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Abstract. Features of charge transfer under influence of linearly polarized light in
photomagnetic garnets YIG:Si and YIG:Co are clarified. Comparative analysis of these two
gernets is necessary to create a basis for the theoretical model of photoinduced magnetic
effects (PME) in garnets and in other materials as well as for explanation of experimental
results of PME observation in YIG:Co even at room temperatures. Known experimental
results for YIG:Co are adequately explained and described within the scope of developed

simplified theoretical model.
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1. Introduction

The essence of photoinduced magnetic effects (PME) con-
sists in a change of magnetic properties under influence
of optical illumination. Physical properties of photomag-
netic materials open potential possibilities of their appli-
cation as a registering medium for the magnetic polari-
zation holography. Amongst these properties, the most
important one is the sensitivity of the medium to a polari-
zation of initiating light.

In reality, all known PME could be divided into two
classes: the independent on light polarization and po-
larization sensitive ones [1]. The former include changes
of magnetic susceptibility and cubic magnetic anisotropy
happening under influence of unpolarized light. Photoin-
duced uniaxial magnetic anisotropy, photoinduced opti-
cal dichroism, spin-reorientation transitions (SRT), tran-
sitions between antiferromagnetic and metamagnetic
states within the sample region illuminated with linearly
polarized light appear among the polarization sensitive
PME. From the viewpoint of application possibilities,
one of the most interesting effects is the spin-orientation
one. It consists in appearance of a magnetic heterogene-
ity profile under the influence of optical illumination.
Parameters of such homogeneities are determined by the
light polarization, intensity and geometric characteris-
tics of light spot. Formed in such a way distribution of
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magnetization is usually visualized using the Faraday
effect.

Earlier the most of PME in different materials were
observed at cryogenic temperatures. Only recently pho-
toinduced SRT was discovered within the wide tempera-
ture range (from liquid helium to room temperature) in
epitaxial films of Co-doped YIG (YIG:Co) [2,3]. This
determines an additional interest to possibilities of mate-
rials with photomagnetic properties for applications as
media for information storage. It is obvious that the pos-
sibility of photoinduced creation of heterogeneities of
magnetization both in thin epitaxial films and in bulk
crystals [4] is of great importance.

The present work is aimed to ascertain the features of
charge transfer under influence of linearly polarized light
in photomagnetic garnets YIG:Siand YIG:Co. Such con-
sideration are necessary to create a basis for the theoreti-
cal model of PME in garnets and in other materials and
for explanation of experimental results of PME observa-
tion in YIG:Co even at room temperatures.

2. Theory and discussion

When interpreting the physical nature of PME, it should
be taken into account that optical irradiation affecting
on the electron impurity subsystem, can change both ex-
change and relativistic interactions in the magnetic sub-
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system. The general condition of PME appearance is a
presence of highly anisotropic light sensitive impurity
centers in the crystal lattice. A role of such centers is
played by anisotropic magnetic ions able to exist in states
with different valencies. This circumstance and polari-
zation dependency of the whole class of PME testify that
relativistic mechanism is more probable. In accordance
to modern conception, the nature of PME is connected
with optical excitation of anisotropic impurity centers
and redistribution of their occupancies between non-
equivalent crystal sites [1,3]. Such redistribution shows
itself in appearance of macroscopic photoinduced mag-
netic anisotropy (PMA) under influence of polarized op-
tical irradiation.

Within the scope of simplified microscopic model of
PMA [5] the formation of anisotropic light sensitive im-
purity centers in YIG:Si and redistribution of their
populations under influence of linearly polarized light
was explained in the following manner. Presence of Si**
ions instead of Fe3* ions in tetrahedral sites of garnet
lattice provides an «extra» electron appearance. To pre-
serve charge neutrality donor electrons transform octa-
hedral ions Fe?* into highly anisotropic ions Fe?*. It
results in disturbance of initial cubic symmetry of garnet
matrix. If donor electron is localized on octahedral Fe?*
ion, then local symmetry of ligand environment arises
with axes along crystallographic direction <111>. Four
types of such orientation for non-equivalent octahedral
sites appear with local axis of symmetry along directions
<111>; (i =1,2,3,4). Linearly polarized light removes
degeneracy in populations of impurity centers with elec-
trons, which exists before the illumination. As a result,
axes of magnetic and/or optical anisotropy appear.

Nature of anisotropic impurity centers in YIG:Co
could be considered in the same way. It is known that in
many kinds of ferrites even relatively small cobalt amount
involves drastic changes of the anisotropy due to orbital
degeneracy of its ground state in threefold field of octa-
hedral sites in spinels and garnets [6]. That is why, it
would be natural to expect that PME in Co-substituted
garnets should have greater magnitude, as compared to
YIG:Si, and slower relaxation under temperature growth.

It is evident that the distinction of the temperature
ranges of PME existence in early investigated pure YIG
[7], YIG with divalent (YIG:Ca) [8] and tetravalent
(YIG:Si)[1,5] dopants from YIG:Co is a consequence of
different physical nature and properties of light sensitive
anisotropic impurity centers which are responsible for
PME. It allows to assume that existence of high tempera-
ture polarization dependent PME in YIG:Co is deter-
mined just by presence of cobalt ions in the garnet ma-
trix. A symmetry of shown in Fig. 1 dependency of PME
time on light polarization [9] testifies that light sensitive
centers occupy the octahedral sites in the crystal lattice
because minim positions correspond to polarization di-
rections where a probability of photoexcitation of octa-
hedral centers is the largest. It is known [10,11] that Co®*,
Co’* and Fe** ions could be found in these positions.
Octahedral Co3* gives a zero contribution into total
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Fig. 1. The dependency of SRT time in YIG:Co on the direction
of the incident light polarization.

anisotropy in single ion approximation, and Fe?* has a
much smaller contribution as compared with Co?* [11].
Therefore, redistribution of these ions under light influ-
ence could not involve observed PME. Thus, appearance
of PME and respective magnetization changes are con-
nected with redistribution of Co?* ions amongst the octa-
hedral sites. This redistribution is caused by the optical
recharge as well as thermoactivated processes.

Optical recharge accomplishes through an absorp-
tion of light quantum with proper polarization in initial
octahedral Co?*, ion excitation and electron transition
from Co2* ion to Co®* ion in another site converting it
into Co?*. Such optical recharge provides preferred oc-
cupancy for the sites with local symmetry axes <111>;
closest to the direction of light polarization due to exist-
ence of anisotropy in probability of photoabsorption.

At final temperature of the sample the thermoactivated
process always exists resulting in fact that Co* could
appear again in initial octahedral site. The thermo-
activated process provides isotropic redistribution of oc-
cupancies amongst all four types of sites with symmetry
axis <111>;.

The thermoactivated electron transitions between
centers are the reason of limitation of temperature range
where PME:s exist. Unbalance of populations of impu-
rity centers in YIG:Si induced with linearly polarized
light fails at temperature rise starting from 7'=120K and
disappears at all when the critical temperature 7= 134 K
[12] is exceeded.

An analysis of the temperature dependencies of the
characteristic times of SRT in YIG:Co (curves 1 and 1' in
Fig. 2) [2] and comparison with respective results for
YIG:Si (curves 2 and 2' in Fig. 2) [12] permit to more
exactly ascertain the microscopic mechanism of PME in
YIG:Co. Unfortunately, these graphs present unique
known and published results of measurements of the tem-
perature dependencies of PME in these materials. Natu-
rally, this problem needs more precise and detailed con-
sideration. However, in our investigations the fundamen-
tal character of these dependencies is important. It ena-
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bles to make some conclusions about a mechanism of
photoinduced electron transitions between the light sen-
sitive centers as well as about their physical nature.
Dependencies in Fig.2 demonstrate an essential dif-
ference between the temperature ranges of PME exist-
ence in YIG:Si and YIG:Co. Extrapolation of these ex-
perimentally measured dependencies in terms of In#(1/7)
by linear dependencies (see insertion in Fig. 2) testifies
their exponential character within the investigated tem-
perature ranges with the following characteristic times:

(la)
(1b)

5D = 1,5) exp [-£SV/KT |
7€) = 1(C0) exp [-£CO/KT |

where £5) and €€° are the activation energies of ¢
and 1€ respectively. The values £€5) and £€°) where
calculated from the inclination angles of the linear de-
pendencies extrapolating dependencies In#(1/7): £5) =
= g€ = 0.071 £ 0.005 eV.

The possibility to present these characteristic time in
forms (1a)-(1b)is an evidence of the band character of the
electron transitions between centers. The similar conclu-
sion for YIG:Si was made earlier [13]. Exponential de-
pendencies (1a)-(1b) are typical for processes in which a
probability of carrier transitions from the photogene-
ration center into new localized state decreases with tem-
perature growth, and the opposite processes are difficult
due to some reasons or poorly exhibited. Such processes
are similar to electronic transitions through conductivity
band in impurity semiconductors, which are limited by a
scattering on phonons within considered temperature
range.
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Fig. 2. Temperature dependencies of the saturation time of SRT
in YIG:Co [2] and in YIG:Si [12]
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An approximate equality of the activation energies
£8) and £C°) seems to be of interest. Apparently, it is an
evidence of identity of the photoinduced electronic tran-
sitions between active centers in these materials, namely
their band character with scattering on optical phonons
having energy =0.1 eV [14]in YIG. A difference between
the temperature ranges of PME appearance in consid-
ered materials follows from the different nature of active
centers. The energetic level of the octahedralion Co?" in
the ground state is situated = 1 eV below an edge of the
conductivity band [15] formed by overlapping 3d-orbit-
als of iron ions. This makes it difficult for thermoactivated
electron to come out from Co?* and prevents its motion
between anisotropic active centers through conductivity
band, contrary to Fe?* ions in YOG:Si. It, in its turn,
hampers the relaxation of the non-equilibrium photoin-
duced distribution of populations into the initial state
under temperature growth without light. The fact that for
YIG:Si excitation IR light was used (A = 1.15 um) [12],
whereas in YIG:Co much higher energies (A = 0.488 pm)
[2,3] are required also confirms a regularity of such state-
ment.

The conducted analysis enables to describe the micro-
scopic mechanism of appearance of photoinduced mag-
netic anisotropy in the photomagnetic materials YIG:Si
and YIG:Co under the influence of linearly polarized
light. Formally, we could use known [14] model of four
types of orientationally non-equivalent octahedral sites.
Earlier this model was utilized for description of thermal
annealing in a case of localized anisotropic ions. In our
case, not ionic transitions between lattice sites, but elec-
tronic transitions between photoexcited anisotropic ions
in these sites should be taken into account.

Now we can consider in detail the process of photoin-
duced redistribution of occupancies of octahedral centers
in YIG:Si and analyze its difference from that in YIG:Co.
Virtually, this process could be presented as consisting
of two processes: 1) photogeneration and transport of elec-
tron within the photomagnetic crystal until a capture on
Fe* accompanying by appearance of highly anisotropic
ion Fe?*; ii) thermoactivated process with returning elec-
tron to the initial state. Accordingly, a velocity of the
process can be presented by the following expression:

w = KIv; + vexp[-£"/kT) )

where the first and the second terms characterize optical
recharge and thermal relaxation, respectively. Index i
denotes the type of the octahedral site, i.e. orientation of
its trigonal axes along one of <111>; directions. / is the
light intensity, K is the probability of electron transition
from excited state of center, where the light quantum was
absorbed, into another center, v is the frequency factor,
£ is the activation energy of thermoactivated electron
transition, ;= A(1+Bcos?,)(1+Ccos?y;) is the aniso-
tropic probability of absorption of light quantum with
unit intensity, 4, Band C are the phenomenological con-
stants, ¢; and (; are the angles between local symmetry
axes of i-type site (<111>;) and directions of light polari-
zation E and magnetization M , respectively.
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Expressions similar (2) earlier were used for descrip-
tion of the thermal annealing [14] and photoinduced proc-
esses [5] in YIG:Si without detailed explanation of the
probability K which depends on temperature accordingly
to expression (la). Transport of charge carriers in
YIG:Co accomplishes through energetic band formed by
iron ions. It can serve as formal foundation for using the
model described above with some modification of the ex-
pression (2):

w(©©) = gI4(1+Bcos?;)(1+Ccos? ) v,

3
expl&; €Ok T + nyexpl-& €Ok T) ®
where g is the probability of Co?* excitation and electron
coming out into conductivity band, v; is the frequency
factor of motion of delocalized electron and its transi-
tion into free energetic level of Co?* ion in neighbor site,
£,(C9) is the activation energy of the electronic mobility
within the conductivity band depending on electron-
phonon interaction, v, and &€ are the frequency factor
and activation energy of thermoactivated electron tran-
sition from Co?* ion into conductivity band, respectively.

Evidently, the dependency on ¢, and ¢J; in the expres-
sion (3) determines different velocities of changes of con-
centration in the center of given type corresponding to
the orientation of its local symmetry axes respectively to
the light polarization and magnetization, i.e. the strong
polarization dependency of SRT takes place. Shown in
Fig. 1 dependency of the SRT time on direction of light
polarization testifies to it.

Within the scope of developed simplified model the
photoinduced redistribution of site occupancies have been
described by the system of kinetic equations with equa-
tion of conservation of total number of centers:

Dddr: O— =-wn + Zw nj.i#j.
Q

s 4
05 1 =N “4)
=1

where n; are the concentrations of centers of i-type, NV is
the total concentration of octahedral Co®* ions.

Numerical simulation within the scope of the devel-
oped model and calculating of the energy of PMA ac-
cordingly to Slonczewski’s model enable to make theo-
retical fitting of the experimental dependencies in Fig. 1.
Achieved results are plotted by the solid line.
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Conclusions

Thus, basing on the analysis of the available at the present
time experimental results of PME investigations in YIG
with different dopants, the simple microscopic model for
the description of polarization sensitive PME in YIG:Co
within wide temperature range was developed. Experi-
mental results were explained and quite adequately de-
scribed within the scope of the model. As it follows from
the conducted analysis, the reason of existence of PME
in YIG:Co at more high temperatures, as compared with
YIG:Si, is connected with difference in properties of ani-
sotropic impurity centers responsible for PME as well as
with peculiarities of charge transfer between these centers
in different materials.

Developed model could be generalized and used for
other media with photomagnetic properties taking into
account nature of photoactive light sensitive centers re-
sponsible for PME and features of photoinduced charge
transfer between these ones.

The researches were financially supported within the
scope of the project INTAS 97-0366.
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