22 March 2007 1 Head Slider, Head Supporting Device, and2PiaccH2007i ng
Device Field of the Invention The present invention relates to flying
head-sliders, head supporting 5 devices using the sane head slider, and
di sc driving devices such as magnetic disc driving devices. Background of
the Invention A variety of techniques aboyt flying head-sliders, which are
used in disc 10 driving devices such as a nmagnetic disc driving device,
have been proposed. Particularly in these years, devices whi ch enpl oy t he

flying head-slidergha |zed nd den Lt.ie recordi ng nmedi a
have become hi ghedi® asdcl)gllﬂ%ﬁé g%ﬂ? 1p W%&Oﬁto the
recordi ng nmedi a. This environnment reqU|res the flying head-slider to have
a fly height as low as several tens of 15 nano-meter over a recording

medi um Therefore, an external di sc driving device wll cause
the head slider to col | i de agai iﬁ@ﬁ?f&ﬁé@@ wg medi um and damages the
medi um magnet i c,ﬁ or chanl cally, so that the nmedi.um cannot be used

anynmore for rec ‘Elll?fﬁs?ﬁ FE’&PB’BHC’F tegaton flymg dead-slidevphead swprortingi on

appar at have 20 r.ece e pularity, so that the disc driving
devi ce qdiuna‘éﬁc?%“%ﬁ%ﬁr%“g&bb '?“itsﬂge’hé’é’dsdlﬁ@ dping fevibes sucthas paagrebice
di sc drivi n&s Vi ce |s thus subject to being dropped. Am d the foregoing
probl ens, £ feiviess. have been made on a surface-shape (hereinafter
referred to as an air bearing surface), which is to be 25 faced to a
recordi ng-medi um of a highly shock resistant flying head-slider. For

i nstance in a conventi onal cas§ ck\/\/nen gnfwelrl;tll atf orce along the
: ackground of the Invention

A va:ﬂety of techniques about flying head-sliders, which are used in disc
10 driving devices such as a magnetic disc driving device, have been proposed.
Particularly in these years, devices which employ the flying head-slider have
been downsized, and densities of recording media hav.e become higher, so that a
: magﬁetic head needsr to be closer to the recording media. This environment
requires the flying head-slider to have a fly height as low as several tens of
16  nano-meter over a recording medium.
_ Therefore, an external shock onto a disc driving dévice will cause the head
_slider to qu]ide against t]ie recording medivm, and damages the medium
_ .magnetically_ or mechanically, so that the medium cannot be used anymore for |
recordjng or reproducing data. Further, a mobile ihformation apparatus have
20  recently gained popularity, so that the disc driving dévice mounted in such an
_apparatus needs to be'portable. The portable disc driving device is thus subject
to being dropped. - |
Amid fhe foregoing problems, various studies have been made on a
surface-shape (hereinafter referred to as an air bearing sﬁrfacej which is to be
25 faced toa recording medium, of a hlghly shock resistant flying head-slider.
For instance in a convennonal case, when an mertIa force along the

' 'dJrectlon of movmg away from the record.mg medlum is applied to the head




direction of noving away fromthe recordi ng nmedi umis applzzddartlo2007e head
22 March 2007 2 slider, the head slider noves so away fromthe nedi umthat
an elastic force (a restoring force to an original status froma bent
status) of a suspension spring, which tries to retain the head slider,

acts on the head slider to return toward the nmedium The head slider, in
the end, possibly collides against the nedium thereby damagi ng the nedi um
magnetically or mnechanically. In orde? to overcome this problem a

negative pressure generating secti.on is repared on.the air beari

Sur T ace: Tu BERFe NG B Tp B KO b MBI A o BRut PR arnl e e
section it§ ah @fgnGIktdtis &b atieht Sththy) Ha SBsRRAPE bprir, FARMSHeb réthie dierdd
slider, and yet, nearer to an air inflow side fromthe geonetric center.

Thi s st r pdider ectpprvenhendt dideheaniturs kdvhed ther mpdionl. |Thei egd afidémdn thehendaedi um
This is disclosed.in the fgll owi.ng non-patent .docunent. 1: "Slidey and HGA
dosi gns ORGSO AEAY o ORI Bdr BEP A BT G AR Ens B P
witten B¥edNanicSMENE Bderdb ovibiRohbehiP EﬁiBPéhf;‘q ﬂegaﬁvefﬁéssaﬂaegg%&%gl &&fon is
international Mignetics Conference held i'n Netherland, | Congress
Cent er, Apepaied28n thdvaiyr Bsariap sutfablowdvibe , fltilg head-elgddrn Jhe omegetitd preasuré| yi ng
head-slider -has a shock-resistance G so |ow as approx. 80(q), where 1(9)
9.8 (m sAFNCIRYgsepion iy lf%aieaw ety §F egePBEiIAfEN e AL A éle%fia@@%@ng et
portabl e i \J: imel udi ng: ney, | I L] fce,
Phe. devi GsPies A e IafiDRRAEL Hom E SUphbSicRAT PhisSulL Ol B\ MR CE
Ther e hawtdérefromneplBiegidrhinst Seutiydiato Mhiaisstistlcdedria thé falofwling nep-patent
head-slider that coul d achi eve such a high shock-resistance. Surmar% of

e

the | nvedoFERenEkambier asdian designs fosrbotihaments lasdiunlagd enermidon ayidhglhsshog

foregoin s ng: ad r QVi Lyl I -Whi ¢k n fl
overga rggsg%tfg}lahg%g} Eymﬁll'ﬁéhgh tgta Ig”ﬁgﬁﬁ Flfedyf%ﬁqﬂgglgggﬁlbég?é ﬁ%vgyllngéor%?ee Y
f rom col IMglinegcsaQaifdt&ice hiél@ inMeethdiand, BAE Cohdresd Cehto AbHERS - IS, AaMiing

accel eration of as nuch as several hundreds of Gis applied to the head
sli der, wherHowpeer terfpiegoingreoaveniions! #yiag heatdislider des a shesk-fepisianget(@ so

" low as approx. 80(g), where I(g) = 9.8 (m/s?), that it is not practically effective. In the case of

a portable information apparatus including a magnetic disc driving device, the device is
recently required to have as much as several hundreds of G. There have been no specific

study about a structure of a flying head-slider that could achieve such a high shock-resistance.

Summary of the Invention
Example embodiments of the present invention address the foregoing problems,
and aim to provide a flying head-slider which can fly over a recording
medium in a stable manner. The head-slider may be free from colliding against the medium
even if an inertia force having acceleration of as much as several hundreds of G is applied to the

head slider, where the inertia force pulls the head slider away from the




22 March 2007 3 nedia. In accordance with a first aspect2dartth20Qr esent
invention, there is provided a flying head slider conprising: a first air
beari ng having plural step-faces and di sposed on a base surface at an
air-inflow side; and a second air bearing being disposed on the base
surface at an air-outflow side, where the upper nost surface of the second
air bearing is lower than that of the first air bearing, wherein the
plurality of step-faces conprises: a fgrst step-face; a second step-face
hi gher than the first step-face; and the upper nost surface higher than the
second §F@§-face, in this order fromthe air inflow side. This structure

The sccond e QEit SurRR S B R RERUbflod RS PELURE BN e nena

slider f gl édagrisiyedi umis applied to the head slider, this structure nmay
allow the head slider to fly over the nedia in a stable manner. Further,

t he hei ght of ta&rupiydearnsdavingmivreksteffaceseandalispaskdainra base snifang ahaty be

| ower than.that .of t!ﬂe first air bearing, so that the first air bearing has
fewer cRAACEY ¥6%8Uch the nedium at bearing's air-inflow side. Still

~further, the pligbn®iieBearfr@tRmoRIPIsiEsh he bhft&uffalesdt aftlalr-RERW RE, MRY
achieve a structure easier to control both of a nagnitude of a pressure

gener at ed i n t hehdré tetuppermdse surfacg ofithd secodil sirbicling io tovat thah¢happfhsur e
dependi n n a desi of 1he step-faces. The plural. step.faces of the first
air bear ﬁﬁgm{: E?F‘qnﬁc‘gﬁ?]@“tt&%ﬁf‘@h%sﬁ@“f?‘?ﬁsé‘r%mP Tis? “%‘i"%@ﬁcﬁg" SEEh t he
air-infl sl.de: I frace ’ i t he
first onge“,% %acﬁglgthﬁre&lh%%tgrfﬁ&n%%? fg%r’ ?%(?:tgéﬁﬁ %g}&% ﬁgﬁg?ﬁgh‘%etcon e%)elr%gﬁh Thi s

st r uct ur gepriage.ah tloswontenfrbaahauir mflotvisédef | yi ng head- sl ider of sinpler

structure and .nore excellent in productivity. Side rails extending from
both ends al BHYSTMBISHAY eRYW geneeating amegativieiparspure i Frace briwagrythe first and

the second air bearings. Thus even if the inertia force removing the head slider from the
medium is applied to the head slider, this structure may allow the head slider to fly over
the média in a stable manner. Further, the height of the upper most surface of the second air
bearing méy be lower than that of the first air bearing, so that the first air bearing has fewer
chances to touch the medium at bearing’s air-inflow side. Still further, the plural step-
faces provided to the first air bearing may achieve a structure easier to control both of a
magnitude of a pressure generated in the first air bearing and a distribution of the pressure
depending on a design of the step-faces.

| The plural step-faces of the first air bearing can include the following three faces:
starting from the air-inflow side, a first step face, a second step face higher than the first one, .

- and the upper most surface higher than the second one. This structure may allow
rhanufacturing the flying head-slider of simpler structure and more excellent in productivity.
Side rails extending from both ends along the shorter side of the slider toward the air
outflow side of the first air bearing can be formed. This structure may allow generating the.

negative pressure more efficiently,




outflow side of the first air bearing can be fornmed. This2gtMarch 20G may

all ow generating the negative pressure nore efficiently. 22 March 2007 4
A negative pressure generating section nay be provided between the first
and the second air bearings, and a center of generating a negative
pressure can be nearer to the air inflow side fromthe gravity center of
the head slider. This structure nay allow the head slider to fly over the
mediumin a stable manner when the inert#a force pulling the slider away

fromthe nedia is applied to.the slider, Height difference bet ween t he
upper nost sUMPEERe B%S’i“ﬁ%geF’F‘iagjﬂg Heonyuay P%@’O‘éﬁﬁi l?%eenﬁ{é%%s%@hf ¢ be in
the fol Low e I 1 i | . i x 10-4
L2 L PO Ol O e SRl ARl PRI b b HOB g e ot X ol
'shock- r gdé banthe ggaitgsentthel thebeddi sidéorElds stputhdre mgy tiay ik ihdel slidevay fiiyr om t he
medi a. Height djfference L 2 befween_the upper_nost surface of the first

air beaPYhiem umw%@ﬁ%ww e1f the inexliafoprs pplking Hie shegragay H9yte ati on with
t he forﬁgéﬁﬁﬁgapgfi%&gtthe ifference LA 2.9 x 10-2 LA< L2<_ 3.3 x10 ZLA This
structure may ow a head slider to read data fromand wite data to a

downsi zed nEelightndi fitrehi e beth@Bis tHeYipparpo @ Sur fa3Q oBBei Mt aitdRh@hd adi thé er ence
LI between the first, steF-fape and the second step-face of the first air

bear i ngbasafurseican bhia tholollewinggelaeemwith fongitadinal dengfhol efibe slideriei ght

di fference LA: 13.4 x L. da 4.2 Q" Z4LA This structure may allow a

head slider to read d%a'?ax yr}o%éan]f“ v"ﬁr?gt‘éxéétka: to a downsi zed nedi um of

hi gher TigpsirictulcaRsr 2w B h&FaLd17ae) to_b%gﬁ?%%&-@&iﬁta&%&ihﬂ&h@ﬁi&rtia%ﬂcb'de
plural step-faces, thereby controlling with
pulling the slider away from the media.
Height difference L 2 between the upper most surface of the first air bearing and
the second step-face can be in the following relation with the foregoing height, difference
LA:
2.9 x 107 LAS L25 3.3 x107°LA
This structure may allow a head slider to read data from and write data to a downsized
medium of higher density (approx. 30 GB/in®).
Height difference L1 between the first step-face and the second step-face of the first air
bearing can be in the following relation with the foregoing height difference LA:
13.4x 107LAS L1 14.5x107 LA
This structure may allow a head slider to read data from and write data to a downsized
medium of higher density (approx. 30 GB/in®). |
The second air bearing can include plural step-faces, thereby controlling with
ease both of a magnitude of a pressure generated in the second air bearing and a distribution of

the pressure depending on a design of the step-faces.

' The plural step-faces of the second air bearing can include the following




ease both of a magnitude of a pressure generated in the se@edmac@i@0?eari ng
and a distribution of the pressure depending on a design of the
step-faces. The plural step-faces of the second air bearing can include the
followi ng 22 March 2007 5 two faces: starting fromthe air inflow side, a
step-face higher than the base surface and the upper nost surface higher
than the step-face. This structure may allow manufacturing the flying
head-slider of sinpler structure and nor®e excellent in productivity. The

first step-face of the first air. bearing can be as high as the step face of
the second Forfprsaftriine Wéﬁ%i‘lf QU & ﬁa@sﬁﬁ‘ﬁ?céﬁggﬁ%éh@l e PgShBERCS| i der
of the nost ,exgellant Mot Bulblde HOM CGhiY iy s@hdaNOFKis! SlcREANGS; aldly
accordance\ﬂ%rla.éﬁcon aspecf égﬂ?he presgﬁﬁ T%vent?on,ct ere ig provi ded
a head suppoansrufigtcmgi the fOpipr haidndjderaof Isymplgr beachus! btk maengpeelEnndn a
first air bearing having a plurality of step-faces and being di sposed on a
base surfacd@UHYY- inflow side and a second air bearing having a head and

bei ng i sposed ottt BSRee SHI! ASPPRcalhd oYLl B3l e BBl grguspensi on

for applying a given enérgrzing rce er froma

si-de opposi tgecd #Ar dadBe. OThiRirGhuichBay dchidve dieflRakdaacsliABL thdimosiecond ai r
bearing are disPosed on the base surface, wherein an upper nost surface of
sai d second rellepehnth wgroductiyiandshegk resistansper nost surface of said first

air bearing, wherein the plurality of step-faces conprises: a first
Step-face: & secundriae Rl ehaifoesof b B85 TV BGeR Hoas B Pliftd e
upper nDSt SURERCSuppbAMGT ddviladNcdhisrisRe ONdlyirst Bedf ASRr dobhphiling LIHAN aif rom
the air inflow side. This structure may achieve a head supporting device to
i ncl ude t he bersmgmbavibe adlwhlitter! serdiates el botugHispesedion & hassksurlesd st aince.

;I'(f)let ﬁgSpenSiigﬁoucfaspdei a%ﬁlauge%ogd gf-r\{)%grir\{? Lgv?ng E%leéuf gnc? bghg%?spgge%rgl chiqu%sg orce
' surface at air outflow side; and a suspension for applying a given energizing force to
the flying head slider from a side opposite to a side on which the first air bearing and
the sccond air bearing are disposed on the base surface, wherein an upper most
surface of said second air bearing is lower than an upper most surface of said first air
bearing, wherein the plurality of step-faces comprises: a first step-face; a second step-
face higher than the first step-face; and the upper most surface higher than the second
. step-face, in this order from the air inflow side.

This structure may achieve a head supporting device to include the flying

head-slider and to be excellent in shock resistance.

The suspension can include a pivot wlﬁch appliés a given energizing force to the
flying head-slider. This structure may allow the supporting device to hold the
flying head-slider rotatably both in a pitch and a roll .directions. Thus a head

- supporting device, being excellent in shock resistance, particularly highly shock-
- resistant against the direction of moving away from the recording medium, may be

obtainable.




flying head-slider. This structure may all ow t he supporti 2g Miesh 2807t 0 hol d
the flying head-slider rotatably both in a pitch and a roll directions.
Thus a head supporting device, being excellent in shock resistance,
particularly highly shock- resistant against the direction of noving away
fromthe recording nedium may be obtainable. 22 March 2007 5a In
accordance with a third aspect of the present invention, there is provided
a disc driving device conprising a flying head slider conprising a first
air bearing having a plurality of stepEJaces and being di sposed on a base
surface at air inflow side and a second ?air bearing having a head and
bei ng di sposed on t f I i.de; '%#§@ ion for
appl ying a given e%£§§$§?ﬁ§§?g¥§§ﬁq%$?%gf??y%%%@ﬁ%§gS§fP er rd%@g si de
opposi t e t o dsceiritmgaiavisdialprising afflyingthead slideampriginganfirst ficbagapngingiar
bearing are disposed on the base surface; a disc-shaped recordi ng nmedi um
drivi ng rmearduply ofstersfages and beigg disposedoypbase BEBFGAAYE IO Hidg and @istgrtg neans
for sw nging. . i I . ! I i . rdi ng

rodt am " and B BRERS AR B0l BsbARL UF e Bl SHHLER: B R GBER TS
and the sw ngspgeysibhr spylyityd £ giveeargizingforce kdtha Ayinp pedd sitdstfrogil fidce of said
second air bearing is _|lower than an upper npst surface of said first air
bearing, whegpsitefhesidgenwhich the figt aig beapng anddhe sesppst gishegringare dispasedqnep- f ace;
a second step-fa igheg than.the [first. step-face; and.the er nost

aur ace hi gl PR Ra o e Ibineniiaiont SR Pk B B Si  BRE T

i nflow si de.shaséd MrbihedB&ifum Swihir hiéand for bR giHe YheGfeRdi6h Aorh S@didé | Vi ng
device to be equipped with the flying head-slider of the present invention
and excel | erdiregtipnsiithekeqoedingmediers; and gentiod micans|fgr coagellipgsthe tivee bytibek in a

directi on of, movin

driving m é avrvladXhJ srw%rlg lgyhtge g%lqlglﬁén means, wherein an upper most surface of said
second air bearing is lower than an upper most surface of said first air bearing, wherein the
phurality of step-faces comprises: a first step-face; a second step-face higher than the first
étep~face; and the upper most surface higher than the second step-face, in this order from
the air inflow side.




Assume that a pivot position is formed at a place where theMzrsto200T t he
head- supporting device touches the flying head-slider, and when the
gravity center of the slider and the pivot position are projected onto the
medium the two projected place may coincide with each other. This
structure may achieve the disc driving device to be the nost excellent in
the shock resistance. Brief Descriptions of the Drawings Fig. 1(a) is a
pl an view of an air bearing surface of aflying head-slider in accordance

with a first exenplary enbodj nment of the present invention. Fig. 1(b) is a
sectional vi dwiS YTUGEET By Aghisve majse dgmgievice o %Sﬁi‘i“%edls‘ﬁ‘ltnl? thedire 1 e
flying head g i ] t 1 : %%gg%' nt of the
present i n\_}%hétl ?g{iﬁr Jlgiﬂg;ﬁ%%?ﬂﬁgn%&%%ds%ggﬁr{}zﬁ \Slllﬁfésqu%gﬁ%rﬁg ea |Msﬁ?i der in
accor dance wighinsttiliteshbék inta direstivapl atoying atvagiromnhe méditthe present inventi on.

Fig. 2(b) shows a distributjon of a_pressure generated between the air
bearing ~surf ace Asfumehahapiyonposyier is loraed-gragizeavhrre the piet ¢fi theheadnhodi nent

and a recor %ﬁ%niﬂ%ﬁéﬁ& foBcIRS tlfleaﬁjglgg 519a<{—ﬂ§ie¥'fa?19 vﬁleh(?l?er%ra it cenﬁa%ghhg hows
definitions Of reference narks us in e rirst exenpfar enbodi ment of
the present slidarand ihepivobp@hitiod(akbe préjoeried o GRinhddount) ultdaeb prajepedsroe etyby
reference marks both of the head slider in accordance with the fjrst

enbodi nent - &Rincidccwith aadhsathers aRps strugting may johiqystihediss divingdevicednbedf t he
head sl i der th n accor dar Geth‘é"isltlor?:kte@?s fi Jst 22 Mar ch 2007 7 enbodi nent when
external inertia force B is applrl E4"¥% the head slider. Fi g. 5(a) is a plan
view of a conparison sanple used in the first enbodinent of the present

i nvention.

. Brief Descriptions of the Drawings

Fig. 1(a) is a plan view of an air bearing surface of a flying head-slider in
accordance with a first exemplary embodiment of the present invention.

Fig. 1(b) is a sectional view illustrating a shape of the air bearing surface of the
flying head-slider in accordance with the first exemplary embodiment of the present
invention.

Fig. 2(a)is a perspective view of the head slider in accordance with the first
exemplary embodiment of the present invention.

Fig. 2(b) shows a distribution of a pressure generated between the air bearing
surface of the head slider in accordance with the first embodiment and a recording
medium to be faced to the head slider.

Fig. 3(a) shows definitions of reference marks used in the first exemplary
embodiment of the present invention.

Fig. 3(b) shows specific numbers represented by reference marks both of the head
slider in accordance with the first embodiment and a comparison sample.

Fig. 4 illustrates a reaction of the head slider in accordance with the first




Fig. 5(b) is a sectional view of the conparison sanple usgeManchi2o@7first 5
enbodi ment of the present invention. Fig. 6 illustrates a reaction of a
head slider of the conparison sanple used in the first enbodi ment when
inertia force Fis applied to the slider. Fig. 7(a) illustrates action of
the head slider in accordance with the figst enbodi ment of the present
invention. 10 Fig. 7(b) illustrates action of the head slider of the
conparison sanple wused in the first enbodi nent of the present invention.

i g. h [ ur e of , anof her..head s|ider..in accaordance with the
1|‘: : ?st 8e;5<e(r)rpm?gﬁ’;9 %Eenr%%%ﬁ?ﬁﬂtex@fmﬁfémﬁ?%g@ﬁ? %JI ’ﬁ\?é’ﬁ{l?‘gﬁ? &Fﬂ hpadghiderust rat es

rel ati ons bet weeg. di @mce LA, shock accel eration G an 15 fly ﬂel ht FH
in accordance w f’gt% 1 8t P8R MTarst _nEBBPHEIN spmple myednbindhe fustat i on

exenp! ary oRBRGTiERRE O the et Satattom ont | on. Fig. 11 shows a r el ation
exenplary enbod T is periubd ey e Sbarson: spmple seddnbedpst | ve
hnd'a heha EampoeIbo plesodh mamionance w th & second exerplary
cssent 1l part ofihBaNaRralns Saperien ot bred skdepicayhegprmpamisns simplonsed
vent | on. SoTHGTE cBRBRETERhGR stiadotsa 14 auplorl tothe Shds Enbodi ment s
ooy 1oy oot O g AT Ekafed aotion of the head Slidar tn aceordames with tha St

embodiment of the present invention.,
10 Fig. 7(b) i}lustrlates action of the head slider of the comparison sample
used in the first embodiment of the present invention.
Fig. 8 shows a structure of another head slider in accordance with the
- first e:téi:riplary embodiment of the present invention. .
Fig. 9 illustrates relations between distance LA, shock acceleration G and
15 fly height FH in accordance with the first exemplary embodiment.
Fig. 10 shows a relation between distance L2 and fly height FH-in
accordance with the first exemplary embodiment of the present invention.
Fig. 11 shows a relation between distance L1 and fly height FH in
accordance with the first exemplary embodiﬁlent of the present invention.

- 20 ~ Fig. 12 is a perspective view of an essential paﬂ: of a disc driving device -
_employing a head slider and a head suppﬁrtiﬁg device in accordance with a
second exemplary embodiment of the present invention.

Fig. 13 is a perspective view of an essential part of a disc supporting
device employing a head slider in accordance with the second exemplary

25  embodiment of the present invention.




hereinafter with reference to the acconpanyi ng draw ngs. EXe&mpdte2007
Enbodinent 1 5 First, a structure of a flying head-slider of the present
invention is described. Fig. 1 shows a shape of an air bearing surface of
a flying head-slider (hereinafter sinply referred to as-a head slider) in
accordance with the first exenplary enb@&dli ment of the present invention.
Fig. 1(a) is a plan view thereof and Fig. 1(b) is a sectional view taken
along line A-A of Fig 1(a). Air 10 flows in fromthe left on the paper

o R L
d I h

Z;ccﬁréiﬁﬁicim' e By bl gt %%%e%@@hg%@?ﬁi Pt on

a recor di ng megrum %@ﬂﬁs?%f%ﬂ?%%tﬁﬁ sl PR iRece. 10 Big. 2(a),

| oner secti E]P,aﬂ - ce is omtted in order to show the shape of
the air beargl&nngu fface n@e expl i citIy In Figs. 1 and 2, head slider 10

second Ar beari bbb FRERE QPaLAVRORRFETAR ‘0% RretBar drthatioBotm,
beari g sur faeibedy (LT howpiloiipe ARt aE iy oene Bondetit” '
o der, as HepbaRas indly, Foolcto e G, Aidih AR roragcs it fe %rstz(b)
Ll L VU
generatges a neéf%?ll e%ﬁ@’ggﬁ?ese té%ﬁl.%ewéﬁk&?’r%‘& gm(fs& e‘ﬁ&?hﬂquﬂs re

gener atjng B&EL P Rroht the left on the paper both of Figs. 1(a) and 1(b), and the left side

and the right side of the paper are hereinafter referred to as an air inflow side
- and an air outflow side respectively.
.' Fig. 2(a) is a perspective view of the head slider in accordance with the:
ﬁrst embodiment, and Fig. 2(b) shows a distribution of a pressure generatedin a
15 sp‘ace between the air bearing surface and a recording medium facing to thé the
air bearing surface. In Fig. 2(a), a lower section than a base surface is omitted
in order to show the shape of the air bearing surface more explicitly.
| In Figs. 1 and 2, head slider 10 in accordance with this embodiment
‘comprises first air bearing 1 and second air beaﬁng 2 in this order from the air
20 inﬂqw side, both disposed on base surface 3. The air bearing fefers toa séction
| of the air bearing surface, and the section generates a positive pressure in the
space between the head slider and the recording medium facing to the slider, as
shown in the pressure distribution of Fig. 2(b). In Fig. 2(b), area P1 generating
a positive pressure corresponds to first air bearing 1, and area P2 generating a
25 .positive' pressure corresponds to sebond air be'arin:.g 2.
An area bétwee_n ﬁrét-air bearing 1 and second air bearing 2 generates a

negative pressure, and is referred to as negativeépreé'.sure generating section 19,




22 March 2007 9 In Fig. 2(b), negative pressure generati ogMaesi2007 19
corresponds to area Ni. As shown in Figs. 1 and 2, head slider 10 incl udes
two side-rails 9 along the |ongitudinal direction of slider 10. This
structure allows generating a high negative pressure nore efficiently in
the space between the slider and the 5 regording medi um by controlling an
air flow Head slider 10 can steadily fly over the recordi ng nediumdue to
a bal ance between the positive pressure and the negative pressure. First
air bearing,l.,0of E d slider 10 has upper, nost surface 6 higher than upper
most sur f acH g?%f @Scﬁ?ﬂ?tﬁﬁerpnﬁé%‘%rﬁrﬂf@r%néﬁéwq AP mogresponds toprasnBilons -
10 of head ﬁ%i er 10 %n Figﬁgiﬁﬁi? gx,resseq as follows: |onger side length
X shorter stéShogmgihiss 1 gad sfider i inghades wonsiderails Ssdongithed 30%
slider or I lider, where the longer side length is along the air

i nfl ow di re@%@ﬂaﬁia&ﬂ%ﬁ@%%?ﬁ@r 40 deThisngfrnctuze Allows generatinga high
direction with respect to the ajr, inflowdirection. 15 First air bearing 1
i ncl udes fiPegatiteeprossiee morecifsigntlycin the spgcehetuppie the rlidler andf the 6,

in this order fromthe air inflow side, and second step-face 5 is_higher
than firkst gapedium, by copprolling gn ajy flost e Headsslidayht) cam steaddy oyl
step-face 5. Side rails 9 are formed at the sanme hei ght as second step-face
5. - Second @¥er thedererding medivgapestoapbalanee betwren fhseposites prassirecend i n
this order 20 fromthe air inflow side. Because of the convenience in

manuf act ur i th§ BREalVENrasswe.10, first step- face 4 of first air bearing 1 is
formed as high ﬁirste,p-fac_e 7 of second air bearing 2. Second air-face 5

of first air be bearing A pi dead shidemlGbasippper most surfaeerGbigher tiarsecond
air bearl ngupzlier%g&ns%r?a{c[a 8boef%;ci:or;1% z?lr ibggxl'hliggsasns%%gveli 1InC Flhge ??b). Dimensions

10 ofhead slider 10 in Fig. 1 are expressed as follows: longer side length X shorter
side length = 1.235 mm X 1.000 mm, namely this is a so called 80% slider or
PICO slider, where the longer side length is along the air inflow direction, and
the shorter side length is along the verfical direction with respect to the air
inflow direction.

15 First air bearing 1 includes first step-face 4, second step-face 5 and upper
most surface 6, in this order from the air inflow side, and second step-face 5 is
higher than first step-face 4, and upper most surface 6 is higher than second
step-face 5. Side rails 9 are formed at the same height as second step-face 5.
Second air bearing 2 includes step-face 7 and upper lhost surface 8 in this order

20 from the air inflow side.

Because of the convenience in manufacturing head sliders 10, first step-
face 4 of first air bearing 1 is formed as high as step-face 7 of second air bearing
2. Second air-face 5 of first air bearingll is formed as high as upper most
surface '8 of second air bearing'2. Second air bearing 2 iricludes magnetic head

25 Tlatitsairoutflowside.
| The structure of head slider 10 is further detailed hereinaﬁer.. Fig. 3(&)

-shows' definitions of reference mai'ks used m this rembodiment, and Fig. 3(b)




25 11 at its air outflow side. The structure of head sli dep MegcH 2007urt her
detailed hereinafter. Fig. 3(a) shows definitions of reference marks used
in this enbodiment, and Fig. 3(b) 22 March 2007 10 shows conparison of the
respective reference marks in specific nunbers between the head slider in
accordance wth this enbodi nent and a cor’%e\ri son sanple described later.
In this enbodi nent, as shown in Fig. 3(a), the distance between base 5
surface 3 and uppernost surface 6 of first air bearing 1 is defined as LA,
the distance between first step-face 4 of the first air bearing 1 and
second stepSPEFE epmparigmr jof cbhey Fespectivpereferenen cmapks viwe spsdfio mtusbens- f ace
5 and upper ,npst sa:{face 6.is defined as L2, and the |ength al ong the

| onger si de M§Ewepzthesheasbslidey insaccepstange avith this emeodimenti anfliadempt@isons t he
di rensions as shown in Fi.g. 3(b), 10 nanmely LA = 600 nm L1= 60 nm and L2
=15 nm \Whe/aBwpls describgd datese al ong the direction of renoving head slider
10 from a recording nmediumis applied to head slider 10, the reaction
taken by slider Imthissembedimenty aseshowmin dtig. B(a), the distamce betweeadidsen
taken by_head slider 10 to shock acceleration G when inertia force F
renovi ngP s| PEERCce § gnd pppermesidsurfaces of fiagiphirdebaringhk ael definetbas 10, thae
reaction in this enbodinent is calculated through sinulation in the
fol |l owi ng cditancedhetweea dirst stepffaceraf the firstl gimbrearingpinard 8808d stap-fased skew
angle = 0 degree. In Fi % 4, the horizontal .axis represents shock
accel er at i o# ¢&ftned asd.khkhe dpssan¢esbatueen seemostep-fraediland npper thostf surfiaca
recording nedium_and the vertical 20 axis represents a mn. fly height
and a pi t chBasgledinetas hi2n anfl| thehlength along then lanigearside of headwetidet 1@ is
cl osest section of slider 10 to the recordi ng nedi um and
defined as L. Then head slider 10 has the dimensions as shown in. Fig. 3(b),
10 namely LA =600 nm, L1=60nm, and L2 =15 nm.
When an inertia force along the direction of removing head slider 10 from
a reqordjng medium is applied to head slider 10, the reaction taken by slider 10
is described hereinafter. Fig. 4 shows the reaction taken by bead slider 10 to
shock acceleration G when inertia force F removing slider 10 from the medium
15 1s applied to head slider 10. The reaction in this embodiment is calculated
through simulation in the following condition: load = 1 gf, radius = 10 mm,
rpm = 3000 r/m, and skew angle = 0 degree.
In Fig. 4, the horizontal axis represents shock acceleration G due to an
inertia force removing head slider 10 from a recording medium, and the vertical
20  axis represents a min. fly height and a pitch angle. The min, fly height FH is a
_clearancé between the closest section of slider 10 to the recording medium and -
the medium. The pitch angle is an angle formed by slider 10 with respect to
the recording medium, where an elevation angle formed by slider 10 with
respect to the air inflow direction takes only a positive value. Since acceleration
25 G is along the direction of removing the head slider from the recbr‘ding medium,
acceleration G in Figs. 4 and 6 takes a negative value. | |

As shown in Fig, 4, in_ a steady state (no inertia force F is applied, ie., G =




the nmedium The pitch angle is an angle fornmed by slider 2%9mardipoogspect to
the recordi ng nedium where an el evation angle forned by slider 10 with
respect to the air inflow direction takes only a positive value. Since
acceleration 25 Gis along the direction of renoving the head slider from
the recording medium acceleration Gn figs. 4 and 6 takes a negative
value. As shown in Fig. 4, in a steady state (no inertia force Fis
applied, i.e., G= 22 March 2007 11 0), mninumclearance FH mn. =

. 20 Kl m:-.and pistch = appr ox. 0 rad, The greater an
ool ut e vaPhabisRErEHb AR REAT rrino Ragie 20 gum et Risehpeath pAbB 1 i
f F al t ' ti f re i ng,the,.head slider fro a recordin
Pgéfﬁm eﬁé af aff?ﬁg‘%? Eﬁf'g%fpfq ehsolis é’?lqgo%\? pe ﬁ@eezlgzqt%qxl g“?‘*;’gn‘@. f}@achgs

e max. deqr an. abso e ue G=.a OX. 2 , [ |
decr eases agP éﬁcaz’r?né’g éllﬂrg‘@et%% Ejgi%‘g t% @E@Mi‘%@m@g ﬂ!ﬂ%ﬁﬁd@@ﬁéﬁ’o@f an

absol ute val ue of.. G 2300(g), ,the pitch angle takes a negative val ue, where
1(g) = O. 8a(rﬁ‘i‘§d%n5m€aﬂ’§‘ﬁee%?4% eesrter ks anglae g Alawayey dhe piigh angle

further écncr eaﬁe f an 10 absolute vai ue of shqck acceleration t he
m ni mum 1 KRS VR A%, degres pt apngahseivde ydne iof & Fanprose 209 de)aithabifol ut e
val ue of G peaches rox. 720 (g).. In_ other words, head slider 10 keeps

flying in 20 Ees ndR te vHug i dp axceedsm 208 @. dn shebeea of amuch as

approx. 720 .. As. di scys oye, .head slider 10 in accordance with this

enbodi nent "’.‘é@‘i@&éfﬂé‘l@r? ng%%H?E’S: f;"@a)dwg f’f?@iﬁn@keé\aemﬁgaftw@rvaﬂm milieze 1dg)ce,

renovi ng hea ider 10 froma recording nedium is applied to slider 10
Sdimih

and generate acceleration as nuch as G = 720 (g). In other words,

the head slider .pfov not. to collide against the recordi ng nedi um
\ﬁilen %ﬁe pitch angle ta!kes a neggnve value due to further Slgncrease of an

10  absolute value of shock acceleration G, the minimum clearance FH min. still
takes a positive value before an absolute valﬁe of G reaches approx. 720 (g). In
other words, head slider 10 keeps- flying in a stable manner before an absolute

value of G reaches as much as approx. 720 @). o
As discussed above, head slider 10 in accordance with this embodiment
15 keeps flying in a stable manner even if an inertia force, removing head slider 10
from a recording medium, is applied to slider 10 and generates shock
.acceleration as much as G= 720 (g). In other words, the head slider proves not
to collide against the recording medium. |
A study proves that the preseﬁce of second step-face 5 prepared in first air
20  bearing 1 greatly influences the reaction of head slider 10 when inertia force F
.along the direction of movin_g away from a recording medium is applied to head
slider 10. The reason is detailed hereinafter. | |
Fig. b shows an example for comparison, i.e., a structure of another head
slider 20 which does not have this second step-face 5. F1g 5(a) is éplan view of
25 head shider 20, and Fig. 5(b) is a sectional view taken along line B — B’ of Fig.
| 5(a). Head slider 20 differs from head slider 10 of this embodiment only in the

lacl_c of second step-face 5, and stays unchanged m the other poinf:s, so that




A study proves that the presence of second step-face 5 prepafaech 2007f 1 r st

air 20 bearing 1 greatly influences the reaction of head slider 10 when
inertia force F along the direction of noving away from a recordi ng nmedi um
s applied to head slider 10. The reason is detailed hereinafter. Fig. 5
shows an exanple for conparison, i.e., ajgtructure of another head slider
20 whi ch does not have this second step-?‘ace 5. Fig. 5(a) is a plan view of
25 head slider 20, and Fig. 5(b) is a sectional view taken along line B B

of Fig. 5(ag.. igg_ad slider 20 differs fromhead slider 10 of this enbodi nent
only in t heSilary elgmends have (e same sefezentes marksuns helidmd 10nandethst her

poi nts, so that. 22 I\/B]irlch 007 12 simlar elenents . have the sane
ref er ence n&§EPHENS theyep! apg oapiftadrkeredescri ptions thereof are onitted
here. Rel ations t ween_respective step-faces are shown in Fig. 3(b), and

the distance frivfitiphepbeinsen mspeetive sepdatasrae showm hadbg43(b) and the
O her 5 di gensi Ont$r stay in the sane nunbers as those of head slider 10.
Fig. 6 ill bagce sireme upper: mhest swnface Bythduet stapdface 20 intEh nmer Otleerf or ce
F along the direction of noving away froma recording nediumis applied to
this .c%n‘p 10gfbe otherraaae sninbers 20thoss of headhsliderdi0y. 6, head sl i der
20 stays flyi n%iove[ the mediumw th min. FH = approx. 20 nmand pitch
angl e = approx. g @dlustrades theoreaction talerf oy beadslider @t whepineetia fOMbeF
inertia force F is applied, both of the min. FIT and the pitch angle
i ncrease; oy dhe digeiiom ebanovingiawayp grom ececosing hoslivacizedliadito thigver
approx. 250 (g),. it cannot keep flying because the air bearing filmis not
formed bet ieEPasIspESAIAde afilicad slider0.di Ay shuveh i Fig. 18) deaki gide 20 eB87snOt
show the result of pitch angle or min. FH In other words, 15 inertia force
F gener at i H§1B& 0¥ Weonedinm with BimEH =24prox) 20mml ahd pitely angle athpprox.
10 80 prad when inertia force F is not applied. When inertia force F is applied,
both of the min. FH and the pitch angle increase; however, when head slider 20
rgceives shock acceleration over approx. 250 (g), it cannot keep flying because
the air bearing film is not formed between slider 20 and the recofding ﬁaedium.
- Thus Fig. 6 does not show the result of pitch angle or min. FH. In other words,
15  inertia force F generating shock acceleration G over 250 (g) would remove head
slider 20 far away from the medium. In general, head slider 20 is retained by a
suspension having spring-elasticity. Moving away of head slider 20 from the
' recording medium causes the spring elasticity of the suspension (restoring force
from a bent condition to an original condition) to apply an action force to head
20  slider 20 toward the recording medium. Head slider 20 possibly collides at last
against the medium and possibly damages magnetically or mechanically the
medium. Head slider 20 receives a greater elastic force at a larger distance
- between slider 20 and the medium, thereby increasing the possibility of the
collision.
25 This phenomenon is further detailed using Fig. 7, which illustrates the
reactjons taken by head slider 10 of this embodiment and the comparison

sample of head slider 20 to inertia force F along the direction of moving away |




slider 20 faraway fromthe nedium |In general, head slidep2 RRrdrs200t ai ned
by a suspension having spring-elasticity. Mving away of head slider 20
fromthe recording nmedium causes the spring elasticity of the suspension
(restoring force froma bent condition to an original. condition) to apply
an action force to head 20 slider 20 towgmd the recordi ng medi um Head
slider 20 possibly collides at |ast against the nmedium and possibly
damages magnetically or mechanically the medium Head slider 20 receives a

Pedium oty A RLeaaE g Jar%&‘?@%)a%ﬂwsaﬁetmﬁoem toby head b

h f d | ed |1 h
Feactions t AkarT gy ML aﬁ'h&irfe a i g@vé%ﬁ@q%a and t he conpari son
2wy 22 March 2009 SBeERARdEG "’lawi,‘éﬁ@?. fiimerpoirtdyPismoring .

reaction takeng head sm ]an1 and Fjg (h) s&o the reaction taken
by head sl i nga > PIRSSG tporneprey gyl e %ﬂ'ﬂs i grevity epmter G3bi nt
NP of genera res relslo hearer to the air inflow
side fr Mgﬁ%éﬁ"g rléreﬁﬁnieéﬁ Bichart shown fe Fig &l e
distributio wn |n Flg 2(.b), Therefore, when upvva.c inertia force
Fis appli eﬁ‘hﬁﬁe dvien gwward inggkia. foree, H s @@ph‘tﬂréﬂt gider 40haat-

slider 10a own in the right dr of Fi _ sothat the pitch
angl e beco E@E&@%ﬁ% P han %\gﬂgq? gaighii drapeang phbigt i | m
still rermalgéﬁdueto blanevmththe alrflow 100nthe ot her hand in
the conpari %ﬁli‘ﬂ e fP1 ANgie baeqmog negativa:(depresgivnsmele), hewexer the |

fornmed,""airf] s difficult to enter between slider 20 and the record| ng
medi um The?’éﬂ%ﬁa‘émgeﬁlﬁb%‘?ﬁrr%mﬁ'ﬁégw bajancgwith theyaflowg 1

10 On the other hand, in the comparison sample of head slider 20, since no

second step-face 5 is formed, airflow is difficult to enter between slider 20 and
the recording medium. Therefore, a positive pressure of first air bearing 1
becomes smaller than that of head s]jd_ér 10. In order to keep balance, center
point NP of generating a negative pressure moves nearer to the air outflow side
15  than that of head slider 10, where NP of slider 20 is a center point of negative
pressure generating section 19 prepared between first air bearing 1 and second
air bearing 2. Thus NP of head sﬁder 20 is located nearer to the air outflow
side from gravity center GP. | |
An application of inertia force F along the direction of moving away from
20  the recording medium to slider 20 generates clockwise moment in slider 20 as
shown in Fig. 7(b), so that the pitch angle increasés too abrupt to retain the airr
bearing film between slider 20 and the medium. The airflow affects also this
phenomenon. ~ As a result, head slider 20 stays far away from the medium, then
it probably collides against the medium and damages the medium magnetically
25  or mechanically. _ |
As discussed above, a shape of an air bearing surface of a head slider is

' designe_d such that the center point NP of generating a negative pressure is




becomes small er than that of head slider 10. In order to Reerdettice,
center point NP of generating a negative pressure noves nearer to the air
outflow side 15 than that of head slider 10, where NP of slider 20 is a
center point of negative pressure generating section 19 prepared between
first air bearing 1 and second air bear';l@g. 2. Thus NP of head slider 20 is
| ocated nearer to the air outflow side fromgravity center GP. An
application of inertia force F along the direction of noving away from 20 - .
t he recordi di umtg | i der. 20 ge eéat es cJ ockw se _nonment in slider 20

as shown i F%.neﬁ(fﬁlj,o 1R Antlow sids; frem grawte confer &is thereby ohininpg a 0
retain the air ggari g.fil mbetyeen slider 20 and the nedium,  The airflow
affects al sBepfpldersy, ftaysdyimgqven the reeosding mgdum gvenal ther headhnay
fromthe negj'é m then it probably collides_against the nedium and damages

t he nedi um g‘?fe’E‘%cE’éﬁerne@@ é?r%e%rﬂdﬂn&a;hpydm@mm elcmoving amsyvEomaththape
of an air bearjng surface of a head slider is designed such that the
center poi nieedpug; generdting a negative pressure is 22 March 2007 14 . .

| ocated nearer to the air inflow side fromgravity center GP, thereby
obtainimy a hed the ehse ofithe head sliderin agoprdance weith this endestivienty whati um
even if the head slider receives inertia force F along the direction of
movi ng awaythe shiderieceiyesingstia foraed” mheng theedigectioneofoaving) awey fiom the
accordance with_this enbaodi nent, when the slider receives inertia force F

al ong -t he drecerdipgmediantha slidenlips withnthe pitchanglakep) negiitive. t Hesesmsier
flies with the pitch angle_kept negative. It seens that there is rather
hi gh pr obabthattshers i mrthps ihigh paohwhalityt b collision dietyesie dhe reeording metliani r
bearing 1 at the air jnflow side. However, since the height of _
and first air bearing 1 at the air inflow side. However, since the height of
10 second bearing 2 is designed to be lower than the height of first air bearing 1, a
positive pressure generated at second air bearing 2 becomes low, thereby
obtaining a greatef pitch angle in the | steady flying status than that in a
‘structure where the height of second air bearing 2 is the same as that of first air
bearing 1. This mechanism allows increasing the anti-clockwise moment
15 shownin Fig. 7(a), which is necessary for bringing first air bearing 1 into contact
with the recording medium at the air inflow side of bearing 1. As a result, the
possibility of touching between the head slider and the recording medium can be
lowered.
The height of upper most surface 8 of second air bearing 2 is preferably
20  the same as that of first step;face 4 or second' step-face 5 of first air bearing 1
‘because of reducing the manufacturing cost.
In head slider 10 in accordance with this embodiment, as shown in Figs. 1
and 2, upper most surface_ 6 of first air bearing 1 bends toward the air outflow
side; however the present invention is not lmited only to the shape of surface 6.
25  Forinstance, head slider 30 shown in Fig. 8 is in a rectangular shaﬁe; and not to

mention, the present invention includes this case.

This embodiment 'éhows the case whére first ‘a.ir bearing 1 of head s]idef :




10 second bearing 2 is designed to be |ower than the hei gh? MatcH 2008t ai r
bearing 1, a positive pressure generated at second air bearing 2 becones

|l ow, thereby obtaining a greater pitch angle in the steady flying status
than that in a structure where the height of second air bearing 2 is the
same as that of first air bearing 1. This nechanismallows increasing the
anti-cl ockw se nonent 15 shown in Fig. 7(a), which is necessary for
bringing first air bearing 1 into contact wth the recording nediumat the

air inflowglde, off bearing 1. As a result he_, possibjlity of taquching
bet ween thef%gﬁcéug?sr ﬁgp %ﬁﬁgf?‘l‘?é’ ragsiy; st %P'fﬁ‘ﬁec‘;rﬁlﬁieseqwtéﬂtfa%@

hei ght of LIIQ(E)GI’ nost surface 8 of second air bearing 2 is eferably 20
the same as ¢ RaEhferpequidngention is thfm@% R & Esrcage Fosangtape, i r

bearing 1 ecause of reduci he manyfacturjng cost. In head slider 10 in
accor dance ‘%S% ﬁjrtstfﬂagm@ri%ﬁ’r‘r‘ge%’tt}’r%%s@ﬂ AP %SFP’g?.' advandage can bgyphieinasst

surface 6 of.first air bﬁgri ng 1 .bends toward the air outflow side;
however t he" P&k APestiRAs hqvesy %i"’stl?‘?oﬁtrPFWf’ VERE W Stemciaeasaisepisferabler ace
6. 25 FQr instance, head sli dq%r 30 shown ipn Fig. 8 is in a rectangular
shape, &nd FIp ths Praghiealorew f@oprtkecanse ol eimplen manwfageaingsteps ané a Thi s
enbodi nent .shows the case where first air bearing 1 of head .slider 22 March
2007 15 1d°VRE aGtPINg@t-f aces, nanely, first step-face 4 and second
step-face 5; hquever, the present jnvention is not limted only to this
case. For instardds epbodiment shows ba age whergcsasand ainbearivgchincledss, a
simlar advant %g ig@) be obtained w thout question, however, the structure
havi ng two %Ié'ff- alc SWWeYep e higppnd mvepgon ih aop laeited 40 thiscasefbyiothet
because of %i n‘el er nuf act Lij’ i n_? -steps, and a_ | ower manufacturing cost.
structure without step-face 7 can be also useful.
10 Next, a structure having the highest shock resistance is studied in head
slider 10 shown in Figs. 1 and 2. The condition shown in Fig. 3(a) is used for
this study. The study proves that distance LA between'upper most surface 6 of
first air bearing 1 and bage surface 3 greatly influences controlling the shock
resistance of head slider 10. Because, a magnitude of a negative pressure
15  generated by negative-pressure generating section 19 prepared between first air
bearing 1 and second air bearing 2 is controlled by changing distance LA. _

Fig, 9 shows relations between distance (depth) LA, shock-resistant
acceleration G, and fly height FH. Acceleration G takes a max. shock-resistant
acceleration with which the air bearing film is allowed to form between the head

' 20 slider and the recording medium. The two dimensions are fixed suchas L1 =
60 nm, and L2 = 15 nm before calculations. Since acceleration G is along the
direction of removing the head slider from the recording medium, acceleration G
takes a negative value. |

Fig. 9 shows that an absolute value of shock-resistant acceleration G

25 decreases at greater distance LA, and the absolute value thereof increases at

smaller distance LA. However, a change of distance LA will change 'ﬂy height

FH, which is a clearance between a magnetic head mounted to the head slider




Thi s enbodi nent shows the case where second air bearing 222 mMdr¢hHB2R7
step-face 7; however, the present invention is not limted to this case,

but the structure without step-face 7 can be also useful. 10 Next, a
structure having the highest shock resistance is studied in head slider 10
shown in Figs. 1 and 2. The condition shggh in Fig. 3(a) is .used for this
study. The study proves that distance LA between upper nost surface 6 of
first air bearing 1 and base surface 3 greatly influences controlling the

shock resist p@g of head sl j der 3[0. Because, a magnitude of a negative
pressure 15363_ deerpye Wy e 1pthissepndeye dar krighigFHeshavena velysrepar ed

bet ween fi rs{ I r earing 1 and second_ajr bearing 2 is controlled by
changi ng di § eéﬁ@e’stﬂ 1s where np Hestia foxee df plomg the divestioniof movirg awepfitom LA,
shock-r esi s% nt acgcel ergit@:_on cand_fly hei %ht FH. Acceleration G takes a
max. shock- FRETEOAMNE Wedia) isappiied. W bhheight KT decrasses s ar gregter distanse
allowed to iﬁgm etween the head 20 slider and the recording nmedium The
two di mensi agelaneyegses ata pmgler distarg® Iy and L2 = 15 nm before
cal culations. Since acceleration Gis along the direction of renoving the
head sli®er fromlbfeelpxe distanag lnd dietwigemmuppéromasi surfage 6 aid base swdatd S e
val ue. Fig. g shows 't hat an_absol ute val ue of shock-resistant acceleration
G 25 decr egkbeadslidern 10 san degleterringd inaedparse tasstdquiredvshiook resisnnod
increases at _snaller distance LA. However, a change of distance LA will
change fly #Bflghspectisation; ofirecarding densinby usmgdenrelatinugreionm neBig. Sount ed
to the head slider ---------- - 7,---- -- 22 March 2007 16 and the
recor di ng nBeF nEtanee, tmder thermoadition ofa taguited f-heightB = 28Inme (jenomlingt eady
st at us wherg nQ inertia force F along the direction of noving away from
ensity : 30 GB/in) and allowable error = +5%, an optimum distance LA falls
10 within 400 nm =LA=< 430 nm, At this time, an absolute value of shock-
resistant acceleration G falls within 778 (g) <G= 788 (). As a result, a head
slider which can withstand the shock acceleration of approx. 780 (g) is
* obtainable. Meanwhile, fly height FH = 20 nm makes LA = 420 nm and an
absolute value of G =782 (g).
15 Next, optimum distance L2 with distance LA fixed at 420 nm is studied.
Fig. 10 shows a relation between distance L2 and fly height FH. The study
proves that those two factors correlate with each other, and fly height FH
increases at a smaller distance L2, and fly height FH decreases at a greater
distance L2. Although this is not shown in the drawings, distance L2 does not
20 correlate with shock-resistant acceleration G.
Distance L2 can be thus determined in résponse to a required fly height
FH by using the relation shown in Fig. 10. For instance, asswme that a
required FH = 20 nm=+5%, then L2 falls within 13.0 nm <L2< 13.4 nm
according to Fig. 10. Meanwhile, FH = 20 nm makes 1.2 = 13.2 nm.
25  Next, an optimum distance L1 with LA fixed at 420 nm and L2 fixed at
- 13.2 nm is'studied. Fig. 11 shows a relation between distance L1 and fly height

FH. The study proves that distance L1 correlates with fly height FH, and fly




the recording nmedia is applied. Fly height FH decreases ap2 aagireaiogr

di stance LA, and increases at a snmaller distance LA. 5 Therefore, distance
LA bet ween upper nost surface 6 and base surface 3 of head slider 10 can
be determined in response to a required shock resistance and a

speci fication of recording density by usijytg the relations shown in Fig. 9.
For instance, under the condition of a required fly height FH = 20 nm
(recording density : 30 GB/in) and allowable error = 5% an opti nmum

di stance LA.falj SFEIO W thin 400 nm<LA -<- 430 nm_At this time, an

absol ut e valfeelFEflscreaspaat at erctisioace Lilo and fyheightF Hhinerearss agy <G
788 (g). As a result, a ﬂ ad l'ider_ which can withstand the shock

accel erat i O@IS?teégib?tﬁﬂ‘.’e go (&btimpgh thistiginedishewnnmathardrawingd, distaneghl.1 FH =
20 nm nakes JQA = 420 rlm and an absolute value of G = 782 (g). 15 Next,
opt i num di st9QR% Bot eoryglate withishadeTesistank agrelaratiopn Ghm i s studied. Fig. 10
shows a rel ation_hetweepn _distance L2 and fly height FH The study proves
that those two fabstgnse &d gas kg thug d&te@amdémaspomaectofa yequitaghfly Bkfght

I ncrease a;mi smal | er distance L2, and fly height FH decreases at a
greater °di SAnYe usmg phe relagion; shewn sinnFig. shbwnFominstench, sasisnge, tltitsa ance
L2 does not 20. c o | ate with shock-resistant acceleration G Distance L2
can be thusrﬁ‘é‘Pé‘l"‘ﬁi J’if i%) pEshoMs dhen Bl rfellai wishinf 59.0neing £ L1EH 61y0 wsi ng
the relation shoqwn in Fig. 10. For instance, assunme that a required FH 20
nmb% t hen EQqug-l-qgstO\Elghﬁn Meanwhile; IFH =120 nnmmkesEd~BRgnm Fi g. 10.
Meanwhi l e, FH = nm makes L2 = 13.2 nm 25 Next, an optinmum di stance LI
with LA fixed at lhogtudiesdiscusserl shavegwove shat the folowingidireehsidigsholdd shows
a relation petween distance LI_and fly height FH The study. proves that

di stance LI Pg&epigned sxorger Hoﬁp@aeﬁet@]ﬁMt shigtkfregis@acvandHly?heght FH =

10 20 nm: LA =420 nm, L1 = 599 nm and 1.2 = 13.2 nm. As a result, a

desirable head slider is obtainable. _
In the case of required fly height = 20 nm+5% (recordjné density: 30
GB/i-n'é)',' if the air bearing surface of the he;dd slider can be designed sﬁch that
| the dimensions fall within the following ranges, the head sﬁder that can achieve
15  the highest shock resistance and fly height = 20 nm is obtainable:
| '58.0nm =<L1< 61.0 nm
13.0mm =L2=< 134nm
400 nm =LA< 430 nm.
In the foregoing case, use of length L = 1.235 mm of the Ionger side of
20  head slider 10 can normalize distances L1, L2 and LA as follows:
32 X10™L sLAZ 36 X10-1L
2.9 X107°LA s12< 3.3 X102LA
| 184 X107?LA <L1= 145 X102LA
- The head sI_ider, of which diniensions fall Wifhin the ranges discussed above, is
25  excellent in shock resistance. Shock-resistént acceleration G, indicating the
shock ;:esistance of this strﬁcture, 1s-in the range of 778 ‘(g) .< G<788 (p).
This émbodjment refers to the head slider einployed ma magnetic'disc':. ;




17 height FH decreases at a smaller distance LI, and fly hengdh 2067

I ncreases at a greater distance LI. Although this is not shown in the
drawi ngs, distance L1 does not correlate with shock-resistant accel eration
G Distance LI can be thus determned in response to a required fly height
5 FH by using the relation shown in Fig.qdll. For instance, assune that a
required FH = 20 nnb% then LI falls within 58.0 nm<LI< 61.0 nmm according
to Fig. 11. Meanwhile, FH = 20 nm nmakes L1= 59.9 nm The st udi es di scussed

above prove,that ,the f.ollown ons, shoul d be desl gnhed in order to
achi eve t gedrﬁ‘f;gﬁgsi’m%#bgﬁeg& q&%@éﬁéﬁ‘am REP mmdmfowzl Eﬁdfg

m an ri a .resu a desirahl e _hea
slider is o@?a‘? F%#W@%é&@%f@@@ﬁ%‘ﬂ%@@ﬁ@iﬁjﬁﬁp ticalligdyying
(recording nsi t if the air bearing surface of the head
slider can C& #&ﬂ@g‘ %‘%/ﬁ Hi)‘r‘é?“g‘{lﬂ’éc% mensions fall within the follow ng
ranges, the heag,slider .that, cap achi eve 15 the hlghest shock resi stance

and fly hei ght =D3%eRbodungnt zeleahie thesgase baged an the sigylafigpymder thenm <u<
13.4nm _400 ruyn. Af 430 nm_In t ‘i f or.egoi ng case, use of length L = 1.235
mn of t Re I9RGEINGIFEMF 30890 Hemand thelike; pvwayer, ﬁ@mn@@omd@%wéynm L2
and LA as follows: 3.2 X10-4L <[ A< 3.6 X10-4L 2.9 X10-2 LA <L2< 3.3 X10-2
LA 13.4 xibepresent invepiion, kg the headelidarf the present savemtioats @phbmﬁedns

fall Wlthl% e ran es di scussed above, is 25 excellent in shoc
r esi st ance.PYIREOREF %‘?%ﬁm%%&' g AR AP, al?@d,c%ld&lglzeﬁétheheadsmer

For instance, in the practical range of the rpm used in magnetic disc driving
devices, the case discussed in this embodiment performs excellent shock
10  resistance without question, and the flying head-slider of the present invention
can also performs excellent shock resistance discussed above at rather a lower
-rpm ranging from 2000 — 5000 r/m which is generally used in g mini niagnetic—
disc driving devices. |

In this embodiment, the so called 30% head slider or PICO head slider is
15 wused for the description, where the dimensions of this head slider are this:
| longer side length (along the air inflow direction) X shorter side length (along
the vertical direction with respect to the air inflow direction) = 1.235 mm X
1.00 mm. However, j:he dimensions do ﬁot limit the head slider of the present
invention. For insfance, use of a so called 20% slider or a FEMTO slider, of

20 which dimensions are 0.85 mm X 0.7 mm, can produée a similar advantage.. |
The head slider of the preserﬂ: invention is not limited to an amount of
load applied to the head slider in operation. For instance, the foregoing PICO

- slider or FEMTO slider can work with the load ranging from 0.5¢g to 2.5g.

25  Exemplary Embodiment 2
A head supportmg devme and a disc dnvmg device, both of which use the

head shder of the present mventmn are descnbed w1th reference to




shock resistance of this structure, is in the range of 7782 (mch208% 788
(g). This enbodinent refers to the head slider enployed in a nagnetic disc.
22 March 2007 18 driving device; however, the head slider of the present
invention is not limted to the nmagnetic disc driving device, but
applicable to magneto-optical disc drivigg devices and optical disc
driving devices. This enbodinent refers to the case based on the simulation
under the 5 condition of rpm= 3000 r/mand the |ike; however, this
condition dges not Lim, the pgresent.invention, but the head slider of the
present i nvEBRCOPSRAITING GFaFigs: o 1g.§l3£ Bie PEFRREiye e atiRR iegpantial partaef an
rpom a |oad,, and si.ze,of. the hea&qslid,e .. For instance, in the practical
range of thBh?ﬁ’rFF g fdevigyHuaseer %Wﬁ&hﬁgewadmewlam@nb@@eﬂ# et ussed

in this enbgdi nent perfor.ns excell ent shock 10 resistance w thout question,
and the f|y?‘h"gp‘ﬁ? sraf@vwa P.oro magnshie daseidrivipg devien is takenaissw eyenmie of

excel l ent shock. resi stance di squssed above at rather_ a | ower _rpmranging
from 2000 - B&‘bg’éc %%W&%‘Hoﬁ- s sfg}gn%’a” H 3 peyspeetivavigwrelisn easgnidal part df the
driving evhce('f. | n Eigi enbodi nent, the so called 30% head slider or PICO
head sli pad suppqrtipg deyice ip acensdange vith the erend expmpdanyesarsbaliment of hi s

head slider _are this: lgnger side length (along the air inflow direction)

X shorter sﬂb“eplleéﬁgtlﬁ"?%ql%g the vertical direction with respect to the
air inflow di reg_ht ilgig) :d?i' 235 mMm X = 1.00 nm However, the dinensions do not
linmit the head sffi8rl%diso Isratalably supperte b maisrshafs3 bead driwe apd a so
called 20% sl ider ,or .a FEMIO slider, of 20 which dinmensions are 0.85 mm X
0.7 mm canslﬂ%gﬂéé‘@%mﬂﬁapélwam BERs, e.ghirespindle motater Hend tsuppgrtimgent
invention is not limted t? n .amount of |oad applied to the head slider
in oper at i ofEVIgEFOmRIises the fo gelesrntay PI CO

10 head slider 50 of the present invention equipped with a head (not

shown) for reading data from and writing datatoa recording medium; and
| suspension 35 to which this head slider 50 is fixed.
" Head suppdrting device 40 is fixed to actuator arm 36; which is rotatably |
mounted to actuator shaft 37.
15 Head slider 50 in accordance with the second exemplary embodiment of
- the present invention comprises a first air bearing prepared on a base surface af
an air inflow side, and a second air-be_aring having a head and being prepared
‘on the base surface at an air outflow side, as described in the first embodiment.
Head slider 50 includes plural step-faces at the first air bearing, and the height
20  of the upper most surface of the second air bearing is léwer than the upper most
surface of the first air bearing.
Further, head slider 50 preferably has the following djmer_lsions when
. distances L1, L2 and LA listed in Fig. 3(a) are normalized by length L of the
longer side: 8.2 X10~*L <LA<. 36 X10-* L |
25 - 29 X107°LA =12< 3.3 X10°?LA, and
134 X102LA <LI< 145 X10-*LA.

‘The'd_eﬁnitions of respective factors are the same as those used in the fixst




slider or FEMIO slider can work with the | oad rangi ng frope®dpbgh 20072. 5g. 25
Exenpl ary Enbodi ment 2 A head supporting device and a disc driving device,
both of which use the head slider of the present invention, are described
with reference to 22 March 2007 19 acconpanying drawings. Fig. 12 is-a
perspective view of an essential part of,.the disc driving device in
accordance with the second exenpl ary enbgginent of the present invention.
A magnetic disc driving device is taken as an exanple of the disc driving
device. Fig. 13.is a ﬁerspective view of an essential part of the 5 head

supporting ef@bpdianent, slesaintions thezecfarenthidbad hptear y enbodi ment of
the present invention. In Fig. 12, disc 32 is rotatably supported by main
shaft 31, and dr¥viginganeans 3 ¢an use,ve.gg ameacescalBmotdri ahdusdag aetuptor a
spindl e notor. Head supporting device conprises the follow ng el enents: 10
head sl i deraBp ¥ ta movprhesdralidenbéneverndisg 82 fme gositiohing theahedd oter siyown)
for reading data fromand witing data to a recordi ng nedi um and
suspensi on @sixablewwack. t Hossing39 esiciates thddeiederhénts dhetdén dorseeppinidg thgndevi ce
40 is fixed to actuator arm 36, which is rotatably nounted to actuator
shaft 3D 18 gwen ledatiges. 50 i n accordance with the second exenplary
embodi ment of the present invention conprises a first air bearing prepared
on a base surf adéigai3 issmpaispedtiviel iewsif de,esserti paecoliitbad suppestihgdeayi ng a
head and bei ng prepared on the base surface at an air outflow side, as =
descri bed i40 wihach includesrsnepinsint 35 anddbadl slider 560 Head whidsr b0 ti fiked at
step-faces at the first air bearing, and the height 20 of the upper nost
surface of ligwad@queparedratiaetinst end of stidevehiolfidredl .t Hesaepiné endws holder 41 is
fixed at beam 43.

10 Slider-holder 41 uses, e.g., a gimbal spring, and allows head slider 50 to
pitch and roll. Head slider 50 is fixed to holder 41 with, e.g., adhesive, and
holder 41 is fixed to beam 43 by, e.g., welding. Pivot 44 is prepared at a tip of
beam 43 for applying a load to head slider 50. A given load is applied to head
slider 50 via pivot 44. A pivot place, where pivot 44 contacts head slider 50, is a

15  load acting place as discussed in the first embodiment, namely, the place where
an inertia force acts on head slider 50 when the inertia force of a shock due to
external disturbance is applied.

In this case, head supporting device 40 is preferably structure such that
when the gravity center of slider 50 and the pivot place are projected onto the
| 20  disc surface, the two projected places coincide with each other. This structure
allows head supporting device 40 to be the most excellent in shock resistance.
Head supporting device 40 comprises the following -elements:
- suspension 35 including (2) beam 43 equipped with pivot 44 and (b) slider holder
| 41 equipped with ligula 42; and head slider 50.
25 . In the case of reading data from and writing data to a spinning disc 32
(disc-shaped recording medium) with head supporting device 40 having the

structure discussed above, head slider 50 receives the following three forces:




surface of the first air bearing. Further, head slider 502pnef&i 2007y has
the foll ow ng dinensions when distances LI, L2 and LAlisted in Fig. 3(a)
are normalized by length L of the longer side: 3.2 X 10 -'L <LA < 3.6 X
10 -* L 25 2.9 x 10 -2 LA -<L2 <- 3.3 X 10 -2 LA, and 13.4 X10-2LA <_Ll<_
14.5 x10-2 LA. The definitions of respecghve factors are the same as those
used in the first 22 March 2007 20 enbodinent, thus the descriptions
thereof are omtted here. Sw nging neans 38 can use, e.g., a voice-coil

not or, and ?\Snﬁgg%@ at arm 36 to nove head slider 50 over disc 32 for.
posi ti oni ng'& Mﬁo%ylvoﬂééd (bhp pesitiva pressuaa siuado siflowdboBestingiose
el enent s th %ghéﬁr retaining them 5 at given |locations. Fig. 13 is a
per spective & ofisSem fisc Parndok) nezegativeporessurg foe biringingiBeahi ch
i ncl udes suspensi on 35 _and head slider 50. Head slider 50 is fixed at
ligula 42 pbifpaoldowerd disadd end of slider-holder 41. A second end of

hol der 41 i fixed at beam 43. 10 Slider-hol der 41 uses, e.g., a ginbal
spri ng, andﬁ&ﬁd@héehéﬁcﬂl% jover disg 3%at pi stead yoheight by tHedolshdectrthe& i s
fixed ta holder 41 wth, ., adhesive, and holder 41 is fixed to beam 43
by, e.g.8 weitae fgcespi %mm%@epswpwsawiagm mepno B8 wittathid Ay heighakppyi ng a
load to head slider 50. A given load is applied to head slider 50 via

pi vot 44. Adbp ﬂ\ﬁ‘@?ﬁt}@MG@h@m@? ¢hati hend sUdenho ds tposttiadsdveter thget timck, 15

| oad acti ng ace as discussed in the first enbodi nent, nanely, the place
where an |'H£Iﬂtm%9 hagise alboves arhend{dot thaten) Sdunbah on liden 56 tto 2eddbdge of a

SOCk AUe { omand road data to disosz . o0 %
Use of head-supporting device 40 equipped with head slider 50 of the
10  present invention and disc driving device 49 equipped with the same device 40
achieves excellent shock resistance in both the head supporting device and the
head driving device.

The present invention is not limited only to the magnetic disc driving
| device, but applicable to a variety of disc driving devices, employing a flying
15  head-slider, such as magneto-optic disc driving devices and optical disc driving

devices without question.
The present invention is not limited to the disc driving device using a
disc-shaped recording medium, but applicable to recording/reproducing devices

which use any shapes of recording media.

20 As discussed previously, use of the head slider of the present invention

achieves a steady fly height over a recording medium free from collision of the

head slider against the recording medium even in the following condition: An
inertia force along the direction moving away from the recording medium is
applied to the head s]i'der, and the inertia force has an acéeleration as much as

95  approx. 700 (g). |
| Use of the head shder of the present invention in a head supporting

'dev1ce and a dlSC dnvmg device can produce rehable head supportmg devmes




In this case, head supporting device 40 is preferably strpetMirenh 3007h t hat
when the gravity center of slider 50 and the pivot place are projected onto
the 20 disc surface, the two projected places coincide with each other.
This structure allows head supporting device 40 to be the nost excellent in
shock resistance. Head supporting deviceg40 conprises the follow ng

el ements: suspension 35 including (a) beam 43 equi pped with pivot 44 and
(b) slider holder 41 equipped with ligula 42; and head slider 50. 25 In

t he case of diqg .daj.a f,romand witing data to a spinning disc 32

(di sc- shaped‘sﬁ‘ZES’? lﬁdi*%FeﬂFﬁ?tﬂg aﬁ‘flPPSheé[ngfﬁpbmcms 6an queverd 3@ head slddhe
structure diﬁpUSSﬁﬂﬁabove, hﬁ?d slider 50 receives the followi ng three
forces: - --Tomcolidingagpinst thedisy surfacy ayenifiagdaertismforeddte trmapexteingld:

(b) a positiyve pressure due to airflow for floating head slider 50 off
from disc 32@%‘%@%@)ﬁ0§5%§]ﬁh@%§sure for bringing head slider 50
toward disc 32. Head slider 50 flies over disc 32 at a stead fly height by
t he bal ance of- those 5 three forces. The controller. swings sw ngi ng neans
38 with this fly height kept at a constant value, so that head slider 50
is positioned over a target track. This nmechanismallows a head (not
shown) nounted on slider 50 to read data fromand read data to disc 32.
Use of head-supporting device 40 equi pped with head slider 50 of the 10
present- i nvention and disc driving device 49 equipped with the sane device
40 achi eves excellent shock resistance in both the head supporting device
and the head driving device. The present invention is not limted only to
t he magnetic disc. driving.




device, but applicable to a variety of disc driving devi ce3Maetipdddyi ng a
flying 15 head-slider, such as magneto-optic disc driving devices and
optical disc driving devices without question. The present invention is
not limted to the disc driving device using a disc-shaped recording
medi um but applicable to recordi ng/rep2dduci ng devices which use any
shapes of recording nedia. 20 As discussed previously, use of the head
slider of the present invention achieves a steady fly height over a
recording pgdiumfree fromcollision of the head slider against the
recording mediumeven in the following condition: An inertia force along

the direction mpvi Ng ARY,) haaMiade bRl ing nediumis applied to the head
slider, and the inertia fgorge ﬁas gn accéleration as nmuch as 25 appr ox.

700 (g). Use of the head slfirstenir Obeating RAVRSERAL plufiie loff Offlep-Thcas ABAtheing
supporting device and a disc driving device can produce reliable head

suppor t i ngdigpesed ea adasdvtrfebe @0H7Anfle® sateglancde| i abl e di sc dri vi ng devi ces.
Those devices can prevent the head slider A fromcolliding against the disc
surface even if an inerti%S¢opeaigheanng heing disopesd on |the §ases padace s tair on

t he head s&iltggr .S.CEZ March 2007 23 Clainms: 1. A flying head slider

conpri si ng: Vit air bearing having a plurality of step-faces and being

di sposed on a base surf a%h&&in%ruéipg{ Jnglg‘frs?frﬂ% ol GoSRE AR Delifig RASWLNY

bei ng di sposed on the base surfac
than an upper most surface of said first air bearing,

wherein the plurality of step-faces comprises:
a first step-face;
a second step-face higher than the first step-face; and
the upper most surface higher than the second step-face,

in this order from the air inflow side.

2. The flying head slider of claim 1, wherein said first air bearing
consists of the plurality of step-faces having three faces such as:
the first step-face;
the second step-face higher than the first step-face; and
the upper most surface higher than the second step-face,

in this order from the air inflow side.

3. The flying head slider of claim 1 or 2 wherein a side rail is formed in
said first air bearing such that the side rail extends from both ends of a shorter

side of the flying head slider toward the air outflow side.

4. The flying head slider of anyone of the preceding claims,

wherein a negative pressure generating section is disposed between said first




outfl ow side, wherein an upper nost surface of said second@2alarctb2@7i ng is
| ower than an upper nost surface of said first air bearing, wherein the
plurality of step-faces conprises: a first step-face; a second step-face
hi gher than the first step-face; and the upper nost surface higher than
the second step-face, in this order frawthe air inflow side. 2. The
flying head slider of claiml1l, wherein said first air bearing consists of
the plurality of step-faces having three faces such as: the first

step-face; ,ih g e e t he
upper rmstafsru??acg Eﬂgher t%an %le B@&%?}qg %;%rzbﬁlrtnd};%%g&%t@%‘?rom
the air inhbgwiel slessude isl ttﬁ:afécb’héﬁelhﬁﬁﬁlesdﬂ' ﬁﬁ‘lowﬁ’fmd‘é fofl 4 c8hted o‘f’%‘?éﬁt}n a
side rail is forned in said first air bearing such that the side rail

ext ends frofithedidadeshider.of a shorter side of the flying head slider toward
the air outflow side. 4. The flying head slider of anyone of the preceding
clains, wherein a negative pressure generating section is disposed bet ween

said first —--eo --cme o - Nar 2007 air bea . and said

second air bearPng, The ﬂé“%%h?é& Sbggﬁ Bﬂy‘b‘éen‘éggﬁ PI§CE %I WeCTEHessur e

is |ocated, [ fr te ' t he

head slider Ql%%}ﬁ‘m%ﬁf %Aﬁ%n%Ah tgjese ﬁ:’%‘ér‘ﬂ) éﬁ%%ﬁ %% t#eéﬂgrtg@gém%eagﬁﬁ ns,

wherein  and the base surface falls within 3.2 x10*L< LAZ 3.6 x10*L, where L is a
length of a longer side of the flying head slider.

6. The flying head slider of claim 5 when dependent on at least
claim 2 or 3, wherein a height difference L2 between the upper most surface
of the first air bearing and the second step-face of the first air bearing falls
within 2.9 x10”LAS L2< 3.3 x102 LA.

7. The flying head slider of claim 6 or of claim 5 when dependent on
at least claim 1 or 2, w_herein a height difference L1 between the first step-
face of the first air bearing and the second step-face of the first air bearing
falls within 13.4 x10? LAS LI< 14.5 x107 LA.

8. The flying head slider of anyone of the preceding claims, wherein

said second air bearing includes a plurality of step-faces.

9. The flying head slider of claim 8, wherein the plurality of step-faces
include a step-face formed higher than the base surface and a upper most

surface formed higher than the step-face in this order from the air inflow side.




a height difference LA between the upper nost surface of bphetdrth B¥07ai r
bearing and the base surface falls within 3.2 x 104L5 LA< 3.6 x 104L,
where L is a length of a |onger side of the flying head slider. 6. The
flying head slider of claim5 when dependent on at least claim2 or 3,
wherein a height difference L2 between ashe upper nost surface of the first
air bearing and the second step-face of the first air bearing falls wthin
2.9 x 10-2LA<_ L2<_ 3.3 x 10-2 LA 7. The flying head slider of claim®6 or

of claim5 whenjgepe . L eas Al l . [.8l.D i ght
difference L 1 %gt \Neg(rilil%trfhgﬂg |th Sl@féﬁ&ﬁé@@o@?{%gﬁ*@@ﬁf‘ Oggge%'%ﬁe%nd

t he secondjsdie - I ! i ; ] 2 LA
LI < 14.5 X %E‘g@%&% g@hgedcﬁéﬁiEﬁg&ggl?gésfpggggﬂééﬁear%%ﬁéﬂ%gj §§t"‘ﬁge&pfr%“gf(::edi ng
cl ai ms, whenéianupperimosteusfade Formdabhigheg thaicthiedaep-fadel inrtals éndepfrom the
step-faces. 9. The flying head slider of claim8, wherein the plurality of
step-facesalfilﬂﬂOW(féan step-face fornmed higher than the base surface and a
upper nost surface formed higher than the step-face in this order fromthe
air inflow side. 22 March 2007 25 10. The flying head slider of claimS§,

wherein the plugalit f ep- | Lnglude t step-face chas a
step-face formei[jfl'hi g%@? f{}i{i\%ﬁ?&wﬁsﬁ.ﬁ%gg%g@mgggr%@ngﬁlgl%abﬁgrérﬁﬁgtpp- 7% Ste
formed hi gbgd firkadir bB& ﬁ-flﬁ@F' tdal s ?d(g« -l binnNf | oW si de.
11. The flying hea%l sl erpdgf géf %69%(}?f%, v%aie(ggfer?h{i%ler |a?1£l "step-face of
said first air bearing is as high as the step-face of said second air

bearing. 12. A head supporting device conprising: a flying head slider
comprising a filat alArhdadaupperting\demipeacomprising:

a flying head slider comprising a first air bearing having a
plurality of step-faces and being disposed on a base surface at air inflow side and
a second air bearing having a head and being disposed on the base surface at air
outflow side; and

- a suspension for applying a given energizing force to the flying
head slider from a side opposite to a side on which the first air bearing and the
- second air bearing are disposed on the base surface,
wherein an upper most surface of said second air bearing is
Iower than an upper most surface of said first air bearing,
wherein the plurality of step-faces comprises:
a first step-face;
a second step-face higher than the first step-face; and
the upper most surface higher than the second step-face,

in this order from the air inflow side.

13.  The head supporting device of claim 12, wherein the suspension

includes a pivot that applies the given energizing force to the flying head slider.




plurality of step-faces and being di sposed on a base surf @eevath add7 i nfl ow
side and a second air bearing having a head and bei ng di sposed on the base
surface at air outflow side; and a suspension for applying a given
energizing force to the flying head slider froma side opposite to a side
on which the first air bearing and the 5 econd air bearing are disposed on
t he base surface, wherein an upper nost “surface of said second air bearing
is |lower than an upper nost surface of said first air bearing, wherein the

plurality of stqa-fag\eaisgm;ﬂg&aﬁc%@oﬁﬁgﬁlgt ep-face; a second step-face
,an e u

hi gher than the first step-fa er nost surface higher than
the second step-face, inatfiyisgdieddr siide®Bdnijisthg ai fifst QWY Bédltng iﬁvinghf head
supporting device of claim 12, wherein the suspension 1ncludes a pivot

t hat appl i phirality ofi steprfacecand being disposed ba 4 besefsiyfacgateinihfidw drle. andPa Mar ch
2007 26 14. A disc driving, device conprising: a flying head slider

conpri si ngS&ondr aif bearing davingga heatd radabeipg dispaseq af thet basef swefaseatchibei ng
di sposed on base surface at air inflow side and a second air bearing
havi ng a hglé@lo%ﬁl%ﬁei ng di sposed on the base surface at air outflow side;

. ( base s -~ :
ST der Troma oi e’ oppostt Suelisn BAIFNES SiPhE End gt ioriiglle ARG,
the seconbeal slidegafrbmoa 3ide SPFRASIE LHideh RS MY FiRE Sir PefiCasd Amed

recordi ng medi um .
second air bearing are disposed on the base surface;

a disc-shaped recording medium;
driving means for driving the disc-shaped recording medium;
swinging means for swinging the suspension along a radius
direction of the recording medium; and
control means for controfling the drive by the driving means
and the swing by the swinging means,
wherein an upper most surface of said second air bearing is
lower than an upper most surface of said first air bearing,
wherein the plurality of step-faces comprises:
a first step-face;
a second step-face higher than the first step-face; and
the upper most surface higher than the second step-face,

in this order from the air inflow side;

15.  The disc driving device of claim 14,
wherein the suspension includes a pivot that applies the given
enf_:rgizing force to the flying head slider, and
| wherein a pivot place is defined as a place where the pivot of the

suspension contacts the_ flying head slider and when a center of gravity of the




driving neans for driving the disc-shaped recordi ng nmedi u@e Msgh p@i7ng nmeans
for swinging the suspension along a radius direction of the recording

medi um and control neans for controlling the drive by the driving neans
and the swing by the sw nging neans, wherein an upper nost surface of said
second air bearing is |ower than an upper nost surface of said first air
bearing, -wherein the plurality of step-faces conprises: a first step-face;
a second step-face higher than the first step-face; and the upper nopst
surface hi i S : ' L0, i

i nfl ow si dg;@ﬁ*%glﬂgxﬂghgﬁlggEig??gp%‘é%g%ﬁ%gje&éd; %@mal%?gme{rheei 5. e tito
suspensi on prejetted places poMridd With eastpbites, t he given energizing force to the
flying head slider, and wherein a pivot place is defined as a place where
the pivot of the suspension contacts the flying head slider and when a
center of gravity of the --------- --- 22 March 2007 27 head slider and
the pivot place are projected onto a face of the disc, the two projected
pl aces coincide with each other.




