1 DESCRI PTI ON SLI DER AND DI SK DEVI CE TECHNI CAL FI ELD The present
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surface and the disk medium and a didk device which enpl @mm@@& m
BACKGROUND ART In recent years, the data recording density

di sk devices is remarkably enhanced, and its annual increase r&€*is said
to be some 150% According to this remarkable increase in the data
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SLIDER AND DISK DEVICE

TECHNICAL FIELD

The present invention relates to a slider and a disk
device and, more particularly, to a slider which flies from a
disk medium by airflow between an air bearing surface and the

disk medium, and a disk device which employs this slider.

BACKGROUND ART

In recent years, the data recording density of magnetic
disk devices is remarkably enhanced, and its annual increase
rate is said to be some 150%. According to this remarkable
increase in the data recording density, the recording capacity
of the magnetic disk devices is drastically enhanced. The
increase in the data recording capacity promotes size reduction
of the magnetic disk devices, and there are being practically
used disk devices with high cost effect, such as one disclosed
in Japanese Published Patent Application No. Hei.8-249127,
which replace semiconductor memories of various electronic
devices such as cameras, facsimiles, portable phones, modems,
beepers, hand-held computing equipments, printers, and copy
machines.

A current magnetic device is provided with a rotation-type



i n Japanese Published Patent Application No. Hei.8-249127, which replace
sem canductor nenories of various electronic devices such as caneras,
facsim | es; portabl e phones, nodens, beepers, hand-held conputing

equi pnents, printers, and copy nachin&s. A current nmagnetic device is
provided with a rotation-type 2 actuator like a tone armof a record

pl ayer, so as to obtain a high access rate. A slider is attached to the
end of an actuator arm The surface of the slider that is opposed to a

di sk nediumis an air bearing surface. The slider draws an airfl ow

gener aB€g Uy orotldtkieors dfondeath sk nedianrbdt wderyetrhe saaias beardbigasuré ace
and the surface of the disk nmedium whereby the slider flies fromthe disk
medi unhiThagcicess hatsd i dek s¥ides amdambRnhaidnsoa thel ferpt esSume-type air
bearing film between the slider and the disk nedi um storage surface.

Accor daaghptotrherd.yi rMheal ut fmkee ob £t hbeskildde rwithiatr espexdpdsed the surface
of the disk nedium that is, a distance between the disk nedi um surface
and t héiski dediums isquinvalientbéarihe sthifekeess Tok tshe cay dweard ngnfilm
Due to this film less mnechanical contact is caused between the slider and

the di skrfiedi gendurategl the rotation of the disk mediiwm HdefadY the
suppressing friction and wear. The slider has a magnetic head for witing

data oaithBeadiitly medifdvoran®aghsgstheadat arf ta@ Whe kindd MR Ue k15 de.

The magnetic head is generally arranged in the vicinity of the
the slider flies from the disk medium. That is, the slider
forms and maintains a self-pressure-type air bearing film
between the slider and the disk medium storage surface.
Accordingly, the flying altitude of the slider with respect to
the surface of the disk medium, that is, a distance between the
disk medium surface and the slider, is equivalent to the
thickness of the air bearing film. Due to this film, less
mechanical contact is caused between the slider and the disk
medium during the rotation of the disk medium, thereby
suppressing friction and wear.

The slider has a magnetic head for writing data on the
disk medium or reading the data from the disk medium, inside.
The magnetic head is generally arranged in the vicinity of the
air efflux end on the air bearing surface of the slider that is
opposed to the disk medium.
Since the rotation-type actuator is used as described

above, directions of a movement between the slider and the disk
medium and the airflow under the slider are no longer uniform,

and they have various angles with respect to the ordinate of



air efflux end on the air bearing surface of the slider that is opposed to
the diissk nmedium Since the rotation-type actuator is used as descri bed
above, direéctions of a novenent between the slider and the disk nedium and
the airflow under the slider are no | odger uniform and they have various
angles with respect to the ordinate of 3 the slider (an axis supposed to
pass in the center of the slider in the direction of a |long side of the
slider or the actuator). Further, a high-speed searching operation of the
accessing actuator causes the direction of the novement between the slider
and t hé&h@ S sl umandxi hesdppeseidocobasise iai rfHeowenteterof hehsl i der to
be inclined with respect to the ordinate. Thus, in a recent nmagnetic disk
devi ce siaviaty dihethotdirentigpeofaet langr sitdee afbovErerdlidieecdr ohhes no

| onger equal to the ordinate direction fromthe front of the slider to the
back tledredforior tHertherctaohighi-gbtkey dewiratdcd rapa tdvei on dbhatke
direction. Here, an angle forned by the di sk nmedi um novenent direction
with thRecdiitgt ecfuather stadeesi sheefléreed iom ast aheskswanghe. b¥hesehhe
actuator armis |located at the outside end of the disk medium or outside

t her eofthet sd isleaw amnd)| €hé sdipbsmedvem When thike ddatetadiain asm tise | 9caFedwso
that the novenent direction corresponds to the inside end of the disk

nmedi umuadetrthecHeubs tihdseofo bdei skevnaaghe ths reegridtyeo Ithd herdamgaesic di sk

device, a flying height of the slider
Thus, in a recent magnetic disk device having the rotation-type
actuator, the movement direction is no longer equal to the
ordinate direction from the front of the slider to the back
thereof, or the direction slightly deviated from the ordinate
direction.

Here, an angle formed by the disk medium movement
direction with the ordinate of the slider is referred to as a
skew angle. When the actuator arm is located at the outside
end of the disk medium or outside thereof, the skew angle is
positive. When the actuator arm is located so that the
movement direction corresponds to the inside end of the disk
medium or the hub thereof, the skew angle is negative.

In the magnetic disk device, a flying height of the slider
with respect to the disk medium at recording/reproduction tends
to be decreased with an increase in the recording density.

This decrease in the flying height is achieved by a so-called
negative-pressure-use-type slider as disclosed in Japanese
Patents No. 1505878, No. 2778518, No. 2803639, and the like, in

which the air bearing surface of the slider is formed by plural



Wi th respect to the disk nmedium at recording/reproduction tends to be
decreased with an increase in the recording density. This decrease in the
flying hei ght is achieved by a so-called negative-pressure-use-type slider
as disclosed in Japanese Patents No. #505878, No. 2778518, No. 2803639,
and the like, in which the air bearing surface of the slider is fornmed by
plural 4 approximately plane surfaces of different heights, positive
Fressure (pressure acting in the direction in which the slider gets far
romthe disk nmedium is generated on the approximately plane surfaces
whi ch &P®TuridEt Hi g kanassebianapr oW gidde neettvdei altes sipeeitine t he
di sk nmedium while negative pressure (pressure acting in the direction in
whi ch PEigs SihedelP R sirearctonghendtsk nediewiidrs igendriatledtlon $heder
approxi mately plane surfaces which are formed low so as to enlarge the gap
bet weegettise fn darorantha hel sk skededinlimi sagenelre t egosirt itkes pressure and t he
negati ve pressure are bal anced, thereby nmaking the slider fly. As
descri betraxdwa tadierp date siecéssesswhechoemed fiorntehe hindgnet i &s disk
device, the slider noves in a range fromthe inner circunference of the
di sk nmediromwt @ tdep ddtEreerti ticeinf Bl daceanbdertadef diand meatidmi swiine, a
flying height and posture of the slider are varied. This is because, in
the maggettiioedipsle staviee(hews figré hactdhat Lanthyepeliaciamitat . imothieml y a
relative velocity between the slider and the disk nmedium but also the skew
angl e ahe warided aeoy didwr tvoathadiisk medium) is generated on the

approximately plane surfaces which are formed low so as to
enlarge the gap between the slider and the disk medium, and the
positive pressure and the negative pressure are balanced,
thereby making the slider fly.

As described above, when data access is performed in the
magnetic disk device, the slider moves in a range from the
inner circumference of the disk medium to the outer
circumference thereof, and, at this time, a flying height and
posture of the slider are varied. This is because, in the
magnetic disk device having the rotation-type actuator, not
only a relative velocity between the slider and the disk medium
but also the skew angle are varied according to a radius
position on the disk medium, so that a distribution of air
pressure generated on the air bearing surface is wvaried. The
variation of the slider flying height deteriorates
electromagnetic conversion efficiency of the magnetic head.
Particularly, in a magnetic disk device requiring high

recording density, the flying height at a position of the




position on the disk nmedium so that a distribution of air pressure
generated on the air bearing surface is varied. The wvariation of the
slider flying height deteriorates electromagnetic conversion efficiency of
the magnetic head. Particularly, in admagnetic di sk device requiring high
recording density, the flying height at a position of the 5 magnetic head
is required to be uniformfromthe inner circunference of the disk nmedi um
to the outer circunference thereof and, further, stricter restrictions are
pl aced on the flying height variation with reduction in the slider flying
hei ght MY He? ,Nod@éni s heegriged e pequindide o figm dthey ipredet er ni ned
hei ght at the above-described nagnetic head position, the variation of the
sl i der FUBguRfporner e0f phet feakamegivar itat itdre ofuter tirawyferencehe
direction of the slider abscissa, causes reduction of the flying height at
a posithesref amd nfwrblerf| gtugcherghte sand cttilss dord ngkatee osl tder and
the disk nmediuminto contact, resulting in a risk of inducing so-called
head cridgh.ng meigigmeditatisk wétvhceeductemn yrunter sev@dopfieping t hat
enpl oys a di sk nedi um of m nor dianeter such as 27nm a relative velocity
bet weelretitghtsl i der and the di sk nmedium differs greatly fromthat in a
magneti c di sk device enploying a disk nediumof, for exanple, 95mm or 84nmm
i n di amet er .Fulthiuser, swifién ctieat siliyergikoreeudaribtzbefloptat ned from airfl ow
and,

predetermined height at the above-described magnetic head

position, the variation of the slider flying posture,
particularly variation of a roll angle in the direction of the
slider abscissa, causes reduction of the flying height at a
position of the minimum flying height and, thus, brings the
slider and the disk medium into contact, resulting in a risk of
inducing so-called head crush.

In a magnetic disk device currently under development,
that employs a disk medium of minor diameter such as 27mm, a
relative velocity between the slider and the disk medium
differs greatly from that in a magnetic disk device employing a
disk medium of, for example, 95mm or 84mm in diameter. Thus,
sufficient flying force cannot be obtained from airflow and,
therefore, it is further difficult to maintain a predetermined
flying height and a uniform flying posture. This becomes a
major concern in developing small-size magnetic disk devices.

The present invention is made to solve the above-mentioned
problems and has for its object to provide a slider which can

maintain a uniform flying posture and a predetermined flying




therefore, it is further difficult to maintain a predeterm ned flying

hei ght: and-a uniformflying posture. This beconmes a mmjor concern in

devel opi ng snal | -si ze magnetic di sk devices. The present invention is nmade
to sol ve the above-nentioned problens6and has for its object to provide a
slider which can maintain a uniformflying posture and a predeterm ned
flying 6 height by suppressing variations of the roll angle and the flying
hei ght of the slider, and a disk device enploying this slider. D SCLOSURE
OF THE | NVENTI ON According to Claim1 of the present invention, there is
provi degighdl idersunngers tndendriatirasordi ndeamiyldr analpr otudi ige dat a
on/froma disk nediumand an air bearing surface, and flying fromthe disk
medi umEby iaior flegwdeta®etrhe helider, beadi ag dswkf aeeriared dnnel oy skg neldism i n
which slider on the air bearing surface, the edge line on the air influx
end sidéidamd the edge line at the disk outer circunference side end are
connected by an edge line having a recess angle b(rad) with respect to the
absci ssa which is supposed to exist in the slider width direction, thereby
form ng a concave part, and when a distance "x" fromthe air influx end to
t he contaceOsaRE a¥ THE ENVEREAONNg surface is standardi zed by the length
L of the slider to make X=x/L, the recess angle 0 is 0.06X ic/X<0 <0.12X

it/ X Accor dicaogidd iecpresent 1ngenthenprasedltd ian@m iddnt Mehere is
provided a slider having a head for recording and/or
reproducing data on/from a disk medium and an air bearing
surface, and flying from the disk medium by airflow between the
air bearing surface and the disk medium, in which slider on the
air bearing surface, the edge line on the air influx end side
and the edge line at the disk outer circumference side end are
connected by an edge line having a recess angle 6 (rad) with
respect to the abscissa which is supposed to exist in the
slider width direction, thereby forming a concave part, and
when a distance “x” from the air influx end to the concave part
of the air bearing surface is standardized by the length L of
the slider to make X=x/L, the recess angle 6 is 0.06X n /X< 8
<0.12X w /¥X.

According to the present invention, a roll angle of the
slider in a region where a skew angle is positive can be
controlled so that its wvariation is equal to or smaller than a
desired value and, thus, a stable flying posture of the slider
is obtained in the region where the skew angle is positive,

thereby securing a stable flying height at a position of



slider in a region where a skew angle is positive can be controlled so
that i:ts variation is equal to or snmaller than a desired value and, thus,
a stable flying posture of the slider is obtained in the region where the
skew angle is positive, thereby securiing a stable flying height at a
position of 7 mninmumflying height. According to Claim2 of the present
invention, in the slider as defined in Claiml, the edge |ine having the
recess angle 0 is forned on the disk outer circunference side of the

ordi nate which is supposed to pass in the center of the slider in the

sl i der mMiodgivudilnalinglirecghon. According to the present invention
variation is not caused wth respect to the roll angle in a regi on where
the skew adglrndimedat i Veain\cZoofli hget prEsanm 3 rofertthieonpy esenthéenventi on,
inthe slider as defined in Claiml, 0 X X is approximtely 0.097c.

Accor disig deax td¥e qufeisesd imvehaimnl, vaheatidare afinehenawalig afige eretekbe
slider in the region where the skew angle is positive can be near to "0"

and, thuglea ptabl eckhybingnPesluid sofodther sti fetinksrohtal @@E@e‘ b & d egi on
where thé skew angle is positive, thereby securing a stable flying height

at a pesidiin@te @fhidmiiaindpydsHgd hebgphssAcaortieNGdrr <3 ab M ¥hof st hger
present invention, there is provided a slider having a head for recording
and/ or inr epleoducidegr dadrey PUd19a agdi-sktipdi.um and an air bearing

According to the present invention, variation is not
caused with respect to the roll angle in a region where the
skew angle is negative.

According to Claim 3 of the present invention, in the
slider as defined in Claim 1, 6 XX is approximately 0.09=x.

According to the present invention, wvariation of the roll
angle of the slider in the region where the skew angle is
positive can be near to “0” and, thus, a stable flying posture
of the slider is obtained in the region where the skew angle is
positive, thereby securing a stable flying height at a position
of minimum flying height.

According to Claim 4 of the present invention, there is
provided a slider having a head for recording and/or
reproducing data on/from a disk medium and an air bearing
surface, and flying from the disk medium by airflow between the
alr bearing surface and the disk medium, in which slider on the
alr bearing surface, the edge line on the air influx end side

and the edge line at the disk inner circumference side end are

connected by an edge line having a recess angle 7 (rad) with



surface, and flying fromthe di sk nediumby airflow between the air
bearing surface and the disk nmedium in which slider on the air bearing
surface, the edge Iine on the air influx end side and the edge line at the
di sk i nner circunference side end are 8connected by an edge |line having a
recess angle n (rad) with 8 respect to the abscissa which is supposed to
exist in the slider width direction, thereby form ng a concave part, and
when a distance "x" fromthe air influx end to the concave part of the air
bearing surface is standardized by the length L of the slider to nake
X=x/ L, n4freceese thgl ebpyipsaowhdshXis sxpnesed. 8 nist¢ Hecobhding to the
present invention, a roll angle of the slider in a region where a skew
angl e isslimgyatvidticanibectiont r shee¢byo fiorating & vamatvenpast eqaat to or
smal l er than a desired value and, thus, a stable flying posture of the

sl i der when obtdi segn¢e ke fegmothehere timglskewmmhgie tlse negatave, part
thereby securing a stable flying height at a position of mninmumflying
hei ght .ofAddor g bheafiagnsbrdbcehe spsesenta ridiveant ion, thae 1dwegtlsl Ldef as
defined in Caim4, the edge line having the recess angle 77 is fornmed on

the di skhd HIEId&t rednhgkengexgLdetak reeser dimate Mhiigh o9 sSupppeged; to
pass in the center of the slider in the slider |ongitudinal direction.
Accor diqrg, tpXthexpresent invention, variation is not caused with respect
to the roll angle in a region where the

According to the present invention, a roll angle of the
slider in a region where a skew angle is negative can be
controlled so that its wvariation is equal to or smaller than a
desired value and, thus, a stable flying posture of the slider
is obtained in the region where the skew angle is negative,
thereby securing a stable flying height at a position of
minimum flying height.

According to Claim 5 of the present invention, in the
slider as defined in Claim 4, the edge line having the recess
angle n is formed on the disk inner circumference side of the
ordinate which is supposed to pass in the center of the slider
in the slider longitudinal direction.

According to the present invention, wvariation is not
caused with respect to the roll angle in a region where the
skew angle is positive.

According to Claim 6 of the present invention, in the
slider as defined in Claim 4, n XX is approximately 0.097.

According to the present invention, variation of the roll

angle of the slider in the region where the skew angle is



skew angle is positive. According to Claim6 of the present invention, in
the slider as defined in Claim4, 7] X X is approximtely 0.097c.

According to the present invention, variation of the roll angle of the
slider in the region where the skew angle is 9 negative can be near to "0"
and, thus, a stable flying posture of the slider is obtained in the region
where the skew angle is negative, thereby securing a stable flying height
at a position of mnimumflying height. According to Claim?7 of the
present invention, there is provided a slider having a head for recording
and/ or neggpigduciarny ateean/ feoa dndk wbdbumearsd add caifrl Wewy ipestwwe f ace,
and flying fromthe di sk nediumby airflow between the air bearing surface
and thefditsle medidany im athizhnedi ter tba trheiocai whisesr ithe sskdwmcmgldel edge
line on the air influx end side and the edge line at the disk outer

ci rcunhependwesi déearabarseceoinnectedtbplanféddead hed didvialy a pecessomangl e
O (rad) with respect to the abscissa which is supposed to exist in the

sl i der oW ditilnidirredilivamg adneli glive. edge line on the air influx end side and
the edge line at the disk inner circunference side end are connected by an
edge |ine havicogd necesChaghe? nofr ady pwetbntedpeeh tiod hecradseissa,
thereby form ng a concave part, and when a distance "x" fromthe air

i nf | uxpepdited e st ehapitid @fhéhe @bk beabirdd ngulaimatad s st andardi zed

by the length L of the slider to make X=x/L, the recess angles 0 and r are

reproducing data on/from a disk medium and an air bearing
surface, and flying from the disk medium by airflow between the
air bearing surface and the disk medium, in which slider on the
alr bearing surface, the edge line on the air influx end side
and the edge line at the disk outer circumference side end are
connected by an edge line having a recess angle 6 (rad) with
respect to the abscissa which is supposed to exist in the
slider width direction, and the edge line on the air influx end
side and the edge line at the disk inner circumference side end
are connected by an edge line having a recess angle n (rad)
with respect to the abscissa, thereby forming a concave part,
and when a distance “x” from the air influx end to the concave
part of the air bearing surface is standardized by the length L
of the slider to make X=x/L, the recess angles 0 and n are
0.06X /X<6<0.12X /%X, and 0.05X n/X<n<0.13X /X,

According to the present invention, a roll angle of the
slider in both regions where a skew angle is positive and where
the skew angle is negative can be controlled so that its

variation is equal to or smaller than a desired value and, thus,



0. 06X n/ X<0<0. 12X 7t/ X, and 0.05X t/X<Ti <0.13X 7r/X. According to the
present invention, a roll angle of the slider in both regions where a skew
angle is positive and where the skew angle is negative can be controlled
so that its variation is equal to or kPmaller than a desired val ue and,
thus, 10 a stable flying posture of the slider is obtained in the whole
regi on of the skew angle, thereby securing a stable flying height at a
position of mninumflying height. According to Claim8 of the present
invention, in the slider as defined in Claim?7, the edge |line having the
recessa émjhiQ)ﬁ%yx@gmﬁdsbhr@h@fdtéﬁ sutisle riirx ot e iome@ shdehef whhae
ordinate which is supposed to pass in the center of the slider in the

sl i der HegHdint (i ridie di ket dnale Actbedihy tseuthalny esenitalh hyeht ivdng
variation is not caused with respect to the roll angle in the region where
the shkewdrglat i peyhtioer, ofndinhaumolfll yvaimgl deadfgiithe slider in both of
the regions where the skew angle is positive and where the skew angle is
negati ve cadmmbing otd edlsomt Babfi the parkisantonreregiah, t bnothsenal | er
than a desired value. According to Claim9 of the present invention, in the
sl i der sas caef iawedid ifddiim 7¢18iX X, i shappded maiml w094 . thédcgerdisbg to
the present invention, variation of the roll angle of the slider in the

regi onank@ree § hesskewnangbe ithe RO K ide:£ANCDBCARAE rbACe 0Had@“$ﬂ*¥hé°"
angle of the slider in both of the regions where the skew angle is

positiveddmthte which is supposed to pass in the center of the slider
in the slider longitudinal direction.

According to the present invention, variation is not
caused with respect to the roll angle in the region where the
skew angle is negative, and the roll angle of the slider in
both of the regions where the skew angle is positive and where
the skew angle is negative can be controlled so that its
variation is equal to or smaller than a desired value.

According to Claim 9 of the present invention, in the
slider as defined in Claim 7, 8 XX is approximately 0.097 .

According to the present invention, variation of the roll
angle of the slider in the region where the skew angle is
positive can be near to “0”, and the roll angle of the slider
in both of the regions where the skew angle is positive and
where the skew angle is negative can be controlled so that its
variation is equal to or smaller than a desired value.

According to Claim 10 of the present invention, in the

slider as defined in Claim 7, the edge line having the recess

angle n is formed on the disk inner circumference side of the




where the skew angle is negative can be controlled so that its wvariation
is equal to or smaller than a desired value. According to Claim10 of the
present invention, in the slider as defined in Claim?7, the edge |ine
having the recess angle n is forned ohlthe disk inner circunference side
of the 11 ordinate which is supposed to pass in the center of the slider
in the slider longitudinal direction. According to the present invention,
variation is not caused with respect to the roll angle in the regi on where
the skew angle is positive, and the roll angle of the slider in both of
t he regimhismatherehidle skewuppgked soppsists e afttk whetieer tHe skewsandke i s
negative can be controlled so that its wvariation is equal to or snaller
t han aidesilreds viadier. 1dngotdingatodiraicnikbh .of the present invention, in
the slider as defined in daim7, 77 X X is approximately 0.09it.

Accordi ng taddergpiegend th¥epregentvahivantdromf ddhei 410 dn angl goef the
slider in the region where the skew angle is negative can be near to "0",

and theauwddd angtie péspbetstbdene id1lhothqafe tiie drRging: yhekgetBerskew
angle is positive and where the skew angle is negative can be controlled

so thalskels arMflld até Oflod St eaEal aha eheSHR1heladdian o dasd red; yaluen _
According to aim1l2 of the present invention,” there is provided a slider

havi ngpa dieask fiafe 12691 6h B0wRBELOE 1ol QREQIUGNG dat gty f 1.0 24 5K prdi um
and an air bearing surface that has a concave part for generating negative
the skew angle is negative can be controlled so that its
variation is equal to or smaller than a desired value.
According to Claim 11 of the present invention, in the
slider as defined in Claim 7, 7 XX is approximately 0.09rm.
According to the present invention, variation of the roll
angle of the slider in the region where the skew angle is
negative can be near to “0”, and the roll angle of the slider
in both of the regions where the skew angle is positive and
where the skew angle is negative can be controlled so that its
variation is equal to or smaller than a desired wvalue.
According to Claim 12 of the present invention, there is
provided a slider having a head for recording and/or
reproducing data on/from a disk medium and an air bearing
surface that has a concave part for generating negative
pressure, and flying from the disk medium by airflow between
the air bearing surface and the disk medium, in which slider
the air bearing surface has an air influx side pad which is
located on the air influx end side of the concave part, and is

the top approximately plane surface on the air bearing surface,



pressure, and flying fromthe disk nmediumby airflow between the air
bearing surface and the disk nmedium in which slider the air bearing
surface has an air influx side pad which is |ocated on the air influx end
side of the concave part, and is the 19dp approxi mately plane surface on
the air bearing surface, 12 and a relative velocity between the slider and
the disk nmedium at a position where a skew angle forned by the ordinate
which 1is supposed to pass in the center of the slider in the slider
| ongi tudi nal direction, and the disk rotating direction is (rad), is
V(i s RN it lerlehice Yalpevey between the ailiddmfandk theledpald madian
approxi mately plane surface forned on the air influx end side wth respect
to theadi @ iAddibd @t dehpuel aisked" apoip, fanthed disttareeofdmatéewhichi nfl ux
end to the air influx side pad is "y" (m), the follow ng expression is
obt ai néd: sUpRHA8] o paPecondihg tenthe prfeddm Slmdet iiom,tkefsyidgrhei ght
increase at a position where the disk radius is larger than a track at a
posi ti dongisrnalimakeli aagt bons @idathe ddskupprtessed; dianscthos ari ation
of the flying height can be suppressed so as to be equal to or snaller
t han aOdesid)ed haalWenmoXey, tdedifibeeendesknr ddivied, detareadyy sSlecusing a stable
flying height at all the positions on the disk nedium According to Caim
13 of tih&lmwesdnie ipuendidnani apphexishicdery a9 adef inaddde Geimed2ent he
foll ow ng expression is obtained: V X (d/y) <1. O.

the air influx end side with respect to the air influx side pad

is “d” (mm), and a distance from the air influx end to the air
influx side pad is “y” (mm), the following expression is
obtained: VX (d/y)<1.5.

According to the present invention, a flying height
increase at a position where the disk radius is larger than a
track at a position where a skew angle is O(rad), is suppressed,
and thus variation of the flying height can be suppressed so as
to be equal to or smaller than a desired value over the whole
disk radius, thereby securing a stable flying height at all the
positions on the disk medium.

According to Claim 13 of the present invention, in the
slider as defined in Claim 12, the following expression is
obtained: VX (d/y)<1.0.

According to the present invention, a flying height
increase at a position where the disk radius is larger than a
track at a position where a skew angle is O(rad), is furthef
suppressed stably, and thus variation of the flying height can

be suppressed so as to be equal to or smaller than a desired



According to the present invention, a flying height increase at a position
wherethe disk radius is larger than a track at a position where a skew
angle is Qrad), is further suppressed stably, and thus variation of the
flying height can be suppressed so asl®o be equal to or smaller than a
desired 13 val ue over the whole disk radius, thereby securing a stable
flying height at all the positions on the disk nmedium According to C aim
14 of the present invention, in the slider as defined in Claim12, the
approxi mately plane surface fornmed on the air influx end side of the air
i nfl ux YSiioEe AP T ekbendBots fhekaradingsl uthereb Tl g ta shebpeesent
invention, a desjred air bearing surface is fornmed, thereby securing a
st abl e fU%iingy hrl gme akdalil fhagprpedtdrasatonalthe bl PYosiedoms. on the di sk
medi um According to Claim15 of the present invention, in the slider as
defined in @%MAMIthe alaimnfhurisitbe padsiend] udesenta erossnrahe
extending in the direction of the abscissa of the slider. According to the
presentlilfifgntdordefingd posSibinm 18, pheviage roxsinaderl wo dindasunafdesi r ed
air bearing surface forned, and has its flying height variation suppressed
in all fiowmed eyi orse onlt hendilsk medi sndeAodortdieng itro i@ fiuw 161 0 phe
present invention, there is provided a disk device having the slider as
def i negxitend=aitm Ithe Accor dnAgukoehlHe present invention, it is possible to
According to the present invention, a desired air bearing
surface is formed, thereby securing a stable flying height and
flying posture at all the positions on the disk medium.
According to Claim 15 of the present invention, in the
slider as defined in Claim 12, the air influx side pad includes
a cross rail extending in the direction of the abscissa of the
slider.
According to the present invention, it is possible to
provide a slider which has a desired air bearing surface formed,
and has its flying height variation suppressed in all the
regions on the disk medium.
According to Claim 16 of the present invention, there is
provided a disk device having the slider as defined in Claim 1.
According to the present invention, it is possible to
realize a stable flying posture and suppressed flying variation
of the slider in all the regions on the disk medium.
According to Claim 17 of the present invention, in the

disk device as defined in Claim 16, a region where a relative

velocity between the slider and the disk medium at a position



realize a stable flying posture and suppressed flying variation of the
slider in all the regions on the disk nedium According to Caim17 of the
present invention, in the disk device as defined in Claim16, a region
where a relative velocity between thel4lider and the disk nmediumat a
position 14 where a skew angle is Q(rad) is equal to or smaller than
13(nms), is enployed. According to the present invention, a roll angle can
be suppressed so that its variation is equal to or snmaller than a desired
value in all the regions on the disk, and thus a stable flying height of

t he sl Wlérecan tkevoandkredis A2 Cvad) ngst 69CkaI Mol ®fsmaiel g elseam i nvent i on,
the disk device as defined in Caim16 is based on the PCMCI A standard.
Accor diRdgm/s )t/he sprasygelmyédvention, it is possible to provide a very small
di sk device based on the PCMCI A standard, having high recording density
and rel i abi Picop.rddgupridt nghe oo Ceaent 19ngknthenpr esemilli rarente argn tihe di sk
device as defined in Claim16 is based on the Conpact Flash standard.
Accor dengptre stsleel reegdrdt i ventapnationi $speswiall ed @r proi er atlvat ya smal |
di sk devi ce based on the Conpact Flash standard, having high recording
densi t geandedeadhid iitry.aAccaieli nggion€l anmt®@ aofi stkhe qardesEnis i verdh Da,
there is provided a disk device having the slider as defined in Caim4.
Accor dEnging tikd ghrteseNtthaiveni don, chh bs pb%aiibled].t 0

According to Claim 18 of the present invention, the disk
device as defined in Claim 16 is based on the PCMCIA standard.

According to the present invention, it is possible to
provide a very small disk device based on the PCMCIA standard,
having high recording density and reliability.

According to Claim 19 of the present invention, the disk
device as defined in Claim 16 is based on the Compact Flash
standard.

According to the present invention, it is possible to
provide a very small disk device based on the Compact Flash
standard, having high recording density and reliability.

According to Claim 20 of the present invention, there 1is
provided a disk device having the slider as defined in Claim 4.

According to the present invention, it is possible to
realize a stable flying posture and suppressed flying variation
of the slider in all the regions on the disk medium.

According to Claim 21 of the present invention, in the

disk device as defined in Claim 20, a region where a relative

velocity between the slider and the disk medium at a position



realize a stable flying posture and suppressed flying variation of the
slider in all the regions on the disk nedium According to Caim?21 of the
present invention, in the disk device as defined in Caim20, a region
where a relative velocity between thel&lider and the di sk nediumat a
position 15 where a skew angle is Q(rad) is equal to or smaller than
13(nms), is enployed. According to the present invention, a roll angle can
be suppressed so that its variation is equal to or smaller than a desired
value in all the regions on the disk, and thus a stable flying height of
the sl W& &ah Peewmrghedis Aecordl ngst €4Cadi D wfsmaiel gr eskat i nventi on,
the disk device as defined in Caim20 is based on the PCMCl A standard.
Accor dildd /s )t/hel presyevyédvention/ it is possible to provide a very smal
di sk device based on the PCMCI A standard, having high recording density
and rel i abi Aagprddogooridd ngh¢ op Ckaent23ngkntthenyr eserdl i nvredil ¢ otant be di sk
device as defined in Claim?20 is based on the Conpact Flash standard.
Accor dismgpire stseel preesEmt | hventaohatibdni $spessiadl ed @or mwrovl der acNghyasnmal |
di sk devi ce based on the Conpact Flash standard, having high recording
densi t geand edeNiaghid iiry.accolndi ngglon€l anmtd4 aofistkd)e e sEnis i AvepLboa,
there is provided a disk device having the slider as defined in Claim?7.
Accor difaying thee qrtesehttiaventden, ckh bs pp%Siibles].t 0

According to Claim 22 of the present invention, the disk
device as defined in Claim 20 is based on the PCMCIA standard.

According to the present invention, it is possible to
provide a very small disk device based on the PCMCIA standard,
having high recording density and reliability.

According to Claim 23 of the present invention, the disk
device as defined in Claim 20 is based on the Compact Flash
standard.

According to the present invention, it is possible to
provide a very small disk device based on the Compact Flash
standard, having high recording density and reliability.

According to Claim 24 of the present invention, there is
provided a disk device having the slider as defined in Claim 7.

According to the present invention, it is possible to
realize a stable flying posture and suppressed flying variation
of the slider in all the regions on the disk medium.

According to Claim 25 of the present invention, in the

disk device as defined in Claim 24, a region where a relative

velocity between the slider and the disk medium at a position



realize a stable flying posture and suppressed flying variation of the
slider in all the regions on the disk nedium According to Caim?25 of the
present invention, in the disk device as defined in Claim24, a region
where a relative velocity between thel&lider and the disk nediumat a
position 16 where a skew angle is Q(rad) is equal to or smaller than
13(nms), is enployed. According to the present invention, a roll angle can
be suppressed so that its variation is equal to or snmaller than a desired
value in all the regions on the disk, and thus a stable flying height of

t he sl Wherecan deewbinghedis Ag¢oad) ngst eqGadi mo2® rofsntale qor eseat | nvent i on,
in the disk device as defined in Claim?24, the concave part is forned
symet Liddal/s) wiith emshegedto the ordinate which is supposed to pass in
the center of the slider in the slider longitudinal direction. According
to the preséucandiard i tom, tlespeceathy whernaibeada irldr rangesd @dn tihe
ordinate of the slider, variation of the roll angle is mnimzed, and thus

a st abbepbndsyeheighthanditcé| yangaposhuie eamahe teee ethatl &t |thde a
positions on the disk nmedium According to Claim27 of the present

i nvent des.ired theludliisk BV €Re asegebhbedni RhE @iMk24 addemid desrimge
surface is fornmed symetrically wth respect to the ordinate which is
supposedytiegnass dit tde eent £11 @krt Benshedebtihnnkle sl ider

According to Claim 26 of the present invention, in the
disk device as defined in Claim 24, the concave part is formed
symmetrically with respect to the ordinate which is supposed to
pass in the center of the slider in the slider longitudinal
direction.

According to the present invention, especially when a head
is arranged on the ordinate of the slider, variation of the
roll angle is minimized, and thus a stable flying height and
flying posture can be secured at all the positions on the disk
medium.

According to Claim 27 of the present invention, in the
disk device as defined in Claim 24, the air bearing surface is
formed symmetrically with respect to the ordinate which is
supposed to pass in the center of the slider in the slider
longitudinal direction.

According to the present invention, especially when a head
is arranged on the ordinate of the slider, variation of the
roll angle is minimized, and thus a stable flying height and

flying posture can be secured at all the positions on the disk



| ongi tudi nal direction. According to the present invention, especially when
a head is-arranged on the ordinate of the slider, variation of the rol
angle is mnimzed, and thus a stable flying height and flying posture can
be secured at all the positions on theldisk 17 nmedium According to Caim
28 of the present invention, the disk device as defined in Qaim24 is
based on the PCMClI A standard. According to the present invention, it is
possible to provide a very snall disk device based on the PCMClI A standard,
havi ng hi gh recording density and reliability. According to Caim29 of the
pr esenfl€di ¥ @ht i on, the disk device as defined in daim24 is based on the
Conpact Flash standard. According to the present invention, it is possible
to provideAGadindel¢ @iskmndédi of Basedrmsartte iComacior) ashe diakdard,
having high recording density and reliability. According to Caim30 of the
pr esentevigentdordefitreed is Chaom dddias dieslkeder dcrhaRCMYIA hetshided . as
defined in Caim112. According to the present invention, it is possible to
real i ze a staldaerding ngo polse upeeandtsupmeadsedh f I ngg assatlbba tof the
slider in all the regions on the disk nmedium According to Caim31 of the
pr esenpriomieidt iorvern sl l diskkddevieecadadeld red the G@ICIB0stiheacancave
part is formed symetrically with respect to the ordinate which is
supposédvtimg high recording density and reliability.

According to Claim 29 of the present invention, the disk
device as defined in Claim 24 is based on the Compact Flash
standard.

According to the present invention, it is possible to
provide a very small disk device based on the Compact Flash
standard, having high recording density and reliability.

According to Claim 30 of the present invention, there is
provided a disk device having the slider as defined in Claim 12.

According to the present invention, it is possible to
realize a stable flying posture and suppressed flying variation
of the slider in all the regions on the disk medium.

According to Claim 31 of the present invention, in the
disk device as defined in Claim 30, the concave part is formed
symmetrically with respect to the ordinate which is supposed to
pass in the center of the slider in the slider longitudinal
direction.

According to the present invention, especially when a head

is arranged on the ordinate of the slider, variation of the

roll angle is minimized, and thus a stable flying height and



pass in the center of the slider in the slider |ongitudinal direction.
According to the present invention, especially when a head is arranged on
the ordinate of the slider, variation of the roll angle is mnimzed, and
thus a stable flying height and 18 fl\i8ng posture can be secured at all the
positions on the disk nedium According to Caim32 of the present
invention, in the disk device as defined in Caim30, the air bearing
surface is formed symetrically with respect to the ordinate which is
supposed to pass in the center of the slider in the slider [|ongitudinal
di rect EdMingcPOsdivFg Can e presamdiaveat i onheeppeditalons wierthe hlagk is
arranged on the ordinate of the slider, variation of the roll angle is
m ni m #ediuvand thus a stable flying height and flying posture can be
secured at all the positions on the disk medium According to C aim 33 of
t he present Acpeedtiingn,ta He adisk32 deli thee asrdeénhednivenCliainm 30 ithdased on
the PCMCI A standard. According to the present invention it is possible to
provi déiakveeyismalals dieskirdeliice Gasiad ®d, t hee PEMEl Bestramdarsiyr £dwseviig hi gh
recording density and reliability. According to Caim 34 of the present
i nvent Eonpetihe yoingk r ideniloe waistdefd sieekc t nt € ahen 3@dinakasediam tie Conpact
Fl ash standard.

supposed to pass in the center of the slider in the slider

longitudinal direction.

According to the present invention, especially when a head
is arranged on the ordinate of the slider, variation of the
roll angle is minimized, and thus a stable flying height and
flying posture can be secured at all the positions on the disk
medium.

According to Claim 33 of the present invention, the disk
device as defined in Claim 30 is based on the PCMCIA standard.
According to the present invention, it is possible to
provide a very small disk device based on the PCMCIA standard,

having high recording density and reliability.

According to Claim 34 of the present invention, the disk
device as defined in Claim 30 is based on the Compact Flash
standard.

According to the present invention, it is possible to
provide a very small disk device based on the Compact Flash

standard, having high recording density and reliability.

BRIEF DESCRIPTION OF DRAWINGS



According to the present invention it is possible to provide a very snal
di sk devi ce based on the Conpact Flash standard, having high recording
density and reliability. BRI EF DESCRI PTI ON OF DRAWNGS 19 Figure 1 is a

perspective viewillustrating the intédidor of a magnetic disk device
according to a first enbodi nent of the present invention. Figure 2 is a
cross sectional viewillustrating the nmagnetic disk device according to

the first enbodiment of the invention. Figure 3 is a schematic diagram
illustrating a disk medium and an actuator armaccording to the first
enmbodi ment &RLJEE 1 verd iRRL SR QUiee Yigrelsehemupite ndi ddveanstferior
explaining a flying posture of a slider according to the first enbodi nent
of theofi avaagneticricgule &a)ce saacdrdgnantipl bustirati egbdve rsrdpeo OHf an
air bearing surface according to the first enbodi nent of the invention.
Fi gur etBeébprieseatdilagrenrhidi ustrating the cross section of the air bearing
surface according to the first enbodinent of the invention. Figure 6 is a
di agram i | | Bsguatel g itshea retad s ovsdhit ponbekt ween aliecesatamgl e and a roll
angle on the air bearing surface according to the first enbodi ment of the
i nventmagneEigude sk ajevixa ai@grdimdl toasthat fngsthemdpapeesft tde wid
invention.

Figure 3 is a schematic diagram illustrating a disk medium
and an actuator arm according to the first embodiment of the
invention.

Figures 4 are schematic diagrams for explaining a flying
posture of a slider according to the first embodiment of the
invention.

Figure 5(a) is a diagram illustrating the shape of an air
bearing surface according to the first embodiment of the
invention. Figure 5(b) is a diagram illustrating the cross
section of the air bearing surface according to the first
embodiment of the invention.

Figure 6 is a diagram illustrating the relationship
between a recess angle 8§ and a roll angle on the air bearing
surface according to the first embodiment of the invention.

Figure 7(a) 1s a diagram illustrating the shape of the air
bearing surface according to the first embodiment of the
invention. Figure 7(b) is a diagram illustrating the cross

section of the air bearing surface according to the first

embodiment of the invention.



bearing surface according to the first enbodinent of the invention. Figure
7(b) s a diagramillustrating the cross section of the air bearing
surface according to the first enbodinent of the invention. 20 Figure 8 is
a diagramillustrating the relationship0 between the recess angle 0 and the
roll angle on the air bearing surface according to the first enbodi nent of
the invention. Figure 9(a) is a diagramillustrating the shape of the air
bearing surface according to the first enbodi ment of the invention. Figure
9(b) is a diagramillustrating the cross section of the air bearing
surface accdridiume t® ideafdigyramnmbddiusentatding hend et t bonskigure 10 is a
diagramillustrating the relationship between the recess angle 0 and the
rol | amgltevesm titee at¢ce beashglesuwr f ase BREOFOILNYahglieherf ivrd £mbodi ment of
the invention. Figure 11 is a diagramillustrating the relationship

bet weelel@ X g andr fdee rattoaaghe en the diirrsheammgiswiacesr agsording to
the first enbodi nent of the invention. Figure 12 is a diagramillustrating
t he reliatvieortsiirp. between a recess angle rj and the roll angle on the air
bearing surface according to the first enbodi nent of the invention. Figure

13 is a di agriajund |usdy atsng dhegkehat i onshina t iR waeh dhe& esesenanghe rj
and the roll angle on the air
bearing surface according to the first embodiment of the
invention. Figure 9(b) is a diagram illustrating the cross
section of the air bearing surface according to the first
embodiment of the invention.

Figure 10 i1s a diagram illustrating the relationship
between the recess angle § and the roll angle on the air
bearing surface according to the first embodiment of the
invention.

Figure 11 is a diagram illustrating the relationship
between € XX and the roll angle on the air bearing surface
according to the first embodiment of the invention.

Figure 12 is a diagram illustrating the relationship
between a recess angle 75 and the roll angle on the air bearing
surface according to the first embodiment of the invention.

Figure 13 is a diagram illustrating the relationship
between the recess angle 75 and the roll angle on the air
bearing surface according to the first embodiment of the
invention.

Figure 14 is a diagram illustrating the relationship

between the recess angle 7 and the roll angle on the air




bearing surface according to the first enbodinent of the invention. Figure
14 is'a diagramillustrating the relationship between the recess angle rj
and the roll angle on the air 21 bearing surface according to the first
enbodi nent of the invention. Figure 15lis a diagramillustrating the
relationship between 77 XX and the roll angle on the air bearing surface
according to the first enbodi nent of the invention. Figure 16 is a diagram
i.llustrating the relationship between the roll angle and a relative
velocity according to the first enbodi nent of the invention. Figure 17 is
a di agbamdidaustunfdog ¢heordingi onshihe fhetsweemiadindmy deighe of a
slider and a disk radius position according to a second enbodi nent of the
pr esentinivieydnitdron. Figure 18 is a diagramillustrating the relationship
between a level difference "d" on an air bearing surface and the flying
hei ght of tHWe xidader5 atsondihggtenmt helsetanad inentiddi nesita of o dieip nvent i on
Figure 19 is a diagramillustrating the relationship between the |evel

di ff er saeeveedl’ Hrxxhendi thbeailng ssiyfacsh aik 4he Béyipgghsighticel the
slider according to the second enbodinment of the invention. Figure 20 is a

di agr agciddrastiati g idier £ es at aPshli Renkebfeeman mesanmmdat i on coef fi ci ent
a and flying height

Figure 16 is a diagram illustrating the relationship
between the roll angle and a relative velocity according to the
first embodiment of the invention.

Figure 17 is a diagram illustrating the relationship
between a flying height of a slider and a disk radius position
according to a second embodiment of the present invention.

Figure 18 is a diagram illustrating the relationship
between a level difference “d” on an air bearing surface and
the flying height of the slider according to the second
embodiment of the invention.

Figure 19 is a diagram illustrating the relationship
between the level difference “d” on the air bearing surface and
the flying height of the slider according to the second
embodiment of the invention.

Figure 20 is a diagram illustrating the relationship
between an accommodation coefficient « and flying height
variation according to the second embodiment of the invention.

Figure 21(a) is a diagram illustrating the shape of the
air bearing surface. Figure 21(b) is a diagram illustrating

the cross section of the air bearing surface.



variation according to the second enbodi nent of the invention. Figure 21(a)
is a diagramillustrating the shape of the air bearing surface. Figure
21(b) is a diagramillustrating the cross section of the air bearing
surface. 22 Figure 22(a) is a diagram2glustrating the shape of the air
bearing surface. Figure 22(b) is a diagramillustrating the cross section
of the air bearing surface. Figure 23(a) is a diagramillustrating the
shape of the air bearing surface. Figure 23(b) is a diagramillustrating
the cross section of the air bearing surface. BEST MODE TO EXECUTE THE

| NVENTI ON  (FErhath renhta)l)ises edbabien, ia lsisitdert iang #hdli skagevbeetaecording
to a first enbodi ment of the present invention wll be described wth

refereade edhiadgrant fgse. Fi gugerd g (d)parsspediaprathew ihbushtahyng the
interior of a magnetic di sk device. Flgure 2 is a cross sectional view

i |l ust taki rgddwe s@mgedn Cotli Ske davirCBealhagmagnetdde di sk device has a
housi ng cover (not shown), which covers a disk nedium?2, a slider 3, and

the like. Amajurd of (Actuat9rdabfbam WIIGR tirs BldAched 4102880 getyator axis
20 so as to be rotated is rotated about the actuator axis 20 by power of

a voi C@lﬁrO'ﬂeaﬁlQigors&faAcéUSpPDéhQ@ 34 (bs @Jst ached drureach god 9t fje

actuator armpair 5. A slider 3 having an el ectronagnetic converter or a
magnet k& chead e SO &P £hQUEEr1hebSing surface.

BEST MODE TO EXECUTE THE INVENTION
(Embodiment 1)

Hereinafter, a slider and a disk device according to a
first embodiment of the present invention will be described
with reference to the drawings.

Figure 1 is a perspective view illustrating the interior
of a magnetic disk device. Figure 2 is a cross sectional view
illustrating the magnetic disk device. The magnetic disk
device has a housing cover (not shown), which covers a disk
medium 2, a slider 3, and the like. A pair 5 of actuator arms,
which is attached to an actuator axis 20 so as to be rotated,
is rotated about the actuator axis 20 by power of a voice coil
motor 6. A suspension 14 is attached to each end of the
actuator arm pair 5. A slider 3 having an electromagnetic
converter or a magnetic head (not shown in figure 1) is
attached to each end of the suspension 14.

A main axis 1 is provided in a housing 7, and a number of

disk media 2 are attached to the main axis 1 so as to rotate,



attached to each end of the suspension 14. A nmain axis 1 is provided in a
housing 7,:and a nunber of disk nedia 2 are attached to the main axis 1 so
as to rotate, 23 with spaces |l eft therebetween. The di sk nmedium 2 rotates
with the main axis 1 which is rotated®dby a notor 8, in the direction

shown by an arrow A in figure 1. A position of the magnetic head held by
the slider 3, on the disk nedium 2 is decided by the actuator armpair 5.
The magnetic head wites data on the disk nmedium2 or reads the data from
the di sk medium 2. The slider 3 and the magnetic head integrated therewith
nmove owitthe spadecel eft ttiee délsktwednum Zhsodask mestiore 2 raowegnes i witdhspl ay
of data in any tracks on the disk nmedium2. In the magnetic di sk device,

t he novéamemtaiof dxhies Headhish casisedtabygdt hg motattioan 8gbaut tihe @cte@tbonaxi s
20. By rotating the actuator armpair 5, the slider 3 and the magnetic
head t ls&woeim bycam ertocat eth afi goyet Lacks e stihte cswrdffacehefmd diee €l sk
medium 2. Figure 3 is a schematic diagramillustrating one disk nedium 2

and t haeact tatlel oy miseesl {dom apoyr. tA8 s swelledikmown ias ddcidéd abyt he
magneti c di sk device, there are lines of concentric tracks in which

nmagnet ithedalcr Ut drecoflgsh i ON5 eachhe Ohayhe tieghekidc wiades Zaty dmstHe
dianeter (ID) track 11 is the innernost concentric track for storing the

data. Anseuidddemdiangt ered&D) thé agktd2£ikomt RacoutidimasdqGancentric track
for storing the data. The direction of novenent on the

The slider 3 and the magnetic head integrated therewith
move on the surface of the disk medium 2 so as to store a
magnetic display of data in any tracks on the disk medium 2.

In the magnetic disk device, the movement of the head is caused
by the rotation about the actuator axis 20. By rotating the
actuator arm pair 5, the slider 3 and the magnetic head therein
can be located at any tracks on the surface of the disk medium
2.

Figure 3 is a schematic diagram illustrating one disk
medium 2 and the actuator arm seen from above. As is well
known as an art of the magnetic disk device, there are lines of
concentric tracks in which magnetic data is recorded, on each
of the magnetic media 2. An inside diameter (ID) track 11 is
the innermost concentric track for storing the data. An
outside diameter (OD) track 12 is the outermost concentric
track for storing the data. The direction of movement on the
surface of the disk medium 2 (direction of rotation of the disk
medium 2) with respect to the ordinate 55 of the slider 3 is

referred to as a skew angle, which varies vastly from the ID



surface of the disk nmedium2 (direction of rotation of the disk medium 2)
wWth respect to the ordinate 55 of the slider 3 is referred to as a skew
angl e, which varies vastly fromthe ID 24 track 11 to the OD track 12. This
vari ation al so depends on a position3there the actuator armpair 5is
attached to the rotation actuator axis 20. The skew angl e can be both
positive and negative. Wen the actuator armpair 5 is |located so that

t he novenent direction corresponds to an outer circunference side end 44
of the slider 3, the skew angle is positive. when the actuator armpair 5
is |ochtedksd it Har thre GRverepk 14irethienvesirddponds s dapdnderon a
circunference side end 43 of the slider 3, the skew angle is negative.
That i posuittiion néfesrertes tactighee 3rmt heiskéwiasnglteaschached arlgest at the
OD track 12, the snmallest at the ID track 11, and O degree at a mniddle

di anet eptehDont rragiudir laxihi 30fi r Sheenbodi argtle thae bd dottediasm hise a
radi us of 12.5mm and a skew angle of 160 at the outside dianeter (OD)
track agd aegadiinz .of WBram atite aaskeatcangka phir50 dts tlhedtresd deo dilaaret er
(ID) track 11, and a radius of 8. 7mmand a rotational velocity of 4500rpm
at t hetheddeendiremetieretMYn t cacke dBonBsgtibesns oarte rs eliermain e thrags ans f or
explaining a flying posture of the slider 3 when the disk nedium 2

st eadi bydeokaldes! 4 tox peid osTidecoB di Bpér speqadualiienisThe sSldides. 3 Wisen

attached to the suspension 14 by neans of a pivot 15. As shown in figure

4(a), vhenatheadicsk dmfipii? Steadib¥ated so that the movement
direction corresponds to an inner circumference side end 43 of
the slider 3, the skew angle is negative. That is, with
reference to figure 3, the skew angle is the largest at the OD
track 12, the smallest at the ID track 11, and 0 degree at a
middle diameter (MD) track 13. 1In this first embodiment, the
disk medium has a radius of 12.5mm and a skew angle of 16° at
the outside diameter (0OD) track 12, a radius of émm and a skew
angle of -5° at the inside diameter (ID) track 11, and a radius
of 8.7mm and a rotational velocity of 4500rpm at the middle
diameter (MD) track 13.

Figures 4 are schematic diagrams for explaining a flying
posture of the slider 3 when the disk medium 2 steadily rotates
to perform recording/reproduction. The slider 3 is attached to
the suspension 14 by means of a pivot 15.

As shown in figure 4(a), when the disk medium 2 steadily
rotates at a prescribed rotational velocity to perform
recording/reproduction, the slider 3 flies from the surface of

the disk medium 2, to have a flying posture in which the flying



rotates at a prescribed rotational velocity to perform
recordi ng/ reproduction, the slider 3 flies fromthe surface of the disk
medium 2, to have a flying posture in which the flying 25 height on the air
efflux end 42 side where a nagnetic heagl 99 is attached is snmall. The
inclination of the slider 3 with respect to the disk nedium2 in the
ordinate 55 direction is generally referred to as a pitch angle. The pitch
angle is positive when the flying height on the air efflux end 42 side is
smaller than on an air influx end 41 side. As shown in figure 4(b), the

i ncl i naeilamtofort hehesld tere Bf 1wkt bndedpest dieo white edizs knaph the 2héadt be
abscissa 56 direction is referred to as a roll angle. The roll angle is

positive awtercHdwe ifd yimgl hei ghheonnthenditsknowrercrd raunder enceiend 44 s
smal l er side than on the disk inner circunference end 43 side. Figure 5(a)

i's a diragpamt HusiHatdigk thedshape oh the aiddinkear gy SurdaceoRfithe
slider 3 according to the first enbodinent. Figure 5(b) is a cross

secti ogahetia@Wy Iddrsdedd ngo @8 A Hieepsangget.i onnef diheridnbearing
surface. Wth reference to figures 5, an air bearing surface 30A conprises

three Fbga&l@fe Rirane s f aCesng aRe URRET oﬁurth@%l%l,ef%ldﬂ dgi e @yréf&ﬁ 32
and a lower surface 33, which are approximately parallel to each other

figuressSemaldan daivesn ér'i'eai'prﬁﬂ‘dch ace 21 andihe middlie surface 32 'S
100nm and a gap between the mddl e surface 32 ang the | ower surface

As shown in figure 4(b), the inclination of the slider 3
with respect to the disk medium 2 in the abscissa 56 direction
is referred to as a roll angle. The roll angle is positive
when the flying height on the disk outer circumference end 44
is smaller side than on the disk inner circumference end 43
side.

Figure 5(a) is a diagram illustrating the shape of the air
bearing surface of the slider 3 according to the first
embodiment. Figure 5(b) is a cross sectional view illustrating
an A-A cross section of the air bearing surface.

With reference to figures 5, an air bearing surface 30A
comprises three steps of plane surfaces, an upper surface 31, a
middle surface 32, and a lower surface 33, which are
approximately parallel to each other. In figures 5, a gap
between the upper surface 31 and the middle surface 32 is 100nm,
and a gap between the middle surface 32 and the lower surface
33 is 700nm.

The air influx end 41 faces toward the direction in which

the surface of the disk medium 2 rotates. The rotating disk



33 is 700nm The air influx end 41 faces toward the direction in which the
surface of 'the disk nedium 2 rotates. The rotating disk 26 nedium2 lets
airflowin the direction of nmovenent of the disk nmedium2 into a space
under the air bearing surface 30A fronzethe air influx end 41 by a
viscosity effect. Pressure generated on the air bearing surface 30A by the
airflow, that acts in the direction in which the slider 3 gets far from
the disk nedium?2 is referred to as positive pressure. Pressure that acts
in the direction in which the slider 3 gets near to the disk nedium?2 is
ref err e diomas? negfas | ¥er Pl essiine thén dilre caiirorbesf inngr et acef 30Ae dsai r
efflux side pad 34 for attaching the magnetic head 99 in the vicinity of

t he ai meddfunl Uk iemio 42, spade annder ithil ux rsibde mady 38 8f £c€0RSAr gebgd by

t he upper surface 31. The air influx side pad 38 is fornmed by connecting,

each otther aiar ciroSbux aéhd 351wbiych ssteosiey aifrdutedeterds sedespaces from
the inner circunference side end 43 and the outer circunference side end

44, angemefatsddieon athe 361 rWbkghihg tarradeatsopr adetaldr Hedrspacesnhrom the
air influx end 41, the inner circunference side end 43, and the air effl ux

end 43ctandmnit@irst€deonaih IHivAi eRel SifieldRd afe 4 eflet efphnednspaces
fromthe air influx end 41, the outer circunference side end 44, and the

air ef Hhiwk ertiidds Furd hessetheqnddhe %F';rsfi%(i%e g;irésssﬁpé nedp%f]g@@eair

influx end 41 side of each of the air flux si pad 34 and the air

i nfluxtsiade Rad 3% dHerePYection in which the slider 3 gets near to
the disk medium 2 is referred to as negative pressure.

On the air bearing surface 307, an air efflux side pad 34
for attaching the magnetic head 99 in the vicinity of the air
efflux end 42, and an air influx side pad 38 are constructed by
the upper surface 31. The air influx side pad 38 is formed by
connecting, each other, a cross rail 35 which is formed at
predetermined spaces from the inner circumference side end 43
and the outer circumference side end 44, an inner side rail 36
which is formed at predetermined spaces from the air influx end
41, the inner circumference side end 43, and the air efflux end
42, and an outer side rail 37 which is formed at predetermined
spaces from the air influx end 41, the outer circumference side
end 44, and the air efflux end 42. Further, the middle surface
32 is formed on the air influx end 41 side of each of the air
efflux side pad 34 and the air influx side pad 38, thereby
promoting air inflow into the pads 34 and 38. The
approximately plane surface of the middle surface 32 that is

formed on the air influx end side of the air influx side pad 38



pronoting air inflowinto the pads 34 and 38. The approxi mately plane
surface of 'the mddle surface 32 that is forned on the air influx end side
of the air influx side pad 38 27 extends to the air influx end 41. In
center of the air bearing surface 30A27a negative pressure generation
concave part 48 which is surrounded by the upper surface 31 or the mddle
surface 32 is forned by the I ower surface 33. According to the air bearing
surface 30A of this first enbodi nent, positive pressure is generated

mai nly by the pads 34 and 38, and negative pressure is generated by the
negat i extEmebswre tlgeneiat infiloaneade 4part 48.céthaeedge thaeadop bberang
influx end side (cross rail 35) and the edge line on the side of the outer

ci r cunfserrefenee Ik, £ndegstdeer pirks3treofgelne AtEaat | Meh P RS SHE £ gBPEr ati on
concave part 48 are connected by an edge line having a recess angle 0O

W th amhdlsciissas bfradheddi BySURROSRGelrO seXifsicd M1 her sfidefiqmidth
direction. The edge line on the air influx end side (cross rail 35) and

the edgedfawe @ the 5b88Qf byhenknneke CisieWd & eice side, g §sidechai |
36) are connected by an edge Iline having a recess angle 1. WiiTe in figure

50 i S02heddia) Anfeddel S08. 32t €had) £ikhe AAWPRS fANd JJssan be varied

to sone extent in the present invention. However, In order' to obfain

desi r egrehanacd erd %é&éra@eé‘nﬂaﬁ.hlgr Egr eqyl ?)%‘E!ist %Al]beandgi 3 Ny gy .

predet erm ned range. Hereinafter, déscription wll given of this

rangé. negative pressure is generated by the negative pressure
generation concave part 48.

The edge line on the air influx end side (cross rail 35)
and the edge line on the side of the outer circumference side
end (side rail 37) of the negative pressure generation concave
part 48 are connected by an edge line having a recess angle §
with an abscissa 56 which is supposed to exist in the slider
width direction. The edge line on the air influx end side
(cross rail 35) and the edge line on the side of the inner
circumference side end (side rail 36) are connected by an edge
line having a recess angle n. While in figure 5 # is 0.2=x
(rad) and n is 0.2x (rad), the angles § and 75 can be varied
to some extent in the present invention. However, in order to
obtain desired characteristics, 6 and n are required to be
within a predetermined range. Hereinafter, a description will
be given of this range.

Figure 6 is a diagram illustrating the result of analyzing
the roll angle when the slider 3 having the air bearing surface

30A shown in figure 5 is located at the OD track 12, as a



Figure 6 is a diagramillustrating the result of analyzing the roll angle
when the sliider 3 having the air bearing surface 30A shown in figure 5is
| ocated at the OD track 12, as a 28 function of the recess angle O . In the
magneti c di sk device enployed here, p& m ssible flying height variation
wWith respect to a targeted flying height of 25nmat a position of the
magnetic head 99 is + /-2nm and perm ssible roll angle variation with
respect to a targeted roll angle of Qu rad is /-10 grad. Figure 6 shows
that the roll angle varies with the recess angle O, and is controlled so
t hat ifsnvatlbat bdnthe requeads tangle sPul | e tfien hhgndestr adskakleeiaecor di ng
to the f irst enbodinent in a range 0. 14 7r < 0 <0. 28 7c . Figure 8 is a
di agr aempl bystir akireg teentied @it onsti pinpehvegntt barhialli canglierantk ddwect
recess angle 0 at the OD track 12 with respect to an air bearing surface

30B shpgnai bakggtied E1lyid@We dik | 6f a2 Shagaamai bbusthiain ree e
rel ati onship between the roll angle and the recess angle 0 at the OD track

12 withaghespecheh@ am aiy -Pearbag, SHhHaGE r30GShawWn ddn f i g ee 9.
Differences in | evel between the upper surface 31, the mddle surface 32,

and t heat ouRE 0AULARGE r33pd BSRESLd Wed Yge PEt PB18I hnghealdig sunhaces B0B
and 30C are identical to'those in the air bearing Surface A. Figure 8

shows to w re Og t i arhRg Synf val {at of
t he ro{lquaon%\/:ﬂearai S %gﬁ%ﬁ%l?e%ﬁgggagh?g E&el%ecﬁ)gll %gl%&féosafrfaaﬁgsr ﬁ%ﬁ {t:ﬁg

desiregd,c¥akugnhfed 4 aN98401 s1R2Rt2 A 1Td 30 HMar FLIWE,191shgugthat with
equal to or smaller than the desired value according to the
first embodiment in a range 0.14n<6<0.28x.

Figure 8 is a diagram illustrating the relationship
between the roll angle and the recess angle 6 at the OD track
12 with respect to an air bearing surface 30B shown in figure 7.
Figure 10 is a diagram illustrating the relationship between
the roll angle and the recess angle f§ at the OD track 12 with
respect to an air bearing surface 30C shown in figure 9.
Differences in level between the upper surface 31, the middle
surface 32, and the lower surface 33, respectively, of the air
bearing surfaces 30B and 30C are identical to those in the air
bearing surface 30A. Figure 8 shows that with respect to the
air bearing surface 30B, the variation of the roll angle is
controlled so as to be equal to or smaller than the desired
value in a range 0.197n<6<0.30%x. Figure 10 shows that with
respect to the air bearing surface 30C, the variation of the
roll angle is controlled so as to be equal to or smaller than

the desired value in a range 0.227x<6<0.38x.



respect to the air bearing surface 30C, the variation of the roll angle is
controlled so as to be equal to or smaller than the desired value in a
range 0. 22 7c¢ < 0 <0. 38 7r 29 Here, with respect to each of the air
beari ng surfaces 30A, 30B, and 30C, &24%istance "x" fromthe air influx end
41 to the negative pressure generation concave part 48 is standardi zed by
the length L of the slider to make X=x/L. Wen the relationship between O
X X and the roll angle is obtained, a noteworthy matter beconmes apparent.
Hereinafter, a description wll be given of this relationship. Wth
respect to fHeeeai witheardsgesturfacescBOAL 80B, aamd be@Ciofg therfacss 30A,
enbodi nent, X is 0.405, 0.364, and 0.283, respectively. Figure 11 is a

di agr ad08e! laect i3l ,y d |disstarate Nzt hEromeshective infdwlx rshodin ta thgures
6, 8, and 10 with the abscissa being 6 X X. A mark 10 shows the result

W th respectivet @ ddssaig drepdtangi Stur foneas0Apaatmask 15 Stawsdd i z@suby
wth respect to the air bearing surface 30B, and a mark & shows the

resul t tet Nengspeqt d0 e siiddeatsdngaker kager30CunAecad ng to figure
11, with respect to all the air bearing surfaces 30A, 30B, and 30C, ranges

in whi EElTak&%o%%ﬂl&ﬁ%ertQJéer@”G'%x' éndo%‘é' '}%‘11ara“ﬁdlré %@%ﬂtaiﬁ@dr agge is
0.06 7r < B XX<0 12 7r. That "is, by formng an edge |ine having the

reCGSSn@@QM%ﬁQNﬁ“ﬂéﬁ%eﬂ*ﬁﬁéHhé@“ﬁﬁer@ﬁgr<0H§r§i9a¥%€&,'%fﬂggé%ﬁﬁhléﬂe
roll angle of +the slider 3 in a region in which the skew angle is positive
is copinal bedSedhalr idisi yard Bl 0BnbRigauali k8 QesPpaRId &l thad air
bearing surfaces 30A, 30B, and 30C of the first embodiment, X
is 0.405, 0.364, and 0.283, respectively.

Figure 11 is a diagram collectively illustrating the
respective results shown in figures 6, 8, and 10 with the
abscissa being 6 XX. A mark @ shows the result with respect
to the air bearing surface 30A, a mark [] shows the result with
respect to the air bearing surface 30B, and a mark A shows the
result with respect to the air bearing surface 30C. According
to figure 11, with respect to all the air bearing surfaces 30A,
30B, and 30C, ranges in which the desired roll angle is
obtained are in accord; the range is 0.06xnx<8 XX<0.12xn. That
is, by forming an edge line having the recess angle 6 in the
region where 0.06n<8 XX<0.12x is achieved, the roll angle of
the slider 3 in a region in which the skew angle is positive is
controlled so that its variation is equal to or smaller than
the desired value, and thus a stable flying posture of the
slider 3 can be obtained in the region in which the skew angle

is positive, thereby securing a stable flying height at a



the desired value, and thus a stable flying posture of the slider 3 can be
obtained in the region in which the skew angle is positive, thereby
securing a stable flying height at a 30 position of the m ninumflying

hei ght. Further, figure 11 shows the opsinumvalue for 0 X X to control
the roll angle variation is 0.097. Next, a description will be given of a
roll angle control in a region in which the skew angle is negative.
Figures 12, 13, and 14 are diagrans illustrating the relationship between
the roll angle and the recess angle 77 at the IDtrack 11 with respect to
t he ai poleariorg stirtlecasi 30Aum30By1iaadhd0Ghtr.espectively. Figure 12 shows
that with respect to the air bearing surface 30A the variation of the rol

angle is conirtolded sDy@set 01 bgnegdaknko ot sl herddharnt hg desiped
value in a range 0.10n <77<0.35n. Figure 13 shows that with respect to the

ai r beabhigaurdace- 0B dhg1varhatbenoaf ikhe ool angle is controlled so
as to be equal to or smaller than the desired value in a range 0.12n

<i <0.38r. Figure 1 sdhovsiptheh wilh pespesknt @t ke 11 hasyida- sy face 30C
the variation of the roll angle is controlled so as to be equal to or

smal | ein bhakdihs dasiyiedenatNe ERed hABEE 9s20Rqgaidi A7 H B gurep 15 is a
diagramcollectively illustrating the respective results shown In figures

Wiy 35200ttt A ed Neraghetl s bepee Che ok A DS ngenyl

with the roll angle and the recess angle n at the ID track 11 with
respect to the air bearing surfaces 30A, 30B, and 30C,
respectively. Figure 12 shows that with respect to the air
bearing surface 30A the variation of the roll angle is
controlled so as to be equal to or smaller than the desired
value in a range 0.10n<n<0.35%n. Figure 13 shows that with
respect to the air bearing surface 30B the variation of the
roll angle is controlled so as to be equal to or smaller than
the desired value in a range 0.127n<1n<0.38x. Figure 14 shows
that with respect to the air bearing surface 30C the variation
of the roll angle is controlled so as to be equal to or smaller
than the desired value in a range 0.20n<1n<0.47x.

Figure 15 is a diagram collectively illustrating the
respective results shown in figures 12, 13, and 14 with the
abscissa being n XX. A mark @ shows the result with respect
to the air bearing surface 30A, a mark [ shows the result with
respect to the air bearing surface 30B, and a mark A shows the

result with respect to the air bearing surface 30C. According

to figure 15, with respect to all the air bearing surfaces 303,



respect to the air bearing surface 30B, and a mark A shows the result with
respect to'the air bearing surface 30C. According to figure 15, wth
respect to all the air bearing surfaces 30A, 31 30B, and 30C, ranges in

whi ch the desired roll angle is obtaidned are in accord; the range is
0.057t <Ti X X<0.137t. That 1is, by form ng an edge |line having the recess
angle rj in the region where 0.057c<Ti X X<0.13t is achieved, the rol
angle of the slider 3 in aregion in which the skew angle is negative is
controlled so that its variation is equal to or snmaller than the desired
val ue,3@Rd &hds3aCst abingefd yimgelposht utkee oflethieedskriodér adigdan e obtained in
the region in which the skew angle 1is negative, thereby securing a stable

flyi ngolbeaghedabrehen pesiddidn e thgnge ni BUM, DBV 0g Reightl.3 Fur ties ¢
figure 15 shows the optinumvalue for 73 X X to control the roll angle

variation p§ @o0fieg BnJWRyel6liife anavagathe! kuskkal ang ey r ggultheof roll
angl e' s dependence on a relative velocity of the disk nedium2 at the ID

track ddgasd {hereDolDECK<IZxWdd. 122P8E dhidied thdeapiNganynkacs 30A
The velocity is expressed by a value at the MD track 13 (having a skew

angl e ohe 091 2Rdra3r agi us rfqi&r/ MY - witi G4’ ehdbsgBananiyiiat iid deydesidedsto
enploy a region in which the relative velocity is equal to or smaller than

13m's wheprbhechokl anghe iits reau detoh 0ibeeganRur el 8d ke e equalnto or
smal ler than +/-10 rad as described with respect to this first enbodi nent.

the desired wvalue, and thus a stable flying posture of the
slider 3 can be obtained in the region in which the skew angle
is negative, thereby securing a stable flying height at the
position of the minimum flying height.

Further, figure 15 shows the optimum value for n XX to
control the roll angle variation is 0.09x.

Figure 16 is a diagram illustrating the result of roll
angle’s dependence on a relative velocity of the disk medium 2
at the ID track 11 and the OD track 12 with respect to the air
bearing surface 30A. The velocity i1s expressed by a value at
the MD track 13 (having a skew angle of 0° and a radius of
8.7mm). Figure 16 shows that it is desired to employ a region
in which the relative velocity is equal to or smaller than
13m/s when the roll angle is required to be controlled to be
equal to or smaller than +/—10urad as described with respect
to this first embodiment.

Further, in the case of the slider 3 having the magnetic
head 99 on the ordinate 55 as described with respect to the

first embodiment, it is desired to form the negative pressure



Further, in the case of the slider 3 having the magnetic head 99 on the
ordinate 55 as described with respect to the first enbodinent, it is
desired to formthe negative pressure 32 generation concave part 48
symmetrically with respect to the ordiznate 55, so that the roll angl e when
the slider 3 is |located at the MD track 13 is "0". Furthernore, it is
desired that the air bearing surface 30 is symmetrical with respect to

the ordinate 55. Further, it is desired that the edge |ine having the
recess angle O is fornmed on the side of the outer circunference side end
of thegendirpatierSTorsmwas dgarpré&¥yesymhberiedgeyl wiehhawsmedthets ecless angl e
O fromaffecting the roll angle in the region where the skew angle is
negat i vedin@arr &ggordi nglas tHe i sSolesanglet haknt hteedga ddmes hayi ng t he
recess angle 77 is formed on the side of the inner circunference side end

of thelorditeat @t55HeomMI herseiEl 3 easoN0” as Feptheredrahovies Furddetredhe
recess angles e and 77 are defined by angles which are fornmed by a virtual

| i ne cennecthrg atie redgei id neudfacé heoais kpinhex rerd 1sivde-ranck dhecedge |ine
on the side of the outer circunference side end or the side of the inner

ci rcuntgeeneeisisde ey, with the abscissa 56. While the edge I|ines having
the recess angles 0 and n are shown as linear lines in the first

embodi ment, phenJmBY e GUryed tdpegnae tABJeqge &hihech%iwing he,Present

invention are practically obtained.
recess angle 6 is formed on the side of the outer
circumference side end of the ordinate 55, so as to prevent the
edge line having the recess angle 6 from affecting the roll
angle in the region where the skew angle is negative.
Correspondingly, it is desired that the edge line having the
recess angle n is formed on the side of the inner
circumference side end of the ordinate 55 for the same reason
as mentioned above.

Further, the recess angles 6§ and n are defined by angles
which are formed by a virtual line connecting the edge line on
the air influx end side and the edge line on the side of the
outer circumference side end or the side of the inner
circumference side end, with the abscissa 56. While the edge
lines having the recess angles 6§ and 75 are shown as linear
lines in the first embodiment, they may be curved lines as long
as effects of the present invention are practically obtained.

As described above, according to the slider and the disk
device of the first embodiment, the edge line on the air influx

end side and the edge line at the disk outer circumference side



As descri bed above, according to the slider and the disk device of the
first. enbodi nent, the edge line on the air influx end side and the edge
line at the disk outer circunference side 33 end are connected by the edge
|l ine having the recess angle 0 (rad) 3®8ith the abscissa which is supposed
to exist in the slider wwdth direction, so as to formthe negative
pressure generation concave part 48 on the air bearing surface 30, and
when the distance "x" fromthe air influx end 41 to the negative pressure
generation concave part 48 of the air bearing surface 30 is standardi zed
by theehéngikh kodhetthedlbyethe3 ddge nbkee Xextingbyhpl aeiceg s0.anyle 76 ' -
0.12 7C for 0 X X, variation of the roll angle in the region where the
skew anghe)i sipasithievabean s e Wit essesuppbeeabyosegusitnd na t3teabl e f1ying
hei ght at the position of the m ninumflying height. Further, the edge

i ne ogliterawh dithf ldireertd & des@ngks the fedgethenfeghtibe dirgdssureer
circunference side end are connected by the edge |ine having the recess

angl e générad)onw thndaespecirt 018 hen abisei §5a wbhehnys sawFResed t,0 @xd st in
the slider width direction, so as to formthe negative pressure

gener ayh&A €RBCAYEtRalde 4&"OrEddie #hé Hearingleurtage430tcarthe When the
di stance "x" fromthe air influx end 41 to the negative pressure

gener at 9L EQBCAYR shalle 4frfrddiori doheave nﬁarﬁuaéage 30 2t yedaridiged
by the Iength L of the slider to make X=x/L, by placing 0. 05 n *-0.13 n

for n £Xea¥erl Bt 1A sQfarkdifaAld 3notge | Neh§8HON WhEkB ! Re iSkgwangl e is

positive can be
make X=x/L, by placing 0.06%x~0.127% for 6 XX, variation of the

roll angle in the region where the skew angle is positive can
be suppressed, thereby securing a stable flying height at the
position of the minimum flying height.

Further, the edge line on the air influx end side and the
edge line at the disk inner circumference side end are
connected by the edge line having the recess angle 7 (rad) with
respect to the abscissa which is supposed to exist in the
slider width direction, so as to form the negative pressure
generation concave part 48 on the air bearing surface 30, and
when the distance “x” from the air influx end 41 to the
negative pressure generation concave part 48 of the air bearing
surface 30 is standardized by the length L of the slider to
make X=x/L, by placing 0.05n~0.137n for n XX, variation of the
roll angle in region where the skew angle is positive can be
suppressed, thereby securing a stable flying height at the
position of the minimum flying height.

(Embodiment 2)



suppressed, thereby securing a stable flying height at the position of the
m ni mum flyi ng hei ght. (Enbodinent 2) 34 Hereinafter, a slider and a disk
device according to a second enbodi nent of the present invention will be
described wth reference to the drawihgs. Figure 17 is a di agram
illustrating flying heights froman IDtrack 11 to an OD track 12 in cases
where a difference in level "d" between the upper surface 31 and the

m ddl e surface 32 of the air bearing surface 30A in figures 5 is 25nm
50nm  100nm 150nm and 200nm A mark O shows the case where the |evel

di fference 'HrdinBram, aa mat kdérshodsat He skasie witter ecddwedimeyetodafference
"d" is 50nm a mark shows the case where the level difference "d" is
100nm sacomadk eQrsfthiwseritheo f clse phesenthénkeweli odi fufidrience del$ctsbdd0nm
and a mark * shows the case where the level difference "d" is 200nm A

rel ati wethelredanered weentlee siitgdeingsand the di sk nmedium 2 according to
the first enbodinent at the MD track 13 of the disk nedium2 with a steady

rotational velgeaid YL Dfi A0 Py 8m21 11 1s¥X8atXn45FAAARN 40 $=fr difiT 8n
Figure 17 shows that a |larger level difference "d” tends to cause an

i ncrease @fraldre 11f lod ngn hed gbtaeppegi ahl ¥adkst me@@ tr }Gke fledref@SULAI NG 1N
a wder difference between the flying height at the ID track 11 and that
at the1@Relir agk L2tWddiirnd8upsed SiagRaE Bhl uskr aldnghitde 4 ed @t Eoashi p
32 of the air bearing surface 30A in figures 5 is 25nm, 50nm,
100nm, 150nm, and 200nm. A mark @ shows the case where the
level difference “d” is 25nm, a mark [0 shows the case where
the level difference “d” is 50nm, a mark A shows the case
where the level difference “d” is 100nm, a mark < shows the
case where the level difference “d” is 150nm, and a mark ¥k
shows the case where the level difference “d” is 200nm. A
relative velocity between a slider 3 and the disk medium 2
according to the first embodiment at the MD track 13 of the
disk medium 2 with a steady rotational velocity of 4500rpm is 2
T X8.7X(4500/60) =4100mm/s=4.1lm/s. Figure 17 shows that a
larger level difference “d” tends to cause an increase of the
flying height especially at the OD track 12, resulting in a
wider difference between the flying height at the ID track 11
and that at the OD track 12.
Figure 18 is a diagram illustrating the relationship
between the level difference “d” and flying height wvariation in
the range from the ID track 11 to the OD track 12, with respect

to the respective air bearing surfaces 30A, 30B, and 30C.



between the level difference "d" and flying height variation in the range
fromthe IDtrack 11 to the OD track 12, with respect to the respective
air bearing surfaces 30A, 30B, and 30C. 35 Figure 18 shows that a |arger
l.evel difference "d" causes a greatersflying height variation with respect
to all the air bearing surfaces 30A, 30B, and 30C. Figure 19 is a diagram
illustrating the relationship between the |evel difference "d" and the
flying height wvariation with respect to the air bearing surface 30A in
cases where a disk rotational velocity is 4500rpm and 9000rpm Figure 19

shows tFhaturevers wiesws hehaot at Lanak rvelearilt Wiof£d hencdi sk megiyas2a
(relative velocity between the slider 3 and the disk nmedium?2) is

di fferenteatied aflgeind evel gdtf er-eaee ond'witd MdAdt tends1 i oprgaugera
greater flying height varration. Further, with reference to figure 19, a

hi gher peeldtiyvesuved @84 t y0EAUSES, asgueatoer, flying height variation in the
range fromthe ID track 11 to the OD track 12. Here, the relative velocity

bet ween the milgudes B0 angd 4haiagdirsh TRduAPA@Nd ?‘u@ué\/[%élré?‘@fo&§hi§8v.( mi's).,

a distance froman air influx"end 41 to an air influx side pad is

y(mm . partedha ADSC$SR 455 Ve XeALY) ngraﬂﬁgacﬁee_rflyﬁh%% gé}ét/:iglilé referred to

as an acconmodation coefficient a). yin . variation under
2, oSS P ARSeh LI LACORIS e LB S 0000 I
| eadi ngnedge Ofgtdle Afational velocity is 4500rpm and 9000rpm.
Figure 19 shows that even when the rotational velocity of the
disk medium 2 (relative velocity between the slider 3 and the
disk medium 2) is different, a larger level difference “d”
similarly tends to cause a greater flying height variation.
Further, with reference to figure 19, a higher relative
velocity causes a greater flying height variation in the range
from the ID track 11 to the OD track 12.

Here, the relative velocity between the slider 3 and the
disk medium 2 at the MD track 13 is V(mm/s), a distance from an
air influx end 41 to an air influx side pad 38 is y(mm), and
the abscissa is VX (d/y) (hereinafter, VX (d/y) is referred to
as an accommodation coefficient «). When the flying height
variation under the respective conditions is put in order, a
new trend is apparent. The distance “y” 1is strictly a distance
from the air influx end 41 to the leading edge of the air
influx side pad 38, that is, from the air influx end 41 to the
outer edge of the air influx side pad 38 which is nearest to

the air influx end 41. Further, the distance “y” is 0.41lmm on



influx side pad 38, that is, fromthe air influx end 41 to the outer edge
of the air-influx side pad 38 which is nearest to the air influx end 41.
Further, the distance "y" is 0.41lnmon 36 the air bearing surface 30A,
0.35mMmmon the air bearing surface 30Bgand 0.19mmon the air bearing
surface 30C. Figure 20 is a diagramillustrating the relationship between
t he acconmodati on coefficient a and the flying height variation with
respect to the respective air bearing surfaces 30A, 30B, and 30C. Marks
40, ~, and A show the results with respect to the air bearing surfaces
30A, 38Be arid 3Grimespectfyety3onheo.Bbensieadhd ofiat iwhaliNgl 9GkExckS
4500 rpm and a mark shows the result with respect to the air bearing

sur f ace 080Aankern e drat tipeak i ¥ebesiriMgi $uIGRUPMdY, 8200mT s=8. 21’ s) .
Wth reference to figure 20, with the flying height variation being

function of stk raceaymudag i&i\a%ﬁéﬁf ih¢h8Rkadinia et I Wbt bhfgspect to
all the air bearing surfaces 30A, 30B, and 30C are in agreenent; and it is
ina pegiea I Besempdat i LI ept [ qual,, - - I I er
than 1.5 that V\{%ﬁle?e faféﬁong hei g‘h‘?ﬁvggi@g? ?g% For 1+ A9 5h%; ;fgé’%t“%lq{eol‘f’g oD
track ¥2risteQualyilth Aesp@dt 8ot PRE 4B8LeleqVRl 19 HeSPBLL €51 RRR 3/ - 2nM)
. Moreover, in a region ‘where the acconmodation coefficient a 1s equal to
or sma r an 1.0, e fyi i Ot j aji r t at a
Bb&! 3bha aljnao 3qddq MY P9 @ ?Qr’ atld én%%?:ﬁ_q%e“mex_aéélﬁﬁ%{%@.

val ue approxi mately equal to or sndl n her,”in a

regionuhgeett e ageeamAdald on coelfileL80L 30hS 308, and 30c,

respectively, when the steady rotational velocity is 4500 rpm,
and a mark 4 shows the result with respect to the air bearing
surface 30A when the rotational velocity is 9000rpm (V==
8200mm/s=8.2m/s). With reference to figure 20, with the flying
height variation being function of the accommodation
coefficient a, the results with respect to all the air bearing
surfaces 30A, 30B, and 30C are in agreement, and it is in a
region where the accommodation coefficient « is equal to or
smaller than 1.5 that the flying height variation from the ID
track 11 to the OD track 12 is equal to or smaller than 4nm
(equal to or smaller than +/—2nm). Moreover, in a region
where the accommodation coefficient o is equal to or smaller
than 1.0, the flying height variations are nearly constant at a
value approximately equal to or smaller than 2nm (-/—1nm).
Further, in a region where the accommodation coefficient « 1is
larger than 2.0, the flying height variations from the ID track
11 to the OD track 12 tend to be sharply increased in concert.

Therefore, by composing V, “d”, and “y” so that the



| arger than 2.0, the flying height variations fromthe ID track 11 to the
OD track 12 tend to be sharply increased in concert. Therefore, by
conposing V, "d", and "y" so that the 37 acconmpdati on coefficient ais
equal to or smaller than 1.5, desiraldy equal to or smaller than 1.0, an
increase of the flying height mainly at positions where the disk radius is
| arger than the MD track 13 can be suppressed, and the flying height
variation can be suppressed so that it is equal to or snaller than the
desired value in the range fromthe IDtrack 11 to the OD track 12,

t her eby ceeetiddyt iorstadd erfdyéng hei phteqail aktd bhespasitirorsidy amghe | D
track 11 to the OD track 12 on the disk nmedium 2. Since the |evel

di ffer erea rabl v eqeil ato 1OPNsmanL éhethbhr st oenediifteaddeoeffrets of the
present invention are obtained with respect to the air bearing surfaces

30A ang13QBg Havieyes matheny the peyetidhkf aheree thed' disconsdiweted to be
50nm the effects of the present invention can be obtained with respect to

the ainabean RhSUrdrac P0G sk Wek | cakUpbhelppWelsR e €SREM H19e tREy BhLE
bearing surfaces 30A and 30B of the first enbodi nent, the recess angles

0and 7he 3@ 8 ACCHTRIRIBONSGOEEELEEANE A +RLS &t &l M@ldescyithin the

range according to the present invention, whereby a stable  flylng height

200, RSB OO0 e g yedy) il M thge RO LD L1 eck
bearin@lsQE;%$% %thfigk 12, thereby securing a stable flying height

at all the positions from the ID track 11 to the OD track 12 on

the disk medium 2.

Since the level difference “d” is set at 100nm in the
first embodiment, the effects of the present invention are
obtained with respect to the air bearing surfaces 30A and 30B.
However, when the level difference “d” is constructed to be
50nm, the effects of the present invention can be obtained with
respect to the air bearing surface 30C as well.

Further, with respect to the air bearing surfaces 30A and

30B of the first embodiment, the recess angles 6and p, and
the accommodation coefficient a are set at values within the
range according to the present invention, whereby a stable
flying height and flying posture can be maintained in the whole
region from the ID track 11 to the OD track 12 on the disk.
Further, also with respect to the air bearing surface 30C, the
recess angles fand n are set at values within the above-
mentioned range, thereby maintaining a stable flying posture.

Thus, the magnetic disk device provided with the slider



recess angles Cand 77 are set at values within the above- nentioned range,
thereby nmaintaining a stable flying posture. Thus, the nmagnetic disk
device provided with the slider 38 according to the present invention
suppresses head crush and realizes hixgher el ectromagnetic conversion
efficiency and reliability. As described above, according to the slider
and the disk device of the second enbodi nent, when the relative velocity
between the slider 3 and the disk nedium2 at the MDtrack 13 is V (nms),
the level difference between the air influx side pad 38 and the

appr oxemabelkdyng die she frcesént nedventihe auppriesfslesx hered! simesiofaridie air
influx side pad 38 is "d* (m), and the distance fromthe air influx end
41 to thelaizesi mfilghesiakecipaomd8nesilytobmarsiby e@fiesiorgV,add”, and "y"
so that VX (d/y) is equal to or smaller than 1.5, the flying height

vari at trehiebitiie sl i der 3 whi ch depends on the relative velocity can be
suppressed. That is, the flying height variation can be suppressed so that

it is equal Ao derscyidd@rabéhan dbeodeshiedovahee siln delte aMwplend adgex f rom
the IDtrack 11 to the ODtrack 12, thereby maintaining a stable flying

hei ght de@ti cal loft hyepasddd oD Serib O hELL | Dvheackndl rleq sttherOR dirRdik 12. Since
V X(d/y) has a velocity unit (mis), the accommobdation coefficient ais

supposgdtiveche thly ¥icaldy 3 ad@nehéonisk mehiugt boRtveheciMy ¢ @By enly, in
nearly every nmagnetic disk device, a bearing filmbetween the slider 3 and

is V (mm/s), the level difference between the air influx side

pad 38 and the approximately plane surface formed on the air

influx end side of the air influx side pad 38 is “d” (mm), and

the distance from the air influx end 41 to the air influx side

pad 38 is “y” (mm), by composing V, “d”, and “y” so that VX

(d/y) is equal to or smaller than 1.5, the flying height

variation of the slider 3 which depends on the relative

velocity can be suppressed. That is, the flying height

variation can be suppressed so that it is equal to or smaller

than the desired value in the whole range from the ID track 11

to the OD track 12, thereby maintaining a stable flying height

at all the positions from the ID track 11 to the OD track 12.

Since VX (d/y) has a velocity unit (mm/s), the

accommodation coefficient « is supposed to be physically a

function of a friction wvelocity. Currently, in nearly every

magnetic disk device, a bearing film between the slider 3 and

the disk medium 2 is formed by air. However, for example, in a

nitrogen-sealed disk device, an argon-sealed disk device, or

the like, the optimum accommodation coefficient « is not



the disk medium?2 is forned by air. However, for exanple, in a
nitrogen-seal ed di sk device, an argon-seal ed di sk device, or the |like, the
opti mum acconmodati on coefficient a is not 39 restricted to that descri bed
above. In that case, the accommopdati &P coefficient corresponding to each
of the gases is supposed to be obtained by multiplying the accommobdati on
coefficient a shown here by the ratio of the viscosity of the gas to the
viscosity of air. Also, with respect to air bearing surfaces 30D to 30F
shown in figures 21 to 23, the recess angles 0 and 77 , and the
acconmudatirantedeffd ditertt desceilsed aboveal.ueSnwithiitn ddwe r aige  accordi ng
to the present invention, whereby variations of roll angle and flying

hei ght acnomhe daedgicon daefifi idieed D toackshbntdngt e @adlr axk P2 ag@ses is
suppressed, resulting in a stable flying posture and a constant flying
hei ght supebeedt heuge tdrtained bearnngtspliyaaes t3@D darafosdoleni n fi gures
21 to 23 are not provided with cross rails 35 differently fromthe air

beari ngoegih £a6@ +SHOWAhoWnf n@HeeH P . tiderse® 6tf eabsvascbhe t&f fcthof
t he above-descri bed respective enbodi nents can be al so achieved wth

respectakotbhese alilsdgardypnepsuiiaces. At this tinme, when a nagnetic head
99 is on the ordinate as described in the first enbodinent, it is

desirabl e thakd,heirtd lreHi € 1 80 a8iPEBEakOng” GurEFndeessidy eco Thews, when a
negative pressure generation concave part 48 and the air bearing surface

??gﬁi SSBB%HE_dLn PGB oAl o Wi h £rePeeketq BRAGIXMI paksqaas, shawa khe
accommodation coefficient o are set at values within the range
according to the present invention, whereby variations of roll
angle and flying height in the region from the ID track 11 to
the OD track 12 are suppressed, resulting in a stable flying
posture and a constant flying height. Here, though the air
bearing surfaces 30D to 30F shown in figures 21 to 23 are not
provided with cross rails 35 differently from the air bearing
surface shown in figures 5, the same effects as the effects of
the above-described respective embodiments can be also achieved
with respect to these air bearing surfaces. At this time, when
a magnetic head 99 is on the ordinate as described in the first
embodiment, it is desirable that the roll angle is as near to
“0” as possible. Thus, when a negative pressure generation
concave part 48 and the air bearing surface 30 are formed
symmetrically with respect to the ordinate as shown in figures
5, 7, 9, and 21-23, the roll angle at the MD.track 13 can be
“0” and, therefore, the roll angle in the range from the ID

track 11 to the OD track 12 can be near to “0”.



5 7, 9, and 21-23, the roll angle at the MD track 13 can be "0" and,
therefore,  the roll angle in the range fromthe ID track 11 to the OD
track 12 can be near to "0". 40 Wile each of the air bearing surfaces 30
shown in the above-described respectia®e enbodi nents conprises the three
steps of the upper surface 31, the mddle surface 32, and the | ower
surface 33, this is so designed in consideration of the current
processing, and thus the air bearing surface 30 may conprises steps of an
arbitrary nunber which is equal to or larger than 2. Wile in the

above- descr ihed o esppEcto ¥ et leerbatlt meak sihhe sud€aekispBicons Hwaen beentigeé ven of
the case where the slider 3 has the magnetic head 99, the slider 3 nmay

have, btbovexalderilad opdépeatiheadnbodambaad kick@rdses the three
magneti c-resi stance-type elenment as a reproduction side head, so as to

real i zetapsl icderthehiudpe casusegtie 38, stabl fitikYiengupdeidy 3 andagd censt ant
flying height, and a disk device. Further, also in a small size disk

devi celbaged sk fidiee POVMAMN St a9das daek i fhedCoapach sktlaashh stands dgha
stable flying posture and a constant flying height can be secured by

enpl oytag rehe Pridiers AGEOr didg £Rus henpr 888NhehRY @Rt isdbradesid thyg i n data
recordi ng/ reproduction wwth high reliability. APPLICABILITY I N I NDUSTRY As

descri pedpahave g slddel, %ibﬁaP%SKuﬁlﬁg&:C@mi%cqrsdier&élo {dhe,present
invention are suited as a slider whic
larger than 2.

While in the above-described respective embodiments the
description has been given of the case where the slider 3 has
the magnetic head 99, the slider 3 may have, for example, an
optical head or a head like a magnetic-resistance-type element
as a reproduction side head, so as to realize a slider which
can secure a stable flying posture and a constant flying height,
and a disk device.

Further, also in a small size disk device based on the
PCMCIA standard or the Compact Flash standard, a stable flying
posture and a constant flying height can be secured by

employing the slider according to the present invention,

resulting in data recording/reproduction with high reliability.

APPLICABILITY IN INDUSTRY

As described above, the slider and the disk device
according to the present invention are suited as a slider which
flies from a disk medium by airflow between an air bearing

surface and the disk medium, to record/reproduce data on/from




flies froma disk medium by airfl ow between an air bearing surface and the
di sk medium to record/reproduce data on/from4l the disk medium and a

di sk device enploying this slider. 42 CLAIMS 1. A slider which has a head
f.or recording and/or reproducing datapn/froma disk nmediumand an air
bearing surface, and flies fromthe di sk nedium by airfl ow between the air
bearing surface and the di sk medium wherein on the air bearing surface,
t.he edge line on the air influx end side and the edge line at the disk
outer circunference side end are connected by an edge |ine having a

recess targlad Sy mae)iwh t hati@spedt skodeke cabsaipssay iy cthis sBUpPpsed to
exist in the slider width direction, thereby formng a concave part, and
when a distance "x" fromthe air influx end to the concave part of the air
bearing surface is standardi zed by the length L of the slider to nake
X=x/L, the recess angle 6 is 0.06X 7L/ X<e<0. 12X 7c/X. 2. The slider as
defined in Caim1l, wherein the edge |ine having the recess angle 0 is
fornmed on the disk outer circunference side of the ordinate which is
supposed to pass in the center of the slider in the slider |ongitudinal
direction. 3. The slider as defined in Claim1, wherein



0 X Xis approximately 0.0970. 4. A slider which has a head for recording
and/ or reproducing data on/froma disk nmediumand an air bearing surface,
and 43 flies fromthe disk nmediumby airfl ow between the air bearing
surface and the disk nedium wherein a2 the air bearing surface, the edge
line on the air influx end side and the edge line at the disk inner
circunference side end are connected by an edge line having a recess angle
r7(rad) with respect to the abscissa which is supposed to exist in the
slider wwdth direction, thereby form ng a concave part, and when a

di stance "x" fromthe air influx endciAaM$he concave part of the air
bearing surface is standardi zed by the length L of the slider to nake
X=x/L, the recess angle 77 is 0. 05 X 7r /X< 77 <0. 13 X 7r /X. 5. The
slider as defined in Claim4, wherein the edge |ine having the recess angle
r7 is forned enithke whisk innera chesdantereneeosiddagohnidye ordipwd®aadmeh is
supposed to pass in the center of the slider in the slider |ongitudinal

directigfa 6n/Fionsld derslasmétef hmeghdnafl akm Beavwhegeistr fflalceXX drsd
approximately 0.097c . 7. A slider which has a head for recordi ng and/ or

reprodgci Bg £t T andh Skn NBYH M andwaBedive cBeamien G isurdace: ngnd
flies fromthe disk nedium by airflow between the air bearing

surface and the disk medium, wherein

on the air bearing surface, the edge line on the air
influx end side and the edge line at the disk outer
circumference side end are connected by an edge line having a
recess angle f (rad) with respect to the abscissa which is
supposed to exist in the slider width direction, thereby
forming a concave part, and

when a distance “x” from the air influx end to the concave
part of the air bearing surface is standardized by the length L
of the slider to make X=x/L, the recess angle 6 is

0.06X t/%<0<0.12X 7 /X.
2. The slider as defined in Claim 1, wherein

the edge line having the recess angle 06 is formed on the
disk outer circumference side of the ordinate which is supposed
to pass in the center of the slider in the slider longitudinal
direction.
3. The slider as defined in Claim 1, wherein

6 XX is approximately 0.09w.
4. A slider which has a head for recording and/or reproducing

data on/from a disk medium and an air bearing surface, and



surface and the disk nedium wherein on the air bearing surface, the edge
line on the air influx end side and the edge |line at the disk outer 44
circunference side end are connected by an edge line having a recess angle
O (rad) with respect to the abscissa wh8ch is supposed to exist in the
slider wwdth direction, and the edge I|ine on the air influx end side and
the edge line at the disk inner circunference side end are connected by an
edge line having a recess angle r7(rad) with respect to the abscissa,
thereby form ng a concave part, and when a distance "x" fromthe air influx
end t o filiescdhcavethpadtsbf meHéuai bybedmifigw Wrdtaceen stisé andardézednby t he
length L of the slider to nake X=x/L, the recess angles 0 and 77 are 0.06X
[ x< 0<GukZXxae /24d ande Qi ObXmelAXd/<@hk3I¥ieyr / X. 8. The slider as defined
in Caim7, wherein the edge |ine having the recess angle 0 is formed on
the disk outrerticd raimflee @entegssde fatet heher didwpd € whd cdn i Sheuppesed to
pass in the center of the slider in the slider longitudinal direction. 9.
The sl iideérl was adef i nede | and 8he Edgwehernaien at0 theX dislappiraxd matel y 0. 097L.
10. The slider as defined in Claim7, wherein the edge |ine having the

recess canglunfich drscd 0518l Ofidt hee BbskelcMReY 15 IGUEERIENCEN S Koy figt he
ordi nate which is supposed

recess angle n (rad) with respect to the abscissa which is
supposed to exist in the slider width direction, thereby
forming a concave part, and

when a distance “x” from the air influx end to the concave
part of the air bearing surface is standardized by the length L
of the slider to make X=x/L, the recess angle 7 1is

0.05X 7 /X<n<0.13X nt /X.
5. The slider as defined in Claim 4, wherein

the edge line having the recess angle 7p is formed on the
disk inner circumference side of the ordinate which is supposed
to pass in the center of the slider in the slider longitudinal
direction.
6. The slider as defined in Claim 4, wherein

n XX 1s approximately 0.097.
7. A slider which has a head for recording and/or reproducing
data on/from a disk medium and an air bearing surface, and
flies from the disk medium by airflow between the air bearing
surface and the disk medium, wherein

on the air bearing surface, the edge line on the air

influx end side and the edge line at the disk outer



to pass in the center of the slider in the slider |ongitudinal direction.
11. The slider as defined in daim?7, wherein 45 77 XX is approxi mately
0.097c . 12. A slider which has a head for recording and/or reproducing
data on/from a di sk nedium and an air dearing surface having a concave
part for generating negative pressure, and flies from the di sk nedi um by
airflow between the air bearing surface and the disk nmedium wherein the
air bearing surface has an air influx side pad which .is |ocated on the
air influx end side of the concave part, and is the top approximately

pl ane sunrfcame carertdee side berd i agesubhaeeteanwya arelatde/ el vied oghvynhetween
the slider and the disk nmedium at a position where a skew angle forned by

the or dicpalse Véffﬂc?_cﬂb b S repPesat 1 asst | Pot PReCaBLERN s@h the & ider in the
slider |longitudinal direction, and the disk rotating direction is Qrad),

is V(malipposedidd enenee im teyek1bebweandthe ddirecdidd Uxa:sd d@h@aéd%@d an
approxi mately plane surface formed on the air influx end side of the air

i nfluxishee padHe a'ik (MFux and didbshaacenkr eadde aid infipx gpdyto the
air influx side padis "y" (mm, the follow ng expression is obtained: VX

(d/'y) shnerScikdumitrsiddesi @s g4l Red tBnEkitBdl%HYWel eldye thenfol | owi ng

expression i s obtained:
having a recess angle 7 (rad) with respect to the abscissa,

thereby forming a concave part, and

when a distance “x” from the air influx end to the concave
part of the air bearing surface is standardized by the length L
of the slider to make X=x/L, the recess angles 6 and n are

0.06 X /X<0<0.12X n /X, and

0.05X ¢t /X<n<0.13X n /X.
8. The slider as defined in Claim 7, wherein

the edge line having the recess angle 0 is formed on the
disk outer circumference side of the ordinate which is supposed
to pass in the center of the slider in the slider longitudinal
direction.
9. The slider as defined in Claim 7, wherein

0 XX is approximately 0.09w.
10. The slider as defined in Claim 7, wherein

the edge line having the recess angle 71 is formed on the
disk inner circumference side of the ordinate which is supposed
to pass in the center of the slider in the slider longitudinal
direction.

11. The slider as defined in Claim 7, wherein




VX (d/y) <1. 0. 14. The slider as defined in Claim 12 wherein the

approxi mately plane surface formed on the air influx 46 end side of the air

influx side pad extends to the air influx end. 15. The slider as defined
|n Claim 12 wherein the air influx sidg pad includes a cross rail extending
in the direction of the abscissa of the slider. 16. A disk device having
the slider as defined in Claim1. 17. The disk device as defined in Caim
16, wherein a region where a relative velocity between the slider and the
di sk medium at a position where a skew angle is O(rad) is equal to or

snal | er than, 38¢M §) apbso8iRLEKEY- 0189 Jhe di sk device as defined in Oaim
16, which |s based on "the PCMCI A standard. 19. The di sk devi ce as defi ned

in daiim.16,a wiicded sebasedh s atHSaQ:OﬁBQCEeEb%%ﬂ ? ahder sk 20 r Sy @k skg

device having the slider as defined in Claim4 The di sk device aS

def i nedaith GraifAP,a VLS 11 Re @i 1:R0LRA %ea@rab%%lﬁw@/%dﬁ&% tyapeiyegn the
slider and the disk nmediumat a position where a sKew angle is O(rad) i's

equal ‘ﬁﬂ% e he c
dgfl neggln%ra(:l ai rﬁlg% ﬁ%%ﬁé?%ﬁ%%dﬁgﬁggh% gre%%ur:sgt ar?giafgfﬂ%é The d| sk

devi cergs dafdnehdid By M LPe1 80 58482884 My pearing surface and

the disk medium, wherein

the air bearing surface has an air influx side pad which
-1s located on the air influx end side of the concave part, and
is the top approximately plane surface on the air bearing
surface, and

a relative velocity between the slider and the disk medium
at a position where a skew angle formed by the ordinate which
is supposed to pass in the center of the slider in the slider
longitudinal direction, and the disk rotating direction is
O(rad), is V{(mm/s), a difference in level between the air
influx side pad and an approximately plane surface formed on
the air influx end side of the air influx side pad is “d” (mm),
and a distance from the air influx end to the air influx side
pad is “y” (mm), the following expression is obtained:

VX (d/y)<l1l.5.
13. The slider as defined in Claim 12 wherein

the following expression is obtained:

VX (d/y)<1.0.
14. The slider as defined in Claim 12 wherein

the approximately plane surface formed on the air influx



t he Conpact Fl ash standard. 24. A disk device having the slider as defined
in daim7: 25. The disk device as defined in Caim24, wherein 47 a
region where a relative velocity between the slider and the disk nedium at
a position where a skew angle is Qraddsis equal to or snmaller than
13(m's), is enployed. 26. The disk device as defined in Cl aim 24, wherein
the concave part is fornmed symmetrically with respect to the ordinate which
i's supposed to pass in the center of the slider in the slider |ongitudinal
direction. 27. The disk device as defined in Caim24, wherein the air

bear i ngnslusfiaiee dfs tflor netr synfittiki edbky paidt ke xteesRedo tthd hei orth patg whi ch
i's supposed to pass in the center of the slider in the slider |ongitudinal
directiend. 28. The di sk device as defined in Caim24, which is based on
the PCMCI A standard. 29. The disk device as defined in Claim24, which is

based 06. theeColhatdr Rashe siasdaid. c30imA1di Skhed@Mirce having the slider
as defined in Caim12. 31. The disk device as defined in C aim 30,

wherein thetQQHQ&MBﬂﬁﬁluxSsi@éandSMHHEhﬂb%ab|kﬁ@§§1ﬂé¥ﬂxﬁ%téﬁﬁlﬂ%eln
ordinate which is supposed to pass in the center of the slider in

sl i derthenghtreditidn A egié Oabs S2ssdherdichk deviges .as defined in C ai m 30,
wherein the air bearing surface is forned symetrically

16. A disk device having the slider as defined in Claim 1.
17. The disk device as defined in Claim 16, wherein

a region where a relative velocity between the slider and
the disk medium at a position where a skew angle is O(rad) is
equal to or smaller than 13(m/s), is employed.
18. The disk device as defined in Claim 16, which is based on
the PCMCIA standard.
19. The disk device as defined in Claim 16, which is based on
the Compact Flash standard.
20. A disk device having the slider as defined in Claim 4.
21. The disk device as defined in Claim 20, wherein

a region where a relative velocity between the slider and
the disk medium at a position where a skew angle is 0(rad) is
equal to or smaller than 13(m/s), is employed.
22. The disk device as defined in Claim 20, which is based on
the PCMCIA standard.
23. The disk device as defined in Claim 20, which is based on
the Compact Flash standard.
24. A disk device having the slider as defined in Claim 7.

25. The disk device as defined in Claim 24, wherein



Wi th respect to the ordinate which is supposed to pass in the center of
the slider'in the slider longitudinal direction. 33. The disk device as
defined in Claim30, which is based on the PCMClI A standard. 34. The di sk
device as defined in Caim30, which ig7based on the Conpact Flash

st andar d.

a region where a relative velocity between the slider and
the disk medium at a position where a skew angle is O(rad) is
equal to or smaller than 13(m/s), is employed.

26. The disk device as defined in Claim 24, wherein

the concave part is formed symmetrically with respect
to the ordinate which is supposed to pass in the center of the
slider in the slider longitudinal direction.

27. The disk device as defined in Claim 24, wherein

the air bearing surface is formed symmetrically with
respect to the ordinate which is supposed to pass in the center
of the slider in the slider longitudinal direction.

28. The disk device as defined in Claim 24, which is based on
the PCMCIA standard.

29. The disk device as defined in Claim 24, which is based on
the Compact Flash standard.

30. A disk device having the slider as defined in Claim 12.
31. The disk device as defined in Claim 30, wherein

the concave part is formed symmetrically with respect to
the ordinate which is supposed to pass in the center of the
slider in the slider longitudinal direction.

32. The disk device as defined in Claim 30, wherein

the air bearing surface is formed symmetrically
with respect to the ordinate which is supposed to pass in the
center of the slider in the slider longitudinal direction.

33. The disk device as defined in Claim 30, which is based on
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the PCMCIA standard.
34. The disk device as defined in Claim 30, which is based on

the Compact Flash standard.



