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The full set of characteristic parameters of epitaxial garnet films was measured as a function of
the sample size from about 2000 to 5 mm”. The type of domain structure, width of the stripe
domain period, characteristic material length, domain wall energy, and anisotropy did not
change within the error of measurement on reducing the sample size. The bubble domain
collapse field decreased by about 2.5%, and the domain wall coercivity was measured and
found to have decreased—almost by an order of magnitude. The experiments showed the lack
of dependence of coercivity on the domain wall length. The coercivity and collapse field are
suggested as being related to the sample dimensions via the sample-size-dependent derivatives
of the total free energy with respect to the domain wall positions. The assumption of the direct

effect of the free energy derivatives on the coercivity is supported by a model experiment.

L INTRODUCTION

Singie crystalline magnetic garnet layers grown by the
liquid-phase epitaxy method on nonmagnetic garnet sub-
strates were developed for bubble memory devices in the
early 1970s. Crystals of (YSmCa),(FeGe)(,, with a do-
main size of 1-3 um are the most typical materials. Because
of their very high quality, simple stripe and bubble domain
structure, and simple magnetization precess by means of do-
main wall displacement, these garnets represent very good
model materials for investigating fundamental questions of
magnetization processes.

In bubble memory applications the characterization of
samples is performed on wafers of 5 or 7.5 cm diam, and
following microelectronic processing, the wafers are cut inte
chips of about 1 cm?®. Parallel samples for research purposes
are cut from large pieces, tco, and usuaily it is tacitly as-
sumed that none of the material parameters change on cut-
ting the sample.

However, some shift of parameters has been observed
experimentally. In this paper a systematic investigation of
the wafer cutting effects on the magnetic parameters of the
crystals is reported. A drastic decrease of coercivity with
decreasing sample size has been observed, and the origin of
this effect has been analyzed.

H. EXPERIMENTS

Epitaxial garnet films of the well-known common bub-
ble material { YSmCa),(FeGe)s0,, were chosen for the in-
vestigation, Films were grown by liquid-phase epitaxy
(LPE) on (111}-oriented 5-cm-diam Gd;Ga,0,, (GGG)
substrates. Film properties, measured by standard methods
of bubble film characterization, were typical of 5-um bubble
material, except for the coercivity ¥, which was extremely
high for cne of the two crystals (sample A, H, = 3.3 Oe)
chosen as representative samples in this paper.
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The garnet film on the back of the substrate was re-
moved by mechanical polishing prior to the measurements.
The characteristic parameters were measured af many
points on the wafer before dicing, and after cutting, the mea-
surements were repeated at the same points. The dicing was
carried out in consecutive steps, to obtain smaller and
smaller samples, and ail the parameters were remeasured
after each step. The sample size was decreased from 2000 to
5 mm>.

The static coercivity H, was measured by using the low-

freguency (200-Hz) domain wall oscillation method’; that
is, the amplitude of an ac field, oriented perpendicular to the
sample plane, was increased linearly from zero, and the re-
sponse of the moving domain walls was detected photoelec-
trically. The measurement was performed on stripes {in zero
external bias field) and on bubbie domains by the same
method in the presence of a static bias field H, (H 0e oue
< H, < H,, H, being the bubble collapse field). Bubbles
were generated by field pulses, which cut the stripes, and
then—by increasing the bias field—a bubble lattice was
created from the short stripes. The same value of H, was
used in every measurement for 2 given sample. On large
{250-mm?) pieces of both samples, the bias field dependence
of the bubble domain coercivity was measured, tog, t.e., the
dependence of coercivity on bubble domain size.

The coercivity of stripe domains was measured for dif-
ferent stripe patterns and/or domain length on large {250-
mm?”) samples, i.e., for stripe domains obtained by demag-
netization in a decreasing normal ac field and for domain
patterns obtained by application of field pulses. In the for-
mer case, shown in Fig. 1, the domains are long, and they
expand from one edge of the sample to the other; in the latter
case (Fig. 2} the original long stripes are cut into small seg-
ments of length of about 50-200 £em.

Most of the coercivity measurements were performed in
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a polarizing microscope, where magnetic field coils and a
photodetector are built into the microscope. The outside and
inside diameter of the ac-field coil are 25 and 10 mm, respec-
tively. The stripe domain coercivity versus sample size mea-
surement was repeated in another apparatus, built on an op-
tical bench with a He-Ne laser as the polarized light source.
The apparatus did not contain any optical element apart
from an analyzer, and a large coil {inside diameter 35 mm)
produced the ac field. If a small-diameter ac-field coil is
used, the measurement area of the oscillating domains is sit-
uated in a sea of stationary domains, whereas if the measure-
ment is performed with the large coil, the domain walls move
in the whole sample {except for the largest samples). A third
variation, i.e., moving domain walls in a sea of saturated
sample, was also realized, by using a smail- and large-diame-
ter bias coil producing opposite magaetic fields, the sum of
the fields being equal to zero in the actual measurement area.

The collapse field K, of the bubble domains was mea-
sured by an increasing-amplitude ac-field method.” Bubbles
subjected to static bias field H, were acted upon by a low-
frequency (200-Hz) ac field with slowly increasing ampli-
tude. The photoelectrically detected response of the “breath-
ing” domains showed a sudden breakdown at the amplitude
when the bubbles collapse. In another series of measure-
ments, an additional constant-amplitude high-frequency
field (10 Qe, 10 kHz) was present during the whole mea-
surement series. All the fields were oriented normal to the
sample surface.

The stripe domain period g, and the effective anisotropy
field H were measured as a function of sample size by
methods described in Refs. 3 and 4. The values of py and H,
were determined as a function of the distance from the sam-
ple edge. Otherwise, all the parameters were measured in the
center of the samples. The surface roughness was measured
by a Talystep surface profiler with better than 1-nm sensitiv-
ity. The accuracy of K, H,, p,, and H ¥ measurements was

+0.10e, 4+ 10e, +0.1um, and + 10 Oe, respectively.
All measurements were performed at room temperature.

il RESULTS

The most important parameters of the investigated sam-
ples are summarized in Table L

FIG. 1. Stripe domain structure of a garnet film, demagnetized by decreas-
ing ac field, applied normal to sample surface.
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FIG. 2. Stripe domain structure after application of field pulses normal to
surface.

The dependence of the coercivity on the sample size can
be seen in Figs. 3 and 4 for the two crystals of Table 1. H7
denotes the coercivity measured on stripes, and H ¢ is the
coercivity measured on bubble domains. It is seen that the
stripe domain coercivity decreases by one order of magni-
tude for sample A with decreasing sampile size. These figures
illustrate the results of measurements made in the micro-
scope with the smail-diameter ac-field coila. The measure-
ment series performed in the laser equipment with the large
coil provided the same value for the coercivity and the same
size dependence. Similarly, when the field distribution was
changed, i.e., when the sample was saturated around the
measured arez, it had no effect on the value or on the size
dependence of the coercivity.

The bubble domain coercivity H ® also decreases with
sample size, but not as rapidly as H 7, and i¢ starts {0 change
at smaller sample size. The measurements were performed
on a bubble lattice, where the average distance between the
centers of bubbles was about 35 um, i.¢., abont seven bubble
diameters. The density of the bubbles did not change when
the sampile size was reduced.

Figure 3 shows the behavior of the bubble collapse field
with decreasing sample size. There is a definite decrease of
H, about 2.5%, but it becomes pronounced only below
about S 1 cm”.

The stripe domain period and effective anisotropy field
do not depend on sample size. The character of the domain
structure did not change with sample size.

The effect of sample edge on the stripe domain period
and collapse field can be seen in Figs. 6{a) and 6(b), where
Dy and H, are given as a function of distance x measured from
the edge of the sample. Very near to the sample edge, p, and
H, are reduced, the stripe period reaches the value that was
measured at the center of the sample at a distance of about
6p, (=60 um) from the edge, and the collapse field does the
sarne at a distance of about 40p, from the edge.

As shown in Table 11, there was ne measurable differ-
ence in the coercivity of the different stripe domain patterns
of Figs. 1 and 2, and similarly, the H? coercivity was the
same for bubbles of different domain diameter, as illustrated
in Fig. 7. The stripe domain coercivity of the smallest sam-
ples was not influenced if a large piece of sample was brought
into mechanical contact with the small sample. Application
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TABLE I. Magnetic properties of S-cm-diam epitaxial garnet wafers (4784, , saturation magnetization; ., stripe domain coercivity; K, , uniaxial anisotropy

constant; A, thickness; H,, bubble collapse field; p,, stripe domain period; 8, = \[E’K +» domain walf width; y, = 4,[AK . » domain wall energy; /, characteris-

tic material length).
4oM, H, K, A H, Do 8, Y I/h
Sample (G) {Ce) {ergcm 3} {um) (Oe) (um) {um) {ergecm™1)
A 211 Q.5 3040 5.3 120.5 9.0 0.048 8.17 0.087
B 205 33 88R0 5.4 105.5 10.5 0.047 Q.17 G.114

of the 10-kHz frequency and 10-Oe amplitude ac field during
the collapse field measurement caused a slight change in the
absolute value of the collapse field, but the size dependence
remained unchanged. No difference in the surface roughness
was experienced for different size samples.

V. DISCUSSION

In an endeavor to understand the dependence of the
measured coercivity on sample size, we considered the exist-
ing theories of coercivity as well as the details of the method
of measurement.!

A. Domain-wall-length dependsance

In the case of stripe domatns, one may assume that in
larger samples the stripe domains are longer, because the
stripes tend to be as long as possible. In such a way the do-
main length could be scaled by the sample size. There are
several models of coercivity®™® in which the domain wall
length is involved, and a connection between coercivity and
domain wall length is expressed. By using these models the
coercivity could be related to the sample size and, in such a
way, compared with our experiments. On samples of un-
changed size, however, no coercivity dependence on the do-
main wall length was observed. The coercivity H$, mea-
sured on any sample of a fixed size, had the same value no
matter how long the stripe domains were (see Table II,
which compares measuremenits on stripes of Figs. 1 and 2),
and also, H'? measured on bubbles was the same no matter
how large the bubbles were, provided they were sufficiently
well separated from each other (see Fig. 7). Judging from
our measurements, the coercivity does not depend on the
domain wall length.
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FIG. 3. Dependence of stripe (&) and bubble (¥ 2 domain coercivity on
log of sample surface area § for sample A.
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8. Size dependence of the anisotropy

The coercivity may be influenced by mechanical stresses
in a magnetic body via the magnetoelastic interaction. The
value of coercivity is proportional to local changes of the
domain wall energy, and in this way, it is a function of local
changes of the total anisotropy energy. In the epitaxial gar-
nets the anisotropy is a combination of the cubic crystalline
anisotropy K, which can hardly be suspected to be size de-
pendent, and the uniaxial anisotropy K, , which, in turn, is
composed of a growth-induced part X £ and a stress-induced
part K7, The main stresses in epitaxial garnets are due to the
film-substrate lattice mismatch. However, this stress is inde-
pendent of sample size, and it cannot be refaxed by sample
cutting. Local changes of X £ and K¢, around defects do not
change with sample size either. No size dependence of the
anisotropy has been experimpentally measured. As a conse-
quence, the measured coercivity changes can hardly be
caused by a dependence of the anisotropy on the dimensions
of the samples.

C. Effect of the paramagnetic subsirate

Ferrimagnetic films can be grown on a paramagnetic
Gd;Ga;0,, substrate, with substantial susceptibility. We
can estimate the contribution of its field-induced maguetiza-
tion 4w = y, H_,, to the magnitude of the external field
acting on the sample. The normal component of the magnet-
ic induction inside the substrate, reduced by the demagnetiz-
ing field, is the same as the induction outside, but close to the
surface it is given by

Boe=H, +4rM(1 -N,). (1)
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FIG. 4. Dependence of stripe (¢} and bubble (¥ ?) domain coercivity on
log of sample surface area S for sample B.
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FIG. 5. Dependence of bubble domain collapse field H, on sample surface
area S for samples A and B.

This means that the field acting cn a film grown on a para-
magnetic substrate with susceptibility ¥, and shape demag-
netizing factor N, is

HslxerHext[l+Xs(1—N2)] . (2}

For very large samples, N~ 1 and H, = H,.,, but for the
smallest sample used in the experiments, (I — N,)}=0.3.
The measured susceptibility is y, =0.0075, and so the film
feels 2 magnetic field larger by about 0.25% than the applied
field H,,,. Because of this effect, the external field necessary
to collapse the bubbles is smaller for smaller samples, but the
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FIG. 6. Dependence of (a) p, stripe domain period and (b} H, bubble do-
main collapse field on distance x, measured from edge of sample. (Measure-
ments were made on a 1.3-cm? piece of sample B}
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TABLE I1. Stripe domain coercivity measured on 2 9-cm? piece of sample B
at different sites (a—e} of the sample. H* and H ¥ denote the coercivity of
domain structures, illustrated in Figs. 1 and 2, respectively.

a b ¢ d e
H (Oe) 3.40 3.28 3.40 3.35 3.33
H# (0e) 3137 3.23 3.43 3.47 3.38

magnitude of this effect is about 10 times smaller than was
observed experimentally.

D. Effect of sample boundaries and edges

The presence of sample boundaries infiuences the pat-
tern of the domain siructure, because, as a result of stray
fields, the energy of any domain depends on its position rela-
tive to the sample boundaries. This influence was evaluated
in Ref. 8 for a semi-infinite plate, and it was shown that the
demagnetizing field is greatly reduced at the edges (by
50%), but this effect is limited to an area very near to the
edges. At a distance of 5p,, the demagnetizing field reaches
more than 90% of its “"bulk” value inside the sample. In the
present case the sample size is always much greater than the
average domain size; even for the smallest sample,
S Y25 500p,. The boundary effect is able to reduce the do-
main size very near to the edge, but the size of the domains in
the middle of the sample—where the measurements were
carried out—was not changed. Consequently, the coercivity
could not be affected by any change of the domain period due
to the sampie size, and in the areas of the actual measure-
ment, such changes simply did not take place.

Some stripe domains are always pinned at the sample
edges. In the large samples long stripes are pinned at the
edges which are far from the area of measurement, and so the
stripes can be influenced by this edge pinning in another way
than shorter stripes in smaller samples where the edges are
closer to the measuring point. However, bubbles and very
short stripes (Fig. 2) are not pinned at the edges at ail. In
contrast to this the measured coercivities of the very short
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FiG. 7. Dependence of bubble domain coercivity (X ¢} on bubble diameter
d for samples A and B.
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and long stripes in each sample are equal to one another and
differ from that of bubbles. We conclude that the pinning of
stripe domains at the edges of samples with different dimen-
sions cannot be the reason for the sample size dependence of
the measured coercivity. This conclusion is supported by the
measurements, performed at various field distributions.

E. Domain geometry effects

The bubble array used for the measurement was a loose
system of cylindrical domains with diameters substantially
smaller than the mean bubble-to-bubble distance. In such a
system the mutual interaction of neighbors is low, and in
these limits the coercivity practically does not depend on the
bubble diameter (see Fig. 7). What the coercivity does de-
pend on, however, is the domain wall energy. The wali ener-
gy 7., listed in Table I, is the value calculated from the
equilibrium stripe domain period and is valid for the long
stripes of Fig. 1. The wall energy of the measured bubbles is
probably different, because these bubbles were generated by
the application of field pulses on the system of stripes, and as
our samples were not ion implanted, the resulting array con-
sisted mostly of hard bubbles, i.e., of bubbles with a consider-
able number of Bloch lines in their walls. Asshown in Refs. 9
and 10, the coercivity measured on such a system of hard
bubbles gives values increased by some 25% over those ob-
tained on soft bubbles (e.g., on bubbles in ion-implanted
samples or bubbles in any sample generated by a guasistatic
large in-plane field.’®!' The generally larger absolute values
of coercivity obtained for bubble domains as compared to
stripes can partly be attributed to the larger wall energy den-
sity in the former system. The other part of the difference
comes from the mutual interaction of neighboring do-
mains.'¢

As the short stripes of Fig. 2 were obtained from the
loose bubble array by a simple decrease of the bias field &,
down to zero, the same number of Bloch lines should exist in
each short stripe as existed in each former bubble. However,
the domain wall area of each short stripe is substantially
larger than that of a bubble, so that the density of Bloch lines,
and also the density of the wall energy, is considerably de-
creased. This fact, together with the observed clustering ten-
dency of Bloch lines in oscillating walls,'? explains why the
coercivity measured on the short stripes is lower than that of
the bubble array and practically equal to that of the long
stripes.

F. Role of free-energy derivatives and change of the
collapse field

The total free energy of a sample with domain structure
is a function not only of the domain geometry and material
parameters, but alsc of the sample shape and dimensions.
The magnitude of the total energy per unit volume is actually
not much influenced by the sample size—at least as long as
the sample dimensions do not change in an extreme way—
but the first and second derivatives of the total energy are
very sensitive to sample size changes and so are all those
physical parameters that directly depend on the energy de-
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rivatives. The dependence of the bubble collapse field on the
sample size can be interpreted in this way.

If we comsider a circular sample with a finite diameter
and a single bubble domain in the center of the sample, the
bubble collapse field H,; can be calculated according to Ref.
13 as

Hy, _Fldyh)—~1/k
4urM, do/h ’

where d, is the collapse diameter of the bubble, and Fis the
Thiele bubbie force function given by the first derivative of
the sample total energy with respect t¢ <. The bubble col-
lapse diameter d,, is the sclution of the equation

Sildg) =1/4, (4

where 8, is the bubble radial stability function calculated
from the first and second derivatives of the sample’s total
energy. In Ref. 13 the Fand 5, functions are presented for a
single bubble in an infinite sample. In Ref. 14 the corre-
sponding expressions of F and §; are given for a bubble in a
finite plate.

The calculations of H, according to Ref. 14 and Egs. (3)
and (4) lead to a similar dependence of the collapse field in
the sample size as observed. The calculated decrease of Hy,
for our smallest sampie is 1.1%, which is comparable to the
measured value of 2.5%. Moreover, the single bubble ap-
proximation used for the calculation does not quite corre-
spond to the experiment, which was performed on an array
of many bubbles. To obtain stili better agreement, the mutu-
al interaction of bubbles [which influences the energy de-
rivatives in a similar way as the limited sample size (see Ref.
15) | should be taken into account, to0o.

In principle, a change of the coercivity can cause a
change of the measured value of the collapse field, because
coercivity can influence the stability range of the bubble di-
ameter ¢, and apparent measured H,. By application of a
kigh-frequency ac field during the H; measurement (ac am-
plitude> H._ ), the effect of coercivity can be avoided. This
measurement proved that the sample size dependence of the
bubble collapse field is an independent effect, not directly
related to the size dependence of the measured coercivity.
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FIG. 8. Measured stripe domain coercivity curves for three pieces of sample
B of differing size: S; = 250 mm?, S, = 40 mm?, and §; = 5 mm”.
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G. Method of 4, measurement and the initial
magnetization curve

The generally accepted measurement method' deter-
mines the domain wall coercivity &, as the field amplitude
extrapolated from the linear response of the domain wall
motion versus the ac-field amplitude down to zero {illustrat-
ed in Fig. 8 for three different sample sizes). Each of the ac
magnetization curves in Fig. & is composed of three typical
parts. There is an initial linear part at very low field ampli-
tudes, then comes a curved knee, and then again 2 linear part
at higher fields. The initial linear part is understood as the
region of fully reversible motion of domain walls. The walls
are governed by the presence of the external field only to the
extent that they do not leave their present local pinning coer-
cive potential microwells, On the decrease of the field to
zero, they return to the exact positions as before. There is no
hysteresis for such small wall motions. Such a behavior of
domain walls in the initial region of the field amplitudes has
been confirmed experimentally.!® The higher field lnear
part of the curves in Fig. 8 corresponds to the irreversible
motion of the domain walls when the applied field amplitude
is high enough to move the domain walls without notice of
the coercive potential microwells, and the shift of the
straight line to the right in Fig. 8 gives the threshold field
value M. The curved knee between the two linear parts cor-
responds to a transient state, i.e., to the average of the behav-
ior of many domain walls in many coercive potential
microwells in the area of measurement. Some walls start to
move in the irreversible way sooner than the others; the spa-
tial and strength distributions of the pinning points cannot
be expected to be quite regular.

Asseen from Fig. 8, it is the initial part of the curves that
shortens and turns up if the sample size decreases. One of the
mechanisms contributing to the shortening of the initial lin-
ear parts of the curves in Fig. 8 is the different shearing of the
hysteresis loops as a consequence of the difference in the
magaitude and the spatial distribution of the shape demag-
netizing factor of the film itself in large and small samples.
Becaunse of the lower value of the demagnetization factorina
given externai field, the domain walls of a small samplesec a
higher internal field than those of a large sample. As a conse-
guence, in small samples a lower external field ampiitude is
strong enough to pull the walls beyond the initial coercive
potential microwells. The initial linear parts of the curves
(Fig. 8) are thus shortened, and we measure a lower H, in
small samples than in large ones. The change in the demag-
netization factor of the magretic film between our largest
and smallest sample is only about 1%, and this cannot ex-
plain the effect quantitatively. Qualitatively, however, it can
contribute to the observed dependence of the measuvred coer-
civity on the sample size.

The shortening of the initial linear part means that
smaller field amplitudes are strong enough to overcome the
maximum slope of the coercive potential microwells for do-
main wall motion. If the straight line starts to increase in a
supralinear fashion, it means that the slope of the microwelis
is decreased, and the walls are moved by the field more easi-
Iy, L.e., with higher susceptibility. Thus the smaller the sam-
ple, the shallower seem to be the initial coercive potential
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microwelis. In the same manner as was suggested in Ref. 17,
we believe that this effect is mainly a consequence of the
influence of the different steepness of the total free energy of
the sampies of different size, which adds up with the steep-
ress of the true coercive potential microwells. Thus the gen-
eral influence of the sample’s total energy increases the pin-
ning force of the local material fluctuations. In large samples
the support is stronger, and in small ones the support is less
strong. Here again, as in the case of the bubble-collapse-field
calculation, the slope of total energy and sample initial sus-
ceptibility are expressed by the first and second energy de-
rivatives, i.e., by quantities very sensitive to the sample di-
mensions.

The calculation of the total energy of a finite sample
with a stripe domain structure is cumbersome because of the
low symmetry of the problem. But it is not difficult to caleu-
late the influence of the limited dimensions of the sampie in
the highly symmetrical case of a single bubbie in a circular
plate, and the calculation of the total energy as 2 function of
the distance between bubble domains in 2 regular bubble
array-is rather easy. The susceptibility of bubble domains
was calculated in Ref. 18, and the results qualitatively sup-
port the above arguments. A bubble surrounded by a closed
system of neighboring bubbles (i.e., a cylindrical domain
with magnetization + 473, in the matrix domain baving
magnetization -~ 4mM, partially surrounded by neighbor-
ing bubbles with magnetization -+ 4734, ) is qualitatively in
& similar position to a bubble in a plate of a limited diameter
(i.e., a cvlindrical domain with magnetization -+ 47, in
the matrix domain having magnetization — 4w, com-
pletely surrounded by free space with zero magnetization),
Thus the close-packed system of bubble domains can be con-
sidered as an approximate model system of a domain in a
sample with limited dimensions. The properties of the total
energy of an array of bubbies as a function of the decreased
aeighbor-to-neighbor distance should correspond to those of
a bubble in a sample with decreasing dimensions {compare
the corresponding curves in Ref. 15). Therefore, the coerciv-
ity measured on such & Bubble array should decrease with
the decrease of bubble-to-bubble distance, in full agreement
with the experiment.’®

Y. CONCLUSIONS

It was observed experimentally that both stripe and bub-
ble domain coercivity, measured by the wall oscillation
method, significantly decrease with the decrease of the sam-
ple size from 2000 to § mm? of epitaxial garnet layers. The
bubble collapse field was found to decrease by a few percent.
Measurement of other parameters (stripe period, character-
istic material length, domain wall energy, uniaxial anisotro-
py, saturation magnetization, and thickness) gave results
that were independent of sample size.

Experiments showed that the change of domain wall
length, of stress-induced anisotropy, the influence of domain
pinning at the sampie edges, or change of stripe domain peri-
od are not responsible for the observed sample size depen-
dence of the measured coercivity and collapse field. The col-
lapse fieid variations were found to be independent of those
of the coercivity.
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Three effects may jointly contribute to the observed
sample size dependence of the measured coercivity. Two of
them, the shearing of the hysteresis loop and the effect of the
substrate demagnetization factor, modify the difference
between the measured external applied field and internal
field actualily driving the domain walls. A quantitative esti-
mate showed that both of these effects work in the proper
direction, but they are both too weak to explain the mea-
sured values.

The third mechanism considered is the impact of the
total free energy o the coercivity. In contrast to the first and
second mechanisms, this third one changes the magnitude
and range of the restoring force, since it changes the slope of
the potential microwells. With suitably shaped intrinsic
“material” microwells, even a very smail change of the slope
can cause an appreciable variation of the initial linear re-
sponse in Fig. 8 and, therefore, of the wall coercivity mea-
sured according to Ref. 1. It has been shown that the first
and second derivatives of the total free energy are sufficient-
Iy sensitive {0 the sample size to explain the observed effects.
This effect has been directly demonstrated in the case of the
collapse field changes.

In the case of the domain wall coercivity (which is mea-
sured and understood as the minimum field value necessary
for the domain walls to start moving in an irreversible way}),
the full pinning force of the local potential microwells is as-
sumed to be the sum of two effects: one being the true struc-
tural or material inhomogeneities that resuit in the distribu-
tion of the intrinsic potential microwells, the other being the
total free energy of the whole sample whick supports the
steepuess of the slope of the “material” microwells. This sup-
port is larger (greater dependence of the free energy of the
sample on the position of the domain walls) in large samples
and smaller in smaller ones, resulting in the observed sample

170¢ 4. Appl. Phys., Vol 68, No. 5, 1 March 1988

size dependence of coercivity. The assumption is in gualita-
tive agreement with susceptibility calculations on samples
with limited dimensions'® and was confirmed by a model
experiment on an array of bubble domains in which the bub-
ble-to-bubble distance was changed.’® A quantitative com-
parison with the theory is difficult without a more detailed
knowiedge of the actual shape of the intrinsic coercive poten-
tial microwells. Efforts are being made to obtain such infor-
mation.
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