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SUMMARY

This paper reviews changes 1n the crystalline structure and geometry of

lapped Mn-Zn ferrlte heads 1n sliding contact with magnetic tape and the

effects of these changes on magnetic signals. A highly textured,

polycrystalUne structure was produced on the surface of a single-crystal

Mn-Zn ferrlte head when 1t was finished with an aluminum oxide lapping tape.

Sliding this lapped surface against a magnetic tape produced a nearly

£ amorphous structure. The sliding process led to a degradation 1n readback

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

magnetic head caused geometrical changes 1n the head surface. The signal read

back with the worn magnetic head was sensitive to operating parameters such as

head displacement and tape tension. A change 1n operating parameters created

head-to-tape spadngs and, consequently, excessive gains or losses 1n the

readback signal.

INTRODUCTION

The present work continues an ongoing trlbologlcal study on how wear

affects the structure-sensitive magnetic properties of Mn-Zn ferrlte 1n

contact with magnetic tape (1).

Extrinsic magnetic properties of ferrltes such as Initial permeability,

coercive force, and magnetic loss are Influenced by both the surface and bulk
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crystalline states of the ferrlte. Sliding a magnetic tape on a ferrlte head

abrades the ferrlte and generates small scratches on the surface.

Considerable plastic flow occurs on the ferrlte surface, and the large number

of defects produced can drastically change the crystalline state of the head

and produce a deformed layer on the head surface. These deformed layers lead

to a decrease 1n readback signal amplitude and a deterioration of the signal

obtained 1n short-wavelength recording, as observed previously by the present

authors and by Potglesser 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 ferrltes. The observed effects Include changes 1n

magnetostriction and permeability due to surface distortion Induced by

grinding (5),(6), Improvements 1n coerdvlty and permeability of a ground

ferrlte after annealing (7), an Increase 1n the residual and hysteresis losses

and a pronounced change 1n the permeability-temperature curve due to tensile

and compresslve stresses (8), a reduction 1n Initial permeability by residual

stresses 1n the damaged surfldal layer Induced by the polishing process

(9),(10), and the formation of fine domains and zig-zag walls around a

scratched groove on a ferrlte by residual stresses Induced during mechanical

contact (11). The effects of machining on the extrinsic magnetic properties

of ferrlte 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 1n the head surface. The geometry of the worn head creates

head-to-tape spadngs and, consequently, excessive signal loss (2),(3), and

(12).

This paper discusses the crystallographlcal and geometrical changes of a

lapped magnetic head 1n sliding contact with a magnetic tape and the effects
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of these changes on magnetic signals. All the wear experiments were conducted

with single-crystal Hn-Zn ferrlte magnetic heads sliding against a

y-Fe 0 magnetic tape at a tape speed of 0.19 m/s and with a head rotating
d. O

velocity of 11 m/s 1n room-temperature air at atmospheric pressure. 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 1n the final finishing or cleaning of

the sliding surface of magnetic heads for Incontact recording applications.

MATERIALS

As-grown single-crystal Hn-Zn ferrlte (69.8 wt % Fe 0 , 22.6 wt %
L. O

MnO, and 7.6 wt % ZnO) 1s a ceramic semiconductor. In Mn-Zn ferrltes the

{110} planes 1n the <100> direction exhibit the greatest hardness (13).

Therefore the magnetic head was oriented with Its Mn-Zn ferrlte {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 ym

wide (the width of the recorded track) and 0.7 v»m long (14).

The magnetic tape used 1n this Investigation had a layered structure .

(1): a magnetic layer of y-Fe90^ powder, binder, and lubricant; and a
L. O ' I

polymer-base film (polyethylene terephthalate) backing. It was 23 vtn thick

and 12.7 mm wide.

The lapping tapes used 1n this Investigation were aluminum oxide

(2000-mesh Al 0 ) powders coated on a polyester film backing (thickness,
t O

9
23±1 ym; Young's modulus, 5.8x10 Pa; and width, 12.7 mm). The average

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



of 150 grains 1n scanning electron micrographs. The total lapping-tape

thickness was 47 vm.

APPARATUS

The apparatus used 1n this Investigation was a modified commercial

two-head, helical-scan video tape recording system (F1g. 1). The two video

heads were positioned exactly opposite each other on the drum. A measuring

microscope and a tape-tension measuring device were mounted 1n the system.

The measuring microscope 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-wlde 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 1n the direction opposite 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 ..

[F1g. l(b)]. The applied load and friction force were proportional to the

tape tension and the amount of head displacement below 150 ym. At

displacements above 150 vm the tension Increased at a slightly higher rate

with further Increases 1n head displacement. The final tape tension was three

times greater than the Initial tape tension (15).

EXPERIMENTAL PROCEDURE

Preparation of Sliding Surface

Lapped surface. - Some of the sliding surfaces of the Mn-Zn ferrlte

magnetic heads used 1n 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 1n the direction opposite to



that in which the tape traveled at 0.19 m/s; the Initial tape tension 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 Hn-Zn

ferrlte magnetic heads used 1n the experiments were first run against magnetic

tapes with a predetermined head displacement and with an Initial tape tension

of 0.2 N for a sliding distance of 40 km. The end-view contour 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 ym 1n order to remove the residual,

deformed surfldal layer from the wear surface. The contours of the sliding

surface were not changed during etching.

Preworn surface. - Some of the sliding surfaces of Mn-Zn ferrlte magnetic

heads used 1n 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-v1ew contour

reached an equilibrium 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 sliding contact .,

with magnetic heads prepared by one of the methods described 1n the section

Preparation of Sliding 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. All experiments were

conducted 1n room-temperature laboratory air, at a relative humidity of 50±10

percent.



Surface Contour and Wear Measurement

An optical Interference microscope was used to examine the end-v1ew

contour (A-A 1n F1g. 2) of the sliding surface of the magnetic head (1). The

contours were measured from Interference fringes on the photomicrographs. The

s1de-v1ew contour (B-B 1n F1g. 2) and the wear measurement of the magnetic

head were determined as follows: An optical microscope was used to examine

the side of the magnetic head and to photograph 1t (at a magnification of 600)

before and after the s!1d1ng-frlction 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 the

head and which extended through the standard markers, were drawn on the

photomicrographs. The distances between the standard markers and the sliding

surface of the magnetic head (X , X , ..., X ) were then measured

(F1g. 2). The amount of wear reported herein was obtained by averaging the

distances X to X from seven or eight measurements.

Signal-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 with a non-frequency-modulated 3-MHz signal 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 magnetic head. The readback signal was amplified 8 and

500 times through a built-in rotary transformer and a preamplifier,

respectively. The readback signals were monitored by an oscilloscope at a

sweep speed of 2 ms/cm and a sensitivity of 0.02 V/cm during the sliding

friction experiments. Readback signal levels (1n decibels) during sliding

were defined by D = 20 log (G /G,), where G, 1s the standard readback

signal (in volts) and G 1s an arbitrary signal (in volts).



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 sliding process the 11-m-long recorded tape, which was used to read back

signals G at various stages of the experiment, was replaced several times.

Electron Diffraction and Depth Profiling

The sliding surfaces of the magnetic heads were depth profiled to examine

the crystalline states as a function of depth. The etching was done with

hydrochloric add at 50±1 °C for a predetermined etching time. The surfaces

were examined by reflection electron diffraction 1n a transmission electron

microscope. The acceleration voltage was 75 or 100 kV. The depth 1n terms of

the etching time was obtained by using an optical Interference microscope.

RESULTS AND DISCUSSION

Crystalline State of Lapped Surface

Sliding a lapping tape on a Mn-Zn ferrlte magnetic head generated

abrasion and developed a deformed layer on the ferrlte surface. Figure 3

presents reflection diffraction patterns obtained from the abraded surface and

the etched surfaces. The arcs 1n the electron diffraction pattern of the

abraded surface are partial Debye-Scherrer rings that contain enlarged,

streaked spots [F1g. 3(a)]. They Indicate that a highly textured, surflclal

layer formed on the single-crystal magnetic head during the sliding of the

lapping tape.

The surface etched to a depth of 0.3 \im from the abraded surface shows an

enlarged streak-spot pattern [F1g. 3(b)]. The streaking Indicates a great

.amount of plastic deformation: that 1s, a highly strained single-crystal

structure. A large number of line defects can cause streaking 1n a

single-crystal diffraction pattern.
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The surface etched to a depth of 0.6 ym shows K1kuch1 lines (pairs of

black and white parallel lines), which are an Indication of the bulk .

single-crystal structure of a ferrlte head containing no extrinsic mechanical

stress [F1g. 3(c)]. Thus the total thickness of the deformed layers on the

Mn-Zn ferrlte head presented In Fig. 3 was less than 0.6 ym.

When lapping tape was again slid against the etched surface typified by

Fig. 3(c), the polishing process reintroduced local surface stresses and

redeveloped a deformed layer on the ferrlte similar to that on the surface

presented in F1g. 3(a).

Effect of Crystal Structure on Magnetic Signals

To determine how wear of the lapped magnetic head affects its crystalline

state and magnetic signals, we ran the head against magnetic tapes (recorded

and unrecorded) at an Initial tape tension of 0.2 N and three head

displacements for a sliding distance of 40 km. The results are presented in

F1g. 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 lapped surfaces of

the magnetic head before the sliding experiment and from the wear surfaces

after 40 km of sliding are presented 1n F1g. 4(b) and (c). These diffraction

patterns show that sliding action changed the highly textured, polycrystalUne

structure of the lapped head to a nearly amorphous structure. When a lapping

tape was then slid against the wear surface of the lapped magnetic head, the

nearly amorphous structure was removed and a highly textured, polycrystalUne

structure was reformed 1n the magnetic-head surficial layer. The lapping also

restored the readback signal amplitude to the Initial standard level G .

In other words, lapping the wear surface of the magnetic head restored

extrinsic magnetic properties.
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The change of the crystalline state of the magnetic head surface and the

tape wear were the primary factors controlling the signal losses presented 1n

F1g. 4. The signal loss due to tape wear, which has been previously

discussed, (l)-(3), was less than 1 dB. The signal loss due to the

crystallographlcal change of the magnetic-head surfldal layer from a

textured, polycrystalUne structure to a nearly amorphous structure was 1 to

2 dB (F1g. 4).

Figure 5 presents the readback signals from a chemically etched magnetic

head 1n sliding contact with a magnetic tape as a function of sliding distance

(l)-(3) as well as typical electron diffraction patterns taken from the etched

surfaces of the magnetic head before the sliding experiment and from the wear

surfaces after 60 km of sliding. Clearly the sliding action changed the

crystalline state of the magnetic-head surfldal layer from a single-crystal

structure to a nearly amorphous structure. That crystallographlc change was a

critical factor 1n readback signal loss above 2.5 dB (l)-(3).

Effect of Geometry on Magnetic Signals

Since the magnetic tape was thin and flexible, both the end- and

s1de-v1ew contours of the magnetic-head wear surface changed during sliding

(l)-(3). The geometry of the wear surface was strongly affected by head

displacement and tape tension.

End-v1ew contour. - The end-v1ew contour of the magnetic-head wear

surface reached an equilibrium shape for a given head displacement and tape
!

tension after some period of sliding against a magnetic tape. Generally the

end-v1ew 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 versa. 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 magnetic 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-v1ew 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. The resulting geometrical changes of the wear surfaces and the

resulting readback signals are presented 1n F1gs. 6 and 7, respectively.

Figure 6 shows end-v1ew contours of the magnetic heads before and after

sliding on magnetic tapes for 40 km. In each wear experiment the radius of

curvature of the sliding surface Increased during sliding because the head

displacement was always set lower than 1t was 1n the prewear treatment.

Figure 7 presents the readback signal amplitude as a function of sliding

distance. In experiment A the readback signal amplitude Increased rapidly as

the sliding distance Increased to approximately 6 km. It remained high and

constant after 6 km. In experiments B and C the amplitude Increased with

Increasing sliding distance to 15 km; after that, 1t remained constant. In

experiment D the amplitude remained constant.

The change 1n the end-v1ew contour at the magnetic gap and the tape wear

were the primary factors controlling the readback signal amplitude shown 1n

F1g. 7. The signal loss due to tape wear was much less than 1 dB. On the

other hand, the gross signal gain due to the change 1n the end-v1ew contour of

the magnetic head was quite large, for example, 3 dB 1n experiment A. Thus,

the net signal gain 1n experiment A 1s approximately 2 dB.

The signal gain due to the magnetic-head geometrical changes presented 1n

F1g. 7 can be explained by F1gs. 8 and 9. When a preworn surface of a

magnetic head was placed 1n contact with a tape at a different head

displacement from that used 1n the prewear treatment, the tape did not conform
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to the sliding surface of the magnetic head. The tape head tended to form an

end-view profile based on a given head displacement and tape tension. It 1s

anticipated that the end-view profile of a tape contacting a magnetic head

will be very similar to the end-v1ew 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 sliding process the actual contact takes place

over a very small area, literally at the tip of the magnetic head, as

Indicated 1n F1g. 8. Spacing 1s therefore Introduced between the tape and the

head. During sliding, ferrlte 1s first removed from the Initial 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 contact takes place over

the entire sliding surface of the head. The profile of the tape 1s the same

as the head contour at this stage.

Therefore the end-v1ew contours of the head before and after the wear

experiment were compared to give a rough estimate of the spacing at the

beginning of the experiment (F1g. 8). The two contours were matched at their

tips; the distances between the contours (S,f S , ..., S ) were

measured; and the average spacing was obtained by averaging the distances

S, to S (F1g. 8). The average spacing generally Increased as the

difference between the head displacements used for the prewear treatment and

wear experiment was Increased.

Figure 9 presents the maximum signal gain Indicated 1n F1g. 7 as a

function of the spacing estimated from the end-v1ew contours shown 1n F1g. 6.

The signal gain 1s almost linearly proportional to the estimated spacing. The

relation between the signal gain during sliding and the estimated spacing at

the beginning of sliding correlates well with the theoretical spacing loss
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factor. The spacing loss factor 1s given by e~ * : that 1s, 54.6 d/\

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

(16).

S1de-v1ew contour. - The s1de-v1ew contour of the lapped magnetic head

surface generally possessed symmetry about the magnetic gap, as typified 1n

F1g. 10(a). In wear experiments at a tape tension of 0.6 N and with the

sliding distance extended to 1190 km, much more ferrlte was removed from the

front sliding surface of the head than from the rear because greater contact

pressure was applied to the front than to the rear. The s1de-v1ew contours of

the wear surfaces subsequently reflected the pressure distribution on the

sliding surface 1n contact with the magnetic tape. They were asymmetrical 1n

shape, as Indicated 1n F1gs. 10(b) and (c).

To determine the effect of the asymmetrical s1de-v1ew contour of the wear

surface on the magnetic signal, we ran the preworn surfaces of the magnetic

heads presented 1n F1gs..lO(b) and (c) against recorded tapes with various

tape tensions but with the same amount of head displacement as for the preworn

heads. The results are presented 1n F1g. 11.

No signal loss was observed when the signal was read back with a tape

tension of approximately 0.6 N, the same tape tension used 1n the prewear

treatment. The readback signal amplitude decreased when the signal was read

back with a tape tension lower than 0.6 N, as Indicated 1n F1g. 11. The lower

the tape tension, the greater the signal loss. Thus a magnetic head with an

asymmetrical s1de-v1ew contour (due to wear), has a readback signal that 1s

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 ferrlte magnetic heads 1n contact

with magnetic tapes:
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(1) A highly textured, polycrystalUne structure 1s produced on the

single-crystal Mn-Zn ferrlte head finished by a lapping tape with 2000-mesh

aluminum oxide powder. The surface changes to a nearly amorphous structure

after sliding against a magnetic tape. The process of sliding the lapped

magnetic head with a magnetic tape leads to a decrease 1n readback signal of

1 to 2 dB.

(2) The wear of the magnetic head causes geometrical changes 1n the head

surface. The signal output read back with the worn magnetic head 1s very

sensitive to such operating parameters as head displacement and tape tension.

A change 1n operating parameters may create head-to-tape spadngs with

consequent excessive gains or losses 1n readback signal.
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(a) Helical-scan recorder (configuration of recording and playback processes),

(b) Configuration of head-to-tape contact.

Fig. 1. - Friction and wear apparatus.
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Fig. 2. - Schematics of end and side views of magnetic head.
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(a) Polished surface.

(b) Etched surface; etching depth, 0.3|am.

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

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 pm; tape
tension, 0.2N.
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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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Fig. 5. - Change in crystalline structure of chemically etched Mn-Zn ferri te head in relation to sliding
distance against a magnetic tape and effect of change on magnetic signals.
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Initial tape tension, 0.2N ; total sliding distance with a magnetic
tape, 40 km.
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and wear surfaces.
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Fig. 10. - Side-view contours (longitudinal section B-B) of magnetic-
head sliding surface.
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