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The optical polarization method and the powder technique are used to investigate the domain and actual 
atomic-crystalline structures of bulk crystals of yttrium iron garnet. The crystallographic orientation and 
structure of Bloch walls are studied experimentally. It is established that as a rule, ISO-degree boundaries 
do not have the form of a plane-parallel transition layer, but are bent in the surface regions and at the 
locations of the Neel lines that separate the subdomains of opposite polarity in a boundary. The 
experimental data obtained are compared with the results of calculations based on the theory of Landau 
and Lifshitz. It is shown that the crystallographic orientation of the boundaries corresponds to that 
predicted theoretically; but the effective width of a wall, measured experimentally, greatly exceeds that 
found theoretically. It is established that internal stresses due to defects of the crystal lattice may 
determine not only the mode of division of the crystal into domains, but also the nature of the separation 
of the boundaries into subdomains of opposite polarity and the behavior of the magnetization in them. It is 
discovered that under the action of the stresses, Bloch walls broaden, changing to domains of a new 
magnetic phase. It is shown that the boundaries assume the role of places of nucleation of new domains 
during reorganizaion of the domain structure under the action not only of stresses, but also of a magnetic 
field or of illumination of the crystal with visible and near infrared radiation. 

PACS numbers: 75.60.Fk, 75.50.Bb 

The fundamental prinCiples of the theory of the forma
tion of domain structure in ferromagnets were estab
lished in the papers of Landau and Lifshitz. [1,2] Their 
subsequent development was directed principally toward 
the calculation of the effect of the specimen surfaces on 
the shape of the closure domains and the structure of the 
domain boundaries. It was shown that the magnetic sur
face charges due to Bloch walls may cause them to divide 
into sections of opposite polarities[3,4] and may change 
the behavior of the magnetization near the surface, [5] 

that for very thin crystals Bloch walls are replaced by 
Neel walls, [6] etc. 

But real crystals possess, besides the surface, a rich 
spectrum of other defects of the crystal lattice; and 
these, as is well known, [7,S] influence in a radical man
ner the magnetization processes of ferromagnets. The 
study of their influence on the laws of formation of do
main structure is only beginning to unfold. 

Direct experimental investigation[9,10] of the interac
tion of dislocations with moving domain boundaries in 
single crystals of yttrium-iron garnet (YIG) revealed a 
disagreement between the experimental data and the pre-; 
dictions of the theory, [S] not only in the values of the co
ercive force but also in the way in which a Bloch wall 
surmounts a potential barrier due to dislocation-pro
duced microstresses. The theoretical treatment[S] of 
the effect of dislocations on the displacement of domain 
boundaries is valid for an idealized situation (an infinite 
crystal, containing no other defects besides the disloca
tion and the wall). The observed discrepancies with ex
periment may be determined by peculiarities, not taken 
into account in[S], in the structure of the domain bound
aries, resulting from the effect of internal stresses, 
impurities, and the surface. But so far no detailed 
study has been madel) of the characteristics of the do
main structure of YIG single crystals and of their cor
respondence to the theories that have been developed. 
T}1is is surpriSing, since the ferromagnetic dielectric 
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YIG is transparent for visible and near infrared radia
tion and therefore, in contrast to metals, on which an 
enormous number of investigations have been made to 
test the basic assumptions of the theories, [1,2] offers 
the possibility of direct study of the configuration of the 
domain boundaries and of the distribution of the mag
netization in them, not only in the surface layers, but 
also within the volume of a bulk crystal, for which ex
perimental information is practically nonexistent. 

In the present paper, an optical polarization method 
and powder technique were used to investigate the nature 
of the domain structure of YIG single crystals, grown 
from solution in the melt, as it depends on the distribu
tion of growth bands, stresses, and dislocations in them, 
and to study the crystallographic orientation, form, and 
width of various Bloch walls and the behavior of the mag
netization in them. The experimental data are com
pared with the predictions of the theories in relation to 
the most important characteristics of the domain struc
ture. 

EXPERIMENTAL METHOD 

Single-crystal YIG plates of various orientations, 
polished mechanically and then chemically, were studied 
in a polarizing microscope. A detailed description of 
the method is given in[9]. Regions having magnetization 
components parallel to the direction of propagation of 
the light were revealed by virtue of the Faraday effect 
("Faraday" domains). They showed appreciably more 
contrast than those analyzed by means of the Cotton
Mouton effect ("Cotton" domains), with magnetization 
(Ms) lying in the plane perpendicular to the light beam. 
The structure of domains at the surface of the plates 
was investigated with powder figures observed in trans
mitted light. 

For study of the behavior of the domain structure in 
the field of elastic stresses, the YIG plates were ce-
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mented to a glass substrate, which was subjected to the 
effect of four-point or symmetric bending. The sym
metric bending was accomplished by use of a circular 
fulcrum and a circular die. 

RESULTS AND THEIR DISCUSSION 

1. Structure of domain configurations. Figure 1a 
shows a typical picture of the domain structure of a 
single-crystal (110) YIG plate (thickness 35 11m) in po
larized light. The main volume of the specimen is oc
cupied by Cotton domains of regular form, with mag
netization vectors lying along the allowed easy axes of 
the type (111). But it is to be noticed that the domain 
structure is not realized in the form of lS0-degree 
neighborhoods of a single type, with closure of the mag
netic flux only at the edges of the plates as predicted for 
an ideal ferromagnet. The appearance of such peculiari· 
ties leads to an increase of the energy of the crystal, 
as compared with that expected theoretically for a de
fect-free crystal, by the amount of the energy of the ad
ditional boundaries and of the incompatible magneto
strictive deformations. The advantageousness of their 
occurrence is determined by the internal stresses that 
act in the material in consequence of the nonuniform 
distribution of impurities. Figure 1b shows a picture of 
the stresses, revealed by virtue of the piezo-optical ef
fect, in a specimen magnetized to saturation. It reflects 
the stratification in the impurity distribution that inev
itably occurs in the crystallization process. 

A growing crystal forces an impurity back into the 
melt. Its content near a phase interface increases, and 
as a result there is attained a concentrational super
COOling and crystallization of a layer enriched with point 
defects. This process repeats many times. The micro
stratification in the impurity distribution is detected in 
selective chemical etching (Fig. 2) and serves as a 
source of internal stresses: the mean interatomic dis
tances in layers with different impurity content are dif
ferent. As a result, compressed and expanded layers 

FIG. 1. Domain structure (a) and internal stresses (b) in a 
plate of YIG. 
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FIG. 2. Growth bands, re
vealed by chemical selective 
etching on the surface of a 
(110) plate of YIG, reflecting 
sectorial growth of the crystal. 

alternate in the crystal along the crystallization direc
tion. 

The stratification shown in Fig. 1b is determined by 
a macroscopically inhomogeneous distribution of im
purities caused by random variations of the temperature 
field, of the convection currents, etc. It is clearly evi
dent that domains with selected (not dictated by condi
tions at the surface) directions of Ms are located in sec
tions with a definite type of stresses from the growth 
bands. In the light regions, tensile stresses act along 
the bands; and since the magnetostriction constants in 
YIG are negative, in a (110) plate one of the (111) axes 
of easy magnetization is realized that lies close to the 
normal to the direction of tension. In a number of 
cases, there may also occur in specimens1l3] Faraday 
domains that are accompanied by closure domains lo
cated not on the ends of the crystal, with minimum area, 
but close to the surface. It is obvious that for a defect
free plate, such a variant is not in thermodynamic equi
librium. The examples presented show the erroneous
ness of the conclusion of some authors, [14] who have 
denied the influence of growth bands on the magnetic 
anisotropy of YIG and have attributed the occurrence of 
induced anisotropy to an ordered arrangement of defects 
in growth sectors. 

An important source of destruction of the uniformity 
of the domain structure is dislocations. Arising during 
the crystallization process, they are as a rule distrib
uted nonuniformly throughout the volume of a crystal 
grown from solution in the melt. In parts with a large 
density of dislocations, the character of the domain 
structure is determined prinCipally by them. [13] 

The situation described shows that in garnets grown 
from solution in the melt, it is practically impossible to 
carry out a test of the dependence of the domain width on 
the crystal dimensions, since the formation of the do
main structure depends not only on the external shape of 
the specimens but also on imperfections of their crystal 
lattice. 

The structure of the domains at the edges of the YIG 
plates, for given structure in the VOlume, is determined 
in large measure by the conditions of magnetic flux 
closure near the surfaceo In YIG crystals it is possible 
to observe both the forms of closure considered in the 
theory and also ones not described in the literature. In 
specimens with a sharp edge, it can be accomplished 
(Fig. 3; see also[15]) by stratification of the basic do
mains through the thickness and cyclic transfer of mag
netic flux through Faraday domains. Magnetic flux 
closure according to this scheme is realized only in 
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FIG. 3. Form in polarized light (a) and model (b) of closure 
domains at the edge of a plane-parallel (112) plate. 

plates whose thickness does not exceed a certain critical 
dimension, at which formation of domains of other forms 
becomes more advantageous. At the edges of specimens 
polished to a wedge, there appears the tendency toward 
branching of domains predicted in t2,16J (Fig. 4). 

2. Domain boundaries. Until now, experimental 
study of the structure of domain walls has been chiefly 
carried out either on thick specimens of opaque ferro
magnets, where the structure of boundaries on the sur
face was investigated by the powder method and by the 
magneto-optic Kerr effect, [17] or on thin films, where 
the boundary differs essentially from the Bloch walls in 
bulk crystals. [7J We made an attempt to carry out a test 
of the basic assumptions of the theory in its application 
to domain boundaries within the volume of thick plates 
of YIG. The domain walls were investigated on the basis 
of an analysis of the intensity of the Faraday effect for 
light transmitted along the plane of the boundary. The 
place of exit of the transitional layer at the surface of 
the plates was recorded by the powder technique. The 
thickness of the plates investigated was from 30 to 
1000 J.1.m. 

YIG single crystals have a magnetic symmetry simi
lar to the symmetry of nickel. The boundaries most 
often encountered in YIG plates and most convenient for 
magneto-optical investigation are ISO -, 109 -, and 71-
degree boundaries separating Cotton domains. For the 
specimen thicknesses indicated, these walls should be 
of the Bloch type. The calculation of the spin distribu
tion in the boundaries and the search for the most ad
vantageous distribution within the volume of YIG were 
carried out by use of the theoretical model of [l] , spe
cialized for application to single crystals of Ni. [18,19J 
In order to satisfy the basic condition-conservation of 
the value of the component of the vector Ms normal to 
the plane of the boundary-it is supposed in this model 
that the turning of Ms within the transitional layer oc
curs in such a way that it can be described as the mo
tion of generators of a cone whose axis is perpendicular 
to the plane of the wall. Under these conditions, the dis
tribution of Ms and the energy y of the boundary can be 
described by the expressions . 

z~sinO S(A/(D)'I'dcp (1) 
" 

and .. 
y=2sinO S (A<D)"'dcp. (2) 
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Here the z direction is along the axis of the cone; e is 
the angle between the vector Ms and the normal to the 
plane of the wall (its value doubled is the angle of the 
cone); cp is the angle between the projection of the vec
tor Ms on the cone base and the chosen initial direction 
(the x axis); CPI and CP2 are the values of cP in adjacent 
domains; A =0.34· 10-6 erg/cm[20J is the eXChange-inter
action constant; and q, = Ko + Kl (af ~ + ~ ~ + af~) Is the 
crystallographic magnetic-anisotropy energy, where Ko 
= ! Kl! /3, Kl = - 6. 7· 103. [21 J The dependence of the di
rection cosines O!j of the vector Ms on the angles e and 
cP for various boundaries is expressed in terms of ap
propriate trigonometric functions. [19J 

For ISO-degree boundaries, magnetostrictive defor
mations were taken into account by addition to the ex
pression for q, of a term (9/2)c44A~11 cos2cp, [lBJ where C44 

= 7.64· 1011 dyn/cm2 t22J and All1 = _ 2. 4. 10-6. [23J 

To find the energetically advantageous position of the 
boundaries in the crystal, the value of y was calculated 
as a function of the angle ifJ of rotation of the boundaries 
about the line of intersection of the plane of the wall with 
the surface of the plate-the y axis (ifJ =0 when the plane 
of the boundary COincides with the plane of the plate). 
Allowance for the change of area of the boundary when it 
departed from the normal to the plane of the plate by 
various angles (ifJ) was made by multiplying the expres
sion (2) by the value of (l/sinifJ). In the case of a lSO
degree boundary, the functions z(cp, ifJ) and y(ifJ) were ob
tained from (1) and (2) by integration by quadratures[IBJ; 
the calculation of these quantities for 109- and 71-degree 
boundaries was done by machine calculation. The re
sults of the calculation are given in Figs. 5 and 6. 

It is seen that in YIG plates cut parallel to a (110) 
plane, 71-degree boundaries should be inclined to the 
(110) plane at an angle ifJ=50° to 70 0 and 109-degree 
boundaries at ifJ "" SO 0, and ISO -degree boundaries should 
practically coincide with the normal to the plane of the 
plate. The calculations made for a ISO-degree bound
ary, separating Cotton domains in a (112) plate, showed 
furthermore that in this case the advantageous position 
of the boundary is ifJ = 90 0 (curve 3). 

For experimental test of these calculations, YIG 

FIG. 4. Closure domains at 
wedge-shaped edges of (112) 
plates (a) and (110) plates (b). 
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FIG. 5. Magnetization distribution in a ISO-degree boundary, 
calculated on the basis of (1) with allowance for the angle (1jJ) 
of inclination of the boundary with respect to the surface of a 
(110) plate; bo = (A/Kj)1/2. 

plates were placed in a glycerine medium between spher
ical segments of a Fedorov stage, and the image of the 
boundaries in a polarizing optical microscope was stud
ied at various inclinations of the crystal around a line 
corresponding to the y axis (chosen above for each type 
of boundary). The typical form of these boundaries in 
polarized light, with nicols slightly uncrossed, is shown 
in Fig. 7a. Each type of boundary has its own charac
teristic features: a 71-degree boundary is imaged in the 
form of a band of nonuniform intenSity, parallel to direc
tion [001]; a 109-degree boundary is visible in the form 
of a contrasting strip of uniform thickness and intensity 
(white or black, depending on the direction of rotation of 
the analyzer from the position corresponding to crossed 
nicols), located along direction [110]; a lBO-degree 
boundary, as distinguished from a 109-degree, consists 
of segments of alternating color and nonuniform thick
ness. Observation of these boundaries in different di
rections and study of powder deposits on the plate sur
faces made it possible to explain these peculiarities. 

71-degree boundaries are always inclined to the plate 
surface by an angle if! Z 55 0 to 62 0 , corresponding to the 
minimum calculated values of y(if!). (In Fig. 6 the ex
perimentally observed range of values of if! for the bound-

'/' "deg (ffZ) 
80 50 40 20 

(ftO) 

FIG. 6. Orientational dependence of the energy (y) of lSO
degree (a), 109-degree (b), and 71-degree (c) Bloch walls (in 
units Yo=(AK1)1/2), calculated on the basis of (2) for infinite 
YIG crystals (1), for (110) plates (2), and for (112) plates (3). 
The scale (I - I) indicates the experimentally observed range 
of values of 1jJ, describing the actual arrangement of boundaries 
in a c rys tal. 
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FIG. 7. :;t, domain structure in a plate of YIG, revealed in 
polarized light. b, formation of domains of a new magnetic 
phase at Neellines of a ISO-degree boundary, caused by non
uniform internal stresses. Nicols uncrossed. 

aries is marked by the scales placed over curves 2 and 
3.) In transillumination of a (110) plate in the direction 
perpendicular to its surface, the inclination of a 7t-de
gree boundary leads to the result that the light beam 
crosses sections of the crystal with different orienta
tions of the optical indicatrix, corresponding to differ
ent directions of Ms in adjacent domains. This causes 
the appearance of contrast in the form of a band whose 
width is equal to the projection of the boundary. It is 
the appreciable inclination of the 71-degree walls, and 
not a Neel type of distribution of Ms in them, as was 
supposed in[12J, that causes the absence of sharp Fara
day contrast in the image of these boundaries. When 
the light is propagated along the plane of a 71-degree 
boundary, a large rotation of its plane of polarization 
is observed (Fig. B); this is evidence of a Bloch-tyPe 
rotation of Ms in the boundary. 

The position of 109-degree boundaries in (110) plates 
also corresponds to the values, if! Z BO 0 to 75 0 , obtained 
in the calculations. The bright intensity of their color 
is explained by the presence of a component of Ms par
allel to the direction of propagation of the light. The 
presence of color uniform in sense in 71- and 109-de
gree boundaries is a demonstration of the fact that on 
departure of these boundaries from the (110) or (001) 
plane, respectively, rotation of the vector Ms along the 
cone becomes nonequivalent for "right" and "left" direc
tions of rotation. (An analogous situation was predicted 
for 90-degree boundaries in iron. [24J) Observation of 
both types of rotation simultaneously is possible only in 
109-degree boundaries not in thermodynamic equilib
rium, arranged parallel to a (001) plane. 

FIG. S. Form of a 71-degree boundary in polarized light, 
when its plane coincides with the direction of the light beam. 
Nicols crossed. 
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FIG. 9. Image of a 180-degree boundary in polarized light 
when its plane is parallel to the direction of observation (a) or 
inclined to the light beam (b, c). The exits of the boundary at 
one surface of the plate in Fig. 9c coincide with the traces of 
a powder suspension. Nicols uncrossed. d, model of the ob
served boundary. 

The structure of lSO-degree boundaries proved the 
most interesting. Their nonuniform image, both with 
respect to the sign of the Faraday component of Ms and 
with respect to thickness, indicates a complicated dis
tribution of Ms in the boundary, not only in the direction 
perpendicular to the wall but also along the other two 
coordinates. Figure 9 shows how the image of a lSO
degree boundary in polarized light varies with different 
inclinations of the plate. It is seen that the boundary is 
characterized by maximum intensity of the Faraday ef
fect when it is examined in the [100] direction (Fig. 9a). 
On inclination of the boundary about the direction [111], 
parallel to the y axis, its image broadens, and simulta
neously the intenSity of the color weakens. During this, 
as is seen in Fig. 9b, the edge of the narrower sections 
of the boundary image "shines" more brightly than the 
boundary as a whole. On inclination of the boundary in 
the other direction, the narrow sections broaden and the 
broad become narrower. An example of powder de
posits at places of exit of a lSO-degree boundary to the 
surface of the specimen is shown in Fig. 9c. 

On the basis of such experiments, the shape of the 
lSO-degree boundary "surface" was constructed; a frag
ment of it is shown in Fig. 9d. From it it is seen that the 
sections of the boundary in which there occurs a change 
of the direction of rotation of Ms, and which are some
times called Neel[4l or Bloch[3l lines, are lines of com
plicated configuration, which do not coincide with direc
tion [110] and do not lie in plane (112), with respect to 
which the boundary in the surface regions of the speci
men is inclined in one or the other direction. A lSO
degree boundary in YIG plates cut along plane (112) is 
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also imaged in a manner similar to that described 
above. The difference consists only in the fact that in 
this case the "basal plane" of the lSO-degree boundary 
is the plane (110). 

For experimental determination of the distribution of 
Ms in a boundary and of the wall width, only lSO-degree 
boundaries were used, because the width of their image 
is greatest as compared with 71- and 109-degree bound
aries. The sections of Bloch walls studied were those 
farthest removed from Neellines. The sections of 
boundaries under study were set strictly along the direc
tion of observation and were photographed on film in po
larized light. The negative image of the boundary was 
measured photometrically on an "MF-4" microphotom
eter. 

Figure 10 shows one of these experimental curves, 
reflecting the distribution through the thickness of the 
boundaries, i. e., in the direction of the z axis, of the 
intensity of the Faraday effect. Also given here is the 
theoretical curve 2 calculated on the basis of the func
tion z(qI) of Fig. 5. It is seen that the experimentally 
determined width of the boundary exceeds the theoretical 
by about three times. This discrepancy cannot be ex
plained by the effect of diffraction of light at the bound
ary. An objective with aperture Ao =0. S5 and light with 
wavelength A =0.55 J..Lm were used in the experiment. 
Therefore the optical resolution of the microscope, AI 
Ao =0.65 J..Lm, is suffident for analysis of objects of size 
::::2 J..Lm. 

The data presented attest to the fact that although the 
lSO-degree boundaries in the (110) and (112) YIG plates 
investigated are indeed arranged approximately along 
{112} and {no} planes, respectively, as the theory pre
dicts (Fig. 6), nevertheless their structure cannot be 
described as a plane transitional layer with uniform 
(along the layer) distribution of Ms. The experiment 
gives qualitative corroborations of the predictions of the 
theories[3.4l regarding the nature of the influence of the 
surface on the structure of Bloch walls. The stray 
fields that occur in sections of the boundaries that in
tersect the crystal surface determine their division into 
subdomains of opposite polarities. Experimental veri
fication of the predictions of the theory[4l with respect 
to the relation of the periodicity parameter of the bound
ary structure to the thickness of the crystal does not 
seem possible, because the arrangement of the Neel 
lines is Significantly influenced by the real atomic-crys
talline structure of the material. 

The possibility of significant twisting of the bound
aries, like that shown in Fig. 9d, in a region of Neel 
lines near the surface, was treated in[3l as a means of 

+ I, reI. un. 
FIG. 10. Intensity distribution 
of the Faraday effect in a 180-
degree boundary in the direc
tion pe rpendic ular to its plane: 
(1), measured; (2), calculated 
theoretically from the data of 
Fig. 5. 
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additional neutralization of the magnetic stray fields that 
occur in sections of exit of the walls to the surface of 
the crystal. 

In the light of the results obtained, it seems probable 
that the interaction between dislocations and a Bloch 
wall, observed in(19), at distances exceeding the width 
of the wall image, is determined by peculiarities of 
structure of the boundaries in the surface layers of the 
specimen; this structure may change still further in the 
field of dislocation-caused microstresses. In Fig. 11 
it is seen that the intensity of transillumination of a "do
main" that connects a dislocation with alSO-degree 
boundary is appreciably less than would be expected if 
it penetrated the whole depth of the crystal {it corre
sponds approximately to the intensity of color of the 
boundary). 

The method used did not permit a study of the mag
netization distribution in the surface layers; this would 
provide a possibility of testing whether YIG Single crys
tals exemplify the method proposed in[5) for decrease of 
the magnetostatic energy of a wall, by change of the type 
of rotation of Ms in the boundary from the Bloch type in 
the bulk of the ferromagnet to the Neel type at the sur
face. In this case the effective thickness of the transi
tionallayer broadens at the surface. Some corrobora
tions of the model[51 have been obtained by use of the 
magneto-optical Kerr effect (7 ) on iron and hematite 
crystals. 

It is obvious that the appreciable discrepancy observed 
in our experiments between theoretical estimates and ex· 
perimental data for the thickness of Bloch walls in the 
bulk of the specimen cannot be explained solely by the 
effect of the surface on the function z (rp). It seems to 
us that the prinCipal cause of the disagreement between 
curves 1 and 2 in Fig. 10 may be the effect of internal 
stresses on the state of the domain boundaries. 

Investigation of a large number of lSO-degree Bloch 
walls revealed an appreciable spread in the measured 
values of boundary thicknesses-from 2 to 10 11m (Fig. 
10 gives the z(rp) curve for the narrowest boundary). In 
many cases, in a region where nonuniform stresses act, 
there occurs a gradual widening of the wall, formation 
at the boundary of domains of a new magnetic phase. 

FIG. 11. Formation of a domain of a new magnetic phase be
tween an edge dislocation and a ISO-degree boundary in a plate 
of YIG. a, Birefringence rosette around the dislocation in the 
specimen magnetized to saturation; nicols crossed. b, crystal 
demagnetized; position of the dislocation shown by the arrow. 
c, boundary pushed toward the dislocation by a magnetic field. 
Nicols uncrossed in band c. 
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FIG. 12. Transformation of ISO-degree Bloch walls to do
mains of a new phase under the action of uniaxial tensile stresses 
acting parallel to the vectors Ms ' which lie in the plane of the 
plate. Nicols uncrossed. 

This happens especially easily and frequently in sections 
where Neellines are located (Fig. 7b). The decisive 
role of stresses in the formation of anomalously wide 
boundaries shows up most graphically in the experi
ments described below, in which a crystal was deformed 
by external forces for the specific purpose of prodUCing 
a definite stress field in it. 

3. Effect of external stresses on the domain struc
ture of YIG. Figure 12 shows the change of domain 
structure of a (112) plate under the influence of tensile 
stresses acting along the direction [111] in its plane. It 
is seen that the stresses produce a gradual reorganiza
tion of the Cotton domain structure (gray regions of the 
crystal) into a Faraday (black-white regions). The lSO
degree boundaries between Cotton domains assume the 
role of regions of nucleation of domains of a new mag
netic phase: gradually broadening, segments of Bloch 
walls of opposite polarity are transformed to Faraday 
domains. Diminution of the stresses leads to the re
verse reorganization of the domain structure, which 
concludes with transformation of the Faraday domains 
to segments of lSO-degree boundaries between Cotton 
domains. 

With symmetric extension of (111) plates, domains of 
a lSO-degree neighborhood with Ms at an angle - 29° to 
the plane of the plate (Fig. 13a) are transformed to lSO-

FIG. 13. Change of domain structure in a (111) plate under the 
action of a centrally symmetriC tension. The stresses increase 
from a to d. The CMD appeared under the action of a magnetiC 
field normal to the plane of the plate. 
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degree domains with magnetization vectors perpendicu
lar to the plane of the specimen. Just as in the case de
scribed above, the reorganization begins by formation 
of domains of a new phase in sections of the original 
Bloch walls. At a certain value of the deformations, in 
fields close to the saturating fields, from this structure 
are formed cylindrical magnetic domains (CMD). At 
first they are localized in separate sections of the crys
tal, but at large stresses they occupy its whole area 
(Fig. 13d). 

As is well known, [25] a structure with domains of 
cylindrical shape is formed in crystals with uniaxial 
anisotropy-orthoferrites and dilute garnets, which are 
used for the production of new electronic-computer 
memory elements. The CMD lattice shown in Fig. 13d 
is distinguished by a peculiarity: it possesses closure 
domains. Their appearance is evidence that the level 
of the applied stresses does not yet insure satisfaction 
of the condition for existence of open CMD structures 
(K>21TM~). 

The data described convincingly attest to the very 
strong influence of stresses on the magnetization dis
tribution in Bloch walls. In the example shown in Fig. 
12, the thickness of a lS~-degree boundary changes con
tinuously from - 2 11m to values at which it is trans
formed to two (71- and l09-degree) boundaries, sepa
rated by a full-fledged domain (its size is of the order 
of the plate thickness). 

The formation and growth of domains of a new phase 
in sections of boundaries occurs not only under the in
fluence of stresses, but also under other forms of ac
tion on the crystal-an external magnetic field, intense 
illumination by visible and near infrared radiation. In 
all cases the most mobile elements of the domain struc
ture, the primary responders to a change of conditions, 
are the sections with the largest magnetic inhomogene
ity: Neellines, junctions of boundaries of different type 

CONCLUSION 

Thus in the present research a direct experimental 
proof has been obtained of the important influence of in
ternal stresses, due to defects of the crystal lattice, on 
the structure of Bloch walls in single-crystals of ferro
magnetic YIG. The decisive role of internal stresses in 
the formation of magnetization processes of ferromag
nets has already been known for a long time. But the 
only factors considered were the changes in the charac
ter of the domain distribution caused by the additional 
magnetoelastic energy and the necessity for the bound
aries to surmount a potential barrier due to the inter
nal stress field. The investigation made has shown that 
they can also lead to a Significant readjustment of the 
behavior of the magnetization within a Bloch wall. It 
has been shown that boundaries assume the role of ef
fective sources of nucleation of domains of a new mag
netic phase during reorganization of the domain struc
ture (by a gradual development of a Bloch wall into a 

1214 SOy. Phys. JETP, Vol. 44, No.6, December 1976 

domain). This theoretically unstudied mode of remag
netization of a crystal is apparently not specific to YIG 
alone: the majority of theoretical predictions with re
spect to the characteristics of domain structure are in 
qualitative, and in some cases in quantitative, agree
ment with the experimental data described. The unique 
possibilities provided by YIG for direct study of the do
main structure in bulk crystals have merely facilitated 
the explanation of the peculiarities noted. 
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