MAGNEAT C HEAD AND MAGNETI C STORAGE APPARATUS USI NG THE SAME/ BACKGROUND E261-
OF %5 ENTI ON‘I nf or'mat i on processi ng apparatuses enploy, as their

storage apparat usy Cf‘f efly sem conductor nenory and magnetic nenory. The 60/33
sem conductor memgry ds used as an internal storage apparatus because of :
its short 5 access tinme, and the nmagnetic nenory is used as an exter naI‘?éoqiﬂ'ﬂf
storage apparatus ‘because of its |arge storage capacity and non-volatili tWos?
Two maj or types of nagnetic storage, a nagnetic disk and a nmagnetic tape,

are today in wi despread use, in which a nagnetic thin 10 film formed on an“f¥-
al um num di sk or resin tape is used as a recording nmedium To record

magnetic i nformati on onto the recordi ng nmedium a functional conponent

perform ng el ectronagneti c conversion operation is used. To
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repreduced the magnetic information once recorded, 15 another functional
coﬁﬁ%ﬁ?ﬂt perform ng magnetoresistive or giant nagnetoresistive phenonenon
or el ectromagneti c i nduction phenonenon is used. These functional conpo-
nents are arranged in an input/output unit” daM ed a magneti ¢ head. 20

The magnetic head noves relative to the recording medium to record
magnetic information at an any particular |ocation on the recording nedi um
and to reproduce, as required, the magnetic information recorded. A
magnetic disk unit is now discussed for -2- illustration purpose. As
shown in Fig. 2, its magnetic head is nade up of a recording conponent 21
for record- ing magnetic information and a reproduci ng conponent 22 for

reproduci ng NMegpRickEROMEY T @k INVENTIREC! di ng

.Information processing apparatuses employ, as
their storage apparatus, chiéfly semiconductor memory
and magnetic memory. The semiconductdr memory is used
as an internal storage apparatus because of its short

5 access time, and the magnetic memory is used as an

external storage apparatus because of its large storage
capacitj and non-volafility. Two major types of
magnetic storage, a magnetic disk and a magnetic tape,
are today in widespread use, in which a magnetic thin

10 film formed on an aluminum disk or resin tape is used as
a recording medium. To record magnetic information onto
the recording medium, a functional component performing
electromagnetic conversion operation is used. To
reproduced the magnetic information once recorded,

15 another functional component performing magnetoresistive
or giant magnetoresistive phenomenon or electro-magnetic
induction phenomenon is used. These functional compo-
nents are arranged in an input/output unit called a
magnetic head.

20 The magnetic head moves relative to thé
recording medium, to record magnetic information at an
any particular location on the recording medium and to
reproduce, as required, the magnetic information

recorded. A magnetic disk unit is now discussed for



5 conponent 21 is made up of a coil 26 and magnetic poles 27, 28 which wap
the® coi.l’ 26. at its top and bottom and which are magnetically coupl ed. The
reproduci ng conponent 22 is nmade up of a naggetoresistive ef fect pickup 23
and a conductor 29 for conducting a constant“10 current to the pickup 23
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27, 28 which wrap the coil 26 at its top and bottom and
which are magnetically coupled. The reproducing
component 22 is made up of a magnetoresistive effect
pickup 23 and a conductor 29 for conducting a constﬁnt

10 current fo the pickup 23 and for detecting a resistance
change. Disposed underneath the reproducing component
22 is a magnetic shield layer 25 which prevents intru-
sion of unwanted magnetic flux. The pole 28 has the
same magnetic shielding effect. The narrower the so-

15 called read gap, namely the clearance between the
magnetic pole 28 and the shield layer 25, the less
unwanted magnetic flux intrudes into the magneto-
resistance effect pickup 23, the better discrimination
results and therefore the more high-density magnetic

20 information is handled. These functional components Zi,
22 are formed on a primary layer 24 on top of a magnetic
head body 30.

The performance of a magnetic storage

apparatus is determined by the speed of input/output

25 operation and its storage capacity, and to enhance the
performance of the magnetic storage apparatus, a short
access time and a large storage capacity should be

achieved. There is today a growing demand for a compact



apparatus is determ ned by the speed of input/output 25 operation and its
st dr age *capacity, and to enhance the performance of the nagnetic storage
apparatus, a short access tinme and a | arge storage capacity should be
achi eved. There is today a growing demand fo? a conpact -3- magnetic
storage apparatus fromthe standpoint of space s vinnggg ease of use. To

meet such a dendMENetHEFEPTRIL I PRIE2 LDt EPsthep BPiRECBEf dPRECENd
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recordi ng current
5 from a sheet of recording medium should be developed.

To attain a high-density recording, the size
of magnetic domains should be miniaturized. "Generally
speaking, this objective may be attained by narrowing
the width w of the recording pole 27 shown in Fig. 2 and

10 by heightening the frequeﬁcy of the recording current
flowing into the coil 2 (frequency against the rotation
of the recording medium). Since the signal strength
during reproduction depends on the size of the magnetic
domains, a miniaturized magnetic domain lowers the

15 - resulting signal strength, presenting difficulty in the
reproduction of information. Thus, a provision should
be made to enhance pickup sensitivity of the reproducing
component. However, improvements attainable in this
approach are subject to a limitation of physical

20 restriction of magnetoresistance effect presented by a
magnetic thin film used in pickup. Tﬁe limitation of
the recording density now widely accepted is a few
Gb/in?.

To overcome this limitation, for example,

25 United State Patent No. 5,041,932 has proposed an
integrated magnetic read-write head/flexure/conductor
structure where a magnetic head and a recording medium

are put into contact. In the conventional magnetic disk



flowwng into the coil 2 (frequency against the rotation of the recording
medi un) .” Since the signal strength during reproducti on depends on the size
of the magnetic domains, a mniaturized nmagnetic donmain | owers the 15
resulting signal strength, presenting diffrcﬁlty in the reproduction of

I nformati on. Thus, a proyvision should be nmade {o enhance pjckup sensitivity
of the reproduci$Ef%ﬁgpohﬁﬂtmaﬁﬂﬁkﬁﬁrPe?ﬂp+6v€ﬁ€h?§nﬁtPﬁiEQSIEQFHrQHPQ
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into a light-weight, miniature flexure 45, and the
magnetic head functional component 43 is slid while
being kept in contact with the recording medium 11.
Since in the above disclosure, non-magnetic layer is
10 interposed between the surface of the recording medium
and the magnetic head functional component (magnetic
poles) 43, magnetic information in the recording medium
is efficiently transmitted to the magnetic head func-
tional component, and a strong reproduction signal thus
15 1results. A magnetic domain, even when miniaturized,
offers a high signal to noise (S/N) ratio, and an
excellent reproduction signal results.
Since in the above arrangement, however, the
magnetic head functional component is supported by a
20 flexible flexure, the deformation of the flexure causes
a phase delay or unexpected vibrations when a rotary
actuator performs the positioning of the magnetic head.
This problem may be alleviated by a magnetic
head 2 that lifts a front pad, as shown in Fig. ¢
25 (Japanese Patent Unexamined Publication No. 6-60329).
In this arrangement, the front pad flies or floats high
by means of air pressure, and only a rear pad having a

device functional component 46 remains in contact with a



-4- device, its magnetic head is airborne on the recording nedium and a

| ay'er of* air is interposed between the magnetic head and the recording
medium In contrast, the disclosure of the above U S. Patent enploys a 5
magneti c head functional conponent 43 that=i3 ®nbedded into a | 'i ght - wei ght,
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m niaturized, offers a high signal to noise (S/N) ratio, and an
5 - entire magnetic head to increase accordingly. If a
larger load is permitted on the entire magnetic head,
rigidity of sﬁspension members and the like for
supporting the magnetic head will be increased. Thus, a
reliable input/output operation is assured compared to
10 the mechanism of the magnetic head supported by the
flexure. |
As described above, the usual technique allows
magnetic information to be recorded and then reproduced
in a high density with the magnetic head keeping contact
15 sliding with the recording medium. However, it is
learned that a further attempt to increase the recording
density presents the following problen.
Since the front pad is afloat, the front side
of the magnetic head floats greatly as the recording
20 medium rotates af its high circumferential speed region,
and as shown in Fig. 4, the clearance a between the
poles constituting the device 46 and the surface of the
recording medium 1 is made larger. This broadens a
recording magnetic field distribution, a resulting
25 spacing loss degrades electromagnetic conversion
efficiency in reproduction, and intended high-density
information cannot be input nor output.

To keep the magnetic head in the position



excel l ent reproduction signal results. Since in the above arrangenent,
however ,* t he magnetic head functional conponent is supported by a 20
flexible flexure, the deformation of the flexure causes a phase delay or
unexpected vi brations when a rotary actuatorspErforns t he positioning of
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5 the front pad size is large, the front pad is subject to
stick because of a lubricant existing between the pads
and the recording medium. Stick results from cochesive
force, adhesive force, and surface tension of the
lubricant filled between the pads and the recording
10 medium, and is so strong that simply rotating of the .
recording medium may not separate again the pads from
the recording medium. Any attempt to forcibly rotate
the recording medium with the pads stuck thereon may
‘cause damages such as a damaged suspension system of the
15 magnetic head or a peeled magnetic thin film that forms
the recording medium.
To prevent stick, Japanese Patent Unexamined
Publication No. 6-44718 discloses a magnetic head that
has, on its sliding surface, a strut having a small
20 contact area. Disadvantages with this disclosed
arrangement are that the manufacturing steps of the
strut is more complex than those of ordinary components,
and that the strut contacts the medium during low
floating (contact sliding) operation.
25 United States Patent No. 5,424,888 d;scloses
another arrangement, in which stick is prevented by
tapering the front pad and the rear pad of a magnetic

head. Since the purpose of this arrangement is to help



acting on the rear pad permts the load acting on the 5 entire magnetic
head to increase accordingly. If a larger load is pernmitted on the entire
magneti c head, rigidity of suspension nenbers and the like for supporting
the magnetic head will be increased. Thus,~a’reliable input/output
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and the surface of the _ ,

' performed with the pad kept in contact with the record-
ing medium. Test result was to providé a poor reproduc-
tion signal. This is because the pad area in contact
with the recording medium is large enough to give a

10 large tangential force (frictional force) and to force
the magnétic head to vibrate.

Further, to keep the magnetic head in the
position shown in Fig. 4, the flying force of the front
pad should be balanced with rigidity of the gimbal

15 member of the suspension system for supporting the
magnetic head. Beside keeping the magnetic head in its
position, the gimbal member absorbs machining tolerances
and assembly tolerances of the magnetic head, the
suspension system and arm members taking place when they

20 are machined and assembled, so that the surface of the
pad on which the device is mounted is put into contact
with the surface of the recording medium.

In a magnetic storage apparatus that allows
its magnetic head to be in contact with its.recofding

25 medium, the magnetic head should be light-weighted to
lessen abrasion of the magnetic head and recording
medium and to prolong the 1ife.of the apparatus. To

mate the pad surface with the surface of the recording



recording medium 1l is nmade |larger. This broadens a recording magnetic field
distribution, a resulting 25 spacing |oss degrades el ectromagnetic
conversion efficiency in reproduction, and |ntended hi gh-density

i nformati on cannot be input nor output. To~kBep the magnetic head in the
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5 have learned that an intended rigidity is difficult to
achieve, considering that wiring for a device should be
installed on the gimbal section of the suspension system
and that the gimbal needs manufacturing through metal
stamping process that is suitable for quantity
10 production.

For the above reasons, the pad area for
floating the magnetic head cannot be made small, the
problem of stick cannot be solved, and thus the magnetic
storage apparatus having a floating front pad is subject

15 to a limitation in an effort of high-density recording
design.

It is an object of the present invention to
provide a novel magnetic head that constantly allows
itself to be in contact with a recording medium and to

20 provide a magnetic storage apparatus of low-price, largé
storage capacity and high recording density employing

the magnetic head.

SUMMARY OF THE INVENTION
According to the present invention, a
25 plurality of pads are provided on the sliding surface of
a magnetic head, the pads positioned to the front side

of the magnetic head is tapered toward their front ends



10 nmedium and is so strong that sinply rotating of the recording nedi um
may* not Separate again the pads fromthe recording nedium Any attenpt to
forcibly rotate the recording nediumw th the pads stuck thereon nay cause
damages such as a damaged suspension system 8f "the 15 magnetic head or a
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purpose of this arrangenent Is to help
magnetic head. Since a plurality of magnetic heads can
be processed in this method at a time, it is easily
adaptable to guantity production. By constructing the
thin film layer of carbon as its chief constituent,-
10 abrasion arising from sliding with the surface of the
recording medium can be slowed.

Preferably, three pads are arranged, two pads
on the front side and one pad on the rear side of the
magnetic head, and a recording component and a

15 reproducing component are mounted on the rear pad.

The sum area of the pads on their sliding
surface is set to be within a range of 0.0003 to 0.02
mm?. Experimentally, it was found that the magnetic head
floated over the recording medium when the sum area of

20 the pads exceeded 0.02 mm? with a load of the magnetic
head being 1 g. The pad area contributing to the
floating of the magnetic head was also determined by the
load of the magnetic head; with a load of 200 mg, the
magnetic head floated when the pad area was 0.012 mm?.

25 When the pad area was reduced below 0.0003 mm?, a stable
continuous contact sliding was not attained because the
pads were deformed by tangential force even with a load

of 10 mg. Based on these test results, the pad area is



-7- float of the magnetic head while preventing stick, the tapered pad is
never put into contact with the recordi ng nmedi umduring recordi ng and
reproduction. To test the adaptability of this magnetic head to a

hi gh-density 5 recording nedium a recordi™ & reproduction test was

performed with the _pad kept.ip.contact wt h cords, | megi um Test
result was to pr%ﬁngoagﬁogfkﬂéBrSdﬁeggFi82 brgﬂés.g?hps°ﬁg P8 atRe®The pad
area in contact ¥$53n£2 recording mediumis | arge enough to give a 10

| arge tangential "forc §?Fictional force) and to force the magnetic head to
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| 5 Dbut to lie on the line that connects the center of
gravity of the magnetic head to the center of the rear
pad. This arrangement reduces the torque acting on the
rear pad when the recording medium rotates. As a |
result, the rear pad is prevented from floating.

10 In the apparatus of a type that allows a
magnetic head to be in contact sliding with a recording
medium, abrasion that takesjplace between the magnetic
head and the recording medium should be slowed as much
as possible to prolong the life of the apparatus. To

15 this end, the cross section of a lamination film that is
made of carbon as its chief constituent is exposed to
the surface of the rear pad. The lamination film is
aligned in parallel with the plane of the side surface
of the magnetic head where a device for inputting and

20 outputting magnetic information is formed, and is
manufactured before and after the manufacturing steps of
the device. When the magnetic head is sliding, carbon
based material that exhibits excellent abrasion resist-
ance is in contact with the recording medium. Abrasion

25 of the pads is thus substantially slowed.

It is known that the abrasion is also
determined by load, and in the present invention, the

abrasion is further controlled by optimizing the load of



magneti ¢ head. Besi de keeping the magnetic head in its position, the ginbal
mertber absorbs nachi ni ng tol erances and assenbly tol erances of the magnetic
head, the suspension system and arm nenbers taking place when they 20 are
machi ned and assenbl ed, so that the surface B¥ the pad on which the device
I's mounted is puéggnto cont ac h the surfa f %he recordi ng medium 1In

A 0
a magnetic stor ajB®aPpIretas bﬁgh'alﬁ8ﬁ§1'ﬁ§a ¥netPe head of Eg% n contact

with its recording 25, .medium .the netic_head should be Light-weighted
to | essen abrasiﬁggﬂ?t%ﬁeﬁﬁﬁgkéﬁigeﬁzga %ﬁdnggﬁden§aﬁgﬁiﬁﬁ1g dmgotgrélong
the life of the apparatus. To mate the pad surface with the surface of the
recordi ng -8-?medi um under such a light |oad condition, the suspension

system shoul d have an extrgfglyshowhbgl €hbYedbBRientally determined
5- relationship of the load of the magnetic head with the
resulting frictional force {tangential force: resisting
force taking.place when the magnetic head slides on the
lubricant).in sliding action. 1In the tapered pads in
Fig. 5, the magnetic head has pad layout shown in Fig.
10 1, the sum area of the pads is 0.02 mm’ (the area of one
front pad is 0.0025 mmz), and the rear pad is coated with
a 3 pym thick carbon film. In the plane pads in Fig. 5,
the magnetic head is identical to the magnetic head of
the tapered pads in pad layout but is different in that
15 the front pads are in the same plane as the rear pad.
As seen from Fig. 5a, the frictional force
taking place in sliding depends on the load of the
magnetic head, and beyond a load of 1 g, the rate of
change of frictional force changes. This phenomenon is
20 considered to bé related to the resistance character-
istic of a lubricant layer. Also as seen from Fig. 5a,
the frictional force depends on the shape of the pads,
and the tapered pads of the present invention offer a
lower frictional force than the plane pads of the usual
25 technique. To support the magnetic head stably, the
smaller frictional force is better. The tapered pads
are thus found to be effective.

Friction coefficient is determined by dividing



Suspensi on systens now avail abl e at an i nexpensive price are made typically
of *staim ess steel. W the inventors 5 have |earned that an intended
rigidity is difficult to achieve, considering that wiring for a device
shoul d be installed on the ginbal section-oflZre suspension system and that
t he gi nbal needs nmnufacturing through netal stanping process that is
suitabl e for quahtf¥icuiorabdfR¥ee by myrlead. apbig- rg'asféh@:’stﬁbepad ar ea
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from Fig. 5b, the load of the magnetic head within a
rang of 10 mg to 1 g is preferred, because it keeps the
friction coefficient small. In the range of load less
than 10 mg, frictional force overwhelms the load making
10 the position of the magnetic héad unstable. It is |
considered that resistance arising from the lubricant
becomes dominant in the frictional force.
The recording medium is constructed, at least,
of a recording layer for magnetic information, a protec-
15 tion layer laminated on the recording layer and made of
a carbon film or carbon-silicon carbide mixed film as
its chief constituent, a bonding lubricant layer that
reacts with and bonds with the material of the
protection layer, and a free lubricant layer having
20 flowability and disposed on top of the bonding lubricant
layer. As the material of the base of the recording
medium, known materials such as Al, Si, glass, carbon,
and polymer may be employed.
In the magnétic head of the present invention,
25 all the pads are kept in contact sliding on tpe
recording medium without floating off the recording
medium, by providing dual tapers on pads, minimizing the

sum area of the pads, setting the center of support



the magnetic head. SUMVARY OF THE | NVENTI ON According to the present

I nventi-dn, a 25 plurality of pads are provided on the sliding surface of a
magneti c head, the pads positioned to the front side of the magnetic head
is tapered toward their front ends -9- =arkd the front pad is higher than

the rear pad. The diff§§ence in height betmeﬁi tge gads Is easily
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chief constituent, Since, according to the present invention,

5 there is no need to float the front pads, in other
words, generation of flying force is not needed at the
front pads, the front pad area can be'reduced within the
limits where no stick takes place. As shown in Fig. 6,
the front pads 52 that are dual-tapered are higher than

10 the rear pad 54, and thus the magnetic head is raised at
its froﬁt side, causihg itself to be tilted relative to
the recording medium. Since the substrate surface of
the magnetic head and the surfaces of the pads are in
parallel, the surfaces of the pads 52, 54 are tilted

15 relative to the surface of the recording medium 1, by
making different the height of the front pads and the
height of the rear pad. The front pads are dual-tapered
with two differently tapered surfaces. This arrangement
allows the magnetic head to contact the surface of the

20 recording medium substantially by line rather than by
area even when the lubricant exists on the surface of
the recording medium. With the recording medium 1
rotated at the condition shown in Fig. 6, a lubricant
layer 63 existing on the surface of the recordiné medium

25 is efficiently raked up into the sliding surface of the
magnetic head and is prevented from clogging at the
front edges of the pads 54, 52.

The technique of coating the front side with a



10 abrasion arising fromsliding with the surface of the recordi ng nedi um
car* be slowed. Preferably, three pads are arranged, two pads on the front
side and one pad on the rear side of the magnetic head, and a recording
conponent and a 15 reproduci ng conponent ~are€* rmbunted on the rear pad. The
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floated when theppad #hedowménOalpdrin8s 2Re PhBBekBeoRadoatgagVas rregdeced
bel ow 0. 0003 m®2, a stable continuous contact sliding was not attai ned

because the padspaerwidrfar#Rdnbyitangential force even with a load of 10
ng. Based on these test results, the pad area is
Since the above disclosure is related to the
floating head in which a flying distance does not depend
on a circumferential speed of the recording medium, the
disclosed technique, as it is, is not adaptable to ihe
10 contact éliding magnetic head that is the object of the
present invention.
The problems associated above will be
discussed as follows.
It is well known that when a magnetic disk
15 device is manufactured, error factors such as assembly
tolerance cause the device to be assembled with the
difference from original design values.
To make the magnetic disk device function, the
magnetic head should be pressed onto the recording
20 medium at a predetermined load, and the load is naturai-
ly subject to an error introduced during assembly.
what the flying distance does not depend on
the circumferential speed means that the flying force is
constant even when the circumferential speed varies.
25 This suggests that when the load of the magnetic head
varies due to tolerances and the like, the flying
distance varies as well.

To keep continuously the magnetic head of this



- 10 - set to be within a range of 0.0003 to 0.002 [err] in our invention.
The' cent’er , of support of the magnetic head was set to be off the center of
gravity of the magnetic head 5 but to lie on the |ine that connects the

center of gravity of the nagnetic head totHe center of the rear pad. This

arrangenment reduces the, torque acting on the rear,.pad when the recording
medi u% rot at es. %t‘hr?e’sﬁl?&??u%t r‘%’a?hp i E8PPE 'ﬁ‘?e’ﬂe‘fl?'%f?o;‘?Fﬂﬁ? 10

Sl dimg wich s rigtd SRl Befiaf Endh TR H B Fotte Babiadbene
T e ySFEnd SH0EG O TR ADHL R R e L5 Bl b
a lamnation filgadfigh, s
5 . The problem is that a load variation arising
from machining and assembly tolerances goes uncompen-
sated because the flying force is constant.
If the load pressed against the recording
medium is uncompensated, the lubricant will be peeléd
10 off the surface of the reéording medium, causing
failures such as crashes and rapid abrasion and possibly
leading to a short service life of the apparatus.
To prevent such failures, the load should be
controlled so that it is larger by a slight force (on
15 the order of a few mg) than the constant flying force.
It is obvious that such a control is virtually
impossible in the known assembly method, and there is no
known technique to cope with this control.
In the conventional floating head, if the load
20 after assembly is greater than the design value, the
position of the head changes. The positional change
works in the direction the flying force increases,
thereby balancing with the load.
According to the present invention, dual
25 tapers provided at the front pads allow the lubricant to
be efficiently raked up. With the load varying, the
reaction force from the lubricant varies so as to be

able to compensate for the variation of the load.



made of carbon as its chief constituent is exposed to the surface of the
reaf pad. The lanmination filmis aligned in parallel with the plane of the
side surface of the magnetic head where a device for inputting and 20
outputting magnetic information is formed,~ah® Ts manufactured before and

after the manufacturing st&P% Q &gegg%\%c?;s eg_?lultrgﬁts net itgwt{;ag_g}%is
sliding, carbon based nate I | Si t-

is i t .t ' di ' 25 of_t ds, i
fhus substant| ai FIPeronagLe P Ehgl BheMe, pida J8 8Re0ts vl madd B bale
by oad, and |0 Ehe B19IRE! £oReeNtuAeaht® (BRAR Rl diuiddiorlilig | od

by optim zing the |oa the magrieti ¢ head. he
| oad of the magngpeedhead is set to be within a range of 10 ng to 1

5 If a single taper is provided and its angle is .
small, no high efficiency results in the raking of the
lubricant. The quantity of the lubricant raked up
remains small and'thus unable to compensate for
variations in load.

10 It was also learned that a single and small-
angled taper increased only frictional force (tangential
force) in contact sliding. ' |

Fig. 22 shows gualitative measurement results
of such force, namely the force required to start

15 contact sliding with the thickness of the lubricant as a
parameter.

As shown in the figures, test results obtained
from the magnetic head of the above-cited disclosure and
the magnetic head of the present invention with both

20 magnetic heads in contact sliding are compared with each
other.

As seen from Fig. 22, the recording medium of
the present invention presents a smaller initial
frictional force (stick force) over the entire range of

25 the lubricant thickness measured.

An increase in frictional force is undesirable
from the standpoint of keeping reliably the magnetic

head in its position and presents difficulty achieving



g. Fig. 5a shows the experinentally determined 5 relationship of the |oad
of the nagnetic head with the resulting frictional force (tangential force:
resisting force taking place when the magnetic head slides on the
lubricant) in sliding action. In the tapered®dads in Fig. 5 the nagnetic
head has pad | ayout,  shown. in.Fig. 10 1, the sumarea of the pads is 0.02
[err] (the area SfPbREtFHHALNGd is 0.0025 [err]), and the rear pad is

mmanet i ¢ head 15 i denti cal TP FREERGHE: Pt HheceBrOrrelPeReatadanten pad
LU0 " AL, i Nlod ol f0EhrA8 BenLeekDotpeataTE pLane o
et o0 o e e et rof chaareTmseaiaca gedtpbnd hevofesaiiador 1 o
consi dered t® beflpindgecledd.t he resistance character- istic of a |ubricant

| ayer. Also as seen fromFig. 5a, '

' For this reason, the above-cited disclosure
fails to go further in describing a technique for
achieving contact sliding.

According to the present invention, the front
10 pads have dual tapers which minimizes the pad area in
contact with the lubricant, and this reduces the initial
frictional force.
The above arrangement also allows the
lubricant to be raked in a high efficient manner, and
15 the resulting reaction force makes it possible to keep
the magnetic head in contact sliding on the recording
medium with the variation of the load absorbed.
With the front pads not flying, the position
(tilt) of the magnetic head remains unrelated to the
20 circumferential épeed of the recording medium.
Therefore, the clearance o between the magnetic poles
that constitute the element 46 in Fig. 4 and the surface
of the recording medium 1 remains constant, and the
recording magnetic field is-kept in a sharp distribu-
25 tion, so that high-density information can thus be input
and output.

Consideration to the moment related to the

flying force is unnecessary in the design of the



the frictional force depends on the shape of the pads, and the tapered pads
of the ptesent invention offer a lower frictional force than the plane pads
of the usual 25 technique. To support the magnetic head stably, the
smaller frictional force is better. The tapéﬁ%d'pads are thus found to be
effective. Friction coefficient is determ ned by divi

frictional forceSHSPERTHAY. s??ﬁemSBh§ﬁoﬁBPPﬂ€tFeFB?lHﬁgﬁgﬁiﬁfh?%é [o%ﬂeand
the friction coefficient is.deriv om Fi h tion
coeffi ci ent affé%?%p%ﬁ?%g?oﬁysgﬁﬁ fﬁepgﬁg??éiytﬂgchFﬁﬁ}ﬁn goé#fﬁaSSa
Coo o e onaekyhUEsdh e ohpb IR e AL opoticREeTeft e bt Py b
because it keepsadfgmbiyCtdPranebs! ?ﬁéﬂély?”&' kuneelaneofaﬁgelﬁa £Radphgss
5 surface on which the device is mounted, with the surface
of the recording medium). The suspension system is
provided with a larger margin in its design and is thus
manufactured at a reduced cost.
Since there is no need to offset the flying
10 force, rigidity of the suspension system is reduced aﬁd
the load of the magnetic head is lowered. Specifically,
the load of the magnetic head is set to be 1 g or
lighter. As a result, the abrasion of the recording
medium is reduced, and the life of ihe apparatus is
15 prolonged. By setting the load of the magnetic head to
within a range of 10 mg to 1 g, its abrasion is
minimized to a negligibly low level. Although the
apparatus is of a type in which the magnetic head is
continuously in contact sliding on the recording medium,
20 its life is prolonged to be as long as that of the
conventional magnetic disk that uses the magnetic head
floats off the surface of the recording medium.
Since there is no need to float the magnetic
head off the recording medium in our invention, Al,
25 glass and Si and even carbon and polymer (plastic) that
tend to suffer a slight degree of undulation are

acceptable as the material of the base for the recording

medium. If the recording medium is constructed, at



than 10 ng, frictional force overwhelns the | oad nmaking 10 the position of
t he’ magnetic head unstable. It is considered that resistance arising from
the lubricant becomes dominant in the frictional force. The recording

medi umis constructed, at least, of a recordihg | ayer for magnetic

i nformation, a pJotec- 1? tion I$¥er Lanina ed on the recordingglayer and

made of a car bort$8Fh 0Pt cArFETOEI{RE oh2¥SF bEAEGH xBR FRenPase; ferchi ef

tit t, bondi ng. | ubr j t, 1 t hat t ith db ith th
o erial Cor o IHEREGE IRESBI LI SHEr o | BRGELSREOR YhPOroTEnPRRCEATLE]  "C
fl bilit d g t i | ubri
mierial of the BetofSrhingchafer a1 MRGLTOE HICafBOh ERIR' or BatBlnr
Si, glass, carbog;pash ROAYISEE n&gyx&? £1Ph 0§93 t& Nchhes sueueﬁtegeef the

e
present invention, 25 all the pads are kept in contact sliding on the
recording ned urbohdiegt1dbpatang Diyet hehaecpesdttg weehUahdbBoRaSVEtLRY
dual tapers on pads, mnimzing the _
' the material of the protection layer, and a free

lubricant layer disposed on top of the.bonding lubricant
layer, the free lubricant layer moves along the pads as
the magnetic head moves, and thus the pads slide on the
. 10 bonding lubricant layer. In this case, even if contact
with the.pads breaks the bonding lubricant layer, the
lubricant layer having a fluidity fills the breaks of
the bonding lubricant layer one after another, thereby

enabling to prolong the life of the apparatus.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Figs. la, 1b, and 1lc are schematic views of
sliding surfaces and cross sections of the magnetic
head.
Fig. 2 is a perspective view of a
20 recording/reproduction separate type magnetic head.
Fig. 3 is an explanatory view of the conven-
tional magnetic head having a device in its flexure.
Fig. 4 is an explanatory view of the cohven-
tional magnetic head in which the front side is floated.
25 Fig. 5a is a graph showing the relationship
between the load of the magnetic head and tangential

force, and Fig. 5b is a graph showing the relationship



sum area of the pads, setting the center of support - 13 - properly,

optim zi‘ng the | oad of the nagnetic head, with the aid fromthe ginbal
t he suspension system for supporting the ma netlc head. Since,
the present invention, 5 there is no need=té% toat the front pads, in other
of fIy|ng for s .not needed e ads, the
Batsen SR APA @ 1 PATHELE HRAd and AT HEEfSRes bl ace.
ont pads 52 that are dual-tapered are higher than

wor ds, generati
front pad area
As shown in Flg

10 the rear

of

he fr
Q9fg %us the nmagneti c head is raised at its front

si de, causing |tself to b £ | t t E 4 ESPr ggﬁ%
the substrate surface of ﬁ]ed naé;%'eét’ EAI? il d;‘tfsheﬂ chff%%@egno ﬁ:géprgédg&are

in parallel,
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20

25

t he S WHA e dnt ﬁﬁnﬁ@ﬂ?ﬂ.&g ’w{%h ¥tfe tpdd Bion thereof.

Fig. 7 is an explanatory view of a suspension
system.

Fig. 8 is an explanatory view of the fric-
tional force acting on the magnetic head.

Figs. %9a and 9b are explanatory views of
another éxample of the suspension system.

Figs. 10a and 10b are explanatory views of the
magnetic storage apparatus.

Figs. lla and 11b are schematic views of the
magnetic storage apparatus according to an embodiment of
the present invention.

Fig. 12 is a perspective view of a novel
magnetic head according to the present invention.

Figs. 13a and 13b are explanatory views of the
structure of the magnetic poles that restrict a yawing
angle. |

" Figs. 14a, 14b and 1l4c are diagrams showing
the relationship between the yawing angle of each set of
pads and its output.

Fig. 15 is a diagram showing the relationship
between the pad area and its output.

Fig. 16 is an explanatory view of rectangular
pads and their problem.

Figs. 17a, 17b, and 17c are views showing the

according to



15 relative to the surface of the recording nedium 11, by making different
the hei ght of the front pads and the height of the rear pad. The front pads
are dual -tapered with two differently tapered surfaces. This arrangenent
allows the magnetic head to contact the sar dce of the 20 recordi ng nmedi um

substantially by line rather than by area even when, the,l ubricant exists on
the surface of t‘f@f’eﬁ:‘b‘?‘?ﬁ‘r@“ r%ﬁlm# W‘f%lt?lﬁg?e?ﬁ?ﬁ?¥§dnbﬂiﬁ?r¥1 rotated at
the condition shown in Fig. 6, a lubricant layer 63 existing on the surface
of the recordlndqﬁﬁﬂ DY is efficiently raked up into the sliding surface

e oamLiet LS MR gt etries ERmELagol tena ey peinatves of
thin filmand t asiddife fortd Uimddhet ¢ R8s h&vih§Cl OP€Ftically aligned
5 magnetoresistance effect pickup. |

Fig. 19 is a cross-sectional view of a novel
head structure employed in the present invention.

Fig. 20 is a cross-sectional view of a spin
valve type magnetoresistance effect pickup. |

10 Figs. 2la, 21b and 21lc are views showing the
structure of novel arms for keeping the sliding surface
of the magnetic head.

Fig. 22 is a graph showing the relationship of
stick force with the thickness of the lubricant

15 according to the present invention.

Fig. 23 is a cross-sectional view of the
magnetic head according to the present invention, taken
along its contact sliding pad.

Figs. 24a, 24b and 24c are cross-sectional

20 views of the conventional magnetic head, taken along its
contact sliding pad.

Figs. 25a, 25b, 25c and 25d are shchematic

view showing the manufacturing process of the contact

sliding pad having dual or further multiple tapers.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment 1

Referring now to the drawings, the embodiments



in the above cited Patent No. 5,424,888. The present invention and the

abdve di*scl osure have in comon a part of the process of coating a front 5
pad with a thin film Since the above disclgsure is related to the floating
head in which a flying-distance does not degéna on a circunferential speed

of the recordin I U he dISC|O t ecl u as 1t not,

adaptabl e to thg’% é"ﬁr}cml ﬂ’eeadi?%ca’fn?%ét he th] ekt of the
present |nvent| V.

fol lous. 11 1 %ﬂ%%%ﬁiﬁfﬁ@ i e %%“lﬁ%ﬁ*%%‘*?éﬂe@fc

manu acture er S SR iceto
be assenbled wt h t%g,btcjl erence from orl rﬂg nal q{ﬁl gn val uzj?“;é‘l'igdn%{é t he
magnetic di sk deuige 1fdinG i botittin RAGIEIIE dIRA eﬁ_ﬁ@dﬂ: et £ssBsh@nt o t he

recording 20 nmedi um at a predeterm ned |oad, and t | oad is natura
5 with its cross-sectional view taken along the line A~A’.

Fig. 1b is an enlarged cross-sectional view of the pads.
Fig. lc shows an example of the configuration of the
rear pad.

The magnetic head 2 is constructed of a

10 substrate of hard AlTi carbide or the like. As shown in
Fig. la, the sliding surface of the magnetic head 2 has
on its inlet side, namely on.its front side, pads 51;
52, and on its outlet side, namely, on its rear side, a
pad 54. A functional component for performing recording

15 and reproduction having the construction shown in Fig. 2
is mounted on the rear pad 54.

In order to slow abrasion of the pad 54, the
cross-section of the carbon layer of the pad 54 on which
the functional component is mounted is exposed to the

20 surface of the pad 54. To this end, a carbon layer of
about 1 um thick is deposited beneath a primary layer 24
in the manufacturing process for the structure of the
dévice shown in Fig. 2. Specifically, as shown diagram-
matically in Fig. 6, the surface of the rear pad 54 on

25 which the component 46 for inputting and outputting
nmagnetic information is constituted by the cross-section
of a deposition layer 62 having carbon as its main

constituent.



|y subject to an error introduced during assenbly. \Wat the flying distance
do€s not’ depend on the circunferential speed nmeans that the flying force is
constant even when the circunferential speed varies. 25 This suggests that
when the | oad of the magnetic head vari es-d¥é to tol erances and the like,

tpe L!ying diigance varieawﬁédﬁgéi?e&ﬁhégqﬁ@ggg%%$ﬁ$¥;i% thﬁ%gﬁgaeg$c head
of this - - nature i ' t | ar ger
force (I oad reater. th t flyi | d b d he,
oroe (1980) O SHEHALA kY AeEgLee sl fohouRi L etbRn grbber o
that a |oad var '%&e&%&‘!' %ﬂ?cfé g @&fﬁ&gﬂaﬁgtﬁﬁﬁé’&k&nw&ﬂ?“g@&%%

unconpen- sated cause the ying force
and exhibits an excellent abrasion resistance, the

5- device mounted pad 54 is also resistant to abrasion. A
similar effect will be equally expected if the primary
layer 24 itself is formed of a carbon layer or if a
carbon layér is additionally formed on an insulating
layer that is coated on top of an upper magnetic pole

10 27.

Ion milling or other machining techniques was

used to machine the pads, and the etch depth was about
20 um. The front pads 51, 52 were tapered at an angle
of 0.1° through 1° to its front edge, and the plane

15 portion of each front pad in parallel with the substrate
was 50 um by 50 um wide. The sum area of both pads is
5.0 x 10" m’. The present invention does not require
that the front pads be tapered linearly. Alternatively,
a chamfer may be formed by polishing the pads. We

20 verified that tﬁe chamfer formed on the front pads
during machining may also be worked. The flying force
generated by the pads 51, 52 were so small that we were
able to neglect it. As shown in Fig. la, the rear pad
54 is a symmetrical, elongated pentagon having a base of

25 150 um across and an altitude of 300 um high, and is
sharply angled toward the front side. The front pads
51, 52 are spaced from the rear pad 54 by 1.8 mm. We

verified that, instead of the pentagon shown, a pad 54



If the | oad pressed against the recording nmediumis unconpensated, the

| ubricant will be peeled 10 off the surface of the recordi ng nedium
causing failures such as crashes and rapid abrasion and possibly leading to
a short service life of the apparatus. To-pPévent such failures, the |oad

shoul d be controlled so that it is larger hy a sJiq?j force (on 15 the
order of a few R a Kgfammedt RN a8 {PH d Fi9§ JbAeRkRarFRaZuch

a control is virtually jmpossible, in the knawn assenbl t hod t here
o knoun t corimvarrad TRy b sy e e ad vty
floating head, if the | oag,20 .. af J r r [ gn
val ue, the position of thgﬂﬁeear(?aa(#] r?é%?%e e&%lo%t?i'gi#a t—E: éz;ra%%‘;%er lc}'ggél n the

direction the f'e‘Ht'l&Jlﬁ{ VL FTh 4 Ay H}?A@f}ﬁc{‘%dﬂﬁiﬁ‘@%'ﬂ?da

According to the prese I nvention, dual 25 tapers provided at the front

Fﬁgs al l ow the lgdinient)l dftdie WiddeCigridd 51,2k, Wha W4 Rede tasbyar yi ng,
After that, the sliding surface of the magnetic head was
coated with a carbon layer using sputtering or CVD
(Chemical Vapor Deposition) techniques. The thickness of
the carbon layer was calculated from the tilt angle of

10 the magnetic head of interest And the distance betweén
the pads 51, 52 and the pad 54. 1In this embodiment, the
tilt angle was 1 mrad, and the thickness of the carbon
layer was approximately 1.0 um. After the magnetic head
was coated with the carbon layer, the predetermined

15 solvent was used to remove the resin cover of the pad
54. 1In this case, the carbon layer on the resin was
removed together, and as a result, the carbon layer 61
remained on the pads 51, 52 only. This process made the
pads 51, 52 higher than the pad 54 by 1.0 um.

20 A similar effect may be achieved if a hard
layer of silicon oxide or silicon nitride is used
instead of the carbon layer.

After the above process, the magnetic head was
covered entirely with a carbon layer of 10 nm thick as a

25 protection layer in the same way as the known.magnetic
head.

As the front pads 51, 52 were coated with the

carbon layer 61, the magnetic head, when put into



reaction force fromthe lubricant varies so as to be able to conpensate for
the vari'ation of the | oad. - 16 - The above cited disclosure states that
the taper angle of the front pads is set to_be small to keep the flying

force constant against the circunferential %geéd. 5 If a single

force constant against. rferentiar ook, 5 _
aking of ' he | EBRERER Yitho WG rerEyaIra RETNE Fan SRR apbEaL |

smal | and thus unaght%%;%a§%%eg,sg er]:?%rgr?a%lr L itg,l'ézd_je%&%.% T

I't was al so | eaffRe Single an -an taper icréggg%'only

LT o0, O A ABTA! Pkl 1884 1 g 86
front edge of the pads when the recording medium moves
5 (rotates) and enables a continuous contact sliding in a
reliable manner. |
The magnetic head 2 was supﬁorted at its rear
side by a suspension system 7 as shown in Fig. 7. The
suspension system 7 was produced by stamping from
10 stainlgss steel sheet of about 25 um thick, and had
cross afms 43, 45 as its gimbal portion. The magnetic
head was supported by these cross arms 43, 45. The
center of support (load center) of the magnetic head 2
was at the intersection of the center lines 49, 50 of
15 the arms 43, 45. The center of gravity of the magnetic
head 2 was at the intersection of a broken line 47 and a
dot-dash line 50. Namely, the load center of the
magnetic head 2 was set to be off the center of gravity
of the magnetic head on the line connecting the center
20 of gravity of the magnetic head to the center of the
rear pad. This arrangement helps reduce a torque acting
on the rear pad 54 and prevents the rear pad 54 from
flying.
Referring to Fig. 8, the relationship of the
25 center of gravity of the magnetic head with its load
center will be discussed. The magnetic head 2 of the
present invention is supported at the center of support

42, and the pads 52, 54 are in contact with the record-



of such force, nanely the force required to start 15 contact sliding with

t he*t hi ckness of the lubricant as a parameter. As shown in the figures,
test results obtained fromthe magnetic heaqgﬁf t he above-cited disclosure
and the magnetic head of the present inventi W th both 20 nmagnetic heads

' lidi dwih h.oth As from Fi 2 h
ocordi ng medi unt 39 PRAEBRCECRER | WUt RERL FRBECRDs atBRnEFAFeERRAL FOECe
fricti | f ] CK h | 5 i

{hi cknese. measur SECM] PhFAE RRIE" 57 CoR Lk Eph TOEoRayE abbRE HT TN

standpoi nt of kegghfgr! &k éaggsofbewasaeai fule2dnl " the £B2hhbCRaflds
presents difficulty achievin - 17 -
: the front pad 52 to be lowered and the rear pad 54
5 having the functional device to be raised from the
recording medium. If the device is spaced apart from
the recording medium 1, electromagnetic conversion
operation is adversely affected, and high-density
recording and reproduction are disabled. As alreadf
10 described, in this embodiment, the center of support 47
of the magnetic head 2 lies on the line connecting the
center of gravity of the magnetic head to the center of
the rear pad, the center of support of the magnetic head
2 is close to the rear pad 54 having the device, and the
15 torque acting on the rear pad 54 is reduced even if a
constant frictional force is applied. The floating of
the rear pad 54 is thus prevented.
Fig. 9 shows another example of the suspension
system. Fig. 9a is the perspective view showing the
20 connection between the magnetic head and the suspensioﬁ
system. Fig. 9b is its bottom view.
The suspension system 7 has at its end two
bifurcated leaf springs 71, 72, which support the
magnetic head 2 together relative to the pads 51, 52,
25 and 54. Namely, the load from the suspension system 7
is exerted on the support of center that is off the
center of gravity of the magnetic head but lies on the

line connecting the center of gravity of the magnetic



contact sliding. The technique of the above-cited disclosure achieves the
sl ow speed.features of lift-off and lift- down actions and is intended
strictly for use as a 5 flying head. For this reason, the above-cited
di sclosure fails to go further in describihg% technique for achieving

tact slidi 2 A di to t t o] ti the,f t 10 ds h
Gual ¢ aper s v AR o8 CREERRAOS, ERS) FOREnPat: e WERSR 8r1 fant, and
t hi d the, initi frieti I cend. t _al
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absorbed. Wth tﬂ?e“f]?@ét:?ﬁ‘ﬁ'%ﬂ%hé'%%&%ﬂb& Beevbhe8d(hhit 218f thPge

magnetic head remains unrelated to t

5 pads are concurrently put into contact with the
recording medium. Since two leaf springs 71, 72 can
independently deflect, they work as a gimbal. A
suspension system having other shape may be employed as
long as it exerts the load at a position away from fhe

10 center of gravity of the ﬁagnetic head and close to the
rear pad 54, and it offers a gimballing function.

Fig. 10 is the explanatory view showing the
magnetic storage apparatus. Fig. 10a is the plan view
of the apparatus, and Fig. 10b is the cross-sectional

15 view taken along the line A-A’ in Fig. 10a. The
recording medium 1 is rotated by a motor 6. The
magnetic head 6 having three pads on its sliding surface
is supported by the gimbal member attached on the end
portion of the suspension system 7. The suspension

20 system 7 is secured to an arm 4 that is driven by a
rotary actuator 3, and the rotary actuator 3 moves the
magnetic head 2 to a desired position on the recording
medium 1. The recording medium 1 employed Al as a
material of the base. Also acceptable as the material

25 of the base are glass, Si, and further carbon, plastic
and the like. The base was coated with a predetermined
recording layer, and then with a carbon layer as a

protection layer. A fomblin-based lubricant was then



20 circunferential speed of the recording nmedium Therefore, the clearance
[ert] between the magnetic poles that constitute the element 46 in Fig. 4
and the surface of the recording medium 1l remai ns constant, and the
recording magnetic field is kept in a shar‘p%ﬁs‘tribu- 25 tion, so that

h oh- density LIRS OpoCa s Bee LORUL, 500 pu' B ol et on, (0 the

L8 enepene on SRSk SUBROL S LhECTRARCL: BylEpton BE SUSRERRLRL,

o o, (B8 B SERSE L oL PL PSR stk Bl VIELWBRRE

of the recordi ngraEdbtMne TH&mE UEPSESHPL "a SYSbETLARt having no bonding

| 5 reactive group was applied. As a result, dual lubricant

layers were formed. A silicon containing or a boron
containing carbon layer used as the protection layer for
the recording medium doubled bonding force. These |
nembers are housed in a casing 14.

10 The apparatus offered approximately 10 GB of
storage capacity per recording mediﬁm. By stacking a
plurality of recording media; a magnetic storage |
apparatus having a storage capacity of a few tera bytes
to a few peta bytes was constructed.

15 This apparatus of our invention was success-
fully applied to a magnetic disk device of a type that
permitted recording medium interchangeability. In the
recording medium interchangeable type disk device, the
cost of the recording medium is important, and thus low-

20 cost material for the recording medium, such as glass
and plastic, should be employed. According to our
invention, a slight degree of undulation on the record-
ing medium is acceptable, because the magnetic head is
not floated. Thus, such an ineipensive base success-

25 fully works.

Since abrasion that chiefly determines the
life of the apparatus greatly depends on the load of the

magnetic head, the magnetic head should be pressed



provided with a larger margin in its design and is thus manufactured at a
reduced cost. Since there is no need to offset the flying 10 force,

rigidity of the suspension systemis reduced and the | oad of the magnetic
head is |owered. Specifically, the |oad of t4% Tragnetic head is set to be 1
g or lighter. As_a resuli, the abrasion of the recprdjng,nmediumis reduced,
and the |ife of 19R1%PhathR Kep_r Bngﬁ?%abﬁﬂeﬁt a lgéFt%ﬂﬁ theIPoﬁglﬁf t he
magneti c head to_w thi r e, of .10 _ng _t .1is_abrasion i Lni m zed
to a negligibly ?%k&f%g%gf g@?h%%ﬁ% A2 gﬁgaégt §£$§no? 12P9Be® ngthgh the
magnetic head isggoptdnu - e C C el .1 h C | di um

20 its lifeis prgPo gegﬁ?%ybgﬂgsﬂﬁ%%gigéétﬁ%?g% %ﬁe€%%%vg%§§§2aﬁE

magnetic di sk t had]l 4fi6Pe t EontREP s 1 £ @i s 0BbRL Phlioh By SHtEagReql the
recording medium Since there is no need to float the nmagnetic head off the

recordi ng medi Unkithewt havingiod, kéép Phe ghtsse afidlgetasdhexa@nteatbgn and
pol ynmer (plastic) that .
' mg or lighter as required by Japanese Patent Unexamined
Publication No. 5-114116.
Embodiment 2

As described above, our invention allows high-

10 density magnetic information to be recorded and
reproduced with the magnetic head kept continuously in
contact sliding with the recording medium. According to
our invention, the magnetic head is subject to little
flying force, a wider tolerance is allowed in circum-

15 ferential speed. This allows the magnetic head to move
in a wide area on the recording medium. Namely, the
magnetic head is movable with a wide yawing angle (an
angle between the tangential direction (direction of
contact sliding) on the recording medium and the side of

20 the poles for inéutting and outputting magnetic informa-
tion).

When a magnetic head of a type that has its
recording component geometriéally separated from its
pickup component as shown ir Fig. 2 is used, a large

25 yawing angle reduces the width of overlap between
recording information row and the pickup component.
Referring to Fig. 13a, this is further detailed. Figq.

13a is the explanatory view of the input/output



tend to suffer a slight degree of undulation are acceptable as the material
of the base for the recording nedium |f the recording mediumis
constructed, at - 19 - least, of a recording layer forned on the base
for magnetic information, a protection Iayér396ﬂﬁ nated on the recording

| ayer and made o arbon filmor carbon- .silicon,car e_mxed filmas

its chigf,consti%ﬂgﬁlfoﬁa °88B8Pﬁ5%|HbFVE&ﬁ?EPQyEPetﬁ kgfggcﬁgrﬁﬁfﬁ &td
bonds W1 NS ikl GBEDT ! Ol G4Sher 40t By G

di sposed on top t ndrng ubri Can ree I can

moves along the pagsags LREadREpebEc10eaB/IhTe%endWidfl'%t ¢ PAESe Shofle O

the 10 bonding . ayer- n this case, even If contact W
pads breaks the bwnﬂaagabpb?kzﬁatehgysr.s il¢ hHAr chankib@Knebrhanengdedd

fluidity fills the breaks o
5 magnetoresistance effect pickup 23 was approximately 0.5
pum. These magnetic thin films were disposed via a
shield layer and an insulating layer. Thus, the
distance between the write pole 27 and the read magnetic
layer 23 was approximately 3.0 um in the usual tech-

10 nique. Calculations indicated'that, in this positionél
arrangement, the yawing angle should be to within about
$15° (or within a range of 30°) to cause about 50% of
the read magnetoresistance effect pickup 23 to overlap
the writing information row (as shown in Fig. 13a).

15 This restriction required that the_permitted angle of
rotation of the rotary actuator be to within $15°.

In this embodiment, the read magnetoresistance
effect pickup 23 was interposed between two mutually
facihg write poles 27, 28 as shown in Fig. 13b. In this

20 arrangement, a magnetization transition region generated _
on the recording medium by writing is kept overlapped on
the read magnetic thin film. This arrangement allowed a
magnetic field from the magnetization transition region
to be efficiently introduced to the magnetic thin film

25 regardless of where the magnetic head is posi;ioned on
the recording medium. As a result, a reliable
input/output operation was carried out even with a wide

yawing angle.



the bonding lubricant |ayer one after another, thereby enabling to prolong
the'life of the apparatus. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gs. 1a,
1b, and 1c are schematic views of sliding surfaces and cross sections of
the magnetic head. Fig. 2 is a perspective 3lew of a 20

recordi ng/ reproduction separate_type nmagnetic head. Fig. 3 is an
expl anatory view of the coﬁ%@n-l%i ﬁVsnﬁﬁﬁe??ﬁvﬁeﬁﬁrﬂggﬁﬁﬁnﬁ Be¥Pce in its

[ P9 Ao B EEpLIDY b i alotUs: SORNSE gHege oFEHE b M

in which the fro [ oa
howi ng t he rel at. ] |
Cangent i al for oo ani egPoRiE o il Rle haghGeFRCBPLPCRTCRIRT I . 20

bottom magnetic pole 28. The sliding surface of the

5 magnetic head was provided with a conductive film 41,
through which the write magnefic poles 27, 28 were
electrically coupled with the magnetic.thin film 23
having magnetoresistance effect. The operation of this
arrangement is discussed below. The magnetic thin film

10 23 picks up magnetic information using magnetoresistance
effect. .To this end,'a current should be conducted
through the magnetic thin film. In the usual technique
shown in Fig. 2, a conductor 29 conducts a current to
the magnetic thin film 23, In the present invention

15 shown in Fig. 12, the magnetic thin film 23 should be
mounted in a place where the write poles 27, 28 are in a
smallest clearance (0.5 um or less). Disposing the
conductor in such a place renders the manufacturing
process complicated, and furthermore, the step caused by

20 the conductor is likely to adversely affect the write
characteristics of the magnetic head. To cope with this
problem, after the magnetic head underwent polishing
process in the same way as in the usual technique (after
the machining of the sliding surface was completed), the

25 conductive film 41 was applied to the sliding surface.
The thickness of the conductive film 41 was 5 nm or so.
A conductive carbon film or a metal film made of Ti or

the like successfully worked as the conductive film 41.



between the | oad of the nmagnetic head and friction coefficient. Fig. 6 is

an 9llustration of the magnetic head of the present invention with the
position thereof. 5 Fig. 7 is an _explanatory view of a
suspensi on system Fig. 8 is an explanatory3@«aw of the fric- tional force

acting on the etic head. Fi . d9 I t . Vi) f .10
ano{hgr exanpl e t?#m?@ﬁgpéﬁgégﬁlkgg?%g?uﬁi%%équgpﬁaggﬁgL¥h¥be%§bgﬁﬂatory
views of the magnet.c . Figs. 1 11b ti
‘e o ! he g OLA% RS ELSe fGRnidlt DERARLR TR |
the present in ' L. ¢4l 1 | | f ti
head pac cordi 'ngi‘é(;B r%cﬁgb%ir:%(g e%%ﬂln h‘?}%%t P%?]f p@l%és Y&i%{z’iﬂz{iﬁg ‘i%%gg\r/g*%%ﬁgﬁa{ gr y

views of the strycdpifod &4 SRETGYeE. pol es that restrict a yaw ng

5 The cross-sectional structure obtained from
the above process is now discussed referring to Fig. 19.
The sliding surface is provided with the conductive film
41, and the magnetoresistive effect pickup 23 (magnetic
thin film 23) is interposed between the magnetic polés

10 27, 28. 'Since the magnetic poles 27, 28 are put into
contact with the magnetoresistive effect pickup 23 via
the conductive film 41, the magnetic poles 27, 28 are
also used as a conductor. By connecting a conductor 44
to one end of the magnetoresistive effect pickup 23, a

15 current is conducted to the magnetoresistive effect
pickup 23. 1In this case, the area of the electrical
contact point at the gap that affects the pickup
sensitivity is minimized.

A known example similar to the above

20 arrangement is disclosed in The Journal of The Magneticé
Society of Japan, Issue 18, No. Sl1, page 345. Fig. 18
shows its structure. A magnetoresistive effect pickup
23, interposed between shield films 42, 25, has an
electrical contact point with the shield film 42. Thus,

25 the shield film 42 is also used as a conductor. The
above disclosure is the prior art in that the direction
of current to the magnetoresistive effect pickup 23 is

perpendicular to the sliding surface. A conductor 47 is



20 angle. Figs. 1l4a, 14b and 14c are di agrans showi ng the rel ationship
between 't he yawi ng angle of each set of pads and its output. Fig. 15 is a
di agram showi ng the relationship 25 between_the pad area and-its out put.
Fig. 16 is an explanatory view of rectangUlé@ pads and their problem Figs.

Lre, b 21 Lol 8 SR SO0 dtece s on Y megl MBI R AL

manet or esi st an BB BRI TR T Lot STE H SR M Ersrent chheres

novel In the present invention, the conductor 47 is also
required, and is disposed between the write magnetic

5 poles. In Fig. 18, however, contact between-the
magnetoresistive effect pickup 23 and the shield film 42
is performed by an area contact, where magnetoresistive
effect is degraded ‘by magnetostriction that takes place
in the magnetic thin film because of machining |

10 deformation residing after.formation of the magnetic
poles. It was also learned that Cu as a material for
electrodes diffusing through an Ni-Fe layer degraded its
magnetic characteristic. In the contact point that is
subject to such a problem, intended magnetoresistive

15 -effect fails to work satisfactorily and high-sensitivity
pickup required for high-density recording cannot be
achieved. According to our invention shown in Fig. 19,
the contact area is small, and magnetoresistive effect
takes place as intended at the side of the sliding

20 surface where stray magnetic field is usually at a
maximum. Our invention thus achieved efficient reading
operation at a high recording density condition.

In our invention, the voltage of the

conductive film 41 provided on the magnetic head sliding

25 surface in Fig. 19 was set to be equal to the surface
voltage of the recording medium. This arrangement
removed static electricity during contact sliding and

achieved a reliable reading operation.



heagd structure enployed in the present invention. Fig. 20 is a
cross-sectional view of a spin valve type magnetoresistance effect pickup.
10 Figs. 2la, 21b and 21c are vi showi ng the structure of
novel arns for keeping the sliding surface ol the magnetic head. Fig. 22 is

a graph show ng the reIatiﬁﬁ%h%Rvghtibhcga;opgﬁygb}gégg%a%gggQggiiep%pkgg

| ubricant 15 according to resent 1 nvent

orose: secti onel VagweokybhenEaBel Ko 1ER4vaCLRriLN0R0 LA LRICY pi..

i nvention, -taken al ong S contact s I ng pa Figs.

cross-sectional 20.vi eneref aktBeacanverkiegabrnpagabterbeadeivaketaloeny its
contact sliding pad. Figs. 25a, 25b, 25c and 25d are shchenmatic view

show ng t he manupackupi dgviecesckfionh tbethosbaskillled ng phe Aati.ngsdunale or
further nultiple tapers. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 5 they are in principle of thin film structure, the
present invention is adaptable to them without any
problem.
The strﬁcture of the magnetic head designed fo
widen the yawing angle has been described. Discussed
10 next is the shape of the sliding surface that is
important for widening the yawing angle. The shape of
the magnetic head sliding su?face is described in |
.Japanese Patent Unexamined Publication Nos. 6-60329 and
6-150283, for example. These heads disclosed assured a
15 stable and continuous contact sliding within a limited
range of yawing angle. The following problem, however,
arose when a contact sliding test was performed within
the yawing angle specified in our invention. Fig. 14
shows the test result of each prior art head in
20 connection with the relationship between the yawing
angle and the output of the magnetic head. Fig. l4a
shows the test result obtained from the magnetic head
made up of the pads 51-a, 52-a, and 53-a according to
Japanese Patent Unexamined Publication Nos. 6-60329% and
25 6-150283, and Fig. 14b shows the test result obtained
from the magnetic head made up of the pads 51-b, 52-b,
and 53-b according Japanese Patent Unexamined

Publication No. 6-150283. A high output level (namely,



Embodi ment 1 Referring now to the draw ngs, the embodiments - 22 - of
the’present invention will be described. Fig. 1 shows an exanpl e of
magnetic head used in the magnetic storage ﬁfaratus according to the
present invention. Fig. la is a bottomview 1t he magnetic head, along 5
with its cross-sectional Vi eM/taken Iongethe b is an

enl arged cross- sRcPPBAaPUEPRY) o¥aBhebhadtedrpgly IUlAhbﬁsaaﬁgg}Eﬁpﬁég&F t he
Cont 1 Qurat o, o gk NE15O%SpPRSl. THETRY R LRLCAY kR BRI BEC Y Bk 2l
SEEEHEC LY il otatnss i S IR
a satisfy the performance requirement our invention meets
5 in achieving a reliable input/output operation over a
wide range of yawing angle. After studying the
examples, we learned that the problem lay in the
vibration of the magnetic head when the yawing angle was
set to 115° or more. The above disclosures did not
10 address this problem, and this embodiment is the first
one that focuses on this problem.- To attain a large
storage capacity in a magnetic storage apparatus, the
surface of the recording medium should be effectively
utilized. This objective cannot be achieved by these
15 disclosed prior techniques only.

As shown in Fig. 17a, the magnetic head 2 had
on its sliding surface the front pads 51, 52 and the
rear pad 54 with the read/write functional component,
and the rear pad 54 was sharpened in the movement

20 direction of'medium._ In this arrangement, the lubricant
layer resting on the recording medium was adequately
raked up into the sliding surface while excess lubricant
was rejected on the plane of the recording medium. Fig.
14c shows the test result of the sharpened pad 53-c in

25 connection with the relationship between the yawing
angle and the output. As seen from the test result, a
reliable and high output level is obtained within a

range of +23°. Compared to the results in Figs. 14a and



pad 54. A functional conponent for performng recording 15 and
regroducti on having the construction shown in Fig. 2 is nmounted on the rear
pad 54. In order to slow abrasion of the pad 54, the cross-section of the
carbon | ayer of the pad 54 on which the f anéfi onal conponent is nounted is

exposed to the 20 . surface of the d 54. . To this end,. a carpbpon |ayer of
abou]'E 1 [err] tHi4%e i?‘%éﬁﬂ?ﬁ’i’l%@’t@aﬁezﬁwiﬁ‘?@rﬂ’r? ?‘%/%t?a’?ﬁ” ¥he g
manuf acturing pracgss for tfhe structure of, .t ' j i .
Speci f  cal | . PaAHEed of i Skt ya’f%%‘g@%?"e? PO bldndldiad,
rear pad 54 on s Wi t [|putting and outputtin
%%Joérggi(s‘é}}:oér}gt It ut eﬂ gyst Bcdd®: o 0 ;

magneti c informa . . he cross-section of a deposition
layer 62 having carbon as yyieh Mid ged'$3 twil -the devce Has a

5 rectangular shape with its short sides aligned with the

"

contact sliding direction as shown in Fig. 16, the pad
53 clogs, at its front edge, excess lubricant 61 as
shown in the right-hand section of Fig. 16. To prevent
this clogging, the sliding surface is tilted to rake the

10 1lubricant in. Such a position.control is identical tb
the three-pad type magnetic head with its front pads
" floated as disclosed in Japanese Patent Unexamined
Publication No. 6-60329. In this case, however, the
front pads float high by air pressure (as high as 50

15 nm), and if the circumferential speed varies greatly,
the flying force varies as well, making unstable the
contact sliding operation (thus, input/output
operation). The problem encountered herein agrees with
the problem presented in Figs. 14a and 14b. 1In the

20 shape of the pads in our invention, excess lubricant is
reliably rejected without floating or flying the front
pads 51, 52. Therefore, a reliable input/output
operation was achieved within a wide range of yawing
angle.

25 Other examples that employ a sharpeged pad on
a sliding surface are disclosed in Japanese Patent
Unexamined Publication Nos. 4-281209, 1-298585, 6-52645,

and 2-101688. Since these are of a flying head, the pad



The device thus constructed is polished to provide a sliding surface, to
whi ch the carbon layer is exposed. Since the carbon layer is mechanically
strong and exhibits an excellent abrasion resistance, the 5 device nounted
pad 54 is also resistant to abrasion. A stiar effect will be equal |y

ted if th | | 24 1tself_is f d . b I i f
carbon layer 1o SHORFECRRRFSere Fhuihy ShErncuFBr: Rt PapRFeRay FEecBafed
t f \ I 27 1 LLj higni,
Cechnt ques s (Eeh rgnanid B8’ Fatd? (andZEnd randlpRl BEPROUAIS, 58 560
. The f , t h
[err] to its irot eoeie RATpREe oL ERbCHegholl PAPeRLin) Phbke A

parallel wth theesdbpéhaifs B S6nt&EE] wh¥n5Bhbenbhivhde. alBerayfyatea of
both pads is 5.0 x 10-9 nR2. The present invention does not require-that the

front pads beg t afles etlest pethé ypadl &eeaashyeld, be sabanéestmaysbg Lorhed by
polishing the pads. W :

' less to prevent the pad from flying. To embody the
present invention, therefore, the pad éize should be
restricted.

An advantageous effect similar to the one
_ 10 given by the sharpened pad was obtained using a pad 55
that was-elongated in the direction of contact sliding
as shown in Fig. 17b. It is thought that a longer pad
helps itself rake efficiently the lubricant resting on
the recording medium into the sliding surface by
15 floating the front pads slightly high (as high as 20
nm).
The same effect was also achieved by tapering
a plurality of pads toward their frdnt ends, the pads
being constituting the sliding surface of the magnetic
20 head. If the pad 55 is tapered toward its front end as
shown in Fig. 17c¢, the clogging of the lubricant at the
front edge is prevented. This effect is easily
understood because the lubricant has flowability. In
this case, there is no need to float the front pads 51,
25 52 (or tilt the magnetic head). This advantage is the
one the usual techniques have failed to offer, and is
useful for keeping the device portion and the recording

medium in close vicinity.



20 wverified that the chanfer formed on the front pads during machini ng may
al so be worked. The flying force generated by the pads 51, 52 were so snal
that we were able to neglect it. As shown in Fig. la, the rear pad 54 is a
symetrical, elongated pentagon having a Bagé of 25 150 [err] across and

an altitude of 300 [err] h, and i.s sh angled to rd t ont side.
The front pads 51, 52 are%a‘ﬁa’d‘ r% §EP)egoll]P %’\siﬁ g’ﬂ\é{’/@
verified that, i : of f a

def or ned pentag&%§%§ an%K%#E%}Eggggrec n(\:;‘]{'j"!i:g&‘éI f%v%$¥l%g?ntl zoid, or
circul ar shape gfgj@%&ﬁ%?iwod n_q, n&a&xé“?&éfe!i&&dofwﬁbt %&e was

entirely covere a resin that a solubi ity 1n a5 solven ter

three pads 51, eadnN@etho®t ecicHtBsy ¥id efrdhetpaddensgh fi norss f ace of
t he magneti c head was

5 arrangement enables the magnetic head to be contact
sliding continuously within a wide range of yawing
angle.

In the present invention, the magnetic head

sliding surface should be in contact with the surfacé of

10 the recofding medium to within a good accuracy. A
special technique is thus required in assembling the
apparatus. Such a technique has not been proposed by
the prior art. To achieve a prolonged life of the
apparatus under the operating condition that the

15 magnetic head is kept in continuous contact sliding on
the recording medium, abrasion taking place between the
magnetic head and the recording medium should be slowed
as much as possible. To this end, typically available
is a technique in which contact sliding is performed

20 through a lubricant layer interposed between the
magnetic head and the recording medium, each of which is
coated with a protection layer made of a hard carbon.
Even with such a technique employed, abrasion still
takes place and abrasion depends on load. Then, a

25 diversity of techniques to lighten the load of the
magnetic head to an extreme level have been proposed.

Under a light load condition, rigidity of the

gimbal for adjusting the position of the magnetic head



coated with a carbon | ayer using sputtering or CVD (Chem cal Vapor

Deposi ti‘on) techni ques. The thickness of the carbon | ayer was cal cul ated
fromthe tilt angle of 10 the nagnetic head of interest and the distance
bet ween the pads 51, 52 and the pad 54. In 8Ri s enbodiment, the tilt angle

was 1 nrad, and the thickness of the carbon | a s a roxina; ly 1
[err]. Aft er t h&headfedlist é’ﬁj]\ﬂﬁ?%’te@%q’fg r lFaE/’te,g’cgﬁ °P

pr edet er mi ned 1 sol.vent. wa to re r.esin cover af the pad 54.
’n this case, glﬂ%ﬂa'gfiﬁe %@98@5 i gL tead a6 5s

made ¢ he. Bidﬁaéméﬂl & R Y R Ul DA HeeRi@ s b RhR7 38
simlar effect ég égf fOe\ﬁﬁ-ﬂa I;{nd’:;,,,hq,{ ,{é’\yeé ﬁ‘s]@* F8e O d6a et | i con
tead o e

nitride is used In car bon er. After the above process, the
nmagneti c heag Wasmpaver@éittiiivee|to vuﬁén Toddy ol RY e aisdd. nnrRdi ck as a

25 protection layer in the sanme way as the known nagnetic

harder gimbal, however, presents difficulty in making
the magnetic head sliding surface contact precisely the
surface of the recording medium. In the present
invention, an adjustment mechanism 5-3 having a gimbal

10 function is newly provided between a gimbal member 7
supporting the magnetic head and an arm 4 connected to
the actuator as shown in Fig. 2la. The adjustment
mechanism 5-3 is provided with an adjustment portion,
which screws 5-1, 5-2 fix to the gimbal member 7 for

15 adjustment during assembly of the apparatus. After a
worker adjusts the adjustment portion, it is fixed with
the screws to provide continuous contact sliding state.

A form remember metal may be used as an

adjustment mechanism 5-4 as shown in Fig. 21b. In this

20 case, a predetermined heat treatment is performed to the
adjustment mechanism 5-4 with the magnetic head forced
against the recording medium, so that deformation of the
form remember metal required to keep the contact sliding
condition is maintained. In this way, the relationship

25 Dbetween the gimbal member 7 and the arm 4 is fixed so
that the continuous contact sliding is maintained even
after the forced contact sliding condition is released.

A thermal softening polymer 5-5 may be used as



head. As the front pads 51, 52 were coated with the carbon layer 61, the
magheti ¢ head, when put into - 25 - contact with the recordi ng nmedi um
was tilted resulting in dual tapers with respect to the recordi ng nedi um
This tilt prevents the |ubricant fronlclogg Eg ~at the front edge of the

pads when the recordjn nedlun1 ves, 5 (rotates) and,enah ont i nuous
contact sli di ng 3™ ag ST Qs rétﬁf@% EFé’aﬂi 2i @b Ported at
System 7 igiepfymé%&pe“%%em S ik ot e SRR DL 2
T S TS i 1 R B
heat softening polymer 5-5 as pressure contact means and
5 heat treatment means. Specifically, heat is added to
allow the heat softening polymer to deform to a required
degree, and then the. heat softening polymer is left to
cool to fix the relationship of the gimbal member 7 with
the arm 7 in a manner that the magnetic head is put into
10 contact sliding.
These adjustment mechanisms will be described
more in detail later. - ’
The contact sliding condition between the
magnetic head and the recording medium is effecti#ely
15 maintained by supporting the magnetic head 2 with the
gimbal of bifurcated leaf springs 71, 72. The gimbal
have an open angle of 30° through 45° between springs
71, 72. It is thought that radial displacement of the
recording medium is easier to absorb by constructing the
20 gimbal of bifurcated leaf springs rather than a known
single continuous leaf spring. Namely, making an open
angle between the bifurcated springs of the gimbal
increases support strength in the direction of seeking.
Thus, the position of the magnetic head during seeking
25 operation will not be destabilized even if rigidity of
the gimbal is lowered. A lower rigidity gimbal tends to
absorb better the displacement of the sliding surface.

It is thought that the function of putting the sliding



center of support (load center) of the magnetic head 2 was at the

i nt’ersection of the center lines 49, 50 of 15 the arnms 43, 45. The center
of gravity of the magnetic head 2 was at the intersection of a broken line
47 and a dot-dash line 50. Namely, the |oad4denter of the magnetic head 2

was set to be off the center of gravity . of the magnetic head on the |ine
;:ﬁnnecti ng EjheT(ﬁsaﬁ%CQZd%o d‘?‘ﬁ*ﬁhﬁv d'fi’.fdﬁ ‘?gé‘rfe‘tt ?q’bt a?. to thet (r:]ent er of ;
e rear pad. is arrang el ps reduge a, torque, acti on rear pa
54 and prevents the rear ;{ﬁ% ﬂ%ﬂ?ﬁ’gﬁ &b?aq?ﬁ%&*%eéft%ﬂg} gt?w%,Plf% P
rel ati onship of t f Vi of | G ' its | oad
center wll be #s%ué?gj%‘%a%a%ﬁaé%eic? %é?%agpdr e%%%%%él on is
supported at theneRal 8m &iFURPOT et £ BFihd RSP Zhe % Akt | Pad® VLS

with the record-
5° negligibly small when the sum area of the front pads was

set to be 5.0 x 10% n’ or smaller. Fig. 15 shows the
test result. According to the result, if the head load
is set to within the range specified by our invention (1
g at maximum), a constant high output is obtained with

10 the pad size set to 5.0 x 107 m’® or less. With wider pad
size, the output drops. This is because floating pads
position the head as shown in Fig. 4, causing the device
and the medium to part. This suggests that a small pad
size limits flying force. With a load of 1 g or

15 smaller, the size or area of the front pads should be
set even smaller. At any rate, the conditions specified
in our invention are satisfied.

As described above, the load of the magnetic

head should be reduced to slow abrasion arising from

20 continuous cbntéct sliding as much as possible. In our
invention, the load is set to be within a range of 10 mg
to 1 g. According to tests, frictional force during
contact sliding {(resisting force taking place when the
magnetic head slid on the lubricant) was determined by

25 the load, and dropped as the load became lighter. With
a load of 10 mg or smaller, however, frictional force
works more powerfully than the load, destabilizing the

position of the magnetic head. It is considered that



- 26 - ing medium1 via the lubricant 63. The frictional force acting on

t he’ pads 52, 54 causes a torque about the center of support 42 as a
fulcrum The torque causes the front pad 52 to be | owered and the rear pad
54 5 having the functional device to be rai%ed fromthe recordi ng nmedi um

If the device is sgaced art, fron1%he re orgi g. { el eqtromagneti ¢
conve55|on oper af¥ ﬁngnﬁ VRFL8iDg, F@@t&ﬁ Hg LERRt dg%§9 s, 8OBLBRRE and
reproducti o '

tﬂe center g;agﬁﬁ%o 595?€$%§£%a %%?Ié hg ﬁéégsggeoﬂagﬁé%F?ggggggﬁgcting
the center o r t d,
the center of gu%%%r%t%%léngonagngé}g E % éﬁygagfigghggegﬁakpggpegigeg
havi ng the devi oane%ﬂdgﬁéelé%éaaqagaﬁﬁgtnahenrébsraﬁﬁg Radiam he hedeaad

even if a constant friCtional force is applied. The fldating of the rear
pad 54 is thgs psevieihethe Frgngd® sboeembniedhen esseple of the suspensi on
Fig. 11 shows the magnetic storage apparatus
of this embodiment. Fig. lla is the plan view of the
apparatus, and Fig. 11b is the cross-sectional view
taken along the line A-A’. The magnetic head 2 having
10 the three pads is supported by.the gimbal member 7, .
which is then connected the arm 4. Provided between the
arm 4 and the gimbal 7 is the adjustment mechanism 5
which adjusts the contact sliding between the sliding
surface and the recording medium. The arm 4 is secured
15 to the actuator 3 that positions the magnetic head 2
relative to the recording medium 1. The recoxding
medium is directly coupled to the motor 6. These
components are housed in a case 14. 1In this apparatus,
a storage capacity of about 10 GB per recording medium
20 is achieved. By stacking recording media as shown, a
magnetic storage apparatus having an extremely large
storage capacity ranging from a few tera bytes to peta
bytes is provided.
Fig. 2la shows one example of the adjustment
25 mechanism that adjusts the contact sliding be;ween the
sliding surface and the surface of the recording medium.
Two screws 5-1, 5-2, one on the right-hand side, the

other on the left-hand side of the mechanism, press the



system Fig. 9a is the perspective view showi ng the 20 connection between
the magneti c head and the suspension system Fig. 9b is its bottom view.
The suspension system 7 has at its end two bifurcated | eaf springs 71, 72,
whi ch support the nagnetic head 2 together Adl ative to the pads 51, 52, 25

SRt ML PN T KA TR
DUt 1 o0 e g Al Wkl SEIE 27 S S dde et i BEELAC
i L R RS F SRS Pl S oM o U e
are concurrent | pauittidH € ¥HAGadgidtid Mead is thus controlled. This
5 adjustment was performed such that a maximum output
level was obtained in a reliable fashion after a
predetermined signal was written. Theladjustment
mechanism was constructed of a metal such as stainless
steel, polymer, or composite material containing
' 10 graphite or the like.
. The above mechanism is a mechanical one.
Alternatively, our invention was embodied by connecting
the form remember metal 5-4 between the gimbal member 7
and the arm 4 as shown in Fig. 21b. The form remember
15 metal 5-4 was constructed of an NiTi alloy, which had a
feature of memorizing a deformation that was set in a
deformation setting process above a predetermined
temperature. In our invention, to take advantage of
this feature, the magnetic head was first supported by
20 the gimbal member 7, and then an external force was
exerted to the magnetic head so that the magnetic head
sliding surface was forced against the surface of the
recording medium. In this condition, heat was applied
to allow the form remember metal 5-4 to memorize the
25 deformation required to make the magnetic head contact
the surface of the recording medium. Since the
deformation was memorized after heat was removed, a

continuous contact engagement remained working after the



recording medium Since two |eaf springs 71, 72 can independently deflect,
they work as a ginbal. A suspension system having other shape nay be

enpl oyed as long as it exerts the load at a position away fromthe 10
center of gravity of the nagnetic head and ¢ bse to the rear pad 54, and it

offers a ginballing function. Fig. 10 is the explanatory view show ng the
magneti c storagefggﬁgaafﬁggaﬁFg9g?8§eP§th¥aﬁl §1¢R8%90f the apparatus, and

Fig. 10b is th 3S- ti ' t the |i A-A in Fi

o0 10 Ts (he oross: sect iftkatd otiBls! AUNCROUEY LS Blindierd
having three padfe@ahiimSbedthE AUREACEEEBnINGPRLETN BY 5l UE UnThal sgper
attached on the end portion of the suspension SyStem 7. The susSpension 20

system 7 is secureg.t 9180 aff) #hbhahmeSwHy ¥8NthY ZorRl Fbhedberah@tad, and
the rotary actuator 3 noves the nagnetic head 2 to a desired position on

the recordi ng nedeath wasTappleedr dbnghaegdesinl 5es5phades Al fagced ebtiadt Of
the base. Al so acceptable as the materi al
engagement, and the resin was softened and a deformation
between the arm 4 and the gimbal member 7 occurred.
When heat was removed, the resin hardened with the
deformation required for contact engagement maintained.
10 Even after the forced contact engagement was released, a
continuous contact engagement continued.

The contact engagement between the magnetic
head and the recording medium was more effectively
maintained by the gimbal having the bifurcated leaf

15 springs with an open angle of 30° to 45° therebetween.
As already described, the gimbal having the bifurcated
leaf springs tends to absorb the radial displacement of
the recording medium. Therefore, the sliding surface
was successfully continuously put into contact with the

20 recording medium. The gimbal member was constructed of
stainless steel sheet of 25 through 30 um thick. Other
material was perfectly acceptable as long as it had
rigidity of the same level.

The magnetic head was constructed of a hard

25 AlTi carbide substrate or the like. As shown in Fig.
17, the magnetic head was provided with two front pads
on its inlet side with respect to the recording medium

and one rear pad with the functional component for



25 of the base are glass, Si, and further carbon, plastic and the |ike.
The' base was coated with a predetern1ned recordlng | ayer, and then with a
carbon | ayer as a protection layer. A fonblijn-based |ubricant was then -
28 - bonded to the protection |ayer by annealdng the lubricant at 120 to

ol ecul ar vl ght ELFLEY #H Eggéleﬁgp SRS HAEEER: CanhenRoHg R BAArAISE
eactive oroup viggsAgPtbedyy £ Aq " 62 UbknelUfhohtilE hGABLChAYBLEE YS! ol O o0

A silicon containing”or oron on arni ng car use “th

protection layergy og &Qéeﬁeﬁﬁédéﬂehnaébﬂﬁ‘GQHbLEQuQOQG' i, Og&Eh g?e%ﬁ
menbers are housed 1 n a casing . he apparatus o] ere
appr oxi mat el y 10f££n@fp§aoa&agescamcwysoenmrﬁsaédl NgheeguarBY SEabkiRy a
5 pads was 5.0 x 10° m?. The flying force genérated by the
pads were so small that we were able to neglect it.
The shape of the rear pad was an elongated
pentagon with its sharpened top apex pointing to the
front as shown in Fig. 17a, with its base being 150.pm
10 across and its height beiﬁg 300 um. This shape was one
example only, and no substantial difference was observed
even with the sharpness of the top apex of the pentagon
varied. In this embodiment, the rear pad was sym-
metrical with respect to its center line. The éhape of
15 - the rear pad was preferably designed such that the
direction of rotation of the recording medium agreed
with the center line of the rear pad when the magnetic
head was positioned in the middle point of a seek range.
when both failed to agree, however, a good contact
20 sliding was achieved by setting the sharpened triangular
portion of the pentagon symmetrical with respect to a
tangential line aligned with the direction of rotation
of the recording medium at the middle point of the seek
range.
25 The same effect was achieved by using the
elongated pad having its long sides aligned with the
direction of contact sliding as shown in Fig. 17b. 1In

this embodiment, the short sides across were 100 um and



plurality of recording nmedia, a magnetic storage apparatus having a storage
capacity of a fewtera bytes to a few peta bytes was constructed. 15

Thi s apparatus of our invention was successﬁglnly applied to a magnetic

di sk device of a type that permtted recordiirg medi uminterchangeability.
In the recording, nedi uminterch abl e type disk device, the cost of the
recordi ng nediu I §é§ﬁ?éﬁ?reaﬂggﬁﬂﬂs |l ow 20 <cost material for the

recording medium such as gl ags, an &@sd&{e&hs@euge %EnengsQ%@chAiﬁéd' g

to our invention, a slight™degree 0 on- on € recor

i s acceptabl e, Qﬁﬁay $P§2§P9€§$$y 46 Qgétfé Puﬁhesﬂﬁg??ﬂlc

|nexpenS| ve base success- |nce a I’aSI n that
determ nes the |Hé&iQ§ntﬂ€eaﬁé’@6ﬂi§g%§&iﬁﬂ deRENfiSgREt Benbaadwab the

magneti c head, the magnetic head shoul d be pressed
5 coated with a carbon film of 10 nm thick and the
magnetic thin film of the recording medium was coated
with a carbon film of 10 nm thick. A sputtering
technique was used in the coating process. 1In coatiné
the magnetic head that needs a particularly hard carbon
10 film, vapor growth technique proved useful. The
lubricant layer was disposed on top of the protection
layer. - |
Embodiment 3
A magnetic head, which is constructed to have
15 multiple tapers by tapering sliding pads of the present
invention and then by selectively forming a thin film on
front pads, achieves a minimum contact area with a
lubricant layer. This effect allows the magnetic head
to be constantly in contact with the recording medium
20 for recording and reproducing operation. The same
effect was achieved by the structure shown in Fig. 23.
Fig. 23 shows the cross section of the
magnetic head taken longitudinally along its sliding
pads. The magnetic head is provided with a front
25 sliding pad 52 and a rear sliding pad 53. Each of the
sliding pads has surfaces a8l and b82. An angle 6a
which the surface a8l makes with the surface of the

medium 1 is greater than an angle 6b which the surface



- 29 - against the recording mediumat a light load. In this apparatus, the
| oad was set to within a range of 10 ng to 1 g. Wth the | oad kept to
within this range, a reliable contact indiﬂgimas continuously attained, 5
wi t hout having to keep the entire magnetic iadcto 1.5 ng or lighter as
required by Japangse Patent . Unexam ned_Publicatjon . 5-114116, Enbodi nent
2 As described 25@2 naver VﬁggnFﬁﬁnsﬁFfﬁﬁE R gﬁbelﬁggﬂgﬂsit§nn§§ﬁétFése'

i nf ti to b d d d.wth th ' d- kept

I or Ll on O, Pend BRI SPha" SRERUBCHpL! LD RS FRAELLS BRACIKER' or
nvention, the neagelieeleadnhs. SUbhCRlql O2h tbheL! ¥bpo bapce, a wi der
tolerance is allowed I'n circum 15 fer ntiaf speed. his all ows the
nmagnetic head to nove in apyk @eighER PBr&Qew£§CQééh88d”Bﬂiﬂﬂhiﬂﬁ%ﬁh&ythEe

magnetic head is novable with a wide yawi ng angle (an

5 area of the surface b82 and making the angle 8b small.
In the pad disclosed in United States Patent No.
5,424,888 ha%ing its taper on its entire surface, the
pad surfacé comes close to the surface of the recording
medium as shown in Fig. 24a. Since a pad surface 83

10 formed on the pad 53 is a flat plane, a sharp edge comes
close to surface of the recording medium. The magnetic
head was put into contact sliding in such a position
relative to the recording medium, the sharp edge portion
was rapidly abraded. When abrasion advanced, a new

15 surface was formed generating a flying force larger than
originally calculated in design stage. This made it
impossible to keep the contact engagement between the
magnetic head and the recording medium at the value
originally intended at design stage. Furthermore,

20 abrasion inducea a great deal of powder, leading to a
serious crash problem.

In the sliding pad having dual tapers as shown
in Fig. 24b, the flying force generated by the surface
b82 close to the recording medium surface can be

25 factored in design stage. Since the angle 6b is smaller
than the angle 0a with respect to the surface of the
recording medium, abrasion of the surface b82 is slowed.

As a result, a reliable contact sliding with small



angl e between the tangential direction (direction of contact sliding) on
the recordi ng nediumand the side of 20 the poles for inputting and
outputting magnetic informa- tion). When a nagnetic head of a type that has
its recordi ng conponent geonetrically separ&&d fromits pickup conmponent
as shown in Fig._2 is,used,.a Large 2 awi ng angl.e reduces the wi dth of
overlap between Y%fb?ﬁfﬂﬁfiﬁfo%iﬁg?gn§P5 aﬂﬁgtﬁgﬂp?gﬁ p conponent .
xpl anat ory view of the §nBue 8B EEEeCE 85 teniePea BR ERmRIREn: vi cued
LEoTNS t b oceAdERBEESaLELLE FR0NF! iy bBAtng) EnLSBOBSILTH B R4 o
approxi mately 0.8uteaed. sfndst SRowhdih PiglN84E€88ring manufacture on
5 the assumption that the surface 83 in Fig. 24a is
abraded during use. By factoring the effect of the
surface 82 in flying force in design stage, a reliable
contact sliding with small variations in flying force
was achieved.
10 No manufacturing method of the Qliding pad.
having at least dual tapers as shown in Figs. 23 and 24b
has been disclosed until now. Referring to Fig. 25,
this method is now discussed. Fig. 25 is the cross-
sectional view showing the magnetié head including the
15 sliding pads 52, 53. The front sliding pad 52 is
tapered. It is well known that the rear pad 53 is
difficult to taper from the machining standpoint. Next,
as shown in Fig. 25b, the front pad 52 of the magnetic
head 2 is coated with a film 61. This step tilts all
20 pads with respect to the surface of the recording medium
85. The process up to now remains unchanged from that
of the preceding embodiments.
Next, as shown in Fig. 25c, the pads are
machine-polished at a.plane 86 in parallel with the
25 surface 85 of the recording medium to form a gurface 82.
This process produces dual tapers of surfaces 81, 82 on

each of the pads. By factoring a new flying force

generated by the surface 82 into design, a reliable



5 magnet;or esi stance effect pickup 23 was approximately 0.5 [err]. These
magnetic thin filnms were disposed via a shield |ayer and an insulating

| ayer. Thus, the distance between the vvriteqt}gl e 27 and the read magnetic
| ayer 23 was approximately 3.0 [err] in the ual tech- 10 ni que.

Cal cul ations i ndj t 10 Lh Ltignal _atrangene .the_yaw n
angl e shoul d be %ﬁéfgﬁi%f%%%ug Y%#ﬁ]gﬁéiimﬁ?ﬁfﬁgéoPgnbg g#yfggrfﬁrf8 gﬁuse
about 50% of the,Lgppdyaggnetoresistance effect pickup 23 to overlap the
witing information rQM/?as shown in Fig. 13a). 15 This restriction

required that the permtt aeaégiﬁ EQEehéPNRb kfsnﬁoga&ysécwéhoa be to

within [err]. In this enbod nent, e read nagnetoresi stance effect pickup

23 was interposefihrtgeeinta@ditionl ty tR6i PYIM 61§ Qotest2v%itRBragpabewn
in Fig. 13b. In this 20 arrangenent, a nagnetization transition region

gener at ed on St heto etlve drexgording nméxyiumi sunfacé 8»pisomedéapprHisn the read

magnetic thin film This arrangenent allowed. a magnetic field fromthe

magneti zati on t rpretessnredyces further contact force. To form the
structure in Fig. 25d, the front pad 52 should be coated
with dual films and should be machine-polished after the
first coating. It is easily understood that repeated

10 steps of in Figs. 25¢ and 25d produce a plurality of
tapers 6n the pads. In embodying of the present
invention, the area of the surface 82 should be kept to
a minimum in order to reduce frictional force (contact
force) during contact sliding.

15 The sliding pads having dual tapers of the
present invention suffer less abrasion on their edges
and constitute a magnetic head with small variations in
flying force. Thus, a contact sliding as reliable as
‘that in the embodiments 1 and 2 is achieved. With the

20 magnetic head of the present invention incorporated in
the apparatus in the same way as in the prior art, a
high-density magnetic storage apparatus having a
recording density of 10 Gb/in? is provided.

According to the present invention, thé

25 magnetic head offers a reliable continuous contact

sliding with the sliding surface of the pads kept in

contact with the recording medium. A super-high density



to be efficiently introduced to the magnetic thin film 25 regardl ess of
where the magnetic head is positioned on the recording nedium As a result,
a reliable input/output operation was carri%g%out even with a wi de yaw ng
angl e. - 31 - Fig. 12 shows the above arrdangenent nDre specifically. The

magnet or esi st anc t 3.was_interpose bet ole
27 and the botto%?ﬁ%éﬁ%t?@békggu% gha¥ingg % ﬁ8r ﬁP?a ng% ?hggagﬂaéhzﬂgc
head was provid o} t 41, through which the wite
magneti c pol es ZQrW%%Pae%% gﬂggt ¥§gi§%aloupled with the magnetic thin film
23 havi ng magnet oresi stance effect. The operation of this arrangenent is

di scussed bel ow. The magnetic thin film 10 23 picks up magnetic
i nformati on usi ng nagnet or esi st ance



effect. -To this end, a curren e conducted through the magnetic laced
thin film_ In the usual\\m‘mww‘.@m in Fig. 2, a conduct oFhige epla
a current to the magnetii Abiler I'm 23 I n the present inventi1 u \“
in Fig. 12, the magnetic*thin film 23 shoul ®be mounted in a pl gl

the wite poles 27. 28 are a spall est clearance (0.5 [err] or less).
Di sposing the co t éﬁag%ﬁﬂ igglace renders the manufacturing process

| d, f h h d.b . L.th d o
kel y To adver skl y af f ecth HRSTrTTe RRER-BREI Y, FLLALPE, REARBROLEE head.
To cope with thig psoblemA1LE! FRE-GPEINEALE DP2d; HYUSAYENE nRPLLENE RNt
as Inth ni que (arter
hEi SEESHIR Bp

process in the sanme wa e usual tec he nachi ni ng of
the sliding surfgsgs e CREPEEH&EdS, thE Pron€OPAdE! b¥end LabEtedsoriRY! €d
to the sliding surface. The tﬁ%ckngss of the conductiveéfi§%141 mag 5 nm or
so. A conducti vetKk&iBofirdnt Nt Ddes ﬂmalhi?héfnﬁﬂdﬂ Réight 06ft BRel r&&r
successfully worked as the conductive film41. '

pad.

2. The magnetic head according to claim 1,

wherein the tapered front pads are coated with a thin
film. |

3. The magnetic heéd according to claim 1,
wherein a magnetic pad is provided with a total of three
pads, two pads on its front side and one pad on its rear
side.

4. The magnetic head according to claim 1,

- wherein a sum area of the pads is within a range of
0.0003 to 0.02 mm? and a recording and reproducing
operation is performed with the front pads and the rear
pad concurrently kept in contact sliding with a surface
of a recording medium.

5. The magnetic head according to claim 1,
wherein a cross section of a lamination film, made of
carbon as its main constituent, exposed to the pad
surface of the rear pad.

6. The magnetic head according to claim 1,
wherein a load of the magnetic head falls within a range
of 10 mg to 1 g.

7. The magnetic head according to claim 1,

wherein a center of support of the magnetic head is set



- 32 - After that liding surface was coated with a ha “d
to reinforce mechacj ﬁl Emr he conductive film 41.

coating, vapor gro enployed 5

cross-secti onal structure obtalned *from t ITe >2bove process is nom1discussed
referring to Fi 9. sI|d| surface j vided with {he conductlve
film41, and thg"%étﬁ] &l%?‘? Bl &?%P&&@gz@ r%%??bct%?ﬂ f@angh 23)
i's interposed bet 189 [ £ ce the nagn tic

pol es 27, 28 are pu% I n tpg con?gﬁe;ct&vﬁg% ’?%itq% ne?’b’?%%?%t ? FF3ReE 3 ckup
23 via the condugidgaidimdie dﬁi@é@ﬂ@%&a% Sthé ‘cetof'Ge AANQ HagP as a

conductor. By conhnecti'ng a con or 44 to one en € nmagnetoresistive
effect pickup 23%adh 15 current is conducted to the nmagnetoresistive effect
pi ckup 23. In this case, the area of the electrical

8. The magnetic head according to claim 1,

wherein the sliding pads include a total of three
sliding pads, two pads on its front side and one pad on
its rear side, whereby all sliding pads are tapered
toward their front ends, and the height of the front
pads is higher than the height of the rear pad.

9. The magnetic head according to claim 1,
wherein the sliding pads inciude a total of three
sliding pads, two pads on its front side and one pad on
its rear side, whereby all sliding pads are dual-tapered
or further multiple-tapered.

10. The magnetic head according to claim 9,
wherein said multiple tapers are formed by coating the
front pads with a thin film, by partly etching the
front pads, and then by further coating the front pads
with a thin film.

11. The magnetic head according to claim 1,
wherein the surfaces of said tapered sliding pads are
constituted by surface a and surface b, and, in
comparison of the surfaces a to the surface b, the area
of the surface a is greater than the area of the surface
b on condition that the relationship 8a > 6b holds where
B8a represents the angle the surface a makes with a

recording medium and 8b is the angle the surface b makes



contact point at the gap that affects the pickup sensitivity is mnimzed.
A knhown exanple simlar to the above 20 arrangenent is dlsctmggﬁﬂunsﬁ&@R,,mm,;

Journal of The Magnetics Society of Japan, lssue 18, No. S1, E
18 shows its structure. A nagnetoresistiveé & ect pi ckup 23, Elmﬂ mﬂ Hﬂll
bet ween shield f|J t2 25, h s an _electrical contact point w :
shield film 42, r??ﬁ? HPEIWFH M 42 is al so used as a conduct or.

T A e
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flows. In the prgsestidDvenin Oﬂlllﬁheméﬁi'éluféﬁrdfiviﬁgafﬁé magnetic
recording medium, a magnetic head having a functional
component for recording or reproducing magnetic
information to or from said magnetic recording medium,
and sliding pads provided on the sliding surface of the
magnetic head with the front pads of the sliding pads
tapered toward the front ends of the front pads and the
height of the front pads higher than the height of the
rear pad of the sliding pads, and positioning means for
positioning said magnetic head in relation to said
magnetic recording medium, whereby said magnetic head is
allowed to be continuously in contact with said magnetic
recording medium via a lubricant layer.
13. The magnetic storage apparatus according to
claim 12, wherein the tapered front pads are coated with
a thin film.
14. The maénetic storage apparatus according to
claim 12, wherein the magnetic head comprises a total of
three pads, two pads on its front side and one pad on
its rear side.
15. The magnetic storage apparatus according to
claim 12, wherein the sum area of the pads falls within
a range of 0.0003 to 0.02 mm? and a recording and
reproducing operation is performed with the front pads

and the rear pad concurrently kept in contact sliding

ETiLLs




required, and is disposed between the wite nagnetic 5 poles.. In Fig. 18,
however, contact between the magnetoresistive effect pi ckuprh%Sh@nIdastBhaRu laced

shield flln142 is perforned by an area cont é{ wher e nagnet
SLfec; :s gegraded ?y na%netostriction thét%i Kes place int
in filmbecause, g chi ni 1 roatio after |on
tre naggetlg polﬁkthl ﬁa§u5£88elgﬁrﬁ%8 Fﬁ&?rgﬁn§ éri al for
el ectrodes diffusing throu I g '
> dl fﬁ. ﬁeaﬂagkegf?h ¥8£a88 é?gggafﬁé QE BeHL G

characteristic. t he con act'p 1'STSu to such a prgblem
i nt ended nagneto&ggiﬁtiye %ﬁer&%ﬁeﬁﬁefék Ss! QePiknsSaEl af 26hPnbktioand

hi gh-sensitivity pickup fequired for -density recordi ng cannot be
achi eved. Accor difgm} oma4e b8Veatben abowasl faFhUcohBrithentonbaposedeto s
smal |, and nagnetore3|st|ve effect takes place as intended at the side of

t he slldlng 20 sHefpaa@ shiefacet ofythegpearcphdel d is usually at a maximum

Qur invention thus achieved efficient reading operation at a hi gh recording.

density conditioh7. The magnetic storage apparatus according to
claim 12, wherein the load of the magnetic head falls
within a range of 10 mg to 1 g.
18. The magnetic storage according to claim 12,
wherein the center of support of the magnetic head is
set to be off a center of gravity of the magnetic head
and is set to lie on the line that connects the center
of gravity of the magnetic head to the center of the
rear pad. |
19. The magnetic storage apparatus according to
claim 12, wherein said magnetic recording medium
comprises a base mode of Al, carbon, Si, glass or
polymer, a recording layer for magnetic information
formed on said base, a protection layer laminated on the
recording layer and made of a carbon film or carbon-
silicon mixed film as its main constituent, a bonding
lubricant layer that reacts with and bonds with the
material of the protection layer, and a lubricant layer
having flowability and disposed on top of the bonding
lubricant layer.
20. A magnetic storage apparatus comprising a
disk-like recording medium having a thin film of

magnetic material, a magnetic head having a functional

[T



In our invention, the voltage of the conductive film 41 prdVfdas eplaced
maghetic head sliding 25 surface in Fig. 19 was set to be e u “ “I
surface voltage of the recording nmedium This arrangenent re

electricity during contact sliding and achi &fed a reliabl e reading

oper ati on. - 34 - Qur_ipvention s proved adaptable to t [ I
type nagnetoresi%QWE%P%F?eg?rdE%?%EggﬂgaﬂrYﬁeﬁgﬁagﬁgpg$ﬂ§88eg$88glgixgrgsty
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i nvention i . . :
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Di scussed

head with the front pads of the sliding pads tapered
~toward the front ends of the front pads and the height
of the front pads higher than.the height of the rear pad
of the sliding pads, and a rotary actuétor for position-
ing the magnetic head, whereby an input/output operation
is performed by keeping the magnetic head in contact
with the recording medium via a lubricant layer, with a
permissible angular rénge of rotation of the rotary
actuator set to be greater than 30 degrees.
21. The magnetic storage apparatus according to
claim 20, wherein the sliding surface of the magnetic
head is constituted by three separated pads, and a
read/write component is provided in one of the pads, of
which sides aligned with the direction of contact
sliding are loﬁger than the transverse sides of said one
pad.
22. The magnetic storage apparatus according to
claim 20, wherein an electro conductive film is provided
at least on the sliding surface of the magnetic head,
and the electro conductive film electrically connects
write magnetic poles to a magnetic thin film performing
reading out and having magnetoresistance effect.
23. The magnetic storage apparatus according to
claim 20, wherein a voltage of the electro conductive

film provided on the sliding surface of the magnetic

Wy



10 next, is the shape of the sliding surface that is inportant. f i deni n
the yawi ng angl e. The shape of the magnetic head sliding sﬁféheetﬁagmenﬁepmgj
descri bed in Japanese Patent Unexam ned Publication Nos. 6- jiﬂﬁmmjm I“II
6- 150283, for exanple. These heads di scl osedPfassured a 15 1

conti nuous cont act ilidingumithin alimted range of yaw ng angle. The

fol | owi ng problgm?a oh@verual, pecavnpBriacevrdtage phi khet EecoRdinger f or med
within the yaw n %ngée specified in our invention. Fig. 14 shows the test
result of each ﬂ@? t%8tt head in 20 connection with the rel ationship
bet ween the yaw angl e t t L. h . El.g. lda
shows the test rgghlt obtg?ﬂ%dﬂgggﬁ#gﬁesgéﬁﬁggi%Bﬁggéhﬁgdggggrgfgghéopads
5l-a, 52-a, and ofsfmagqQrPhofeiR JAPANRIGnERI ENhebliCXaNLABHoRYBLT £t hON
Nos. | 660320 and” SE 6o dBoRyreLl SEa agn BlérhenlicxaTbibobBY B3 0 |

from the nagnet i@iﬂiﬁ@ﬂ_:ﬁadseﬁpc@ﬁstbec@édscaﬁlieaf5§pbinﬁ_§9| BRebgampandi ng
Japanese Patent Unexam ned Publication No. 6-150283. A high output |evel

(nanely, member is supported by an arm member connected to the

rotary actuator, and the arm member is provided with the
function of adjusting a roll angle and a pitch angle of
the magnetic head.

25. | The magnetic storage apparatus according to
claim 20, wherein a form remember metal is used for an
adjustment mechanism for adjusting said contact state.
26. The magnetic storage apparatus according to
claim 20, wherein a thermal softening polymer is used
for an adjustment mechanism for adjusting said contact
state.

27. A magnetic storage apparatus comprising a
disk-like recording medium having a magnetic thin film,
a magnetic head having a functional component for
recording or reproducing magnetic information to or fr&m
said magnetic recording medium, and sliding pads on the
sliding surface of the magnetic head with the front pads
of the sliding pads tapered toward the front ends of the
front pads and the height of the front pads higher than
the height of the rear pad of the sliding pads, and a
rotary actuator for positioning the magnetic head,
whereby a reading magnetic thin film of the magnetic

head is provided between facing writing magnetic poles,

——
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Fig. 144 or within a yawing angle of [err] in Fig. 14b. The
exanpl es thus failed to satisfy the performance requirenent ﬂ
neets 5 in achieving a reliable input/outpa? operation over a wide ran

of yawi ng angle. After stud t he exa Ies | eagr ned t hat r.obl
lay in the vi braﬁ’}%rf“bf”f%é/}rﬂg?%‘ﬁc *A?l‘énl? hSYaSF AT afy T’E ﬁlaot dget e{no

The_ab di scl did
i & enboi mont TRETRGLT 11 gREY rp Sttt BieE *i%%%#s hg et

| arge storage c dn gﬁg storage apparatus, the surface of the
recordi ng medi um s cnﬂc#é% e egfgié?y utilized. This objective cannot be
achi eved by thesgg 15 di sclfs@dnfUhOfid eSEOAYESafPAYatus according to

claim 27, wherein the sliding surface of the magnetic

- 35 - a good output) was obtained only within a yaw ng ang 'Emwﬁirke nReBIaced
s

head is constituted by three separated pads, and a
read/write component is provided in one of the pads, of
which sides aligned with the direction of contact
sliding are longer than the transverse sides of said one
pad. |

29. The magnetic storage apparatus according to
claim 27, wherein an electro conductive film is provided
at least on the sliding surface of the magnetic head,
and the electro conductive film electrically connects
-write magnetic poles to a read magnetic thin film having
magnetoresistance effect.

30. The magnetic storage apparatus according to
claim 27, wherein a voltage of the electro conductive
film provided on a sliding surface of said magnetic head
is equal to a surface voltage of the recording medium.
31. The magnetic storage apparatus according to
claim 27, wherein said magnetic head is supported by a
gimbal member constructed of leaf springs, said gimbal
menmber is supported by an arm member connected to the
rotary actuator, and the arm member is provided with the
function of adjusting a roll angle and a pitch angle of
the magnetic head.

32. The magnetic storage apparatus according to

nmm ﬂll!l "lll !IM II I"I



f ront pads 51, 52 and the rear pad 54 with the read/wite fu
conponent, and the rear pad 54 was sharpened in the nnvenent
of medium In this arrangerrent the lubrica® 1 ayer resti ng

Liﬁgég' Fﬂb??;ﬂ?‘@é’%na%ﬁa G4 AL PR ESBPMbRE e teid?ﬁ‘”“ﬁcuﬁﬁ EaF #hg. h
14 2
C shows 1he tgﬁ%% meen Cmeéﬁﬁhfémfﬂg di QQF ég 5 fd éoﬁgggg %kgggmnt

the rel ati-onshi he yaw ng ang put Mt he

t est | t bl tg f
Larr] | “Conpared 15 the r oot cegat A ﬁ‘?% fpﬁgf%ﬁg aftprfng £4007 °
angl e perm tted dfasnbst ANkt in Vb JBREFma T SEEEAERE bS1fhési Put gdefio the

pl ane-w de

As shown in Fig. 17a, the magnetic head 2 had on its slidi ngh@g;{eé EB&HEH 4
ace

for an adjustment mechanism for adjusting said contact

state.
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rej ectign of the excess lubricant. Wien the pad 53 with the device has a 5
rectangul ar shape with its short sides aligned w th theThioSHeetGlas Bdeh High@ed

direction as shown in Fig. 16, the pad 53 clogs, at its f fesg

| ubri cant 61 as shown in the right-hand secPom of Fig. hth|s
cl oggi ng, the sligdi r | | 1.t e¢ rake the 10 lubricant 1n. ch a
position control %@Et(‘;}ggﬁﬂ’l{ 33]{#{‘19['(?1 ! ;-Fg pad type magnetic head with its
No.6-50329. I n this case NEEVENS ETaGH ARRARR IS OGPt R ol 1
pressure (as hi 44 I fq 4 [ t] S vari
greatly, the fl 3‘% g f%%cé}t:évari eas g& m‘?je]ﬁ&ﬁr%kﬁfn%ﬁgs’?&;b#%f féae(%gn acht‘-'ag

sliding operati @LildifHes surfitd OUWHUI QR Pdd¥)are NG SBFESP d
herein agrees with thmgsprobl em present ed i?léFi gs. 14a_%d 14b. In ?ﬁgegzlg
shape of the padront @&fids RMRNHHHE hedifts of UHd Brdnt pddd i Yhighest ed
w thout floating or flying the front

' than the height of the rear pad. The tapered front pads

are coated with & thin film. The magnetic pad is
provided with a total of three pads, two pads on its
front side and one pad on its rear side. The sum area
of the pads is within a range of 0.0003 to 0.02 mm?. A
recording and reproducing operation is performed with
the front pads and the rear pad concurrently kept in
contact sliding with the surface of a recording medium.
A reliable contact sliding is thus performed with the
pads kept in contact with the recording medium. The
magnetic head reliably operates with its recording and
reproducing component kept in close vicinity with the
recording medium. Therefore, a reliable magnetic head
and a magnetic storage apparatus employing it are

provided.

Fig. 6



pads 51,. 52. Therefore, a reliable input/output operation was achi eved
within a wide range of yawi ng angle. 25 O her exanpl es that
enpl oy a sharpened pad on a sliding surface are disclosed in Japanese

Pat ent ‘Unexam ned Publication Nos. 4-281209, 1-298585, 6-52645, and
2-101688. Since these are of a flying head, 4 tshe pad - 37 - should
generate flying force. For this purpose, the pad area should be large, and
t he sanme pad obviously fail to serveFri]rG mse of the present invention
where the head renmains in contact e ium According to 5 the-test,
the pad area should be at least 2.5 x [err] or less to pré’hzemee ﬁ ad from

flying. To enbody the present |nvent| on, }\hereforeA t he pa ”/’M’Iﬂ

restricted. 7 /-
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An advant ageous effect simlar to the one 10 given by the sharpened pad was
obt ai ned using a pad 55 that was elongated in the direction of contact
sliding as shown in Fig. 17b. It is thought that a | onger pad hel ps itself
rake efficiently the lubricant resting on the recordimg medium i nto the

sliding surface by 15 floating the fromt /ppds sllghtlr gmrmag

nm . The sane effect was al so achieved by tapering a pl

toward their front ends, the pads benglg gl tuting t qIE iHﬁH G

t he magnetic 20 head. 1f the pad 55 ed toward il &

shown in Fig. 17c, the clogging of the Iubrlcant at the front edge is
prevented. This effect is easily understood because the |ubricant has
flowability. In this case, there is no need to fldAt the front pads 51, 25
52 (or tilt the magnetic head). This advanta s the @ge the usual

techni ques have failed to offer, and i e for keeé)i g the device
porti-on and the recordi nzch
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medj umi,n close vicinity. - 38 - By using the pads shaped according to
the present invention, excess lubricant is efficiently rejected wthout
changi ng the position of the magnetic head (w thout floating the front pads
high). This 5 arrangement enables the magnetic head to be contact sliding
continuously within a w de range of ya ép% ol e. In the present invention,
the magnetic head sliding surface shoul e in contact wwth the surface of
10 the recording nmediumto within a good accuracy. A special technique is
thus required in assenbling t he apparatus. Such a techni que has not been
proposed by the prior art. To achieve a prolonged life of the apparatus
under the operating condition that the

FIG.5a FIG.5b
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15 magnetic head is kept in continuous contact sliding on the recording
medi um abrasion taking place between the nagnetic head and the recording
medi um shoul d be sl owed as nuch as possible. To this end, typically
available is a technique in which contact sliding is perfornmed 20 through a
| ubricant |ayer interposed between the dpgdnkefl c head and the recording

medi um each of which is coated wth a protection |ayer nmade of a hard
carbon. Even with such a techni que enpl oyed, abrasion still takes place and
abrasi on depends on | oad. Then, a 25 tg‘xzii of techniques to lighten the
| oad of the magnetic head to an extre ef have been proposed. Under a
light |oad condition, rigidity of the ginbal for adjusting the position of
t he magneti c head - 39 - should also be | owered. An extrenely | ower
rigidity of

7
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the gi mhal makes the position of the magnetic head unstable while it is
seeking. To resolve this problem conpared to the known nmagnetic disk
device, a harder 5 ginbal (relative to the |oad) should be used. The harder
gi nbal , however, presents difficulty in nmaking the nagnetic head sliding
surface contact precisely the surface of5thE7recordi ng nmedium In the
present invention, an adjustnent nechani 541 -3 having a ginbal 10 function
is newy provided between a gi nbal nmenber 7 supporting the magnetic head
and an arm 4 connected to the actuator as shown in Fig. 2la. The adjustnent
mechani sm 5-3 is provided with an adjustnent portion, which screws 5-1, 5-2
fix to the ginbal nmenber 7 for 15 adjEth ngnari ng assenbly of the
apparatus. After a worker adjusts th OGS t portion, it is fixed with
the screws to provide continuous contact sliding state. A formrenenber
metal may be used as an adjustnent nechanism 5-4 as shown in Fig. 21b. In
this 20 case, a predeterm ned heat treatnent is perfornmed to the

71
51

54 52 2

This Sheet Has Been Reﬁaced '

FIG.ob ([T




adj ust ment mechanism5-4 with the nagnetic head forced against the
recordi ng nmedium so that deformation of the formrenenber netal required
to keep the contact sliding condition is naintained. In this way, the

rel ati onship 25 between the ginbal nenber 7 and the arm4 is fixed so that
t he continuous contact sliding is naint? ven after the forced contact
sliding condition is rel eased. A thermal 'softening polynmer 5-5 may be used
as - 40 - an adjustnent nechanismas shown in Fig. 21c. The condition
that the magnetic head is put into contact with the recording nmediumis
mai nt ai ned by using the heat softening polyner 5-5 as pressure contact
means and 5 heat treatnment neans algl heat is added to allow the
heat softening polyner to deformt(jfgtca Ehegree, and then the heat
softening polyner is left to

This Sheet Has Been Rei ced
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cogl to,fix the relationship of the ginbal nenber 7 with the arm7.in a
manner that the magnetic head is put into 10 contact sliding. These

adj ust ment mechani sns will be described nore in detail later. The contact
sliding condition between the nmagnetic head and the recording nmediumis
effectively 15 nmaintained by supportlny,dﬁ_ ez magnetic head 2 with the

gi mbal of bifurcated Ieaf springs 71, 72 he gi nbal have an open angl e of
[err] through [err] between springs 71, 72. It is thought that radi al

di spl acenent of the recording nediumis easier to absorb by constructing
the 20 ginbal of bifurcated |eaf springs rather than a known single
continuous | eaf spring. Nanmely, making an open angl e between the bifurcated
springs of the ginbal increases sup gsgftleug;h in the direction of :
seeking. Thus, the position of the ' d during seeking 25
operation will not be destabilized even if rigidity of the ginbal is

| onered. A lower rigidity ginbal tends to

FIG.11b
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absorb hetter the displacenent of the sliding surface. It is thought that
the function of putting the sliding - 41 - surface into contact works
efficiently. In the magnetic head provided with two front pads and a rear
pad having a wite/read conponent as shown in Fig. 17, the flying force of
the front pads was 5 negligibly small w@9n1ghe sum area of the front pads
was set to be 5.0 x [err] or smaller. Fig. 15 shows the test result.
According to the result, if the head load is set to within the range
specified by our invention (1 g at nmaximun), a constant high output is
obtained with 10 the pad size set to 5.0 x [err] or less. Wth w der pad
size, the output drops. This is because floating pads position the head as
shown in Fig. 4, causing the device and the nmediumto part. This suggests
that a snmall pad

FIG.12
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size limts flying force. Wth a load of 1 g or 15 snaller, the size or
area of the front pads should be set even snaller. At any rate, the
conditions specified in our invention are satisfied. As described above,
the | oad of the magnetic head should be reduced to sl ow abrasion arising
from 20 continuous contact sliding as mgly fsg possible. In our invention,
the load is set to be wwthin a range of 10 ng to 1 g. According to tests,
frictional force during contact sliding (resisting force taking place when
the magnetic head slid on the |ubricant) was determ ned by 25 the |oad, and
dropped as the | oad becane lighter. of 10 ng or smaller,
however, frictional force works nDrthéﬁégf‘fig @han the | oad,
destabilizing the position of  the nagnetic head. It is consi dered t hat -
42 -
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resjstance arising fromthe | ubricant becones domnant in the frictional
force. To keep the magnetic head to its stable position, Tt—is-obvieushy—
necessary to press the magnetic head agai nst the recordingTHEoiun1at a | oad
5 wthin the range determined in tests. Fig. 11 shows the '"w%&ﬁfwﬁ_ :
apparatus of this enbodinent. Fig. 1lla K?(itq-plan vi ew of ARUAE R g |
and Fig. 11b is the cross-sectional vié aken al ong the |i ndUBHMETREEH
magnetic head 2 having 10 the three _pads is supported by the ginbal nmenber
7, which is then connected the arm .!f;iv@aﬂugpetmeen the arm 4 and the
ginbal 7 is the adjustnent mechani sm i ch adjusts the contact sliding
between the sliding surface and the recording nedium The arm4 is secured
15 to the actuator 3 that positions the magnetjic-head 2 relative to the

recording nedium 1. The—ecording mediumis dirjectly coupled to the|notor
6. These components arfé Housqd 1|n a cased4s In this apparatus, a sforage
capacity of abog{-g40-¢B fer recc_g:lb&g med§ Gm1.0— '
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20, is achieved. By stacking recording nedia as shown, a nagnetic storage
apparatus having an extrenely |large storage capacity ranging froma few
tera bytes to peta bytes is provided. Fig. 2la shows one exanple of the

adj ust ment 25 nechani smthat adjusts the contact sliding between the
sliding surface and the surface of the fetprging medium Two screws 5-1,
5-2, one on the right-hand side, the other on the |eft-hand side of the
mechani sm press the - 43 - ginbal nenber 7 that supports the magnetic
head. By adjusting the screws 5-1, 5-2, the deflection of the ginbal nenber
7 is changed leftward or rightward. The position of the magnetic head is
thus controlled. This 5 adjustnent masEprgsthEﬂ such that a maxi num out put
| evel was obtained in a reliable fashibn ©
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predet er.m ned signal was witten. The adjustnment nmechani smwas construct ed
of a metal such as stainless steel, polyner, or conposite materi al
containing 10 graphite or the |like. The above mechanismis a nechani cal

one. Alternatively, our invention was enbodi ed by connecting the form
remenber netal 5-4 between the ginbal { 7/ and the arm 4 as shown in
Fig. 21b. The formrenenber 15 netal 5-4 was constructed of an N Ti all oy,
whi ch had a feature of menorizing a deformation that was set in a

deformati on setting process above asl:u'rlﬁt e'r?l &d tenperature. In our
invention, to take advantage of thi ur e magnetic head was first
supported by 20 the ginbal nenber 7, and then an external force was exerted
to the magnetic head so that the Iatlc h%d sliding gurface was forced
agai nst the surface of the recorgifig nedium_ In this cgndition, heat was
applied to allow the formrenenbfy’ metal 5- 4y o ggrori @&the 25 deformation
required to nake the nagnetic hehd contact
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t he, surf,ace of the recording nmedium Since the deformation was nenorized
after heat was renoved, a continuous contact engagenent remai ned worKking
after the - 44 - forced contact engagenent was rel eased. The sane effect
was achi eved by the adjustnent nmechani smof the heat softening resin 5-5 as
shown in Fig. 21c. In the sanme way as gr@/rpr;m remenber netal, 5 heat was
applied to the resin 5-5 under a forced contact engagenent, and the resin
was softened and a defornation between the arm4 and the gi nbal nenber 7
occurred. When heat was renoved, the resin hardened with the defornation
required for contact engagenent maintained. 10 Even after the forced
contact engagenent was rel eased, a contigyo act engagenent conti nued.
The contact engagenent between the nagnﬁcé glog
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head and the recording nediumwas nore effectively maintai ned by the ginbal
havi ng the bifurcated leaf 15 springs with an open angle of [err] to [err]
t her ebet ween. As al ready described, the ginbal having the bifurcated | eaf
springs tends to absorb the radial displacenent of the recording nedium
Therefore, the sliding surface was sucg Qﬁ}ﬂuvly continuously put into
contact with the 20 recording nmedi um | mbal nmenber was constructed
of stainless steel sheet of 25 throug éﬁ thick. G her material was
perfectly acceptable as long as it had rigidity of the same |evel. The
magneti c head was constructed of a hard 25 Al Ti carbide substrate or the

like. As shown in Fig. 17 __the nagnetic head was_puqideeERAICGIMAGHIE Tt
pads on its inlet side w ] di rﬁ%vﬂgﬁil um anﬁ one rear

pad with the functional ¢
—— MAGNETIC LAYER
NON-MAGNETIC LAYER

NN
00 A——— MAGNETIC LAYER

———— BUFFER LAYER
—t+——~——BASE

FIG.21a

FIG.21b
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- 45 - writing and reading informati on. The pads were machi ned using lon
mlling or other machining techniques. In this case, the etch depth was
about 20 [err]:. Each of the front pad was 50 [err] by 50 [err] wi de. The
sum area of both 5 pads was 5.0 x [err]. The flying force generated by
the pads were so small that we were abhestofreglect it. The shape of the
rear pad was an el ongated pentagon with 1ts sharpened top apex pointing to
the front as showmn in Fig. 17a, with its base being 150 [err] 10 across
and its height being 300 [err]. This shape was one exanple only, and no
substantial difference was observed even with the sharpness of the top apex
of the pentagon varied. In this enbodi nent, the rear pad was sym netri cal
wWith respect to its center line. The Zﬁff of the rear pad was
preferably designed such that the dir ga_éaifotation of the recording
medi um agreed with the center line of the rear pad when the magnetic head
was positioned in the mddle point of a seek range.
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Wien bot.h failed to agree, however, a good contact 20 sliding was achi eved
by setting the sharpened triangular portion of the pentagon symetri cal
with respect to a tangential line aligned with the direction of rotation of
the recording mediumat the m ddle point of the seek range. 25

The sanme effect was achi eved by using gi@ /ef ghgated pad having its |ong

sides aligned with the direction of co ing as shown in Fig. 17b.
In this enbodi nent, the short sides acPtG&SlOO [err] and - 46 -

| ong sides were 200 [err]. In this enbodinent, to attain a service life of
5 years of continuous contact_sliding of the nagnetg c head on the recording

medi um the magnetic head was©® coated with a carl\on filmof 10 nmthick
and the '
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magneti.c thin filmof the recording nmediumwas coated with a carbon film of
10 nmthick. A sputtering technigue was used in the coating process. In
coating the magnetic head that needs a particularly hard carbon 10 film
vapor growt h techni que proved useful. The lubricant |ayer was di sposed on
top of the protection |ayer. Enbodineﬂt?S/Aﬁﬁagnetic head, which is
constructed to have 15 nultiple tapers ering slldlng pads of the
present invention and then by selectl (Ei #; athin filmon front
pads, achieves a mninmum contact area Wt |cant | ayer. This effect
allows the magnetic head to be constantly in confact with the recording
medi um 20 . for recordi ng and reproducing operaéi% The sane effect was
achi eved by the structure shown in Fig. 23. Fi 23 shows the cross section

of the magnetic head taken lonfiitudinally along its slifding pads. The
magneti c head is provided withja fron ~——53
52

FIG.25b
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| Hed it Ao
25 ssliding pad 52 and a rear sliding pad 53. Each of the sliding pads has
surfaces a8l and b82. An angle CGa which the surface a8l makes with the
surface of the medium1l is greater than an angle [err] which the surface
- 47 - b82 makes with the surface of the nedium In this case, the area of
the surface a8l is greater than the areseof the surface b82. In Fig. 23, b
Is not zero. Frictional force was reduced by mnimzing the 5 area of the
surface b82 and naking the angle [err] snall In the pad di scl osed in
United States Pa 1 3 b A surface,
the pad surface_gonasamt ose to the surface of the recordlng medi um as shown

in Fig. 24a. Si fhﬁﬁ@ 6§r$ﬁﬁ cﬂ$§g§€rned on the pad 53 is a flat
sSu C

pl ane, a sharp edge cones close e of the recording nmedium The
magneti c A magnetic storage apparatus includes a

magnetic head having sliding front and rear pads on its
sliding surface. The front pads are tapered toward their
front ends and the height of the front pads are higher
than the height of the rear pad. The tapered front pads
are coated with a thin film. The magnetic pad is
provided with a total of three pads, two pads on its
front side and one pad on its rear side. The sum area
of the pads is within a range of 0.0003 to 0.02 mml. A
recording and reproducing operation is performed with
the front pads and the rear pag concurrently kept in
contact sliding with the_eurface of a recording medium.
A reliable contact sliding is thus performed with the
pads kept in contact with the recording medium. The
magnetic head reliably operates ﬁith its recording and
reproducing component kept in close vicinity with the
recording medium. Therefore, a reliable magnetic head

and a magnetic storage apparatus employing it are

provided. REPLAéEMENT SHEET
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head ‘was put into contact sliding in such a position relative to the
recordi ng medi um the sharp edge portion was rapidly abraded. \Wen abrasion
advanced, a new 15 surface was fornmed generating a flying force | arger
than originally calculated in design stage. This nmade it inpossible to keep
t he contact engagenment between the nagngtic head and the recordi ng nmedi um
at the value originally intended at déSTgn stage. Furthernore, 20 abrasion
i nduced a great deal of powder, Ieaﬁrmq serious crash problem In the
sliding pad having dual tapers as sho n 24b, the flying force
generated by the surface b82 close to the recording nedi um surface can be
25 factored in design stage. Since thej angle [ernr] is smaller than the
angle [err] with respect to the/§ditace t he re@brding medi um abrasi on
of the surface b82 is slomed.EAs a resulffl agel Bl e contact sliding with
smal |
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- 48 - variations in flying force was achi eved. The sane effect was

achi eved by form ng another surface 82 by polishing the edge portion of the
surface 81 as shown in Fig. 24c during manufacture on 5 the assunption that
the surface 83 in Fig. 24a is abraded during use. By factoring the effect
of the surface 82 in flying force in desigin stage, a reliable contact
sliding with small variations in flyi Oor ce was achi eved. 10

No manufacturing method of the slididgﬂ .aving at |east dual tapers as
shown in Figs. 23 and 24b has been disclosed until now. Referring to Fig.
25, this nmethod is now discussed. Fig. 25 is the cross- sectional view
showi ng the magnetic head including the 15 slidi pads 52, 53. The front
sliding pad 52 is tapered. It is well known that,the rear pad 53 is

difficult to taper fromthe machining sta Frt. Next, 29
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as shown in Fig. 25b, the front pad 52 of the magnetic head 2 is coated
wth a film6l. This step tilts all 20 pads with respect to the surface of
t he recordi ng medi um 85. The process up to now remai hs unchanged fromt hat
of the precedi ng enbodi mrents. Next, as shown in Fig. 25c, the pads are
machi ne-polished at a plane 86 in parallgl with the 25 surface 85 of the
recording nmediumto forma surface 82. "This process produces dual tapers of
surfaces 81, 82 on each of the pads. By factoring a new flying force
generated by the surface 82 into design, a reliable - 49 - contact
sliding with small variations in flying force is achieved. By coating
further the front pad 52 wwth a film84 in addition to the film®6l, a tilt

wih respect FIG.5a FIG.5b
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5 to the recording nediumsurface 87 is made. This process reduces further
contact force. To formthe structure in Fig. 25d, the front pad 52 shoul d
be coated with dual filnms and shoul d be nachi ne-polished after the first
coating. It is easily understood that repeated 10 steps of in Figs. 25c
and 25d produce a plurality of tapers on4the pads. In enbodying of the
present invention, the area of the surface 82 should be kept to a m ni num
in order to reduce frictional force (contact force) during contact sliding.
15 The sliding pads haviEgLQEErznapers of the present invention
suffer | ess abrasion on their edges &n nStitute a magnetic head with
smal | variations in flying force. Thus, a contact sliding as reliable as
that in the enbodinments 1 and 2 is achieved. Wth the 20 nagnetic head of
the present invention incorporated in the apparatus in the sane way as in
the prior art, a high-density magnetic stofage apparatus having a recording
density of 10 Gb/in2 is provided.
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According to the present invention, the 25 nagnetic head offers a reliable
continuous contact sliding with the sliding surface of the pads kept in
contact with the recording nmedium A super-high density -51- 1. A
magneti c head and slider configuration having sliding pads on its sliding
surface, wherein said sliding pads incluge front pads and a rear pad, the
front pads being tapered toward their front sides and higher in height than
the rear pad, wherein a sumarea of the sliding pads is within a range of
0.0003 to 0.02 mm and wherein a recording and reproduci ng operation is
performed with the front pads and the rear pad concurrently kept in contact
sliding with a surface of a recordi ngmi 2. The magnetic head and
slider configuration according to clhi - rein the tapered front pads
are coated with a thin film 3. The magnetic head and slider configuration
according to claim

71
51
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1, wherein said sliding pads include a total of three pads, two pads on the
front side and one pad on the rear side. 4. The magnetic head and sli der
configuration according to claim 1, wherein a cross section of a |am nation
film nade of carbon as its nmain constituent, is provided onto the pad
surface of the rear pad. 5. The magneticchead and slider configuration
according to claiml1, wherein a | oad oP%ﬁe‘nagnetic head fals within a
range of 10 ng to 1 g. 6 The magnetic head and slider configuration
according to claim1l1, wherein the sliding pads include a total of three
sliding pads, two pads on its front side and one pad on its rear side,
whereby all sliding pads are tapereF:LgEfrE(aggir front ends, and the

hei ght of the front pads is higher th ‘h ght of the rear pad. 7. The
magneti ¢ head and slider configuration according to claim1l1, wherein the
sliding pads include a total of three sliding pads, two pads on its front
side and one pad on its rear side, whereby all_sliding pads are

dual -tapered or further nultiple-tapered. 8. the magneti ¢ head and sli der
configuration according tg—e+amrr—where-A—satd—rttt+pte—tjapers are forned
by coating the front pads
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with a thin film by partly etching the front pads, and then by further
coating the front pads with a thin film -52- 9. The magnetic head and
slider configuration according to claim1l, wherein the urfaces of said
tapered sliding pads are constituted by surface a and surface b, and, in
conparison of the surface a to the surfface b, the area of the surface a is
greater than the area of the surface b-ef—condition that the relationship
[err] holds where [err] a represents the angle the surface a nmakes with a
recording nmediumand [err] is the angle the surface b makes with the
recordi ng medi um 52 to be off a center of gravity of the magnetic head
and is set to lie on the line that connects the center of
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gravity of the magnetic head to the center of the rear pad. 8. The
ragneti c head according to claiml, wherein the sliding pads include a
total of three sliding pads, two pads on its front side and one pad on its
rear side, whereby all sliding pads are tapered toward their front ends,
and the height of the front pads is higger than the height of the rear pad.
9. The magneti c head according toclaim1l, wherein the sliding pads
include a total of three sliding pads, two pads on its front side and one
pad on its rear side, whereby all sliding pads are dual -tapered or further
mul ti pl e-tapered. 10. The magnetic head according to claim9, wherein
said nultiple tapers are formed by coating the front pads with a thin film
by partly etching the front pads, and then by further coating the front
pads with a thin film 11. The magnetic head according to claim1,

FIG.12
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wherein the surfaces of said tapered sliding pads are constituted by
surface a and surface b, and, in conparison of the surfaces a to the
surface b, the area of the surface a is greater than the area of the
surface b on condition that the relationship [err] holds where [err]
represents the angle the surface a make_g_with a recording nediumand [err]
is the angle the surface b nmakes - = W th the recording nedium 12.
A magneti c storage apparatus conprising a disk-1ike nagnetic recording
medi um having a magnetic material thin film means for driving the magnetic
recordi ng nmedium a nmagnetic head hgwi fagngd i onal conponent for
recordi ng or reproduci ng magnetic i Fl&ﬁ(g a) or fromsaid nmagnetic
recordi ng medi um and sliding pads provided on the sliding surface of the
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magneti c head with the front pads of the sliding pads
front ends of the front pads and the height of the fr
t he height of the rear pad of the sliding pads, and p
positioning said magnetic head in relation to said na
medi um whereby said nagnetic head is aljlgawed to be c
with said magnetic recording nmediumviaalubricant |
magneti c storage apparatus accord im12, whe}
pads are coated with a thin fiImF.iﬁG 'i& She magnej
according to claim12, wherein the nmagnetic head conpl
pads, two pads on its front side and one pad on its r

tapered toward the
nt_pads hi gher than

gSﬁtm&tﬂg 7T pr

bn |nuous |n cb act
:\ r2 T
efn the tapered fir ont
i c storage appar gt us

tises. a total of tihree
ear side. 15.

The magnetic storage apparatus according to cfarmI2—wherernthejsum area
of the pads falls wphp—agearRge of 0.0003 to} 0.02 an;and a recondi ng and
reproduci ng operatign i|s pgrfdrmnmed V\ntlla@eéront pads/L
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and the rear pad concurrently kept in contact sliding 54 with the
surface of the recording nmedium 16. The magneti c storage apparatus
according to claim 12, wherein the cross section of a lamnation film nade
of carbon as its main constituent, exposed to the pad surface of the rear
pad. 17. The magnetic storage appargtus according to claim 12, wherein
‘the load of the magnetic head falls wwthin a range of 10 ng to 1 g. 18.

The magnetic storage according to claim 12, wherein the center of support
of the magnetic head is set to be off a center of gravity of the magnetic
head and is set to lie on the line that connects the center of gravity of
the magnetic head to the center of tI"Fr@r. 135!
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19. The magnetic storage apparatus according to claim12, wherein said
magneti c recordi ng nmedi um conpri ses a base node of Al, carbon, Si, glass or
polymer, a recording |layer for nmagnetic information fornmed on said base, a
protection |ayer |am nated on the recording |ayer and made of a carbon film
or carbon- silicon mxed filmas its mahp_constituent, a bonding | ubricant

| ayer that reacts with and bonds with terial of the protection |ayer,
and a lubricant |ayer having flcwwﬁiféay di sposed on top of the bonding
| ubricant |ayer. 20. A magnetfi ﬂggﬂiipparatus conprising a

di sk-1i ke recording nediumhaving a thin filmof magnetic material, a
magneti ¢ head having a functional 51 Thi s Sheet Has Been Repl aced -55-

fﬂ/ 52
L2

A’ 54

REPLAGEMENT SHEET

FIG.17b

27 NOV 996

FIG.17¢c

/1 A
¥ 52
1,
N-55
A’

i A
l§7 52
: 1, |
A’ 55




conponent for recording or reproducing magnetic information to or fromthe
magneti c recordi ng nmedium and sliding pads on the sliding surface of the
magneti c head with the front pads of the sliding pads tapered toward the
front ends of the front pads and the height of the front pads higher than
the height of the rear pad of the slidijg_pads, and a rotary actuator for
position- ing the magnetic head, wheretty—an input/output operation is
performed by keeping the magnetic head in contact with the recordi ng nedi um
via a lubricant layer, with a perm ssible angular range of rotation of the
rotary actuator set to be greater than 30 degrees. 21. The magnetic
st orage apparatus according to clain128: cggntzg the sliding surface of the
magneti c head is constituted by three eL t pads, and a read/wite
conponent is provided in one of the pads, of which sides aligned with the
direction of contact sliding are |onger than the transverse sides of said
one pad.
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22. The magnetic storage apparatus according to claim?20, wherein an
électro conductive filmis provided at |east on the sliding surface of the
magneti ¢ head, and the electro conductive filmelectrically connects wite
magnetic poles to a magnetic thin filmperform ng readi ng out and havi ng

magnet or esi stance effect. 23. The mggnetic storage apparatus according
to claim 20, wherein a voltage of t g conductive film provided on
the sliding surface of the nagnetic I . (€;iis equal to a surface
vol tage of the recording nmedium 24. The magnetic storage apparatus
according to claim 20, wherein said magnetic head is supported by a gi nbal
menber constructed of |eaf springs, the ginbal ETI-FERFRONPOGNET 18 an
arm nmenber connected t oE=he 3
LAYER
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rotary actuator, and the arm nenber is provided with the function of
adjusting a roll angle and a pitch angle of the magnetic head. 25.
"The nmagnetic storage apparatus according to claim?20, wherein a form
remenber netal is used for an adjustnment nmechani smfor adjusting said

contact state. 26. The magnetic stSrage apparatus according to claim
20, wherein a thermal softening pol ynefF+$—used for an adjustnent nechani sm
for adjusting said contact state. 27. A magneti c storage apparatus

conprising a disk-like recording nmedium having a magnetic thin film a
magneti ¢ head having a functional conmponent for recording or reproducing
magnetic information to or fromsaid magnetic recording nmedium and sliding
pads on the sliding surface of the anEﬁsgzgggad with the front pads of the
sliding pads tapered toward the fron the front pads and the hei ght
of the front pads higher than the height of the rear pad of the sliding
pads, and a
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rotary actuator for positioning the magnetic head, whereby a reading
ragnetic thin filmof the magnetic head is provided between facing witing
magneti c pol es, 57 and an input/output operation is performed with said
magneti c head kept in contact with the recording nmediumvia a |ubricant

| ayer. 28. The magnetic storage apparatus according to claim 27,
wherein the sliding surface of the Eégfzaggad is constituted by three
separated pads, and a read/wite coggg . provi ded in one of the pads,
of which sides aligned with the direction of contact sliding are |onger
than the transverse sides said one pad. 29. 2 The magnetic storage
appar atus according to clainfd¥27, wherein an elec“ro conductive filmis
provi ded }
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o

at | east on the sliding surface of the magnetic head, and the electro
conductive filmelectrically connects wite nmagnetic poles to a read
magnetic thin film having nmagnetoresi stance effect. 30. The magnetic
storage apparatus according to claim 27, wherein a voltage of the electro
conductive filmprovided on a sliding syrface of said magnetic head is
equal to a surface voltage of the rF;g%Sgnum 31. The magnetic
storage apparatus according to cl ai said magnetic head is
supported by a ginbal nmenber constructed of |eaf springs, said ginbal
menber is supported by an arm nmenber connected éo the rotary actuator, and
the armnenber is provided with the function offadjusting a roll angle and
a pitch angle of the nagneti chead—32 The nmagnetic storage
apparatus according to
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I%D%H -b
- 58 - claim27, wherein a formrenenber netal is used for an adj ust

mechani sm f or ad] %ting said contact state. 33. Worage
appar atus according ‘to claim27, wherein a thernal oft EU %BIS)HEET S

used Tor an ag ist. et Aechani smfor adj usting saidjcpntact state. |
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WHAT 15 CLATMED- 18 ¢

1. A magnetic head and slider configuration having shding pads
on its sliding surface, wherein said sliding pads include front pads and a
rear pad, the front pads being tapered toward their front sides and
higher in height than the rear pad, wherein a sum area of the sliding
pads is within a range of 0.0003 to 0.02 mm*® and wherein a recording
and reproducing operation is performed with the front pads and the rear
pad concurrently kept in contact sliding with a surface of a recording
medium.

- 2. The magnetic head and slider configuration according to claim

1, wherein the tapered front pads are coated with a thin film.

3. The magnetic head and slider configuration according to claim
1, wherein said sliding pads include a total of three pads, two pads on _
the front side and one pad on the rear side.

4. The magnetic head and slider configuration according to claim
1, wherein a cross section of a lamination film, made of carbon as its
main constituent, is provided onto the pad surface of the rear pad.

5. The magnetic head and shider configuration according to claim
1, wherein a load of the magnetic head falls within a range of 10 mg to 1

g.

6 The magnetic head and slider configuration according to claim 1,
wherein the sliding pads include a total of three sliding pads, two pads
on its front side and one pad on its rear side, whereby all sliding pads
are tapered toward their front ends, and the height of the front pads is
higher than the height of the rear pad.

7. The magnetic head and slider configuration according to claim
1, wherein the sliding pads include a total of three sliding pads, two pads
on its front side and one pad on its rear side, whereby all sliding pads
are dual-tapered or further multiple-tapered.

8. The magnetic head and slider configuration according to claim
7, wherein said multiple tapers are formed by coating the front pads
with a thin film, by partly etching the front pads, and then by further
coating the front pads with a thin film.
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.7 9.*iThe 'n?agﬁéﬁé%'e’éd ‘and slider configufation according to claim
1, wherein the surfaces of said tapered sliding pads are constituted by
surface a and surface b, and, in comparison of the surface a to the
surface b, the area of the surface a is greater than the area of the surface
b on condition that the relationship 6 a > 6 b holds where 6 a
represents the angle the surface a makes with a recording medium
and 8 b is the angle the surface b makes with the recording medium.

REPLACEMENT SHEET

20 MAY B9,




-53-

ABSTRACT OF THE DISCLOSURE

- A magnetic storage apparatus includes a
magnetic head having sliding front and rear pads on its
slidin§ sﬁrfaée. The.front pads are tapered toward their
frontfenas and the height of the front pads are higher
than the height of the rear pad. The tapered front pads
are coated with a thin film. The magnetic pad is
provided with a total of three pads, two pads on its
front side and one pad on its rear side. The .sum area
of the pads is within a range of 0.0003 to 0.02 mm?. A
recording and reproducing operation is performed with
the front pads and the rear pad boncurrently kept in
contact sliding with the surface of a recording medium.
A reliable contact sliding is thus performed with the
pads kept in contact with the recording medium. -The
magnetic head reliably operates with its recording and
reproducing component kept in close vicinity with the
' recording medium. Therefore, a reliable magnetic head
and a magnetic storage apparatus employing it are

provided.
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