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High-temperature photomagnetism in Co-doped yttrium iron garnet films
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Magnetization processes in (YG@FeCoGejO,, epitaxial films induced by linearly polarized argon laser
light (A =0.488m) were observed at room temperature. These processes happened through a displacement of
boundary between magnetic domain phases with different in-plane magnetization components. The direction
and amplitude of the displacement depended on the polarization direction and light intensity. The results are
explained within the scope of a phenomenological theory of photoinduced anisotropy. The microscopic origin
of the photomagnetic effect in investigated materials is qualitatively discugSe#i63-182¢98)01822-0

Peculiarities of energetic band structure, transport, andnd K= —2.5x 10° erg/cnt. Easy magnetization axes are
magnetic interactions in different materials cause the exiss|ightly inclined from the(111)-type directions. Magnetic
tence of photoinduced magnetic effe@®VE’s). Two types  domain phases with different in-plane magnetization compo-
of PME are usually distinguished: light polarization indepen-nents could be induced applying an external in-plane mag-
dent and polarization sensitiveThe first ones include, e.g., netic field® The scheme of the domain structyi@S) con-
changes of magnetic permeability and cubic magnetic anisotaining two phase¢P, and Pc) is shown in Fig. 1. The
ropy independent of light polarization. Photoinduceddomain wall between phaséBWP's) is distinguished by the
changes of uniaxial anisotropy, optical dichroism, and spinthick line. PME has been investigated only at liquid-nitrogen
reorientational effects appear in the polarization sensitiveemperatures in these film$®
PME. PME's were investigated earlier in many kinds of  Sample excitation was performed by an argon laser beam
magnetic materials: garnets, spinels, ferric_borates, spip\=0.488 um, P=70 mW) focused on a film surfactR=
glasses, magnetite, and a wide class of fer_ﬁfa_EF-’MEfS 50 um) in a spatial region consisting of DWP’s between
have also been investigated in meti$! Special intensive mainly “black” and mainly “white” domain phase®, and
study was performed in garnets—ideal magnetic model map . [see the DS scheme in Fig. 1 and the DS image in Fig.
terials due to their high quality and easy engineering of maga(a)]. Any polarization direction of linearly polarized ligigt
netic, electrical, and optical properties. Up to the presenpeasured from th§100] axis was available in the experi-
time PME was systematically investigated only at cryogenicment. DS geometry and average magnetization changes were
temperatures. studied using the Faraday effect in two configurations of

Itis well known, that light can affect magnetic properties experimental setup. In the first configuration a magnetization
for various reasons, which can by no means be reduced to the

trivial heating of the crystal by the light. PME could be in- low power
terpreted from the point of view of optical irradiation influ- . halogen light
ence on electronic impurity subsystems in a crystal. As a Y tase: light beam *
consequence, exchange, and relativistic interactions can
change. The most common condition of PME existence is
the presence of highly anisotropic photosensitive ions in a
crystal lattice, for example B& in YIG:Si or C&" in
YIG:Co*213This polarization dependence of the PME di-
rectly testifies to the fact that the relativistic PME mecha-
nism is more probable in discussed materials. Therefore, ne-
glecting changes of exchange interaction upon the effect of
illumination, we consider that PME's are caused by the
photoinduced changes of magnetic anisotropy.

In the present paper results of the investigation of polar- Frrr e [ Ao ol
ization sensitive PME-photoinduced spin-reorientational ef- : 12 _
fects in epitaxial films of Co-doped yttrium iron garnet are garnet film e
presented. Polarization sensitive PME was observed and
studied at room temperature. FIG. 1. Scheme of magnetic domain phases within the film re-

Our experimental studies were performed on about 1Gjon illuminated by both a low power halogen lamp and a linearly
pm-thick Y,CaFg Caqy,GeQ, samples grown by liquid polarized laser beam. Typical notation for the description of mag-
phase epitaxy on €001) plane of a gadolinium gallium gar- netization orientation is used. Magnetization and in-plane compo-
net substrate. Room-temperature magnetic properties @fents lie along th¢110] and[110] directions in phase®, and
these samples were as folloWs4mMs=90 G, constants of P, respectively. Dashed and thick lines show initial and final
cubic and uniaxial magnetic anisotropy=—10* erg/cn? DWP states, respectively.
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FIG. 3. Dependencies of the amplitude of the photoinduced
DWP displacement on external magnetic field magnitude without
illumination (curve 1 and with light illumination(curves 2 and B8
measured for different light intensities.

FIG. 2. Images of DS containing, and P phases(a) before
illumination; (b) and(d) after illumination with the linearly polar-
ized light with polarization direction&|[110] and E|[110], re-
spectively,(c) after illumination with light withE[[110] in an ex- ] ) ]
ternal magnetic field 10 Oe along tfi&10] direction. DS from(a) ~ Measured dynamics of the photoinduced DWP displacement
was initial for DS shown ir(b,¢). Initial DS for the structure regis- 1S pre_sentgd. The measured S_'Q&br'ses 0”')/_ from the
tered in(d) was slightly different than DS ifa). laser illuminated region. The signal is proportional ¥,(

. o . , . . —=V)/(Vat+ V), whereV, andV are the volumes oP 4
spatial d_|str|but|on was investigated by an opt_lcal MICIO-and P magnetic phases, respectively. The photoinduced
scope with a low power halogen lamp. Domain structurénagnetization process starts with almost constant velocity
images were reg|§tered by a sgnsmve charge-coupled dewqﬁp,@)' then» decreases and after a long enough time the
camera. A special spectral filter was used between thgjgns reaches saturation. The final DS configuration and the
sample and the camera for the laser beam extinguishing if5| pwp displacement are presented in Figé)22(d) and
eliminate the laser distortion of domain structure image. 'm'Fig. 3, respectively. The final DWP displacement was mea-
ages were digitized by a frame grabberé:gnnected to an IBMreq for different orientations of light polarization with and
PC and were specially digitally processédn the second \yihout an external magnetic field being applied. The results

configuration only the argon laser beam was used for bothl e hresented in Fig. 5. Amplitudes of these dependencies

the samprlle excitation and thedméagnetization pr(;)ceass i?"esrééwow a fourfold symmetry with maximums along the direc-
gation. The process was studied using a standard polariz - . ..
light modulation technique. The measured signal gave infore-t'ons[llo] and[110]. The light power used for exciting was

mation about domains “black” and “white” areas in the not guffig:ient to overcome sample coercivity for the light
laser illuminated spot polarization plane oriented near both tiE0Q] and [010]

Local photoinduced DWP displacement was observeéﬁredions without an external field being applied. The coer-
within the illuminated film regior{Figs. ab)—2(d)]. Direc-  Clvity barrier could be decreased by applying a proper in-

tion and amplitude of the DWP bend depended on the IighPIane field. It could_ increase the se_n5|t|V|ty of the measure-
polarization stat¢see Figs. &) and Zd)]. The DWP posi- ments of the photoinduced DWP displacemgsge curve 2
tion could also be changed by applying an in-plane magnetin Fig. 9.

field with a magnitude larger than the certain critical value of
the starting fieldHg= (16.2+0.2) Oe connected with the 094 P=0.56 Wicm?

sample coercivity. The DWP displacement amplitude mea- W Sttt et
sured without the illumination as a function of external mag-
netic field is presented in Fig. 3 by curve 1. The other two
curves(2 and 3 in Fig. 3 describe the DWP displacement
upon the simultaneous presence of the external magnetic
field and illumination. The amplitude of the DWP displace-

P=0.28 W/cm?

ment increases under the light power growth. Above a cer- EII[110]

tain value of light powelPg (=~ 0.2 W/cnt), changes in the —

domain phases happen even without an external magnetic HII[110]
field being appliedPgis a fourfold symmetry function of the H=10 Oe
angle ¢. It has minimums atp= w/4, 37/4 and goes to ok

infinity at ¢=0, /2. Formally, the polarized light influence —6 10 2 30 0 50

on the DWP could be treated as an influence of an effective t[s]
in-plane external magnetic field.

Light-induced DS transformations happen in a time scale FIG. 4. Dynamics of photoinduced DWP displacement for dif-
extended to many seconds. It is shown in Fig. 4 where théerent light intensities.
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FIG. 5. Experimental dependencies of amplitude of photoin-
duced DWP displacement on the light polarization direction with
external magnetic fieldcurve 1) and without external magnetic
field (curve 2. An external field of 10.5 Oe was applied. The field
was oriented along theg. 10] and[110] directions fore € {0,7/2},
{m/2,a}, respectively.

The idea of photoinduced changes of the magnetic aniso
ropy could be used for a qualitative explanation of our ex-
perimental results. A simplified phenomenological model
analogous to Refs. 15 and 16 was used. Within the scope «
this model, energy of the magnetic anisotropy can be writtet
in the following form:

W(m,et)= — K mZ+Ky(mZms+mZms+mims) + (1

—exd —t/7])[F (mme.e,+mm,.e.e,

2.2 2.2 2.2
+mym,e e,) + G (mye; + myej + myes)],
i

whereK, is the constant of the uniaxial anisotrofgrowth FIG. 6. Schematic representation of the light-induced changes of
and stress induced during the sample produgfii is the  spatial C3" ions distribution. Configurations of four iron and co-
first constant of the cubic anisotropy, andG, characterize Palt ions in octahedral positiong) before light illumination(ran-
the photoinduced anisotropy arising from a linearly polarizegdom cobalt ions distribution (b) after polarized light excitation
light influence,e; andm; are the normalized components of (one can find changes in the cobalt ion valence state in regions 1
the light polarizationE and the magnetizatioM vectors, 29 3:
respectively, andr is the charactgristic_ time. Light-induced b(¢). The different direction of the DWP displacement for
changes of bpth unlaxwl_l and cgb|c anisotropy are neglecteq,pposite light polarization also follows from E¢p).
The energetic term withG, gives only a polarization- Tetrahedral and octahedral cobalt contributes to magnetic
independent addition. In our calculations this term was Nnogpisotropy. Usually isotropic cobalt distribution through tet-
taken !nto account. Polarized Ilght. induces the foIIow[ng €N-rahedral positions contributes to cubic anisotropy, which
ergy differenced W between domain phas€s, andPc with  ¢coyld be deduced from comparison of the measured first cu-
different magnetization in-plane components: bic anisotropy constan(l% and cobalt and iron ions single-
) ) ion contributions intd<,.*’ From the symmetry of the photo-
AW=0.5sirfO(1—exf —t/7])F sin 2, 2 induced anisotropy elnergy formedyupon ¥he iIIuer1ination
with linearly polarized light, one could try to determine the
_microscopic origin of the observed effects. Maximums of
angular dependencies of the photoinduced DWP displace-
mentb(¢) (see Fig. b appear for the light polarization di-
rection corresponding to the largest probability of excitation
H, = —sin®(1—exd —t/7])F sin2¢/(2Mg). (3)  Of photoactive centers occupying the octahedral sites. These
sites are occupied by the strongly anisotropic magnetic ions
The obtained theoretical functioH (¢) qualitatively de- Cc?* and, formally, Fé*. Comparing the energy levels of
scribes the experimentally observed angular symmetry o€o?* and F&™ ions, one can conclude that at room tempera-

where ® defines magnetization inclination from tHe01]
direction. Formally, we can say that light induces the effec
tive field H, applied along the directiof110]. Transformed,
Eq. (2) gives the expression for this field:
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ture C&* is more stable than the e state, i.e., octahedral tions, which means that the electron transitions could be
Co®* ions are responsible for observed photomagnetfsm. caused only by a light quantum and the direct thermal exci-
Therefore, it can be considered that one of the most probabf@tion is improbable within the investigated temperature
reasons of PME existence in YIG:Co is the?Cqresence in  fange. This circumstance creates obstacles to free the ther-
four types of octahedral sites and their redistribution undefnoactivated electron exit from the €oion and its motion
the linearly polarized light influence. between anisotropic photoactive centers through the conduc-
For an interpretation of the phenomenological formulafive Pand. That makes the thermal relaxation of photoin-
given in Eq.(3), one can use Slonczewski's motfavith a duced nonequilibrium distribution of the site occupancies
single-ion contribution to the magnetic anisotropy. Let usmore difficult and makes the_light influence on the magnetic_
consider strongly anisotropic &6 ions in octahedral posi- SyStem more effective at a higher temperature than in classi-
tions for this purpose. Without light, four equivalent posi- €@ photomagnetic materials YIG:Si or YIG:Ge. Effectivity
tions are distinguished. Two energetically nonequivalent oc®f the discussed PME is also high due to drastic changes of
tahedral positions appear in a sample excited by linearlyne ‘magnetic anisotropy after the charge transfer between
polarized light with, e.g.E|[110]. It causes a spatial redis- C9° and CG" ions in octahedral positior® much smaller
tribution of C&* and CG* ions, see Fig. 6. A differencic effect could be expected after the charge transfer between
of C?* ion concentration between these nonequivalent po€0Palt ions in the tetrahedral positioh. _ _
sitions produces magnetic anisotropy described by the ligh Thus, we have demonstrated the existence of the polariza-
induced anisotropy field given by E¢8). We have obtained ton sensitive photomagnetic effedight-induced magneti-
Ac ~10% octahedral C&" per cnt using typical parameters zation processin YIG:Co epitaxial films at room tempera-
for C?* ionst” as well as the results of the experimental lUre- At lower —temperatures the strength of the

estimation ofH, . This value is naturally much smaller then Photomagnetic effect is higher than at room temperattre.
the total cobalt concentration in our filg,~ 102! cobalt The obtained results are described within the scope of phe-

ions per cm. In view of our experimental results we could nomenological theory based on the supposition about the

propose the qualitative explanation of the PME physical na1ight—induced anisotropy appearance within the illuminated

ture in YIG:Co films at high temperatures. regiqn. _The m.icroscopic nature o_f the observed effect is also
The CA&* ion has a stable valence in the garnet matrixdualitatively discussed. Similar high-temperature photomag-
because its energeticd3levels do not coincide with ener- neth effects can be expecFed in a_W|der class of_magnepc
getic ad levels of neighboring iron ions and weakly resona,[esemmonductors. The materials studied seem to pe interesting
because of both general knowledge and possible applica-

with them. This is the reason for their considerable contribu-

tion into the energies of magnetic anisotropy and magnetot-'ons' The proposed method of a photomagnetic effect inves-

-atligation based on domain structure analysis under the pres-

striction in cobalt-doped garnets. Hence, in studied materi o f external maanetic field for civit mpensation
polarization, sensitive PME’s are caused by the redistripySNCce OF EXternal magnetic nieid for coercivity compensatio

tion of populations of anisotropic photoactive centers in oc S especially sensitive, as compared with traditional methods

tahedral sites of a garnet crystal lattice occupied by*Co such as torque anisometry, ferromagnetic resonance study,
ions. The energetic level of 6 in an octahedral position etc. This method cou]d be a powerful tool for the future
lies roughly about 1 eV below that of F&[within a prohib- study of photomagnetism.
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