28/ 03/ 2006 -1 DESCRI PTI ON SLI DER AND DI SK DEVI CE TECHNI CAL FI ELD The present
invention relates to a slider and a disk device and, nmore partiZzafaslA200e

a slider which flies froma disk nedi um by ai rfl ow between an air beari ng
surface and the disk nmedium and a disk device which enploys this slider.

BACKGROUND ART In recent years, the data recording density of magnetic
di sk devices is remarkably enhanced, and its annual increase rate is said
to be sone 150% According to this remarkable increase in the data

recording density, the recordi ng capacriryTrol t he magneti c di sk devices is
drastically enhanced. The increase in the data recording capacity pronotes

size reduction of the magnetic di sk devices, and there are being
practically wused disk devices with high cost effect, such as one discl osed

in Japanese Published PatentstAppiR eaind air Y. piietc®- 249127,  which repl ace
sem conductor menories of various electronic devices such as caneras,

facsimles, portable phones, nodens, beepers, hand-held conputing
equi pnents, printers, and copy nachines. A current nagnetic device is
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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 surfaée 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 cépacity
of the magnetic disk devices is drastically énhanced. 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 Pateht Application No. Hei.8-249127,
which replace semiconductor memories of various electronic
devices such-as cameras,'facsimiles, portable phones, modems,
beépers, hand-held computing equipments, printers, and copy
'machines. | |

A current magnetic device is provided with a rotation-type



actuator like a tone armof a record player, so as to obtain a high access
rate. A slider is attached to the end of an actuator arm The LA8fQ8¢ 2406

the slider that is opposed to a disk mediumis an air bearing surface. The
slider draws an airflow generated by rotation of the di sk nmedi um between
the air bearing surface and the surface of the disk nmedium whereby the
slider flies fromthe disk nmedium That is, the slider fornms and naintains
a self-pressure-type air bearing film between the slider and the disk

medi um atonager sbtkace. toAecarsl Bgl ¥, @ Ad Wing,ed tiddides of; ther $14 der

with respect to the surface of the di sk medium that is, . a distance

bet weerhidie adisksmedtym surEageeand st Be +SIdHdel +d Scheeql@n\@'ﬁ“%ﬂ o the

t hi ckness of the air bearing film Due to this fil | ess ani cal

cont actadtupsisegrivet vegs therskbder and the (i Skn e 'UFBECHH& tdey
rotation of the disk nmedium thereby suppressing frictio wear . The

slider dias andmigieti€ Heag O}Beé("fiﬁ{jngug@é@eon e 4%k mRdi N of, reading

the data.from the disk nedium insid he magneti c head I's generally

arr anged rifm dvh éﬁéagugd thest (0] r.be surface
of the slider ﬁaat IS ogg%sed ?df%%e g Eé agggn@eglnce Fﬁ% %ot at1on- type

act uat gk ri $e4S9G gﬂggﬁﬁ{ fﬂgﬁv C 'o nent bet en t he
nd t < medi um an eg%ff %mﬁgng e s | & ar %ﬁ5 Fehger

slider and the di'sk

uni fordhe andabheriNRee 42 i Ml PLhi fes@ﬁ"&% {9, thgeoLgnate of

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



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). Furtheg/®3/2006

hi gh- speed searchi ng operation of the ccessing actuator causes the
direction of the novement between the Slider and the di sk nmedium and the
direction of the airflow under the slider to be inclined with respect to
the ordinate. Thus, in a recent magnetic di sk device having the
rotation-type actuator, the novenent direction is no | onger equal to the

Che 01t et i on STLONCTy cdae: SLBR Fom The S tar 8= (ITMCET oh? FhFe. an

the direction slightly devi romt ordinate Fe, an
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the slider is referred to as a Skéew™an
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angle is positive.

di (i t L i d of the disk di t he hub
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t hereof, t w ang

hei ght the: sljd ith.respect.to the disk nmedi um at _
recormqﬂsr%ﬁ%@%uc%é%hyé%ﬁ%gsEt%e%%uﬁeepaaEQB LR AR OOnSfedde i H 1 Heow
recor di ity.,.This decrease jn the flying height is achieved by a

so- cal :uglgieqﬁgcg{a e Press e—u’s%‘;ijy%%dsi"?-a r *88PEFSclFos&de 1w iTpmiese
Patent 5, No. 1505878  No. 2778518 No. 2803639, and the like, in which the
air bedfing SOt FadE Bt ME Gt 455k of@BlCHyhaVLREl 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
wi?h 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



28/ 03/ 2006 -4 approxi mately plane surfaces of different heights, positive
pressure (pressure acting in the direction in which the slider 2§gAG37an0e6

fromthe disk mediun) is generated on tshe approximately plane surfaces
which are forned high so as to narrow a gap between the slider and the

di sk medium while negative pressure (pressure acting in the direction in
which the slider gets near to the disk nmediun) is generated on the

approxi mately plane surfaces which are formed low so as to enlarge the gap
bet weerappeosinateel pndlahe duskamedi vm daFdeihet PRSIHME RIASSURR and the
negative pressure are bal anced, thereby meking the slider fly. As

descri ek sdhove, (phens dod aaeeee§Sihs ther Horerd iioh tihe wHRanaliL Miider
device, the slider noves in a range fromthe inner circunference of the

di sk negitem tar theomuties dLékcuafiengncest heneehteandn ahd his tine, a
flying height and posture of the slider are varied. This is because, in

the magreid:Cnthisk Weyl £t havi Pgcéhewk oAt EQQ-EMEﬁeaCH:{%%O%’o nQt ¢pnly a

relative velocity between the slider and the disk nediu but al so the skew

angl e ake PG i2¢AC W idih tha §Aisls aHSSi;ELéOHiQQ h@ai%@kw%ﬁ‘iie“m SO

that a distribution of air pressure generated on the air bearing surface
Cl cot 1 ommanet o e s ok e orty oo P e oRER SBeEhE R a1y,
in a npgeekh¢qdirSlhedeVingd f W THI BN Phedium) 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 rbtation—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



recording density, the flying height at a position of the 28/03/2006 5
magnetic head is required to be uniformfromthe inner circunfeogehgs/2006

the disk nmediumto the outer circunference thereof and, further, stricter
restrictions are placed on the flying height variation with reduction in
the slider flying height. Further, when the slider is required to fly at a
predeterm ned hei ght at the above-descri bed magnetic head position, the
variation of the slider flying posture, particularly variation of a rol

angl e imaghetdicr betidon sofrelgfud resd itdebeahsGi fian  CAMSESH& egigtion of the
flying height at a position of the mninmumflying height and, thus, brings

the slétlecunfidreheedogk thedidimki Re@iGNURLIchd @ NG # Aur & § SKOf
i nduci ng so-call ed head crush. In a magnetic disk device currently under

devel opnleateoft hat, eapkensra dicsk cwedi Wasef s, digneter ho@SegdmMm  a
relative velocity between the slider and thé disﬁlnediuéfuﬁ%%%ers gr%atly

from t hetyimg ahengnet verdhskofevi e emphoviRg an disk Jmdidm of iﬁggr
exanple, 95mm or 84mmin dianmeter. Thus, sufficient flying force Lannot be
obt ai negifqgom ai rflow and, therefore, it is further difficult to maintain
a predetermned flying height and a uniformflying posture. This becones a

e Con AT TP TRRRRA e ey The presen
predetermined height at the above-described magnetic head
position, the variation of the slider flying pdSture,
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
majb; concern in developing'small—sizeVmagnetic disk devices.
The present invention is made to solve fhe above-mentioned
" problems and has for its object to provide a slider which can

maintain a uniform flying posture and a_predetermined.flying



problens and has for its object to provide a slider which can nmaintain a
uni form flying posture and a predeterm ned flying 28/ 03/2006 6 8008 /2W06

suppressing variations of the roll anglg and the flying height 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 provided
a slider having a head for recording and/or reproducing data on/froma

di sk nedium and an air bearing surface, and flying fromthe di sk nmedi um by

ai rf | ovhdnbgeeyt beppakkshagr vagisuibase AndHha disk @l WA idhavhi ch
slider on the air bearing surface, the edge line on the air influx end

side afidyime ledighti 0 ahet Beidbsk aAubeh CilGURIQCY 198 81 @I f
connected by an edge |line having a recess angle 0 (rad) wt respect to

t he absgiisss 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 standardi zed
by the length L of the slider to make X=x/L, the recess angle 0 is 0.06X

Tr / X<0p1e@ 1 b6k %r AGEOT £ tPofhe present invention, a roll angle of the
slider in a region where a skew angle is positive can be controlled so

that 1S yaHdd:on s eivdlat PlopTLLeL LhaReAsndeRkisd, Vahige2ad thus.

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
ailr 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 @ (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 /X< 6
<0.12X /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 variation 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



is obtained in the region.where the skew angle is positive, thereby
securing a stable flying height at a position of 28/ 03/2006 7 m2@/0®8Y 2006

flying height. According to Claim2 of st he present invention, in the
slider as defined in Caim1l, the edge |line having the recess angle O is
formed on the disk outer circunference side of the ordinate which is
supposed to pass in the center of the slider 1in the slider |ongitudinal
direction. According to the present invention, variation is not caused

Wi th respebiut ofIfEngohéigrgle in a region where the skew angle is
negative. According to Claim3 of the present invention, in the slider as

defined in Gaidtdind %X:wuﬁppr@fl Hﬁée ¥e9e9%7lnvé91‘%ciroqi ng A4 Qe present
invention, variation of the roll angle o he slider in the reglon wher e

the skewapg ed HePosidive @mﬁelneeﬁet@d 21304 nbihg 21t all&dd Ving
posture of the slider is obtained in the rgglon where t ew angle is
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flying height. According to aim prese

provi dgd oa ngltledh haying dﬁﬁﬁﬁ%& Ao £§’£ diHQFﬁQdé%taEePJfO% &l ng sdat £ di sk

on/froma di sk nedi um an bear surface from

medi umy y ﬁbrghgwﬁgehggﬂlgdginéira£¥gg&{ghsurface and the dISk medi um in
which s

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, variation 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
posifive, 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
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 inner circumference side. end are

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



air bearing surface, the edge Iine on the air influx end side and the edge
line at the disk inner circunference side end are connected. bg8a02Ageos
line having a recess angleij (rad) wth 28/03/2006 8 respect to the
absci ssa which is supposed 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 | ength
L of the slider to make X=x/L, the recess angle 71 is 0.05 X rr/X<rl
<0. 13X zésh¥crAr6OEALNANLR1EAE REARENG o R ) Il o AN &pl L he
slider in a region where a skew angle 1s néegative can be controlled so
that its)yvaetal;igeni §;egual o410 | er j_red v e , thus,
a stable flying postu%e o? ?hé gpﬁggp& ?grkgﬁgi%%égﬁﬁk?%%IFQEﬁoﬁﬁggere t he
skew angh&ni § HEYALLME, w b D y<gECULLN abl e flying height at_ a
posi tion d? nininun1§|y¥ng§ gﬁgﬁﬁg %égogag%ékt%nglgpﬁl %bF ¢%§?ﬁé¥gﬁf
invention, i 1 j Lned in_C.aim4, the e.line having the
e B R "B R i e e e A0 & The

recess angle 77 1is
in the

ordi nate which,is supposed. to,pass in the center of the slider
slidert;%le Sﬁzﬁﬁﬁmiocﬁéé%t Bﬁ(BAcEB?dFﬁﬁeFB fRE1Pr dseht Pnlert Tdr <7

ongl
variation.i.s_no caused with respect to the roll angle in a region where
the sk Wlfngél’te}%s positive.

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 variation is egual 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 7 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
caﬁsed 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 b.09n.

According to the present invention, variation of the roll

angle of the slider-in_the region where the skew angle is



According to Caim6 of the present invention, in the slider as defined in
Caim4, 17 X X is approximately 0.097c. According to the pres@®/03/2006
invention, variation of the roll anglegof the slider in the region where

t he skew angle is 28/ 03/2006 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 mninmmflying height. According to Claim7 of the present

i nvent imyathes echg berg¥kdedoavghi dak, hayiRg & @%%%lfeprflrﬁg%; gﬂ'd}&ﬁ@/ or

reproduci ng data on/froma di sk nmedium and an air bearing ace, and

flying J# cind hey thsk 1BdbyRrybYai Lf! eﬁvgb%m%gem%reait@leb%%imgﬁlgﬂfee;gicse and

the disk medium in which slider on t arr aring surface, € line

on the naiga diffd U 180815 dge c @R L e §gg§lgL@gggégfﬁ%igh%ka%u%e%osition

circunference side end are connected I'ne~having a‘recess angl e

B(rad) ow th nikRsPestv1i,9, the; cissa which is supposed to exist in the
sl i der mﬁdthjdirecf%%w#bé£§l§€g'edge line on the air influx end side and
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edge line havin recess angle
" fromthe air

t her eby_f.or i t d di st ;
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influx end to the ¢oncave ~ par

by the, Lgpghilchngolbablle e 10 dke 2CH b LhS L€°8es gogkes 0 and 77
‘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 # (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 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 0 and n are
0.06X n/X<6<0.12X /X, and 0.05X x /X< <0.13X n /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 7t/ X<0<0.12X n/ X, and 0.05X n/ X<77 <0.13X 7L/ X. According to the
present invention, a roll angle of the slider in both regions wgeresa2glomv

angle is positive and where the skew gpgle is negative can be controlled
so that its variation is equal to or smaller than a desired val ue and,

t hus, 28/03/2006 10 a stable flying posture of the slider is obtained in
the whole region of the skew angle, thereby securing a stable flying

hei ght at a position of mninmumflying height. According to Caim8 of the

presentai S¥YEPLEOH] yiAgt B8stahkdefr %5ék§ﬂ¢§¥¥i{hfgﬁﬁéﬂgédtfﬁﬂfﬂgewﬁgﬂg

having the recess angle 0 is fornmed on the di outer circunteérence side

of he regdinabe whLchkks SHEPASCLOSS I NG CPIUEL oL Higy sl der I

the slider |ongitudinal direCtion. Accordin pr esen enti on,

vari at igde &9+ n c WLt Rer t | 1. le in the regi on where
Y g8t N9t 2 CAYSEE; ¥k anfgitﬂﬁﬁhm %15)61121 A1 A0 gion whe

the skew angle is hegative, a ero e slider-in

(1 $8,0ns Mbeseathe ekeusanal ¢ L2 B LS A0 hars e Stqangl e I

negative can be cont SO t it's ariatio Smal | er
than a i . C ing: to.Claim9 of the present invention, in the
Sq%'%éleqaélgé%jﬁl ai fnﬁ %f%”%kﬂr S%QSnggFrT;Lﬁélley heVingh e L&SHiding to

slider as define
the pr t ipvention qQf the roll angle of the slider in the

region% ere h%ss£8ﬁpgﬁgﬁéa%bgn8&§HJQH¥?%ﬂF%ﬁF¥ﬂ§ﬁr?%FeOﬁ%d%n@ftHéeroH
angl e gf.qihe 3 48 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
variationris-equal to or smaller than a desired value.

According to Claim 9 of the present invention, in the
slider as defined in Claim 7, BIXX.is approximately 0.09m.

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 1is positive and
where the skew angle is negative can be coﬁtrolled 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 7 is formed on the disk inner circumference sidé of the



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 eQ@10392006
smal l er than a desired value. According to Caim10 of the present
invention, in the slider as defined in"Claim7. the edge |line having the
recess angle 77 is fornmed on the di sk inner circunference side of the

28/ 03/ 2006 11 ordinate which is supposed to pass in the center of the
slider in the slider longitudinal direction. According to the present

i nvent i 9Ag Matkalh9Bhi §sNQhppERUSed WiddL J gﬁgﬁe tc%at eraﬁg Lto g%ﬁieégﬁggr

regi on where the skew angle’is positive, e
n  botinotnthe1igokonsnyhensihs showaanghe is positive and where  the
i I n to

skew angle is negative c be controlled so that its variation is equal

or sralTer Uhan,ecdfs!£atg! e o2660uda 0.0 UpLl, e precent

invention, int er as 1 ne a
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the slider 1n the reg

0", of .the sli.d i.n_both of the regiaqns, where the
skew g%%%ﬁf%ﬁi%%if$3%§%%%%v%he$83tﬁéeskg aftgl ei§?n§é§?%§éi¥§hjﬁb
ual to_.or .smaller than a desired

Sglnbre?lbl gtg]ofo i Ltgat ofegja?r}/ﬁarlvliﬁ%#g?hggpgggﬁnf’mgﬁeﬁﬁ BRS1tACe 37 SRR ded a
Slidertﬁ%vg@%waJHETéffg Jégégfgggcggdégrcontrolled 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 0.097x.
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 “07, and the roll angle of the slider
iﬁ 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;



reproduci ng data on/froma di sk nmedium and an air bearing surface that has
a concave part for generating negative pressure, and flying fro®ade/doge
medi um by airflow between the air beajyng 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 top
approxi mately plane surface on the air bearing surface, 28/ 03/2006 12 and a
relative velocity between the slider and the disk nedium at a position

wher e aasdeav ﬁ@géeixf:@rﬁeﬂo@ﬂ?heeeﬁaeleﬂatt%ewg'ﬁfaeﬂ U RRRS & 10 RASS M N the
center of the slider in the slider |ongitudinal direction, and the disk
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air influx side pad and an appr oxi ace forned on the air
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the dl%hen% Euthlux 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)<1l.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 0(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
poeitions 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
frack at a position where a skew angle is O{rad), is further
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 Claim13 of the present invention, in the slider as defined
in Caim1l2, the follow ng expression is obtained: VX (d/y)<l.608/4&3pp0i0w
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 further suppressed stably, and thus variation of the flying

hei ght can be suppressed so as to be equal to or snmaller than a desired
28/ 03/ 2006 13 val ue over the whole disk radius, thereby securing a stable
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14 of the present invention, in the slider as fine aim12, the
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i nflux si'de pad ®extends to the ux en According to the present
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stable flying height” and yl ng posture ositiénsS on the disk
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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.

Accérding 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 région:where é relative

velocity between the slider and the disk medium at a position



regions on.the disk nmedium According to Claim16 of the present invention,
there is .provided a disk device having the slider as defined pg/g3yp0b6
According to the present invention, it;js possible to realize a stable
flying posture and suppressed flying variation of the slider in all the
regions on the disk nmedium According to Caim 17 of the present
invention, in the disk device as defined in Caim16, a region where a
relative velocity between the slider and the disk nediumat a position

28/ 03/ 3006r d 43 WEER 2ngkeWs 8Nl gab§ Q6 %g)uails @Ayl s&r%ﬁfeazs;%a{ner than 13

(ms) , is enployed. AcCcording to the present I nvention, angl e can

be suppre so & itSeyariation is equal to or smaller than a desired
val ue in gﬁﬁg%%e rg%h%nsf%n'the di sk, and thus a stable flying height of

the di sk deviie Betiers e | R or ab Ry 1h et Bkl Forte %ol Ron Hiara.
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flying height of the slider can be obtained.

Aécording te 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 is
provided a disk device having the slider as defined in Claim 4.

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

According to élaim 21 of the present invention, in the
disk device és defined in Claim 20, a region where a’;elative

velocity between the slider and the disk medium at a position



According to the present invention, it is possible to provide a very snall
di sk device based on the Conpact Flash standard, having high reg/gsn2ooe
density and reliability. According to ai m 20 of the present invention,
there is provided a disk device having the slider as defined in Cla|n14
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 nmedium According to Caim2l of the present invention,

in the yebsk devieg §ﬁigg§f [LQEQ k044 3 8 atroegﬁro%rﬁ'gﬁe_l_rﬁ% g ative

vel ocity between the sfider an the um at posi ti on 28/ 03/ 2006 15
wher e a1§Kﬁyépngig éﬁ%Qg%@g) i s equal to or smaller than 13(m's), is

enpl oyed. Accotdi ng e present invention, a roll angle can be
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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 suppreésed 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 wherera'relative

velocity between the slider and the disk medium at a position



standard. According to the present invention, it is possible to provide a
very small disk device based on the Conpact Flash standard, hagigynhyaboe
recording density and reliability. Acgﬁ§ding to Claim24 of the present
invention, there is provided a disk device having the slider as defined in
Claim7. 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 Caim25 of the present

| nvent kderd M theew dissla dlovi oo 2% fef Lnedub Qo_a.'bg 28s18c5e9hgn where a
relative velocity between the slider and the dis Redi um at & posi tion

28/03/3@Q§U@g)Myg%%ﬁbl angle is 0 (rad) is equal to or snaller than
13(m's), is enployed.” According to the present invention, a roll angle can

be re t hat. it i at j to_or |l er than desired
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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
fgrmed symmetrically with respect to the ordinate which is
suppoSed to pass in the center of the slider in the slider
-1ongitudinal 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



is arranged on the ordinate of the slider, variation of the roll angle is
mnimzed, and thus a stable flying height and flying posture R8Yd®/2006
secured at all the positions on the digk nmedium According to Caim27 of
the present invention, in the disk device as defined in Claim24, 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 '

| ongi tudi nal direction. According to the present invention, especially when
a headmddsiwatranged on the ordinate of the slider, variation of the roll
angle is mnimzed, and thus a stable flying height and .flying posture can

be secured @Iccﬁiﬂdi[ﬂlf HROE1d BNS2 PNo ENEn i ﬁkegghg?’iﬁ%ﬁt%nﬁe@hlémdlsk
According to O aim28 of the present invention, the disk dévi ce as defi ned
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invention, it is possible to provide a very small disk device based on the
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to Claim?29 of the present invention evi ce" as |ne in Caim
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invention, it is poSsible to provi a very snal evi ce ase
CbnpaQﬂaghﬁﬁhhlgh 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.

Accofding to the present invention, it is possible to
provide a very small disk device based on the Compact Flash
standard, having high recording denéity 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
fis qrranged'on the ordinate of the slider, variation of the

roll angle is minimized, and thus a stable flying héight and.



standard, having high recording density and reliability. According to Caim
30 of the present invention, there is provided a disk device hagi/mB3rbh606
slider as defined in Gaim12. Accordigng 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 nmedium According to Caim 31
of the present invention, in the disk device as defined in Caim30, the
concave part is forned symmetrically with respect to the ordinate which is

SUDDOSQQyti@RC%%%dﬁé he gnticlfed e slidefnd fbéé‘ftn?&ilg%n' eRgi hydinal

di rection. cording to the present invention, especially when a head is
arranggdq9nnt he ordinate of the slider, variation of the roll angle is
m nimzed, and thus a stable flying height and 28/ 03/2006 18 flying posture

can be secupgdsalial! tbhe1Res BhoRs qﬂ%iﬂﬁﬁ%%?ﬁgjgﬁﬂﬁg¢%°fmcfﬁdtﬁ9-to d ai m

32 of the present 1nvention, 1n the ned 1n ai m 30,
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ordinate which i's "supposSed to pass 1 hn tHe center o rin
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Varia%&ﬁﬂpgge&h§o 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, wvariation 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.
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roll angle is mnimzed, and thus a stable flying height and flying
posture can be secured at all the positions on the disk nedi unpgiecyy dpog
to Claim33 of the present invention, the disk device as defined in Caim
30 is based on the PCMCI A standard. Acpgrding to the present invention, it
I's possible to provide a very snmall disk device based on the PCMCI A
standard, having high recording density and reliability. According to
Claim 34 of the present i nvention, the disk device as defined in Caim 30
i s based on th npact ., Fl ash standard AccQrding to the present
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illustrating the interior of a magnetic disk device according to a first

enbodi meningéntia@.present invention. Figure 2 is a cross sectional view
illustrating the magnetic disk device according to the first enbodi nent of

the invention. piFlgure f éls GRS SR Al U PTYHLLUSHIALT e Anfllc R um

and an act uat or rm accor ng to the I rst errbo nment I on.
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Figure 3 is a schematic diagram illustrating a disk medium
and an actuator arm according to the first embodiment of the
invention.

Figures 4(a) and 4{b) are schematic diagrams for explaining a
flying posture of a sltder according to the first embodiment of the
invention.

Figure S(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 6 and a roll angle on the air bearing surface according
to the first embodiment of the invention.

Figure 7(a) is 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.



flying posture of a slider according to the first enbodi nent of the
invention.. Figure 5(a) is a diagramillustrating the shape of ag/@3/2006
bearing surface according to the firstygnbodi ment of the invention. Figure
5(b) is a diagramillustrating the cross section of the air bearing
surface according to the first enbodi nent of the invention. Figure 6 is a
diagramillustrating the relationship between a recess angle 0 and a rol
angle on the air bearing surface according to the first enbodi nent of the

invention. FrOgife7§a)si§ gig?ggﬁaglhhgg%%gg%hgﬁhgg %ﬂ?ﬁ¥%ﬂ§h. e air

beari ng surface according to the first e e’invention. Figure
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angle 0 and the roll angle on the air bearing surrace according to the
first gnhdiient of the invention. Figure 9(a) is a diagramillustrating

the shape of the air bearing surface according to the first enbodi ment of
he ot eI 908 W) & AU PILLUPLERILEY, heptr g prestion o
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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 is 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 7 and the roll angle on the air bearing
surface according to the first embodiment of the invention.
Figure 13 is a diagram illustrating the relétionéhip
between the recess angle 5 and the roll ahgle 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 75 and the'roll_angle-bn the air



bearing surface according to the first enbodinent of the invention. Figure
11 is a diagramillustrating the relationship between 0 X X anggtA®3yeblos

angle on the air bearing surface accogding to the first enbodi nment of the
invention. Figure 12 is a diagramillustrating the relationship between a
recess angle i and the roll angle on the air bearing surface according to
the first enbodi ment of the invention. Figure 13 is a diagramillustrating
the relationship between the recess angle n and the roll angle on the air
beari nghssringesaeeardi Bgloedihg @d%%héﬂ?#%@ égiﬁéﬁ%]df“%ﬂg'on' Fi gure
14 is a diagramillustrating thé relationship Dbetween e recess angle n
and theigebhtfpgl e on the air 28/ 03/2006 21 bearing surface according to

the first enmbodi ment of the invention. Figure 15 is a diagram
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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

j.embodiment of the invention.

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

Figure 21(3) 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.



according to a second. enbodi nent of the present invention. Figure 18 i's a
diagramillustrating the relationship between a Ievel differengg/@®3/2006
an air bearing surface and the fIylnggpelght of the slider according to
the second enbodi nent 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 enbodi nent of the invention. Figure 20 is a diagran1i||ustrating
the relatio b n,a a ffICI a.and fl hei ght
nisﬂﬂpre %Y\gfhegse 8555{% g%%}r?tcc(}o tj’[nl’or[e hhevésr]ﬁai oen % %e 21(a)
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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,
1s 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,



first. enbodi nent of the present invention wll be described wth reference
to the drawings. Figure | is a perspective viewillustrating theg/u®yeones
of a magnetic disk device. Figure 2 i52% cross sectional view illustrating
t he magnetic di sk device. The magnetic®di sk device has a housing cover (not
shown), which covers a disk nedium?2, a slider 3, and the like. A pair 5
of actuator arns, 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 coi
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rotated b r inthe directio shown by an arrow Ain figure 1. A
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and tnﬁés gneti.c head irntegrated therewith nove on the surface of the disk
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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
bj the rotation about the actuator axis 20. By rotating the
actuator arm pair 5, the slider 3 and the mégnetic 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 innérmost 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 qf'the disk medium 2 (direction of rotation of the disk
medium 2) with respect to the ordinate-SS of the slider 3 is

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



In the magnetic disk device, the novenent of the head is caused by the
rotati on about the actuator axis 20. By rotating the actuator Q8AQRYP20D.6
the slider 3 and the nmagnetic head thesgin can be |ocated at any tracks on
the surface of the disk nedium2. Figure 3 is a schematic diagram
illustrating one disk nedium2 and the actuator arm seen from above. As is
well known as an art of the magnetic di sk device, there are |ines of
concentric tracks in which nagnetic data is recorded, on each of the
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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 (OD) track 12, a radius of 6mm 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



the slider .3, the skew angle is negative. That is, wth reference to
figure 3, the skew angle is the largest at the OD track 12, theg/ms)/esioe
at the ID track 11, and O degree at a  piddle diameter (MD) track 13. In
this first enbodi nent, the disk. nmeditm has a radius of 12.5mm and a skew
angle of 16at the outside dianeter (OPB) track 12, a radius of 6mmand a
skew angle of -5 at the inside dianeter (ID) track 11, and a radius of
8.7mm and a rotational velocity of 4500rpmat the mddle dianeter (M)
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4(b), the inclination of the slider 3
As shown in figure 4(b), the inclination of the slider 3

with respect to the disk medium 2 in the abscissa 567difection
is referred to as a roll angle. The roll éngle 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 Ffirst
1embodiment. Figure 5(b) is a cross sectional view illustrating
_an A-A cross section of the air bearingrsurface.

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 tp each other. Ih 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 surfaée
33 is 700nm.

-.The air influx end 41 féces toward the direction in which

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



with respect to the disk nmedium2 in the abscissa 56 direction is referred
to as a roll angle. The roll angle is positive when the flying2ei@hyoome
the di sk outer circunference end 44 i 6snaller side than on the disk inner
circunference end 43 side. Figure 5(a? is a diagramillustrating the shape
of the air bearing surface of the slider 3 according to the first

enbodi nent. Figure 5(b) is a cross sectional viewillustrating an A-A
cross section of the air bearing surface. Wth reference to figures 5, an
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that acts in the direction in which the slider 3 gets near to
the disk medium 2 is referred to as negative pressure.

On the air bearing surface 30A, 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 ié 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
gpproximately plane surface of the middle surféce 32 that is

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



that acts in the direction in which the slider 3 gets near to the disk
medium 2 is referred to as negative pressure. On the air bearingggy3a9e06
30A, an air efflux side pad 34 for at%;ching t he magnetic head 99 in the
vicinity of the air efflux end 42, anti"an air influx side pad 38 are
constructed by the upper surface 31. The air influx side pad 38 is forned
by connecting, each other, a cross rail 35 which is fornmed at

predet ermi ned spaces fromthe inner circunference side end 43 and the
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surface 32 is formed by the | ower surface 33. According to the air bearing
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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 5. While in figure 5 6 is 0.2z
(rad) and 5 is 0.2x= (rad), the angles 6 and n can be varied
to some extent in the present invention. However, in order to
obtain desired characteristics, # and 7 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 surfacé

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



pressure is generated mainly by the pads 34 and 38, and negative pressure
i's generated by the negative pressure generation concave part 248./d#%e20dge
line on the air influx end side (cross, %all 35) and the edge line on the
side of the outer circunference side “€hd (side rail 37) of the negative
pressure generation concave part 48 are connected by an edge |line having a
recess angle 0 with an abscissa 56 which is supposed to exist in the

slider wdth direction. The edge line on the air influx end side (cross
circ nfergnce si de end
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recess angle @, and is controlled so that its variation is

equal to or smaller than the desired value according to the
first embodiment in a range 0.14x<8<0.28x.

Figure 8 is a diagram illustrating the relationship
between the roll angle and the recess angle § 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 # 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 solas to be equal to or smaller than the desifed
value in a range 0.197<0<0.30n . Figure 10 shows that with

:respect to the air bearing surface 30C, the variation of the
roll angle is ;onﬁrolled-so as to be equal to dr_smaller than

the desired value in a range 0.227<0<0.387.



variation with respect to a targeted roll angle of Oy rad is + /-10 grad.
Figure 6 shows that the roll angle varies with the recess angl egyo3andos
controlled so that its variation is al to or smaller than the desired
val ue according to the first enbodinment in a range 0.147v<0<0.287c. Figure
8 is adiagramillustrating the relationship between the roll angle and
the recess angle 0 at the OD track 12 with respect to an air bearing
surface 30B shown in figure 7. Figure 10 is a diagramillustrating the

"ol ati onshi gl westuy tesoll A00lecAnget e £peoscangle Quate g-,@% Rz r ack

12 with respect’ to an a| earing strface

o AT PR R 15.+n%§§§:“.eﬁ§' j BT

and theé Tower surfdc , respective

oo fieet ?’?fe%?&%et I h%%fi#%’ﬁ% R dii %%Ef BER a0 2RBY of

shows

the ro anql troII d 0 as to be to or IIer t han t he
de5|reghevg%u tﬁnlé ran&g & ;é} E% gqﬁﬁ#r 6 shows that with
respect?go t.he |r earin rface BOC the varlatlon of t he roll angle

is cont FF&8H§ ETig e Gﬁ%la?% bhe shalf erR@haniehebdednesdd value in a
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end 41 tf gatlve gressure generation concave part 48 is standardi zed
by e gJ_v n of this relationship. With respect to the air

bearing surfaces 303, 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 [J 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 303,
30B, and 30C, ranges in which the desired roll angle is
obtained are in accord; the range is 0.067<f XX<0.12x. That
is, by forming an edge line having the recess angle # in the
region where 0.06n<@ XX<0.12xn 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 flyin§ posture of the
slider.B can be obtained'_in the region in which the skew angle

'is positive, thereby seéuring a stable flying height at a



the length.L of the slider to make X=x/L. When the relationship between O
XX and the roll angle is obtained, a noteworthy matter becones2gpwes£Pboe
ith

Hereinafter, a description wll be gi%in of this relationship
respect to the air bearing surfaces 30A, 30B, and 30C of the first

enbodi ment, X is 0.405, 0.364, and 0.283, respectively. Figure 11 is a
diagramcollectively illustrating the respective results shown in figures
6, 8, and 10 with the abscissa being 0 XX. A mark 49 shows the result with
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figure 11 shows the optinumvalue for 0 X X to
the roll angle and the recess angle 75 at the ID track 11 with

respect to the air bearing surfaces 302, 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 0.10w<7n<0.35x. 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 0.127<75<0.38xn. Figure 14 shows
that with respect to the air bearing surface 30C the variation
of the roll angle is contreolled so as to be equal fo or smaller
than the desired value in a range 0.20n<n<0.47x.

Figure 15 is a diagram collectively illustrating the
respective results shown in figures 12, 13, and 14 with the
.absc.issa 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 alr 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,



control the roll angle variation is 0.09,t. Next, a description will be
given of a roll angle control in a region in which the skew anglggd3/2006
negative. Figures 12, 13, and 14 are gjagrans illustrating the

rel ati onship between 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
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28/03/%906 31.305, and 30C, ranges in which the desired roll angle is
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 negative, thereby securing a stable flying height at the
position of the minimum flying height.

Further, figure 15 shows the optimum value for 7 XX to
control the roll angle variation is 0.09ni

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
beariﬁg surface 30A. The velocity is 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 foll angle is required to be controlled to be
equal to or smaller than +/—10urad as described with respect
to this fi:st 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 N



obtained are in acco rd; the range is 0.05n <7) XX<0.137c. That is, by
formng an edge line having the recess angle n in the region wngpqxg/zgoﬁ
0.05n<-n XX<0.137r is achieved, the roll angle of the slider 3 in a region
in which the skew angle is negative 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 negative, thereby securing a stable flying height at the
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recess angle f is formed on the side of the outer

circumference side end of the orxdinate 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 5 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 75 are defined by angles
which are formed by a virtual line connecting the edge line oh
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 havihg the recess angles § and 75 are shown as linear
lines in the first embodiment, they may be curved 1iﬁes as long
as effects of the present invention are practically obtained.

As described ébove, 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



generation.concave part 48 symmetrically with respect to the ordinate 55,
so that the roll angle when the slider 3 is located at the M bryqk3 230i0%
"0". Furthernore, it is desired that é?e air bearing surface 30 is
symmetrical with respect to the ordinate 55. Further, it is desired that
the edge line having the recess angle 0 is fornmed on the side of the outer
circunference side end of the ordinate 55, s-o0 as to prevent the edge line
having the recess angle 0 fromaffecting the roll angle in the region
where t S el e i ve, . Correspondi ngl it is desired that the
edgeli%ﬁ?rég%%g %Ft$%2%§2%%%g?gg%7i?§efﬁ?ﬁé& oﬁhﬁhﬁegﬁaé Spgﬁﬁe nner
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above.(Eﬁgphg?ﬁhfﬁgﬁggﬁgé%lg.%I%El ahd FPPEPEegeFPn8618$ &RgitBS  which are
f or med virtual line .connecting the edge Line on _the air influx end
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surface 30 1s standardized by the length L of the slider 3 to

o P o

make X=x/L, by placing 0.06x~0.12x for @ 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 gir influx end 41 to the
neggtive 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~0.13xz for niXﬁ, 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. o

{Embodiment 2)-



33 end are. connected by the edge line having the recess angle (rad) wth
the abscissa which is supposed to exist in the slider wdth di pgytgdN209%
as to formthe negative pressure gen tion concave part 48 on the air
beari ng 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 the Iength L of the slider 3 to make X=x/L,
by placing 0. 06 it ~-0.12 7C for B XX, variation of the roll angle in the

20,7 SRS SRR g0 PR
h h f d h d
e SN s B cfci:lﬁneeﬁf*%?orfw SRR B0 2 BR0LR o0l

line h g ss rad) with respect to the abscissa which
IS supg%ggdr%ggééﬁﬁ in t e é&aéhﬂ %ﬂdth direction, so as to formthe

negative pr ure neratl n _concayv. rt 48 on he al surface
30g and 3h§§%uﬁe &lstanéb %? 3%9Nﬁ(1ﬁgzﬁqt%9ﬁl Y%%% groﬁeﬁﬁtive
ressu ene |on conc 48 of the air bearin rface 30 is

St anda?@ yedc % 11h§ | @Rgt % H—% i FA5TD ViRER ‘3(—%%%35?“5%&%9 0. 05

n ~-0. i Lg; é rlatlon of the roll angle in region where the
skew a @V% i s%po ?Fﬁﬁgncﬁ SHEPPEFpFELSSE thah )F%%d%%?%geaSEFQﬁF% flying

hei ght_at the ositjon of the minimum flying height. Enbodi nent 2
9 3? E thepair beargng surface 3034 fé 1guré% 5 és 25nm, 50nm2

100nm, 150nm, and 200nm. A mark @ shows the case where the
level difference “d” is 25nm, a mark [] 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 3%
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
x X8.7X (4500/60) %4100mm/s=4.1m/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 illustratiﬁg the relationship
between the level difference “d” and flying height variation in
”thé range from the ID track 11 to the OD track 12, with respect

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



28/ 03/ 2006.34 Hereinafter, a slider and a di sk device according to a second
enbodi ment of the present invention will be described wth refegnEs/ 906
the drawings. Figure 17 is a diagran1iggzstrat|ng flying heights froman
IDtrack 11 to an OD track 12 in cases ere a difference in |evel "d"

bet ween the upper surface 31 and the mddle 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 level difference "d" is 25nm a mark F~ shows the

case e e ence_ "cff iis 5 mar k ows the case

wher e tﬁ %ﬁe : g?#%?e%ég%" "Ea§9f60&ﬁﬁéi:ﬁ%ﬁ}%f%ﬂﬁﬁ@ heEaUSRSE dhere the
| evel dj cg and shows the case where the |evel
differ 2%1 aer'r‘%"['] | syg%%nﬁrﬂal gg&ﬁﬁﬁﬁgéo%?elw&&ht ¥ e5EE R %a &l ddte Rignd t he

di sk accordi ng t first odiment at the MD track 13 of the
di sk m§¥ %?vm%% %F%?e%@% gﬁﬁtlﬁﬁglggglocity of 4500rpmis 2 ic X 8. 7 X
(4500/ 60) ~ 41003@@ nis. gure 17 shows that a_ |arger |evel

di fference "“T9%%n t%ﬁc%u@%a%ﬁamn%%%8§§r6Flﬂﬁethﬁl?ﬁﬁ@tﬁﬂnﬁﬁﬂPbspeC|aIIy
at the CQ track 12, resul ina wder difference b etween the flying
hei ght HaRd 154 rLAYE L 101 SRR ehEe Be” t RRAODbEr ABK1ng. hpiighte 18 is a

dlagran1lllustrat|n the relationship between the |evel difference."d" and.
f|y|ngvﬁgﬁéﬁﬁO@aM%ﬁﬁ(ﬁgqgﬁct to the air bearing surface 30A in cases

where a disk rotational velocity is 4500rpm and 9000rpm.
Figuﬁe 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
'variatioﬁ under the respective conditions is put in order, a
new trend is apparent. The distance “y” is 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 aif influx side pad 38 which is nearest to

the air influx end 4l.. Further, the distance “y” is 0.41lmm on



the range fromthe ID track 11 to the OD track 12, with respect to the
respective air bearing surfaces 30A, 30B, and 30C. 28/03/2006 Sggﬁugyyﬁgb%

shows that a larger |evel difference E&% causes a greater flying helght
variation with respect to all the air earing surfaces 30A, 30B, and 30C.
Figure 19 is a diagramillustrating the relationship between the |evel
difference "d" and the flying height variation with respect to the air

beari ng surface 30A in cases where a disk rotational velocity is 4500rpm
y of the

and 900Qrpm. i e 19 shows t eyen. when t rotatijonal. vel oc

sk medemiy Hedhd SOHR: (e otitndn FRachis bRatind saesebrdi um
2) is ditferent, arger level, difference "d* simlarly tends to cause a
greates0 Iy g Réﬂ&hp135¥ﬂgvf§ﬁ%rqﬁﬁ%%ﬁﬁ,Sfoﬂc?eghFence to figure 19, a
hi gher reIa%Lve vel ocity causes a greater flyin heig?t variation in the
range fron1ﬁﬁ8rFD§Pr&5kél 1P 4R OO 1Lkt a2Y HePerSLREIPBPEEPve vel ocity

between the slider 3 and the A disk medium2 at the MD track 13 is V(mms),
a di st3REHSEPoATEN 2 CEORMOsiAtd:OoTe PAEL kGl it afr AT 1the sf el padhebal s
y(mm, and _the absgissa is V X(dly) (hereinafter, V X(d/y) is referred to
as an SeELATOEat FoRAcEEFPRGeMe DHE WRSPHel ¥¢ yvihy MerghRa GHFEAERSN under

t he resggctive conditions is put in order, a newtrend is apparent. The
di st ante?r y30Bs apdj 3PFy aMarksafe BMromdhd mhow rfhexresmdlns vothhe

| eadi ng edge of the air . )
respect to the air bearing surfaces 30A, 30B, 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 «, 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 o 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 « is equal to or smaller
than 1.0, the flying height variations 'are nearly constént at a
value approximately egqual to or smaller than 2nm (-+/-—1nm).
Further, in a region where the accommodation coefficient « is
‘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



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 inflogmnul/4bo6
Further, the distance "y" is 0.41nm on g8/03/2006 36 the air bearing
surface 30A., 0.35nmon the air bearing surface 30B, and 0.19nmon the air
bearing surface 30C. Figure 20 is a diagramillustrating the relationship
bet ween the acconmmodati on coefficient a and the flying height variation
with respect to the respective air bearing surfaces 30A, 30B, and 30C.

Mar ks O - A . | t ith t toth i i
sur f acea 33MOEs B S Hos B8 T RHs B Va1 St aReRor RE SPeddg ™ hat dny
| oci ty.i d * sh h .t with t toth
it beart hgr 1250 £8Tkg R AT R e Arind DrerBb It TR OO B Ve
8200Mm s+3;  t to fi 20, with the flyj. hei ght
vari ati o B it RakEoF EReBablshhBaathaRe Che Aidei Attt HE r ooul t s
ith t l1.th ir.b ' f 30A, 30B, d 30C are i
agr cemant-0gnd 4 | 7 i LraBRohJuRaRebe e RREsARSdal A (S FIGHAN a i s
equal %%EOQl smaller.than 1.5 that the flying height variation fromthe ID
track PEAPTREEFTTALCES P BUpRFCF8e8r SenhPrEr ithads &Swal &GU&T to or
smal | er__t an +/-2nm__NMoreover, in a region where the accommobdati on
coef fi & oF iy e (ot redaydEie Imakhe. DangReLEPY fgehdDglrack

vari atigns-are nearly caonstant at a value approxinmately equal to or
gqtﬁghﬁ%%nqpﬂe%qﬁﬁ 12, thereby securing a stable” flying height

smal | e
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 fand 75, and
the accommodation coefficient a are set at values within the
range according to the present invention, whereby a stable
flying height and flying postufe can be maintained in the whole
fegion 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 8and 5 are set at values within the above-
mentioned range, thereby maintaining a stable flying posture.

Thus,; the magnetic disk device provided with the slider



Further, in a region where the acconmodation coefficient a is larger than
2.0, the flying height variations fromthe IDtrack 11 to the @@ﬂdjygog%
tend to be sharply increased in concert. Therefore, by conposing Vv, "1d",
and "Y' so that the 28/03/2006 37 accohfrodation coefficient a. is equal to
or smaller than 1.5, desirably 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 smaller than the desired val ue

{
in t he ¥AUE DT E e F PTFARRT 4HVERTLAR BBPPracReE2RCAReFEBY s88Gr i ng a
the positions fromthe ID track 11 to the OD

stable flying height at_all , 1 DI
track ff%é%é%%;;%éhﬁgrﬁ%ﬁ?ﬁﬁ?@a@F%E%ctﬁ@nVéVéPOHiﬁﬁé#@ﬁ@éCYdanﬂs set at
100nmin_the B first enbodinent, the effects of the present invention are
obt ai nE§ 1i#H Idshect to the air bearing surfaces 30A and 30B. However,
when the level difference "d" is constructed to be 50nm the effects of
the present &SnPERGOP ARV OhtaFeREAIRY htor eBpeslidert Aedathebdapikng
surface 30C as well. Further, with respect to the air bearing surfaces 30A
and 30BVéFet Ré fhlests asifishisimdinant + edeer thgl veldhhve 1velandityt he
acconmpdation coefficient a are set at values within the range according
to t hePpE¥Sent thayerdider, Ivserehhen disdblredilyi hgahetiyht Mantrd¢yi hg

posture can be maintained in the whole
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 wvelocity unit (mm/s), the
accommodation coefficient « is supposed to be physically a
function of a friction velocity. Currently, in nearly evefy
magnetic disk device, a bearing film between the slider 3 and
‘the disk medium 2 is formed by air. However, for example, in a
hitrogen—sealed disk device, an arg§n4sealed disk devicé, ér

the like, the optimum accommodation coefficient a« is not



region fromthe IDtrack 11 to the OD track 12 on the disk. Further, also
with respect to the air bearing surface 30C, the recess anglesg@@nﬁgngm%
set at values within the above nentioggd range, thereby naintaining a
stable flying posture. Thus, the nagnetic disk device provided with the
slider 28/ 03/2006 38 according to the present invention suppresses head
crush and realizes higher el ectromagnetic conversion efficiency and
reliability. As described above, according to the slider and the disk

devi ce of econd di;ment en.the relative velocity , between the
sl i der Sé ﬁ%&dEngﬁgg ﬂﬁ?%ra?wghgbﬁﬁetraéﬁ ﬁg G S, the |eve
dlfference be n the apr. X _si de 38 and the a xi mat el | ane
surfaceaq‘C()C?I[F‘F[Jacify\'e rﬁec%?#h?%??g C8ﬁae§PH’€ 19 (1 & rﬂpﬁot&esl%%sep%d{)%8 i's
d" ( and the di stance fromthe_air _influx_ end 41 to the air influx

si de ”?a%? Qb at e%olﬁ%so@%tjlvlyi&@ thRd OPOTIRAATHON /X (d/y) s
equal to or snaller than 1.5, the flying height variation of the slider 3
whi ch FOSETdSIGRE he BoCH @@rev@}bcﬁhey ekl DeoS uppe e¥se@os Fhst Ofs thehe
flying height variation can be suppressed so that it is equal to or

smal | eF25t frén Hife Wi X ue2ih- the whol e range fromthe ID track 11 to

the OD track_12, thereby maintaining a stable flying hel% at all the
posi tions fﬁéﬁﬁhh@ﬂqbtﬁ%ﬁHQQH.ﬁQ)Qh@-QEﬁF%angEEfaS?ﬁcé ? XCdAPF has a

Ve|OCItK unit (m's), the
own in flgures 21 to 23, the recess angles 6 and n, and the

accommodation coefficient & 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 figurés 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 éir bearing surface 30 are formed
symmetrically with respect to the ordinate as shown in figures
5, 7, 89, and 21-23, the.roll angle at the MD.tréck 13 can be
“0” and, therefore, the roll angle in the range from the ID

track 11 to the 0D track 12 can be near to “07.



accommodation coefficient a is supposed to be physically a function of a
friction velocity. Currently, in nearly every nmgnetic disk degisgs322006

bearing filmbetween the slider 3 and ége disk medium?2 is formed by air.
However, for exanple, in a nitrogen-séaled disk device, an argon-seal ed
di sk device, or the.like, the optinum accommodation coefficient a is not
28/ 03/ 2006 39 restricted to that described above. In that case, the
accomodati on coefficient corresponding to each of the gases is supposed

b bt ai : [ | - dat i ffici . h
by the rati o ol tHenur sBoerty Bf it REAGRE SHIERESD ST br h e Al co,

by the ratio t he vi scosi a
res 21 to 23,

Y h - i  f 30D t o0, 30F _shown in.fi
the '+ ccagbe aDs Bt OBt L B0 L SR She B i FORDCOBRR (i SR o set at

t he recess angles

val ues i t.hi according.to e pr. nt inventiqn, where
variaﬂ%ﬁéﬁ%ﬁbétﬁhéeﬁgg%% %%ﬁ£?F§iﬁ£’htpahglﬁaiﬁhéquﬁFﬁn%%%oﬁ?FLéH*D track
11 to .t D track are suppressed, resulting in a stable flyin

post urétogﬁecf as%ro%s‘fea%‘f I@?Jn% jﬁ%i @ﬂtge%gﬁ?dtﬁBuﬁﬂHFﬁ@eéiartloﬁleé’rﬁ r’Fg‘e
surfaces _30D.to 30F shown i#hgi ures 21 to 23 are not provided with cross
rails 35T emHR9S Tt (3R S U et nglr sheaBERISABRASCR Fi0gleds 5, the
sanme effects as the effects of the above-described respective enbodi nents

can beC8PEGIEEH SREPS WG BT SRR a %Y thesee B vhiehr i hgeguriatesOrAt this

time, nggerat%%%ngalc head 99 is on the ordinate as described in the first

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
2s 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 deﬁice
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



enbodinment; it is desirable that the roll angle is as near to "0" as
possi bl e. Thus, when a negative pressure generation concave papig/Af3A0006
the air bearing surface 30 are forned 4gyrmetrically with respect to the
ordinate as shown in figures 5, 7, 9,7and 21-23, the roll angle at the MD
track 13 can be "O0" and, therefore, the roll angle in the range fromthe
ID track 11 to the OD track 12 can be near to "0". 28/ 03/2006 40 Wile"
each of the air bearing surfaces 30 shown in the above-described

[BSPUCNE SIDPUIRILE COIRT L8R LB\ NLGe orBeRt 2 LIS WpREL s face 31

consideration of the -current proceSS|ng, and thus the air bearing surface
30 may conprises steps of an arbitrary nunber which is equal to or |arger
than 2. Wiile in the above-described respective enbodi nents the .
description has been given of the case where the slider 3 has the nmagnetic -
head 99, the slider 3 may have, for exanple, an optical head or a head

| i ke a magnetic-resi stance-type elenent 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
di sk device based on the - PCMClI A standard or the Conpact Flash standardi a
stable flying posture and a constant flying height can be secured by



enpl oying the slider according to the present invention, resulting in data
recordi ng/reproduction with high reliability. APPLICABILITY I N bSASTRY 0%
descri bed above, the slider and the di gk device according to the present
invention are suit ed as a slider which® flies froma di sk nmedi um by
airflow between an air bearing surface and the disk nmedium to record/
reproduce data on/from 28/ 03/ 2006 41 the di sk medium and a di sk device
enploying this slider. 28/03/ 2006 42 CLAIM5S 1. A slider which has a head
for recording and/or reproducing d froma disk mediumand an air
bearing surface, and flies fromthe medi um by airfl ow between the air
bearing surface and the disk nmedium wherein on the air bearing surface,
the edge line on the air influx end side and the edge line at the disk

Fecess lngl ¢ BLAI: WitHCh cRfRct P6RNEOhnSErLsa Ra: ROYST SOBLts g
when a G ST 4 it ST Tn AR A chdltt BephangoRcase Cepartlol {ho a
_ _ _ ~“pa e air
o L 2aR e o i R Rl by S r 18 b ettn TR i T hen Ty
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 8 (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 # is
0.06X n/X<8<0.12X = /X.
2. ._The slider as defined in Claim 1, wherein
the edge line having the recess angle 8 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
.9><X is approximately 0.097. |

4, A slider which has a head for recording and/or reproducing

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



0. 06X n/ X<0<0. 12X 7r/ X. 2. The slider as defined in daim1l, wherein the
edge line having the recess angle Bis forned on the disk outepg8/03/2006
circunference side of the ordinate which is supposed to pass in the center
of the slider in the slider Iongitudinéﬁ direction. 3. The slider as
defined in daim1, wherein B X X is approximately 0.097L. 4.. A slider
whi ch has a head for recording and/or reproducing data on/froma disk

medi um and an air bearing surface, and 28/ 03/2006 43 flies fromthe disk
surface and the di sk nmedi um

medi um by. aL.r en,the air beari.n
mhereiHP%%g%hgkgﬁaggégﬁﬁﬁé DGFER%e PY; RSP tHhe A3 1987180 end
side a dge.lipe at the di,sk inner .circunference side end are
connec?%ﬁ£€§cgng389tﬂ iﬁés aPPRGUR, ME&&Sd™angl e n(rad) with respect to the
absci ssa mhigh ' sugpgsed,to exist in the slider width direction, thereby
formng a concave®part, *aAd1RAeAYELarsr atde 'ea9e dme 1t e i4#T ux end to

t he concave paré of .the air bearing_surface is standardized by the |ength
L of Eﬁ?%ﬁ’fo“é‘r‘ S HakdnK=kPe, cdhe Lénesdtaidiee A Sks i@rE8X 71/ X< -R
<0.13X n /X 5. The sljder as defined in Caimd4, wherein the edge |ine
havi ng %L}“@%‘e%%n%%g%d% ¢_df3¥aedoBAeEhed by an edge line having a
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 |

w

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/IL, the recess angle 75 is

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

the edge line having the recess angle 75 is formed oﬁ 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 Cléim 4, wherein

n XX is approximately 0.09=x.
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



di sk inner-circunference side of the ordinate which is supposed to pass in
the center of the slider in the slider |ongitudinal direction. 2@/TTE¢2006
slider as defined in Claim4, wherein P XX is approximtely 0. 09 7t . 7.

A slider which has a head for recordi n‘é and/ or reproducing data on/from a
di sk medium and an air bearing surface, and flies fromthe di sk nedi um by
airflow between the air bearing surface and the di sk nmedium wherein on

the air bearing surface the edge line on the air. influx end side and the

edge |i e 803/ 2 4 cum‘ere ce .side.end are

connect € %ﬁmg%'e% bgk ?ﬁée %éi éﬁgéa‘:ggg%& éﬂ &M Hﬁfd)l%m HFedFet to
and

t he abs%&§sa MQH%P g %vﬁpose to exist in the slider wwdth direction,
the edde “TThetirTh %ﬁﬁp%ﬁﬁét%nﬁh?h%béﬂbésPlHEléP iRe disk

i nner ﬁHﬂie ce de end_are an edge line i recess
Iangl e %'}I Cr aae)c{ the}f'slle Shett ’f%etﬁ %EcW%gﬁgydtlﬁgFég?nf'oﬁﬁdn§%§ c?gjrﬁ?a
and when di st ance..' x" mithe air influx end .to the concave part

part,

of the atts 5&art g%ﬁﬁf%ﬂ£}?§ %? N1 284 bt REIPendts BT &0 KES i der
to make X=x/L, the recess angles 0 and -a are 0.06X 7r/ X<0<0.12X 7r/ X, and
0. 05 X"PE¥ KETPPdsIence ¥ ide jsud garapeorneabpdalydani fEFS Aidkai m 7,

wherein |
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 8 and 7 are

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

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

the edge line having the recess angle 8 is formed on the
disk outer circumfe:ence 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

8 XX is approximately 0.097.
;O. The slider as defined in Claim 7, wherein

the edge line having the recess angle 7 is formed on the
disk inner cifcumference side cf the ordinate which is supposed
to pass in the center of the slider in the slider longitudinal -
direc£ion.

11. The slider as defined in Claim 7, wherein



the edge line having the recess angle O is formed on the disk outer
circunference side of the ordinate which is supposed to pass in the center
of the slider in the slider longitudinal direction. 9. The sl i &/ §3/2006
defined in aim7, wherein 0 XX is approximately 0.097r 10. The slider as
defined in Caim?7, wherein the edge Iine having the recess angle 71 is
formed on the .disk inner circunference side of the ordinate which is
supposed to pass in the center of the slider in the slider |ongitudinal
direction. 11. The slider as defined in Claim?7, wherein 28/ 03/2006 45 77

XX i's approxpraikeliy Qpp@dximatkdy A .sld#ler which. has a head for recording
and/ or reproducing data on/froma disk nediumand an air bearing surface

havi ng 1&2. cancalvedpartvhionh hepesaheéad Hegakieverdiagsunhel,/ candeddeetdimm
t he di sk medium by airfl ow between the air bearing surface and the disk .

medi umdatherai NEtde & dideanédPusushacenhas rabeairingnbhbsased@apdcgi ch
is located on the air influx end side of the concave part, and is the top

appr oxigraicel e [pane Mf@@l@e@@tiﬂ% Béfabeati pgesdtikaceanandiaelselraione
velocity between the slider and the disk nmedium at a position where a skew
angl e foreMed S Mg 0f dpad erifdebetween the air bearing surface and
the disk medium, wherein
the air bearing surface has an air influx side pad which
ié 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
0 (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)<1.5.
13. The slider as defined in Cléim 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



i's supposed to pass in the center of the slider in the slider |ongitudinal

direction, and the disk rotating direction is Q(rad), is V(mis),
difference in level between the air influx side pad and an appréﬁé@@é??OG
pl ane surface formed on the air influ%6end side of the air influx side pad
is "d" (mm), and a distance fromthe air influx end to the air influx side
pad is "Y' (m), the follow ng expression is obtained: V X (d/y) <1. 5. 13.
The slider as defined in Claim12 wherein the. foll ow ng expression is
obtained V X (d/y) <1. 0. 14. The slider as defined in daim12 wherein the
appr oxi Dl ahetBer phtelindined sédet pad sixtendds tho 28/037i2006 #Gizend
side of the air influx side pad extends to the air influx end. 15. The

slider eidefined in daim12 wherein the air influx side pad includes a
cross rail extending in the direction of the abscissa of the slider. 16. A

di sk dévi-ce Hevitigiddare 3% i defimsddefi AiddimnlQ aherein 17. The di sk device
as defined in Caim16, wherein a region where a relative velocity between
the slider &g aﬂnaInﬁiuxmﬁhdmnpmdalpo$udeenamhebesaraHeWeam@mﬁlmg'Gﬁrad)

is equal to or smaller than 13(nis),

the direction of the abscissa of the slider.

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

a regiop 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.

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 wheré 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.

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. | B
24. A disk device having therslider as_défined iﬁ Claim 7.

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



is enployed. 16. The disk device as defined in Claim16, which is based on

the PCMCI A standard. 19. The disk device as defined in Claim 16 | i
based on the Conpact Flash standard. .20. A disk device having%ﬁzﬂg?ggiw

as defined in Caim4. 21. The disk déVice as defined in Caim20, wherein
a region where a relative velocity between the slider and the disk nmedium
at a position where a skew angle is O(rad) is equal to or smaller than.

13(m's), is enployed. 22. The disk device as defined in Caim20, which is
based on the PCMCI A standard. 23. The di sk device as defined in O aim 20,
whi ch i s baskdre®ionr hehepapacrekridmesvaidandy Petweat sihalendistethamndg t he
slider as defined in Caim7. 25. The disk device as defined in Caim24.,
wher ei it/ @B o0Bi U a2 ¥ egi POShhépe wheckaki wéewelaogiltey iretOreear)t hiss sl i der
and the disk nediumat a position where a skew angle is (Qrad) is equal
to or swdlerta han M sy, thanebPloyedl, 26. efibdogicsk devi ce as defined in.
Cl aim 24, wherein the concave part is fornmed symetrically with respect to
t he orditmat fwhidislk ddsupposes tlefpasd in Cheimedider wiferddimm slider in the
slider longitudinal direction. 27. The disk device as defined in C aim 24,
wher ein 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, whérein
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 longitﬁdinal direction.

33. The disk device as defined in Claim 30, which is based on



the air bearing surface is formed symetrically with respect to the
ordinate which is supposed to pass in the center of the slider .in th
slider longitudinal direction. 28. The disk device as defined i 3%_%3212@@,6
which is based on the PCMCI A standard4g29. The di sk device as defined in
Claim 24, which is based on the Conpact Flash standard. 30. A disk device
having the slider as defined in Qaim12. 31. The di sk device as defined
in Caim30, wherein the concave part is fornmed symmetrically with respect
to the ordinate which is supposed to pass in the center of the slider in
the slitdee POMQIRudinalladidr.ecti on. 32. The di sk device as defined in Caim
30, wherein the air bearing surface is forned symmetrically with respect
to the ®4dinshe abskhdbsisuppesedrinepass cnatike 3ccentgrlctpfid hasdd dsg in
the slider longitudinal direction. 33. The disk device as defined in Caim
30, whitdte i Gohasetl Pha2B/ 88436886448 the PCMCI A standard. 34. The disk
device as defined in Claim30, which is based on the Conpact Flash

st andar d.



