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-1- FLYI NG HEAD SLI DER BACKGROUND OF Tqéﬂhi‘%mWICN
1. Field of the Invention The present invention relates to a flying
head slider wth a nmagnetic transducer head for recording to or .
reproducing from for exanple, a magnetic disc, a magneto- optical, disc,
or the like. 2. Description of the Related Art Cbnvehtionalﬁga a
hard disc drive that is included in or. connected to a conputer or the like
has a structure as shown in, for exanple, Fig. 24. In Fig. 24 a hard
disc drive 1 has a two-sided magnetic disc 2 that is rotated at a constant
angul ar velocity by a

FLYING HEAD SLIDER

BACKGROUND OF THE INVENTION
1. .Field of the Invention

The present invention relates to a flying head slider
with a magnetic transducer head for recor&ing to or
reproducing from, for example, a magnetic disc, a magneto-
optical disc, or the like.

2. Description of the Related Art

Conventionally, a hard disc drive that is included in
or connected to a computer or the like has a structure as
shown in, for example, Fig. 24.

In Fig. 24 a hard disc drive 1 has a two;sidea magnetic
disc 2 that is rotated at 3 constant angular velocity by a
spindle motor {(not shown), an arm 3, and a head slider 4
that is disposed.at the head of ﬁhe arm 3.

One end of the arm 3 is sﬁingably fixed around é,
vertical axis 3a, while the other end .is provided with the
head slider 4 by a suspension 3b connected therebetween.

In this arrangemgnt the magnetic disc 2 is rotated at a
constant veloéity by the spindle motor (nbt shown). When .
the arm 3 is rotated around the vertical axis 3a, the head
slider 4 disposed in the other end is substantially moved in
the radial direction of the magnetic disc 2, so that a

magnetic transducer head 5 mounted on the head slider 4
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spindle notor (not shown), an arm 3, and a head slider 4 that is disposed

at the head of the arm 3. One end of the arm 3 is swingably fixed
around a vertical axis 3a, while the other end is provided with the head
slider 4 by a suspension 3b connected therebetween. In this

arrangenment the magnetic disc 2 is rotated at a constant velocity by the
spindl e motor (not shown). Wien the arm3 is rotated around the vertical
axis 3a, the head slider 4 disposed in the other end is substantially

noved in the radial direction of the ma@ietic disc 2, so that a nagnetic
transducer head 5 nounted on the head slider 4

-2- perfor P &FoiaK a0kt BB@r%iBnrﬁ§ﬂecfe§§éé@ézmﬁda@rs@it§% disc
2. Thereby, information is recorded to or is reproduced
from a.predetermined track on the magnetic disc 2.

The head slider 4 ig formed as shown in Fig. 25. The
head slider 4.has rails 4a and 4b which act as air bearing
surfaces on a couple of longitudinal parts of its bottom
surface as a main surface. The upstream ends of these rails
d4a and 4b have taper portions 4c and 44 serving as inclined
portions that have a gentle inclination ath‘for example, a
taper angle of not more than 1 degree. A magnetic
transducer head 5 is mounted on the side of the downstream
end of the rail 4a.

In accordance with the shape of the head slider 4, when
the head slider 4 apprpaches the surface of the magnetic
disc 2 that is rotating, an airflow, caused Sy the rotation
of the magnetic disc 2, streaming between the rails 4a, 4b
of the head slider 4 ;nd the surface of the magnetic disc 2
forms a floating force .acting on the head slider 4.

This floating force causes the head slider 4 and the
magnetic transducer head 5 mounted thereon to float and
travel at a minute ‘distance (lift distance)'from the surface
of the magnetic disc 2. Therefore, the head slider 4 is
designed to prevent the magnetic disc 2 from being abraded
and damaged by direct contact of the magnetic transducer

head 5 with the surface of the magnetiec disc 2.



2. TFhereby, information is recorded to or is reproduced froma
predeterm ned track on the magnetic disc 2. The head slider 4 i

formed as shown in Fig. 25. The

act as air bearing surfaces on a couple of longitudinal parts of its
bottom surface as a main surface. The upstream ends of these rails

4b have taper portions 4c and 4d serving as inclined portions that h
gentle inclination at for exanple, a taper angle of not nore than 1

degr ee.

A magnetic transducer head 5 Lz_nnunted on the sirde of the
downstream end of the rail 4a. [

accordance with the shape of
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having the magnetic transducer head 5 from the surface of
the magnetic disc 2 is maintained at approximately a
constant value.

In recent years, as hard disc'drives have increasingly
smaller sizes and larger storage capacities, high-density
recording is in greater demanded. Thus, reg?nt hard disc
drives have begun to employ a so-called zoné-bit-recording
method.

This zone-bit—recording_method is formed such that the
data region of a magnetic disc is separated into several
zones, and recording is performed at a higher frequency as
-the zone is located cioser to the outer circumference of the
disc, thereby the recording capacity of the whole disc is

increased. .COnsequently; in order to effectively utilize

‘this zone-bit-recording method, the lift distance of the

head slider on which a magnetic transducer head is mounted
needs to be maintained at a constant value above the whole
data regions of the magnetic disc.

As the lift distance of the head slider decreases, the
inclination position (so-called roll) of the head slider,
having its longitudinal direction as an axis of rotation,

significantly affects the reliability of the head slider.

and



travel at a mnute distance (lift distance) fromthe surface of the
magnetic disc 2. Therefore, the head slider 4 is designed to prevent the
magnetic disc 2 frombeing abraded and danaged by direct contact of the
magreti c transducer head 5 with the surface of the magnetic disc 2.
- 3- In accordance with the flying head slider 4 having such a
structure, even when the surface of the magnetic disc 2 is slightly
uneven, the lift distance of the head slider 4 having the magnetic
transducer head 5 fromthe surface of the magnetic disc 2 is maintained at
approximately a constant val ue. I'IT recent years, as hard disc drives
have increasingly smaller sizes and |arger storage capacities,
hi gh- densi t fn other words, the large roll when the head slider normally
floats causes a high possibility of the head slider
colliding with a projection or adhering to the surface of
the magnetic disc. Such a collision is called a clash. To
prevent such a clash, the roll when the head slider normally
floats needs to be reduced. The large roll angle of the
head slider also causes a large change in the roll of the
head slider in the seek condition, and similarly, the
possibility of the clash becomes higher. Aﬁpordingly, the
roll angle needs to be reduced.

However, in the flying head slider 4 having such a
structure, when the magnetic disc 3 is rotated at a constant
angular velocity, a linear velocity at the outer
circumference is greater than a linear velocity at the inner
circumference. Therefore, the 1lift distance of the head
slider 4 varies with the outer-and'inner circﬁmferences,
showing a relatively large change. In other words, a linear
velocity at the outer circumference of the magnetic disc 2
is greater than a linear velocity at the inner
circumference, and thus the lift distance corresponding to
this linear velocity is obtained, so that a so-called static
change in the lift distance is generated.

To the contrary. when.the érm 3 turns around the

- yvertical axis 3a, the head slider 4 radially moves in the{

form of an arc, not linearly, above the surface of the



recording is in greater demanded. Thus, recent hard disc drives have begun
to enploy a so-called zone-bit-recording nethod. Thi s
zone-bit-recording nethod is fornmed such that the data region of a |,
magnetic disc is separated into several zones, and recording is perforned
at a higher frequency as the zone is located closer to the outer
circunference of the disc, thereby the recording capacity of the whole
disc is increased. Consequently, in order to effectively utilize this
zone-bit-recording nethod, the Iift distance of the head slider on which a
magneti c transducer head is nounted needs to be nmaintained at a constant
val ue above the whole data regions of the magnetic disc. As the
lift di stameensgtidhadism® . sl iddsorddogdxsethet head skhiden ishiftssias on
(so-called-roll) of the head slider, . having its longjtudinal direction as
an axi s of ¥R fenker lineheqomes: Of fafrem: shenkapgentipl idireqgtion Yeead

slider. .
a track of the magnetic disc 2, and therefore, as shown in
Fig. 26, a so-called skew angle is formed. ‘This skew angle
varies with the position of the head slider 4 from the
center of the magnetic disc 2. 1In other words, when the
skew angle increases, the conversion efficiency from a
dynamic pressure into a floating force between the surface
of the magnetic disc 2 and the head slider\% decreases to
reduce the lift distance, as shown in Fig. 27. By
cqnsidering this point, a most ideal head slider that has a
lift distange characteristic as shown in, for example, Fig.
27 with a solid line A is obtained.

A general fiying'head slider shows.aifloating
characteristic as shown with a solid line B in Fig. 27.

When a skew angle a;ppye'magnetic transducer head is 5
degrees, the head lift'distanée cha;Acteristic is -
represented by a solidﬁline'é.

Conseqpentli. the lift di;tance'd that increases
greater as the head slider is located closer to the
circumferehce decreases due to thé skew angle. In this case
a change in the 1ift distance d caused by a linear velocity
is linear, while a decrease in the lift distance d caused by
the skew angle is quadratic and non-linear. Accordingly, as

long as the conventional head slider 4 as shown in Fig. 26,



-4- -|In other words, the large roll when the head slider normally floats
causes a high possibility of the head slider <colliding with a projection
or adhering to the surface of the magnetic disc. Such a collisionis

call éd a clash. To prevent such a clash, the roll when the head slider
normally floats needs to be reduced. The large roll angle of the head
slider also causes a large change in the roll of the head slider in the
seek condition, and simlarly, the possibility of the clash becones

hi gher. Accordingly, the roll angle ne§g§ to be reduced. However, in
the flying head slider 4 having such a Structure, .when the magnetic disc 3

is rotated at a nstant. angul ar velocity, a line eIOC|t at the outer
ci rcunferentk % ‘g’r 1y P'E%Li%F‘?H r?g’z% f@éﬁ&é’ﬁ QfaFg?hgl?ﬁWér elocity
and the skew angle 0s over the whole radial range of the

magnetic disc 2.

The fange of the peripheral velocity and skew angle in
the magnetic disc 2 is characteristic values of the hard
disc drive 1, which values are determined when the drive 1
is designed. The spring loéd of the sﬁspension 3b with
respect to the head slider 4 is determined when the drive 1
is designed. Thus, with respect to these égnditions, as
parameters capabie of changing the lift distance of the head
slider 4 the widths of the rails 4a and 4b are used.

The widths of the rails 4a and 4b determine the
affectioﬁ to the lift distance by the peripheral velocity
and by the skew angle. Accordingly, the widths of the rails
4a and 4b are autqmatically deéermined bgsed on the
characteristic conditions of the hard disc drive 1, and the
affection to the lift distance Sy the skew angle is
determined.

As obvious from.Fig. 27, regarding a certain rail
width, with respect to the extfémely limited range of skew
angles, the constant lift distance characteristics of the
flying head siider 4 are 6btained; however, in other
conditions the constant lift distance characteristics, which’
are preferred, are not ébtained. With regard to control of

the roll angle, the roll angle of the head slider is



circunference. Therefore, the lift distance of the head slider 4 varies
with the outer-and inner circunferences, showing a relatively |arge
change. In other words, a linear velocity at the outer circunference of
the magnetic disc 2 is greater than a linear velocity at the inner
circunference, and thus the lift distance corresponding to this |inear
vel ocity is obtained, so that a so-called static change in the lift

di stance i s gener at ed. To the contrary, when the arm 3 turns around
the vertical axis 3a, the head slider 4 radially noves in the formof an
arc, not linearly, above the surface of7the

-5- magnetic disc 2. Accordingly, the head slider 4 shifts as its center
| i ne beconadjueétedrioyn shiftingenticdd-paient,i dhwwewer, only by shifting

a load-point, it is difficult to control the roll angle to
zero. Consequently, the conventional f£flying head slider

hardly maintains sufficient reliance obtained when the lift

distance decreases.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a flying head slider in which theﬁ constant lift
distance thereof is obtained over the whole data zones of a
recording medium, and in which the roll angle thereof is
reduced, in accordance with unspecified floating conditions
such as the periphéral velocity, the skew angle, and so
forth.

In accordance with an aspect of the present invention,
the foregoing object is achieved through tﬁe provision of a
flying head slider comprising: two side-rails disposed on a
surface of a slider body faéing’a recording medium so as to

~extend in parallel along the direction from the upstream
side to the downstream side of the slider body; an inc}ined
portion or a step portion formed on a part of the surface to
the upstream side; a transducer mounted on the downstream
side; and a cross-rail disposed on the surface so as to
connect the upstream ends of the two side-rails, the two

side-rails each having at least one bending point between



so-calll ed skew angle is fornmed. This skew angle varies with the position
of the head slider 4 fromthe center of the nagnetic disc 2. In other

wor ds, when the skew angle increases, the conversion efficiency froma
dynam c pressure into a floating force between the surface of the nagnetic
disc 2 and the head slider decreases to reduce the lift distance, as
shown in Fig. 27. By considering this point, a nost ideal head slider that
has a |ift distance characteristic as shown in, for exanple, Fig. 27 wth
a solid line Ais obtained. - A general flying head slider shows a

floati h teristi h i th lid lipe,Bin_Fig. .27.  \h
Skew angl e T8 HESREGAB: FE% FaAHIE cloWRetroam i [Ehexsdty o820 PRERnoad
Consequent | SIERE ot ExiEerinictavERa Sfd S Prfinfuralc arkecrian
slider is |0Gaed l03Gke! BeklibenChhE WELAGE SRF a5RP ThelUBnhnbhe Skew

angle. In this
point, and extending outward along the longitudinal

a t:azk of the magnetic disc 2, and therefore, as shown in Fig. 26, a
I

direction'between the downstream end and the bending point.

Each side-rail may have a width-extended portion whose
width is extended inward or outward in the vicinity of the
downstream end.

The cross-rail may have a separation gﬁpove in the
center thereof.

Each side-rail may have a parallel rail portion'
extending from the cross-rail along the longitudinal
direction of the surface. .

The transdnce; mnay be mounted on a part of the
downstream side positioned perpendicular to either of the
side-rails.

The flying head slider further comprises alprojecting
air-guide portion formed so as to diverge toward the
downstream side in the vicinity of the center of the
downstream region of the surface.

The transducer may be mounted on.a part of the
downstream side perpendicular to the projecting air-guide
portion.-

The bending portion of each side-rail extending to tPe

innermost of the surface from the upstream end may have a



a change in the lift distance d caused by a linear velocity 1is linear,
while a decrease in the |ift distance d caused by the skew angle is
quadratic and non-linear. Accordingly, as long as the conventional head

slider 4 as shown in Fig. 26, - 6-
it is difficult to keep the balance of the linear velocity and the skew
angl e Os over the whole radial range of the nmagnetic disc 2. The

range of the peripheral velocity and skew angle in the magnetic disc 2 is

characteristic values of the hard disc drive 1, which values are

determ ned when the drive 1 1is de5|gne@ The spring | oad of the suspension

3b with respect to the head slider 4 is determ ned when the drive 1
bending angle 8 with respect to the longitudinal side of the

surface, such angle being defined by the following range: 10

degrees £ 0 < 30 degrees.

The bending portion of each side-rail extending to the

innermost of the surface from the upstream end may have a

bending angle 0 with respect to the longitudinal side of the

surface, such angle being defined by the following range: 20

\
degrees <€ 0 < 30 degrees. %

The bending portion of each side-rail may satisfy the
following relation: 0.30 £ L/R £ 0.70, where L'represents
the @istance between the bending portion closest to the
upstream end and the downstream end; and R: the distance
between a point at which the bending pgfiiqn starts and the

downstream end.

' The bending portion_of each side-:gél satisfies the
following relaﬁioﬁ: 6.40 S L/R < b.ﬁb, *here-L fepresents
the distance bétween the bending portion closest to the
upstream end and the downstreamwgpd; and R: the'distance
between a point at which the bending portion starts and the
downstream end.

In accordance with another aspect of the present
invention, the foregoing object is achieved through the
provision'of a magnetic disc drive comprisiﬁg: a magnetic

disc used as a recording medium; driving means for rotating



I s designed. Thus, with respect to these conditions, as paraneters capable
of changing the lift distance of the head slider 4 the widths of the rails
4a and 4b are used. The widths of the rails 4a and 4b determ ne the
affection to the lift distance by the peripheral velocity and by the skew
angle. Accordingly, the widths of the rails 4a and 4b are automatically
determ ned based on the <characteristic conditions of the hard disc drive
1, and the affection to the lift distance by the skew angle is

det er m ned. As obvious fromFig. 27, regarding a certain rail wdth,
wWith respect to the extrenely Iimted range of skew angles, the constant
lift distance characteristics of the, flying head slider 4 are obtagined,
however, in tdeh&Ronesigi GigRs BhBUERHRY AFTYFET Yo FYPROT Fg

stics,
which are preferred, are not obtained. Wth regard. to control. of th |
angl e, the MBi%h FHeFPEH tPhE{‘ﬁe‘&ﬁgg?FH%r‘ﬂ%c rotida 'y 1 e roe

e d%iv1ng
means; a flying head slider mounted on the hegd of the
turning actuator; a magnetic transducer head mounted on the
flying he%d élider for recording to or reproducing from the
magnetic disc; and a driving mechanism for swinging the
turning actuator, in which the flying head slider has: tﬁo
side-rails disposed on a surface of a slider body facing a
recording medium so as to extend in parallék along the
direction from the ﬁpstream side to the downstream side of
the slider body; an inc}ined portion or a step portion
formed on a part of the surface to the upstream side; a
transducer mounted on the downstream side; and a cross-rail
disposed on the surface so as to connect the upstream ends
of the two side-rails, the two side;rails each having at
least onehpending boint between the upstream end and the
aownstream'end thereof, and each side-rail extending inward
along the longitudinal direction of'the sﬁ:face between the
upstream end and the bending point, and-extending outward
along'the longitudinal direction between_the downstreaﬁ end
and the bendiﬁé point.

As described above, in the head slider according to the
present.invention, having the side-rails which are bent .
inward so as to each have at least one bending portion} the

affection to the lift distance by the peripheral velocity



-7-. adjusted by shifting a | oad-point, however, only by shifting a

| oad-point, it is difficult to control the roll angle to zero.
Consequently, the conventional flying head slider hardly maintains.

suf ficient reliance obtained when the lift distance decreases. SUMVARY
OF THE | NVENTI ON Accordingly, it is an object of the present

i nvention to provide a flying head slider in which the constant |ift

di stance thereof is obtained over the whole data zones of a recording

medi um. and in which the roll angle thergof is reduced, in accordance with
unspecified floating conditions such astthe peri pheral velocity, the skew

angle, and so_forth.
and the affection to the lift distance by the skew angle are
reduced, and therefore, the lift distance of the head slider
is-maintained at a constant value.

In addition, the roll of the head slider can be
controlled to approximately zero even when the skew angle
changes.

Hence, in accordance with the present invention, in
response to unspecified conditions such as the peripheral
velocity, the skew angle and so forth, the'%}ft distance

over the whole data zones of the recording medium is

maintained at a constant value, and the roll angle is

reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1.is a perspective view illustrating the
construction of a hard disc drive that inclides a flying
head slider accordiﬂg to the present inwvention.

Fig. 2 is a schematic bottom view illustrating a flying
head slider according to a first embodimént of the present
invention. .

Fig. 3 is a sectional view illustrating the condition
in which the head slider shown in Fig. 2 floats with respect
to a magnetic disc.

Fig. 4 is a graph showing the relationship between the

peripheral velocity and the lift distance of the head slider



In accordance with an aspect of the present invention, the foregoing
obj ect is achieved through the provision of a flying head slider
conprising: two side-rails disposed on a surface of a slider body facing a
recerding nmediumso as to extend in parallel along the direction fromthe
upstream side to the downstream side of the slider body; an inclined
portion or a step portion fornmed on a part of the surface to the upstream
side; a transducer nounted on the downstream side; and a cross-rai
di sposed on the surface so as to connect the upstream ends of the two
side-rails, the two side-rails each havilg at |east one bendi ng point
bet ween -8- the upstream end and
the downstregna@idih heigofa ANERG a He&ind hngtbed i Hla | pu¥antk 0Ny the
| ongi tudi nal direction

Fig. 5 is a graph showing the relationship between the

skew angle and the lift distance of the head slider shown in

Fig. 2 in, which the bending angle 0 is a parameter.

Fig. 6 is a graph showing the relationship betweeﬁ the
skew angle and the 1lift distancé of the head slider shown in
Fig. 2 in which the position of a bending point, L/R, is a
parameter. \&

Fig. 7 is a graph showing the relationship between the

skew angle and the roll of the head slider shown in Fig. 2

in which the bending angle 0 is a parameter.

Fig. 8 is a graph showing the relationship between the
skew angle and the roll of the head slider shown in Fig. 2
in which the position of the bending point, L/R, is a
pérameter. . ’ “
Fig. 9 is a graph showing the relationship between the

bending angle 0 and lift distance characteristics with

regard to the head slider shown in Pig. 2.

Fig. 10 is a graph showing the_relationship between the
position of the bending point L/R and the lift distance
characteristics with regard to the head slider shown in Fig.
2.

Fig. 11 is a. schematic bottom view illustrating a

flying head slider according to a concrete embodiment of the



of the surface between the upstreamend and the bending point, and
extendi ng outward al ong the | ongitudinal direction between the downstream

end and the bendi ng point. Each side-rail nmay have a w dt h- ext ended
portion whose w dth is extended inward or outward in the vicinity of the
downst ream end. The cross-rail may have a separation groove in the
center thereof. Each side-rail nay have a parallel rail portion
extending fromthe cross-rail along the longitudinal direction of the
surface. The transducer may be nnug%ed on a part of the downstream
si de positioned perpendicular to either the side-rails. The

flying head slider further conprises a projecting air-guide portion formed
so as to dwﬁﬁﬁﬁ?nﬁoW@W@nﬁﬁen downstream side in the vicinity of the center

of the domnstrean1re i on of the surface. The transducer may be
mounted on a part *g t is a graph showing the relationship between the

position of the head and the lift distance of the head
slider shown in Fig. 11.

Fig: 13 is a graph showing the relationship between the
position of the head and the roll of the head slider shown
in Fig. 11. .

Fig. 14 is a graph showing the relationship between the
skew angle and the lift distance in a plura}ity of models of
flying head sliders according to the present invention,

obtained by computer simulation.

Fig. 15 is a graph showing affection by the skew angle

with respect to the bending angle 0 in each model shown in

Fig. 14.

Fig. 16 is a graph showing the relationship between the

-

skew angle and the roll in each ‘model shown in Fig. 14.
Fig. 15 is a graph showing a change in the roll with

the bending angle § in each model shown in Fig. 14.

Fig. 18 is a graph showing the lift distance with
respect to the peripheral velocity in each model.

Fig. 19 is a graph showing affection by the peripheral

velocity with respect to the bending angle 0 in each model.

Fig. 20 is a schematic perspective view illustrating a

flying head slider according to a second embodiment of the



downst ream si de perpehdicular to the projecting air-guide

portion.

The bendi ng portion of each side-rail extending to the innernost of the

surface fromthe upstream end may have a

-9- " bending angle O with respect to the |ongi.tudinal side of the
such angl e being defined by the follow ng range: 10 degrees < 0 < 30

degr ees. The bendi ng portion of each side-rail extending to the

i nnernmost of the surface fromthe upstreamend may have a bending angle O
with respect to the longitudinal side of the surface, such angle being
defined by the follow ng range: 20 degrdds < 0 < 30 degrees.

present invention.

Fig. 21 is a schematic bottom-viewlillustrating a

sur f ace,

flying head slider according to a third embodiment of the

present invention.

EY
Fig. 22 is a schematic perspective wview illustrating a

flying head slider according to a fourth embodiment of the

present invention.

Fig. 23 is a schematic perspective view illustrating a

flying head slider according to a fifth embpdiment of the

present invention.

Fig. 24 is a perspective view illustrating the

construction of an example of a conventional hard disc

© drive.

Fig. 25 is a perspective view illustrating the head

slider in the hard disc drive shown in Fig. 18.

Fig. 26 is a schematic cliart showing a change in the

skew angle with regard to the head slider shown in Fig. 25.

Fig. 27 is a graph showing a change in the lift

distance caused by the skew angle with regard to the head

slider shown in Fig. 25.

DESCRIP?ION OF THE PREFERRED EMBODIMENTS

By referring to Figs. 1 to 23, preferred embodiments of

the present invention will be described below.

These embodiments are detailed and preferred examples



The bendi ng portion of each side-rail may satisfy the followng relation:
0.30 < L/R < 0.70, where L represents’ the distance between the bending
portion closest to the upstreamend and the downstream end; and R .the

di st ance between a point at which the bending portion starts and the
downst r eam end. The bendi ng portion of each side-rail satisfies the
followng relation: 0.40 < L/R < 0.70, where L represents the distance

bet ween the bendi ng portion closest to the upstreamend and the downstream
end; and R the distance between a point_at which the bending portion
starts and the downstream end. THaccordance with anot her aspect of
t he present invention, the foregoing object is achieved through the

provi si on obfathegpresenti soventiencoapd thexefaredhest iare pFoyddgded as a
recordi ng medi um driyin% means for rotating .. )

_ with technically preferred, various limitations. However,
the scope of the present invention is not limited to these
embodiments unless the following explanation includes a
particulé; description to limit the present invention.

Fig. 1 is a perspective view illustrating the whole of
a hard disc drive that is provided with a flying head slider
according to the present invention.

The hard disk drive 10 has a twd—sidedimagnétic disc 11
that is rotated at a constant angular velocity by a spindle
motor {not shown), an-arm 12,.and a head slider 13 that is
disposed at the head of the arm 12.

One end. of the érm 12 is swingably fixed around a
vertical axis iZa, while the other end is provided with the
head slider 13 by a suspension 12b connected therebetween.

In this arrangement the ﬁagnétic disc ‘11 is rotated at
the constant velocity by the spindle motor (not shown).

When the arm 12 is rotated around the vertical axis 12a, the
head slider 13 mounted on the other end is substantially
moved in thé radial direction of Ehe magnetic disc 11, so
that a magnetic transducer head 14 mounted on the head
slider 13 performs a seek operation witﬁ respect to the
magnetic disc 11. Thereby, information is recorded to or is

reproduced from a predetermined track on the magnetic disc

11.



t he-magnetic disc; a turning actuator swi ngably supported wth respect to
the magnetic disc rotated by the driving neans; a flying head slider
nounted on the head of the turning actuator; a nagnetic transducer head
mounted on the flying head slider for recording to or reproducing fromthe
magnetic disc; and a driving nechanismfor swinging the turning actuator
I n which the flying head slider has: two side-rails disposed on a surface
of a slider body facing a recording mediumso as to extend in parallel
along the direction fromthe upstreamside to the downstream side of the
slider body; an inclined portion or a std#-portion formed on a part of the
surface to the upstreamside; a transducer nounted on the downstream side;
and-a cross-rail ImliBjppse2l @rbdttsons wifeat ®fsahes flgingnhead s$hidepstream
ends of the two side-rails, the two side-rails each having at

according -to a first embodiment of the present invention is

illustrated, in other words, the detailed structure of the

flying head slider 13 is shown.

The }lying head slider 13 is formed into a rectangular
parallelepiped that is wholly flat. The bottom surface of
the head slider 13 ;ncludes two side-rails 15 and 16 acting
as air bearing surfaces, and a cross-rail 17 connecting
.these side-rails. 4

The respective side-rails 15 and 16 are disposed in two
parts of the bottom surface to the longitudinal sides so
that they extend along the direction from the upstream side
to the downstream side of the head slidei 13. The rails 15
and 16 form a negative-pressure groove 18 therebetween. . The
cross-rail 17 is disposed so as to connect the side-rails 15
and 16 oﬁ the upstream ends théreof.

As shown in Fig. 2, the gross—rgil“i7'is provided with
a separation groo%e 17a in the center. . -

‘The head slider 13 includes a taper portion serving as
an inclined portion having an inclination; or a.step portion
19. serving as a step {(the step portion is shown in Fig. 2)
in a part of the bottom surface to the upstream_side.

This step portion 19 is parallel to the air bearing
surfaces formed by the side-rails 15, 16 and the cross-rail

17, and has a predetermined difference in level with respect



| east one bendi ng poi nt between the upstreamend and the downstream end
t hereof, and each side-rail extending inward along the |ongitudi nal
direction of the surface between the upstreamend and the bendi ng point,
and -ext endi ng outward al ong the |ongitudinal direction between the °

downstream end and the bendi ng point. As .described above, in the
head slider according to the present invention, having the side-rails
whi ch are bent inward so as to each have at | east one bending portion,

t he affection to the lift distance by the peripheral velocity

and the affection to the lift distance dl7-t he skew angle are reduced, and
therefore, the lift distance of the head slider

to the surface.

The side-rails 15 and 16 are formed so as to include,
sequentially from the upstream side, parallel rail portions-
{parallel portions) 1l5a and 16a which extend along the
longitudihal direction from the cross-rail 17, first bending
portions 15b and 16b which extend inward along the
longitudinal direction, and second bending portions 15c¢ and
16c which extend outward along the longitudinal direction.
The first bending portions 15b, 16b and théasecond bending
portions 15c and 16c form bending points 15d, 164 in the
center of both first and second portions.

The second bending portions 15¢ and 16c include flared
portions 15e and 1l6e serving as width-extended portions
which are gradually flared inward or ou;qérd in the
downstream ends. | |

In accordance with the flying head glider 13, as shown
in Fig. 3 when the flying head-slider 13. approaches the
surface of a rotating magnetic disc D, as shown in Figs. 2
and 3, an airflow that enters from the upstream sidé of this
flying head slider 13 streams from the step portion 19
across the cross-rail 17, betweeﬁ the si@e—rails 15, 16 and
the surface of the magnetic disc D, and the airflow streams
between the negative-pressure groove 18 formed by the side-

"rails 15, 16 and the magnetic disc D.

The lift distance of the head slider 13 at the cross-



IS maintained at a constant val ue. In addition, the roll of the head
slider can be controlled to approximately zero even when the skew angl e
changes. Hence, in accordance with the present invention, in
response to unspecified conditions such as the peripheral velocity, the
skew angle and so forth, the [|ift distance over the whole data zones of
the recording nediumis naintained at a constant value, and the roll angle
i's reduced. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
perspective view illustrating the consgiggtion of a hard disc drive that
includes a flying head slider according to the present invention.

Fig. 2 is a schematic bottomview illustrating a flying . head slider
accor di ng t orad }f iL7stise nootiaddyt approkimptekem .3 itovdnts ¢im, while Ehg. 3 is
a sectional view illustrating the condition

lift distance at the negative groove 18 is, for example,

approximately 5 pm. Consequently, the airflow rapidly

expands td generate a suction force F1 caused by the
negative pressure. Also, the airflow that streams between
the side-rails 15, 16 and the magnetic disc D generates a
floating force acting on the flying head slider 13.

Accordingly, the head slider 13 and th% magnetic
transducer head 14 mounted on the downstream side of the
head slider 13 flocat and travel at a miﬁute distance {lift
distance) from the surface of the magnetic disc D, because
of the floating force and the suction fofce, and a balance
of the spring-load with regard to the suspénsion 12b of the
arm 12. Therefore, Ehe head slider 13 is designed to
prevent the magnetic disc D from being aBraded aﬁd damaged
by direct contact of the magnetic transducer head 14 with
the surface of the magnetic disc D. '

The lift distance'of the flying head slider 13 is
dete:mined by a peripﬁeral veloci;y and an skew angle at
each point on the magnetic disc D. However, as the
peripheral velocity in the flying head slider 13 increases,
the sucéion force as well as the floéting force increase,
which thus suppresses the affection to the lift distance by
the peripheral velocity. Therefore, an increase in the fift

in the vicinity of the circumference of the magnetic disc D



in which the head slider shown in Fig. 2 floats with respect to a magnetic

di sc. Fig. 4 is a graph showing the relationship between the
peripheral velocity and the lift distance of the head slider
-12- shown in Fig. 2 in which a bending angle O is a paraneter. Fi g.

5 is a graph showing the relationship between the skew angle and the lift
di stance of the head slider shown in Fig. 2 in which the bending angle O

is a paraneter. Fig. 6 is a graph showi ng the relationship between
the skew angle and the lift distance otlbue head slider shown in Fig. 2
in which the position of a bending point, L/R 1is a paraneter. Fig.

7 is a graph, show n he rel atj onshi bet ween the _ -
grap is rgguéké. The lift zéiance o tge flying head slider 13

can be controlled by the depth of and area of the negative
pressure groove 18, and also changed by the bending angle 0

with respect to the longitudinal direction of the bending

portions 15b and 16b.

For example, as shown in Fig. 4, when 0 is small (0 <

10 degrees), in other words, when § = 0 degrees, the 1ift

. . S .
distance increases with an increase in the peripheral

velocity. This is because, when 6 is small, the side-rails

extend almost in parallel with respect to the longitudinal
direction, and as a result, the side-rails 15 and 16 cause a

relatively large positive pressure to be generated. To the

contrary, when 0 is extremely large, for example, when 6 =

37.9 degrees, the width of the negative pressure groove 18
at bending positi&ns 154 and_lsa narrows, and the airflow in
the negative pressure 18 hardly streams, which thus

suppresses the negative pressure to be generated.

- When 10 £ 0 < 30 degrees,.for example, when 0 = 10

degrees, the positive pressure is éufficiently suppressed

and the negative pressure is sufficiently generated. Thus, N
the affection to the lift distance by the peripheral

velocity is sufficiently reduced. ¥

The affection to the lift distance by the skew angle is



skew angl e and the roll of the head slider shown in Fig. 2 in which the
bending angle 0 is a paraneter. Fig. 8 is a graph show ng the

rel ati onship between the skew angle and the roll of the head slider shown
in Frg. 2 in which the position of the bending point, L/IR is a

par anet er . Fig. 9 is a graph showing the rel ationship between the
bending angle 0 and lift distance characteristics with regard to the head
slider shown in Fig. 2. Fig. 10 is a graph showing the rel ationship

between the position of the bending poLgP_L/R and the lift distance
characteristics with regard to the head | der shown in Fig. 2. Fi g.
11 is a schematic bottomviewillustrating a flying head slider according
to a concr etcontirvddiede by d¢het bending angle 6 and the bending positions

154 and 164, in other words, it is controlled by a distance
L £rom the bending position to the downstream end.
The‘side-rails 15 and 16 have the bending positions 154
and 16d, respectively, and are bent inward. Thus, when an
skew angle is formed, the airflow streams along the
direction from the first bending portion 15b to the second
bending portion 1l6c, or the airflow streams along the
direction from the second bending portion igc to the first
bending portion 16b. Consequently, in relatively wide skew
angles, a sufficiently large lifting force is obtained.

Accordingly, as shown in Fig. 5, it is obvious that as

the skew angle 0 increases, the affection to the lift

distance by the skew angle becomes reduced. In particular,
when the .skew angle is not less than 20 degrees, the 1ift
distance is not affected by the skew angle to form a

-

constant value.

Further, for example, as shown in Fig. 6, as the
bending positions 154 and 164 are.moved closer to the
upstream side (L/R > 0.5) than to the.dpwnstream side (L/R <
0;5), a characteristic curve showing thé affection to the
lift distance by the skew angle changes from a downwardly
convex shape to an upwardly convex shape. In particular,
when L/R = 0.5, the lift distance is ho; affected by the

skew angle to form a constant value.



-13-- present invention. Fig. 12 is a graph showi ng the rel ationship
between the position of the head and the lift distance of the head slider

shown in Fig. 11. Fig. 13 is a graph showing the rel ati onshi p between
the ‘“position of  the head and the roll of the head slider shown in Fig.
11. Fig. 14 is a graph show ng the relationship between the skew

angle and the |ift distance in a plurality of nodels of flying head
sliders according to the present invention, obtained by conputer

si mul ati on. Fig. 15 is a graph showqg affection by the skew angle
with respect to the bending angle O in each nodel shown in Fig. 14.

Flo, 16 1s o oraph shaundulie S athQOEhi ReRe ARALING (EHe itk and the
distance by the peripheral velocity and the skew angle, the
1ift distance of the head slider 13 is maintained
approximately at a constant value. Consequently, in the
hard disc drive 10, when the flying heﬁd slider 13 moves
from an inner circumference to an outer circumference of the
magnetic disc 1 in the head seek condition, if the
peripheral velocity and the skew angle acting on the head
slider 13 sequentially change, the lift diS§ance, which is
approximately constant, is obtained.

When a linear actuator is used instead of the arm 12 as

a turning actuator in the hard disc drive 10, head seeking
is'performed at a constant skew angle fnormally zéro), and _
only the peripheral velocity of the head slider 13
sequentially changes. 1In such a case, the lift distance of
the -head slider 13:i§.not affected by. the peripheral
velocity to form a~cohstaﬁt value.

| in the whole area.;bove which the flying head slider 13
is lifted, the roll of the flying head slider 13 is

remarkably reduéed to approximately zero by the bending

angle 8 and the length L from the position closest to the

upstream side or the bending position to the downstream

side.
For example, as shown in Fig. 7, as 0 increases, the

side-rail 15 positioned to the inner. circumference of the



Fig.- 17 is a graph show ng a change in the roll wth the bending angle O
i n each nodel shown in Fig. 14. Fig. 18 is a graph showing the lift
distance with respect to the peripheral velocity in each nodel. .
Fig."19 is a graph showi ng affection by the peripheral velocity with

respect to the bending angle 0 in each nodel . Fig. 20 is a schematic
perspective view illustrating a flying head slider according to a second

enbodi nent of the -14- present

i nventi on. Fig. 21 is a schematic agttonlvieM/iIIustrating a flying

head slider according to a third enbodi%ent of the . present invention.

magnetic disc D tends to be lifted at a positive skew angle,

and the roll of the flying head slider 13 gradually changes.

In particular, in the range of 20 degrees < 8 <30 degrees,

the roll @s not affected by the skew angle to form a
constant valﬁe.

Further, for example, as shown in Fig. 8, as the
bending points 154 and 16d are moved closer to the upstream
side than to the upstream s%de, the roil inc;eases from a
large negative value to the neighborhood of\“zero once, and
decreases to a large negative value again in positive skew
angles. In particular, when L/R = 0.5, the roll is not
affected by the skew angle to form a constant value.

As described above, preferred rolllcharacteristics
close to approximately zero are obtained. Consequently, in
the hard disc drive 10, when the skew angle in the head
slider 13 sequentially changes in the head seek condition in
which the head slider 13 moves from the inner to the outer
circumference of the magnetic disc 11, the roll of the
flying head slider 13 is not affected by the skew angle, and
is controlled approximately to ;ero in the whole area above
which the flying head slider 13 is lifted.

When a liner actuator is used instead of the arm 12 as
a turning actuator 12 in the hard disc drive 10, the skew
angle is constant (normally zero), and thus, the roll

characteristics expressed by approximately zero are obtained



Fig..22 is a schematic perspective viewillustrating a flying head slider

according to a fourth enbodi nent of the present invention. Fig. 23

is a schematic perspective viewillustrating a flying head slider

according to a fifth enbodi nent -of the present invention. Fig. 24 is
a perspective viewillustrating the construction of an exanple of a '
conventional hard disc drive. Fig. 25 is a perspective view

illustrating the head slider in the hard disc drive shown in Fig. 18.
Fig. 26 is a schematic chart showi ng a chggge in the skew angle with
regard to the head slider shown in Fig. 25. Fig. 27 is a graph

showi ng a change.in the lift distance, caused he, skew .angl e \wi_th regard

Lo the head HFith %%ﬁ?%i??vgwgmgw%d@ée%ﬁé 3155&1%% es-

EVBODIMENTS By SELSIANAY e, 95n HckrAlnel" GLER" &k SHRRA ment s of
embodiment, by forming the bending positions 15d and 164 on

the almost parallel side-rails 15 and 16, and optimizing the

¥
bending angle 8 of the first bending portions 15b and 15b

and the distance L from the bending points 154 and 164,
preferred constant lift distance characteristics and the

roll characteristics expressed by zero in the hard disc

N
drive 10 are obtained. %

Figs. 9 and 10 show the optimal range of the bending
angle O and the position I defined by the bending positions
15d and 164 in the flying head slider 13 according to the
above embodiment.

In other words, in Fig. 9, as already mentioned from

the viewpoints of both the affection to phe 1ift distance by

the peripheral velocity and the affection to the roll by the

skew angle, the preferred range of the bending angle 0 is

expressed as 10 degrees < 6 < 30 degrees. In particular, in

order to reduce, to 5 nm, a change caused by the affection
to the lift distance by the peripheral velocity and the skew

angle, and the affection to the roll by the skew angle, the ,

most preferred range of the bending angle 0 is expressed as

20 degrees < 0 < 30 degrees.



the .present invention will be described bel ow. These enbodi nents are
detail ed and preferred exanpl es

-15- of the present invention, and therefore they are provided wth
technically preferred, various limtations. However, the scope of the
present invention is not limted to these enbodinents unless the follow ng
expl anation includes a particular description to limt the present

i nventi on. Fig. 1 is a perspective viewillustrating the whole of a
hard disc drive that is provided with a flying head slider according to

t he present invention. The hard di®é-drive 10 has a two-si ded
magnetic disc 11 that is rotated at a constant angular velocity by a

spi ndl e In Fig. 10, the preferred range of the bending-point

position L is expressed as 0.3 £ L/R £ 0.7, from the

affection to the lift distance by the peripheral velocity
and the ﬁrew angle, and the affection to the roll by the
skew angle. 1In particular, in order to reduce a change
caused by the affection to the lift distance by the
peripheral velocity and the skew angle and the affection to
the roll by the skew angle, to 5 nm, the most preferred
range is expressed as 0.4 < L/R £ 0.6. K

Fig. 11 illustgates a flying head slider according to a
concrete embodiment of the present invention.

The flying head slider 20 has the same structure as the
flying head slider 13 shown in Fig. 13. The flying head
slider 20 is formed into a rectangular parallelepiped that
is wholly flat. The bottom surface 6f the head slider 20
includes two side-rails 21 and-zz'acting as air bearﬁng
surfaces, and a crosg-rail 23 qonnecting these side-rails.

The respective side-rails 21 and 22 are disposed in two
part of the bottom surface to the longitudinal side so that
they extend along the direction from the upstream side to
the downstream side of the head slider 20. The rails 21 and
22 form a negative-pressure groéve 24 ;herebetween. The
cross-rail 23 is disposed so as to connect the side-rails 21

and 22 on the upstream end thereof.

As shown in Fig. 11, the cross-rail 23 includes a



notor (not shown), an arm 12, and a head slider 13 that is disposed at the

head of the arm 12. One 'end of the arm 12 is swingably fixed around a
vertical axis 12a, while the other end is provided with the head slider 13
by a’suspension 12b connected therebetween. In this arrangenent the

magnetic disc 11 is rotated at - the constant velocity by the spindle notor
(not shown). When the arm 12 is rotated around the vertical axis 12a, the
head slider 13 nounted on the other end is substantially noved in the
radi al direction of the magnetic disc 11, so that a magnetic transducer
head 14 nounted on the head slider 13 pe2$orns a seek operation with
respect to the magnetic disc 11. Thereby, information is recorded to or is

reproduced fisapataRitfchebbi-aedzsr 8k ddifcgpmgnetic disc *11.

The head slider 20 includes a taper portion serving as
an inclined portion having an inclination, or a step portion
25 serving as a steps (the step portion'is shown in Fig. 11)
in a parg of the bottom surface to the upstream side.

This step portion 25 has a predetermined angle, for
example, a gentle angle of inclination of not more than 1
degree with respect to the air bearing surfaces formed by
the side-rails 21, 22 and the cross-rail 23§

The side-rails 21 and 22 are formed so as to include,
sequentially from the upstreaﬁ side, parallel rail portions
(parallel portions) 2la and 22a which extend along the
longitudinal directiop from the cross-rail 17, first bending
portions 21b and 22b which extend inwa?d along the
longitudinal direction, and second bending portions 21c and
22¢ which extend outward along the longitudinal direction.
The first bending portions 21b, 22b and the second bending
portions 2ic and 22c form bending points 21d, 22d in the
center of both first and second portioms.

The second'bending portioris 21lc and 22c include flared
portions 2le and 22e sérving as width-extended portions
which are gradually flared inward in the vicinity of the
downstream ends.

The whole head slider 20 is made of alumina~titanium

carbide. To form the head slider 20, its whole surface is



-16-- In Fig. 2 a bottomview of the flying head slider according to
a first enbodi nent of the present inventionis illustrated, in other
words, the detailed structure of the flying head slider 13 is shown.

The flying head slider 13 is formed into a rectangul ar parallel epiped that
Is wholly flat. The bottom surface of the head slider 13 includes two
side-rails 15 and 16 acting as air bearing surfaces, and a cross-rail 17
connecting these side-rails. The respective side-rails 15 and 16 are
di sposed in two parts of the botton1su[%$ge to the longitudinal sides so
that they extend along the direction fromthe upstreamside to the
downstream si de of the head_ slider 13. The rails 15 and 16 form a

negat i ve- pr €98%L8 Yikh, ureshane,r EBsifkeronlncthe (giderrail pprtdogssgdsed so

as to connegt the side-rails 15 and 16 op the upstream ends _t hereof.
As. shown in @iﬁPSQF hETOPE5Ea Y] POTFiPR %?o%?%kﬁ?ﬁ%%QT and ultraviolet

rays are irradiated onto the resist to be hardened.
Subsequently, after the photo-hardening, a resist mask is
formed in a necessary area on the surface of the head slider
20 by removing a portion which is not hardened in the resist
with a developer. For example, by removing the alumina-
titanium carbide on the slider surface with a method such as
ion-milling, a negative-pressure groove 24\%5 formed.
Further, by mounting the head slider 20 on the suspension
12b with an adhesive, a head-gimbal-assembly is assembled.

The head slider 20 has a total length of 2050 um and a
total width of 1600 pm. The first bending portions 21b and
22b of the side-rails 21 and 22 have a bending angle of 25
degrees. A distance L from bending boints 21d and 224 of
thé'side-rails 21 and 22 to the aownstream side is 700 fim.
A distance R from the bending-start points of the first
bending pbrtibns 21b and 22b to the doﬁnstream side is 1400
Hm. A magnetic transducer head 26 is mounted on, for
example, the dbwnstream side perpendicular to the side-rail
21.

When the flying head slider 20 formed in the above
manner is included in, for example, a 3.5-inch hard disc
drive, the lift distance of the head slider 20 with respect

to positions in the radial direction of the magnetic disc is



a separation groove 17a in the center. The head slider 13 includes
taper portion serving as an inclined portion having an inclination, or

a

step portion 19 serving as a step (the step portion is shown in Fig. 2)-

in a part of the bottomsurface to the upstream side. This step
portion 19 is parallel to the air bearing surfaces fornmed by the
side-rails 15, 16 and the cross-rail 17, and has a predeterm ned
difference in | evel with respect

-17- to the surface. The side-railg;15 and 16 are forned so as to
i nclude, sequentially fromthe upstreamside, parallel rail portions

(parallel poltlamsknt 3342 1220200’ 201 P8 £"h 1 lkh ‘NS der 20 witn
positions in the radial direction of the magnetic disc is
shown in Fig. 13.  Accordingly, it is understood that

| preferred constant floating characteristics and constant
roll characteristics expressed by approximately zero are
obtained in accordance with the above-described flying head
slider 20.

The computer simulation of a change in the lift

distance obtained when two parameters of thg-bending angle ©

and the bending point position L are changed in the flying

head slider 20 is described below.

At first, four models A, B, C and D are considered.

Model A is a case in which the bending-point position L
600 um, L/R = 0.43 and the bending angle = 20 degrees.

Model B is a case in which the bending-point position L

' 600 pm, L/R = 0.43 and the bending angle = 30 degrees-

Model C is a case in which the bending-point position L

800 Hm, L/R = 0.57 and the bending angle = 20 degrees.

Model D is a case in which the bending-point position L =

800 gm, L/R = 0.57 and the bending angle = 30 degrees.
According to these models A to D, the lift distance

with respect to the skew angle is expressed as shown in Fig.

5"

14. The affection to the lift distance by the skew angle

with respect to the bending angle 0 in which L/R = 0.5 is

expressed as shown in Fig. 15. In Fig. 14 a curve E



| ongi tudi nal direction fromthe cross-rail 17, first bending portions 15b
and 16b which extend inward along the 1ongitudinal direction, and second
bendi ng portions 15¢c and 16c¢c which extend outward al ong the | ongitudi nal
direction. The first bending portions 15b, 16b and the second bendi ng
portions 15¢c and 16c¢ form bending points 15d, 16d in the center of both
first and second portions. The second bending portions 15¢c and 16c¢c
include flared portions 15e and 16e serving as w dt h-extended portions
which are gradually flared inward or outward in the downstream ends.

I n accordance with the flying head slide28t&3, as shown in Fig. 3 when the
flying head slider 13 approaches the surface of a rotating nagnetic disc

D, as shown péprdsits’ tha GharaditedictionwoFh8he cabeve-hetiddR WISHIRAM
side of this flying head slider 13 streans fromthe step portion 19

acr oss the tiemsd-gldiderl 20 latioameednt Bdgsi dé-rails 15, 16 and the surface of
the magnetic disc D, and the airflow streans between the negative-pressure
groove 18 forned Agcotding des these models A to D, the roll with respect

to the skew angle is expressed as shown in Fig. 16. The

A L}

roll with respect to the bending angle 0 in which L/R = 0.5

is expressed as shown in Fig. 17.

To the contrary, according to these models A to D, the
lift distance with respect to the peripheral velocity is
expressed as shown in Fig. 18. The affect;%n to the lift

distance by the peripheral velocity with respect to the

bending angle 8 in which L/R = 0.5 is expressed as shown in

Fig. 19.

By comparing these conditions to the optimal condition

(6 = 25 degrees, and L = 700 pum), it is- found that a maximum

change in the affection to the 1lift distance by the
peripheral velocity is approximately 7 pm,'g maximum change
in the affection to the lift distance by the skew angle is
approximately 8 nm, a maximum change in the roll is
approximately 12 pm, and as a Eesult, almést constant
preferred characteristics of the lift distance are obtained.

Fig. 20 is a perspective view illustrating a flying
head slider accﬁrding to a second embodiment of the present
invention.

The flying head slider 30 is formed into a rectangular



rail-s 15, 16 and the magnetic disc D The lift distance of the head
slider 13 at the cross- -18- rai
17 is normally approximately 0.3 to 0.5 pm while the |[|ift distance at the
negative groove 18 is, for exanple, approximately 5 pm Consequently, the
airflowrapidly expands to generate a suction force F1 caused by the
negative pressure. Also, the airflow that streans between the side-rails
15, 16 and the magnetic disc D generates a floating force acting on the

flying head slider 13. Accordingly, ,the head slider 13 and the
magneti c transducer head 14 nounted on t% downstyeam si de of the head
slider 13 float and _travel at a mnute distance (lift

parallelepiped that is wholly flat. e bottom surface of

the head slider 30 includes two side-rails 31 and 32 acting
as air bearing surfaces, and a cross-rail 33 connecting
these side-rails.

The‘respective side-rails 31 and 32 are disposed in two
parts of the bottom surface to the longitudinal side so that
they extend along the direction from the upstream side to
the downstream side of the head slider 30. The rails 31 and
32 form a negative-pressure groove 34 there?etween. The
cross-rail 33 is disposed so as to connect the side-rails 31
and 32 on the upstream ends thereof.

In this embodiment the cross-rail 33 does not include a
separation groove.

The head slider 30 includes a taper portion 35 in a
part of the bottom surface to the upstream siﬁe.

This taper portion 35 has a predetermined angle, for
example, a gentle angleiof inclination of .not more than 1
degree with respect to the air bearing'surfaceé formed by
the side-rails 31, 32 and the cross-rail 33.

The side-rails 31 and 32 are formed so as to include,
sequentially from the upstream side, first bending portions
3la and.32a which extend inward along the longitudinal
direction from the cross-rail 17, and second bending
portions 31b and 32b which extend outward along the

longitudinal direction. The first bending portions 3la, 32a



di stance) fromthe surface of the nmagnetic disc D, because of the floating
force and the suction force, and a balance of the spring-load with regard
to the suspension 12b of the arm 12. Therefore, the head slider 13 is
desi gned to prevent the nmagnetic disc D from bei ng abraded and damaged by
direct contact of the magnetic transducer head 14 with the surface of the
magneti c disc D. The lift distance of the flying head slider 13 is
determ ned by a peripheral velocity and an skew angle at each point on the
magnetic disc D. However, as the periphgéal velocity in the flying head
slider 13 increases, the suction force as well as the floating force
I ncrease, which thus suppresses the affection to the |ift distance by the
peri pheral w#B8Rokheyserpadebendingnporeiens 33y ande 32k tform bepdivgci nity of
the circunference of the magnetic disc D

points 31lc, 32c in the center of both first and second

portions.

In this embodiment the second bending portions 31b and
32b are formed so that their widths are constant, and does
not have flared portions.

The flying head slider 30 having such a structure
operates similarly and shows the same advantages as the

flying head slider 13 shown in Fig. 2. Yy

Fig. 21 is a view illustrating the bottom of a flying
head slider according to a third embodiment of the present
invention.

The flying head slider 40 is formed into a rectangular .
parallelepiped that is.wholly flat. The bottom surface of .
the head slider 40 includes two side-rails 41 and 42 acting
as air bearing sﬁrfaces, and a cross-rail 43 éonnecting
these side-rails.

'Thg respecfive Side-rails 41 and 42 are disposed in two
parts of the bottom surface to the longitudinal sides of the
head slider 40 so that they extend along the direction from
the upstream side to the downstream side of the head slider
40. The rails 41 and 42 form a negative-pressure groove 44
therebetweeﬁ. The cross-rail 43 is disposed so as to

connect the side-rails 41 and 42 on the upstream end

thereof.



-19-- is reduced. The lift distance of the flying head slider 13 can be
controlled by the depth of and area of the negative pressure groove 18,
and al so changed by the bending angle O with respect to the |ongitudinal
direction of the bending portions 15b and 16b. For exanple, as shown
in Fig. 4, when O is small (8 < 10 degrees), in other words, when 0 = 0
degrees, the |ift distance increases with an increase in the Peripheral
velocity. This is because, when 0 is small, the side-rails extend al nost
in parallel with respect to the longitudinal direction, and as a result,
the side-rails 15 and 16 cause a relaiiw%ﬁy | arge, positive pressure to be
generated. To the contrary, when [err] is extremely |arge, for exanple,
when [err] = 3718 gbdseembodiment dtive ofraedwe-raddatddvdngdudesra groove 18
at bending positions 15d and 16d narrows, and the airflowin the negative
pressure 18 ﬁgpgrytgppegﬁgquhﬁgm imghe center to the downstream side.

The head slider 40 includes a taper portion 45 in a
part of the bottom surface to the upstream side.

This taper portion 45 has a predetermined angle, for
example, a gentle angle of inclination of not more than 1
degree with respect'to the air bearing surfaces formed by
the side-rails 41, 42 and the cross-rail 43.

The side-rails 41 and 42 are formed so, as to include,
sequentially from the upstream side, parallel rail portions
4la and 42a which extend along the longitudinal direction
from the cross-rail 43, first bending portions 41b and 42b
which extend inward along the longitudinal direction, and
second bending portions 41c and 42¢ which extend outward
along the longitudinal direction. The first bending
portions 41b, 42b and the second bending portions 4lc and

. 42c form bending points 41d, 42d in the center of both first '
and second portions.

The flying head slider 40 having such a structure
operates similarly and shows the same advantages as the
flying head slider 13 shown in Fig. 2.

Fig. 22 is a view illustrating the bottom surface of a
flying head slider according to a fourth embodiment of the .’

present invention.

The flying head slider 50_has almost the same structure



suppresses the negative pressure to be generated. When 10 < [err] <
30 degrees, for exanple, when [err] = 10 degrees, the positive pressure is
sufficiently suppressed and the negative pressure is sufficiently
generated. Thus, the affection to the |[ift distance by the peripheral

velocity is sufficiently reduced. The affection to the lift distance
by the skew angle is - 20-

controlled by the bending angle [err] and the bending positions 15d and
16d, in other words, it is controlled bysg._distance L fromthe bending
position to the downstream end. . Theside-rails. 15 and 16 have the

when an " Skelf SO & TGO THES AN SoKer SAnECH! oRgr (FRCPE for
having a step portion instead of the taper portion 35. In
other words, the flying head slider 50 is formed into a
rectangular parallelepiped that is wholly flat. The bottom
surface of the head slider 50 includes two side-rails 51 and
52 acting as air bearing surfaces, and a cross-rail 53
connec£ing these side-rails.

The respective side-rails 51 and 52 are disposed in two
parts of the bottom surface to the longitud%nal sides so
that they extend along the direction from the upstream side
to the downstream side of the head slider 50. The rails 51
and 52 form a negative-pressure groove 54 therebetween. The
cross-rail 53 is disposed so as to connect the side-rails 51
and 52 on the upstream end thereof.

In this embodiment the éross-rail_53 does not include a
separatioﬁ groove. -

The head slider 50 includes a step poftion 55 in a part
of the bottom surface to the upstream sgide.

This step portion 55 are parallél to the air bearing
surfaces formed by the side-rails 51, 52 and the cross-rail
53, and has a predetermined difference in level with respect -
to the surfaces.

The side-rails 51 and 52 are formed so as to include,
sequentially from the upstream side, first bending portions

Sla and 52a which extend inward along the longitudinal



direction fromthe first bending portion 15b to the second bending portion
16¢c, or the airflow streans along the direction fromthe second bendi ng
portion 15c to the first bending portion 16b. Consequently, in relatively
wi de’ skew angles, a sufficiently large lifting force is obtained.
Accordingly, as shown in Fig. 5, it is obvious that as the skew angle
[err] increases, the affection to the lift distance by the skew angle
beconmes reduced. In particular, when the skew angle is not |ess than 20
degrees, the lift distance is not affectygd by the skew angle to forma
constant val ue. Further, for exanplé, as shown in Fig. 6, as the

bendi ng positions 15d and 16d are noved _.cl gser to the streamside (L/R >
0.5) than toéfﬁﬁcﬁﬁﬁﬁs romthe frqgsxadl éEB)FnQ grgPad Rerding curve

shouing, e BLLEELhENSI ARE bl ' MIRE L NEcR GIugROLE, chanacs from
when LIR = 0y 5y ot 0eal LT 8] 548065 S 1 ALGCH8HabNg' Bore BERY S9! 540
and the second bending portions S1b and 52b form bending
points Slc and 52c¢ in the center of both first and second
portions.

In this embodiment the second bending portions 51b and
52b are formed so that their widths are constant, and do not
include flared portions. Ny

The flying head slider 50 having such a structure
operates similarly, and shows the same advantages aé the
flying head slider 15 shown in Fig. 2.

Fig. 23 is a7perspectivé view illustrating a flying
head slider according to a fifth embodiment of the present
invention.

The flying head slider 60 has almost the same structure .
as the flying head slider 30 shown in Fig. 20, except for a

flow-conducting portion formed in the center to the

downstream side. In other words, the flying head slider 60

is formed into a rectangular parallelepiped that is wholly
flat. The bottom surface of the head slider 50 inciudes two
side-rails 61 and 62 acting as air bearing surfaces.-and a
cross-rail 63 connecting these side-rails.

The respective side-rails 61 and 62 are .disposed in-two

parts of the bottom surface to the longitudinal sides so



-21-. As described, by reducing the affection to the Iift distance by
the peripheral velocity and the skew angle, the |I|ift distance of the head
slider 13 is maintained approximtely at a constant val ue. Consequently,
in the hard disc drive 10, when the flying head slider 13 noves from an
I nner circunference to an outer circunference of the magnetic disc 1 in
the head seek condition, if the peripheral velocity and the skew angle
acting on the head slider 13 sequentially change, the lift distance, which
is approximately constant, is obtained._3 _ Wien a linear actuator is
used instead of the arm 12 as a turning 4ctuator in the hard disc drive
10, head seeking

that they extend along the direction from the upstream side

to the downstream side of the head slider 60. The rails 61

and 62 form a negative-pressure groove 64 therebetween. The

cross-rail 63 is disposed so as to connect the side-rails 61

and 62 on the upstream end thereof.

In this embodiment the cross-rail 63 does not include a
separation groove.

The head slider 60 includes a tapef portion 65 in a
part of the bottom surface to the upstream\iide.

This taper portion 65 has a predetermined angle, for
example, a gentle angle of inclination of not more than 1
degree, with respect to the air bearing surfaces formed by
the side-rails 61, 62 and the cross-rail 63.

The side-rails 61 and 62 are formed so as to include,
sequentially from the upstream side, first bending portions
6la and 62a which extend inward along the longitudinal
direction from the cross-rail 63, and second bending
portions 61b and 62b which extend outward along the
longitudinal direction. The first bending portions 6la, 62a
and the second bending portions 61b and 62b form bending
points 6lc, 62c in the center of both first and second
portions.

In this embodiment the second bending portions 61b and

62b are formed so that their widths are constant, and do not

include flared portions.



Is perfornmed at a constant skew angle (normally zero), and only the

peri pheral velocity of the head slider 13 sequentially changes. In such a
case, the lift distance of the head slider 13 is not affected by.the
peripheral velocity to forma constant val ue. In the whole area
above which the flying head slider 13 is lifted, the roll of the flying
head slider 13 is renmarkably reduced to approximately zero by the bending
angle 0 and the length L fromthe position closest to the wupstream side or

t he bending position to the downstream side. For exanple, as shown
in Fig. 7, as O increases, the side-raf3®15 positioned to the inner
ci rcunference of the -22-

The £flying head slider 60 includes a projecting air-
guide portion 66 in the cenger.on the bottom surface to the
downstream side.

A magnetic transducer head 67 is mounted on the
downstream side perpendicular to the projecting air-guide
portion 66.

The projecting air-guide portion 66 is diveréently
formed toward the downstream side so that its end to the
upstream side has a point. In this formatign the airflow
that streams in a negative pressure groove is separated
right and left by the projecting air-guide portion 66, and
the separated flows streams out.

The flying head slider 60 having such a structure
operates similar and shows the same advantages as the flying
head slider 16 shown in Fig. 2.

In the'abové embodiment the taper portién or the.step
portion is formed in a part oﬁ the bottom surface to the
upstream side. However, it is obvious that the step portion
instead of the taper portion, or the taper portion instead
of the step portion may be formed. 1In the flying head
sliders 13, 20, 30, 40,'50 and 60 according to the
respective embodiments, each side-rail has only one bending
position, however may have a plurality of bending points.

In this case, by satisfying the above-mentioned condition

with the bending angle 8 of the bending portion closest to



magnetic disc Dtends to be lifted at a positive skew angle, and the rol

of the flying head slider 13 gradually changes. |In particular, in the
range of 20 degrees < 0 <30 degrees, the roll is not affected by the skew
angl‘e to forma constant val ue. Further, for exanple, as shown in
Fig. 8 as the bending points 15d and 16d are noved cl oser to the upstream
side than to the upstreamside, the roll increases froma |arge negative
val ue to the nei ghborhood of zero once, and decreases to a |large negative
val ue again in positive skew angles. IQ3%qrticuIar, when L/R = 0.5, the
roll is not affected by the skew angle t0 forma constant val ue. As
descri bed abqove, preferred roll characteristics close_to_approxi mtely

zero are obtHhePsSERNRIAR Fhe hendiadh&CaTHi BE1BF| BecloseshetP tHe skew

oo 0 e a1 ESHenly chonges Ly (he fea ceek o

ol rount ef ence O S BINSE. dise el 2l oL 108e SLYEMLLSEY Sld o
peripheral velocity and the affection by the skew angle are
suppressed, and a change in the roll is reduced, and thereby
constant floating characteristics are obtained.

In the above embodiments concrete values are shown in
connection with the widths and lengths of the side-rails.
However, the side-rails formed almost in paﬁailel along the
longitudinal direction may have at least one bending point
positioned inward. Its lengths and arrangement should be
optimized corresponding to a hard disc drive in which the
side-rails are included. Accordingly, the side-rails should
not be limited to the shapes, arrangement and so forth shown
in the above embodiments. It does not need saying that to
the shapes, arrangément and so'forth caﬁ be combined.
In the above embodiments the flying head slidexrs for

hard disc drives for recording to or reproducing from a
magnetic disc have been described, however, the present
invention does need to be limited to such purpose, and can
obviously be applied-to, for example, flying head .sliders
for disc drives in which another type of disq such as a

magneto-optical disc is used as a recording medium.



Is controlled approximately to zero in the whol e area above which the
flying head slider 13 is lifted. When a liner actuator is used
instead of the arm 12 as a turning actuator 12 in the hard disc drlve 10,
the.skew angle is constant (normally zero), and thus, the rol

characteristics expressed by approximately zero are |ned
-23- in the whole area above which the head sli der g 77
|*

descri bed above, in accordance with the above enbod the
bendi ng positions 15d and 16d on the al nbst parallel S|de rdlls and 16,
and optinmizing the bending angle [err] oB7rhe first bending portions 15b

and I5b and the distance L fromthe bendi ng points 15d and 16d
WHAT IS CLAIMED 1IS:

1. A flying head slider comprising:
two side-rails disposed on a surface of a slider body
facing a~recording medium so as té extend in parallel along
the direction from the upstream side to the downstreaﬁ side
of said sllder body;
an 1nc11ned portlon or a step portion formed on a part
of said surface to the upstream side; \1
a transducer mounted on the downstream side; and
" a cross-rail disposed on sai& surface so as to connect
the upstream ends of said two side-rails,
said two side-rails each having at least one bending
' point between the upstream end and.the downstream end
thereof,
and each side-rail extendihg inward along the
longitudinal direction of said-surface betwegn the upstream
end and said bending point, and extending outward along the
1ongitudinai direction between the downstream end and said

bending point.

2. A flying head slider according to Claim 1, wherein
each side-rail has a width-extended portion whose width is
extended inward or outward in the proximity of the

downstream end.



preferred constant |ift distance characteristics and the rol
characteristics expressed by zero in the hard disc drive 10 are obtai ned.
Figs. 9 and 10 show the optimal range of the bending angle O and the
posi:ition L defined by the bending positions 15d and._16d .in.the- Llylng head

slider 13 according to the above enbodi nent. | n_ ot her .
9, as already nentioned from the viewpoints of bot'_ hmﬂ“jwm‘ﬂlﬂ) m“! the
lift distance by the peripheral velocity and the af

the skew angle, the preferred range of.ggg bendi ng angle 0 is expressed
as 10 degrees < [err] < 30 degrees. In pafticular, in order to reduce, to
5 nm a change caused by the affection to the Iift di stance by the

peri pheral velocity and the skew angle, and the affection to the roII by

the skew angle, the nost preferred ran e of the, bendin g&angle [err]
expressed as 20 degr ded %F §é1 gr @esording to Claim 1, wherein

said cross-rail has a separation groove in the center

thereof.

4. A flying head slider according to Claim 1, wherein
each side-rail has a parallel rail portion extending from

said cross-rail along the longitudinal direction of said

surface. \ﬁ
5. A flying head slider according to Claim 1, wherein
said transducer is mounted on a part of the downstream side

positioned perpendicular to either of said side-rails.

6. A flying head slider according to Claim 1, further
comprising a projecting air-guide porﬁion formed so as to
diverge toward the downstream side in the vicinity of the

center of the downstream region of said surface.

7. A flying head slider according to Claim 1, wherein
said transducer is mounted on a part of the downstream side

perpendicular to said projecting air-guide portion.

8. A flying head slider according to Claim 1, wherein

the bending portion of each side-rail extending to the



- 24- In Fig. 10, the preferred range of the bending-point position L
is expressed as 0.3 < L/R < 0.7, fromthe affection to the lift distance :
by the peripheral velocity and the skew angle, and the afféttton to the
roll. by the skew angle. In particular, in order to red caused
by the affection to the lift distance by the perlpher Qﬁ

skew angle and the affection to the roll by the skem/anglé

nost preferred range is expressed as 0.4 < L/R < 0. 6. Flg 11
illustrates a flying head slider accordinggto a concrete enbodi ment of the
present invention. The fIying head Slider 20.has the sanme structure
as the flyin head sI| i n_Fi 3. The I n ead slider 20
is formed int I%ﬂquiﬁﬂ FEFeSFB@dtﬁﬁaYPStreax & R

bending angle 6 with respect to the longitudinal side of

said surface, such angle being defined by the following

range:

10 degrees £ 0 < 30 degrees

9. A flying head slider according to Claim 1, wherein
the bending portion of each side-rail extending to the

innermost of said surface from the upstream end has a

bending angle 8 with respect to the longitudinal side. of

said surface, such angle being defined by the following

range:

20 degrees < 6 £ 30 degrees

10. A flying head sliﬁer according to Claim 1, wherein
the bending pertion of each side-~rail satisfies the
following relation:

0.30 < L/R < 0.70
where L represents the distance between the bending portion
closest to the upstream end and the downstream end; and R:
the distance between a point at which the bending portion

starts and the downstream end.

11. A flying head slider according to Claim 1, wherein



is wholly flat. The bottom surface of the head slider 20 includes tmb
side-rails 21 and 22 acting as air bearing surfaces, and a cross-rail 23
connecting these side-rails. The respective side-rails 21 and 22 are

di sposed in two part of the bottomsurface to the | ' ' ' SO
that they extend along the direction fromthe upstrgmmmg}anmaumlﬂm
downstream side of the head slider 20. The rails 21 ard ¢ @r msa *
negati ve-pressure groove 24 therebetween. The cross-rail 23 is disposed so
as to connect the side-rails 21 and 22 ogothe upstream end thereof.

As shown in Fig. 11, the cross-rail 23 includes a

- 25- Separa%hgnbgkagxs Bé@tk@ntéf E8M €Side-rail satisfies the
| following relation:
0.40 < L/R £ 0.70
where L représents the distance between the bending portion
closest to the upstream end and the downstream end; and R:
the distance between a point at which the bending portion

starts and the downstream end.

12. A magnetic disc drive compriéinggﬂ

a magnetic disc used as a recording medium;

driving means for rotating said magnetic disc;

a turning actuator swingably supported with respect to
said magnetic disc rotated by said driving means;

a flying head slider mounted on the head pf said
turning actﬁator;

a magnetic transducer head mounted on said flying head
slider for recording to or reproducing from said magnetic
disc; and

a driving mechanism for swinging said turning actuator,

wherein said flying head slider has:

two side-rails disposed on a surface of a slider body
facing a recording medium so as to extend in parallel along
the direction from the upstream side to the downstream side
of said slider body;

an inclined portion or a step portion formed on a part



The head slider 20 includes a taper portion serving as an inclined portion
having an inclination, or a step portion 25 serving as-a-steps (the step
portion is shown in Fig. 11) in a part of the.bottonﬂﬁw‘ace to the

upst ream si de. This step portion 25 has a prede mﬂﬂ!ﬂﬂﬂlmllnor
M s

exanple, a gentle angle of inclination of not nore th
respect to the air bearing surf.aces forned by the side-rails 21, 22 and
the cross-rail 23 The side-rails 21 and 22 are formed so as to
include, sequentially fromthe upstreantélde, parallel rail portions
(parallel portions) 2la and 22a which extend along the |ongitudinal :
direction frof shddcsasfacei kolEhefupstrdmmdiide; porti ons 21b and 22b which
extend inward along the |ongitudinal direction, and second bendi ng
portions 21c and ®RZgamsdsicesxmonutedt onr thel dewnstreedy rajiderdiand

direction. The first bending portions 21b, 22b and the second bendi ng
portions 21c and EQ@ITQ?rSmf@égdeiﬁgpp§Pﬁt en2said opurface o asefcecomnesst h

first and second portions. The _second, bendi hg portions 21c and 22c
i ncl ude fl ar &dpe vpstream ends of said two side-rails,

said two side-rails each having at least one bending
point between the upstream end and the downstream end
thereof, |

and each side-rail extending inwaxd along the
longitudinal direction of said surface betwgén the upstream
end and said bending point, and extending o:tward along the

longitudinal direction between the downstream end and said

bending point.



portions 21e-and 22e serving as w dt h-extended portions which are
gradually flared inward in the vicinity of the downstream ends.
whol e head slider 20 is nade of alum na-titanium carbide. To formthe head

sl i der
-26-

20,

its whole surface is

coated with urethane resist, only the side-rail portions 21, 22

The

and

the cross-rail portion 23 are masked, and ultraviolet rays are irradiated

sl i der

onto the resist to be hardened. Subsequently, after the photo-hardening,
resist mask is formed in a necessary area on the surface of the head
20 by renoving a portion which is not hardened in the resist wth

a

a devel oper. For exanple, by renoving t+&2-al umi na- titanium carbide on the
slider surface with a method sucfL¥ENG HEAD SLIDER

ABSTRACT OF THE DISCLOSURE

A flying head slider has: two side-rails disposed on a
surface of a slider body facing a recording medium so as to
extend in parallel along the direction from the upstream
side to the downstream side of the slider body; an inclined
poétion or a step portion formed on the surface on the
upstream side; a transducer mounted on the downstream side;
and a cross-rail disposed on the.surface sg as to connect
the upstream ends of the two side-rails, inﬁwhich the two
side-rails each has at least one bending point between the
upstream end and the downstream end thereof, and in which
each_side-rail extends inward along the longitudinal
direction of the surface between the upstream end aﬁd the
bending point, and extends outward along the longitudinal

direction between the downstream end and the bending point.

Figure 2



ion-mlling, a negative-pressure groove 24 is forned. Further, by nounting
the head slider 20 on the suspension 12b with an adhesive, a

head- gi nbal - assenbly i s assenbl ed. The head slider 20 has a total

| ength of 2050 pmand a total width of 1600 pm The first bendi ng portions
21b and 22b of the side-rails 21 and 22 have a bendi ng angle of 25
degrees. A distance L from bending points 21d and 22d of the side-rails 21
and 22 to the downstreamside is 700 pm A distance R fromthe

bendi ng-start points of the first hengding portions 21b and 22b to the
downstream side is 1400 pm A nagnét'dzﬁransducer‘head 26 i s nounted on,
for exanple, the downstream side perpendicular to the side-rail 21. :
When the flying head slider 20 fornmed in the above nanner is included in,
for exanple, a 3.5-inch hard disc drive, the lift distance of the head
slider 20 with respect to positions in the radial direction of the
magnetic disc is

FIG. 1
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-27- shown in Fig. 12. The roll of the head slider 20 with positions in
the radial direction of the magnetic disc is shown in Fig. 13.
Accordingly, it is understood that preferred constant floating
char.acteristics and constant roll characteristics expressed by
approximately zero are obtained in accordance with the above-descri bed
flying head slider 20. The conputer sinmulation of a change in the
lift distance obtai ned when two paraneters of the bending angle [err] and
the bending point position L are chapged in the flying head slider 20 is
descri bed bel ow. At first, r dels A, B, C and D are consi dered.
Model A is a case in which the bendi ng-point position L = 600 pm L/R =
0.43 and the bending angle = 20 degrees.

FIG. 2
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Mdel B is a case in which the bending-point position L = 600 pm L/R =
0.43 and the bending angle = 30 degrees. Mddel Cis a case in which the
bendi ng-point position L = 800 pm L/R = 0.57 and the bending angle = 20
degrees. Mdel Dis a case in which the bending-point position L = 800
pm L/R = 0.57 and the bending angle = 30 degrees. According to these
nodels Ato D, the lift distance wth respect to the skew angle is
expressed as shown in Fig. 14. The affection to the lift distance by the

skew angle wth respect to the bendi g angle [err] in which LIR=0.51is
expressed as shown in Fig. 15. In'ﬁhﬁp €4 a curve E

-28- represents the charactéristic of the above-nentioned flying

FIG. 4
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head slider 20 shown in Fig. 11. According to these nodels A to D,
the roll with respect to the skew angle is expressed as shown in Fig. 16.

The roll with respect to the bending angle [err] in which L/IR= 0.5 is
expressed as shown in Fig. 17. To the contrary, according to these
nodels Ato D, the lift distance with respect to the peripheral velocity
is expressed as shown in Fig. 18. The affection to the lift distance by

t he peripheral velocity with respect to the bending angle [err] in which
L/R = 0.5 is expressed as shown |gh/F By conparing these
conditions to the optinmal conditi ?ﬁerr] = 25 degrees, and L = 700 pm,
it is found that a maxi mum change in the affection to the lift distance by
t he [ [

peri pheral velocity is approximtely 7 pm a maxi numchange in the
affection to the lift distance by the skew angle is

maxi mum change in the roll is
const ant

approximately 8 nm a
approximately 12 pm and as a result, al nost
preferred characteristics of the lift distance are obtained

FIG. 5

60 T T Y T T T T
50 |+ .
=
=
= 40} -
L
O
=
= |
-5 30 o
© -
|
-l
20 7
30deg. . 37.9dego
10 1 I 1 . z 1 x

20 15 10 5 0 5 10 15 20
' SKEW ANGLE {deg.)



Fig. 20 is a perspective viewillustrating a flying head slider according
to-a second enbodi nent of the present

i nventi on. The flying head
slider 30 is forned into a rectangul ar '

-29- parallelepiped that is wholly flat. The bottom surface of the head
slider 30 includes two side-rails 31 and 32 acting as air bearing
surfaces, and a cross-rail-33 connecting these side-rails. The -
respective side-rails 31 and 32 are disposed in two parts of the bottom
surface to the longitudinal side s they extend along the direction
fromthe upstreamside to the downstream side of :the head slider 30. The
rails 31 and 32 form a negative-pressure groove 34 thereetween. The

FIG. 6
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cross-rail 33 is disposed so as to connect the side-rails 31 and 32 on the
upst ream ends t hereof . In this enbodi nent the cross-rail 33 does not
include a separation groove. The head slider 30 includes a taper
portion 35 in a part of the bottomsurface to the upstream side.

This taper portion 35 has a predeterm ned angle, for exanple, a gentle
angle of inclination of not nore than 1 degree with respect to the air
bearing' surfaces forned by the side-rails 31, 32 and the cross-rail 33.
The side-rails 31 and 32 are formed so as to include, sequentially from
the upstream side, first bending t26ns 31a and 32a which extend inward
along the longitudinal direction fromthe cross-rail 17, and second
bendi ng portions 31b and 32b which extend outward al ong the | ongitudi nal
direction. The first bending portions 3la, 32a

FIG. 7

Jof - T T T T [ I T
20 =
- 8 =37.9deg. __
€
= - | 30deg.
:'J 0 - 0 O S N . A -
2 25deg.
10— ~ “20deg.”
- Odeg.
20— -
10deg.
-30 | 1 { 1 1 i i

20 -15 -10 -5 0 5§ 10 15 20
SKEW ANGLE (deg.)



-30- and the second bending portions 31b and 32b form bending points 3lc,

32¢ in the center of both first and second portions. In this
enbodi ment the second bending portions 31b and 32b are formed so that
their widths are constant, and does not have flared portions. The

flying head slider 30 haviing such a structure operates simlarly and shows
the sanme advantages as the flying head slider 13 shown in Fig. 2.

Fig. 21 is aviewillustrating the bottomof a flying head slider
according to a third enbodi nent of }p present invention. The flying
head slider 40 is formed into a re&ctak@ul ar paral | el epi ped that is wholly

flat. The bottom surface of the head slider 40 includes two side-rails 41
and 42 acting

FIG. 8
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as air bearing surfaces, and a cross-rail 43 connecting these side-rails.
The respective side-rails 41 and 42 are disposed in two parts of the
bottom surface to the longitudinal sides of the head slider 40 so that
they extend along the direction from the upstreamside to the downstream
side of the head slider 40. The rails 41 and 42 form a negative-pressure
groove 44 therebetween. The cross-rail 43 is disposed so as to connect
the side-rails 41 and 42 on the upstreamend thereof.

-31- In this enbodi nent theégkpéﬁ-rail 43 includes a separation
groove 43a in the center to the d stTeam si de. The head slider 40
i ncludes a taper portion 45 in a

FIG. 9
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part of the bottom surface to the upstream side. This taper portion.
45-has a predeterm ned angle, for exanple, a gentle angle of inclination
of not nore than 1 degree with respect to the air bearing surfaces forned
by the side-rails 41, 42 and the cross-rail 43. The side-rails 41
and 42 are fornmed so as to include, sequentially fromthe upstream side,
parallel rail portions 4la and 42a which extend al ong the | ongitudi nal
direction fromthe cross-rail 43, first bending portions 41b and 42b

whi ch extend inward al ong the | ongig ydpgal direction, and second bendi ng
portions 41c and 42c which extend outward along the | ongitudi nal
direction. The first bending portions 41b, 42b and the second bendi ng
portions 41c and 42c form bending points 41d, 42d in the center of both
first and second portions. The flying head slider 40 having such a
structure operates simlarly and shows the same advantages as the

flying
head slider 13 shown in Fig. 2. = Fi 2is aviewillustrating the
bottom surface of a FlG‘ 910 _
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flying head slider according to a fourth enbodi nent of the present

I nventi on. The flying head slider 50 has al nbst the sanme structure
-32- as the flying head slider 20 shown in Fig. 20, except for havi-ng a
step portion instead of the taper portion 35. In other words, the flying
head slider 50 is forned into a rectangul ar parallel epiped that is wholly
flat. The bottom surface of the head slider 50 includes two side-rails 51
and 52 acting as air bearing surfaces, and a cross-rail 53 connecting

t hese side-rails. The respective side-rails 51 and 52 are disposed in
two parts of the bottom surface lQI{I?élongitudi nal sides so

FIG. 11
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that they extend along the direction fromthe upstreamside to the
dovinstream si de of the head slider 50. The rails 51 and 52 forma

negati ve-pressure groove 54 therebetween. The cross-rail 53 is disposed so
as to connect the side-rails 51 and 52 on the upstream end thereof.

In this enbodi nent the cross-rail 53 does not include a separation groove.
The head slider 50 includes a step portion 55 in a part of the bottom
surface to the upstream side. This step portion 55 are parallel to
the air bearing surfaces forned b %pgxgide-rails 51, 52 and the
cross-rail 53, and has a predeter e ifference in level with respect

to the surfaces. The side-rails 51 and 52 are forned so as to

i nclude, sequentially fromthe upstreamside, first bending portions 51la
and 52a which extend i nward al ong the | ongitudinal

FIG. 12
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-33- direction fromthe cross-rail 53, and second bending portions 51b
and” 52b which extend outward along the |ongitudinal direction. The first
bendi ng portions 5la, 52a and the second bendi ng portions 51b and 52b form
benqging points 51c and 52c in the center of both first and second
portions. ~In this enbodi ment the second bending portions 51b and 52b
are formed so that their widths are constant, and do not include flared
portions. The flying head slider 50 having such a structure operates
simlarly, and shows the sane advi§F as the flying head slider 15
shown in Fig. 2. Fig. 23 i's pective viewillustrating a flying
head slider according'to a fifth enbodi nent of the present invention.

The flying head slider 60 has al nbst the sane structure

FIG. 13
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as the flying head slider 30 shown in Fig. 20, except for a

fl ow conducting portion fornmed in the center to the downstreamside. In

ot her words, the flying head slider 60 is formed into a rectangul ar -
paral |l el epiped that is wholly flat. The bottom surface of the head slider
50 includes two side-rails 61 and 62 acting as air bearing surfaces, and a
cross-rail .63 connecting these side-rails. The respective side-rails

61 and 62 are disposed in two parts of the bottom surface to. the
| ongi t udi nal sides so

-34- that
they extend along the direction fr&%fﬂ%ﬁupstreanhside to the downstream
side of the head slider

60. The rails 61 and 62 form a negative-pressure
groove 64 therebetween. The

FIG. 14
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cross-rail 63 is disposed so as to connect the side-rails 61 and 62 on the
upstream end t hereof. In this enbodi nent the cross-rail 63 does not
include a separation groove. The head slider 60 includes a taper
portion 65 in a part of the bottomsurface to the upstream side.

This taper portion 65 has a predeterm ned angle, for exanple, a gentle

angle of inclination of not nore than 1 degree, with respect to the air
beari ng surfaces fornmed by

the side-rails 61, 62 and the cross-rail 63.
The side-rails 61 and 62 are for

s to include, sequentially from
the upstream side, first bending portions 61la and 62a which extend inward
along the longitudinal direction fromthe cross-rail 63, and second
bendi ng portions 61b and 62b which extend outward al ong the | ongitudi nal
direction. The first bending portions 6la, 62a and the second bendi ng
portions 61b and 62b form bending points 61c,

62c in the center of both
first and second portions.

FIG. 15 .
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In this enbodi ment the second bendi ng portions 61b and 62b are forned so
that their widths are constant, and do not i nclude flared portions.

- 35- The flying head slider 60 includes a projecting air- guide
portion 66 in the center on the bottomsurface to the downstream side.

A magnetic transducer head 67 is mounted on the downstream side

perpendi cular to the projecting air-guide portion 66. The projecting
air-guide portion 66 is divergently formed toward the downstream side so

that its end to the upstream side oint. In this formation the
airflow that streans in a negative gfes re groove i s separated
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right and left by the projecting air-guide portion 66, and the separated

fl ews streans out. The flying head slider 60 having such a structure
operates simlar and shows the sanme advantages as the flying head skider
16 shown in Fig. 2. In the above enbodi nent the taper portion or the

step portion is forned in a part of the bottomsurface to the upstream
side. However, it is obvious that the step portion 1instead of the taper
portion, or t he taper portion instead of the step portion nmay be forned.
In the flying head sliders 13, 20 63 0, 50 and 60 according to the
respective enbodi ments, each side- ra|I s only one bending position,
however may have a pIurallty of bending points. In this case, by
satisfying the above-nentioned condition wth the bending angle [err] of
t he bending portion closest to

FIG.17
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-36- the upstreamside, the bending start point R closest to the upstream
side, and the bending point position L closest to the upstreamside, the
affection to the lift distance by the peripheral velocity and the
affection by the skew angle are suppressed, and a change in the roll is
reduced, and thereby constant floating characteristics are obtained.

In the above enbodi nents concrete values are shown in connection with the
wi dths and | engths of the side-rails. However, the side-rails forned
almost in parallel along the |ongifudfgl direction may have at | east one
bendi ng point positioned inward. Its | engths and arrangenent shoul d be
optim zed corresponding to a hard disc drive in which the side-rails are

i ncl uded. Accordingly, the side-rails should not be Iimted to the shapes,
arrangenment and so forth shown in the above enbodi nments. It does not need
saying that to the shapes, arrangenent and so forth can be conbi ned.

FIG. 18
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In the above enbodi nents the flying head sliders for hard disc drives for
recording to or reproducing froma nagnetic disc have been descri bed,
however, the present invention does need to be limted to such purpose,
and _can obviously be applied to, for exanple, flying head sliders for
disc drives in which another type of disc such as a magneto-optical disc
is used as a recording nmedi um

-37- VWHAT IS CLAIMED | S: 1. A flying head slider conprising:

two side-rails disposed on a surf f slider body facing a recording
medi um so as to extend in paralIeﬁfﬁ}’sc;n%'a

FIG. 19
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the direction fromthe upstreamside to the downstream side of said slider
body; an inclined portion or a step portion forned on a part of said
surface to the upstream side; a transducer nounted on the downstream
si de; and a cross-rail disposed on said surface so as to connect the
upstream ends of said two side-rails, said two side-rails each having
at | east one bending point between the upstreamend and the downstream end
t her eof , and each side-rail extending inward along the | ongitudi nal

direction of said surface between the upstream end and said bendi ng point,
and extendi ng outward al ong the Idﬁg(ﬁuﬂinal di rection between the
downstream end and said bending point.

2. A flying head slider
according to Claim1l, wherein each side-rai

has a w dt h- extended portion
whose width is extended inward or outward in the proximty of the
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downstr eam end.

flying head slider according to Claim1l, wherein
separation groove in the center

according to Claim1l, wherein

t her eof .
each side-rail

- 38-

said cross-rail

3. A
has a

4. A flying head slider

has a parall el

rail

portion

extending from said cross-rail along the |ongitudinal direction of said

5. Aflying head slider according to Claim1l, wherein
said transducer is nounted on a part of the downstream side

sur f ace.
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posi ti oned perpendicular to either of said side-rails. 6. Aflying
head slider according to Claim3i1, further conprising a projecting
air-guide portion forned so as to diverge toward the downstream side in
the vicinity of the center of the downstreamregion of said surface.

7. Aflying head slider according to Claim1, wherein said transducer is
nmounted on a part of the downstream side perpendicular to said projecting
ai r-gui de portion. 8.. Aflying head slider according to Claim]l,
wherein the bending portion of eacthlsi/d%r ail extending to the
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-39- innernost of said surface fromthe upstreamend has a bending angle
[err] with respect to the longitudinal side of said surface, such angle
bei ng defined by the follow ng range: . 10 degrees <.0 <
30 degrees 9. Aflying head slider according to Claim1l, wherein
the bendi ng portion of each side-rail extending to the innernost of said
surface fromthe upstreamend has a‘ bending angle [err] wth respect to

t he | ongi tudi nal side.of said surface, such angle being defined by the

foll owing range: i%kfégrees < [err] < 30 degrees

10. A flying head slider according t m 1, wherein the bending portion
of each side-rail satisfies the following relation

0.30 < L/IR< 0.70 '
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where L represents the distance between the bending portion closest to the
upst'ream end and the downstream end; and R the di stance between a point
at which the bendi'ng portion start's and the downstream end. 11. A
flying head slider according to Claim1, wherein '
-40- the bending portion of each side-rail satisfies the follow ng

rel ation: 0.40 < L/IR < 0.70 where L represents the
di stance between the bending portion closest to the upstreamend and the
downstream end; and R the distance between a point at which the bending
portion starts and the downstream e28./ 26
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12. A magnetic disc drive conprising a magnetic disc used as a
recordi ng nmedi um driving neans for rotating said magnetic disc;

a turning actuator sw ngably supported with respect to said magnetic disc
rotated by said driving neans; a flying head slider nounted on the
head of said turning actuator; a magnetic transducer head nounted
on said flying head slider for recording to or reproducing fromsaid
magnetic disc; and - a driving nechanism for swi nging said turning
act uat or, ' wherein said fIyingayyﬁkslider has: two side-rails
di sposed on a surface of a slider b acing a recording nmediumso as to
extend in parallel along the direction fromthe upstreamside to the
downst ream si de of said slider body; an inclined portion or a step
portion formed on a part ' '

FIG. 25




-41- of said surface to the upstream side; a transducer nounted on

t he downstream side;, and a cross-rail disposed on said surface so as
to connect the upstreamends of said two side-rails, said two”
side-rails each having at |east one bending point between the upstream end
and the downstream end thereof, and each side-rail extending inward

along the longitudinal direction of said surface between the upstream end
and said bendi ng point, and extending outward al ong the

| ongi t udi nal
direction between the downstream epd anggsaid bending point. -
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