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MAGNETIC HEAD

TECHNICAL FIELD

| _ The present invention relates to a magnetic head and a
. ::magnetlc read./write apparatus, that incorporates thig magnetic
head tcS_ be more specific, the _present invention relates to a

___;_xiag"netie head that is machined to have air bearing surfaces with

& speclfic contour.

'_f BACKGROUND ART

“The technology through which flying height is maintained
: ;stant from the internal clrcumference through the external
cumference of a magnetic dlsk by reducing the skew angle

: magneb.c read / write apparatus is essential in improving
rehablhty in high density recordmg. which- requires that spacing
loss be reduced by lowering the ﬂymg beight, since, when the
flymg haght is very small, the magnetlc head may easily come
i tact with the magnetic disk. with even a very slight change
o the"ﬂying height of the magnetic head during a read or write _
operahon and this may cause problenm including destruction of

j_data on the magnetic disk.

In addition, the téchnology through which the flying
; helght is- made constant from the 'ntemal circumference to the

;extemal clrcumference of the magnetxc disk and the flying

I
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attztude 1s also stabilized is vital for achxevmg a high capacity

magnétxc disk drive by employing zone bit recording technology.

:;_:Zon- b1t recordmg technology is- rhsclosed for instance, in
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Japanese Unexamined Patent Publication (KOKAI) No. 30328/
1992, U.S. 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. 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 of the- slider.

Japanese Unexamined Pate_nt 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)
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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
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paniclé;éf resulting from the process of dry etching the slider
becomeadhetedtothesxdesurfacesoftheshder The strength
of adhesxon of the material that becomes adhered to the slider

4

in thle:;,__gfr}anner is low. Thus, when using the magnetic head in
a magnetxc read /write apbarai:us 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 --gold Because of this, excessive dry etching will be
perfonned ‘on 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
bearmgshder in which each reil may be configured with two
recensee’l.‘he recesses do not extend to the slider trailing edge.
U.S. Pat. No. 5, 359, 480 does not necessarily disclose
optimal _.dlmensmns of the’ recesses to stabmze the flying height
at a con.stant level.
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DISCLOSURE OF THE INVENTION
It is an object of the- present invention to provide a
magnetic head that has air beanng 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

ad/write spparatus that are
capable of stabilizing the flying_ height with a high degree of

a magnetic head and a magnetit

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 requirgsg_._;.;j._az__a_-:_-_ reduction in spacing loss
through lowering the flying height.

It is a still further objec of ‘the present invention to
provide a magnetic head that does not cause any damage to the
magnetic disk or the magnetic head due to adheréd matter on

the magnetic head and a magnet ead,/write apparatus that
employs this magnetic head.

It is a still further ObJeC offe the present invention to

provxde a magnetic head w1th bumps for the magnetic
transducers in which the surface of the bumps do not drop

down from the slider surface and a magnetic read./ write
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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;
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L1 < 25% of LO and
Ll < L2 £ 18% 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
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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 ‘portions necessary for the
formation of the indented portiénsi is. positioned on the surface
of the slider that faces oppos:te the medium, for forming the
indented portions through the opemng portions through dry
etching such as milling or the hke,-:-? is possible to set the length
of the opening portions of the mask necessary for the dry
etching slightly shorter then the. entire length of the rail
portions. This prevents minute partlcles from the slider resulting

from the dry etching from becomifzg adhered to the two side

surfaces of the slider. Consequently, a magnetic head and a
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mé.gnetic 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 lengthi that 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 : v
< 25% of L0 and L1 < L2:5 15% of L0
By setting the length L1 of. 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
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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
connecting 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
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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;
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G : 7 is a side elevation of the magnetic head device

accorchng the present invention ;

'FIG. 9 is a graph showing the change in the flying beight
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

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

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 :

FIG12 is a perspective of the magnetic head employed
~ to obtain the data presented in FIG. 11;

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

FIG 14 is a bottom view of the magnetic head employed
to obtain .1__;'h'e: data presented in FIG. 13;

& plan view showing the first process included
in the magnehc head manufacturing method ; '
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FIG. 18 is a cross sectlérﬁ_l' through 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 26 —25 in FIG.

BEST MODE FOR CARRYING OUT THE INVENTION
With reference to FIGS. 1.and 2, which dimensions are

somewhat exaggerated, the magnetic 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
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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.

The rail portions 101 and 102 are each provided with step
—like indented portions 114 and 105 .prov1de__d 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
as a step with a width W32 and & 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 different from each oﬂie?-ér they may be the same.

In the rail portion 101, the surface width W11 of the

middle rail surface 111 is maintained’ almost constant. The rear
rail surface 113 and the front rail surfaee 112 each include a
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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 W01 of the first surféoe. (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
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tapered surfaces 108 at the end that is opposite the side surfaces
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 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—hke 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,/1982 , U.S. Pat. No. 4,673,996, US. Pat. No. 4,870,519 and
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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 jndented portions 104 and 105
the length of the opening pomo:gsof the mask required for the
dry etching may be set slightly ller 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 pro de a 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.
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» M‘é;.-eover_ since the bumps 21 and 22 do not become
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exemmvely dry etched compared to the slider 1, the surfaces of
the bumps 21 and 22 do not drop down from the surface of the
slider . 1 thus ensuring that connectmg the lead wires for the
bumps 1 and 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'i_ 112 that are optimal for stabﬂlzmg the flying height

at a eonstaﬁt level are disclosed m a speclﬁc manner. Namely,
aocordmg to the present mventlon ‘the surface widths W11 and
wi2 of': the middle rail surfaces 111 are maintained almost
constant. : 'I‘he rear rail surfaces 113 and the front rail surfaces
112 are "'pro'wded with the first surfaces (L1) whose surface
mdths WO!. and W02 are determined: by the entire widths of the
_'_f_ 101 and 102 respectively and the second surfaces
(L3) whose surface widths are gradually reduced starting from
the Surfacez. widths W01 and W02 toward the surface widths W11
and W12 respectwely of the mlddlf-:___-..raﬂ surfaces 111. When the
length. of the first surface (L1) 1s demgnated L1, the length
that mcludes the first surface (Ll) and the second surface (L3)
h. of the raﬂ portions 101

lgmng_ 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
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... 101 and 102 and setting the length L2 that includes the first

‘This Sheet Has Been Rerlac surfaces. Ll) and the second surfaces (L2) at or less than

R

__;qx;tire length LO of the rail portions 101 and 102,
ble to stabilize the flying height at a value required
use. ie, at or less than 20nm, for instance.

hermore, by setting the length L1 of the first
) smaller than the length L2 that includes the first
1) and the second surfaces (L3), ie., by providing
the secori surfaces (L3) whose surface width is gradually
reduced. startmg from the surface width of the first surfaces (L1)
toward th"___ surface width of the middle rail surfaces 111, when

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

appar-atus_;f bmld up of foreign matter occurs in the vicinity
of the connechng point between the indented portions 104 and
105 defmmg the middle rail surfeces 111 and the indented
portions 1'04"""@& 105 defining the rear rail surfaces 113 and the
front raal acos 112. As a result, 2 magnetic head and a

Preferably, the length L1 of the first surfaces (L1)
should be: set at or more than 10 #m. 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
over a length
cover that rehably prevents minute particles from the slider 1

10 £ m or more. The minimum value of the mask

_resulting from the dry etching process from becoming adhered
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H||||l MU ﬂll 20 the g odgn LE of the ral postions 101 and 102 and
can reliably avoid dry etching: of the snie surface of the slider

1 where_the 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, wh1ch 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. m 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 1sgenerated at the mdentg@ portions 104 and 105 with

the air flowmg in from the transverse direction at positions
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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 a1r 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
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a single flat surface.
FIG. 5 shows the magnetic read/ write apparatus

aecordmg to the present invention. The magnetic read/write

according to the present invention includes a
device 3, a magnetic disk 4, a head support device

bl orb2 at a specific angle (skew angle) above the surface
of the magnetic disk 4. With this, write to or read from the
ma_gnetit’_i dlsk 4 is performed on a specific track.

. 6 illustrates the operation of the magnetic read/

write apparatus shown in FIG. 5. During a read / write operation,
the heaﬂ support device 5, which supports the magnetic head 6,
is driven: in such a manner that it is swung in the directions
indicated W_ith. the arrows bl and b2 around the pivot center

01 by thé* 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.

EIG_,. 7 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 a
supporting body 51 constituted of thin metal plate in its

lengthwisg irection, a flexible body 52, also constituted of thin
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metal ijlate, 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..?‘__f“. ¢-transverse frame 523 is provided is mbunted 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

piece 624 by means_ s_uch as welding. The magnestic
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
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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 are as follows :
(a)  external dimensions: 2.00 X 1.60 X043 (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 ;
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1-'W22 144 um

We2=3um
G depth d of the indented portions 104 and 105

FIG 9 shows the change in the flying height when the
length Llof the first surfaces (L1) and the length L2 that
mcludes the first surfaces (L1) and the second surfaces (L3) are

showstha the change in flying height is maintained at or less
than 15nm in the range over which the length L2 is at or less
than 800 4 m when L1 = 50 4 m. Since, as described earlier, the
entire Iength LO of the slider is 2.00mm, L1 = 50 2 m satisfies
the requirement L1 £ 2.5% of L0, and L2 =300 2 m satisfies the
reqmremént’*Lz < 16% of LO. Within this range, the change in
flying hexght is maintained at or lms than 16nm in a magnetic
read/wnte .apparatus employing a 3 5 inch magnetic disk, which

mtlsfactonly meets the requirements 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
length le of_._ithe first surfaces (Ll) and the length L2 that
includes the fst surfaces (L1) and the second surfaces (L3) are
 t6.each other at the front rail surfaces 112 and the
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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 & result, in order to stabilize the flying
height at a constant level, the length L1 of the first surfaces
(L) 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(Ll) the greater the flying height. In addition, the figure
indicates: that, since the change in flying height is great, jt 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-._%;._.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
toward therear rail surfaces 113 along the indented portions 104
and 105. This leads to the conclusion that it is necessary to
provide second rail surfaces (L.3) as well as the first rail surfa.ces
(L1), to ensure that L2 >LI.

_FIG. -113 shows the flying characteristics that are achieved
when the mag'netxc head shown in FIG. 14 is employed to
constitute the magnetic read/write apparatus shown in FIGS. 5
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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

":';":"'mﬂnn the range defined by the present invention,
With thm- magnetlc head, too, stab:hzed flying height can be
achxeved, as - mdlcated in FIG. 13.

i ethod for manufactunng the magnetic head
accordmg to:the present invention. is explained in reference to

FIGS. 15 _ ‘to 25 In order to manufacture the magnetic head

des_cnbed a_bg_\ge. the magnetic head manufacturing method

includes the followmg processes. First, in a first process, magnetic
head:. aggregates 71 and 72 are positioned on a supborting body
82 -as: ﬂlustrated in FIGS. 16 and 16. The magnetic head
: aggregates and 72 are constituted by arraying a plurality of
magneﬁcig ad: elements  (M11 to MIn) and (M21 to M20) in
one d1rect1 and are positioned on the supporting body 82 with
the su.rfaoee of the magnetic head elements (M1l to Min) and
(M21 to M2n that are to face opposxte the medium, facing front.
Each of the .magnetxe head elements (Mll to MIn) and (M2l

is '"’arraved in such a manner that the magnetic
transducers are positioned at one’ end in the direction of the
width when the direction of the array is set as the lengthwise

direction. Unhke the arrangement m the figures, the magnetic

head aggregates_?l and 72 may be placed in contact on a flat

supportmg body 2. In addition, it is demrable that a process for
pohshmg the air_ bearing surfaces and a process for rendering
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mask ":s o) wd'on the surfaces of the magnetic head aggregates

71 an :_72 'wh;ch | -have been positioned during the first process,

as lnusfraté m'{ FIGS. 17 and 18. The mask 9 is provided with
L at least"opemng .. ortions 81 and 92 at positions that correspond
to. the mden ﬁt;rnons The range over which and the positions
'; of Jvhlch__ the opénmg portions 91 and 92 open only within the
;-.surfaces__.bf "‘e'_'- magnetic head aggregates 7] and 72 are
determined 1n advance.
: in.__ third. process, as shown i FIG. 19, following the
oss, dr " etching is performed on the surfaces of the
-. magnetlc:_ head {'-:g;regat&s 71 and 72 through the opening portions
:91 and 92 fo -indented portions, A typical example of dry
etchxng mﬂhng At this point, since the mask 9 is provided
‘with the_;:'opemn '.I”x.)rtlons 91 and 92 -at positions

second- -p"-

shderAs explam lier, the nnmmum value of the mask cover
that can rehably assure that minute partxcles from the magnetic
head aggregates | 71_- and 72 resultmg from dry etching do not
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become adhered to the two side surfaces of the magnetic head
aggregates 71 and 72 and also aﬁows 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



magnetic head elements are taken out through cutting. Each
magneﬁc head element is obtamedby cutting the magnetic head
aggregates 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. Inthat 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 portxons 91 and 92 of the mask can
be formed through high premsmg ‘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

the invention.
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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
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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
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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.



