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Effect of Submicrometer Transducer Spacing on the
Readback Signal in Saturation Recording

Abstract: Experimental results for frequency response and halfpulse width of digital recording signals have been obtained for submi-
crometer transducer spacings, for the case of a flexible disk flying in close proximity to a rigidly mounted conventional ferrite recording
head. Using optical flying heights rather than an *‘effective spacing,” together with a modification of the Williams-Comstock write-
process slope criterion, we have obtained excellent agreement between experimental results and theoretical predictions. This suggests

that the notion of effective spacing can be avoided.

introduction

In a recent paper [ 1], the authors investigated the depen-
dence of the readback signal on the thickness of a particu-
late magnetic medium and on read transducer spacing for
disk file systems using saturation recording. For the
ranges of transducer spacing and thickness of medium
investigated, general agreement with theoretical predic-
tions was found for peak-signal amplitude and half-
pulse width of isolated pulses. Increasing deviations from
the theoretical curves seemed to occur as the transducer
spacing decreased to 1.25 um, the lower end of the flying
height range.

Discrepancies between theory and experiment have
also been found by other authors [2~7], especially un-
der conditions of very close spacings between transducer
and tape. To achieve agreement between experimental
and theoretical data, Eldridge [2] assumed an “effec-
tive” head-tape spacing of 2 um under contact recording
conditions. The same effective spacing of 2 um for con-
tact recording was also used by Bonyhard, Davies, and
Middleton [3] in calculating pulse amplitude and half-
pulse width of digital signals on thin metallic tape. A
somewhat smaller “effective contact spacing” of 0.5 um
to 0.75 wm was later suggested by Middleton [4], the
former value being identical to that found by Teer [5]
for contact recording. Effective spacings of the order of
0.5 um were also introduced for sine wave recording for
“in-contact” situations [6, 7].

The need for relatively large effective spacings for
actual in-contact situations is surprising. Attempts for
justification have been made on grounds of surface rough-
ness effects, nonmagnetic layers on the head surface due
to machining and wear [ 8], or magnetic dead layers on
the surface of the medium [9]. On the other hand, it is
well known that even in in-contact situations a small air
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film may exist at the transducer-medium interface, con-
tributing perhaps substantially to the effective spacing.
In fact, since it is quite likely that a thin air film may have
been present at the head-medium interface in most of
these investigations, the question arises: How well do dif-
ferent magnetic recording theories predict the experi-
mental data if one knows accurately the physical head-
medium spacing and if one uses this latter value rather
than an effective spacing?

It is interesting that Potter and Schmulian [10] and
Comstock and Williams [ 11], in the case of recording on
a rigid disk, observed agreement between theory and
experiment without recourse to effective spacing. Since
rigid disks lend themselves much more readily to spacing
measurements, we may conjecture that accurate flying
height data for fiexible media would, perhaps, also allow
better correlation between theory and experiment.

The reliable measurement of extremely small physical
spacings between head and flexible medium is difficult
to realize because of dynamic effects at the interface in
conventional tape drives. In this study we avoid these
difficulties by considering a commercially available, oxide
coated, flexible Mylar* disk that flies over a stationary,
rigidly mounted transducer. Using special head adjust-
ment fixtures and white light interferometric techniques
[1, 12], we measured actual physical spacings in the
submicrometer spacing region. After comparing our ex-
perimental data for frequency response and half-pulse
width with the predictions of the simple theories, we ob-
served varying degrees of agreement if we used the actual
physical spacing. This, then, suggests that perhaps the
notion of effective spacing can be avoided.

*Trademark, E. I. duPont de Nemours Company.
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