 10 mT, no
increase but a decrease due to heating was obsé¢Rigd
5(b)] without any net increase of the magnetization after the
laser was turned off. Thus, photoexcitation has been revealed
to act on the magnetic properties only through heating by
photoabsorption. The temperature rise in the sample is esti-
mated to e 1 K and 4 K under 1 mW and 40 mW laser
irradiation, respectively. No increase of the magnetization
corresponding to the increase of the conductance by photo-
excitation has been detected even at the lowest temperature
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FIG. 5. Magnetization as a function of time at 5 (&) After the
magnetization measurement of the zero-field-cog®eC) sample
for 30 min in 10 mT, the sample was irradiated at the laser power of
40 mW for 30 min in 0 mT(filled squaresand in 10 mT(open
circles, then the magnetization was measured for 30 min aghjn.
The 10 mT—field-cooled10 mT-FQ sample was irradiated at the
power of 1 and 40 mW according to the time schedule shown. Inset
in (b) shows the temperature dependence of the magnetization of
the ZFC and 10 mT-FC sample in 10 mT.

them. As the metallic conductivity is associated with the fer-
romagnetism, we have investigated the photoexcitation effect
on magnetization of the sample.

Figure 3a) shows the magnetization before and after the
photoexcitation. The sample was zero-field-cool&dFC)
down to 5 K, and the magnetization was monitored in 10 mT
of the magnetic field perpendicular to the film for 30 min.
Confirming that the magnetization was stable, the sample
was irradiated with 40 mW of cw-YAG laser light for 30 min
with no field. During the irradiation with no field, the spon-
taneous magnetization was too small to be measured. We
measured the magnetization again in 10 mT after the photo-
excitation for 30 min(filled squares There was little change
in the magnetization before and after the photoexcitation.

Photoexcitation in 10 mT, on the other hand, increased
the magnetizationopen circles However, this does not
mean the volume fraction change of the FM clusters. This is
the field-heating effect of the ZFC sample by heating and
cooling in the 10 mT field, judging from the experiments
below. As shown in the inset of Fig(ly, magnetization of

5 K.

D. Optical spectra
To explore the electronic structure of the system and, if it

0T 8 1% T g exists, its modification by the photoexcitation, we studied
reflectivity and transmissivity in the midinfrared and near-
40 60 80 100 120 infrared regions from room temperature to 9 K. Figure 6

ows spectra, at 298 K, 130 K,d8 K before and after the

1.0 T T T T T T

(A) 1

0.8 e

130K 1
- 298K
’,9 K before

0.4+ Y -9 K after

Transmissivity

0.0 : — ;

.9 K after
9 K before

0.6

0.4+ |1

Reflectivity

02} fi

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Energy (eV)

FIG. 6. Transmissivitya) and reflectivity(b) spectra measured

the ZFC and field-cooledFC) sample is completely differ- in a cooling run. The spectra in the midinfrared and near-infrared
ent; the magnetization of the ZFC sample is much smalleregions at 298 K, 130 K, and 9 K before and after the photoexcita-
than that of the 10 mT-FC sampli&The difference between tion are shown.
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FIG. 7. Infrared optical-phonon spectra at various temperatures 3l
in a cooling run.(a) 298-130 K,(b) 130—-40 K,(c) 40-9 K.

photoexcitation. The cw-YAG laser intensity was 65 mW,
and the spot size was about 2 mm in diameter. The differ-
ence in the spectral ranges shown for reflectivity and trans- 1}
missivity is due to the transmissivity of the substrate and
windows of the cryostats used in these experiments. Strong

temperature dependence has been observed in both of the Y o a0 o 1o e T4
spectra. The transmissivity increased from 298 K down to
130 K, and decreased from 130 K to 9 K. The reflectivity, on
the ot_her hand, decreased down to 130 K with some struc- g g, Absorption spectra at various temperatures in a cooling
tured increase near 0.3 and 1.0 eV, and increased from 130 {§n. (a) 298-130 K, (b) 130-9 K, (c) 9 K before and after the
to 9 K. There is a small change of the spectra by photoexcCiphotoexcitation. The sample was irradiated with a cw-YAG laser
tation. The transmissivity decrease as well as the reflectivityignt at 65 mw for 30 min.

increase by photoexcitation were found, but they were less

than a few percent. .
Optical—prt)]onon spectra shown in Fig. 7 also present Aower-energy part is suppressed from 298 K down to 130 K

characteristic change corresponding to the electronic phasédicating the evolution of the CO-OO insulating staeg.
of the relaxor system. There are two phonon peaks at 0.053@]- There can be seen a clear gaplike feature at 130 K. At
eV (440 cml) and at 0.073 eV (590 cht) at 298 K. all temperatures, small upturn exists .below 0.2 eV, probably
Around 130 K, there gradually appears an additional peak #iue to a tail of the phonon motfewhich can be observed
0.088 eV (710 cm?) and disappears again at lower tem- also in the reflectivity spectréFig. 6). Below 130 K, the
peratures. The peak at 0.073 eV shifts to higher energjpwer-energy weight increases agaffig. 8b)]. Although
around 130 K. It goes back to 0.073 eV again at lower temthis behavior is consistent with the appearance of the FM
peratures with a broad shoulder. In addition, a ravine bephase at low temperature, little Drude weigboherent pait
tween those two peaks is gradually filled in below 70 K. Theexcept for the small upturn below 0.2 eV mainly due to the
results of these optical spectroscopic measurements will bghonon mode appears even at the lowest temperature 9 K.
discussed in the next section. Furthermore, the spectral change between 40 & &K is
Figure 8 shows the absorption spectra at various temperamall, which suggests only a slight change in the electronic
tures calculated using Edl). The spectral weight of the structure below 40 K.

9K

reneeenene aftQr

before

Energy (eV)
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Comparing the absorption coefficient before and after the 10002 10 20 80 40 50
photoexcitation, little change in the spectral weight of the (A " 10 mW
lower-energy part can be founfFig. 8c)]. The small
changes of the reflectivity and the transmissivity by photo-
excitation(Fig. 6) negate each other; there is little change in
absorption spectra as a result. In the range above 1 eV, on the
other hand, the spectral weight increased by 5% by the laser
irradiation.

IV. DISCUSSION

G / (dG/dt) (min)

A. Possible origin and percolative conduction

The experimental results are first summarized below from
a standpoint of the photoexcitation effects in the
Pro.5Ca.sMNg 9Cro. 0403 thin film.

(i) Persistent photoconductivity in the FM state. Photoex-
citation with a cw-YAG laser causes an increase of the con-
ductance in the FM state at low temperature. The increased Irradiation Time (min)
con_ductance by thg phqto'exmtatlon is stable after the termi- FIG. 9. Calculated(dG/at)~* from the results in Fig. 2a) 10
nation of the laser irradiation. L X .

. - . L . mW and(b) 47 mW. Their fits to the linear functions are also

(ii) No photoinduced magnetism. No magnetization arise hown
from photoexcitation even at the lowest temperature. Only '

the field-heating effect has been observed. - ; ; o
. . . _whereG is the conductancey is the occupation probability
(i) No photoinduced absorption. The absorption coeffl—Of the conducting sites or bonds while-p is that of the

cient spectra hardly varied in the lower-energy part. insulating onesp, is the critical value of for the percola-

Taking these results into consideration, the persistent photi've conduction, and. is the critical exponent that depends

toconductivity cannot be ascribed to the proportionate in- . : : :
crease of the metallic state by photoinduced IM transition_." the dimensionality of the system. Assuming that the prob

which has been observed in other perovskite mangaffités. ability p increases in proportion to the irradiati9r11 tirmép
Little change by photoexcitation in the magnetization and the_ at+ b, wherea andb areBaramete)sG(aG/at) can b.e
- : L . written ast/u+c, wherec=(b—p.)/(una). Therefore, it is
midinfrared absorption spectra, which is an index of the me- : . . 1 )
tallicity, indicates that few FM clusters are created. possible to derive. from plotting G(/G/dt) - as a function

The mechanism is again different from that of the persis-?rf tF'irre‘;p?ﬁgvfalocfl}lg?;gt('glGC/Z?)d,'tl'c}?osrsrtaie;;?hér'imigfg?/ '
tent photoconductivity observed in a variety of semiconduc-resuﬁé d,e icted in Fig. 2 and their fits to the Iinre):ar functions
tors; its common origin is certain types of impurities, the P 9.

so-calledDX centers. Large relaxation of the lattice around2'€ shown. From the slopeg, is estimated to be 0.065 and

the impurities prevents recapture of the electron by photorg)'076 under 10 mW and 47 mW laser irradiation, respec-

emission, because it needs substantial momentum tra“ﬁsferj['vely' . .
The critical exponentg. of both fits are close. However,

Therefor h ner rriers live long; the lifetim ) " X )
erefore, photogenerated carriers live long; the lifetime he theoretical value of the critical exponemtis 1.3 in two

h il th ks. | ites, how:. ; ; ) ) :
reach easily more than days or weeks. In manganites, Orglmensmns(ZD) and ~2 in three dimension$3D) both in

ever, carriers in the conduction band align the spin directio . . .
g P the site and bond percolatiéf.The theoretical values are

by a double-exchange mechanism, which involves ferromag- h than the fitted tars Th
netism. Little change in the magnetization by the photoexci—muc arger than the fitted parameigrs The exponeng.

tation indicates that the long-lived carriers have not beer#ess than unity implies thé_‘t the photoinduced effect t‘?”ds to
generated in our sample. Also, illumination of the relategSaturate as a function of time. A homogeneous photoinduced

compound PyCaMnO; by x rays induces persistent promotion of the IM transition is thus not likely. A more

: S S ; elaborate model is needed.
change in conductivity by several orders of magnittiige- R " . f Monte Carlo simulati has b
imer et al. argued that the observed behavior is caused by a ecently, a series of Monte L.arlo simulations has been
ferromagnetic polarization of local spins by hot electronsperformed to describe the metal-insulator phase separation

generated by x rayS. The mechanism is then probably dif- and the 1rgzsult|ng pgrcolatlve behavior n the
ferent from ours as well conductancé>?2One peculiar aspect that the calculation re-

A percolative conduction, on the other hand, can be é/ealed is that the FM clusters in the antiferromagnetic back-

plausible scenario in which a very small change of the medround are surrounded by thin paramagnetic insulating re-
tallic fraction can induce a fairly large modification in con- I%II\(jInSi T?ey can be easnty ;urbne(ilhmto t:\e FM statthe. I;|ence, I
ductance. A percolation theory gives the universal critical clusters are separated by them, lowernng the tempera-
behavior of the percolative conductarie, tures or application of the magnetic field link the clusters and

cause a large resistivity change. It is not unreasonable to
imagine that the light also acts on these unstable regions.
Go(p—pe)*, (2 In a phase-separated system caused by the local random

0 10 20 30 40 50
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field, the phase boundary is inherently unstable. The photo- 20 — T T - T T T
excitation can trigger the transition between metastable states
of the frustrated system and reshuffle the configuration by
the instantaneous disruption of the local order by the elec-
tronic excitation. The local path is established by chance and
the overall conductance increases.

Under the scenario stated above, a number of observa-
tions can be explained. By acting only on the unstable re-
gions, the effect of the light is rather limited. One can easily
exhaust the parts favorable for the photoinduced transition.
The conductance saturates quickly. The depth of the local
potential minima of the metastable states should depend on
the temperature. The lower the temperature is, the deeper the
potential minima become. The stability of the photoinduced
state is not strong enough at 70 K and no persistent effect oL00 b — . . . . .
results. The stability at 10 K is stronger than that at 20 K, 00 02 04 06 08 10 12 14
hence the larger effect. While the percolative conduction is Energy (eV)
sensitive to a slight modification of the connectivity of the
FM clusters, the other macroscopic properties such as mag- FIG. 10. Calculated absorption coefficient spectra by the effec-

netization and absorption spectra are not much influenced.tive medium theory. Experimental data of & f8&.,MnO; single
crystal at 30 Kn O T and 7 T are used as the insulator and the

metal, respectivelyRef. 26. Metallic fractionp is varied in incre-
B. Optical spectra ments of 0.1, and the results fpr=0.0, 0.5, and 1.0 are denoted

) . with solid lines.
The small spectral weight at the lower-energy part in the

absorption spectra at all temperatur&sg. 8) indicates its a5 a homogeneous medium of an effective dielectric constant
incoherent nature even in the temperature region wher.e trlgeﬁ_ The microstructure of each material is modeled by ro-
FM phase appears; the coherent Drude part from the intrgational ellipsoids. When the material is composed of two
band transition, whwég is fairly large in the canorjlcal doume'componentsA and B whose dielectric constants asg and
exchange s_ysten?ré',_ is not observed. Opening of the ._\ith probabilitiesf and 1- f, respectivelyg o is derived
charge gap in lowering the tempe_rat_ure as well as the full)from a quadratic equation af.;,
opened gap of about 0.2 eV are similar to those observed in
the CO-0O insulator BgCa, ,MnOj; single crystaf® With f—L 1—-f—L L
the appearance of the FM phase by further decrease of the €eff L_18A+ L—1 °8B Seﬁ+m8AaB:01 (©)
temperature, the gap is gradually filled due to the increase of
the spectral weight below 0.6 eV. This behavior is typical ofwhereL is a depolarization factor that depends only on the
the narrowband manganites with low Curie temperatureshape of the ellipsoié® When the calculated values are com-
(Tc).25 Our sample shows, therefore, qualitatively similarpared to the experimental results,is treated as a fitting
behavior to the other CO-OO manganites in the insulatingparameter that depends on the microstructures, surface
state and to the FM state of lof= manganites when the FM roughness, inhomogeneity, and so on. This equation comes
phase appears. from the self-consistent requirement that the total polariza-
As for the photoexcitation effect in the absorption spec-tion of the ellipsoids must be equal to that of the effective
trum [Fig. 8(c)], the spectral weight lower than 0.8 eV is medium.
barely modified. This suggests little change of the metallic- Although the dielectric constants of the pure CO-OO
ity, which is consistent with the result that there is little phase and the fully FM phase relevant to our sample are not
photoinduced magnetism. The absorption spectrum higheavailable, we can safely assume that the known dielectric
than 0.8 eV increases a little by the photoexcitation; thisconstants of the CO-OO insulating and magnetic-field-
might suggest some electronic-structure change around 1liaduced metallic phases of the,RCa MnO; bulk crystaf®
eV. Optical conductivity measurements of manganites byare suitable for estimating qualitatively the optical spectra of
several authors show the existence of the 1.5 eV pe@ike  the phase-separated manganite. The absorption spectra thus
peak is not assigned definitely yet and its relationship to thealculated using Eq(3) are shown in Fig. 10. The experi-
observed conductance increase is unclear. mental data were taken at 30 K with the incident light polar-
Before we end this section, we should mention the appliized along theb axis?® The spectra are calculated in incre-
cability of the simple analysis as presented above because weents of 0.1 in the metallic fractiop, and the spectra gf
are certain that the sample is highly inhomogeneous. The=0.0, 0.5, and 1.0 are drawn as solid lines. The growth of
dielectric constant and hence the optical properties of théhe lower-energy weight with an increase of the metallic re-
phase-separated manganites are not well investigated. Theigions and the pseudo-gap-like feature aroynd0.5 are
fore, as a first step, let us employ the simple but widely usedound in the calculated spectra, which are also observed in
effective-medium theory here. The theory treats a randonthe Cr-doped manganite filfiFig. 8(b)]. We assumed here
inhomogeneous mixture of more than two kinds of materialghat the metallic domains are nearly spherida=3). The

1.0 ; metal (7T)

0.0 ; insulator (0 T)
Pr,;Ca, MnO, bulk crystal
30K, Elib

-
(o2}
T

-
N
T

-

Absorption coefficient (10* cm™)

-7

s
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calculated results show a qualitatively simiadependence, V. CONCLUSION

If two-dimensional disklike metallic domaind.2) are as Photoexcitation effects in conductance, magnetization,

med. : ) . !
sumed and optical spectra have been investigated in the relaxor fer-

Change of the calculated spectra as a functiorp o S
rather continuous and gradual, and there is no jump or digomagnet RysCa Mno.geCro.o05 thin film. The conduc-

continuity. Applied to the Cr-doped manganite, this impIiestance |ncr:](?aas|,g7 gradually by_ the laser |rr|?d|at|r:)n n _the FM
that few FM clusters are created, as little change of the a gtatea V_\:_h' N r']tte p:jagnt(ejﬂzaﬂgn or meta ICbFI) a.;:e 'Sh p:o-
sorption spectra suggests little variation of the metallic frac- uced. The photoin uced con uqtance I stable after the laser
tion is turned off. A possible mechanism has bee_n proposed that
' the FM clusters are connected by the photoinduced random
change of the surrounding metastable insulator resulting in
the increased percolative conduction. The calculated results
For a cubic perovskite, thre€,, phonon modes are of the Monte Carlo simulatiod$??and the effective-medium
infrared-active. They are called external, bending, andheory support our explanation. The heating effect and dete-
stretching modes, distinguished by the types of collectivgioration of the sample were rejected as the cause experimen-
motions. The phonon peak at 0.073 eV (590 “&in Fig. 7 tally. Investigations of the excitation-energy dependence and
is the stretching mode. Since the stretching mode correthe dynamics of the effect, and the search for other materials
sponds to the vibration of the atoms along the chemical bonthat show similar effect, are future problems. We have also
connecting Mn and O ions, this mode is strongly affected bystudied optical properties of the sample, and revealed that the
the change of Mn-O-Mn bond length. behavior of the absorption spectra in the insulating and FM
The 0.088 eV (710 cm') phonon mode observed states of the sample is qualitatively similar to those of the
around 130 K is known to appear in the charge-orbital ordepther CO-OO and loviFc manganites, respectively. From
of manganite$>?° It is accounted for by the unit-cell dou- the optical-phonon spectra, the appearance of the long-range
bling by superlattice forming in the ordered state, whichCO-OO phase is suggested just before the FM phase begins
makes new -point modes by folding the phonon-dispersionto grow. Synthesizing the results, this system can be re-
branches. Thus, the shift of the stretching mode and the aigarded as an intrinsic random mixture in terms of the mag-
pearance of the mode at 0.088 eV strongly suggest that theetic, dielectric, and transport properties; consequently, it
charge-orbital order develops near 130 K. The disappearan&hows intricate but intriguing responses. Also, subtlety of the
of the peak at lower temperature, on the other hand, is poghases provides us with opportunities for the studies of the
sibly because the order becomes short-ranged and coexis@omogeneity induced by the quenched random fi€lds
with FM regions. This behavior is similar to the result of well as the orbital physic$,in manganites.
other  phase-separated  manganites ; BCaMnO;
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