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Exoemission near phase transitions of epitaxial films of
manganites with colossal magnetic resistance
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Intense exoemission near phase transitions of epitaxial films of the Lag 14Sr) g4MnO3 and
La 35Pr( 355r) sMnOj3, manganites, which exhibit the colossal magnetic resistance (CMR), is
detected in a wide temperature range from 278 to 623 K including the Curie temperature. The
role of the absorbed and lattice oxygen in the exoemission and CMR phenomena is discussed.
The aftereffect of the magnetic field directed along the film plane on the intensity of

photostimulated exoemission is discussed.
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Mixed oxides of the new class, Ln;_,M,MnO3; man-
ganites with the perovskite structure containing rare-
earth metal ions, exhibit a colossal magnetoresistance
(CMR)1:2 and a strong change in the electroresistance of
materials in the presence of magnetic field. This
effect is quantitatively characterized by the ratio
MR = [R(H = 0) — R(H)]/R(H = 0), where R(H = 0) is
the resistance measured in the absence of the magnetic
field, and R(H) is the resistance measured in the field
with the H strength. The CMR is related to a partial
substitution of the trivalent ion of a rare-earth element
(La, Pr, Nd) by the bivalent cation of an alkali-earth
metal (Ca, Sr, Ba), which results in a change in the
Mn3*/Mn#* ratio. Electroconductivity and magnetic
properties of compounds with CMR are very sensitive to
stoichiometry with respect to oxygen atoms and the
amount of introduced alkali-earth metal ions.

The CMR phenomena are explained within the
framework of the theories of indirect exchange interac-
tion and double Zener exchange3 in combination with
the Jahn—Teller model of structural instability.2 It is
assumed that the same group of electrons is responsible
for the magnetic and electric properties of manganites.
The manganites with CMR are of great interest due to
prospects of their practical application in magnetic re-
cording, as magnetic field sensors, and in other electric
and magnetic devices operating in weak magnetic fields
as well.4 The value of MR > 10° was obtained’ for the
Lay 5Cay sMnO;3 antiferromagnetic (AFM).

The first studies of the physical properties of manga-
nites were performed for polycrystalline samples. The
next works gave data on CMR of single crystals and thin
films. A special attention is given to the magnetic and
electron-transport properties of epitaxial films with high
resistance. The magnetic and electric properties of poly-
crystalline samples, single crystals, and epitaxial films
grown by the MOCVD (metal-organic chemical vapor

deposition) method have been studied in detail.6
All samples with the same Lajg;Cap33MnO3 and
Lag 7S1).33MnO3 composition manifest close magnetic
and electron-transport properties. At the same time, the
electrophysical properties of films and bulk materials
with the same composition can strongly differ.7-8

The Ln;_,M,MnO35; manganites exhibit the semicon-
ductor—metal (SC—M) phase transitions of the second
order on going from the high-temperature state with
activated conductivity to the low-temperature ferromag-
netic phase with metal-like conductivity (FM) at the
Curie temperature (7;), holes being charge carriers. The
metal—insulator electron phase transition of the first
order was found in the external magnetic field. For the
Ndj 5Sry sMnO5 sample, a distinct hysteresis of electro-
resistance was observed during increasing and decreasing
the magnetic field intensity at a constant temperature.?

For this compound, another phase transition at
T., = T, from the FM phase to the charge-ordered AFM
state was found. This transition is accompanied by a
resistance jump and a change in the lattice parameters of
perovskite. The authors of Ref. 10 plotted the conceptual
phase diagram in the H—T coordinates, which indicates
the regions of temperatures and magnetic fields where
various states of manganites exist: from the charge-
ordered FM (AFM) to the charge-ordered state of the
paramagnetic (at elevated 7 and low H).

The nonstationary low-temperature (4—700 K)
exoemission of electrons and ions from metals, semicon-
ductors, and dielectrics under various actions possesses a
considerable inertia.ll Subsequent irradiation at wave-
lengths exceeding the photoeffect boundary or linear
heating leads to the photo- or thermostimulated emis-
sion (PSE, TSE), which reflects the energy spectrum of
charge localization levels on the surface. The most TSE
peaks correspond to the temperatures of structural phase
transitions (SPT) in the bulk or on the surface of
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solids.11-12 Observation of the emission at phase transi-
tions usually requires photostimulation, hence, heating
(or cooling) is performed simultaneously with irradiation
(PTSE).12 A distinct correspondence has been estab-
lished between the temperatures of SPT, including T,
and exoemission peaks!3 in films of the high-tempera-
ture Y—Ba—Cu—O superconductors. We develop a gen-
eral approach to treating the exoemission that accom-
pany the first and second order phase transitions. The
approach is based on the mobility of the structure,
appearance and cleavage of strained bonds, and forma-
tion of new bonds and structural modifications, i.e.,
relaxation processes related to the liberation of energy
consumed to the yield of weakly bound electrons
and ions.14

Previously!5 we reported a specific correspondence
between the temperatures of FM—SC phase transitions
(T, = T,, where T, is the temperature of the electro-
resistance maximum) and PTSE maxima of the epitaxial
films of the Lag 14Srg 34MnO3/LaAlO5 (LSM/LAO) and
La 35Pry 3551 3MnO3/LaAlO; (LPSM/LAO) mangan-
ites with CMR. This work is aimed at detailed studying
TSE and PTSE of these films and examining the results
in the 278—623 K temperature region, including 7, = T},
(according to available published data). We also discuss
the role of weakly bound and lattice oxygen in the CMR
phenomena according to the TSE (PTSE) data and the
influence of the residual magnetization on the exo-
emission intensity from the manganites.

Experimental

The LMS/LAO and LPSM/LAO films were prepared by the
MOCVD method with the Aerosol source of vapor of organo-
metallic compounds on the single crystal [001] LaAlO5 plate in
a reactor with inductive heating of the substrate.16 After precipi-
tation, the films were subjected to annealing in oxygen at the
deposition temperature (1000 K) for 30 min. This procedure
removed residues of organic compounds used in the film syn-
thesis. The sample simultaneously absorbed oxygen, which is
adsorbed, in particular, on the surface in various forms and
oxidation states. According to the X-ray microanalysis data, the
film thickness was 300 nm. The perovskite LaAlO; substrate
(with the unit cell parameter a = 0.3792 nm) makes it possible
to obtain La;_,Sr,MnOj films with [001] orientation. The
epitaxial correspondence of the perovskite film lattices and the
substrate for the samples used by us was determined by the
¢-scan method.!6 To find T, and 7}, the magnetization of the
LMS/LAO film was studied using a SKVID magnetometer, and
the electroresistance was studied by the four-probe method;
T.=T,=270 K16,

For the LPSM/LAO sample, we used 7, = 7, = 340 K
obtained for the ceramics with the same composition.*

Exoemission was recorded in vacuo at a residual pressure of
1074 Pa in a pulse mode using a VEU-6 secondary-electron
amplifier within the 278—623 K temperature range. The scheme

* The data on T, = T, = 340 K for the ceramics were presented
by O. Yu. Gorbenko. For the LPSM/LAO film, T, was deter-
mined!S by the observation of the ferromagnetic resonance on a
Beker spectrometer, 7, = 330 K.

of the setup has previously been described in detail.14 When the
gap between the sample and inlet of the detector was 1.5 cm,
the electric field strength was at most 200 V cm™!. Negative
charges were detected when a positive potential was fed to the
detector. The magnetic field applied perpendicularly to the
charge trajectory allowed the identification of the electron and
ion components of emitted charges. Photostimulation was per-
formed using a DRT-230 mercury-quartz lamp through narrow-
band filters under UV radiation with wavelengths A = 313 nm
(the PSE threshold of the studied samples) or A = 257 nm.

The starting samples were heated in a linear mode with a
rate of 7 deg min~! with simultaneous detection of "spontane-
ous" TSE due to the technology of production. No emission
appeared on repeated heating. Then multicycle tests were car-
ried out in the following regime: heating to 623 K, then cooling
to 278 K with simultaneous detection of PTSE (A = 313 or
257 nm). During measurements of exoemission at both a con-
stant temperature equal to 7, and subsequent heating—cooling,
the transversal magnetic field was applied (H = 70 Oe), i.e., the
field is directed along the film plane. Two series of measure-
ments with two samples from the same batch were performed.
The sizes of the samples were 2.5%X3X1 mm.

Results and Discussion

Spontaneous emission of starting samples. It is
known!l-14 that the spontaneous emission from real
surfaces of metals, semiconductors, and dielectrics, as
well as their oxides, is the thermodesorption of negative
ions adsorbed during technological treatment and stor-
age (0,7, OH™, CO,, and others). The starting
LMS/LAO and LPSM/LAO samples emit mainly the
O,” and O ions formed from oxygen absorbed during
calcination and cooling. Negative ions of adsorbed gases
(CO,7) and water vapor (OH™) are also emitted.

On heating of the LMS/LAO film, the peaks of
spontaneous emission appear at ~278 K, which is close
to T,, and at 353, 453, and 533—563 K (Fig. 1). No
emission appears during cooling. The plot of the emis-
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Fig. 1. Spontaneous TSE from the starting LSM/LAO film;
M (empty circles) are the points of magnetic field application.
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Fig. 2. Spontaneous TSE from the starting LPSM/LAO film
during heating (/) and cooling (2).

sion intensity vs. temperature for the LPSM/LAO sample
contains a sharp maximum at T, = 523 K. A small
splash of the emission current appears during cooling at
343 K, which is close to T, (Fig. 2). For the LSM/LAO
film (see Fig. 1), the electron and ion components in the
negative charge flow were identified. At T < 373 K, the
magnetic field effect decreased the TSE intensity by
~70%, i.e., negative ions composed 30% charges. At
T > 473 K, the magnetic field had no effect on the
emission intensity. This implies that only negative ions
emitted. TSE did not appear on repeated heating.

Therefore, on the first heating in vacuo chemisorbed
ions responsible for TSE (including CO,~, OH™) and,
perhaps, residues of the starting compounds are re-
moved. The subsequent heating—cooling cycles were
carried out under UV irradiation.

Photothermostimulated emission. Recording of the
spectrum of PSE excitation showed that the photoeffect
threshold, under our experimental conditions, lie at
A = 313 nm for both samples and the emission increases
sharply under UV irradiation (A = 257 nm). Therefore, it
seems of interest to consider the absorption spectra of
the Mn3* and Mn** ions. For Mn3™, in addition to the
absorption in the visible region (A = 500—600 nm), an
intense UV absorption related to charge transfer was
found.1” The Mn** ion absorbs at A = 250 nm and
exhibits a sharp growth of absorption at A < 300 nm.17 At
the same time, the authors!8 have applied the methods
of electron spectroscopy to the high-temperature super-
conductors (HTSC), cuprates, containing weakly bound
oxygen and found that the photoemission occurs due to
electrons on the orbitals of the O atoms in the region of
bonding energies £, >4 eV (A < 313 nm). An analogy in
the behavior of the manganites with CMR and cuprates
that possess HTSC has been performed.2 In both cases,
the system gains the metallic properties on doping of the
compound with bivalent atoms, which substitute, for
example, the La nodes. It has been assumed? that in
manganites, as in cuprates, the holes are disposed on the
oxygen atoms (O7). However, this was not proved ex-
perimentally.
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Fig. 3. PTSE from the LSM/LAO film in the first (A = 313 nm)
(1) and second (A = 257 nm) (2) series of measurements and the
temperature plot of the electroresistance 16 (3).
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Fig. 4. PTSE from the LPSM/LAO film in the first (/) and
second (2) series of measurements (A = 313 nm) and the
temperature plot of the electroresistance for the ceramics of the
same composition!® (3).

It is seen that splashes of emission currents are
observed near 7, = T, in the PTSE (A = 313 nm) curves
(Figs. 3 and 4) for the LMS/LAO and LPSM/LAO films
obtained on the third heating and in the plot of the
temperature dependence of the electroresistance.!® Some
shift of the emission peaks toward higher temperatures
can be stipulated by different experimental conditions:
the resistance was measured in the thermostatted samples
in the discrete temperature series, whereas PTSE was
detected during the linear heating of the samples.

We found in the first series of measurements that in
the fourth heating—cooling cycle the PTSE intensity
(A = 313 nm) decreased sharply and was not manifested
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Fig. 6. PTSE (A = 313 nm) from the LPSM/LAO film on
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Fig. 5. PTSE (A = 257 nm) from the LSM/LAO film on heating
(1) and cooling (2) in the third cheating—cooling testing cycle
and the ion component of the emission obtained by the mag-
netic field application (3). The anomalies in the temperature
course of the electroresistance® (Lag 7St 33Mn03/LAO film)
are marked (V); M (empty circles) are the points of magnetic
field application.

at all in the fifth cycle. This can be due to the removal
by thermovacuum treatment of the weakly bound low-
coordinate surface oxygen that forms TSE (PTSE) cen-
ters.11,14 Therefore, in the second series of measure-
ments, the multicycle heating—cooling PTSE tests were
performed mainly under UV irradiation (A = 257 nm,
E = 5 eV). The results of the second testing series are
discussed below.

For the samples of the second series, Figs. 5 and 6
present the more complete PTSE pattern (A = 257 nm)
within the 283—623 K temperature interval during the
3rd heating—cooling cycle under the periodical mag-
netic field effect (M, empty circles). For the LMS/LAO
film (see Fig. 5), the peak of the emission intensity near
T, = Tp is observed during heating and cooling. On
cooling from 7 = 573 to 283 K, the hysteresis (curve 2)
takes place, which indicates SPT. Curve 3 obtained
during heating in the magnetic field represents the ion
component of the emission. The intense emission maxi-
mum at T = 403—423 K during heating (or cooling) is
observed for the most studied oxides, including mangan-
ites with the spinel structure,!® and reflects the valent
(charge) transformations in the layers of weakly bound
oxygen and its desorption (photodesorption)

202, —> 207,49 —> Oy +e,

where 027, is the surface low-coordinate ion of the
crystalline lattice.18

For the LPSM/LAO film (see Fig. 6), the PTSE
films in the region of 7, = T, = 343 K are also observed
on both heating and cooling (with some shift over

heating (/) and cooling (2) in the second heating—cooling
testing cycle; M (empty circles) are the points of magnetic field
application characterizing the ion component of the emission.

temperature). On heating to T = 573 K, the PTSE of
ions sharply increases monotonically. The peaks at
T = 423—453 K marked above for the LMS/LAO film
are also observed. The ion component in the charge flow
also appears at 7 > 473 K. The PTSE hysteresis is
especially pronounced at 7< 473 K, i.e., in the region of
SC — FM transition.

Since T, and T, were measured1® only in the region
below room temperature for the LMS/LAO film and
below T = 403 K for the ceramics with the same
composition as the LMS/LAO film, the further discus-
sion of the results requires published data. Some increase
in the electroresistance, which has not been discussed
previously,16 was detected for the LPSM/LAO sample at
T > 383 K (see Fig. 4). For the thin epitaxial
Lag 67519 33MnO3 films, 7, did not coincide$ with T,: a
maximum of p was not observed with temperature, as
usual, on going to the semiconducting phase, but the
electroresistance continuously increased with transition
to hopping conduction at T,,; = 455 K, which exceeds
T, = 360 K (here T,; is the temperature of the
metal—insulator phase transition). This phenomenon
was explained® by polaron conductivity: polaron scatter-
ing on phonons at 7' > T gives the positive value dp/dT.
The thermally activated hopping conduction by po-
larons, which is characterized by the negative dp/dT
value, occurs above T,,;. This transition (metal—insula-
tor, T = 455 K) appears in the same temperature interval
as Tpa.x = 423—453 K in the corresponding PTSE
dependence (see Fig. 6) of the manganite films. A
transition to the hopping polaron conduction can also be
observed in the samples studied by us.

Thermocyclic tests and SPT. Thermocyclic tests of
the LMS/LAO film were carried out within the
283—623 K temperature range. The fourth heat-
ing—cooling testing cycle (PTSE, A = 257 nm) during
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Fig. 7. PTSE (A = 313 nm) from the LSM/LAO film on
heating (/) and cooling (2) in the fifth testing cycle; M (empty
circles) are the points of magnetic field application, sign ¥
designates the temperature of the structural phase transition for
the Laggs5Sry1sMnO;3 film (see Ref. 20) or anomalies (the
beginning of growth) in the electroresistance at temperatures
higher than 7, = 204 K (Laj 67Ca 33Mn0Oj3 film).3

heating shows a maximum of the emission intensity in
the vicinity of T,,,x = 473—503 K. The curve of the PSE
intensity on cooling passes below a similar curve ob-
tained on heating of the sample. The pronounced hyster-
esis with Ty, = 288 K appears near 7, = T..
The application of the transversal magnetic field
showed that electrons are emitted within the whole
288—623 K temperature interval. The main PTSE peak
(Tmax = 493 K) coincides with the anomalies® in the
electroresistance curve of the Lag ¢7Cag 33MnO3 film. In
the fifth testing cycle (Fig. 7), a sharp PTSE peak
(A = 313 nm) with T, = 503 K appears on heating.
The ion emission (of oxygen) was found in a narrow
temperature region at T = T, whereas within the
whole remaining temperature interval only electrons were
emitted (100%). The PSE hysteresis with a sharp maxi-
mum at 7 = 330 K was observed on cooling.

The study?? of the La;_,Sr,MnOj3 films with different
concentrations of holes (x) showed that at x = 0.15,
along with the magnetic phase transition at 7, = 250 K,
an anomaly in the run of the electroresistance of the
high-temperature magnetic phase (7 > T,) is observed,
which is due to the structural transition from the rhom-
bohedral to the orthorhombic phase at 7= 360 K. This
is precisely the temperature at which a broad maximum
also attributed to SPT (see Fig. 7) is detected in the
PTSE curve on heating of our sample, which is close in
composition to the studied one2? (x = 0.16).

In the next sixth and seventh testing cycles, the
PTSE intensity (A = 313 nm) decreased dramatically (by

I-1072/pulse s~!

373 473 573 /K
Fig. 8. PTSE (A = 257 nm) from the LSM/LAO film on heating
(1) and cooling (2) in the eighth testing cycle; M (empty circles)
are the points of magnetic field application.

~5 times) and only electrons were emitted. The PSE
hysteresis during cooling was retained, which indi-
cates SPT.

In the eighth testing cycle (Fig. 8), heating of the
sample from 7 = 283 to 623 K results in a monotonic
decrease in the PTSE intensity (under UV irradiation at
A = 257 nm), and on cooling to T, = Tp = 270 K the
emission increases. Therefore, within the 323—623 K
temperature interval the film structure is mainly stabi-
lized.

It has previouslyS been mentioned that the study of
the electroresistance at T > T, provides a fruitful infor-
mation about electron transport in the disordered mag-
netic field. This study was performed3 for the thin
epitaxial Laj 47;Cag 33MnO5 films with CMR obtained by
laser sputtering. In these films the magnetoresistance
(MR) was 14000%. It was found that the activation
energy £ = 0.1 eV of the resistance py = A7) remains
unchanged to 7 = 503 K. Within the 503—603 K
temperature interval py(7) begins to increase slowly with
temperature. This phenomenon is explainedS by the
predomination of the electron-phonon interaction over
charge transport. Similar results have been obtained® for
the thin epitaxial films grown by the MOCVD method
on the Laj¢;S1)33Mn0O3/LAO, which did not exhibit
activated conductivity up to T = 503 K, exceeding
T, = 360 K. This is related to conduction by heavy
carriers (polarons, scattered phonons), which results in
the positive value of dp/d 7.6

A comparison of our data (see Fig. 7) with the
previously published3% results indicates the correspon-
dence between T, of PTSE and 7 = 503 K, at which
changes in the character of the electroconductivity (the
temperature run of the electroresistance) are observed.

It has been established!3:14 that the exoemission
intensity increases in the series metal—semiconduc-
tor—insulator where the emission occurs from the local-
ized states. The positions of the emission peaks coincide
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with the SPT temperatures. Therefore, we may expect
that at 7= 503 K these manganites exhibit the structural
(and electron) transition resulting in a change in the
character of electroconductivity>® and the appearance
of an exoemission maximum.

Role of oxygen in CMR and PTSE phenomena. The
role of absorbed oxygen in the CMR phenomena has
been considered in several works.321:22 In particular,
two types of the Laj¢;Cajp33MnO;5 films annealed at
T = 1120 K in oxygen and in argon were studied.’ The
peak in the py(7) plot for the samples annealed in an
atmosphere of oxygen and argon is observed at T, = 140
and 204 K, respectively. The sample with a lower T had
the maximum MR ~14000%, and MR of that with a
higher 7, was 2300%. This agrees with the general
tendency for increasing MR for samples with a low 7.

The influence of oxygen on the magnetoresistance in
the silicon-supported La—Ca—M—O films obtained by
laser sputtering has been studied.2! The film deposition
at high temperatures of the substrate was found to shift
the peak in p = A{T) toward low temperatures, and p
increases. Stoichiometry with respect to oxygen was
analyzed by the EPMA (electron photon mass spectrom-
etry) method. The oxygen content decreases with tem-
perature of the substrate. The main minimum of the
EPMA absorption is related to the charge transfer
2p(O) —> 3d(Mn). The oxygen content increases on
film annealing in oxygen (1 atm) at 7= 1170 K. It has
been assumed?! that oxygen stoichiometry in the film is
the decisive factor stipulating the ferromagnetic transi-
tion of 7. and the shift of Tp toward high tempera-
tures. Oxygen determines the oxidized state of the
Mn3T—O—Mn** ions, which affects the Mn—O bond
length and a probability of electron transfer in the
double exchange mechanism. No structural phase trans-
formation, which could be attributed to changes in
oxygen stoichiometry, was observed. However, metal
oxides are often disordered due to an oxygen deficiency,
which influences on the mean path length of electrons:
the mobility of the carriers decreases and the resistance
increases.2!

A multiple thermovacuum treatment resulting in a
partial removal of weakly bound oxygen leads (see
Figs. 5—8) to the disappearance of the PTSE peaks,
which reflect SPT in the film at 7, > 270 K. A decrease
in the intensity and the disappearance of the emission
peaks (see Fig. 8) occur after a sharp ejection of oxygen
ions (possibly in the form of CO™) at T = 503 K (see
Fig. 7), which was detected by the results of magnetic
field effect on the flow of emitted charges.

Various forms of adsorbed oxygen (O,4) are known?3:

O2(9) — O2(ads) —> O2% (adsy —> 0% (ags) — 0%~

(Og is gaseous oxygen).

It has been shown24 that at 7 < 448 K oxygen is
retained on the oxides in the form of O,”, and at
T > 498 K the O~ ions are formed. This is precisely the
temperature 7 = 498 K (see Fig. 7) at which we

observed a sharp ejection of the ion emission, which is
related, most likely, to the photothermodesorption of
O~. According to the data of oxygen thermodesorption
for some oxides, two peaks have been established?4: at
T = 458 and 558 K. The first peak was attributed to the
desorption of O,™, and the second peak corresponds to
O~ desorption.

The main PTSE peak (near 7, = 7, = 270 K)
remains unchanged during thermocycling (cf. Figs. 3
and 8). We compared the 7, temperature for the
LPSM/LAO film before measurements of exoemission
(T, = 340 K) and after thermocyclic tests and
exoemission detection. According to the ESR data,15 T,
of the same sample after measurements of exoemission is
330 K, i.e., CMR is retained and T, remains virtually
unchanged.

The thin La—Ca—Mn—O films are recommended
for application?? as bolometers due to a sharp change in
their resistance near T,; the resistance change depends
strongly on the oxygen content. The samples, deficient
in oxygen and pre-calcined in dioxygen and then an-
nealed in vacuo at T = 1173 K, had a higher resistance
than the stoichiometric samples. It has been shown?5 for
the epitaxial LAO-supported La—Ca—Mn—O films that
annealing in oxygen shifts the position of the magne-
toresistance maximum toward elevated temperatures
(from 7 ~100 K to 7 > 200 K), resulting in an increase
in MR from 440 to 1400%.

It seems likely that materials with CMR should have
a specific stoichiometry with respect to oxygen. The
exoemission methods make it possible to distinguish
weakly bound oxygen from Ilattice "bridging" oxygen
responsible for double electron exchange in the CMR
phenomena. It is known!1:14:15 that the thermovacuum
treatment resulting in the removal of weakly bound
oxygen decreases the exoemission intensity from oxides,
and O, adsorption increases it. However, for the com-
plex oxides with CMR, thermocycling at 7= 283—623 K
with simultaneous UV irradiation has almost no effect
on the PTSE intensity in the region of temperatures
close to T, = 270 K (cf. Figs. 5 and 8).

As mentioned previously, the mechanism of the CMR
phenomenon is the double Zener exchange3 taking into
account the Jahn—Teller structural instability.2

[Mn]3*—02"—[Mn']4* === [Mn]*—02"—[Mn]3*

The exchange occurs between delocalized 3d-electrons
(the ty, state) of the manganese ions via the mobile
3d-electron (the e, state). The Jahn—Teller structural
instability is due to the lattice deformation (a decrease in
symmetry) near the magnetic ions. At the SPT tempera-
ture, the lattice deformation results in the formation of
strained bonds, "excited states,” whose relaxation energy
can be consumed to the yield of weakly bound (mobile)
electrons (in the e, state) beyond the crystal.1314 An
additional energy (£ > 4 eV) is provided by the light.
Magnetic field aftereffects on PSE. In addition to
the aforesaid, we have to consider the aftereffects of the
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magnetic field applied perpendicularly to the direction
of photoelectron movement, i.e., along the manganite
films, on PSE.15 After the magnetic field (H = 70 Oe)
was switched off, PSE from the LSM/LAO film at
T, = 270 K was not observed for several min, and then it
increased slowly. The observed effects is explained by
the residual ferromagnetism and slow reorientation of
small domains in the film. The field applied along the
film deviates electrons from its trajectory toward the
VEU detector. The magnetic field aftereffect on PSE is
also retained at temperatures considerably exceeding T.
For example, for the LPSM/LAO film (7, = 340 K)
after magnetic field application during PSE measure-
ments at a constant temperature (540 K), the photocur-
rent was not observed for ~12 min, after which it
increased slowly.

The observed influence of magnetic field aftereffects
on the photocurrent indicates a correlation between the
motion of electrons and the local orientation of spins3
and retention of the short-range magnetic order in the
manganite films upon their heating to temperatures con-
siderably exceeding T.. These concepts agree with the
views about the internal Weiss molecular field (Hg) in
ferromagnets related to the exchange interaction:
Hg = AM, where A is the molecular field constant, and
M is the magnetization. Then the magnetization in the
zero external field appears at 7, = CA (C is the Curie
constant), and this temperature can considerably exceed
the real temperature of the magnetic transformation.

Since the exoemission methods are especially sensi-
tive (1079 of the number of surface atoms), the observed
aftereffects of the weak magnetic field (70 Oe) on PSE
detect the presence in the system of precisely local
magnetic interactions, which are retained upon its heat-
ing to T > T.. Perhaps, the field-induced changes in the
orientation of magnetic spins?5 have sufficiently long
relaxation times. Local electric fields appeared in the
charge-ordered states of manganites at elevated tem-
peratures can also affect the PSE intensity.

Our study showed that in a wide temperature range
(283—623 K) including 7, = T, the phase transitions in
the manganite films with CMR determined from the
electroresistance, as well as using the magnetic and other
methods, are accompanied by splashes of exoemission
currents. Thermocycling in this temperature interval de-
creases the exoemission intensity at 7' > 373 K but does
not affect the intensity at 7= 283 K close to 7, (for the
Laj 14Srg §4MnOj film). This indicates that weakly bound
oxygen (in the form of O,”, O7, and others) was re-
moved, but bridging oxygen responsible for PTSE near
T, and for the Zener double exchange providing CMR is
retained. The T value, which characterizes the ferro-
magnet—paramagnetic phase transition, remains un-
changed.

Note in conclusion that the exoemission methods
make it possible to determine the width and structure of
the metal—semiconductor (ferromagnet—paramagnetic)
phase transition in thin epitaxial manganite films with

CMR. Exoemission is a highly sensitive method for the
detailed study of the solid surface structure.
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