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TECHNI CAL FI ELD® Co The present inventjon relates to Q&”MT\;;’ Is
magneti c. head and asi o e megnetic read/ wifle apparatus that

| ACOr por at es this: ma.. tic head, to bg o the present
invention relates toa - " magneti ¢ head fhat g‘éﬁﬁéékhméﬁﬁﬂﬁa\/eSQr
hear i ng—strf- aees—w—t—h; a specific cong
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MAGNETI-C HEAD

TECHNICAL FIELD

’I‘he present invention relates to ‘a magnetic head and a

__mag:eetle head that is machmed to have air bearing surfm with
' a specxfic contour.

BACKGROUND ART

| rehablhty in high density recordmg. which- requires that spacing
.lo‘ss ..be. reduced by lowering the ﬂymg beight, since, when the

; data on the magnetic disk.

In addltlon. the technolo““

I
-
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_;:_:Zon " b1t recordmg technology 1s rhsclosed for instance
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.constant fromthe internal circunference through the external
CI rcunf erence of a magnet I ¢ disk by reducing the skew angl e

depefTtiefi tHx[sBeane etic head in a rotary actuator system "
~nagnet e apparatus is essential in inproving
rellab density recordi ng, which requires that spacing
| 0ss be T e uce owering the flying height, since, when the

flying hei ght |s very smal |, the magnetic head nay easily cone

in contact with the nagnetic disk with even a very slight change

in the flying height of the magnetic head during a read or wite
operation and this may cause problens |nclud|ng destruction of data on the

magneti c di sk. a g h whi ch
the flying Jappnoss, Unexarhfhed? Skt uplichtibn, GRORITTNG."56888)
circunference to tigpe, US. patemearsehmrsmfersem N, 8,087.998neti ¢ di sk
and the flying

m

As a means for responding to such requirements, various
types of magnetic heads with unique contours given to their air
bearing surfaces have been disclosed. For instance, Japanese
Unexamined Patent Publication (KOKAI) No. 101781, 1985
discloses a slider for a magnetic head in which skew angle
dependency is reduced by setting the width of the rail of the
slider rail at the center in the lengthwise direction smaller than
the rail width at the two ends.

Japanese Unexamined Patent Publication (KOKAI) No.
356765./1992 discloses a magnetic head with air bearing surfaces
provided with an inner edge and an outer edge, formed on the
surfaces of rail portions, with which changes in flying
characteristics relative to the skew angle are minimized by
making the inner edge and the outer edge converge toward the
point of inflection from the front end edge of the slider and
making them diverge from the point of inflection toward the rear
end edge aftbe-sﬁden

Japanese Unexamined E@uent PubBcation (KOKAI) No.
24606771990 discloses a slider for a magnetic disk device with
the width of the rail being reduced toward the trailing edge
starting from the leading edge.

In addition, in a technology different from the prior art
technology described above, TPC (Transverse Pressurization
Contour) type sliders exist in the known art. TPC type sliders
are disclosed in Japanese Unexamined Patent Publication (KOKAI)



attitude is also stabilized is vital for achieving a high capacity
magnetic disk drive by enploying zone bit recording technol ogy.

Zone bit recording technology 1is disclosed, for instance, in v
-2 Japanese Unexamn ned Patent Publication (KCKAI) No. 30328/ 1992, U. S
Pat~""No- 74,894,734 and U.S. Pat. No. 5,087, 992. As a neans for
raagngumnggRg Gldgrequirenents, various types of magnetic heads with
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No. 278087,/1986, Japanese Unexamined Utility Model Publication
No. 12206371982 (Utility Model Application No. 5818,71981), U.
S. Pat. No. 4,673,996, U.S. Pat. No. 4,870,519 and the like. In a TPC
slider, minute indented portions are provided at the sides of rail
portions over their entire length, and when one is mounted in
a rotary actuator system magnetic read/write apparatus, at
positions where the skew angle | is large, dynamic lift pressure
is generated at the indented portions by the air flowing in from
the transverse direction. This prevents any reduction in the flying
height at positions where the skew angle is large so that a
constant flying height. is assured from the inner circumference
to the outer circumference of the magnetic disk.

Of the prior art technologies explained above, TPC sliders

, are effective for stabilizing the flying height at a constant level
However, there is a limit to how much the flying height can be
further stabilized. For instance, it is difficult to keep the flying
height constant within 20nm.

In addition, in the prior art technology above, normally,
the air bearing surfaces are formed to have a desired contour
by performing machining over the entire length of the rail
portions. The desired contour in this case must be formed
through fine machining $Such as dry etching, including ion
milling, for instance. Because of this, in the prior art technology,
which requires machining over the entire length of the rail
portions, the length of the opening portions of the mask
necessary for dry etching must be set larger than the entire

length of the rail portions and, as a matter of course, minute



beari ng surfaces have been disclosed. For instance, Japanese Unexam ned
Pat ent Publication (KOKAI) No. 101781/1985 discloses a slider for a
magneti ¢ head in which skewangl e dependency is reduced by setting the
width of the rail of the slider rail at the center in the | engthw se

direction smallér than the rail wdth at the two ends. Japanese
Unexam ned Pat enThnmbdtHeseiee abed@KAl ) . 356765/ 1992 di scl oses a nmagnetic
head with air be_a pI’OVI ded with an i nner edge and an outer
edge, formed on 't rail portions, with which changes in

flying character|5|cs alvetothe §kewang|e are mnimzed by

particlé:s_f, resinting from the process of dry etching the slider
become dhered to the side surfaces of the slider. The strength
of adhesxon of the material that becomes adhered to the slider

in thls ,' manner is low. Thus when using the magnetic head in
a magnetxc read/write apparatus the material adhering to the
side surfaees of the magnetic head may enter the minute flying
gap between the magnetic disk and the magnetic head, and this
may damage the magnetic disk irreparably.

- Furthermore, bumps for the magnetic transducers are
pmvxded toward one end of the slider in the lengthwise direction.
The bumps, unlike the slider, which is constituted of a hard
ceramic. structure will be constituted of a soft metal material
such -as_j__ _:_-_gold. Because of this, excessive dry etching will be
performon the bumps compared to the slider, resulting in a
drop —-off .'at the surfaces of the bumps relative to the surface
of the shder This will make connecting the lead wires for the
U.S. Pat. No. 5,359,480 discloses a magnetic head air
bearing shder in which each reil may be configured with two
receesm’l.‘he recesses do not extend to the slider trailing edge.
However, U.S. Pat. No. 5,359, 480 does not necessarily disclose
optimal 'dmxensmns of the recesses to stabmze the flying height

at a con.stant level.



maki ng the inner edge and the outer edge converge toward the point of
inflection fromthe front end edge of the slider and naking them diverge
fromthe point of inflection toward the rear end edge of the sliders
Japanese Unexam ned Patent Publication (KOKAL)-No....246067/1990 discl oses a
slider for-a magnetic disk device with the wdth of the rail bei ng reduced
toward the trailing edge starting fromthe | 8 - n Replaced
addition, in a technology different fromthe pr} ol ogy
descri bed above, TPC (Transverse Pressuri zati an] e sliders
exist in the known art. TPC type sliders ® .

DISCLOSURE OF THE INVENTION

It is an object of the- present invention to provide a

magnetic head that has air bean' ;'g surfaces with a new type

of contour and a magnetic read/wnte apparatus employing this
magﬁetic head.

It is a further object ofthe present invention to provide
a magnetic head and a magnetic ead/ write apparatus that are
capable of stabilizing the flying height with a high degree of

It is a still further object of the present invention to
provide a magnetic head and a magnetlc read/write apparatus
that are capable of stabilizing the flying height with a high
degree of accuracy even when the maximum skew mngle is large.

It is a still further object of the present invention to
provide a magnetic head and a magnetic read /write apparatus
that are extremely effective in improving reliability in high
density recording, which requireé-.--i=a-:_-_ reduction in spacing loss
through lowering the flying heig

It is a still further object of the present invention to

magnetic disk or the magnetic head due to adhered matter on

the magnetic head and a magne'f:t: ead/ write apparatus that
employs this magnetic head.
It is a still further objectof the present invention to

provide a magnetic head with /bumps for the magnetic

transducers in which the surfaces: of the bumps do not drop

down from the slider surface and a magnetic read/ write



_are disclosed in Japanese Unexam ned Patent Publication (KOKAI)
3 No. 278087/1986, Japanese Unexamined Uility Mdel Publication No.
122063/1982 (Utility Mdel Application No. 5818/1981), U. S. Pat.” No.
- A,673,996, U S. Pat. No. 4,870,519 and the like. In a TPC slider, mnute
I ndented portions are provided at the sides of rail porti-ons-over..their
entire length, and when one is nounted in
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appara‘tus that employs this magnetic head.

In order to achieve the objects described above, the
magnetic head according to the present invention includes a slider
and a magnetic transducer. The two ends of the slider in the
lengthwise direction constitute a trailing edge and a leading edge,

with at least one rail portion extending in the lengthwise
direction provided at one surface of the slider. The magnetic
transducer is provided at the trajling edge of the slider on an
extgnsion of the rail portions.

The rail portions are provided with step ~ like indented
portions formed along the two sides in the direction of the width.
The indented portions are formed shorter than the rail portions
so that rear rail surfaces are formed toward the trailing edge
of the slider, front rail surfaces are formed at the leading edge -
of the slider and middle rail surfaces are formed between the
rear rail surfaces and the front rail surfz;.ces.

The surface width of the middle rail surfaces are
maintained almost constant. The rear rail surfaces and the front
rail surfaces each include a first surface whose surface width
is determined by the entire width of the rail portion and a
second surface whose surface width is gradually reduced starting
from the surface width of the first surface toward the surface
width of the middle rail surface.

_ When the length of the first surface is designated L1,
the length that includes the first surface and the second surface
is designated L2 and the entire length of the rail portion is
designated L0, the requirements;



a rotary actuator system magnetic read/ wite apparatus, at positions

where the skew angle is large, dynamc |ift pressure Is generated at the
i ndented portions by the air flowing in from t he transverse direction.

This prevents any reduction in the flying hei ght at positions where the
skew angle is large so that a constant flying height is assured from

the inner circunf.erence to the outer circunference of the magnetic disk.
~OFthe pri or art technol ogi es expl ai ned above, TPC sliders are effective
f'ﬁﬁsSﬁEeﬁﬁhs'Beé't latele f|ying height at a constant |evel. However, there is

ch. the flying height can be further stabilized. For
|n |f§icult to keep the flying

L1 < 25% of LO and
L1 < L2 £ 15% of LO
are satisfied.

The magnetic read/write apparatus according to the
present invention includes a magnetic disk, a magnetic head, a
head support device and a positioning device. The magnetic disk
is rotationally driven. The magnetic head is the magnetic head
according to the present invention described above. The head
support device supports the magnetic head at one end and the
positioning device supports the head support device at the other
end and causes the magnetic head to rotate on a plane at a
specific angle above the surface of the magnetic disk.

The present invention may be adopted in“the prior art
technologies described earlier as a fine machining technology to
form air bearing surfaces.

Since the slider is provided with at least one rail portion
extending in the lengthwise direction at one surface and the
magnetic transducers are provided at the trailing edge of the
slider on extensions of the rail portions, when the present
invention is employed in a magnetic read/write apparatus, a
magnetic head that is capable of stabilizing the flying
characteristics with the rail portions and performs magnetic write
or read operations between the magnetic transducers and the
magnetic disk by generating dynamic lift pressure between the
magnetic disk and the air bearing surfaces constituted of the
rail surfaces, is achieved.

The rail portions are provided with the step — like



hei ght constant within 20nm In addition, in the prior art

t echnol ogy above, normally, the air bearing surfaces are forned to have
a desired contour by perform ng machining over the entire length pf the
rail portions. The desired contour in this case nust be forned

t hrough fine machining such as dry etching, including-+en ——-mlling,.for

I nstance. Because of this, in the prior art technol ogé_h V\/m ch requires
machi ning over the entire length of the rail porti Replacedyf
t he opening portions of the mask necessary for dry € set
r of

| arger than the entire length of the rfail portions
course, mnute
indented portions provided along the two sides in the direction
of the width, enabling control of the flying characteristics effected
by the indented portions. '
The indented portions are -'formed shorter than the rail

portions so that a rear rail surfaces are formed toward the
trailing edge of the slider, front rail surfaces are formed toward
the leading edge of the slider and middle rail surfaces are formed
between the rear rail surfaces and the front rail surfaces. This
structure is one of the important features of the present
invention. With the magnetic hea@_ having this new structure, it
is possible to stabilize the flying height at a constant level by
controlling the length of the rear rail surfaces and the front rail
surfaces remaining at the two ends in the lengthwise direction.
, Moreover, since the indented portions are formed shorter
than the rail portions resulting 'in- the rear rail surfaces being
formed toward the trailing edge of the slider and the front rail
surfaces being formed toward the leading edge of the slider, when

a mask provided with opening : ortions necessary for the

formation of the indented portions is positioned on the surface
of the slider that faces opposité' "'the medium, for forming the

indented portions through the opemng portions through dry

of the opening portions of the mask necessary for the dry
etching slightly shorter than the: entire length of the rail
portions. This prevents minute partlcles from the slider resulting
from the dry etching from becb:giiflg adhered to the two side

surfaces of the slider. Consequently, a magnetic head and a



4 particles resulting from the process of dry etching the slider

becone adhered to the side surfaces of the slider. The strength of
adhesion of the material that becomes adhered to the slider in this yanner
|s | ow. Thus, when_using the nagnetic head in a nagnetic read/wite
apparat us, the materlal adhering to the side surfaces of the nagnetic head

T

magnetic read /write apparatus that do not damage the magnetic
disk or the magnetic head because of matter adhering to the

magnetic head can be achieved.
| Furthermore, since the bumps are not excessively etched
compared to the slider, the surfaces of the bumps do not drop
down from the surface of the slider, and this ensures that
difficulty in connecting the lead wire for the bumps is avoided.
Another important feature of the present invention is that
the ideal lengths for the rear ra11 surfaces and the front rail
surfaces for stabilizing the flying height at a constant level are
disclosed in a specific manner. Nﬁmely. in the present invention,
the surface width of the middle rail surfaces is maintained at
an almost constant width, The rear rail surfaces and the front
rail surfaces each include the first surface, whose surface width
is determined by the entire width of the rail portion and the
second surface, whose surface width is graduslly reduceti starting
from the surface width of the first surface toward the surface
width of the middle rail surface. When the length of the first
surface is designated L1, the lengththat includes the first surface
and the second surface is demgnated L2 and the entire length

of the rail portions is des1gnated LO the following requirements
are satisfied : S
< 25% of L0 and L1 < L2:5 15% of L0
By setting the length L1 the first surface at or less
than 25% of the entire length LO of the rail portions and setting
~ the length L2, which includes the: flrst surface and the second

surface at or less than 156% of the entlre length LO of the rail



gap between the magnetic disk and the magnetic head, and this nmay danmage
the magnetic disk irreparably. Furt hernore, bunps for the nmagnetic
transducers are provided ‘toward one end of the slider in the |engthw se
direction. The bunps, unlike the slider, which is constituted of a hard
ceram c structure, wll be constituted of a soft netal - materiaF ~sueh -as-—-

gol d. Because of this, excessive dry etching wll be Iigg?ﬁlas% entl{; ace

bunps conpared to the slider, resulting in a drop -off: a I
i ng

the bunps relative to the’ surface of the slider. This wl
the lead wires for the bunps difficult. 10

portions, the quantity of change in the flying height can be
stabilized at a value that is required for practical use, ie., a

maxmmm of 20nm, for instance.

-In addition, by setting the length L1 of the first surface
smaller than the length L2 that includes the first surface and
the second surface, i.e, by providing the second surface, whose
~surface width is gradually reduced starting from the surface
width of the first surface toward the surface width of the middle
rajl surfaces, when the magnetic head is being used in a magnetic
read ./’ wnte apparatus, no foreign matter builds up at the
connecfing points between the indented portions that define the
middle rail surfaces and the indented portions that define the
rear ra11 surfaces and the front rail surfaces, As a result, a
magnetxchead and a magnetic read /write apparatus that do not
damage the magnetic disk or the magnetic head because of
foreign matter build —up can be achieved.

._‘I-'he magnetic h_ead and the magnetic read/ write
apparatus according to the present invention are driven by a
rotary _:a'ct_uator system positioning device. According to the
present - :invention. since an a]x'n_oét constant flying height is
achieved even when the skew 'e_u;lgle is increased, it is possible
to set a greater range for the skew angle. Because of this, the
present invention can support a _éompact type magnetic read/
write apparatus such as is currently much called for, with a
greater max:rnum_ skew angle.

When manufacturing the magnetic head according to the

present .invention. minute parti'cles from the slider resulting from



U S. Pat. No. 5,359,480 discloses a magnetic head air bearing slider in
which each rail may be configured with two recesses. The recesses do not
extend to the slider trailing edge. However, U S. Pat. No. 5, 359, 480 does
-:not _necessarily.disclose optinmal dinmensions of the recesses to stabilize

_the fl1yi ng hei ght at a constant |evel. 5
-; This Sheet Has Been Re‘iace
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dry etching can be prevented from becoming adbered to the two
side surfaces of the slider. As a result, it is possible to
manufacture a magnetic head that does not cause damage to the
magnetic disk or the magnetic head due to matter adhering to
the magnetic head.

" In addition, When manufacturing the magnetic head
according to the present invention, since the bumps do not
become excessively dry etched compared to the slider, the surfaces
of the bumps do not drop down from the surface of the slider,
and this ensures that connection of the lead wires for the bumps

does not become difficult.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in detail with
reference to the drawings in which :

FIG. 1 is a perspective of the magnetic head according
to the present invention ;

FIG. 2 is a side elevation of the magnetic head shown
in FIG. 1;

FIG. 8 is a perspective of another embodiment of the
magnetic head according to the present invention ;

FIG. 4 is a side elevation of the magnetic head shown
in FIG. 3;

FIG. 5 is a plan view of the magnetic read/write
apparatus according to the present invention :

FIG. 6 is an illustration of the operation of the magnetic
read/write apparatus shown in FIG. §5;



. DI SCLOSURE OF THE | NVENTI ON It is an object of the present

I nventi.on to provide a nagnetic head that has air bearing surfaces with a
new type of contour and a ‘magnetic read/wite apparatus enploying this
.magnetic head. _ ‘is a further object of the present invention to
provide a rragnetlc head and a nagnétic read/ wite apparatus that are

capabl e of stabili zhisﬂh&:hﬁsmey ,rifgﬁl ght with a high degree of accuracy.

It is a still furth mmmﬂ' e present invention to provide a

magnetic head and a wite aBpar at us

1G. 7 is a side elevation of the magnetic head device

accorchng to the present invention ;
| G9 is a graph showing the change in the flying height
when the length L1 of the first surfaces (L1) is set at 50
m_and the length L2 is varied in the magnetic head according

to the pment invention ;

FIG 10 is a graph showing the change in the flying
height when the length L2 is set at 250 um and the length L1
is vaned m the magnetic head according to® the present

invention
11 is a graph showing the change in the flying
hexght in the_,‘._.magnehc head shown in FIG. 12 when the length
L1l is vaned
FIG12 is a perspective of the magnetic head employed
~ to obtain g‘gihgf; data presented in FIG. 11;

FIG. 13 is a graph showing the flying characteristics
achieved when the magnetic head shown in FIG. 14 is employed
to conshtuthe magnetic’ read /write apparatus shown in FIGS.
§ to 8:

FIG 14 is a bottom view of the magnetic head employed
to obtain th data presented in FIG. 13;

FIG. '16.is & plan view showing the first process included
in the magnenchead manufacturing method : '



that are capable of stabilizing the flying height with a high degree of
accuracy even when the maxi num skew angle is |arge. It is a stil
further object of the present invention to provide a magnetic head and a
magnetic read/wite apparatus that are extremely effective in_inproving
reliability in high density recording, which Yéqlires a reduction in
spacing loss through |owering the flying hei gmssheemasseenkepm a still

further object of the present invention to pro head t hat
does not cause any danage to the magnetlg di. sijﬂ mmm 4‘ ¢ head due to
?ﬂgfred matter on the nagnetic head and ‘a magn e apparatus
FIG. 18 is a cross sectlon t‘-hrOugh line 16 —16 in FIG.
15 ;
FIG. 17 is a plan Wew showing the second process
included in the magnetic head manufactunng method ;
FIG. 18 is a partial enlargsment of FIG. 17
FIG. 19 is a cross sectxon through line 19—-19 in FIG.
17, showing the third process mcluded in the magnetic head
manufacturing method ;
- FIG. 20 is a cross section of the magnetic head aggregate
obtained by performing the second process and the third process:
FIG. 21 is an enlarged partial cross section of the
magnetic head aggregates shown -in FIG. 20 ;
FIG. 22 is a plan view showing the fdurth process
included in the magpetic head manufacturing method ;
FIG. 23 is a cross section through line 23— 23 in FIG.
FIG. 24 is a plan wewshovnng the fourth process
included in the magnetic head manufactunng method ;
FIG. 25 is a cross section through line 25— 25 in FIG.

BEST MODE FOR CARRYING OUT THE INVENTION
With reference to FIGS.

.and 2, which dimensions are
somewhat exaggerated, the magn txc head according to the
present invention includes a shder 1 and magnetic transducers
2, The two ends of the slider 1 m the lengthwise direction L
constitute an trailing edge TE and an leading edge LE and the



-enpl oys this magnetic head. It is astill further_object _of _the.
present invention to provide a magnetic head vmth burrps for the
magnetic transducers in-which the surfaces of e bunphis Sheatdi
*from the slider surface and a magnetic read / vvrlte§ 1
6 apparatus that enploys this magnetic head.

14

slider 1 is provided with at least ome rail portion 101 or 102
extending in the lengthwise direction L on one surface. The
magnetxc transducers 2 are provxded toward: the tratling edge TE
of the slider 1 on extensions of - the rail portions 101 and 102.
’l,_fhe rail portions 101 and 102 are each provided with step

—like indented portions 114 and 105 prowded along the two sides
in the direction of the width WThe indented portions 104 and
105 are formed shorter than the rail portions 101 and 102. With
this, rear rail surfaces 113 are formed toward the trailing edge
TE of the slider 1, front rail surfaces 112 are formed toward the
leading edge LE of the slider 1 and: middle rail surfaces 111 are
formed between the rear rail sur-faces 113 and the front rail
surfaces 112. The middle rail surfaces 111, the front Ytail surfaces
112 and the rear rail surfaces 113 constitute air, bearing surfaces
103. At the rail portion 101, the indented portion 104 is formed
as a step with the width W21 and depth d (see FIG. 2) whereas
the indented portion 105 is formed as a step with a width W31
and depth d (see FIG. 2). Also, mthermlportmn 102, the
indented portion 104 is formed as a: step with a width W22 and
a depth d (see FIG. 2) and the mdented portion 105 is formed
a step with a width W32 and a'__';___:__epth d (see FIG. 2). The
width W21 and the width W22 may be different from each other
or they may be the same. Likewise, the width W31 and the width
W32 may be different from each oﬂie?-ér they may be the same.
In the rail portion 101, the surface width W11 of the

middle raijl surface 111 is maintained’ almost constant. The rear
rail surface -_-1:13 and the front rail surface 112 each include a



In order to achieve the objects described above, the nagnetic head
according to the present invention includes a slider and a magnetic
transducer. The two ends of the slider in the |[|engthw se direction
constitute a trailing edge and a | eading edge, wth at |east one rai
portion exténding in the lengthwi se direction provided at one surface of

t he %lg%&ﬂa}_ﬁ&nﬂﬁﬁ Ic transducer is provided at the trailing edge of

the s tension of the rail portions. The rail portions
ar ek pr M ep-|ike indented portlons formed al ong the two sides

I n th

thah the rail portions

o’

the width. The indeRted portions are forned shorter

first surface (L1) whose surface width is determined by the
entire width W01 of the rail portions 101 and a second surface
(L3) whose surface width is gradually reduced starting from the
surface width Wﬂn.oi‘ﬂuzﬁhst:nnféoe (L1) toward the surface
width W1l of the middle rail surface 111.

Likewise, in the rail portion 102, too, the surface width
W12 of the middle rail surface 111 is maintained almost constant.
The rear rail surface 113 and the front rail surface 112 each
include a first surface (L1} whose surface width is determined
by the entire width W02 of the rail portion 102 and a second
surface (L3) whose surface width is gradually reduced starting
from the surface width W02 of the first surface (L1) toward
the surface width W12 of the middle rail surface 1}, The width
W01 and the width W01 may be equal to each other or they
may be different. Likewise, the surface width W1l and the surface
width W12 may be equal to each other or they may be different.

In this embodiment, as in the case of the normal
structure of a magnetic head, two rail portions 101 and 102 are
provided, normally parallel to each other in a typical
configuration and separated by a specific distance. In this case,
the distance between the rail portions 101 and 102 constitutes
an indented portion 106 which drops down from the air bearing
surfaces 103 and the indented portions 104 and 105. In addition,
the slider 1 is provided with indented portions 107 on the two
sides in the direction of the width W, which drop down from
the air bearing surfaces 103 and the indented portions 104 and
105. Furthermore, the air bearing surfaces 103 are provided with



so that rear rail surfaces are fornmed toward the trailing edge of the
slider, front rail surfaces are forned at the | eading edge of the slider
and mddle rail surfaces are formed between the rear rail surfaces and the
front rail surfaces.—-...—...The.surface width of the mddle rail surfaces
are naintai ned al nost constant The rear rail surfaces and the front rail

surfaces each mcljjﬁ‘eﬁmm fdace whose surface width is determ ned by
the entire width o ion and a second surface whose surface
width is graduall |ng fromthe surface width of the first
surface toward the surface* width of the"m ddle rail surface.

tapered surfaces 108 at the end that is opposite the side surfaces

where thg';:’: magnetic transducers 2 are provided. The number of

rail portions 101 and 102 provided may one or may be three

or more. Reference numbers 21 and 22 indicate bumps.

As ‘explained above, since the slider 1 is provided with
at least one rail portion 101 or 102 extending in the lengthwise
direction L at one surface and the magnetic transducers 2 are
provided toward the trailing edge TE of the slider 1 on
extensions of the rail portions 101 and 102, when the present
invention 1s employed in a magnetic read/write apparatus, a
magnetic head that performs magnetic write or read operations
between the magnetic transducers 2 and the magnetic disk while
stabilizing the flying characteristics with the rail~ portions 101
and 102 and generating dynamic lift pressure between the
magnetic d13_k and the air bearing surfaces 103 is achieved.

Since the rail portions 101 and 102 are provided with
the step— like indented portions 104 and 105 which are formed
along the two sides in the direction of the width W, it is possible
to control. the flying characters with the indented portions 104
and 105. The technology whereby the flying characteristics are
controlled with indented portions are disclosed in Japanese
Unexamined .. _Patent Publication (KOKAI) No. 1017811985,
Japanese Unexamined Patent Publication (KOKAI) No. 356765,/
1992, Japanese Unexamined Patent Publication (KOKAI) No. 2468067
/1990, Japanese Unexamined Patent Publication (KOKAI) No.
278087/ 1986 Japanese Unexamined Utility Model Publication No.
122063/ 198_2_.;., U.S. Pat. No. 4,673,996, US. Pat. No. 4,870,519 and



-When the length of the first surface is designated L1, the |length that
i ncl udes the first surface and the second surface is designated L2 and the
~entire length of the rail portion is designated LO. _the requirenents,;
~7 L [err] 2.5 % of LO and L1 < L2 [err] 15% of LO"
. hlS Sheet Has Been Replaced -
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the like.

A crucial feature of the present invention, which
differentiates it from the pnorart technology, is that the
indented portions 104 and 105 are formed shorter than the rail
portions 101 and 102 so that the rear rail surfaces 113 are
formed toward the trailing edge TE of the slider 1, the front
rail surfaces 112 are formed toward the leading edge LE of the
slider 1 and the middle rail surfaces 111 are formed between the
rear rail surfaces 113 and the front rail surfaces 112. In the
magnetic head featuring this new structure, by controlling the
length of the rear rail surfaces 113 and the front rail surfaces
112 at the two ends in the lengthwise direction L, the flying
height can be made constant. .

Furthermore, when forming- the indented portions 104 and
105 by positioning a mask provided with opening portions
necessary for the formation of the indented portions 104 and 106
and performing dry etching such as.milling or the like through
the opening portions to form the indented portions 104 and 105,
the length of the opening portions of the mask required for the
dry etching may be set slightly smaller than the entire length
of the rail portions 101 and 102. Because of this, minute particles
from the slider 1 that are produced in the dry etching process
do not become adhered to the two"side surfaces of the slider

1. Consequently, it is possible to prowde a2 magnetic head and
a magnetic read/write apparatus that do not cause damage to
the magnetic disk or the magnetic head due to matter adbering
to the magnetic head.



are satisfi ed. The magnetic read/wite apparatus according to the

present invention includes a magnetic disk, a nmagnetic head, a head

. support device and a‘pt “ioning device. The magnétic disk is v

fotationally driven. ‘Thé rragneti c head is the magnetic_head _according to

the present invention described above The head support device supports

the magnetic head at oneend and the positioning devihiséheul ?laedhead
ﬂt ate on

support device at the o - end and causes- the nmagnet
gl-el above the surface of t hel
r
: _-_:-_:_._ MOi‘eover. since the bumpé 21 and 22 do not become

=

a plane at a specific .
The present invention may:be adopted in ¥he prior

exemmvely dry etched compared to the slider 1, the surfaces of
the bumps. 21 and 22 do not drop'-;.ddwn from. the surface of the
slider . 1 thus ensuring that connectmg the lead wires for the
bumps .:2 .énd 22 does mnot become dxfﬁcult.

'Another crucial feature of the present invention is that
the lengths of the rear rail surfaces 118 and the front rail
surfaces 112 that are optimal for stabﬂlzmg the flying height

at a eonstaht level are disclosed m a speclﬁc manner. Namely,
aocordmg_'to the present invention, the surface widths W11 and
W12 of the middle rail surfaces 111 are maintained almost
oonstant. 'I‘he rear rail surfaces 113 and the front rail surfaces
112 are fproﬁded with the first surfaces (L1) whose surface
mdths WO!. and W02 are determined: by the entire widths of the
rail port __ p_sf"‘ 101 and 102 respectively and the second surfaces
(L3) whosesurface widths are gradually reduced starting from
the Surface w1dths WOl and W02 toward the surface widths W11
and wm respectwely of the mddle__,'raﬂ surfaces 111. When the
length. of the first surface (L1) 15 demgnated L1, the length
that mcludes_the first surface (Ll) and the second surface (L3)
is designated L2 and the entire length of the rail portions 101

ollowing requirements are

By settmg the length L1 of the first surfaces (L1) at
or less: than 25% of the entire length L0 of the rail portions




-t echnol ogi es described earlier as a fine machining technology to formair
beari ng surfaces. Since the slider is provided with at |east one
rail portion extending inthe |engthw se direction at one surface and the
“magnetic transducers are. provided at the trailing edge of the slider on
extensions of the rail portions, when the present invention is enployed in
a magnetic read/wite apparatus, a nmagnetic head that is capable of
stabilizing the flying characteristics with the rail portions and
performs magnetic wite -or read operations between the magnetic
transducers and the nagnetlc di sk by géherating dynamic lift pressure

bet ween t he :

e 101 and 102 and setting the length L2 that includes the first

. This Sheet Has Been Rérlace'd surfaces:" (L1) and the second surfaces (L2) at or less than
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surfaces (L1) and the second surfaces (L3), ie., by providing
the second surfaces (L3) whose surface width is gradually
reduced starting from the surface width of the first surfaces (L1)
toward the ____urface width of the middle rail surfaces 111, when

the magnetxc,_ head is being used in a magnetic read/ write

apparatus bmld up of foreign matter occurs in the vicinity
of the connecting point between the indented portions 104 and
105 defining - the middle rail surfaces 111 and the indented
104 ¢nd 105 defining the rear rail surfaces 113 and the
front raal surfacos 112. As a result, 8 magnetic head and a

“Tes wnte apparatus which do not cause demage to

the magnetic disk or the magnetic head due to dirt build up
Pref .ﬁf__bly, the length L1 of the first surfaces (L1)
should be: set at or more than 10 zm, By domg so, dry etching
can be performed using a mask wlnch covers the trailing edge
TE and tb.eleadmg edge LE of the- rail portions 101 and 102

__ =l',ZO;zm or more. The minimum value of the mask
cover tha.t_.__:

ably prevents minute partxcles from the slider 1

e dry etching process from becoming adhered



smagnetic disk and the air bearing surfaces constituted of the rai

surfaces, is achieved. The rail portions are provided wth the step
-~ like ' 8 i ndented portions provided

" “along the two sides in the direction of the width, enabling control of the
flying characteristics effected by the indented portions.

Thxs Sheet Has Been Reﬂ]ac to thetwo side surfaces of theslider 1 at the trailing edge TE

H||||| NI - ene e tendiog tge 12 of st xan portions 101 ana 102 ans
can reliably avoid dry etching i.the SIde surface of the slider

1 wher;___:_:_ fhe bumps 21 and 22 are provxded is approximately 10
L& m after taking into cons:Lderahon machining tolerance.
Consequently, being able to perform dry etching by using a mask
that eoversthetraﬂmgedge'I’EandtheleadmgedgeLEofthe
rail pomons 101 and 102 over a length of 104 m or more ensures
that mxnute particles from the shder 1 resulting from the dry
etching: process are reliably prevented from becoming adhered to
the two s1de surfaces of the shder 1 and. that the side surfaces
of the shder 1 where the bumps 21 and 22 are provided can
be rehably prevented from becommg dry etched. -
In addition, as the data,-_-whmh are to be explained in
more detaxl later, indicate, when- the length L1 of the first
surfaces - (Ll) increases, the ﬂymg height increases, which, in
turn, mcreases the change in the ﬂyxng height. The purpose of
setting the length L1 of the first surface (L1) at 10zm or
more in the present invention is to clearly define the limit at
which the flying height and chang% in the flying height can
“be xmmnuzed while adhesion of particles is prevented.
The magnetic head shown FIGS. 1 and 2 represents

an example of a TPC magnetic head With a magnetic head

provided - Wlth a TPC slider, when__ .;._..,t is mounted in a rotary

actuator system magnetic read,/ wrzte apparatus, dynamic lift
pressure 1__=_s___-__j___generated at the mdent_e___q portions 104 and 105 with

the air flowmg in from the transverse direction at positions



-The indented portions are formed shorter than the rail ortlons 'so that a
rear rail surfaces are forned toward the trailing edg’éhltﬁheetﬁsm:bn
front rail surfaces are fornmed toward the |eading edge

‘mddle rail surfaces-are formed between the rear rail _
front rail. surfaces. This structure is one of the |rrportant eatur S of
the present invention. Wth the magnetic head having this new structure,
it is possible to stabilize the flying height at a constant |evel by
controlling the length of the rear railysurfaces and the front- rail
surfaces remaining at the two ends in the |engthw se direction.

Mor eover, since the indented portions are forned shorter

where the skew angle is great and with this, reduction in the |
flying height at positions where ‘the skew angle is great is
prevented, making it possible to assure a constant flying height
from the inner circumference through the outer circumference of
the magnetic disk. |

In a TPC slider with the air bearing surfaces 103 facing

upward, if the side surface of the slider 1 where the magnetic
transducers 2 are provided is set as the front surface, the
indented portions 104 are on the left of the air bearing surfaces
108 and the indented portions 105 are on the right. In this
structure, it is preferable that the depth d of the indented
portions 104 and 105 be set at approximately 0.7 £ m. This will
ensure that the advantages of the TPC slider can b utilized in
3 satisfactory manmer.
. For the magnetic transducers 2, an induction type
element, an MR (magnetoresistive effect) type, a combination
of these or the like maybe used. These elements may be
constituted with thin film elements formed through a process
similar to that in IC manufacturing beehnology. In addition, not
only the in~ plane recording method. but the vertical recording
method may be employed. '

FIG, 3 is a perspective of another embodiment of the
magnetic head according to the present invention and FIG. 4 is
a side elevation of the magnetic head shown in FIG. 3. In these
figures, the same reference numbers as those used in FIGS. 1 and
2 jindicate identical components. In this embodiment, the bottom
surfaces of the indented portions 104 and 105 each constitute



,than the rail portions resulting in the rear rail surfaces being formed
toward the trailing edge of the slider and the front rail surfaces beixr
fornmed toward the | eading edge of the slider, when a mask provided’w th

.openi ng portions necessary for the formation of the indented portions is
-posr%%ened on_the surface of the slider that faces opposite the medi um
: ormng the indented portions through the opening portions through dry

hegt H laWdlllng ‘or the like, it is possible to set the length of
i-ons of . the mask necessary for the dry etching slightly

shy e entlre3}ength of the qul portions. This prevents mnute

Lpartlcles from't he slld'*-resultlng

a smgle flat surface.

FIG 5 shows the magnetic read /write apparatus
aecordmg to the present invention. The magnetic read/write
appar-:— us according to the present invention includes a

posmonmg device 3, a magnetic disk 4, a head support device

_FIG. 8 illustrates the operation of the magnetic read/

write apparatus shown in FIG. 6. During a read / write operation,
the head 'support device 5, which supports the magnetic head 6,

~such a2 manner that it is swung in the directions
indicated:’ th the arrows bl and b2 around the pivot center
- 01 by the rotary actuator system positioning device 3. The
position of the magnetic head 6 on the magnetic disk 4 is
normally expressed as a skew angle.

FIG7 is a side elevation of the magnetic head device
and FIG.- 81s its bottom view. The head support device 5 has
a structure in which, at a free end located at one end of &

dy 51 constituted of thin metal plate in its

lengthwise ‘direction, a flexible body 52, also constituted of thin



fromthe dry etching from becom ng adhered to the two side surfaces of the
sltder. Consequently, a magnetic head and a magnetic read/wite
apparatus that do not datfrage the magnetic disk or the nagnetic head-
because of rratte* adherﬁ—ﬁg—tﬂ t+he- magneti c head can be achi eved.
Furt her nor e, he b%@skal not excessively etched

n Replaced
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metal plate, is mounted with the magnetic head 6 mounted at
the lower surface of the flexible body 52. The head support
devme 5 imparts a load force to press the magnetic head 6

toward the magnetlc disk 4. The flexible body 52 in the figures
is provxded with two outer frame portions 521 and 522 that
extend almost paraliel to the lengthw1se axis of the supporting
body - 51. a transverse frame 523 that links the outer frame
pornons 521 and 522 at an end distanced from the supporting
body 51 and a tongue piece 624 that extends from approximately '
the center of the transverse frame 523 and runs almost parallel
to the "fouter frame portions 521 and 522 with its front end left
as a free end. .One end that is opposite from the direction in
whlch etransverse frame 523 is provided is méunted in the
vicinity of the free end of the supporting body 51 by means

'On -.the upper surface of the tongue piece 524 of the
ﬂemble body 52, a projection for load 525 is provided, which may
be formed for instance, in a semi — spherical shape. With this

pmjectxon for load 525 a load force is communicated from the

free end_ of the supporting body 51 to the tongue piece 524,

.The magnetic head 6 is mounted at the lower surface

tongue piece 524 by means such as welding. The magnetic
head 8 1smounted at the magnetic head support device 5 so
that its lengthwise direction aligns with the lengthwise direction
of the head_ support device 5. The head support _device 5 that

can be emploved in the present invention is not limited to that
in the. embodnnent described above. A number of head support




conpared to the slider, the surfaces of the bunps do not drop down from
"the surface of the slider, and this ensures that difficulty in connecting

the lead wire for the bunps is avoi ded. Anot her inportant feature
,of the present invention is that the ideal lengths for the rear rail
"surfaces and the front rail surfaces for stabilizing the flying height at

a constant level are disclosed in a specific manner.__Namely, . .in.the —._.
present invention, the surface width of the mddle rail surfaces is

mai ntai ned at an al nost constant width. The rear rai IThsﬁhekﬁé W“Tﬂb

front rail surfaces each include the first surface,
Is determned by the entire width of the 2#ail portlon

devwes that have been disclosed in the past or that may be
disclosed in the future can be-adapted.

Next, in reference to the measured data, advantages
achieved by the magnetic head_ and the magnetic read,/write
apparatus according to the present invention are explained. The
measured data in FIGS. 9, 10 and 13 are obtained when the
magpetic read/write apparatus shown in FIGS. 5 to 8 is
~constituted by employing the magnetic head shown in FIGS. 1
and. 2. The measured data in FIG. 11 are obtained when the

.amagnetic read/write spparatus shown in FIGS. 5 to 8 is
constituted by employing the magnetic head shown in FIG. 12,
‘which is outside the scope of the present invention.

A 3.5 inch magnetic disk xsused and is caused to rotate
at a rotation rate of 4090 rpm. In FIGS. 9, 10, 11 and 13, a
measured radius on the magnetic disk is used for the horizontal
axis and the flying height is usgd '. for the vertical axis. The
relationship between the measured ;r'_adius and the skew angle is

as follows : |
measured radius (mm); 221 - 306 40.0 45.5
skew angle ¢); L2 _-783 ~-151 ~-183

The specifications of the slider areas follows :
(8) external dimensions’; 200x160><043 (mm)
(b) widths of various parts of the rail portion 101 ;

Wil=174 4 m
W21=136um
W31=36um

(c) widths of various parts of the rail portion 102 ;



second surface, whose surface wdth is gradually reduced starting fromthe
surface width of the first surface toward the surface w dth of the mddle
rail surface. Wien the I'ength of the first surface is designated L1, the
length that includes the.first surface and the second surface is
designated-L2 and the entire length of the rail portions is designated LO
the following requirenents. are satisfied: L1 [err] 2.5%of LO and L1 <
L2 [err] 15% of LO ~». By setting the length L1 of the first surface
at or less than 2.5 %of the entire lengt#s LO-of the rail portions and
setting the length L2, V\/_n___l___ch I ncludes the first surf-ace—and-the-second

This Sheet Has Been Reilaced

it ||IIII| MR

G)) ;'i_depth d of the indented portions 104 and 105

than 15nm in the range over which the length L2 is at or less
than 800 um when Ll = 50 4 m. Since, as described earlier, the
entire Ienéth LO of the slider is 2.00mm, L1 = 50 2 m satisfies
the reqmrement Ll £ 25% of L0, and L2 =300 2 m satisfies the
reqmremen L2 15% of LO. Within this range, the change in
flying hexght is maintained at or lms than 16nm in a magnetic

read/wn 8. apparatus employing a.__,__-_:f_s.-s inch magnetic disk, which

mtisfactonly meets the requiremeﬁis imposed for practical use,
ie., the change in flying height at or less than 20nm.

FIG 10 shows the change in flying height when the
“of the first surfaces (L1) and the length L2 that
includes thefn'st surfaces (L1) and the second surfaces (L3) are
set oqual to each other at the front rail surfaces 112 and the




surface at or less than 15 % of the entire length LO of the rai

10 portions, the quantity of change in the flying height can be
stabilized at a value that is required for practical use, i.e., a naxinm
of 20nm for instance. e In addition, by setting the length L1 of the
first surface smaller-than-the-tength L2 that I ncludes the first surface

and This Sheet Has Been Replaced
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rear rail surfaces 113, the length L2 is set at 250 zm and the
length L1 is varled. As FIG. 10 indicates, the more the length
L1 of the first surfaces (L) is reduced, the smaller the change

in flying’ height. As a result, in order to stabilize the flying
height at a constant level, the length L1 of the first surfaces
(L) nmﬂét be reduced.

FIG. 11 shows the change in flying height when the
length L1 is varied in the magnetic head shown in FIG. 12. In
FIG. 12, there is no second surface L3 either at the front rail
surfaces 112 or at the rear rail surfaces 113 with L3 being equal
to 0. FIG. 11 demonstrates that, in the case of the magnetic head
shown .in /FIG. 12, the greater the length L1 of the first rail
muﬁmms&ﬁlxthesnea&mthefhmmglmmﬂm.hxaddﬂmgythefﬁpue
indicates: that, since the change in flying height is great, jt is
not pqmﬂbkat§ stabilize the flying height at a constant level.
During the process of acquiring the data shown in FIG. 11,
nunauﬁh:i@md crashes occurred frequently between the magnetic
disk and-._%;._.t;he magnetic head. When the magmetic heads that
experienced a head crash were examined, dust was observed
adhering to the corners of the indented portions 104 and 105
ﬁnmmmlthefnﬁn'raﬂ.sur&uns 113 along the indented portions 104
and 105. This leads to the conclusion that it is necessary to
provide second rail surfaces (L3) as well as ﬂueiﬁstraﬂ|mniam£
(L1), to ensure that L2 >LI.

FK}*HSshOWS'ﬂmzﬂyhngchanxmmﬁnkm'ﬂun are achieved
when the mag'netxc head shown in FIG. 14 is employed to
constitute the magnetic read/write apparatus shown in FIGS. 5



the second surface, i.e., by providing the second surface, whose surface
width is gradually reduced starting fromthe surface wdth of the first
surface toward the surface width of the middle rail surfaces, when the
magnetic head is being used in a magnetic read/wite apparatus, no foreign
matter builds up at the —connecting points between the .indented. portions,
that define the mddle rail surfaces and the indented portlons that. define
the rear rail surfaces and the front rail surfaces. ARis een Rgplaced ~
magneti ¢ head and a nagne read/ wite apparatus that ,ﬁE the
magnetic disk or the magnéetic head becadke of . forelgn

can be achi eved.

:_-"14 the length L1 of the first surfaces (L1) and the
length. L2 that is determined by the first surfaces (L1) and the
second - surfa.ces (L3) are varied to.a number of values at the
traﬂmg edge TE and at the leadxng edge LE of the rail portions
101 and’ 102‘*' i
With thm- xxtagnetlc head, too, stab:hzed flying height can be
achxeved, _as mdlcated in FIG. 13.

thin the range defmed by the present invention.

Next:, method for manufaqturing the magnetic head

accordingf'_- to the present invention. is explained in reference to

FIGS. 15.to 25. In order to manufacture the magnetic head
described - a'Bbxte. the magnetic head manufacturing method

mcludes the llowmg processes. First, in a first process, magnetic
s 71 and 72 are positioned on a supborting body
82 -as: ﬂlustrated in FIGS. 16 and 16. The magnetic head
: aggregates 7 and T2 are constxtuted by arraying a plurality of

supportmg' bod 82 In addition, it is demrable that a process for

pohshmg the air_ bearing surfaces and a process for rendering




The magnetic head and the nmagnetic read / wite apparatus according to
the present invention are driven by a rotary actuator system positioning
devi ce—According to the pr: esentinvention, since an alnost constant
~flying he| ht IS - achl eved en when the skew angle is increased, it i%
Saeethdas BaenR gt -range for the skew angle. Because of this, the

possi bl

present i'_- i “conpact type nmagnetic read/ wite

appar at usl |H¥) nt y nuch called for, with a greater maxi mum
magnetlc head according to the

skew angl e.

uf.
. present |nvent|on lcles fromthe slider resulting from

:,;,nd process, which follows the first process

;nask 9IS plawd on the surfaces of the magnetic head aggregates
i R
and‘ 2, b ‘__-,have been positioned during the first process,
as . 111ustrated '

;: e'_'- magnetic head aggregates 7] and 72 are
de'termined 1n"-" dvance.

In
| athird _process, as. shown in. FIG. 19, following the
;second proce

| % to ] -indented portlons A typical example of dry
etchxgg mﬂhng At this point, since the mask 9 is provided
'rthh th__:_:opemng "portxons 91 and 92 at positions carresponding
‘to the .mdml.ted portions and the : ranges over which and the
posxtmqg gt whxch e opening portlons 91 and 92 open only
the magnetxchead -aggregates 71 and 72

nagnetic. head aggregates 7 and 72 that constitute the
shd__er.-. As explamed u

_:_1ab1y. assure that minute partxcles from the magnetic
he _
.ad aggregates 7 -and 72 resultmg from dry etching do not



1 dry etching can be prevented from becom ng adhered to the two side
surfaces of the slider. As a result, it is possible to nmanufacture a
magneti c head that does not cause damage to the magnetic disk or the,
magneti c head due to matter adhering to the magnetic head. In
addi ti on, When manufact-wr-i-ng- t.-he_..rmgnet I ¢ head
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become adhered to the two side surfaces of the magnetic head

aggregates 71 and 72 and also allows reliable. prevention of dry
etching of the side surfaces of the magnetic head aggregates 71
and 72 is approximately 10 4 m, even after taking into
consideration machining tolerance. As a result, by selecting a
value of 10 xm or over for the mask cover, it is possible to
manufacture a magnetic head that does not cause any damage
to the magnetic disk or the magnetic head due to matter
adhering to the magnetic head. In addition, since the bumps do
not become excessively dry etched compared to the slider, the
surfaces of the bumps do not drop down from the surfaces of
the magnetic head aggregates 71 and 72 constituting the slider,
which, in turn, ensures that connecting the lead Wires for the
bumps does not become difficult.

By undergoing the third process, the indented portions
110 and 120 are formed as shown in FIGS. 20 and 21.

In a fourth process, which follows the third process,
necessary machining is performed on the magnetic head while
leaving the indented portions 110 and 120 jntact. The main sub
— processes included in the fourth process are a sub — process
in which a third step and a fourth indented portion (see FIG.
1) are formed through machining and a sub-— process in which
separate magnetic head elements are taken out through cutting.
FIGS. 22 and 23 show the sub— process through which steps 106
and 107 are formed through machining during the fourth process.
This machining also creates the indented portions 104 and 105.

FIGS. 23 to 25 show the sub— process in which separate



,according to the present invention, since the bunps do not becone
‘excessively dry etched conpared to the slider, the surfaces of the bunps
do not drop down fromthe surface of the slider, and this ensures that
connection of the lead wires for the bunps does not becone difficult.

BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention wll be
described in detail with reference to the drawings in which FIG 1
is a perspective of the nagnetic head according to the present invention;

FIG 2 is a side elevation of the magnetic head shown
%

magnetic head elements are taken out through cutting. Each
xnagneﬁc head element is obhﬁné@uby:cutﬁng'thexnagneﬁc head
agj_gg_v.egates 71 and 72 at the positions indicated with the cutting
lines X1 in FIG. 23. .

Preferably, the first process should include a sub— process
in which a plurality of magnetic head aggregates 71 and 72 are
positioned parallel to each other. This will achieve an

improvement in work efficiency. In that case, it is desirable that

the_second process include a sub— process in which a common
mask 9 for the plurality of magnetlc head aggregates 71 and
72 is positioned. The mask:9 may:be .constituted with film, resist
or the like. The opening porhons 91 and 92 of the mask can
be formed through high pnansun;apaﬂmmn forming technology
such -as photo lithography. ,

While the invention has been particularly shown and
described with reference to preferred embodiments thereof,
it will be understood by those skilld in the art that

various changes in form and ¢ etazl may be made therein
without departing from the spirit, scope and teaching of
. the invention.

eet Has Been RTlaced :

il &Illll I




in FIG 1, FIG 3 is a perspective of another enbodi ment of the

magneti ¢ head accordi ng to the present invention; FIG 4 is a side
-.el evati on"of the magrmettc—head shown in FIG 3; FIG 5 is aplan

vi ew of -t write apparatus according to the present

i nvent i or{mlllﬂﬂnimﬂlﬂm[l s an illustration of the operation of the

magneti cii¥ ea

shown in FIG 5; - This Sheet Has Been RTi
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CLAIMS

1. A magnetic head comprising :

a slider, with two ends in the direction of the length
thereof constituting a leading edge and a trailing edge, which
is provided with at least onme rail portion extending in said
direction of said length at one surface; and

at least one magnetic transducer which is provided on
an extension of said rail portion toward said trailing edge of
said -slider, characterized in that ;

said rail portion is provided with step — like indented
portions provided along two-sides ithereof in the direction of the
width ;

- said indented portions are formed shorter than said rail
portion, thereby forming a rear rail surface toward said trailing
edge of said slider, a front rail surface toward said leading edge
of said slider and an middle rail surface between said rear rail
surface and said front rail surface

the surface width of Sald middle rail surface is
maintained almost constant ;

said rear rail surface and sald front rail surface each
include a first surface whose surface width is determined by the
entire width of said rail "portion and a second surface whose
surface width is gradually reduced startmg from said surface
width of said first surface toward smd surface width of said
middle rail surface: and

when the length of said first surface is designated L1,
the length that includes said first surface and said second surface



<12 FIG 7 is a side elevation of the nmagnetic head device that

one of the constituents of the magnetic readfwrr*te
the present invention; FIG 8 is a. .
device that s one. of the constituents of: t‘w
accordi ng to the present I nventi on; :

Tw‘ilm laC"Gi,hen the | ength L1 of the first surfaces (L1)
‘I | ' %2

change in therhs
is set at 50 [

¢ 9Ll Sna gr-aph show ng the

is designated L2 and the entire length of said rail portion is
designated L0,
= 2.5% of LO and L1 < L2 £ 16% of LO are satisfied.
2. A magnetic head according to claim 1, wherein :
seid length L1 of said first surface satisfies L1 = 10 z

3. A magnetic read,/write apparatus including a magnetic
disk, a head support device, a positioning device and a magnetic
head, wherein :

said magnetic disk is rotationally driven ;

said head support device supports said magnetic head
toward one end thereof;

said positioning device supports another end of said head
support device and causes said r;nagnetic bead to rotate above
the surface of said magnetic disk at a specific angle;

said magnetic head includes a slider and a magnetic
transducer ; .

said slider, with two ends in the direction of the length
thereof constituting a leading edge and a trailing edge, is
provided with at least one rail portion extending in said direction
of said length at one surface;

said magnetic transducer is provided on an extension of
said rail portion toward said trailing edge of said slider;

said rail portions are provided with step — like indented
portions provided along two sides in the direction of the width
thereof ; |

said indented portion is formed shorter than said rail

i's

apparatus according to

- magneti ¢ head
Iﬂlnm u E\M’I te device



mand the length L2 is varied in the nmagnetic head according to the
present invention; FIG 10 is a graph showi ng the change in the
flying height wnen the—tength L2 is set at 250 [err]mand the |ength. L1

i's” vari lH"w i Q@mc head according to the present invention;

FIG 11 ng the change in the flying—herght- rn*The" magneti c
head shownant

per spective of the magneti c head enpl oyed to obtai n
FIG 11;

en the length L1 is variedy, ]heet B ﬁg&lsa

m I;m nted in

portion, thereby forming a rear rail surface toward said trailing
edge of said slider, a front rail surface toward said leading edge

of said slider and an middle rail surface between said rear rail
surface and said front rail surface;

the surface width of said middle rail surface is
maintained almost constant ;

said rear rail surface and said front rail surface each
include a first surface whose surface width is determined by the
entire width of said rail portibn and a second surface whose
surface width is gradually reduced starting from said surface
width of said first surface toward said surface width of said
middle rail surface; and

when the length of said first surface is designated L1,
the length that includes said first surface and said second surface
is desigx_xated L2 and the entire length of said rail portion is
designatéd Lo,

L1 £ 25% of 10 and L1 < L2 = 156% of LO are satisfied.

4. A magnetic read,/write apparatus according to claim
3, wherein.:

said length L1 of said first surface of said magnetic head
satisfies L1 = 10z m.



FIG 13 is a graph showwng the flying characteristics achieved when the
" magnetic head shown in FIG 14 is enployed to.constitute the magnetic

read/ wite apparatus shown in FIGS. 5 to 8§;

FIG 14 is a bé6ttom

.view of the magnetic head enployed to obtain the data presented in FIG

" 13;

FIG 15 is a plan view show ng the first process included

the magnetic head manufacturing nethod;

MAGNETIC HEAD

ABSTRACT
The present invention is directed to stabilize the flying
hexgh; at a constant level and: prevent head crashes.
Indented portions (104 and 105) are formed shorter than

railportmns (101 and 102). Rear rail surfaces (113) and front

rail’ surfaces (112) are formed at the slider (1) with middle
rail_surfaces (111) formed between them. The rear rail surfaces
(113) and the front rail surfaces (112) each include a first
surfaoe (L1) whose surface ‘width .is determined by the entire

-width (W01 or W02) of the rail portion (101 or 102) and a

second -':?:_i_:'surface (L3) whose surface width is graduhlly reduced

startmg from the surfaces width (W01 or WO02) of the first

surface  (L1) toward the surface width (W11 or W12) of the
middle rall surfaces (111). The requ:rements, ie, L1 = 259% of
L0andL1<L2§15%ofL0aresatlsﬁedforthelength (ry
of the: ﬁrst surfaces (L1), the length (L2), that includes the first
surfaces - (Ll) and the second surfaces (L3) end the entire length
(LO) of the rail portions (101 and 102).

FIG. 1
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HlIll\I IIII\l l\ll III

in



13 FIG 16 is a cross section through line 16 - 16 in FIG 15;
FIG 17 is a plan view shO\M ng the second process included in the magnetic

head manuf acturing net hod;; FIG 18 is . a partial enlargenment of FIG
17, FIG 19 is across section through line 19 - 19 in FIG 17,
shovm ng the third process- |_ncI uded in the magnetic head manufacturing

nmet hod; FI G 20 is:a cross section of the magnetic head aggregate
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obt ai ned by performng the second process and the third process;

- FLG 21 is an enlarged partial cross section of the magnetic head

- aggregates shown in FIG 20; FIG 22 is a plan view show ng the
fourth process included in the nagnetic head manufacturing mnethod;

FIG, 23 is a cross section through line 23 - 23 in FIG 22. FI G
24 is a plan view showing the fourth process included in the nmagnetic
head manuf acturing met hod; FIG 25 is a cross section through Iine
25 - 25 in FIG 24,
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BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Wth reference to FIGS. 1
and 2, which dinensions are sonmewhat exaggerated, the nagnetic head
according to the present invention includes a slider 1 and nagnetic
~transducers 2. The two ends of the slider 1 in the lengthw se direction L
constitute an trailing edge TE and an | eadi ng edge LE and the

14
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slider 1 is provided with at |east one rail portion 101 or 102 extending
in the | engthwi se direction L on one surface. The nmagnetic transducers 2
arie provided toward the trailing edge TE of the slider 1 on extensions of
~the rail portions 101 and 102. The rail portions 101 and 102 afre
each provided with step -like indented portions 114 and 105 provi ded al ong
the two sides in the direction of the width W The indented portions 104
and 105 are formed shorter than the rail portions 101 and -102. Wth
this, rear rail surfaces 113 are formed toward the trailing edge TE of the
sli der 1, front rail surfaces 112 are fornmed toward the

4/1s5
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| eadi ng edge LE of the slider 1 and nmiddle rail surfaces 111 are forned
between the rear rail surfaces 113 and the front rail surfaces 112. The
m.ddl e rail surfaces -111, ‘the front rail surfaces 112 and the rear rail
surfaces 113 constitute air -bearing surfaces 103. At the rail portion’ 101,
the indented portion 104 i's formed as a step with the width W21 and depth
d (see FIG 2) whereas the indented portion 105 is formed as a step with a
width WB1 and depth d (see-FIG 2). Also, inthe rail portion 102, the
i ndented portion 104 is fornmed as a step with a wwdth W2 and a depth d
(see FIG 2) and the indented portion 105 is formned as a step with a width

W2 and a depth d (see FI' G 2). The
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-wdth W21 and the width W22 nmay be different fromeach other or they may
‘be the sane. Likewise, the, wdth WB1 and the width W2 may be different
“fromeach other or they" be the sane. In the rail portion 101
*the surface width WL1 of“:tF m ddl e rail surface 111 is nmmi ntai ned al nost
constant. The rear rail+«sufface 113 and the front rail surface 112 each
i ncl ude a ET ' 15

6/15

FIG. 10

45. 50

=50 1um, L2=250 m]

10um L2=250um| |

[P ———

s

are e mm ey

mirag anette sttty

=
RIS

5jF¥Hﬁ;HESU?Tﬁf}+fV?G;ﬁ‘**i~
39.97

RAD1US (rm)

30. 58

i

=
o Ssvtarmates ¢ 1ssnver

22.12

o K 15 ~F

() IHOTIH ONIAT

o
3

This Sheet Has Been .RTlaced

IR




first surface (L1) whose surface width is determined by the entire wdth
W1 of the rail portions 101 and a second surface (L3) whose surface width
is gradually reduced starting fromthe surface width W1 of the first
surface (L1).toward the surface w dth WL1 of the middle rail surface 111.
the surface width W2 of the

Likewi se, in the rail portion 102, too,
mddle rail surface 111 is nmintained al nbst constant. The rear rai
surface 113 and the front rail surface 112 each include a first surface
(L1) whose surface width is determned by the entire width W2 of the rai
portion 102 and a second surface (L3) whose surface width is gradually

reduced starting
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fromthe surface width W2 of the first surface (L1) toward the surface
wildth WL2 of the middle rail surface 111. The width WOl and the width W1
may be equal to each other or they wmay be different. Likew se, the surface
. width W1 and the surface wdth W2 may be equal to each other or they may
be different. In this enbodinent, as in the case of the nornal
structure of a magnetic head, -.two rail portions 101 and 102 are provided,
normally parallel to each other in a typical configuration and
separated by a specific distance. In this case, the distance bet ween t he
rail portions 101 and 102 constitutes an indented portion 106 which drops
down fromthe air bearing '

B/15
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' siirfaces 103 and the indented portions 104 and 105. In addition, the
slider 1 is provided with indented portions 107 on the two sides in the

di.rection of the width W which drop down from the air bearing surfaces
103 and the indented portions 104 and 105. Furthernore, the air bearihg
tapered surfaces 108 at the end

surfaces 103 are provided with
that is opposite the side surfaces
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where the magnetic transducers 2 are provided. The nunber of rail portions
101 and 102 provided may one or
and 22 indi cate bunps. o

provided with at |east one rai
Il engthwi se " direction L at one surface and the magnetic transducers 2 are
provi ded toward the tralllng edge TE of the slider
rail portions 101 and 102, "'when the present
magnetic read/ wite apparatus,
Wwite or read operations

magnetic disk while

may be three or nore.
As expl ai ned above,
portion 101 or

1 on
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Ref erence nunbers 21
since the slider
102 extending in the

ext ensi ons of the

invention is enployed in a
a nmagnetic head that perfornms magnetic
betmeen the magnetic transducers 2 and the
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stabilizing the flying characteristics with the rail portions 101 and 102

> and generating dynamc [ift pressure between the magnetic disk and the air

.. bearing surfaces 103 is achi eved. Since the rail portions 101 and
. 102 are provided with the step -like indented portions 104 and 105 which
~are formed along the twoisides in the direction of the width W it is

. possible to control. the flying characters with the indented portions 104
. and 105. The technol ogy whereby the flying characteristics are controlled
“with indented portions are disclosed in Japanese Unexam ned Patent

“ Publication (KOKAI) No. 101781 / 1985, Japanese Unexami ned Patent
~Publication (KOKAI') No. 356765/

11715
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- 1992, Japanese Unexani ned Patent Publication (KOKAI) No. 246067 /1990,
Japanese Unexam ned Patent Publication (KOKAl) No. 278087/1986, Japanese
Uaexanmined Wility Mdel Publication No. 122063/1982, U.S. Pat. No.

© 4,673,996, U.S. Pat. No. 4,870,519 and * 17
y the li ke. A crucial:- feature of the present invention, which
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“differentiates it from the prior art technology, is that the indented
portions 104 and 105 are forned shorter than the rail portions 101 and 102
s® that the rear rail surfaces 113 are forned toward the trailing edge TE
of thé slider 1, the front rail surfaces 112 are fornmed toward the | eading
edge LE of the slider 1 and the middle rail surfaces 111 are forned
between the rear rail surfiaces-113 and the front rail surfaces 112. In the
magnetic head featuring this new structure, by controlling the Iength of
the rear rail surfaces 113:and the front rail surfaces 112 at the two ends
in the I engthwi se direction:L, “the flying height can be nade constant.

13/15
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' FBrthernDre, when form ng the indented portions 104 and 105 by positioning
ashask provided with opening portions necessary for the formation of the

i adent ed portions;, 104- and :105 and perforning dry etching such as mlling
or. the Iike through the opening portions to formthe indented portions 104
and 105, the length of the opening portions of the mask required for the
dry etching may be set sltghtly smaller than the entire length of the rail
portions 101 andi102. Because of this, minute particles fromthe slider 1
that are produced in the diy etching process do not becone adhered to the
two side surfaces of the ¢lider 1. Consequently, it is possible to provide
a magnetic head and : _
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a magnetic read/wite apparatus that do not cause damage to the magnetic
di*sk or the magnetic head due to matter adhering to the nagnetic head.
18 Mor eover, since the.bunmps 21 and 22 do not becone excessively
dry etched conpared to the slider 1, the surfaces of the bunps 21 and’ 22
do not drop down {fromthe. surface of the '

e PG
i
FIG. 25
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(bt -3
d wires for the burfbb
[meCtl " thinh'?ﬁer cruci zf"'fwé"ature of the W“

'-.|engt hs of the rear rail

dths W1 and W2 are dete m ned by the

TECHNICAL FIELD

‘ magnetic ead“ 'fwrlte apparatus that mcorporates this magnetic
head to

e internal c1rcumference through the external

":;' mrcumference @ magnetic disk by reducing the skew angle

dependenc."' ‘of the magnetic head in a rotary actuator system
'-if:__magnetm_-‘_; ead: Write apparatus is essential in improving

"_—__;reliability': h density recordmg, which requires that spacing

._§.-1oss be reduc y lowering the flying helght since, when the

_ﬂying helght very small, the magnetlc head may easily come

“in contact - th __he -magnetlc disk with even a very slight change

in the ﬂym i ght of the magnetic head during a read or write

j-'o'peration_.a ] th may cause problems 1nclud1ng destruction of

__ data on th' magnetlc disk.

dltlon the technology through Wthh the flying

height is. made onstant from the 1nterna1 . circumference to the

external c1r n

attitude 1s o tab111zed is vital for ac_ evmg a high capacity

magnetic dzsk d !ve by employing zone, b1t recordmg technology.

Zone b1t recordlng technology is dlsclosed for instance, in



rail portions 101 and 102 respectively and the second surfaces (L3) whose
surface widths are gradually reduced starting from the surface w dths WOl
and W2 toward the surface widths W1 and WL2 respectively of the mddle
rail surfaces 111. Wen the length of the first surface (L1) is
designated L1, the length that inclufes the first surface (L1) and the
second surface (L3) is designated L2 and the entire lengths of the rail
portions 101 and 102 is designated LO, the following requirenents are
satisfied: L 1Jajpenede dirgXavfined Patentl Rublicationr (KOEKADT N 30328/

1992, US. Pat. No. 4,894,734 and U.S. Pat. No. 5,087,992.

As a means for responding to such requirements, various
types of magnetic heads with unique contours given to their air
bearing surfaces have been disclosed. For instance, Japanese
Unexamined Patent Publication (KOKAI) No. 1017811985
discloses a slider for a magnetic head in which skew angle
dependency is reduced by setting the width of the rail of the
slider rail at the center in the lengthwise direction smaller than
the rail width at the two ends.

Japanese Unexamined Patent Publication (KOKAI) No.
356765,71992 discloses a magnetic head with air bearing surfaces
provided with an inner edge and an outer edge, formed on the
surfaces of rail portions, with which changes in flying
characteristics relative to the skew angle are minimized by
making the inner edge and the outer edge converge toward the
point of inflection from the front end edge of the slider and
making them diverge from the point of inflection toward the rear
end edge of the slider.

Japanese Unexamined Patent Publication (KOKAI) No.
24606771990 discloses a slider for a magnetic disk device with
the width of the rail being reduced toward the trailing edge
starting from the leading edge.

In addition, in a technology different from the prior art
technology described above, TPC (Transverse Pressurization
Contour) type sliders exist in the known art. TPC type sliders

are disclosed in Japanese Unexamined Patent Publication (KOKAI)
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B;’/‘-'--:S.et"@-i--ng the-length L1 of the first surfaces (L1) at or less than 2.5%
of the entire-length LO of the rail portions .

19 101 and 102 and setting the length L2 that includes the first
surfaces (L1)=and the second surfaces (L2) at or less than 15 %of the
entire length .0 of the rail portions3101 and 102, it is possible to
stabilize the flying height at a val ue required

No. :278087/ 1986, Japanese Unexaminéd Utility Model Publication
'* No. 122063,/1982 (Utility Model Application: No. 5818,/1981), U.
I S. Pat. No. 4,673,996, U.S. Pat. No. 4870519 and the like. In a TPC

. slider, minute indented portions are prov1ded at the sides of rail

. portions over their entire length, and: .hen .one is mounted in

.. a rotary actuator system magneticg__i' ,fe_a_d/ Wr'itei apparatus, at

- positions where the skew angle is Iarge dynamic lift pressure

' :*"is generated at the indented portions bythe a.lr flowing in from
the transverse direction. This prevents-;ahy’,_reduc_tion in the flying
. height at positions where the skewangle is large so that a

.. constant flying height is assured frc}m t_he_ i.nner: circumference
- to the outer circumference of the 'm’égnetic disk.
: Of the prior art technologies explalned above, TPC sliders
. are effective for stabilizing the ﬂyingéhieilght at a constant level.
However, there is a limit to how much the ﬂying' height can be _
.. further stabilized. For instance, it is éifficult to keep the flying
height constant within 20nm. i
In addition, in the prior art té’chnology above, normally,
the air bearing surfaces are formed to have a desired contour
by performing machining over the entn'e length of the rail
" portions. The desired contour in th1s case mustl be formed

through fine machining such as d etching, including ion

- milling, for instance. Because of this, & _the prlor art technology,
which requires machining over the _entlre length of the rail

portions, the length of the openm 'pprtmns of the mask

necessary for dry etching must be s larger than the entire

length of the rail portions and, as a' matter of course, minute
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in""‘praet-.-i cal use, i.e., at or less than 20nm for instance.

Furthernore, by setting the Ilength L1 of the first surfaces (L1) smaller
than the length L2 that includes the first surfaces (L1) and the second
~surfaces (L3), i.e., by providing the second surfaces (L3) whose surface
~width is gradually reduced starting fYomthe surface width of the first
.surfaces (L1) toward the surface wdth of the mddle rail surfaces 111,
“'when the magnetic head is being used in a magnetic read/ wite apparatus,
no build up of f pastiges mestltingcirams tha pieeess @ifndty etshingheheoslidat i ng

.poi nt between the indented portions 104 and 105 defining the nmddle rail
surfaces 111 andbee¢rme rafhered) to the side surfaces of the slider. The strength

of adhesion of the material that becomes adhered to the slider

in this manner is low. Thus, when

; ___g -_the magnetic head in
a magnetic read/write apparatus, ,-._ - ihatéﬁal adhering to the
side surfaces of the magnetic head enter the minute flying
gap between the magnetic disk and the magnetlc head, and this
may damage the magnetic disk 1rreparably

Furthermore, bumps for the magnet;c_ transducers are

provided toward one end of the shdermthe lengthwise direction.
The bumps, unlike the slider, whieh__ is constituted of a hard
ceramic structure, will be constitute_dﬁ‘-".d‘f a eoft metal material
such as gold. Because of this, exce_"s_sive dr’y etching will be
performed on the bumps compared-.._t"'_(;'_'ithe'z _shder, resulting in a
drop — off at the surfaces of the bumps relative to the surface
of the slider. This will make conneetihg_ the lead wires for the
bumps difficult. o

U.S. Pat. No. 5,359,480 discloses a magnetic head air
bearing slider in which each rail may be configured with two
recesses. The recesses do not extend to the slider trailing edge.

However, U.S. Pat. No. 5,359,480 d

not riecessarily disclose
optimal dimensions of the recesses t b1hze the flying height

at a constant level.
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pénmrﬁﬂs 104 and 105 defining the rear rail surfaces 113 and the front
rail surfaces 112. As a result, a magnetic head and a magnetic read/wite
appar atus whi ch do not cause damage to the nagnetic disk or the magnetic
head due to dizrt build up can be achieved. Preferably, the length
L1 of the first surfaces (L1) should®be set at or nore than 10 [err] m
By doing so, dry etching can be perforned using a mask which covers the
trailing edge TE and the |eading edge LE of the rail portions 101 and 102
over a length of 10 [err]m oDISCLGSURBEeOR MHRIMNWENEIGN the mask cover
that reliably prevents minute particles fromthe slider 1

It is an object of the present invention to provide a

magnetic head that has air bearmg surfaces with a new type
of contour and a magnetic read/ Write_apparatus employing this
magnetic head. -

It is a further object of the pr&eent invention to provide

a magnetic head and a magnetic read' wrlte apparatus that are
capable of stabilizing the flying helght w1th a high .degree of
accuracy. o

It is-a still further object of ‘the present invention to
provide a magnetic head and a magnetlc read,/write apparatus
that are capable of stabilizing the flymg height with a high
degree of accuracy even when the max1mum skew angle is large.

It is a still further object of the present invention to
provide a magnetic head and a magﬁq_etic read,/write apparatus
that are extremely effective in impﬁéving reliability in high
density recording, which requires a iteduction in spacing loss
‘through lowering the flying height. |

It is a still further object of the present invention to

provide a magnetic head that does n

ause any damage to the
magnetic disk or the magnetic head ue to adhered matter on
the magnetic head and a magnetic, r'e d/ write apparatus that
employs this magnetic head. . ]

It is a still further object o’

e present invention to

provide a magnetic head with bumps 'Ifor the magnetic

transducers in which the surfaces of the bumps do not drop

down from the slider surface and

: -magnetic read / write

REPLACEMENT 3

20 APR 24

mpot s . o
e et 7 w1t T e e v - e




20

and 22 are provided, is approximately®0 [err] maft
consi deration nmachining tol erance.

"0k

résul t®hg fromthe dry etching process from becom ng BBPEACEMENT SHEET

to the two side surfaces of the slider 1 at th T ge~TE
the | eading edge LE of the rail portions 101 and 10
avoid dry etching of the side surface of the slider

DI
hp

taking jinto

- apparatus that employs this magnetic___head.

In order to achieve the objgéts described above, the
magnetic head according to the present invention includes a slider
and a magnetic transducer. The tv’vio_:- _'énds of the slider in the
lengthwise direction constitute a trailir;g edge and a leading edge,
with at least one rail portion extéhdiﬁg in the lengthwise
direction provided at one surface -of:}._:'the slider. The magnetic

transducer is provided at the trailin_g_-:_:.. edge of the slider on an

extension of the rail portions.

The rail portions are providga_ with step — like indented
portions formed along the two sides 1nthe direction of the width.
The indented portions are formed shérter than the rail portions
so that rear rail surfaces are forméqi toward the trailing edge
of the slider, front rail surfaces are 'f-'cf_).rmed at the leading edge
of the slider and middle rail surfaceé are formed between the
rear rail surfaces and the front rail surfaces.

The surface width of the "':'m.iddle rail surfaces are

maintained almost constant. The rear rail surfaces and the front

‘rail surfaces each include a first su:fface whose surface width

is determined by the entire width of the rail portion and a

second surface whose surface width i ;;i_dually reduced starting
from the surface width of the firsf uﬁface toward the surface
width of the middle rail surface.  :

When the length of the firs;:‘.":’_éurface is designated L1,
the length that includes the first surfe and the second surface

is designated L2 and the entire length of the rail portion is

designated L0, the requirements ;



Conseqtient | y,

being able to performdry etching by
covers the trailing edge TE and the | eadi ng edge LE

101 and 102 over a length of 10 [err] mor nore .engune m zgﬂ
particles fromithe slider 1 resulting fromthe dry e*tc%@ r¥ékes

reliably prevented from becom ng adhefed to the twolside surfaces

"TTT

5

slider 1 and that the side.surfaces of the slider |1 where the bunp
22 are provided can be relii‘ably prevented from becem-rg—dry—etched

In addition,

UREPIG\CEMTHY I<> asgnal
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t he
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as theLtagt &2.5%iofhLGrand o be explained in nore detail

I ndi cat e, V\,hen the length L1 of the f| rst surfaces (L1) increases,

flying height

i ncr ebkes, %Irﬁc]’rﬁ %jef L

are satlsfxe_d.
The'.imé_gnetic read / write atppa_ratus according to the

present 1nvent10n includes a magnetic disk, a magnetic head, a

head support;if:;_i'evice and a positionihg device. The magnetic disk

is rotationallii" driven. The magnetic 'heéd is the magnetic head

-accordlng to the present invention. descnbed above. The head

support dev1ce supports the magnetlc head at one end and the

positioning d 1 ce supports the head su'pport device at the other
end and causes ‘the magnetic head to rotate on a plane at a
specific ang_li__a_iébove the sqrface of the' -magnetic disk.

The | pi'e'Sent invention may be 'adopted in the prior art

technologies . descnbed earlier as a fine machlmng technology to

form air bearmg surfaces.
Since" the slider is provided With at least one rail portion
extending in the lengthwise direction at one surface and the

magnetic transducers are provided at the trailing edge of the

slider on ekt nsions of the rail portions, when the present

invention is employed in a magnet1c read/ write apparatus, a

magnetic head "that is capable of : "'-3_ stabilizing the flymg_

characteristi .1th the rail portions ani _'performs magnetic write

or read operéitlphs between the magnetm transducers and the

magnetic disk-:_.:hy generating dynami-c:__}:_i:‘ft pressure between the

magnetic disk' and the air bearing su aces constituted of the

rail surfaces, 1s achieved.

The rall portions are prov1ded with the step — like

| at er,
t he



tur)\n, | ficr eases -the change in the flying height. The

the length L1 of the first surface (L1) at 10 [err] mdg

present invention is to clearly define the [imt at
hei ght and changes in the flying height can be nnif
particles is prevented. The mafnetic head shc

pREPLAGEMENT SKESTI g
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represents. an exanple of a TPC magnetic head. Wth §

| magnetic head

mfégmg i on of

dj2

provided with a TPC slider, when it is nounted in ar

otary —actuator

syst em

nmagneti c read/ w iindemipdapattions gymdded dlofig ther BAS Wides $n adRedatedomt the
i ndented portions 104 and 105 with the air flowing in fromthe transverse

direction at posidiideswidth, enabling control of the flying characteristics effected

by the indented portions.

The indented portions are formed shorter than the rail
' portions so that a rear rail surfacgs -are formed toward the
trailing edge of the slider, front rail s’ﬁrfaces are formed toward
the leading edge of the slider and middle rail surfaces are formed
between the rear rail surfaces and tﬁe front rail surfaces. This
structure is one of the important: | features of the present
invention. With the magnetic head héying this new structure, it
is possible to stabilize: the flying heig_ht ét a constant level by
controlling the length of the rear rail surfaces and the front 1_'ail
surfaces remaining at the two ends ih the _Iengthwise direction.

Moreover, since the indented portions are formed shorter

than the rail portions resulting in tI__ie rear rail surfaces being

formed toward the ‘trailing edge of the slider and the front rail
surfaces being formed toward the leading edge of the slider, when
a mask provided with opening portions necessary for the
formation of the indented portions is positioned on the surface
of the slider that faces opposite the_;f. medium, for forming the
indented portions through the openffing “portions through dry
etching such as milling or the like, it 1s possible to set the length
of the opening portions of the mask ﬁecessary for the dry
etching slightly shorter than the entlre length of the rail
portions. This prevents minute particlés.fifn.)m the slider resulting
from the dry etching from becomingf'i ;édgl}ared to the two side

surfaces of the slider. Consequentlyé _ia -._rnagnetic head and a



(> aatd

Zi ~.where the skew angle is great and with this, rBEPWFMRNT ﬁ}iﬁﬁ flying
hei ght at positions where the skew angle is great F prevented, | npking it

possible to assure a constant flying height fromitie 20nPR @000cuhference
through the outer circunference of tge magneti c di 4k.

'.;'_-.i'mag'netic read /write apparatus that do not damage the magnetic
“disk or the magnetic head because of matter adhering to the
magnetic head can be achieved.

Furthermore, since the bumps are not excessively etched
compared to the slider, the surfaces of the bumps do not drop
down from the surface of the slidér, and this ensures that

' difficulty in connecting the lead wire for the bumps is avoided.

Another important feature of the '_present invention is that
the ideal lengths for the rear rail surfaces and the front rail
surfaces for stabilizing the flying height at a constant level are

disclosed in a specific manner. Namely, in the present invention,
the surface width of the middle rail' surfaces is maintained at
-an almost constant width. The rear rail surfaces and the front
rail surfaces each include the first surface, whose surface width
_is determined by the entire width of the rail portion and the
"second surface, whose surface width is gradually reduced starting
from the surface width of the first surface toward the surface
width of the middle rail surface. When the length of the first
surface is designated L1, the length that includes the first surface
and the second surface is designated_ L2 and the entire length
of the rail portions is designated L0, ';t_he following requirements
are satisfied : -
Ll < 25% of L0 and L1 < L2 = 15% of L0

By setting the length L1 of tﬁe _first surface at or less
than 2.5% of the entire length LO of thé ra11 portions and setting
the length L2, which includes the flI‘St surface and the second

surface at or less than 15% of the eﬁﬁre length LO of the rail



In a-FPC slider with the air bearing surfaces 103 fﬁéPhﬁENEﬂﬁaﬁﬁﬁEﬁ t he
side surface of the slider 1 where the nagnetic tjr nsaucers ar¢ rovi ded
is set as the front surface, the indented portions gcpégR lfeft of-
the air bearlng surfaces 103 and the indented poriilo are or tthe
right. In this “structure, it is pref®able that theldepth—d—ef—tHe
I ndented portions 104 and 105 be set at approxinmately 0.7 [err] m {This
will ~ensure that- the -advant ages of the TPC slider~cambeutilized in a
sati sfact ory manpgfions, the quiidtityl i ehengd iia thanfgimgenwight @ani bduction
type ‘elenment, an MR- (magnetoresistive effect) type, a conbination
stab111zed at a value that is requxred for practical use, i.e., a

maximum of 20nm, for instance.

‘In addition, by setting the lenéth I.1 of the first surface
smaller than the length L2 that 1ncludes the first surface and
.the second surface, i.e., by prov1d1ng the second surface, whose
surface width is gradually reduced_,_s_tartmg from the surface
width of the first surface toward the 's1_'1fface width of the middle
fai_l surfaces, when the magnetic head'jii's' being used in a magnetic
read,/ Write apparatus, no foreign 'fhatter builds up at the
connectmg points between the mdented portmns that define the
mlddle rail surfaces and the 1ndented pOI'thIlS that define the
.rear r_a_u-l surfaces and the front rail surfaces. As a result, a
magr__létic head and a magnetic read.” 'wfite apparatus that do not
damage the magnetic disk or the magnetic head because of
foreign ‘matter build —up can be achié_ved.

The magnetic head and the magnetic read / write
app_gra_tus according to the present _.i'ri_;ﬁ_rention are driven by a
rf)tary'. actuator system positioning '_.-_-d.evice. According to the

present invention, since an almost constant flying height is

achieved even when the skew angle is increased, it is possible

to set a greater range for the skew angle Because of this, the

present invention can support a compact type magnetic read/

write apparatus such as is currently. much called for, with a
greater maximum skew angle.
When manufacturing the ma 1c -head according to the

present invention, minute particles from ‘the slider resulting from



of " t'::heé'é-- or the Iike maybe used. These el enments may
thin filmelenments formed through a process simlar

bd?EPtb@EWENTuSBEET\M th

that—Tm+¢€
manuf acturi ng technol ogy. In addition, not only the |n r rdi g
nmet hod, but the vertical recording method may be enpl oygfﬂﬁR ﬁlﬁﬁ FIG 3
is a perspective of another enbodi ment! of the magndti ing to

the present invention and FIG 4 is a side elevatid

n of

shown in FIG 3. In these figures, the same referen

t he magneti c{head

used in FIGS. 1 drg etéhingdéainbe prdesahiedatronn ipcsiaitigs adherethics tieerhwdi nent ,
the bottom surfaces of the indented portions 104 and 105 each constitute
it 1i1s possible to

side surfaces of the slider. As a result,

manufacture a magnetic head that does not cause damage to the

magnetic disk or the magnetic head due to matter adhering to

the magnetic head.

In addition, When manufacturing the magnetic head

according to the present invention, since the bumps do not

become excessively dry etched compared to the slider, the surfaces

of the bumps do not drop down from the surface of the slider,

and this ensures that connection of the lead wires for the bumps

does not become difficult.

BRIEF DESCRIPTION OF THE DRAWINGS

The present.invention will be described in detail with

reference to the drawings in which:

FIG. 1 is a perspective of the magnetic head according

to the present invention ;

FIG. 2 is a side elevation of the magnetic head shown

in FIG. 1;

FIG. 3 is a perspective of another embodiment of the

magnetic head according to the present invention ;

FIG. 4 is a side elevation of the magnetic head shown

in FIG. 3;

FIG. 5 is a plan view pf the magnetic read / write

apparatus according to the present invention ;

FIG. 6 is an illustration of the operation of the magnetic

read /write apparatus shown in FIG. 5;



22" A a single flat surface. FIG 5 shows tﬁe eH~c—-1ﬂ-e—ad“

/
wite apparatus according to the present invention.j gag LG
read/ wite apparatus according to the present ijv ntz PRcEYdés
positioning device 3, a magnetic disk 4, a head support! device .5 of ith

known art and the magnetic head 6 accd ding to the

%" P' A \;‘r !.'\11 ul‘i

-

FIG. 7 is a side elevation of T the ‘magnetic head device
that is one of the constituents of the magnetic read,/ write
apparatus according to the present ‘invention ;

FIG. 8 is a bottom view of the;;_-_ma_gnetic head device that
is one of the constituents of the n'iagnetic read /write device
according to the present invention ;

FIG. 9 is a graph showing the '-chahge in the flying height
when the length L1 of the first surfaces (L1) is set at 50 u
m and the length L2 is varied in the magnetic head according
to the present invention ; _

FIG. 10 is a graph showing ;fthe change in the flying
height when the length L2 is set at 250 #m and the length LI
is varied in the magnetic head a'ccording to the present
invention ;

FIG. 11 is a graph _ showing the change in the flying
height in the magnetic head shown in FIG. 12 when the length
L1 is varied; |

FIG. 12 is a perspective of the magnetic head employed
to obtain the data presented in FIG. 11;

FIG. 13 is a graph showmg ‘the flying characteristics

achieved when the magnetic head shof_' in FIG. 14 is employed

" to constitute the magnetic read,/write: :ﬁparatus shown in FIGS.

5 to 8; _
FIG. 14 is a bottom view of the ‘magnetic head employed
to obtain the data presented in FIG. 13

FIG. 15 is a plan view showing:the first process included

in the magnetic head manufacturing'}'-méthod;



pr?e'.s“"er.if‘f i nvention. The magnetic disk 4 is rotation IBE;E'LGIQEW PHEET: He
drive nechar}i gm
t 2@ APRezoBgadt L

direction indicated with the arrow a by a rotati onfl
(not shown). The positioning device 3, which enpl oy
system supports one end of the head support devic

5 and drives ift

direction indicated with the arrow bl or b2 at a specrfirc—amgte—{skd
angl e) above the surface of the magnetic disk 4. Wth this, wite td

read fromthe magnetic disk 4 is perforned on a specific track.

FIG 6 illustrates thepgpergtison @bsd RRcHBA NBirbgh CRA¢ 16V 116€ i RPPRY. at us
shown in FIG 5. During a read / wite operation, the head support device

5, which support¥ { he magnetic head 6,

FIG. 17 is a plan view showing the second process

included in the magnetic head manuﬁactufing method ;

FIG. 18 is a partial enlargernent of FIG. 17 ;

FIG. 19 is a cross section through line 19-19 in FIG.

17, showing the third process included in the magnetic head

manufacturing method ;

FIG. 20 is a cross section of the magnetic head aggregate

obtained by performing the second progess and the third process:

FIG. 21 is an enlarged partial cr,bss section of the

magnetic head aggregates shown in FIG. 20 ;

FIG. 22 is a plan view showing the fourth process

included in the magnetic head manufacturing method ;

FIG. 23 is a cross section through line 23 — 23 in FIG.

22.

FIG. 24 is a plan view showing the fourth process

included in the magnetic head manufacturing method ;

FIG. 25 is a cross section through line 26 — 25 in FIG.

24.

BEST MODE FOR CARRYING OU_T THE

INVENTION

With reference to FIGS. 1 and 2, which dimensions are

somewhat exaggerated, the magneti'-:_c'_:" head according to the
present invention includes a slider 1- fa_nd magnetic transducers
2. The two ends of the slider 1 in the lengthwise direction L

constitute an trailing edge TE and an"leading edge LE and the

at or
in the
w

or



is driven in such a manner that it is swng in thd BEPSEMENE SHERG tat ed
with the arrows bl and b2 around the pivot center by the rotagy

actuat or system positioning device 3. The positijon o%ot r@gyeti . head 6
on the magnetic disk 4 is normally expressed a§ 4 skéew ang

FIG 7 is a side elevation of the maghetic head dewee—anrgd—F+-G—8|is its
bottom view. The head support device 5 has a strjucture in which, at a
free end | ocated at one end of a supporting body B3I constituted of thin

metal plate in itBded N BiboRIedl (B i42N1eadt fdrﬁxkbi'lep&@ﬂﬂl 381 o190

constituted of thin

extending in the lengthwise d1rect1on L on one surface. The
magnetic transd_ucers 2 are pro_v1ded teWard the trailing edge TE
of the slider 1 on extensions ef the rail portions 101 and 102.

The rail portions 101 and 102 are each provided with step
—like indenteé portions 114 and 105 p:i'evided along the two sides
in the direction of the width W. The indented portions 104 and
105 are formed shorter than the rail portlons 101 and -102. With

this, rear rail. surfaces 113 are formed toward the trailing edge '

TE of the slider 1, front rail surfaces 112 are formed toward the
leading edge LE of the slider 1 and middle rail surfaces 111 are
formed between the rear rail surfaces 113 and the front rail
surfaces 112. The middle rail surfaces 111, the front rail surfaces
112 and the rear rail surfaces 113 constitute air bearing surfaces
103. At the rail portion 101, the indehted portion 104 is formed
as a step with the width W21 aﬁd depi:h d (see FIG. 2) whereas
the indented portion 105 is formed as a step with a width W3l
and depth d (see FIG 2). Also, in the rail portion 102, the
indented portion 104 is formed as a step with a width W22 and
a depth d (see FIG. 2) and the indented portion 105 is formed
as a step with a width W32 and a- depth d (see FIG. 2). The
width W21 and the width W22 may be different from each other
or they may be the same. Likewise, the width W31 and the width
W32 may be d1fferent from each other or they may be the same.

In the rail portion 101, the ':s__urface width W11 of the
middle rail surface 111 is maintained i.almost constant. The rear

rail surface 113 and the front rail %ﬁrface 112 each include a



R : : : REPLACEMENT SHEEl
23 metal plate, is nounted with the nmagnetic heagl FOHRE-ee-at—-f he

| ower surface of the flexible body 52. The head suppoft deV| CE@ mplarts a
4

| oad force to press the nagnetic head 6 - toward t he}npg # iAPRy§ .
flexible body 52 in the figures is provided with tyo, qug[ frane por
521 and 522 that extend alnost parall®l to the len§thwise axis of th
supportl ng body 51, a transverse frame 523 that Ii

first surface (L1) whose surface width is determined by the
entire width. W01 of the rail portions 101 and a second surface
(L3) whose"'":Surface width is gradually reduced starting from the
surface w1dth W01 of the first surface (L1) toward the surface
width W11 of the middle rail surface 1.11.

Likewise, in the rail portion 102, too, the surface width
W12 of the middle rail surface 111 is maintained almost constant.
The rear ra11 surface 113 and the front rail surface -112 each
include a flrst surface (L1) whose surface width is determined
by the entlre width W02 of the rail portlon 102 and a second
surface (L3);. whose surface width is gradually reduced starting
from the surface width W02 of the first surface (L1) toward
the surface Wldth W12 of the middle rail surface 111. The width
W01 and the width W01 may be equal to each other or they
may be different. Likewise, the surface width W11 and the surface
width W12 Iﬁay be equal to each other or they may be different.

In tﬁis embodiment, as in the case of the normal
structure o;f a magnetic head, two rail _portions 101 and 102 are
provided , nOrmally parallel to each other in a typical
conflguratlon and separated by a specific distance. In this case,
the dlstance between the rail portlons 101 and 102 constitutes
an 1ndented portlon 106 which drops down from the air bearing
surfaces 103 ‘and the indented portlons 104 and 105. In addition,
the slider 1 is provided with mdented portlons 107 on the two
sides in the dlrectlon of the width W which drop down from
the air bear__;gg surfaces 103 and the lpdented portions 104 and

105. Furthermore, the air bearing surfaces 103 are provided with



por'tions 521 and 522 at an end distanced fromthe sju 5]
tongue piece 524 that extends from approximately t

transverse frame 523 and runs al nost parallel to t}h Aor
521 and 522 with its front end left as a free end.

opposite fromthe direction in which ®he transvers
Is nmounted in the wvicinity of the free end of the

REPLACEMENT SHEET

frame 523 is brd

means such as wel di ng. On the upper surface of the t ongue pi

524 of the fl exithbgreBoshties mspapjtﬁ&tehantﬁa@rlsl&ﬁ%sﬁgﬁhbsmﬁé% %Qs

may be forned,

for instance, in a sem - spherical shape. Wth t
where the magnetic transducers 2 are provided. The number of

rail portions 101 and 102 provided may one or may be three
or more. Reference numbers 21 and 22 indicate bumps.

As explained above, since thei slider 1 is provided with
at least one rail portion 101 or 102 é_i_itehding in the lengthwise
direction L at one surface and the magnetic transducers 2 are
provided toward the trailing edge TE of the slider 1 on
extensions of the rail portions 101 a;:i‘d 102, when the present
invention is employed in a magnetic read,write apparatus, a
magnetic head that performs magnetic' write or read operations
between the magnetic transducers 2 and the magnetic disk while
stabilizing the flying characteristics with the rail portions 101
and 102 and generating dynamic iift pressure between the
magnetic disk and the air bearing surfaces 103 is achieved.

Since the rail portions 101 and 102 are provided with
the step —like indented portions 104 and 105 which are formed
along the two sides in the direction of the width W, it is possible
to control the flying characters With:.the indented portions 104
and 105. The technology whereby the flying characteristics are
controlled with indented portions are disclosed in Japanese
Unexamined Patent Publication (KOKAI) No. 1017811985,
Japanese Unexamined Patent Pubhcat;_qn_ (KOKAI) No. 356765,/
1992, Japanese Unexamined Patent Puﬁlfiéation (KOKAI) No. 246067
/1990, Japanese Unexamined Patent %Pﬁblication (KOKAI) No.
278087,/1986, Japanese Unexamined Ut111ty Model Publication No.
12206371982 , U.S. Pat. No. 4,673,996,:%.8. Pat. No. 4,870,519 and

ece
whi ch



projection for |oad 525, a load force is comuni cat e(ﬁ‘E?‘r%MEM E’%ETe end of
t he supporting body 51 to the tongue piece 524. The magnetijchead 6
is nounted at the lower surface of the tongue piede |5220oPReiB8 Sugh as
wel ding. The magnetic head 6 is nounted at the nmagnegtic head suppgrt
device 5 so that its lengthwi se direttion aligns with The Tengthw sd
direction of the head support device 5. The head sjupport_ device 5. that
can be enployed in the present invention is not limted to that in the
enbodi ment descriegikabove. A nunber of head support

A crucial feature of the present invention, which
differentiates it from the prior art’ téchnology, is that the
indented portions 104 and 105 are formed shorter than the rail
portions 101 and 102 so that the fefar rail surfaces 113 are
formed toward the trailing edge TE ._6f_ the slider 1, the front
rail surfaces 112 are formed toward the leading edge LE of the
slider 1 and the middle rail surfaces 111 are formed between the
rear rail surfaces 113 and the front rail surfaces 112. In the
magnetic head featuring this new sﬁucture, by controlling the
length of the rear rail surfaces 113 and the front rail surfaces
112 at the two ends in the Iehgthvyise direction L, the fl_ying
height can be made conétant.

Furthermore, when forming the indented. portions 104 and
105 by positioning a mask provided with opening portions
necessary for the formation of the indented portions 104 and 105
and performing dry etching such as milling or the like through
the opening portions to form the indented portions 104 and 105,
the length of the opening portions of -the mask required for the
dry etching may be set slightly smallgr than the entire length
of the rail portions 101 and 102. Because of this, minute particles
from the slider 1 that are produced_-_l_:l_:l_ : t1;1e dry etching process
do not become adhered to the tWo. 31de ‘surfaces of the slider
1. Consequently, it is possible to provide a magnetic head and

a magnetic read,/write apparatus that do not cause damage to

the magnetic disk or the magnetic h :(Eiue to matter adhering

to the magnetic head.



24 - devices that have been disclosed in the past DT pEfalor ey iEEdi pel osed

in the future can be adopt ed. Next, in ref¢renrece-to-the- sured
data, advantages achieved by the nagnetic head ang the na netﬂL ad/write
apparatus according to the present invention are expl ai heAPR e asured
data in FIGS. -9, 10 and 13 are obtai ned when the fadnetic read [wlife

apparatus shown in FIGS. 5 to 8 is constituted by jenploying the nagl

heti c

head shown in FIGS. 1

Moreover, since the bumps 21 and 22 do not become
excessively dry etched compared to the slider 1, the surfaces of
the bumps 21 and 22 do not drop ddwﬁ from the surface of the
slider 1, thus ensuring that connectihg the lead wires for the
bumps 21 and 22 does not become -d__ifficult.

Another crucial feature of thé present invention is that
the lengths of the rear rail surfaces 113 and ‘the front rail
surfaces 112 that are optimal for sf;-éb'ilizin'g the flying height
at a constant level are disclosed in é specific manner. Namely,
according to the present invention, the' surféce widths W11 and
W12 of the middle rail surfaces 111 are maintained almost
constant. The rear rail surfaces 113 and the front rail surfaces
112 are provided with the first surfaces (L1) whose surface
widths W01 and W02 are determined by the entire widths of the
rail portions 101 and 102 respectively and the second surfaces
(L3) whose surface widths are gradually reduced starting from
the surface widths W01 and W02 toward the surface widths W11
and W12 respectively of the middle rail surfaces 111. When the
length of the first surface (L1) is designated LI, the length
that includes the first surface (L1) anfl ‘the second surface (L3)

is designated L2 and the entii%je_ lengfﬁ-; __._6f the rail portions 101

and 102 is designated LO, the fo owmg requirements are
satisfied : o

Ll = 25% of LO

L1 < L2 = 15% of LO

By setting the length Ll of the flI‘St surfaces (L1) at

or less than 2.5% of the entifé length ‘'LO of the rail portions



and 2. *The measured data in FIG 11 are obtained when| tRRPLAGEMENT: SBEET |

read/ wite apparatus shown in FIGS. 5to 8 is consti

i nventi on.

uf ed By enploywng t he

magnetic head shown in FIG 12, which is outside thel scop Eg gﬁ?present
€

at a rotation rate of 4090 rpm In FI®S 9, 10, 11 a
radi us on the magnetic disk is used for the horizont

hei ght

is used for the vertical axis. The relationship

A 3.5 inch magnetic disk is used d |s ca

|-
etwe

rotate
ad !

aX|s and the flying

measured radi us Hd ande 16X ewdnrgtitng Stheaserfgehl DB/Sthat irfehaddsr €lde rfagdtus () ;

22.1

30.6

 can be performed using a mask whic

40.0 45. 5
surfaces (L1) and the second surfaces (L2) at or less than

15% of the entire length LO of the ra.ll portions 101 and 102,
it is possible to stabilize the flying ’_-_I_r__eig__ht at a value required
in practical use, i.e., at or less thanZOnm for instance.

Furthermore, by setting the'-'__‘ length L1 of the first

surfaces (L1) .smaller than the lengt 2 that includes the first

surfaces (L1) and the second surfaces (L3), ie., by providing
the second surfaces: (L3) whose surface w1dth is gradually
reduced starting from the surface w1_dth cf the first surfaces (L1)
toward the surface width of the mlddle rail surfaces 111, when
tfle magnetic head is being used 1n a magnetié read/ write
apparatus, no build up of foreign matter occurs in the vicinity
of the connecting point between the-_;-::irid_ented portions 104 and
105 defining the middle rail surface_s 111 and the indented
portions 104 and 105 defining the rea__r rail surfaces 113 and the
front rail surfaces 112. As a result, a magnetic head and a

magnetic read,/write apparatus whic}__i::; “do not cause damage to

. the magnetic disk or the magnetic head due to dirt build up

can be achieved.

Preferably, the length L1 of he first surfaces (L1)
should be set at or more than 10 zm. By doing so, dry etching
overs the trailing edge
TE and the leading edge LE of the portions 101 and 102

over a length of 10 #m or more. The mi mum value of the mask

cover that reliably prevents minute part1c1es from the slider 1

resulting from the dry etching process rom becomihg adhered



skewangle ([err] ); 1.2 - 7.3 . -15.1 -19.3

of the slider are as follows: (a) external dinme
0.43 (mm (b) wi dt hs of various parts of the ra
W1 = 174 [err]m W21 = 136[err] m W

wi dt hs of various parts of the rail

po#tion 102;

5.0
S%ft%i r%?g@

= 36[lerr]lm

i c

to the two side surfaces of the slider 1 at the trailing edge TE
and the leading edge LE of the rail portions 101 and 102 and
can reliably avoid dry etching of the side surface of the slider
1 where the bumps 21 and 22 are provided, is approximately 10
# m after taking into consideration machining tolerance.
Consequently, being able to perform dry etching by using a mask
that covers the trailing edge TE and the leading edge LE of the
rail portions 101 and 102 over a length of 10 x m or more ensures |
that minute particles from the slider 1 resulting from the dry
etching process are reliably prevented from becoming adhered to
the two side surfaces of the slider 1 and that the side surfaces
of the slider 1 where the bumps 21 and 22 are provided can
be reliably prevented from becoming dry etched.

In addition, as the data, which are to be explained in
more detail later, indicate, when the length L1 of the first
surfaces (L1) increases, the flying height increases, which, in
turn, increases the change in the flying height. The purpose of
setting the length L1 of the first surface (L1) at 10 um or
more in the present invention is to clearly define the limit at
which the flying height and changes in the flying height can
be minimized while adhesion of particles is prevented.

The magnetic head shown in FIGS. 1 and 2 represents
an example of a TPC magnetic head. With a magnetic head
provided with a TPC slider, when it is mounted in a rotary
actuator system magnetic read,/write apparatus, dynamic lift
pressure is generated at the indented portions 104 and 105 with

the air flowing in from the transverse direction at positions



WL'2="165 [err]m W22 = 144 [err] m WB2 :B§§L4‘%§MﬁNTnSHE&Td
depth d of the indented portions 104 and 105 d: 0.76 [err]m

FIG 9 shows the change in the flying height when the | Ifen@OhAPR zg?ﬂtfe
first surfaces (L1) and the length L2 that includes tjh f| rst su cegs

(L1) and the second surfaces (L3) are2

where the skew angle is great and 'vyi_.th this, reduction in the
flying height at positions where the skew angle is great is
prevented, making it possible fo assure a constant flying height
from the inner circumference through'\th_e_ outer circumference of
the magnetic disk. _

In a TPC slider with the air bearing surfaces 103 facing
upward, if the side surface of the slider 1 where the magnetic
transducers 2 are provided is set as the front surface, the
indented portions 104 are on the left of the air bearing surfaces
103 and the indented portions 105 _aie on the right. In this
structure, it is preferable that the.- depth d of the indented
portions 104 and 105 be set at appro:ﬁmately 0.7 ¢ m. This wil_l
ensure that the advantages of the TPC slider can be utilized in
a satisfactory manner.

For the magnetic transducers 2, an induction type
element, an MR (magnetoresistive effect) type, a combination
of these or the like maybe used. These elements may be
constituted with thin film elements formed through a process
similar to that in IC manufacturing technology. In addition, not
only the in — plane recording method,_.‘_'__ﬁu:t the vertical recording
method may be employed.

FIG. 3 is a perspective of an'" ther embodiment of the

magnetic head according to the present :mventlon and FIG. 4 is
a side elevation of the magnetic head shown in FIG. 3. In these

figures, the same reference numbers asthose used in FIGS. 1 and

2 indicate identical componénts. In émbodiment, the bottom

surfaces of the indented portions 104 -.:"-'é:nd 105 each constitute




sét“ équal to each other both in the front rail surf aced REQL/@EM"NK@%M'
rail surfaces 113. The length L1 is set at 50 [err] m gng—the—tengtiri2ii
varied. In a magnetic read/ wite apparatus wusing a 3.5

ne qtll
the change in flying height only has to be kept -at or |l gs jgm?@%
practical use. FIG 9 shows that thezzhange in-flying jhei

I
S

at or less than I5nmin the range over which. the lengtth L2 is at or le
than 300 [err] mwhen L1 = 50 [err] m Since, as descri‘bed—eartter—the
entire length Lan§m%pgeﬂgt| g8abs 2.00mm L1 =50 [err] msatisfies the

requirenent L1 [err] 2.5 % of LO and L2 =300 [err] m sati sfies the
requirement L2 [err] 1F1% o6 LsBowd t then hﬁg&eﬁ@ﬂg@advf‘lﬁrrﬁbamarﬂus

according to the present invention'.'". The magnetic read,/ write
apparatus according to the preSéﬁi;’ -invention includes a
positioning device 3, a magnetic d1sk 4 a head support device
5 of the known art and the magnetlc head 6 according to the
present invention. The magnetic dlsk 4 is rotationally driven in
the direction indicated with the arrow a by a rotational drive
mechanism (not shown). The positioni___i.i_g_ device 3, which employs
the rotary actuator system, supports oﬁé end of the head support
device 5 and drives it in the directioﬂ ihdicated with the arrow
bl or b2 at a specific angle (skew :_.?.a_njgle) above the surface
of the magnetic disk 4. With this, wrlte to or read from the
magnetic disk 4 is performed on a _sbécific track.

FIG. 6 illustrates the operati-oﬁ.: of the magnetic read,/”
write apparatus shown in FIG. 5. During a read / write operation,
the head support device 5, which su;ijé;)rts the magnetic head 6,
is driven in such a manner that it 1s swung in the directions

indicated with the arrows bl and b2 around the pivot center

- 01 by the rotary actuator system 5 -'_smomng device 3. The
position of the magnetic head 6 on ';. he magnetic disk 4 is

normally expressed as a skew angl

FIG. 7 is a side elevation o -'the:f magnetic head device
and FIG. 8 is its bottom view. The head ;support device 5 has
a structure in which, at a free en ated at one end of a

supporting body 51 constituted o

-_'--t _m metal plate in its

lengthwise direction, a flexible body 52 a.lso constituted of thin



fIy| g *hei ght is maintained at or less than 15nmin a mag eBEELACtIHE.W\@}ﬂ,.E\e
apparatus enploying a 3.5 inch nmagnetic disk, which satikfpcto

the requirenents inposed for practical use, i.e., the chan e2|d1 ka;.
hei ght at or |ess than 20nm FIG 10 shows the ghgnge™l A {ﬂB g
hei ght when the Ilength L1 of the firgsi surfaces (L1) an
that includes the first surfaces (L1) and the second suffaces (L3) are
set equal to each other at the front rail surfaces 112 an

metal plate is. mounted with. the magnetic head 6 mounted at

the lower su_rface of the flexib_le body 52. The head support
device 5 imparts a load force to press the magnetic head 6
toward the magnetic disk 4. The flexible body 52 in the figures
is provided with two outer frame portions 521 and 522 that
extend almost parallel to the lengthWise axis of the supporting
body 51, a transverse frame 523 that links the outer frame
portions 521 and 522 at an end distanced from the supporting
body 51 and a tongue piece 524 that extends from approximately
the center of the transverse frame 523 and runs almost parallel
to the outer frame portions 521 and 522 with its front end left
as a free end. One end that is oppésite from the . direction in
which the tré.nsverse frame 523 is provided is mounted in the
vicinity of thé free end of the supporting body 51 by means
such as welding.

On the upper surface of the tongue piece 524 of the
flexible body 52, a projection for load 525 is provided, which may
be formed, for instance, in a semi — spherical shape. With this
projection for load 525, a load force is communicated from the
free end of the supporting body 51 to the tongue piece 524.

The magnetic head 6. ié mouf;ted at the lower surface
of the tongue piece 524 by means such as welding. The magnetic
head 6 is mounted at the magnetic head support device 5 so
that its lengthwise direction aligns with the lengthwise direction
of the head support devicé 5. The héad support device 5 that
can be emplqyed in the present inve;_rgl%‘lf,:iqn is not limited to that

in the embodilhent described above. A number of head support
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26 " " pear rail surfaces 113, the length L2 is set at 25 [ Trmramd—ttre
length L1 is varied. As FIG 10 indicates, the nore the lje gt?ong‘:},ﬁofnn hé
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first surfaces (L1) is reduced, the snaller the change ijn ffl
As a result, in order to stabilize the flying height at ja
t he l'ength L1 of the first surfaces ¢@1) nust be reduced.
shows the change in flying hei ght when the length L1 is
nagnetlc head shown in FIG 12. In FIG 12, there is no second surface L3

et her at the fr Hé’\tlcés”“tlhat ‘have been disclosed in the past or that may be

disclosed in the future can be adopted.

Next, in reference to the friéasured data, advantages
achieved by_. the magnetic head an(:i__:_é'-the magnetic read/write
apparatus acﬁé:ording to the present iﬂiention are explained. The
measured. daf__ca in FIGS. 9, 10 and 13 are obtgined when the
magnetic reg.d/ write apparatus shév?n in FIGS. 5 to 8 is
constituted by employing the magnéi';ic head shown in FIGS. 1
and 2. The .measured data in FIG. 11 are obtained when the
magnetic read/ write apparatus shown in FIGS. 5 to 8 1is
constituted by employing the magnetlc head shown in FIG. 12,
which is outside the scope of the present invention.

A 35 inch magnetic disk is used and is caused to rotate
at a rotation rate of 4090 rpm. In-___-FIGS. 9, 10, 11 and 13, a
measured radius on the magnetic disk 1s used for the horizontal
axis and théf- flying height is used for the vertical axis. The

relationship between the measured radius and the skew angle is

as follows:
measured radius (mm) ; 22.1 30 6 40.0 455
skew angle ¢ ); 1.2 - 73 —-151 -—193

The specifications of the slider are .as follows :
(a)  external dimensions; 2.00 X 1 60 x 0.43 (mm)

(b) Wldths of various parts of the ra11 portion 101 ;

Will=174 pm
W21=136 um
W31 =36 um

(c) widths of various parts of thi ."'rail portion 102 ;



surfdcds 112 or at the rear rail surfaces 113 with L3 bei ng equal to O.

FIG 11 denonstrates that, in the case of the magnetic head shown in FI

12, the greater the length L1 of the first rail surfaces (L1), the ar

the flying height. In addition, the figure indicates
change in flying height is great, it i% not possible

flying height at a constant level. During the procesg qf acquiring the
data shown in FIG 11, rmagnetic head crashes occurred freﬁUeN?lR)Zﬂ&t

the magnetic di sk andwig="mgnehi ¢ head. Wien the nagngti c heads that
experi enced a head crash were exami ned, dust was obserjved adhering to ft

SRgEERS ST

t

Ve

corners of the indenteWaRtliddnsmlO04 and 105

G
ter

PN

he

W32=38 um
(d) depth d of the indented portions 104 and 105

d= 076 um

FIG. 9 shows the change in the flying height when the
length L1 of the first surfaces (L1) and the length L2 that
includes the first surfaces (L1) and the second surfaces (L3) are
set equal to each other both in the front rail surfaces 112 and
the rear rail surfaces 113. The length L1 is set at 50 x m and
the length L2 is varied. In a magnetic read/write apparatus
using a 3.5 inch magnetic disk, the change in flying height only
has to be kept at or less than 20nm in practical use. FIG. 9
shows that the change 1n flying height is maintained at or less
than 15nm in the range over which the length L2 is at or less
than 300 #xm when L1 = 50 y m. Since, as described earlier, the
entire length LO of the slider is 2.00mm, L1 = 50 x m satisfies
the requirement L1 = 2.5% of L0, and L2 =300 u m satisfies the
requirement L2 =< 15% of LO. Within this range, the change in
flying height is maintained at or less than 15nm in a magnetic
read,/write apparatus employing a 3.5 inch magnetic disk, which
satisfactorily meets the requirements imposed for practical use,
i.e., the change in flying height at or less than 20nm.

FIG. 10 shows the change in flying height when the
length L1 of the first surfaces (L1) and the length L2 that
includes the first surfaces (L1) and the second surfaces (L3) are

set equal to each other at the front rail surfaces 112 and the



toward the rear rail surfaces 113 along the indented p(rﬁﬁ%‘%fﬁm di{dTlf:) .
This leads to the conclusion that it is necessary to [)I’(VI de second

L1.
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surfaces (L3) as well as the first rail surfaces (L1)§ §o @
FIG 13 shows the flying characteristics tha are ac e

when the magnetic head shown in FIG 14 is enployed to

magnetic read/wite apparatus shown in FIGS. 5

ed|
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rear rail surfaces 113, the length L2 is set at 250 u m and the
length L1 is varied. As FIG. 10 indicates, the more the length
L1 of the first surfaces (L1) is reduced, the smaller the change
in flying height. As a result, in order to stabilize the flying
height at a constant level, the length L1 of the first surfaces
(L1) must be reduced.

FIG. 11 shows the change in flying height when the
length L1 is varied in the magnetic head shown in FIG. 12. In
FIG. 12, there is no second surface L3 either at the front rail
surfaces 112 or at the rear rail surfaces 113 with L3 being equal
to 0. FIG. 11 demonstrates that, in the case of the magnetic head
shown in FIG. 12, the greater the_ length L1 of the first rail
surfaces (L1), the greater the flying height. In addition, the figure
indicates that, since the change in flying height is great, it is
not possible to stabilize the flying height at a constant level.
During the process of acquiring the data shown in FIG. 11,
magnetic head crashes occurred frequently between the magnetic
disk and the magnetic head. When the magnetic heads that
experienced a head crash were examined, dust was observed
adhering to the corners of the indented portions 104 and 105
toward the rear rail surfaces 113 along the indented portions 104
and 105. This leads to the conclusioi; that it is necessary to
provide second rail surfaces (L3) as well as the first rail surfaces
(L1), to ensure that LZ >L1. _

FIG. 13 shows the flying characteristics that are achieved
when the magnetic head showp in. FIG. 14 is employed to

constitute the magnetic read,/write af)paratus shown in FIGS. 5



to'" 8" I’ FIG 14, the length L1 of the first surfaces (LI)]apd—tire—engt
et

L2 that is determned by the first surfaces (L1) and the

(L3) are varied to a nunber of values at the trailing edg
| eadi ng edge LE of the rail portions 101 and 102 within the,_n.a,ngp def| ne
by the present invention. Wth this magnetic head, too, s

hei ght can be achieved, as indicated in FIG 13.
manuf acturi ng the magnetic head according to the present
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tabilized flying

NEXT,

llULIICH for -

i nvention is

expl ai ned in refesenqg #f. 1 e 145atiP 1350f 'the Al surfadBMLI RGRHT et NE

magneti c head

length L2 that is determined by the first surfaces (L1) and the
second surfaces (L3) are varied to a number of values at the
trailing edge TE and at the leading edge LE of the rail portions
101 and 102 within the range defined by the present invention.
With this magnetic head, too, stabilized flying height can be
achieved, as indicated in FIG. 13. |
Next, method for manufacturing the magnetic. head

according to the present invention is explained in reference to
EIGS. 15 to 25. In order to manufacture the magnetic head
described above, the magnetic head manufacturing method
includes the following processes. First, in a first process, magnetic
head aggregates 71 and 72 are positioned on a supporting body
82 as illustrated in FIGS. 15 and 16. The magnetic head
aggregates 71 and 72 are constituted by arraying a plurality of
magnetic head elements (M1l to Mln) and (M21 to M2n) in
one direction, and are positioned on the supporting body 82 with
the surfaces of the magnetic head elements (M1l to Mln) and
(M21 to M2n) that are to face opposite the medium, facing front.
Each of the magnetic head elements (M1l to Mln) and (M2l
to M2n) 1is arrayed in such a manner that the magnetic
transducers 2 are positioned at one end in the direction of the
width when the direction of the array is set as the lengthwise
direction. Unlike the arrangement in the figures, the magnetic
head aggregates 71 and 72 may be placed in contact on a flat
supporting body 82. In addition, it is desirable that a process for

polishing the air bearing surfaces and a process for rendering



descri b&d above, the magnetic head manufacturing method
follow ng processes. First, in a first process, magneti
71 and 72 are positioned on a supporting body 82 as i

15 and 16. The nagnetic head aggregates 71 and 72 are
arraying a plurality of magnetic headsel enents (M1 to
M2n) in one direction, and are positioned on the suppo
the surfaces of the magnetic head el enents (ML1 to MLn)

—
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copstituted by
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ting body 82 wit!
and (M1 to M2n)
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head el ements (M1 to Mln) and (M21 to M2n) is-arrayed in such a manner

t hat the magneti Grecede the first process.
In a second process, which fql.ltm_r__:s_' the

mask 9 is placed on the surfaces of thé:_ magnetic

first process, a

head aggregates

71 and 72, which have been positioned :du_ring the first process,

as illustrated in FIGS. 17 and 18. Thé mask 9 is provided with

at least opening portions 91 and 92 at pc)_%éitions

that correspond

to the indented portions. The range oi}ér which and the positions

of which the opening portions 91 and 92;: open only within the

surfaces of the magnetic head ag-gregates 71 and 72 are

determined in advance.

In a third process, as shown: in FIG. 19, following the

second process, dry etching is performed :o'n the

surfaces of the

magnetic head aggregates 71 and 72 through the opening portions

91 and 92 to form indented portions. A typical

example of dry

etching is milling. At this point, sihée the mask 9 is provided

with the opening portions 91 and 92 at positions corresponding

to the indented portions and the ranges over

which and the

positions at which the opening porﬁoris 91 and 92 open only

within the surfaces of the magnetic ‘head aggregates 71 and 72

are determined in advance, minute particles from the slider

resulting from the dry etching performed in the third process

can be prevented from becoming adhered to the two side surfaces

of the magnetic head aggregates 71 and 72 that constitute the

slider. As explained earlier, the mlnlmum value of the mask cover

that can reliably assure that minute-};ﬁ;ﬂgﬁrticles from the magnetic

head aggregates 71 and 72 resultirilgﬁffrom dry

etching do not




transducers 2 are positioned at one end in the directio
the direction of the array is set as the | engthw se di
arrangenent in the figures, the magnetic head ‘aggregat¢s|?
pl aced in contact on a flat supporting body 82, In addftfo
desirable that a process for polishing the air bearlng sk
process for rendering

#ﬁmd 72 nay b

become adhered to the two side sur_fagfes .of the magnetic head
aggregates 7 1 and 72 and also a_llowé -_:;feliable' prevention of dry
etching of the side surfaces of the magnetlc ‘head aggregates 71
and 72. is approximately 10 u m,_.:j'even- after taking into
consideration. machining tolerance. As a result, by selecting a
value of 10 ,u. m 'or over for the mask cover, it is possible to
manufacture a magnetic head that does not cause any damage
to the magnetic disk or the magnetlc head due to matter
adhering to-the magnetic head. In a__d__d1t10n, since the bumps do
not become eéxcessively dry etched _céinpared to the slider, the
surfaces of the bumps do not drop'_"".c:"i.g)fvn from the surfaces of
the magnetic— head aggregates 71 and72 cbnstituting the slidér,
which, in turn, ensures that connecﬁ_i__t__l_._g the lead wires for the
bumps does not become difficult.

By undergoing the third prcj_i(f;gss, the indented portions
110 and 120 are formed as shown in FIGS. 20 and 21.

In a fourth process,. Which.*‘“ﬁ:;llows the third process,
necessary machining is performed on the magnetic head while
leaving the .indented portions 110 and,_ 120 intact. The main sub

— processes included in the fourth ”'ocess are a sub — process

in which a third step and a fourth_ mdented portion (see FIG.

1) are formed through machining an a sub — process in which

separate magnetic head elements are-taken out through cutting.

FIGS. 22 and 23 show the sub — proce:

rough which steps 106

and 107 are formed through machini g durmg the fourth process.

This machining also creates the 1ndented portlons 104 and 105.

FIGS_. 23 to 25 show the su _process in which separate




4 E BAE e
tapered surfaces to the air bearing surfaces (see Fl G R SL@ﬁﬁ‘ﬁi\!a Sfﬁﬁécéde
the first process. In a second process, which follows the fitst
process, a mask 9 is placed on the surfaces of the mgn& Apreashy
aggregates 71 and 72, which have been positioned dufi hg the first process,
as illustrated in FIGS. 17 and 18. The mask 9 is proyi dedwth—at—+east
openi ng portions 91 and 92 at positions that correspbond to the indentfed
portions. The range over which and the positions of which the opening

portions 91 and $2.008R Ak Wehithis (18 caHL] RS thloddie FRARE! Fadhead

~aggregates 71 an are etermned 1n a ance.
magnetic head element is obtained by cutting the magnetic head

aggregates 71 and 72 at the positions indicated with the cutting
lines X1 in FIG. 23.

Preferably, the first process shbul_d include a sub — process
in which a plurality of magnetic head aggregates 71 and 72 are
positioned parallel to each other._. This will achieve an
improvement in work efficiency. In that cése, it is desirable that
the second process include a sub — process in which a common
mask 9 for the plurality of magnetic head aggregates 71 and
72 is positioned. The mask 9 may be constituted with film, resist
or the like. The opening portions 91 and 92 of the mask can
be formed through high precision pattern forming technology
such as photo lithography.

While the invention has been particularly shown and
described with reference to preferred embodiments thereof,
it will be understood by those skilled in the art that
various changes in form and detail may be made therein

without departing from the spirit, scope and teaching of

the invention.



In“a"therd process, as shown in FIG 19, following the .
etching is perforned on the surfaces of the nmagnetic heap
and 72 through the opening portions 91 and 92 to-formi
typi cal exanple of dry~ etching is nmlling. At this point

o re’t nad MINMMRARRRIL S, he' - noeso,ar uircn anat he'

whi ch t he opem ng: pof'tlﬁ)ns 9% and 92 open only "within the

magneti c head aggregates 71 and 72 Al eterm ned in advance, mi nut e
particles from the slider resulting fromthe dry etching performed in the
third process 1. A magnetic head comprising :

a 'slider, with two ends in the direction of the length
thereof constituting a leading edge add a trailing edge, which
is provided W1th at least one rail portion extending in said
direction of said length at one surfaCé ;" and

at least one magnetic tran_sduper which is provided on
an extension of said rail portion tovyai'd said trailing edge of
said slider, cha}acterized in that ;

said rail portion is pr'ovided'lwith step — like indented
portions provided along two sides thereof in the direction of the
width ;

said indented portions are foffnied shorter than said rail
portion, the_reb& forming a rear rail' slﬁ'face toward said trailing
edge of said slider, a front rail surface toward said leading edge
of said slider: and an middle rail surface between said rear rail
surface and said froht rail surface ;

the surface width of said | .middle rail surface is
maintained almost constant ;

said féar rail surface and said front rail surface each

include a first surface whose surfacé_e_; Wldth is determined by the

entire width of said rail portion : . d .a second surface whose

surface width is gradually reduced :art1ng from said surface

width of said first surface toward sa1d surface width of said
middle rail surface; and o
when the length of said fn'st ;‘éurface is designated L1,

the length that includes said first surface and said second surface
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cfam be% prevented from beconmi ng adhered to the two si ersmfaces ~of Ih
magneti c head. aqgregat es 71 and 72 that constitute t el Mder

expl ai-ned" earligr, the mininumvalue of the mask cov r[ tAP&nu-ruel ] abI y

gllllllﬂll lllllHﬂllﬁlﬂmofLS{““e Ranet ¢ head) asresales T gd 72

-dheréd ct' '-_hé tﬁvo S| de surfaces of the magnet+

e

is desxgnated L2 and the entire length of said rail portion is

' e31gnated LO

Ll 25% of LO and L1 < L2 = 15% of LO are satisfied.
A magnetic head accordmg =to. claim 1, wherein :

&ﬁ@'_flgg_gth L1 of said first surface satisfies L1 = 10 g

‘3. 'A magnetic read/write appa;fa;tus including a magnetic

I_'_i(eac_l support device, a positionih__g device and a magnetic

said' maénetic disk is rotation&lly driven ;

sald' head support device supports said magnetic head
ne' end thereof ; . .

sé:;d pos_;juonmg device supports. another end of said head
.‘év-,ic_é _:_and causes said magnétic head to rotate above

.-of said magnetic disk at a specific angle;

_sa;g__ij magnetic head includes a slider and a magnetic

- transducer;;

id '__s'l-iﬂer with two ends in the direction of the length
'nstltutmg a leading edge and a trailing edge, is
1th at least one rail portion extendmg in said direction
aid- ength at one surface ; |

magnetlc transducer is proV1ded on an extension of
ortlon toward said trailing edge of said slider;
sa1d ra11 portions are prov1ded w1th step — like indented

' ov1ded along two sides in the d1rect10n of the width

a_lc_l iﬁ_d_ented portion is forme%(:i; ‘shorter than said rail



aggregdtes 71 and 72 and also allows reliable pfe
the side surfaces of the magnetic head aggregatge N@ﬁ'&\b%&ﬁ ﬁg%ﬁ
appr oxi mat el'y-..10. [.err] m.even.. after taking it
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that does not tause*any daneye  to the magnetic
due to matter adheri ng to the magnetic head. |
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aggregates 71 angdgl? of @asd islidbt, 0 fidit #dil @8fface:toward said. leading edge

of said slider and an middle rail surfate between said rear rail

surface and said front rail surface :

the surface width of said middle rail surface is

maintained almost constant ;

said rear rail surface and said front rail surface each

include a first surface whose surface width is determined by the
entire width of said rail portion and a second surface whose
surface width is gradually reduced starting from said surface
width of said first surface toward said surface width of said
middle rail surface; and

when the length of said first surface is designated LI,
the length that includes said first surface and said second surface
is designated L2 and the entire length of said rail portion is
designated LO, _

L1 = 25% of L0 and L1 < L2 = 15% of L0 are satisfied.

4. A magnetic read,/write apparatus according to claim
3, wherein : |

said length L1 of said first surface of said magnetic head
satisfies L1 = 10 ¢ m. .



SHEET |
wﬁlt’h %in turn, ensures that connecting the lead wires fREP 4 HE rrpf"sﬁd es
ot becorre di fflcult By undergoing the third process the |ncerjt ed
portions 110 and 120 are formed as shown in FIGS. 20 land 20 APR 250D N a
fourth process, which follows the third process, necegssiary nachining
performed on the magnetic head whileas | eaving the indented portions 113
and 120 intact. The main sub -processes included in ess
are a sub - process in which athird step and a fourth indented portion

(see FIG. 1) are forned through mﬁ%@mq@ﬁAE sub - process in which
separate magnetic head el enents are en out through cutting.

ABSTRACT

The present invention is direcfed to stabilize the flying
height at a constant level and preireh‘t head crashes.

Indented portions (104 and 105) are formed shorter than
rail portions (101 and 102). Rear raﬂ _:s_urfaces (113) and front
rail surfaces (112) are formed at the is'_lider (1) with middle
rail surfaces (111) formed between them The rear rail surfaces
(113) and the front rail surfaces (112) each include a first
surface (L1) whose surface width is. :_d'etermined by the entire
width (WOI or W02) of the rail portion (101 or 102) and a
second surface (L3) whose surface width is gradually reduced
starting from the surfaces width (W01 or W02) of the first
surface (L1) toward the surface Wldth (W1l or W12) of the
middle rail surfaces (111). The requlrements, ie, Ll = 25% of
L0 and L1 < L2 = 15% of LO are satisfied for the length (IR
of the first surfaces (L1), the length .(L_Z), that includes the first
surfaces (L1) and the second surfaces (L3) and the entire length

(LO) of the rail portions (101 and "02)

FIG. 1




FI'GS. 22 and 23 show the sub - process through which steps 106 and 107

are formed through machining during the fourth process. TS—Rechi-h-hag
-al so creates the indented portions 104 and 105: | FE%E@MCMN:TOS&ET
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‘dggregates 71 and 72 at the positions indicated with th
in FIG 23. Preferably, the first process shou

process in which a plurality of nmagnetic head:aggregat
positioned parallel to each other. This will achieve
work efficiency. In that case, it is dgghgab1e*that th
include a sub - process in which a coomon nmask 9 for t
magneti c head aggregates 71 and 72 is positioned. The

constituted with film resist or the like. The opening
of the mask can be forned through high precision patte
t echnol ogy 5 '

d_include a.sube—

e cutting lines X1
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such as photo |ithography. Wil e the invention has .
particul arly shown and described with reference to prefe rwmmiéﬂ’lﬁrems;
t her eof , it will be understood by those skilled in the t “vart-eys

changes in formand detail may be nmade therein  wi thout pfarzbnﬂpkr%

the spirit, scope and teachi ng of th%/ilsnventi'_on_.
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magneti ¢ head conpri sing: a slider, witht

direction of the length t hereof constituting a |eadi g edge and a
trailing edge, which is provided with at l.east one |rdi|2PokPR Q20
extending in said direction of said |ength at one gurface; and

at | east one magnetic transducer mhich4/¥5provided on an extension of
said rail portion toward said trailing edge of sai d_sli.der,

characterized in that;
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said rail portion is provided with step - |ike indented oTa LA
provi ded along two sides thereof in the direction of the REP&@}@F%P%HLfT
said indented portions are fornmed shorter than said rail portion,
thereby formng a rear rail surface toward said trailingj 2 G PR 2800s 3
slider, a front rail surface toward said |eadi ng edge of said slidef
and an niddle rail surface between said ar rail syrrace and sard
front rail surface; the surface width of sald_m ddle rai

surface is mai nt ai ned al nbpst const ant; said rear rail
surface and said front rail surface each '

FIG. 9
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include a first surface whose surface width is det er minedr by HATT SHEET

3 5

entire wwdth of said rail portion and a second surfacqg whese st f ace
width is gradually reduced starting from said surface wi.dt h, off gaid
first surface toward said surface width of said mi idd28 AgRlﬁﬁgrface;
and when the length of said first surfacel ils_designated. lil

the length that includes said first suPfie and said second surface

FIG. 10
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I's designated L2 and the entire length of said. rail portiqun.is__designated
LG, L1 [err] 2.5%of LOand L1 < L2 [err] 15% of IL@epy
sati sfi ed. 2. A magnetic head according. to claimj }
said length L1 of said first surface satisfies L1 [err] 10}[érr m I

ey

3. A magnetic read/wite apparatus inclLuding a nagnetic di sl 0 ARR 2800
support device, a positioning device addlx magneti c headl, L wher ei n:
said magnetic disk is rotationally driven; -
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sai d head support device supports said magnetic head

t her eof ; _ sai d positioning device supports ano
head support device and causes said nagnetic head to
surface of said magnetic disk at a specific angle;

head includes a slider and a magnetic }ransducer;

with two ends in the direction of the ?éﬁbth t her eof

| eadi ng edge and a trailing edge, is provided wth
portion extending in said direction of said length

tl oRaPIh(GMENE NBHEET

tthar—end" ]
%wﬁ@mj

v

constituting a

t—teast—omeTait
at one surface;




sai d magneti c transducer is provided on an extension of said _rail

portion toward said trailing edge of said slider; REPLAGEMENTaL | ﬁj
portions are provided with step-1like indented por ti gng—prev-ded—atong!
two sides in the direction of the width t her eof ; said indent ¢d
portion is formed shorter than said raj} S 20 APR 2000
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'po}tion,

thereby formng a rear rail surface toward said tﬁéﬁhhﬁﬂEN?@ﬂ rpf
said slider, a front rail surface toward said |eading edg fsal F
and an mddle rail surface between said rear rail surfa:e and sald fron

rail surface;

the surface width of said mddle rai
’ rail

mai nt ai ned aIﬁbSt const ant ; ﬁbg
I nclude a.first su

rail surface each
determ ned by the
whose

entire wWw.dth of said rai
surface width is gradually reduced starting fromsaid surface wdth

ear

whose surface
portion and

el and sai d fron
width iIs

a.second. _surface

surfa

~of said first surface toward said surface width of said
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“nmiddl e rail surface; and when the length of sai BEPrLft surface is
designated L1, the length that includes said first sugf ce and” sal d s C
surface is designated L2 and the entire |l ength of sai gﬁg

err? 0 0 L

.~ designated LO L1 [err] 2.5%of LOand L1 < L
satisfied. 4. A magnetic re?{i W ite apparatusja [
3, wherein: said length L1 o /AR d first surfade of said magnet i

head satisfies L1 [err] 10 [err] m
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