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I. Introduction

In the preceding review article of this series, the simple survey of photoinduced
magnetic effect on yttrium iron garnet (YIG), the experimental procedure and lists of
the authors were described. This review concerns with the main theme and intimately
related problems as follows; after effects connected with induced anisotropy, wall pin-
ning by anisotropic ferrous ions and optical absorption mechanism.

II. Photoinduced Magnetic Effects and Related Phenomena

2. 1 After Effect Associated With Induced Anisotropy

As mentioned in the introduction, PME seems to be strongly correlated with the

magnetic anneal or induced anisotropy also in the dark. Thus the authors will treat it
in more detail, especially where Fe?* or Co?* ions are involved in magnetic oxides.
When a ferromagnetic crystal is annealed in a sufficiently strong magnetic field at a
certain temperature lower than Curie point and then cooled, an additional anisotropy
sometimes is caused.? This induced anisotropy energy, superposed on the other magne-
tic anisotropies, is given by

Ein = —F(a? 81 + as® Be® + a3? B:2) —G(ay az B1 B2 + ay a3 B Bs + az'ag B Bs) (2. 1)
where ai, a;, @3 are the direction cosines of the magnetization during annealing and S,
Bz, Bs are likewise during the measurement of the anisotropy energy. For a polycrys-
talline material the induced anisotropy has a uniaxial character and can be written as

Eia = —K, cos? @ (2. 2)

where 6 is the angle between the direction of the magnetization during the measure-
ment and that during the annealing treatment. There are many possible mechanisms for
an induced anisotropy. The most important mechanism is the preferential location of
atoms or orientation of atom pairs. The authors will now consider the case of the
preferential location of atoms. Preferential location of single atoms is caused by the
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fact that different sites have different energies with respect to the direction of the
magnetization. The energy of a certain site 7 can mostly be described as

e = w (cos? 6, — 1/3) 2. 3)
where 6; is the angle between the direction of the magnetic moment of the atom or ion
and the local symmetry axis and w is the difference between maximum and minimum
energy. The factor 1/3 is added to make the average energy over all angles 0. Consi-
der a single crystal with n groups of sites, each group having a common symmetry
axis. In the case of octahedral sites in the spinel or garnet structure, =4 with four
different [111] directions as shown in Fig. 2. 1. Assume that there are N atoms per
unit volume distributed over the available sites according to a Boltzmann distribution.
If e; <KkT, the equilibrium concentration of atoms on site 7 is found by calculation to be
given by

Co = N/n (1-e/kT) 2. 4)
It should be noted that e is dependent of temperature. When the thermal annealing is
carried out at a temperature 7° and the equilibrium distribution of this temperature is

frozen in at a lower temperature 7, the following relation for the induced anisotropy
energy is obtained,

Eia= X Co(T") & (T) 2. 5)
From egs. (2. 3), (2. 4) and (2. 5), it follows that

Ein= —(N/n kT ‘:.}:1 w (T) w(T) (cos® @; —1/3) (cos? 6; —1/3) (2. 6)
Now F and G of eq. (2. 1) can be expressed by

F =fs (N/RT") w (T) w (T) 2.7
and

G =gs (N/RT) w(T) w(T) (2. 8)

where fr and ge are constants determined by geometrical factors such as the direction
of the local symmetry axis. For the isotropic case we find that

Ky =2/15 (N/RT”) w (T) w’ (T) 2.9
The equations (2. 5) to (2. 9) were derived for a thermal equilibrium distribution at
temperature 7°. The time needed to attain the equilibrium state may be important for
the after effect and problems in this review. Transitions of an atom from a certain site
¢ to another site j caused by lattice vibrations, occurs with a certain activation energy
E-ei, where E is the maximum energy of the atom during its jump. This situation is
schematically given in Fig. 2. 2. The jump frequency is

vi = vy exp [~ (E-e) /kT] 2. 10)
For a jump from the n—1, j-sites to the i-sites the same equations can be used with e
replaced by ¢;. From the expressions for the jump frequencies one can calculate the
rate of change of the concentration C; as

dC1 n

o (G- Comexp (- ) @. 11)

The change of Ci with time can be written as
Ci = Cio [1-exp (—-£)] @ 12)

From (2. 11) and (2. 12), a relaxation time 7 is expressed as
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T= - "n—l Ulo exp (—;fff) =Ty exp () (2. 13)
As a consequence of the time dependence of C; the induced anisotropy is also time de-
pendent with the same relaxation time. It should be noted that the energy E may vary
a little due to the presence of irregularities in the crystal lattice. Since the relaxation
time varies exponentially with E, these small variations may lead to a wide distribution
of relaxation times. The induced anisotropies are large when highly anisotropic ions
are involved, e. g. Fe?* or Co%* in spinel or garnet ferrites. The authors will now dis-
cuss the phenomena observed in these situations. The main phenomena connected with
the induced anisotropy and its relaxation will be mentioned, since the photoinduced ef-
fects may be correlated with them as mentioned before. Various types of phenomena,
or after effects are tentatively summarized as follows.
a) Induced anisotropy and its relaxation; the additional torque due to magnetic anneal
and its temporal variation after rotation of the applied field.?®
b) Rotational hysteresis ; the damping of uniform rotation of the sample caused by the
torque of induced anisotropy.»®
c¢) Ferromagnetic resonance line broadening ; the damping of uniform precession ; maxi-
ma on line width versus temperature of which positions are frequency dependent.?>®
d) Disaccommodation of permeability ; the time decrease of permeability after demag-
netization due to the stabilization of the Bloch walls.%!0
e) Accommodation of permeability ; in contrast to disaccommodation, the time increase
of permeability after demagnetization due to the destabilization of the Bloch walls.
11~14)
f) Magnetic viscocity ; the time increase of magnetization after applying magnetic
field also due to gradual destabilization of the Bloch walls.1516
g) Time change of hysteresis curve ; the stabilization and destabilization of the mag-
netization orientation and its influence on irreversible magnetization process.!7>!®
h) Magnetic losses in ac fields ; the damping of wall motion or maxima in the depend-
ence of tan & on frequency and temperature.!9~2D
These phenomena may be classified into two types. The first three ones concern
with the homogeneous magnetization and the induced anisotropy may be taken as con-
stant throughout all their volume. The rest are correlated with the effect of stabili-
zation of Bloch walls and or magnetic domains. Through studying these phenomena, we
can obtain some important informations i. e., the local order and its origin and the
magnitudes of the anisotropic coupling, the kinetics and mechanisms of the underlying
relaxation process, and effects of induced anisotropy on magnetization process. From
another point of view, the phenomena can be divided into two groups also: (A) ionic
process and (B) electronic process. An ionic process is characterized by the change
of ionic distribution while during an electronic process ions essentially retain their lat-
tice positions and only small displacements are allowed. The distinction between these
two kinds of processes is usually based on the experimental knowledge of the activation
energy from (2. 13). For ionic processes the activation energy is higher, typically 1 eV
and they are as a rule observable only at high temperatures. A direct observation of
induced anisotropy, its relaxation and the disaccommodation of permeability have been
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most often used for their study. In this problem many physicists in our country have
done to not a few contrributions. As found from the analysis of the experimental results
in substances containing various concentrations of vacancies, these role may be divided
into the two ones; Iida mechanism?22) and Ohta mechanism.!” First the presence of
cation vacancies is able to facilitate the diffusion of the active ions. For a certain
range of vacancy concentration the relaxation times at constant temperature are then
inversely proportional to their concentration.?® Second, on the other hand, the vacan-
cies are assumed to be the source of the induced anisotropy either separately or in the
form of pair and more complex configurations with some kind of ions in order to explain
the experimental result that the magnitude of induced anisotropy itself is governed by
the concentration of vacancies.!® This behavior has been found in iron rich ferrites for
the induced anisotropy relaxation observed around room temperature. In this context,
Yanase calculated the dipole-dipole contribution to the anisotropy energy.?® Using
Fourier transformotions, he obtained
Faip = Aaip N m (m-m’) (ayay + az a3 + az ;). (2. 14)

The equation represents the dipolar anisotropy energy of trigonal symmetry with res-
pect to the chosen [111] direction. NV is the number of octahedral sites per unit volume,
m and m’ are the averrage magnetic moments in the [111] sites and the remaining
ones respectively and Aua, is determined using the values of geometrical parameters as
Agp = 4 x 107® erg cm™. The equilibrium distribution of vacancies at the given tem-
perature is then found by minimizing the free energy

f= Eap —TS. (2. 15)
As a result, induced anisotropy of a G type is drawn as
G (Tw, T) = (16Ny Aay®/kT) (gS)* M (T) /M (0) 1 (2. 16)

where N, is the number of vacancies per cubic centimeter, 7a and T are the tempera-
ture of annealing and measurement respectively and gS the average magnetic moment.
Thus, Ohta mechanism seems to be confirmed theoretically. However, the authors
would not like to believe that this problem has been completely established. And it
will need more detailed experiment to attain the final conclusion. Again we will
discuss the role of vacancies in PME on YIG. In order to observe a PME in high tem-
perature, it seems necessary to study the induced anisotropy at high temperatures in
more detailed way. The anisotropic effect of Co?* ions outweighs all the other possible
contributions to the induced anisotropy, which has been strongly correlated with PME.
25~2D  Consequently, the authors discuss it in other sections along with experimental
results. The electronic processes are as a rule connected with a redistribution of the
electrical charges of the cations. This process of charge transfer is basically the same
as the mechanism of electrical conductivity in magnetic oxides, where the hopping mo-
del is often taken as adequate. The coincidence of activation energies for both these
phenomena found in many cases justifies the assumption about their common origin.
The most common example of relaxation phenomena connected with valency exchange
concerns electron jumps between Fe?* and Fe?* 2629 while other ions as Co, Mn, Ni, Cu®
etc may be thought to display a similar behavior. Unfortunately, the direct evidence
has, however, not been obtained. A small value of activation energy (0.1 eV) is found,
if the electrons jump short ranges and if the transrational symmetry of the lattice is
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not heavily perturbed. If, however, the concentration of the exchangnig ions is too low
for electrons to hop easily, i. e., separated by a certain number of ions of a different
kind, the activation energy of the electron transfer may be considerably higher (~0.5
eV).30 In order to consider the details of the diffusion mechanism, R. P. Hunt® adopted
the point of view that an electron is transfered from one octahedral site to another
through an activated jump over an intervening potential barrier. Mapping the poten-
tial between each type of site into a plane may result in the situation shown in Fig 2.
2. The energy of the bottom of the i-th well, i (6)), is given by Eq. 2. 2. For simpli-
city the potential peaks are fixed at E, of the potential barrier. The number of jum-
ping from well 2 to well 3 will be assumed to be proportional to the product of the
Boltzmann factor and the number of particles actually occupying well 2. Thus the net
rate of change of the particles in the i-th (i=1, 2, 3, 4) sites, n; is expressed in a matrix

equation as follows,

.
N _3eﬂE1 C'BEZ e‘@lf3 eﬁlf‘t 1y
.
Ay eft,  —3efky efLy eft, Ry
L= . (2. 18)
nS eﬂ[nvl e,@f‘fz __3eﬁ]2'3 eﬁ[ﬂ; n3
.
Ny eﬁll“l Cﬂﬁ;2 eﬁEg —-36““; My

where B = 1/kT and v = vy e 8L,

The more detailed rate equation has been proposed dy Wurlitzer3? in PME, as not
described here. The activation energy, On the other hand, in an ionic process may be
lowered, if the vacancy is involved considerably. Correspondinly, definite conclusions on
this problem remains vague. A different type of an electronic process may be based on
the effect of Jahn-Teller distortions.3? In the case of orbital degeneracy, the distribu-
tion of the outer electrons among d orbitals of the given ion is coupled to the positions
axis also changes the electron distribution and the inverse process may take place also.
Specifically Mn®* or Cu?* ions in octahedral coordination tend to distort tetragonally the
surrounding anion octahedron, the positions of the energy levels being dependent upon
the mutual orientation of magnetization and the distortion axis. The observation of
such a type of relaxation phenomenon is actually often conditioned by the stabilization
of the distortion axis by an extra electron. This may be the case for the relaxation
spectra of Mn-Fe spinels.32 For example, nickel ferrite is an inverse spinel where the
nickel is predominantly on the octahedral sites.!® Ni%** ions cause no distortion of these
sites. If some nickel ions, however, appear on the tetrahedral sites, these sites will
undergo Jahn-Teller distortions. In such distortions the oxygens forming the tetrahed-
ron shift slightly change the symmetry from cubic to tetragonal. In the absence of a
magnetic field, the tetragonal distortions considered here have three equivalent direc-
tions, one along each of the cube axes. It has been known that a Ni** ion in a distor-
ted tetrahedral site has a substantial magnetic anisotropy.’® Consequently, an applied
field will make one of the three possible directions of distortion energetically favoura-
ble. Then, at equilibrium, the directions of the Jahn-Teller distortion from one axis to
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another cannot be predicted accurately. Therefore, an accurate determination of vali-
dity of the model may not be compared with other models. In addition, it is possible
that their observed effect is not only due to isolated sites but also to the interaction of
a number of nickel ions on neighboring tetrahedral sites. If the interactions between
neibouring ions are important, we have the possibility of a cooperative phenomenon,
that is, in some region of the material all the distortions are in the same direction. In
this case the decrease of entropy by ordering will increase the activation energy,
associated with a change of the distortion from one crystal axis to another. In the case
of Mn Zn ferrite, tetragonal distortions within the spinel lattice are to be expected if
Mn®* is present in sufficient quantity, a cooperative Jahn-Teller distortion occurs, and
the crystal is macroscopically tetragonal. In these kinds of samples, one of the authors
tried to carry out the measurement of PME but found no effect as seen in Si-YIG.3» If
this mechanism applies equally well to YIG (Mn, Cu, Ni), PME will be explained through
a simple equation of hole release :
Mn®** + hv —— Mn®* + (electron trapped with the unspecifled traps)

Thus, it will be reasonable that the domain wall may be pinned down in these circum-
stance of right-hand term. For the first time, one of the authors (K. H) introduced this
idea in order to give an explanation of PME in YIG (Mn, Cu or Ni) previously as shown
in Fig. 2. 3.343% [t is, however, needed to study furthermore in order that this picture
will be completely established.
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2. 1. 2 Wall Pinning by Anisotropic Ferrous ions

The change of permeability by ordering of anisotropic ions such as Fe?** and Co?**
jons in a domain wall can be easily calculated using the following model, in which the
problem is reduced to its most simple form.:?» We consider a 180° wall with thic-
kness parallel to the xz plane in a uniaxial material having the easy direction of mag-
netization along the c-axis (z-direction). The uniaxial anisotropic ions are assumed to
occur on sites with easy direction either along the x-axis or along the z-axis and they
will occupy a small fraction of these two kinds of otherwise equivalent sites. Then the
energy difference between ions on the two kinds of sites depends on the magnetization
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direction, which is a function of the position » along the y-axis in the wall, so that a
Boltzmann distribution is unchanged and does not fit in the new wall position. The
energy difference AE..is per cm? wall (pinning energy) for a small wall displacement y
can be calculated straight-forwardly in the approximation that the turning angle is as-
sumed to increase linearly with the distance in the wall® and for 27> ionic anisotropy.
Hence

Eonis = (%€ ny?) (4kT8)! = 0.5 fy? 2. 20
where » is the number of hard ions per cm=3, &€ is the ionic anisotropy constant defined
by €sin?@ for the local, uniaxial anisotropy energy and f is the stiffness constant aris-
ing form pinning. This leads to a susceptibility decrease of

(Ax~!) cm? wall = A (dx)~! cm = f/(4M.2) (2. 21)
where M; is the saturation magnetization and d is the mean distance between the 180°
walls. For p>>1,

Aptsar™ = toas™ — g™ = () ™! AX~! = df (16 # M2) = dn& (32M28)&(kT) ! (2. 22)
Equation 2. 22 is derived for thermal equilibrium in the wall and is therefore not appli-
cable to PME. It may be, however, applicable to DA (disaccommodation) during satu-
ration process starting from the demagnetized state. The DA at 77 K of YIG sample
in fig. 2. 3 may be attributed to Fe?* ions. If the concentration of 0.005 Fe?* ion is
assumed and the eightfold mutual coordination of octahedral sites is considered, this
corresponds to 4% 10" cm™®. Further putting d=10"3 cm, §=500A, M.=190 gauss, the ex-
perimental value of Auy.™' = 0.04 for DA is then estimated to be 40 cm™! per Fe?*. This
value obtained above has the expected order of magnitude. In a weakly anisotropic
material such as YIG doped with strongly anisotropic ions like Fe?~ so far discussed,®
domain walls may be pinned by concentration fluctuations of the hard ions that are im-
mobil and distributed at random. A semiquantitative equation may be derived using the
simplified model of the wall. A concentration fluctuation in a certain volume that are
too small or large in size with respect to the wall thickness & may not provide wall
pinning. The pinning due to concentration fluctuation in a certain volume of the order
of &* may be estimated by dividing the wall into cubes with an edge 8 so that the wall
surface is divided into square fragments & x &. For a statistical distribution of ions
with a mean concentration of # cm™3, the mean deviation | AN |from the mean value
of the number of NV ions in a volume & is given by

|AN | = | N=N | = N2z = Vns/2= (2. 23)
The uniaxial energy & A E.ns (y) (for wall position y) of the N (») anisotropic ions
per volume element &° in the wall with respect to the uniaxial energy in a domain must
be calculated taking into account the sin* # term because the sin? 6 term used above
cancels for equal population of the two types of sites with easy direction along the x-
axis and z-axis. Thus we obtain

E: (0) = & cos?8 + & costéd (easy x-axis)

E: (8) = & sin* 6 + & sin, 0 (easy z-axis)
where 0 is the angle of the magnetization direction with respect to the z-axis (c-axis)
for which we use the approximation 6 = 7»/8 in the wall. The wall energies per unit

area is given by,
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& Tunis (0) = I:N(y) (28) ' [Ex(6) + E£.(6) —Ex(0) —E,(0)]dn= —1/8& N(y) (2. 24)

Since y =0 is an equilibrium position of the wall we have :

AE.is (y) = —0.12 & 82 [N(0) + ANy? 672] = const + 0.12 | &AN| 6t y* (2. 25)
where AN = N(8) — N(0) is a quantity that will vary along the wall. The mean value of
these differences | AN | between the numbers of hard ions in adjacent cubic volume ele-
ments will be of the same magnitude as the mean deviation | AN |. Using the approxi-
mation | AN | = | AN | it follows that

AEq.nis (v) = const + 0.12 (27)~1/2 & 875/ n~1/% y2 = const + 1/2 f »* (2. 26)
and this leads to
Ap~t = If (167M2)~t = (64x1.4)"1 7%/2 [| & | n'/2 M2 §75/2 (2. 27)

where &, is related to the cubic anisotropy constant K, according to & = 9K,/4. This
equation may be applied to the PME at 77 K in ferrous-doped YIG% using the values
[=10"% c¢cm, n=10x%10'° cm=® (0.005 Fe2*/mol), Ms = 190 gauss and 6 =500 A. From the
example of Ap~!=0.04 (¢ = 160—>20), we find 50 cm~!/ion corresponding to a cubic ani-
sotropy constant of K; = 20 cm™' which is an acceptable value for Fe®*".»
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2. 2. Magneto-Optical Effects
2. 2. 1. Microscopic origin of optical absorption

Earlier studies of crystal-optical absorption in YIG!~% have been limited to ab-
sorption coefficients below about 0.25 eV because of sample-thickness limitations in-
herent in the use of bulk crystals. Wood et al.D) have examined the region of the ab-
sorption edge between about 1.0 and 2.4 eV and have related their results to a superpo-
sition of crystal field [3d—3d within Fe®*] and charge transfer [Oxygen (2p)—iron (3d)]
as discussed earlier by Clogston and by Wicckersheim et al.¥ For assignment of vari-
ous crystal field transitions the diagrams of crystal field levels for transitionmetal ions
are being used.® They also found:®» that optical transmission for photon energies
below the absorption edge near 1.2 eV could be improved substantially over the results
of previous studies? by suitably adoping with such tetravalent ions as Si**. A series
of doping experiments® involving both Si** and Ca®* strongly suggested that the extra
absorption tail in the infrared, observed in undoped crystals grown from a PbO-B:0;
flux, was related to the presence of Fe** ions in contrast to FZ (floating zone) YIG. An
examination of Fe?* -Fe** equilibrium in this system has been given by Nassau?,
Metselaar et al.® and one of the authors (K. H.).? And recently, Yokoyama et al.l®
has given a detailed study of impurity effects on the optical absorption loss of mag-
neto-optical garnet crystals grown by liquid phase epitaxial method. Wood et al.l~®

found the nearly quadratic dependence of the iron related absorption YIG on the total
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ion content for concentrations above a few atomic percent, which implies that a simple
view of optical transitions involving isolated and atomic like Fe®* cannot be always
valid. According to the energy band calculations of Mattheiss!®, one-electron 3d-states
overlap sufficiently with relatively broad (= 4eV) oxygen-2p band to form broad Bloch-
like 3d bands. This picture is no longer valid when the d states becomes partially filled
as in the iron garnets. In these cases, electronic correlations become sufficiently im-
portant to condense the itinerant d electrons into highly correlated localized d states
which resemble those of the free ion.'2 The localized d electron model is supported not
only by the high resistivity of many transition metal oxides but also by the observ-
ation!» that the many elecctron 3d-3d crystal-field transitions associated with Ni%* in
NixMg;_xO occurs at almost precisely the same energies for all values of x. Similarly,
many of the Fe®* crystal field transition observed in YIG are also observed in yttrium
gallium garnet (YGG) dilutely doped with Fe®**. This localized view may be made com-
patible with the observation cited earlier that the strengths of iron-related optical ab-
sorptions in YGG (Fe®*) increase almost quadratically with iron content. Clearly there
are non-localized aspects to the iron 3d electrons, but we could have anticipated this
result by noting the very large antiferromagnetic Fe-O-Fe exchange interaction in YIG.
Besides, the spin-forbidden crystal field transitions are allowed with large oscillator
strength by admixture of nearby, overlapping charge transfer transition of the type
oxygen (2p) —Fe (3d). Kahn et al.'¥ have discussed these transitions in some detail
using a standard molecular orbital framework based on the earlier work of Clogston.®
This method is useful in some cases, but fails to draw a clear distinction between band
and localized states. To help clarify this important point, Adler et al.!» have introduced
the picture based on the split-density of state in their discussion of NiO. Figure 2.4
shows the Adler-Feinleid energy-level scheme for YIG on the basis of the above de-
scription.!® One-electron band states are drawn to the left of a vertical line, while
many electron d states, localizd by electronic correlation, are drawn to the right. Super-
scripts labeling each of the one-electron bands to the left refer to the total available
number of electronic states per formula unit. The energy scale is relative, although it
may be expected that the oxygen-2p band is about 4 eV wide!®, that the minimum 2p—
4s separation is about 6-8 eV and that the width of the d band is about 3-4 eV. Sche-
matically four main peaks in the density of states curve can be identified qualitatively
with the molecular-orbital states forming the important components of the bands in
these regions. The e and #, states are associated with tetrahedral Fe?*, while the ¢, and
fxs state refer to octahedrol Fe®t. Also the relative energy positions shown are only
illustrative at this point. Furthermore, it should be identified to particular iron sub-
lattice. The transition A (S4,;—*7;) corresponds to the lowest band gap near 1.0 eV
in the iron garnets, while the transition B (|4,—*T;) produces an absorption peak 2.0
eV These are weak transitions, since they are spin forbidden and in the case of octa-
hedral Fe?*, they are also parity forbidden. As discussd by Kahn et al.!'?, these for-
bidden transition, however, may be changed to the allowed one through a spin-orbit
interaction and lattice distortions which combine to admix the nearby 2p—>3d charge
transfer bands. Electricdipole allowed transitions may occur from the filled oxygen-2p

band to either the iron-d electron system or to the broad iron-4s band. In the former
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case we have indicated a series of localized excitonic levels having the configuration
2p° 3d° lying just below a continum of bandlike d states labeled 3d'». The excitonic
states could involve nearest neighbour or possibly electron hole interactions at the
next nearest neighbour and might even be unresolvable due to electron-phonon broad-
ening. Optical transitions of the type 2p—3d are shown by arrows C and D. At higher
energies than 8 eV, electric dipole allowed 2p—4s transions may be indicated by arrow
E. These transitions are between the oxygen-2p band and the Fe®* and the 4s band.
One of the authors [K. H.] has tried to ascribe these transitions to the PME (X-ray)
as discussed in the next section.'6~1® Figure 2.5 (a) shows the typical absorption
spectrum of YIG, around the photon energy ranges the PME concerns with mainly.!®
Figure 2.5 (b) shows the absorption spectrum of the rare earth iron garnets including
YIG. So far the optical absorption characteristics has been mentioned mainly in garne-
ts.22 Next we turn to those properties in spinel ferrites. In Fig. 2. 6, the near infra-
red absorption spectral of severa spinel ferrites?) are presented. The window be-
tween 0.15 ~ 0.4 eV is clearly indicated though it is not so deep nor broad as in YIG.
This may be at least partly due to several types of imperfections such as chemical
non-stoichiometry, impurities and crystal defects. Previously one of the authors (K.
H.) attributed to it the result that the intensity of PME in spinels is generally less
than in YIG.20 However, the optical absorption seems to be strongly influenced by the
presence of octahedral or tetrahedral Fe?* forming electronic charge carriers. Between
region 1 and 2 eV, the transitions are usually identified and transitions between 3d levels
split by the crystal field. For example, the steep increase of the absorption in NiFe,O,
at 1 eV was attributed to the Ni?* crystal field transition 2A42—%7222 This peak can be
observed in the spectrum of NiO (1.15um) and also in a Faraday rotation dispersion of
NiFe;0,.20 Correspondingly, its energy should be equal to the crystal field splitting pa-
rameter A =10 Dg. This transition, like all crystal field transitions in octahedrally co-
ordinated ions, is parity-forbidden but may be allowed due to statical or dynamical
violation of the local inversion symmetry. For tetrahedral cations, the parity restriction
is not valid. On the other hand, the crystal field transitions in many cases including
Fe3* are also spin forbidden. The fact that in spite of the selection rules many of these
transitions appear in the spectra cannot be well understood, although several models
have been proposed. One of those models is that simultaneous excitation of a magnon
allows this transition due to cancellation of AS;..2:29 Another model proposed by Clog-
ston® is that the admixture of higher states via spin orbit coupling makes no longer a
good quantum number and thus the spin constraint removed. But in most cases, this
fails to account for the observed oscillator strength and some other effects?. To sum
marize, the energy levels which are important in the megneto-optical properties of
garnets with Fe®" may be classified :

1) A filled valence band of oxygen 2p states.

2) Localized 3d states of Fe?*. These are associated with octahedral and tetrahedral
sites.

3) 3d band. These have density of state peak corresponding to the molecular orbits
which are important components of the band state These peaks are identified as e
and 7, states of tetrahedral and e, and #,; of octahedral Fe?*.
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4) The 4s band may begin well above the lower edge of the 3d bands. The valence
band is completely filled, while the crystal field levels are partly filled. Thus the
lowest energy electronic transitions to be encounted are within the crystal field
states. If only the single ion is considered, these are spin-forbidden since they in-
volve reversing a spin. For octahedral sites they are in addition parity forbidden.
Thus these lines are intrinsically very weak. At higher energies we expect very
strong electric dipole allowed interband transitions 2p—3d and at much higher ener-
gies 2p—4s. These are charge transfer transitions in which an electron would go
from a state with 2p character to a 3d state. The situation is again pictorially
shown in fig. 2. 7 in the simple way.
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Dillon et. al found an irreversible photoinduced change in the optical absorption
constant of YIG (Si;0.018) on illumination of the sample with white light."'» The ab-
sorption was sensed with a low intensity light beam having a photon energy of E =1.2
eV. The result is shown in Fig. 2.7 : the sample is first cooled down from room tem-

perature to 15 K with little change in the
absorption constant «. It is then illumi-
nated with intense white light which brin-
gs down to 10cm~!. This change is irre-
versible except if the sample is brought
back to high temperature : then increases
gradually to its original value with incre-
asing temperature, the process taking pla-
ce between about 20 K and 200 K. This
relaxation behaviour shows that after illu-
mination the material is in a frozen state
of high energy, which is identified with
the high energy state as will be described
afterwards, connected with our experi-
mental results of imaginary part of per-
meability. Based on Enz’s model, ferrous

ion may be effectively moved to sites
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Fig. 2. 8 Absorption coefficient & at 1.15 x of Y,
Feq4.082 Sio.018 O12 as a function of temperature.
Sample was cooled to approximately 15 K. Illu-
mination with an intense white unpolarized li-
ght then produced a large decrease in a. This
change in a could be progressively destroyed by
heating the crystal to temperatures ranging up
to 170 K.D

further from donors, with a high Coulomb energy. With increasing temperature, they

relax back to sites near the donors. The experiment also gives evidence regarding the

distribution of activation energies.

If the recovery process is interrupted by cooling
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down again, no significant change in the absorption constant occurs. In each of be
temperature cycles, a part of the original light induced change turns out to have
relaxed. This is interpreted on the basis of an increase in activation energy of Fe?*
with distance from a donor. At a given temperature, all electrons within a given dis-
tance from a donor will be able to move fast enough to relax back to a donor under
the influence of its Coulomb attraction. As the temperature increases, the distance
increases, so that more and more ferrous ions recombine with donors, and more of the
light-induced change is lost. In polycrystalline samples the rate of photoinduced chan-
ge of several physical constants is strongly influenced by light scattering due to pores,
in the same way as by a strong absorption, light influencing only a thin surface layer
of the specimen and relaxation process*»#, which seems to complicate the underlying
mechanism as will be discussed afterwards again.
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