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MAGNETIC SIGNALS DURING THE SLIDING PROCESS WITH MAGNETIC TAPE
Kazuhisa Miyoshi and Donald H. Buckley
National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135
and
Kyuichiro Tanaka
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~ Kanazawa, Japan
SUMMARY
This paper reviews changes in the crystalline structure and geometry of
lapped Mn-Zn ferrite heads in siiding contact with magnetic tape and the
effects of these changes on magnetic signals. A highly teitured,
polycrystalline structure was produced on the surface of a single-crystal
Mn-Zn ferrite head when it was finished with an aluminum oxide lapping tape.
S1iding this lapped surface against a magnetic tape produced a nearly

amorphous structure. Thé s1iding process led to a degradation in readback

signal of 1 to 2 dB (short-wavelength recording). Furthermore, wear of the

'mégnet1c head caused'géome£r1ca] chénges in the heéd surface. The signal fgad

back with the worn magnetic head was sensitive to operating parameters such as
head displacement and tape tens16n. A éhange in operating pérémeters,created~
head-to-tape spacings and, consequently, excessive gains or lossés in the
readback signal.
INTRODUCTION

The present work continues an ongoing tribological study on how wear
affects the structure-sensitive magnetic properties of Mn-Zn ferrite in
contact with magnetic tape (1).

Extrinsic magnetic properties of ferrites such as 1n1t1ai permeability,

coercive force, and magnetic loss are influenced by both the surface and bulk



crystalline states of the ferrite. S11ding a magnetic tape on a ferrite head
abrades the ferrite and generates small scratches on the surfaﬁe.
Considerable plastic flow occurs on the ferrite surface, and the large number
of defects produced can drastically change the crystalline stafe of the head
and produce a deformed layer on the head surface. These deformed layers lead
to a deﬁrease in readback signal ampliitude and a deterioraf16n of the signal
obtained in short—wave]ength recording, as observed previously by the present
authors and by Potgiesser and Koorneef (2)-(4). |

Many investigators have studied the effects of surface finishing (such as
those associated with polishing and grinding) on the structure-sensitive
magnetic properties of ferrites. The observed effects 1n§1ude changes in
magnetostriction and permeability due to surface distort1on 1ﬁduced by
grinding (5),(6), 1mpr0yements in coercivity and permeabiiity of a ground
ferrite after annealing (7), anA1ncrease in the residual and hysteresis losses
and a pronounced change»jn the permeab111ty—temperaturé cufve due to tensile
and compressive stresses (8), a requct1on in initial permeability by residual
stresses in the damaged surficial layer induced by the polishing process
(9),(10), and the formation of fine domains and zi1g-zag walls around a
scratched groove on a‘ferr1te by restdual stresses induced durihg mechanical
contact (11). The effects of machining on the extrinsic magnetic properties
of ferrite are very similar to those of wear with a magnetic tape. The
difference between them appears to be simply a matter of magnitude.

In addition to the formation of a deformed layer, wear causes geometrical
changes in the head surface. The geometry of the worn head creates’
head-to-tape spacings ahd, consequently, excessive signa] toss (2),(3), and
(12).

This paper discusses the crystallographical and geometrical changes of a
lapped magnetic head in s1iding contact with a magnetic tape and the effects
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of these changes on magnetic signals. A1l the wear experiments were conducted
with s1ng]e-crysta]'Mn-Zn ferrite magnetic heads sliding against a
Y-Fe203 magnetic tape at a tape speed of 0.19 m/s and with a head rotating
velocity of 11 m/s in room-temperature air at atmospheric bressure. Unless
otherwise specified, the sliding surface of each magnetic head was finished
with.an abrasive impregnated tape, commonly called lapping tape. Lapping
tapes are practically and widely used in the final finishing or cleaning of
the sliding surface of magnetic heads for incontact recording applications.
MATERIALS

As—grown single-crystal Mn-Zn ferrite (69.8 wt % Fe203, 22.6 wt %
Mn0, and 7.6 wt % Zn0) is a ceramic semiconductor. In Mn-Zn ferrites the
{110} planes in the <100> direction exhibit the greatest hérdness (13).
Therefore the magnetic head was oriented with its Mn—anferr1fe {110}
surface nearly parallel to the sliding interface and with its {100}
surface perpendicular to the sliding direction (1). The orientation was
determined with the back-reflection Laue method. The {100} and {110}
surfaces were oriented to an accuracy of +1°. The magnetic gap was 115 um
wide (the width of the recorded track) and 0.7 um long (14). |

The magnetic fape used in this investigation had a layered structure
(1): a magnetic layer of Y-Fezo3 powder, binder, and 1ubr1cant; and a
polymer-base film (po]yethy]ene terephthalate) backing. It was 23 um thick
and 12.7 mm wide.

The lapping tapes used in this investigation were aluminum oxide
(2000-mesh A1203) powders coated on a polyester film backiﬁg (thjckness,
231 ym; Young's modulus, 5.8x109 Pa; and width, 12.7 mm). The average

grain size of the abrasive, 7.1 um, was obtained by averaging the measurements



of 150 grains in scanh1hg electron micrographs. The total 1épp1ng—tape
thickness was 47 um.
APPARATUS

The apparatus used in this investigation was a modified commercial
two-head, he11ca1—§can video tape recording system (F1g.‘1). The two vjdeo
heads were positioned exactly opposite each other on the drum. A measuring
microscope and a tape-tension measuring device were mounted in the system.

The measuring m1cros;ope was used to measure the head displacement from the
drum surface and the head wear and to determine the surface profile of the
head.

The 12.7-mm-wide magnetic tape, which was wound around the drum at a 190°
wrap angle, traveled helically at 0.19 m/s at an angle of 2°50' on the drum
surface. The head rotated at 11 m/s in the direction oppos1te to tape travel.

The tape tension, which was controlled by a tension arm, was used to vary
the normal load applied to the head-tape contact. The normal load could also
be controlled by displacing the head radially from the drum surface
[Fig. 1(b)]. The applied load and friction force were proportional to the
tape tension and the amount of head displacement below 150 uym. At
d1sp]aceménts above 150 um the tension increased at a siightly higher rate
with further increases in head displacement. The final tape tension was three
times greater than the initial tape tension (15).

EXPERIMENTAL PROCEDURE
Preparation of S1iding Surface

Lapped surface. - Some of the sliding surfaces of theAMn-Zh ferrite

magnetic heads used in the experiments were first polished and cleaned by
lapping tapes coated with aluminum oxide (2000 mesh) powders.. In the

polishing process the head rotated at 11 m/s in the d1rectfon opposite to



that in which the tape traveled at 0.19 m/s; the initial tabe tenston was
0.2 N; and the polishing time was 10 s. Each head thus slid on the lapping
tape for approximately 100 m.

Chemically etched surface. - Some of the sliding surfaces of Mn-ZIn

ferrite magnetic heads used in the experiments were first run against magnetic
tapes with a predetermjned head displacement and with an initial tape tension
of 0.2 N for a sliding distance of 40 km. The end-view contodr and the
deformed layer of the head surface reached an equilibrium condition for a
given head displacement. The sliding surface of the magnetic head was then
etched to a depth of approximately 0.1 um in order to remer the residual,
deformed surficial léyer from the wear surface. The contours of the sliding
surface were not chanéed during etching.

Preworn surface. - Some of the s1iding surfaces of Mn-Zn ferrite magnetic

heads used in the experiments were first run against magnetic tapes with a
predetermined head displacement and with an initial tape tension of either 0.2
or 0.61 N for a sliding distance of 40 or 1190 km. The end-view contour
reached an eqhﬁlﬂbr1um condition for a given head displacement at an initial
tape tension of 0.2 N. The sliding surface of the head had a deformed layer,
as discussed in reference (1).
Wear Experiments ’

Wear experiments were conducted with magnetic tapes in siid1ng contact |
with magnetic heads prepared by one of the methods described in the section
Preparation of 511d1ﬁg Surface. In the experiments both the head and the tape
were in motion; -that is, the head rotated at 11 m/s in the direction opposite
to that in which the tape traveled at 0.19 m/s. A1l experiments were

conducted in room-temperature laboratory air, at a relative humidity of 50%10

percent.



Surface Contour and Wear Measurement -

An optical interference microscope was used to examiﬁe the end-view
contour (A-A in Fig. 2) of the'511d1ng surface of the magnef1é head (1). The
contours were measured from interference fringes on the photomicrographs. Tﬁe
side-y1ew contbyr (B;B in Fig. 2) and the wear measurement of the magnetic
head were determined as follows: An optical microscope was used to examine
the sidé of the magnetic head and to phqtograph it (at a maghification of 60b)
before and after the s11d1ng—fr1ction experiments (1). Small scratches or
dents on the side of the magnetic head were used as standard markers. Lines,
which were parallel to the front end, the rear end, or the magnetic gap of thg
head and which extended through the standard markers, wefe.drawn on the
photomicrographs. The distances between the standard markers and the sliding '

~surface of the magnetic head (X], X  y Xn) were then measured

o
(Fig. 2). The amount of wear reported herein was obtained by averaging the
distances X] to Xn from seven or eight measurements.
Signa]-Output Level

The effect of wear on the electrical characteristics of the magnetic
head-tape contacts'used in the recording system was examined.as follows:
First, a sine wave Q1th a non-frequency-modulated 3-MHz sitgnal was supplied at
a recording current of 60 mA and was recorded on the magnetic tape via the
magnetic head. (Such a tape is called a newly recorded tape.) The signal was
then read back via the.magnet1c head. The readback signal was amplified 8 and
500 times through a buf]t-in rptary transformer and a preamplifier,
respectively. The readback signals were monitored by an osgi]]oscope at a
swéep speed of 2 ms/cm and a sensitivity of 0.02 V/cm during the sliding
friction experiments. Readback signal levels (in decibels) during sliding
were defined by D = 20 log (G /6,), where G, is tﬁe standard readback
signal (in volts) and Gn 1s an arbitrary signal (in volts).
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In the wear experiments, which were conducted to examine the effects of
magnetic-head wear on magnetic signals, a newly recorded tape (11 m long) was
first run and the standard signal G] was read back. An unrecorded tape
(230 m long) was repeatedly run over a desired head sliding distance. During
the s1iding process the 11-m-long recorded tape, which was used to read back
signals Gn at various stages of the experiment, was replaced several times.

Electron Diffraction and Depth Profiling

The s1iding surfaces of the magnetic heads were depth profiled to examine
the crystalline states as a function of depth. The etching was done with
hydrochloric acid at 50+1 °C for a predetermined etching time.A The surfaces
were examined by reflection electron diffraction in a transmission electron
microscope. The acceleration voltage was 75 or 100 ka The debth in terms of
the etching time was obtained by using an optical 1nterferenceim1croscope.

RESULTS AND DISCUSSION
Crystalline State of Lapped Surface

S1iding a lapping fape on a Mn-Zn ferrité magnetic head generated
abrasion and deve1opéd a deformed layer on the ferrite surface. Figure 3
presents ref]ection-dfffract1on patterns obtained from the abréded surface and
the etched surfaces. The arcs in the electron diffraction pattern of the
abraded surface are partial Debye-Scherrer rings that contain enlarged,
streaked spots [Fig. 3(a)]. They indicate that a highly textured, surficial
tayer formed on the single-crystal magnetic head during the sliding of the
lapping tape.

The surface etched to a depth of 0.3 um from the abraded surface shows an
enlarged streak-spot pattern [Fig. 3(b)]. The streaking indicates a great

.amount of plastic deformation: +that is, a highly strained single-crystal
structure. A large number of line defects can cause streaking in a

single-crystal diffraction pattern.



The'surface etched to a depth of 0.6 um- shows Kikuchi 1ines (pairs of
black and white péra]]e] lines), which are an indication of the bulk
single-crystal structure of a ferrite head ¢containing no extrihsic mechanical
stress [Fig. 3(c)]. Thus the total thickness of the'defofmed 1ayers on the
Mn-Zn ferrite head presentéd in Fig. 3 was less than 0.6 yum.

When lapping tape was again slid against the etched surface typified by
Fig. 3(c), the po]ishfng process reintroduced local surface stressés and
redeveloped a deformed layer on the ferrite similar to that on the surface
presented in Fig. 3(a)..

Effect of Crystal Structure on ﬁagnet1c Signé]s

To determine how wear of the lapped magnetic head affe;ts its crystalline
state and magnetic signé]s, we ran the head against magnefié_tapes (recorded
and unrecorded) at aﬁ initial tape tension of 0.2 N and three head
displacements for a s]iding distance of 40 km. The results are presented in
Fig. 4(a). The readback signal amplitude (sensitivity) decreased rapidly
during the initial 20 km of tape sliding distance. It remained constant or
decreased slightly over the next 20 km.

- Typical electron diffraction patterns taken. from the 1abpéd surfaces of
the magnetic head béfofe the siiding experiment and from the wear surfaces
after 40 km of sliding'are presented in Fig. 4(b) and (c). fhese diffraction
patterns show that sliding actton changed the highly textured, polycrystailine
structure of the lapped head to a nearly amorphous structure. When'a lapping
tape was then s1id against the wear surface of the lapped magnetic head, the
nearly amorphous structure was removed and a highly textured,‘pblycrysta]]ﬁne
structure was reformed in the magnetic-head surficial layer. The lapping also
restored the readback-signa1 amplitude to the initial standard level G].
In other words, lapping the wear surface of the magnetic head restored

extrinsic magnetic properties.



The change of the crystalline state of the magnetic head surface and the
tape wear were the primary factors controiling the signal losses presented in
Fig. 4. The signal loss due to tape wear, which has been previously
discussed, (1)-(3), was less than 1 dB. The signal loss due to the
crystallographical change of the magnetic-head surficial layer from a
textured, polycrystalline structure to a nearly amorphous structure was 1 to
2 dB (Fig. 4).

Figure 5 presents the readback signals from a chemically etched magnetic
head in sliding contact with a magnetic tape as a function of sliding distance
(1)-(3) as well as typical electron diffraction patterns taken from the etchgd
surfaces of the magnetic head before the sliding experiment and from the wear
surfaces after 60 km of s1iding. Clearly the sliding action changed the
crystalline state of the magnetic-head surficial layer from a §1ng1e-crysta1
structure to a nearly amorphous structure. That crystallographic change was a
critical factor in readback signal loss above 2.5 dB (1)—(3).

Effect of Geometry on Magnetic Signals

Since the magnetic tape was thin and flexible, both the end- and -
side-view contours of the magnetic-head wear surface changed during sliding
(1)-(3). The geometry of the wear surface was strongly affected by head

displacement and tape tension.

End-view contour. - The end-view contour of the magnetic-head wear
surface reached an equ3]1brium shapg for a inen head displacement and tape
tension afte} some pér1od of s1iding against a magnetic tape. Generally the
.end-view contour of the head wear surface at equilibrium had a larger radius
of curvature when less head displacement and/or less tape tension.was
provided, and vice verga. In other words the radius of curvature of the wear

surface increased with decreasing head displacement and/or tape tension.



. To determine the end-view-contour geometrical changes of‘a magnetic head
with a preworn surface and the effect of those changes on maénet1c signals, we
ran the preworn head against magnetic tapes with new head displacements and an
initial tape tension of-0.2 N for an additional sliding distance of 40 km.

The initial end-view contours were known. Note that the deformed layer of the
preworn surface was the same as that of the wear surface after the sliding
experiment. Thé resulting geometrical changes of the wear surfaces and the
resulting readback signals are presented in Figs. 6 and 7, respectively.

. "Figure 6 shows end-view confours of the magnetic heads before and‘after
s1iding on magnetic tapes for 40 km. 1In each wear experiment the radius of
curvature of the sliding surface increased during sliding because the head
displacement was always set lower than it was in the prewear treatment.

Figure 7 presents the readback signal amplitude as a function of siiding
distancé. In experiment A the readback signal amp]itude increased rapidly as
the s1iding distance increased to approximately 6 km. It remained high and
constant after 6 km. 1In experiments B and C the ampliitude increased with
increasing sliding distance to 15 km; after that, it rema1hed constant. In
experiment D the amplitude remained constant.

The change in the end-view contour at the magnetic gap and the tape wear
were the primary factors controlling the readback signal amplitude shown in
Fig. 7. The signal -loss due to tgpe wear was much less than 1 dB. On the
other hand, the gross signal gain due to the change in the end-view contour of
the magnetic head was du1te large, for example, 3 dB in experiment A. Thus,
the net signal gain in experiment A is approximately 2 dB. .

The signal gain due to the magnetic-head geometrical changes presented in
Fig. 7 can be exp]a1nedvby Figs. B and 9. When a preworn surface of a
magnetic head was placed in contact with a tape at a different head
displacement from that used in the prewear treatment, the tape did not conform
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to the sl1iding surface of the magnetic head. The tape head tended to form an
end-view profile baséd on a given head displacement and tape tension. It is
anticipated that the end-view profile of a tape contacting a magnetic head
will be very similar to the end-view contour of the wear surface of the
magnetic head. The radius of curvature of the tape profile was larger than
that of the preworn head.

At the beginning of the s1iding process the actual contact takes place
over a very small area, literally at the tip of the magnetjc head, as .
“‘indicated in Fig. 8. Spacing is therefore introduced between the tape and the
head. During sliding, ferrite is first removed from the 1nif1a1 contact area
of the magnetic head, and then the contact area widens rapidly with increasing
sliding distance. The widening of the contact area reduces the spacing .
between the magnetic head and the tape. Finally the contactitakes place over
the entire s1iding surface of the head. The profile of the tape is the same
as the head contour at this stage.

Therefore the end-view contours of the head before and éfter the wear
experiment were compared to give a rough estimate of the spacing at the
beginning of the experiment (Fig. 8). The two contours were métched at their
tips; the distances between the contours (S], 52, ey Sn) were
measured; and the average spacing was obtained by averaging the distances

S, to Sn (Fig. 8). The average spacing generally increased as the

1
difference between the head displacements used for the prewear treatment and
wear experiment was increased.

Figure 9 presents the maximum signal gain indicated in Fig. 7 as a
function of the spac1ng estimated from the end-view contours shown in Fig. 6.
The signal gain is almost linearly proportional to the estimated spacing. The
relation between the signal gain during s1iding and the estimated spacing at
the beginning of sliding correlates well with the theoretical spacing loss

N
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factor. The spacing loss factor is given by e that is, 54.6 d/A

(dB), where d 1s head-to-tape spacing and A\ 1is the recorded wavelength
(16).

Side-view contour. - The side-view contour of the lapped magnetic head

surface generally possessed symmetry about the magnetic gap, as typified in
Fig. 10(a). 1In wear experiments at a tape tension of 0.6 N and with the
s1iding distance extended to 1190 km, much more ferrite was removed from the
front élﬁding surface of the head than from the rear because greater contact
pressure was applied to‘the front than to the rear. The side-view contours of
the wear surfaces subsequently reflected the pressure d1stribut10n on the
s1iding surface in contact with the magnetic tape. They were asymmetrical in
shape, as indicated in Figs. 10(b) and (c).

| To determine the effect of the asymmetrical side-view contour of the wear
surface on the magnetic signal, we ran the preworn surfaces of the magnetic
heads presented in Figs..10(b) and (c) against recorded tapes with various
tape tensions but with the same amopnt of head displacement as for the preworn
heads. The results are presented in Fig. 11.

No signal loss was observed when the signal was reéd back with a tape
tension of approx1mate1y 0.6 N, the same tape tension used in the prewear
treatment. The readback signal amplitude decreased when the signa] was read
back with a tape tension lower than 0.6 N, as indicated in Fig. 11. The lower
the tape tension, the greater the signal loss. Thu;]a magnetic head with an
asymmetrical side—v1ew contour (due to wear), has a readbéck-signal that 1is
very sensitive to operating conditions such as'tape tension.

CONCLUSIONS

The following conclusions were drawn from wear experiments and electron
diffraction studies of single-crystal Mn-Zn ferrite magnetic heads in contact
with magnetic tapes:

12



(1) A highly textured, polycrystalline structure is produced on the
single-crystal Mn-Zn ferrite head finished by a lapping tape with 2000-mesh
aluminum oxide powder. The surface changes to a nearly amorphous structure
after sliding aga1ﬁst a magnetic tape. The process of sliding the lapped
magnetic head with a magnetic tape leads to a decrease in readback signal of
1 to 2 dB.

(2) The wear of the magnetic head causes geometrical changes in the head
surface. The signal output read back with the worn magnetic head is very
sensitive to such operating parameters as head displacement and tape tension.
A change in operating parameters may create head-to-tape spacings with

consequent excessive gains or losses in readback signal. -
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OFf POOR QUALITY

(a) Polished surface.
(b) Etched surface; etching depth, 0.3 um.

(c) Etched surface; etching depth, 0.6 um.

Fig. 3. - Diffraction patterns of polished and etched surfaces of
magnetic head in sliding contact with lapping tape (2000-mesh
aluminum oxide powder). Head displacement, 117 um; tape
tension, 0.2 N.



0
—— B 3
q = " ESTIMATED SIGNAL LOSS
e DUE TO TAPE WEAR
<_t|‘
=
S
w
« 2 —
O
= HEAD
= DISPLACEMENT,
o pm
B3 o) 205
Qo 150
3 117
(a)
4 | I I |
0 - 10 20 30 /)~
\\ SLIDING DISTANCE, km /

(a) Magnetic signals.

(b) Highly textured, polycrystalline structure of lapped surface. Sliding distance, 0 km.

(c) Nearly amorphous structure of wear surface. Sliding distance, 40 km.

Fig. 4. - Change in crystalline structure of lapped Mn-Zn ferrite head in relation to sliding distance
against magnetic tape and effect of change on signals.
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(c) Nearly amorphous structure of wear surface, Sliding distance, 60 km.

Fig. 5. - Change in crystalline structure of chemically etched Mn-Zn ferrite head in relation to sliding
distance against a magnetic tape and effect of change on magnetic signals.
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Fig. 6. - Changes of end-view contours of magnetic heads at magnetic
gap (lateral cross section A-A of wear surface of magnetic head.
Initial tape tension, 0.2 N; total sliding distance with a magnetic
tape, 40 km.
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Initial tape tension, 0,2 N.
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and wear surfaces.



MAXIMUM READBACK SIGNAL, dB

EXPERIMENT

A

[pS]

N,

"\ THEORETICAL

T

D

0

1 |
0 ! .2
AVERAGE SPACING BETWEEN TAPE AND
MAGNETIC-HEAD SLIDING SURFACE, um

Fig. 9. - Maximum readback signél amplitude
as function of average spacing between tape
and magnetic-head sliding surface,




wt O

/

) :
200 um .27 EMAGNETIC SOLID SYMBOLS
- GAP DENOTE MAGNETIC
: GAP ‘

ROTATION OF '
MAGNETIC HEAD.,

G

©

(a) Lapped surface.

(b) Surface after wear experiment. Head displacement, 214 um;
tape tension, 0.6 N; sliding distance, 1190 km.

{c) Surface after wear experiment, Head displacement, 161 um;
tape tension, 0.6 N; sliding distance, 1190 km.

Fig. 10. - Side-view contours {longitudinal section B-B) of magnetic-
head sliding surface. '
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