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The kinetics of the motion of local sections of a domain wall in an iron-garnet
film was investigated by comparing high-speed photographs of the dynamic
configuration of a cylindrical magnetic domain. The appearance of sections with
effective-mass densities that differ by one order of magnitude was observed for
the first time.

PACS numbers: 75.70.Kw

To determine more accurately the mechanism whereby a cylindrical magnetic
domain (CMD) changes from a statistically stable circular or elliptical shape
to the “smudged” dynamic configuration observed in the course of a sufficiently
rapid radial expansion or collapse, 2} a study was made of the local motion of
different sections of the wall on the periphery of the domain. The CMD set in
and grew under the influence of a pulsed magnetization-reversing pulse H, per-
pendicular to the surface of the sample, The field H,=650 Oe was produced by
applying current pulses of amplitude ~7 A and duration 7,~ 400 nsec with rise
times ~50 nsec in a flat coil of 2 mm diameter, located near the surface of the
sample. The initial magnetic moment of the reversed region was restored by a
de bias field H,=170 Oe, The positions of the walls of the growing and relaxing
domain were determined by successive photography of the dynamic configuration
of the CMD with a magneto-optical setup using a UMI-93 electron-optical con-
verter to increase the brightness of the image. {21 The illumination source was
an injection laser with a double heterojunction based on GaAs—GaAlAs, operat-
ing at a wavelength ~0.9 p. The duration of the light pulse, 15 nsec, made it
possible to record the dynamics of the variation of the CMD configuration with
a sufficiently high resolution. The temporal position of the light pulse relative
to the start of the magnetization-reversing pulse was established with the aid of
a delay line, The samples were iron-garnet films of the system
(YGAYbBi)3(FeAlGa);0y,, obtained by liquid-phase epitaxy on single-crystal
plates of gadolinium-gallium garnet, The inclusion of bismuth in the films
made it possible to increase by almost one order of magnitude their optical @
factor and ensured a sufficiently high contrast of the high-speed photographs of
the dynamic configuration of the CMD. By way of example, Fig, 1 shows photo-
graphs of CMD at different values of 74 (7; is the time of the delay between the
start of the light pulse and the start of the magnetization-reversing pulse).

A comparison of the photographs of the dynamic configuration of the CMD at
different instants of time has made it possible to obtain the time dependence of
the distance R of individual sections of the domain boundary from its center,
as shown in Fig. 2. Each point on the plot is the result of averaging the mea~
surements of the wall position for three segments of the CMD periphery that
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FIG. 1, Photographs of the dynamic configuration of CMD at different instants
of time 7, after the start of the action of the magnetization-reversing pulse of
amplitude Hp =650 Oe and duration 7,~ 400 nsec, The bias field was 170 Oe,

were different but behaved similarly, The vertical lines show the scatter of
the obtained values,

An analysis of the experimental data reveals that from the instant when the
domain is produced up to the instant 7, when the magnetization-reversing pulse
terminates the different sections of the CMD wall move radially from the center
with approximately the same velocity in all directions (curve 1 of Fig, 2). It is
seen that the process of the radial expansion proceeds with a certain constant
velocity, on which rather noticeable oscillations are superimposed starting with
t =200 nsec,

After the termination of the H, pulse, the main part of the wall begins to move
under the influence of Hy, towards the center of the domain (curve 2 of Fig, 2),
At certain points of the wall, however, with an average density 0, 2 point per
micron of the CMD perimeter, the motion from the center of the wall continues
also after the end of the H, pulse (curve 3). A noticeable return of the resultant
stubs to the center of the CMD begins only after 0,7—0, 8 usec. This different
behavior of the individual sections of the domain wall notwithstanding, the
CMD acts as a unit the entire time. Only at = 1.6 i sec does the con-
trast of the magneto-optical image of the bridges between the stubs and the
main body of the decreasing CMD disappear and the remnants of the stubs and
the principal part of the CMD relax separately, Using for an analysis of the
obtained experimental data the known equation of motion of a domain wall:

2
mi_R +Bdi +cR=2MsH¢ (1)
de? de
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FIG. 2. Time dependence of the distances of the individual sections of the
domain wall from its center.

(m is the effective mass, B is the coefficient of viscous damping, ¢ is the coef-
ficient of the quasielastic restoring force, and M, is the saturation magnetiza-
tion) and estimating g from the expression of the steady-state velocity of the
wall of the expanding domain in the interval 0 <f <0,45 usec

V=2M_5H,, (2
B

we can show that the behavior of the wall sections that continue their radial
translational motion after the end of the H, pulse are described with sufficient
accuracy in the interval 0.5 psec <t =1,5 pusec by expression (1) with the
parameters values m=1x10% g/ecm?, 8=3.6 gem=?sec!, and c=5x10°
gem?sec?, For all the sections of the domain wall which begin to move to-
wards the CMD center after H, is turned off, the estimates yield m=1x10-"
g/ cmz, which is the cause of the predominantly viscous character of their
behavior at constant 8 and c.

The appearance of sections with increased values of the effective mass can
apparently be attributed to the local domain-wall structure changes during the
course of the motion (see, e.g., B},
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