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The present invention relates to a slider, a head, a head

device and a read/write apparatus.

BACKGROUND ART

In é. read /write apparatus that is employed as an
external writing apparatus for a computer, a flying type head
that generates a lift force at the slider to cause it to fly over
a disk — like medium by applying the principle of dynamic air
pressure is employed. In this type of read/write apparatus, the
slider is in contact with the di.'sk — like medium when the disk:
— like medium is in a étopped state and when the disk — like
| medium rotates, air ﬂdw_ generated by the rotation acts on the
air bearing surface of the slider to cause it to fly over the disk
~ like medium while rhaintaining a specific flying height to
perfoi-m read / write of information. Typical read / write
apparatuses used to date are magnetic read/write apparatuses
in which a magnetic disk and a magnetic head having a slider
are employed. Japanese Examined Patent Publication No. 569./1982
and U.S. Pat. No. 3,823,416 disclose taper flat type sliders.

One of the essential requirements that a read/write
apparatus -mus’c satisfy to achieve high density writing is a
reduction in the flying height. In recent years, high density
writing ‘performed by read/write apparatuses has necessitated

a reduction in the flying height at a portion of the slider where
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-like mediumis in a stopped state and when the disk - |ike nmedium rotates
air flow generated by the rotation acts on the air. IpEaSheet Iasmﬁaqﬁacc;f the «
slider to cause it to fly over the disk -1ike nmedium |ng a -
specific flying height to performread / wite of inf cal r ead
/ write apparatuses used to date are nagnetic read/ wi appara uses in
which a magnetic disk and a nagnetic head having a slider are errpl oyed.
Japanese Exami ned Patent Publication No. 569/1982 and U.S. Pat. :
3,823,416 di Sqh@SerddQRice:! 8 poRAdSA! d5wd +0"S5h (di° 1&&%'£Amum,

I'EQUI renents t rea
when adopting zone bit writing, whereby writing is performed

at the maximum writing density over the entire surface of the
disk — like medium, it is desirable that the flying height be as
consistent as possible over the entire seek area from the inner
track to the outer track of the disk — like medium. ' ~

| In addxtxon. as a means for achieving a larger storage
capacity in a magnetic storage device, 2 head which employs a
magnetoresistive element (hereafter referred to as an MR
element) as a read element has been pfoposed and put into
practical use. Unlike in an inductive transducer of ‘the prior art
whose signal output is dependent upon the dfcﬁmferential speed
of the disk — like méd.ium. the signal output i an MR ele;nent
is not dependent upon the circumferentiél speed of the disk —like
medit_lm. As a result, in 2 head employing an MR element as a
read element, a read signal which is not dependent upon the
circumferential speed of the disk — like medium is achieved. The
air bearing surface'of a head must be designed to ensure that
an almost constant flying height is achieved over the entire
writing area of the disk —like medium.

Next, due to the structural features of 'a head, the
transducers are located approximately 35 to 50 um further inward
from the trailing edge. When causing a head structured as
described above to fly at an extremely small flying height of
25nm or less, it is necessary '_to set an attitude angle (pitch
angle) in the direction of the length of the slider during ﬂi_ght

smaller than 3 X 10 (rad) as a means for preventing contact -



apparatus nust satisfy to achieve high density witimgis a reductlon I n

the flying height. In recent years, high density V\A‘nh;sﬂagmelsa‘emli
read/ wite apparatuses has necessitated a reduction

i
a portion of the slider where 2 the transducer i \“mm g
or less. In addition, when adopting zone bit witin y witing is

per f or med

3

between the trailing edge of the slider and the disk — like
medium. While Japanese Pat. No. 2,573,236 discloses a technology
whereby the flving state is stabilized in a range over which the

pitch angle is small, it is difficult to maintain a consistent flying

height from the inner track to the outer track so that the flying

height remains at 25nm or less since the head disclosed in this

~patent is a taper flat type head, which, in turn, makes it difficult

to prevent problems such as a head crash that occurs when the
trailing edge of the slider co_mes' in contact with the disk — like
medium. o

As a means for achieving a constant flying height,
designing a slider as a negative pressure slider that utilizes
negative pressure has been considaréd. Such sliders are disclosed

in_ Japanese Examined Patent Publication No. 161971995 and U.

'S. Pat. No. 4,734,803. However, there are problems with this type

of slider, such as dust present inside the magnetic stor_age device
becoming adhered to the inde'nte_d_ .portion of the negative
pressure slider, greaﬁy_ changing the .ﬂying height of the slider
and the slider éttracting to the surface of the disk ~ like medium.
Thus, in order to put a negative pressure slider into practical
use, a slider having a new flying surface that prevents dust from
affecting its operation, good flying start characteristics (takeoff
characteristics) ahd in which the attracting phenomenon is
avoided, must be developed. Problems caused by dust in the
magnetic storage device adhering to the slider are not limited
to a negative pressure slider and can occur in other 'tyées of

sliders as well.

hel ght at-
to 25nm



at the maximumwiting density over the entire surface of the drl like .-
medium it is deSirable that the fIyr ng hei ght’ be T ‘?dpossrble .
over the entire seek area fromthe inner track to t uﬁ of the -
disk - like nedium In addition, as a nmeans for ach st orage

capacity in a magnetic storage device, aghead which enpl oys a
magnet or esi stive el enent (hereafter referred to as an MR elenent) as a read
el enent has been pro Unlike in an

p and nt 0 practical use.
i nducti ve transducer gf‘ogh@r p? Wﬁ’fﬂ@e@ g a BTy Jmproviementdaddite upon
the cireunt er gl Swing Stability of the slider relative to oscillations of the disk, -

An air lubricating film formed between ‘the slider and the disk
— like medium has a cushioning effect and the slider ﬂies while
maintaining a balance between the air lubricating film and the
recovering force of the head suspension. When the oscillation
frequency of the disk — like medium increases_ , the following
stability of the slider deteriorate due _to the inertia of the slider
mass. In order to design a slider with good following stability,
it is r:rucial to achieve a high level of air lubricating film
stiffness.

Since it is extremely difficult to satisfy the technical
objectives and requirements described above with a head-or a
slider in the prior art, development of a new head is required.
Furthermore, an optical disk apparatus which utilizes a near —
field read/write system has come to .light in recent years since
it can break through the limitation of high writing density
achieved by magnetic read /write apparatuses. In the optir:al disk
apparatus utilizing a near — field writing and' reading system, a
flying type slicier is employed. Consequently, the same problems
explained with relation to the magnetic read,/write apparatuses

exist and must be addressed.

DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide a head,
a slider, a head apparatus and a read /write apparatus that are

extremely effective for achieving high density writing and an



of the disk - like nedium the signal output in an MR el enent is not :
dependent upon the circunferential speed of the disk - like nedium As a :
result, in a head enploying an MR el enent as a redds BeenaRe l&a&l si gnal
whi ch is not dependent upon the circunferential sp - like
mediumis achieved. The air bearing surface of a h |gned to
ensure that an al nost constant flying héeélght is achieved over t e entire
witing area of the disk - like medium Next, due to the structural
features of a HBereasehintihestorages capacitycat ed approxi mately 35 to 50
[err]mfurther inward

It is a further object of the present invention to provide

a slider and head having an air bearing surface with a new
structure.

It is a still further object of the present invention to
provide a slider and head with which contact with the disk —
like medium is prevented even at a flying height of 25nm or
less. |

It is a sﬁll further object of the present invention to
provide a head, a slider, a head apparatus and a read/write
apparatus that achieve a high degree of flying stability against
disturbance and vibration even at a flying height of 25am or

v less. | -

- It is a still further object of the present invention to
provide a head, a slider, a head apparatﬁs and a read/‘write
apparatus in which the pitch angle while flying can be set at
3% 10 (rad) or less.. |

It is a still further object of the present invention to
provide a smaller and thinner slider and head that achieve
outstanding mass productivity.

It is a still further object of the present invention to
provide a slider and head that may be achieved through
integrated machining that adopts a high accuracy pattern forming
technology such as dry etching. | |

In order to achieve the objects described above, the slider
according to the present invention receives dymamic air pressure

at a surface facing the medium, which comprises a front flat



from the trailing edge.

to fly at an extrenely small flying height of 25nﬂ$56hwﬂﬁﬁ8amk

When causi ng a head structured as m‘rbed above

necessary to set an attitude angle (pitch angle) i of t he

| ength of the slider during fllght smal | er than 3 as a
means for preventing contact bet ween t he tralllng edge slider and
the disk - like nmedium Wile Japanese fat. No. 2,573, 236 dlscloses a

t echnol ogy

surface, a first positive pressure generating portion, a second
positive pressure generating portion and a first negative pressure
generating portion. The front flat surface, which is provided
starting at a leading edge, ends at an intermediate point aiong
a lengthwise direction. The first and second positive pressure
generating portions have flat surfaces which are essentially of
equal heights and are poeitioned"seﬁarated from each other over
a distance at two sides in a widthwise direction running
perpendicular to a lengthwise direction, with edges af one end
located toward the leading edge forming step faces rising up from
the front flat surface in a step. The first negative pressure
generating portion is provided behind the front flat surface
relative to the airflow direction and has a base surface with a
height which is lower than the height of the front flat surface.

Applied to a head, the transducer is provided toward the
trailing edge of the slider. An electromagnetic transducer is used
in a magnetic head, and an optical transducer is used in a near
~ field writing and reading system. In an application in a read
/ write apparatus, the surface of the head according to the
present invention that is located at the opposite side from the
surface facing the medium is supported by a head suspension
and the surface facing the medium causes the head to fly by
dynamic air pressure generated when the disk — like medium
rotates. The head according to the present invention should be
combined with a disk — like medium with a high degree of surface
accufacy. with for instance, a surface roughness Ra ‘£ Inm when

it is to fly at an extremely 'small flying height of 25nm or less.



whereby the flying state is stabilized in a range over which-the-pitch i

angle is small, it is difficult to maintain a consi SHi€sheetf; il hei ght from
3| at -
as a head

the inner track to the outer track so that the flyin ' N
25nm or | ess since the head disclosed in this patent I’aﬂ ﬂ
head, which, in turn, makes it difficult to prevent p

crash that occurs when the trailing edge; of the slider comes in contact
with the disk - like medium As a nmeans for achieving a constant flying

hei ght, designing a sljder as a negative pressure slider that utilizes
J Jntng The slider accog&ng toIo the present invention comprises

a front flut surface, a first positive pressure generating portion,
a second positive pressure generating portion and a first negative
pressure generating portion at the surface facing a medium. The
first and the second positive pressure generating portions are
positioned separated from each other over a distance at two sides -
in a widthwise direction. The first negative pressure generating
portion is positioned between the first ‘and second positive
pressure generating portions. As a result, when the disk — like
medium is caused to rotate, two lift dynamic pressures caused
by the first and second positive pressure generating portions are
‘generated separated from each.. .other over a distance at twg. sides
in a widthwise direction at the leading edge and the first
negative pressure caused by the first negative pressure generating
portion is positiongd between the two lift dynamic pressures.
In addition, since the front flat éurface. with a height
which is lower than the height of the surface of the first and
second positive pressure generating portions and higher than the
height of the base surface of the first negative pressure
generating portion, is provided between the leading edge and the
first and second positive pressure generating portions, high air
lubricating film stiffness with a high degree of stability is
generated at the surfaces of the first and second positive pressure
generating portions, achieving stable following characteristics.
The structure of an air bearing surface that achie'ves such
pressure distribution is new, and it has been confirmed that even

at a flying height of 25nm or less, the flying height is



negative pressure has been considered. Such sliders areThs 'aced
Japanese Exam.-ned Patent Publication No. 1619/1995 and U.
4,734,803. However, there are problenms with this type of

dust present |nS|de t he magnetic storag@ devi ce becom ng adhered to the
i ndented portion of the negative pressure slider, greatly changing the

flying hei ght sfaifhenelli fieTa atdbldianahheierart CotatoitR Hhe @Yki-2ggeof the

disk - like nedium Thus, in order to put a negative pressure slider into
practical use, madshindgs ﬁp@uéigea new flying surface that prevents dust from

affectlng Its operation, good flying start characteristics (takeoff

In addition, surfaces of the first and second positive
pressure generating portions may be set at a specific size,
increasing the load capacity at the leading edge. This results in
an increase in the air lubricating film stiffness, and consequently,
even when ultra low flying at 25nm or less is achie;red. a flying
state with a low pitch angle is maintained in a stable manner.
Furthermore, since a high air lubricating film stiffness is
maintained, the following stability to the surface of the disk —
like medium are improved. Thus, even when the flying height
is reduced to 25nm or less, contact between the head and the
surface of the disk —like medium at the trailing edge of the
slider where the flﬁring height is at its minimum, can be
prevented. |

Since the first positive pressure generating portion and
thé second positive pressure generating portion constitute flat
surfaces having essentially the same height and are provided at
the two sides in the widthwise direction over a distance,
stabilization in the roll angle is achieved as well.

Moreover, it has been verified that with the new air
bearing surface structure described above, a high degree of flying
stability against disturbance and vibration is achieved even at
a flying height of 25nm or less due to the high air lubricating
film stiffness. |

In addition, with the new air bearing surface. structure

described above, the pitch angle can be set at 3 x 10 (rad) or
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characteristics) and in which the attracting phenonenon is avoi ded, nust be
devel oped. Probl ens caused by dust in the magnetic storage device adhering
to the slider are not limted to a negatisve pressure slider and can occur
in other types of sliders as well. 4 Anot her crucial requirement is an

I provenent in {g ang contact between the trailing edge of the slider and the
disk ~ like medium is avoided, even at a flying height of 25nm -
or less. .

The front edge of the first negative pressure generating
portion must be closed viewed from the air flow direction. In
this case, the front edge is typically constituted as a step. The
height of the step and the size, shape aﬁd the like of the surface

" continuous to the step are selected as appropriafe to achieve the
required flying characteristics at a flying height_éf 25nm or less.

Forming the first positive pressure generating portion and
the first 'negative pressure generating portion and first negative
pressure generatiﬁg portion with steps in this manner achieves
advantages in that the flying characteristics described above are
achieved and that all these portions can be machined & an
integrated unit by employing a high accuracy pattern forming
technology such as dry etching.

Thus, according to the present invention, a smaller and
thinner head that is extremsly effective for achieving high

' writing density, an increase in storage capacity and achieves
outs_tanding mass producfivity is provided. The height of the
steps, the area of the top surfaces continuous to the steps and
the shape and the like of the the first and sécond positive
pressure generating portions are seleéted as appropriate to
achieve the required flying characteristics at a flying height of
25nm or less.

As a preferable example of a slider according to the

present invention, the surface facing a medmm may further

This Sheet Has Been R
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fol |l om ng stabi

air lubricating filmfornmed between the slider an

lity of the slider relative to oscnlim ﬂBee@Reg,Jg‘% dISk An

has a cushioning effect and the slider flies whil

bet ween the air

medi um
y bal ance
lubricating filmand the recovering force e head

suspensi on. Wen the oscillation frequency of the disk - like nmedium-

i ncreases, the
inertia of the
stability, it i
stiffness.

followng stability of thgslider deteriorate due to the

slider mass. In order to design a slider vvith good foll awi ng
S cial to.achieve a high level of. air ricggin m
fncluds' &' thitd pos1 ve pres%ure generating por l?on ilhe %hn‘ci

positive pressure generating portion is provided téward the
trailing edge and has an édge at one end located toward the
leading_ edge which forms a step facs rising up from the base

surface of the first negative pressure generating portion in a step.

With this structure, when the disk — like medium is caused to .

rotate, along the airflow direction, two lift dynamic pressures

caused by the first and second positive pressure generating

portions are generated toward the leading edge, a lift dynamic
pressure caused by .the third positive pressure generating portion
is generated and a negative pressure caused by the first negative
Pressure generating portion is generated betwesn two lift dynamic
pressures caused by the firsf and second i:ositive pressure
generating portions and the lift dynamic pressure caused by the
third positive pressure generating portion. The air bearing surface
structure that achieves such pressure distribution described above
is new, and it has been confirmed that even at a flying height
of 25nm or less, contact with the disk — like fnedium is prevented.

As another preferable example of a slider or a head
according to the present invention, the surface facing a medium
may further include a fourth posi_tive pressure generating portion
and a fifth positi\}e pressure generating portion. The fourth
positive pressure generating portion is located behind the first
positive pressure generating portion over a distance in_ the
lengthwise direction and is provided with an edge at one end
located toward the leading edge. The fifth positive pressure

generating portion is located behind the second positive pressure

-
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Since it is extremely difficult lto satisfy the t.'ecr_mi cal J;‘;ﬁe [al@S alnd
requi renents described above with a head or a sl |lesu“ﬁﬁ \M art, -
devel opnent of a new head is required. Furthernore, sk
apparatus which utilizes a near- field read/wite to |Iight
in recent years since it can break through the limtation of high witing
density achieved by magnetic read/wite apparatuses. In the optical disk
STPGr 12 Ul g chokion oven et o kBe s e P
to the magnet| Carrxg a(ijs/ Vgriotv?dg _p%ri&tl ugr? Sedge ‘at 6ne end located toward the
leading edge. With this structure, since the two positive air
bearings constituted by the fourth positive pressure generating
portion and the fifth positive pressure generating portion are
formed, the load capacity increases at the leading edge. This -
results in an increase in the air lubricating film stiffness, thereby
improving the following stability relative to the surface of the
disk — like medium. When the fourth and fifth positive pressure
generating portions are provided, the surface facing a medium
may further include a second negative pressure generating
portion and a third negative pressure generating portion. The-
second negative pressure generating portion is formed bt;tween
the first positive pressure generating pox"tion and the fourth
positive pressure éenerating_ portion. T_he third negative pressure
generating portion is formed between the second positive pressure
.genefating portion and the fifth positive pressure generating
~ portion.

With the structure described above, when the disk - like
medium rotates, a series of air bearings constituted of the first
positive pressure generating portion, the second negative pressure
generating portion and the fourth positive pressure generating
portion, and a series of air bearings constituted of the second
positive pressure generaﬁng portion, thé .thi:;d negative pressure
generating portion and the fifth positive pressure generating

portion are formed paréllel to each other at the two sides of

the slider in its widthwise direction.



exi st and nust be addressed. DI SCLOSURE OF THE Iﬁ[VIENTI |s an obj ect of

the present invention to provide a head, a slider ‘&@us and a
read/ wite apparatus that are extrenely effective h| gh
density witing and an 5 increase in the stora

Furthermore, the first negative pressure due to the first

negative pressure generating portion is generated inside an area
enclosed by the first positive pressure generating portion, the

second positive pressure generating portion, the second negative
pressurs generating portion, the third negative pressure
generating portion, the fourth positive pressure gensrating portion
and the {fifth positive pressure generating portion.

A head that achieves such pressure distfibution is new,
and it has been confirmed that even at a flying distance of 25nm
or less, a stable attitude is maintained so as to prevent contact
with the disk - like medium.

Moreover, by providing the first positive pressure
generating portion, the second positive pressure generating
portion, the fourth positive pressure generating portion and the
fifth positive pressure generating portion toward the four corners
of the slider, a high air lubricating film stiffness is achieved in
the four corners to improve the following stability.

In addition, since the fxrst and second posxtwe pressure
generatmg portions increase the load capacxty toward the leading
edge to increase air lubricating film stiffness, a small pitch angle
is achieved in a state of extremely low flying of 25nm or less
and the small pitch angle is maintained'stable to further improve
the following of the head. With the head having the new
structure described above, the pitch angle may be set small, at
3.0X 10 (rad) or less. It has also Been confirmed that since a
high degree of air lubricating film stiffness is achieved, contact

between the trailing edge of the slider and the disk —like medium
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It is a further object of the present invention to pfh%\ghgee a slider and

head having an air bearing surface with a new structu asibeenR eplhdel | .
further object of the present invention to provide a ’ d with -
whi ch contact with the disk - Iike medqjumis prevent ying

hei ght of 25nmor less. It is a still Turther object of the presen

I nvention to provide a head, a slider, a head apparatus and a read/wite

appar at us t heanabni aveidednieyendayr seflyingl distgnee aof 1249nymagai less.

= Moreover, it has been confirmed that with the head
having the new structure described above, a stable small flying.
height of 25nm or less is assured, by minimizing the fluctuations
in the flying height caused by disturbance, oscillation of the disk
—like medium and dust.

Furthermore, the positive pressure generating portibns and
the negative pressure generating portions are formed through
integrated machining by employing a high accuracy pattern
forming technology such as dry etching on the surface of the
slider facing the medium.

_ Consequently, according to the present invention, a
smaller, thinner head that is extremely effective for achiéying
a higher writing density, an inérease in the storage capacity and
demonstrates outstanding mass productivity is provided.

In one desirable mode, the second and third negative
pressure generating portions are each coﬁstituted of an indented
portion dropping down from the surfaces. of the first and second
positive pressure genérating portions. The fourth and fifth
positive pressure generating portions rise up from one of the
surfaces of the indented portions. -

It is desirable to form the surfaces of the indented
portions constituting the second and third negative pressure
generating portions so as to narrow starting' from the side of
the leading edge to the central portion and so as to widen
starting from the central portion toward the side of the trailing

edge. With this structure, the roll characteristics are improved.
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di sturbance and vibration even at a flying height of A aced 1 j g5 g
still further object of the present invention to pr MﬂH ) slider;

a head apparatus and a read/wite apparatus in which le while
flying can be set at 3 x 10[err] (rad) or less. It is a still further
obj ect of the present invention to pro¥4de a snmaller and thinner slider and
head that achi eve outstandi ng nmass productivity. It is a still further

obj ect of the present tRNesthbedirhént including the fourth and fifth positive
- pressure generating portions and the second and third negative
pressure generating portions, the third positive pressure
generating portion described above may be included. The third
positive pressure generating portion is provided toward the
trailing edge and has an edge at one end lopated toward the
leading ecige -and rises up from the base surface of the first:
negé,tive pressure generating portion in a step. The transducer
will be mounted at the centér of the third positive pressure
generating portion. This structure, when adopted in a read/write
apparatus, achieves the flying characteristics that will be less
influenced by fluctuations in the roll angle over the entire
surface of the disk —like medium. | -

The first and second positive pressure generating portions
may be oriented in the widthwise direction of the slider assuming
8 structure in which the first and second positive pressure
éenefating portions are continuous to form a single flat surface
being an air bearing surface. In this case, since the load capacity
at the side o_f the ieading edge becomes further increased to
increase. air lubricating film stiffness, a small pitch angle is
maintained in a stable manner at a very low flying height of
25nm or less and the' following stability of the head are also
improved.

The first and second positive pressure generating portions
may be provided extending toward the trailing edge_ of the slidér
with the electromagnetic transducer mountéd at least at either

the first positive pressure generating portibri or the second



provide a slider and head that may be achieved through int egrat ed nachi ni ng
that adopts a high accuracy pattern form ng technol-egy-suctras

In order to achieve the objects described above, the shl |th£Bé’gg dedng to
the present invention receives dynamc. air pressur Ti\e‘ m‘“\ n‘ﬁ acing the

medi um which conprise a front flat 6
The slider in the head .according to the present invention

15

positive pressure generating portion,

should preferably have a length of 1.25mm and a width of 1.0mm
or less and should weigh l1.6mg or less. |
In addition, it is desirable to form the surface of the
~slider facing the medium in such a manner that it achieves -
symmetry relative to the centrél axis of the slider running
through the lengthwise direction. This structure makes it possible
to form the air bearing steps through integrated machining 'by
employing a micro fabrication method such as dry etching
without having to perform mechanical machining, thereby
facilitating dimensional management in mass production
machining and improving mass productivity. i ¢
The boundaries between the surfaces of the first, second,
fourth and fifth positive pressure generating portions and the
- surfaces of the indented portions should be formed as a step with
the depth of 0.1 £z m or more. In addition, the end edges that
define the surface of each of the first, second, fourth and fifth

positive pressure generating portions and the indented portions

are straight lines, curved lines or a combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
More specific features and advantages of the present
invention are explained in further detail in reference to the
drawings, wherein :
~ FIG. 1 illustrates a perspective of a first embodiment of

the head according to the present invention.



pressure generating portion and a first negative press

portion. The front flat.-surface, which is provi ded___sta di ng
edge, ends at an internediate point along a | engthw se |rect|on The first
and second positive pressure generating pestions have flat surfaces which
are essentially of equal heights and are positioned separated from each
other over a distance atFIG’\DZSH!i%tréﬁ%saaV\ﬂp@ér{‘VWﬁel G ARk BBad VR PG
perpendicular to a lengthwi se direction, with edges at one end |ocate

toward the | eadi ngieded frommthe sidep vﬂmeSt}te supfacep fAding the medium is

Re jaced
surface, a first positive pressure generating porti omnsah E\tlve

located.

FIG. 3 illustrates a front view of the head shown in FIG.

. FIG. 4 illustrates a side elevation of the head showmn in
FIG. 2. .
FIG. 5 illustrates a cross section along line 5—5 in FIG.

FIG. 6 illustrates an enlarged cross section of the head
shown in FIGS. 1 to 5, where the electromagnetic transducers are
provided.

FIG. 7 illustrates a magnetic read 'write apparatus
according to the present inveﬁtion.

FIG. 8 illustrates a side elevation of the magnetic head
device adopted in the magnetic read/write apparatus shown in
FIG. 7.

FIG. 9 illustrates the operation of the magnetic read/
write apparatus shown in FIG. 7.

FIG. 10 illustrates a model of the magnetic read /write
apparatus shown in FIG. 7

FIG. 11 shows data with 'respect' to the relationship
between the normalized slider length and the normalized pressure
in the magnetic read/write apparatus employing the head
illustrated in FIGS. 1 to 5.

FIG. 12 shows three — dimensional data with respect to

the relationship between the normalized slider length and the



the front flat surface in a step. The first negative pressure generating
portion is provided behind the front flat surface rel ative-to—theairfTow

direction and has a base-surface with a height which is | ﬂeénh@placed
hei ght of the front flat surface. Applied to a head, the V\% ﬂlm

provided toward the traili.ng edge of the slider. An electr
transducer is used in a magnetic head, and an opti cal tran

a near -field witing and readi ng systeml In an application in a read
/wite apparatus, the surface of the head according to the present

i nvention that imorimalizestl pressureopposthe smagnétiomresd / write apparatus

emploj'ing the head illustrated in FIGS. 1 to 5.

FIG. 13 shows data with respect to the relationship
between the position of the slider and the flying height in the
magnetic read./” write apparatus employing the head illustrated
in FIGS. 1 to 5. |

FIG. 14 shows data with respect to the relationship
between the position of the slider and the pitch angle in the
magnetic read/write apparatus employing the head illustrated
in FIGS. 1 to &.

FIG. 15 shows data with respect to the relationship
between the position of the slider and the flying height achieved
as the heights of the step faces in the head are varied in the
magnetic read./write apparatus employing the head illustrated
in FIGS. 1 to 5. |

FIG. 16 shows data with respect to the relationship
5etween the position of the slider and the pitch angle achieved
as the heights' of the step faces in the head are varied -in the
magnetic read/write apparatus employing the head illustrated
in FIGS. 1 -to 5. |

FIG. 17 shows data with respect to the flying height
fluctuation due to the parailel motion of the surface of the disk
— like medium in the magnetic read/write apparatus employing
the head illustrated in FIGS. 1 to 5.

FIG. 18 illustrates a perspective of a second embodiment
of the head according to the present invention.

FIG. 19 illustrates a plan view of the head in FIG. 18



// ~
aked he surface

R
_ gener at ed
m resent

surface facing the nediumis supported by a head“§U§§€nsi 0
facing the nedi um causes the head to fly by dynamsq,hat as
when the disk - |like nmediumrotates. The head. acc
i nvention should be Torbined wth a disk - |ike ng I gh degree
of surface accuracy with for instance, a surface r ness Ra [err] 1nm
. when it is to fly at an extremely 'smallgflying height of 25nmor Iess.
viewed from the side where the surface facing the medium is
located. ' o _ B
FIG. 20 shows three — dimensional data with respect to
the relationship between the normalized slider length and the
normalized pressure in the magnetic read ./ write apparatus
employing the head illustrated in FIGS. 18 and 189.
FIG. 21 illustrates a perspective of a third embodiment
of the head according to the present invention.
FIG. 22 illustrates a plan view of the head in FIG. 21
viewed from the side where the surface facing the medium is
located.

FIG. 23 illustrates a front view of the head shown in FIG.

22. ;

FIG. 24 illustrates a side elevation of the head shown in
FIG. 22. |

FIG. .25 illustrates a cross section along line 25— 25 in
FIG. 22

FIG. 26 shows data with respect to the relationship
between the normalized slider length and ﬁhe normalized pressure
in the magnetic read./ write apparatus employing the head
illustrated in FIGS. 21 to 25.

FIG. 27 shows three — dimensional data with respect to
the relationship between the normalized slider length and the
normalized pressure in the magnetic read / write appafatus
employing the head illustrated in FIGS. 21 to 25.

FIG. 28 shows data with respect to the relationship

between the position of the slider and the flying height in the



7 The slider according to the present invention corrprl ses a front fratr—

surface, a first positive pressure generating portlonTh dﬁ@BmﬁQQIQky
pressure generating portion_and a first negative press

portion at the surface facing a medium The first and t tlve
pressure generating portions are positioned separated fron1eac over

a distance at two sides in a widthw se @i rection. The first negative
pressure generating portion is positioned between the first and second

positive pr.eswgngﬁeef-@édm-ﬂﬁétéﬁﬁ&’at% emfldvidg WEhed® fllidtratdd ke

in FIGS. 21 to 25. -

FIG. 29 shows data with respect tc the relationship
between the position of the slider and the pitch angle in the
magnetic read/write apparatus employing the head illustrated
in FIGS. 21 to 25.

FIG. 30 shows | data with respect to the relationship
between the position of the slider and the flying height achieved
as the heights of the step faces in the head are varied in the
magnetic read/write apparatus employing the head illustrated
in FIGS. 21 to 25.

FIG. 31 shows data with respect to the relationship
between the position of the slider and the pitch angle achieved
as the heights of the step faces in the head are varied in the
magnetic read,/write apparatus employing the head illustrated
in FIGS. 21 to 25.

FIG. 32 illustrateé a perspective of a fourth embodiment
of the head according to the present invention.

FIG. 33 illustrates a plan view of the head in FIG. 32
viewed from the side where the surface facing the medium is
located. _

FIG. 34 shows computer simulation data that three —
dimensicnally illustrate the relationship between the normalized
slider length and the normalized slider width, and the normalized
pressure achieved by employing the head in the read/ write
apparatus shown in FIGS. 7 and 8.

F1G. 35 shows data with respect to the relationship



mediumis caused to rotate, two lift dynamc pressures caused by the first
and second positive pressure generating portions a B@ar at ed
from each other. over_a distance at two sides in a |on at
the | eading edge and the first negative pressure ca

negative pressure generating portion is positioned betmeen t e tmo I|

dynam c pressures. In addition, sincegthe front flat surface, with a he| ght
which is lower than the height of the surface of the first and second

Pace sur t o PRaNeERaEH AR SR J8HgH AP ik Gt hAzolf heselie '

achieved by employing the head”in the first embodiment in the

read /write apparatus shown in FIGS.- 7 and 8.

FIG. 36 shows data with reSpect to the relationship
between the position of the slider and the flying height achieved
in the read/write apparatus employing the head shown in FIG.
32. | | |

FIG. 37 shows data with respect to the relationship
between the position of the shder and the pztch an.gle achieved
in the read/write apparatus employing the head shown in FIG.
32.

FIG. 38 shows data with respect to the relationship
between the rotational speed of the disk — like medium (rpm)
and the flying height achieved in the read/write apparatus
employing the head shown in FIG. 32.

FIG. 39 illustrates' a perspedtive of a fifth embodiment
of the head according to the present invention.

FIG. 40 illustrates a plan view of the head in FIG. 39
viewed from side where the surface facing the medium is located.

FIG. 41 shows computer simulation data that three —
dimensionally illustrate the relationship between the normalized
slider length and the normalized slider width, and the normalized
pressure achieved by employing the head shown in FIG. 39 in
the read/write apparatus shown in FIGS. 7 and 8.

FIG. 42 shows data with respect to the relationship
between the normalized slider length and the normalized pressure

achieved by employing the head shown in FIG. 39 in the read



generating portion, is provided between the |eading edge_and the first—and
second positive pressure generating portions, high air lubricating film
stiffness with a high degree of stability is generated &bis N acgt
the first and second positive pressure generating porti._orH

stable follow ng characteristics. The structure of an air ce
t hat achi eves such pressure distri buti & is new, and it has been confirned

that even at a flying height of 25nmor_less, the flying height is
7/ write apparatus shown in FIGS. 7 and 8.

FIG. 43 “illustrates & perspective of a sixth embodiment
of the head accdrding to the present -invéﬁt_ipn.

FIG. 44 illustrates a plan view of the head in FIG. 43
viewed from side where thé surface facing the medium is located.

FIG. 45 shows computer simulatiqn data that three —
dimensionally illustrate the relationship between the normalized
slider length and the normalized slider width, and the normalized
pressure achieved by employing the head shown in FIG. 43 in
the read/write apparatus shown in FIGS. 7 and 8.

FIG. 46 shows | data with respect to the relationship
between the normalized slider length and the normalized pressure
achieved by employing the head shown in FIG. 43 in the read
//write apparatus shown in FIGS. 7 and 8. |

FIG. 47 illustrates a perspective of a seventh embodiment
of the head according to the present invention.

FIG. 48 illustrates a plan view of the head in FIG. 47
viewed from side where the surface facing the medium is located.

FIG. 49 shows computer simulation data that three —
dimensionally illustrate the relationship between the normalized
slider length and the normalized slider width, and the normalized
pressure achieved by employing the head shown in FIG. 47 in
the read/write apparatus shown in FIGS. 7 and 8.

FIG. 50 shows .data with respect to the relationship
bétween the normalized slider length and the normalized pressure
achieved by employing the head shown in FIG. 47 in the read
/write apparatus shown in FIGS. 7 and 8.



8 maintained in a stable manner and contact with the disk - Iike mediumis
prevented. In addition, surfaces of the first and second positive pressure
generating portions may be set at a specific size, increasing the |oad
capacity at the leading edge. This results in an increase in the air

| ubricating filmstiffness, and consequently, even when ultra low flying at
25nmor less is achieved, a flying state with a low pitch angle is

mai ntained in a stabl pjgBMIershows data with respect to the relationship
- between the i:osition of the élider and the flying height achieved
in a read/write apparétus employing the heads shown in FIGS.
39, 43 and 47. |

FIG. 52 shows data with respect to the relationship
between the position of the slider and the pitch angle achieved.
in a read/write apparatus employing the heads shown in FIGS.
39, 43 and 47.

FIG. 53 shows data with respect to the relationship
between the rotation rate of the disk —like medium (rpm) and
the flying height achieved in a read/write apparatus employing
the heads shown in FIGS. 39, 43 and 4.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to FIGS. 1 to 5 which show a first embodiment, -
the head according to the preéent invention comprises a slider
1 and transducers 2 and 3. The transducers 2 and 3 constitute
two elements, i.e. a writing element and a reading element. The
slider 1 is provided with a front flat surface 100, a first positive '
pressure generating portion 110, a second positive pressure
generating portion 120, and a first ﬁegative pressure generating
portion 130. The front flat surface 100, which is provided starting
at a leading edge LE, continues on to an intermediate point along
a lengthwise direction X. The first positive pressure generating
portiori 110 and the second positive pressure generating portion
120 have top surfaces 112 and 122 which constitute flat surfaces

having essentially equal heights and are positioned separated

This Sheet Has
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Furthernore, since a high air lubricating filmsti ffneS‘ﬁnsSB‘eetrmw&ﬂ'RQ chd
followng stability to the surface of the disk - |ike

Thus, even when the flying height is reduced to 25nm.or Mﬂ mlﬁﬁf
between the head and the surface of fhe disk - Iike nedi i ng
edge of the slider where the flying fieight is at its mninmm can be
prevented. Since the first positive pressure generating portion and the
second posfreRe ggchs Other gevier .2 i diptpace i ah toonssidest in f& awidthwiszes havi ng

essentially the sane height and are, provi ded at
direction Y running perpendxcular to the lengthwxse direction X.

The first and the second positive pressure generating portions
110 and 120 each include an edge at one end located toward the
leading edge LE forming step faces 111 and 121 which rise up
from the front flat surface IQO in a step. The first negative
pressure generating portion 130 .is provided behind the front flat
surface 100 relative to the airflow dii-ection indicated with arrow
(2) and has a base surface which is lower than the top surface
of said front flat surface 100 and has a front edge 133 located
toward the leading edge LE forming a rising step face 131 to
constitute a first negative pressure generaﬁng portion. The first
negati\-re, pressure generating portion 130 drops down from the
end edge of the front flat surface 100 and continues on to the
trailing edge TR.

The front edge 133 of the front flat surface 100 viewed
from airflow direction (a) must be closed. In this case, the front
edge 133 is typically constituted as the step face 131. The height
of the step and the size, shape and the like of .the surface are
selected as appropriate to achieve the required flying
characteristics at a flying height of 25nam or less. More
specifically, the height of the step may be set at approximately
2.5 4 m, It is desirable to set the length, the width and the weight
of the slider 1 at 1.256mm or less, 1.00mm or 1ess and 1.6mg or
less respectively. The transducers 2 and 3 are provided at the
trailing edge TR of the slider 1. |

In the head in this first embodiment, the surface facing



T \'5.056
the two sides in the widthwi se direction over a MC s W?\‘\ation in
the roll angle is achieved as well. Mreover, it hags t hat
with the new air bearing surface structure_describe I'gh degree
of flying stability-against—disturbance and vibratio | eved even at a
flying height of 25nmor |ess due to the high air lubricating In addition,

with the new air bearing surface structure descri bed above, the pitch angle
can be 'set at 3 x 10[err] (rad) or 24

a medium further includes a third positive pressure generating
portion 140 which is provided toward the trailing edge TR and
has a step face 141 facing the leading edge LE which rises up
from the base surface of the first negative pressure generating
portion 130. The third positive pressure genérating portion 140
is located at approximately the central portion in the widthwise
direction Y with another end thereof  continuing on to said
trailing edge TR. The transducers 2 and 3 are mounted on the
third positive pressure generating portion 140. The first, second
and third positive pressure generating portions 110, 120 and 140
are all positioned symmetrically relative to the central axis
running in the lengthwise direction X.

The heights hl; h2 and h3 of the step faces 11}, 121 and °
141 respectively and the s_izeé and shapes of the first, second and
third positive pressure generating portibns 110, 120 and 140 are
selected as appropriate to achieve the required flying
characteristics at a flying height of 25nm or less. More
specifically, the heights hl and h2 of the step faces 111 and 121
are set within a range of 0.1 to 1.0um.

The advantages achieved by constituting thg first and
second positive pressure generating portions 110 and 120, the first
negative pressure generating portion 130 and the third positive
pressure generating portion 140 with steps, include assurance of
the required flying characteristics and integrated machining that
can be implemented by employing a high accuracy pattern
forming technology such as dry etching.

The end edges defining each of the flat surfaces of the



| ess, ~and contact between the trailing edge of the slider and the disk.-
|i ke mediumis avoi ded, even at a flying hei ght of—25am-er—+ess.—The front
edge of the first negatlve pressure generating. po ﬁ‘ st be cl osed

viewed from-+the-arr-ftowdirection. In this case, C?s
typically constituted as a step. The hei ght of the |ze shape
and the like of the surface continuous to the step
appropriate to achieve the required f4syi ng characteristics at a fIy| ng
hei ght of 25nm or | ess.

first, second and third positive pressure generating portions 110,
120 and 140 are straight lines, curved lines or a combination
thereof. _
FIG. 6 is an enlarged cross section illustrating the portion
- of the transducer shown in FIGS. 1 to 5. The transducer 3, which
.constitutes' a write element, is an inductive thin film transducer,
whereas the transducer 2, which constitutes a read element, is
an MR element. | |
The transducer 3, which constitutes the write element, is
provided with a first magnetic film 31 that also functions as
a second shield film for the MR element 2, a second magnetic
film 32, a coil film 33, a gap film 34 that may be constituted
of alumina or the like an insulating film 35 constituted of an
organic resin, and a protective film 36 constituted of alumina
or the like. The front end portions of the first magnetic film
31 and the second magnetic film 32 constitute a first pole tip
Pl and a second pole tip P2 which face each other over the gap
film 34. whose thickness is very small. and write is performed
at the first pole tip P! and the second pole tip P2. The yokes
of the first magnetic film 31 and the second magnetic film 32
are linked with each other at the back gap #rhich is on the
opposite side from the first pole tip Pl and the second pole tip
P2 so that they complete a magnetic circuit. The coil film 33
is formed on the insulating film 35 in such a manner that it
winds around the linking portion of the yokes in a coil. The

number of windings and the number of layers in the coil film

33 are arbitrary.



Formng the first positive pressure generating portion and the first
negative pressure generating portion and first -negative.pressture —generating
portion with steps in this nanner achi eves advantages in that tﬂechyi ng
characteristics described above are achieved and t h&his 8heet 43 SRwitl ons
can be machi ned as an integrated unit by enploying a ﬂ pattern
form ng technol ogy such as dry etchiag. Thus, accordi ent
invention, a snmaller and thinner head that is extrenely effective for

achieving i gh Wit 0% T Feiodd MR AB5ctules’ SIS £303° vedn "

proposed and put into practical use to date, any one of which
may be adopted to comstitute the MR element 2. For instance.
the MR element 2 may be constituted of an anisotropic

. magnetoresistive element achieved. by using a permalloy or the
like or it fnay employ a giant magnetoresistive (GMR) film. Any
one of the above mentioned types of elements may be adopted
in the present invention. The MR element 2 is located inside an
insulating film 22 between a first shield film 21 and the first
magnetic film 3! which also functions as the second shield film.
The insulating film 22 is constituted of alumina or the like.
Unlike in the embodiment, only the transducer 3 may be provided
to be used as a read/write element.

In an application in a read/write apparatus, the surface
of the head according to the present invention that is located
at the opposite side from the surface facing the medium is
supported by a head suspension and the head is caused to fly
by air current generated between the surface facing the medium
and the surface of the medium when the disk — like medium
rotates. The head according to the present invention should be
combined with a disk — like medium with a high degree of surface
accﬁracy when it is to fly at an extremely small flying height
of 25nm or less.

FIG. 7 shows the read /write apparatus according to the
present invention. The magnetic read/write apparatus according
to the present invention comprises a disk —like medium 4. a head

suspension § of the known art, a2 head 6 according to the present



out standi ng mass productivity is provided. The height of the steps, the
area of the top surfaces continuous to the steps and the shape and the |ike
of the the first and second positive pressure generating portions are

sel ected as appropriate to achieve thﬁ required flyi-ag—characteristics at a
fltyi ng hei ght of 25nmor less. As a preferable exanple of a slider

according to the esent, i nvention, the ,sur e facing a nedi um may further
9 tinverpt'ion and a posxitionmg device 7f alghe isk —like medium 4 Y

'1: is driven to rotate in the direction indicated by the arrow (4)
‘ by a rotating drive mechanism (not shown). The positioning
device 7, which employs a rotary actuator system, supports the
head suspension 5 at one end and drives it in the directions
i indicated by the arrows bl and b2 at a specific angle {(skew
;_ angle) on the plane of the disk-like medium 4. With this, writes
:l ' to and reads from the disk — like medium 4 are performed at
specific tracks. The head 6 is mounted tc the free end of the
head suspension § in such 2 manner that pitch movement and
; roll movement are allowed and that a load is applied in the
‘ direction ‘of the plane of the disk — like medium 4.

! FIG. 8 is a side elevation view of the head device. The

head suspension 5 is constitﬁted by mounting a flexible body
! 62 constituted of thin metal plate at a free end located at one
end in the lengthwise direction of a supporting body 5! which
is likewise constituted of thin metal plate and mounting the head

-

6 at the lower surface of the flexible body 52. The head
suspension 5 applies a load force to the head 6 to press it toward

———
.

i the disk —like medium 4. The flexible body 52 in the figure is
: provided with two outer frame portions 521 and 522 extending
y  almost parallel to the axis of the supporting body 51 in its
. lengthwise direction, a lateral frame 523 that links the outer
' frame portions 521 and 522 at an end which is distanced from
." the supporting body 51, and a tongﬁe piece 524 extending from
xl_ approximately the center of the lateral frame 523 almost parallel

" to the outer frame portions 521 and 522 with its front end being

~ This Sheet Has Been

i



10 include a third positive pressure generating portion. The third positive
pressure generating portion is provided toward the trailing edge and has an
edge at one end located toward the | eading edge which fornms a step face
rising up fromthe base surface of the first negative-pressure generating
portion in a step. Wih this structwse, when the disk - like nediumis
caused to rotate, along the airflow direction, two lift dynam c pressures

caused by thg firbé Shda@hesaid i thesfld:tivR _wmrﬁxagei%ta&ié"%posite

side from where the lateral frame 523 is provided is mounted

in the vicinity of the free end of the supporting body 51 by
means such as welding.

At the lower surface of the supporting body 51, a
projection for load 525 is provided, which may take, for instance,
a semi~ spherical form. With this projection for load 525, a load
force is communicated froim the free end of the supporting body
51 to the tongue piece 524. Load point Pl of the head 6 at the
projection for load 525 is offset by an offset AD toward the
inflow end from the center of gravity Cl of the head 6. Note
that the projection for load 525 may be provided in such a

' manner that the load point Pl of the head & at the projection
for load 525 is set at the position of the center of gravity Cl.

The head 6 is mounted at the lower surface of the tongue
piece 524 by means such as bonding. The head 6 is mounted to
the head suspension 5 so that its lengthwise_ dirvection is aligned
to the lengthwise direction of the head suspension 5. The head
suspension 5 that may be adopted in the present invention is
not limited to that employed in the first embodiment. Selection
may be made from a wide variety of head suspensions that have
been proposed to date and head suspensions that will be proposed
in the future. For iﬁstance, the supporting body 51 and the
tongue piece 524 may be integrated by employing the technology
disclosed in Japanese Unexamined Patent Publication No. 215513

/1894 or by using a flexible high polymer wiring board such
as tab tape (TAB).



portions are generated toward the | eadi ng edge, alift ~dynami ¢ pressure
caused by the third positive pressure generati nngpOSHetttmasBegngﬁgg 4at ed and a

negative pressure caused by the first negative pr
i s generated between two.lift dynam c pressures c
second positive pressure generating portions and t
caused by the third positive pressure geferating portion.

ng portion

rst and

C pressure
The air bearing

surface structure that achi eves such pressure distribution descri bed above

ht of, 25nm or
ead/wnte

is new, and it has b copfi.yynmed that ,even at yi ng
| ess, contact with tﬁg&di g-lﬁﬁﬁ“ﬁéﬁ? ur‘ﬁ?s (fﬁeé'f}giﬁ P

apparatus shown in FIGS. "7 and 8. During a read ./ write
operation, the head suspension _'5 that supports the head 6 is
driven to swing in the directions indicated by the arrows bl and
b2 around the pivot center Ol by the positioning device 7
employing a rotary actuator kxethod. The position of the head
6 on the disk ~ like medium .4 is normally expressed as a skew
angle 6. In the description of the present invention, the skew
angle @ is expressed as the inclination of the central line of the
slider 1 in the widthwise direction W.

FIG. 10 presents a model of the magnetic read/write
appafatus shown in FIGS. 7 and 8. The head 6 generates lift
dynamic pressure at the first, second and third positive pressure
generating portions 110, 120 and 140 againét which a spring load
is applied by the head suspensién 5, and a negative pressure is
generated by the first negative pressure generating portion 130
between the first, second and third positive pressure generating
portions 110, 120 and 140. The head & flies at a very small flying
height gl and at a pitch éngle B at which the spring load, the

lift dynamic pressure and the negative pressure are in balance.

The flying height gl represents the flying height of the
transducers 2 and 3 anci should be distinguished from the flying
height g2 formed between the trailing edge TR and the disk —
like medium 4.

Next, in reference to measured data, advantages that are
achieved by the magnetic read,/ wﬁte apparatus employing the

head according to the present invention are explained. The



As anot her preferable exanple of a slider or a head accor di ng to the
present invention, the surface facing a nmedi um malhisSheat HasB Wﬁh@é a fourth

positive pressure generating portion and a fifth p ﬂmmn

generating.paortion_The fourth positive pressure ¢ |on |s
| ocated behind the first positive pressure generatlng portion over

distance in the I engthwi se direction and is provided with an edge at one
end located toward the | eading edge. 3he fifth positive pressure generating
portion is |ocated behind the second positive pressure

specifications of the head 6, the head suspension 5 and the disk

~ like mediuin 4 are as follows.
(slider 1)
length : 0.8mm
width : 0.6mm
thickness : 0.3mm
weight : 0.6mg
(head suspension 5)
load force: 1.0gf
spring rate: 1.8gf/mm |
load point: central area of the slider 1
(disk — like medium 4)
disk diameter: 2.5 inches
disk rotational épeed: 7200 rpm

FIG. 11 shows data with respect to the relationship
between the normalized slider length and the normalized pressure.
The normalized slider length which is represented by the
horizontal axis is expressed as the ratio (x/ L) of the position
x taken in the lengthwise direction from the leading edge LE
and the entire length L of the slider 1. The normalized pressure
represented by the vertical axis is determined by using a formula
(P/Pa~1) with P being the pressure applied to the slider 1
and Pa being the atmospheric pressure. The curve L1 represents
the pressure distribution achieved at a position distanced by vy
= 0.08mm from one end edge of the slider 1 in the widthwise
direction W, whereas the curve L2 represents the pressure

distribution characteristics achieved at a position distanced by



generating portion over a distance in the lengthwi se direction and is
provided with an edge at one end | ocated toward théﬁhé&dt Beﬂgel«%ﬂth this
structure, since the two positive air bearings const

posi tive pressure generating.portion and the fifth p

mﬂg!nfourth
generating portion are formed, the |oad gapacity mcreases a | eadi n
edge. This results in an inc‘rease in the air lubricating filmstiffness,

t her eby i roving the following stability relative to the surface of the
y 1nmp yg__: O%Omm. g y

. FIG. 12 shows computer simulated data that illustfate
three dimensionally the relationship between the normalized slider
length and the normalized pressure shown in FIG. 11.

In the head according to the present invention, the
surface facing a medium is brovided with first and second
positive pressure generating portions 110 and 120, a first negative
pressure generating portion 130 and a third positive pressure
generating pdrtion 140, with the first negative pressure
generating portion 130 located between the first, second and third
positive pressure generating portions 110, 120 and 140. Thus, as
FIGS. 11 and 12 clearly demonstrate, when the disk —like medium
4 is caused to rotate, first lift dynamic pressures are generated
by the first and second positive pressure generating portions 110
and 120 along the airflow direction (a), a second lift dynamic
pressure is génerated by the third positive pressure generating
portion 140 at the trailing edge TR (see the characteristics LY
and a negative pressure is generated by the first negative
pressure generating portion 130 in the area between the first lift
dynamic pressures and the second lift dynamic pressure (see the
characteristics L2). The structure of the air bearing surface that
achieves such pressure distribution is new, and contact with the
disk - like medium can be évoided even at a flying height of
25nm or less,

FIG. 13 presents data that illustrate the relationship
between the position of the slider and the flying height. The

position of the slider is illustrated by both the radius of the



o
portlons are provided, the surface facing a rTedl u .&u&iﬂmRWude a
second negative pressure generating portion and a ressure
generating portion. The second negative pressure ge m@m nis
formed between the first-positiVe pressure generatin n and the
fourth positive pressure generating portion. The third negative pressure
generating portion is forned betwsen the second positive pressure
generating portion and the fifth positive pressure generating portion.

medium and the skew angle. An explanation of the skew angle

”Péﬁ

has already been given in reference to FIG. 9. FIG. 13 shows the
rotating radius of the disk —like medium 4 under the skew angle.
As FIG. 13 illustrates, with the head having the new air bearing
surface structure described above, a very small flying height gl
of approximately 10nm is assuréd over a wide skew angle range
(=43 to 13.25° ). Furthermore, a high degree of flying stability
against disturbance and vibration is achieved over a wide skew
angle range (~4.3 to 13.25° ).

FIG. 14 presents data that illustrate the relationship
between the position of the slider and the pitch angle. The
position of the slider is illustrated by both the radius of the
medium and the skew angle. As demonstrated in FIG. 14, with
the head having the new air bearing surface structure according
to the present invention. the pitch angle can be set at 3 x 10 (rad)
or less, and contact between the trailing edge TR of the slider
1 and the dxsk — like mediumn 4 can be prevented even at a ﬂYmg
height gl of 25nm or less.:

Moreover.. the first, second and third positive pressure
generating portions 110, 120 and 140, and the first negative
pressure generating portion 130 can be formed through integrated
machining by employing a high accuracy pattern forming
technology such as dry etching on the surface of the slider 1
that faces opposite the _medium.

Consequently, according to the present invention, a
smaller, thinner head that is extremely effective for achieving

higher density magnetic writing and an .increase in storage



Wth the structure descri bed above, when the disk -

series of air

| i ke_medi um rotates,

bearings constituted of the first positive pressure

generating portion, the second negative pressure generatlmlgsmét
fourth positive pressure generating portion __and—a-sertes

consti-tutedof~The Second positive pressure generating por
negative pressure generating portion and the fifth p05|t|ve

generating portion are formed parallel 3o each other at the tvvo S|des of
the slider in its wdthw se direction.

capacity and demonstrates outstanding mass productivity is
provided. ' B -

Furthermore, as FIGS. 1 to 5 clearly show, the head
according to the present invention is not provided with a
narrowing shape at the leading edgé LE. Thus, the pitch angle
can be set small. In addition, since the length of the surfaces
112 and 122 is small, the flying he_ight can be reduced with the
lift force set small, and at the same time, the range over which
the positive _preésure changes in correspondence to the disk
rotating speed and air-inﬂow direction is reduced, thereby making
it possible to maintain the flying sté.bility of the slider 1 To
sum uﬁ the information given above, a head and a read/write
apparatus that demonstrate the following characteristics :
flying height: 8 to 12nm
1.1 X 10 (rad) < pitch angle 8< 2.2 X 10 (rad)
are achieved. |

FIG. 15 shows data with respéct to the relationship
between the position of the slider and the flying height gl as
the heights hl and h2 of the step faces 111 and 121 are varied.
The position of the slider .is illustrated by both the radius of
the medium and the skew angle.. The curve L3 represen*s the
characteristics achieved when the heights hl énd h2 are set at
0.6 u m whereas the curve L4 represents the characteristics
achieved when the heights hl and h2 are set at 0.8 um. The
data indicate that by controlling the heights hl and h2 of the
step faces 111 and 121, the flying height gl can be controlled.

When the heights hl and h2 are smaller than 0.6 uz m, it becomes

il



e
12 Furthernore,

generating portion, the second negative pressure-genera

the first negative pressure due to the firrst—regative

first positive pressure generating portion, the second mﬂi

pressure generating portion is generated inside an areﬁﬁseg}lcil‘ised by the

thiTd negati ve pressure generating portion, the fourth

eﬁ? ilﬁfﬂe
t he
ure

generating portion and the fifth positive pressure generating portion.
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difficult to keep the flying height gl at 25nm or less. As the

heights hl and h2 increase, the flying height gl becomes reduced.

However, when they exceed 1.0 # m, the trailing edge TR of the

surface 142 of the third positive pressure generating portion 140

(see FIGS. 1 to 5) comes in contact with the disk — like medium

4,

FIG. 16 shows data with respect to the relationship

between the position of the Slider and the pitch angle as the

heights hl and h2 of the step faces 111 and 121 are varied. The

position of the slider is illustrated by both the radius of the

medium and the skew angle. The curve L5 represents the

characteristics achieved when the heights hl and h2 are set at

0.6 x m whereas the curve L6 represents the characteristics

achieved when the heights hl and h2 are set at 0.8 4 m. The

data indicate that by controlling the heights hl and h2 of the

step faces 111 and 121, the pitch angle can be controlled. When

the heights hl and h2 are smaller than 0.6 @ m, it becomes

difficult to keep- the pitch angle at 3% 10 (rad) or less in a

range over which the skew angle is large (for instance. at 13.

25° ). When the heights hl and h2 are larger than 0.8 4 m, the

pitch angle becomes equal to or less than 1 X 10'(rad) in the

range over which the skew angle is small (for instance, at 0° ),

thereby increasing the risk of contact occurring at the leading

edge, and when the heights hl and h2 exceed 1 u m, contact

results. To sum up the information given above, it is desirable

to set the heights hl and h2 of the step faces 111 and 121 within

the range of 0.6 to 1.0 um.



A head that achi eves such pressure distribution is new, and it has been
confirnmed that even at a flying distance of 25nm or Iess —a—stable-attitude

is maintained so as to prevent contact with the disk - dium
Moreov

the second positive pressure generating portion, the fourt ,ﬁi mﬁiﬂmﬂ
pressure generating portion and the fifth positive pressur

portion toward the four corners of thegslider, a high air lubricating fllm

stiffness is achieved in the four corners to inprove the follow ng

stabilit
Y FIG. 17 shows data with respect to the flying height

fluctuation due to the parallel motion of the surface of the disk
~— like medium. In FIG. 17, the horizontal axis represents the
frequency (Hz) of the vertical surface motion of the disk — like
medium and the vertical axis represents the amplitude ratio (A
gl/b). A gl indicates the value of fluctuation of the flying
height gl, whereas b indicates the value of the disk — like medium
oscillation amplitude. The curve L7 represents the characteristics
achieved when 2 slider having dimensions of 0.8mm in length,
0.6mm in width and 0.3mm in height is used, whereas the curve
L8 represents the characteristics achieved when a slider having
dimensions of 1.25mm in length, 1.0mm in width and 0.3mm in
height is used. The flying height gl is set at 25nm.

When the slider 1 is miniaturized, while the air
lubricating film stiffness is reduced, the following stability
relative to parallel oscillations of the disk — like medium do not
deterlorate, as shown in FIG. 17, since the slider mass is reduced.
The slider 1 having a length of 1.25mm or less and a- width
of 1.00mm or less and weighing 1.6mg or less achieves good
following stability, as illustrated in FIG. 17, independent of the
dimensions. |

FIG. 18 is a perspective illustrating a second embodiment
of the head according to the present invention and FIG. 19 is
a plan view of the head shown in FIG. 18 viewed from the side
where the surface facing the medium is located.

In this second embodiment illustrated in FIGS. 18 and 18,

the surface facing a medium is provided with a front flat surface



I'n addition, since the first and second positive pressure generating
portions increase the |oad capacity toward the |eading edge-to.increase air
| ubricating filmstiffness, a small pitch angle is achleved in a state of——

extrenely low flying of 25nm or less and the spall-piteha ‘s§hﬁeﬂias8een epl
marntai ned stable to further inprove the foIIovm ng of the h aced
head having the new structure described above, the pitch an

small, at 3 X 10[err] (rad) or less. It _has al so been conflrme

a high degree of air lubricating film $Fiffness I's achi eved, contact

between the trailing edge of the slider and the disk-Iike rredi um
100, a first positive pressure generating portion 110, a second
positive pressure generating portion 120, a first negative pressure
generating portion 130, a third positive pressure generating
portion 140, a fourth positive pressure generating portion 150 and
a fifth positive pressure generating portion 160. The fourth
positive pfessure g_en_erating portion 150 is located behind the
first positivé pressure generating portion 110 over a distance and
is provided with a sfep face 151 toward the leading edge LE.
The fifth -positive pressure generating portion 180 is located
behind the second positive pressure generating portion 120 over
a distance and is provided with a étep face 161 toward the

~ leading edge LE. The surface 152 of the fourth positive pressure

generating portion 150 and the surface 162 of the fifth positive
pressure generating portion 160 constitute flat surfaces that have
a height essentially equal to that of the surface 112 of the first
positive pressure generating portion 110 and the surface 122 of
the second positive pressure genefating portion 120.

FIG. 20 shows three dimensional data with respéct to the
relationship between the normalized slider length and the
normalized pressure in a read/write apparatus employing the
head illustrated in FIGS. 18 and 19, Having pressure distribution
as indicated by these three - dimensional data, the head, when
employed in a read/write apparatus, achieves advantages similar
to those achieved by the head illustrated in FIGS. 1 to 5.

"FIG. 21 is a perspective view ' illustrating a third
embodiment of the heac according to the present invehtion, FIG.

22 is a plan view of the head shown in FIG. 21 viewed from



13 can be avoided even at a flying distance of 25nm or—+tess. - Mor eover ,

it has been confirnmed that with the head having the ne
above, a stable small flying height of 25nmor |ess is

str uct‘tn‘%-)\ctescrl bed

m nimzing the fluctuations in the flying height caused &@ed
oscillation of the disk -1ike medium and dust. I
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the side where the surface facing the medium is located, FIG. 23
is a side elevation of the head shown in FIG, 22, FIG. 24 is a
front view of the head shown in FIG. 22 and FIG. 25 is a cross
section along line 25— 25 in FIG. 22. |

The surface facing a medium includes a front flat surface
100, a first and a second positive pressuré generating portion 110
and 120 and a first negative pressure generating portion 130.

The front flat surface 100 is provided starting at the
leading edge LE and continuing on tb an intermediate point along
the lengthwise direction X that matches the airflow direction (a).
The first and second positive pressure generating portions 110
and 120 have essentially the same height and are provided
separated from each other by a distance at the two sides in the
widthwise direction Y which runs perpendicular to the lengthwise
direction X, with tl_meir edges toward the leading edge LE
constitutihg step faces 111 and 121 that rise up from the front
flat surface 100. The first and second positive pressure generating
portions 110 and 120 extend to the trailing edge TR. As a result,
the surfaces 112 and 122 of the first and second positive pressure
genérating portions 110 and 120 respectively function as air
bearing surfaces.

The first negativé pressure generating portion 130 drops
off in a step from the rear end of the front flat surface 100
and extends to the trailing edge TR.

The transducers 2 and 3 are provided at the trailing edge
TR at least at either the first or second positive pressure

gencrating portions 110 and 120. In the third embodiment, the



Furthernore, the positive pressure generating portieas—andthe negative

pressure generating portions are formed through int eglrg‘aS e
enpl oying a high accuracy pattern form ng technol ogy

the surface of the slider facing the medi um @nsequeniiﬁlm
present invention, a smaller, thinner hgg;\d that is ext

achieving a higher witing density,

R RepEcedy

]

an rncrease in the storage capacity and

i ng on

denonstrates outstandi ng mass_productivity is provided. In one desirable
node, the secotmansducers 2l anshad jare provided at both the first and second

positive pressure generating portions 110 and 120. ' -
The front flat .surface 100 extends from the leading edge
LE to the approximate cént_er in the lengthwise direction of the
slider 1 and is continuous to the first and second positive
pressure generating portions 110 and 120 with a step relative
to the front flat surface 100. The level difference of the step face
formed between the froﬁt flat surface 100 and the surface 112
and between the front flat surface 100 _.and the surface 122 is
set at a specific dimension of, for instance, 0.1 to 1.0 um.
The height of the. steps constituting the step faces 111
and 121,'the size, shape and the like of the surfaces 112 and
122 continuous to the step faces 111 and 122 are selected as

appropriate to achieve the required flying characteristics at a

‘flying height of 25nm or less.

The front edge 133 of the first negative pressure
generating portion 130, must be closed as viewed from the airflow
directioh (a). In this case, the front edge 133 is typically
constituted as a step face 131. The height, shape and the like
of the step face 131 are selected as appropriate to achieve the
required flying characteristics at a flying height of 25nm or less.
More specifically, the height of the step 131 may be set at
approximately 2.5 um.

| The structures of the transducers 2 and 3 in the head
in this embodiment and its application in a read/write apparatus
are identical to those of the head of the first embodiment.

With the head structured as described above, when it is



pressure generating portions are each constituted of an indented portion
droppi ng down fromthe surfaces of the first and mwﬂmkﬂkﬁ cdAr essure
ati ng

portions rise up fromone of the surfaces of the i

generating portions. The fourth and fifth p05|t|ve+
desirable to formthe surfaces of the indented por

|hg the

second and third negative pressure genégatl ng portions so as to narrow

starting fromthe side of the | eading edge to the central

portion and so as

to widen startaduptedoin tdereadf waitep@pphratusowsitl the aveds of tHwe firgdi | i ng

and second positive pressure generating portions 110 and 120 set
at a specific size, the load capacity at the air inflow side
increases, even when an ultra low flying height of 25nm or less
is achieved, which results in an increase in the air lubricating
film stiffness. Consequently, a flying state with a low pitch angle
is maintained in a stable manner, thereby improving the following
stability of the head relative to the disk —like medium surface
motion. Thus, even When the flying height- is reduced to 25nm
or less, contact between the head and the disk — like medium
surface at the trailing edge TR of the slider where the flying
height is at its minimum can be prevented.

Since the first and second positive pressure generating
portions 110 and 120 have essentially the same height and are
provided at the two sides in the widthwise direction Y separated
by a distance, stabilization in the roll angle is achieved as well.

Moreover, with the new air bearing surface structure
described above, the pitch angle can be set at 3 X 10 (rad) or
smaller, and contact between the trailing edge TR of the slider
1 and the disk ~like medium can be prevented even at a flying
height of 25nm or less, |

Furthermore, each of the mentioned surfaces can be
formed through integrated machining by employing a high
accuracy pattern forming technology such as dry etching on the
surface of the slider 1 that faces opposite the medium.

Thus, according to the present invention, a smaller and

thinner head that is extremely effective for achieving a higher



edge. Wth this structure, the roll characteristics are i-paproved. 14 In
the enbodi nent including the fourth and fifth positive pressure generating

portions and the second and third negative pré H "T’f’g‘_ porti ons,
m ) bove may be
rovi ded toward

the third positive pressure generating porti
writing density and an increase in the storage capacity and

i ncluded. The third positive pressure generati

t he
40

demonstrates outstanding mass productivity is provided.

As has already been explained in reference to FIG. 17,
when the slider 1 is miniaturized, while the air lubricating film
stiffness is reduced, the following stability relative to parallel
oscillations of the disk —like medium does not deteriorate since
the slider mass is reduced. |

In addition, since the air bearing contour is formed
symmetrically relative to the central axis of the slider 1 in the
lengthwise direction X and the air bearing surfaces can be formed
through integrated machining employing a micro — fabrication
technology - such as dry etching without having to perform
mechanical machining, the dimeﬁsional management in mass
production is facilitated, thereby achieving a high degree of mass
productivity.

In this embodiment, too, the characteristics are realized
that achieve:
flying height gl: 8 to 12nm
1.0 X 10 (rad) < pitch angle < 1.8x 10 (rad)

Next. in reference to measured data, advantages that are
achieved by the read/write apparatus employing the head
according to the present invention are explained. The
specifications of the head 6, the head suspension 5 and the disk
—like medium 4 are the same as those in the head illustrated
in FIGS. 1 to 5 and are as given below.

(slider 1)
R length : 0.8mm



trailing edge and has an edge at one end |ocated toward the | eadi ng edge
and rises up fromthe base surface of the first negative pressure
generating portion in a step. The transducer will be nounted at the center
of the third positive pressure generating portion. This structure, when
adopted in a read/ wite apparatus, achieves the flying characteristics that
wll be less influenced by fluctuations in %he_ roll angle over the entire
surface of the disk - like nmedium The first and second positive pressure
generating portions may be oriented in the widthw se direction of the
slider assuming width: 0.6mm

height : 0.3mm

weight : 0.6mg

(head suspension 5)

load force: 1.0gf

spring rate: 1.8gf/mm-

load point: central area of the slider 1 Sheet Has Been Replaced. |
cucmmamo
disk diameter : 2.5 inches
disk rotational speed : 7200 rpm |

FIG. 26 presents data that illustrate the relatiénship
between the normalized slider length and the normalized pressure.
The normalized slider length which is represented by the
horizontal axis is expressed as the ratio (x/ L) of the position
x taken in the lengthwise direction from the leading edge LE
and the entire length L of the slider 1. The normalized pressure
represented by the vertical axis is determined by using a formula
(P/Pa—1) with P being the pressure appliéd to the slider 1
and Pa being the atmospheric pressure. The curve L9 represents
the pressure distribution achieved at a position distanced by v
= 0.3mm from one end edge of the slider 1 in the widthwise
direction Y, whereas the curve L10 represents the pressure
distribution achieved at a position distanced by y = 0.lmm and
the curve L1l represents the pressure distribution measured at
a position distanced by y = 0.06mm.

FIG. 27 presents computer simulated data that three

- dimensionally indicate the relationship between the normalized




a structure in which the first and second positive pressure generating
portions are continuous to forma single flat surface being an air bearing
surface. In this case, since the |oad capacity at the side of the |eading
edge becomes further increased to increase, air lubricating filmstiffness,
a small pitch angle is maintained in a stable manner at a very low flying
hei ght of 25nmor less and the follow #g stability of the head are al so

i nproved. The first and second positive pressure generating portions my be

provi ded ext engideg tepdhdahbe the ahdrmalifsprebsireeshbwiiein FIG. 26.

- In the head in this embodiment, the front flat surface
100 starts at the leading edge LE and continues on to an
intermediate point along the lengthwise direct_ion X that mafches
the sirflow direction (a) The first and second positive pressure
generating portions 110 and 120 have essentially the same height
and are provided separated from each other over a distance from
each other at the two sides in the widthwise direction Y which
is perpendicular to the lengthwise direction X, with their edges
toward the leading edge LE constituting step faces 111 and 121
that rise up from the front flat surface 100. Consequently, as
FIGS. 26 and 27 clearly demonstrate, when the disk — like medium
4 is caused to rotate, a positive lift dynamic pressure is generated
by the front flat surface 100, positive lift dynamic pressures are
generated by the step faces 111 and 121 and a negative pressure
is generated by the first hegative pressure genera_ting portion
130, along the airﬂbw direction  (a). The st'ructufe of the air
bearing surface that _achieves such pressure distribution is new.,
and contact with the disk —like medium can be ﬁrevented even
at a flying height of 25nm or less. |

Moreover, since no narrowing is provided at the leading
edge LE, the pitch angle can be set small. In addition, since the
length of the slider 1 is small, the lift force can be kept small
to reduce the flying height, and at the same time, the change
in preséure distribution relative to the disk rotational speed and
changes in the airflow direction (a) can be reduced to maintain

the flying stability of the slider 1. T ——
This Sheet

| il



with the el ectromagnetic transducer nounted at least af e elther tthe first

positive pressure generating portion or the second eet;ﬁs E pressure
generating portion. The slider in the head accora‘i' ent

i nvention should preferably have a | ength of 1. 25 of 1.0nm or
| ess and should weigh 1.6ng or |ess.
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FIG, 28 presents data that illustrate the relationship
betweerl the position of the slider and the flying height. The
position of the slider is illustrated by both the radius of the
medium and the skew angle. An explanation of the skew angle
6 has already been given in reference to FIG. 9, FIG. 28 shows
the rotating radius of the disk —like medium 4 under the skew

| angle 6. As FIG. 28 illustrates, with the head having the new air
bearing surface structure described above, a very small flying
height gl of approximately 10nm is assured over a wide skew
angle range (- 4.3 to 13.25° ). Furthermore, a high degree of
flying stability against disturbance and vibration is achieved over
a wide skew angle range (—4.3 to 13.25° ).

FIG. 29 presents data that illustrate the relationship
between the position of the. slider and the pitch angle 8. The
position of the slider is illustrated by both the radius of the -
medium and the skew angle. As demonstrated in FIG. 29, with
the head having the new air bearing surface structure according
to the present invention, the pitch angle 8 can be set at 3x 10
(rad) or less, and contact between the' frailing edge TR of the
slider 1 and the disk — like medium 4 can be prevented even at
a flying height of 25nm or less.

FIG. 30 shows data with respect to the relationship
between the position of the slider and the flying height gl that
is achieved as the heights hl and h2 of the step facés 111 and
121 are varied. The position of the slider is illustrated by both
the radius of the medium and the skew angle. The curve L12

represents the characteristics achieved when the heights hl and



In addition, it is desirable to formthe surface of the slider—facing the

medi umin such a manner that it achieves symetry. | entr al
axis of the slider running through the |engthw se 'glﬁiﬁkét)‘lﬁsé félce(s%itructure
makes it possible to formthe air bearing steps thr(mnmﬂmwu

machi ning by enploying a mcro fabrication nmethod su I ng

w t hout having to perform nechanical machining, thereby facilitating

di mensi onal managenent in mass producti om machi ni ng and i nprovi ng nmass
productivity. The boundaries between the surfaces of the first, second,

h2 are set at 0.6 um whereas the curve L13 represents the
characteristics achieved when the .héiéhts hl and hZ are set at
0.8 . m. The data indicate that by controlling the heights hl and
h2 of the step faces .111 and 121, the flying height gl can be
controlled. When the heights hl and h2 are smaller than 0.6 z

~m, it becomes difficult to keep the flying height gl at 20nm or
less. As the heights hl and h2 increase, the flying height gl
becomes reduced. However, when they exceed 1.0 4 m, the trailing
edge TR -tends to come m contact with the disk —like medium
4 more readily. | '

FIG. 31 illustrates the relationship between the position
of the slider and the pitch angle 8 that is achie{red as the heights
hl and h2 of the step faces 11-1 and 121 are varied. The position -
of the slider is illustrated bs.r. .both the radius of the medium
and the skew angle, The curve L14 represents the characteristics
achieved when the heights hl and h2 are set at 0.6 4 m whereas
the curve L15 represents the g:haracteristics achieved when the
‘heights hl and h2 are set at 0.8 zm. The data indicate that by
controlling the heights hl and h2 of the step faces 111 and 121,
the pitch angle 8 can be controlled. When the heights hl and
hZ are smaller than 0.6 xm, it becomes difficult to keep the pitch
angle 8 at 3x 10 (rad) or less in a range over which the skew
angle 8 is large (for instance, at 13.25° ). When the heights hl
and h2 are larger than 0.8 um, the pitch angle 8 becomes equal
to or less than 1 X 10 (rad) in the range over which the skew
angle @ is small (for instance, at 0° ), thereby increasing the

risk of contact occurring at the leading edge. and when the



fourth and fifth positive pressure generating portions and the surfaces of
the indented portions should be fornmed as a step with theTld£$HehI-E§Be@nReplaced

[err]mor nmore. In addition, the end edges that define the

of the first, second, fourth and fifth positive pressure g

portions and the indented portions are straight lines, cur |nes or
conbi nation thereof. BRI EF DESCRI PTI ON ¢ THE DRAW NGS More specific
features and advant ages of the present invention are explained in further
detail in refehelglets hlt hndriedv exgeedwies e ,ncontact results.

To sum up the information presented in FIGS. 30 and 31,
it is desirable to set the heights hl and h2 of the step faces
111 and 121 within the range of 0.6 to 1.0 zm.

The present invention is not limited to the specific
examples given above. For instance, in FIG. 21, a third positive
pressure generating portion may be provided at an approximately
central portion of the trailing edge TR of the slider 1, as shown
in FIGS. 1 to 5, to accommodate the transducers 2 and 3.

Referring to FIGS. 32 and 33 which show a fourth
emboediment, the surface facing a medium is provided with a front
flat surface 100, a first n‘egétive pressure -geniarating portiori 130,
a first positive pressure generating portion 110, a third 'positive
pressure generating portion 140, a fourth positive pressure
generating portion 150, a fifth positive pressure generating
portion 160, a second négative pressure generating portion 170
and a third negative pressure generating portion 180. The first
positive pressure generating portion 110 is provided in an area
that is toward the leading edge LE from the center of the
lengthwise direction X that matches the airflow direction (a).
The second and third negative pressure generating portions 170
and 180 are provided at positions separated from each other over
a distance in the widthwise direction Y running perpendicular
to the lengthwise direction X at the rear of the first positive
pressure generating portion 110 viewed in the airflow direction
(a).

The fourth positive pressure generating portion 150 is



T
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FIG 1l illustrates a perspective of a first enbodjfrr%ag}.gtuﬁﬂ Rﬁﬁeﬁ
‘f- € .

according to the presentinventi on. 16 FIG 2 an vi ew of
the head in FIG 1 viewed fromthe side where the s

t he nmedi um
is located. FIG 3 illustrates a front view of the shown in FI G
: 46

located behind the second negative pressure generating 170 and
the fifth positive pressure generating portion 160 is located
behind the second negative pressure generating 180 over a
distance in the widthwise direction Y. The first negative pressure
generating portion 130 is provided inside an area enclosed by
the first positive pressure generating portion 110, the second and
third negative pressure generating portions 170 and 180 and the
fourth and fifth positive pressure generating portjons 150 and
160. | |

In this fourth embodiment, the first and second positive
pressure generating portions are oriented to cross the slider 1
in the widthwise direction Y and are provided continuous in the
widthwise 'direction Y: to constitute a single positive pressure
generating portion 110. The first positive pressure generating
portion 110 is provided with an step face 111. The fourth and
fifth positive pressure generating portions 150 and 160 are
provided with step faces_' 151 and 161 respectively, The first
positive pressure generating portion 110, the second a_.nd third
negative pressure generating portions 170 and 180, the fourth and
fifth positive pressure generating portions 150 and 160 and the
first negative pressure generating portion 130 are positioned
symmetrically relative to the central axis in the lengthwise
direction X.

The level differences of h4 and hS (= h4) of the steps
constituting the step faces 111, 151 and 161 and the sizes and
shapes of the step portions are selected as approériate to achieve

the required flying characteristics at a flying height of 25am



2. FIG 4 illustrates a side elevation of the head shﬂvﬂln FIG 2. FIG 5

Illustrates a cross section along line 5- 5in FIG %m’l pedt es
he
tic

an enl arged cross section of the head shown in FIGS. 1
or less. To be more specific. the level difference h4 and h5 at

el ectromagnetic transducers are provided. FIG 7 illus

read/wite apparatus according to the present invention.
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the step faces 111, 151 and 161 are set within a range &6f 0.3
to 1.0 zm. .

At the second and third negative pressure generating
portions 170 and 180 and the first negative pressure generating
portioﬁ 130, the front edge viewed in the airflow direction (a)
are closed by a step 113 dropping off from the first positive
pressure generating portion 110, |

Forming the first positive pressure generating portion 110,

+  the second and third negative pressure generating portions 170
and 180, the fourth and fifth positive iaressure generating portions
150 and 160 and the first negative pressure generating portion
130 as steps ‘achieves advan_tag‘és-- in that the required following
stability described above are achieved and in that they can be
formed through integrated machining by employing a high

- accuracy pattern forming technology -such as dry etching.

The first positive pressure generating portion 110 is
positioned in the widthwise direction Y toward the leading edge
LE from the center of the slider 1 in the lengthwise direction
X, |

The second and third negative pressure generating
pbrtions 170 and 180 drop off from the surface 112 of the first
positive pressure generating portion 110 in a step having a level
difference hS5. In the fourth embodiment, the surfaces 172 and 182
are formed so as to narrow starting from the side of the leading
edge LE toward the central portion and so as to widen starting

from the central portion toward the the side of the trailing edge



FIG 8 illustrates a side elevation of the magnetic head device adopted in

the magnetic read/ wite apparatus shown in Fl G This Shedt Bas e Rd rates the
operation of the magnetic read/ wite apparatus . FIG 10
illustrates a nodel of the magnetic read/wite a [in FIG 7.
FIG 11 shows data with respect to the relationship betwe normal i zed

slider length and the nornmalized pressure in the nagnetic read/wite
appar atus enpl oyi ng the head 43

TR, between the surface 112 of the first positive pressure
generating portion 110 and the surface 152 of the second step
portion 150 and between the surface 112 of the first positive
pressure generating portion 110 and the surface 162 of the third
step portion 160. |
- The surface 152 of the fourth positive pressure generating
portion 150 and the surface 162 of the fifth positive pressure
generating portion 160 rise up in a step from the surfaces 172
and 182 respectively having a level difference hS and are
separated. from each other over a distance in the widthwise
direction Y toward the trailing edge TR from the center of the
slider 1 in the lengthwise direction X
' The first negative pressure generating portion 130 is
provided lower than the surfaces 172 and 182 of the indented
portions. constituting the second and third negative pressure
generating portions 170 and 180
The surface of the first negative pressure generating
portion 130 is enclosed b? ‘the surfaces 112, 152 and 162 and
172 and 182 in its periphery except at the side of the trailing
~edge TR. The level difference between the surface of the first
negative pressure generating portion 130 and the surfaces 112,
152 and 162 is approximately | to 5z m. The surface of the first
negative pressure generating portion 130 is to constitute a base
surface and all other surfaces are formed on the first negative
pressure generating portion 130. In addition, areas that constitute
flat surfaces having the same height as the surface of the first

negative pressure generating portion 130 are focrmed at the two -



|IIustrated|n FIGS. 1to 5 FIG 12 showsthree- ional data with

respect to the relationship between the norrmh’Zed sI| LaRep®fth and the
17 nornalized pressure in the magnetic read / 43&\@6‘ enpl oyi ng the
head illustrated in FIGS. 1 to 5. FIG 13 shovvs ect to the

relationship
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sides of the slider 1 in its widthwise direction Y, and steps
formed between the surface 172 and the surface 112 of the first
positive pressure generating portion 110 and between the surface
182 and the surface 112 of the first positive pressure generating
portion 110 function as transverse pressurization air bearing
steps. '

Furthermore, the fourth embodiment includes a surface
142 of the third positive pressure geperating portion 140. The
third positive pressure generating portion 140 is provided at
approximately the center of the slider 1 in the widthwise
direction Y toward the trailing edge TR of the slider 1, rising
up in- a step from the base surface of the first negative pressure
generating portion 130 bv' é level difference. Its rising front edge
constitutes a step face 141. The surface 142 of the third positive
pressure generating portion 140 has essentially the same height
as the surface 112 of the first positive pressure generating
portion 110, the surface 152 of the fourth positive pressure
generating portion 150 and the surface 162 of the fifth positive
pressure generating portion 160. The electromagnetic transducers
2 and 3 are mounted at the cenfer of the third positive pressure
genefatin‘g portion 140 at the trailing edge TR.

In this fourth embodiment, a front flat surface 100 is
provided between the leading edge of the slider 1 and the surface
112 of the first positive pressure generating portion 110. The
front flat surface 100 rises 1.'113 in a step from first negative
pressure generating portion 130 by a level difference hS6, to

~ constitute a flat surface having the same height as that of the



bet ween the position of the slider and the flying height in the nagnetic
read/ wite apparatus enploying the head illustrated i A" FIr'GS—%-to.5. FI G
14 shows data with respect to the rel ati onship bet V\Eﬂﬂsﬂe&%ajsi’silt{i on of the

slider and the pitch angle in the nagnetic read/wit yi ng
the head illustrated in FIGS. 1 to. 5. FIG 15 shows m

ct to
the relationship between the position of the slider _ hei ght
achi eved as the heights of the step fac® in the head are varied in the

negative pressure generating portions 170 and 180. It is desirable
to formr the front flat surface 100 so that it narrows from the
surface 112 of the first positive pressure geherating portion 110
toward the leading edge LE.

The end edges defining the flat surface of each of the
surfaces 100, 112, 130, 142, 152, 162, 172 and 182 may be straight
lines, curved lines or a combination thereof.

Next, in reference to measured data, advantages that are
achieved by the read,/write apparatus employirig the head
according to the present invention are explained. The
specifications of the head 6, the head supporting mechanism 5

and the disk — like medium 4 are as follows,

(slider 1)
length : 1.25mm
width : 1.0mm

height : 0.3mm
weight : 1.6mg
(head sﬁpporting mechanism .5)
load force: 0.5gf
Joad point: offset d = 100 zm
(disk — like medium 4)
disk rotational speed : 7200 rpm
disk diameter: 2.5 inches
FIG. 34 presents computer simulation data which three ~
dimensionally illustrate the relationship between the normalized
slider length, width and pressure achieved by the head in the

fourth embodiment, and FIG. 35 presents data illustrating the



magneti c read/wite apparatus enploying the head illustrated in FIGS. 1to
5. FIG 16 shows data with respect to the rel ati onship-between_the position

of the slider and the pitch angle achieved as thelmgghhhii of the step faces

in the head are varied in the magnetic read/wite a ¢dng t he
head illustrated in FIGS. 1to 5 FIG 17 shous dat ﬂWﬁto t he
flying height fluctuation due to the parallel notio e of the
disk -like mediumin the nmagnetic read/wWite apparatus enploying
relationship between the normalized slider length and the
normalized pressure. The normalized slider length which is
represented by the horizontal axis is expressed as the ratio (x
/L) of the position x taken in the lengthwise direction X from
the leading edge LE and the entire length L of the slider 1I.
The normalized slider width is- expressed as the ratio (y./L)
of the position y taken in the widthwise direction Y and the
entire length L of the slider 1. The normalized pressure
represented by the vertical axis is determined by using a formula
(P—Pa) /Pa with P being the pressure applied to the slider 1
and Pa being the atmospheric pressure. The curve L12 represents
the pressure distribution characteristics achieved at a x.Josition
with the normalized width (y/L) at 0.5 (almost at the center
in the widthwise direction), whereas the curve L1l represents the
pressure distribution achieved at a positioﬁ with the normalized
width (y/L) at 0.08.
In the head in the fourth embodiment, the surface facing
a medium is provided with a first bosiﬁve pressure generating
portion 110, first negative pressure generating portion 130, fourth
and fifth positive pressure generating portions 150 and 160. The
first positive pressure generating portion 110 is provided in an
area that is toward the leading edge LE from the center in the
lengthwise direction X that matches the airflow direction (a).
There are two negative pressure generating portions 170 and 180
which are separated from each other over a distance in the
widthwise direction Y running perpendicular to the lengthwise

direction X to the rear of the first positive pressure generéting



the head illustrated in FIGS. 1 to 5. FIG 18 illustrates a perspective of
i nvention. FIG 19

a second enbodi nent of the head according to the present
illustrates a plan view of the head
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portion 110 viewed in the airflow direction (a).

in FIG 18 18 vihisghekt Hesdgent
where the surface facing the nmediumis | ocat ed. “IIII

iTlgllnglrl "’

Fourth and fifth positive pressure generating portions 150

and 160 are provided at positions distanced from each other in

the widthwise direction Y at the rear of the two negative

pressure generating portions 170 and 180 respectively.

As a result, as is obvious from FIGS, 34 and 35, when

the disk 4 is caused to rotate, the first lift dynamic pressure

is generated by the first positive pressure generating portion 110

at approximately the center in the widthwise direction Y of the

head 6 along the airflow direction (@) (see the curve L12).

At the two ends of the head 6 in its widthwise direction

Y, second lift dynamic pressures are generated by the fourth and

fifth positive pressure generating pdrtions 150 and 160 at the

trailing edge TR, and negative pressures are generated by the

negative pressure generating portions 170 and 180 toward the

leading edge from the second lift dynamic pressures (see the

curve L11).

Moreover, in the area enclosed by the first positive

pressure generating portion 110, the fourth and fifth positive

pressure generating portions 150 and 160 and the negative

pressure generating portions 170 and 180, the negative pressure

is generated by the first negative pressure generating portion

130 (see the curve L12).

The structure that achieves such pressure distribution is

new and it constitutes a basis for preventing contact between

the head and the disk —like medium even at a flying distance

of 25nm or less.



FIG 20 shows three - dinmensional data with respECT“"To--t-he..J.je_l_it_i__gnshi p
between the normalized slider length and the nornafijggd pressure in the

magneti c read/ wite apparatus enploying the head | 3 'laceEI GS. 18
and 19. FIG 21 illustrates a perspective of a thi’/&l “‘ of the head
according to the present invention. FIG 22 illust’ 4 ] I ew of the
head in FIG 21 viewed fromthe side where the surface facing the nmediumis
located. FIG 23 illustrates a front vigw of the head shown in FIG

In addition, the structure in the fourth embodiment
includes a surface 142 of the third positive preséur'e generating
portion 140. The surface 142 of the third positive pressure
generating portion 140 has essentially the same height as the
surface 112 of the first positive pressure generating portion 110
and the surfaces 152 and 162 of the fourth and fifth positive
pressure generating portions 150 and 160 and generates a positive
1$ressure at approximately the center in the widthwise direction
Y of the head 6 (see the curve L12). Because of this positive
pressure, the 'air lubricating film stiffness is increased at the
trailing edge TR, thereby makmg it possible to even more reliably
prevent contact between the head and the disk —like medium at
a flying height of 25nm or: less. Since the transducers 2 and 3
ai'e mounted at the center of the trailing edge TR at the surface
142 of the third positive pressure generating portion 140, an
increase in the air lubricating film stiffness is achieved by the
third positive pressure generating portion 140 and the resulting
effect for preventing contact contﬁbutes to reliably protect the
transducers 2 and 3 from damage and destruction.

In the fourth embodiment, the front flat surface 100 is
provided between the leading edge LE and the surface 112 of
the first positive pressure generating portion 110 at the slider
1. The front flat surface 100 rises up in a step from the first
negative pressure generating portion 130 with a level difference
h6 to constitute a flat surface having the same height as that
of the step portions 170 and 180. Thus, the air lubricating fili'n

stiffness increases toward the leading edge LE. In particular, by



22. FIG 24 illustrates a side elevation of the head shownin ELG 22. FIG
25 illustrates a cross section along line 25 - 25 inq . FIG 26 shows
data with respect to the relationship between the norqﬁzﬁ‘ m ack2ngt h
and the normalized pressure in the magnetic read/ wit | oyi ng
the head illustrated in FIGS. 21 to 25. FIG 27 shows I onal
data with respect to 54
forming the front flat surface 100 so as to narrow from the
surface 112 of the first positive pressure generating portion 110
toward the leading edge LE, a sniéll pitch angle 8 can be realized
and flying characteristics with a reduction in fluctuations of the
pitch angle B can be achieved over the entire surface of the disk
— like medium, due to the air bearing effect achieved at the front
flat surface 100, when the structure is adopted in a read/write
apparatus.

" In addition, in the fourth embodiment, the negative
pressure generating portions 170 and 180 are formed so as to
narrow starting from side of the leading edge LE toward the
central portion and so as to widen starting from the central
portion toward the the side of the trailing edge TR. between the
surface 112 of the first positive pressure generating portion 110
and surfaces -152 and 162 of the fourth and fifth positive pressure
generating portions 150 and 160. With such a structure, the roll
characteristics are improved, Mdreo{rer, since the surface 112 of
the first positive pressure generating portion 110, the surface 152
of the fourth positive pressure generating portion 150 and the
surface 162 of the fifth positive pressure generating portion 160
are structured to have two — stage step faces toward the leading
edge in the airflow direction (a).

| FIG. 36 presents data illustrating the relationship between
the position of the slider and the flying height. The horizontal
axis represents' the rotating radius of the disk — like medium 4
which is in a correSponding relationship with the skew angle

6. The curve L21 represents characteristics achieved by.



the rel ati onship between the normalized slider 2% h and t he hormattzed

pressure in the nmagnetic read / wite apparatus e ash&nh o
illustrated in FIGS. 21 to 25. FIG 28 shows datavm %e
rel ati onshi p between the position of the slider and

t he

19 magnetic read/ wite apparatus enploying the hea
55

employing the head in the fourth embodiment according to the
present invention illustrated in FIGS. 32 and 33, whereas the
curve L22 represents characteristics achieved by employing a
regular positive pressure / negative pressure combined type head
(an example of the prior art) having two steps with the length
L. the width W and the thickness of the slider at 1.25mm, 1.0mm
and 0.3mm respectively. As shown in FIG. 36, when the head in
the example of the prior art is employed, the minimum value
of the flying height achieved within a skew angle range of —
4.3 to 18.25° is approximately 24nm and the flying height
ﬂuctuaté within a range;of .24nm to 29nm. In contrast, with the
head according to the present invention, a very small flying
height of approximately 22nm is assured over a wide skew angle
range of —4.3 to 13.25° . Moreover, only approximately lnm of
fluctuation in the flying height is obseﬁed over the skew angle
range of —4.3 to 13.25° and a _high deéree of flying stability
against disturbance and vibration is achieved.

FIG. 37 presents data illustrating the relationship .between
the position of the slider and the pitch angie B. The curve L31
represents the characteristics achieved by employing the head in
the fourth embodiment according to the present inverﬁtion;
whereas the curve L32 represents the characteristics achieved
when a regular positive pressure/negative pressure combined
type head having two steps (an example of the prior art) is
employed. As the curve L32 in FIG, 37 clearly indicates, the pitch
angle B8 fluctuates within a range of 0.9 x 10 (rad) to 1.7x10

(rad) over the skew angle range of —4.3 to 13.25° in the case

ght
at ed

in



in FIGS. 21 to 25. FIG 29 shows data with respect to the rel ationship
bet ween the position of the slider and the pitch angle-in-t-he-magnetic

read/ wite apparatus enploying the head illustrat echuj hFI . 21 to 25. FIG
30 shows data with respect to the rel ationship bet Repl P\d__'of t he
slider and the flying height achieved as the hei ght 1 il aces in

i

the head are varied in the magnetic ré@d/ wite appar t he head
illustrated in FIGS. 21 to 25. '

of the prior art example.

~In contrast, with the head according to the present
invention, as the curve L3l clearly indicates, the pitch angle 8
remains at or smaller than 1.5 X 10 (rad) demonstrating near
stability over a wide skew .angle range of —4.3 to 13.26% .
Furthermore, as FIGS. 32 and 33 clearly show, no taper is
provided at the leading edge LE in the head according to the
present invention, and this minimizes the pitch angle 8.

Thus, by employing the head in the fourth embodiment
according to the present invention, a high degfee of stable air
lubricating film stiffness can be achieved over the entire seek
area of the disk ~ like medium 4, thereby making it possible to
prevent contact between the trailing edge TR of the slider 1 and
the disk — like médium 4 even at a flying height of 25nm or
less,

FIG. 38 shows data with respect to the relationship
between the disk rotationél speed (rpm) of the disk —~ like
medium and the flying height. In_- FIG. 38, the horizontal axis
represents the disk rotational speed (rpm) of the disk — like
medium and the vertical axis repre_sénts the flying height (nm).
The curve L4l represents fhe characteristics achieved by
employing the head in the fourth embodiment according to the
present invention shown in FIGS. 32 and 33, whereas the curve
L42 indicates the characteristics achieved when a conventional
positive pressure/negative pressure combined type head having
two steps (an example of the prior art) is uséd. The skew angle

@ is approximately 0° .



FIG 31 shows data with respect to the relationship eéhvvq éeke\g tlon of
the slider and the pitch angle achieved as the helgﬁ aces in
the head are varied in the magnetic read/wite appar% W %lthe head
illustrated in FIGS. 21 to 25. FIG 32 illustrates a

fourth enbodi ment of the head accordi ng_ to the present I nvention. FIG 33
illustrates a plan view of the head i nFIG 32 viewed fromthe side where
the surface facing the nmediumis | ocated.

FIG. 38 indicates that when the head in the example of

- the prior art is employed, the flying height keeps increasing as
the disk rotational speed of the disk —like medium increaées. as
indicated by the curve L42. The flying height is inclined to
continue increasing even as the disk rotational speed of the disk
~ like medium increases through 10,000 rpm.

In contrast, when the head in the fourth embodiment
according to the presezit invention is used, the flying height
becomes more stable as the disk rotational speed of the disk —
like medium increases. The data in FIG. 38 indicate that when
the disk rotational speed of the disk — like medium exceeds
approximately 6000 rpm, the flying height becomes stable at
approximately 24nm. Thus, the head according to the present
invention demonstrates takeoff characteristics whereby the flying
height becomes stabilized earlier to enter constant operating state,

Referring to FIGS. 39 and 40 which show the fifth
embodiment, the head - accoi'ding to the present invention
comprises a slider 1 and transducers 2 and 3. The transducers
2 and 3 constitute two elements, i.e. a writing element and a
reading elem_ent. The surface facing a medium is provided with
two separate positive pressure génerating portions 110 and 120
at the middle portion of the slider 1 in the widthwise direction
Y. The first positive pressure generating portion 110 is provided
with a step face 111 and a surface 112, whereas the second
positive pressure generating portion 120 is provided with a step

face 121 and a suriace 122. Other structural features are identical

to those of the head illustrated in the fourth embodiment (see



FIG 34 shows conputer sinulation data that three - dinensionally
illustrate the rel ationship between the normalized slider—tength-and the

normal i zed slider width, and the normalized pressure;a_.f:hklli ved by enpl oyi ng
the head in the read/wite apparatus shown in FIGS. 7 anﬁtlﬁﬁﬂi“mh ows

data with respect to the relationship 20 ’ I
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FIG. 41 presents computer simulation data that three —

FIGS. 32 and 33).

dimensionally illustrate the relationship between the normalized
slider length (xL) and the normalized width (y./L), and the
normalized pressure achieved when the head is employed, and
FIG. 42 presents data illustrafing the relationship between the
normalized slider length (x,/L) and the normalized pressure
achieved when the head is employed. The various conditions for
driving the head 6, the head supporting mechanism 5 and the
disk — like medium 4 are as has been explained earlier. The
normalized slider length (x,/L) represented by the horizontal
axis and the normalized pressure (P - Pa) /Pa represented by
the vertical axis are as has already been explained in reference
to FIG. 35. The curve L51 represents the pressure distribution
characteristics at a position expressed as the normalized width
(y/L) = 05 from one end edge of the slider 1 in the widthwise
dire&ion Y (approximately the center in the widthwise direction),
and the curve L52 represents the pressure distribution achieved
at a position expressed as the normalized width (y/L) = 10.075.
The pressure distribution illustrated in FIGS. 41 and 42
differ from the pressure distribution shown in FIGS. 34 and 35
in that, since the area between the first and second positive
pressure generating portions 110 and 120 is constituted of a front
flat surface 100, no marked positive pressure is generated at the
central portion of the slider 1 toward the air inflow side (see
the curve L51). Instead, large positive pressures are generated

by the first and second positive pressure generating portions 110



e

JE—

bet ween the nornalized slider Iength and the nornalized pressure achigved
by enploying the head in the first enbodi nent in the Thie8g - r-at us
shown in FIGS. 7 and 8. FIG 36 shows data with respec ﬁ‘ml onship
bet ween the position of the slider and the flying heig t he
read/ wite apparatus enploying the head showmn in FIG 32. FIG 37 shows

data with respect to the relationship ¥t ween t he position of the slider

and the pitch angle achieved in the read/wite apparatus enploying the head

shown in FIG and 120 at the two sides in the widthwise direction Y of the
slider 1 (see the curve L52).

As FIGS. 41 and 42 clearly indicate, when the disk — like
medium 4 is caused to rdtate. first lift dynamic¢ pressures are
generated by the first and second positive pressure generating
portions 110 and 120 at the two sides in the widthwise direction
Y of the head 6 along the airflow direction (a) (see the curve

 L52), second lift dynamic pressures are generated by the fourth
and fifth positive pressure generating portions 150 and 160
toward the trailing edge TR and negative pressures are generated
by the second and third negative pressure generating portions
170 and 180 toward the air inflow side from the second lift
dynamic pressures (see the cuﬁe L52). In addition, within an
area enclosed by the first and second po_sitive pressure generating
portions 110 and 120, the fourth and fifth positive pressure
generating portions 150 and 160 and the second and third
negative pressure gerierating portions 170 and 180, a2 negative
pressure is generated by the first negative pressure generating
portion 130 (see the curve L51). The structure that achieves such
pressure distribution is new, and it constitutes a basis for
preventing contact between the head and the disk ~ like medium

| even at a flying height of 25nm or less.

Moreover, since the surface 142 of the third positive
pressure generating portion 140 is provided toward the trailing
edge TR, a positive pressure is generated at approximately the
center of the head 6 in the widthwise direction Y (see the curve

L51). This increases the air lubricating film stiffness at the



ween the

rotational speed of the disk - |ike nedium (rpm 'a'ﬂistsﬁé%tlflds)@e epladed 1yt
achieved in the read/wite apparatus enploying the hegg |G 32.
FIG 39 illustrates a perspective of a fifth enbodi WM‘\EM“

according to the present invention. FIG 40 illustrat® n view of the

head in FIG 39 viewed from side whergythe surface facing the mediumis
| ocated. FIG 41 shows conputer sinulation data that three -

trailing edge TR, thereby preventing contact between the head
and the disk — like medium at a flying height of 25nm or less
even more reliably. Since the transducers 2 and 3 are mounted
at the center of the surface 142 of the third positive pressure
generating portion 140 at the trailing edge TR, the increase in
the air lubricating film stiffness achieved and the resulting
effective prevention of contact reliably protect the transducers
2 and 3 from damage and destruction,

In addition, the front flat surface 100 is provided toward
the leading edge LE which rises up in a step from the first
negative pressure generating portion 130 with the level difference
to constitute a flat surface having the. same height as that of
the negative pressure. generating portions: 170 and 180. Thus, the
air lubricating film stiffness increases toward the leading edge
LE. Since the front flat surface 100 is formed so as to narrow
from the surfaces 112 and 122 of the first and second positive
pressure generating portions 110 and 120 respectively toward the
leading edge LE, a small pitch angle 8 can be realized and flying

_ characteristics with a reduction in fluctuations of the pitch angle
B can be achieved over the entire surface of the disk — like
medium, due to the air bearing effect achieved through the front
flat surface 100, when the structure is adopted in a read/write
apparatus.

Furthermore, the negative pressure geﬁerating portions
170 and 180 are formed so as to narrow starting from the side
of the leading edge LE tbward the central portion and so as to

widen starting from the central portion toward the side of the



dimensionally illustrate the relationship between the normalized slider
| ength and the nornalized slider width, and the nornmalH zed-pt-essure——
achi eved by enploying the head shown in FIG 39 in t et

J&a vvré e_appar atus
shown in FIGS. 7 and 8. FIG 42 shows data with respe nshi p
between the nornmalized slider Iength and the nornalize I mrﬂmﬁﬁ eved
by enpl oying the head shown in FIG 39 in the read
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_.t'railing edge TR, between the surfaces 112 and 122 of the first
and second positive pressure generating portions 110 and 120 and
the surfaces 152 and 162 of the fourth and fifth positive pressure
generating portions 150 and 160. With such a structure, the roll
characteristics are improved. Mor,eover. the surface 112 of the first
positive pressure generating portion 110, the surface 122 of the
first positive pressure generating portion 120, the surface 152 of
the fourth positive pressure generating portion and the surface
162 of the {fifth positive pressure generating portion are
structured. to have two — stage step faces toward the airflow
direction (a).

Referring to FIGS. 43 and 44 which show the sixth
embodiment, the head: according to- the present invention
comprises a slider 1 and transducers 2 and 3 The transducers
2 and 3 constitute two elements, i.e. a2 writing element. and a
reading element. In the head in this example, the surface 152 of
the fourth positive pressure generating portion 150 and the
surface 162 of the fifth positive pressure genéraﬁng bortion 160
are provided extending to the trailing edge TR of the slider 1,
with the transducers 2 and 3 mounted at least at either the
surface 152 of the fourth positive pressure generating pQrtion
150 or the surface 162 of the fifth positive pressure generating
portion 160.

The structures of the transducers 2 and 3 in the head
in the sixth embodiment and its application to a read/write
apparatus are the same as those of the head illustrated in the

fourth embodiment (see FIGS. 32 and 33).




perspective of a sixth enbodi ment of t he head according to the ﬁie%géat

invention. FIG 44 illustrates a plan view of the heaMsﬁnd ewed
fromside where the surface facing the nediumis Iocat

conmputer sinulation data that three - dinensionally i

rel ati onship between the normalized slider |ength and t e nornallzed sli der
wi dth, and the normalized pressure a8i eved by enpl oyi ng the head shown in

FIG 43 in .

Next, in reference to measured data, advantages that are
achieved by a read/write apparatus employing the head in the
sixth embodiment illustrated in FIGS, 43 and 44 are explained.
The specifications of the head 6, the head supporting_ mechanism
5 and the disk — like medium 4 are as follows,

(slider 1)

length L: 1.25mm

width W: 1.0mm

thickness : 0.3mm
 weight : 1.6mg

(head supporting mechanism 5)
load force: 0.5gf

load point Pl: offset d = 100 um -
(disk — like medium 4)

disk rotational speed: 7200 rpm' '

FIG. 45 presents computer simulation data that three -
dimensionally illustrate the relationship between the normalized
slider length (x/L) ahd the normalized width (yv./L). and the
normalized pressure when the head is employed. and FIG. 46
presents data illustrating the relationship between the normalized
slider length (x,/L) and the normalized pressure when the head
is employed. The normalized slider length (x/L) represented by
the horizontal axis and the normalized pressure (P —~Pa) /Pa
represented by the vertical axis are. as has already been explained

~in reference to FIG. 35. In FIGL 46, the curve L6] represents the
pressure distribution at a position expressed as the normalized

. width (v/ L) = 0.5 from one end edge o_f .the slider 1 in the




the read/wite apparatus shown in FIGS. 7 and 8. FIG 46 shews—data with
respect to the relationship between the normalized slider

| engthgrd .t he
normal i zed pressure achi eved by enploying the head s in the
read /wite apparatus shown in FIGS. 7 and 8. FIL.G 4 ﬁm%ﬁw
perspective of a seventh enbodi nent of the head acco . W3 esent
invention. FIG 48 illustrates a plan view of the head in FIG 47 viewed

from si de where the surface facing thé3nediumis located. FIG 49 shows
conputer sinulation data that three -

widthwise direction Y (approximately the center in the widthwise
direction), and the curve L62 represents the‘pféssure distribution
‘achieved at a position expressed as the normalized width (v/
L) = 0.08. |

The pressure distribution shown in FIGS. 45 and 46 differ
from the pressure distribution illustrated in FIGS. 41 and 42 in
that since the surface 152 of the fourth positive pressure
generating portion 150 and the surface 162 of the fifth positive
pressure generating portion 160 are provided extending to the
trailing edge TR of the slider 1 at the leading edge LE, the
positive pressures generated by the surface 152 of the fourth
positive pressure generating portion 150 and the surface 162 of

! the fifth positive pressure generating portion 160 continue on
to the trailing edge TR (see the curve L62) and that since there
is no third positive pressure genérating portion surface at the
trailing edge TR, no positive pressure that is attributable to a
third positive pressure generating portion is generated at
approximate_ly the central portion of thé head 6 in the widthwise
direction Y (see the curve L61).

As FIGS. 45 and 46 clearly indicate, when the disk — like
medium 4 is caused to rotate, first lift dynamic pressures are
generated by the first and second positive pressure generating
portions 110 and 120 at the two sides in the widthwise direction
Y of the head 6 along the airflow direction (a) (see the curve
162), second lift dynamic press\ires are generated by the fourth
and fifth posi‘ﬁive pressure generating portions 150 and 160

-toward the trailing edge TR and negative pressures are generated



dimensional ly illustrate the rel ationship between the normallzed S|I

| ength and the nornalized slider wdth, and the nornaliz Iiaced
achi eved by enploying the head shown in FIG 47 in the re tus
h| p

shown in FIGS. 7 and 8. FIG 50 shows data with respect t
bet ween the normalized slider 1ength andsghe normalized pressure ach| eved
by enpl oying the head shown in FIG 47 in the read /wite apparatus shown

in FIGS. 7 and 8by the second and third negative pressure generatin_g portions
170 and 180 further toward the air inflow side from the second
lift dynamic pressures (see the curve L 62). In addition, within
an area enclosed by the first and second positive pressure
generating portions 110 and 120, the fourth and fifth positive
pressure generating portions 150 and 160 and the second and
third negative pressure generéting portions 170 and 180, a
negative pressure is generated by the first negative pressure
generating portion 130 (see the curve L61). The structure that
achieves such pfessure distribution is new, and it constitutes a
basis for preventing contact between the head and the disk —like
medium even at a flying height of 25nm or less.

While there is no portior_l_ that generates a positive
pressure at approximately the central pprtion‘ of the head in the
widthwise direction Y at the trailing edge TR, since the surface
152 of thé fourth positive pressure generating portion 150 and
the surface 162. of the fifth positive pressure generating portion
160 are provided extending to the trailing edge TR of the slider
1 at the two sides in the widthwise direction Y of the head 6,
large positive pressures that continue on to the trailing edge TR
are achieved by the surface 152 of the fourth positive pressure
generating portion 150 and the surface 162 of the fifth positive
pressure generating portion 160 (see the curve L62), thereby
realizing an increase in the air lubricating film stiffness and
resulting effective prevention of contact to reliably protect the
transducers 2 and 3 provided at least at eithér the surface 152

of the fourth positive pressure generating portion 150 or the
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22 FIG 51 shows data with respect to the rel atio hlg between ‘the

position of the slider and the flying height achie Repladed t'e
appar atus enpl oyi ng the heads shown in FIGS. 39, 4 I[@ 52 'shows

data with respect to the relationship between t he sl i der

and the pitch angle achieved in a read/gsrite apparat tjs enpl oy| ng the heads
shown in FIGS. 39, 43 and 47.

surface 162 of the fifth positive pressure generating portion 160
from damage and destruction.

The front flat surface 100 is provided toward the leading
edge LE. The -advantages achieved by this front flat surface 100
are that a small pitch angle B8 is realized and that flying
characteristics with a reduction in fluctuation in the pitch angle
B are achieved over the entire surface of the disk —like medium,
-as has been explained earlier.

Furthermore, the negative pressure 'generating portions
170 and 180 are formed so as to narrow starting from the side
of the leading edge LE toward the central portion between the
surface 112 of the first positive pressure generating portion .110
and the surface 152 of the fourth positive pressure generating
portion 150 and between the surfece 112 of the first positive
pressure generating portion ;10' and the surface 162 of the fifth
positive pressure generating portion 160. The advantages achieved
by this structure, too, have already been explained.

Referring to FIGS. 47 and 48 which shovf the seventh
embodiment, the head according to the present invention
comprises a slider 1 and transducers 2 and 3. The transducers
2 and 3 constitute two elements, i.e. a read /write element. In
the head according to the present invention, the first and second
positive pressure generating portions are oriented to cross the
slider 1 in the widthwise direction Y to cohstitute a single
positive pressure generating portion 110, Other structural features
are practically identical to those in the embodiment illustrated

- in FIGS. 43 and 44.
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FIG 53 shows data with respect to the relationship bet ween the rotation

rate of the disk -like medium (rpm) and the flying hei ght Thigje Been Replaced
read/ wite apparatus enptoyrngtheheads—showi in FI'GS. 39, ST
MODE FOR CARRYI NG OQUT THE | NVENTI ON Referring to FIGS. 1t a

first embodi ment, the head according togdhe present invention conprises a
slider 1 and transducers 2 and 3. The transducers 2 and 3 constitute two

elenents, i.e. a witing elenent and a reading elepent, The_slider 1 is
provided with a fronflf: #9 RFeFERES RAMPUier| SERUAfoR | data that three -

-

dimensionally illustrate the relationship between the normalized
slider length (x/L) and the normalized width (v./L), and the
normalized pressure when the head is employed, and FIG. 50
presents data illustrating the relationship between the normalized
slider length (x/L) and the normalized pressure achieved when
the head is employed. The various conditions for driving the head
6, fhe head supporting mechanism 5 and the disk — like medium
4 are as has been explained earlier. The normalized slider length
(x/L) represented by the horizontal axis and the normalized
pressure (P —Pa) /Pa represented by the vertical axis have
already been explained in reference to FIG. 35. The curve L71
represents the pressure distribution achieved at a position
expressed as the normalized width (y/L) = 0.5 from one end

- edge of the slider 1 in the widthwise direction Y (the
approximate center in the widthwise difection). and the curve
L72 represents the pressure distribution achieved at a position
expressed as the normalized width (yv/L) = 0.08.

The pressure distribution illusirat;ed in FIGS. 49 and 50
differ from the pressure distribution illustrated in FIGS. 45 and
46 in that since the first po.sitive pressure generating portion
110 is oriented so as to cross the slider 1 in the widthwise
directioh Y toward the leading edge LE, a first lift dynamic
pressure is generated by the first positive pressure generating
portion 110 at approximately the central portion -of the head 6
in the widthwise direction Y along the airflow direction (a)

when the disk —like medium 4 is caused to rotate (see the curve
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pressure generating portion 110, a second positive preﬁﬁ%&tﬁﬁ
portion 120, and a first negatlve pressure generating p W
The

front flat surface 100, whi starting at a

conti nues-eA—to— int er medi ate poi nt along a Iengthmns

first positive pressure generating portion 110 and the second p05|t|ve
pressure generating portion 120 haveétop surfaces 112 and 122 which
constitute flat surfaces having essentially equal heights and are

positioned BoRRr Hfllrwise. as the curve L71 and the curve L72 clearly
indicate, characteristics _that are similar to the pressure
distribution illustrated in FIG. 46 are achieved, thereby realizing
similar advantages.

FIG. 51 presents data illustrating the relationship between
the skew angle 6 and the flying height achieved by employing
the heads disclosed with reference to embodiments 5 to 7. An
explanation has already been given on the skew angle & in
reference to FIG. 8. In FIG. 51, the horizontal axis represents the
rotating radius of the disk — like medium 4 which has a
relationship of correspondence with the skew angle 6

As the data in FIG. 5] indicate, an extremely small flying
height of approximately 22nm is e_ssured over a wide skew angle
range of —4.3 to 13.25° by employing any of the heads disclosed
with refefence to embodiments 5 to 7 according to the present
invention. Furthermore, the fluctuation in the flying height is
kept at approximately lnm over the skew angle range of — 4.3
to 13.25° , thereby achieving a high degree of flying stability
against disturbance and vibration.-

FIG. 52 presents data illustrating the relationship between
the skew angle & and the pitch angle 8 achieved by employing
the heads disclosed with reference to embodiments 5 to 7. As
the data indicate, the pitch angle B is maintained at 1.5 X 10 (rad)
or smaller over a wide skew ‘angle range of ~4.3 to 13.25° with
all of the heads disclosed with reference to embodiments S to
7 according to the present invention. In particular, with the head

disclosed with reference to embodiment 7, a stable pitch angle



from each other over a distance at two sides in a w

RIS Y
runni ng perpendicular to the |l engthw se direction X. The
second positive pressure generatt ng’portlons 110 and 120 Lﬁm ﬂ& ﬁ*
edge at one--end-iocated toward the | eading edge LE form n

and 121 which rise up from the front‘5 flat surface 100 in a step The first
negative pressure generating portion §L30 i's provided behind the front flat

surface 100 relative to the airflow direction indicated with arrow
B of approximately 1 x 10 (rad) is achieved over a wide skew

angle range of — 4.3 to 13.25° ,

FIG. 53 presents data illustrating the relationship between
the disk rotational speed (rpm) of the disk —like medium 4 and
the flying height achieved by employing the heads-disclosed with
reference to embodiments 5 to 7. In FIG. 53, the horizontal axis
represents the disk — like medium rotation rate (rpm) and the
vertical axis represents the flying height (nm). The skew angle
6 is at approximately 0° .

FIG. 53 indicates that by employing the heads disclosed
with reference to embodiments 5 to 7 according to the present
invention, the flying height is made to become stable as the disk
~ like medium rotation rate increases. According to the data in
FIG. 53, when the disk — like medium rotation rate exceeds
approximately 6000 rpm, the flying height becomes stable at
approximately 22nm. Thus, the head according to the present
invention achieves the takeoff characteristics \?hereby the flying
height becomes stabilized earlier to enter a constant operating
state. |

'As has been explained, with the head according to the
present invention, the following advantages are achieved :

(a) A head that is extremely effective for achieving a
higher density in magnetic recording and an increase in the
storage capacity is provided. In particular, a head that, in
combination with a disk — like medium having a high degree of
surface accuracy, is extremely effective for achieving a higher

recording density and an increase in the storage capacity is
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m surface which is lower than the top- surface of sai d

front flat surface 100 and has a front edge 133 Iocat ed o) me he | eadi ng
edge LE formng a risin to const irkisgheet gative
pressure.genrefrating portion The first negative pr %%m i ng portion
130 drops down fromthe end edge of the front fIa and
continues on to the trailing edge TR gdhe front edge 133 of the front fl at
surface 100 viewed fromairflow.direction (a) nust be closed. In this case,

he f i i cal l i h f 131. Th
thEiegh{ont edglgo‘%%%dl.s typically constituted as the step face 13 e

(b) A head provided with an air bearing surface having
a new structure are provided,

(c) A head which can be prevented from coming in
contact with a disk — like medium even at a flying height of
25nm or less is provided.

(d) A head that achieves a high degree of flying stability
against disturbance and vibration even at a flying height of
25nm or less is provided.

(e) A head with which the pitch angle during flying
operation can be set at 3 X 107“(rad) or less, when it is adopted
in a recording / reproduction apparatus, is provided.

() A smaller, thinner head achieving outstanding mass
productivity is provided.

(8) A head that can be manufactured through integrated
machining by employing a high accuracy pattern forming
technology such as dry etching is provided.

While the present invention has been explained in detail
in reference to specific preferred embodiments, it is obvious to
persons skilled in the art that a number of variations are possible
in its form and detail without departing from the essence and

range of the present invention.
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~of the step and the size,

=TT

hei ght of 25nm or |ess. t he -heirght—of —the step
set .at- ey25[err]m It is deswable

wi dth and the weight of the slider 1 at 1.25mm oumng tugnmm
1.6ng or less respectively. The trargducers 2 an

trailing edge TR of the slider 1. In the head in this first enbodi
surface facing ' :

CLAIMS

1. A slider receiving dynamic air pressure at a surface
facing 2 medium, said surface comprising a front flat surface,
a first positive pressure generating portion, a second positive
pressure generating portion and a first negative pressure
generating portion, characterized in that:

said front flat surface starts at a leading edge and
continues on to an intermediate point along a lengthwise
direction ; |

said first positivé pressure generating portion and said
second positive pressure generating portion have flat surfaces
with essentially equal heights ‘and are positioned on two sides,
separated from each other over a distance in a widthwise
direction which runs perpendicular to a lengthwise direction and
have edges at one end located toward said leading edge which
form step faces rising up from said front flat surface in a2 step;
and

said first negative pressure generating portion is provided
behind said front flat surface relative to the direction of airflow
and has a base surface with a height being lower than the height
of said front flat surface.

2. The slider according to claim 1, with said surface
facing a2 medium additionally comprising :

a third positive pressure generating portion, positioned
toward said trailing edge and having an édge at one end located
toward said leading edge which forms a step face rising up from

heet Has Been Replaced -
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shape and the like of the surface are selected_as:

may be
t he
| ess and

at the

ment, the
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24 a medium further includes.a third positive pressure generating portion
140 which is provided toer@e TR and has a step face 141
faci ng the | eadi ng edge-tE—whi i'ses up fro of the '
first negative pressure generating portion 133“ﬁmmmﬁmmﬂl ve pressure

generating portion 140 is |ocated at approxi matelycthe centsal* portion in
the widthwi se direction Y with another end thereof continuing on to said

said base surface of_ said first negative pressure generating
portion in a step. -

3. The slider according to claim 2 wherein said third
positive pressure generating portion is located at a central portion
relative to a widthwise direction.

4. The slider according to claim 1 wherein said first
positive pressure generating portion and said second positive
pressure generating portion extend to said trailing edge.

5. .The slider according to claim 1, with said surface
facing a medium additionally corﬂprising:
| a fourth positive pressure generating portion, positioned
behind said first positive pressure generating portion over a
distance relative to a lengthwise direction; and

a fifth positive pressure generating portion, positioned-
behind said second positive pressure generating portion over a
distance relative to a lengthwise direction.

6. The slider according to claim 5, with said surface
facing a medium additionally_ comprising :

a second negative pressure generating poftion. positioned
between said first positive pressure generating portion and said
fourth positive pressure generating portion; and

a third negative pressure generating portion, positioned
between said second positive pressure generating portion and said
fifth positive pressure generating portion.

7. The slider according to claim € wherein said second
negative pressure generating portion is constituted of an indented

portion dropping off from the surface of said first positive

. This Sheet Has Been Reﬂlaced
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railing edge TR The transducers 2 and 3 are nounted on the third positive

"

pressure generating portion 140. The first, second and-third positive
~ pressure generating portions—+10, 120 and 140 are all pos
symretrically relative to the central axis runnj “\ “@Qﬂw se
direction X The heights hl, h2 and h#® of the s \lﬂ 1 and 141
respectively and the sizes and shapes of the first, “second and third

_positive pr enesere eferiariat i ppds;ttiims 110, 120 and 140 are selected as

appropriate to achieve the required flying characteristics at a flying

hei ght of 25nm or kgib. tMif€ negative pressure generating portion is
constituted of an indented portion di’opping off from the surface
of said second positive pressure generating portion;

said fourth posit_ive pressure generating portion rises up
from the surface of said second negative pressure generating
portion ; |

said fifth positive pressure gene_rating portion rises up
from the surface of said third negative -pressure generating
portion ; and

said base surface of said first negative pressure
generating portion is .provided lower than the surfaces of saici

. second negative pressure generating portion and said third
negative pressure generating portion. o

8. The slider according to claim 5 wherein the height of
said fourth and fifth positive pressure ggﬁerating portions is
essentially equal to the height of said first a;dd second positive
pressure generating portion.

9. The slider according to claim 7 wherein bdundaries
between the surfaces of said first, second, fourth and fifth
positive pressure generating portiéns and the surfaces of said
indented portions are each formed in a step having a depth of
0.1 um or more.

10. The slider according to claim 7 wherein the surfaces
of said indented portions are formed so as to narrow starting
fromm the side of said leading edge toward thé central portion

and so as to widen starting from said central portion toward

as Been Replaced
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specifically, the heights hl and h2 of the step faces 111 ane~121 are set

within a range of 0.1 to 1.0 [err]m The advanta ‘rﬁved y
constituting the first and second positive M portions 110

and 120, the first negative pressure, eneratl

d the third

positive pressure generating portion 40 W th , Muly u*de assurance of

the required fIyln
i npl ement ed Shid

il

char acteristics and integrated machining that can be .
b‘%n £€-hi gh accuracy pattern form ng technol ogy such as

dry etching. The eﬁd % ges defi ni ngr each of fhe f{ at surfaces of_ the

i \Ill\\ Il

he slider according to ¢ wherein said first

aim
positive pressure generating portion and said second positive
pressure generating portion are continuous in said widthwise
direction of said slider to constitute a single flat surface.

12. The slider according to claim 1 wherein said front
fla"c surface is formed in a narrowing shape starting from the
step faces of said first positive' pressure generating portion and
said second positive pressure generating portion and extending
to said leading edge. |

13. The. slider accérding to claim 5 wherein the surface
of said fourth _positivé pressure generating portion and the
surface of said fifth positive préssure generating portion extend
to said tra1hng edge. _ |

14. The slider according to c1a1m 1 whereln said surface
facing a medium has a symmetrical shape relative to a central
axis in the widthwise direction running perpendicular to said

lengthwise direction.

- .,v

15. The slider according to clan'n 2 wherem. end edges
that define each of the surfaces of said front flat surface, said
first positive pressure generating portion, said second positive
pressure generating portion and said third positive pressure
generating portion are straight lines, curved lines or a
combination the;eof.

16. The slider according to claim 5 wherein end edges
that define each of the surfaces of said fourth positive pressure

generating portion and said fifth positive pressure generating

- - —————
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25 first, second and third positive pressure ge//e.ra%fﬁg portlons 110, 120
and 140 are straight lines, curved |ines er—a conbi “tereof FIG 6
is an enl arged cross_ser;u—oﬁ—ﬂ Fustiating t M\“@\“ t ransducer
shown in FIGS™ 1 to 5. The transducer 3, wh es*a wite el ement,
is.an inductive thin filmtransducer?4

portion are stfaight liﬁes. curved lines or a combination thereof.

17. The slider according to claim 7 wherein end edges
that define each of‘ the surfaces of said indented portions are
straight lines, curved lines or a combination thereof.

18. The slider accbrdi'ng to claim 1 wherein the level
difference at said step between said front flat surface and said
first positive pressure generating portion and between said front
flat surface and said second positive pressure generating portion
is set within the range of 0.1 to 1.0 zm.

19. The slider according to claim 1 which is 1.25mm or
less in length and 1.00mm or less in width and weighs 1.6mg
or less.

20. A head used for recording to and reading from a
. medium and being provided with a slider having a surface facing
a mediuﬁx and at least one transducer, characterized in that:

said slider is any one according to claims 1 through 18
wherein said transducer is provided toward a trailing edge of
said slider. | |

21. The head according to claim 20 #zherein said
transducer is constituted of an electrdmagnetic transducer.

22. A head device comprising a head suspension with one
end thereof being a free end, and a head mounted to said free
end of said head suspension in such a manner that pitch and
roll movements thereof are allowed and that said head receives
a load from said suspension, -characterizéd in that:

said head is any one accordiné to claim 20 or 21.

23. The head device according to claim 21 wherein the

. e
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whereas the transducer 2, which constitutes a read etement—+s—an-—M-
el erent—Fhetransducer 3 whi ch constitutes the Wrﬂl ,EMNEM I s provided

with a first magnetic film 31 that al so functions (l :U!mm' film
for the MR elenent 2, a second nagnetic fi4gm 32, a ap film

34 that may be constituted of alumna or the |ike, -an |nsulat|ng i T'm 35
tituted of Is ' t

e e oe on ErIOWE Ri H P 5! i PR PR,

and the second magpet i ibi! 5 gg?racir‘?%t&i W6y addg st pole tip

24. A read/write apparatus comprising a disk — like

medium that is driven to rotate and a magnetic head device,
characterized in that:

said head device is any one according to claim 20 or 21,
with said head made to fly over a surface of said disk — like
medium by rotation of said disk —like medium and made to move
along a circular arc that approximately matches the direction
of the radius of said disk — like medium by a means for
swivelling. -

25. The read/write apparatus according to claim 24,
wherein a pitch angle achieved while said head is flying is 1.

5% 10 (rad) or less.

This Sheet Has Been Re laced
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P1 and a second pole tip P2 which face each other over the gap film 34,
whose thickness is very small, and wite is perforned.at the first pole tip
P1 and the_ seggnd.poLe~P+ﬁ—P?_“TﬁE yokes of the first magnetic film 31 and
the second magnetic film 32 are linkedygith each other at the back gap
which is on the opposite side fromthe first pole tip P1 and the second
pole tip P2 so that they conplete a magnetic circuit. The coil film33 is
formed on the insulating fil m 35SLIPERIGND He&her that it w nds around the
| 'i nki ng portlon of the yokes in a coil. The nunmber of w ndings and the
number ofBSIPAT in the coil film

The present invention is directed to a slider (1), a
head, a head device and a read/write apparatus that are
extremely effective for achieving high density writing and an
increase in the storage capacity. The slider (1) comprises a
front flat surface (100), a first positive ©pressure
generating portion (110}, a second positive pressure
genexating pdrtion (120) and a first negative pressure
generating portion (130). The front_flat surface (100) ends
at an intermediate point along a lengthwise direction. The
first and second positive pressure generating portions have
flat surfaces (112 and 122i and are separated from each other
over a distance at two sides in a widthwise direction xunning
perpendicular to a lengthwise direction, with edges at one
end located toward the leading edge forming step faces (111
and 121) rising up from the front flat surface in a step.
The £first negative _pressuré generating .portion (130) 1is
providéd behind the frbnt.'flat surface "relative to the
airflow direction. |

Figure 1

—
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33 are arbitrary. 26 There are various filmstructures which have been
proposed and put into practical use to date, any one of which may be R
adopted to constitute the MR el enent 2. For .instance, the MR el enent 2 may

be constituted of an ani sotropic nagnetoresistive el enent achi eved by using
a permalloy or the R

FIG. 1
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like or it may enploy a giant magnetoresistive (GWR) film Any one of the:
above nentioned types of elenents may be adopted in the present invention.
The MR elenent 2 is located inside an insulating film22 between a first
shield film21 and the first magnetiz3fil m 31 which also functions as the
second shield film The insulating film22 is constituted of alum na or the
ltke. Unlike in the enbodi nent, onIy, eI an cer 3 may be provided to be
used as a read/wite el ene hp In é& ti in a read/ wite apparatus,

the surface of the head ac i n t4kLat4pnvention that is |ocated

-

- FIG. 4

ol
k
FIG. 5
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at the opposite side fromthe surface facing the nmediumis supported by a;

head suspension and the head is caused to fly by air current generated -

bet ween the surface facing the nedium and the surface of the medi um when

the disk - like mediumrotates. The3/Aead according to the present invention

shoul d be conbined with a disk - like nmediumw th a high degree of surface

accuracy when it is to fly ‘at an extrenely small flying height of 25nm or
FIG 7 shows the read/wite apparatus according to the present

| ess.
i nvention. The magnetic read/wite apparatus according
1
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to the present invention conprises a disk-1like rredl um 4, a head suspensi on
5 of the known art, a head 6 according to the present 27 invention and a
posi tioni.ng device 7. The disk - | idggqy medium 4 is driven to rotate in the
direction indicated by the arrow (a) by a rotating drive nmechanism (not
shown) . The positionj ce 7, whi C|’5 enpl oys a rotary actuator system
supports tha ————

142~ 43 112,129 100 -
V4 =
//////////////////////////‘//7
_________ — eplaced FIG. 8
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head suspension 5 at one end and drives it in the directions indicated by.
the arrows bl and b2 at a specific angle (skew angle) on the plane of the
di sk-1ike medium4. Wth this, wites to and reads fromthe disk-Iike
medium 4 are performed at specific h{gﬁ The head 6 is nmounted to the
free end of the head suspension 5 i ch a manner that pitch novenent and
rol I novenent are allowed and that a load is applied in the direction of
the plane of the disk -1ike nmediumg: Hdgnedid headsi de el evation view of

t he head device. The head suspendgion 5 is constituted by nounting a

fl exi bl e body Ol ; pivot center
-

‘. FIG. 9
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52 constituted of thin netal plate..at a-free end |ocated at one end in thg
| engt hwi se direction of a supporting body 51 which is |ikew se constituted
of thin netal plate and nounting the head 6 at the | ower surface of the

fl exi bl e body 52. The head suspensigf;5 applies a load force to the head 6
to press it toward the disk - like nmedium4. The flexible body 52 in the
figure is provided with two outer frame portions 521 and 522 extendi ng

al nost parallel to the axis of the supporting body 51 in its I%emyt hwi se
direction, a lateral frane 523 that links the outer frame portTons 521 and

522 at an end which is distanced from .
S © > [ C.D
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t he supporting body 51, and a tongue piece 524 extending from approxi mately
the cénter of thetareral frame 523 al nost parallel to the outer frame -
portions 521 and 522 with its front end being 28 a free end. One end of
the flexible body 52 that is at thezgpposite side fromwhere the |ateral
frame 523 is_ provided is mounted in the vicinity of the free end of the
supporting b%g! 51 by

1.5 ' -

14

1R WY
AWATA WY

FIG. 12
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means such as welding. At the | ower surface of the supporting body 51, a.
projection for |l oad 525 is provided, which may take, for instance, a sen -
spherical form Wth this projection for |load 525, a |load force is

comuni cated fromthe free end of the supporting body 51 to the tongue

pi ece 524. Load point Pl of the heagisp at the projection for load 525 is
offset by an offset [err] D toward the inflow end fromthe center of
gravity Clgf;ﬂ‘h head 6. Note that the projection for |oad 525 nay be

provi ded inSsuchfa manner that the |oad point Pl of the head 6 at the
projection« 30

£ -
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for load 525 is set at the position of the center of gravity Cl. The head:.6
Is nmounted at the | ower surface of the tongue piece 524 by neans such as -
bondi ng. The head 6 is nmounted to the head suspension 5 so that its

| engt hwi se direction is aligned to t®31 engthw se direction of the head

suspension 5. The
I nvention is ngﬂjlinited to that enployed in the hi
f

Sel ecti on may
been'propose&-to
future

ForJEnsta

head suspension 5 that nmay be adopted in the present
st_enbodi nent .

mde froma w de variety of head¥s §HEnsions t hat have
ate and head suk®ensi ons t i~ w)|§ 4 proposed in the
%ce, t he support&gg body 51 and the
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t ongue piece 524 may be integrated by enploying the technol ogy disclosed in
Japanese Unexam ni ed Patent Publication No. 215513 /1994 or by using a -
fl exi bl e high polymer wiring board such as tab tape (TAB). 29 FIG 9

illustrates the operation of theao@ad / wite apparatus shown in FIGS. 7
and 8. During aread / wite

FIG. 17 2
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operation, the head suspension 5 that supports the head 6 is driven to
swing in the directions indicated by the arrows bl and b2 around the pivoi
center OL by the positioning device 7 enploying a rotary actuator nethod.
The position of the head 6 on the,disk - like medium4 is normally
expressed as a skew angle [err]. 1Th the description of the present

I nvention, the skew angle [err] iz prressed as the inclination of the
central line of the slider 1 iqsh wi dt hwi se direction W FIG 10 presents
a nmodel of the magnetic read/ wiptlel 3ppartdQus shown in FIGS. 7 and 8. The

head 6 generates |ift 130

133

110 130

Y o2\ 161 182

LX 120 160



/
dynam c pressure at the.-first, second and third positive pressure
generating portions 110, 120 and 140 agai nst which a spring load is applled
by the head suspension 5, and a negative pressure is generated by the first
negative pressure generating porgiﬁq 130 between the first, second and
third positive pressure generating portions 110, 120 and 140. The head 6
flies at 2awery small flying height gl and a pitch angle [err] at which
the spring{load, the |ift dynami c pressure &Mt he negative pressure are in
bal ance. #He flying height gl represents t g Vi ng hei ght of the

transduce;s 2 and 3 and shoul d bg,di sting fromthe flying
R N ' .
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hei ght g2 fornmed between the trailing edge TR and the disk
in reference to neasured data, advantages that are achieved by the

Next ,

- like nediunlq.

magneti c read/wite apparatus enploying the head according to the present
30 specifications of the head 6, the head

i nvention are expl ai ned. The
suspension 5 and the disk

FIG. 21
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-like medium4 are as follows. (slider 1) length: O0.8mmw dth: 0.6mm -
t hi ckness: 0.3nmm wei ght: 0.6ng (head suspension 5) |load force: 1.0gf spring
rate: 1.8gf/mm |load point: central area of the slider 1
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(disk - like nmedium4) disk dianmeter: 2.5 inches disk rotational speed:
7200 rpm FIG 11 shows data with respect to the relationship between the
normal i zed slider length and the normalized pressure. The nornmalized slider
| ength which is represented by the horizontal axis is expressed as the
ratio (x/ L) of the position x tak o in the |l engthwi se direction fromthe

| eadi ng edge LE and the entire length L of the slider 1. The normalized
pressure represented by the vertical axis is determ ned by using a formula
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(P/Pa - 1) with P being the pressure applied to the slider 1 and Pa being
the at nospheric pressure. The curve L1 represents the pressure distribution
achieved at a position distanced by y = 0.08mm from one end edge of the
slider 1 in the widthw se directitgrgiW whereas the curve L2 represents the
pressure distribution characteristics achieved at a position distanced by
31
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y = 0.30mm FIG 12 shows conputer sinulated data that illustrate three -
dinensionally the relationship between the nornalized slider |ength and the
normal i zed pressure shown in FIG 11. In the head according to the present

i nvention, the surface facing a nediumis provided with first and second
positive pressure generating port?&is 110 and 120, a first negative
pressure 4@r fti ng portion 130 and a third positive pressure generating

portion 1 wWth the first negative pressure generating portion 130
| ocat ed Betaﬂen the first, second and third _
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as FIGS. 11.

positive pressure generating portions 110, 120 and 140. Thus
and 12 clearly denonstrate, when the disk - like nedium4 is caused to -
lift dynam c pressures are generated by the first and second

rotate, first
positive pressure generating portions 110 and 120 along the airflow

direction (a), a second lift dynamc pressure is generated by the third
positive pressure generating portion 140 at the trailing edge TR (see the

characteristics L1) and a negatimgspressure is generated by the first
lift

negative pregsure generating portion JR0 g the area between the first
dynam ¢ PrEpFUr es and the second lift dyn ressure (see the
N i ) 8;1m
E -
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characteristics L2). The structure of the air bearing surface that achieves

such pressure distribution is ne nd contact wth the disk - |ike nedi um
can be avoi ded even at a flying #& ht of 25nmor less. FIG 13 presents
data that illustrate the relationship between the position of the slider
and the flying height. Thé o$|t|on of the slider is illustrated by both
the radius of the \ 150
| N O\I51 152 130
o 170 \ 141 140
he ) 10 1 P | /53
LRNTAYE. e N
i‘-:\' 132 ;\, ~ 142
! \\ | Y 160
\ > 172 162 \\
~ LE 180 18 -
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32 nmedi um and the skew angle. An explanation of the skew angle has already-
been given in reference to FIG 9. FIG 13 shows the rotating radius of the
di sk-1i ke nedium 4 under the skew angle. As FIG 13 illustrates, with the
head having the new air bearing 2@/3tace structure descri bed above, a very
smal | flying height gl of approximately 10nmis assured over a w de skew
angl e range (s 3 to 13.25[ ety ). Furthernore, a high degree of flying
stability agaivst di sturbancean 2/i br.lgt'i 0?5'25 G eved over a wide skew
angl e rangefTF
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FIG -14 presents data.that illustrate the relationship between the position
of the slider and the pitch angle. The position of the slider is -
illustrated by both the radius of the nedium and the skew angle. As
denonstratedi.in FIG 14, with th@&W¥ad havi ng the new air bearing surface

structure acgording to the present ijwvention, the pitch angle can be set at
3 x 10[err]ggrad) or less, and cony “ between the trailing edge TR of the
slider 1 and]the disk -like nedi #@W¥#acan be prevented even at a flying
hei ght gl %f 25nm or | ess. i second and third positive
pressur& 3 -
K
T 1
nl_ -y
S 0
R
08

0o x/L

FIG. 34
ST
41 | % y/L=0.08
3l O: y/L=0. 50
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generating portions 110, 120 and 140, and the first negative pressure .
generating portion 130 can be fornmed through integrated nmachini ng by

enpl oyi ng a high accuracy pattern form ng technol ogy such as dry etching on

the surface of the slider

1 that faces opposite the nedium Consequently,

according to the presents inveng2/@m , a smaller, thinner head that is

extrenely &9
increase in dtorage

Flying height [nm]

Pitch [rad])

freerre—~horras rpgp,q.g.g...h.a_glh_er‘dpﬂmu nggnetic witing and an
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the head according to the

Furthernore, as FIGS. 1 to 5 clg%ga{ show,
i nd@ntiop i s not provid th a narrowi ng shape at the |eading
e sef snall. In addition, since the

33 capacity and denponstrates outstanding mass productivity is provided

pr esent
edge LE. Thusf the pitlch angreycan
|l ength of thef i122 |s shall t hg TTyrmg—~ei ght can be
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the positive pressure changes in correspondence to the disk rotating speed
and air inflow direction is reduced, thereby making it possible to maintain
the flying stability of the slider 1. To sumup the information given
above, a head and a read/wite am#@natus that denonstrate the follow ng
characteristics: flying height: 8 to I12nm 1.1 X 10[err] (rad) < pitch angle
[err] < 2.2 x 10[err] (rad) are &gf eved EbG. 15 shows data with respect
to the relationship beirﬁqqotmg1pqs| : the slider and the flying

hei ght gl as - 111 1 \ 141 140
_ '100 | 2,3
132 142
1121 172 162160
20 161
21 {122 180
1
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/’#:;e hei ghts hl
position of the slider

and h2 of the step faces 111 and 121 are varied. The N
Is illustrated by both the radius of the nedi um and

t he skew angle. The curve L3 represents the characteristics achieved when
the heights hl and h2 are set at 28/% [err] mwhereas.the curve L4 represents
the characterisfics achi eved when the heights hl and h2 are set at 0.8
[err]m The datg/i ndicate that by controlling the heights hl and h2 of the
step faces 111 ampd 121, the flying height gl can be controlled Wen the

hei ght s hl &yd P are smaller than 0.6 [err]m it becones
X
2+ \

- ¥ y/L=0. 075
3t - O: y/L=0. 50

(P—Pa)/Pa

x/L
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2 8 MAY 1999 34 difficult to keep the flying height gl at 25nmor |ess. As*
the heights hl and h2 increase, the flying height gl becones reduced. .
However, when they exceed 1.0 [erg} the trailing edge TR of the surface
142 of the third positive pressur %]enerati ng portion 140 (see FIGS. 1 to
5) cones in contact with the disk -1i medi um 4.

1o
132 1 7 1/70 N
A = -
G '\2.'3
T~130
isz 161
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FIG 16 shows data with respect to the relationship between the position of
the slider and the pitch angle as the heights hl and h2 of the step faces -
111 and 121 are varied. The positd7@s of the slider is illustrated by both
the radius of they medium and the skew angle. The curve L5 represents the
characteristicsg4gchi eved when the hei gh hl and h2 are set at 0.6 [err]m
whereas the @rvg L6 represents the chgggcteristics achieved when the

hei ghts hl are set at 0.8 [err] e
control ling ei ghts hl and h2 of g%
angl e can becco%

——

- eesun |

FIG. 46



the heights hl and h2 are srrallerz%lt}%n 0.6 [err]m it becomes difficult to.
keep the pitch angle at 3 X 10[eri["™*(rad) or less in a range over which the
skew angle is large (for instance, at 13. 25[err] ). Wen the heights hl

and h2 are larger than 0.8 [err]m th | e becones equal to or |ess

i 120
than 1 X 10[err] (rad) in the ran 3 ﬁ)l cﬁgghe skew angle is small (for

I nstance, at Of[err] ) ther]qlay I ncrigasi the\y i sk of contact occurring at
the | eading edge, and when jt'he hei ght an hfadsx_ceed 1 [err]m contact
results. To sum up blateﬂ‘hf r mat i aboyks !4 i gpgesirable to set the
hei ghts hl and ?g d00 h¢ s and «wzt n
2 . 112 181 23
113 180 182
1 -~
Y\/X
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the range of 0.6 to 1.0 [err]m 35 FIG 17 shows data with respect to
the flying height fluctuation due to the parallel notion of the surface of
the disk -like nedium In FIG 17, the horizontal axis represents the
frequency (Hz) of the vertical surface notion of the disk - Iike nedium and

the vertical axis represents the ang4fude ratio ([err]
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gl/b). [err] dl |nd|cates the value of fluctuation of the flying height gl .

whereas b indicates the value of the disk-1ike nmediumoscillation

anplitude. The curve L7 represents the characteristics achi eved when a
havi ng di nensions of 0.8nmmin length, 0.6mmin width and 0.3mmin

sl i der
whereas the curve Eﬁ"3bpresents the characteristics

hei ght is us
(%ﬁ sl dér naVIHy-urﬁﬁPﬂ*“nc of 1. .25mm.in Iength 1.0min
et at 25nm

achi eved whena
wi dth and 0. 3nmtin height is used. The fIylng helght gl I's
When the sliderfl is mniaturized, while the air lubricati filmstiffness
S reducqgt %Be_follomnng stablllty 1
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relative to parallel oscillations of the disk-1ike nmediumdo not .
deteriorate, as shown in FIG 17, since the slider mass is reduced. The
slider 1 having a length of 1.25mmor less and a width of 1.00mm or |ess
and wei ghing 1.6ng or |ess achieves good followi ng stability, as
illustrated in FIG 17, independent of the dinensions. FIG 18 is a
perspective illustrati ng a second enb@UF’ﬂrent of the head according to the

present inventi & g \ ey
viewed fromthe sifle where the surface faC| ng t he ITEdI um|s | gcat ed.
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' r ated in FIGS. 18 and 194& @6@7@&0

fdhoa front flat surtacdé = 36 100, a ERT SHEET

p TY&Eor L r‘ S 'g“"ﬁ‘b'Ft ion 110, a second positive pressurefmw
g 2( & 4 &t negative pressure generating portion 130,
t hy ;f%gn‘?ﬁgl ng portibn 140, a fourth positive pr
gef 2 : CUEET
..... b Aed 2 . REPLACEMBNT-SHEET
pa ged ¢ to paged .= SLIDER AND HEAD .
18 MAR 1999 a
.188/4
J TECHNICAL FIELD
w . The present invention relates to a slider, a head, a head
¥ device and a read/write apparatus.

BACKGROUND ART
In a read /write apparatus that is employed as an
external writing apparatus for a computer, a flying type hee;d
that generates a liff force at the slider to cause it to fly over
a disk — like medium by applying the principle of dynamic air

pressure is employed. In this type of read,/write apparatus, the :

slider is in contact with the disk — like medium when the disk
— like medium is in a stopped .state and when the disk — like
medium rotates, air flow generated by the rotation acts on the
air bearing surface of the slider to cause it to fly over the disk
— like medium while maintaining a specific flying height to
perform read / write of information. Typical read / write
apparatuses used to date are magnetic read /write apparatuses
in which a magnetic disk and a magnetic head having a slider
are employed. Japanese Examined Patent Publication No. 569,71982
and U.S. Pat. No. 3,823,416 disclose taper flat type sliders.

One of the essential requirements that a read / write
apparatus must satisfy to achieve high density writing is a
reduction in the flying height. In recent years, high density

- writing performed by readwrite apparatuses has necessitated

K a reduction in the flying height at a portion of the slider where
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pressure generat |
pressure generati
face 151 toward ttheé | eadi ng edge|LE.
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| eadi ng
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hg portion 160. The fourth positiyve.
| ocat ed behind.the f ﬁﬁ&’ |
pr a di stance and is p
F. The fifth p05|t|ve
160 i s | qcated Dbehi nd the second2p05|t|ve pressure generatlng

120 over |la distance and-istprovided with a step face 161 toward the
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edge LEheTheapsdi@sie id Serovidede doot td MBrirhi ¥ RIS8SIH' 8ddfRGHAt | N9

150 and the surface 162 of the fifth positive pressure generating
160 conshehubdobtinlg Boreadsit WiRingawhereby writing is performed

at the maximum .writing density over the entire surface of the
disk — like medium, it is desirable that the flying height be as
consistent as possible over the entire seek area from the inner
track to the outer track of the disk — like medium.

In addition, as a means for achieving a larger storage
capacity in a magnetic storage device, a head which employs a
magnetoresistive element (hereafter referred to as an MR
element) as a read element has been proposed and put into
practical use. Unlike in an inductive transducer of the prior art
whose signal output is dependent upon the circumferential speed
of the disk — like medium, the signal 6utput inn an MR element
is not dependent upon the circumferential speed of the disk — like
medium. As a result, in a head employing an MR element as a
read element, a read signal which is not dependent upoh the
circﬁinferential speed of the disk — like medium is achieved. The
air bearing surface: of a head mﬁst be designed to ensure that
an almost constant flying height is achieved over the entire
writing area of the disk — like medium.

Next, due to the structural features of 'a head, the
transducers are located approximately 35 to 50 zm further inward
f;om the trailing edge. When causing a head structured as
described above to fly at an extremely small flying height of
25nm or less, it is necessary to set an attitude angle (pitch
angle) in the direction of the length of the slider during flight

smaller than 3 X 10 (rad) as a means for preventing contact
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IREPMMEMB &%i of the surface 112 of the first positive
pressure generatijgfportion 110 gnd the surface 122 of the second positive
pressure generatingl pqytoRr 9. IFIIG 20 shows three dinensional data w th
respect to the relationship bet n the normalized slider length and
the normalized pr ' /write &pparatus enploying the head
Illustrated i.n FI 18 and 19. Havli ng pressure distribution as indicated

by these three petdfdBNSiRE atrdifing ddie heRdthewhslidénphadedhen dskeadipgite
apparatus, achieves advantages simlar to those achieved by the head

ilTustrated in fmb@um! While- Japanese Pat. No. 2,573,236 discloses a technology

T

¥
~a height essenti

whereby the flying state is stabilized in a range over which the
- * pitch angle is small, it is difficult to maintain a consistent flying
* . height from the inner track to the outer track so that the flying
height remains at 25nm or less since the head disclosed in this
pateﬁt is a taper flat type head, which, in turn, makes it difficult
to prevent probkﬂns such as a head crash that occurs when the
trailing edge of the slider comes in contact with the disk — like

» medium.

As a means for achieving a constant flying height,
designing a slider as a negative pressure slider that utilizes
negative pressure has been conmsidered. Such sliders are disclosed
in Japanese Examined Patent Publication No. 1619,71995 and U.
S. Pat. No. 4,734,803. However, there are problems with this type
of slider, such as dﬁst present inside the magnetic storage device
becofning adhered to the indented portion of the negative
pressure slider, greatly changing the flying height of the slider
and the slider atffécting to the surface of the disk — like medium.
Thus, in order to put a negative pressure slider into practical
use, a slider having a new flying surface that prevents dust from
affecting its operation, good flying start characteristics (takeoff
characteristics) and in which the attracting phenomenon is
avoided, must be developed. Problems caused by dust in the
magnetic storage device adhering to the slider are not limited
to a negative pressure slider and can occur in other types of

sliders as well.



s‘.
FIG 21 is a perspective viewillustrating a third
according to the present invention, FIG 22 is a pl
shown in FIG 21 viewed from 37 the side where t t he
mediumis located, FIG 23 is a side elevation of t head shown .in A G
22, FIG 24 is a front view of the head shown in FIG 22 and FIG 25} s a
Cross

head

Another crucial requirement is an improvement in the

following stability of the slider relative to oscillations of the disk.

An air lubricating film formed between the slider and the disk

- — like medium has a cushioning effect and the slider flies while
maintaining a balance between the air lubricating film and the

recovering force of the head suspension. When the oscillation

<

frequency of the disk — like medium increases_, the following
stability of the slider deteriorate due _to the inertia of the slider
mass. In order to design a slider Wlth good following stability,
it is crucial to achieve a high level of air lubricating film
stiffness.

Since it is extremely difficult to satisfy the technical
objectives and requirements described above with a head or a
slider in the prior art, development of a new head is required.
Furthermore, an optical disk apparatus 'which utilizes a near —
field read/write system has come to light in recent years since
it can break through the limitation of high writing density

- achieved by magrnetic read /write apparatuses. In the optical disk
apparatus utilizing a near — field writing and reading system, a
flying type slider is employed. Consequently, the same problems
explained with relation to the magnetic read /write apparatuses

exist and must be addressed.

DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide a head,
a slider, a head apparatus and a read/write apparatus that are

extremely effective for achieving high density writing and an
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sectyi on along ling ELACEJ::‘E“"M S"i 2. The surface facing a nedi umincl udes

a front flat surfacé¢ 100 jrstiapd a second positive P! REPFE AL
portion 110 and 130 anﬁam’% {l‘}Q ng¢gati ve pressure generat ﬁg R ?ﬁéﬂp
The front flat surffdce 100 is proyided starting at the le ; _

continuing on to gn Tnternedi ate poiint along the |engthw se di ré_ction X
that matches the gdirflow dir - ca). The first and second positive

pressure gener aficpdaROlihl 9AE déFagedc %Qcilgﬁve essentially the same hei ght
and are provided separated from each other by a distance at the two sides

in the It is a further object of the present invention to provide

by
v

a slider and head having an air bearing surface with a new
s structure. i
| It is a still further object of the present invention to
provide a slider and head with which contact with the disk —
like medium is prevented even at a flying height of 25nm or
less.

It is a still further object of the present invention to
provide a head, a slider, a head apparatus and a read,/write
apparatus that achieve a high degree of flying stability against
disturbance and vibration even at a flying height of 25nm or

i less.

It is a still further object of the present invention to
provide a head, a slider, a head apparatus and a read,/ write
apparatus in which the pitch angle while flying can be set at
3% 10 (rad) or less.

It is a still further object of the present invention to
provide a smaller and thinner slider and head that achieve
outstanding mass productivity.

It is a still further object of the present invention to
provide a slider and head that may be achieved through
integrated machining that adopts a high accuracy pattern forming
technology such as dry etching.

In order to achieve the objects described above, the si.i‘gier

according to the present invention receives dynamic air pressure

at a surface facing the medium, which comprises a front flat

| This Sheet Has Been Replaced
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mndthmnse direction Y whi ch runs perpendicular to thuﬁﬁ}’ 'ii r{‘tlon
X, with their edges toward the |eading edge LE const ages 111
and 121 that rise up fromthe front flat surface 100 d {sgcond
positive pressure generating portions 110 and 120 exiend to the traijlijng

edge TR As a result, the surfaces 112 a®d 122 of th

[
P first and

second

positive pressure-generating portions 110 and 120 ret n as
air bearing surfags h r gat by 8SSHhHE r D04 t 0
drops off in a %‘tepE -ogmeft'u%t r%oas?ﬁeﬁdbo%ﬂﬁ on{ ag Ef;ssitﬁ'rface 18:8&)&&3

positive pressure generating portion and a f1rst negative pressure
generating portion. The front flat surface, which is provided
starting at a leading edge, ends at an intermediate I;Oint along
a lengthwise direction. The first and second positive pressure
generating portions have flat surfaces which are essentially of
equal heights and are positioned separated from each other over
a distance at two sides in a widthwise direction running
perpendicular to a lengthwise direction, with edges at one end
located toward the leading edge forming step faces rising up from
the front flat surface in a step. The first negative pressuré
genérating portion is pro_vided behind the front flat surface
relative to the airflow direction and has a base surface with a
height which is lower than the height of the front flat surface.

Applied to a head, the transducer is provided toward the
trailing edge of the slider. An electromagnetic transducer is used
in a--'magnetic head, and an optical transducer is used in a near
— field writing and reading system. In an application in a read
/ write apparatus, the surface of the head according to the
present invention that is located at the opposite side from the
surface facing the medium is supported by a head suspension
and the surface facing the medium causes the head to fly by
dynamic air pressure generated when the disk — like medium
rotates. The head according to the present invention should be
combined with a disk — like medium with a high degree of surface
accuracy with for instance, a surface roughness Ra = lnm when

it is to fly at an extremely small flying height of 25nm or less.
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and extends to the trailing edge TR The transducergggLéfT%"ag’?&E ghﬁ oy
at the trailing edge TR at l|east at either the firlsti o G pogi ti ve
pressure generating portions 110 and 120. In the tHird iﬂ%ﬁi@ﬁt t he

38 transducers 2 and 3 are provided at both the firistland secand. pdsijtive
pressure generating portions 110 and 120.7 '

i ded

The slider according to the present invention comp-rises
a front flat surface, a first positive pressure generating portion,
a second positive pressure generating portion and a first negative
e pressure generating portion at the surface facing a medium. The
first and the second positive pressure generating portions are
positioned separated from each other over a distance at two sides
in a widthwise direction. The first negative pressure generating
portion is positioned between the first and second positive
pressure generating portions. As a result, when the disk — like
medium is caused to rotate, two lift dynamic pressures caused
by the first and second positive pressure generating portions are
generated separated from each other over a distance at two sides
in a widthwise direction at the leading edge and the first
negative pressure caused by the first negative pressure generating
portion is positioned between the two lift dynamic pressures.
In addition, since the front flat surface, with a height
Whiéh is lower than the height of the surface of the first and
second positive pressure generating portions and higher than the
height of the base surface of the first negative pressure
generating portion, is provided between the leading edge and the
first and second positive pressure generating portions, high air
lubricating film stiffness with a high degree of stability is
generated at the surfaces of the first and second positive pressure
generating portions, achieving stable following characteristics.
The structure of an air bearing surface that achieves such
pressure distribution is new, and it has been confirmed that even

at a flying height of 25nm or less, the flying height is
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shape and the Ihkgiwh idepreventegs 112 and

@,

In addition, surfaces of the first and second positive
pressure generating portions may be set at a specific size,
increasing the load capacity at the leéding edge. This results in
an increase in the air 11:1bricating film stiffness, and consequently,
even when ultra low flying at 25nm or less is achieved, a flying
state with a low pitch angle is maintained in a stable manner.
Furthermore, since a high air lubricating film stiffness is
maintained,'the following stability to the surface of the disk —
like medium are improved. Thus, even when the flying height
is reduced to 25nm or less, contact between the head and the
surface of the disk — like medium at the trailing edge of the
slider where the flying height is at its minimum, can be
prevented.

Since the first positive pressure generating bortion and
the second positive pressure generating portion constitute flat
surfaces having essentially the same height and are provided' at
the two sides in the widthwise direction over a distance,
stabilization in the roll angle is achieved as well.

Moreover, it has been verified that with the new air
bearing surface structure-described above, a high degree of flying
stability against disturbance and vibration is achieved even at
a flying height of 25nm or less due to the high air lubricating
film stiffness.

In addition, with the new air bearing surface structure

descrlbed above the pitch angle can be set at 3 X 10 (rad) or
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More specifically, the height of the step 131 nmay be set at

disk — like medium is avoided, even at a flying height of 25nm
or less.

The front edge of the first negative pressure—generating
portion must be closed viewed from the air flow direction. In
this case, the front edge is typically constituted as a step. The
height of the step and the size, shape and the like of the surface
continuous to the step are selected as appropriate to achieve the
required flying characteristic_s at a flying height of 25nm or less.

Forming the first positive pressure generating portion and
the first negative pressure generating portion and first negative
pressure generatirig portion with steps in this manner achieves
advantages in that the flying characteristics described above are
achieved and that all these portions can be machined as an
integrated unit by employing a high accuracy pattern forming
technology such as dry etching.

) Thus, according to the present invention, a smaller and
thinner head that is extremely effective for achieving high
writing density, an increase in storage capacity and achieves
outstanding maés productivity is provided. The height of the
steps, the area of the top surfaces continuous to the steps and
the shape and the like of the the first and second positive
pressure generating portions are selected as appropriate to
achieve the required flying characteristics at a flying height of
25nm or less.

As a preferable example of a slider according to the

present invention, the surface facing a medium may further
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include a third positive pressure generating portion. The third
positive pressure generating portion is provided toward the
trailing edge and has an edgé at one end located toward the
leading edge which forms a step face rising up from the base
surface of the first negative pressure generating portion in a step.
With this structure, when the disk —like medium is caused to
rota:te, aloﬂg the airflow direction, two lift dynamic pressures
caused by the first and second positive pressure generating
portions are generated toward the leading edge, a lift dynamic
pressufe caused by the third positive pressure generating portion
is generated and a negative pressure caused by the first negative
1:)ressure. generating portion is generated between two lift dynamic
pressures caused by the first and second positive pressure
generating portions and the lift dynamic pressure caused by the
third positive pressure generating portion. The air bearing surface
structure that achieves such pressure distribution described above
is IléW, and it has been confirmed that even at a flying height
of 25nm or less, contact with the disk —like medium is prevented.

As another preferable example of a slider or a head
according to the present invention, the surface facing a medium
may further include a fourth positive pressure generating portion
and a fifth positiire pressure generating portion. The fourth
positive pressure generating portion is located behind the first
positive ~pressure generating portion over a distance in thé
lengthwise direction and is provided with an edge at one end
located toward the leading edge. The fifth positive pressure

generating portion is located behind the second positive pressure
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at a specific size, |t at the air inflow side increases,

even when an ultra ONf| g 5@4{ t of 25nmor |ess is achieved, which
results in an increpsg B9t 1 ricating filmstiffness. Consequently,
a flying state with|a Iow pItCh angl g i s maintained in a stable manner,

thereby inproving the Tollowng stabifityiof the head relative to the disk
- like nmediumsurfate mtion Thus-—even when the fIyi ng height is reduced

to 25nm or |ess e 3 th k é're&gh,
surface at the {greﬁg%ﬁégeg)g%%né@h% gﬂlsgﬁg{réev\glgr lenétyﬁﬁa hei g 1o¥1s at
I'ts mnimum can by RECYeHTRtbd with an edge at one end located toward the
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leading edge. With this structure, since the two positive air
- bearings constituted by the fourth positive pressure —generating
portion and the fifth positive pressure generating portion are
. formed, the 1oad capacity increases at the leading edge. This
results in an increase in the air lubricating film stiffness, thereby
improving the following stability relative to the surface of the
disk — like medium. When the fourth and fifth positive pressure
generating portions are provided, the surface facing a medium
may further include a second negative pressure generating
portion and a third negative pressure generating portion. The
i second negative pressure generating portion is formed between
the first positive pressure generating portion and the fourth
positive pressure generating portion. The third negative pressure
generating portion is formed between the second positive pressure
genefating portion and the fifth positive pressure generating
portion.

With the structure described above, when the disk — like
medium rotates, a series of air bearings constituted of the first
positive pressure generating portion, the second negative pressure
generating portion and the fourth positive pressure generating
portion, and ‘a series of air bearings constituted of the second
positive pressure generating portion, the third négative pressure
generating portion and the fifth positive pressure generating
portion are formed parallel to each other at the two sides of

the slider in its widthwise direction.
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Since the first an Dr essur e generating portlons 110 and ..
120 have essentialljyjth | gt jand are provi ded at { BEEN
the widthwi se dire tion'?&?‘ﬂg%@ By a di stance, stabil Jgﬁltsl %ﬁﬂg&s‘

roll angle is achigvgd as wel|. gver, with the new ai L ge
structure descri bed above, the pltch angl?e can be set at 3 X 10[err] (rad)
or. smaller, and con er—-the~-trailing edge TR of the slider 1 and

the disk- |ike medi UMESARhBAMBFEV EHY FirstVABgative pressiige Bidto ehe 28880 OF
| ess. Furthernore, each of the mentioned surfaces can be

negative pressure generating portion is generated inside an area

enclosed by the first positive pressure generating portion, the
-: second positive pressure generating portion, the second negative
pressure generating portion, the third negative pressure
generating portion, the fourth positive pressure generating portion
and the fifth positive pressure generating portion.

A head that achieves such pressure distribution is new,
and it has been confirmed that even at a flying distance of 25nm
or less, a stable attitude is maintained so as to prevent contact
with the disk — like medium.

Moreover, by providing _the first positive pressure
generating portion, the second positive pressure generating
portion, the fourth positive pressure generating portion and the
fifth positive pressure generating portion toward the four corners
of the slider, a high air lubricating film stiffness is achieved in
the four corners to improve the following stability.

In addition, since the first and second positive pressure
generating portions increase the load capacity toward the leading
edge to increase air lubricating film stiffness, a small pitch angle
is achieved in a state of extremely low flying of 25nm or less
and the small pitch angle is maintained stable to further improve
the following of the head. With the head having the new
structure described above, the pitch angle may be set small, at
3.0 X 10 (rad) or less. It has also been confirmed that since a
high degree of air lubricéting film stiffness is achieved, contact

between the trailing edge of the slider and the disk — like medium

This Sheet Has Been Replaced




formed through integrated machi ning by enpl oyi ngja attern
formng technol ogy such as dry etching on the suffpcg of kh[ slidgr 1 that
faces opposite the nedium Thus, according to thk pr SHA iﬁ%ntion, a

smal l er and thinner head that is extrenely effectijpe for achieviind a hi gher
40 witing density and an increase in the8 storage capacity and
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can be avoided even at a flying distancg of 25nm or less.

- Moreover, it has been confirmed that with the head
having the new structure. described above, a stable small flying
-- height of 25nm or less is assured, by minimizing the fluctuations

in the flying height caused by disturbance, oscillation of the disk
. — like medium and dust.

Furthermore, the positive pressure generating portions and
the negative pressure generating portions are formed through
integrated machining by employing a high accuracy pattern
forming technology such as dry etching on the surface of the
slider facing the medium.

Consequently, according to the present invention, a
smaller, thinner head that is extremely effective for achieving
a higher writing density, an increasé in the storage capacity and
demonstrates outstanding mass productivity is provided. —

In one desirable mode, the second and third negative
preséﬁre generating portions are each constituted of an indented
porﬁon dropping down from the surfaces of the first and second
positive pressure generating portions. The fourth and fifth
positive pressure generating portions rise up from one of the
surfaces of the indented portions.

It is desirable to form the surfaces of the indented
portions constituting the second and third negative pressure
generating portions so as to narrow starting from the side of
the leading edge to the central portion and so as to widen
starting from the central portion toward the side of the trailing

edge. With this structure, the roll characteristics are improved.
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dermnétrat es outstandi ng mass productivity isipfovided. As has jal ready been

explained in reference to FIG 17, when the sjiHerglMAR BRI ri;eq, whi | e
the air lubricating filmstiffness is reduced he fol |l owi ng stiability
relative to parallel oscillations of the.diskj-* oes not

deteriorate since the slider mass is reduced. {In addition, since the air
bearing contour is formed symetrically relative to the central axis of the

slider 1 in the |engt %l% gh—{“ ?ﬁfﬁ%ﬁt%q@@dﬁ%‘etﬁé rfogg?ﬁl%}g%“ Caﬁgg £&an be

formed through integrate a mcr
- pressure generating portions and the second and third negative

[

pressure generating portions, the thii‘d positive ~pressure
- generating portion described above may be included.—The third_
positive pressure generating portion is provided toward the
. trailing edge and has an edge at one end located toward the
leading edge and rises up from the base surface of the first
negative pressure generating portion in a step. The transducer
will be mounted at the cenfér of the third positive pressure
generating portion. This structure, when adopted in a read,/write
apparatus, achieves the flying characteristics that will be less
influenced by fluctuations in the roll angle over the entire
surface of the disk — like medium.
The first and second positive pressure generating portions
may be oriented in the widthwise direction of the slider assuming
a structure in which the first and second positive pressure
genefating portions are contihuous to form a single flat surface
being an air bearing surface. In this case, since the load capacity
at the side of the leading edge becomes further increased to
increase. air lubricating film stiffness, a small pitch angle is.
maintained in a stable manner at a very low flying height of
25nm or less and the following stability of the head are also
improved.
The first and second positive pressure generating portions
may be provided extending toward the trailing edge of the slider
with the electromagnetic transducer mountec_i at least at either

the first positive pressure generating portion or the second
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reference to measure‘d data, advantages that are

wite apparat uspgs W ipr}%sé&ee rE‘tﬁﬁ%ra‘cing portion.

The slider in the head according to the present invention
should preferably have a length of 1.25mm and a width of 1.0mm
or less and should weigh 1.6mg or less. )

In addition, it is desirable to form the surface of the
slider facing the medium in such a manner that it achieves
symmetry relative .to the central axis of the slider running
through the lengthwise direction. This structure makes it possible
to form the air bearing steps through integrated machining 'by
employing a micro fabrication method suc_:h as dry etching
without having to perform .mechanical machining, thereby
facilitating dimensional management in mass production
machining and improving mass productivity.

The boundaries between the suffaces of the first, second,
fourth and fifth positive pressure generating portions and the
surfaces of the indented portions should be formed as a step with
the -.depth of 0.1 um or more. In addition, the end edges that
define the surface of each of the first, second, fourth and fifth
positive pressure generating portions and the indented portions

are straight lines, curved lines or a combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
More specific features and advantages of the present
invention are explained in further detail in reference to the
drawings, wherein :
FIG. 1 illustrates a perspective of a _first embodiment of

the head according to the present invention.

if | y|ng hei ght gl: 8 to



head 6, the head suspension 5 and the disk - |iKejmedium4 are same as
those in the head illustrated in FIGS. 1 to 5 arld lar €834ARi3%n
(slider 1) length: 0.8mm 41

. SONT Cougm!
according to the present invention are explai neq: E éﬁ;&ﬁ#%f*éﬂfﬁns of the

h

es

16

—

FIG. 2 illustrates a plan view of the head in FIG 1
viewed from the side where the surface facing the medium is

located.

FIG. 3 illustrates a front view of the head sho;vn in FIG.

FIG. 4 illustrates a side elevation of the head shown in
FIG. 2.

FIG. 5 illustrates a cross section along line 56—5 in FIG.

FIG. 6 illustrates an enlarged cross section of the head
shown in FIGS. 1 to 5, where the electromagnetic transducers are
provided. |

FIG. 7 illustrates a magnetic read Z‘write apparatus
according to the present invention.

FIG. 8 illustrétes a side elevation of the magnetic head
device adopted in the magnetic read /write apparatus shown in
FIG. 7. |

FIG. 9 illustrates the operation of the magnetic read/
write apparatus shown in FIG. 7.

FIG. l10 illustrates a model of the magnetic read,/write
apparatus shown in FIG. 7.

FIG. 11 shows data with respect to the relationship
between the normalized slider length and the normalized pressure
in the magnetic read /write apparatus employing the head
illustrated in FIGS. 1 to 5.

FIG. 12 shows three — dimenéional da?a with respect to

the relationship between the normalized slider length and the
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normalized pressure in the magnetic read /write apparatus
employing the head illustrated in FIGS. 1 to 5.

FIG. 13 shows data with respect to the relationship
between the position of the slider and the flying hei.gh_t in the
magnetic read /write apparatus employing the head illustrated

. in FIGS. 1 to b.

FIG. 14 shows data with respect to the relationship
between the position of the slider and the pitch angle in the
magnetic read,/write apparatus employing the head illustrated
in FIGS. 1 to &.

FIG. 15 shows data with respect to the relationship
between the position of the slider and the flying height achieved
as the heights of the step faces in the head are varied in the
magnetic read write apparatus employing the head illﬁstrated
in FIGS. 1 to b.

FIG. 16 shows data with respect to the relatiorishi'p
betWéen the position of fhe slider and the pitch angle achieved
as the heights of the step faces in the .head are varied in the
magnetic read/write apparatus employing the head illustrated
in FIGS. 1 to 5.

FIG. 17 shows data with respect to the 'fljring height
fluctuation due to the parallel motion of the surface of the disk
—like medium in the magnetic read/write apparatus employing
the head illustrated in FIGS. 1 to 5.

FIG. 18 illustrates a :pe'rspective of a second embodiment
of the head according to the present invention.

FIG. 19 illustrates a plan view of the head in FIG. 18
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FIG 26 presents data that illustrate the rel BEEA’EM 1 SHE he

normal i zed slider |ength and the nornalized preSsu&g. /%2 or I zed slider
| ength which is represented by the horizontal {axis sM ?f ssgdjas the
ratio (x/ L) of the position x taken in the |dndthw se directilioh fromthe

| eadi ng edge LE and the entire length L 8 theg slider 1. The notnal i zed
pressure represented by the vertical axis is -red-by—using a formul a
(P/Pa - 1) withyRehe] NgohleHY a3 ¥hape! {10 st thée Biciger the %@dﬁﬁnbgé ng
t he atnospheric pressure. The curve L9 represents the pressure distribution
achieved at a pgghiépn distanced by vy -
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FIG. 20 shows three — dimensional data with respect to
the relationship between the normalized slider lengtf1 and the
normalized pressure in the magnetic read /write apparatus
employing the head illustrated in FIGS. 18 and 19.

FIG. 21 illustrates a perspective of a third embodiment
of lthe head according to the present invention.

FIG. 22 illustrates a plan view of the head in FIG. 21
viewed frqm the side where the surface facing the medium is
located.

FIG. 23 illustrates a front view of the head shown in FIG.
22. i

FIG. 24 illustrates a side elevation of the head shown in
FIG. 22. |

FIG. 25 illustrates a cross section along line 25— 25 in
FIG. 22.

| FIG. 26 shows data with respect to the relationship

between the normalized slider length and the normalized pressure
in the magnetic read /write apparatus employing the head
illustrated in FIGS. 21 to 25.

FIG. 27 shows three — dimensional .data with respect to
the relationship between the normalized slider length and the
normalized pressure in the magnetic read/ write apparatus
employing the head illustrated in FIGS. 21 to 25.

FIG. 28 shows data with respect to the relationship

between the position of the slider and the flying height in the
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= 0.3mm from one end edge of the slider 1 in the['Wi dt AW sé dlrection Y,
whereas the curve L10 represents the pressure fdistrigminagpspchi gved at a
position distanced by y = 0. 1lmm and the curve L1l represents tihg pressure
distribution measured at a position distanced pyly=g-86rm—8l G 27
presents conputer sinulated data that th?ee d| n5| onally indicdte the
rel ati onshi p. between the normalized

magnetic read/write apparatus employing the head illustrated

in FIGS. 21 to 25b. -

FIG. 29 shows data with respect to the reIationship
between the position of the slider and the pitch an—gle in the
‘ magnetic read,/ Writé apparatus employing the head illustrated
. in FIGS. 21 to 25.

FIG. 30 shows data with respect to the relationship
between the position of the slider and the flying height achieved
as the heights of the step faces in the head are varied in the
magnetic read,/write apparatus employing the head illustrated
in FIGS. 21 to 25.

FIG. 31 shows data with respect to the relationship

i between the position of the slider and the pitch angle achieved
as the heights of the step faces in the head are varied in the
magnetic read /write apparatus employing the head illustrated
in FIGS. 21 to 25.

-' FIG. 32 illustrates a perspective of a fourth embodiment
of the head according to the present invention.

FIG. 33 illustrates a plan view of the head in FIG. 32
viewed from the side where the surface facing the medium is
located. _

FIG. 34 shows computer simulation data that three —
dimensionally illustrate the relationship between the nofmalized
slider length and the normalized slider width, and the normalized
pressure achieved by employing the head in the read,/write
apparatus shown in FIGS. 7 and 8.

FIG. 35 shows data with respect to the relationship



|

i

42 slider length and the nornalized pressure shc#PLﬁcﬁ%}g—%gﬁg E t he head
iin this enmbodinment, the front flat surface 100 dtgrts at the | eading edge
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X that matches the airflow direction (a) The finrsti and second pésitive
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achieved by employing the head in the first embodiment in the

read /write apparatus shown in FIGS. 7 and 8.

FIG. 36 shows data with respect to the r-elationship

between the position of the slider and the flying height achieved
. in the read write apparatus employing the head shown in FIG.
32.

FIG. 37 shows data with respect to the relationship
between the position of the slider and the pitch angle achieved
in the read “write apparatus employing the head shown in FIG.
32,

FIG. 38 shows data with respect to the relationship
between the rotational speed of the disk — like medium (rpm)
and the flying height achieved in the read,/write apparatus
employing the head shown in FIG. 32.

FIG. 39 illustrates. a perspective of a fifth embodiment
of tﬁe head according to the present invention.

FIG. 40 illustrates a plan view of the head in FIG. 39
viewed from side where the surface facing the medium is located.

FIG. 41 shows computer simulation data that three —
dimensionally illustrate the relationship between the normalized
slider length and the normalized slider width, and the normalized
pressure achieved by employing the head shown in FIG. 39 in
the read write apparatus shown in FIGS. 7 and l8.

FIG. 42 shows data with respect to the relationship
between the normalized slider length and the_normalized pressure

achieved by employing the head shown in FIG. 39 in the read
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of the head according to the present invention.
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FIG. 44 illustrates a plan view of the head _in FIG. 43
viewed from side where the surface facing the medium is located.

FIG. 45 shows computer simulation data that three —
dimensionally illustrate the relationship between the normalized
slider length and the normalized slider width, and the normalized
pressure achieved by employing the head shown in FIG. 43 in
the read/write apparatus shown in FIGS. 7 and 8.

FIG. 46 shows data with respect to the relationship
between the normalized slider length and the normalized pressure
achieved by employing the head shown in FIG. 43 in the read
/'write apparatus shown in FIGS. 7 and 8.

FIG. 47 illustrates a perspective of a seventh embodiment
of the head according to the present invention.

| FIG. 48 illustrates a plan view of the head in FIG. 47
viewed from side where the surface facing the medium is located.

FIG. 49 shows computer simulation data that three —
dimensionally illustrate the relationship between the normalized
slider length and the normalized slider width, and the normalized
pressure achieved by employing the head shown in FIG. 47 in
the readwrite apparatus -shqwn in FIGS. 7 and 8.

FIG. 50 shows data with respect to the relationship
between the normalized slider 1eng‘th and the normalized pressure
achieved by employing the head shown in !:’"IG. 47 in the read

/write apparatus shown in FIGS. 7 and 8.
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at a flying height of 25nmor |ess. Mreover, since no ffaffromng 1 s ;-l':?
provided at the |eading edge LE, the pitch angl e can be jisgt $8854R 399 ':} '
addition, since the length of the slider 1 is snmall, thg¢ Elft force can}b5
kept small to reduce the flying height, and at the saneitrmmbh&chang&z I;n
pressure distribution relative to the d?%k rotational s eed and changes in

the airflow.direction (a) can be reduced to maintain the flying stability
of the slider 1. FIG. 51 shows data with respect to the relationship

- between the positioﬁ of the slider and the flying height achieved
in a read/write apparatus employing the heads shown in FIGS.

39, 43 and 47.

FIG. 52 shows data with respect to the relationship
between the position of the slider and the pitch angle achieved
in a read/ write apparatus employing the heads shown in FIGS.
39, 43 and 47.

FIG. 53 shows data with respect to the relationship
between the rotation rate of the disk — like medium (rpm) and

'_ the flying height achieved in a read/write apparatus employing
the heads shown in FIGS. 39, 43 and 47. |

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to FIGS. 1 to 5 which show a first embodiment,
the head according to the present invention comprises a slider
1 arﬁ:l transducers 2 and 3. The transducers 2 and 3 constitute
two elements, i.e.'a writing element and a reading element. The
slider 1 is provided with a front flat surface 100, a first positive
pressure generating portion 110, a second positive pressure
generating portion 120, and a first negative pressure generating
portion 130. The front flat surface 100, which is provided starting
at a leading edge LE, continues on to an intermediate point along
a lengthwise direction X. The first positive pressufe generating
portion 110 and the second positive pressure generating portion
120 have top surfaces 112 and 122 which constitute flat surfaces

having essentially equal heights and are positioned separated



43 FIG 28 presents data that illustrate the r
position of the slider and the flying height.

illustrated by both the radius of the nedlun1a1d}the skem/ang
expl anation of the skew angle [err] has already
FIG 9. FIG 28 shows the rotating radi & of t;e tdi sk - like
the skew angle [err]. As FIG 28 illustrates,

ai r bearing Sufkmseesdl UstHbre SHRSChI BestaneaV At BnyeEidcamih! af WikBwise

t he

Rgﬁﬂgg{] Ron &tfd ; 'A

 An

i

direction Y running perpendicular to the lengthwise direction X.
The first and the _second positive pressure generating portions
110 and 120 each include an edge at one end located toward the
leading edge LE forming step faces 111 and 121 which rise up
from ‘the front flat surface 100 in a step. The first negative
pressure generating portion 130 is provided behind the front flat
surface 100 relative to the airflow direction indicated with arrow
" (a) and has a base surface which is lower than the top surface
of said front flat surface 100 and has a front edge 133 located
toward the leading edge LE forming a rising stép face 131 to
constitute a first negative pressure generating portion. The first
negatiwlre pressure generating portion 130 drops down from the
end edge of the front flat surface 100 and continues on to the
trailing edge TR.

The front edge 133 of the front flat surface 100 viewed
from airflow direction (a) must be closed. In this case, the front
edge 133 is typically constituted as the step face 131. The height
of the step and the size, shape and the like of the surface are
selected as appropriate to achieve the required flying
characteristics at a flying height of 25nm or less. More
specifically, the height of the step may be set at approximately
2.5 g m. It is desirable to set the length, the width and the weight
~ of the slider 1 at 1.25mm or less, 1.00mm or iess and 1.6mg or
less respectively. The transducers 2 and 3 are provided at the
trailing edge TR of the slider 1.

In the head in this first embodiment, the surface facing

sl i der

S

| €.
hectB AR Wnie' erence to

dium 4 under
i {1 The head Havi ng the new
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hei ght gl of approximately 10nmis assured overq 3 wi de skew antl 2 range

o

.(-4.3 to 13.25 ). Furthernore, a high degree of fly‘lagdi’@ﬁmli yiagai nst

di sturbance and vibration is achieved over a wjdg skew angle range (- 4.3
to 13.25[err] ). FIG 29 presents data that illjustrare THe Terlattonship
bet ween the position of the slider and 2he pitdgh_anale [erL]...Lhé position
of the slider is illustrated by both the radius of the nmedium and the skew

angle. As dempnstr @il furthbl idudes th fHied hessitivayipPesdure genwepatingear i ng

surface structure according to the present invention, the pitch angle [err]
can be set at R3rkohO120" vhich is provided toward the trailing edge TR and

>~
=

has a step face 141 facing the leading edge LE which rises up

from the base surface of the first negative pressure generating
portion 130. The third positive pressure generating portion 140
is located at approximately the central portion in the widthwise
direction Y with another end thereof continuing on to said
trailing edge TR. The transducers 2 and 3 are mounted on the
third positive pressure generating portion 140. The first, second
and third positive pressure generating portions 110, 120 and 140
are all positioned symmetrically relative to the central axis
running in the lengthv‘fise direction X.

The heights hl, h2 and h3 of the step faces 111, 121 and
141 respectively and the sizes and shapes of the first, second and
third positive pressure generating portions '110, 120 and 140 are
selected as appropriate to achieve the required flying

. charécteristics at a flying height of 25nm or less. More
specifically, the heights hl and h2 of the step faces 111 and 121
are set within a range of 0.1 to 1.0 g m.

The advantages achieved by constituting the first and
sécond positive pressure generating portions 110 and 120, the first
negative pressure generating portion 130 and the third positive
pressure generating portion 140 with steps, include assurance of
the required flying characteristics and integrated machining that
can be implemented by employing a high accuracy pattern
forming technology such as dry etching.

The end edges defining each of the flat surfaces of the
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(rad) or less, and contact between t he trailing ledge TR Gf tTHe §lijder 1 and
“the disk -1ike medium4 can be prevented even at f b gipner Rg9gohty of 25nm or
less. FIG 30 shows data with respect to the reljatli onship betwegnithe
position of the slider and the flying height gl s the

hei ghts hl and h2 of the step faces 1112and 121 f{are varied. The pdgsition of
‘the slider is illustrated by both the radius of and-thne skew

ﬁglggﬁ t STﬂi gugi’?sf 1%cbRAr 888N RIrd PoshMF@GREbetd eneitifkeporaienst NE,

120 and 140 are straight lines, curved lines or a combination

thereof.
e FIG. 6 is an enlarged cross section illustrating the portion
of the transducer shown in FIGS. 1 to 5. The transducer 3, which
constitutes a write element, is an inductive thin film transducer,
whereas the transducer 2, which constitutes a reéd element, is
an MR element.

The transducer 3, which constitutes the write element, is
provided with a first magnetic film 31 that also functions as
a second shield film for the MR elemefxt 2, a second maghetic
film 32, a coil film 33, a gap film 34 that mafr be constituted
of alumina or the like, an insulating film 35 constituted of an
organic resin, and a protective film 36 constituted of alumina
or the like. The front end portions of the first magnetic film
31 and the second magnetic film 32 constitute a first pole tip
Pl ahd a second pole tip P2 which face éach other over the gap
" film 34, whose thickness is very small, and write is performed

at the first pole tip P1 and the second pole tip P2. The yokes
of the first magnetic film 31 and the second magnetic film 32
are linked with each other at the back gap which is on the
opposite side from the first pole tip P1 and the second pole tip
P2 so that they complete a magnetic circuit. The coil film 33
is formed on the insulating film 35 in such a manner that it
winds around the linking portion of the yokes in a coil. The
number of windings and the number of layers in the coil film

33 are arbitrary.



44 h2 are set at 0.6 [err] mwhereas the curvefLl3 re%s%s § hi
.characteristics achieved when the heights hl an HHB #AeR aj 9.8 [err]m
The data indicate that by controlling the hei ghtls hl and h2 of f§he step-
faces 111 and 121, the flying height gl can bg controlled. Wen;jthe heights
hl and h2 are smaller than 0.6 [err] m28it bedanes.difficult-to:keep the
flying height g1 at 20nmor less. As the heights hl and h2 increase, the

flying height g1 There are various film structures which have been

proposed and put into practical use to date, any one of which
may be adopted to constitute the MR element 2. For instance,

. the MR element 2 may be constituted of an anisotropic
magnetoresistive element achieved by using a permalloy or the
like or it may employ a giant magnetoresistive (GMR) film. Any
one of the above mentioned types of elements may be adopted
in the present invention. The MR element 2 is located inside an
insulating film 22 between a first shield film 21 and the first
magnetic film 31 which also functions as the second shield film.
The insulating film 22 is constituted of -alumina or the like.
Unlike in the embodiment, bnly the transducer 3 may be provided
to be used as a read/write element.

In an application in a read,/write apparatus, the surface
of the head according to the present invention that is located
at thé opposite side from the surface facing the medium is
supﬁbrted by a head suspension and the head is caused to fly
by air current generated between the surface facing the medium
and the surface of the medium when the disk — like medium
rotates. The head according to the present invention should be
combined with a disk —like medium with a high degree of surface
accuracy when it is to fly at an extremely small flying height
of 25nm or less. _

FIG. 7 shows the read /write apparatus according to the
present invention. The magnetic read,write apparatus according
to the present invention comprises a disk —like medium 4, a head

suspension 5 of the known art, a head 6 according to the present
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beconmes reduced. However, when they exceed 1.0 |[4TTTm tHe T 4jl

_ ng edge TR
tends to come in contact with the disk - |ike redi uyg4gamyesor eadily. FIG
31 illustrates the relationship between the poditlion of the slidér and the
pitch angle [err] that is achieved as the hei gfté~h+—&ﬂd-h—2~=-—@f~xi=tk§_le step

faces 111 and 121 are varied. The posit®bn of the slider is illugtrated by
both the radius of the nedium and the skew angl™&@™The CurvVeé [I4 represents

the characteri givatieshapded pbsitidriaghdegides ThIThaddisk ailikes eheditind. £
[err]m whereas the curve L15 represents the characteristics achi eved when

t he is driven to rotate in the direction indicated by the arrow (&)

by a rotating drive mechanism (not shown). The positioning
device 7, which employs a rotary actuator system, supports the
head suspension 5 at one end and drives it in the directions
indicated by the arrows bl and b2 at a specific angle (skew
angle) on the plane of the disk - like medium 4. With this, writes
to and reads from the disk — like medium 4 are performed at
specific tracks. The head 6 is mounted to the free end of the
head suspension 5 in such a manner that pitch movement and
roll movement are allowed and that a load is applied in the
direction ‘of the plane of the disk —like medium 4.

FIG. 8 is a side elevation view of the head device. The
head suspension 5 is constituted by mounting a flexible body
52 constituted of thin metal plate at a free end located at one
end in the lengthwise direction of a supporting body 51 which
is liﬁewise constituted of thin metal plate and mounting the head
6 at the lower surface of the flexible body 52. The head
suspension 5 applies a load force to the head 6 to press it toward
the disk — like medium 4. The flexible body 52 in the figure is
provided with two outer frame portions 521 and 522 extending
almost parallel to the axis of the supporting body 51 in its
lengthwise direction, a lateral frame 523 that links the outer
frame portions 521 and 522 at an end which is distanced from
the supporting body 51, and a tongue piece 524 extending from
approximately the center of the lateral frame 523 almost parallel

to the outer frame portions 521 and 522 with its front end being
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hei ghts hl and h2 are set at 0.8 [err]m The datp |ndicate that y
.controlling the heights hl and h2 of the step fatep ABIMARAPI21,} tihe pitch
angle [err] can be controlled. Wien the heights hljand h2 are snpalj er than
0.6 [err]m it becones difficult to keeg t he pit gh®&mgte et 3 x 10
(rad) or less in a range over which the Skew angle O is large (for

i nstance, at 13.25[err] ). Wien the heights hl and h2 are larger than 0.8
[err]m the pi&cireangid Ome rendoef diesflexrilde Badypb2 dsst ihan thexopPodit@d) in
t he range over which the skew angle [err] is small (for instance, at O[err]
), thereby incsidesifrgmt whernesikthef laterhbhdranec 23 iy provided| endnogneede,
and when the

in the vicinity of the free end of the supporting body 51 by
means such as welding. -

At the lower surface of the supporting body 51, a
projection for load 525 is provided, which may take, for instance,
a semi — spherical form. 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. Load point Pl of the head 6 at the
projection for ___;oad 525 is offset by an offset AD toward the
inflow end from the cénter of gravity Cl of the head 6. Note
that the projection for load 525 may be provided in such a
manner that the load point Pl of the head 6 at the projection
f_or load 525 is set at the position of the center of gravity Cl.

The head 6 is mounted at the lower surface of the tongue
piece 524 by' means such as bonding. The head 6 is mounted to
the ..flead suspension 5 so that its lengthwise direction is aligned
to the lengthwise direction of the head suspension 5. The head
suspension 5 that may be adopted in the present invention is
not limited to that employed in the first embodiment. Selection
may be made from a wide variety of head suspensions that have
been proposéd to date and head suspensions that will be proposed
in the future. For instance, the supporting body 51 and the
tongue piece 524 may be integrated by employing the technology
disclosed in Japanese Unexamined Patent Publication No. 215513
/1994 or by using a flexible high polymer wifing board such
as tab tape (TAB). '
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45 heights hl and h2 exceed 1 [err]m contact rg¢syglts. To sumup fhe
.information presented in FIGS. 30 and 31, it is dcesiﬁ&_ﬁﬁ%-iﬁﬁ?se? fhe
hei ghts hl and h2 of the step faces 11 and 121 wifhin the rangeidf 0.6 to
1.0 [err]m The present invention is not |inmted { o THe specitiic jexanpl es
gi ven above. For instance, in FIG 21, @third pasitive !

R e,

m——nd

FIG. 9 illustrates the operation of the read / write
apparatus shown in FIGS. 7 and 8. During a read ./ write
operation, the head suspension 5 that supports the head 6 is
driven to swing in the directions indicated by the arrows bl and
b2 around the pivot center Ol by the positioning device 7

. employing a rotary actuator method. The position of the head
6 on the disk — like medium 4 is normally expressed as a skew
angle 8. In the description of the present invention, the skew
angle @ is expressed as the inclination of the central line of the
-slider 1 in the widthwise direction W.

FIG. 10 presents a model of the magnetic read write
apparatus shown in FIGS. 7 and 8. The head 6 generates lift
dynamic pressure at the first, second and third positive pressure
generating portions 110, 120 and 140 against which a spring load
is applied by the head suspension 5, and a negative pressure is
generated -by the first negative pressure generating portion 130
betv‘;een the first, second and third positive pressure generating
porfions 110, 120 and 140. The head 6 flies at a very small flying
height gl and at a pitch angle 8 at which the spring load, the
lift dynamic pressure and the negative pressure are in balance.
The flying height gl represents the flying height of the
transducers 2 and 3 and should be distinguished from the flying
height g2 formed between the trailing edge TR and the disk —
like medium 4. |

Next, in reference to measured data, advantages that are
achieved by the magnetic read,/write apparatus employing the

head according to the present invention are explained. The



pressure generating portion may be provided at an approxinately central
portion of the trailing edge TR of the slider 1, as shown in FIGS. 1 to 5,
to accommopdat e the transducers 2 and 3. Referring to FIGS. 32 and 33 which
show a fourth enbodi ment, the surface facing a nediumis provided with a
front flat surface 100, a first negat i vé0pr essure generating portion 130, a
first positive pressure generating portion 110, a third positive pressure

generating por i omel 40 A LPUHd AT bl Re PhESS WispeaBRIAD aadpehé i @iskl50,
a fifth positive pressure generating portion 160, a second negative

pressure generatifi@ RREdiBR 479re as follows.
) | (slider 1)

length : 0.8mm REPLACEN
' width : 0.6mm -

18 AR 059

thickness : 0.3mm

weight : 0.6mg

(head suspension 5)
load force: 1.0gf |
spring rate : 1.8gf/mm |
load point: central area of the slider .1
(disk — like medium 4)
disk diameter : 2.5 inches
disk rotational speed : 7200 rpm

FIG. 11 shows data with respect to the relationship
between the normalized slider length and the normalized pressure.
The\' normalized slider length which is represented by the
horizontal axis is expressed as the ratio (x/ L) of the position
x taken in the lengthwise direction from the leading edge LE
and the entire length L of the slider 1. The normalized pressure
represented by the vertical axis is determined by using a formula
(P/Pa—1) with P being the pressure applied to the slider 1
and Pa being the atmospheric pressure. The curve L1 represents
the pressure distribution achieved at a position distanced by vy
= 0.08mm from one end edge of the slider 1 in the widthwise
direction W, whereas the curve L2 represents the pressure

distribution characteristics achieved at a position distanced by



and a third negative pressure generating port %i}%g He JIilbist positive
pressure generating portion 110 is provided i hn area that 1js jtoward the
| eadi ng edge LE fromthe center of the |engthy $e 48 MéftiHom X tihat matches
the airflow direction (a). The second and thi§dinegative pressur e
generating portions 170 and 180 are pro¥i ded at “postrions-separ: lated from
each other aqver a distance in the w dthw se djrection Y running

per pendi cul ar § o=t p@0Opemat hwi se direction X at the Tear of the first
positive pressure generating portion 110 viewed in the airflow direction
(a). - FIG. 12 shows computer simulated data that illustrate

three dimensionally the relationship between the normalized slider
. length and the normalized pressure shown in FIG. 11.

In the head according to the present invention, the
surface facing a medium is provided with first and second
positive pressure generating portions 110 and 120, a first negative
pressure generating portidn 130 and a third positive pressure
geﬁerating portion 140, with the first negative pressure
generating portion 130 located between the first, second and third
positive pressure generating portions 110, 120 and 140. Thus, as
FIGS. 11 and 12 clearly demonstrate, when the disk — like medium
4 is caused to rotate, first lift _dynamic pressures are generated
by the first and second positive pressure generating portions 110
and 120 along the airflow direction (a), a second lift dynamic
pressure 1s éénerated by the third positive pressure generating
portfon 140 at the frailing edge TR (see the characteristics L1)
and a negative pressure is generated by the first negative
pressure generating portion 130 in the area between the first lift
dynamic pressures and the second lift dynamic pressure (see the
characteristics L2). The structure of the air bearing surface that
achieves suéh pressure distribution is new, and contact with the
disk — like mediurh can be avoided even at a flying height of
25nm or less.

FIG. 13 presents data that illustrate the relationship
between the position of the slider and the flying height. The

position of the slider is illustrattf,d by both the radius of the



The fourth posi tivdg presstre :
the second negative pr er
generating portion{l6 fglﬂ{”g%%(%

generating 180 ove _dl stance in
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ing portion 150 is 46 | ocat ed- behi nd

he wi dt hwi se direction X_.Jh

ting 170 and the fifth p
ehind the second negatipy gﬁfﬁt%ﬁ Eé%%kﬁ

negative pressure generating portion| 13%2i s provi ded inside an area

encl osed by

medium and the skew angle. An explanation of the. ‘skew angle
has already been given in reference to FIG. 9. FIG. 13 shows the
rotating radiue of the disk —like medium 4 under the skew angle.
As FIG. 13 illustrates, with the head having the new air bearing
surface structure described above, a vefy small flying height gl
of approximately 10nm is assured over a wide skew angle range
(- 4.3 to 13.25° ). Furthermore, a high degree of flying stability

against disturbance and vibration is achieved over a wide skew

‘angle range (—4.3 to 13.25° ).

FIG. 14 presents data that illustrate the relationship
between the position of tile slider and the pitch angle. The
position of the slider is illustrated by both the radius of the
medium and the skew angle. As demonstrated in FIG. 14, with
the head having the new air bearing surface structure according
to the present invention, the pitch angle can be set at 3X 10 (rad)
or less, and contact between the trailing edge TR of the slider
1 and the disk — like medium 4 can be prevented even at a flying
height gl of 25nm or less.

Moreoirer, the first, second and third positive pressure
generating portions 110, 120 and 140, and the first negative
pressure generating portion 130 can be formed through integrated
machining by .employing a high accuracy pattern forming
technology such as dry etching on the surface of the slider 1
that faces opposite the medium.

Consequently, according to the present invention, a
smaller, thinner head that is extremely effective for achieving

higher dens1ty magnetic writing and an increase in storage

—
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the first positiye{préssure genefating portion 110, the second and third
negati ve pressur engg plaRMsporfipns 170 and 180 and thg=keueth _and fifth
positive pressur enerating por}ipns 150 and 160. |n thiJsFHIS8HBET HAS BEEN
enbodi nent, the fi ppsitive pressure generdting REPLACEDS arej .
oriented to crossg the slider 1 in the wddthwi se directi orrv—am—are )
provided continuous—Thm tThe Wdthw se direction Y to constitute a single
positive pressyS6Peapll NdeP@nktted 1Qutitndinkstmaesi tpreduptRASYr s
generating portiron I10 is provided with an step tface 111. The fourth and

provided.

Furthermore, as FIGS. 1 to 5 clearly show, the head
according to the present invention is not providéd with a
narrowing shépe at the leading edge LE. Thus, the pitch angle
can be set small. In addition, since the length of the surfaces
112 and 122 is small, the flying height can be reduced with the
lift force set small, and at the same time, the range over which
the positive pressure changes in correspondence to the disk
rotating speed and air inflow direction is reduced, thereby making
it possible to maintain the flying stability of the slider 1. To
sum up the information given above, a head and a reéd/ write
apparatus that demonstrate the following characteristics :
flying height: 8 to 12nm
1.1x10 (rad) < pitch angle 8< 2.2 X 10 (rad)
are achieved.

| FIG. 15 shows data with respect to the relatioriship
between the position of the slider and the flying height gl as
the heights hl and h2 of the step faces 111 and 121 are varied.
The position of the slider is illustrated by both the radius of
the medium and the skew angle. The curve L3 represents the
characteristics achieved when the heights hl and h2 are set at
0.6 x m whereas the curve L4 represents the characteristics
achieved when the heights hl and hZ2 are set at 0.8 y m. The
data indicate that by controlling the heights hl and h2 of the
step faces 111 and 121, the flying height gl can be controlled.

When the heights hl and h2 are smaller than 0.6 4 m, it becomes

This Sheet Has Been Reﬂlaced
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fifth positive pressure generatlnf ortions 150 and 160 are provided wth

step faces 151 anfl 16718 BABeEF?velyl The first positive g
portion 110, the $egond and third negative pressure geng
and 180, the four and fifth positive pressure generatif
160 and the firstinegative. pressure genet’ating portion 1 . -.
symmetrically relative to the central axis in the |l engthw se direction X
The level diffeliffiesls 66 kdepnthédFlying Hiight gheast 2fismcorsiessutAngtiidie
step faces 111, 151 and 161 and the sizes and
heights hl and h2 increase, the flying height gl becomes reduced.

However, when they exceed 1.0 ux m, the trailing edge TR of the

surface 142 of the third positive pressure generating portion 140

- (see FIGS. 1 to 5) comes in contact with the disk — like medium
4, | |

FIG. 16 shows data with respect to the relationship

between the position of the slider and the pitch angle as the

heights hl and h2 of the step faces 111 and 121 are varied. The

posiﬁon of the slider is illustrated by both the radius of the

medium and the skew angle. The curve L5 represents the

characteristics achieved when the heighté hl and h2 are set at

; | 0.6 £ m whereas the curve L6 represents the characteristics

achieved when the heights hl and h2 are set at 0.8 £ m. The

data indicate that by controlling the heights hl and h2 of the

step faces 111. and 121, the pitch angle can be controlled. When

the .*heights hl and hZ2 are smaller than 0.6 z m, it becomes

difficult to keep: the pitch angle at 3 X 10 (rad) or less in a

range over which the skew angle is large (for instance, at 13.

25° ). When the heights hl and h2 are larger fhan 0.8 £ m, the

pitch angle beqomes equal to or less than 1X 10 (rad) in the

range over which the skew angle is small (for instance, at 0° ),

thereby increasing the risk of contact occurring at the leading

edge, and when the heights hl and h2 exceed 1 # m, contact

results. To sum up the information given above, it is desirable

to set the heights hl and h2 of the step faces 111 and 121 within

This Sheet Hag

i m mii )

the range of 0.6 to 1.0 xm.
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shapes of the step portions are selected as approgga&-&i‘éi‘mazm‘z oy !t he
required flying characteristics at a flying heig 5nm ori |ess.
"To be nore specific, the level difference h4 and h5 xé’%&p fia es 111,
151 and 161 are set within a range of 03to 1.0 rr]m At the $eTond and

third negatlve pressure generating

FIG. 17 shows data with respe;:t to the flying helght
fluctuation due to the parallel motion of the surface of the disk
— like medium. In FIG. 17, the horizontal axis represents the
frequency (Hz) of the vertical surface motion of the disk — like
medium and the vertical axis represents the amplitude ratio (A
gl /b). A gl indicates the value of fluctuation of the flying

 height gl, whereas b indicates the value of the disk —like medium
oscillation amplitude. The curve L7 represents the characteristics
achieved when a slider having dimensions of 0.8mm in length,
0.6mm in width and 0.3mm in height is used, whereas the curve
L8 represents the characteristics achieved when a slider having
dimensions of 1.25mm in length, 1.0mm in width and 0.3mm in
height is used. The flying height gl is set at 25nm.

When the slider 1 is miniaturized, while the air
lubricating film stiffness is reduced, the following stability
relative to parallel oscillations of the disk —like medium do not

. detefiorate, as shown in FIG. 17, since the slider mass is reduced.
The slider 1 having a length of 1.25mm or less and a width
of 1.00mm or less and weighing 1.6mg or less achieves good
following stability, as illustrated in FIG. 17, independent of the
dimensions.

FIG. 18 is a perspective illustrating a second embodiment
of the head according to the present invention and FIG. 19 is
a plan view of the head shown in FIG. 18 viewed from the side
where the surface facing the medium is located.

In this second embodiment illustrated in FIGS. 18 and 19,

the surface facing a medium is provided with a front flat surface



R SRR A NRII % 5 W20 0050k

portions 170 and 180 and the first negative pr ss!urg g&gr@ ng portion
130, the front edge viewed in the airflow diredtijon ?3}‘ A | gsed by a
step 113 dropping off fromthe first positive grdssure generatiing portion
110. Forming the first positive pressure genergting portion 110, jthe second
and third negative pressure generating gortion &--180,...t heifourth and
fifth positive pressure generating portions 150 and 160 and the first
negative presstoe, aerfirsit pogithes t prasstiB® generiagirsg apdrtdores] Hilvansegssd i n
that the required following stability described above are achieved and in
that they can pesitive pressure generating portion 120, a first negative pressure

generating portion 130, a third positive pressure generating
portion 140, a fourth positive pressure generating portion 150 and
| a fifth positive pressure  generating portion 160. The fourth
positive pressure generating portion 150 is located behind the
first positivé pressure generating portion 110 over a distance and
is provided with a step face 151 toward the leading edge LE.
The fifth positive pressure generating portion 160 is located
: be}_ﬁnd the second positive pressure generating portion 120 over
é distance and is provided with a step faée 161 t()war(i the
leading edge LE. The surface 152 of the fourth positive pressure
- generating portion 150 and the surface 162 of the fifth positive
pressure generating portion 160 constitute flat surfaces that have
a height essentially equal to that of the surface 112 of the first
positive pressure generating portion 110 and the surface 122 of
the second positive pressure generating portion 120.

FIG. 20 shows three dimensional data with respect to the
relationship - between the mnormalized slider length and the
normalized pressure in a read/write apparatus employing the
head illustrated in FIGS. 18 and 19. Having pressure distribution
as indicated by these three — dimensional data, the head, when
employed in a read,/write apparatus, achieves advantages similar
to those achieved by the head illustrated in FIGS. 1 to 5.

FIG. 21 is a perspective view illustrating a third
embodiment of the head according to the present invention, FIG.

22 is a plan view of the head shown in FIG. 21 viewed from



formed through integrated machining by enpl oying RERUACEM RN B ST
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generating portion 110 is positioned in the width q%;@%l« Y it gwar d

the | eading edge LE fromthe center of the slider 1"|n

form ng technol ogy such as dry etching. The first p(}5| trve-presstfe
direction X. The second and third negative pressurf'%eu \311

ge
ons 170

and 180 drop off fromthe surface 112 of the flrsg p05|t|ve pressure

D

gener ati ng por tthensitttOwhera the surfatendacingethe mefuneisctodeded) RIGH23

fourth enmbodi nent, the surfaces 172 and 182

- is a side elevation of the head shown in FIG. 22, FIG. 24 is a

front view of the head shown in FIG. 22 and FIG. 25 is a cross
section along line 25— 25 in FIG. 22. -

The surface facing a medium includes a front flat surface
100, a first and a second positive pressure generating portion 110
and 120 and a first negative pressure generating portion 130.

The front flat surface 100 is provided starting at the
leading edge LE and continuing on to an intermediate point along
the lengthwise direction X that matches the airflow direction (a).
The first and second positive pressure generating portions 110
and 120 have essentially the same height and are provided
separated from each other by a distance at the two sides in the
widthwise direction Y which runs perpendicular to the lengthwise
direction X, with their edges toward the leading edge LE
‘constituting step faces 111 and 121 that rise up from the front
flat surface 100. The first and second positive pressure generating
portions 110 and ‘120 extend to the trailing edge TR. As a result,
the surfaces 112 and 122 of the first and second positive pressure
generating portions 110 and 120 respectively function as air
bearing surfaces.

The first négative pressure generating portion 130 drops
off in a step from the rear end of the front flat surface 100
and extends to the trailing edge TR.

The transducers 2 and 3 are provided at the trailing edge
TR at least at éither the first or second positive pressure

generating portions 110 and 120. In the thfrd embodiment, the
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“are fornmed so as to narrow starting fromthe sid the Teadi ng {edge LE
toward the central portion and so as to w den star mgan,bﬂﬁ???e entr al
portion toward the the side of the trailing edge 48 TR, betwe@nithe
surface 112 of the first positive pressure genera}likg—portTonIT0 &nd the
surface 152 of the second step portion $80 and be ween the surface.il12 of
the first positive

transducers 2 and 3 are provided at both the first and second

—+

positive pressure generating portions 110 and 120. -

The front flat surface 100 extends from the leading edge
LE to the approximate center in the lengthwise direction of the
slider 1 and is continuous to the first énd second positive
pressure generating portions 110 and 120 with a step relative
to the front flat surface 100. The level difference of the step face
formed between the front flat surface 100" and the surface 112
and between the front flat surface 100 and the surface 122 is
set at a specific dimension of, for instance, 0.1 to 1.0 £z m.

The height of the steps constituting the step faces 111
and 121, the size, shape and the like of the surfaces 112 and
122 continuous to the step faces 111 and 122 are selected as
appropriate to achieve the required flying characteristics at a
flying height of 25nm or less. |

The front edge 133 of the first negative pressure
generating portion 130, must be closed as viewed from the airflow
direction (a). In this case, the front edge 133 is typically
constituted as a step face 131. The height, shape and the like
of the step face 131 are selected as appropriate to achieve the
required flying gharacteristics at a flying height of 25nm or less.
More specifically, the height of the step 131 may be set at
approximately 2.5 u m.

The structures of the transducers 2 and 3 in the head
in this embodiment and its application in a read /write apparatus
are identical to those of the head of the first embodiment.

With the head structured as described above, when it is
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pressure generati mgjportion liO'aHdithe surface 162 of the third step
u N '
f

portion 160. The f o MAR21969 thej fourth positive press - -
portion 150 and the|surface 162 of fhe fifth positive prebdHiSSHEREHASI BREN
portion 160 rise yp Tn a stepfromthe surfaces 172 and 1B2 reREMLACERI Yy |
having a level ditference h5 and are sefarated from each GTHer over =

distance in the wwdthwi se direction Y toward the trailing edge TR fromthe

center of the gidgiel Inia iRl ) onstd Wppardiuseorithn the dheas iofstheefiast ve
pressure generating portion 130 is

and second positive pressure generating portions 110 and 120 set

at a specific size, the load capacity at the air inflow side
increases, even when an ultra low flying height of 25nm or less
.is achieved, which results in an increase in the air lubricating
film stiffness. Consequently, a flying state with a low pitch angle
is maintained in a stable manner, thereby improving the following
stability of the head relative to the disk — like medium surface
motion. Thus, even when the flying height is reduced to 25nm
or less, bontact between the head and the disk — like medium
surface at the trailihg edge TR of the slider where the flying
height is at its minimum can be prevented.

i Since the first and second positive pressure generating
portions 110 and 120 have essentially the same height and are
provided at the two sides in the widthwise direction Y separated
by a distance, stabilization in the roll angle is achieved as well.

" Moreover, with the new air bearing surface structure
described above, the pitch angle can be set at 3 X 10 (rad) or
smaller, and contact between the trailing edge TR of the slider
1 and the disk — like medium can be prevented even at a flying
height of 25ﬁm or less.

Furthermore, each of the mentioned surfaces can be
formed through integrated machining by employing a high
accuracy pattern forming technology such as dry etching on the
surface of the slider 1 that faces opposite the medium.

Thus, according to the present invention, a smaller and

thinner head that is extremely effective for achieving a higher

This Sheet Has Been Repla ‘e
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prbvided | oner §h&n the surface$ 172 and 182 of the indented portions
.consti.tuting th eCHh&ﬁ@ﬁ@gﬁhlédinegatlve pressure gener

and 180. The sufface of the first}negative pressure gener hiTHISHEET HAS BEEN
i's enclosed by th 85~ TIZ, 152 and 162 and 172 and }182 i rREPLAGED
peri phery excepf_at the side of the traiding edge TR The™ & _
‘bet ween the surface of the first negative pressure generating portion 130

and the surfacesitibl?, déR<itpNAntb2an SirRBaASX iRt fle/ stokagé E:ﬁ’%é&ﬂﬂr ot

surface of the first negatlve pressure generating portlon 130 is'to
constitute a kRsgonstrates outstanding mass productivity is provided.

As has already been explained in reference to FIG. 17,
when the slider 1 is miniaturized, while the air lubricating film
stiffness is reduced, the following stability relative to parallel
oscillations of the disk —like medium does not deteriorate since
the slider mass is reduced. |

In addition, since the air bearing contour is formed
symmetrically relative to the central axis of the slider 1 in the
lengthwise direction X and the air bearing surfaces can be formed
through integrated machining employing a micro — fabrication
technology such as dry etching without having to perform
mechanical machining, the dimensional management in mass
production is facilitated, thereby achieving a high degree of mass
productivity.

In this embodiment; too, the characteristics are realized
that.' achieve :
flying height gl: 8 to 12nm
1.0 X 10 (rad) < pitch angle 8< 1.8 X 10 (rad)

Next, in reference to measured data, advantages that are
achieved by t_he read /write apparatus employing the head
according to the present invention are explained. The
specifications of the head 6, the head suspension 5 and the disk
—like medium 4 are the same as those in the head illustrated

in FIGS. 1 to 5 and are as given below.

(slider 1)

! th : 0.8mm
eng 0.8mm This Sheet Has Been Rerlace

(A




surface and all other surfaces are forned on the first negative pressure
generating portion 130. In addition, areas that constitute flat surfaces
havi ng the sane height as the surface of the first v
generating portion 130 are fornmed at the two 49
its widthwi se direction Y, and steps fordred betwe
surface 112 of the first

width : 0.6mm ;
) height : 0.3mm T—— — E

Higer 1 in
2iand t he

.;Jl

weight : 0.6mg
- (head suspension 5)
load force: 1.0gf
spring rate: 1.8gf/mm
load point: central area of the slider 1
(disk — like medium 4)
disk diameter : 2.5 inches
~ disk rotational speed : 7200 rpm

FIG. 26 presents data that illustrate the relationship
between the normalized slider length and the normalized pressure.
The normalized slider length which is represented by the
horizontal axis is expressed as the ratio (x/ L) of the position
x taken in the lengthwise direction from the leading edge LE
and the entire length L of the slider 1. The normalized pressure
représented by the vertical axis is determined by using a formula
(P/Pa—1) with P being the pressure applied to the slider 1
and Pa being the atmospheric pressure. The curve L9 represents
the pressure distribution achieved at a position distanced by y
= 0.3mm from one end edge of the slider 1 in the widthwise
direction Y, whereas the curve L10 represents the pressure
distribution achieved at a position distanced by y = 0.lmm and
the curve L11 represents the pressure distribution measured at
a position distanced by y = 0.06mm.

FIG. 27 presents computer simulatqd data that three

dimensionally indicate the relationship between the normalized
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positive pressure generating portion 110 and betR“? e he Shﬁg 182 and
the surface 112 of the first positive pressure (g neig W @Prti-omvllo
function as transverse pressurization air beariind s d ' ij t he¢rgore, the
fourth enbodi nent includes a surface 142 of thqg tihi [tivelpiessure
generating portion 140. The third positi4e pregsure generating portion 140
is provided at approxinately the center of the ‘st+def—i—+na—~t-he wdthw se

direction Y touRder tlae gthahhun%edﬁerﬂﬁl%dt Besdurdekhdwr iiAl FIGURE.N a
step fromthe base surtace of the first negative pressure

- In the head in this embodiment, the front flat surface

e

100 starts at the leading edge LE and continues on to an

intermediate point along the lengthwise direction X that matches
the airflow direction (a) The first and second positive pressure
generating portions 110 and 120 have essentially the same height
and are provided separated from each other over a distance from
each other at the two sides in the widthwise direction Y which
is perpéndicular to the lengthwise direction X, with their edges
toward the leading edge LE constituting step faces 111 and 121
that rise up from the front flat surface 100. Consequently, as
FIGS. 26 and 27 clearly demonstrate, when the disk — like medium
4 is caused to rotate, a positive lift dynamic pressure is generated
by the front flat surface 100, positive lift dynamic pressures are
generated by the step faces 111 and 121 and a negative pressure
is generated by the first negative pressure generating portion
130, .'along the airflow direction (a). The structure of the air
bearing surface that achieves such pressure distribution is new,
and contact with the disk —like medium can be prevented even
at a flying height of 25nm or less.

Moreover, since no narrowing is provided at the leading
edge LE, the pitch angle can be set small 'In addition, since the
length of the slider 1 is small, the lift force can be kept small
to reduce the flying height, and at the same time, the change
in pressure distribution relative to the disk rotational speed and
changes in the airflow direction (a) can be reduced to maintain

the flying stability of the slider 1.
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gener_ating porti pn 150 by ~&a rex? difference. Its rising fr _
constitutes a stgep j@eM,&ﬁll‘)W)The urface 142 of the third poEHiSi§ Eﬂr%&%@ﬁé"
generating portipn 0 has essentijally the same hei ght as the surREEl:MﬂlZ

of the first posjthkve—pressure-generating portion 110, the sorface I5Z of
the fourth posrtrve pressure generjating fortion 150 and the surface 162 of
the fifth positive p e gemerating portion 160. The el ectromagnetic

transducers 2 and 3 apggl mﬁ@&%‘e@énféﬂ'ed%mﬁat‘)fﬂ rifa rt@le°°%léﬂ1§ﬁsh1

pressure generating portion at the trailing edge TR our
embodi ment, a fyQied aheSWYos¥i6n18P tife slider and the flying height. The

position of the slider is illustrated by both the radius of the
medium and the skew angle. An explanation of the skew angle
@ has already been given in reference to FIG. 9. FIG. 28 shows
the rotating radius of the disk — like medium 4 under the skew
angle 8. As FIG. 28 illustrates, with the head having the new air
bearing surface structure described above, a very small flying
‘height gl of approximately 10nm is assured over a wide skew
angle range (—4.3 to 13.25° ). Furthermore, a high degree of
flying stability against disturbance and vibration is achieved over
a wide skew angle range (—4.3 to 13.25° ).

FIG. 29 presents data that illustrate the relationship
between the position of the slider and the pitch angle 8. The
position of the slider is illustrated by both the radius of the
medium and the skew angle. As demonstrated in FIG. 29, with
the head having the new air bearing surface structure according
to the present invention, the pitch angle 8 can be set at 3 X 10
(rad) or less, and contact between the trailing edge TR of the
slider 1 and the disk —like medium 4 can be prevented even at
a flying height of 25nm or less.

FIG. 30 shows data with respect to the relationship
between the position of the slider and the flying height gl that
is achieved as the heights hl and h2 of the step faces 111 arnd
121 are varied. The position of the slider is illustrated by both
the radius of the medium and the skew angle The curve L12

represents the characterlstlcs achieved when the heights hl and

This Sheet Has Been Relilaced
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provi ded bet\A/ee’%é{'FflléA {%"ﬁg ' "ri;a of the slider 1 and the surface 112 of
~the first positjvp q g;g ﬁ? enzeratlng portion 110. The front flat surface
100 rises up infa st Y i rist negati ve pressure gen

by a level diffprence h6, to cdnstitute a flat surface H ﬁggﬁ & HAGBEEN
hei ght as that pf the 50 negative préssure generatind port REPIACEDO and
180. It |s desi ¥+abl-e ‘

h2 are set at 0.6 u m whereas the curve L13 represents the

characteristics achieved when the heights hl and h2 are set at
0.8 £ m. The data indicate that by controlling the heights hl and
h2 of the step faces 111 and 121, the flying height ‘gl can be
controlled. When the heights :hl and h2 are smaller than 0.6 ¢
. m, it becomes difficult to keep the flying height gl at 20nm or
less. As the heights hl and h2 increase, the flying height gl
becomes reduced. However, when they exceed 1.0 yu m, the trailing
edge TR tends to come in contact with the disk — like medium
4 more readily.

FIG. 31 illustrates the relationship between the position
of the slider and the pitch angle 8 that is achieved as the heigh:ts
hl and h2 of the step faces 111 and 121 are varied. The position
of the slider is illustrated by both the radius of the medium
and the skew angle. The curve L14 represents the characteristics
achieved Wheﬁ thé heights hl and h2 are set at 0.6 4 m whereas
the curve L15 represents the characteristics achieved when the
heights hl and h2 are set at 0.8 x m. The data indicate that by
controlling the heights hl and h2 of the step faces 111 and 121,
the pitch angle 8 can be controlled. When the heights hl and
h2 are smaller than 0.6 £ m, it becomes difficult to keep the pitch
angle 8 at 3 X 10 (rad) or less in a range over which the skew
angle 6 is large (for instance, at 13.25° ). When the heights hl
and h2 are larger than 0.8 ¢ m, the pitch angle 8 becomes equal
to or less than 1Xx 10 (rad) in the range over which the skew
angle 8 is small (for instance, at 0° ), thereby increasing the

risk of contact occurring at the leading edge, and when the

This Sheet Has Been Replaced
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to formthe front flat surface 100 so that it narro
,of the first positive pressure generating portion 11Q.
edge LE. The end edges defining the flat surface of ¢agh 'Pé

100, 112, 130, 142, 152, 162, 172 and 182 nay be strAi MA&s19gur ve
| ines or a conbination thereof. Next, i#breference t sured dat a,,
advant ages t-hat are achi eved by the read/wrl te apparfat us enpl 6yTmg- -thd head
according to tﬁ%gmgslgpt ah8Y 8Pt ieQBeéd €1 %XIEJJ HpRdet THRBG ations of the

head 6, the h supporting mechanismb T
To sum up the information presented in FIGS. 30 and 31,

t he sur"'T c S

it is desirable to set the heights hl and h2 of the step faces
. 111 and 121 within the range of 0.6 to 1.0 z m. )

- " The present invention is not limited to the specific
examples given above. For instance, in FIG. 21, a third positive
pressure generating portion may be provided at an approximately
central portion of the trailing edge TR of the slider 1, as shown
in FIGS. 1 to 5, to accommodate the transducers 2 and 3.

Referring to FIGS. 32 and 33 which show a fourth
embodiment, the surface facing a medium is provided with a front
flat surface 100, a first negative pressure gerferating portion 130,
a first positive pressure generating portion 110, a third positive
pressure generating portion 140, a fourth positive pressure
generating portion 150, a fifth positive pressure generating
portion 160, a second negative pressure generating portion 170
and a third negative pressure generating portion 180. The first
positive pressure’ generating portion 110 is provided in an area
that is toward the leading edge LE from the center of the
lengthwise direction X that matches the airflow direction (a).
The second and third negative pressure generating portions 170
and 180 are provided at positions separated from each other over
a distance in the widthwise direction Y running perpendicular
to the lengthwise direction | X at the rear of the first positive
pressure generating portion 110 viewed in the airflow direction
(a).

The fourth positive pressure generating portion 150 is



and the disk - like nedium4 are as fol | ows. (sl der Iy "Temyt 1.25mm
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located behind the second negative pressure generating 170 and
the fifth positive pressure generating portion 160 is located
behind the second negative pressure generating 180 over a
distance in the widthwise direction Y. The first negative pressure
generating. portion 130 is provided inside an area enclosed by
the first positive pressure generating portion 110, the second and
third negative pressure generating portions 1_7 0 and 180 and the
fourth and fifth positive pressure generating por’_cions 150 and
160. |

In this fourth embodiment, the first and second positive
pressure generating portions are oriented to cross the slider 1
in the widthwise direction Y and are provided continuous in the
widthwise direction Y to constitute a single positive pressure
generating portion 110. The first positive pressure generé.ting
portion 110 is provided with an step face 111. The fourth and
fifth positive pressure generating portions 150 and 160 are
provided with step faces 151 and 161 respectively. The first
positive pressure ' generating portion 110, the second and third
negative pressure generating portions 170 and 180, the fourth and
fifth positive pressure generating portions 150 and 160 and the
first negative pressure generating portion 130 are positioned
symmetricaliy relative to the central axis in the lengthwise
direction X.

The level differences of hd and h5 ( = h4) of the steps
constituting the step faces 111, 151 and 161 and the sizes and
shapes of the step portions are selected as appropriate to achieve

the required flying characteristics at a flying height of 25nm

| oad
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di sk rotational speed: 7200 rpm disk dianeter:] 3. 518MAR$99 G| 34 presents
conputer sinulation data which three - dinensifonally '..l LustLat e|the

rel ati onshi p between the normalized slider |eqgth—w-dt-h—are—Pr ¢ssure
achieved by the head in the fourth enbodi nent ,j _and FIG 35 pr esf nts data

illustrating the 51 _ 47

D,

or less. To be more specific, the level difference h4 and h5 at
the step faces 111, 151 and 161 are set within a range &f 0.3
to 1.0 gm.
At the second and third négative pressure _generating
portions 170 and 180 and the first negative pressure generating
. portioﬁ 130, the front edge viewed in the airflow direction (a)
are closed by a step 113. dropping off from the first positive
pressure generating portion 110,
Forming the first positive pressure generating portion 110,
. the second and third negative preSsure generating portions 170
- and 180, the fourth and fifth positive pressure generating portions
150 and 160 and the first negative pressure generating portion
130 as steps achieves advantages in that the required following
stability described above are achieved and in that they can be
formed through integrated machining by employing a high
accuracy pattern forming technology such as dry etching. |
.. The first positive pressure generating portion 110 is
positioned in the widthwise direction Y toward the leading edge
LE from the center of the slider 1 in the lengthwise direction
X.

The second and third negative pressure generating
portions 170 and 180 drop off from the surface 112 of the first
positive pressure generating portion 110 in a step having a level
difference h5. In the fourth embodiment, the surfaces 172 and 182
are formed so as to narrow stérting from the side of the leading
edge LE toward the central portion and so as to widen starting

from the central portion toward the the side of the trailing edge
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rel ati onship between the normalized slider length a !
,pressure. The nornalized slider length which is rep eueqtgeg:kgﬁyﬂ;@e .

hori zontal axis is expressed as the ratio (x /L) ofithe position x taken in
the lengthwi se direction X fromthe | eadi ng edge LE;ahé-the-entire-|ength L
of the slider 1. The normalized slider €idth is expfessed as the ratio
(y/L) of the position y taken in the w dthw se direction~y and the entire

length L of thegs| bdBkedn THE neiriEd Zef2 pbfs%ﬂée 111" 196 tpfesgr@re
vertical axis 1s determned by using a fornula (P-Pa) /Pa with P being the

pressure appl i ggndratidle Sérit#h 110 and the surface 152 of the second step

<

portion 150 and between the surface 112 of the first positive
pressure generating portion 110 and the surface 162 of the third
step portion 160.
N _ The surface 152 of the fourth positive pressure generating
portion 150 and the surface 162 of the fifth positive pressure
generating portion 160 rise up in a step from the surfaces 172
and 182 respectively having a level difference h5 and are
separated from each other over a distance in the widthwise
direction Y toward the trailing edge TR from the center of the
slider 1 in the lengthwise direction X.
i The first negative pressure generating portion 130 is
| provided lower than the surfaces 172 and 182 of the indented
portions constituting the second and third negative pressure
generating portions 170 and 180.
The surface of the first negativg pressure generating
portion 130 is enclosed by the surfaces 112, 152 and 162 and
172 and 182 in its periphery except at the side of the trailing
edge TR. The level difference between the surface of the first
negative pressure generating portion 130 and the surfaces 112,
152 and 162 is approximately 1 to 5 g m. The surface of the first
negative pressure generating portion 130 is to constitute a base
surface and all other surfaces are formed on the first negative
pressure generating portion 130. In addition, areas that constitute
flat surfaces having the same height as the surface of the first

negative pressure generating portion 130 are formed at the two



and Pa being the atnospheric pressure. The curve {LYZ TEpr ésents the
. pressure distribution characteristics achieved at| g pegiMARMG9Y th the
normali zed width (y/L) at 0.5 (alnbst at the centjer] in the w dt hw ge
direction), whereas the curve L11 represents the |priessee—ei-st++Butii on

achi eved at a position with the nornal #&ed width |(y/L) at 0.08. Inithe head
in the fourth enbodi nent, the surface facing a nedrumTS provided with a
first positivgdesessUtite 08HEER 1 Nen Pitkt aidthddse fdirettiongdl,i uadprseepsir e
generating portion 130, fourth and fifth positive pressure generating
portions 150 fhighedbetween the surface 172 and the surface 112 of the first

positive pressure generating portion 110 and between the surface

182 and the Surface 112 of the first positive pressure generating

portion 110 function as transverse pressurization air bearing
R steps.

Furthermore, the fourth embodiment includes a surface
142 of the third positive pressure generating portion 140. The
third positive pressure generating portion 140 is provided at
approximately the center of the slider 1 in the widthwise
direction Y toward the trailing edge TR of the slider 1, rising
up in a stép from the base surface of the first negative pressure
generating portion 130 by a level difference. Its rising front edge
constitutes a step face 141. The surface 142 of the third positive
pressure generating portion 140 has essentially the same height
as the surface 112 of the first positive pressure generating
portibn 110, the surface 152 of the fourth positive pressure
gerierating portion 150 and the surface 162 of the fifth positive
pressure generating portion 160. The electromagnetic transducers
2 and 3 are mounted at the center of the third positive pressure
generating portion 140 at the trailing edge TR.

In this fourth embodiment, a front flat surface 100 is
provided between the leading edge of the slider 1 and the surface
112 of the first positive pressure generating portion 110. The
front flat surface 100 rises up in a step from first negative
pressure generating portion 130 by a level difference h6, to

constitute a flat surface having the same height as that of the
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first positive pressure generating portion 110 i
s toward the | eading edge LE fromthe center injthe le éq%asse dijrection X
that nmatches the airflow direction (a). There ar tvvaan’gg t dr gssure

generating portions 170 and 180 which are separated fromeach otlhqr over a
di stance in the wi dthwi se direction Y rubhing peypendicular 10 the
| engthwi se direction X to the rear of the first Lt

generating negative pressure generating portions 170 and 180. It is desirable

to form the front flat surface 100 so that it narrows from the
surface 112 of the first positive pressure generating portion 110
toward the leading edge LE. -
The end edges defining the flat surface of each of the
surfaces 100, 112, 130, 142, 1562, 162, 172 and 182 may be straight
lines, curved lines or a combination thereof.
Next, in reference to measured data, advantages that are
achieved by the read /write apparatus employing the head
according to the present invention are explained. The
specifications of the head 6, the head supporting mechanism 5
~and the disk —like medium 4 are as follows.
(slider 1)

length : 1.25mm

width : 1.0mm

height : 0.3mm

Weiéht: 1.6mg

(head supporting mechanism 5)
load force: 0.5gf

load point: offset d = 100 ym
(disk — like medium 4)

disk rotational speed: 7200 rpm
disk diameter : 2.5 inches

FIG. 34 presents computer simulation data which three —
dimensionally illustrate the relationship between the normalized
slider length, width and pressure achieved by the head in the

fourth embodiment, and FIG. 35 presents data illustrating the
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ra
52 portion 110 viewed in the airflow directionj(&). Fourth.’_andéfifth o
positive pressure generating portions 150 and 16 m@ﬁtﬁﬁb@ﬁ&ed;a& posi tions
di stanced from each- other in the wdthw se dinegtion Y at theiréear of the
two negative pressure generating portions 170 gn ~—3:86'"r‘€’5‘pé‘€t'|"\‘/eiy. As a
result, as is obvious fromFIGS. 34 an® 35, whdn the disk' 4 js daused to
rotate, the first lift dynamc pressure is genefated by the first positive
pressure geneardtiogsiiyy t betwdd atheappofphialized! yslider ctatgth | AnHhethe

wi dt hwi se direction Y of the

normalized pressure. The normalized slider length which is

represented by the horizontal axis is expressed as the ratio
/L) of the position x taken in the lengthwise direction X from
the leading edge LE and the entire length L of the slider 1.
The normalized slider width is expressed as the ratio (y./L)
of the position y taken in the widthwise direction Y and the
entire length L of the slider 1. The normalized pressure
represented by the vertical axis is determined by using a formula
(P—Pa) /Pa with P being the pressure applied to the slider 1
and Pa being the atmospheric pressure. The curve L12 represents
the pressure distribution characteristics achieved at a ﬁosition
with the normalized width (y/L) at 0.5 (almost at the center
in the widthwise direction), whereas the curve L11 represents the
pressure distribution achieved at a position with the normalized
width (v./L) at 0.08. |

In the head in the fourth embodiment, the surface facing
a medium is provided with a first positive pressure generating
portion 110, first negative pressure generating portion 130, fourth
and fifth positive pressure generating portions 150 and 160. The
first positive pressure generating portion 110 is provided in an
area that is toward the leading edge LE from thé center in the
lengthwise direction X that rhatches the airflow direction (a).
There are two negative pressure generating portions 170 and 180
which are separated from each other over a distance in the
widthwise direction Y running perpendicular to the lengthwise

direction X to the rear of the first positive pressure generating
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head 6 along the airflow direction (a) (see the curve L12) R%A@%WQW
of the head 6 in its widthwise direction Y, second lift dyn “Presstresy
are generated by the fourth and fifth positive pressure ggn raﬁér}_’gﬂp%%i orps
150 and 160 at the trailing edge TR and negative pressurdgs jare géne ed|
by the negative pressure generating po¥tions 170 and 180 tjo |
edge fromthe second lift dynam c pressures (see the curveg L11). Moreover,
in the area goetioped 10y vibwelli int thwditflvw @itsdivre daper artMy—portiof—10,
the fourth and fifth positive

Fourth and fifth positive pressure generating portions 150

and 160 are provided at positions distanced from each- other in.
the widthwise direction Y at the rear of the two negative
pressure generating portions 170 and 180 respectively.

AS a result, as is obvious from FIGS. 34 and 35, when
the disk 4 is caused to rotate, the first lift dynamic pressure -
is generated by the first positive pressure generating portion 110
at approximately the center in the widthwise direction Y of the
head 6 along the airflow direction (a) (see the curve L12).

At the two ends of the head 6 in its widthwise direction
Y, second lift dynamic pressures are generated by the fourth and
fifth positive pressure generating portions 150 and 160 at the
trailing edge TR, and negative pressures are generated by the
negative pressﬁre genérating portions 170 and 180 toward the
leading edge from the second lift dynamic pressures (see the
curve L11). |

Moreover, in the area enclosed by the first positive
pressure generating portion 110, the fourth and fifth positive
pressure generating portions 150 and 160 and the negative
pressure generating portions 170 and 180, the negative pressure
is generated by the first negative pressure generating portion
130 (see the curve L12). |

The structure that achieves such pressure distribution is
new and it constitutes a basis for preventing contact between
the head and thé disk — like medium even at a flying distance

of 25nm or less.



pressure generating portions 150 and 160 and the negativ Eﬁgé&@‘r‘m‘
. generating portions 170 and 180, the negative pressure i en {
first negative pressure generating portion 130 (see the ¢utve g 2R % e
structure that achieves such pressure distribution is ne nd it _j
constitutes a basis for preventing cont®dct between the héa
d| sk-1i ke nmediumeven at a flying distance of 25nm or | egs.

In addition, the structure in the fourti embodiment

o

yd—ttre

includes a surface 142 of the third positive pressure generating
portion 140. The surface 142 of the third positive: pressure
generating portion 140 has essentially the same height as the
surface 112 of the first positive pressure generating portion 110
and the surfaces 152 and 162 of th_e fourth and fifth positive
pressure generating portions 150 and 160 and generates a positive
ISressure at approximately the center in the widthwise direction
Y of the head 6 (see the curve L12). Because of this positive
pressure, the air lubricating film stiffness is increased at the
trailing edge TR, thereby making it possible to even more reliably
prevent contact between the head and the disk —like medium at
a flying height of 25nm or less. Since the transducers 2 and 3
are mounted at the center of the trailing edge TR at the surface
142 of the third pqsitive pressure generating portion 140, an
increase in the air lubricating film stiffness is achieved by the
thirﬁ positive pressure generating portion 140 and the resulting
effect for preventing contact contributes to reliably protect the
transducers 2 and 3 from damage and destruction.

In the fourth embodiment, the front flat surface 100 is
provided between the leading edge LE and the surface 112 of
the first positive pressure generating portion 110 at the slider
1. The front flat surface 100 rises up in a step from the first
negative pressure generating portion 130 with a level difference
h6 to constitute a flat surface having the samé height as that
of the step portions 170 and 180. Thus, the air lubricating film

’ stiffness increases toward the leading edge LE. In particular, by



* REPLACEMENT SHERT
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142 of the third positive pressure generat|1g p h
of the third positive pressure generating po Qgéfﬁb‘ﬁég ebs
sanme height as the surface 112 of the first p <|t|ve pressur et generating

portion 110 and the surfaces 152 and 162%of [the fourth and fi}th positive
pressure generating portions 150 and 160 ant—geterat+es—a—pos+iive pressure

at appr oxi mat elfyrinieg C €hé efront fFhet Wudfdod SO0disoeelsi @0 narrow from the

bs a surface
p surface 142
entially the

surface 112 of the first positivé pressure generating portion 110
toward the leading edge LE, a small pitch angle 8 can be realized

and flying characteristics with a reduction in fluctuations of the
pitch angle B8 can be achieved over the entire surface of the disk
—like medium, due to the air bearing effect achieved at the front
flat surface 100, when the structure is adopted in a read/write
apparatus.

In addition, in the fourth embodiment, the negative
pressure generating portions 170 and 180 are formed so as to
narrow starting from side of the leading edge LE toward the
central portion and éo' as to widen startiﬁg from the central
portion toward the the side of the trailing edge TR, between the
surface 112 of the first positive pressure generating portion 110
and surfaces 152 and 162 of the fourth and fifth positive pressure
generating portions 150 and 160. With such a structure, the roll
chafécteristics are improved. MQreover, since the surface 112 of
the: first positive pressure generating portion 110, the surface 152
of the fourth positive pressure generating portion 150 and the
surface 162 of the fifth positive pressure generating portion 160
are structured to have two — stage step faces toward the leading
edge in the airflow direction (a).

FIG. 36 presents data illustrating the relationship between
the position of the slider and the flying height. The horizontal
axis represents the rotating radius of the disk — like medium 4
which is in a corresponding relationship with the skew angle

@ . The curve L21 represents characteristics achieved by



Y of the head REE’;;@,EH@N&‘USR%EHTEZ) Because of this positive pressure t he
cair lubricatin TTTTess]ip increased at the trailing_edge ;
t her eby nakingli ly{(ﬁggo bven nore reliably prevent =

t he head and t dIS - um at a flying height of
t he transducer re-—-pplint ed at %8 he center of the 8
at the surfacef142 of the third positive pressure generati ng portlon 140,

an increase . ig imotHd f8ustH fdnBsdinméen B lRcendiaghyot fige t hi rd
positive preéssure generatlng portion 140 and the resulting effect for

preventing coptasentC nveEhHivneSllugtratbd abh YFIGS! S92 drite 33, whereas the

curve L22 represents characteristics achieved by employing a
regular positive pressure ,/ negative pressure combined type head
(an example of the prior art) having two steps with the length
L, the width W and the thickness of the slider at 1.25mm, 1.0mm
and 0.3mm respectively. As shown in FIG. 36, when the head in
the example of the prier art is employed, the minimum value
of the flying height achieved within a skew angle range of —
4.3 to 13.25° is approximately 24nm and the ﬂymg height
fluctuate within a range of 24nm to 29nm. In contrast, with the
head according to the présent invention, a very small flying
height of approximately 22nm is assured over a wide skew angle
range of —4.3 to 13.25° . Moreover, only approximately lnm of
fluctuation in the flying height is observed over the skew angle
range of — 4.3 to 13.25° and a high degree of flying stability
agairist disturbance and vibration is .achieved.

FIG. 37 presents data illustrating the relationship between
the position of the slider and the pitch angle B. The curve L31
represents the characteristics achieved by employing the head in
the fourth embodiment according to the present invention,
whereas the curve L32 represents the characteristics achieved
when a regular positive pressure,/negative pressure cqmbined
type head having two steps (an example of the prior art) is
employed. As the curve L32 in FIG. 37 clearly indicates, the pitch
angle B fluctuates within a range of 0.9 X 10 (rad) to 1.7 X 10

(rad) over the skew angle range of —4.3 t'e 13.25° in the case

Sheet Has Been Reﬂlaced '
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transducers 2}aff rorh"”t'ié'rrape and destruction. In the fourth enbodi nent,
. the front fla :;ur.‘f?mgql@@gl si pyovi ded between the | eadi pg.edge LE and the

surface 112 of th I rst posi &e pressure generating po mSHEPTﬁTAStﬂEN

slider 1. The}f topt—itat-—sur 100 I ses upinastep1romtﬁ5p

negative presgure generat| ng pottlon f30 with alevel dif

constitute a ftat—surface hnaving the sanme height as that of the step

- portions 17@fatkle 18fior Thrs extample.r | ubricating fil mstiffness increases

toward the | eading edge LE. In particular, by

-In contrast, with the head according to the present

invention, as the curve L31 clearly indicates, the pitch-angle B
remains at or smaller than 1.5 X 10 (rad) demonstrating near
stability over a wide skew angle range of —4.3 to 13.25°
Furthermore, as FIGS. 32 and 33 clearly show, no taper is
provided at the leading edge LE in the head according to the
present invenfion, and this minimizes the pitch angle B8.

Thus, by employing the head in the fourth embodiment
according to the present in\}ention, a high degree of stable air
lubricating film stiffness can be achieved over the entire seek
area of the disk —like medium 4, thereby making it possible to
prevent contact between the trailing edge TR of the slider 1 and
the disk — like medium 4 even at a flying height of 25nm or
less. |

FIG. 38 shows data with respect to the relationship
betv‘féen the disk rotational speed (rpm) of the disk — like
medium and the “flying height. In FIG. 38, the horizontal axis
represents the disk rotational speed (rpm) of the disk — like
medium and the vertical axis represents the flying height (nm).
The curve L41 represents the characteristics achieved by
employing the head in the fourth embodiment according to the
present invention shown in FIGS. 32 and 33, whereas the curve
L42 indicates the characteristics achieved when a conventional
positive pressurenegative pressure combined type head having
two steps (an example of the prior art) is used. The skew angle

0 is roxim °.
appro ately 0 Sheet Has Been Replaced

T
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of the first positive pressure generating portion 110 tjo t.he. | eadi
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edge LE, a snmall pitch angle [err] can be realized and

characteristics with a reduction in fluctuations of the di.tch_anagl e Ley
can be achi eved over the entire surface®of the disk -1 iJke medi um due to

the air

bearing effect achieved at the front flat surf
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structure i s adopted FI;a38 eafiivhtesethat when the head in the example of

the prior art is employed, the flying height keeps increasing as
the disk rotational speed of the disk —like medium increases, as
indicated by the curve L42. The flying height is inclined to
continuevincreasing even as the disk rotational speed of the disk
- like- medium increases through 10,000 rpm.

In contrast, when the head in the fourth embodiment

aee—1-00—when.the. |

according to the present invention is used, the flying height

becomes more stable as the disk rotational speed of the disk —
like medium increases. The data in FIG. 38 indicate that when
the disk rotational speed of the disk — like medium exceeds
approximately 6000 rpm, the flying height becomes stable at
approximately 24nm. Thus, the head according to the present
invention demonstrates takeoff characterisﬁcs whereby the flying
height becomes stabilized earlier to ent.er constant operating state.

Referring to FIGS. 39 and 40 which show the fifth
embSdiment the head according to the present invention
comprises a slider 1 and transducers 2 and 3. The transducers
2 and 3 constitute two elements, i.e. a writing element and a
reading element. The surface facing a medium is provided with
two separate positive pressure generating portions 110 and 120
at the middle portion of the slider 1 in the widthwise direction
Y. The first positive pressure generating portion 110 is provided
with a step face 111 and a surface 112, whereas the second
positive pressure generating portion 120 is provided with a step
face 121 and a surface 122. Other structural features are identical

to those of the head illustrated in the fourth embodiment (see



apparatus. In addition, in the fourth enbodi nent,
.generating portions 170 and 180 are forned so as
side of the |eading edge LE toward the central po
starting from the central portion toward the the}sjd 83&’ hgggr
TR, between the surface 112 of the firs®8positive|p essure gener t:lng

portion 110 and surfaces 152 and 162 of ‘the fourth Mtijve
pressure gener pi89320khHOBY) 150 and 160. Wth suph a structure, t
characteristics are inproved. Mreover, since the-surfaceti2-of

FIG. 41 presents computer simulation data that three —

e roll
¢

dimensionally illustrate the relationship between the normalized
slider length (xL) and the normalized width  (yv./L), and ‘the
normalized pressure achieved when the head is employed, and
FIG. 42 presents data illustrating the relationship between the
normalized slider length (x,/L) and the normalized pressure
achieved when the head is employed. The various conditions for
driving the head 6, the head supporting mechanism 5 and the
disk — like medium 4 are as has been explained earlier. The
normalized slider length (x./L) represented by the horizontal
axis énd the normalized pressure (P — Pa) ,/Pa represented by
the vertical axis are as has already been explained in reference
to FIG. 35. The curve L51 represents the pressure distribution
characteristics at a position expressed as the normalized width
(yv/L) = 0.5 from one end edge of the slider 1 in the widthwise
direcﬁ:ion Y (approximately the center in the widthwise direction),
and the curve L52 represents the pressure distribution achieved
at a position expressed as the normalized width (y,/L) = 0.075.

The pressure distribution illustrated in FIGS. 41 and 42
differ from the pressure distribution shown in FIGS. 34 and 35
in that, since the area between the first and second positive
pressure generating poftions 110 and 120 is constituted of a front
flat surface 100, no marked positive pressure is generated at the
centrél portion of the slider 1 toward the air inflow side (see
the curve L51). Instead, large positive pressures are generated

by the first and second positive pressure generating portions 110
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the first positive-pressure generating portion

.fourth positive pressure generating portion 150
fifth positive pressure generating portion 160
stage step faces toward the | eading edge in the
36 presents data illustrating the rel at3%nshi p Hetween the positign of the
slider and the flying height. The horizontal axi otating

radi us of the gigki20 ldtkehgediwemsiashiinhthe widthwiser daretidnnd réef atheonshi p
with the skew angle 0. The curve L21 represents characteristics achi eved by

slider 1 (see the curve L52).

structure have two -
a|,rflﬂ\md|rprfl n (a). FIG

As FIGS. 41 and 42 clearly indicate, when the disk — like
medium 4 is caused to rotate, first lift dynamic pressures are
generated by the first and second positive pressure generating
‘portions 110 and 120 at the two sides in the widthwise direction
Y of the head 6 along the airflow direction (a) (see the curve
1L52), second lift dynamic pressures are generated by the fourth
and fifth positive pressure generating portions 150 and 160
toward the trailing edge TR and negative pressures are generated
by the second and third negative pressure generating portions
170 and 180 toward the air inflow side from the second lift
dynamic pressures (see the curve L52). In addition, within an
area enclosed by the first and second positive pressure generating
portions 110 and 120, the fourth and fifth positive pressure
generating portions 150 and 160 and the second and third
negaﬁve pressure generating portions 170 and 180, a negative_
pressure is generated by the first negative pressure generating
portion 130 (see the curve L51). The structure that achieves such
pressure distribution is new, and it constitutes a basis for
preventing contact between the head and the disk — like medium
even at a flying height of 25nm or less.

Moreover, since the surface 142 of the third positive
pressure generating portion 140 is provided toward the trailing
edge TR, a positive pressure is generated at approximately the
center of the head 6 in the widthwise direction Y (see the curve

L51). This increases the air lubricating film stiffness at the



55 enpl oying the head in the fourth enbodi ne ?&’Eﬁ‘a{fmhﬁtﬁiﬁﬂfe present

. invention illustrated in FIGS. 32 and 33, wher @S tThe& CUTVE 24 represent

characteristics achieved by enploying a reguliar| pegi pigessy egsure / _
negative pressure conbined type head (an exanplje of the priorj drt) having
two steps with the length L, the w dt BOW and i he—+hiekness—of tihe sli der

1.25mm 1. 0mm » .
trailing edge TR, thereby preventing contact between the head

and the disk — like medium at a flying height of 25nm or less
even more reliably. Since the transducers 2 and 3 are- moﬁnted
at the center of the surface 142 of the third positive pressure
generating portion 140 at the trailing edge TR, the increase in
the air lubricating film stiffness achieved and the resulting
effective prevention of contact reliably protect the transducers
2 and 3 from damage and destruction.
In addition, the front flat surface 100 is provided toward
the leading edge LE which rises up in a step from the first
negative pressure genérating portion 130 with the lev_el difference
to constitute a flat surface having the same height as that of
the negative pressure generating po.r'cionsi 170 and 180. Thus, the
air lubricating film stiffness increases toward the leading edge
LE. Since the front flat surface 100 is formed so as to narrow
. frém the -surfaces 112 and 122 of the first and second positive
preséure generating portions 110 and 120 respectively toward the
leading edge LE, a small pitch angle 8 can be realized and flying
. characteristics with a reduction in ﬂuctuations of the pitch angle
B can be achieved over the entire surface of the disk — like
medium, due to the air bearing effect achieved through the front
flat surface 100, when the structure is adopted in a read /write
apparatus.
Furthermore, the negative pressure generating portions
170 and 180 are formed so as to narrow starting from the side
of the leading edge LE toward the central portion and so as to

widen starting from the central portion toward the side of the

S

at



. of the prior art is enployed, the m ninmumvalue of th
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achieved within a skew angle range of- 4.3 to 13.250 |s apiﬁ Rnisoe!l vl 2Anm
and the flying height fluctuate within a range of 24n 0 29nm In
contrast, with the head according to t®le present inv ntion, I{l
flying he| ght of approximately 22nmis assured over ew angl e rfange
of - 4.3 to 1gafng &MEEOPR! bebiwekn Aty @urf@ded! Y 12nanaf 122u@1t $REI fbst 1 t he
flying height is observed over the skew angle range of - 4.3 to 13.25[err]

_and a high degid¢eeebnd! positivet phédsury generating portions 110 and 120 and

| ar;d 0.3mm respectively. As shown in FIG 36, when the

the surfaces 152 and 162 of the fourth and fifth positive pressure
generating portions 150 and 160. With such a structure, the roll
characteristics are improved. Moreover, the surface 112 of the first
positive pressure generating portion 110, the surface 122 of the
first positive pressure generating portion 120, the surface 152 of
the fourth positive pressure generating portion and the surface
162 of the fi_fth positive pressure generating portion are
structured to have two — stage step faces toward the airflow
direction (a).

Referring to FIGS. 43 and 44 which show the sixth
embodiment, the head aécording to the present invention
comprises a slider 1 and transducers 2 and 3. The transducers
2 and 3 constitute two elements, i.e. a writing element and a
reading element. In the hea_d in this example, the surface 152 of
the fourth positive pressure generating portion 150 and the
surface 162 of the fifth positive pressure generating portion 160
are provided extending to the trailing edge TR of the slider 1,
with the transducers 2 and 3 mounted at least at either the
surface 152 of the fourth positive pressure generating portion
150 or the surface 162 of the fifth positive pressure generating
portion 160.

The structures of the transducers 2 and 3 in the head
in the sixth embodiment and its application to a read write
apparatus are the same as those of the head illustrated in the

fourth embodiment (see FIGS. 32 and 33).
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bance and vibration is achieved. FIG 37 presents data

Jllustrating the relationship between the position of the slider and the

pitch angle [err].

enpl oyi ng the

head in the fourth enbodi ment according to the present

The curve L31 represents the characteristics achi eved by

I nvention, whereas the curve L32 represéhts the characteristics achi eved

when a regul ar

positive pressure/negative pressure conbined type head

tuat es vv|

having two steps (annexahher&fertfic b ﬁ{ {ﬁ*éd'éat?er ﬁ%ﬁ?xﬁa%é‘s £H3¢ &

L32 in FIG 37 clearly indicates, the pitch angle

range of 0.9 JacHibeed by’ adedd Write BPipatatus employing the head in the

sixth embodiment illustrated in FIGS. 43 and 44 are éxplained.
The specifications of the head 6, the head supporting mechanism
9 and the disk — like medium 4 are as follows.

(slider 1)

length L: 1.256mm

REPLJ ALy elfr,.r 1‘;? ‘;Li: T

width W: 1.0mm
18 MAR B9

thickness : 0.3mm

weight : 1.6mg

(head supporting mechanism 5)
load force: 0.5gf
load point P1: offset d = 100 um
(disk — like medium 4)
disk rotational speed: 7200 rpm

FIG. 45 presents computer simulation data that three —
dimeﬁsionally illustrate the relationship between the normalized
slider length (x/L) and the normalized width (y,/L), and the
normalized pressure when the head is employed, and | FIG. 46
presents data illustrating the relationship between the normalized
slider length (x,L) and the normalized pressure when the head
is employed. The normalized slider length (x/L) represented by
the horizontal axis and the normalized pressure (P — Pa) ,Pa
represented by the vertical axis are as has already been explained
in reference to FIG. 35. In FIG. 46, the curve L61 represents the
pressure distribution at a position expressed as the normalized

width (y/L) = 0.5 from one end edge of the slider 1 in the

h|na
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(rad) over the skew angle range of -4.3 to 13. 251@1

_of the prior art exanple. In contrast, with the g cdizng..p” t he

present invention, as the curve L31 clearly indi¢ates, the {g_i éch ahgl e
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[err] remains at or smaller than 1.5 X 10[err] ({ad) HeAds i near
stability over a w de skew angle rangeédf - 4.3 §0}13. 25 .

widthwise direction Y (approximately the lcenter—in-the-widthwise
direction), and the curve L62 represents the pressure distribution
achieved at a position expressed as the normalized width (v
L) = 0.08.

The pressure distribution shown in FIGS. 45 and 46 differ

from the pressure distribution illustrated in FIGS. 41 and 42 in
that since the surface 152 of the fourth positive pressure
generating portion 150 and the surface 162 of the fifth positive
pressure generating portion 160 are provided extending to the
trailing edge TR of the slider 1 at the leading edge LE, the
positive pi'essures generated by the surface 152 of the fourth
positive pressure generating portion 150 and the surface 162 of

i the fifth positive pressure generating portion 160 continue on
to the trailing edge TR (see the curve L62) and that since there
is no third positive pressure generating portion surface at the
trailing edge TR, no positive pressure that is attributable to a
thir(i' positive pressure generating portion is generated at
appfoximately the central portion of the head 6 in the widthwise
direction Y (see the curve L61).

As FIGS. 45 and 46 clearly indicate, when the disk — like
medium 4 is caused to rotate, first lift dynamic pressures are
generated by the first and second positive pressure generating
portions 110 and 120 at the two sides in the widthwise direction
Y of the head 6 along the airflow direction (a) (see the curve
L62), second lift dynamic pressures are generated by the fourth
and fifth positive pressure generating portions 150 and 160

toward the trailing edge TR and negative pressures are generated



Furthernore, as FIGS. 32 and 33 clearly show, no japer is provi eb at the
l.eadi ng edge LE in the head according to the presgn{ i18¥#ABE? ahdithis

m nimzes the pitch angle [err]. Thus, by enployi hgjthe head in tﬂFe%fourth
enbodi ment according to the present invention, a hi H0) IS agl e air

| ubricating filmstiffness can be achi ev@d over tle entire seek area of the
di sk-1i ke nmedium 4, thereby nmaking it possible to prevent contact between
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170 and 180 further toward the air inflow side from the second
lift dynamic pressures (see the curve L 62). In addition, within
' an area enclosed by the first and second positive pressure
generating portions 110 and 120, the fourth and fifth positive
- | pressure generating portions 150 and 160 and the second and
third negative pressure generéting portions 170 and 180, a
negative pressure is generated by the first negative pressure
generating portion '130 (see the curve LB1). The structure that
achieves such pressure distribution is new, and it constitutes a
-basis for preventing contact between the head and the disk — like
medium even at a flying height of 25nm or less. .
While there is no portion that generates a positive
pressure at approximately the central portion of the head in the
widthwise direction Y at the trailing edge TR, since the surface
152 of thé fourth positive pressure generating portion 150 and
the .éurface 162 of the fifth positive pressure generating portion
160 are provided extending to the trailing edge TR of the slider
1 at the two sides in the widthwise direction Y of the head 6,
large positive pressures that continue on to the trailing edge TR
are achieved by the surface 152 of the fourth positive pressure
generating portion 150 and the surface 162 of the fifth positive
pressure generating portion 160 (see the curve L62), thereby
realizing an increase in the air lubricating film stiffness and
resulting effective prevention of contact to reliably protect the
transducers 2 and 3 provided at least at either the surface 152

of the fourth positive pressure generating portion 150 or the
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the head in the fourth enbodi nent according to #the—jpresent i nvent I on shown
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achi eved when a conventional positive pressure/negative pressure conbi ned

type head haviidth damage and destruction.

The front flat surface 100 is provided toward the leading
edge LE. The -advantages achieved by this front flat surface 100
are that a small pitch angle B is realized and that flying
characteristics with a reduction in fluctuation in the pitch angle
B are achieved over the entire surface of the disk —like medium,
as has been explained earlier.

Furthermore, the negative pressure generating portions

- 170 and 180 are formed so as to narrow starting from the side

of the leading edge LE toward the central portion between the
surface 112 of the first positive pressure generating portion 110
and the surface 152 of the fourth positive pressure generating
portion 150 and between the surface 112 of the first positive
pressure generating portion 110 and the surface 1_62 of the fifth
positive pressure generating portion 160. The advantages achieved
by fhis structure, too, have already been explained.

Referring to FIGS. 47 and 48 which show the seventh
embodiment, the head according to the present invention
comprises a slider 1 and transducers 2 and 3. The transducers
2 and 3 constitute two elements, i.e. a read/write element. In
the head according to the present invention, the first and second
positive pressure generating portions are oriented to cross the
slider 1 in the widthwise direction Y to constitute a single
positive pressure generating portion 110. Other structural features
are practically identical to those in the embodiment illustrated

in FIGS. 43 and 44.
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two steps (an exanple of the prior art) is used}j The skew anglej[é&rr] is
approximately 0 . FIG 38 indicates that when tihet8d44R 1397t h xanpl e of
the prior art is enployed, the flying height kedpg increasing as$ the disk
rotational speed of the disk - |ike mediumincrdases;—as indicated by the
curve L42. The flying height is inclined6to contj nue |ncreasing-even as the
di sk rotational speed of the disk '

FIG. 49 presents computer simulation data that three —

w

dimensionally illustrate the relationship between the normalized
“glider length (x,L) and the normalized width. (y/L), and the
normalized pressure when the head is employed, af_ld FIG. 50
presents data illustrating the relationship between the normalized
- slider length (x./L) and the normalized pressure achieved when
the head is employed. The 'various conditions for driving the head
6, the head supporting mechanism 5 and the disk — like medium
4 are as has been explained earlier. The normalized slider length
(x/L) represented by the horizontal axis and the normalized
pressure (P — Pa) /Pa represented by the vertical axis have
already been explained in reference to FIG. 35. The curve L71
represents the pressure distribution achieved at a position
expressed as the normalized width (y/ L) = 0.5 from one end
edge of the slider 1 in the widthwise direction Y (the
approximate center in the widthwise direction), and the curve
L72 -represents the pressure distribution achieved at a position
expressed as the normalized width (y./L) = 0.08. |

The pressure distribution illustrated. in FIGS. 49 and 50
differ from the pressure distribution illustrated in FIGS. 45 and
46 in that since the first positive pressure generating portion
110 is oriented so as to cross the slider 1 in the widthwise
direction Y toward the leading edge LE, a first lift dynamic
pressure is generated by the first positive pressure generating
portion 110 at approximately the central portion of the head 6
in the widthwise direction Y along the airflow direction (a)

when the disk — like medium 4 is caused to rotate (see the curve
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- i\ke medi um i pcf eases through 1P, 000 rpm 1In contrast, when the head'i n

.the fourth enbdimet® MAGHPRinly Lo the present invention i

flying hei ght be¢onmes nore staplfk as the di sk rotational EJH@ASUBEEN
- like medi um iinéreasesThe dath in FIG 38 indicate that V\henREﬂe‘\GﬁDsk
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the flying hei ght becomes stable at approximately 24nm Thus, the head
according to tHE] or 6%RBiwidey oY | Qi RIFRRSIIAL Ofd ROTduvRATAE QilbatlyCS

whereby the flying height becones stabilized earlier to enter constant

operating statjadicate, characteristics that are similar to the pressure
distribution illustrated in FIG. 46 are achieved, thereby realizing
similar advantages. )

FIG. 51 presénts data illustrating the relationship between
the skew angle & and the flying height achieved by employing
the heads disclosed with reference to embodiments 5 to 7. An
explanation has already been given on the .skew' angle @ in
reference to FIG. 9. In FIG. 51, the horizontal axis represents the
rotating radius of the disk — like medium 4 which has a
relationship of correspondence with the skew angle @.

As the data in FIG. 51 indicate, an extremely small flying
height of approximately 22nm is assured over a wide skew angle
range of —4.3 to 13.25° by employing any of the heads disclosed
with reference to embodiments 5 to 7 according to the present
invention. Furthermore, the fluctuation in the flying height is
kept-.- at approximately 1nm over the skew angle range of — 4.3
to 13.25° , thereby achieving a high degree of flying stability
against disturbance and vibration.

FIG. 52 presents data illustrating the relationship between
the skew angle 6 and the pitch angle 8 achieved by employing
the heads disclosed with reference to embodiments 5 to 7. As
the data indicate, the pitch angle 8 is maintained at 1.5 % 10 (rad)
or smaller over a wide skew angle range of —4.3 to 13.25° with
all of the heads disclosed with reference to embodiments 5 to
7 according to the present invention. In particular, with the head

disclosed with reference to embodiment 7, a stable pitch angle

This Sheet Has Been Re laced
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Referring to FI G5 [36 show the fifth embodi ment, the head
according to the|plesenpaRmeent i pnj conprises a slider 1 anftd TS O~z
and 3. The transfugters 2 and 3 _(I:Jon titute two el enents, i.&mggﬁﬁﬂiw BEEN
el ement and a repdMng—etenrert—+he surface facing a nmedi ufnl RERLAGED wi t h| -
two separate posftive pressure generati®§ portions 110 and 120 at tne '

m ddl e portio'p of the sTrder T T the widthwise direction Y. The first
positive pr essgs %ﬂ\%ﬁ%‘r@kkﬂﬁt&?f i en0lifad)s R avhisddvol/eraasiede f egw11l

and a surface 112 ereas the second positive pressure generating portion

120 is provi dedngé hramed @F ~ 4.3 to 13.25° .

FIG. 53 presents data illustrating the relationship between
the disk rotational speed (rpm) of the disk — like medium 4 and
the flying height achieved by employing the heads disclosed with
reference to embodiments § to 7. In FIG. 53, the horizontal axis
represents the disk —like medium rotation rate (pm) and the
vertical axis represents the flying height (nm). The skew angle
@ is at approximately 0° .

FIG. 53 indicates that by employing the heads disclosed
with reference to embodiments 5 to 7 according to the present
invention, the flying height is made to become stable as the disk
— like medium rotation rate increases. According to the data in
FIG. 53, when the disk — like medium rotation rate exceeds
approximately 6000 rpm, the flying height becomes stable at
approximately 22nm. Thus, the head according to the present
invention achieves the takeo_ff characteristics whereby the flying
height becomes stabilized earlier to enter a constant operating
state.

As has been explained, with the head according to the
present invention, the following advantages are achieved :

(a) A head that is extremely effective for achieving a
higher density in magnetic recording and an increase in the
storage capacity is provided. In particular, a head that, in
combination with a disk — like medium having a high degree of
surface accuracy, is extremely effective for achieving a higher

recording density and an increase in the storage capacity is

This Sheet Has Been Reﬂlaced
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s those of the head illustrated in the fourth enbodi

face 121 and a surface 122. O her structural fea REPEQQEEQT;S&E

33). FIG 41 presents conputer sinulation data thaf t - di men
illustrate the relationship between the normalizgd sl'{]éi&ia'@ﬁgth

the normalized width (y/L), and the no#valized p}essure achieved
head i s enpl oyed, and

(*22me @ D)

gs. tgz and

i pnal 'y
(k/L) and
when t he

provided.

(b) A head provided with an air bearing surface having

a new structure are provided.

(¢) A head which can be prevented from —coming in

contact with a disk — like medium even at a flying height of

26nm or less is provided.

(d) A head that achieves a high degree of flying stability

against disturbance and vibration even at a flying height of

25nm or less is provided.

() A head with which the pitch angle during flying

operation can be set at 3 X 10 4(rad) or less, when it is adopted

in a-recording / reproduction apparatus, is provided.

(f) A smaller, thinner head achieving outstanding mass

productivity is provided.

(g) A head that can be manufactured through integrated

machining by employing a high accuracy pattern forming

techﬁology such as dry etching is provided.

While the present invention has been explained in detail

in reference to specific preferred embodiments, it is obvious to

persons skilled in the art that a number of variations are possible

in its form and detail without departing from the essence and

range of the present invention.




FIG 42 presents data illustrating the relationship of

T S

-slider length (x/L) and the normalized pressure achise

enpl oyed. The various conditions for driving the heaq §,

supporting mechani r‘ | i ke medium 4 dreg
expl ai ned earlier. m ;‘““ \‘\mMI i d&® I ength (x/ L) rle

t he head
a$ 8HMAR A2%%h
present ed by

hori zontal axis an

nor Mal fzed pressure (P - Pa) |/ Pa represented bﬁ
vertical axis are as has already been ex@lLAIMSI in rdference to FIG 35.

th

The curve L51 represents the pressure distribution characteristics at a

.position expressed as the normalized width

1. A slider receiving dynamic air pressure at -a surface
facing a medium, said surface comprising a front flat surface,
a first positive pressure generating portion, a second positive
pressure generating portion and a first negative pressure
generating portion, characterized in that:

said front flat surface starts at a leading edge and
continues on to an intermediate point along a lengthwise
direction ;

said first positive pressure generating portion and said
second positive pressure generating portion have flat surfaces
with essentially equal heights and are positioned on two sides,
separated from each other over a distance in a widthwise
direction which runs perpendicular to a lengthwise direction and
have edges at one end located toward said leading edge which
form step faces rising up from said front flat surface in a step;
and

said first negative pressure generaﬁng portion is provided
behind said front flat surface relative to the direction of airflow
and has a base surface with a height being lower than the height
of said front flat surface.

2. The slider according to claim 1, with said surface
facing a medium additionally comprising :

a third positive pressure generating portion, positioned
toward said trailing edge and having an edge at one end located

toward said leading edge which forms a step face rising up from

z
i

e

ed
S

t he



. REI'LALEE«ET?\,T S'HME’“
(y/L) = 0.5 fromone end edge of the slider 1 in the w dtfhyi se dlreé’t'r"
,(apprOX| mately the center in the widthw se direction), and tl‘rbam,tm/g
represents the pr n-achieved at a posit{o expresseg
t he nor mal i zed w 3mma Iﬂ)lnumnm“r Th (pressure di stribpti '
in FIGS. 41 and 42 ditd e fMonfthe pressure di stribution
and 35 in that, since the area between the first and second posi
pressure genesatd ngagor suddase 10§ Hadd 15rst s negptitier uprassure agenerating at

surface 100, no narked positive pressure is generated at the central
_portion of t hpostipBein1at st@i-d the air inflow side (see -

3. The slider according to claim 2 wherein said third
positive pressure generating portion is located at a central portion
relative to a widthwise direction.

4. The slider according to claim 1 wherein said first
positive pressure generating portion and said second positive
pressure generating portion extend to said -trailing edge.

5. The slider according to claim 1, with said surface
facing a medium additionally comprising :

a fourth positive pressure generating portion, positioned
behind said first positive pressure generating pértion over a
distance relative to a lengthwise direction; and

a fifth p;)sitive pressure generating portion, positioned
behind said second positive pressure generating portion over a
distance relative to a lengthwise direction.

6. The slider according to claim 5, with said surface
facing a medium additionally comprising :

a second negative pressure generating portion, positioned
between said first positive pressure generating portion and said
fourth positive pressure generating portion; and-

a third- negative pressure generating portion, positioned
between said second positive pressure generating portion and said
fifth positive pressure generating portion.

7. The slider according to claim 6 wherein said second
negative pressure generating portion is constituted of an indented

portion dropping off from the surface of said first positive



> c”"ﬂmmﬂ positive pressures are generat ed by the
~first and secon !ﬂﬂ&’j e generating portions ;fallui‘(:’%ée} aﬁf*‘"

the curve L51).

the two sides
L52). As FIGS.

in*he w |rect|onYof the sli

r

41 and 42 cIearIy i ndi catge, when the dj sk - |ike _rredl m
caused to rotate, first lift dynami c pressures are 18 MAR 1999

pressure generating portion ;

0 at
ve
4 is

said third negative pressure generating  portion is
constituted of an indented portion dropping off from the surface
of said second positive pressure generating portion ;-

said fourth positive pressure generating portion rises up
from the surface of said second negative pressure generating
portion ;

said fifth positive pressure generating portion rises up
from the surface of said third negative pressure generating
portion ; and

said base surface of said first negative pressure

generating portion is provided lower than the surfaces of said

second negative pressure generating portion and said third _

negative pressure generating portion.

8. The slider according to claim 5 wherein the height of
said fourth and fifth positive pressure generating portions is
essehtially equal to the height of said first and second positive
pressure generating portion..

9. The slider according to claim 7 wherein boundaries
between the surfaces of said first, second, fourth and fifth
positive pressure generating portions and the surfaces of said
indented portions are each formed in a step having a depth of
0.1 xm or more.

10. The slider according to claim 7 wherein the surfaces
of said indented portion's are formed so as to narrow starting
from the side of said leading edge toward the central portion

and so as to widen starting from said central portion toward



generated by the first “id Second positive pregampie

“and 120 at the ' [ wi dt hwi se dir g
the airfl ow di rlmmla”ﬂ!m)nmlgmlt he curve L52),
pressures are generated oy £ he fourth d fift:
generating portions 150 and 160 toward the trailli
pressures are generated by the second and third negative pressur
gener ati ng posaiflotirailing ®dge180 toward the air li g€ fromthe second
lift dynam c pressures ’l(ﬁs!ee the curve L52). In addition, within an area

_ enclosed by the firdd.ahdeselidat pesarcing BP eeldime lyeWBerginngaid first

positive pressure generating portion and said second positive

pressure generating portion are continuous in said- widthwise
diréction of said slider to constitute a single flat surface.

12. The slider according to claim 1 wherein said front
flat surface is formed in a narrowing shape starting from the
step faces of said first positive pressure generating portion and
said second positive pressure generating portion and extending
to said leading edge.

13. The slider according to claim 5 wherein the surface
of said fourth positive pressure generating portion and the
surface of said fifth positive pressure generating portion extend
to said trailing edge.

14. The slider according to claim 1 wherein said surface
facing a mediuin has a symmetrical shape relative to a central
axis in the widthwise direction running perpendicular to said
lengthwise direction.

15. The slider according to claim 2 wherein end edges
that define each of the surfaces of said front flat surface, said
first positive pressure generating portion, said second positive
pressure generating portion and said third positive pressure
generating portion are straight lines, curved lines or a
combination thereof.

16. The slider according to claim 5 wherein end edges
that define each of the surfaces of said fourth positive pressure

generating portion and said fifth positive pressure generating




. IEPLACENIENT ShpBl
portions 110 _a:d 120, the foyrtth and fifth positive pressure generating
. portions 150 lafd 1804aRd9%%he isdcond and t hi rd neg?ulﬁﬂ"ug ullleumltneratl ng
portions 170 jand 180, a negatji Ve pressure i s gene

negative pregs i pgrtion 130 (see the curve Thé structure
t hat achi eveg such pressure digtributionis new, and it constltut es a basis
for preventing contact between the head and the disk -1ike nediumeven at a
flying hei E)ht mirtgnrarer strasght Nimeswarvedi Hoes tore as gemdisation Hhencod. t hird

positive pressure generating portion 140 is provided toward the trailing
17. The slider according to claim 7 wherein end edges

that define each of the surfaces of said indented portions are
straight lines, curved lines or a combination thereof:

" ' 18. The slider according to claim 1 wherein the level
difference at said step between said front flat surface and said
first positive pressure generating portion and between said front

_ flat surface and said second positive pressure generating portion
is set within the range of 0.1 to 1._0 A& m.

19. The slider according. to claim 1 which is 1.25mm or
less in length and 1.00mm or less in width and weighs 1.6mg
or les;s.

20. A head used for recording to and reading from a
- medium and being provided with a slider having a surface facing
a medium and at least one transducer, characterized in that:

said slider is any. one according to claims 1 through 19
wherein said transducer is provided toward a trailing edge of
said slider.

21. The head according to claim 20 wherein said
transducer is constituted of an electromagnetic transducer.

22. A head device comprising a head suspension with one
end thereof being a free end, and a head mounted to said free
end of said head suspension in such a manner that pitch and
roll movements thereof are allowed and that said head receives
a load from said suspension, characterized in that:

said head is any one according to claim 20 or 21.

23. The head device accofding to claim 21 wherein the



\
edge TR, a positive pressure is generated at approximately the center
“the head 6 in 'imlmm ction Y (see the curve
i ncreases the Wm 8["@ m stiffness at the | THISCSHEED g edde .
TR, thereby prevenfl ng contsac et weengt he head and the di QEP e um

at a flying height of 25nmor |ess even nore reliabl y?

transducers 2 and 3 are_ nounted
load point of said head is offset toward said leading edge from

- the center of gravity of said head.

24. A read/write apparatus comprising a disk — like
medium that is driven to rotate and a magnetic head device,
characterized in that:

said head device is any one according to claim 20 or 21,
with said head made to fly over a surface of said disk — like
medium by rotation of said disk —like medium and made to move
along a circular arc that approximately mafches the direction
of the radius of said disk — like medium by a means for
swivelling.

25. The read/write apparatus according to claim 24,
wherein a pitch angle achieved while said head is flying is 1.

5% 10 (rad) or less.

is Sheet Has Been Replaced
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at the center of the surface 142 of the third positive pressure generating

- portion 140 at the trailing edge . TR the increase in the air lubricating
filmstiffness achieved and the resulting effective prevention of contact
reliably protect the transducers 2 angg 3 from damage and destruction. In
addition, the front flat surface 100 is provided toward the |eading edge LE
which rises up in a step fromthe first negative pressure generating
portion 130 with the |evel difPeEPKBeAND 88ABtitute a flat surface having
the sane_height as that of the negative pressure generating portions 170
and 18OAB§ﬂEgFTthe

: The present invention ig directed to a glider (1), a

head, a head device and a read/write apparatus -that are

- extremely effective for achieving high density writing and an

increase in the storage capacity. The slider (1) comprises a

front flat surface (100), a first ©positive pressure

generating portion (110), a second positive pressure

generating portion (120) and a first mnegative pressure

generating portion (130). The front flat surface (100) ends

at an intermediate point along a lengthwise direction. The

first and second positive pressure generating portions have

' flat surfaces (112 and 122) and are separated from each other

over a distance at two sides in a widthwise direction running

perpendicular to a lengthwise direction, with edges at one

end located toward the leading edge forming step faces (111

and 121) rising up from the front flat surface in a step.

The first negative pressure generating portion (130) is

provided behind the front flat surféce relative to the
airflow direction.

Figure 1

REPLACEMENT SHEET
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{; éir | ubricating filmstiffness increases toward the | eading edge LE. Since
“the front flat surface 100 is fornmed so as to narrow fromthe surfaces 112

and 122 of the first and second positive pressure generating portions 110
and 120 respectively toward the | eading edge LE, a small pitch angle [err]
can be realized and flying characterigsBics with a reduction in fluctuations
of the pitch angle [err] can be achieved over the entire surface of the
disk - like nedium due -to the air begggng, effect achieved through the
front flat surface 100, 1fen the s{4ypchur 2s adopted in a read/wite

. appar at us. 2 1\

FIG. 1
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LE 100 111 / 112141 TR
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Furthernore, the negative pressure generating portions 170 and 180 are
formed so as to narrow starting fromthe side of the | eading edge LE toward

the central portion and so as to widen starting fromthe central portion

toward the side of the 61 trailing edge TR, between the surfaces 112 and
122 of and second positive pressure g&Bérating portions 110 and 120 and
1/20 130 1/40
100 121 /122|141 /-142
) a R £ \ /-
14

FIG. 4

13131 10 130 140
100 \ W HA12 {§1 142
) 3
9

1+

N

FIG. 5
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the surfaces 152 and 162 of the fourth and fifth positive pressure
generating portions 150 and 160. Wth such a structure, the rol
characteristics are inproved. Mreover, the surface 112 of the first
positive pressure generating portion 110, the surface 122 of the first
positive pressure generating portiongid0, the surface 152 of the fourth
positive pressure generating portion and the surface 162 of the fifth
positive pressure generating portion are structured to have two - stage

step faces toward the airflow direction (a). Referring to FICS. 43 and 44
whi ch show the sixth
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enbodi nent, the head according to the present invention conprises a slider
1 and transducers 2 and 3. The transducers 2 and 3 constitute two el enents,
i.e. awiting elenent and a reading elenent. In the head in this exanple,
the surface 152 of the fourth positive pressure generating portion 150 and
the surface 162 of the fifth positiveé/gressure generating portion 160 are
provi ded extending to the trailing edge TR of the slider 1, with the
transducers 2 and 3 nounted at |east at egther the sprface—152 of the

fourth positive pres ng portijon 150 or the surface 162 of the
(i fth > o
ITth positiye pr rFig:—' <:>
S
T
FIG. 7
51
521, 522 \M
C1~ | |
i —525 .
524
6— A1
2377 ) T Noo
142~ 130 112122 a
- 4

T77777777777777777777777777777
FIG. 8



portion 160. The structures of the transducers 2 and 3 in the head in the
si xth enbodi nent and its application to a read/ wite apparatus are the sane
as those of the head illustrated in the fourth enbodi nrent (see FIGS. 32 and

33). 62 Next, in reference to neasured data, advantages that are
5/31

6 ; magnetic head

Oll ; pivot center

' FIG. 9

P

B
130 110,120

- g2 \_g]

FIG. 10
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achieved by a read/wite apparatus enploying the head in the sixth

enbodi nent illustrated in FIGS. 43 and 44 are explained. The specifications
of the head 6, the head supporting nmechanism5 and the disk - |ike nedium4
are as follows. (slider 1) length L: 1.25mmw dth W 1.0mm thickness:
0.3mm wei ght: 1. 6ng (head supporti ngsrachani sm5)
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| oad force: 0. 5gf |l oad point Pl: offset d = 100 [err]m (disk - |ike medium
4) disk rotational speed: 7200 rpm FIG 45 presents conputer sinulation
data that three - dinensionally illustrate the relationship between the

normal i zed slider length (x/L) and the normalized wdth (y/L), and the

normal i zed pressure when the head is &M@l oyed, and FIG 46 presents data
illustrating the relationship between the nornalized slider length (x/L)
and the nornmal i;zed pressure when thg head

FIG. 12




I's enpl oyed. The nornmalized slider length (x/L) represented by the

hori zontal axis and the nornalized pressure (P - Pa) /Pa represented by the
vertical axis are as has already been explained in reference to FIG 35. In
FIG 46, the curve L61 represents the pressure distribution at a position
expressed as the normalized width (y/881= 0.5 fromone end edge of the
slider 1 in the40 w dt hwi se direction Y (approximately the center in the

wi dt hwi se g -
o
= 30
_g’ -
2 20 |
o)) ~ o L
TR
5 20 25 30
Radius (mm)
-4.3 0.2248 5.106 8.339 11.82 13.25
Skew Angle (_deg.)
FIG. 13
_AX10%
el
2 3x107;
g 2x1o-4-°/0/—————o—‘*
Taxiete—
0 1 1 1 i
15 20 25 30
Radius (mm)
L

4.3 0.2248 5106 8.339 11.82 13.25

Skew Angle ( deg.)
FIG. 14



dﬁrection), and th
at a position expr
di stributi on shown

e curve L62 represents the pressure distribution achieved
essed as the nornmalized wwdth (y/ L) = 0.08. The pressure
in FIGS. 45 and 46 differ fromthe pressure distribution

illustrated in FIGS. 41 and 42 in that since the surface 152 of the fourth

positive pressure
positive pressure

generating portion9/8%0 and the surface 162 of the fifth
generating portion 160 are provided extending to the

trailing edge TR df the-slider -1 at the |eadiwg iduinE, the positive
pressures gefn\er@@ gd. by the Sl—JI‘faCEBISZ of the_J_oud.t@um
£
c - o
= 20 o
= L4
2 N T N
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Radius (mm)
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ﬁositive pressure generating portion 150 and the surface 162 of the fifth
positive pressure generating portion 160 continue on to the trailing edge
TR (see the curve L62) and that since there is no third positive pressure
generating portion surface at the trailing edge TR no positive pressure
that is attributable to a third poshbjate pressure generating portion is
generated at approximately the central portion of the head 6 in the

wi dt hwi se direction Y (see the curve L61). As FIGS. 45 and 46 cl@arly

i ndi cate, when the disk - like nedium4 is caused to rotate, firsti|ift
dynam c pressures are .
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generated by the first and second positive pressure generating portions 110
and 120 at the two sides in the widthwise direction Y of the head 6 al ong
the airflow direction (a) (see the curve L62), second lift dynam c
pressures are generated by the fourth and fifth positive pressure
generating portions 150 and 160 towargi;ghe trailing edge TR and negative
pressures are generated by the second and third negative pressure
generating portions

FIG. 18
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170 and 180 further toward the air inflow side fromthe second Iift dynamc
pressures (see the curve L 62). In addition, wthin an area encl osed by the
first and second positive pressure generating portions 110 and 120, the
fourth and fifth positive pressure generating portions 150 and 160 and the
second and third negative pressure gza?rating portions 170 and 180, a
negative pressure is generated by the first negative pressure generating
portion 130 zssee the curve L61). The structure
distribution is new, and it constitutes a basiyg
bet ween the Hepd and the disk-1ike i

at achi eves such pressure
br preventing contact

1.5

14

e
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medi um even at a flying height. of 25nmor less. Wile there is no portion
that generates a positive pressure at approximtely the central portion of
the head in the widthwise direction Y at the trailing edge TR, since the
surface 152 of the fourth positive pressure generating portion 150 and the
surface 162 of the fifth positive presysyure generating portion 160 are

provi ded extending to the trailing edge TR of the slider 1 at the two sides

in the widthwise direction Y of the head,8 |arge positive pressures that
Q TReved by the surface 152 of the

fourth positive pressu,“e0

1
NS

I~ FIG. 21
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generating portion 150 and the surface 162 of the fifth positive pressure
generating portion 160 (see the curve L62), thereby realizing an increase
inthe air lubricating filmstiffness and resulting effective prevention of
contact to reliably protect the transducers 2 and 3 provided at |east at
either the surface 152 of the fourthig@litive pressure generating portion
150 or the 65

133 110
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FIG. 24
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surface 162 of the fifth positive pressure generating portion 160 from
damage and destruction. The front flat surface 100 is provided toward the

| eadi ng edge LE. The advant ages achieved by this front flat surface 100 are
that a small pitch angle [err] is realized and that flying characteristics
with a reduction in fluctuation in the/3pitch angle [err] are achieved over
the entire surface of the disk-like nmedium as has been expl ained earlier.

Furthernore, the negative pressure generating portions 170 and 18 re
formed so as to narrow starting fromthe side
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of the | eading edge LE toward the central portion between the surface 112
of the first positive pressure generating portion 110 and the surface 152
of the fourth positive pressure generating portion 150 and between the
surface 112 of the first positive pressure generating portion 110 and the
surface 162 of the fifth positive pnegsure generating portion 160. The
advant ages achi eved by this structure, too, have al ready been expl ai ned.
Referring to FIGS. 47 and 48 which show t heAsevent h enbodi nent, the head

according to e present invention conpris a slider 1 and transducers 2
and 3. The trangducers

34

24
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2 'and ‘3 constitute two elenents, i.e. a read/wite elenent. In the head
according to the present invention, the first and second positive pressure
generating portions are oriented to cross the slider 1 in the w dthw se
direction Y to constitute a single positive pressure generating portion
110. OQther structural features are pnaedtically identical to those in the

embodi nent illustrated in FIGS. 43 and 44.
%40— :
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66 FIG 49 prese
illustrate the r

nts conputer simnulation data that three - dinensionally
el ati onshi p between the normalized slider length (x/L) and

the normalized width (y/L), and the nornalized pressure when the head is

enpl oyed, and FlI
the normalized s
when the head is
t he head suppog@
been explalned

N
o

Flying Height(nm)
=

o

G 50 presents data illustrating the relationship between
|l ider length (x/L) ah®3the nornalized pressure achieved

enpl oyed. The various congttiflo@4ior driving the head 6,
ng mechanism5 and the digk Iikﬁ medium 4 are as has
aﬁller The normalized sli efq gﬁé h
) L12
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(x/L) represented by the horizontal axis and the nornalized pressure (P -
Pa) /Pa represented by the vertical axis have already been explained in
reference to FIG 35. The curve L71 represents the pressure distribution
achieved at a position expressed as the normalized wdth (y/L) = 0.5 from
one end edge of the slider 1 in the 1a3% hwi se direction Y (the

approxi mate center in the widthwi,se direction), and the curve L72
represents the pressure. dlstrhsublon achi eved at a position expressed as
the normalized width (y/L) The1gbessure di stribution illustrated

in FIGS. 49 and 50 A 151 152 130
176\ \ 141 140
oy 10 \ 2
AN NP 1 1
TN WA 160
ISR NN 172
i .\\_\ N 162 \ TR
'\.\\\ c 111213 120 161
PN 18
{\ LE \ /1 80\ >
100

FIG. 32




differ fromthe pressure distribution illustrated in FIGS. 45 and 46 in
that since the first positive pressure generating portion 110 is oriented
so as to cross the slider 1 in the widthwi se direction Y toward the | eading
edge LE, a first |lift dynamic pressure is generated by the first positive
pressure generating portion 110 at apg@ioxi mately the central portion of the
head 6 in the widthwi se direction Y along the airflow direction (a) when
the disk-1ike medium4 is causefl-mo rotate (see the1§ rve

132 \ 2 e

\
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100~ 113
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120 4
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22 1 g2, 161 162 jgq
. 180
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'L71). OQtherwi se, as the curve L71 and the curve L72 clearly indicate,
characteristics that are simlar to the pressure distribution
illustrated in FIG 46 are achieved, thereby realizing simlar advantages.
FIG 51 presents data illustrating the relationship between the skew angl e,
0 and the flying height achieved by2emal oyi ng the heads disclosed with
reference to efhodi nents 5 to 7. An expl anati on has al ready been given on
t he skew angl Femﬁerr] in-reference to ‘;g 9. In FIG 51, the horizontal

axi s representg|the

L]
[ ]
2

(P-Pa) /Pa

4t | : %: y/L=0.08
o: y/L=0.50
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.

_rotati ng radius of the disk - like nedium4 which has a relationship of
* correspondence with the skew angle 0. As the data in FIG 51 indicate, an
extrenely small flying height of approximately 22nmis assured over a w de

skew angl e range

of - 4.3 to 13

.25 by enploying any of the heads discl osed

with reference to enbodinents 5 to 7228tording to the present invention.

Furthernore, tH@ fwetpati-or—p—the -y hRg—herghtrts—eptrat—anproxi mtely
1nm over the skew angle range of - 4.3 to 13.25[err] , thérebylachieving a
high degree of flying stability dga-nstide Shufduami embodimenb] at Hon.
ré-. 40 ——Slider of the prior art | -
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- "FIG 52 presents data illustrating the relationship between the skew angl e

[err] and the pitch angle [err] achieved by enploying the heads discl osed
with reference to enbodinents 5 to 7. As the data indicate, the pitch angle
[err] is maintained at 1.5 x 10[err] (rad) or smaller over a w de skew
angle range of - 4.3 to 13. 25[err]23Bth all of the heads disclosed with
reference to egpodinents 5 to 7 according to the present invention. In
particular with tthe head fisclosed with reference tp enbodi qent 7, a stable

L42
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U 68 angle [err] of approximately 1 x 10[err] (rad) is achieved over a wide
skew angle range of - 4.3 to 13.25 FIG 53 presents data illustrating the
rel ati onshi p between the disk rotational speed (rpm) of the disk -Ilike
medium 4 and the flying height achi eved by enploying the heads di scl osed
with reference to enbodinents 5 to 72484 FIG 53, the horizontal axis
represents the disk - like nediumrotation rate (rpn) and the vertical axis
represents the flying height (nm. IﬂEOsk?gQamaﬂe

141 140

FIG. 39
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Terr] is at approximately 0 . FIG 53 indicates that by enploying the heads
di sclosed with reference to enbodinents 5 to 7 according to the present

i nvention, the flying height is made to becone stable as the disk -1ike
mediumrotation rate increases. According to the data in FIG 53, when the
disk - like nmediumrotation rate excesyds approxinmately 6000 rpm the flying

hei ght becones stable at approximately 22nm Thus, the head according to
the present inventi®n achieves .the takeoff characteristics whereby the
flying hei ght becongg stabilized earlier to enter a constant operating

(P-Pa) /Pa

%: y/L=0. 075
O: y/L=0.50
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. " state. As has been explained, with the head according to the present

I nvention, the foll ow ng advantages are achieved: (a) A head that is
extrenely effective for achieving a higher density in magnetic recording
and an increase in the storage capacity is provided. In particular, a head
that, in conbination with a disk-1ikesmsedi um having a hi gh degree of
surface accuracy, is extremely effectlve for achieving a hi gher recording
density and an increase in the storage b

132

2.3

~130
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. ©69 provided. (b) A head provided with an air bearing surface having a new
structure are provided. (c) A head which can be prevented from comng in

contact with a disk -like nmediumeven at a flying height of 25nmor less is
provi ded. (d) A head that achieves a high degree of flying stability
27131

(P-pa) /Pa
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O: y/L=0. 50
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- ‘agai nst di sturbance and vibration even at a flying height of 25nmor |ess
Is provided (e) A head with which the pitch angle during flying operation
can be set at 3 x 10[err](rad) or less, when it is adopted in a recording /
reproducti on apparatus, is provided. (f) A smaller, thinner head achieving
out standi ng mass productivity is proged. (g) A head that can be
manuf act ured through integrated machi ni ng by enpl oyi ng a hi gh accuracy
pattern form ng technol ogy such as dry etch”gm i s provided.
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«'Whil e the present invention has been explained in detail in reference to
specific preferred enbodinents, it is obvious to persons skilled in the art
that a nunber of variations are possible in its formand detail w thout

departing fromthe essence and range of the present invention. CLAI M5 1.
A slider receiving dynamc air pressigygs at -a surface

-

S
44

(P-Pa) /Pa
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e

- facing a nmedium said surface conprising a front flat surface, a first
positive pressure generating portion, a second positive pressure generating
portion and a first negative ressure generating portion, characterized in
that: said front flat surface starts at aleading edge and continues on to
an internmediate point along a |@&QAfthw se direction; said first positive
pressure genedst ; ' |t e generating
portion have fla E are
positioned on t

surfaces with essentially equal

hei ghts an
si des, 1

~

-4 -

30

Skew . . .
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separated fromeach o over a distance in a wi dthw se direction which
runs perpendicular to a |®ggthw se direction and have edges at one end

| ocated toward said | eadi ng edge which formstep faces rising up from said
front flat surface in a step; and said first negative pressure generating
portion is provjided behind said frord1/81 at surface relative to the

direction of affPf | ' being | ower than

the height of sai[d front” flat surf ace. to claim1,
wth said surfacg —°—Embodimentj
: i 7

2. The slider accor

—0— Embodiment
—Oo— Embodiment 6

W
o
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—the transducer is provided down to 26nm or less. In addifion,

when adopting zone bit writing, whereby writing is performed
at the maximum writing density over the entire surface of the
disk — like medium, it is desirable that the flying height be as
consistent as possible over the entire seek area from the inner
track to the outer track of the disk — like medium.

In addition, as a means for achieving a larger storage
capacity in a magnetic storage device, a head ‘which employs a
magnetoresistive element (hereafter referred to as an MR.
element) as a read element has been proposed and put into
practical use. Unlike in an inductive transducer of the prior art
whose signal output is dependent upon the circumferential speed
of the disk — like medium, the signal output in an MR element
is not dependent upon the circumferential speed of the disk — like
medium. As a result, in a head employing an MR element as a
read element, a read signal which is not dependent upon the
circumferential speed of the disk — like medium is achieved. The
air bearing surface of a head must be designed to ensure that
an almost constant flyiné height is achieved over the entire
writing area of the disk — like medium.

Next, due to the structural features of a head, the
transducers are located approximately 35 to 50 4 m further inward
from the trailing edge. When causing a head structured as
described above to fly at an extremely small flying height of
25nm or less, it is necessary to set an attltude angle (p1t<;h

o
q:n

angle) in the direction of the length of the shderl durmg_ ﬂlght =
H AT I BN

sn&aller than 3 X 107* (rad) as a means for preventmg contact

- .en “w add
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positive pressure generating portion is |ocated at 4 REEhACHR @Lomﬁ
relative to a widthwi se direction. 4. The slider acqodding to clalml

wherein said first positive pressure generating port
positive pressure generating portion extend to said

slider according to claim1, with saidSsurface facing
conprising: a fourth positive pressure generating ptrtion, posi tioned

v )

n 1999se¢ond
tra??i(u_n%pedge. 5¢ The

- | ¢

pnal |y

behi nd said flhq:%agy)ght tne %@Qégré‘algﬁﬁﬁf ating portiomover a distance

relative to a | engthw se directron;

It is a further obJect of the present invention to provide
a slider and head having an air bearing surface with a new
structure. -

It is a still further object of the present invention to
provide a slider and head with which contact with the disk —
li_ke medium is prevented even at a flying height of 26nm or
less.

It is a still further object of the present invention to
provide a head, a slider, a head apparatus and a read/write
apparatus that achieve a high degree of flying stabilitjr against
disturbance and vibration even at a flying height of 25nm or
less. |

It is a still further object of the present invention to
provide a head, a slider, a head apparatus and a read/write
apparatus in which the pitch angle while flying can be set at
3x107* (rad) or less.

It is a still further object of the present invention to
provide a smaller and thinner slider and head that achieve
outstanding mass productivity. |

It is a still further object of the present invention to
provide a slider and head that may be achieved through
integrated machining that adopts a high accuracy pattern forming
technology such as dry etching.

In order to achieve the objects descnbed above the slider_

according to the present invention receives dlynaimc mr pressure*

at a surface facing the medium, which cor1p;'1se§-’-‘af,-“ﬁﬂorﬁt “flat *

torenrim R

'i
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v . TR
a fifth positive pressure generati.ng portion, positioT%&i
¢ positive pressure generating portion over a distance e] ative 10 a
I engt hwi se direction. 6. The slider according to claimi528wal 1599 d |
surface facing a nmedium additionally conprising: a se,ohd negative pr;

generating portion, positioned between &aid first pos tfve-*pr—es—s-u—r—e—J

_generating portion and said fourth positive pressure fgenerating porti

and a third negatidg, f GASH' Stf8ChRANNY BAA! e%%ac@%héﬂ Gied dReT TaRkE

second positive pressure generating portion an

AN SRR

eS

OF'

sal d
medium is prevented.

In addition, surfaces of the first and second positive
pressure generating portions may be set at a specific size,
increasing the load capacity at the leading edge. This results in
an increase in the air lubricating film stiffness, and consequently,
even when ultra low flying at 25nm or less is achieved, a flying
state with a low pitch angle is maintained in a stable manner.
Furthermore, since a high air lubricating film stiffness is
maintained, the following stability to the surface of the disk —
like medium are improved. Thus, even when the flying height
is reduced to 25nm or less, contact between the head and the
surface of the disk — like medium at the trailing edge of the
slider where the flying height is at its minimum, can be
prevented.

Since the first positive pressure generating portiqn and
the second positive pressure generating portion. constitute flat
surfaces having essentially the same height and are provided at
the two sides in the widthwise direction over a distance,
stabilization in the roll angle is achieved as well.

Méreover, it has been verified that with the new air
bearing surface structure described above, a high degree of flying
stability against disturbance and vibration is achieved even at
a flying height of 25nm or less due to the high air lubricating
film stiffness. FTYIRS TN s

In addition, with the new air bear1ng ;su};ﬁ;;;ge structure

described above, the pltch angle can be set at 3 X107 (rad) qr

cond
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fifth positive pressure generating portion. 7. The s{Tg
< claim6 wherein said second negative pressure generaiin or&*
constituted of an indented portion dropping off from 3Q§H 3@29
first positive pressure generating portion; said third negative
generating portion is consti2ztuted of an |ndented portion
_dropping off fromthe surface

pressure

'vF.'u

G’(—

w2

BB EE

gt

ai d

Furthermore, the first negative pressure due to the first

negative pressure generating portion is generated inside an area

enclosed by the first positive pressure generating poftion, the

second positi_ve pressure generating portion, the second negative
pressure generating portion, the third negative pressure
generating portion, the fourth positive pressure generating portion
and the fifth positive pressure generating portion.

A head that achieves such pressure distribution is new,
and it has been confirmed that even at a flying distance of 25nm
or less, a stable attitude is maintained so as to prevent contact
with the disk — like medium.

Moreover, by providing the | first positive pressure
generating portion, the second positive pressure generating
portion, the fourth positive pressure generating portion and the
fifth positive pressure generating portion toward the four corners
of the slider, a high air lubricating film stiffness is achieved in
the four corners to improve the following stability.

In addition, since the first and second positive pressure
generating portions increase the load capacity toward the leading
edge to increase air lubricating film stiffness, a small pitch angle
is achieved in a state of extremely low flying of 25nm or less
and the small pitch angle is maintained stable to further improve
the following of the head. With the head having the new
structure described above, the pitch angle may be set small, at
3x10°* (rad) or less. It has also been conf1rmed that §1~r}gg i
high degree of air lubricating film stiffness is achleved g‘oh&tac%?ﬂ
between the trailing edge of the slider and the dlsl’t""‘fhk.e’&ined;urgl
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of said second positive pressure generating portion Rk e
s pressure generating portion rises up fromthe surfagejof sald §on
negati ve pressure generating portion; said fifth po<|t|¢k s
generating portion rises up fromthe surface of said third negative! _
pressure generating portion; and said tsse surface ¢f "Said first negative
.pressure generating portion is provided | ower than tihe._surfaces.of-satd

- second negati Ve gERSHhA 968 58aN "InPR AL e ANdnSAbE LB i skew angle
o has already been given in reference to FIG. 9. FIG. 13 shows the

L.J_Utl'-

i tive

rotating radius of the disk —like medium 4 under the skew angle.
As FIG. 13 illustrates, with the head having the new air bearing
surface structure described above, a very small flying height gl
of approximately 10nm is assured over a wide skew angle range
(—4.3 to 13.25° ). Furthermore, a high degree of flying stability
against disturbance and vibration is achieved over a wide skew
angle range (—4.3 to 13.25° ).

FIG. 14 presents data that illustrate the relationship
between the position of the slider and the pitch angle. The
position of the slider is illustrated by both the radius of the
medium and the skew angle. As demonstrated in FIG. 14, with
the head having the new air bearing surface structure according
to the present invention, the pitch angle can be set at 3 x 10-*
(rad) or less, and contact between the trailing edge TR of the
slider 1 and the disk —like medium 4 can be prevented even at
a ﬂying height gl of 25nm or less.

Moreover, the first, second and third positive pressure
generating portions 110, 120 and 140, and the first negative
pressure generating portion 130 can be formed through integrated
machining by employing a high accuracy pattern forming
technology such as dry etching on the surface of the slider 1
that faces opposite the medium.

Consequently, according to the presenti :1nvent10n gy

R fs"-ci :

smaller, thinner head that is extremely effectlve for ach1ev1ng

ff"‘"c Q"“

higher density magnetic writing and an 1ncrease 1n storage
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negative pressure generating portion. 8 The slider F%@M@mnsgpmm 5
:wherein the height of said fourth and fifth positive pressure generpt|ng
portions is essentially equal to the height of saidifiir<8MRY onf
positive pressure generating portion. 9. The slider jagcording to claim?7
wher ei n boundari es between the surfaces33of said firg¢t,—second, fourth}and
fifth positive pressure generating portions and theisurfaces of said . :

- Imr;crignt ed portiQpaciye 838h dahoRstrabes Stifdtahdin®d niaste Phrodictdvityl gsr] m or

provided.

Furthermore, as FIGS. 1 .to 5 clearly show, the head
according to the present invention is not provided with a
narrowing shape at the leading edge LE. Thus, the pitch angle
can be set small. In addition, since the length of the surfaces
112 and 122 is small, the flying height can be reduced with the -
lift force set small, and at the same time, the range over which
the positive pressure changes in correspondence to the disk
rotating speed and air inflow direction is reduced, thereby making
it possible to maintain the flying stability of the slider 1. To
sum up the information given above, a head and a read,write
"apparatus that demonstrate the following characteristics :
flying height: 8 to 12nm
1.1 X 107* (rad) < pitch angle 8< 2.2 X 10°* (rad)
are achieved.

FIG. 15 shows data with respect to the relationship
between the position of the slider and the flying height gl as
the heights hl and h2 of the step faces 111 and 121 are wvaried.
The position of the slider is illustrated by both the radius of
the medium and the skew angle. The curve L3 represents the
characteristics achieved when the heights hl and h2 are set at
0.6 u m whereas the curve L4 represents the characteristics
achieved when the heights hl and h2 are set at 0.8 x m. The
data indicate thaf by controlling the heights hl and h2 of the

.......

step faces 111 and 121, the flying height gl can qbqs.ggontm]sied, ZE f

When the he1ghts hl and h2 are smaller than 0.6 ;u m 1t becomes
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10. The slider according to claim.7 wherein the surf C%ggeiv“ +~d~+1§ ent ed

-portions are forned so as to narrow starting fromijtHe ﬂf ﬁ%ﬁ] Ieadl ng
edge toward the central portion and so as to w den st'arf%3 g‘ﬁg

central portion toward °~ 73 said trailing edge. 11.
to claim1 wherein said first 34

iThe_slider acéordlng

difficult to keep the flying height gl at 25nm or less. As the
heights hl and h2 increase, the flying height gl becomes reduced.
However, When they exceed 1.0 u m, the trailing edge TR of the
surface 142 of the third positive pressure generating portion 140
(see FIGS. 1 to 5) comes in contact with the disk —like medium
4.

FIG. 16 shows data with respect to the relatibnship
between the position of the slider and the pitch angle as the
heights hl and h2 of the step faces 111 and 121 are varied. The
position of the slider is illustrated by both the radius of the
medium and the skew angle. The curve L5 represents the
characteristics achieved when the heights hl and hZ are set at
0.6 £ m whereas the curve L6 represents the characteristics
achieved when the heights hl and h2 are set at 0.8 x m. The
data indicate that by controlling the heights hl and h2 of the
step faces 111 and 121, the pitch angle can be controlled. When
the heights hl and h2 are smaller than 0.6 4 m, it becomes
difficult to keep the pitch angle at 3 X 107* (rad) or less in a
range over which the skew angle is large (for instance, at 13.
25° ). When the heights hl and h2 are larger than 0.8 4 m, the
pitch angle becomes equal to or less than 1Xx 107* (rad) in the
range over which the skew angle is small (for instance, at 0° ),
thereby increasing the risk of contact occurring at the leading
edge, and when the heights hl and h2 exceed 1 xm, contact
results. To sum up the information given above, it is desirable

to set the heights hl and h2 of the step faces 111 and! 121;3&1&;113@{53?

the range of 0.6 to 1.0 z m.
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posrtlve pressure generating portlon and sald seconﬁﬁﬁﬂ@ﬁmﬁgﬂﬁrﬁ&ﬂe
:generating portion are continuous in-sai‘d- W dthwi s¢ #rTectTT6N oF SR
slider to constitute a single flat surface. 12. Thels | deg MagyCP99li ng ko
claiml wherein said front flat surface is fornmed in nar r ow ng sh p
starting fromthe step faces of said fi3st positivejp - I ng

-portion and said second positive pressure generatin portion and extepding
to said | eadi ngg in3a FORISWHIES ATERhthd Swith
surface of said ourth posrtlve pressure generatlng portion "an t he

and second positive pressure generating portions 110 and 120 set
at a specific size, the load capacity at the air inflow side
increases, even when an ultra 1ow flying height of 25nm or less
is achieved, which results in an increase in the air lubricating
film stiffness. Consequently, a flying state with a low pitch angle
is maintained in a stable manner, thereby improving the following
stability of the head relative to the disk — like medium surface
motion. Thus, even when the flying height is reduced to 25nm
or less, contact between the head and the disk — like medium
surface at the trailing edge TR of the slider where the flying
height is at its minimum can be prevented.

Since the first and second positive pressure generating
portions 110 and 120 have essentially the same height and are
provided at the two sides in the widthwise direction Y separated
by a distance, stabilization in the roll angle is achieved as well.

Moreover, with the new air bearing surface structure
described above, the pitch angle can be set at 3 X 10°* (rad) or
smaller, and contact between the trailing edge TR of the slider
1 and the disk — like medium can be prevented even at a flying
height of 25nm or less.

Furthermore, each of the mentioned surfaces can be
formed through integrated machining by employing a high
accuracy pattern forming technology such as dry etching on the

surface of the slider 1 that faces opposite the medium

d -M ?

Thus, according to the present 1nvent1on,: ar smaller-

thinner head that is extremely effective for achfev'm% méhér 3
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surface of said fifth positive pressure generating pEE‘?LéﬁF%@B{ﬁnBHfET:
trailing edge. 14. The slider according to claim1l Whgre&rnsard surtag
facing a medium has a symmetrical shape relative tq 4 C@gwﬁlml sfip

wi dt hwi se direction running perpendicular to said | gngthw se directioh.

The slider according to claim2 wherei #0end edges t Hat—gdefi-re—each—bf
.surfaces of said front flat surface, said first posiitive pressure

generating porgii@thg S@kkkitFCARH RS iHcY¥Sady GRSUHhe SENETSH T hatiy | &hd &

sald third positive pressure
demonstrates outstanding mass productivity is provided.

As has already been explained in reference to FIG. 17,
when the slider 1 is miniaturized, while the air lubricating film
stiffness is reduced, the following stability relative to parallel
oscillations of the disk —like medium does not deteriorate since
the slider mass is reduced.

In addition, since the air bearing contour is formed
symmetrically relative to the central axis of the slider 1 in the
lengthwise direction X and the air bearing surfaces can be formed
through integrated machining employing a micro — fabrication
technology such as dry etching without having to perform
mechanical machining, the dimensional management in mass
production is facilitated, thereby achieving a high degree of mass
productivity.

In this embodiment, too, the characteristics are realized
that achieve :
flying height gl: 8 to 12nm
1.0 X 107 (rad) < pitch angle 8< 1.8 10-* (rad)

Next, in reference to measured data, advantages that are
achieved by the read./ write apparatus employing the head
according to the present invention are explained. The
specifications of the head 6, the head suspension 5 and the disk
— like medium 4 are the same as those in the head illustrated

in FIGS. 1 to 5 and are as given below.
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: generat| ng portion are strai ght 1k nes,,_ C'l:II‘V.éd lines oREBLAODMINE BARET
: thereof. 16. The slider accordi ng ‘to-¢l aim 5 wherein %ﬁ"@“‘c‘i’@’é“‘s”"t’ﬁ‘é‘f"’”‘jefi ne
t

each of the surfaces of said fourth positive pressuré¢ eneg payggporti pn
and said fifth positive pressure generating 74 pojtijon are straigpt
lines, curved |ines or a conbination t4®reof. -

FIG. 28 presents data that illustrate the relationship
between the position of the slider and the flying height. The
position of the slider is illustrated by both the radius of the
medium and the skew angle. An explanation of the skew angle
@ has already been given in reference to FIG. 9. FIG. 28 shows
the rotating radius of the disk —like medium 4 under the skew
angle 8. As FIG. 28 illustrates, with the head having the new air
bearing surface structure described above, a very small flying
height gl of appfoximately 10nm is assured over a wide skew
angle range (— 4.3 to 13.25° ). Furthermore, a high degree of
flying stability against disturbance and vibration is achieved over
a wide skew angle range (—4.3 to 13.25° ).

FIG. 29 presents data that illustrate the relationship
between the position of the slider and the pitch angle 8. The
position of the slider is illustrated by both the radius of the
medium and the skew angle. As demonstrated in FIG. 29, with
the head having the new air bearing surface structure according
to the present invention, the pitch angle 8 can be set at 3 X107
(rad) or less, and contact between the trailing edge TR of the
slider 1 and the disk —like medium 4 can be prev_ented even at
a flying height of 25nm or less.

FIG. 30 shows data with respect to the relationship
between the position of the slider and the flying height gl that
is achieved as the heights hl and h2 of the step faces 111 and
121 are varied. The position of the slider is 111us’c!r1ka,‘1€:ﬁ$iiiﬂlc,x‘?’zq dﬁa ‘.’; ‘.Ué?;

the radius of the medium and the skew angle ’I:he curve L12 "t

‘\
represents the characteristics achieved when the hblght% "l #ﬁhd’ ?
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17. The slider according to claim?7 wherein end edges ‘“’11
- the surfaces of said indented portions are straight | ngs
a conbination thereof: 18. The slider according to cl P |
| evel difference at said step between said front flatjsturface and sai;
first positive pressure generating por#4 on and bet weep said front flat ;
. surface and said second positive pressure generating |

is 1.25mm or

less in length and 1.00mm or less in width and wei ghs 1. 6ngy

characteristics achieved when the heights hl and h2 are set at
0.8 y m. The data indicate that by controlling the heights hl and
h2 of the step faces 111 and 121, the flying height gl can be
controlled. When the heights hl and h2 are smaller than 0.6
m, it becomes difficult to keep the flying height gl at 20nm or
less. As the heights hl and h2 increase, the flying height gl
becomes reduced. However, when they exceed 1.0 zm, the trailing
edge TR tends to come in contact with the disk — like medium
4 more readily.

FIG. 31 illustrates the relationship between the position
of the slider and the pitch angle 8 that is achieved as the heights
hl and h2 of the step faces 111 and 121 are varied. The position
of the slider is illustrated by both the radius of the medium
and the skew angle. The curve L14 represents the characteristics
achieved when the heights hl and h2 are set at 0.6 x m whereas
the curve L15 represents the characteristics achieved when the
heights hl and h2 are set at 0.8 4 m. The data indicate that by
controlling the heights hl and h2 of the step faces 111 and 121,
the pitch angle 8 can be controlled. When the heights hl and
h2 are smaller than 0.6 # m, it becomes difficult to keep the pitch
angle 8 at 3 X 107" (rad) or less in a range over which the skew
angle @ is large (for instance, at 13.25° ). When the heights hl
and h2 are larger than 0.8 ym, the pitch angle 8 becomes equal

to or less than 1 X 1074 (rad) in the range over which the skew

angle § is small (for instance, at 0° ), thereby 1ncreasmg*s1;beh

risk of contact occurring at the leading edge ; ,_W,l;eg X jche
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or less. 20. A head used for recordl ng to and readi ng fToma nedi um ang
bei ng provided with a slider haviing. & surface faci ngla mazjfgwmgat | gast
one transducer, characterized in that: said slider i§ dny one according to
clainms 1 through 19 wherein said transducer is provi Jed-t-eware—a—traf | | Ng
edge of said slider. 21. The head acco%ding to clai m{20 wherein said

transducer -is constituted of an el ectromagnetic transtduter—22 A head

devi ce conprighployingeaHeSHERGNH YheéilirtlN@mbodiment according to the

present invention illustrated in FIGS. 32 and 33, whereas the
curve L22 represents characteristics' achieved by employing a
regular positive pressure ,/ negative pressure combined type head
(an example of the prior art) having two steps with the length
L, the width W and the thickness of the slider at 1.256mm, 1.0mm
and 0.3mm respectively. As shown in FIG. 36, when the head in
the example of the prior art is employed,_ the minimum wvalue
of the flying height achieved within a skew angle range of —
4.3 to 13.25° is approximately 24nm and the flying height
fluctuate within a range of 24nm to 29nm. In contrast, with the
head according to the present invention, a very small flying
height of approximately 22nm is assured over a wide skew angle
range of —4.3 to 13.25° . Moreover, only approximately lnm of
fluctuation in the flying height is observed over the skew angle
range of — 4.3 to 13.25° and a high degree of flying stability
against disturbance and vibration is achieved.

FIG. 37 presents data illustrating the relationship between
the position of the slider and the pitch angle 8. The curve L31
represents the characteristics achieved by employing the head in
the fourth embodiment according to the present invention,
whereas the curve L32 represents the characteristics achieved
when a regular positive pressure,/ negative pressure combined
type head having two steps (an example of the prior art) is
employed. As the curve L32 in FIG. 37 clearly indicates, the pitch
angle B fluctuates within a range of 0.9 X 10~* (rad)lj;. ' p,"?bg L@ﬁ «1 i
(rad) over the skew angle range of —4.3 to 13. 25° ' m Jth;p case.
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end thereof being a free end, and a head nount ed m’:ﬁﬂ’i? ’lﬂaﬁg ﬁi&ﬁrﬂjf said
head suspension in such a manner that pitch and rpl{ hovenents therjeof are
al lowed and that said head receives a load fromspifl sEpaysiven,
characterized in that: said head is any one accor i qg to cI aim2Q or 21.

23. The head device according to clai n$8®1 wherein|t t-oad-pornt] of said
~ head is offset toward said | eading edge from

of the prior art example.

In contrast, with the head according to the present
invention, as the curve L3l clearly indicates, the pitch angle 8
remains at or smaller than 1.5 X 107* (rad) demonstrating near
stability over a wide skew angle range of — 4.3 to 13.25° .
Furthermore, as FIGS. 32 and 33 clearly show, no taper is
provided at the leading edge LE in the head according to the
present invention, and this ininimizes the pitch angle 8.

Thus, by employing the head in the fourth embodiment
according to the present invention, a high degree of stable air
lubriéating film stiffness can be achieved over the entire seek
area of the disk — like medium 4, thereby making it possible to
prevent contact between the trailing edge TR of the slider 1 and
the disk — like medium 4 even at a flying height of 25nm or
less.

FIG. 38 shows data with respect to the relationship
between the disk rotational speed (rpm) of the disk — like
medium and the flying height. In FIG. 38, the horizontal axis
represents the disk rotational speed (rpm) of the disk — like
medium and the vertical axis represents the flying héight (nm).
The curve L41 represents the characteristics achieved by
employing the head in the fourth embodiment according to the
present invention shown in FIGS. 32 and 33, whereas the curve
142 indicates the characteristics achieved when a conventional
positive pressure,/negative pressure combined type head having

ey o Uil Gl |

two steps (an example of the prior art) is used R%}&em&h@é«j‘i”yq
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the center of gravity of said head. 24. Aread/wite a Rgﬁ??@{] ijﬁ_'ﬂg a
~disk - like nediumthat is driven‘to.rotate: and a magnet ire” *hea:d d‘:’V[ce 0
characterized in that: said head device is any one accqrdi PR hggiom or
21, with said head nmade to fly over a surface of said d kr?gﬁl%{ﬁ medi ¢gm} by
rotation of said disk - |ike medium andg7made to nove al _ : _
,Lthat approximately nmatches the direction of the radius jof said disk - |ike

- medi um by a nqdaf\f’).f B'Ehé%i’s%l, IAsngl:he curve L71 and the curve L72 clearly

indicate, characteristics that are similar to the pressure

—_——

distribution illustrated in FIG. 46 are achieved, thereby realizing
similar advantages.

FIG. 51 presents data illustrating the relationship between
the skew angle 6 and the flying height achieved by employing
the heads disclosed with reference to embodiments 5 to 7. An
explanation has already been given on the skew angle 8 in
reference to FIG. 9. In FIG. 51, the horizontal axis represents the
rotating radius of the disk — like medium 4 which has a
relationship of correspondence with the skew angle 6.

As the data in FIG. 51 indicate, an extremely small flying
height of approximately 22nm is assured over a wide skew angle
range of —4.3 to 13.25° by employing any of the heads disclosed
with reference to embodiments 5 to 7 according to the present
invention. Furthermore, the fluctuation in the flying height is
kept at approximately Inm over the skew angle range of — 4.3
to 13.25° , thereby achieving a high ‘degree of flying stability
against disturbance and vibration.

FIG. 52 presents data illustrating the relationship between
the skew angle € and the pitch angle 8 achieved by employing
the heads disclosed with reference to embodiments 5 to 7. As
the data indicate, the pitch angle 8 is maintained at 1.5 X 10-*
(rad) or smaller over a wide skew angle range of — 4.3 to .13.

25° with all of the heads disclosed with reference to embodiments

5 to 7 according to the present invention. In parti %?Vﬂt%ﬁw %i
head disclosed with reference to embodiment 7,ia sfa'BIe pltch *'f f
g ’ ; ¥ f Jg l 5} }, : l
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25" The read/wite apparatus according to claim 24, \Rﬁlﬂ(}ﬁ‘gﬁ}ﬁﬂ'&ﬁ@rgl e
- achieved while said head is flying is 1. 5 x 10[err]} (yrady~or—tess.
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angle B of approximately 1X 107* (rad) is achieved over a wide
skew angle range of —4.3 to 13.25°

FIG. 53 presents data illustrating the relationship between
the disk rotational speed (rpm) of thg disk — like medium 4 and
the flying height achieved by employing the heads disclosed with
reference to embodiments 5 to 7. In FIG. 53, the horizontal axis
represents the disk —like medium rotation rate (rpm) and the
vertical axis represents the flying height (nm). The skew angle
@ is at approximately 0° .

FIG. 53 indicates that by employing the heads disclosed
with reference to embodiments 5 to 7 according to the present
invention, the flying height is made to become stable as the disk
— like medium rotation rate increases. According to the data in
FIG. 53, when the disk — like medium rotation rate exceeds
approximately 6000 rpm, the flying height becomes stable at
approximately 22nm. Thus, the head according to the present
invention achieves the takeoff characteristics whereby the flying
height becomeé stabilized earlier to enter a constant operating
state. |

As has been explained, with the head according to the
present invention, the following advantages are achieved :

(a) A head that is extremely effective for achieving a
higher density in magnetic recording and an increase in the
storage capacity is provided. In particular, a head that, in

combination with a disk —like medium having a_ high .degree..of .. ~
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surface accuracy, is extremely effective for achlevmg a h1gher""'
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load point of 'said head is offset toward sa_tid leading edge from
the center of gravity of said head.

24. A read/write apparatus comprising a disk — like
medium that is driven to rotate and a magnetic head device,
characterized in that:

said head device is any one according to claim 20 or 21,
with said head made to fly over a surface of said disk — like
medium by rotation of said disk — like medium and made to move
along a circular arc that approximately matches the direction
of the radius of said disk — like medium by a means for
swivelling.

25. The read/write apparatus according to claim 24,
wherein a pitch angle achieved while said head is flying is 1.

5% 107" (rad) or less.
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