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Light-induced magnetic anisotropy in Co-doped garnet films
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Light-induced uniaxial magnetic anisotropy characterized by amplitude, times of creationt1, and a vanish-
ing t2 was studied. The investigation was performed on YIG~yttrium iron garnet!:Co,Ca,Ge liquid-phase
epitaxy films using a very sensitive method—observation of changes of magnetic domain structure with a
different in-plane magnetization component induced by linearly polarized light pulses. An argon laser (l
5488 nm! was used. The effective fieldHL was introduced to describe the photoinduced uniaxial magnetic-
anisotropy amplitude. These domain changes were studied within the temperature range of 160–300 K. With
an increase in temperature an increase int1, a decrease int2, and a drastic decrease inHL were found. The
appearance of the photoinduced anisotropy is explained by light-induced rearrangement of strongly anisotropic
Co21 octahedral ions. A microscopic model was proposed where ion rearrangement is connected with electron
excitations into the conducting band. Both thermal and light-induced excitations were discussed. Numerical
and analytical solutions of kinetic equations describing the model are discussed. The dynamics of light-induced
magnetic anisotropy both uniaxial and cubic is analyzed.

DOI: 10.1103/PhysRevB.64.064405 PACS number~s!: 75.30.Gw, 75.60.Ch, 78.20.Ls
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I. INTRODUCTION

Light-induced changes of magnetic ordering are import
subjects for basic research and application. Most prese
works have been connected with magnetic rearrangemen
light-produced heating. However it seems that certain
fects, when magnetic ordering could be changed by li
without heating, are very interesting and important. Be
understanding of these effects is one of the keys
magnetic-ordering ‘‘engineering.’’ In the present work w
focus our attention on photomagnetic effects~PME’s!. At the
same time, light-induced sample-temperature increase is
important. Photoexcited states and PME connected w
them have been investigated in many systems, e.g., gar
spinels, ferric borates, spin glasses, metal, magnetite, m
ganite, molecule-based magnets, etc.1–7 Polarization-
sensitive and -nonsensitive PME has been observed.1 Pri-
mary attention has been given to photomagnetic study
magnetic garnets with tetravalent1,8–10 (Si41,Ge41) and
divalent11 (Ca21) dopants as well as in pure garnets.10 Many
years of study of garnets~polycrystals, bulks, and thin films!
have resulted in a rather good understanding of their m
netic, optical, and electric properties. Therefore, garn
could be employed as model objects. Earlier PME investi
tions were limited to crystal garnets at cryogen
temperatures1 (T,150 K!. Only recently has polarization
sensitive photoinduced domain structure rearrangemen
room temperatures in epitaxial films of Co-substituted
trium iron garnets~YIG:Co! been discovered.8 The influence
of light on magnetic ordering is mainly performed by phot
induced changes of magnetic anisotropy. This can be
served in a system where anisotropy is connected with
0163-1829/2001/64~6!/064405~9!/$20.00 64 0644
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whose valence state could be changed by light. YIG:
samples are good examples of such a system because21

and Co31 ions contribute to magnetic anisotropy differentl
One can expect that light-induced electron redistribution
tween these ions changes the magnetic anisotropy of
sample. We showed in previous experiments8 photoinduced
electron redistribution between cobalt ions in octahedral n
equivalent states. It is easy to expect changes of cubic
isotropy by nonpolarized light due to a change in the gene
number of Co21 ~single cobalt Co21 and Co31 give huge
and zero contribution to anisotropy, respectively!. Polarized
light can produce the appearance of uniaxial anisotropy
addition to possible changes in the cubic anisotropy. A s
tematic, experimental, and theoretical study of the dynam
of light-induced magnetic-anisotropy change is the aim
the present work. Magnetic-anisotropy creation and van
ing could be generally described by the characteristic tim
t1 and t2, respectively. Complex analysis oft1 and t2 is
absent at the present time, especially as a temperature f
tion. Such analysis is difficult using a traditional techniqu
for example, ferromagnetic resonance or torque anisom
because of their low sensitivity. The recently propos
magnetic-domain reconstruction analysis8 under the influ-
ence of polarized light seems to be the best method for
purpose. In the present work, the investigations were
tended for temperature and dynamics study using li
pulses. The paper’s organization is as follows. A sam
characteristic and experimental setup is given in Sec
where magnetic domain phases and their light-induced
construction are also discussed. Section III shows~i! the
method of light-induced magnetic-anisotropy study by
light-pulses technique and~ii ! experimental results. A micro
©2001 The American Physical Society05-1
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scopic model describing photoinduced and therm
magnetic-ion redistribution is proposed in Sec. IV. Resu
achieved using the microscopic model are discus
in Sec. V.

II. SAMPLE AND EXPERIMENTAL SETUP

Experimental investigations were performed on film co
posed of Y2CaFe3.9Co0.1GeO12 with a thickness of 10mm.
These samples were grown by liquid-phase epitaxy o
paramagnetic substrate Gd3Ga5O12 in plane~001!. In the in-
vestigated film, doping with Ge41 and Ca21 ions was aimed
at lowering the saturation magnetization and charge comp
sation, respectively.12 These ions are localized in tetrahedr
and dodecahedral sublattices accordingly. Cobalt and
ions occupy octahedral and tetrahedral crystallographic p
tions. Cobalt could be in charged states Co21, Co31, and
Co41, from which octahedral Co21 is the most anisotropic13

and Co41 is rather rare.14 The magnetic and optical prope
ties of the investigated samples have been w
systematically characterized in many previo
works15–19,21–23performed on these or similar samples. T
vibrating sample magnetometer15 study gave at room tem
perature saturation magnetization 4pMS590 Gs and the
Neel temperatureTN5445 K. Magnetic anisotropy has bee
investigated by ferromagnetic resonance spectroscop16

torque magnetometry,17 and magneto-optical magnetometr
The constants of cubic and uniaxial anisotropy at room te
perature are, respectively,K152104 erg/cm3, KU522.5
3103 erg/cm3. So, four easy magnetization-axis orient
tions slightly inclined from â 111& type of crystallographic
direction to the sample plane exist. Temperature-induced
orientations of an easy magnetization axis were observe
the films.17 The easy axis was oriented in-plane along
^110&-type crystallographic direction below about 150
Results reported in the present paper were obtained w
the temperature range 160–300 K. The optical and
Faraday-rotation spectra shows18,19 that cobalt ions exist a
different valency states (Co21,Co31) and in crystallographic
positions ~octahedral and tetrahedral!. Spectroscopy tech
niques determined the introduction of Co21 and Co31 ions
in octahedral and tetrahedral positions.18 Different types of
magnetic domains corresponding to the directions of an e
magnetization axis were found in the investigated films. T
existence of four domain phasesPA , PB , PC , and PD
~shown in Fig. 1! was observed in our previou
experiments.19

Magnetic-domain phases have different in-plane magn
zation components. Each magnetic phase is produced by
plying the appropriate in-plane magnetic field19 along proper
^110&-type direction. Transitions between phasesPA andPB
as well as betweenPC andPD take place during the chang
of magnetic-field direction into the opposite direction. T
in-plane field induced a transition betweenPA andPB result-
ing in a shift of these phases boundaries, see Fig. 2.
remarkable that similar shifts of phases boundaries can
realized by linearly polarized light~Fig. 3!. In this case
PA /PB , the magnetic phase is preferred toPC /PD .

The interphase boundary shift is explained by the app
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ance of the energy of light-induced magnetic anisotropyWL
under the influence of linearly polarized light,8

WL5FL~mxmyexey1mxmzexez1mymzeyez!1GL~mx
2ex

2

1my
2ey

21mz
2ez

2! ~1!

where FL and GL are constants characterizing the ligh
induced anisotropy, and whereei andmi are the normalized
components of light-polarization and magnetization vecto
respectively. According to Ref. 8, the effective fieldHL ap-
plied along direction@110# is defined as

HL52FL /~2M !sinu cos 2w, ~2!

whereu andw denote angles between~i! the magnetization
M and @001# direction and~ii ! the light-polarization plane
and @100# direction, respectively.

The experimental setup was based on standa
polarization microscope elements. The sample was mou
in a closed-cycle cryostat ST-15 Cryomech with an anti

FIG. 1. Scheme of domain phases existing in YIG:Co film.

FIG. 2. Scheme and domain structure images before~a! and
after ~b! applying of in-plane field along@110# direction. In the
photos, contrast betweenPA and PC phases is connected with
sample slightly inclined from the normal direction@001#.
5-2
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brating system specially constructed for magneto-optical
vestigation. Within the investigated temperature range,
domain structure~DS! was observed by means of the Far
day effect. DS was visualized using a low-power halog
lamp, which does not produce any photoinduced
changes. DS images obtained from a Mintron MTV-18
charge-coupled device~CCD! camera were converted int
digital format, 5123512 pixels, 256 gray levels using a Da
Translation DT-3851 frame grabber. DS images were d
tally processed specially to increase domain contrast.20 The
domain-pattern geometric parameters~stripe domain width, a
domain area, parameters describing light-induced distor
of a domain wall, etc.! were digitally processed.

For PME excitation the sample was illuminated with
argon laser beam (l5488 nm, light spot radiusR
550 mm) focused on the film surface in the spatial regi
containing a boundary between domain phases. Figur
shows the scheme and DS images obtained from a C
camera. Experiments were performed in both the station
and pulse regimes. The laser light was switched mech
cally or using a Pockels cell-based optical modulator. T
system can produce~i! a sequence of pulses with light-puls
durationst1.0.03 ms, dark-interval durationst2.0.3 ms,
and frequency of recurrence,1 kHz; and~ii ! single pulses
with adjustable durationt1.0.01 ms. The laser beam~even
without the halogen lamp! allows for investigation of dy-
namics of DS local changes corresponding to magnetiza
changes within the illuminated region. The pulse techniq
was developed to determine the time scale of light-indu
magnetic-anisotropy growth and decay.

III. EXPERIMENTAL RESULTS

Experimental study of light-induced magnetic anisotro
is the main purpose of this section. The boundary betw

FIG. 3. Scheme and domain structure images before~a! and
after ~b! film illumination. In the photos contrast betweenPA and
PC phases is connected with a sample slightly inclined from
normal direction@001#.
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PA /PB and PC /PD magnetic phases was used as a fine
dicator sensitive to light response on a magnetic subsys
We considered the state consisting ofPA andPC phases. The
interphase boundary was shifted by applying~i! an external

in-plane magnetic fieldH along @ 1̄10# or @110# directions
and~ii ! the effective fieldHL produced by linearly polarized
light ~Fig. 3!. TheHL field depends on the time of illumina
tion. In the simplest way,HL field creation could be de
scribed by the exponential lawHL5HL

max@12 exp(2t/t1)#
after switching on the light at timet50. TheHL field van-
ishes with another characteristic time as exp@2(t2t1)/t2# af-
ter switching off the light att5t1. General description of the
temporal characteristics of photoinduced bending of the
terface is rather complicated because, besides light-indu
anisotropy, one should additionally take the domain-w
~DW! elasticity, coercivity, and magnetic after effects,19,21

etc. into consideration. Therefore present investigations w
focused on detecting the bending initiation by both the lig
and magnetic fields and the comparison ofHL andH. Photo-
induced anisotropy was investigated in both quasistatic
light-pulse experimental regimes.

A. Quasistatic study

The boundary between thePA andPC phases moves upo
the application of the fieldH [110] with an amplitude larger
than theHS—‘‘starting-field’’—value. TheHS growth with
decrease in temperature is shown in Fig. 4.

The photoinduced shift of the boundary between thePA
andPC phases has been investigated using linearly polari
light with a polarization direction along@110# (w545°). The
boundary betweenPA and PC phases moves when the ligh
power P becomes higher than thePS—‘‘starting power’’—
value. The measured temperature dependence ofPS is shown
in Fig. 5.

The amplitude of effective fieldHL depends on the ligh
power. The relationHL(PS)5HS is easily deduced. The
HL(P) function was determined from the start of the shift
boundary between thePA andPC phases under the influenc
of both in-plane fieldH [110] and light HL(P) @HL(P)5HS

e

FIG. 4. Temperature dependence of the domain-wall-mot
start fieldHS . Inset shows determination of the start fieldHS (T
5300 K! by the extrapolation of the field dependence of t
domain-wall-bend amplitude,b(H).
5-3
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2H[110]#. TheHL
max amplitude is connected with the startin

field HS of domain bending, and light powerPS by the rela-
tion

HL
max~T,P!5PHS~T!/PS~T!. ~3!

Using Eq.~3! the temperature dependence ofHL
max was

calculated for light power 0.2 W/cm2. This value corre-
sponds toPS(300 K! ~see Fig. 6!.

B. Light-pulse regime study

Determination oft1 and t2 times characterizing the dy
namic of light-induced anisotropy is the purpose of the stu
Single-pulse experiments were performed fort1 reckoning.
The interface boundary was illuminated by a light bea
Without an external magnetic field, a pulse powerP larger
thanPS was used to move the wall. The interface bound
started this bending when the light-pulse-duration was lar
than t1S . Exemplary domain wall shift measured as pu
duration function atT5160 K is shown in Fig. 7.

Magnetic-phase changes were also investigated appl
both light pulses and the magnetic field. This was especi
important for a low-light-powerHL study. Thet1 was calcu-
lated using the relation

FIG. 5. Temperature dependence of light powerPS when the
domain-wall-starts bending. Inset shows determination of start l
power PS (T5300 K! by the extrapolation of the light-power de
pendence of the domain-wall-bend amplitudeb(P).

FIG. 6. Temperature dependence of the effective-fieldHL(T)
amplitude determined for the power 0.2 W/cm2. Inset shows the
HL(T) dependence in a logarithmic scale.
06440
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HS5H1HL
max~P!@12 exp~ t1S /t1!#. ~4!

Experiments allowed us to determine the dependencie
t1 on temperature and light power. Rise int1 upon increase
in temperature~see Fig. 8!. A linear increase of 1/t1 under
the growth of light-power amplitude was found~see Fig. 9!.

Experiments with many light pulses were carried out
determine the timet2 characterizing vanishing of photoin
duced anisotropy. A series of light pulses~with pulse dura-
tion t1 and darkness intervalt2) induces changes of magnet
anisotropy24 HL(t). A scheme of temporalHL(t) changes
induced by light pulses is shown in Fig. 10. After many lig
pulses, theHL amplitude increases tending to the followin
HL2 value:

HL2~ t1 ,t2!5
12 exp~2t1 /t1!

12 exp~2t1 /t1!exp~2t2 /t2!
HL

max. ~5!

Similarly to the previous description, the beginning
photoinduced bending of the interface boundary was fou
after many light pulses. The temperature dependence of
t2 determined from experiments is shown in Fig. 11.t2 de-
creases under temperature growth.

t
FIG. 7. Dependencies of DW shift amplitude on the single-lig

pulset1 duration.P55 mW/cm2, T5160 K. The shift was regis-
tered for different amplitudes of external magnetic fieldH [110] .

FIG. 8. Temperature dependence of the light-induced anisotr
creation timet1. Inset shows ln(t1) as a function of 1/T.
5-4
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IV. MICROSCOPIC MODEL

The model described below is valid for the general case
a semiconductor or an isolator doped by ions ‘‘I ’’ located in
two orientationally inequivalentX and Y sites of a crystal
lattice. The basic assumptions of the model are the follo
ing: ~i! a mixture of ions could exist in a different valenc
stateI (m11)1 andI m1 giving different contributions to mag
netic anisotropy;~ii ! linearly polarized light excites thes
ions with a probability, which is generally different for theX
andY positions. Other defected samples~e.g., vacancies with
properties similar to those described above! could also be
considered in the model instead of dopant ions. The exam
of cobalt ions~in Co21 and Co31 states! occupying garnet
octahedral sides will be considered later on in the pa
Schematic presentation of the possible electron transition
the considered system with their respective probabilities
shown in Fig. 12.v0x and v0y are the probabilities of the
light-induced electron transitions from Co21 ions placed, re-
spectively, inX andY positions into the conductive bandZ.
v2 is the probability of an electron excitation toward th
band by a thermally activated process.v1x andv1y are the
probabilities of opposite transitions from bandZ into posi-
tions X andY, respectively.

A redistribution of totalN dopant ions is described by th
system of kinetic equations,

FIG. 9. Dependence of 1/t1 on the light power amplitude.

FIG. 10. Changes in effective fieldHL induced by light pulses.
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52v0xn2x1v1xnz2v2n2x ,

dn2y

dt
52v0yn2y1v1ynz2v2n2y ,

dnz

dt
5~v21v0x!n2x1~v21v0y!n2y2~v1x1v1y!nz ,

~6!

where the concentrations~normalized to 0.5N) ~i! n2x and
n2y—Co21 ions in theX and Y positions, respectively;~ii !
n3x and n3y—Co31 ions in theX and Y positions, respec-
tively; and ~iii ! nz—electrons in the conductive band we
taken into account. It should be pointed out that the sys
of kinetic equations like Eqs.~6! is commonly used for elec
tron transitions in a three-level microscopic system for d
scription of photoinduced changes of occupancies of st

FIG. 11. Temperature dependence of the light-induced-an
tropy vanishing timet2. Inset shows ln(t2) as a function of 1/T.

FIG. 12. Schematic illustration of excitation of Co21 ions in

octahedralX andY positions. Electric vectorEW of linearly polarized
light is marked.
5-5



l-

or

-

r

A. STUPAKIEWICZ et al. PHYSICAL REVIEW B 64 064405
FIG. 13. Illustration of charge
redistribution induced by linearly
polarized light (w545°): ~a! light
pulse; time dependence of the fo
lowing concentration changes,~b!
Dnz(tn) electrons in conducting
band; parameters responsible f
light induced ~c! Dnu(tn)
5n2y(tn)2n2x(tn)—uniaxial an-
isotropy ~the inset shows depen
dence of 1/t1 on the light power
amplitude P); and ~d! Dnc(tn)
5n2x(0)2n2x(tn)—cubic anisot-
ropy. Curves were calculated fo
normalized (v151) v250.005
and different values ofv0x ~pro-
portional to light powerP) as fol-
lows: ~1! v0x50.1, ~2! v0x

50.05, ~3! v0x50.02.
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with different energies resulting in changes of photocond
tivity, absorption, birefringence, etc. The conservation of
total charge gives the relation

n2x~ t !1n2y~ t !1nz~ t !5n2 , ~7!

wheren2 is the total Co21 concentration without light atT
50 K. The discussed probabilities could be written in t
following form:

v0x5GP@11B~12 sin 2w!/2#, ~8a!

v0y5GP@11B~11 sin 2w!/2#, ~8b!

v1x5v1bn3x , v1y5v1bn3y , ~8c!

wherew is the angle between the light polarization directi
EW and dipole momentum of ions in theX andY sites,P is the
light intensity,B is the phenomenological constant,b is the
frequency parameter, andG is a numerical coefficient. A
similar description was used in@25#. Equal concentrations o
anisotropic ions in both theX andY positions before illumi-
nation (t<0) is assumed; n2x(0)1n3x(0)5n2y(0)
1n3y(0)51.
06440
-
e

Without illumination, electrons are transferred into theZ
band only by the thermal activation process. Beca
v2 /v1!1 this electron concentration is small and equ
nz(0)5v2n2x /(v1n3x). Let us discuss the linearly polarize
light-pulse-induced changes of the microscopic system.
light, linearly polarized alongw545°, switched on att50
prefers Co21 ions excitations in theX position rather than in
the Y position, see Fig. 12. The light-induced changes of
microscopic system will in the first step be illustrated
numerical simulations. These simulations were perform
for both illumination power, Fig. 13, and temperature F
14. Some analytical Eq.~6! solutions will also be shown in
the second step of our discussion.

After the light is switched on, the electrons are excit
from X,Y positions—nz changes concentration, see Fig
13~b! and 14~b!. The dynamics of concentration chang
have been approximated by exponential functions to co
pare differentt. Figures have been drawn using the norm
ized time (tn5tv1). A different efficiency of polarized-light-
induced excitation of ions placed inX,Y positions gives
Dnu(t)5n2y(t)2n2x(t). The Dnu parameter describes th
light-induced uniaxial anisotropy studied in our experimen
5-6
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FIG. 14. Illustration of charge
redistribution induced by linearly
polarized light (w545°): ~a! light
pulse; time dependence of the fo
lowing concentration changes,~b!
Dnz(tn) electrons in conducting
band; parameters responsible f
light induced ~c! Dnu(tn)
5n2y(tn)2n2x(tn)—uniaxial an-
isotropy; and ~d! Dnc(tn)
5n2x(0)2n2x(tn)—cubic anisot-
ropy. Curves were calculated fo
normalized (v151) v0x50.01
and different values ofv2 ~related
to different temperatures! as fol-
lows: ~1! v250 (T50K), ~2!
v250.008,~3! v250.015.
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TheDnu(t) is approximated byDnu
max@12 exp(2t/t1u)#, see

Fig. 13~c!. The velocity of the photoinduced uniaxial aniso
ropy creation~described by the value 1/t1u) increases with
light power. For increasing light powerP, the 1/t1u param-
eter increases linearly, see inset in Fig. 13~c!. One can expec
this from the assumption in Eq.~8a!. The light-induced
cubic-anisotropy changes are connected with the param
Dnc(t)5n2x(0)2n2x(t). For condition n2x(0)5n2y(0),
Dnc(t)5@Dnz(t)1Dnu(t)#/2. Figures 13~d! and 14~d! show
the temporal dependence of the concentrationDnc .

Let us now consider our system after the light is switch
off at tn5t1n (tR5tn2t1n is now used!, see Fig. 13~a!. Fast
06440
ter

d

electron return from the conducting band is observed in F
13~b! and 14~b!. Two steps of light-induced uniaxial aniso
ropy vanishing could be distinguished:~i! fast vanishing that
could be characterized byt2u

f ast time in exponential approxi-
mation, see the inset in Figs. 13~c! and 14~c!, and ~ii ! slow
vanishing described by thet2u

slow time. Changes of theDnc

concentration also happen in two similar steps. The gen
analytical description of the microscopic system given
Eqs. ~6! is complicated. Analytical solutions will be dis
cussed below for relaxation of a light-excited system wh
the light is switched off. Taking into account thatv0x5v0y
50 one can find the solution of Eqs.~6! in the form
Dnu~ tR!5

k expS tR

t28
D sechS tR

t29
2arctanhH t29

2
@~2c23!v12v2#J D

t29Av1@cv22v1~22c!~c21!#
, ~9a!

nz~ tR!52
1

2
2

v2

2v1
1

1

t29v1
tanhS tR

t29
1arctanhH t29

2
@3v11v222cv1#J D , ~9b!
5-7
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where

t285
2

v12v2
, t295

2

A~v11v2!214v1v2

, ~10!

c5n2y(tR50)1n2x(tR50),k5Dnu(tR50), and timetR is
calculated from the moment of the light switching off. It
easily seen from Eq.~9a! that two characteristic timest28 and
t29 determine the relaxation ofDnu(tR). Let us consider this
relaxation in small and large time scales expending Eq.~8a!
for tR!t28 ,t29 andtR@t28 ,t29 , respectively. Only the timet28
determines fastDnu relaxation (t2u

f ast5t28). The Dnu relax-
ation after a long time is defined by the characteristic ti
t2u

slow dependent on botht28 andt29 as follows:

t2u
slow5

t28t29

t282t29
. ~11!

Evidently, we can deduce thatt28>t29 and t2u
slow is much

larger than t28 . The difference betweent2u
f ast and t2u

slow

strongly depends on temperature Fig. 14~c!. It follows from
Eqs.~10! that t285t29 in the low-temperature limit (v2→0).
This means thatt2u

slow→` and part of the light-induced
uniaxial anisotropy~remaining after the first-step fast rela
ation! practically never relaxes to zero@see Figs. 14~c! and
14~d!, curves 1#. 1/t2u

slow could be approximated by 2v2 for a
lower temperature. From Eq.~9a! one can obtainDnu

LT` , the
difference between concentrations of Co21 in the Y and X
positions atT50 andtR→` in the following form:Dnu

LT`

5Dnu(tR50)/@22n21nz(tR50)#. The valueDnu
LT` deter-

mines the ‘‘frozen’’ part of light-induced uniaxial anisotrop
This part is connected withDnu(tR50) as well as with the
concentration of electrons in the conducting band attR50.
The case of temporal, stable, low-temperature, light-indu
anisotropy is similar to the case of room-temperatu
temporal-stable, growth-induced anisotropy obtained for
ferent magnetic systems.34

V. DISCUSSION AND CONCLUSION

In contrast to earlier investigated garnets1,9–11 with tet-
ravalent dopants~YIG:Si!, divalent dopants~YIG:Ca!, and
pure YIG, photomagnetism in YIG:Co has been observed
a much wider temperature range: from liquid helium to roo
temperature.8,26 It is evident that the distinction of the tem
perature ranges of PME existence in such materials is a
sequence of the different nature of light-sensiti
anisotropic-impurity centers responsible for PME. This
lows the supposition, that the existence of high-tempera
polarization-dependent PME in YIG:Co is determined on
by the presence of cobalt ions in the garnet matrix.

The symmetry of PME dependency on light polarizatio8

indicates that light-sensitive anisotropic centers occupy
octahedral sites in the crystal lattice because its minima
respond to polarization directions where the probability
photoexcitation of octahedral centers is the largest. It
known14,27 that Co21, Co31, and Fe31 ions can be found in
06440
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these positions. An octahedral Co31 ion gives a zero contri-
bution to the total magnetic anisotropy in a single-ion a
proximation. The contribution of octahedral Co21 results in
three ranges of magnitude larger than with Fe31.13,14Thus, it
would be natural to suppose that photoinduced anisotr
appearance and respective magnetization changes are
nected with Co21-ion redistribution amongst the octahedr
sites of the garnet lattice. Ion Co21 has a stable valency in
the garnet matrix because its energetic 3d levels do not co-
incide with 3d levels of iron ions and weakly resonate wi
them. The energy level of the octahedral ion Co21 is situated
;1 eV below the edge of the conductivity band.28 This
makes electron transitions between cobalt ions difficult. U
der the influence of light these transitions can be acco
plished through the conductivity band.

Let us discuss the experimentally determined tempera
dependence of parameters describing photoinduced an
ropy: amplitude, creation timet1, and vanishing timet2. At
increasing temperatures,t2 decreases, see Fig. 11. In o
model t2 corresponds tot2u

slow , which is approximated by
1/(2v2). The description of thermal electron excitatio
probability is usually assumed29,30 as follows: v2
5n exp(2EA2 /kT), where EA2 is the activation energy o
thermoactivated electron transition andn is the frequency
factor. The exponential curvet25C2 exp(EA2 /kT) fits these
experimental data atEA250.08460.008 eV,C251.460.2 s.
TheEA2 energy is much smaller than 1 eV. So it is natural
expect that in our samples, different defects produce a
tional energy levels enabling easier electron relaxation
similar explanation was proposed for PME description
CdCr2Se4.4

At larger light intensitiesP the photoinduced anisotrop
appears faster. Linear dependence of 1/t1 on P was found
both in experiment and theory, see Figs. 9 and 13. Sim
results were also obtained in Ref. 1.

Temperature dependence of the velocity of the photo
duced anisotropy creation has not been studied up to now
increasing temperatures,t1 increases, see Fig. 8. Th
uniaxial photoinduced anisotropy appearance is conne
with electron transfer between cobalt ions at different site31

At increasing temperatures, electron-phonon interaction p
vents the transfer. At increasing temperatures, a decreas
charge-carrier mobility in semiconductors has be
observed,32 which was explained by an increase of electr
scattering by phonons. The decrease in mobility was
scribed by the exponential law exp(EP /kT), whereEP is the
phonon energy. A similar expression could be used for
description of photoinduced anisotropy changes: 1t1
5C1 exp(EA1 /kT). This dependence fits our points atEA1
50.1160.03 eV, which is a typical value for optica
phonons.33

At decreasing temperatures, a strong increase of am
tude of the effective photoinduced fieldHL

max was observed,
see Fig. 6. This effect could be explained by~i! increase of
single-ion contribution to magnetic anisotropy13,35 and ~ii !
more efficient light-induced charge redistribution in low
temperatures. The redistribution is less disturbed by inte
tion with phonons than was suggested above.
5-8
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Our proposal for analysis of magnetic DS changes un
the influence of linearly polarized light pulses is an e
tremely sensitive method for the photomagnetic-effect stu
We conducted a complex study of temporal and tempera
changes of photoinduced uniaxial magnetic anisotropy
epitaxial film YIG:Co. Characteristic phenomenological p
rameters describing the anisotropy were determined as a
sult.

The proposed microscopic model enables the descrip
of light-induced changes of both uniaxial- and cub
anisotropy terms. The changes take place on different t
scales.
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T

p

,

a
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Our study shows that light-induced, local, reversible
gineering of magnetic properties is possible. For exam
using light pulses with a properly defined duration, polari
tion, and amplitude, one can locally create for different tim
a useful type of magnetic anisotropy and/or locally mag
tize a sample. Testing these ideas on other materials cou
interesting.
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15A. Maziewski, L. Půst, and P. Go¨rnert, J. Magn. Magn. Mater.83,
87 ~1990!.
5

6M. Marysko, P. Go¨rnert, and J. Paces, Phys. Status Solidi A123,
303 ~1991!.

7M. Tekielak, W. Andra¨, A. Maziewski, and J. Taubert, J. Phys. I
7, 461 ~1997!; J. Phys. IIIC1, C461~1997!.
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