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REDUCTION OF DROPOUT ERRORS IN MAGNETIC RECORDING SYSTEMS

R. A. Von Behren

The past few years have witnessed a
coming-of-age for magnetic recording
rmethods inthe field of data acquisition
and storage. Digital tapes are now as
well accepted as either written docu-
ments or punched cards as reliable
records in the data processing field,
and tape analog records have all but
replaced oscillographic records as the
first line storage media for high speed
data acquisition. However, the suc-
cess of these operational magnetic
tape systems has spurred the quest for
even more efficient equipment and
methods. System engineers are seri-
ously asking the question of whether
data cannot be recorded on magnetic
tape 10 or even 100 times as rapidly
and as compactly as on present equip-
ment. While there are many problems
to be solved in accomplishing such an
objective, perhapsthe most serious is
the increase in signaldropouts normal-
ly associated with higher information
densities on the tape. Therefore a
careful study of the causes of drop-
outs is the first step towards more
efficient data recording systems.

Dropout studies made a few years ago
revealed a large number of coated-in
defects in magnetic tape. These may
be exemplified by the large oxide clump
and the coated-in fiber shown in figure
1. However, since 3M's new pro-
duction facilities went on stream in
1957 this kind of gross defect has been
virtually eliminated. Success in this

endeavor is due in large measure to
engineering advances in tape coating
machines, a portion of which is shown
in figure 2. Dust control measures in
these areas rival those employed in
transistor and gyro assembly rooms.
However, in spite of the great reduc-
tions in gross tape flaws brought about
by improvements in coating methods,
smaller dropouts continue to be a
problem inhighly critical applications.

When viewing the envelope of signals
reproduced from tape, these dropouts
appear to be remarkably similar in
shape. Indeed, it might be said that
severe dropouts in which the signal
amplitude falls nearly to zero are in-
variably of considerable time duration,
whereas small dropouts in which the
signal amplitude drops only slightly
are invariably of short duration. This
suggests thatdropoutareas on the tape
are roughly circular, having about the

FIGURE 1.
Photo-micrographs of two common types of coated-in tape
flaws which have been largely eliminated by modern
coating methods,
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FIGURE 2.
Yiew of modern tape coating machine, MNote the hospital
cleanliness throughout.

same length (time duration) as width
{amount of signal lost from a recorded
track). It should be possible then, to
form some sort of graphic conception
of these circular dropout areas.

Careful observations of dropout areas
onthe tape failed to reveal any absence
of magnetic material causing dropouts.
However, in a large number of cases,
extremely small bits of foreign matter
were found lying on the tape surface,
which suggested that the small drop-
outs may be due to separation of the
tape from the head. A simple experi-
ment was set up to investigate the ef-
fect of small bits of matter lifting the
tape from the head. A 1'" diameter
glass rod was used in place of a re-
cording head so that contact areas
could be viewed directly through the
transparent surface. Standard half
inch wide instrumentation tape was
wrapped around the rod and held at
various tensions. Small bits of film
of known thickness were inserted be-
tween the tape and the rod and the ef-
fect on the contact area noted.

The effect of the small bits of film was
to 1lift a considerably greater area of
tape away from the rod, leaving in
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eachcasea circular '"hole' in the con-
tact pattern. The size of the "hole' is
of course, greater for the stiffer 1.5
mil backings than for the 1 mil, and
also is greater for low tape tensions
than for high. The size of the 'hole"
for various tape thicknesses and ten-
sions is tabulated in figure 3. It is
interesting to note that even the smal-
lest '"hole'' noted for 1.5 mils sepa-
ration (half the thickness of a human
hair) is more than double the width of
the usual recorded track ({about 35
mils}, indicating that such separation
would be intolerable.

The above analysis assumes that per-
fect contact is required between the
head and tape in order to perform the
recording and reproducing functions,
and that areas of the tape which are
notin perfect contact do not contribute
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tothe reproduced signal. This is obvi-
ouslynot quite true, so it is necessary
to examine the efficiency of both the
recording and reproducing processes
with respect to separation from the
head. The reproducing process lends
itself to calculation, and the sepa-
ration loss for sinusoidal signals has
been shown by several investigators
tobe 54 db per wavelength separation.
The actual measured losses shown in
figure 4 for 1 mil and 10 mil wave-
lengths were very close to this theo-
retical prediction. It is apparent that
information recorded at high density
on the tape is extremely susceptible
to spacing loss during reproduction.

The recording process is complicated
by the non linear nature of magnetic
materials, and the theory can only be
giveninbroad outline. Figure 5 shows
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FIGURE 5.
Diagram showing magnetic field pattern near the recording
head (cbove). Below is a graph showing the relation of
the recording field intensities to the magnetization curve
of the tape coating.

a simplified diagram of the fields
encountered by the tape in recording.
If the recording gap is idealized to an
infinitesimal slit, the recording field
can be represented by half circles. In
regionl at considerable distance from
the recording slit, the field intensity
is so low that the magnetic material of
the tape is unaffected. In region III
very close to the head gap, fields are
so high that the tape coating is com-
pletely saturated on each excursion of
the signal, and hence small changes
in signal amplitude have no effect on
the ultimate magnetization on the tape.

In region II, however, the tape is sub-
jected to fields which are neither in-
consequential nor saturating, and
hence the ultimate signal left on the
tape is determined by the signal ex-
cursions as itpasses out of this region.
It can be seen that in this simplified
example, if the tape is spaced away
from the head an amount equal to the
thickness of the coating (about 0.5 mil),
the recorded signal will be very low
since only a small portion of the tape
encounters fields of the sufficient
amplitude for recording (i.e. passes
through region II).

Letus consider what happens when the
amplitude of the recording signal is
doubled. Region I now has sufficient
field intensity for recording, and the
size of the recording regionis extended
considerably. This means that the
resolution of the recording process
will not be as great as in the former
case, and therefore the density of
informationonthe tape may have to be
curtailed. However, separating the
tape from the head by thedistance equi-
valent to the coating thickness no longer

brings the tape outside of the effective
recording area and recording can be
performed without serious loss,

This simplified model indicates that at
low levels of recording signal, the re-
cording process is critical to spacing
(regardless of wavelength) and that
spacingloss can be reduced consider-
ably byincreasing the recording signal,
but only at the expense of resolution.
It is understood, of course, that the
signallevel referred to includes super-
sonic bias where applicable, and in-
deed, the bias amplitude is usually so
much greater than the information
components that it is the determining
factor in considering separation loss
during recording.

Experimental verification of these con-
cepts is given in figure 6 which shows
separation loss vs. wavelength and
bias. Note that a small increase in
bias (2dbover biasis only 30% greater
than peak bias) results in about 4 times
the reduction in separation loss. The
effect of poorer resolution is apparent
inthe curves for 1 mil wavelength, but
it is also noted that even at low bias,
the recording separation loss is not as
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great as the reproducing loss.

Fromthe above analysis it is apparent
that while long wavelength signals can
be made rather stable with respect to
separation loss by choosinga large re-
cording signal, there is little hope of
improving the situation for short wave-
lengths. Moreover, for short recorded
wavelengths, the amount of separation
which can be tolerated is very small
indeed, amounting to onlyabout 0.1 mil
for 1 mil wavelength signals. This fact
would tend to substantiate the earlier



FIGURE 7.

Phato-micrographs showing the effect of smecll dust
specks on recorded dota tracks. The wavelength is 3
mils ond the track width 35 mils.

assumptionthatthe entire area of non-
contact caused by a small inclusion can
be considered as a dropout.

A number ofdropouts were located and
examined using colloidal magnetite to
indicate the recorded areas. Typical
dropout areas are indicated in the
photomicrographs offigure 7. The size
scale may be estimated from the fact
thatthe recorded wavelength is 3 mils
and the entire track is about 35 mils
wide. The unrecorded vertical lines
are the spaces between laminations in
the recording head. The specks ofwhite
dust (probably backing chips broken off
from the edge of the tape) in the center
of the unrecorded areas are undoubted-
ly the cause of the dropout. It is obvi-
ous thatthedropoutareais many times
the size of the contaminating particle.

While the majority ofthe dropouts noted
in instrumentation tape were of this
kind (i.e. specks ofdust and other con-
taminants), the next most significant
groupwere caused bydents and creases
in the backing. Dents can be caused
either by foreign particles becoming
wound up tightly in the roll, or by
roughness in the surface of the hub on
which the tape is wound. These may
cause a permanent set in many layers
of the tape which cannot be stretched
out flat as the tape passes over the
heads. Inmostcases,the creases were
caused by handling the tape (i.e.thread-
ing, making splices, removingthe tape
from the guides, etc.)or by damageto
the edges of the tape because of uneven
winding.

Many of these handling problems can be
obviated by the use of precision reels,
shown in the cutaway view of figure 8,
These reels have heavy flanges 0. 09"

thick atthe root, tapering to .05' thick
atthe rim. This constructionincreases
the flange stiffness 10 times over
standard reels while holding the move-
ment of inertia to only 1.8 times that
of the standard reels. The flanges are
closely spaced to minimize scattering
of turns during winding, and the solid
sideplates (exceptfor three smallholes
for threading) afford greatly increased
protectionagainstdust and crushing of
the tape edges. The hub surface is de-
void of threading slots which cause
distortion of the inner turns and is in-
stead covered bya rubber friction ring
toaid inthreading. This ring also acts
as a cushion for the innermost tape
layers and prevents distortion.

It would appear from the above analysis
of dropouts that future systems will re-
quire even closer attention to clean-
liness, and careful handling of the tape
if reliable operation is to be achieved.
The tape contact situationis so critical
for short wavelength signals it would
seem that special techniques to pro-
vide more positive contact hetween the
head and tape, such as the vacuum
guide systerm of the Ampex video re-
corder, will be mandatory in future
systems. Since contaminationand tape
distortionisalso critical, better stor-
age and handling of tape is also indi-
cated. The use of sealed tape car-
tridges might provide a very good an-
swer for the dropout problems of the
future. However, if these problems
can be solved, there is every reason
to believe that the information storage
capabilities of magnetic tape can easily
be extended 10 or 100 fold.

FIGURE 8.

Cutaway view of new precision reel, Note tapered flange
section and solid hub with evbber frietion ring.



