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Abstracts

Typical magnetic bubble propagation failure mo-
des of ion implanted magnetic bubble cemputer m-
emorydevices were observed and their failure me-
chanisms were analize. The skidding failure sode
is due to the pushing of a strong repulsive cha-
rged wall. If this pushing is stronger than the
edge affinity of the bubble in the cusp, the bu-
bble moves out of the cusp when it is supposed
to stay there. The stripeout failure modes acro-
ss the adjacent track or along the track can be
explained by considering the relative strength
of the charged wall and the edge affinity encou~
ntered by both ends of the stripe. The skipping
of the first cusp of a track is believed to be
due to the whipping motion of the charged wall.

The bubble moves directly to the second cusp
via the long charged wall pointing to the seco-
nd cusp skipping the first cusp.

1. Introduction

Magnetic bubble memory devices{1,2] are non-vo-
latile magnetic digital information sterage uni-
ts which do not employ mechanical parts such as
electric motors that are used in other magnetic
information storage devices such as magnetic di-
sks or tapes. They are non-volatile in the sense
that the stored information is not lost in the
event of power failure unlike most semiconductor
memory devices. The data are encoded as the pre-
sence or absence of magnetic bubbles which are
cylindrical magnetic domains in thin epitaxial
magnetic garnet films grows on non magnetic sub-
trates, and which exist in certain range of mag-
netic field applied perpendicular to the films.

In ion implanted devices[l], bubbles move aleng
the ion - implanted patterns attached to the so
called charged walls created at the boundary of
the ion implanted patterns in the presence of a
rotating in-plane magnetic field. Therefore, the
bubbles exist and propagate only in certain ran-
ges of a couple of magnetic fields. At the extr-
emes of these field ranges, the bubbles do not
propagate properly, collapse or stripe cut form-
ing stripe domains instead of bubble domains.
Some of these bubble propagation failure modes
were mentioned in the literatures{1]. However,
their origins and mechanismss have not been expl-
ained for most of the failure modes.

In this paper, the failure modes of bubble pro-
pagation observed in the ion implanted devices
are listed and their failure machanisms are exp-
tained,
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2. Bubble propagation in ion implanted devices

Ion implanted devices use charged walls as the
bubble driving force which are created at the
boundary of the implanted patterns as shown in
Fig.l. The charged walls are positively or nega-
tively charged and therefare attract bubbles
whose tops are negatively or positively charged,
respectively. As the in-plane field rotates, so
do the charged walls dragging the bubbles along.
The bubbles actunally propagate along the bounda-
ry for about one third to one fourth of a cycle
of the rotating field and stay at the cusps of
the patterns for the remsinder of the cycle,

Therefore, bubbles move from cusp to cusp or
tip to tip during a cycle of the field. tharged
walls are formed on both sides of an unimplanted
disk as shown in Fig.2.

.6n the right-hand side of the disk, a positive
charged wall is created by the convergence of

the magnetization and across the disk on the
teft-hand side, a negative-charged wall is creat-
ed by the divergence of lhe magnetization. & bub-

ble is attracted to an oppositely polarized char-
ged wall. As the applied in-plane field is rotat-
ed, the charged wall rotates dragging along the
hubble. Actual propagation tracks are formed by-
contiguously joining many of these propagation e-
fements together as was shown in Fig.l.
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Fig.l Bubble propagation along ion
implanted tracks
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Fig.2 Perspective view nf an ion
implanted device

One of the major difficulties that has confront-
ed the designers of the ion implanted devices has
been the anisotropic propagation of bubbles[3].
Bubble propagation in ion implanted devices is
much move difficult in certain crystal orientati-
ons than in other directions. Typical bias margi-
ns for propagation tracks oriented in {T12] and
[T10] directions are shown in Fig.3. The bias ma-
rgin is the figure of merit of the bubble device.
It indicates the bubble device operating range in
the bias field-drive field plane. If both applied
fields are located inside curve, the bubbles pro-
pagate properly. As is shown in Fig.3, the bubbl-
es propagated on one side of the tracks (bad tra-
cks) oriented in [110] direction have a auch sama-
tler bias margin than the bubbles on the other
side of the tracks (supey tracks). The bubbles on
the tracks oriented in [{I2] direction propagate
equally well on both sides of the tracks and tho-
se tracks are called good tracks.
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Fig.3 Average guasistatic operating maygins for
Propagating lum bubbles based on large
amount of experimental data.

Bias_aargin in.normalized to 42 M{600 g).
The in-plane field is normalized to
an effective crystalline field ny

3. Propagaion failure modes - observation and
discussion
3.1 Skidding
Skidding is a failure mode in which a bubble mo-
ves generally two periods of a propagation track
during one period of rotating in-palne field cyc~
le, which is explained in Fig.4.
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Fig.4 Skidding failure mode

The bubble pesitions on the track and the corre-
sponding in-plane field (Hx,) directions are sho-
wn in the figure. During the Phase A, the bubble
is driven by an attractive charged wall (pormal
propagation mode) from the top cusp to the center
cusp. The bubble stays in the cusp during the Ph~
ase B. During a normal propagatin cycle, the bub-
ble would stay in the cusp through Phases B,C and
D and would be picked up by an attractive charged
walls when the in-plane field points in direction
1. However, during skidding the bubble is pushed
along the track by a repulsive charged wall and
arrives at the bottom cusp during the Phase C.

The bubble then stays in the cusp during the Phase
D until an attractive charged wall drives it out
of the cusp. )

The skidding failure mode happens basically bec-
ause the affinity[1] of the cusp is not strong
enough to hold the bubble in the cusp against the
pushing of the repulsive charged wall. It h§ppens
most often in bad tracks because the repulsive
charged wall is strong. It is often observed that
the bubble wiggles in the cusp before it starts
to move out of the cusp under the influence of

the repulsive charged walls as the bias field is

increased. The bubble wiggles in the cusp because

of the pushing of the repulsive charged walls. If
the bubble dose not surceed in moving cul, it fa-

I1s back to the cusp. Every time & repulsive wall

passes over the bubble, it is pushed and moved in

the direction of the wall movement, then once the
size of the bubble becomes small enough due to
increased bias field, the bubble finally moves
out of the cusp. Usually the skidding a bubble
collapses soon after it comes out of the cusp as
the bias field is increased. The collapse field
of a skidding bubble is quite low compared with
other bubbles because it is under the influence
of a repulsive charged wall instead of ar attra-
ctive charged wall.

3.2 Stripeout

As the bias field is lowered, bubbles start to
stripe out, There are two modes of stripeout.

The first is bubble stripeout across the adjace-

nt tracks. The second is stripeout along the pa-

ttern edge. The former is more common and the

latter occurs when the charged wall is not stro-

ng compared with the edge affinity along the pa~

ttern edge. Bubbles then stripe along the patte-

rn edge rather than along the charged wall which

is approximately perpendicular to the edge.
3.2.1 Stripeout Across Adjacent Tracks

Bubble stripeout failure modes across adjacent

good tracks are shown Fig.§.
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Fig.5 Bubble stripeocut across adjacent track:
Bubble moving up [{a)-(b)-(c}] or moving
down [{d}-(e)-(f)] can occur
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Diagrams {a), (b) and (c) show the failure mode
when the in-plane field rotates clockwise and
{d), {e) and {f) show the failure mode when the
in-plane rotates counterclockuise, When the in-
plane field points near one of the easy stripe
directiens in (a), the bubble on the bottom tra-
ck stripes out and is stretched all the way to
the cusp of the top track because at this field
direction the cusp has an attractive charged wa-
11. As the field rotates the bottom side of the
stripe rotates to the direction of the hard str-
ipeout direction (b). As this point, the stripe
shrinks to the cusp of the top track if the cusp
is much more attractive to the bubkle than the
bottom track. In most conventional devices (hig-
hiy anisotropic), bubble move up which indicates
that the attractive charged wall strength at the
hard stripeout charged wall (flip) position is
weak. If the field rotates clockwise in diagram
{a) the stripe shrinks back to the bottom track,
because the cusp of the top track encounters a
repulsive charged wall. Diagrams (d),{e} and (f)
show the failure mode when the in-plane field
rotates counterclockwise. The processes are si-
milar to what happens in case of the clockuise
rotating field. This time the stripe shrinks to
the bottom cusp and the bubble thus moves douwn
to the adjacent track. Similar propagation fai-
jure occurs between good and super tracks as
shoun in Fig.é.
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Fig.6 Bubble stripeout between bad and
super tracks

When the field points into the cusp of the su-
per track, the attractive charge wall is formed
there and the bubble on the bad track is striped
out and stretched into the cusp. However this
time the rotating field sense does not make a
difference. As the field rotates in either dir-
ection, stripe end on the bad track side emcou-
nters charged wall flip positions shown as dot-
ted lires and shrinks to the cusp on the super
track in most cases. Therefore, the bubble mov-
es mostly to the right {super) track.

3.2.2 Stripeout Along the Track

This failure mode occures when the bubble is
in the cusp at low bias field and generally at
high in-plane field. At high in-plane field,
the charged wall influence over the bubble (st-
ripe) domain is diminished and the effect of e-
dge affinity therefore becomes relatively stro-
nger. Hhen the in-plane field is directed along
the boudary of the pattern as shown in Fig.7(a),
the bubble stripes out along that boudary.

As the field rotates counterclockuise as shouwn
in Fig.7(k), the stripe generally shrinks back
to the cusp and forms a bubble ayain. However,
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Fig.? Stripeout along the track

the stripe can also stretch out from one cusp to
the next as shown in the figure. As the field
further rotates Fig.7(c), the stripe shrinks ba-
ck to the next cusp and eventually forms a bubb-
le there. Thus the bubble moves one bit position
to the right while it is supposed to stay at the
cusp.

3.3 Skip

This failure mode happens when the bias field
is low and the drive field is also low. In most
cases a bubble skips the first cusp as it turns
around (clockwise) the end of the track as sho-
wn in the bottom in the Fig.§.
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Fig.® First cusp skip

It happens more frequently in close-packed tr-
acks than in isolated tracks. Mast interesting-
ly, it does not happen on the right side of the
track when the track is oriented with respect
to the crystal orientation as shown in the fig-
Hre.

At low bias and low drive field, the charged w-
all can become very long during the whip motion
which occurs when the in-plane drive field poin-
ts in the easy stripeout direction. As is shown
in the bhettom track of Fig.8, the long charged
wall bends in between two adjacent tracks and r-
eaches the second cusp from the end of the track
casuing the bubble to jump to the cusp if it has
lower potential well, skipping the first cusp.
This failure happens mostly at the end of the t~
rack , because further inside, the charged wall
during the whip motion does not grow so long be-
cause of the adjacent track. In the top track of
Fig.8(a), the charged wall is not forced to bend
by the adjacent track and it more often does not
reach a cusp. Then the bubble propagates normal-
ly.
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The reason the same fajilure mode does not o-
ccur on the right side of the track is shoun in
Fig.&{k). Here, the whip motion occurs when the
field direction peints to the right and by the
time the charged wall enters the region between
the tracks it actually undergoes a flip motion.
Therefore there does not exist a long charged w-
all which could reach the second cusp and the b-
ubble does not skip the first cusp as it rounds
the end of the track.

3.4 Trap at Cusp {Hang Up)

This is the most common failure mode at low dr-
ive field. At low drive field the charged wall
does not move smoothly and jumps at the flip di-
rections leaving the bubbles in the cusps. As t~
he bias field is increased, the bubble sizes sh-
rink and the bubbles can move easily and follow
the charged wall, giving the negative slope at
the lower left corner of the bias margin. The b-
ubbles are most often trapped in the cusps of t-
he end of the track.

4. Conclusions

The observation and analysis of the magnetic b~
ubble failure modes in the ion implanted magnet-
ic bubble devices leads to the following cenclu-
sions. [1] The skidding failure mode is due to
the pushing of a strong repulsive charged wall.
Since the repulsive charged wall is strongest in
the “"bad® track, this failure mode is most pron-
ounced in the "bad” track. [2] The stripeout fa-
ilure mode at low bias fields can be explained
by the relative strength of the charged wall at
one end of the stripe and the edge affinity at
the other end. The stripe shrinks back to the 1-
acation where the attraction is stronger. [3]
The first cusp skipping failure mode is due to
the whipping motion of the charged wall at low
bias fields. The long charged wall provides the
bridge to the secend cusp causing the premature
propagation to that position.
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