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ABSTRACT

Photoinduced variation of magnetic complex permeabilities x’ and u” as a function of tempe-
rature or time is reviewed in yttrium iron garnet which has been studied in our laboratories. Our
basic idea is ; when the oxygen vacancies are made empty by photoexcitation, the resulting pertur-
bation is larger than when this vacancy has one or two electrons. New data and the further dis-
cussion based on the localized and band model are also described.

1. Introduction

In this section first we will briefiy survey the study of photoinduced changes in mag-
netic properties (PME) in yttrium iron garnet, YIG. The first observation was reported
by Teal ef al.¥ in 1967. They found that the resonance field of ferromagnetic resonance
in this substance could be changed by near infrared irradiation at temperature lower
than 70 K. They explained the effect in terms of a redistribution of ferrous ions Fe2+ over
octahedral sites having slightly different energies owing to different orientation of the
local symmetry axis with respect to the magnetization direction. These phenomena
such as the photoinduced variation of anisotropy, optical dichroism? and strain3® are
explained, based on the same mechanism. These phenomena are designated as I-class
effect,” in which cases, the experiments were performed on single crystal of Si-doped
YIG with comparatively larger Fe2+ conent x=0.05—0.10 per formula unit.

On the other hand, the so called I -class effects were discovered by Enz ef al.» ;
photoinduced change of real part of initial permeability ¢ and coercive for Hc of poly-
crystalline YIG may be observable with very low contents of Si less than 0.01 per for-
mula unit. It should be noted that the illumination may induce an irreversible decrease

!/

of ¢ and increase of Hc so long as the low temperature is kept. Due toa thermally

*This paper is based on the invited 45 min review talk one of the authors (K. H.) made at the
5th Asia-Pacific Physics Conference at Kuala Lumpur on 15th Aug., 1992, Since then, our study
has been reported at the three international conferences related with this title ; International con-
ference of ferrites or ICF V[, Tokyo, September, 1992 ; International conference of ternary compo-
unds ITC, Yokohama, August, 1993 and ; European congress of magnetism and magnetic materials
EMMA, Slovakia, August, 1993. Therefore, several parts of contents are duplicated in this paper.
However, new data and developed study which were not presented at the conferences are involved
in this report.
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activated relaxation process at temperatures higher than 120K, the original state of
the sample was brought back. Demagnetization either after or during illumination
had no infiuence on the lowered value of g/, which was considered as a phenomenon
different basically from disaccommodation DA or development of time dependent local
induced magnetic anisotropy.»8 The effect was attributed to a photoexcitation of weakly
anisotropic Fe?+ ions (type I center) trapped by Si¢*+ ions to undisturbed lattice sites
far from Si*+ where the Fe?+ ions (type I center) are strongly anjsotropic.’~9 At sight
this explanation seems contradictory. The crystalline anisotropy K, of host of YIG is
a negative sign but that of Fe?+ ion is ideally positive sign. Correspondingly, compen-
sation of anisotropy is possible, to some extent, leading to an increase of ¢’ in contrast
to a decrease in an illuminated YIG. The interpretation mentioned above is, however,
based on the picture that Fe?*+ ions (type I center) are distributed at random and local-
ized on a certain lattice site. A domain walls could be pinned by concentration fiuctuation
when the concentration of anisotropiic ions is low. P. K. Larsen! ef al. showed that
Si-doped YIG has a band-type conduction and also the theoretical estimation by S. N.
Lyakhimets et al.1213 also supports that the lowest conduction band formed by overlap-
ping of the lowest orbital is not narrow and condition of the localization of electron in
one site is not fulfilled. However, the alternatives of explanation are numerous. One of
the authors (K. H) would like to explain the photoinduced magnetic effect to polaronic
model.!l.14,15) Systematic and unified model for the photoinduced magnetic effects inclusive
of [-class and [ -class effects has not been completely established as yet. Second, we
survey the history in 1960s of DA studied in spinel ferrites mainly in Japan since photo
induced DA is strongly correlated with dark DA. In soft materials the induced preferred
directions is the region of the magnetic domain walls create localized potential minima.
As these minima become more restricted, resulting in a decrease in initial permeability
¢. This decrease in y' (almost equivalent to x) with time is called DA. It is widely
accepted that the DA in the low temperature range which consists in the time decrease
of p' after demagnetization is due to electron exchange between Fe2+ and Fe3*+ ions in
spinel ferrites.3!> Mechanism of DA, on the other hand, in the intermediate temperature
range, around the room temperature, is not so simple, since several processes often occur
and are most probably correlated. Especially as for the role of cation vacancy for room
temperature DA in spinel ferrites, two different models have been proposed.'® The rate
at which cations at B sites of the spinel lattice is known to depend on the cation vacancy
concentration, since the cation must have a cation vacancy as a nearest neighbor in order
to move.!” For ferrites not containing Co, the ionic rearrangement model explaining for
the room temperature DA has been developed and generalized by lida et a/.18~20 In their
model, the induced anisotropy responsible various sites for DA is due to an energetically
favorable arrangement of the constituent ions on the of the spinel ferrites. On the
other hand, Yanase!” and Ohta2,22> proposed the model that the anisotropy is induced
by preferential location of cation vacancies in the lattice and enough to give rise to DA
at room temperature, although the mechanism is still a matter of controversy. Recently,
double peaks of DA are, for the first time, found at about 130K and 180K also in a single
crystalline sample of YIG after cooled to 77K and illuminated with a visible light or an
intense y-ray.2~2% It is proposed that the results can be qualitatively explained based
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on a modified Ohta-Yanase model!”21:22 and further taking into consideration the elec-
tronic structure of the deep center of oxygen vacancy in the sample.26~2 We consider
a reason why the photoinduced effect in YIG is sensitive to light in wide spectral regions
from near infrared to y-ray is due to the fact that the origin is not unique. Moreover,
photoinduced variation of magnetic complex permeabilities ¢’ and p” with time or tem-
perature is discussed in YIG in our laboratories?~3D : Warming a sample of Y3 Fe; Ou
with some deficiency of oxygen vacancy Vo after cooled to 77K and irradiated with
visible light or ionizing radiation such as X-rays or y-rays, the observed phenomena of
¢’ (t) are of two types : (1) an irreversible decrease characterized by being insusceptible
to demagnetization so long as kept at low temperature’~832~3% as mentioned so far and
(2) new phenomenon, that is photoinduced reversible type or DA susceptible to demag-
netization.?-29 We have observed both of them at 130K in the same sample. We believe
the present result will give a clue to a fundamental understanding of the complicated
properties of DA and or the photoinduced magnetic effects. Our basic idea (K.H) is that
the photoexcited state requires a somewhat larger space, causing a change of the atomic
configuration and the change of magnetic properties. The importance of a deep level
associated with a strong lattice relaxation and a high mobility of V, depending on
trapping number of electrons is emphasized for an explanation of these double characters.3®

2. Experimental

2. 1 Sample preparation
The single crystals of YIG with no dopants, YIG (Ga:0.0625) and YIG (Ca :0.001
mol) (Table 1) were grown by a modified fioating zone method3®, the details of which

Table 1. Single crystal sample of YIG

No. Composition

1  Y;Fes O2-5 (&: unknown)
2  Ys;Fes—. Ga. O12-5 (£:0.0625, é: unknown)
3 Ys-sCasFes Voostp O12-0—p (0:~0.001, p: unknown)

can be found elsewhere.?) From the crystal, several toroidal samples were cut in the
crystal (110) plane, the size of which was almost the seme for eaeh sample, 3.6 mm in
the outer diameter, 1.8 mm in the inner diameter, and 1.0 mm in the height. The result
of chemical analysis, using a highly sensitive X-ray microanalyzer and ICP, shows that
Si or Ca impurity except for intentional dopants inducing Fe?* or Fet+ has not been
detected within the accuracy of 0.01 mol %. However, the YIG matrix contains probably
traces of Fe2+ associated with oxygen vacancy.?’
2. 2 Measurement

Measurements are employed with the conventional toroidal coil method. The usual
measurement frequency was 0.5 kHz, and the field strength was 1 mOe, in the range of
the initial permeability g Measurement equipment used includes a dual-phase lock-in
amplifier, temperature regulator for controlling the sample temperature (in these experi-
ments, the rate of temperature change was fixed at 0.5 K/min). DA was measured by a
microcomputer aided measuring apparatus ; it works automatically repeating demagneti-
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zation and measurement.’® Standard operating condition is as follows : a demagnetizing
field of 1 kHz decreases from the maximum field of 0.5 Oe to zero during 2 seconds. Then
#" at 1 mOe and 140 Hz is measured for 50 sec and the sample is demagnetized again. This
cycle is repeated many times, the temperature being raised at a constant rate mentioned
above. The magnitude of DA is given by {g¢' (5)-¢' (50) }/ ' (5) (9%). Here, ¢’ (¢) is the
permeability at ¢/ (sec) passed after demagnetization. After the sample set in a copper
case with an optical window immersed in liquid nitrogen was irradiated with the light in
the wide spectral range, e. g., a visible light (halogen lamp light (100W, luminous inten-
sity at the sample surface 10-2W/cm?) in these experiments, and we used many other
kinds of light sources such as laser light, mercury lamp light (blue), X-ray (50 KeV-100
KeV)37.3 and or pr-rays (a teletherapy unit for medical use was employed ; 60Co ; 1.25
MeV).24.28 If the absorption by the Dewar or the cooling liquid nitrogen in which the
sample was directly immersed is neglected, the amounts of r-ray dosage on the sample
surface may be estimated as 2.3x10-2 Ckg~! min~!. The half-value thickness (di,2) of the
sample for the y-ray can be calculated by using the mass attenuation coefficient (a/p;
a=the linear attenuation coefficient, p=density) of YIG38.40 and estimated 26.5mm. Cor-
respondingly, only 2.5% of incident r-ray is absorbed in this sample with the thickness of
1.1mm. The effect in visible light region, on the other hand, seems to be more compli-
cated by the strong absorption or light infiuencing only thin surface layer of the sample
and the scattering due to pores. There is, however, no conspicuous difference among the
light sources employed in this experiment. So the light sources used was limited to a Xe
lamp.

3. Experimental Resnlts and Discussion
3. 1 Change in the photoinduced g’ with time ¢

Figure 1 shows the change with time ¢ in the real part of the permeability ¢’ of a
YIG (No. 2) when illuminated with visible light at 77K. Under the conditions of these
experiments, the g’ falls to about 40% of ¢ prior to illumination in the course of the re-
laxation time, of the order of a few seconds, depending on the intensity or kinds of light
sources. Experiments were also performed in which illumination was begun and then 25
seconds later the sample was demagnetized,
Light on but this had no PME observed effect. Hence,
7 K at sight the phenomenon seems to differ

oo
(e

from DA. Moreover, even when the illumi-
nation was shut off, the permeability g’ re-
mained at the lower value and would not
return to original ¢’ so long as the tempe-

PERM_E'ABILITY
I

erature was maintained. In other words, the

I | |

(e

photoinduced change was irreversible as
0 5 1 0 1 5 20 expected.>’ The similar observed results are
TIME (MIN ) obtained also for the samples No. 1 and No.

3. We would like to attribute the decrease
Fig. 1 Photoinduced decrease in u’ at 77 K. The

frequency and ac figld intensity are 0.5 kHz and
1 mOe, respectively. a remarkable decrease in the same sample

in ¢ to photoinduced local distortion since
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has been observed on applying an inhomogeneous stress to the sample at 77K in a preli-
minary experiment ; the removal of an electron by absorption of photon from oxygen
vacancy V, could lead to a movement of the surrounding ions and considerable distortion.
On the other hand, the released electron will be caught by the Fe3+ at normal octahedral
site far from the V,, which also gives rise to more or less distortion. On single and or
double photoionization, a domain wall pinning could be enhanced through an interaction
between photoinduced distortion and domain wall.4?
3. 2 Change with temperature in the ;' after illumination

After illuminated for 2.0x10%® s at 77K in No. 2 sample, the ¢ increases in a mono-
tonic way, instead a minimum appeared at
200 £ 30 K as shown in Fig. 2. On repeating
demagnetization and measurements, con-
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tinuously measuring g repeatedly as the
temperature was raised after the illumina-
tion, DA was found to occur at the latter
temperature, in contrast to the case when

the sample was not illuminated ; hence the

concave in the curve is thought to be due

REAL PART OF PERMEABILITY

to photoinduced DA, which is found very
Fig. 2 Change with temperature in g/, with

. ) ) ) ) and without illumination. The frequency and
section 3.4, this expectation is found reali- ;¢ fleld intensity are similar to as in Fig. 1.

remarkable especially in sample (No. 3). In

zed and so it is presented.

3. 3 Temperature dependence of #'' after illuminated

3. 3.1 Observation of triple peaks of ¢

When the temperature is raised from 77 K without illumination, up until about 250 K

the #" only showed low and featureless peak near 100 K, which was so slight change as
to be negligible. When, the sample was however, illuminated at 77 K and then the tem-
perature was raised, conspicuous changes were observed. One example appears in Fig. 3,
where the No. 3 sample was illuminated with visible light irradiated for 1.8 x10® s at 77K,
and the temperature then raised ; triple peaks were observed. Here the value of ¢ in the
figure is the difference in the value after irradiation and that before irradiation. The
u" peaks in the figure have been labeled Py,

T_.

arb.unit P P Py and P in order of raising temperature.
On determining the activation energies E of
these peaks from the frequency dependence,
we obtained for Py, E=0.095 to 0.22 eV ; for
Py, E=050 eV ; and for Py, E=0.81 eV.

The solid lines in the figure were obtained

by assuming for each relaxation time 7, the
50 100 150 200 250 simple relation =7, exp (E/kT), and
TEMPERATURE (K) substituting into the general relation with

Fig. 3 Change with temperature in u” after  respect to the relaxation time 7,19 adjusting
illumination. Components are shown as solid
curves, taking the temperature dependence of
the relaxation into account, p'' =X o wr/(1+w?t?), L

parameters to obtain the best fit. Here,
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X¢s and 7, were the fitting parameters, and the magnitude of each peak is indicated by the

heights of the curve peaks.

3. 3. 2 Dependence of temperature change of ¢’ on illumination time

arb.unit
20

u

4

10

15

10-* 10° 10* 10%* 10* 10°
ILLUMINATION TIME (sec)

Fig. 4 Dependence on illumination time af ¢
The solid li-
nes were calculated taking into best-fit para-

the components Py, Pg and Pjy.

meters, including thermal activation processes,
into consideration.

Fig. 5 Illustration of a three dimensional plot
#" versus T and illumination time ¢ at 77K.

dX/dt=AX (1)

Figure 4 shows the dependence on
illumination time ¢ (in proportional to the
amount of absorbed energy) at 77 K of each
of these peak heights. In other words, the
peaks P and Py took on maxima at different
illumintion times 7, whereas Py continued
to increase in a monotonic way within the
range of illumination times of these experi-
ments up to 7.2x10% s. The dependence may
be explained in terms of the one dimensio-
nal model of an F-center or V, which forms
a ground state and three metastable excited
levels in which an excited electron may
spontaneously go to these levels via usually
termed excited level. Each of these meta-
stable levels is assumed to have two mag-
netically equivalent potentials separated
by barriers of activation energies Usxer Usexez
and Uexes Which are associated with P1, Py
and Py, respectively. In Fig. 5,the result is
fed to computer which present them as a
three dimensional view of ", illumination
time { (amounts of absorbed light) and 7.
The illumination time ?/ dependence may
be expressed as a system of simultaneous
differential equation on the besis of rate

theory, the matrix form of which is

where X is a vector indicating the electron concentrations at the sites described below,

and A is a matrix consisting of probabilities for migration to other sites as the result of

optical absorption as shown,

Ng —u/'l

Nexcl wy
X= A=

Nexcz 0

Naxce 0

(2)

Here Ng is the concentration of electrons trapped by oxygen vacancies; Nex.; is the con-

centration of electrons in nearest-neighbor sites (octahedral) to oxygen vacancies ; Noxe; is

the concentration of electrons in next-neighbor sites to oxygen vacancies ; and Nexes 1S
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the concentration of electron in the third-nearest-neighbor sites. Also, w, is the probability
per unit illumination time that an electron trapped by an oxygen vacancy will move to
a nearest-neighbor site ; w., the similar probability of motion a nearest-to a second-nearest-
neighbor site ; and ws;, the probability of motion to a third-nearest-neighbor site. Each of
the elements of w, can be determined as functions of the illumination time by simple
operations. To provide an explanation of the illuminating time dependence we may assume
the height of each of the peaks of the ¢” curve to be proportional to the concentrations
at the respective sites, and fit lines to the data as shown by the solid lines. From another

point of view, this process may be illustrated schematically in Fig. 6. The transition rates

are composed of two processes, i. €., optical

a and thermal transitions. The optical tran-
\Q/EW(QO) sitions occur vertically with respect to
coordinate based on Franck-Condon princi-

ple,#3.40 while the thermal transition rates
are governed by the potential barrier heights

between the two states. The irreversibility
of ¢ at low temperature may be explained
by assuming a repulsive potential barrier
V. surrounding the V,. The configuration
coordinate is the distance from the center
of V% to each of the surrounding iron ions.

The direct process begins with electronic

| | excitation by a photon absorbed at V, situ-

Qo Q: ated at Qo (Step A) and then at Q: (Step
CONFIGURATION COORDINATE C). The direct process begins with electronic
Fig. 6 Configuration coordinate diagram, con- excitation by a photon absorbed at V,*
sisting of the ground states separated by the situated at Qo (Step A) and then at Q, (Step

barrier Vp and an excited state with short life S ] )
time. Arrows denoted by capital letters ; opti- C). Excitation is followed by atomic relax-

cal or tunneling transition. Arrows by small  ation into a new local atomic configuration
letters; thermal transition. (Step a), by electronic relaxation (Step B),
by further relaxation into a metastable configurational (Step b). The shift of Q (Qo—Q:)
implies a local photoinduced structure change or a strong distortion may be produced. On
the other hand, the irreversible decrease in p are destroyed at room temperature, which
is caused by the returning of electrons surmounting the potential barrier V, to the original
state.”.®
3. 4 Reversible and irreversible components of the temperature dependence of ¢ and g
3. 4. 1 Hysteresis of relaxation process
We heve already explained that if the temperature is increased from 77K to room
temperature, the sample returns to the state prior to illumination. In order to examine
the relaxation process in more detail, after illumination (3.6x10® s) the warming process
was stopped before reaching room temperature, and the sample returned to 77 K ; after
being held at that temperature for approximately 6 x10%s without illumination, the temper-
ature was raised once again, and the behavior of ¢’ and g was investigated. The results
appear in Figs. 7 (A) and (B). In (A) the maximum temperature during the first temper-
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ature cycle, hereafter the ‘“turning” tem-
perature was 180K ; in (B) the turning
temperature was 200 K. The shaded area in
the figures indicate the regions of g
irreversibility ; this area is more prominent
in (B) than in (A).
the well

during the first warming process is coagu-

It is clearly seen that
separated triple-peak structure

lated into onebroad maximum in the second
run, retaining the total area under the
peaks. On the other hand, g retrazces itself
almost with fidelity.
4. 2 Photoinduced DA

Figure 8 shows that both photoinduced
DA and irreversible effect in this sample
(No. 2) occur at 130 K after the 77 K
illumination.#>49 This effect completely
disappears at the second run without illumi-
nation, when once raised to room tempera-
ture. We propose a simple picture for the
photoinduced DA observed that a short
range migration or directional order of V,
is responsible for this phenomenon.1%:1” The
vacancy V, can exist in several charge
states. A mobility of V, might depend on
the effective three charge states and can
then be describedin order as V. Vi) V2
2) Here, the superscripts indicates the num-
ber of the trapped electron, depending on
the Fermi level, respectively. In this con-
text, amounts of V,° which is mobile even
at low temperature increase with an illu-
mination, while those of an immobile V2
at low temperature decrease. In other
words, the photoinduced distorted configur—
ations which are stabilized by releasing one
or two elecctrons are assumed to occur in

a YIG sample. The V,° with the two elect-

TURNING TEMPERATURE—

(A) 180K+

= -
L
=
o
Bt
b— R . .
= so 100 ) 200 250
(=]
= TEMPERATURE ()
=
= .
&
- (B) TURNING TEMPERATURE—
ﬁ ) 200K+ \—’-’:
= - Vv
S | ;
=

S0

TEMPERATURE (R)
Fig. 7 Behavior of p'(i) and p” (i) after illu-
mination at 77K over temperature cycles (first
(A) Turning te-
(B) Turning temperature 200
K. The shaded areas indicate the hysteresis or
difference between g (1) and g (2).

cycle i=1, second cycle i=2).
mperature 180K.

uo (arb.unit)

t DEMAGNET1ZATION
| 3 130K .

LIGHT ON
~5-

- DEMAGNETIZATION

Ltonrorr
A

0 200
TIME (min.)

Fig. 8 Photoinduced DA and irreversible effect
at 130K after the illumination at 77 K.

400

rons released could attract effectively neutral nearest-neighbor oxygen but repel an effec-

tively negatively charged Fe?+, since V.0 is effectively positively charged. These charge
states are associated with specific symmetry lowering lattice distortion, leading to a change

of magnetic praperties. Recently, the triple resolved peaks of DA (1, 2, 3) is observed

in the sample (No. 1), whereas any any of the DA (1, 2) below room temperature may

not be observed in the absence of illumination as shown Fig. 9.2 It should be again
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DA (%) emphasized that DA (3) around room tem-
perature is observed independent of illumi-
nation. The fact that DA (3) is independent
of the illumination seems to suppost our
picture, although the other explanation may
not be excluded. In this discusssion, we
ignore the possibility that self-interstitials

might play a role in this process for two

R i reasons. First, no selfe-interstitials have been
i) 00 15 20 20 00 I firmly identified in any YIG sample even

TEMPERATURE (K) after illuminnation. Second, the same obser-
Fig. 9 Triple peaks of DA (1, 2, 3) after illu- vation of the relatively greater stability of

mination at 77K. DA (3) is independent of  photoinduced vacancies, just noted, implies
illumination.

that the enthalpy of formation of self-inter-
stitials in this material is too large for them to be important constituents of the photomag-
netic centers that determine the static properties of the material. If this material containes
of two vacancy complexes, a divacancy would afford the proper lattice site to annihilate
a self-interstitials.
3. 5 Mechanism based on the band theory
3. 5.1 Mechanism on the base of Lyakhimets’ model

In this section, we proposed the band electron picture suggested firstly by Larsen and
Metselaar!!:4? and consider YIG as the magnetic semiconductor with a wide forbidden gap
E.=0.8 eV. There are impurity and defect levels inside of the gap which we can divide
conventionally on donor, acceptor and deep levels. It is obviously that due to the interaction
with the magnetic subsystem (through the intra L-S interaction on the iron ions) the
positions of these levels inside the gap depend on a magnetization orienta tion in crystal :
Ek=Ee+Ek(1—’}’l\), where Ey is an energy distance of the level from the con duction band
bottom (in the case of donor centers), Ek(ﬁ) is the part of energy dependent M, and &
number of the inequivalent centers. As usually for magnetic anisotropy we can expand
Ek(_ﬁ;) on components of the magnetization vector E( | ;_nAl =1): Ek(;{) =N;*m;. my, The
crystal symmetry essentially restricts the form of the tensor A, it corresponds to a point
symmetry of the crystal position where the center k is located. If the position has the
symmetry axis Uy, then Ayk=n* Ujk, where A is scalar. In our picture the additional
electron after doping is not localized in one defined crystal position, but localized in one
defined crystal position, but smeared in the ground state near an impurity center among
neighbor iron ions in Fig. 10. As for levels corresponding to Si** one elect ron a wave
function of such a hydrogenlike center has form =) ai| [, tye >+ | OX47~49), where | /, 35>
is a free ty—orbital of 3d-state of neighbor Fe3+ ions in a octahedral site /, value al defines
a quantum mechanical probability of the electron’s location on site /: |ai| % we separate
the t,-orbitals because the L-S splitting is strongest for them in comparison with the
other, lowest free 3d-orbitals included into term | O>. Microscopical calculation of the
contribution to constants of cubic magnetic anisotropy from such anisotropic cen ters have
been carried out in Ref. 48, An analysisi248~50) shows that centers have twofold and three-
fold symmetry axes when Si¢+ occupies tetrahedral and octahedral sites, respectively. This
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Fig. 10 Flectronic optical charge exchange of
and defects (case of low
concentrations) ingide gap in ] class effects. In
state, before irradiation, the
electrons occupy the lowest (acceptor)
and neutralize holes there (a). After irradia-
tion, the photoelectrons and photoholes enter
the conduction ¢ and the valence v band, respec-
tively.

acceptor’s

anisotropic centers

the equilibrium
levels

The levels, sensitive to magnetization
orientation, capture these nonequilibrium car-
riers and form magnetic anisotropic centers b).

fact leads to an existence of anisotropy of
an center’s photoabsorption : wi=w,—B

(Zkaz, where ¢ is light polarization vector,
el =|ux| =1, B>0, as in the model of the
The

silicon dependence of class [ has a maximum

orientationally inequivalent centerss?,

at a Si=0.01 per formula and disappears at
Xsi 2 0.05. The absence of class ] at high x;
is connected with disap-pearance of isolated
centers where where captured photoelectron
could Iive long time. The absence of class
I at high xs; is connected with disappearance
of isolated centers where captured photo-
elecron could live long time. Experiments?
shows a shift of a maxof this dependence of
photoinduced change of Ca?+ content. From
two samples which have been grown in
usual air and oxygen atmosphere, the first
one had the much more large Xc.. There
is the same explanation if one takes into
account that the first sample has more oxy-
gen vacancies (which are donor-type cen-
ters) than the second!D. Classes | and J
desappear at different temperatures: 7T'y=
120 K53 and T'mp =150—200 K59, that one may
connect with two regimes of electric con-
The

low temperature regime (with the low acti-

duction observed in experimentst 55,

vation energy 0.07-0.1 eV) is explained by
thermally activated electron hopping bet-
ween impurities. These electronic processes
effectively destroy the imbalance between
the orientationally inequivalent centers and
class | disappears. But it cannot destroy
class [, which needs for the relax ation
returning through the conduction band the
electrons, captured by the anisotropic do-
nors, to more deep free levels. This process

occurs at more higher T) Ty > T1 because it has higher activation energy E, = 0.26 - 0.31
eV which is attributed to ionization energy of the anisotropic donor centers and is

observed in conduction measurements at high temperature range.

The same values well

are correlated with activation energies observed in photomagnetic measurementsss).
It is also possible to understand a different light spectrum behavior. In this band mecha-
nism class [ is more stronger when the photon energy is higher, and at hw ) E; the strong
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polarization-independent band-band transi- %T
tions lead to a random occupation of the 70.0
magnetoactive centers. That is why class [
is observed at x-ray and y-irradiations6.5&), 60.0
Class ]| needs the polarization sensitive == %
transition from anisotropic centers. There 50.0 b
is a peak of spectral dependence of class ] 2 2 >
at 1.1 #gm in the range of impurity photo- 40.0 § § |
absorption!%:52, The above discusssion is ; / ?; }
illustrated in Fig. 10. 30.0 % %

3. 5. 2 Photoinduced change of band gﬁ; ;

structure 20.0 4
In a very recent preliminary experi- ?

ment (Sept. 1993), H. Yasuoka observed, 10 0
for the first time, a photoinduced change of
band structure of YIG®. A systematic 00 / J
change of transparency of this sample is 200,00 800.00 1000.00 1200.00

seen with the number of fiashes at 77K as

WAVE LENGTH (nm)—
Fig. 11 Change of transparency of YIG with
the number of flashes at 77 K. With flashes of
on the configuration coordinate picture. illumination, the absorption is systematically

The detail of this result will be published  increased below the band gap energy, while it
decreases above the band gap.

shown in Fig. 11. The result is not con-

tradictory with our proposed model based

in a near future,

SUMMARY

First, photoinduced magnetic effect (Type [ -effect) in YIG and disaccommodation
DA in the dark in spinel ferriter have been reviewed. Second, new data of the photoin-
duced magnetic effects have been reported, on photoinduced irreversible and reversible
character. At low temperature, oxygen vacancies V, behave as a type of charge reservoir
and light sensitive injector of free electrons into this insulating system, leading to large
distortion around V,. We believe the present results will contribute to the more under-
standing of the complicated and unsolved problems of both phenomena.
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