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Light-induced antiferromagnetic-ferromagnetic phase transition in Pry gLag 1Cag sMnO 5 thin films
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The effect of light of He-Ne X =633 nnm) and Ar (\ =488 nn) lasers on the magnetization of epitaxial films
of manganite Ry¢la;CaMnO; was studied. It has been found that the illumination stimulates the
antiferromagnetic-ferromagnetic phase transition observed in this manganite in a magnetic field at low tem-
perature. In a magnetic field, the light induces the magnetization increase that apparently is related to a partial
transformation of an antiferromagnetic phase into a ferromagnetic one and a formation of ferromagnetic
clusters within the antiferromagnetic phase. It was observed that a linearly polarized light effects stronger on
the magnetic state of pg.a, ,Ca ;MnO; films than an unpolarized light. A relaxation of the light-induced
state was not detected. The photoexcited state is stable or a long-lived metastable one.
[S0163-182699)01637-9

Among the perovskite manganites showing colossal magwith flash evaporation of the precursor powder of 2,2,6,6-
netoresistance, the manganitg f&&, ;MnO; arouses a great tetramethylheptanedionato complexes of La, Pr, Ca, and
interest due to the recent discovery in this compound oMn.® The films were deposited on SrLaGa€ubstrates cut
photoinduced phase transition from an insulating to a metalin the (001) plane. The deposition temperature was 860 °C.
lic state}™ The insulator-metal phase transition was inducedAfter the deposition the films prepared were annealed in oxy-
by the light of Nd-YAG pulse laser with the wavelength of gen at temperature 860°C for 0.5 h. The cation composition
532 nm (second harmonjc in a surface layer of and homogeneity of the films were controlled with the sec-
Pr, .Ca sMNnO; single crystal at temperatufe = 30 K2  ondary neutrals mass spectrometry using high-density ce-
The phase transition from the insulating to the metallic stateamic standards. According to x-ray-diffraction study, the
in Pry Ca, ;MnO; was also induced by x-ray irradiatidiAs  Pr, {La, ;Ca sMnO; films obtained are epitaxial and have no
it was shown by means of x-ray and neutron-diffractioncontribution of polycrystalline material. The lattice param-
methods}® significant changes of lattice parameters andeters of films are in a good agreement with the values for
unit-cell volume occur under x-ray illumination. Photoin- bulk materials of the same composition and correspond to
duced phase transition in f2Ca sMnO; is related to the the orthorhombicPnma structure. The x-ray-diffraction
melting charge-ordered state and the formation of metallistudy has revealed effective relaxation of the lattice strains in
ferromagnetic clusters under irradiation. the films. The thickness of the studied films is about of 350

In this paper the results of magnetic measurements of them whereas the substrate thickness is about of 0.5 mm. Both
effect of visible light illumination on the magnetic-field- the film and the substrate are transparent for a visible light.
induced phase transition from antiferromagnd#d=M) to  According to the spectral measurements a transmission of
ferromagnetic (FM) state in thin transparent films the films at low temperatures is about 10% and 8% for wave-
Pry gLag 1Cay MnO; are presented and discussed. He-Ne andengthsh =633 nm and\ =488 nm, respectively.

Ar continuous work lasers were used for the illumination of The magnetization of the films was measured by means of
samples in our experiments as distinct from earlier papérs. a commercial superconducting quantum interference device
The light flux density was 5 orders of magnitude less tharmagnetomete(MPMS-5 Quantum Desigrusing fiber-optic

the threshold flux density in experiments described in Refssample holder. The measurements were performed in the
1-3. It has to be stressed that in our experiments the dose tfmperature range 5—-300 K in magnetic fields up to 50 kOe.
illumination necessary to saturate the light-induced effecfThe film studied has a shape of a circle with the diameter of
was higher than 8-9 orders of magnitude. An important feaabout 3 mm. The magnetic field was applied perpendicularly
ture of our experiments was also the absence of electricdb the surface of film.

current in the samples. The magnetic measurements have showed thatHtTe

The Pp¢lag CaMnO; films were prepared by single phase diagram of RglLag :CaysMnO; film is similar to the
source metal-organic chemical-vapor deposition techniqughase diagram of BrCa, qMNnOs.” At low temperaturesT

0163-1829/99/6(13)/92444)/$15.00 PRB 60 9244 ©1999 The American Physical Society



PRB 60 BRIEF REPORTS
T T T T 1 1 T i
° .008
a5 o ° .20“..
3 - N < ....0. - 5 L
/5\ ) vvvv ’..o
E 2 OVV '.Q _ 4 -
_?0.) (;v ,{vvé.: fe=y
’ 5 VV ° -
2 o vvv ... g
T fe e -
2 ; $vv * 2 3
;v'.‘ Pr, La, ,Ca, MnO, %
7 T=25K Z
2}
0 L 1 L 1 L 1 L | :
0 10 20 30 40 50
H (kOe) 1}
; N g He-Ne laser
FIG. 1. The field dependences of magnetization measuréd at - W H=25 kOe
= 25 K in the unlllumlnated fllml(full and open circlesand after OP i
illumination of the film (down triangles Up triangles show the I ; . ; ; ; ;

change of magnetization under illuminationtt= const.

<50 K, the magnetic field induces in the film the magnetic
phase transition from AFM to FM state. As an example, the
field dependences of magnetizatibhi(H) at T = 25 K in
fields 0<H <50 kOe are presented in Fig. 1. In the depen-
dences shown, the contribution of the substrate has been sub
tracted and demagnetization fields of sample have been taker
into account(H denotes an internal field in Fig,).1At first

the virgin M(H) (full circles in Fig. ) was measured after
cooling the sample from room temperatureTte= 25 K in

zero magnetic fieldzero-field-cooling regime: ZFC The
obtained virgin curveM(H) is to some extent similar to the
virgin magnetization curve measured ingREa, sMnO5.2 I Pr,La,,Ca,,MnO,
Ar laser

Analyzing the slopedM/dH vs H in the virgin M(H) curve ‘§
0 t“;‘ 4 H=25 kOe, T=25 K
0

. 2 L g
polarized light

AM™ (10° emu)

one can find that its behavior is nonmonotonic. There are two
kinks in the M(H)—first at H~19 kOe and second &t T T :
~32 kOe. After the first kink the slope increases by about b) t(h)
20% and after the second one decreases by about 50%. Thus
the phase transition from AFM to FM state seems to be ob- FIG. 2. The time evolution of magnetization at 25 k@imi-
served at 19°/H<32 kOe. As a magnetic field decreasesnation was turned on at=1 h). Open and full dots represent data
from 50 kOe-0, thevi(H) curve lies distinctly highefopen  obtained under and without illumination, respectiveb). lllumina-
circles in Fig. 1 than the initial magnetization curve and the tion by He-Ne laser: linearly polarized ligktircles: 25 K, squares:
reversal phase transition from FM to AFM phase is not ob-13 K), unpolarized lighttriangles: 25 K. (b) lllumination at 25 K
served. After remagnetization of the sample in field up to with linearly polarized light of Ar laser.
—50 kOe, theM(H) curve measured once more in fields
from 0—50 kOe practically coincides with that obtained for In Fig. 2(a), the time evolution of magnetization of the
lowering the field from 50 kOe-0. Thus the field inducedfilm under illumination by He-Ne laser at 25 and 13 K is
phase transition from AFM to FM state in our films is irre- shown(open circles and squares, respectiyeBt first the
versible at T = 25 K similarly to the transition in magnetization of film was measured without illumination for
Py Ca MnO;."# one hour[full circles and squares in Fig.(®]. Magnetiza-
The source of illumination used in our experiments wastion change was not detected. Then the illumination was
the He-Ne laser with the wavelengit=633 nm and the turned on at t= 1 h. As it can be seen, the magnetization
power of about 25 mW. The direction of light was perpen-increases under illumination and achieves the saturation
dicular to the surface of film. These experiments were carriegtalue after approximatgll h of exposure[t~2 h in Fig.
out as follows. At first, the sample was cooled from room2(a)].
temperature td@ = 25 K. Then, the magnetic field increased  This increase of magnetization is not related to the sample
slowly up to 25 kOe and thil(H) was measurefull circles  heating. The heating of the sample by the laser light was
in Fig. 1). The external fieldH = 25 kOe corresponds ap- evaluated using the magnetization in the FM state in which
proximately to the middle of the region in which the phasethe light-induced effect was not detected. As an effect of
transition from AFM to FM state occurs. At this field the illumination by He-Ne laser the temperature of the sample
illumination of the sample was turned on. Under illuminationwas raised from 25 K about 3—4 K. Such increase of tem-
the increase of magnetization of Rtay ;Ca, MNO5 film is  perature corresponds to an increase of ZFC magnetization by
clearly demonstrated. about 4x 10~ % emu(see Fig. 3which is distinctly less than
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3 . " . the sample(triangles and crosses, respectively, in Fig. 3
Sy, br La. Ca MO The measurements were begun @afteh illumination of the
e, 0s-S01- % s sample at 10 K when the light-induced change of magneti-
“”Q H=25 kOe ] zation achieved the saturation valleee Fig. 2a)]. Both
' ZFC and FCM(T) curves after illumination coincide ap-
proximately with the FC magnetization before the illumina-
tion. This result additionally proves that the He-Ne laser
L light illumination stimulates in RrgLag 1Ca sMnO; films the
8 phase transition from AFM to FM phase. It should be noted
¢ that the change of ZFC magnetization after illumination can-
& not be explained by the heating of sample. As a result of
, , ) heating the ZFC magnetization can never reach the FC mag-
0 50 100 150 netization value at temperatures beldw 50 K (see Fig. 3.
TX) Ar laser with wavelengthh =488 nm and power of about
o 160 mW was also applied as a source of light illumination
FIG. 3. Temperature dependences of magnetization measured {g; {he study of light-induced AFM-FM phase transition. In

the fieldH = 25 kOe in the unilluminated filntfull and open  ,is ase “the light-induced increase of magnetization at

circles show ZFC and FC dependences, respeclieglg in the film 25 K andH = 25 kOe was also observé#ig. 2(b)]. The

under illumination(crosses and triangles show ZFC and FC depen-ma nitude of maanetization chan nd the time of satura-
dences, respectively g g ge a e e of satura

tion achievement were approximately the same for He-Ne
the observed increase of magnetization under illuminatio@nd Ar laser illuminations.

[see Fig. 2a)]. Moreover, the temperature of the sample The results described above were obtained for linearly
reached the equilibrium value as the illumination was turnedolarized light. Because the light which passed through op-
on (or turned off significantly faster than the light-induced tical wave guide is unpolarized the polarizer was placed be-
change of magnetization reached the saturation in the expefiween the light output and the sample. The experiment with-
ment. As the illumination was turned off, the fast small in- out the polarizer was also carried out at 25 K. In this case,
crease of magnetization was obserydl dots in Fig. Za)].  the saturation of magnetization change was not reached after
The magnitude of magnetization returned rapidly to the prethe exposition of 5 liFig. 2(a), triangleg although the inten-
vious value as illumination was again turned on. These fassity of the unpolarized light was larger by factor 2 than that
changes of magnetization can be related to the small desf the polarized one in the previous experiments. Thus the
crease or increase of sample temperature at the turning dffiearly polarized light stronger influences magnetic state of
and turning on the illumination, respectively. Pry dLag 1Cay sMnO; films than unpolarized one.

In Fig. 1, the light-induced increase of magnetization is The performed studies allow to formulate the following
shown by up triangles. As it can be seen, at 25 K the magmain results:
netization under illumination does not reach the value for the (i) The illumination by visible light of He-Ne or Ar laser
FM phase at 25 kO¢open circles However, the magneti- induces the phase transition from AFM to FM state and re-
zation of Pg ¢La, 1Cay sMNnO; film significantly increases un-  sults in the increase of magnetization i Rrag ;Cay ;MNO;
der illumination. After turning off the illumination the(H)  films. However, only a part of the AFM phase is transformed
in the field decreasing from 25 kOe-0 is shown in Fig. 1 byby the light into the FM phase that can be related to the
the down triangles. The increase of magnetization under ilformation of FM clusters into the AFM phase under illumi-
lumination has been also observed in magnetic fields belowation.
the field required to induce the transition from AFM to FM  (ii) The time necessary for saturation of magnetization
phase. For the film illuminated at 15 kOe tM{H) in the = change under illumination by He-Ne and Ar laser is quite
field decreasing to zero is shown in Fig. 1 by the downlong. The saturation was reached only after 1-2 h of illumi-
triangles. Similar effect of film illumination on th&(H)  nation with polarized light and was not reached after 5 h
were observed at 13 K. The time evolution of magnetizatiorillumination with unpolarized light of He-Ne laser.
of the film under illumination by He-Ne laser at 13 K is  (iii) The relaxation of light-induced magnetization change
shown in Fig. 2a(squares The magnitude of light-induced at 13 K was not detected at least for 20 h after the turning off
increase of magnetization is larger for lower temperature. Ithe illumination. Apparently, the light-induced phase transi-
should be noted that at low temperatures the relaxation dfon from AFM to FM phase is irreversible similarly
magnetization was not detected even during 20 h after thAFM-FM phase transition induced in R4a,,Ca MNnO;
illumination was turned off. films by a magnetic field.

The effect of the light illumination on the temperature (iv) Under the same conditions, linearly polarized light
dependence of magnetizatio(T) in Pryglay,CaMnO;  induced the  AFM-FM phase transition in
films was also studied. In Fig. 3 tHd(T) at 25 kOe of the Pryglag 1Ca MnO; films considerably faster than unpolar-
unilluminated sample after zero-field coolirffull circles) ized light.
and field cooling(FC) (open circleg are presented. The dif- The nature of the observed effect seems to be similar to
ference between ZFC and FC curvesTat50 K evidences that proposed for the explanation of photoinduced insulator-
the existence of nonuniform magnetic state in the sample thanetal phase transition in £Ca, MnO3.1~ Light illumina-
contains AFM and FM phases. The ZFC and FC magnetization of the Pg ¢Lag 1Ca aMnO; films at T<50 K leads to the
tions were also measured under continuous illumination oformation of FM clusters in the AFM phase and conse-
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qguently to AFM-FM phase separation responsible for the in-YAG laser. As distinct from the power pumping inducing the
crease of magnetization. However, the mechanisms of foraigh density of current carriers exceeded the threshold one,
mation of FM phase should be different in our experimentsin our experiments the accumulation processes are important
and those in which the sample was illuminated by the Ndto produce the photoinduced AFM-FM phase transition.
YAG pulse laser. The flux density of light in our experiments Such processes are possible at low temperature when the
was by 5 orders of magnitude less than the threshold fluxeverse charge transfer between Mn ions can occur very
density of light in experiments described in Refs. 1-3. As-g|gyy.

suming the same physical mechanisms in both kinds of ex- | s interesting to elucidate the reason of dependence of
periments, photoinduced phase transition in experiments d‘?/'elocity of formation of FM phase on the polarization of

scribed in this paper should not be observed due it it is possible that linearly polarized light induces the
relaxation. - Moreover, the partial transition of the directional charge transfer between #nand Mrf* ions in

Zror?l&?g;r?tﬁosigrgi (fjllc)rgefrgm|Iﬁrili\::attci)or':,\\jlvhsi(t:itee;gggggsb the crystal lattice. This could promote faster reconstruction
g y arg Y of magnetic and crystal structures.

8-9 orders of magnitude the dose of illumination inducing
the insulator-metal phase transition in the experiments de- The work was supported partly by the Grant No. 2 PO3B
scribed in Refs. 1-3. Apparently in our case, significantlyo9s 12 from the Polish State Research Committee and the

slower processes are responsible for light-induced phasg§TAS/RFBR Grant No. IR-97-1954.
transition than in the case of power pumping by pulse Nd-
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